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Abstract
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Abstract

This thesis proposes a strategy that integrates geometrical and performance aspects in

the design of city centre squares in north-western Europe. The research demonstrates

that the design of squares is no longer limited to only a geometrical assessment and

perceived ‘expert’ opinion. The selected suite of tools allows the designer to gain a

greater understanding of a squares performance prior to construction and revise their

proposals to provide appropriate conditions. This allows for more focus to be given

towards pedestrian comfort criteria within squares, i.e. capable of reducing wind speed

and noise pollution and increasing solar access and air temperature. By meeting these

criteria, the squares ability to both generate and contain activity is increased, a key

factor in measuring a squares success. Furthermore, it is also established that squares

designed in accordance with the presented geometrical framework will maximize the

number of days in the year that the microclimate meets established comfort criteria.

The city square is an entity in its own right. It is a space within a cities fabric that is

most like a building and therefore a space where design is a key factor in its

performance. The square in particular can also be the fulcrum of human interaction

within a city. Therefore, knowing how to design a square that performs well is a key

aspect for its success. However, where the design of a building is heavily tested prior

to construction to enhance its performance, the design of a city square currently does

not go through the same process. It is from this conceptual lens and recognition of

limitations within practice that the research proposes a way of assessing behavioural

aspects, allowing designers to gain a greater understanding of a squares performance

prior to construction. This has only become possible with the advent of computer

software to simulate and predict outcomes. However, this software is still at the

experimental stage, and little of it is related directly to urban design. Certainly, there is

no software currently available that brings together the behaviour aspects and relates

them to the geometrical characteristics. Therefore, this research makes significant

contribution to the performance and interoperability of these tools in designing city

centre squares.
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Chapter 1: Introduction

1.1 Background to proposal

The turn of the twenty-first century has seen architects, planners and urban designers

once again stress the quality of the built environment in cities and highlight its crucial

impact on the quality of life (Marcus and Francis, 1998; Urban Task Force, 1999;

DETR, 2000; DTLR, 2000; Dixon and Harish, 2001; Gehl and Gemzoe, 2003;

Woolley, 2003; Corbett, 2004; Erell, Pearlmutter and Williamson, 2011). A high

quality urban form; buildings, streets and public squares, is essential for successful

social, economic and environmental regeneration (Urban Task Force, 1999).

In improving the urban form of cities, the role of urban design is central. However, in

understanding what urban design is, Carmona (1996a) states that there is a lack of any

definitive definition. Instead, broad definitions are many and various and fail to

encompass all aspects of urban design. What is clear by the different definitions

discussed by Carmona (1996a), is that any definition of urban design should accept

that quality design consists of more than just buildings, and should also relate to the

urban spaces that make up the public domain, i.e. the relationship between the various

elements of built and unbuilt space (Department of the Environment, 1995). Similarly

for Gosling and Maitland (1984) urban design is primarily and essentially three-

dimensional design, concerned with the shape, surface and physical arrangement of all

kinds of urban elements. However, urban design is more than just the geometrical and

physical aspects, it is also concerned with the behaviour aspects of the environment –

the social and functional roles of the public realm (Jarvis, 1980; Urban Design Group,

1994) and the microclimate conditions - noise, wind and temperature (Gosling and

Maitland, 1984; Ratti and Richens, 1999) - which contribute significantly to the

success of a space. This view has led them and others to identify the need for a more

integrated approach to the design of city spaces; one not only dealing with the

geometrical characteristics, but also microclimate aspects. Erell, Pearlmutter and

Williamson (2011) state that being able to predict the behaviour aspects would aid in

the design of city spaces, by enhancing pedestrian comfort and thus encourage city

dwellers to conduct more activity outdoors. Therefore, understanding the microclimate

and how city spaces can be designed to respond to it in an appropriate way is the key

to creating better environments for humans.

For as long as cities have existed, the city square has been a focus of public life for the

urban population (Corbett, 2004). It is a space for human interaction to take place.
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Therefore a square must firstly attract people (Seamon, 1979). Diversity of uses and

symbolic buildings such as a library, city hall, or church, can attract people to a high

quality square. Pedestrian activity is essential for public squares. Space Syntax (2006)

highlights that successful public spaces are those with good levels of movement and

stationary activity throughout the day. Therefore a city square should be designed to

provide a place to facilitate movement and accommodate different types of uses at

different times (Corbett, 2004). It should provide a balance of busy and quiet space

(Space Syntax, 2006); as Seamon (1979) puts it, places for movement, rest and

encounter. In addition, for a city square to be considered a successful space, it must be

comfortable. A city square can take many forms, but it should be designed to have an

enclosed character and to create an artistic effect (Sitte, 1889). The dimensions of city

squares and their relationship to surrounding buildings have a long history of

observation (Alberti, 1475; Vitruvius, 1550; Sitte, 1889; Unwin, 1909; Gehl, 1968;

Corbett, 2004). Although notable pioneers have proposed ranges for the geometrical

characteristics of squares, any design and the resulting microclimate could only be

tested post-construction. Therefore, a way of assessing the behaviour aspects of the

design of squares  i.e. pedestrian movement, noise, wind, solar access and

temperature  during the design process should assist in improving the comfort of the

product. Past research has been carried out into a number of these individual aspects

(Table 1). However, to date there has been little opportunity to synthesise the aspects

and relate them to the geometric criteria for city centre urban squares.

Table 1. Related research into aspects important in city squares design (since 2000)

Aspects Related research

3D modelling

(Whyte et al., 2000); (Bulmer, 2001); (Evans and Hudson-Smith,

2001); (Sherman and Craig, 2003); (Kim, 2005); (Dollner, Baumann

and Buchholz, 2006); (Kohlhass and Mitchell, 2007)

Pedestrian

movement

(Conroy, 2001); (Marchal, 2002); (Turner and Penn, 2002); (Desyllas

et al., 2003); (Raford and Ragland, 2003); (Kitazawa and Batty, 2004)

Noise
(Probst and Huber, 2000); (Yang and Kang, 2005); (Sundbergh, 2006);

(Probst and Petz1, 2007); (Stoter, Kluijver and Kurakula, 2008)

Wind

(Montenegro et al., 2002); (Castro, Cheng and Reynolds, 2006); (Ratti,

Sabatino and Britter, 2006); (Mochida and Lun, 2008); (Blocken and

Persoon, 2009); (Bu et al., 2009)

Solar access (Littlefair, 2001); (Nikiforaidis and Pitts, 2002; 2003)

Temperature
(Williamson and Erell, 2001); (Katzschner, 2006b; a); (Mochida and

Lun, 2008); (Lai, Kwong and Mak, 2010)
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Within the last 20 years, many computer tools have been developed to assist in the

environmental design of the interior of individual buildings. Heat, light, sound, and in

particular energy consumption, can be analysed with many different packages. Ratti

and Richens (1999) state that this does not extend to city centre spaces, and they echo

a number of writers who propose that computer software applications capable of

analysing and simulating both geometrical and behaviour aspects would greatly

benefit the design process and product of urban spaces. The need for a tool to analyse

and simulate issues such as a change in the urban fabric, noise, wind, solar access and

temperature of a city square is confirmed by Xia and Qing (2004), who also propose

that the ability to analyse and simulate these aspects using three-dimensional computer

representations would aid further in improving the design of urban spaces. The

literature review for this thesis reveals that three-dimensional representations are

currently proving to be a valuable tool for visualisation. Lai, Kwong et al. (2010)

highlight that Hamilton, Trodd et al. (2001) consider 3D geometrical displays to be

more intuitive and natural in appearance than the physical models of the past.

Similarly, Lewis and Sheppard (2006) establish that 3D images are considered easier

to interpret. Although recent advances in computer-aided design technologies have

contributed to the geometrical assessment, their application to behaviour aspects has

been very limited. Currently, there is no single software package capable of analysing

and simulating all the aspects needed for an integrated approach to the design of city

centre squares. In addition, no individual software package is focused on analysing

these aspects separately and relating them to the geometric qualities of squares. Due to

the lack of suitable software applications, there has also been little opportunity to date

to synthesise software applications from non-related disciplines to inform the urban

design process and product.

The last two decades have seen advances in computer-aided design (CAD) software.

Originally developed for use in architecture, engineering and construction, advances in

accessibility have widened the potential for their application. Earlier versions of CAD

software were ‘entity-based’, such as AutoCAD, and were limited to simple 2D lines

and basic shapes. Other CAD based software that quickly followed were ‘object-

oriented’, such as ArchiCAD, which used parametric objects like walls and windows.

However, due to the limited computer power available during the early development

of CAD software, it was the entity-based systems that saw the greatest uptake

(Greenwood et al., 2008). Nevertheless, with the growing influence of CAD, there are

increasing examples of three-dimensional computer representations that allow the user

to experience a geometrical sense of the geometry of a space. Both CAD systems -



Chapter 1: Introduction

4

‘entity-based’ and ‘object-oriented’  are still widely used, and have evolved to

provide sophisticated 3D modelling capabilities. Recent advances in computer

processing power have seen further development of 3D modelling software towards a

more easy to use and widely accessible tool, resulting in a broad range of packages,

some more focused towards architectural visualisation, while others are directed

towards animation or game design. Advances in earlier three-dimensional ‘object-

oriented’ CAD systems have also seen the emergence of building information

modelling (BIM) software. This is defined by Lee, Sacks et al. (2006) as the process

of generating and managing building data. Typically, a computer-generated model of a

building is created; this also contains relevant data needed to support the construction,

fabrication, procurement and management of the building (Eastman et al., 2008).

Although BIM systems can be seen as advanced 3D modelling tools attached to large

databases of relevant information, their current application is limited to a single

building or a small group of buildings. As such, BIM software is currently restricted to

building design, construction and engineering. Within a similar time period that has

seen advances in 3D modelling software, there have also been advancements in 3D

modelling techniques, which have seen the development of 3D city models to present

a visualisation of urban landscapes. A growing interest in the development of these

city models has allowed for a variety of different digital mapping and rendering

techniques to be created, of which Batty et al. (2000) presents a comprehensive

review. This has resulted in the increasing availability of 3D city models of major

towns and cities throughout Europe. Developed primarily for visualisation purposes,

the CAD based structure of the 3D city models allows the data to be applied across a

broad spectrum, including urban design.

1.2 Current problem

In the context of the research background outlined above, it is clear that a squares

success is measured in its ability to generate and contain activity. Therefore, the

success of a square is not just related to its geometrical characteristics or its visual

appearance, bust also how it performs in relation to pedestrian comfort and resulting

pedestrian activity. The ability to simulate and analyse behavioural aspects would

surely aid in increasing the designers knowledge and understanding on how a square

will perform pre-construction, therefore increasing a square potential for generating

and containing activity. However in designing city centre squares, the current practice

is limited to only a geometrical assessment. Architects are increasingly adopting 3D

modelling tools to aid in designing and communicating their designs, but there is little
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evidence that any performance characteristics are tested. Therefore a designer’s

knowledge on how a square will perform prior to construction is limited. This lack of

applying analytical tools is due to the lack of software specifically developed for

urban design. However, recent developments in computer software application from

other disciplines have made it possible to predict the performance of urban spaces.

1.3 Research hypothesis, aims and objectives

Based on the problem that has been laid, out it can be hypothesised that by simulating

and analysing behavioural aspects during the design phase (pre-construction), the

performance of city centre squares can be predicted, with more focus given to how it

behaves in terms of pedestrian comfort and activity. In doing so the chance for success

in increased.

Therefore, the primary aim of the research is to develop three-dimensional

representations, demonstrating an integrated approach to the design of city centre

pedestrian squares within Britain. Square designs will be based on a coherent design

framework detailing both geometrical and behaviour aspects important in the design

of city centre squares. The design and resulting pedestrian movement and

microclimate will be assessed by applying selected computer software applications to

simulate the performance of city centre squares. The research will evaluate: (1) the use

of an integrated approach to the design of city centre squares; and (2) the application

of computer software and 3D city model data to simulate a squares performance.

Hence the objectives of the research are to:

 Establish a criteria for creating a successful square and formulate a coherent

design framework for city centre squares that integrates geometrical

characteristic and performance criteria, based on the review of theoretical

concepts of urban design, and in particular those relating to the design of

squares.

 Study exemplar squares and measure and observe the geometrical and

behaviour aspects to evaluate both the theoretical framework established from

the literature review, their ability to provide comfortable conditions that meet

the performance criteria and their ability to meet the established criteria for

successful squares.

 Carry out a comprehensive survey of computer software applications to

identify, select and evaluate tools considered to show scope to predict
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behavioural aspects to assist in the analysis and design of city centre squares,

using three-dimensional representations.

 Apply the verified geometrical design framework and selected software

applications in the design of a pedestrian city centre square within Britain, as a

demonstration of an integrated approach to the design of city centre squares

and to establish the geometrical characteristics important in creating squares

that meet the verified performance criteria

1.4 Thesis structure

Following this introduction, Chapter 2 reviews the theoretical concepts of city

development. A focusing approach is taken, by firstly undertaking an outline review of

city form. This continues by examining the elements that make up a city and the

nature and role of public space. To further understand the current state of knowledge

and theoretical perspective, a review of publications by notable pioneers including

(Alberti, 1475; Vitruvius, 1550; Sitte, 1889; Unwin, 1909; Lynch, 1960; Bacon, 1975;

Krier, 1979; Lynch, 1981; French, 1983; Alexander, 1987) is carried out in Chapter

3. This chapter establishes the types of city centre squares and highlights the

significance of the role and function of squares in providing spaces for the focus of

public life. Geometrical characteristics relating to square design  relationships

between the length, width and height, etc. and their importance in creating an enclosed

environment  are also presented. Chapter three not only reviews the geometrical

characteristics of city squares, but also the literature relating to behaviour aspects, i.e.

pedestrian movement, noise, wind, solar access and temperature. From the completion

of the comprehensive literature review of theoretical concepts, a coherent framework

for the design of city centre squares within northern Europe is developed. Chapter 4

presents the application of a systematic methodology for the identification and

selection of north-western European cities containing exemplar connected pedestrian

squares. The adopted methodology is applied to select five cities based on their

geographical location and the form, size and exemplar status of their squares.

Following the selection of the cities, Chapter 5 presents the methodology for

selecting one exemplar square in each city. Chapter 6 presents the geometrical,

pedestrian and microclimate data measured during the study of the squares. Chapter 7

introduces the use of 3D city data, to assess the geometrical properties of the selected

squares in relation to those stated within the design framework. Within this study the

design framework is validated for its application to design north-western European

squares.
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Chapter 8 takes the geometrical and behaviour aspects (established in chapter three)

and offers a systematic survey of computer software applications. One software

application is identified and selected for each of the six aspects, i.e. 3D modelling,

pedestrian movement, noise mapping, wind movement, solar access and temperature.

Chapter 9 provides an initial evaluation of selected software to determine their ability

to import 3D CAD data, input required data and output results using three-dimensional

representations. Chapter 10 presents the process of evaluating the scope of the

selected software applications to predict behavioural aspects of squares, by comparing

simulated results with measured data collected during the study of the exemplar

squares. To complete the research, Chapter 11 proposes the application of the

framework to an area of Newcastle upon Tyne, as a demonstration of the geometrical

and behaviour aspects. Part of the city centre is selected as a suitable location for a

new square. Using the framework, designs by local architects and landscape architects,

undertaken as part of this research, are presented for the new square. The designs are

tested for their ability to meet the criteria in the framework, and for their impact on the

microclimate and pedestrian movement. In Chapter 12 the key contributions

established from the research are stated, with conclusions drawn and possible areas for

future research proposed.
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Chapter 2: The city: its urban form, elements

and the role of public space

2.1 Introduction

Since the beginning of the 19th century, during the industrial revolution, the urban

forms of cities have gone through a considerable number of changes and

transformations to meet the needs of society. The Urban Task Force (1999) states that

the industrial revolution marked a point of departure from the continental perspective

of urban development, to short-term vision, high pollution and slums  factors that

destroyed people’s confidence in the ability of the city to provide a framework for

humane civic life. This fact was never clearer than in British cities that were at the

forefront of the industrial revolution. In answer to many of the resulting problems, the

19th and 20th centuries saw the acceleration of utopian ideas for city form to solve all

urban problems by a single new formulation of the city. Ebenezer Howard’s Garden

City, Tony Garnier’s Industrial City, Le Corbusier’s City of Tomorrow and Frank

Lloyd Wright’s Broadacre City, amongst others, were all utopian city plans that

attempted to solve the growing urban problems by limiting the population of the city,

providing a structured urban layout, movement system and zoning by function.

The patterns of urban form continued to change dramatically during the 20th century,

disrupting the city fabric (Tibbalds, 1992). As a result, urban space became neglected

(Krier, 1979), with recent urban history demonstrating a severance in the relationship

between people and place (Urban Task Force, 1999). For Gehl and Gemzoe (2003)

this was in reversal to the public space of the past, which always served as meeting

place, marketplace and movement space. As the 20th century unfolded, new patterns of

traffic, trade and communication were so radical that they interrupted centuries of

tradition. Appleyard (1981) notes that the greatest alteration in cities of the 20th

century was the reduction in pedestrian spaces for the increase of spaces designated

for the sole use of the automobile. Cities became scarred by major road networks that

sliced through the urban fabric, fragmenting neighbourhoods, destroying local social

interchange and familiar urban form, often leaving an ugly and unpleasant public

realm with little human scale (Appleyard, 1981; Lefebvre, 1991; Tibbalds, 1992;

Urban Task Force, 1999). Streets and squares were gradually taken over for traffic and

parking space (Gehl and Gemzoe, 2001), and even where public space remains,

Buchanan (1988) observes that it is often too dominated by traffic; it has lost its social

function.
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From the start of the twenty-first century, European urban design has been focused on

interventions within existing cities rather than the creation of new cities (Roberts and

Greed, 2001). Therefore, the urban design task can be seen as shaping the elements of

the city core  streets, buildings and public spaces  around which urban activity can

evolve in the future, rather than developing a particular deterministic utopian model.

This chapter takes a narrowing approach to gain an understanding of the elements that

constitute a city, before reviewing the role, function and different attitudes towards

public space in providing a forum for human contact and interaction. The chapter

begins by briefly reviewing various types of city form.

2.2 City form

Gosling and Maitland (1984) and Alexander (1966) identify that cities very rarely

exist in one pure form. Eisner (1993) states that throughout a city’s history, its form is

subjected to a process of continuous remodelling due to forces that are dominant

during the successive periods of time. This adaptation takes place in districts,

neighbourhoods, individual streets, squares and buildings rather than uniformly across

the whole city (Frey, 1999). One of the greatest drivers of change has been

technology. Public transit systems and cars, along with highways and instant

communications, have increasing influence on the shape and function of the city

(Gosling and Maitland, 1984; Lozano, 1990). Frey (1999) argues that although the

continuous change a city goes through means that its form is never finite, a city does

have a temporary form at any stage of its development. Lozano (1990) highlights that

cities can be divided into typologies based on urban form. An examination of 19th and

20th city pioneers leads to the identification of different city typologies (Table 2).

These have been divided into urban patterns that are capable of adaptation, and

deterministic utopian models. Tibbalds (1992) explains that many of the utopian

models are low-density and spread out, and separated into large functional zones, thus

relying on the use of automobile or massive investments in efficient public transport

and related infrastructure. Therefore, utopian models rarely allow pedestrian activity

to take place, other than in proposed parkland. Networks of streets and squares require

compact patterns that enable definition by buildings. As Alexander (1977)

acknowledges, real spatial patterns are generated where space is defined by buildings,

rather than buildings being objects in space, which is the result of the utopian models.

Urban patterns, such as the gridiron system, the radial system, the triangular system,

provide the definition that can allow public squares to be located within them,

especially in the context of a traditional compact city. The gridiron, radial and
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triangular models are considered by Kostof (1991) to fall under the category of

planned cities. These models can be set out in a plan organised by an overseeing

authority. Each pattern is invariably presented as an orderly, geometric diagram

resulting in a more formal structure and efficient movement (Gosling and Maitland,

1984).

Table 2. City form typologies

Pioneer Year Book Title
City Form Typologies

Urban Patterns Utopian Models

Sitte 1889
The Art of

Building Cities

1. Gridiron System

2. Triangular System

3. Radial System

Howard 1898

To-morrow: a

Peaceful Path to

Real Reform

1. Garden City

Unwin 1909
Town Planning in

Practice

1. Radial-Concentric System

Garnier 1917 The Industrial City

1. Industrial City

Le

Corbusier
1924

The City of To-

morrow and its

Planning

1. City of Tomorrow

Wright 1932
The Disappearing

City

1. Broadacre City

Lynch 1981
A Theory of Good

City Form

1. Star or Asterisk

2. Satellite Cities

3. Linear City

4. Hierarchical Grid

5. Modified Grid

6. The Nested City

One of the most enduring and reliable city patterns is the gridiron system (Sitte, 1889)

(Figure 1). Dating back some 10,000 years, it was the simplest means of organising

streets that early civilisations understood (French, 1983) and has been adopted in cities

in both the eastern and western hemispheres (Roberts and Greed, 2001). Lynch (1981)

notes that the essential idea is quite simple; it consists of two series of straight streets

crossing at right angles to form rectangular blocks. The resulting rectangular net of

streets divides the urban terrain into identical parcels that can be extended in any
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direction, allowing for any use to occur anywhere, since all points are equally

accessible and all plots have the same shape. Although the gridiron system is simple

and quick to design, it is often criticised for its geometrical monotony, due to the street

pictures not being closed, and the vistas disappearing to infinity. Yet, while most

blocks are built on, the gridiron system allows for some blocks to be omitted to create

public spaces. In addition, as Lynch (1981) points out, accusations regarding the lack

of variation can be overcome by developing a hierarchical grid (Figure 2). In this

instance a grid is used as the main framework, within which local streets are more

indirect. An alternative is where the grid lines are allowed to curve and vary their

spacing, as they follow the topology of the land. This pattern is known as the modified

grid (Figure 3).

Figure 1. Gridiron system (Roberts and Greed, 2001)

Figure 2. Hierarchical grid (Lynch, 1981)

Figure 3. Modified grid (Lynch, 1981)
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Another evolution of the gridiron plan is the triangular system (Kostof, 1991) (Figure

4). According to Roberts and Greed (2001), it is primarily about making a vivid

structure. First, a set of commanding points are chosen, where important symbolic

structures and public spaces are created. These strategic points are connected by broad

straight streets which enable movement and are shaped as geometrical approaches to

symbolic places. These geometrical connections are reinforced by the erection of

monuments on the axes of streets. Sutcliffe (1970) states that the triangular system

creates a memorable general structure without imposing control on every part of the

city. It produces strong geometrical effects and lays the groundwork for public

symbolism. However, Roberts and Greed (2001) maintain that the triangular system

seems to contradict the obvious advantages of the gridiron, i.e. regular and convenient

building plots. They propose that an obvious answer is to combine the two methods.

However, Lynch (1981) suggests that this would result in awkward intersections

between the two grids.

Figure 4. Triangular system (Roberts and Greed, 2001)

Similar to the radial design produced by the triangular system is the radial or radial-

concentric system. Roberts and Greed (2001) note that the radial system is a pattern of

routes radiating from one central core (Figure 5). A development from this pure radial

system (Sitte, 1889) is the radial-concentric system (Unwin, 1909) (Figure 6). The

system becomes radial-concentric when the routes radiating out from the central core

are linked by concentric streets to allow for efficient movement around the city and to

help relieve congestion in the city core. This is confirmed by Gibberd (1955), who

states that the radial plan concentrates all the traffic onto the centre of the core, but the

radial-concentric arrangement alleviates the resulting congestion. The ring roads then

act as streets around which traffic circulates to select the most convenient point of

entry into the heart of the centre or away from it. The system is preferred to the strict

gridiron system as it is another way of avoiding geometrical monotony (Scargill,

1979). However, ring roads can act as unnatural barriers, preventing the growth of a

city once it has filled the interstices (Kostof, 1991).
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Figure 5. Radial system (Sitte, 1889)

Figure 6. Radial-concentric system (Unwin, 1909)

Evolving city patterns can develop over many years subject to no master plan, but

instead determined by time, the lay of the land, and the daily life of the citizens

(Alexander, 1966). Gosling and Maitland (1984) observe that the traditional city can

express itself through the thousands of small decisions taken over a long period of

time. This evolution often results in patterns that are non-geometric and organic, with

numerous crooked and curved streets and irregular open spaces. Cities that have

developed over time by a process of natural growth have resulted in a traditional urban

form with a compact core and organic street pattern, with marketplaces and trade

streets (Lozano, 1990). Alberti (1475) recognises that the curving layout of the organic

street system is appreciated for the aesthetic advantages that curved vistas provide,

which reduce the risk of monotony. Norberg-Schulz (1971) holds much the same

viewpoint, maintaining that cities with oblique angles and curved lines create a closed

perspective that enlivens the street scene. The organic pattern of the traditional

compact city allows for public spaces to be formed throughout, often at locations

where activities have naturally taken place over the course of its development. The

well-connected streets and squares of the traditional city play a fundamental role in

linking people and places together, highlighting the value placed upon proximity and

ease of contact between people (Urban Task Force, 1999). This urban form gives

priority to the provision of public places for people to meet and interact, to learn from

one another and to join in the diversity of urban life.

Although gridiron, hierarchical, triangular, radial, radial-concentric, and especially the

modified grid allow for the effective placement of city centre spaces within the



Chapter 2: The city: its urban form, elements and the role of public space

14

context of the traditional compact city, Frey (1999) highlights that it is first and

foremost important to determine the elements that enable and enhance urban activities,

improve the well-being of citizens and are generally long-lasting because they relate to

the community.

2.3 Elements of city form

Giddings (1996) identifies that a city’s form is composed of two types of elements:

solids and voids. The voids are represented by public spaces, and the solids are

buildings. In this analysis, there are two distinct building typologies. The first is

associated with professional design and the second with the generation of human

habitats (Lozano, 1990) (Figure 7). Buildings of professional design should be

recognised by styles of high culture and should be reserved for buildings that have

symbolic functions in a particular community. These could be termed principal

buildings (Sitte, 1889). For example:

Government

Religion

Public facilities

Law

Health

Education

castles, palaces, parliaments, city halls

temples, cathedrals, churches, mosques

museums, theatres, exhibition halls

courtrooms

hospitals

universities

The second type is more to do with context, unity, harmony, etc. They are essentially

private and offer more commonplace uses, such as residence, employment, leisure and

shopping. It is this type of building that defines and contains urban space, and

provides the frame for the principal buildings (Sitte, 1889). This group could be called

contextual or background buildings (Giddings, 1996).

Figure 7. The two building traditions (Lozano, 1990)
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This appears to be the basis for a sound framework but there are difficulties with it.

Invariably, so much has been overlaid upon a city that any local tradition occupies at

best a minority of space and is therefore of dubious relevance. Secondly, an

international style of building may have subsumed any traditional methods. This raises

questions as to whether other styles might also be legitimately included. Thirdly, there

may be a problem where new uses demand a scale and/or type of space not generated

by a local building tradition. Shopping is one use that has tended to outgrow its

traditional accommodation, with the advent of supermarkets, superstores, department

stores, retail warehouses, etc. Yet, regardless of these difficulties, a strategy that

expresses the difference between principal and contextual buildings will greatly assist

in restoring fascinating and functional urban environments. In many successful

situations, each principal building is related to a place of assembly outside its main

entrance. This introduces an important concept that the entrance to each principal

building should lead onto a public square. Also, the position of the principal building

tends to determine the direction of the square. Some pioneers go further to suggest that

in deep plan squares, the principal building should have vertical emphasis, e.g. a

church; whereas in wide plan squares, it should have horizontal emphasis, e.g. a city

hall (Sitte, 1889).

2.4 Urban space

Urban space has always been the place for the community rather than the individual,

and is therefore public rather than private in nature. It is where the greatest amount of

human contact and interaction takes place (Tibbalds, 1992), where relative strangers

can interact and observe each other (Calhoun, 1986), and is therefore one of the most

import elements in a city (Boyer, 1994). Historically, activities that have occurred in

urban spaces have been representative of that settlement. They were the places where

the framework of society was debated and formulated, and where economic activity

took place. Modern cities have often lost sight of the importance of urban space, but as

Krier (1979) points out, both residents and visitors still have feelings for it. There is a

distinct notion that something is missing, although citizens may not be able to

elucidate as to exactly what it is. It has already been noted that a familiar theme

among the urban design pioneers is that real urban systems are derived from the

concept that buildings should define space, i.e. streets, squares, alleys, courtyards etc.,

which in turn express much of the character of each city. Spaces in city centres used to

be provided for the benefit of the public. Yet, even Sitte (1889) notes that the public

square had become synonymous with an empty space. Its loss of symbolism is
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depicted and lamented by Giedion (1944), and Krier (1979) concludes that as a spatial

type it awaits rediscovery. Carmona (2010b) states that most writers on public space

recognize a decline in this realm, although there is a division between the critics to its

cause. While many critics, particularly practice-based critics, argue that public spaces

have become neglected; piled with rotting rubbish, covered in graffiti, unsafe and

poorly designed and maintained, or invaded by the car, other critics argue the decline

is due the privatisation of public space. However, Carmona (2010b) notes that in fact

there may be little difference between both arguments, with each directly and

indirectly contributing to the other, as the response to neglected publicly owned space

can lead towards privatization. However, because both the neglect and privatization of

urban space deter at least some publics, each makes an urban space less public (Varna

and Tiesdell, 2010). Arguments for and against the effect neglect and privatization

have on public space is discussed by Carmona (2010a), who highlights that it has the

potential to homogenize contemporary urban space. However, Corbett (2004) and

Carmona (2010a) acknowledge that cities are now competing in a global marketplace

and so the importance of high quality, attractive public spaces are being recognized as

important commercial commodities. It is this functional justification and associated

economic viability that have been the most difficult arguments to overcome when

considering the creation of new spaces. This gives rise to two important questions.

Firstly, is the trend for transposition of outdoor activities to indoor arenas really a

response to community demands? The case for transposition is usually made in terms

of increased comfort and convenience for the public, especially in relation to

protection from the climate. There are economic and social arguments that suggest

such transposition could equally find its source in the privatisation of public space and

increased social control by the private sector. At the same time, collective outdoor

activity is as much under threat from the reduction of suitable spaces. Such activities

as outdoor markets, concerts, political meetings, charitable collections, theatres,

religious gatherings, sporting events and many more functions all have valid roles in

21st century society. They are only hampered by the lack of suitable space and the

unwillingness of authority to encourage them. Secondly, does the creation of urban

space necessarily have to follow the rules of function and economic viability? At least

for part of the time, it is difficult to understand why a square cannot just exist for its

own sake. Provided it acts as a possible place for chance meetings, a focal point in the

city, a recognisable landmark which offers orientation, the junction between various

established routes, or an entry position, it can be justified merely on these terms.

Nevertheless, evidence is accumulating that there are environmental, social and

economic benefits to be derived from high quality public squares (Pugalis, 2009).



Chapter 2: The city: its urban form, elements and the role of public space

17

However, the interaction between these spaces and principal buildings suggests a more

significant role. It has already been established that the entrances to principal

buildings should lead onto public squares. If each of these buildings also displays a

distinct attribute of the society it represents, then each square marks the arrival at that

symbol of society. Individually, every pairing of symbolic building and square can

have quite a dramatic effect on the psyche of the citizens.

2.5 Summary

The loss of interest in and the privatisation of public space have been major factors in

the development of industrial cities during the 20th century. New technologies and the

resulting changes in the priority of city planners to include more spaces designated for

the sole use of the automobile changed how people used the city. Urban form became

scarred and fragmented by overpowering highway projects, often leaving a confused

public realm with few walkable spaces. This change to the city’s movement structure

 the arterial roads, nodes for public transport, pedestrian decks and elevated

walkways  altered how the city was experienced and how the city form developed.

The onslaught of roads within a city’s fabric resulted in a more open scene that was

experienced at speed. Public spaces were no longer a priority for 20th century

developers; instead, they were created from leftover parts of sites around buildings

(Alexander, 1987). This neglect and change in attitude towards public space resulted

in the withdrawal of public participation in activities within public space. In turn they

became threatening places, littered, covered in graffiti, polluted and unsafe (Goheen,

1998). However, in a reversal of the 20th century attitudes, the turn of the 21st century

has seen architects, planners and urban designers once again recognise and re-

emphasise the importance of successful and high quality public spaces (Marcus and

Francis, 1998; Urban Task Force, 1999; DETR, 2000; DTLR, 2000; Dixon and

Harish, 2001; Gehl and Gemzoe, 2003; Woolley, 2003; Corbett, 2004).

This chapter has discussed city form and highlighted the importance of public spaces

as places for community participation; where the public can meet, celebrate, exchange

ideas and contend with each other. The square in particular can be the fulcrum of

human interaction within a city. Therefore, knowing how to attract people to a square,

provide a place to facilitate movement and accommodate different types of activity

and provide a comfortable space are all key aspects for in the success of the city

square. From this point, where public space is identified in this thesis, this refers to

city centre squares.
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Chapter 3: The city centre urban square

3.1 Introduction

For as long as cities have existed, the city square has been a focus for the public life of

the urban population (Corbett, 2004); a space for meetings, activities and interaction to

take place. Sitte (1889) highlights that in past times, squares were designed to have an

enclosed character and to create an artistic effect. The square itself was at best artfully

bound, with a minimum of opening for streets, usually at the corners, and often with a

continuing arcade to give a sense of defined limits. However, towards the end of the

nineteenth century, cities started to reverse the proper relationship between built-up

areas and open space, often by first parcelling out building sites, and turning whatever

space was left over into streets and squares (Tibbalds, 1992). Further development of

the square was almost entirely in the direction of openness (Heckscher, 1977). In

Sitte’s (1889) view the squares of the nineteenth century had become too big, loose

and open, and intersecting streets made for too many breaks in the continuity of their

fabric. The enclosing nature of the square was lost.

Twentieth century influences continued the opening up of the city square (Heckscher,

1977), leading to squares so expansive that they ceased to be the decisive element in

delivering and facilitating the major activities of the urban population. City planners

were instead primarily concerned with problems of land use, including the

improvement of traffic, general communication, zoning, the relationship between

residential and industrial areas, etc.; these considerations overshadowed the

fundamental importance of the square as a basic element within the city. However,

while many city squares were neglected during the twentieth century, often being

dominated by traffic and car parking, cities and their regions are now competing in a

global marketplace and so the image of individual cities is increasingly important

(Corbett, 2004) and the importance of successful and high quality city centre squares

is again being re-emphasise (Marcus and Francis, 1998; Urban Task Force, 1999;

DETR, 2000; DTLR, 2000; Dixon and Harish, 2001; Gehl and Gemzoe, 2003;

Woolley, 2003; Corbett, 2004). The Urban Task Force (1999) states that, overall, the

quality of the built environment in towns and cities has a crucial impact on people’s

lives. High quality buildings, streets and public squares are essential for successful

social, economic and environmental regeneration. However, before new city squares

can be designed, an understanding of how best to design them to meet the needs of the

urban population needs to be gained. Tibbalds (1992) and Zucker (1959) highlight that
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by studying successful squares of the past, not to be copied, urban designers can be

consciously or unconsciously stimulated and aided in their creative work. Similarly,

Carmona et al. (2003) state that if urban designers are to better appreciate the aesthetic

qualities of squares, the ideas of Sitte and Zucker are of particular value, emphasising

that Sitte advocated a ‘picturesque’ approach to the design of city squares, by

analysing the geometrical and aesthetic character of numerous European squares to

derive a series of artistic principles. Although Sitte approached urban design in this

manner, and his work was based on the review of many medieval urban squares, and

therefore his concepts and ideas for the effective design of city squares are based on

this, Carmona et al. (2003) underline that such principles are still relevant within

modern urban design.

This chapter refers to notable writers and theorists on urban design from the last two

centuries, in particular Sitte (1889), Unwin (1909) and Zucker (1959), in their

evaluation of iconic city squares, to establish a number of different aspects important

in square design. These are:

 Form and function  the different forms and functions and any relationship

between them, of the city centre urban square.

 Geometrical characteristics  the relationship the square has to the streets,

the buildings and structures that occupy and surround the space.

 Pedestrian movement – how a square should be designed to facilitate in

pedestrian movement through the space.

 Microclimate  the role that the behaviour aspects (noise, wind, solar access

and temperature) of a square design have in providing a comfortable space.

By reviewing literature related to the geometrical and behaviour aspects of city

squares, traditional methods of square design, along with new ideas and criteria, were

identified. From these identifications, a set of design guidelines were developed into a

theoretical design framework for city centre squares. However, the chapter establishes

that the geometrical characteristics of a square are designed in response to its local

climate and cultural conditions. As a result, geometrical characteristics of squares

found in southern Europe may not be applicable to squares in northern Europe due to

the different climate and cultural conditions. Therefore, in establishing the geometrical

characteristics of squares, the location within Europe where the referenced study was

carried out is stated. This process will allow for any difference in geometrical

characteristics between different groupings of squares to be identified and for an

applicable design framework to be established. The review of urban design literature
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also allows for key factors that aid towards the success of a square to be established.

Therefore in the summary of this chapter, both the established frameworks and the

success criteria will be presented. The chapter begins by discussing the development

of the city square.

3.2 The development of the city square

The square is one of the oldest types of open space within a city. It was the first way in

which man discovered the use of urban space (Krier, 1979) and is one of the most

important elements of city design, having great importance in daily life for people who

live in urban areas (Woolley, 2003). Heckscher (1977) states that, for Europeans, the

design of the city was in large part the design and placement of squares; the proportion

of open space, the way it was bounded or walled and connected with the neighbouring

streets, and its relationship to the entrances or gates of the city were all key in the

city’s design. The development of city squares is similar to that of the city itself

(Zucker, 1959). Exactly as towns and cities were built following a preconceived

design or grew naturally over time, the individual city square might have either been

planned or have developed gradually out of certain existing conditions: the

intersection of important thoroughfares within the town; the open space at the

approach of a bridge or in front of the west façade of a church, etc. Or as Webb (1990)

identifies, it may have been shaped by popular needs and rulers’ whims, by

topography and architectural fashion. In contrast to these organically grown squares,

the planned square often appears as a symbol of power or the foundation stone of a

new development (Webb, 1990). Whichever the case, Zucker (1959) states that the

geometrical needs of squares prior to the 20th century modern movement were not

necessarily consciously known, but were a matter of cultural subconscious reaction.

Squares were more than mere voids; they represented organised space, and reflected

the history of that space. The square is a place in its own right rather than a space to

pass through (Marcus and Francis, 1998); it can be a place designed to exhibit its

buildings to the greatest advantage, or designed as settings for informal public life.

However, the distinction between these is not absolute; many public squares function

as both, though they may not be successful as both (Hegemann and Peets, 1922;

Carmona et al., 2003).
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3.3 Forms of the city square

The meaning of a ‘square’ differs throughout the world and is based on local

interpretation. A square can take on numerous shapes and forms, circular, elliptical,

octagonal, rectangular, square, amorphous (organic) etc. French (1983) highlights that

the various names derived elsewhere from Latin (platea; place or widened street), are

more cautious, and refer to location rather than shape: Place (French), Piazza (Italian),

Praca (Portuguese), Plaza (Spanish), Plateia (Greek). Regardless of name, squares (or

places), when reduced to their basics, share some common traits: an outdoor room

with walls to enclose space, doors to admit traffic, the sky as ceiling (Webb, 1990).

Similarly, for Zucker (1959) the urban square consisted of three space-confining

elements: the row of surrounding structures, the expansion of the floors and the

imaginary sphere of the sky above. A similar definition relating to the characteristics

of a square is given by Trancik (1986), who emphasises that a successful square will

comprise a rich mixture of three important components: (1) the three-dimensional

frame, (2) the two-dimensional pattern, and (3) the placement of objects in space. The

three-dimensional frame defines the edges of the space, the degree of enclosure, and

the characteristics of the spatial wall. The two-dimensional pattern refers to the

treatment and expression of the ground surface: its materials, texture, and

composition. Objects in space are those elements such as sculpture, water features,

and trees that provide accents or focal points and make the space memorable. The

numerous definitions for the shape, form, use, and characteristics that a city square

could take means that it can be a struggle to fully classify the overall form of a square.

However, there have been a number of attempts to classify the form that squares may

take (Table 3).
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Table 3. Classification of city squares

Name
Year Book Title

Categorising
Method

Types
Pioneer Writer

Sitte 1889

City Planning
According to

Artistic
Principles

Form

1. Deep type
2. Wide type

Zucker 1959
Town and

Square
Form

1. Closed square
2. Dominated square
3. Nuclear square
4. Grouped square
5. Amorphous square

Krier 1979 Urban Space Form
1. Rectangular square
2. Circular square
3. Triangular square

French 1983

Urban Space 
A brief history

of
the city square

Form

1. Centric
2. Enclosed

Gehl 2003
New City
Spaces

Use

1. Main city square
2. Recreational

square
3. Traffic square
4. Monumental

square

Two of the most influential theories for square form are outlined by Sitte (1889) and

Zucker (1959). Sitte (1889) concludes that there are only two types of square, the deep

square and the wide square; whether a square is deep or wide usually is determined by

the side of the principal building that faces the square. Zucker (1959), however,

distinguishes five archetypal forms of squares: the dominated square, the nuclear

square, grouped squares, the amorphous square and the closed square. These five

archetypal forms do not imply that any square represents only one pure type. Very

often an individual square bears the characteristics of two or more of these types,

depending on the spectators’ point of view. The first archetypal square Zucker (1959)

identifies is the closed square.

3.3.1 The closed square

Identified by Zucker (1959) and French (1983), the closed square occurs where the

space is self-contained. Its success depends upon an open centre and a strongly

defined enclosing structure (Figure 8). Zucker (1959) states that the closed square is

solid and obvious, with a clear boundary between what is square and what is not,

highlighting that the repetition of identical buildings or building types facing the
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enclosed area helps to define the enclosed space, although usually a rhythmical

alternation of two or more types is employed (Figure 9). Therefore the closed square,

with careful proportioning, creates a static balance, whereas the dominant square

produces a directive of motion.

Figure 8. The closed square

Figure 9. The repetition of identical buildings or building types

3.3.2 The dominated square

The dominated square occurs where the space is directed towards the main building

(Figure 10). Zucker (1959) states that the direction of a main street which opens into

the dominated square establishes the axis toward the principal building, fountain, gate,

arch, etc., with the contextual buildings and the dominance of the principal structure

creating the spatial tension of the square, compelling the spectator to move towards

and to admire the focal architecture.

Figure 10. The dominated square
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3.3.3 The nuclear square

The nuclear square occurs where space is formed around a centre (Figure 11). Unlike

the dominated square, which relies on space created from definite criteria  the frame

of a continuous row of buildings or the domination of a frontal structure  the spatial

shape of the nuclear square does not rely on such definite rules to help define the

space (Zucker, 1959). If there is a nucleus, a strong geometrical accent  a monument,

a fountain, an obelisk  powerful enough to tie the various bordering elements into

one geometrical unit, the impression of a square will be created. However, Zucker

(1959) points out that since the geometrical effect of the central monument, fountain,

etc., are naturally limited, the dimensions of a nuclear square are consequently

restricted. If the expansion of the square in relation to the size of the focal volume

becomes too large, the geometrical effect of the central nucleus will diminish and the

square loses its unity.

Figure 11. The nuclear square

3.3.4 The amorphous square

The amorphous square occurs where space is unlimited. Zucker (1959) states that the

amorphous square is, by its definition, formlessly unorganised, having no specific

shape, with no aesthetic qualities or artistic possibilities (Figure 12). Zucker (1959)

highlights that the amorphous squares of the past, although they neither unified nor

confined the surrounding empty space, at least emphasised the volume of the

dominant building in relation to the human scale, by placing it in open areas, with

closely clustered small structures and an irregular network of streets around it. The

amorphous squares created in the nineteenth century were formed from trying to

isolate, and in this way to emphasise, the geometrical importance of, for example, a

church, a court of justice, a theatre, etc. In doing so the buildings were surrounded by

dead space within which the particular structure stood.
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Figure 12. The amorphous square

3.3.5 Grouped squares

Grouped squares are where individual squares are combined to form larger

compositions. To provide a definition of grouped squares, Zucker (1959) compares

grouped squares to the relationship of successive rooms inside a baroque palace: the

first room preparing for the second, the second for the third, etc.; each room as

meaningful as a link in a chain, beyond its own architectural significance. It is also

Unwin’s (1909) view that grouped squares should be used when it is desired that

several sides of a building should be visible from a distance. This is to prevent placing

a building in the centre of a square, which would result in the building being

completely detached and isolated from the square. Instead, by arranging squares to

face different sides of the building, with other buildings close to it or connected at the

corners, the adjoining square will form a frame for each view (Figure 13).

Figure 13. Grouping squares, where it is desired that several sides of a building should

be visible (Sitte, 1889)

Zucker (1959) notes that of the different compositions of grouped squares, four occur

most frequently: (1) A sequence of squares, different in size and form develops in only

one direction, establishing a straight axis (Figure 14). (2) Squares develop in a non-

axial organisation, where a smaller square opens with one of its sides upon a larger

square, so that the individual axes of each square meet in a right angle (Figure 15). (3)

A group of three or more squares of different shapes and proportions surround one

principal building (Figure 16). (4) Squares are related to each other without any direct

physical connection. In other words, two individual squares fall into a coherent pattern



Chapter 3: The city centre urban square

26

although they are separated from each other by blocks of houses, a dominant building,

thoroughfares, etc. (Figure 17).

Figure 14. Grouped squares  a sequence of squares

Figure 15. Grouped squares – non-axial organisation

Figure 16. Grouped squares  surrounding a principal building

Figure 17. Grouped squares – squares without any direct physical connection

Sitte (1889) is greatly in favour of grouped squares, emphasising that they make a

good impression on a person as they move from one to the other. He finds these a

great relief compared to the late nineteenth century squares of strict right angle design,

from which only two or three views can be achieved, and which he considers to

express no artistic feeling.
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3.4 Function of the city square

For French (1983) the form a square takes is related to its function, either ‘as a

singular urban space or as part of a system of interrelated streets and squares’,

observing that great cities of today boast squares of every size, style and purpose,

demonstrating the varied ways in which space can be contained and manipulated. The

square itself plays a significant role in the city. Although the function of the city

square has varied over the course of history, the square has always served as a place

for meetings, markets and movement, a place to exchange information about the city

and society, and a place where important events are staged (Gehl and Gemzoe, 2003).

The original concept of the square was to provide a central place to which the town’s

inhabitants came to draw water from the well, to buy from the open-air market and to

exchange the verbal currency of day-to-day urban life (Heckscher, 1977). Calabi

(2004) states that the square is generally considered a phenomenon capable of going

beyond its own transformations and of remaining independent of its own specific

circumstances and historical changes, a place to sum up the collective sense of daily

life and to fulfil the need for people to exchange ideas, news, work opportunities’

goods and labour. A successful square should therefore always attract sufficient

activity and contain the features meant to attract groups of people and to facilitate

meetings (Lynch, 1981; DTLR, 2000). Attracting people to a square helps to animate

the public space. Trancik (1986) identifies that: ‘if the space can attract sufficient

activity, it will almost certainly be perceived as successful in its design’.

If a successful square is based on its ability to generate activity and animation within

the space, the square itself must contain the uses and features that attract pedestrian

flows. Childs (2004) highlights that buildings can generate activity and pedestrian

flows in squares where they contain popular public uses, such as a town hall,

cathedral, or library. Such public buildings can be effective anchors, which draw

crowds of people to a square that may otherwise remain empty. Corbett (2004) states

that the use of public art within a square can also encourage people to enter the space

when it can be seen from streets connecting with a square. City squares are ideal

places for displaying public art; however, it should not be so formally placed as to

suggest that the square was designed purely as a backdrop for it. Instead, in Sitte’s

(1889) view, art should be placed towards the side of square against a natural

background (Figure 18).
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Figure 18. Incorrect and correct placement of art within city squares (Sitte, 1889)

3.5 The location of squares within the city fabric

The location of a city square within the urban fabric and the way it connects to

surrounding districts, and to the city as a whole, is important in helping to generate

activities within the space and is crucial to its success (Corbett, 2004). Squares can be

devoid of life because they are poorly located. An appropriate site for a city square

will be well-connected, at the junction of busy pedestrian flows and accessible to

many people. Throughout the history of the city, a recurring theme is a centrally

located square that is connected to a principal pathway. A well-connected location can

thus encourage a lively mix of uses.

While a square needs to be perceived as being a distinct place, it also needs to be

visible and easily accessible to those on the street if it is to be well used. The more that

people in the street feel that the square is an extension of the space they are in, the

more likely they are to feel invited to enter. This is reinforced by both Lynch (1960)

and Lozano (1990), who agree that the urban network of streets and squares needs to

be well-organised, and that mystery and surprise should be relatively small aspects of

the visible whole, occurring within an overall framework. However, mystery and

surprise are not without their place within the urban network. Lozano (1990) observes

that when a landmark can been seen over the rooftops and is always within a short

distance from any point in the city, it is possible for one to become immersed in a

surprising, intriguing, and mysterious environment and yet feel safe knowing that one

can become reoriented within minutes by the geometrical landmark. Lozano (1990)

claims that this assurance makes the experience of walking around a city more

pleasurable. McCluskey (1979) similarly identifies that when different aspects of a

principal building are glimpsed along a route of interconnected spaces, a sense of

continuity is experienced and the viewer feels well orientated in his surroundings.

When the view appears as a goal being approached, the experience of arrival is

intensified if the object disappears temporarily and then suddenly reappears in close-

up (Figure 19).
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Figure 19. Multiple value of a landmark

McCluskey (1979) also identifies that urban spaces should be grouped in a layout that

provides a multiple choice of routes in a stimulating and varied urban environment.

Greater choices of routes become possible with cross connections between elements in

the series in a more organic arrangement (Figure 20).

Figure 20. Cross-connections between spaces allow for greater choices in routes

Giddings (1999) states that optional routes derived from grouped spaces are

fundamental to good city structure. They offer choice, variety, interest and

sometimes mystery and surprise. However, Corbett (2004) highlights that in space

syntax theory, when it is necessary to pass through many indirect and inconvenient

spaces in order to reach a site, the urban structure is defined as having ‘depth’. If the

urban layout has a lot of depth, the chances are that many inconvenient changes of

direction will have to be taken to find the main square, and there will be a lack of

direct routes to it. A square located in an area with a lot of depth is unlikely to be very

accessible, and there will be little choice in the number of routes that can be taken to

find it. Alternatively, when the urban layout includes many connections that are clear

and direct, and when there are many alternative routes, Hillier & Hanson (1984) refer

to the urban structure as being ‘shallow’. An appropriate site for a city square would

be within a surrounding urban structure that is axially shallow, i.e. one that offers a

choice of routes and is both physically and geometrically permeable.
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3.6 Urban square design

On entering the square, Corbett (2004) states that the immediate impression should be

one of arrival, with a view of an animated scene. The most dominant elements in the

view are likely to be noticed first, and the design should ensure that attention is drawn

to the most important buildings, such as those containing public uses. Building height,

scale and density can all be used to emphasise the most important buildings and uses

around a square. Sunny areas and bright colours are spotted before dull areas, and the

position of the sun will have a crucial effect upon how squares are perceived at

different times of the day. Consideration also needs to be given to the way that squares

are oriented to the sun, prevailing winds and noise sources, to provide a comfortable

environment for its occupants. Overall, the noise, wind, solar access, and temperature

of a square play a major role in providing a space that is comfortable in which to sit,

relax, pass through or participate in activities. The design of a square should facilitate

movement and provide space to accommodate different activities associated with the

square. A city square should therefore be designed to provide a balance of busy and

quiet space (Space Syntax, 2006); as Seamon (1979) puts it: places for movement, rest

and encounter. A square should also provide a sense of enclosure. Unwin (1909) states

that the enclosure of a square is not only important because it gives a sense of

completeness and repose to the place itself, but also because of the importance of

providing a proper frame and background to the public buildings. In providing a sense

of enclosure, it is the geometrical characteristics of the square that play a significant

role (Moughtin, 2003).

3.6.1 Geometrical characteristics

The acknowledgement that public squares should attract people is an important point

in their design. If a square is to attract people, then it must also be related to human

scale. The measurement of human scale relates to the proportions of a square, its

elements and enclosing buildings when compared with proportions of the human

figure and the range of human vision. It has formed the basis for many studies of scale

by urban designers: Blumenfeld (1953); Spreiregen (1965); Banz (1970); Lynch

(1971); and Tibbalds (1992), who states that urban areas exist for human beings, not

vehicles, and so need to take on a scale that is related to the pace of pedestrians. If

people can physically relate to different parts of a square through the scale of their

own bodies, they are likely to find the space easy to comprehend (Corbett, 2004).

Zucker (1959) argues that where the size of the human body and the range of human

vision are not recognised as the basic principles, any rules about absolute proportions,
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design and composition of forms, etc. are worthless. Therefore, the geometrical

characteristics of a square must be based on this perspective of urban design and the

constant awareness of the human scale.

The relationship between the proportions of a square and the range of human vision

also plays a primary role in the resulting sense of enclosure, a factor that is important

in creating a successful square. The geometrical characteristics  dimensions, the ratio

of length to width, the height and proportions of the enclosing buildings in relation to

the size of the square and the percentage of open frame  all have a bearing on its

resulting degree of enclosure (Moughtin, 2003; Corbett, 2004).

Square dimensions

Authors of urban design have deliberated over what the dimensions of a city square

should be (Table 4). Although no definitive rules are given, what is clear is that the

size of the square should bear some relation to its likely use and to the numbers of

people that are likely to use it (Corbett, 2004). A square that is to be the focus of civic

life and is likely to accommodate most of the associated uses will need to be of a size

that enables it to do so. However, a square that is too big will aid in reducing the

feeling of enclosure. Sitte (1889) argues that it is a delusion to think that the feeling of

magnitude created by a square increases indefinitely with extensions of its size. If a

narrow strip of a few yards is added to a small square the result is quite sensible and

usually advantageous, but if the square is already large this increase is scarcely

noticed, for the relative proportions of square and surrounding buildings remain about

the same. For Sitte, the maximum length or width of a square should be no more than

135m; it is this size that Maertens (1884) identifies as the upper limit where body

gestures can be distinguished. However, Lynch (1971) and Gehl and Gomzoe (2003)

observed that the maximum dimensions for a large square in northern Europe was

100m. It must also be remembered that there is still a need for the small medieval

squares that act as safe havens where people can stop, relax and escape from the mad

bustle of modern urban life. However, such squares are not ideal for a monumental

structure or for main civic uses. Sitte (1889) states that small squares give a feeling of

comfortable snugness, creating a greater size in memory than of their actual size.
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Table 4. Optimum dimensions for city centre squares

Author
Study

Location
Size Reasoning

Sitte (1889)
Southern
Europe

15m - 21m
The intimate squares in the older

parts of towns and cities

Sitte (1889)
Southern
Europe

143m x 57m
Average dimension for the largest

city squares in southern Europe

Sitte (1889)
Southern
Europe

135m
Maximum dimension for city

squares

Gehl (1968)
Northern
Europe

100m x 70m
The dimensions of a large square

to accommodate the uses
associated with city squares

Lynch (1971)
Northern
Europe

12m–24m
Dimensions for a small square
should fall within this range

Lynch (1971)
Northern
Europe

100m
Maximum dimension for a large

square

Alexander (1977)
Southern
Europe

22m
Maximum dimension for a small

square

Lynch (1981)
Northern
Europe

25m Pleasant human scale

Carr et al.
(1992b)

Northern
Europe

22m
The more intimately enclosed

squares found in European
medieval towns

Giddings
(1996)

Northern
Europe

30m x 12m
The typical dimensions of small

squares

Giddings
(1996)

Northern
Europe

70m x 50m

90m x 35m

The typical dimensions for
medium sized squares

Giddings
(1996)

Northern
Europe

100m x 70m

120m x 50m

The typical dimensions for large
squares

Gehl and Gemzoe
(2003)

Northern
Europe

100m
Maximum dimension for a large

square

Corbett (2004)
Northern
Europe

70m x 50m
Can usually accommodate most

uses associated with city squares.
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Although Table 4 presents dimensions for different sized squares stated by authors

examining southern and northern European squares, the literature review found little

reference to what the resulting perimeter of the different sized squares should be. Only

Giddings (1996) study of northern European squares proposes a boundary for the

perimeter size of city squares; 75m – 335m. However, based on the dimensions

proposed by authors studying southern European squares, a boundary for the perimeter

size of southern European squares can be deduced; 50m – 540m.

Ratio of length to width

The relationship between the proportions of length to width of a square also plays an

important role in the feeling of enclosure. Sitte (1889) maintains that it is important

that a square is directional, but notes that overly long squares with a ratio of length to

width more than 3:1 already begins to lose charm (Figure 21). Alberti’s (1475) ideal is

a ‘square twice as long as broad’ (Figure 22), while Vitruvius (1550) suggests a ratio

of 3:2 (Figure 23). Although all of the former ratios were based on studies and

observations made from southern European Squares, Giddings (1996) in his study of

northern European squares found similar boundaries for the ratio of length to width of

1.1:1 – 3:1 (Figure 24).

Figure 21. Maximum length to width ratio for a city square (Sitte, 1889; Unwin, 1909)

Figure 22. Ratio of length to width – Alberti’s (1475) ideal

Figure 23. Ratio of length to width – Vitruvius’ (1550) ideal
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Figure 24. Range for ratio of length to width found in northern European squares –

Giddings (1996)

Relationship to enclosing buildings

Corbett (2004) asserts that the city square should be a showpiece of the built

environment, and as such its dimensions should have a relationship to the enclosing

building, measured from the ground to its eaves. Where a principal building exists

within the surrounding frame of a square, the dimension of the public square 

measured perpendicularly in the direction of the principal building’s façade  should

be in proportion to the height of the principal building. The relationship between a

square and the principal buildings is therefore determined by a person’s viewing range

and the required resulting view. Corbett (2004) states that Maertens (1884) calculated

that a person’s range of clear vision is at an angle of about 27o, or at a distance which

equals twice a building’s height (Figure 25).

Figure 25. Minimum distance from which a building can be seen clearly

So, to view a building clearly and easily, the viewer needs to stand away from the

building, at a distance that is twice the building’s height. If the viewer stands away

from the building at a distance that is three times greater than the building is high, at a

ratio of 1:3 (18 o), the viewer will get a sharper view of the building against its

surroundings, allowing them to appreciate the full composition of the wall of the

square, or several buildings (Figure 26). Notable authors of urban design have debated

what the ideal ratio of the height of a principal building and the perpendicular

dimension of a city square may be (Table 5).
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Figure 26. Ratio required to appreciate several buildings

Table 5. Relationship between height of principal buildings and perpendicular distance

Author
Study

location
Horizontal:

vertical ratio
Image Reasoning

Sitte
(1889)

Southern
Europe

Minimum
1:1

Maximum
2:1

The minimum for
the dimension of a
public square,
should be equal to
the height of the
principal building,
and the maximum
should not exceed
twice this

Corbett
(2004)

Northern
Europe

2:1

3:1

Ideal distance to
view a principal
building clearly and
easily

Ideal distance to get
a sharper view of
the building against
its surroundings

In assessing how a proposed square is likely to perform, one of the key considerations

Corbett (2004) identifies is the relationship between the size of the square and that of

the contextual buildings. It is this relationship that is one of the key criteria in

determining the sense of enclosure of a city centre square (Sitte, 1889). If the

contextual buildings are too low, the sense of enclosure will be weak, resulting in the

open area of the square appearing too large; alternatively, if they are too high, they

will appear excessively dominant, and the square will feel too small (Corbett, 2004).

Therefore, achieving an appropriate sense of enclosure between the size of the square

and the height of contextual buildings is an important criterion in square design.

Notable authors of urban design have also debated what the ideal ratio for this

relationship may be (Table 6).
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Table 6. Relationship between contextual buildings height and perpendicular distance

Author
Square

location

Vertical:

horizontal
Image Reasoning

Alberti

(1475)

Southern

Europe

Ideal

1:3

Maximum

1:6

The ideal ratio for

contextual

building height

The maximum

ratio before

enclosure is lost

Hegemann

& Peets

(1922)

Southern

Europe

Ideal

1:2 to 1:3

The most

satisfactory ratio

is a ratio between

2:1 – 3:1

McCluskey

(1979)

Northern

Europe

Ideal

1:1 to 1:3

Maximum

1:4

A good sense of

enclosure is

achieved at a ratio

of 1:1 to 3:1

At a ratio of 4:1

the sense of

enclosure of a

square starts to

become weak

County

Council of

Essex

(1983)

Northern

Europe
Ideal 1:4

Ideal size for

appreciating the

entirety of the

square from the

centre

Kostof

(1992)

Southern

Europe

Maximum

1:4

At a ratio of 4:1

the sense of

enclosure of a

square starts to

become weak

Giddings

(1996)

Northern

Europe

Height to

length

1:1 – 1:8

Height to

width

1:1 – 3:1

Deduced from

observations

made from

squares within

northern Europe

Deduced from

observations

made from

squares within

northern Europe
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The relationship between the proportions of the principal building and the

shape of the square

Heckscher (1977) states that the point of a city square, as Sitte saw it, was not to serve

or enhance a building, but to be a building, or at least to be something like a building

in its own right. In the eye of the medieval or renaissance city-builder, Sitte (1889)

states that the difference between the public square and other structures was slight. In

the time of those earlier builders, public squares were inseparable from the buildings

that enclosed them; and they formed the principal settings for public life. It was not

the squares that served the buildings, but almost the opposite. Sitte (1889)

distinguishes two types of square, ‘the deep type’ and ‘the wide type’. A square is

determined to be deep or wide when the observer stands opposite the major building

that dominates the space. To be effective, the building that dominates the square

should have dimensions similar to the space it faces. A tall building, for example, with

narrow width in proportion to its height, will best suit a square ‘deep’ in the dimension

at right angles to its front; while wide buildings of lesser height but with greater width

show best on a square which is wide in the direction parallel to the building, and

shallow in the direction at right angles to it (Figure 27).

Figure 28. Sitte (1889): ‘deep’ and ‘wide’ squares

Sitte (1889) rejects the concept of buildings as freestanding sculpture objects,

justifying that if a monumental building stands free, it should not be placed in the

centre of a square, but more appropriately should be situated on the side of a square of

appropriate size, so that the building can be utilised and looked at from a convenient

distance (Figure 28). Sitte (1889) also argues that by placing buildings in this manner,

a better sense of enclosure for the square is also created.

Figure 28. Placing a building in a square (Sitte, 1889)
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In nearly all the squares studied by Unwin (1909) and Sitte (1889) the public buildings

are not in the centre but on one side, very often with one or more sides actually

attached to their surrounding buildings, or separated from them by such narrow

openings that when viewed from across the square the gap between them is not

evident. French (1983) states that the role that openings play is also important in the

success of the geometrical appreciation of the square. They can aid in enhancing the

enclosure of a square, a way of linking to other urban spaces, or they can be a way of

enticing the viewer towards the square.

The relationship between the surrounding form and openings

The number, size and positioning of openings onto a square plays a significant role in

its sense of enclosure. Carmona et al. (2003) observes that for Sitte, enclosure was the

primary feeling of urbanity, and his overarching principle was that ‘public squares

should be enclosed entities’. However it must be highlighted that this refers not to the

complete enclosure of a continuous ring of buildings, but a general sense of enclosure

resulting from a fairly continuous frame of buildings, where the breaks in them are

small in contrast and not too obvious. For Sitte (1889), the design of the intersection

between side streets and square is one of the most important elements in creating a

sense of enclosure in a square. Both Unwin (1909) and Sitte (1889) examine a series

of ancient squares, and conclude that whether from accident or design, the entrances

into the squares are usually so arranged that they break the surrounding frame very

little, if at all. Although no relationship can be established for the width of an opening

onto a square and the resulting sense of enclosure, Smith (1981) does propound a rule

of thumb about how much of a form is necessary to imply the rest, stating that if

roughly three-fifths (60%) of a form is built, then the mind will recognise the

complete figure. With the corners having more figural power than other portions, four

posts, particularly if they are detailed to make an inside corner, can imply a square

(Figure 29). However, in his study of northern European squares, Giddings (1996)

observed that the total amount of openings typically constituted between 8% - 28% of

the surrounding frame (Figure 30). Giddings also observed that the number of

openings on to a square in northern Europe typically fell within a range of 2 – 5

(Figure 31). However, no such relationship could be established for southern

European squares.
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Figure 29. Minimum amount of form needed to imply the rest (60%) (Smith, 1981)

Figure 30. Range for the percentage of a square’s surrounding form as openings

Figure 31. Giddings (1996) range for number of openings onto a northern European

square

Childs (2004) states that the nature of corners is critical for the creation of figural

squares; corners are places with large amounts of information about forms. Weak

corners will lose the sense of enclosure and strong corners will reinforce it. Moughtin

et al. (1995) proposes a typology of corners (Figure 32) and identified that angular

corners most strongly define an enclosure. However, Gibberd (1955) observes that if

all four corners of a square are built up (angular), the openings are created on the

centre lines of the square, and the square becomes spatially unsatisfactory. As from

inside the square, the eye is led away from the buildings to the void, while from

outside one looks straight through the square, with nothing to close the view (Figure

33). Alternatively the corner can be closed using an arch form completion. ‘Arches

give a very great ornament to piazza that are made at the head of streets, that is, in the

entrance into the piazza’ (Palladio, 1965). This is reinforced by Corbett (2004), who

states that a way of reducing the impact of access points onto a square and increasing

the sense of enclosure within a square is to include an architectural portal over an

opening where it enters into the square. This results in a bridge effect, enabling

pedestrians to access the square while continuing the architectural frontage around the

square.
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Figure 32. Typology of corners (Moughtin, Oc and Tiesdell, 1995)

Figure 33. Built-up corners of a square

Sitte (1889) also identifies, from his examination of ancient squares, that in very few

cases somebody entering a square by one of the streets has an extended view out of it

along another street. Thus he concludes that to create a successful sense of enclosure,

it should not be possible to see out of the square along more than one street at a time.

To achieve this effect, streets must enter the square at right angles to each other. This

result is easily achieved where only one street appears at each angle of the square

(Figure 34). By arranging street openings in the form of turbine arms, a person



Chapter 3: The city centre urban square

41

standing in the square gets a great sense of enclosure, as from any part of the square

there appears to be only one exit (Sitte, 1889). If a second street is needed in a

direction at right angles to the first, it should be designed to terminate at a sufficient

distance from the square to remain out of view from the square (Figure 35).

Figure 34. Openings in a square’s frame

Figure 35. A second street is needed at right angles to the first

3.6.2 Pedestrian movement, rest and encounter

Carmona et al. (2003) state that pedestrian movement is fundamental to understanding

how places function. Pugalis (2009) highlights that animated spaces also help to create

meaningful environments that are increasingly favoured by contemporary society

(Florida, 2002; Worpole and Knox, 2007; Lorentzen and Hansen, 2009). Carmona &

Tiesdell (2007) observe that Gehl (1987) illustrates that pedestrian activity in a public

space is dependent on its environmental comfort, arguing that the design of urban

spaces can facilitate but not determine the patterns of human activity that take place,

influence how many people use the space, how long individual activities last, and

which activity types can develop. Gehl (1987) states that pedestrian activities

comprise one of the most important qualities of public spaces and can be divided into

three categories – ‘necessary’ (required activities: going to work, shopping); ‘optional’

(those you can choose to participate in if you wish to do so) and ‘social’ (activities

dependent on other people: playing, greeting, conversation, etc.). Carmona & Tiesdell

(2007) state Gehl’s (1987) argument is that the type of activities that occur in public

space – ‘necessary’, ‘optional’ and ‘social’ – are directly related to the quality of the
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space. When public spaces are of poor quality, only strictly necessary activities occur.

However, as the quality of public spaces increases, so does the occurrence of optional

and social activities.

Pugalis (2009) also highlights a central aspect of Gehl’s work that guides his design

philosophies, which is that people attract more people; a view also shared by

Seamon’s (1979) who states that the more people that are attracted to a square, the

more active it will become. Larger numbers of people foster greater activity, which in

turn draws in additional people and activity. Therefore, a city square should be

designed to provide an environment to facilitate movement and to accommodate

different types of activities at different times. However, Corbett (2004) emphasises

that while some people may want to move quickly and directly across the square and

so look for clear spaces that provide routes across it, others may seek a quiet space

away from the hustle and bustle or want to sit next to pedestrian flows so they can

watch the world go by. Similarly, Madden and Bussard (1977) and Carmona et al.

(2003) identify that where people choose to sit and linger in public space is often

based on opportunities for people-watching. Even where peaceful retreats are required,

they should be no further than 1520m away from the main pedestrian flows (Corbett,

2004). Gibbons and Oberholzer (1991) stress that there should also be logic to the

arrangement of seating within a square, to avoid haphazardly located furniture that can

obstruct areas of pedestrian movement. A city square should therefore be designed to

provide a balance of busy and quiet space (Space Syntax, 2006). As Seamon (1979)

puts it: places for movement, rest and encounter.

The use of subspaces can play a primary role in providing space for different activities

to take place. Both Marcus and Francis (1998) and Corbett (2004) highlight that with

the exception of squares specifically designed for large public gatherings and rallies,

squares should be divided into subspaces to encourage their use. Subspaces can help to

create a geometrically stimulating city square, and will offer greater opportunity for

people to find the kind of space that they are looking for. The creation of subspaces

can be achieved through selective changes in levels or through the arrangement of

building, planting, seating, or art works. This kind of subdivision helps to define areas

for movement and areas for rest, and can also help to make the city square appear

more populated, which can be essential for very large square. However, Corbett

(2004) emphasises that when changes in levels are proposed to subdivide a city

square, care must be taken about their effect on pedestrian movement, as they can act

as barriers to natural pedestrian flows if they are inconveniently located. For example,

climbing steps takes longer than walking along a gradient; therefore, steps can be an
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obstacle to pedestrian flows. Steps also pose a particular problem for people in

wheelchairs, parents with buggies, the old, the very young, and the geometrically

impaired, all of whom are entitled to unrestricted access within a city square. Marcus

and Francis (1998) state that the use of differing levels must be handled with care so

that disabled users are not precluded from access to any of the spaces. Whenever

possible, a ramped slope should parallel or substitute for steps between different

levels. Corbett (2004) and Fruin (1971) also identify that major changes of level

between the square and the approaching streets can have a harmful effect upon its use,

highlighting that it is crucial to keep direct geometrical contact for pedestrians along

connecting streets with people in the square. If a square is either significantly higher

or lower than the connecting streets it runs the risk of appearing detached from street

activity. Such a change of level can act as a barrier, which will reduce the number of

people and amount of activity within the square.

The floorscape can also have an effect on the path pedestrians use to move through the

space. Logie (1954) notes that until the mid-1950s’, paving was something of a lost

art, with the increasing use of tarmac and other monolithic surfaces, which led to a

divorce in texture between wall and paving. In recent years, however, there has been a

revival of interest in the geometrical possibilities of the paving for urban squares, with

a wide range of patterns, materials and textures being used. Childs (2004)

acknowledges that subtle differences in material, pattern, and texture of the floorscape

will not divert, but may bend, most people’s walking paths. People will generally take

the most direct route possible, but they may be induced to take a very gentle arc rather

than a straight line. The pattern of the floorscape can also perform a number of

important functions: provide a sense of scale, manipulate the apparent size of the

square into a more manageable human scale, and help to unify a square that is

considered irregular (Carmona et al., 2003). However, when providing a square that

can facilitate pedestrian movement, the choice of texture for the floorscape can be

critically important (Childs, 2004). The floorscape must be firm, even, and sufficiently

slip and skid-resistant. Polished marble, for example, can be a hazard when wet, while

textured pavement can help with both traction and drainage. Gibbons and Oberholzer

(1991) mention that textured paving such as exposed aggregate, ribbed concrete or

other non-slip surfaces are recommended on ramps, around water features and other

hazards. However, Childs (2004) notes that very rough surfaces such as cobbles and

large, loose gravel are not handicapped-accessible and can be tripping hazards, and are

generally avoided by people.
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Therefore, the design of city centre squares should always facilitate pedestrian

movement. A square must also provide spaces for different activities to take place

without obstructing the natural pedestrian flow. The creation of subspaces, through

selective changes in levels or through the arrangement of building, planting, seating,

or art works can help to define areas for movement, activity and rest, helping to

provide a balance of busy and quiet space (Space Syntax, 2006), or places for

movement, rest and encounter (Seamon, (1979).

3.6.3 Microclimate

Corbett (2004) and Erell, Pearlmutter and Williamson (2011) identify the

microclimate of city spaces as the result of the movement and mixing of heat, water

vapour, airborne impurities, light and sound. This cocktail of natural elements,

pollutants and energy is influenced by the different surfaces and obstacles that it

encounters. A crucial factor influencing the microclimate is the heat level that results

from an interchange between the sun and the earth, and this can change noticeably

through the day and the seasons. It is therefore crucial to know how climatic factors

influence the microclimate to ensure that pleasant conditions exist within a city

square, in order to make them more likely to be used. Carmona et al. (2003) highlight

that levels of noise, wind, sunlight, shade, temperature and humidity have an impact

upon the experience and use of urban environments. Childs (2004) states that public

squares are generally most used when they provide pleasant moderate climates, and

that design can help create these temperate conditions. However, Katschner’s (2006b)

study established that variations in the microclimate conditions of a square are

interpreted positively by its occupants. A square should therefore provide a variety of

microclimate conditions throughout the day, depending on the activities taking place

(Thorsson, Lindqvist and Lindqvist, 2004).

Childs (2004) stresses that the primal microclimate strategy in a square is migration;

for example, moving to its sunny side in cool weather. Squares can be designed to aid

migration both by (1) zoning activities  matching peak use times with appropriate

microclimates  and (2) providing a set of differing microclimates within the square.

One advantage of zoning activities by microclimate is that this tends to create a set of

uses that peak at different times of the day and night, and in different seasons of the

year, therefore providing activity in the square throughout the day and also

simplifying the climate-responsive design of the subspaces (Corbett, 2004). Although

desirable conditions vary by season, and by the activities taking place, the landscaping

of a square  the configuring of the space and the use of surrounding buildings, walls,
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trees, canopies and arcades for shade and shelter  can be used to enhance the comfort

of the space, through the creation of suntraps, areas of shade, wind breaks, and by

helping to filter out unwanted noise (Carmona et al., 2003; Corbett, 2004). Design

decisions therefore have an important influence on the impact of a square’s

microclimate and the comfort of the space.

Noise

Both Reekie (1972) and Corbett (2004) highlight that noise is one of the major if not

most serious of atmospheric pollutants. Noise is an unpleasant and disturbing sound: it

can interfere with concentration, reduces efficiency, and causes mental distress.

Sharland (1972) and Sacre (1993) have established the level of noise required for

different activities (Table 7), and identify that general background noise is 50db, and

conversations generate a level of 60db. It can therefore be deduced that for

conversations to comfortably take place within city squares, there should be no noise

pollutant source(s) generating more than 60db within the space.

Table 7. Levels of noise (Sharland, 1972; Sacre, 1993)

Noise (db) Reasoning

50 Ambient background noise level

60 Conversation level

65 Maximum at night to avoid sleep disturbance

70 Maximum during day to maintain acceptable internal noise levels

Corbett (2004) emphasises that one of the most intrusive pollutant infringing on the

enjoyment of a city square is the noise of motor traffic, stating that when vehicles

cannot be removed, considerations have to be given to ameliorating the harmful

effects of traffic noise. Walls are the most effective sound barriers when they are of

solid construction and without any perforation that will let the sound through.

However, to be effective they must be sufficiently long and high, and close to the

source of the noise or to the people to be protected. As a result, sound barriers cannot

be erected without very careful consideration of their aesthetic effect on a square, and

of the effect they will have upon safety and surveillance. Therefore the arrangement of

the buildings and landscaping around a square will usually be the most effective and

geometrically appropriate means of controlling sound. However, Corbett (2004)

stresses that noise can seem louder and more imitating when its source cannot be seen,

which means that it may be better to live with the noise than to erect barriers.
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Alternatively, noise can also be softened by the bubbling and gurgling of a water

feature. Both Marcus and Francis (1998) and Corbett (2004) state that the sound of

water can be delightful, and can help to mask undesirable sounds, such as traffic noise.

In a dense urban setting, a fountain should be designed so that the sound of falling

water is as noisy as possible and the seating is arranged so that as many users as

possible can sit within earshot.

Wind

The nature of air movement in urban spaces has a considerable effect on pedestrian

comfort (Carmona et al., 2003; Erell, Pearlmutter and Williamson, 2011), because it

influences temperature and, if too strong, can render a square unusable (Table 8)

(Corbett, 2004).

Table 8. The effect of wind speed on pedestrians (Corbett, 2004)

Wind Speed (mph) Pedestrian Discomfort

>4 No noticeable effect

48 Wind is felt on the face

813 Wind disturbs hair and flaps clothing

1319 Wind raises dust and dry soil

1926 The force of the wind is felt on the body

2634
Umbrellas are used with difficulty, hair is blown
straight, and difficulty in walking is experienced

Tall buildings in particular, when adjacent to urban spaces, can increase the intensity

of winds at ground level (Arens, 1981). This is because very tall buildings tend to

deflect wind downwards, multiplying its force and making conditions at ground level

uncomfortable. However, Carmona et al (2003) highlight that buildings can be

designed to minimise the effect of wind at a pedestrian level (as is usually the case),

by keeping building dimensions to a minimum, with the larger building dimension

orientated to face into the predominate wind. Furthermore, the vertical faces of tall

buildings should be staggered and stepped from the prevailing wind, with added

protection provided to pedestrians by the use of canopies and podiums, which reduce

down draught at ground level. Consideration should also be given in the layouts of

buildings, and should avoid creating tunnel effects (e.g. long parallel rows of

relatively smooth-faced buildings should be avoided). Finally Carmona et al (2003)

notes that the use of shelter belts (trees, hedges, walls, fences, etc.), when correctly



Chapter 3: The city centre urban square

47

oriented and with permeability to airflow of about 40 per cent, can provide a degree of

protection for pedestrians by allowing wind to be diffused rather than forced over the

obstruction which causes increased turbulence (BRE, 1990; Pitts, 1999).

Solar Access

Relief from sun or access to sun is major factor in the use of urban spaces (Carr et al.,

1992a). The perception of the urban environment is related directly to the prevailing

daylight conditions, or as it is often called, the `solar access' (Mardaljevic, 2005).

Sunlight penetration helps to make urban spaces more pleasant places and encourages

outdoor actives, as well as providing natural lighting which contributes to the

character and utility of the space (Carmona et al., 2003). Although, the appreciation of

sunlight penetration varies throughout the year, studies conducted by Project for

Public Spaces (1978), Linday (1978) and Bosselmann (1983) indicate that squares in

cooler climates should be located so as to receive as much sunlight as its surrounding

environment will permit. A viewpoint also echoed by Marcus & Francis (1998). It is

often easier to design a square this way and then include elements for shading, such as

trees and awnings for appropriate days of the year, than it is to reflect sun into a shady

space (Childs, 2004; Corbett, 2004). Carmona et al. (2003) identify that the amount of

sunlight a square receives is based on its orientation to the sun and any overshadowing

and shading from existing obstructions on the site and from obstructions near and

beyond the site boundary (Pitts, 1999).

Temperature and humidity

Reekie (1972) acknowledges that temperature and humidity are two of the important

factors upon which human comfort depends. Both Gehl (1987) and Pushkarev and

Zupan (1975) confirm that when the temperature is above about 13oC there is a

considerable increase in the amount of pleasure walking, standing, and sitting in urban

squares. However, when summer temperatures are uncomfortably hot at least 24oC,

some shaded areas should be provided. However, temperature alone is not decisive; a

high temperature with low humidity may be more tolerable than a lower temperature

with high humidity. Ahmed (2003) established that when the temperature is above

27.5oC, the humidity should be between 40%80% if outdoor comfort is be achieved.

Where the temperature reaches above 32.5oC, a humidity level of 50%70% is

needed. These conditions are most commonly found in costal locations close to the

equator, and therefore humidity is not a consideration in the comfort of squares within

Britain.
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The amount of solar penetration also has a great effect on the temperature of the

square. Corbett (2004) highlights that the rate of heating and cooling of the surface

materials around the city square will be the main factor determining the temperature

within the square. The choice of surface materials within the square and on the

buildings around it should therefore be guided by the objective of avoiding extremes

of microclimate. Reekie (1972) states that generally, as solar radiation ceases in the

evening, temperature falls off in rural areas, however in urban areas temperature is

maintained by released heat stored in the fabric of buildings and by increased

domestic and industrial heating and lighting, etc. Corbett (2004) notes that materials

need to absorb and store excess heat and quickly release the heat again when

temperatures fall. This will be determined by the physical structure, colour, and

surface texture. Materials such as mirrored glass have a high albedo, i.e. they are

highly reflective. They redirect the sun’s energy into the microclimate, resulting in

temperatures rising quickly within the surrounding area on a warm day, and may also

cause dazzling glare. Such a microclimate soon becomes uncomfortable and people

will avoid it. To create a pleasant microclimate, reflective materials should generally

be avoided, while conductive materials such as rough stone are more suitable, because

they avoid sharp changes in temperature. An expanse of paving will also significantly

increase the reflection of the sun’s energy, resulting in higher summer temperatures.

The choice of surface stone therefore can be directly influenced by the climatic

conditions. Corbett (2004) states that natural vegetation is also very effective at

reducing this albedo and in balancing the temperature; and soft landscaping, especially

trees, should be considered in design proposals for public squares to ameliorate the

microclimate.

3.7 Summary

This chapter has discussed the development of the square within the role of the city

and established a number of aspects important in square design, in relation to its form

and function, three-dimensional geometry, pedestrian movement and microclimate.

From these identifications, a set of design guidelines were developed into a theoretical

design framework for city centre squares. The review of urban design literature also

allowed for key factors that aid towards the success of a square to be established. It is

clear from reviewing notable literature relating to the city centre square and its design,

that the square is one of the most important elements of city design, and is of great

importance in daily life for people who live in urban areas. It is a place in its own right
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rather than just a space to pass through. It is, first and foremost, a meeting place for

people and a place for activities to take place (Trancik, 1986; Webb, 1990; Marcus

and Francis, 1998; Gehl and Gemzoe, 2003; Moughtin, 2003).

3.7.1 Criteria for a successful square

In establishing the key factor in which the success of a square can be measured, it is

clear from the reviewed literature that a squares success is not simply related to its

visual appearance, but crucially a successful place must also provide a structure and

underlying dynamic of activity (Montgomery, 1998). Unless this is fully understood, it

is more likely that what will be produced is an artefact rather than a successful urban

place (Montgomery 1998), or as Benjamin (1990) states, a picturesque but superficial

space that only has an effect on the first-time visitor. Therefore, a square can be

deemed successful if attracts people and provides opportunities for activities within.

Based on the reviewed literature the amount of activity a square generates is related to;

its location in the city, its proximity to pedestrian anchors, its sense of enclosure

(geometrical aspects) and how it behaves in terms of pedestrian comfort and

movement. Consequently criteria for a successful place were established;

 Location - A well-connected location can encourage a lively mix of uses

o An appropriate site for a city square will be well-connected, at the

junction of busy pedestrian flows, accessible to many people.

 Pedestrian anchors - Principal buildings within a squares frame, can draw

people in

o Buildings that contain popular public uses, such as a town hall,

cathedral, or library, should surround the square to help generate

activity and pedestrian flows in squares.

 The behaviour aspects – the square should be comfortable

o The noise, wind, solar access and temperature are crucial issues in a

square’s design and in providing a comfortable space.

o A square should aim to provide a variety of microclimatic conditions

throughout the day, depending on the activities taking place

(Thorsson, Lindqvist and Lindqvist, 2004) and also provide a

microclimate that falls within the established comfort boundaries for

as many days of the year as possible.

o Knowing how to best control behavioural aspects is essential if the

square is going to provide comfortable conditions for its occupants.

The configuration of space and use of surrounding buildings, walls,
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trees, canopies and arcades for shade and shelter can help to make

conditions in a square more enjoyable.

By following these criteria, the chance of activity being generated and contained is

increased. In doing so the chance of success is also increased.

3.7.2 Design frameworks

In creating a successful square the geometrical characteristics play an important role,

not only for its visual sense and for it ability to affect the microclimate and pedestrian

movement within, but also for its sense of enclosure. The enclosure of a city square is

very significant, not only to the achievement of human scale, but also to a general

sense of protection and well-being. The degree of enclosure is greatly affected by the

number and size of openings in the square and the relationship to the size of the square

and the surrounding buildings. The dimensions of a square should also be related to

human scale. If people can physically relate to different parts of a square through the

scale of their own bodies, they are likely to find the space easy to comprehend. This

chapter has established a number of relationships between the length, width and height

of urban squares and its relationship to openings, as well as microclimate aspects that

are important to the design of the square. In the process of establishing values for

these relationships, the location within Europe where the referenced study was carried

out was identified. This allowed for any difference in geometrical characteristics

between different groupings of squares to be identified and for two geometrical design

frameworks to be established, one for southern Europe and one for northern Europe

(summarised in Table 9 and Table 10). As the rationale for this research is to propose

the design of a new city square within Britain, it is the ratios and aspects from the

design framework for city centre squares within northern Europe that will be used

within this research. The review of urban design literature also allowed for criteria for

comfortable conditions to be established (summarised in Table 11).
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Table 9. Summary of geometrical characteristics for southern European public squares

Square Size
Perpendicular distance to

height of:
Openings*

Dimensions
(m)

(Range or
length x
width)

Perimeter
size (m)
(Range)

Length to
width

(Range)

Principal
building
(Range)

Contextual
buildings
(Range)

No.**
% of

frame

Small 21 x 25 50

to

540

1.5:1

to

3:1

1:1

to

2:1

2:1

to

4:1

-
Up to

40%

Average** -

Large 143 x 57

Maximum 135

*Openings onto a square should be at right angles to each other (Sitte, 1889)

**Could not be established from literature review

Table 10. Summary of geometrical characteristics for northern European public
squares

Square Size*
Perpendicular distance to

height of:
Openings

Dimensions
(m)

(Range or
length x
width)

Perimeter
size (m)
(Range)

Length to
width

(Range)

Principal
building
(Range)

Contextual
buildings
(Range) No.

% of
frame
(Range)

Length Width

Small
12 to 25
30 x 12 75

to

335

1.1:1

to

3:1

2:1

to

3:1

1:1

to

8:1

1:1

to

4:1

2

to

5

8

to

28

Average
70 x 50
90 x35

Large 100 x 70

Maximum 100

*The size should relate to the number of people likely to use it (Corbett, 2004)

Table 11. Summary of behavioural aspects for public squares

Microclimate aspects

Noise (db) Wind (mph) Temperature (oC)

Optimum <60 <8 1324

This chapter has highlighted that the geometrical characteristics of a square are

designed to respond to the squares local climate. Although key geometrical

characteristics of square design have been established for northern European squares,

the climate throughout northern can still greatly vary from north-western Europe to

north-eastern Europe. Therefore, as the rationale for this research is to propose the

design of a new city square within Britain, a study was carried out to select exemplar

city centre squares in countries that share a similar climate to Britain, by which to

verify the established geometrical characteristics stated in the design framework for

northern European squares.
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Chapter 4: Identification of cities in north-

western Europe with exemplar squares

4.1 Introduction

As part of the research into the integrated approach to the design of squares, it was

crucial that a high understanding of existing exemplar city centre squares was

achieved. So far, the research has reviewed theoretical concepts of urban design,

particularly those relating to public squares. By doing so, key factors relating to the

geometrical characteristics and microclimate issues were identified and developed into

a coherent design framework. However, many of the key geometrical characteristics

of square design stated in the framework are based on studies carried out by notable

authors examining the design of southern European squares. Therefore, as a way of

both evaluating the established geometrical characteristics and developing the design

framework to best suit the design of north-western European squares, five exemplar

north-western European squares were visited and analysed. Data relating to the

pedestrian movement and microclimate conditions within these squares were

measured to evaluate the software applications selected for use within the research. It

was proposed that the selection of the exemplar city centre squares would be carried

out while visiting the selected cities. By experiencing the squares firsthand, the

success of the square could be more accurately established and a square that most

closely met the requirements of the research selected. It was also proposed that each of

the selected exemplar squares would be from a separate north-western European city

and country. This would provide the opportunity to gain a wider knowledge into

square design, establishing any differences between the designs of city centre squares

within north-western Europe and would help to evaluate the design framework. This

chapter therefore depicts the systematic review used to identify north-western

European cities containing good examples of connected pedestrian city centre squares,

and the methodology for their filtering and selection.

4.2 Methodology

The process of identification and selection of European cities followed a systematic

process. The process involved:

 Understanding the needs and requirements of the research and identifying a

set of criteria to meet these needs.
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 Carrying out an initial identification process based on the requirements of the

research to identify suitable European cities.

 Carrying out an initial evaluation of each identified city to eliminate clearly

unsuitable cities from further consideration and identify potential cities for

further and more detailed study.

 Carrying out a detailed evaluation of the remaining European cities and select

cities for use within the research.

The process of evaluation, both initial and detailed, were carried out by using Google

Earth.

4.3 Google Earth

Google Earth is a proprietary virtual globe program which maps the earth by the

superimposition of images obtained from satellite imagery, aerial photography and

GIS 3D globe (Google, 2008). Google Earth displays satellite images of varying

resolution of the Earth's surface, allowing users to geometrically see cities, landmarks,

houses, cars, etc. from a bird's eye view. Google Earth also incorporates a layer called

"Geographic Web" that integrates with Wikipedia, an open content encyclopaedia and

Panoramio, a geolocation-oriented photo sharing website. If the options to show

Wikipedia or Panoramio entries are selected, users are presented with interactive dots

in their current Google Earth view with links to corresponding information (Google,

2007).

Google Earth does come with a number of limitations, one of which being the degree

of resolution of images obtained from satellite imagery and aerial photography. The

degree of resolution available is based somewhat on the points of interest, but most

land is covered in a resolution of at least 15 metres (Google, 2008). At this resolution

users are not able to clearly make out regions of cites, or individual houses,

landmarks, etc. However, many cities within the U.S. and Europe have a resolution of

1m or better. At this resolution, individual houses, landmarks and cars are clearly

visible. Recent updates have also increased the coverage of detailed aerial

photography, particularly in certain areas of western and central Europe. A further

limitation of Google Earth relates to the time the satellite imagery and aerial

photography were taken. The images presented in Google Earth are not always up-to-

date, but are generally current to within three years. Other limitations include cloud

cover and shadows, making it difficult or impossible to see details in some land areas

and cities.
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4.4 Identifying the cities

In the process of identifying potential European cities for initial evaluation a three step

process was applied:

4.4.1 Step 1 - Criteria for research

The first step in identifying potential European cities was to establish a set of criteria

against which the identified cities could be compared. These criteria were used to

carry out a detailed study of those cities which passed the filtering process and

reflected the requirements and the final outcomes that the research expected of the

selected cities:

Location and number of connected squares –the location of a square within a city

and its connections to the city’s urban network are important in providing squares that

are not devoid of life (Corbett, 2004). This criterion will determine the location and

number of connected pedestrian squares within the selected cities as a way of initially

identifying the city centre squares considered relevant for use within the research. As a

way of identifying each of the pedestrian squares within the selected cities, a simple

colour coding system was used (Figure 36). The use of the same colour represents

squares that are connected by a pedestrian walkway. Use of different colours

represents squares that are not so connected.

Figure 36. Example of colour coding used

Size and type of city centre squares – the size and type of a square plays a major role

in the sense of enclosure, an import important aspect of square design. As a way of

establishing an estimate for the dimensions of the square, the ‘Measure’ function

within Google Earth was used. The ‘Measure’ function within Google Earth is not

100% accurate and was subject to human judgment and error, allowing for only a

rough estimate for the size of the square. However, this process aimed to identify
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those squares that were considered too large (above the maximum dimension stated by

Lynch (1971) and Gehl and Gemzoe (2003) for northern European squares; 100m) and

not relevant for use within the research. Therefore, at this stage, an accurate measure

tool was not needed.

Iconic status of the city and their squares –the research aimed to identify the iconic

status of the selected cities and their squares by implementing two steps. The first

identified whether any of the selected cities, and in particular their squares, have been

praised in the literature used in the research to date for their design and success as an

urban square. The second step counted the number of photographs that have been

tagged to the individual squares within the selected cities. This was to give a reflection

of which squares generated high pedestrian flows and activity.

4.4.2 Step 2 - Establishing the area of investigation

The second step in selecting potential European cities was to establish a set area of

investigation by which appropriate cities could be identified. To firstly ascertain the

European cities that contain connected city centre squares, a systematic review based

on a geographical review was applied. As climate conditions and architectural trends

play a major role in the design of squares, it was important that only European cities

that share a similar climate conditions to cities within Britain were considered. Such

cities will have city squares designed appropriately to suit the environment. Peel et al.

(2007) determine that one of the most widely used systems of climate classification

was published by Koppen (1936). Within this study, Britain is categorised as having a

maritime temperate climate, one with mild winters and temperate summers. Koppen

(1936) establishes that a similar climate is shared by countries in north-western

Europe. Although the original study is over 70 years old, the classification system and

established zones have been frequently updated to take into account more accurate

measuring techniques and the effects of climate change. The most recent update of

Koppen’s (1936) classification system was completed by Peel et al. (2007), who

determine that Britain has a similar climate to Ireland, Belgium, Luxembourg, the

Netherlands, western Germany and northern France. It was therefore this region that

was selected as the area for investigation in identifying European cities with connected

city centre squares (Figure 37).
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Figure 37. Area of investigation, based on Koppen’s (1936) updated climate zones

4.4.3 Step 3 - Establishing the cities for research

The final step in identifying the European cities that would be examined for connected

city centre squares was to establish cities located within the designated area. As the

research would later use 3D city models of the selected cities to evaluate the selected

software applications and the theoretical design framework, it was proposed that only

north-western European cities available in 3D were identified. Podevyn et al. (2009)

carry out a systematic review of commercial, academic and government run projects

to establish a list of 45 available 3D city models within Europe that were currently

being used for urban planning functions. Podevyn et al. (2009) also identify two main

data suppliers of European 3D city models: GTA Geoinformatik in Germany and

Zmapping in the UK. From reviewing information stated on these companies’

websites (GTA Geoinformatik, 2003; Zmapping, 2005a) a list of 179 available 3D city

models of European cites was established. A list of available European city models is

presented in Appendix A.

4.5 Selecting cities for use within the research

Following the identification and establishment of European cities both located within

the area of investigation and available in 3D, the next stage was to carry out the

process of selecting the cities that would be used within the research. This process

involved using Google Earth to closely examine the identified cities and their squares.

The aim was to identify and select five European cities, one from each country within

the designated area, which contained good examples of connected pedestrian squares.

The European cities were selected using a two-stage process. The first stage involved

the application of a filtering process to identify cities that had potential use within the
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research. In the case that no city within an identified country completed the filtering

process, then this country was discarded from the investigation. The filtering process

aimed to identify the cities that did not meet the requirements of the research and

those which required a further and more detailed study. The filters that were applied

are as follows:

Filter 1 Cities within the designated area

Those cities that did not fall within the designated area were

eliminated from the research.

Filter 2 Pedestrian squares

Cities must have shown evidence of containing at least two

pedestrian squares. Squares were deemed as being pedestrian if the

greater amount of space is given over for pedestrian usage.

Filter 3 Connected squares

Cities were eliminated from the research where there was no evidence

that at least two city squares were connected via a pedestrian

walkway.

Filter 4 Potential for use

Cities that were considered not to have potential, for example those

which contained amorphous squares that reduced the number of

connected city centre squares below two, were eliminated from the

research.

Following the filtering process, the final stage in selecting cities for use within the

research was to carry out a detailed study of each of the remaining cities. This process

included a detailed evaluation of each of the remaining cities in relation to the initial

established criteria. Cities were evaluated for the number, size and type of pedestrian

squares and the iconic status of the city and its squares. This allowed for the efficient

selection of north-western European cities to be completed, based on the requirements

of the research.

To carry out a detailed investigation of each of the remaining cities, aerial photographs

of each city and the area under investigation were taken using Google Earth. To allow

for efficient evaluations, the snap photographs were overlaid with relevant information

relating both to the city as a whole, and to the individual squares.
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The following presents the application of the filtering process and detailed study of the

countries identified for investigation. However, the investigation of available 3D city

models established that no models were available for Ireland and Luxembourg.

Therefore, the remaining countries that were investigated were: the United Kingdom,

Belgium, the Netherlands, Germany and France.

4.5.1 United Kingdom

Filtering process

The results of applying the filtering process to the 20 identified cities within the

United Kingdom that are available in 3D are summarised in Table 12. All the

identified cities are located within the designated area for research and therefore

passed the first filtering process. The second filter eliminated eleven cities from the

selection process. Those cities that did not pass through to the next stage were

considered not to contain two or more pedestrian squares. Filter 3 eliminated a further

seven cities from the selection process, as those cities did not show evidence of

containing at least two connected squares via a pedestrian walkway. The final filter

eliminated no remaining cities from further examination.

Table 12. Identified cities within the United Kingdom and filtering process

Filter 1 Filter 2 Filter 3 Filter 4
United Kingdom
England
Bath Yes Yes No
Birmingham Yes Yes Yes Yes
Brighton Yes No
Bristol Yes No
Cambridge Yes No
Croydon Yes No
Derby Yes No
Liverpool Yes Yes No
London Yes Yes No
Manchester Yes Yes No
Newcastle Yes Yes No
Norwich Yes No
Nottingham Yes No
Oxford Yes No
Sheffield Yes Yes No
Southampton Yes No
York Yes Yes Yes Yes
Wales
Cardiff Yes Yes No
Scotland
Edinburgh Yes No
Glasgow Yes No
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The application of the filtering process identified two cities within the United

Kingdom that were considered to contain connected pedestrian squares with potential

for use within the research. Birmingham and York were identified for a further and

more detailed study.

Detailed study

The following provides information relating to the two remaining cities selected for

further detailed evaluation. Information gathered from the detailed study using Google

Earth is presented in Figure 38–Figure 39 and in Table 13–Table 14.

Figure 38. Identified squares  Birmingham

Table 13. Data gathered from identified squares  Birmingham

Birmingham

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Nuclear 50 70 28 5
2 Enclosed 30 75 13 4
3 Nuclear 70 60 52 4
4 Dominant 100 80 65 7
5 Nuclear 94 70 90 3

Average
width (m)

Average
length (m)

Total number
of photographs

69 71 248

Figure 39. Identified squares  York
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Table 14. Data gathered from identified squares  York

York
Number of

square
Colour

Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Dominant 19 51 27 5
2 Nuclear 40 50 4 5
3 Enclosed 40 68 7 3
4 Enclosed 30 50 14 4

Average
width (m)

Average
length (m)

Total number
of photographs

32 55 52

Identifying the location and number of city centre squares

Both Birmingham and York contain a good selection of connected pedestrian squares,

five and four respectively. One noticeable difference between the two cities is in the

distribution and connections of the identified squares. The squares within Birmingham

stretch over a greater part of the city, but in a linear fashion that mimics the main west

to east pedestrian route. However, as a result of this, there are fewer possible routes

between the squares, and therefore little opportunity for deviation. This is unlike York,

where the pedestrian squares are more spread out over a central pedestrian core, thus

offering a greater number of possible routes between the identified squares.

Identifying the size and type of city centre pedestrian squares

Both of the remaining cities contain varying types of pedestrian squares, all of

differing sizes. However, on further examination, the identified squares within

Birmingham appeared to be much larger to those identified within York. The squares

identified within York were considered to be more enclosed, smaller, connected

squares that reflect its medieval heritage; whereas Birmingham contains larger modern

city centre squares that possibly reflect its industrial past and recent redevelopment.

Identifying the iconic status of the cities and their squares

There was no contest when comparing the number of photographs tagged to the group

of identified connected squares within Birmingham and York. Birmingham had over

200 tagged photographs, while York had just over 50. Although it was surprising that

York had so few tagged photographs, especially in consideration of its status as a

tourist attraction, the high number of photographs tagged within several of the

Birmingham squares suggested that their design was being appreciated and, crucially,

that the squares were being highly used.



Chapter 4: Identification of cities in north-western Europe with exemplar squares

61

When establishing how many times each city appeared in notable publications relating

to urban design and in particular to city centre squares, again Birmingham appeared

more often than York. Birmingham appears repeatedly within urban design literature,

often being noted for how the industrial revolution and later the onslaught of new

roads through the city had a great effect on its urban structure (Gibberd, 1955; Vance,

1990; Sherlock, 1991; Kostof, 1992). However, Carmona (1996b), Moughtin (2003)

and Corbett (2004) highlight that after the city had been devastated by the intervention

of the traffic engineer, modernist architecture and insatiable commercial interests, in

the late 1980s city authorities made a concerted effort to end the association between

Birmingham and poor design and to revive the city centre and regain civic pride.

Following the implementation of the initial 1987 ‘City Centre Strategy’ (Birmingham

City Council, 1987) and the now more widely known ‘City Centre Design Strategy’ –

formulated by Tibbalds et al. (1990)  Birmingham has been developed to contain

new and improved city squares and interconnected streets (Corbett, 2004). The views

on the newly designed squares of Birmingham discussed in the reviewed urban design

literature are in direct contrast to those about York. For Birmingham, many authors

review how successful new pedestrian squares and streets have been created from

once busy traffic junctions and roads that dissected the heart of the city. The authors

debating York’s public realm focus on the design and character of its medieval urban

structure and streets  the Shambles in particular (Logie, 1954; Moughtin, 2003;

Shaftoe, 2008).

Selection

The filtering process identified two cities within the United Kingdom that contained

well connected city centre squares: Birmingham and York. By carrying out a more

detailed study into these identified cities, the criteria aimed to establish which city, if

either, could be used within the research. The detailed study shows that both York,

with its small and enclosed squares, and Birmingham, with its modern new and

improved city squares and interconnected streets, could be used within the research.

However, choosing between York and Birmingham was difficult, as both cities

offered different aspects to the research, but neither city met the requirements of the

research completely. York offered small, historic, enclosed pedestrian squares spread

widely over the city centre and connected via a number of pedestrian routes, while

Birmingham contained modern squares with bigger dimensions connected via a linear

arterial route. On comparing the iconic status of each city, it was Birmingham that

contained more tagged images and that had been covered more widely in the reviewed
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literature. Therefore, it was Birmingham, with its modern urban design strategy that

was selected for further study of its city centre squares. The study of Birmingham and

its new squares not only offered the chance to gain a greater understanding on how a

major city can create a successful and well-noted pedestrian public realm, but also the

chance to gain a greater understanding about the design of new modern squares; their

floorscape, the use of lighting, subspaces, steps, modern art, etc.

4.5.2 Belgium

Filtering process

The results of applying the filtering process to the eight Belgian cities are summarised

in Table 15. The first filtering process eliminated no Belgian cities from the research,

as all of the identified cities were located within the designated area of investigation.

The application of the second filter identified seven cities that contained two or more

pedestrian city squares. Filter 3 eliminated a further five Belgian cities from the

research, as they did not contain squares that were connected by a pedestrian

walkway. The two remaining cities passed the fourth filter, as they were both

considered to have potential for use within the research.

Table 15. Identified cities within Belgium and filtering process

Filter 1 Filter 2 Filter 3 Filter 4
Belgium
Antwerp Yes Yes Yes Yes
Bruges Yes Yes Yes Yes
Brussels Yes Yes No
Charleroi Yes No
Ghent Yes Yes No -
Leuven Yes Yes No
Liège Yes Yes No
Namur Yes Yes No -

The application of the filtering process only identified two cities within Belgium that

were considered to contain connected pedestrian squares with potential for use within

the research: Antwerp and Bruges.

Detailed study

The following provides information relating to the two Belgium cities selected for

further detailed evaluation. Information gathered from the detailed study using Google

Earth is presented in Figure 40–Figure 41 and in Table 16–Table 17.
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Figure 40. Identified squares  Antwerp

Table 16. Data gathered from identified squares  Antwerp

Antwerp

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Dominant 90 110 122 4
2 Dominant 60 61 115 5
3 Dominant 86 121 112 6
4 Enclosed 26 42 8 3

Average
width (m)

Average
length (m)

Total number
of photographs

66 81 357

Figure 41. Identified squares  Bruges

Table 17. Data gathered from identified squares  Bruges

Bruges

Number
of square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Dominant 90 100 158 9
2 Dominant 62 48 128 4
3 Nuclear 34 63 24 5

Average
width (m)

Average
length (m)

Total number
of photographs

62 70 310
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Identifying the location and number of city centre squares

From the application of the filtering process only two cities within Belgium were

identified as containing connected pedestrian squares: Antwerp and Bruges. Both of

the Belgian cities identified for further analysis contained connected squares, four and

three respectively. All of the identified Belgian squares were found to be located

within a central pedestrian core of the two cities.

Identifying the size of city centre pedestrian squares

Unlike the squares identified within the other European cities, those identified within

the two Belgian cities do not differ greatly in their type, with many of them considered

to be dominant spaces. However, Antwerp contains two very large squares, with

dimensions above the maximum dimension for a city square in northern Europe

(100m) as noted by Lynch (1971) and Gehl and Gemzoe (2003).

Identifying the iconic status of the cities and their squares

When comparing the number of photographs tagged to the group of identified

connected squares within Antwerp and Bruges, neither city differs from the other.

Both Antwerp and Bruges have over 300 tagged photographs in total, with several of

the identified squares containing over 100 tagged photographs separately. When

establishing how many times each city has appeared in notable publications relating to

urban design, and in particular city centre squares, it is Bruges that appears more often

than Antwerp. Bruges appears greatly within many publications relating to urban

design, for its public squares, urban pattern and street design. For Logie (1954),

Bruges provides a good example of a city that uses the idea of linking squares,

allowing a spectator to walk through a series of squares, each with their own

personality, and yet part of a larger pattern. Webb (1990) states that Bruges is still

centred on the Market, with its cloth hall and towering belfry, but the spiritual heart of

the city is around the corner in the Burg, a smaller square named after the Castle of the

Counts of Flanders, which stood close by until 1434.

Selection

The research identified two cities within Belgium that contained connected pedestrian

squares: Antwerp and Bruges. By carrying out a more detailed study into the two

identified cities, the research aimed to establish which city, if either, could be selected

for further study. Although both cities fulfilled many of the criteria set for the detailed

study, it was Bruges that was considered the most appropriate for use within the
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research. Bruges was chosen for use within the research over Antwerp due to its

references within the reviewed literature referring to urban design and city centre

squares. These references suggest that Bruges is still a city that orientates itself around

the city square and connected urban spaces, it was therefore considered, that in

comparison to Antwerp, Bruges offered the greater possibility for gaining appropriate

knowledge for use within the research.

4.5.3 The Netherlands

Filtering process

The results of applying the filtering process to the 12 identified Dutch cities are

summarised in Table 18. From applying the first filtering process none of the

identified cities were eliminated from the research, with all of the cities being located

within the designated area of investigation. Five of the identified cites passed the

application of Filter 2. Those cities that passed the second filter showed evidence of

containing at least two pedestrian squares. Four of the remaining cities were

eliminated from applying Filter 3. Those Dutch cities that were eliminated from the

research did not contain pedestrian squares connected via a pedestrian walkway. The

application of the final filter eliminated only one of the remaining cities from the

research.

Table 18. Identified cities within the Netherlands and filtering process

Filter 1 Filter 2 Filter 3 Filter 4
Netherlands
Amsterdam Yes Yes No
Arnhem Yes Yes No
Delft Yes No
Eindhoven Yes No
Enschede Yes Yes Yes No
The Hague Yes Yes Yes Yes
Hengelo Yes Yes No
Maastricht Yes Yes No
Nijmegen Yes Yes Yes Yes
Rotterdam Yes No
Tilburg Yes No
Utrecht Yes No

The application of the filtering process identified two cities within the Netherlands

that were considered to contain connected pedestrian squares with potential for use

within the research. Nijmegen and The Hague were identified for a further and more

detailed study.
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Detailed study

The following provides information relating to the three remaining cities selected for

further detailed evaluation. Information gathered from the detailed study using Google

Earth is presented in Figure 42–Figure 43 and in Table 19–Table 20.

Figure 42. Identified squares  Nijmegen

Table 19. Data gathered from identified squares  Nijmegen

Nijmegen

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Dominant 119 67 42 6
2 Enclosed 55 31 3 3
3 Enclosed 40 26 4 2
4 Nuclear 96 51 18 4

Average
width (m)

Average
length (m)

Total
number of

photographs
77 44 67

Figure 43. Identified squares  The Hague
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Table 20. Data gathered from the identified squares – The Hague

The Hague

Number
of square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Nuclear 121 91 58 6
2 Dominant 19 38 5 2
3 Enclosed 34 70 14 5
4 Nuclear 55 78 25 3
5 Dominant 72 105 38 4

Average
width (m)

Average
length (m)

Total number
of photographs

60 76 140

Identifying the location and number of city centre squares

The Netherlands had two cities considered to contain connected city centre squares

appropriate for use within the research: Nijmegen and The Hague. Both cities offer a

selection of connected squares, four and five respectively, that are spread over the

central pedestrian areas of each city.

Identifying the size and type of city centre pedestrian squares

From reviewing the size and type of the connected pedestrian squares within the

remaining Dutch cities, there was little to distinguish any differences between them.

Both Nijmegen and The Hague contain a selection of connected squares of differing

types and sizes, with both cities containing at least one square with a dimension

greater than 100m (the maximum dimension for a city square in northern Europe

(100m) as noted by Lynch (1971) and Gehl and Gemzoe (2003)).

Identifying the iconic status of the cities and their squares

By comparing the number of photographs tagged to the group of identified connected

squares within the remaining two Dutch cities, one city was found to contain a greater

number of tagged photographs. It was established that The Hague contained 140

tagged photographs in total, in comparison to Nijmegen which contained 67 tagged

photographs. When establishing how many times each city has appeared in notable

publications relating to urban design, and in particular city centre squares, both cities

appear only briefly in the reviewed literature.

Selection

The research identified two cities within the Netherlands that contained connected city

centre squares: Nijmegen and The Hague. By carrying out a more detailed study into

these cities, the research aimed to establish which city, if either, could be used within
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the research. The detailed study shows that both of the remaining Dutch cities show

enough evidence of being appropriate for use within the research, with both cities

offering a selection of connected squares of varying types and sizes. One distinction

that can be made between the two cities is in relation to the number of the tagged

photographs within the identified squares. In comparison to Nijmegen, The Hague

offered a greater number of tagged photographs within the identified connected

squares, highlighting that they are highly used spaces. It was therefore The Hague that

was considered appropriate for selection.

4.5.4 Germany

Filtering process

The results of applying the filtering process to the 48 identified German cities is

summarised in Table 21. The first filtering process identified 30 cites within the

designated area for investigation. 16 of the cities remained after Filter 2 was applied,

as they all showed evidence of containing two or more pedestrian squares. Filter 3

eliminated five German cities from the research, as they did not contain squares that

were connected by a pedestrian walkway. The application of Filter 4 eliminated six of

the ten remaining German cities. The six cities that were eliminated were not deemed

to have potential for use within the research. The eliminated cities contained a number

of squares that were considered too large or amorphous.

The application of the filtering process identified four cities within Germany for a

further and more detailed study: Aachen, Bonn, Dortmund and Wuppertal.
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Table 21. Identified cities within Germany and filtering process

Filter 1 Filter 2 Filter 3 Filter 4
Germany
Aachen Yes Yes Yes Yes
Augsburg No
Baden-Baden No
Berlin No
Bielefeld Yes No
Bochum Yes Yes Yes No
Bonn Yes Yes Yes Yes
Braunschweig Yes Yes Yes No
Bremen Yes No
Chemnitz No
Cologne (Köln) Yes Yes Yes No
Dortmund Yes Yes Yes Yes
Dresden No
Düsseldorf Yes No
Erfurt No
Essen Yes Yes Yes No
Frankfurt am Main Yes Yes Yes No
Freiburg No
Gelsenkirchen Yes Yes Yes No
Göttingen Yes Yes No
Hagen Yes No
Halle No
Hamburg Yes No
Hannover Yes No
Heidelberg No
Ingolstadt No
Karlsruhe No
Kassel Yes No
Koblenz Yes No
Leipzig Yes No
Ludwigshafen No
Magdeburg No
Mainz Yes Yes No
Mannheim Yes Yes No
Munich No
Münster Yes No
Nuremberg No
Oberhausen Yes No
Oldenburg Yes No
Potsdam No
Rostock Yes No
Solingen Yes Yes
Ulm No
Wiesbaden Yes Yes No
Witten Yes Yes No
Wolfsburg Yes No
Wuppertal Yes Yes Yes Yes
Würzburg No
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Detailed study

The following provides information relating to the four remaining cities selected for

further detailed evaluation. Information gathered from the detailed study using Google

Earth is presented in Figure 44–Figure 47 and in Table 22–Table 25.

Figure 44. Identified squares  Aachen

Table 22. Data gathered from identified squares – Aachen

Aachen

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Dominant 105 66 45 6
2 Dominant 50 98 27 5
3 Enclosed 45 35 20 6
4 Enclosed 19 66 18 3
5 Dominant 112 28 74 4

Average
width (m)

Average
length (m)

Total number
of photographs

66 59 184

Figure 45. Identified squares  Bonn
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Table 23. Data gathered from identified squares – Bonn

Bonn

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Enclosed 47 110 5 5
2 Dominant 32 110 15 3
3 Grouped 35 40 4 3
4 Grouped 121 76 43 7
5 Dominant 33 70 16 3
6 Dominant 34 43 21 4
7 Enclosed 45 45 6 4
8 Enclosed 128 52 45 4

Average
width (m)

Average
length (m)

Total number
of photographs

59 68 155

Figure 46. Identified squares  Dortmund

Table 24. Data gathered from identified squares  Dortmund

Dortmund

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Enclosed 115 118 20 7
2 Enclosed 102 44 12 5
3 Nuclear 130 39 35 8
4 Dominant 103 92 37 5

Average
width (m)

Average
length (m)

Total number
of photographs

113 73 104

1

2

3

4
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Figure 47. Identified squares  Wuppertal

Table 25. Data gathered from identified squares  Wuppertal

Wuppertal

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Nuclear 50 60 14 5
2 Enclosed 34 48 3 3

Average
width (m)

Average
length (m)

Total number
of photographs

42 54 17

Identifying the location and number of city centre squares

Of the four remaining German cities identified for a more detailed study, only one city

contained a low number of connected pedestrian squares. While Wuppertal only

contains two connected squares, Aachen, Bonn and Dortmund contain five, eight and

four connected squares respectively. The study also established that all of the

identified squares within the remaining German cities were located within a central

pedestrian core of interconnected streets and squares.

Identifying the size and type of city centre pedestrian squares

Similar to many of the cities examined so far, the German cities identified for further

study contain a varying selection of connected squares of differing types and sizes,

with several squares containing dimensions greater than 100m (the maximum

dimension for a city square in northern Europe (100m) as noted by Lynch (1971) and

Gehl and Gemzoe (2003)). In particular all of the identified squares within Dortmund

were found to contain dimensions greater than 100m. Therefore, of the four remaining

German cities it was established that both Aachen and Bonn offered the greater

selection of city squares of differing types and sizes.

11 2
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Identifying the iconic status of the cities and their squares

From comparing the number of photographs tagged to the group of identified

connected squares within the remaining German cities, it was determined that three of

the remaining cities, Aachen, Dortmund and Bonn, contained over 100 tagged

photographs, while Wuppertal had only 17. When establishing how many times each

city had appeared in notable publications relating to urban design, and in particular

city centre squares, all four cities only appeared briefly, with little discussion about

their squares.

Selection

The research identified four cities within Germany that contained connected city

centre squares: Aachen, Bonn, Dortmund and Wuppertal. By carrying out a more

detailed study into the four identified cities, the established criteria aimed to select

which city, if any, could be used within the research. The detailed study identified two

German cities that were considered appropriate for use within the research: Aachen

and Bonn. Dortmund was discarded from the research as it contained only very large

squares. Wuppertal was discarded from the research as it only contained two

connected pedestrian squares, both of which contained few tagged photographs.

Although both Aachen and Bonn contained over 100 tagged photographs each,

Aachen contained fewer squares in comparison to Bonn. Therefore, as Bonn offered a

higher number of connected squares of differing types and sizes, it was considered

more appropriate for use within the research.

4.5.5 France

Filtering process

The results of applying the filtering process to the 19 identified French cities is

summarised in Table 26. From applying the first filter, 12 cities were eliminated from

the research. This was due to them not being located within the designated area for

investigation. Four of the remaining cities passed the second filter as they were

deemed to contain at least two pedestrian squares. All of the remaining cities also

passed Filter 3; showing evidence of containing squares connected by a pedestrian

walkway. Finally, three of the five remaining cities passed the final filtering process,

as they were deemed to have potential use within the research.
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Table 26. Identified cities within France and filtering process

Filter 1 Filter 2 Filter 3 Filter 4
France
Angers Yes Yes Yes Yes
Avignon No
Bordeaux No
Caen Yes No
Cannes No
Dijon No
Grenoble No
Le Havre Yes No
Lille Yes Yes Yes Yes
Lyon No
Marseille No
Montpellier No
Nantes Yes Yes Yes No
Nice No
Paris Yes Yes Yes Yes
Reims Yes No
Saint-Étienne No
Strasbourg No
Toulouse No

The application of the filtering process identified three cities within France that were

considered to contain connected pedestrian squares with potential for use within the

research. Angers, Lille and Paris were all identified for a further and more detailed

study.

Detailed study

The following provides information relating to the three remaining cities selected for

further detailed evaluation. Information gathered from the detailed study using Google

Earth is presented in Figure 48–Figure 50 and in Table 27–Table 29.

Figure 48. Identified squares  Angers
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Table 27. Data gathered from identified squares  Angers

Angers

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Enclosed 55 33 5 5
2 Dominant 51 38 29 6

Average
width (m)

Average
length (m)

Total number
of photographs

53 36 34

3 Enclosed 30 37 6 1
4 Enclosed 30 48 13 3
5 Dominant 110 20 5 2
6 Enclosed 60 22 1 4

Average
width (m)

Average
length (m)

Total number
of photographs

58 32 25

Figure 49. Identified squares  Lille

Table 28. Data gathered from identified squares – Lille

Lille

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Enclosed 119 73 129 7
2 Dominant 124 47 94 9

Average
width (m)

Average
length (m)

Total number
of photographs

122 60 223

Figure 50. Identified squares  Paris
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Table 29. Data gathered from identified squares  Paris

Paris

Number of
square

Colour
Type of
square

Max. width
(m)

Max. length
(m)

Number of
photographs

Number of
openings

1 Nuclear 90 65 54 5
2 Enclosed 25 20 5 4

Average
width (m)

Average
length (m)

Total number
of photographs

58 43 59

3 Nuclear 63 45 36 5
4 Dominant 95 43 135 4

Average
width (m)

Average
length (m)

Total number
of photographs

79 44 171

Identifying the location and number of city centre squares

Two of the remaining French cities identified for a more detailed study, Angers and

Paris, contain a high selection of connected squares, six and four respectively. Both

cities contain two different sets of connected squares spread over the city. This is in

contrast to Lille, which only contains two connected pedestrian squares located at the

heart of the city.

Identifying the size and type of city centre pedestrian squares

All of the remaining French cities contain varying types of pedestrian squares, all of

differing sizes. However again it was Angers and Paris that contained a greater

selection of type and size compared to the squares identified in Lille. The two

identified squares within Lille both contain dimensions above 100m (the maximum

dimension for a city square in northern Europe (100m) as noted by Lynch (1971) and

Gehl and Gemzoe (2003)). This is unlike Angers, which only contains one connected

square with dimensions greater than 100m, and Paris, which contains none.

Identifying the iconic status of the cities and their squares

When comparing the number of photographs tagged to the group of identified

connected squares within the remaining French cities, two cities stood out. Both Lille

and Paris have in total over 200 tagged photographs within the identified connected

squares. This is in sharp contrast to the identified connected squares within Angers

that in total contained less than 60 tagged photographs. When establishing how many

times each city has appeared in notable publications relating to urban design, all three

cities are only mentioned briefly.
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Selection

The research identified three cities within France that contained connected pedestrian

squares: Angers, Lille and Paris. By carrying out a more detailed study into the three

identified cities, the research aimed to establish which city, if any, could be used

within the research. The detailed study found that out of the three identified French

cities, two of them, Angers and Paris, were considered to be more appropriate for use

within the research. Lille was discarded from the research as it contained only two

connected squares, both of which were considered to be large spaces. Of the two

remaining cities, Paris was deemed to have the greatest potential for use within the

research. Although both cities offered a good selection of city centre squares, of

varying types and sizes, it was the squares within Paris that contained a high number

of tagged photographs in comparison to Angers. Therefore, the Parisian squares were

considered to be more highly used and iconic spaces.

4.6 Summary

The aim of this chapter was to establish European cities that contained city centre

pedestrian squares which could provide insight, not only into square design, but also

into pedestrian movement and microclimate conditions relative to city squares. The

research established that cities located within north-western Europe (UK, Ireland,

Netherlands, Luxembourg, northern France, western Germany and Belgium) would be

appropriate for investigation. Cities within this designated area which had city models

available in 3D were systematically reviewed using Google Earth to identify those

cities with connected pedestrian squares. A methodology for the selection and filtering

of the identified European cities and their squares was applied based on requirements

of the research. The filtering process eliminated cities that were considered not to meet

the requirements of the research and identified cities that required a further and more

detailed study. The detailed study used established criteria to evaluate the remaining

European cities for the number, location, size and type of pedestrian squares and the

iconic status of the city and its squares. From the complete study, five European cities

were selected that contained good examples of connected pedestrian squares (Table

30). The location of the selected cities is shown in Figure 51.
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Table 30. Selected cities for use within the research

Country Selected city for use within the research

United Kingdom Birmingham

Belgium Bruges

The Netherlands The Hague

Germany Bonn

France Paris

Figure 51. Location of selected cities for use within the research.

Although this chapter has selected cities that would most likely contain exemplar city

centre squares and identified squares within each of the selected cities, the established

methodology did not determine the success of a square. It was instead proposed that

the selection of one exemplar square within each selected city, for further and more

detailed study, would be carried out while visiting each city. By visiting and

experiencing the identified squares first hand, a square that closely met the

requirements of the research was chosen.
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Chapter 5: Selection of exemplar north-

western European squares

5.1 Introduction

As part of the research into the integrated approach to the design of city centre

squares, it was crucial that a firm understanding of urban squares was achieved.

Following the selection of five north-western European cities that contained good

examples of connected city centre squares, further knowledge was gained on square

design by visiting the selected cities and studying a successful square within each.

Relevant information and data collected during the study was used to evaluate the

geometrical characteristics stated in the design framework and test and evaluate the

accuracy of selected software applications.

This chapter depicts the establishment and application of the methodology used for

selecting an exemplar city centre square within each of the selected north-western

European cities.

5.2 Selecting an exemplar city centre square

To be able to identify squares on location, criteria for identifying and selecting a

square was established. The criteria were able to efficiently and quickly identify

squares considered appropriate for use within research and select a square considered

a successful space. The established criteria were therefore split into two main parts:

identification, which reflects the requirements and the final outcomes that the research

expects of the selected square; and selection, which was based on a criteria for

establishing the success of a square.

5.2.1 Part 1  Identification

The identification of north-western European cities that would most likely contain

exemplar squares included the process of identifying and assessing connected city

centre squares. However, the identification process in Chapter 4 has allowed for a

basic understanding of squares that could be considered appropriate for use to be

gained. This process involved the use of Google Earth to gain the necessary

information to identify, analyse and select the north-western European cities with

connected city centre squares. Therefore, it was more appropriate that the

identification of possible squares for use within the research was repeated on location.
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In doing so it allowed for any errors that occurred by using Google Earth to be

eliminated. It is possible that, due to human error and the age of the aerial

photography within Google Earth, some of the identified pedestrian squares may have

been incorrectly identified as pedestrian spaces, may have changed in use or design, or

may have been missed entirely during the identification process. Therefore the criteria

for identifying squares on location was based upon the same criteria used to select the

five north-western European cities and therefore evaluated the following:

Pedestrian squares: the research identified only pedestrian city centre squares

connected via a pedestrian walkway. Squares and walkways were deemed as being

pedestrian if the greater space is given for pedestrian usage or if special actions have

been implemented to allow for the ease of pedestrian movement. To be selected for

use within the research the selected square must have been considered to be a

pedestrian space, connected via a pedestrian walkway.

Connected squares: the research identified only connected pedestrian squares.

Squares were considered to be connected squares if they were connected to at least

one other pedestrian square via a pedestrian walkway. To be selected for use within

the research the selected square must have been part of a connected pedestrian square

network.

Enclosure: the size and surrounding mass of a square plays a major role in the sense

of enclosure. The research identified squares that offered a good sense of enclosure.

Squares that contained a dimension greater than 100m (the maximum dimension for a

city square in northern Europe as noted by Lynch (1971) and Gehl and Gemzoe

(2003)) or were considered amorphous were not selected for further study.

5.2.2 Part 2 – Selection: establishing the success of a square

Notable authors of urban design have discussed the contributing factors that create

successful squares (reviewed in Chapter 3), noting that the success of a square is not

only related to the geometrical and psychological issues, but also the social resources

it provides and the comfort of the space. For many authors, a successful square can be

achieved if it provides a good sense of enclosure, contains a public resource, is located

at the junction of busy pedestrian flows, within an urban structure that offers a choice

of routes and provides space that is considered comfortable by its occupants. Although

we can establish which aspects create a successful square it is rather harder to quantify

its success. Montgomery (1998) states that it is simple to recognise or think of a

successful place, although much more difficult to know why a place is successful.
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However, from reviewing urban design literature in Chapter 3, it was established that

the success of a square can be measured on its ability to generate and contain various

activities. However, establishing which square has a higher pedestrian use compared

to another can be difficult. Certain squares will definitely exhibit a higher pedestrian

use during different times of the day, or on different days of the week. It was therefore

proposed that in order to gain a firm understanding of the success of the identified

squares, those squares that are deemed applicable for use within the research were

visited at two different times of day. Where it is still difficult to establish the square

with the higher pedestrian use, assumptions could be made from the squares ability to

generate pedestrian flow. Public resources  a place to play, a public market, a train

station, etc.; and public buildings  the town hall, cathedral, library, etc., can all be

effective anchors which help to generate activity and pedestrian flows to a square that

might otherwise be empty (Childs, 2004). Therefore using these criteria (as

highlighted in Chapter 3) it was possible to develop criteria for identifying and

selecting successful city centre squares for use within the research.

5.2.3 Final criteria for square identification and selection

The research established criteria for identifying and selecting exemplar city centre

squares on location. The criteria aimed to efficiently and quickly identify a square that

is considered appropriate for use within the research, and select a square that was

considered a successful space. The final criteria comprised simple questions to help to

identify and select an exemplar city centre square for use within the research.

Part 1 – Identification – is the square

 considered to be a pedestrian square?

 connected via a pedestrian walkway?

 part of a connected pedestrian square network?

 not too large (contain a dimension under 100m) (Lynch, 1971; Gehl and

Gemzoe, 2003)?

 not amorphous (at least 60% surrounding form) (Smith, 1981)?

Part 2 – Selection

 Contain activity – does the square;

o show a high use of pedestrian flow (low/moderate/high)?

o show a high use of pedestrian activity (low/moderate/high)?

o show varying activities taking place?
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 Ability to generate activity

o Is the square well-connected, at the junction of busy pedestrian flows,

accessible to many people?

o Does the square contain a public resource  a place to play, a public

market, a train station, etc.?

o Does the square contain a public building  the town hall, cathedral,

library, etc.?

The following depicts the process of applying the methodology of identifying and

selecting an exemplar city centre square within each of the five selected north-western

European cities.

5.3 Identification

5.3.1 Identifying pedestrian spaces and walkways

The methodology for selecting a city centre square firstly aimed to identify only

pedestrian squares connected via a pedestrian walkway. The process of selecting a

square began by identifying the key pedestrian areas and routes within the selected

cities. The results are presented in Figure 52–Figure 56.

Figure 52. United Kingdom – Birmingham: identified key pedestrian areas and routes

Figure 53. Belgium – Bruges: identified key pedestrian areas and routes
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Figure 54. Netherlands – The Hague: identified key pedestrian areas and routes

Figure 55. Germany – Bonn: identified key pedestrian areas and routes

Figure 56. France – Paris: identified key pedestrian areas and routes
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5.3.2 Connected pedestrian squares

Following the identification of the key pedestrian areas and routes within each of the

five selected north-western European cities, connected pedestrian squares were

identified. Squares were considered ‘connected’ if they were connected to at least one

other square via a pedestrian walkway. The results are presented in Figure 57–Figure

61.

Figure 57. United Kingdom – Birmingham: identified connected pedestrian squares

Figure 58. Belgium – Bruges: identified connected pedestrian squares
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Figure 59. Netherlands – The Hague: identified connected pedestrian squares

Figure 60. Germany – Bonn: identified connected pedestrian city centre squares

Figure 61. France – Paris: identified connected pedestrian city centre squares
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5.3.3 Sense of enclosure

The size and surrounding mass of a square plays a major role in the sense of enclosure

(Unwin, 1909; French, 1983). Squares were discarded from the research if their length

or width was greater than 100m. This is the maximum dimension set by Lynch (1971)

and Gehl and Gemzoe (2003) for city centre squares in northern Europe. Squares were

also discarded from the research if they were considered amorphous, i.e. were missing

more than 40% of the surrounding mass. Smith (1981) proposed that if a square

roughly has three-fifths (60%) of surrounding form, then the mind will recognise the

complete figure. Squares which were not discarded are shown in Figure 62–Figure 66.

Figure 62. United Kingdom – Birmingham: squares offering a sense of enclosure

Figure 63. Belgium – Bruges: squares offering a sense of enclosure
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Figure 64. Netherlands – The Hague: squares offering a sense of enclosure

Figure 65. Germany – Bonn: squares offering a sense of enclosure

Figure 66. France – Paris: squares offering a sense of enclosure
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5.4 Selection

Following the identification of squares that had potential use within in the research, a

more detailed study was carried out. Firstly, pedestrian anchors which surrounded the

remaining squares were identified (Figure 68, Figure 72, Figure 75, Figure 78 and

Figure 81: highlighted in red), before the squares were assessed using the established

criteria and their capability for generating and facilitating pedestrian activity. The

results are shown in Table 31–Table 35.

Birmingham – UK

From applying the stated criteria, three city centre squares within Birmingham were

considered to be enclosed pedestrian squares, part of a pedestrian network.

Square 1 Square 2 Square 3

Figure 67. United Kingdom – Birmingham: established pedestrian anchors

Table 31. Activity within the identified Birmingham squares

Activity

Question
1 2 3 4 5 6

Square

1 Moderate Moderate Y Y N N

2 Low Low N N Y Y

3 High Moderate N Y Y Y

Square 1 – Brindley Place: Central Square

The Central Square at Brindley Place (Figure 68) measures 60m by 51m and contains

several square design elements. The Central Square is broken up into four main

subspaces, by the use of changes in level and changes in ground material, allowing the

square to provide a variety of places to sit and participate in different activities.
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Figure 68. Brindley Place: Central Square

Although there is no historical and cultural continuity to the square, the modern design

and the surrounding modern buildings do offer a strong sense of identify and

belonging. The varying architectural design, the fountains and the sculpture by Miles

Davies, named ‘Aqueduct’, provide an aesthetic appreciation to the square. Although

no pedestrian anchor could be identified, the square did contain a moderate pedestrian

use, with varying activities taking place. People were able to sit in either shade or

sunlight, in groups or by themselves. There was space for people to play, or to move

directly through the square with little deviation.

Square 2 – Brindley Place: Oozells Square

Although relatively plain in design, Oozells Square at Brindley Place does contain a

unique feature of a channel of water running diagonally through the square (Figure

69). Measuring 76m by 27m, Oozells Square is divided into two main subspaces by

the use of a change in ground material, with the central space providing limited public

seating. Due to the arrangement of seating in the square people tend to sit in isolation

or small groups away from each other. The design of the square reflects the modern

buildings that surround and enclose the space. The inclusion of modern art and the

unique water feature helps to add an aesthetic appreciation to this modern square.

Although the Ikon Gallery, located on the north-eastern edge of the square, provides a

cultural continuity and a public anchor to the square, pedestrian activity and

movement observed within the square was low.

Figure 69. Brindley Place: Oozells Square
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Square 3 – Chamberlain Square

Chamberlain Square (Figure 70) is located off the north-western corner of the main

square in Birmingham, Victoria Square. It is surrounded by several public buildings;

Museum and Art Gallery, Central Library, Council House and Town Hall, which help

to provide a historical and cultural continuity to the square. As a result, Chamberlain

Square experiences high pedestrian use throughout the day. Divided into three main

subspaces by the use of changes in level, Chamberlain Square contains a number of

square design elements. One of the most unique is the sweeping steps located in front

of the library which forms a small amphitheatre within the square and enables the

square to be used for public events. The steps also provide a large amount of seating

within the square, allowing for individuals or groups to organise themselves in

numerous ways. The design of the square also allows various activities to take place.

People are able to move quickly around the northern and eastern edges, sit close to

pedestrian flows on the amphitheatre steps, find areas of privacy and participate in

actives within the central space with little distribution to main pedestrian flow.

Figure 70. Chamberlain Square

Selection

The specified criteria identified three city centre squares within Birmingham that

could be considered for use within the research. Upon closer examination the square

that was deemed to be the most successful (high number of pedestrians, high use of

pedestrian flow) and fulfilled the majority of the stated success indicators (design

elements and effect) was selected. Of the three squares identified for further

examination, two showed great potential for consideration within the research; the

modern Central Square at Brindley Place and the classically designed Chamberlain

Square. Although very different in design, both squares contained many of the noted

success indicators. However, on assessing the pedestrian flow and pedestrian activity

at different times of the day, it was Chamberlain Square that had the highest

pedestrian activity and pedestrian movement out of the three studied squares.

Therefore, Chamberlain Square was selected as the exemplar city square for the UK.
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Bruges  Belgium

The established methodology identified two city centre squares within Bruges that

were considered to be enclosed pedestrian spaces and part of a pedestrian network.

Square 1 Square 2

Figure 71. Belgium – Bruges: established pedestrian anchors

Table 32. Design elements within the identified Bruges squares

Activity

Question
1 2 3 4 5 6

Square

1 High Moderate Y Y Y Y

2 Low Low Y N N N

Square 1 – Burg Square

Measuring 67m by 45m, Burg Square (Figure 72) is one of two main squares in

Bruges. It is surrounded by a number of public buildings, each one showcasing

different European styles, providing an aesthetic appreciation to the square. The most

dominant of the buildings and the main focus in the square is the Gothic town hall,

located on the south-eastern edge. The town hall, along with the tourist information

centre (located in the former Court of Justice) and the Basilius Church (Chapel of the

Holy Blood) provide historical and cultural continuity to the square. As a result the

square is a popular tourist attraction, with high pedestrian use and moderate pedestrian

activity throughout the day. The square itself is simple in design, with a relatively

plain floorscape, no changes in level or subspaces and little artwork.

Figure 72. Burg Square, Bruges
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Square 2 – The Fish Market

To the south-east of Burg Square is a square containing the old fish market. During the

morning when the market is in operation the square contains steady pedestrian usage,

but tends to remain quiet for the remaining part of the day. The square itself is

designed around the fish market, which takes the main focus in the centre of the

square and the plain surrounding buildings playing a subordinate role, simply framing

the space (Figure 73). The square is made up of two main subspaces, the circulation

space around the market and centre space within the market, where a monument and

fountain take centre stage. Although the market itself does provide historical

continuity and an aesthetic appreciation to the square, the square provides few places

to sit, with little opportunity for casual and informal meeting to take place.

Figure 73. The Fish Market, Bruges

Selection

Two city centre squares were recognised as suitable for use within the research. Both

of these squares were simple in design, containing few design elements. The two

identified squares contained pedestrian anchors or public resources, and as a result

pedestrian use and activity was evident at some point throughout the day. However, it

was only Burg Square that had a high pedestrian use throughout the majority of the

day and was considered a more successful square in comparison to the fish market

square. Therefore, Burg Square was selected as the exemplar city square for Belgium.
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The Hague – Netherlands

The applied methods identified three city centre squares within The Hague that were

considered to be enclosed pedestrian spaces, part of a pedestrian square network.

Square 1 Square 2 Square 3

Figure 74. Netherlands – The Hague: established pedestrian anchors

Table 33. Design elements within the identified The Hague squares

Activity

Question
1 2 3 4 5 6

Square

1 Moderate Moderate Y Y N N

2 Low Low N N N N

3 High High Y Y Y Y

Square 1 – Plaats

The Plaats is located in the north-eastern corner of the main pedestrian area of The

Hague. Measuring 79m by 60m, the Plaats is triangular in shape and open at one end

(Figure 75). The remaining two sides are made up of bars, restaurants, cafes and

shops. Although no pedestrian anchor is located in the square, the Plaats does act as an

entrance and exit point for one of the main shopping streets in The Hague.

Consequently, the square experiences a moderate and steady pedestrian movement

throughout the day. A change in ground material divides the square into two key

subspaces: an outer edge for movement and a centre for activities. The square is

relatively simple in design, with a simple floorscape, a single statue standing on the

north-eastern edge and a variety of primary and secondary seating.

Figure 75. Plaats, The Hague
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Square 2 – Visbanken

Visbanken is a plain square located just off one of the main squares (Riviervismarkt)

in The Hague. Simple in design, with no subspaces, artwork or public seating, the

space is primarily used as outside seating for the surrounding bars. Although the

square is located near the Grote of St. Jacobskerk, a 15th century church, the square

experiences low pedestrian use.

Square 3 – Grote Markt

Located in the south-eastern corner of the main pedestrian area and connected by

several main shopping streets, the Grote Markt is one the main dining and drinking

areas in The Hague (Figure 76). Although the majority of the space is used for outside

seating for the surrounding restaurants and bars, the square also acts as an entrance

and exit for an underground tram station, located on the squares southern edge. As a

result, there is an extremely high pedestrian use throughout the day. Measuring 70m

by 35m, the square is made up of three main subspaces, divided by a change in level

and a change in floorscape. The high level of seating provided by the surrounding bars

and restaurants, along with a selection of public and secondary seating, allows the

square to provide a variety of places to sit.

Figure 76. Grote Markt, The Hague

Selection

The methods adopted identified three city centre squares within The Hague that could

be considered for use within the research. By analysing the number of pedestrians

within the square and the activities taking place there, the methodology aimed to select

a square considered to be the most successful. Both the Plaats (Square 1) and the

Grote Markt (Square 3) contained a number of success indicators and a moderate to

high pedestrian use and activity throughout the day. However, it was clear that the

Grote Markt had very high pedestrian use, thanks to its location within the city and its

proximity to surrounding pedestrian anchors and resources. Therefore, the Grote

Markt was selected as the exemplar city centre square for the Netherlands.
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Bonn – Germany

The established methodology identified two city centre squares within Bonn that were

considered to be enclosed pedestrian spaces, part of a pedestrian square network.

Square 1 Square 2

Figure 77. Germany – Bonn: established pedestrian anchors

Table 34. Design elements within the identified Bonn squares

Activity

Question
1 2 3 4 5 6

Square

1 Low Low N Y N N

2 Low Low N Y Y Y

Square 1  Remigiusplatz

Remigiusplatz is an enclosed square located between the two main squares in Bonn

(Marktplatz and Münsterplatz) and measures 45m by 45m. The square contains a

selection of public seating located in the central space. Although the square provides a

sense of enclosure, there is no historical or cultural continuity, aesthetic focus or

pedestrian anchor surrounding the square. The square is surrounded predominately by

restaurants, bars and retail buildings (Figure 78). Unfortunately, at the time the

fieldwork in Bonn was carried out, all shops and offices were closed due to a public

holiday. As a result, there was little pedestrian movement or activity throughout Bonn

and an accurate measure of pedestrian use within the square could not be established.

Figure 78. Remigiusplatz, Bonn
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Square 2 – In der Surst

The second identified square in Bonn is located just south of one of the main squares

(Münsterplatz). Measuring 70m by 32m, the square runs off the main entrance to the

Bonn Minster located on the eastern edge of the square (Figure 79). The Bonn Minster

is the principal building in the square and is the only pedestrian anchor enclosing the

space. The Minster provides an historical and cultural continuity and an aesthetic

stimulus for the square. Although the square contained this anchor, an accurate

measure of pedestrian use within the square could not be established due to a public

holiday, resulting in low pedestrian movement throughout the city. The square itself

was simple in design, with no subspaces and a simple floorscape.

Figure 79. In der Surst square, Bonn

Selection

Only two squares within Bonn were identified using the established criteria. Both of

the squares were simple in design, containing few design elements. An accurate

measurement of pedestrian use could not be established at the time of the fieldwork

due to a public holiday. As a result, the applied methodology could not successfully

identify which square would be most suitable for the research. In order to gauge the

success of the square, the selection was therefore based upon the number and type of

pedestrian anchors surrounding the space. The square selected for use within the

research was Square 2 – In der Surst. Of the two squares identified, In der Surst was

the only square that contained a public anchor.
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Paris – France

The methodology identified two city centre squares within Paris that were considered

to be enclosed pedestrian spaces and part of a pedestrian square network.

Square 1 Square 2

Figure 80. France – Paris: established pedestrian anchors

Table 35. Design elements within the identified Paris squares

Activity

Question
1 2 3 4 5 6

Square

1 High High Y Y Y Y

2 Moderate Low N Y N N

Square 1 – Place Igor Stravinsky

Located next to the Centre Georges Pompidou, the Place Igor Stravinsky (Figure 81)

is located in the south-eastern corner of a small pedestrian area in Paris. Connected to

the larger square, Place Georges Pompidou, it measures 95m by 50m and is divided

into two main subspaces by a change in ground level. The location of a large fountain

in the centre of the square further divides the lower subspace into two smaller areas,

providing spaces for different activities to take place. The fountain itself provides a

large amount of public seating for the square, as well as an aesthetic focus. Secondary

seating is offered by the steps that run up the squares eastern and southern edges. The

square contains one principal building: the Centre Georges Pompidou, located on the

north-eastern edge. This pedestrian anchor and the large amount of public seating

provided, results in the square experiencing a high pedestrian use throughout the day.

Figure 81. Place Igor Stravinsky, Paris
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Square 2 – Place Edmond Michelet

To the west of Place Igor Stravinsky and located on the south-western corner of Place

Georges Pompidou, Place Edmond Michelet measures 47m by 63m (Figure 82).

Divided into two main subspaces by a slight change in ground level, the square itself

is simple in design, with no artwork or public seating and a simple floorscape. Instead,

a number of trees dominate the square and provide shade at its centre. Although the

surrounding shops and cafes offer a sense of enclosure, the square provides little in

aesthetic stimulus and contains no pedestrian anchor. As a result, the main centre of

the square experiences low pedestrian use, and instead, the vast majority of

pedestrians move directly through the square using the northern walkway.

Figure 82. Place Edmond Michelet, Paris

Selection

The methodology identified two city centre squares within Paris that could be

considered for research purposes. It was clear from applying the methodology that

only one square could be selected as the exemplar city centre square for France: Place

Igor Stravinsky (Square 1). The chosen square contained a number of the stated

success indicators and showed the greatest evidence of pedestrian activity and

movement taking place.

5.5 Summary

The aim of this chapter was to discuss the methodology used for selecting a successful

city centre square within each of the selected north-western European cities and to

present this process and the final results. The methodology aimed to identify an

enclosed pedestrian square (i.e. under 100m, with greater than 60% surrounding

structure) which was part of a pedestrian square network. A filtering process was

implemented to identify those squares within the five selected north-western European

cities that could be considered for use within the research. Following the identification

of several city centre squares, the methodology aimed to select one square within the

five north-western European cities that was considered the most successful. The
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‘success’ of the square was determined by assessing and observing the number of

pedestrians participating in activities and moving through the space. However, due to

a public holiday taking place in Bonn while the fieldwork was carried out, an accurate

assessment of pedestrian movement could not be determined. In this case the selection

of a successful square was based on the number of pedestrian anchors surrounding the

identified squares. As a result of applying the established methodology it was possible

to select one successful, enclosed, pedestrian square which was part of a pedestrian

square network for the five selected north-western European cities (Table 36).

Table 36. Summary of selected city centre squares

Country City Square
Length

(m)
Width

(m)
Pedestrian
movement

No. of
pedestrian

anchors

No. of
success

indicators

United
Kingdom

Birmingham
Chamberlain

Square
58 70 High 3 9

Belgium Bruges Burg 45 67 High 3 5

Nether-
lands

The Hague Grote Markt 70 35 High 1 6

Germany Bonn In der Surst 70 32 Low* 1 6

France Paris
Place Igor
Stravinsky

95 50 High 2 10

* Due to a public holiday taking place during the study of Bonn, an accurate measure of pedestrian
movement could not be established.

The selection of five separate successful squares within north-western Europe also

established that those squares that most closely matched the criteria for success

established in chapter 3, were also found to contain the most activity. However, the

methodology presented in this chapter did not assess the squares ability to meet the

geometrical framework for northern European squares, or the required comfort

conditions, two criteria important in creating successful square. Therefore, studies

were needed to validate both these criteria. By observing and measuring the selected

squares, data relating to the geometrical characteristics, pedestrian movement, noise

level, wind speed, solar access and temperature were measured. This data was then

used to validate the established comfort conditions (study presented in chapter 6) and

the geometrical design framework (study presented in chapter 7). The collected data

was also used to help evaluate the accuracy of the selected software applications

(presented in chapter 10).
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Chapter 6: Fieldwork

6.1 Introduction

This chapter delineates the development and application of the methodologies used to

collect the required data. The data is then presented. Figure 83 presents the

measurements that were collected from the selected squares for each of the established

behaviour aspects important in square design. A comparison between measured data

and data obtained from weather stations in proximity to the respective squares on the

day the corresponding square was studied is also presented, to establish the selected

squares’ ability to reduce wind and increase temperature. The studied squares are also

assessed for the ability to meet the established performance criteria (noise < 6db, wind

<8mph, temperature 13oC – 24oC).

Figure 83. Data and formats measured during the fieldwork

6.2 Data collection methodologies

The collection of required data used three methodologies, relating to: (1) geometrical

characteristics of the exemplar squares; (2) the pedestrian movement and activity

within the space; and (3) the microclimate aspects of the selected squares: noise, wind,

solar access and temperature.

6.2.1 Geometrical characteristics

In collecting data relating to the geometrical characteristics of the exemplar squares,

the research used 3D CAD models of the selected squares to obtain accurate

measurements of the space. This method was used to reduce the opportunities for

human error by taking measurements within the space on location, thus increasing the

accuracy of the measured data. The 3D models provided by Zmapping give an
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accuracy of 0–35cm for 95% of its points (Zmapping, 2005b) and those provided by

Gta-Geo give an accuracy of 0–50cm (GTA Geoinformatik, 2003).

6.2.2 Pedestrian movement and activity

The methodologies developed to aid in the collection of data relating to the pedestrian

movement within the exemplar squares aimed to collect an even spread of data

throughout the square, at key points during the day. Data relating to the pedestrian

movement was collected from five to seven key points within each of the selected

squares. This allowed for an accurate measurement of the number of pedestrians

entering and exiting the square to be recorded. The number of data collection points

related to the size, shape, number of openings and accessible areas within the squares.

To gain a further understanding of how the pedestrian movement within the selected

squares changed throughout the day, data was collected within three separate periods,

each of an hour in length: 08:30–09:30, 12:30–13:30 and 16:30–17:30. These times

were chosen to coincide with key periods of pedestrian activity within the square. Data

relating to pedestrian movement and activity was collected throughout each study hour

and was based on observations made of activity with the square and key pedestrian

routes in, out and through the square. Due to the amount of data that needed to be

collected within the study hour, and to aid in the measurement of the number of

pedestrians passing each of the designated data collection points, a data collection

method employed by Desyllas et al. (2003) was adopted. This methodology is similar

to that of Benham and Patel (1976 ) and involved counting the number of pedestrians

entering and exiting the square at openings onto the square, over a five minute span.

All counting was done using hand counters and timed with a stopwatch. Flow rates per

hour were derived by multiplying the five minute counts by 12. This method allowed

for the number of pedestrians entering and exiting a square to be measured during

each one hour study.

6.2.3 Microclimate

In collecting data relating to the microclimate aspects  noise level, wind speed, solar

access and temperature  the same data collection points and study times as for

pedestrian movement data were used. However, unlike the collection of the pedestrian

movement data, which involved observing one point for a five minute span, the

microclimate data could be measured and recorded more quickly. Measurements could

therefore be repeated at each point at 15 minute intervals, allowing for microclimate

data to be collected four times in each one hour study. This method helped to acquire a
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greater understanding of a square’s microclimate throughout each study hour. In the

collection of noise level data, the decibel level for surrounding roads and internal

fountains were also recorded, to assist in the evaluation of the noise software.

6.2.4 Equipment

To collect the required datasets, several pieces of equipment were used (Figure 84).

Pedestrian numbers were collected using a hand counter. Data relating to the noise

level, wind speed, light level and temperature were measured using a 4-in-1

environmental meter and a hand held anemometer. Table 37 summarises the various

data values, ranges and tolerances for each of the data sources.

Figure 84. Equipment used to collect pedestrian movement and microclimate data:

(1) Stopwatch, (2) Hand counter, (3), Anemometer, (4) 4-in-1 environment meter

Table 37. Summary of data values

Equipment Data Value Range Accuracy

Hand counter Pedestrian numbers number 09999 Human error

Anemometer Wind mph 1.162.5 +0.4mph

4-in-1
environmental

meter

Noise db 35100 +/- 3db

Light LUX 0.0120,000 + 10 dgts

Temperature °C -20°C750°C +/- 2°C

When collecting data within the selected squares, one issue relating to the equipment

was identified:

The 4-in-1 environmental meter had a maximum light reading of 20,000 LUX.

Therefore, when the light meter was exposed to a LUX value of 20,000+ (i.e.

direct sunlight), the meter would display a MAX reading.

6.3 Collected data

Figure 85Figure 98 and Table 38Table 51 show the data collected for each of the

selected squares.
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6.3.1 Birmingham – Chamberlain Square

Figure 85. Data collection points within Chamberlain Square, Birmingham, UK

Table 38. Geometrical properties of Chamberlain Square, Birmingham, UK

Chamberlain Square, Birmingham, UK

Length to width
Principal
building

Contextual
buildings

Perimeter Openings

Dimensions
(m)

Ratio
Height to

perpendicular
distance

Length
to height

Width
to

height

Dimension
(m)

No.
% of
frame

70 x 60 1.2:1 2.4:1 3.5:1 2.0:1 240 5 24

Table 39. Pedestrian movement data for Chamberlain Square, Birmingham, UK

08:3009:30 12:3013:30 16:3017:30
Point In Out In Out In Out

A 120 96 156 180 144 120
B 108 72 96 120 96 120
C 624 708 1,236 1,152 900 840
D 204 180 180 228 156 180
E 36 36 48 24 36 48
F 780 648 1,176 1,344 816 924
G* - - - - - -

*Data not collected because point did not measure pedestrians entering or exiting the space

Figure 86. Pedestrian movement and

activity based on observations,

Chamberlain Square, Birmingham, UK

Figure 87. Noise sources, Chamberlain

Square, Birmingham, UK
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Table 40. Microclimate data collected from Chamberlain Square, Birmingham, UK

08:30–09:30
Point A B C D E F G

08:30

Light (LUX x10) 646 310 540 233 533 543 636
Temp (oC) 15.8 15.3 15.1 14.7 15.7 15.5 15.4

Noise (Lo A db) 56.5 60.1 56.7 52.7 52.1 56.9 59.8
Wind (mph) 5.0 7.5 6.2 6.4 7.3 4.0 6.9

08:45

Light (LUX x10) 654 321 634 254 594 608 667
Temp (oC) 15.6 15.8 15.5 15.1 15.5 15.9 15.2

Noise (Lo A db) 57.1 60.5 57.4 54.7 56.6 58.2 61.6
Wind (mph) 4.6 7.3 6.1 6.6 6.6 5.4 7.0

09:00

Light (LUX x10) 786 354 723 278 666 681 704
Temp (oC) 15.6 15.4 15.5 14.9 15.5 16.0 15.4

Noise (Lo A db) 58.9 58.2 55.2 51.6 54.1 57.8 59.6
Wind (mph) 4.0 6.9 5.3 5.8 6.6 5.4 7.4

09:15

Light (LUX x10) 794 347 653 265 515 538 560
Temp (oC) 15.5 15.5 15.4 15.1 15.8 16.1 15.7

Noise (Lo A db) 57.8 57.8 55.3 51.9 54.6 58.1 59.7
Wind (mph) 4.2 7.2 5.6 5.2 6.0 4.2 7.8

Average

Light (LUX x10) 720 333 637.5 257.5 577 592.5 641.8
Temp (oC) 15.6 15.5 15.4 15.0 15.6 15.9 15.4

Noise (Lo A db) 57.6 59.2 56.2 52.7 54.4 57.8 60.2
Wind (mph) 4.5 7.2 6.8 6.0 6.6 4.8 7.3

12:30–13:30
Point A B C D E F G

12:30

Light (LUX x10) 1767 1592 1337 1461 1701 1533 1719
Temp (oC) 21.3 20.8 20.5 20.5 21.3 20.9 21.6

Noise (Lo A db) 62.2 66.6 59.8 58.1 56.3 61.1 60.9
Wind (mph) 5.3 6.6 7.9 5.9 5.8 4.2 5.2

12:45

Light (LUX x10) 1786 1630 1377 1468 1711 1580 1755
Temp (oC) 21.8 20.9 20.7 20.6 21.5 20.8 21.5

Noise (Lo A db) 61.1 66.3 60.2 58.4 57.6 60.2 61.5
Wind (mph) 5.6 6.4 7.2 5.7 5.5 4.3 5.4

13:00

Light (LUX x10) 1808 1684 1588 1689 1637 1686 1728
Temp (oC) 21.6 21.2 20.5 20.8 21.5 21.3 22.0

Noise (Lo A db) 61.2 66.1 60.5 57.6 56.4 59.6 60.5
Wind (mph) 5.2 5.9 7.2 6.0 5.8 3.4 5.2

13:15

Light (LUX x10) 1836 1702 1615 1726 1622 1702 1765
Temp (oC) 21.8 21.4 21.6 21.0 21.2 21.5 21.8

Noise (Lo A db) 60.8 66.8 60.3 57.7 55.5 58.1 60.2
Wind (mph) 5.4 5.7 6.5 5.7 5.4 3.1 5.2

Average

Light (LUX x10) 1799 1652 1479 1586 1667 1625 1742
Temp (oC) 21.6 21.1 20.8 20.7 21.4 21.1 21.7

Noise (Lo A db) 61.3 66.5 60.2 58.0 56.5 59.8 60.8
Wind (mph) 5.4 6.2 7.2 5.8 5.6 3.8 5.3

16:30–17:30
Point A B C D E F G

16:30

Light (LUX x10) 320 387 742 373 223 323 430
Temp (oC) 20.2 20.4 20.6 20.2 19.7 20.0 20.5

Noise (Lo A db) 60.8 65.8 58.2 58.3 54.9 57.9 60.2
Wind (mph) 6.9 6.5 7.8 5.7 5.5 2.9 6.2

16:45

Light (LUX x10) 309 356 758 378 249 304 445
Temp (oC) 20.0 20.0 20.6 20.4 19.5 20.0 20.5

Noise (Lo A db) 60.3 65.2 58.3 57.3 54.7 57.9 60.5
Wind (mph) 5.8 5.9 7.3 5.1 5.7 3.1 6.2

17:00

Light (LUX x10) 314 348 740 378 249 304 451
Temp (oC) 19.9 20.2 20.4 20.0 19.5 19.7 20.2

Noise (Lo A db) 61.6 65.9 59.9 56.2 55.4 59.8 61.2
Wind (mph) 5.8 6.2 7.5 5.8 5.7 2.9 6.0

17:15

Light (LUX x10) 296 346 747 364 218 306 453
Temp (oC) 19.9 20.3 20.4 20.2 19.4 19.5 20.0

Noise (Lo A db) 58.8 65.7 60.3 57.1 55.8 59.2 61.8
Wind (mph) 4.7 6.2 7.4 5.0 5.9 3.3 6.6

Average

Light (LUX x10) 309.8 359.3 746.8 373.3 234.8 309.3 444.8
Temp (oC) 20.0 20.2 20.5 20.2 19.5 19.8 20.3

Noise (Lo A db) 60.4 65.7 59.2 57.2 55.2 58.7 60.9
Wind (mph) 5.8 6.2 7.5 5.4 5.7 3.1 6.3
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6.3.2 Bruges – Burg square

Figure 88. Data collection points within Burg square, Bruges, Belgium

Table 41. Geometrical properties of Burg square, Bruges, Belgium

Burg square, Bruges

Length to width
Principal
building

Contextual
buildings

Perimeter Openings

Dimensions
(m)

Ratio
Height to

perpendicular
distance

Length
to height

width
to

height

Dimension
(m)

No. %

45 x 67 1.5:1 2.3:1 5.2:1 2.3:1 240 4 29

Table 42. Pedestrian movement data for Burg square, Bruges, Belgium

08:3009:30 12:3013:30 16:3017:30
Point In Out In Out In Out

A 288 228 612 588 408 372
B 140 132 336 300 180 156
C 156 240 420 528 240 300
D 108 72 240 180 132 108
E* - - - - - -

*Data not collected because point did not measure pedestrians entering or exiting the space

Figure 89. Pedestrian movement and

activity based on observations, Burg

Square, Bruges, Belgium

Figure 90. Noise source, Burg Square,

Bruges, Belgium (AM/PM)
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Table 43. Microclimate data collected from Burg square, Bruges, Belgium

08:30–09:30
Point A B C D E

08:30

Light (LUX x10) 1088 315 973 818 1088
Temp (oC) 16.6 16.0 16.5 16.7 16.4

Noise (Lo A db) 52.4 50.5 51.3 53.3 56.5
Wind (mph) 6.9 4.6 5.8 4.8 7.2

08:45

Light (LUX x10) 1029 321 983 844 1110
Temp (oC) 16.9 16.2 16.4 17.0 16.4

Noise (Lo A db) 52.2 51.3 51.9 53.5 55.8
Wind (mph) 7.1 5.2 5.9 5.3 7.6

09:00

Light (LUX x10) 956 355 1019 876 1092
Temp (oC) 17.2 16.5 16.6 17.0 16.5

Noise (Lo A db) 53.2 50.7 51.6 54.3 56.2
Wind (mph) 6.7 5.3 6.1 4.8 7.4

09:15

Light (LUX x10) 1056 386 1033 902 1153
Temp (oC) 17.3 16.4 16.6 17.1 16.9

Noise (Lo A db) 53.6 50.3 51.9 53.8 55.5
Wind (mph) 6.8 4.8 5.8 5.3 7.3

Average

Light (LUX x10) 1032 344 1002 860 1111
Temp (oC) 17.0 16.3 16.5 17.0 16.6

Noise (Lo A db) 52.9 50.7 51.7 53.7 56.0
Wind (mph) 6.9 5.0 5.9 5.1 7.4

12:30–13:30
Point A B C D E

12:30

Light (LUX x10) MAX MAX MAX MAX MAX
Temp (oC) 20.3 19.8 19.6 20.0 20.4

Noise (Lo A db) 56.6 55.7 57.1 55.8 57.5
Wind (mph) 6.7 4.3 5.7 5.9 3.5

12:45

Light (LUX x10) MAX MAX MAX MAX MAX
Temp (oC) 20.8 19.9 19.6 20.3 20.7

Noise (Lo A db) 56.8 56.6 56.1 55.7 56.7
Wind (mph) 6.6 4.3 5.9 5.5 3.8

13:00

Light (LUX x10) MAX MAX MAX MAX MAX
Temp (oC) 21.0 19.7 19.9 20.7 21.1

Noise (Lo A db) 57.5 56.3 55.7 56 57.4
Wind (mph) 6.9 4.1 5.3 5.8 3.5

13:15

Light (LUX x10) MAX MAX MAX MAX MAX
Temp (oC) 20.6 19.6 20.2 20.4 21.2

Noise (Lo A db) 55.7 55.8 56.2 55.1 57.2
Wind (mph) 6.3 4.2 6.1 6.1 3.7

Average

Light (LUX x10) MAX MAX MAX MAX MAX
Temp (oC) 20.7 19.8 19.8 20.4 20.9

Noise (Lo A db) 56.7 56.1 56.3 55.7 57.2
Wind (mph) 6.6 4.2 5.8 5.8 3.6

16:30–17:30
Point A B C D E

16:30

Light (LUX x10) 871 271 846 653 1029
Temp (oC) 20.9 20.4 20.8 21.0 21.2

Noise (Lo A db) 55.6 54.9 53.6 54.7 54.3
Wind (mph) 5.7 4.3 4.0 4.9 4.5

16:45

Light (LUX x10) 760 242 833 661 1055
Temp (oC) 21.2 20.3 20.9 21.0 21.1

Noise (Lo A db) 55.2 55.3 54.1 55.6 55.1
Wind (mph) 5.2 4.8 4.2 5.3 4.3

17:00

Light (LUX x10) 723 210 806 612 975
Temp (oC) 21.0 20.3 21.0 21.0 21.3

Noise (Lo A db) 53.8 54.7 54.5 54.8 54.2
Wind (mph) 5.8 4.0 4.0 4.7 4.3

17:15

Light (LUX x10) 702 218 785 601 939
Temp (oC) 20.9 20.2 21.0 20.8 21.0

Noise (Lo A db) 54.3 54.1 54 55.1 54.4
Wind (mph) 5.5 4.2 4.0 5.0 4.3

Average

Light (LUX x10) 764 235 818 632 1000
Temp (oC) 21.0 20.3 20.9 21.0 21.2

Noise (Lo A db) 54.7 54.8 54.1 55.1 54.5
Wind (mph) 5.6 4.3 4.1 5.0 4.4
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6.3.3 The Hague – Grote Markt

Figure 91. Data collection points within Grote Markt, The Hague, Netherlands

Table 44. Geometrical properties of Grote Markt, The Hague, Netherlands

Grote Markt, The Hague, Netherlands

Length to width
Principal
building

Contextual
buildings

Perimeter Openings

Dimensions
(m)

Ratio
Height to

perpendicular
distance

Length
to height

Width
to

height

Dimension
(m)

No.
% of
form

70 x 35 2.0:1 N/A 6.0:1 2.7:1 220 4 14

Table 45. Pedestrian movement for the Grote Markt, The Hague, Netherlands

08:3009:30 12:3013:30 16:3017:30
Point In Out In Out In Out

A 108 94 144 108 84 72
B 180 204 384 420 216 264
C 252 228 528 660 360 348
D 228 180 360 288 300 324
E* - - - - - -
F 384 396 888 744 672 636
G 420 384 996 1044 696 672

*Data not collected because point did not measure pedestrians entering or exiting the space

Figure 92. Pedestrian movement and

activity based on observations, Grote

Markt, The Hague, Netherlands

Figure 93. Noise sources, Grote Markt,

The Hague, Netherlands (AM/PM)
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Table 46. Microclimate data collected from Grote Markt, The Hague, Netherlands

08:30–09:30
Point A B C D E F G

08:30

Light (LUX x10) 1246 1252 1286 433 1252 543 636
Temp (oC) 18.2 18.4 18.3 18.2 18.5 18.4 17.9

Noise (Lo A db) 54.8 55.4 57.3 53.8 52.3 56.3 56.6
Wind (mph) 6.3 4.3 7.3 5.3 6.5 6.3 6.1

08:45

Light (LUX x10) 1242 1268 1222 421 1296 608 667
Temp (oC) 18.5 18.7 18.5 18.5 18.5 18.7 18.3

Noise (Lo A db) 55.1 54.4 58.1 53.6 50.4 56.3 56.1
Wind (mph) 6.6 4.5 8.0 5.2 7.1 6.4 6.2

09:00

Light (LUX x10) 1365 1378 1329 476 1302 681 704
Temp (oC) 18.6 19.0 18.6 18.8 18.2 18.5 18.1

Noise (Lo A db) 54.7 55.6 57.1 54.4 51.6 55.7 56.2
Wind (mph) 6.1 4.3 7.2 5.1 6.8 6.0 6.0

09:15

Light (LUX x10) 1384 1394 1348 481 1385 538 560
Temp (oC) 19.0 19.3 19.0 19.1 18.4 18.5 18.5

Noise (Lo A db) 54.5 54.8 57.8 53.4 52.1 55.1 55.4
Wind (mph) 6.3 4.7 7.8 5.7 6.6 6.3 6.3

Average

Light (LUX x10) 1309 1323 1296 453 1309 593 642
Temp (oC) 18.6 18.9 18.6 18.7 18.2 18.6 18.2

Noise (Lo A db) 54.8 55.1 57.6 53.8 51.6 55.9 56.1
Wind (mph) 6.3 4.5 7.6 5.3 6.8 6.3 6.2

12:30–13:30
Point A B C D E F G

12:30

Light (LUX x10) MAX MAX MAX MAX MAX MAX MAX
Temp (oC) 24.2 24.9 24.6 24.8 24.7 24.8 24.7

Noise (Lo A db) 59.7 60.1 60.7 59.1 56.5 58.9 57.2
Wind (mph) 6.6 5.5 7.5 7.3 7.4 6.5 6.2

12:45

Light (LUX x10) MAX MAX MAX MAX MAX MAX MAX
Temp (oC) 24.2 25.2 24.5 24.9 24.8 24.8 24.9

Noise (Lo A db) 59.6 58.7 60.7 59.5 59.8 59.3 58.5
Wind (mph) 7.1 5.8 7.2 6.9 6.8 6.8 6.6

13:00

Light (LUX x10) MAX MAX MAX MAX MAX MAX MAX
Temp (oC) 24.6 25.5 25.4 25.0 25.0 25.2 25.2

Noise (Lo A db) 60.4 60.6 62.4 58.9 58.1 59.1 58.0
Wind (mph) 7.1 5.9 8.0 7.2 7.3 7.0 6.9

13:15

Light (LUX x10) MAX MAX MAX MAX MAX MAX MAX
Temp (oC) 24.8 25.4 25.1 25.1 25.2 25.2 25.1

Noise (Lo A db) 59.6 59.4 62.7 57.7 57.3 59.1 58.8
Wind (mph) 6.8 5.7 7.5 7.5 6.9 6.4 6.5

Average

Light (LUX x10) MAX MAX MAX MAX MAX MAX MAX
Temp (oC) 24.5 25.3 24.9 24.7 24.9 25.0 25.0

Noise (Lo A db) 59.8 59.7 61.6 58.8 57.9 58.9 58.1
Wind (mph) 6.9 5.7 7.6 7.2 7.1 6.7 6.6

16:30–17:30
Point A B C D E F G

16:30

Light (LUX x10) 632 415 967 772 582 543 636
Temp (oC) 24.3 24.5 24.8 24.7 24.5 24.6 24.5

Noise (Lo A db) 58.2 59.4 61.2 57.9 57.6 57.9 57.0
Wind (mph) 7.1 6.3 5.8 5.6 5.4 7.3 7.0

16:45

Light (LUX x10) 628 397 932 769 567 608 667
Temp (oC) 24.2 24.5 24.7 24.7 24.3 24.4 24.2

Noise (Lo A db) 59.5 59.8 61.1 60.5 57.8 57.6 58.5
Wind (mph) 6.9 6.4 6.2 5.8 5.5 7.4 6.7

17:00

Light (LUX x10) 618 360 872 663 554 681 704
Temp (oC) 23.9 24.2 24.5 24.4 24.5 24.4 24.0

Noise (Lo A db) 60.3 59.7 60.5 59.5 57.4 58.2 58.9
Wind (mph) 7.3 6.6 6.3 5.3 5.2 7.0 7.1

17:15

Light (LUX x10) 620 335 841 645 480 538 560
Temp (oC) 23.8 24.3 24.4 24.3 24.3 24.2 24.0

Noise (Lo A db) 58.9 60.9 61.0 59.1 56.7 57.1 58.4
Wind (mph) 7.2 6.5 5.7 5.7 5.3 7.2 7.3

Average

Light (LUX x10) 624 377 903 712 546 593 642
Temp (oC) 24.1 24.4 24.6 24.5 24.4 24.4 24.2

Noise (Lo A db) 59.2 60 61 59.3 57.4 57.2 58.2
Wind (mph) 7.1 6.5 6.0 5.6 5.4 7.2 7.0
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6.3.4 Bonn – In der Surst square

Figure 94. Data collection points within In der Surst square, Bonn, Germany

Table 47. Geometrical properties of In der Surst square, Bonn, Germany

In der Surst square, Bonn, Germany

Length to width
Principal
building

Contextual
buildings

Perimeter Openings

Dimensions
(m)

Ratio
Height to

perpendicular
distance

Length
to height

Width
to

height

Dimension
(m)

No. %

70 x 32 1.9:1 3:1 3.5:1 1.1:1 220 3 18

Figure 95. Noise sources, In der Surst, Bonn, Germany
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Table 48. Microclimate data collected from In der Surst square, Bonn, Germany

08:30–09:30
Point A B C D E

08:30

Light (LUX x10) 426 584 441 386 302
Temp (oC) 21.1 21.2 20.4 21.0 21.1

Noise (Lo A db) 52.8 54.2 54.5 51.2 55.4
Wind (mph) 2.6 1.8 1.4 3.7 3.8

08:45

Light (LUX x10) 474 561 432 375 313
Temp (oC) 21.2 21.4 21.6 20.9 20.9

Noise (Lo A db) 54.9 54.9 54.6 53.1 54.6
Wind (mph) 2.3 2.1 1.3 4.1 3.3

09:00

Light (LUX x10) 598 637 423 373 342
Temp (oC) 21.7 21.8 21.1 21.4 21.5

Noise (Lo A db) 52.5 54.0 51.3 53.3 54.3
Wind (mph) 2.6 1.5 1.3 3.8 3.5

09:15

Light (LUX x10) 527 668 467 409 383
Temp (oC) 21.9 21.8 21.2 21.6 21.6

Noise (Lo A db) 54.2 53.6 52.2 51.5 53.4
Wind (mph) 2.8 1.7 1.6 3.8 3.3

Average

Light (LUX x10) 506 613 441 386 335
Temp (oC) 21.5 21.6 21.9 21.9 21.0

Noise (Lo A db) 53.6 54.2 53.2 52.3 54.4
Wind (mph) 2.6 1.8 1.4 3.9 3.5

12:30–13:30
Point A B C D E

12:30

Light (LUX x10) 498 458 MAX MAX MAX
Temp (oC) 26.8 26.4 27.4 27.3 27.3

Noise (Lo A db) 52.3 54.8 53.2 50.7 55.6
Wind (mph) 6.2 4.8 4.7 6.2 6.8

12:45

Light (LUX x10) 569 493 MAX MAX MAX
Temp (oC) 26.6 26.4 27.2 27.1 27.3

Noise (Lo A db) 54.5 54.6 53.7 52.6 55.0
Wind (mph) 6.7 4.5 4.3 6.6 6.5

13:00

Light (LUX x10) 598 637 MAX MAX MAX
Temp (oC) 26.7 26.4 27.5 27.5 27.5

Noise (Lo A db) 52.9 54.7 52.4 52.8 54.4
Wind (mph) 5.8 4.7 4.0 6.2 6.9

13:15

Light (LUX x10) 527 668 MAX MAX MAX
Temp (oC) 26.9 26.6 27.5 27.3 27.2

Noise (Lo A db) 54.0 55.3 53.7 51.0 53.7
Wind (mph) 6.3 5.0 4.8 6.4 6.9

Average

Light (LUX x10) 548 564 MAX MAX MAX
Temp (oC) 26.8 26.5 27.4 27.3 27.3

Noise (Lo A db) 53.4 54.9 53.3 51.8 54.7
Wind (mph) 6.3 4.8 4.5 6.4 6.8

16:30–17:30
Point A B C D E

16:30

Light (LUX x10) 403 289 427 344 451
Temp (oC) 27.0 26.4 26.6 26.7 27.0

Noise (Lo A db) 52.4 52.9 52.9 52.5 55.8
Wind (mph) 6.6 4.7 4.7 6.4 6.6

16:45

Light (LUX x10) 390 271 453 224 381
Temp (oC) 26.1 26.3 26.8 26.6 27.0

Noise (Lo A db) 53.7 55.9 53.4 52.3 54.9
Wind (mph) 6.6 4.4 4.5 6.6 6.3

17:00

Light (LUX x10) 368 270 395 224 384
Temp (oC) 26.6 26.3 26.5 26.7 26.5

Noise (Lo A db) 54.3 53.6 53.1 52.8 55.5
Wind (mph) 6.4 4.8 4.3 6.7 6.5

17:15

Light (LUX x10) 353 287 434 211 396
Temp (oC) 26.6 26.2 26.6 26.4 26.4

Noise (Lo A db) 54.7 55.1 54.4 53.0 55.9
Wind (mph) 6.5 4.7 4.3 6.4 6.7

Average

Light (LUX x10) 379 279 427 251 403
Temp (oC) 26.9 26.3 26.6 26.6 26.7

Noise (Lo A db) 53.8 54.4 53.5 52.7 55.5
Wind (mph) 6.5 4.7 4.5 6.5 6.5
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6.3.5 Paris  Place Igor Stravinsky

Figure 96. Data collection points within Place Igor Stravinsky, Paris, France

Table 49. Geometrical properties of Place Igor Stravinsky, Paris, France

Place Igor Stravinsky, Paris, France

Length to width
Principal
building

Contextual
buildings

Perimeter Openings

Dimensions
(m)

Ratio
Height to

perpendicular
distance

Length
to height

Width
to

height

Dimension
(m)

No. %

98 x 50 2.2:1 2.3:1 3.2:1 2.2:1 310 4 19

Table 50. Pedestrian movement data from Place Igor Stravinsky, Paris, France

08:3009:30 12:3013:30 16:3017:30
Point In Out In Out In Out

A 456 492 1,668 1,752 948 876
B* - - - - - -
C 144 120 264 256 108 120
D 180 108 336 208 156 108
E* - - - - - -
F 504 444 1,740 1,620 900 924

*Data not collected because point did not measure pedestrians entering or exiting the space

Figure 97. Pedestrian movement and

activity based on observations. Place

Igor Stravinsky, Paris, France

Figure 98. Noise sources, Place Igor

Stravinsky, Paris, France (AM/PM)
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Table 51. Microclimate data collected from Place Igor Stravinsky, Paris, France

08:30–09:30
Point A B C D E F

08:30

Light (LUX x10) 571 648 684 186 265 175
Temp (oC) 20.8 21.1 20.9 20.3 20.4 20.3

Noise (Lo A db) 56.4 58.8 56.7 54.7 58.1 55.1
Wind (mph) 4.9 2.9 3.0 3.8 3.8 3.0

08:45

Light (LUX x10) 579 624 676 198 278 181
Temp (oC) 20.9 21.3 21.2 20.3 20.4 20.3

Noise (Lo A db) 57.3 59.1 56.8 55.3 57.9 54.6
Wind (mph) 4.5 2.5 2.8 3.1 3.6 3.2

09:00

Light (LUX x10) 619 793 758 236 341 214
Temp (oC) 20.6 21.2 21.0 20.5 20.3 20.5

Noise (Lo A db) 56.8 59.4 56.2 54.5 58.3 56.1
Wind (mph) 4.7 2.9 3.1 3.3 3.4 3.1

09:15

Light (LUX x10) 583 831 779 288 376 228
Temp (oC) 20.8 21.4 21.2 20.4 20.4 20.3

Noise (Lo A db) 57.2 59.8 57.8 55.8 59.1 55.7
Wind (mph) 5.2 2.7 3.0 3.4 4.0 3.5

Average

Light (LUX x10) 588 724 724 227 315 200
Temp (oC) 20.8 21.3 21.1 21.4 21.4 21.4

Noise (Lo A db) 56.9 59.3 56.9 55.1 58.4 55.4
Wind (mph) 4.8 2.8 3.0 3.5 3.7 3.2

12:30–13:30
Point A B C D E F

12:30

Light (LUX x10) MAX MAX 419 MAX 418 821
Temp (oC) 26.8 26.8 26.1 26.5 26.0 26.4

Noise (Lo A db) 58.1 61.2 57.7 59.2 62.3 61.2
Wind (mph) 5.1 2.9 4.1 4.2 4.6 3.8

12:45

Light (LUX x10) MAX MAX 401 MAX 425 873
Temp (oC) 26.4 26.5 26.0 26.4 25.9 26.1

Noise (Lo A db) 58.9 61.6 58.6 59.5 62.1 62.4
Wind (mph) 5.0 3.3 3.5 4.6 4.4 4.3

13:00

Light (LUX x10) MAX MAX 371 MAX 595 915
Temp (oC) 26.4 26.5 26.1 26.3 26.1 26.3

Noise (Lo A db) 59.7 62.8 58.7 60.3 62.5 61.9
Wind (mph) 5.5 2.6 3.6 4.5 4.8 4.2

13:15

Light (LUX x10) MAX MAX 389 MAX 555 886
Temp (oC) 26.8 26.6 26.3 26.5 26.4 26.6

Noise (Lo A db) 59.8 61.7 58.1 59.5 61.5 61.8
Wind (mph) 5.3 2.9 4.0 4.8 4.7 4.6

Average

Light (LUX x10) MAX MAX 395 MAX 498 874
Temp (oC) 26.6 26.6 26.1 26.4 26.1 26.4

Noise (Lo A db) 59.1 61.8 58.3 59.6 62.1 61.8
Wind (mph) 5.2 2.9 3.8 4.5 5.1 4.2

16:30–17:30
Point A B C D E F

16:30

Light (LUX x10) 306 203 129 100 501 489
Temp (oC) 24.8 25.6 24.6 25.0 25.3 25.4

Noise (Lo A db) 58.6 60.8 57.3 59.5 61.7 62.1
Wind (mph) 5.3 3.3 4.9 5.4 5.8 4.6

16:45

Light (LUX x10) 318 192 118 116 476 479
Temp (oC) 24.5 24.9 26.0 24.4 25.1 24.9

Noise (Lo A db) 56.9 61.5 55.6 60.6 61.5 61.3
Wind (mph) 5.8 3.5 4.8 5.2 6.0 4.3

17:00

Light (LUX x10) 251 136 112 120 453 431
Temp (oC) 25.0 24.5 24.4 24.5 25.2 25.1

Noise (Lo A db) 57.5 62.4 56.4 59.9 60.7 61.2
Wind (mph) 5.5 3.3 5.2 5.0 5.6 4.5

17:15

Light (LUX x10) 229 121 101 101 408 418
Temp (oC) 24.6 24.2 24.5 24.4 25.0 25.3

Noise (Lo A db) 60.4 60.4 56 59.7 60.3 61.7
Wind (mph) 6.0 3.7 4.8 5.5 5.9 4.2

Average

Light (LUX x10) 276 163 115 109 460 454
Temp (oC) 24.7 24.8 24.6 24.6 25.2 25.2

Noise (Lo A db) 58.4 61.3 56.3 59.9 61.1 61.6
Wind (mph) 5.7 3.5 4.4 5.3 5.8 4.4
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6.4 Comparison to weather station data

An evaluation of the selected square’s ability to reduce wind and increase temperature

was carried out by comparing the measured data presented Table 40, Table 43, Table

46, Table 48 and Table 51 to data obtained from weather stations close to the

respective squares for the day the corresponding square was studied (available in

Appendix B). The results of this comparison (presented in Table 52Table 56)

established that all the exemplar squares were able to reduced the external wind speed

by between 16% to 80% and an increase in temperature of up to; 1.5 oC for the 08:30 –

09:30 study, 4.2 oC for the 12:30–13:30 study and 4.8oC for the 16:30–17:30 study.

Table 52. Comparison between measured data and weather station data, Chamberlain

Square, Birmingham

Measured data (range) Weather station data Difference

08:30


09:30

Temp (oC) 14.9–16.1 14.8 +0.1 to +1.3

Wind (mph) 4.0–7.8 14.6
-10.6 to -6.8

(73% to 47%)

12:30


13:30

Temp (oC) 20.5–22.0 18.0 +2.5 to +4.0

Wind (mph) 3.1–7.9 14.4
-11.3 to -6.5

(78% to 45%)

16:30


17:30

Temp (oC) 19.5–20.6 16.9 +2.6 to +3.6

Wind (mph) 2.9–7.8 14.5
-11.6 to -6.7

(80% to 46%)

Table 53. Comparison between measured data and weather station data, Burg square,

Bruges

Measured data (range) Weather station data Difference

08:30


09:30

Temp (oC) 16.0–17.3 15.9 +0.1 to +1.4

Wind (mph) 4.6–7.6 16.1
-11.5 to -8.5

(71% to 53%)

12:30


13:30

Temp (oC) 19.6–21.2 17.2 +2.4 to +4.0

Wind (mph) 3.5–6.9 10.0
-6.5 to -3.1

(65% to 31%)

16:30


17:30

Temp (oC) 20.2–21.3 17.0 +3.2 to +4.3

Wind (mph) 4.0–5.8 6.9
-2.9 to -1.1

(42% to 16%)
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Table 54. Comparison between measured data and weather station data, Grote Markt,

The Hague

Measured data (range) Weather station data Difference

08:30


09:30

Temp (oC) 18.2–19.3 17.9 -0.7 to +0.7

Wind (mph) 4.3–6.6 11.1
-6.8 to -4.5

(61% to 41%)

12:30


13:30

Temp (oC) 24.2–25.5 22.2 +2.0 to +3.3

Wind (mph) 5.5–7.5 11.9
-6.4 to -4.4

(54% to 37%)

16:30


17:30

Temp (oC) 23.8–24.8 20.9 +2.9 to +3.9

Wind (mph) 5.2–7.4 15.3
-10.1 to -7.9

(66% to 52%)

Table 55. Comparison between measured data and weather station data, In der Surst,

Bonn

Measured data (range) Weather station data Difference

08:30


09:30

Temp (oC) 20.4–21.9 20.4 0.0 to +1.5

Wind (mph) 1.3–3.8 5.0
-3.7 to -1.2

(74% to 24%)

12:30


13:30

Temp (oC) 26.4–27.5 24.1 +2.4 to +3.5

Wind (mph) 4.0–6.9 9.6
-5.9 to -2.0

(58% to 28%)

16:30


17:30

Temp (oC) 26.2–27.1 24.1 +2.1 to +3.0

Wind (mph) 4.3–6.7 8.4
-4.7 to -0.7

(49% to 20%)

Table 56. Comparison between measured data and weather station data, Place Igor

Stravinsky, Paris

Measured data (range) Weather station data Difference

08:30


09:30

Temp (oC) 20.3–21.4 20.2 +0.1 to +1.2

Wind (mph) 2.5–5.2 7.3
-4.8 to -2.1

(66% to 29%)

12:30


13:30

Temp (oC) 25.9–26.8 22.6 +3.3 to +4.2

Wind (mph) 2.6–5.5 8.1
-5.5 to -2.6

(68% to 32%)

16:30


17:30

Temp (oC) 24.2–25.4 20.6 +3.6 to +4.8

Wind (mph) 3.3–6.0 10.4
-6.1 to -2.1

(68% to 42%)
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6.5 Comparison to performance

The literature review presented in chapter 3 established that for a square to be

considered comfortable, it should provide an environment in which the noise level

from noise pollution sources is no greater than 60db, that the wind speed should be

below 8mph and that the temperature should range from 13oC-24oC. A comparison

between these performance criteria and the measured data presented Table 40, Table

43, Table 46, Table 48 and Table 51 and summarised in Table 57 allowed for the

selected square’s ability to provide a comfortable space to be evaluated. The results of

this comparison established that although some of squares presented values for noise

(maximum +6.8 db) and temperature (maximum +3.5oC) just above the performance

criteria, 79% of all the measured data was within the performance criteria. Therefore,

it can be said that the successful exemplar squares that were studied provided a

comfortable environment and as a result the performance criteria is applicable to aid in

the design of successful city centre squares within north-western Europe.

Table 57. Summary of behavioural aspects measured in the selected exemplar squares

Square
Noise data

(range db)

Wind data

(range mph)

Temperature

data (range oC)

Chamberlain Square,
Birmingham

51.6 – 66.8 2.9 – 7.9 14.9 – 22.0

Burg Square,
Bruges

50.5 – 57.5 3.5 – 7.6 16.0 – 21.3

Grote Markt,
The Hague

50.4 – 62.4 4.3 -7.5 18.2 – 25.5

In der Sur Square,
Bonn

50.7 – 55.9 1.3 – 6.9 20.4 – 27.5

Place Igor Stravinsky,
Paris

54.7 – 62.8 2.5 -5.5 20.3 – 26.8

6.6 Summary

This chapter depicted the methods and process undertaken for data collection within

each of the selected city centre squares. Data was collected for the geometrical

characteristics, pedestrian movement and microclimate aspects: noise level (db), wind

speed (mph), solar access (LUX) and temperature (oC). Data relating to the

geometrical characteristics of the exemplar squares was collected using existing 3D

CAD models of the selected squares obtained from Zmapping and Gta-Geo, thus
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reducing opportunities for human error by taking measurements within the space. Data

relating to pedestrian movement and microclimate aspects was collected on location to

gather an understanding of how the pedestrian movement, noise level, wind speed,

light level and temperature changed within the squares throughout the day. Data was

therefore collected at designated points, during three periods of the day: 08:30–09:30,

12:30–13:30 and 16:30–17:30. These times were chosen as they coincided with the

key times of pedestrian movement within the squares. Data collected during the

fieldwork for the pedestrian movement and microclimate was subsequently used to

evaluate selected software applications, described in Chapter 10. This chapter also

described an evaluation of the selected square’s ability to reduce wind and increase

temperature by comparing the measured data to data obtained from weather stations

close to the respective squares. The results of this comparison established that all the

exemplar squares were able to experience a reduction of the external wind speed (by

1680%) and experience an increase in temperature (up to 4.8oC). A further

comparison between the measured data and the established performance criteria

established successful exemplar squares that were studied provided a comfortable

environment and as a result the performance criteria is applicable to aid in the design

of successful city centre squares within north-western Europe.

This chapter presented a methodology for collecting data relating to the geometrical

characteristics if the exemplar squares using existing 3D CAD models. This data was

used to evaluate the design framework to best suit the design of city centre squares

within north-western Europe.
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Chapter 7: Evaluation of design framework:

geometrical characteristics

7.1 Introduction

The detailed literature review of theoretical concepts of urban design and particularly

those relating to the design of city centre squares, established key geometrical

characteristics for squares in northern Europe (summarised in Table 58) and their

importance in creating a sense of enclose. To evaluate the geometrical characteristics

stated in the design framework, the stated ratios and values were tested with the

dimensions from the five selected north-western European squares. In doing so, the

results were used to confirm the design framework for city centre squares in north-

western Europe. The analysis is structured into six main sections: (1) square

dimensions; (2) ratio of length to width; (3) the relation between the proportions of the

principal building and the shape of the square; (4) relationship between the height of

the principal building and the perpendicular square dimension; (5) the relationship

between the height of the contextual buildings and the perpendicular square

dimension; and (6) the relationship between the perimeter and openings. Within each

category the key geometrical characteristics gained from the comprehensive literature

review are stated, before a comparison study of the five north-western European

squares is outlined. Following the comparison study for all six sections, a summary of

findings is presented and geometrical criteria established for the design of city centre

squares within north-western Europe.

Table 58. Geometrical design framework for northern European squares

Square Size*
Perpendicular distance to

height of:
Openings

Dimensions
(m)

length to
width

Perimeter
size (m)

Length to
width

Principal
building

Contextual
buildings

No.
% of

frame
Length Width

Small
12 to 25
30 x 12 75

to

335

1.1:1

to

3:1

2:1

to

3:1

1:1

to

8:1

1:1

to

4:1

2

to

5

8

to

28

Average
70 x 50
90 x35

Large 100 x 70

Maximum 100

*The size should relate to the number of people likely to use it (Corbett, 2004)
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7.2 Square dimensions

The design framework provides example dimensions for different sized city squares,

i.e. small, average and large (Figure 99) and states that a square’s perimeter should be

between 75m and 335m.

Figure 99. Small, average, and large dimensions for the main city square

Table 59. Dimensions of the exemplar north-western European squares

Square
(city)

Image
Dimensions (m)
(length x width)

Size
Perimeter

(m)

Chamberlain
Square

(Birmingham)
70 x 58 Average 254

Burg
(Bruges)

67 x 45 Average 230

Grote Markt
(The Hague)

70 x 35 Average 207

In der Surst
(Bonn)

70 x 32 Average 220

Place Igor
Stravinsky

(Paris)
95 x 50 Large 286
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7.3 Ratio of length to width

The geometrical design framework allows a range of 1.1:1 to 3:1 for the ratio of length

to width of a square (Figure 100).

Figure 100. Minimum and maximum length to width ratios of city centre squares

Table 60. Length to width ratios of the exemplar north-western European squares

Square (city) Image Ratio

Chamberlain Square
(Birmingham)

1.2:1

Burg
(Bruges)

1.5:1

Grote Markt
(The Hague)

2.0:1

In der Surst
(Bonn)

2.2:1

Place Igor Stravinsky
(Paris)

1.9:1
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7.4 The relation between the proportions of the principal

buildings and the shape of the square

Although not an established criteria for northern European squares, the examination of

the exemplar squares that contain principal buildings established that Sitte’s (1889)

observation that a southern European square’s shape is related to the proportions of

the façade of the principal building that faces onto the square (Figure 101) was also

true for the exemplar squares studied in northern Europe (Table 61).

Figure 101. Principal building dimension relative to square shape

Table 61. Principal building dimension relative to square shape

Square
(city)

Image
Principal

building shape
Square
shape

Chamberlain Square
(Birmingham)

Tall Deep

Burg
(Bruges)

Wide Wide

Grote Markt*
(The Hague)

N/A N/A N/A

In der Surst
(Bonn)

Tall Deep

Place Igor Stravinsky
(Paris)

Tall Deep

*The Grote Markt (The Hague) was exempt from this study as it does not contain a principal
building.
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7.5 Relationship between the height of the principal

building and the perpendicular square dimension

The geometrical design framework states a range of 2:1 to 3:1 for the ratio of the

square dimension perpendicular to the height of the principal building (Figure 102).

Figure 102. Minimum to maximum ratios for the perpendicular dimension of city

centre square in relation to the height of the principal buildings

Table 62. Ratio of principal building heights to perpendicular distances

Square
(city)

Image (s)
Ratio

(perpendicular
distance : height)

Chamberlain Square
(Birmingham)

3.0:1

Burg
(Bruges)

2.0:1

Grote Markt*
(The Hague)

N/A N/A

In der Surst
(Bonn)

2.6:1

Place Igor
Stravinsky

(Paris)
2.3:1

*The Grote Markt (The Hague) was exempt from this study as it does not contain a principal
building.
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7.6 The relationship between the height of the contextual

buildings and the perpendicular square dimension

The geometrical design framework states a range of 1:1 to 4:1 for the ratio of width to

height of the contextual buildings (Figure 103) and 1:1 to 8:1 for the ratio of length to

height (Figure 104).

Figure 103. Minimum to maximum ratios for the width of a city centre square in

relation to the height of contextual buildings

Table 63. Ratio of square widths to contextual building heights

Square
(city)

Image
Ratio

(perpendicular
width : height)

Chamberlain Square
(Birmingham)

2.0:1

Burg
(Bruges)

3.0:1

Grote Markt
(The Hague)

2.7:1

In der Surst
(Bonn)

1.7:1

Place Igor Stravinsky
(Paris)

2.4:1
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Figure 104. Minimum to maximum ratios for the length of a city centre square in

relation to the height of contextual buildings

Table 64. Ratio of square lengths to contextual building heights

Square
(city)

Image
Ratio (perpendicular

length : height)

Chamberlain
Square

(Birmingham)
2.3:1

Burg
(Bruges)

5.2:1

Grote Markt
(The Hague)

5.8:1

In der Surst
(Bonn)

3.7:1

Place Igor
Stravinsky

(Paris)
3.2:1
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7.7 The relationship between a square’s perimeter and

openings

The design framework states that a square should have two to five openings (Figure

105) which constitute 828% of the surrounding frame (Figure 106).

Figure 105. Range for number of openings onto a square

Table 65. Location and size of openings onto studied squares

Square
(city)

Openings Size of openings

Chamberlain Square
(Birmingham)

(1)
(2)
(3)
(4)
(5)

Total:

8.0m
4.5m

17.0m
20.0m

9.0m

58.5m

Burg
(Bruges)

(1)
(2)
(3)
(4)

Total:

9.5m
4.0m

10.0m
9.5m

33.0m

Grote Markt
(The Hague)

(1)
(2)
(3)
(4)
(5)

Total:

5.0m
4.0m
5.5m
9.5m
6.0m

30.0m

In der Surst
(Bonn)

(1)
(2)
(3)

Total:

14.5m
9.5m

12.0m

26.0m

Place Igor Stravinsky
(Paris)

(1)
(2)
(3)
(4)

Total:

8.0m
9.0m

18.0m
13.0m

48.0m
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Figure 106. Range for the percentage of a square’s surrounding form as openings

Table 66. Assessment of percentage of surrounding form of the exemplar squares as

openings

Square
(city)

Perimeter (m)
Total size of
openings (m)

% of surrounding
form open

Chamberlain Square
(Birmingham)

254 58.5 23

Burg
(Bruges)

230 33 14

Grote Markt
(The Hague)

207 30 14

In der Surst
(Bonn)

220 36 16

Place Igor Stravinsky
(Paris)

286 48 17
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7.8 Summary

This chapter aimed to evaluate the key geometrical characteristics relating to the

design of city centre squares in north western Europe that were stated in the overall

geometrical design framework for northern European squares. The geometrical

characteristics of the five studied exemplar squares were evaluated against those stated

in the design framework in the six key categories: dimensions; ratio of length to width;

relationship between the proportions of the principal building and the shape of the

square; relationship between the height of the principal building and the perpendicular

square dimension; relationship between the height of the contextual buildings and the

perpendicular square dimension; and the relationship between the square’s perimeter

and openings (findings summarised in Table 67). It was established that the

geometrical characteristics of the exemplar squares were within the ranges allowed by

the overall geometrical design framework for all aspects.

Table 67. Summary of findings: comparison of geometrical characteristics of

exemplar squares compared with the geometrical design framework for northern

European squares

Square size
Perpendicular distance to

height of:
Openings

Dimensions
(m) (length

x width)

Perimeter
size (m)

Length
to

width

Principal
Building

Contextual
Buildings No.

% of
frame

Length Width

Small
12 - 24
30 x 12

75335

R
a

n
g

e 1.1:1
to

3:1

2:1
to

3:1

1.1:1
to

8:1

1:1
to

4:1

2
to
5

8
to
28

Average
70 x 50
90 x 35

Large 100 x 70

Max. 100

Squares

Birmingham 70 x 58 254 1.2:1 3.0:1 2.3:1 2.0:1 5 23

Bruges 45 x 67 230 1.5:1 2.0:1 5.2:1 3.0:1 3 14

The Hague 70 x 35 207 2.0:1 N/A 5.8:1 2.7:1 4 14

Bonn 70 x 32 220 2.2:1 2.6:1 3.7:1 1.7:1 3 16

Paris 95 x 50 286 1.9:1 2.3:1 3.2:1 2.4:1 4 17

Although this chapter verified the geometrical design framework for the design of

north-western European squares, the resulting microclimate could still only be tested

post-construction. Therefore, for a fully integrated approach to the design of city

centre squares to be considered, a way of assessing the resulting microclimate of a

public square during the design process is needed.
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Chapter 8: Selection of computer software to

predict the performance of city centre

squares

8.1 Introduction

Existing urban design theory, outlined in Chapter 3, established that the design of city

centre squares is not simply concerned with the geometrical characteristics but also the

behaviour aspects of the environment, which contribute significantly to comfort and

use of the square. Therefore, a way of being able to communicate and predict the

behaviour aspects, would aid in the design of city squares, by enhancing pedestrian

comfort and thus encourage more activity in urban spaces (Erell, Pearlmutter and

Williamson, 2011). Recent advances in computer-aided design have contributed to the

geometrical assessment of spaces, but there have only been limited attempts which

allow the designer to simulate other microclimate aspects relating to urban squares.

Xia and Qing (2004) emphasise that the application of three-dimensional computer

representations to urban spaces is not limited to just the geometrical assessment, but

offers further possibilities for analysing and simulating additional microclimate

aspects. They propose that the ability to analyse the noise, wind, solar access and

temperature using three-dimensional representations would improve the design of

urban spaces. The need to represent behaviour aspects of the urban environment is

discussed by Ratti and Richens (1999), who observe that urban design is not purely to

do with urban texture, the pattern of streets, building heights, open spaces and so on,

but also to do with aspects such as noise, wind and temperature, which contribute

significantly to the comfort of an area. This view has led them and others to highlight

the need for a more integrated approach to the design of urban spaces by applying

computer software to analyse and simulate both the geometrical and behaviour

aspects, to enable more effective testing and development of urban spaces with

consideration of user comfort. This view forms the basis for the research and is the

rationale for this survey.

This chapter presents the selection of computer tools which could contribute to a more

integrated approach to urban design and which could be used to analyse and simulate

geometrical characteristics and microclimate aspects relating to the design of city

centre squares. The chapter begins by establishing a methodology for the selection of

appropriate software tools. It provides a systematic overview of currently available
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software that could support the simulation of building density, height, colour and

style, and conditions relating to pedestrian movement, noise, wind, solar access and

temperature. The survey (carried out during 20081) identified both commercial and

academic software that are easily accessible. Software was considered accessible if it

could be commercially purchased. Following the identification of appropriate software

tools, a filtering process based on the requirements of the research was applied to

establish those software applications that were deemed appropriate for use within the

scope of the research. The chapter describes this study and presents a summary of the

findings relating to the selected software suitability for assisting in the design of city

centre squares.

1 The research accepts that since the survey was completed several of the reviewed

software applications have been developed to offer capabilities that were not present

during the survey process. Therefore, this survey should not be deemed as a definitive

study.
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8.2 Requirements of selected software

Software was identified based upon either current capabilities or evidence of future

developments appropriate for application in assisting the design of city centre squares.

The review therefore concentrated on identifying and selecting software from six

categories: 3D geometric modelling, pedestrian movement, noise mapping, wind

analysis, solar access and temperature analysis, with each of the six categories being

used to analyse and simulate at least one of the aspects identified to create an

integrated approach to the design of city centre squares (Figure 107).

Figure 107. Capabilities of each of the software packages

Key requirements of the selected software were capability of handling and visualising

3D geometry and the communication of results using three-dimensional

representations. Another major issue for consideration in the selection process was the

accessibility and the interconnectivity between other software packages. This was

greatly dependent on the ability of each of the selected software applications to export

and import several file formats. The research would use the 3D geometric modelling

software as the central software, exporting its three-dimensional geometry data to the

selected pedestrian movement and microclimate software packages for analysis or

simulation (see Figure 108). Accuracy in both data input and results output is a crucial

requirement if the selected software applications are to be effectively used to improve

the design of city centre squares. The accuracy of data input differs in each of the six

software applications, but from the comprehensive literature review into the
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geometrical and behaviour aspects important in square design, a list of possible data

input was initially established (Table 68). Identified software was examined for the

ability to meet data input requirements. Another major issue considered when

selecting and evaluating the identified software was ease of use to the user. Selected

software was examined for the ability to offer a friendly user interface, with little or no

need for any programming to take place and where possible the ability to offer a quick

learning curve in inputting data and carrying out the appropriate analysis.

Figure 108. Connectivity of software packages

Table 68. Data input for selected software applications

Software
Application

Data Input

3D modelling Geometry: height, length and width of objects. Terrain data

Pedestrian
movement

Number of pedestrians entering and exiting the square. Type of
pedestrians; adult or child, male or female, tourist or local

Noise
modelling

Location and output of noise sources. Refection and absorption
properties of surrounding materials

Wind
movement

Wind speed and wind direction. Properties of surrounding materials,
including any porous materials

Solar access Longitude and latitude. Date and time. Cloud cover

Temperature
analysis

Longitude and latitude. Date and time. Weather conditions. Cloud
cover and wind speed. Thermal properties of surrounding materials.

8.3 Establishing a methodology for software selection

This study aimed to identify commercial and academic computer software applications

capable of three-dimensional computer representations and which could be used to

analyse and simulate both geometrical and behaviour aspects of square design. Upon

consultation of academic literature for software identification and selection, the

process that was considered most appropriate for use within the research was the

systematic approach adopted by Horne (1998). This process involves understanding
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the needs and requirements of the research and identifying a set of criteria to meet

those needs; identifying the functional requirements and performance characteristics

required by the software; screening potential software; and finally, selecting software.

As identified by Horne (1998) the methodology used in the process for identifying and

selecting software is based on previous methodology and techniques used by

Underwood (1993). The methodology adopted uses a selection process to initially

identify suitable computer programs. This is then followed by an outlined evaluation

of each program by comparing a set of program criteria in the form of a comparison

chart. The identification of general attributes of the various potential software

packages in this manner enables a filtering process to be used to eliminate clearly

unsuitable programs from further consideration. From this filtering process, a more

detailed evaluation of the program(s) can be carried out. Underwood (1993) continues

his selection process by carrying out benchmark testing. No benchmark testing will be

used for this study, as benchmarking is usually associated with assessing performance

characteristics of computer hardware, for example measuring the processing power,

whereas this research is interested in modelling and visualisation capabilities of the

software.

8.3.1 Stage 1 - Identification of software capabilities

In identifying potential software to use for the design of city centre squares, a two-

stage process was applied to each of the six software categories. The first step in

identifying potential software was to establish a set of criteria by which the identified

software could be compared against. These criteria reflected the requirements and the

final outcomes that the research expected of the software. They address the three-

dimensional representation capabilities, the links to other software and the evidence of

previous use and application within academic research.

Three-dimensional representation capabilities – the capabilities of the software to

produce three-dimensional representations was a key requirement for the research.

Selected software had to be able to handle 3D city data and output results using three-

dimensional representations. The 3D modelling packages were also assessed for their

ability to create 3D elements.

Interconnectivity of software – selected software had to be capable of handling

primary CAD file formats, both for importing and exporting to other programs. DXF

and DWG file formats were identified for this purpose, as they are a common file

format throughout 3D modelling and CAD software packages and are the data format
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that the 3D city is supplied in. However, depending on which 3D modelling package

was selected, different file formats for exporting and importing data might also be

considered.

Use within urban design – existing commercially available software was assessed for

appropriateness (accessibility and evidence of ease of use) and any previous

application within urban design.

Use within academic research – selected software was assessed for previous use

within academic research.

The second step in identifying potential software was to carry out a technical

evaluation of the identified software. The features identified for each of the software

applications differed depending on the category of software in question. Features that

were consistent throughout all identified software packages are shown in Table 69.

Features of each of the packages were established and entered into a comparison chart

(see Table 70  all comparison charts presented in Appendix C). Figure 109 shows the

identified software for the six established software categories.

Table 69. Features of software applications

Feature
Origin Cost

Title Cost
Author Visualisation capabilities
Distributor 2D visualisation
Country of origin 3D visualisation
Latest version Links to other software
Operating system(s) Compatible file importation

Basic modelling capabilities Program Availability
2D drafting Readily accessible
3D modelling
Architectural focus
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Table 70. Example of a comparison chart: wind modelling

Origin

Title Fluent
APUS-
CFD

Star
CCM+

MECA
Wind

CFX WinMISKAM

Author ANSYS
Symban
Systems

CD-
adapco

MECA
Enterprises

ANSYS Lohmeyer

Distributor ANSYS
Symban
Systems

CD-
adapco

MECA
Enterprises

ANSYS Lohmeyer

Country of
Origin

USA UK USA USA USA Germany

Launch
Date

1988 2005 1989

Latest
Version

Fluent 6.3
APUS-
CFD

Star-
CD V4

MECA
Wind 5

CFX-5
WinMISKAM

5.2

OS(s) PC PC PC PC PC PC

Cost
Software

cost
£3,950.00 £55 £5,844

Basic
modelling

capabilities

2D
Drafting

Yes Yes

3D
modelling

Yes Yes Yes Yes Yes

Architec-
tural focus

Yes Yes Yes Yes Yes

Visualisation
Capabilities

2D output Yes

3D Output Yes Yes Yes Yes Yes

Links to
software

3ds / DXF
Import

Yes Yes Yes Yes

Program
accessibility

Readily
accessible

Yes Yes Yes Yes

Figure 109. Identified software
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8.3.2 Stage 2 - Selection of potential software

Following the identification of the software applications within each of the six

categories, the next stage was to carry out the process of selecting software that could

be considered for use within the research. The process of selecting software was done

by applying a filtering process to identify software unsuitable for further consideration

and those that required further and more detailed study. The filtering process simply

consisted of asking closed yes and no questions to identify software that could pass

through to the next filtering process. The application of the filters aimed to identify

between two and four software applications that could be considered suitable for use

within the research. The filters used in the survey aimed to identify software that was

capable of modelling and visualising in 3D; could be considered to assist in the design

of city centre squares; was capable of linking to other identified software packages

using appropriate CAD file formats; and was considered appropriate for use within the

research. The filters were therefore as follows:

Filter 1 Basic modelling capabilities – 3D modelling

Identified software had to be capable of handling 3D city data. The

3D modelling software was also considered for its primary focus as a

3D modelling package. Those software applications that could not

handle selected 3D city data or were not considered to be focused

towards 3D modelling were eliminated from the research.

Filter 2 Appropriate use within the square design process

Identified software had to be considered applicable to assist in the

design of city centre squares. Therefore, software had to be easily

accessible (i.e. commercially available for purchase), and show initial

evidence of ease of use (i.e. contain an user interface)

Filter 3 Visualisation capabilities – 3D visualisation

The ability for identified software to produce results using 3D

representation was a key requirement of the research. Identified

software packages that were not capable of 3D visualisation were not

considered for further study.

Filter 4 Interconnectivity of software

Identified software had to be capable of importing common CAD file

formats, or appropriate file formats that could be exported from the

selected 3D modelling package.
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Filter 5 Potential for use

The final filter assessed the remaining software for potential serious

use within the research. Only those applications that were considered

to have potential for use within the research were selected for further

study.

8.4 3D modelling

3D computer modelling is the process of developing and creating a three-dimensional

object using a combination of standard or manipulated 2D and 3D shapes, with the aid

of specialised software. The result is a mathematical wireframe, solid or textured

geometrical representation of any three-dimensional object. Depending on the

software capabilities, further applications of 3D modelling packages can be the ability

to animate an object, add special effects, create photo-realistic objects and

environments and add advanced lighting. However, within this research, the selected

3D modelling software would only be required to handle 3D city data and create the

basic elements of the urban squares; building density, height and style, street furniture,

floorscape, etc. Therefore the selected 3D modelling package had also to be able to

import, handle and create the necessary 3D data at the required level of detail. The

ease in modelling these elements was crucial in the software selection.

There are a number of software packages capable of carrying out 3D modelling; some

are designed from the start to manage such a task, while others are extra capabilities

added to existing 2D drawing software. Some 3D modelling software packages are

more focused towards architectural visualisation, while others, although capable of

this, are more focused towards animation or game design. The majority of 3D

modelling software packages are CAD-based, although the last decade has seen the

emergence of building information modelling (BIM) software. Typically, BIM

software allows for detailed architectural 3D models to be created and linked to a

database of relevant data needed to support the construction, fabrication, procurement

and management of the building (Eastman et al., 2008). Although BIM software offers

3D modelling capabilities, its current application is limited to a single building or a

small group of buildings, and it is therefore currently not applicable for use within

urban design. This research and this survey of tools to assist in the design of city

centre squares therefore focused on a CAD-based approach, as this is the technology

commonly adopted for city modelling and one that can be easily integrated into the

current design process of city squares.
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8.4.1 Application of filtering process

This survey identified 16 different software packages capable of 3D modelling; the

results of applying the filtering process are summarised in Table 71. Thirteen of the

identified software packages passed the first filtering process, i.e. were capable of

handling 3D city data and were considered to have a primary focus towards 3D

modelling. Those software applications that did not pass the first filtering process

were considered to have a primary focus towards 2D modelling with the ability to

model in 3D as a secondary focus. The second filter eliminated seven software

packages from the selection process. Those software packages that did not pass

through to the next stage were considered not to be focused towards architectural

visualisation, and were therefore considered not appropriate to assist in the design of

city centre squares. Filter 3 eliminated none of the remaining software packages from

the selection process, as all remaining software packages were considered capable of

visualising outputs using 3D representations. Following the application of the fourth

filter, five software packages remained. These software applications were able to both

import and export standard CAD file formats. The final filtering processes eliminated

two of the remaining software packages, leaving three for further detailed study. The

software packages that were eliminated from the selection process, when compared to

the other remaining software packages, were basic in their features and capabilities.

3D Studio Max 2008, Google SketchUp Pro 6 and Lightwave 3D 9.3 are also more

widely used within design professions.

Table 71. Summary of software selection result – 3D modelling

Software Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Select

3D Studio Max 2008 Yes Yes Yes Yes Yes Yes
Houdini (2008) Yes No No

Maya 2008 Yes No No
XSI 6.5 Yes No No

Google SketchUp 6 Yes Yes Yes Yes Yes Yes
Cinema 4D R11 Yes Yes Yes No No

Blender 2.47 Yes No No
Rhino (2008) Yes No No

TrueSpace 7.5 Yes No No
Microstation V8i No No

FormZ 6.6 Yes Yes Yes Yes No No
Lightwave 3D 9.3 Yes Yes Yes Yes Yes Yes

Modo 203 Yes Yes Yes Yes No No
Blink 3D 2.0 Yes No No

AutoCAD 2008 No No
Archicad 12 No No
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The following provides a general description of the three software packages selected

for further detailed evaluation.

3D Studio Max 2008

3D Studio Max 2008 is a highly customisable and scalable 3D modelling, animation,

and rendering, solution for design visualisation, games, film and television (Autodesk,

2008). It is commercial software developed in the USA by Autodesk Ltd. 3D Studio

Max 2008 is able to cope with large files and can produce stunning photo-real

imagery, support iterative rendering workflows by delivering interactive previewing of

shadows, the 3D Studio Max sun/sky environment, and mental ray Architectural and

Design material settings, all of which can be edited with ease (Autodesk, 2008). Other

features include advanced polygon and spline-based 3D modelling tools, fast

rendering with network support, animation capabilities, cloth and particle simulation

and advanced lightening techniques. In addition, 3D Studio Max 2008 delivers

enhanced support for complex pipelines and workflows, a new integrated MAXScript

ProEditor for extending and customising 3D Studio Max features, plus, enhanced

DWG™ file-linking and data support with relative software (Autodesk, 2008).

Google SketchUp Pro 6

Google SketchUp is a tool for creating, editing and sharing 3D models. Google (2009)

state that SketchUp is designed for architects, civil engineers, filmmakers, game

developers and related professions, and is marketed as an easy-to-use 3D modelling

tool. SketchUp claims to offer a simple interface and was designed to be more

intuitive, flexible, and easier to use than other 3D CAD programs. As a result, Google

SketchUp promises a fast learning curve, not just for experienced 3D modellers but

also for first time users (Google, 2009).

Lightwave 3D 9.3

Lightwave 3D 9.3 is an established and powerful 3D modelling, animation and

rendering software (NewTek, 2008). It was developed by NewTek in the USA as

commercial software for architectural visualisation to independent production and

major studio geometrical effects. NewTek (2008) claims that the renderer in

Lightwave 3D 9.3 is unparalleled and as a software will form the centrepiece of any

pipeline of work. Other features include advanced camera tools, advanced modelling

and animation capabilities and particle FX and dynamics systems.



Chapter 8: Selection of computer software to predict the performance of city centre
squares

138

8.4.2 Comparison of selected software to initial criteria

The final stage in the process of selecting the software that will be used for the 3D

modelling within the research was to compare the three software packages against the

initial criteria.

Three-dimensional representation capabilities

All the three remaining software packages identified for further study are capable of

handling the necessary 3D city data and completing the required 3D modelling

techniques. Both 3D Studio Max and Lightwave 3D come with a selection of ready-to-

use 3D geometry and 2D shapes which can be converted, edited and modified into

various to 3D forms. Google SketchUp only provides the user with 2D shapes, but

these can be converted into 3D geometry using a selection of techniques.

Links to other software

All three software packages are able to both import the required 3D city data and

export to other software packages via a number of file types. Crucially, all three are

able to import and export standard CAD file formats (DXF and DWG), allowing for

all three software packages to be included in many production pipelines. Google

SketchUp offers further connectivity with other software packages via a selection of

plug-ins that have been developed by various software companies to allow models

within SketchUp to be connected directly to their software package. This reduces the

need to export any data and in some cases allows the analysis of a model to be carried

out directly within Google SketchUp.

Use within urban design

All three software packages show previous application within urban design on their

corresponding websites, especially towards the application of urban visualisation.

However, of the three software applications selected, it is 3D Studio Max and Google

SketchUp that show the greatest application within the urban design. This is due to

their accessibility to many architectural and urban design practices. Google SketchUp

in particular is used greatly within the design professions, due to its ease of use, quick

learning curve and accessibility. There have also been several plug-ins developed for

use within Google SketchUp that are directly related to assisting in urban design,

among them ‘Holistic City’ and ‘Urban Developer’.
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Use within academic research

Both 3D Studio Max and Google SketchUp have been widely used within academic

research within the built environment. Either as a form of evaluation tool for city

models (Laing et al., 2002; Hudson-Smith, Evans and Batty, 2005), as a tool to

develop 3D city models for use on the web (Jeginovic, 2004; Ren et al., 2004) or as

tool to model and animate pedestrian movement (Qin, Wu and Zhao, 2008). However,

Lightwave showed very little evidence of being implemented within related academic

research.

8.4.3 Selection; summary – 3D modelling

3D modelling software packages are difficult to compare because of the many

different features that each of the packages offer. Each one may be targeting its own

audience and will therefore accelerate the evolution of features within that area.

Following a further study of the three software applications selected, 3D Studio Max,

Google SketchUp and Lightwave, it was concluded that both 3D Studio Max and

Google SketchUp were the most appropriate to aid in the design of city centre squares.

Although Lightwave did meet all of the requirements for the research, it was felt that

the reputation and accessibility of both Autodesk 3D Studio Max and Google

SketchUp as leading software packages within urban design already and their

interconnectivity with other software packages offered greater advantages for use

within the research and in the design of city centre squares. However, as a result of

their reputation and the various advantages they offer, selecting between 3D Studio

Max and Google SketchUp was difficult. Although 3D Studio Max offers greater 3D

modelling capabilities, Google SketchUp promises a simpler user interface and a

quick learning. The increasing number of plug-ins becoming available for Google

SketchUp, especially several focused towards urban design and urban planning, also

represents recognition from professionals that Google SketchUp is an appropriate

software package for use within urban design. It was therefore Google SketchUp Pro 6

that was selected as the 3D modelling package for use within this research.

8.5 Pedestrian movement

Pedestrian movement software can be either a 2D or 3D application used to model the

movement or flow of pedestrians within a given space and environment. Such

software is often based on a statistical model which links real observed flows with a

range of factors that have been shown to influence movement patterns. Intelligent
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Space (2006) states that at a basic level, modelling pedestrian movement provides

estimated values for the number of people walking on each street within an urban area

or even a whole city. Pedestrian models can also be used to identify areas of

congestion and are also often used to simulate pedestrian evacuation from a building

under emergency conditions, e.g. a fire. However, within this research the selected

pedestrian movement software is used to analyse and simulate the movement of

pedestrians within a city centre square using a 3D representation, in the hope of

identifying key movement patterns and areas of congestion or conflict with the urban

layout. The selected software must therefore be able to define the number and varying

types of pedestrians entering and exiting a square.

The research identified seven software packages capable of modelling pedestrian

movement. All of the software packages were able to analyse and predict pedestrian

movement within a given situation, although some were more appropriate for

examining and predicting pedestrian movement during evacuation situations and none

were primarily targeted towards application within urban design.

8.5.1 Application of filtering process

The results of applying the filtering process are summarised in Table 72. From

applying the first filter, four of the software packages were eliminated from the

research as they were not capable of handling 3D CAD data. UAF does allow for 3D

buildings to be directly imported from Google warehouse, but does not allow for a 3D

terrain to be created. Although none of the remaining software packages were

primarily targeted for use within urban design, all of the remaining software packages

passed the second filter as they were considered to show enough scope towards

analysing pedestrian movement within city centre squares. The three remaining

software packages also passed Filter 3. This was due to their capability of 3D

visualisation, a key requirement of the research. Filter 4 failed to eliminate any of the

remaining software packages from the research, as they were all capable of importing

files from Google SketchUp. Filter 5 also failed to eliminate any of the remaining

software packages, as all of the remaining software packages were considered to have

potential use within the research.
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Table 72. Summary of software selection result – pedestrian movement

Software Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Select

PAXPORT (2008) Yes Yes Yes Yes Yes Yes
Depthmap (2008) No No

STEPS 3.0 Yes Yes Yes Yes Yes Yes

SimWalk (2008) No No

Legion Studio 2006 Yes (Plug-in) Yes Yes Yes Yes Yes
UAF (2008) No No

PERS (2008) No No

The following provides a general description of the three remaining software packages

selected for further detailed evaluation.

PAXPORT (2008)

PAXPORT is pedestrian planning software that assists the user in the evaluation and

optimisation of designs for new or existing buildings by providing a detailed insight

into the dynamics of how people are likely to move and interact within the built

environment (Halcrow Group, 2007). It allows for a variety of scenarios to be readily

developed to ascertain the efficiency and effectiveness of spatial planning under

normal, disrupted or emergency evacuation conditions (Halcrow Group, 2007).

PAXPORT was developed in the UK by Halcrow’s in-house technical software team.

Features of the software include the ability to import CAD data, the ability to model

vertical circulation, including detailed lift modelling capability, advanced route choice

options, multiple person types, 2D/ 3D model layouts with CAD base, time-based

analysis and the ability to export data to Windows software. A key feature of

PAXPORT is its 3D visualisation capability that realistically portrays the movement

and interaction between people and the built environment (Halcrow Group, 2007).

STEPS 3.0

STEPS is a simulation tool designed to predict pedestrian movement under both

normal and emergency conditions. Developed by Mott MacDonald, STEPS employs a

modern agent-based approach which predicts the movement of pedestrians (virtual

people) through three-dimensional space. The software is capable of simulating

pedestrian movement and behaviour in relation to a diverse range of buildings and

built environments, made possible through the inclusion of a number of key

functionalities including a 3D modelling environment, direct 2D and 3D CAD import,

the modelling of multi-level environments and the ability to define parameters for

pedestrian behaviour and movement.
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Legion Studio 2006

Legion Studio is the flagship product of Legion. Helgason et al. (2010) believe Legion

Studio, developed in the UK, to be the most advanced and realistic simulation model

available for micro-level pedestrian analysis. Legion Studio is primarily used by

architects and civil engineers for designing large public spaces via simulation of

pedestrian behaviour. In the past it has been applied to the design of railway stations,

sports stadiums, airports, transport hubs, etc. The multi-agent pedestrian model is

based on advanced analytical and empirical models (Kagarlis, 2007) which have been

calibrated by measurement studies (Berrou et al., 2007). Legion Studio enables the

user to perform virtual experiments on the design or operation of a space and assess

the impact of different physical designs or levels of pedestrian demand.

Legion Studio provides an extension to allow the user to simulate the results in 3D.

Legion 3D is a companion to Legion Studio and can visualise any simulated model as

a three-dimensional environment, featuring realistically-rendered pedestrians and

other animations. Legion 3D 2006 is the latest version. Legion 3D combines

simulation data recorded from Legion Studio projects with scenes developed in 3D

modelling software. This means that the 3D pedestrians move exactly as they did in

the original Legion Studio simulation.

8.5.2 Comparison of selected software to initial criteria

Three-dimensional representation capabilities

All of the selected software packages were capable of providing the user with either a

2D or 3D environment within which to work and simulate results. Legion Studio was

only capable of offering a 3D environment via an extension to the software: Legion

3D, which comes at an extra cost to the user. However, because Legion 3D was its

own software and had been developed separately as a 3D visualisation package, it

offered greater advantages for modelling pedestrian movement in 3D and was capable

of visualising a more realistic 3D environment.

Links to other software

All three software packages are able to import both 2D and 3D CAD data, using

standard CAD file formats. The remaining software packages also allow for data to be

imported from and exported to various Windows packages. This should allow for data

from external sources to be imported with greater ease and for results to be used

within other software applications.
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Use within the urban design

Although none of the remaining pedestrian movement tools showed evidence of direct

use within urban design, all three remaining software did show evidence of being

applicable for use. Furthermore, all three software did show evidence of being applied

to analyses and simulate pedestrian movement within buildings with large open

spaces; a train or tube station, airport, etc. It can therefore be considered that each of

the remaining software applications could be used to successfully model pedestrian

movement within urban square. Legion Studio and PAXPORT in particular were

found to have their route of development linked with modelling pedestrian movement

within buildings with large open spaces.

Use within academic research

Both PAXPORT and STEPS demonstrated little use within academic research.

However, Legion Studio was found to have been used widely within previous

academic research, to analyse and simulate pedestrian movement within buildings,

sports stadia, rail and tube stations, airports, etc. achieving accurate and pleasing

results (Berrou et al., 2007; Rossmann, Hempe and Tietjen, 2009; Helgason,

Kouyoumdjieva and Karlsson, 2010).

8.5.3 Selection summary – pedestrian movement

There are several software packages capable of modelling pedestrian movement that

are available on the market today. Most of them are very powerful and can

successfully simulate pedestrian movement and flow in various environments and

situations. However very few of them are able to simulate these results in a 3D

environment, a key requirement of the research, and none were considered primarily

focused towards application within urban design. However, from applying the filtering

process to the identified pedestrian software packages, three software packages were

established as meeting the requirements of the research: PAXPORT, STEPS and

Legion Studio with Legion 3D. All three software packages showed promise of being

capable of producing the results needed for the research. However, both PAXPORT

and Legion Studio were considered to have greater potential to assist in the design of

city centre squares in comparison to STEPS. This was due to their routes of

development and previous application to modelling pedestrian movement within

buildings with large open spaces. On further examination of the two remaining

software packages, Legion Studio was considered the most applicable for use within

the research to assist in the design of city centre squares. Although it required an
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extension to produce results in 3D, it was the advanced features offered by Legion 3D

for visualising 3D environments and its previous use within academic research which

resulted in its selection. The examination of both software applications’ use within

academic research also showed that Legion Studio was more widely used in modelling

pedestrian movement within open spaces, while PAXPORT has been used for

modelling evacuation scenarios.

8.6 Noise mapping

The selected noise analysis software was used to analyse the noise (decibel) levels

within an urban environment using 3D representation. To do so, the selected software

had to be able to input the location and decibel level of local noise sources, the

refraction and absorption properties of the surrounding materials and, where possible,

any environmental conditions. The study identified two types of software considered

to be able to carry out the required analysis. The first, noise mapping software, is used

to map noise distribution within a set area using predefined codes, rules and

algorithms. The software can be used, for example, to test whether a new urban area

will be greatly affected by the noise from the surrounding environment (e.g. from a

busy road or railway line). Multicoloured noise maps representing the varying decibel

levels are then generated to show the varying noise levels. Alterations to the landscape

or noise source(s) can then be carried out and the resulting noise environment tested.

Although this software type is targeted towards use within urban planning, noise

mapping software works at a more macro level, in comparison to the more micro level

analysis that is required within urban design. Such software applications were

therefore identified and considered for use within the research. The study identified

those software applications capable of analysing the noise environment at a micro

level. However, such software is targeted towards analysing the acoustics of an area,

and is capable of analysing the refraction and absorption of the sound more precisely

to assess the clarity of the noise produced, as well as the decibel level. These software

applications are used to assist in the design of theatres, opera house, and music

venues, etc., and work at a fine level of detail. Both software types were identified in

order to establish which were the most appropriate to analyse noise within city

squares.

Although this research has not been able to identify noise analysis software primarily

designed for use within urban design, it has been able to identify five software

packages that are considered capable of carrying out the required noise analysis.
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8.6.1 Application of filtering process

The results of applying the filtering process to the five noise analysis software

packages are summarised in Table 73. Each of the software packages passed the first

filtering process as they were all capable of modelling in 3D. They all remained after

Filter 2 was applied, as they were considered to have potential to assist in the design

of city centre squares. Filter 3 also failed to eliminate any of the packages from the

research, as they were all capable of producing results in 3D. All of the software

packages passed the application of Filter 4, as they were all able to import three-

dimensional data created in Google SketchUp. Two software applications were

eliminated from the research when Filter 5 was applied. MITHRA was eliminated

from the research as, when it was compared to the other software packages, it was

considered very basic in its features and visualisation capabilities. LIMA was

eliminated from the research due to its close association to Predictor. Both LIMA and

Predictor have been developed by the same company, Bruel & Kjaer, and therefore

share many of the same features and functionalities. However, LIMA has been

developed for noise mapping over larger areas. It was therefore Predictor’s focus for

more detailed analysis over a smaller site that was considered more appropriate for

this research.

Table 73. Summary of software selection result – noise mapping

Software Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Select

CadnaA 3.72 Yes Yes Yes Yes Yes Yes
Odeon 9.1 Yes Yes Yes Yes Yes Yes
MITHRA

(2008)
Yes Yes Yes Yes No No

LIMA (2008) Yes Yes Yes Yes No No
Predictor

(2008)
Yes Yes Yes Yes Yes Yes

The following provides a general description of the three remaining software packages

selected for further detailed evaluation.

Odeon

Rindel and Christensen (2007) state that the ODEON software was originally

developed for prediction of auditorium acoustics. However, current editions of the

software are not limited to this, but also allow for predictions of room acoustics in

buildings such as churches, mosques, foyers, underground stations and airports.

Although Odeon is more targeted towards the simulating of interior acoustics of
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buildings, from which several acoustics properties can be predicted and illustrated,

there was enough scope in the features and capabilities software for its inclusion in

this survey. The Odeon website also shows the application of the software in analysing

the noise level and acoustics properties of external venues. The software itself allows

for 3D geometry to be imported from various CAD packages including Google

SketchUp using standard CAD file formats: 3ds and DXF. Odeon also provides a

database of library of noise sources, including decibel levels and the appropriate

materials and their corresponding properties, which can applied easily and quickly to

the imported model. A number of results can then be produced in 3D, which shows the

movement of the noise within the space and the resulting decibel level.

CadnaA

DataKustik (2007) state that CadnaA (Computer Aided Noise Abatement) is leading

software for the calculation, presentation, assessment and prediction of environmental

noise. Developed by DataKustik in Germany, CadnaA has many features including

more than 30 implemented standards and guidelines, powerful calculation algorithms,

extensive tools for object handling, the ability to import and export information from

Google Earth, outstanding 3D visualisation and a very user-friendly interface. CadnaA

also provides an online database of noise sources and their corresponding decibel

levels, which can be assigned to the various noise sources available within the

software.

The Dynamic 3D environment allows driving through or even flying over a project

model in realtime. Users can move freely within the model or follow a predefined

route at a selectable speed (DataKustik, 2007). A video in AVI format can be created

of every tour through the project model. Another highlight of the Dynamic 3D facility

in CadnaA is the possibility to edit objects directly in the 3D view. It is possible to

stop a tour through the model, click on an object, check the data and edit the data by

using the edit dialog where required. The result can be viewed immediately on screen

and the visible consequences of a proposed improvement are visualised.

Predictor

Bruel & Kjaer (2006) state that Predictor is the most efficient multi-purpose Windows

software package available for calculating environmental noise. It allows the

calculation and analysis of noise from various noise sources such as industry or traffic.

With its state of the art calculation power using LIMA calculation cores, it can be used

for all applications ranging from small-scale impact assessments to mapping of large
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agglomerations. Some of the features of Predictor include: fast and efficient creation

of 3D calculation models through import of GIS and CAD files; integrated calculation

management optimisation of calculation time and consistency of inputs and results; a

multi-model database for all geographic and acoustic data; and an integrated sound

power database for the creation of one’s own database of standard sources. Predictor

also offers built-in Lima functionality, allowing for fast calculations and mapping.

8.6.2 Comparison of selected software to initial criteria

Basic modelling capabilities

All three of the selected software packages have very similar and advanced modelling

techniques. All are capable of 3D modelling to the required standard, however, the 3D

capabilities offered by CadnaA and Odeon were considered greater than that provided

by Predictor. The Dynamic 3D environment of CadnaA could also make the

modelling and insertion of data into the software easier and quicker when compared to

Odeon and Predictor.

Three-dimensional representation capabilities

The visualisation capabilities of all four software packages are again very similar. All

three can produce several different results in a 3D environment. However, it is the

complexity and accuracy in the visualisation of the noise modelling provided by

Odeon that allows for a more detailed 3D visualisation to be created.

Links to other software

All three of the selected software packages are able to import geometry data from

Google SketchUp by the means of the appropriate CAD file formats. All three

packages can also export data to various Windows packages, as well as export noise

maps in various image file formats for use within other software applications. CadnaA

in particular is able to export a 3D model and corresponding noise map for insertion

into Google Earth, allowing the model and map to be presented in its surroundings.

Use within the urban design

All three of the selected noise mapping software showed previous application within

urban planning. Although Odeon was identified as being targeted towards the

application within interior building design, the software has shown evidence of use

within the external environment (Odeon, 2009).
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Use within academic research

CadnaA has been widely used to model the result of traffic noise on the surrounding

environment (Probst and Huber, 2000; Sundbergh, 2006). It has also been used to

demonstrate its application to tackle environmental noise in European cities as part of

the EU project ‘Quiet City’ (Probst and Petz1, 2007). The University of Technology at

Braunschweig, Germany has discussed the application of CadnaA in 3D city models

(Lancelle and Fellner, 2004). Odeon too demonstrated a wide use within academic

research, although primarily towards the analysis and development of interior building

acoustics (El-khateeb and Ismail, 2007; Rindel and Christensen., 2007; Siltanen et al.,

2008). Predictor showed very little evidence of being implemented into academic

research related to urban design.

8.6.3 Selection summary – noise mapping

Although no noise analysis software primarily designed for use within urban design

was identified, the systematic review of noise analysis software did identify two

different types of software capable of meeting the requirements of the research. The

first type was the more simple noise mapping software. This software type was

targeted towards the application of mapping noise levels from road, rail and industrial

sites over a large area, e.g. a town or a city. The second type identified was the more

detailed and complex acoustic modelling software. Although this software type could

provide the required decibel levels, it also provided the ability to more accurately map

the scattering of noise within the space and as a result was targeted more towards use

in interior building design.

The selection process identified three software application considered appropriate to

assist in the design of city centre squares. All three software applications were capable

of 3D visualisation, importing the required 3D CAD data. However, of the three

software applications identified for further study, two were found to offer greater 3D

visualisation capabilities and had also been used widely in academic research: CadnaA

and Odeon. However, while CadnaA is targeted towards noise mapping over a large

scale, Odeon is targeted towards analysing the acoustic levels within buildings. It was

therefore the simplicity of CadnaA compared to Odeon, along with its focus towards

use within urban planning, which was considered the most appropriate to assist in the

design of city centre squares. It was therefore CadnaA that was selected for use within

the research.
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8.7 Wind analysis

The scope of this survey only enabled the identification of a small number of software

applications that were primarily designed to assess wind movement and velocity

within city centre squares. However, from reviewing academic literature relating to

wind modelling within urban environments (Mochida and Lun, 2008; Blocken and

Persoon, 2009; Bu et al., 2009), it was established that software designed to model

computational fluid dynamics (CFD) could also be considered. CFD software is used

to simulate the interaction of fluids and gases within an environment and is greatly

used within engineering. Although it is often complicated software to learn and use, it

can give accurate results, and its applications stretch beyond engineering and could

therefore be used to analyse and simulate wind within the urban environment. CFD

software works by first turning imported 3D geometry into small cells to form an

enclosed volume. Sophisticated algorithms are then applied to the model to simulate

the flow of fluids or gases within the environment. The chosen wind analysis software

for this research was used to analyse and simulate the effect of wind within an urban

environment using 3D representation.

This systematic review identified six software packages capable of carrying out wind

analysis and simulation. Whether software principally developed for wind analysis in

urban areas or CFD based software, all of the packages identified are able to analyse

and simulate wind within an urban environment.

8.7.1 Application of filtering process

The results of applying the filtering process to the six wind analysis and simulation

software packages is summarised in Table 74. From applying the first filtering process

one software package was eliminated from the research. MECA Wind was eliminated

as it could not model in 3D. All but one of the remaining software packages passed the

application of Filter 2. CFX did not pass, as there was no evidence that the software

could be used to simulate wind in an urban environment. None of the remaining

software packages were eliminated from applying Filter 3, as all were able to visualise

in 3D. The application of Filter 4 eliminated WinMISKAM, as there was no evidence

that files created in Google SketchUp could be imported into the software. Finally, all

of the remaining packages passed Filter 5, as they all met the requirements.
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Table 74. Summary of software selection result – wind analysis

Software Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Select

Fluent 6.4 Yes Yes Yes Yes Yes Yes
APUS-CFD 1.4 Yes Yes Yes Yes Yes Yes
Star CCM+ v4 Yes Yes Yes Yes Yes Yes

MECA Wind (2008) No No
CFX 11.0 Yes No No

WinMISKAM (2008) Yes Yes Yes No No

The following provides a general description of the three remaining software packages

selected for further detailed evaluation.

Fluent 6.4

ANSYS (2008) states that Fluent has been solving fluid flow problems for over twenty

years. Based on CFD, Fluent is commercial software developed by ANSYS in the

USA. The broad physical modelling capabilities of FLUENT have been applied to

industrial applications ranging from airflow over an aircraft wing to combustion in a

furnace, from bubble columns to glass production and from blood flow to

semiconductor manufacturing. ANSYS (ANSYS, 2008) states that today, thousands of

companies throughout the world benefit from this important engineering design and

analysis tool. Its extensive range of multiphysics capabilities makes it the most

comprehensive software available to the CFD community.

At the core of any CFD calculation is a computational grid, used to divide the solution

domain into thousands or millions of elements where the problem variables are

computed and stored. In FLUENT, unstructured grid technology is used, which means

that the grid can consist of elements in a variety of shapes: quadrilaterals and triangles

for 2D simulations; and hexahedra, tetrahedron, prisms, and pyramids for 3D

simulations (ANSYS, 2008).

APUS-CFD 1.4

Symban Power Systems Ltd (2005) states that APUS-CFD is a fully interactive

Arbitrary Polyhedral Unstructured Solver. APUS-CFD is relatively new CFD software

for modelling fluid flow and heat transfer in complex geometries. First launched in

2005, APUS-CFD was developed in the UK by Symban Power Systems Ltd. It’s

robust and accurate solver together with its automatic mesh generator guarantees

results for the most challenging and geometrically complex problems and has been
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evaluated on a number of industrial applications including Motorsport, Marine, and

Power Generation (Symban Power Systems Ltd, 2005).

Symban Power Systems Ltd (2005) also states that APUS-CFD provides a integrated,

interactive analysis environment that is unique compared to other CFD software. The

integrated model builder, mesh generator, pre-/post-processor, solver and real time

visualisation allow the user to: build and interact with complex models from pre-built

assemblies and imported STL files or other CAD geometries, allowing changes to

solution parameters, without stopping the solver execution. Other features include

innovative algorithms and robust solvers for fast convergence, flexible and easy user

programming and an intuitive approach in defining boundary conditions and attaching

them to geometrical objects.

Star-CCM+ v4

CD-adapco (2008) emphasises that with a 20-year heritage of providing solutions to

the most complex problems that fluid mechanics has to offer, STAR-CCM+ has a long

established a reputation for being the most versatile platform for industrial CFD

simulation. Developed by CD-adapco in the USA, the latest release, STAR-CD V4,

introduces the capability to perform structural analysis calculations using a

methodology based upon its industry-leading CFD solver technology, the first time

that a comprehensive solution for flow, thermal and stress simulation has been

available in a single general-purpose commercial finite-volume code (CD-adapco, No

Date). STAR-CCM+ can also import geometries and models from almost any CAE

tool and automatically generate a computational mesh at the click of a button.

Used within the built environment, Star-CCM+ has helped to achieve better and more

detailed understanding of issues involved in heating, ventilation and air conditioning

(HVAC) and pollutant movement and fire spread prediction within buildings and

tunnels. Star-CCM+ has also been used for analysing and simulating the external

aerodynamics of the built environment, and has been applied to aid in predicting wind

loading on buildings and bridges, optimising comfort and safety in stadia and in urban

spaces.

8.7.2 Comparison of selected software to initial criteria

Three-dimensional representation capabilities

All of the three software packages were considered capable of handling appropriate

3D data. However, from the studied literature, both Fluent and Star-CMM+ were
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found to be able to model more complex geometry, and with greater efficiency, than

APUS-CFD. All three software packages are also able to visualise a selection of

different results using three dimensional representations. However, on further analysis,

both Fluent and Star-CCM+ were again found to have greater visualisation capabilities

than APUS-CFD.

Interconnectivity of software

All three software applications claimed the capability of being able to import 3D CAD

data created from standard CAD packages. However, they did not provide any

evidence of being able to import CAD data using the standard file types identified, or

those that could be exported from SketchUp. Instead it was established that the

required 3D CAD data needed to undergo a conversion process before it could be

successfully imported into either of the identified software packages. This conversion

can be done via a plug-in for Google SketchUp or by uploading the data to an

appropriate website (CADSpan, 2008).

Use within the urban design

Although all three remaining software packages were considered to be CFD software,

targeted more towards use within engineering, Fluent, APUS-CFD and Star-CCM+ all

showed evidence of being appropriate for use within urban design. All three software

applications presented case studies towards their use in modelling wind flow around

buildings or within urban environments.

Use within academic research

Both Fluent and Star-CCM+ had been widely used for research within the built

environment. Star-CCM+ in particular had been employed in research carried out by

Southampton University to model wind flow in the urban environment (Cheng and

Castro, 2002; Castro, Cheng and Reynolds, 2006; Conceal et al., 2006; Xie and

Castro, 2006; Castro, 2007). It had also been used to model predictions for pollutant

dispersion in cities (Pospisil, Katolicky and Jicha, 2004; Neofytou et al., 2007). Fluent

had been utilised to simulate atmospheric flow and dispersion in urban areas

(Sabatinoa et al., 2005; Hanna et al., 2006) and to simulate air flow within street

canyons (Santiago and Martin, 2005). APUS-CFD demonstrated very little evidence

of use within research within the built environment.
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8.7.3 Selection summary – wind analysis

This survey identified six packages capable of analysing and simulating the effect of

wind in the urban environment. Software principally developed to examine urban

wind flow, and software designed to deal with CFD, were identified as possible

solutions to meet the requirements. However, only three out of the six packages

identified were considered appropriate for a further and more detailed study. Fluent,

APUS-CFD and Star-CCM+ are all CFD packages, quite capable of analysing and

simulating the effect of wind in the urban environment. All three showed evidence of

being able both to handle appropriate 3D CAD data and to visualise results in 3D.

However, due to the experience and longevity of Fluent and Star-CCM+ in CFD, they

were considered more advanced when compared with APUS-CFD. Fluent and Star-

CCM+ had also been used prior to this research to simulate the effect of the wind in

the built environment. In particular, Star-CCM+ had been used at Southampton

University in research into the effects of wind in the urban environment (Castro,

Cheng and Reynolds, 2006; Conceal et al., 2006; Xie and Castro, 2006; Castro, 2007).

As their research related to similar studies that would later be carried out in this

research, Star-CCM+ was selected in preference to Fluent.

8.8 Solar access analysis

Solar access analysis software is very similar to software used to analyse natural light

levels within buildings. The software is required to take into account the geometry

(terrain, building height and density) of an urban area, the location of the site, the time

of the year/day and the cloud cover. At a simple level, software can then calculate a

shadow path for the site. However, to gain an accurate understanding of the solar

access into urban squares, it was proposed that software capable of providing

illuminance values (LUX) were identified. A systematic review only identified two

software packages primarily focused on analysing solar access within urban spaces.

However, from reviewing papers related to daylight studies within buildings

(Degelman, 1999; Reinhart and Herkel, 2000; Walkenhorst et al., 2002), it was

identified that software packages capable of analysing solar access within buildings or

internal spaces could also be considered. These software applications showed potential

and enough scope to be modified to analyse the external environment. It was also

established that the rendering software RADIANCE had been used in daylight

research for calculating LUX levels within interior spaces (Papamichael, LaPorta and

Chauvet, 1997; Reinhart and Herkel, 2000; Reinhart and Walkenhorst, 2001).

However, this software offers no user interface; instead users operate the software via
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a LINUX interface, where a level of programming is required. As such, the

RADIANCE software was deemed to be inappropriate for use within this research.

The research therefore identified five software applications considered capable of

analysing and simulating solar access in urban environments.

8.8.1 Application of filtering process

The results of applying the filtering process to the five solar access analysis and

simulation software packages is summarised in Table 75. The first filtering process

eliminated one software package from the research: Envi-MET was considered not to

be able to handle the necessary 3D CAD data. All of the remaining software packages

passed the second filter as they were considered applicable to assist in the design of

city centre squares. Filter 3 eliminated none of the remaining software applications, as

all were able to visualise in 3D. The application of the fourth filter eliminated one of

the remaining software packages from the research: information gathered on DaySim

did not show evidence that it was able to import files created in Google SketchUp.

Finally, all of the remaining software packages passed Filter 5, as they all met the

requirements for the software.

Table 75. Summary of software selection result – solar access analysis

Software Filter 1 Filter 2 Filter 3 Filter 4 Filter 5 Select

TownScope 3.0.1 Yes Yes Yes Yes Yes Yes
Envi-MET 3.0 No No

3D Studio Max 2008 Yes Yes Yes Yes Yes Yes
IES 5.9 Yes Yes Yes Yes Yes Yes

DaySim (2008) Yes Yes Yes No No

As this chapter has already provided a description of 3D Studio Max, only a general

description of the TownScope and IES software applications are provided.

TownScope 3.0.1

Azar (2007a) states that TownScope software is the main in-house software developed

by TownScope in Belgium. The software contains tools to analyse and simulate solar

access, including assessment of direct, diffused and reflected solar radiation, thermal

environment in an urban open space and sky opening, view lengths and visibility

analyses providing perceptive qualities of urban open spaces (Azar, 2007a). Other

features of the software include the ability to import both 3ds and DXF file formats;

add meteorological parameters (wind, clouding, etc.) and vegetation masks specified
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as monthly data; create terrain from 3D points; and the ability to render opacity and

daylight shadings.

IES – VE-Pro 5.9

IES Limited (2008) states that IES is an integrated 3D building analysis software to

aid architects, engineers and planners throughout the design process of a building. IES

offers the capability for advanced 3D solar analysis of a building and its site to be

carried out. Geometrical, graphical and numerical outputs can then be produced. The

software also provides a direct plug-in for Google SketchUp, allowing users to import

geometry straight from the 3D CAD software, preventing the laborious re-input of

geometry as well as reducing the learning curve.

8.8.2 Comparison of selected software to initial criteria

Three-dimensional representation capabilities

The three remaining software packages proved to be very capable both of handling the

necessary 3D CAD data and of producing the required results using three-dimensional

representations. However, due to primary functions as a 3D modelling package, 3D

Studio Max was considered to have greater potential to achieve this criterion than

TownScope and IES.

Links to other software

All three software packages were considered capable of being able to import 3D CAD

data created from Google SketchUp. IES, in particular, offers a plug-in for SketchUp

to help set up the 3D model correctly before directly importing it into the software.

Use within the urban design

Due to its focus as a software package for analysing the environmental design for the

interior of buildings, IES showed little evidence of previous use within urban design.

However, both TownScope and 3D Studio Max showed greater evidence of

application, although 3D Studio Max was used mainly as a modelling or visualisation

tool and not primarily as a solar access analysis tool.

Use within academic research

All three software applications were found to have been used widely within academic

research. However, both IES and 3D Studio Max were mainly used to carry out
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research based on the primary function, as a tool for analysing the interior

environment of a building (Degelman, 1999; Struck, Kotek and Hensen, 2007) or as a

tool for 3D modelling or visualisation (Jeginovic, 2004; Hudson-Smith, Evans and

Batty, 2005). Only TownScope considered solar access analysis as one of its primary

uses and had been used within related research (Littlefair, 2001; Teller and Azar,

2001; Flor et al., 2005).

8.8.3 Selection summary – solar access

This study identified five software applications capable of analysing and simulating

solar access within city centre squares. Of the five identified, only three were

considered appropriate for a more detailed study: TownScope, 3D Studio Max and

IES. All were considered to be able to; import and handle appropriate 3D CAD data

and visualise results using three dimensional representations. However, of the three

applications, only one was primarily designed to be used as a tool to analyse the solar

access into urban spaces. Although 3D Studio Max could carry out the required study,

it was primarily designed as a 3D modelling and visualisation tool. It was considered

that due to its ability to analyse solar access within 3D Studio Max, it could replace

the already selected 3D modelling software – Google SketchUp. However, on

comparison of the capabilities, user interface and overall ease of use of both software,

it was Google SketchUp with its easy to use interface and quick learning curve that

could still be considered more appropriate to assist in the design of city centre squares,

regardless of its lack of solar access analysis. The IES software was also considered to

be able to carry out the required study, although it was primarily designed to analyse

the internal environment of buildings. With its plug-in for SketchUp allowing 3D

CAD data to be directly imported into IES and its capabilities in solar access analysis,

there was considered enough scope in the software for it to be used to analyse the

urban environment. However, in comparison to TownScope and its focus for use

within urban design and wide application in related academic research, IES was not

considered appropriate for use within this study. Therefore, TownScope was selected

for solar access analysis of city centre squares.

8.9 Temperature analysis

Temperature analysis software for the external environment is very similar to that used

to analyse and simulate the environmental conditions of a building, but currently not

so advanced. Unlike software for internal environments, temperature analysis software

for external environments is used to analyse and simulate the temperature of an urban
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space or area. Current software takes into account the geometry (terrain and building

height and density) of an urban area, solar access, various weather meteorological

parameters (wind, clouding, etc) and vegetation masks, in order to produce graphical

results. The chosen temperature analysis software for this research was used to analyse

the temperature of an urban squares using 3D representation.

Unlike the previous software categories, the study was able to identify software

primarily focused towards application within urban design. However, it was

established from the comprehensive survey that there were very few software

packages capable of temperature analysis for external urban environments, resulting in

only two software packages capable of such a study being identified: ENVI-met and

TownScope. There are a number of software packages available for temperature

analysis of buildings and internal environments. However, no evidence was found that

showed there was enough scope within these software applications to allow them to be

modified to analyse the external environment. As only two software packages were

identified, the process of selecting software by applying a filtering process was not

applied. Instead a more detailed study was carried out on the two identified software

packages. This chapter has already provided a description of TownScope, so only a

description of the ENVI-met software applications is provided.

ENVI-met 3.0

Bruse (2008) states that ENVI-met is a three-dimensional microclimate model

designed to simulate the surface-plant-air interactions in urban environment.

Developed by Michael Bruse in Germany, ENVI-met is a freeware program based on

different scientific research projects and is therefore under constant development. The

typical areas of application for ENVI-met are urban climatology, architecture, building

design and environmental planning.

Bruse (2008) states that ENVI-met is an analytical model based on the fundamental

laws of fluid dynamics and thermodynamics. The software features includes the

simulation of the flow around and between buildings; the exchange processes of heat

and vapour at the ground surface and at walls; turbulence; the exchange at vegetation

and vegetation parameters; bioclimatology; and particle dispersion. ENVI-met also

comes with a number of additional pieces of software ranging from editors up to

graphical visualisation tools for the model results.
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8.9.1 Comparison of selected software to initial criteria

Three-dimensional representation capabilities

Both software packages presented capabilities of being able to visualise a 3D

environment. However, the 3D visualisation capabilities of TownScope were

considered greater than that of ENVI-met. It was also established that ENVI-met was

unable to handle the detailed 3D CAD data and instead only offered a 2D interface to

initially create and modify a model. It can therefore be considered that ENVI-met

primarily provides a 2D environment with limited 3D capabilities. An examination of

the TownScope software established greater evidence of its capabilities to handle

appropriate 3D data and produce results using three dimensional representations.

Links to other software

Again, due to its limited 3D capabilities and unique 2D interface, ENVI-met was

found to be unable to import either 2D or 3D CAD information. TownScope did,

however, present capabilities of being able to import various CAD file formats,

including the DWG and DXF formats.

Use within the urban design

Both software applications presented evidence of previous application use within

urban design. TownScope, in particular, is focused towards sustainable urban design

and assessing the impact of new developments of surrounding urban environments

(Azar, 2007a).

Use within academic research

Both ENVI-met and TownScope showed evidence of a wide use within research and

application with the built environment. ENVI-met has been used to analyse the

microclimatic influence of urban structures on temperature levels in urban spaces

(Andrade, 2008) as well as links between the urban climate and air quality (Junk,

Helbig and Lüers, 2003), and as a tool to measure and predict the urban microclimate

(Williamson and Erell, 2001). ENVI-met has been used more notably to measure and

predict the influence of urban design on microclimate around buildings in a thesis

carried out by Erik Johansson (2006) at Lund University. TownScope has been used to

assess solar access (Littlefair, 2001; Teller and Azar, 2001; Flor et al., 2005), for a

homogeneity assessment of urban fabrics (Maizia, 1999) and for assessing heat stress

of urban spaces (Katzschner, 2006b).
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8.9.2 Selection summary – temperature analysis

This research has only been able to identify two software packages capable of

temperature analysis in external urban environments; ENVI-met and TownScope.

Although both software packages are focused towards application within urban design

and have been used within previous academic research, it was clear from detailed

study that only one application met the research requirements. Despite its wide use

within academic research relating to urban environments, ENVI-met did not show

evidence of being able to handle appropriate 3D CAD Data or produce results using

three dimensional representations. In contrast, TownScope software did present

evidence of being able to handle the 3D CAD data and visualise results in 3D. As a

result TownScope software was selected for temperature analysis of city centre

squares.

8.10 Summary

This chapter carried out an extensive analysis of accessible software programs capable

of analysing and simulating a number of geometrical characteristics and microclimate

aspects to establish which were considered appropriate to assist in the design of city

centre squares. However, from the comprehensive review, it was established that there

were a limited number of software packages primarily focused for application within

urban design. Therefore, the survey of appropriate tools also evaluated software

applications from architecture, urban planning and engineering that could be

considered and adapted to assist in the design of urban squares. A systematic review

of both academic and commercial computer software applications eliminated software

that did not meet the requirements of the research and identified software for further

detailed evaluation. One software package was selected from six categories: 3D

modelling, pedestrian movement, noise mapping, wind analysis, solar access and

temperature analysis. Each of the six software packages identified would be able to

analyse and simulate at least one of the aspects identified, in order to create an

integrated approach to the design of city centre squares.

Key requirements of the selected software packages were the ability to handle 3D

CAD data and to simulate and visualise results using three-dimensional

representations. All of the selected software packages for use within the research were

capable of meeting these requirements. Another major requirement of the software

was the interconnectivity between the software packages. This survey identified that

the majority of the selected software packages were able to import standard CAD file
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formats, or file formats that could be exported from the chosen modelling package,

Google SketchUp. The exception to this was the selection of the CFD software, Star-

CCM+. Although it was established that Star-CCM+ was not able to import CAD data

directly using the standard file type identified, or those that could be exported from

SketchUp, reviewed literature did provide evidence that 3D CAD data could undergo

a conversion process to allow it to be successfully imported into Star-CCM+. Selected

software was also assessed for their accessibility and ease of use. All of the packages

selected for use within the research are commercially available for purchase and offer

a recognisable user interface.

A summary of the selected software programs for each of the six established

categories is summarised in Figure 110. Of the five different software applications

selected, only one was considered primarily focused for application within urban

design. TownScope was the only selected software that states that it is a multi-

disciplinary software package dedicated to sustainable urban design (Azar, 2007a).

Figure 110. Selected software applications following the systematic review

This chapter applied a number of filters to the identified software applications, to

establish which could be considered for further and more detailed study. These filters

were based on the initial criteria and the requirements of the research, and evaluated

the identified software ability to model and visualise 3D geometry, import appropriate

3D CAD data and the potential to assist in the design of city centre squares. However,

the filtering process and the detailed study that followed were based on information

provided by the various software companies and no direct testing took place.

Therefore, before each of the selected software applications could be accepted for use

within the research, it was crucial that they were successfully evaluated at first hand,

for their ability to meet the requirements of the research.
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Chapter 9: Evaluation of selected software

9.1 Introduction

Following the selection and filtering of appropriate computer applications, this chapter

offers an initial evaluation of the selected tools. The applied evaluation process

established whether the selected software could be considered for use within the

research, to assist in the design of city centre squares, using three-dimensional

representations. The evaluation of the selected software was done by simulating real-

world characteristics of a selected city centre square within Birmingham: Chamberlain

Square. As part of this process, the software aimed to meet the key requirements set

out in the criteria to establish its suitability of use within the research. If a selected

software application failed to meet the criteria and therefore did not meet the

requirements, then the next appropriate software within its category was evaluated.

The evaluation of software also provided the opportunity to identify the data that

needed to be inputted and the process that needed to be carried out in order for the

required analysis to take place. In the summary of each selected software application,

a process chart showing the data required is provided.

9.2 Computer specification

Throughout this research, in the evaluation, evaluation and application of selected

software tools, the computer specification detailed in Table 76 was used.

Table 76. Computer specifications

9.3 Establishing criteria for software evaluation

Before selected software could be considered to assist in the design of city centre

squares, criteria were established to evaluate key areas in the process of applying the

software. This was based upon the key requirements of the software, and in a similar

process adopted by Riether and Butler (2008), the software was evaluated for its

import, input and output capabilities, before presenting a summary. Although the

requirements of each criterion differed slightly depending on the software being

OS Name Microsoft Windows XP Professional
System Model HP xw4400 Workstation
Processor Intel(R) Core(TM)2 CPU 6700 @

2.66GHz
Total Physical Memory 4.00 GB
Total Virtual Memory 2.00 GB
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evaluated, the structure remained the same and aimed to establish selected software

capabilities of importing 3D CAD data, inputting accurate data and outputting usable

results using 3D representations.

Importing a master model

One of the key criteria of the research is that only one 3D model of the square under

investigation would need to be created. This would save time in not having to re-

model the square within every software package and increase the reliability of the

process, as the analysis within each software package would be based on the same,

accurate, 3D CAD data. It was therefore critical that the selected software applications

could import the master model of the city square within Birmingham. This process

included identifying appropriate file formats for import; establishing any necessary

amendments needed to the master file before being imported; evaluating the process of

importing external files; and examining the results. Although the research made use of

‘off the shelf’ 3D city data for importing into the selected software packages, in the

initial evaluation of the selected software, a basic 3D model of one of the selected

squares, Chamberlain Square, Birmingham was created. This allowed the selected

software applications’ capabilities of importing 3D CAD data using appropriate file

formats to be established and, crucially, allowed for the 3D modelling capabilities of

Google SketchUp to be evaluated. A key condition of the imported model was that it

accurately matched the geometry of the master model created in Google SketchUp. If

and where the imported model differed from the master model, it was a requirement

that little effort was needed to modify it to accurately match the master model for the

software to be selected for use within the research.

Data input

To create accurate results it was important that accurate data for the surrounding

environment could be inputted. Being able to accurately simulate the pedestrian

movement and the noise, wind, solar and temperature of city centre squares would be

dependent on the ability to input accurate data. Selected software was therefore

evaluated for its ability to input required data. As a result, the forms of data necessary

to compute the required results were established.
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Output

The software was finally evaluated for its capability to produce appropriate results

using three-dimensional representations. Software was not assessed at this stage for its

ability to produce accurate results. Software found capable of importing 3D data,

inputting accurate external data and outputting three-dimensional representations was

independently evaluated using pedestrian and microclimate data gathered during the

fieldwork, described in Chapter 10.

9.4 Evaluation process

The following depicts the process for evaluating the selected software. Key findings,

problems and conclusions are identified.

9.4.1 3D Modelling – Google SketchUp Pro 6

Import

The first step in creating an accurate master model of Chamberlain Square was to

evaluate Google SketchUp’s ability to import CAD data. Although the 3D modelling

package would later be required to import 3D city data provided by third-party

providers, during this initial evaluation Google SketchUp was evaluated for its ability

to import a 2D CAD plan of the selected square. The 2D plan was provided in a DWG

file format, and the software evaluated for its ability to accurately import this format.

The imported plan was used as a reference from which the 3D geometry of the master

model could be modelled, and consisted of Ordnance Survey data sourced from the

Digimap service offered by Edinburgh University (EDINA, 1996). After obtaining the

necessary 2D CAD data of Chamberlain Square from Digimap, Google SketchUp was

able to accurately import the data. This provided a basis from which a 3D master

model of the square could be created.

Input

The modelling process in Google SketchUp is an intuitive process, with a user

interface designed to offer ease of use. The modelling process began by converting the

2D CAD lines imported into SketchUp into 2D planes using a number of the 2D

modelling tools available, including line, arc, rectangle, circle and polygon. To

generate 3D geometry, Google SketchUp contains a modifying tool called push/pull.

This unique tool, only available in Google SketchUp, allows for any 2D plane to be

extruded into a three-dimensional form and for extruded 3D geometry to be modified.
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By repeating this process throughout the model and adopting other appropriate

modelling techniques a 3D model of Chamberlain Square could be created.

Output

By using the 2D modelling tools and modifying tools available in Google SketchUp, it

is possible to create a wide variety of 2D planes and 3D geometry. When creating the

master model of Chamberlain Square, a combination of modelling and modifying

tools allowed for 3D massing of the selected square to be built up. The final 3D master

model of Chamberlain Square is shown in Figure 111.

Figure 111. Massing model of the selected square within Birmingham

Export

Google SketchUp was also evaluated for its ability to export the 3D geometry in a

format that could be imported directly into the other software. The evaluation of

Google SketchUp identified that 3D geometry could be exported in range of CAD

formats compatible with the remaining evaluated software applications (Table 77).

Although the study identified that there was no compatible CAD format allowing for a

direct file transfer between Google SketchUp and the selected wind modelling

software, Star-CCM+, further research established that a plug-in was available for

Google SketchUp, allowing exported 3ds files to be converted into a compatible file

format.

Table 77. Compatible file formats between Google SketchUp and other evaluated

software packages

Exported file formats
Google SketchUp Pro 6

Compatible import formats
Legion Studio

2006
CadnaA

Star-CCM+
v4

TownScope
3.0.1

3ds Yes Plug-in Yes
DXF Yes Yes Yes
DWG Yes Yes

VRML
FBX
OBJ Yes
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Summary

The evaluation of Google SketchUp was carried out by the means of set criteria aimed

at assessing its capability of importing CAD data and creating a model of Chamberlain

Square, Birmingham. The evaluation concluded that Google SketchUp had fulfilled

the key requirements set out in the criteria and was capable of both importing

appropriate CAD data and creating a master model of Chamberlain Square (Figure

112). SketchUp offered a user friendly and intuitive approach to modelling and

modifying 3D geometry. With a simple user interface, basic 2D modelling tools and

advanced modifying capabilities, Google SketchUp is able to create and modify a

variety of 3D geometrical models. SketchUp also offers the capabilities of both

importing and exporting a number of different file formats compatible with the

remaining software applications. It can therefore be considered as an appropriate 3D

modelling software to assist in the design of city centre squares.

Figure 112. Process chart for creating master model

9.4.2 Pedestrian movement – Legion Studio and Legion 3D 2006

Import

The first step in modelling pedestrian movement within Chamberlain Square involved

the import of two different CAD data sets. Legion Studio required a 2D CAD plan of

the square to be imported into software, while Legion 3D required the 3D master

model of Chamberlain Square created using Google SketchUp to be imported. The

same 2D CAD plan used within the evaluation of the 3D modelling package was used

within Legion Studio. However, before the 2D plan could be imported into Legion

Studio, the lines that represented obstacles (buildings, street furniture, etc) needed to

be defined. The evaluation process of both Legion Studio and Legion 3D established

that both software applications could successfully import their appropriate CAD data

sets, with no problems being identified.
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Data input

Legion Studio allows for necessary data to be inputted either by importing pedestrian

movement data from an Excel document or by inputting data directly. However, the

evaluation process established that Legion Studio needs a great variety of data in order

to create the required results. Precise pedestrian movement analysis cannot be

achieved by simply inputting the position and number of pedestrians entering and

exiting the square over a given time. Legion Studio also requires the user to define the

types and percentage of pedestrians entering the space, i.e. their sex; the size of their

luggage; their country of origin; whether they are a tourist, commuter or runner, etc.

By defining these properties Legion Studio translates the speed in which the different

types of pedestrians will move within the space. Legion Studio also requires the user

to define the different routes that entering pedestrians can take within a space. These

routes are not defined directly, but are instead created by stating the percentage of

pedestrians that move from one point to another, and if necessary the time spent at

each point. This process is dependent on the complexity of the simulation to be

created.

Legion 3D is only used to simulate the results created in Legion Studio, therefore no

data is directly inputted into Legion 3D. Instead, results data produced by Legion

Studio is imported into Legion 3D along with the master model, to create the 3D

simulations.

Output

Legion Studio provides a number of different outputs for analysing results. Results

can be observed via a 2D simulation of pedestrian movement and a wide variety of

tables, graphs and coloured maps, allowing for the entire space, a selected area or an

individual entity to be analysed over a selected time period. The multi-coloured maps

produced by Legion Studio allow the user to quickly analyse the pedestrian flow

within a space and identify key paths, bottlenecks and unused areas (Figure 113).

Unlike Legion Studio, Legion 3D cannot output the results in table, graph or map

form. Instead the only output available is a 3D simulation of pedestrian movement in

real-time (Figure 114). However, users are able to interact with the simulation and

view pedestrian flows from their desired viewpoints.
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Figure 113. Pedestrian movement in Chamberlain Square

Figure 114. 3D pedestrian movement in Chamberlain Square

Summary

In summary, the evaluation process aimed to establish if Legion Studio plus Legion

3D could be adopted for use within the research. The criteria aimed to determine the

software’s capability of importing appropriate CAD data and simulate pedestrian

movement within Chamberlain Square using 3D representations. It was concluded that

Legion Studio plus Legion 3D could be adopted for use within the research. Legion

Studio with Legion 3D could successfully import both 2D and 3D CAD data of

Chamberlain Square, input appropriate data and output 3D results (Figure 115).

However, the evaluation process identified that for Legion Studio to produce the
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necessary simulations and results, it requires a great variety of data to be inputted. If

some of this data cannot be obtained from external sources, first-hand observations are

required to collect the necessary data. Therefore, an appropriate methodology for

collecting this data needed to be established.

Figure 115. Process chart for pedestrian movement analysis

9.4.3 Noise mapping – CadnaA

Import

CadnaA was firstly evaluated for its ability to import the master model of

Chamberlain Square within Birmingham. Although it was established that both

CadnaA and Google SketchUp shared the same file formats for sharing CAD data, the

process of importing the master model into CadnaA proved more difficult than

anticipated. Appropriate layers within the 3D CAD model needed to be defined so

they closely matched the corresponding CadnaA-object types. The master model was

divided into four key layers: buildings, roads, walls and floorscape. However, the last

two layers, walls and floorscape, did not have a direct corresponding CadnaA-object

type, the nearest and most appropriate match was to assign the wall layer to the barrier

object type and the floorscape layer to the contours object type. The lack of a direct

corresponding CadnaA-object type for the floorscape layer identified a major problem

with the software. The inability to split up the floorscape into more defined elements,

i.e. steps, ramps and floorscape, due to the lack of CadnaA-object types, resulted in

the whole of the floorscape being imported on the object type ‘contours’. By

importing the floorscape into CadnaA using this object type, the modelled floorscape

was subjected to a loss of detail. Another problem identified was enabling the noise

mapping software to generate the entirety of the 3D master model automatically in 3D.

CadnaA did allow for the majority of the buildings and some parts of other buildings

to be generated automatically in 3D; however, some of the data remained in 2D form.

The problem of getting the remaining buildings to be automatically generated in 3D
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could not be resolved and resulted in the remaining 2D buildings to be manually

generated in 3D by inputting the height data for each of these buildings individually.

Data input

CadnaA allows for appropriate data to be inputted into the software, due to a simple

user friendly interface and selection of noise sources; point, line and zone sources and

road and rail sources. CadnaA also provides access to a selection of predefined data

sources; road types, with their corresponding sizes and material makeup, are available

within the software.

Output

The output provided by CadnaA is of a coloured contoured map representing the

varying noise levels (decibels) within the square (Figure 116). The coloured map

follows the contours of the terrain and can also be applied to the façades of the

surrounding buildings, allowing for the results to be viewed within an interactive 3D

environment. Where a more precise measurement of a noise level is needed, CadnaA

offers the capability of defining numerous receivers at selected points throughout the

scene. The defined receivers show the precise decibel level at the selected point,

offering a more precise interpretation of the varying noise levels to be achieved.

Figure 116. Noise mapping - 3D output

Summary

The evaluation of CadnaA’s capabilities to meet the research criteria offered mixed

results. Although the evaluation of the software identified the ability to import the 3D

CAD data, a further manual input of height data to those buildings that were not

automatically generated in 3D was required. Following the completion of this process

and the creation of the 3D model of Chamberlain Square, CadnaA was able to input
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the necessary data (Figure 117) with calculated results generated using three-

dimensional representations. The evaluation of CadnaA identified that the software is

a very powerful and sophisticated noise mapping tool. Although problems were

encountered during the import of the model, there was indication of suitability in the

software for its selection for use within the research.

Figure 117. Process chart for noise mapping software - CadnaA

9.4.4 Wind analysis – Star-CCM+ v4

Import

The study identified that there was no direct file format available to import the 3D

master model of Chamberlain Square into Star-CCM+ from Google SketchUp.

However, further research established that there was an additional plug-in for Google

SketchUp available, allowing for a compatible file format to be exported. The

additional plug-in for SketchUp allows for a .stl file format to be exported and

imported into Star-CCM+. Although the 3D model of Chamberlain Square had been

successfully imported into Star-CCM+, further amendments to the model were

required before other data could be inputted. A surface and volume mesh of the model

had to be generated to allow the software to get an understanding of the volume and

the surface of the environment to be analysed. To be able to successfully generate a

volume mesh, the imported 3D model of Chamberlain Square was first placed within

an enclosed environment, by adding an enclosing box to the model using the options

available within Star-CCM+. Once the 3D model of Chamberlain Square had been

enclosed within the box the software could attempt to generate a surface mesh.

However, Star-CCM+ was unable to generate a surface mesh for the 3D master model

due to inconsistencies in the original 3D master model. To be able to successfully

generate a surface mesh, the imported 3D CAD needed to have no loose edges or

vertices or gaps within the model. By carrying out an analysis within Star-CCM+, the

3D master model was shown to have 586 loose edges and 1 loose vertex, with the high

majority of inconsistencies being located in the ground plane. Therefore, before a

surface mesh could be successfully generated, the 3D master model of Chamberlain
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Square needed to be improved, with all loose edges and vertices erased or connected

to another edge or vertex and all gaps filled. Further research into cleaning up CAD

data identified plug-ins for Google SketchUp that would examine a 3D model and

identify any loose edges or vertices and any missing or duplicated faces. By quickly

identifying the mistakes in the model the 3D data could be cleaned up to meet the

requirements of Star-CCM+ (Figure 118). Following the cleanup of the CAD data, a

successful surface and volume mesh for the 3D model of Chamberlain Square could

be generated.

Figure 118. Example of CAD data (1) prior to cleaning and (2) after cleaning

Data Input

The first stage in inputting data into Star-CCM+ requires the defining of the

boundaries and types for the faces of the imported model and the enclosing box.

Although several different types are available, for this investigation only three

different types were needed. These were: Wall – a solid face, Velocity Inlet – where

the wind would enter the space; and Pressure Outlet – where the wind would exit the

space. The following types were set for the created boundaries:

 Imported City – Wall

 Ground – Wall

 Wind (West) – Velocity Inlet

 North Atmosphere – Pressure Outlet

 South Atmosphere – Pressure Outlet

 Sky Atmosphere – Pressure Outlet

 East Atmosphere – Pressure Outlet

The following stage required the setting up of the physics for the enclosed

environment. This included defining the type of fluid that makes up the volume, the

motion, flow and time, along with several other settings. All of the selected settings

were based on those selected for similar tutorials for measuring wind velocity.

1 2



Chapter 9: Evaluation of selected software

172

 Space – Three-Dimensional

 Material – Gas

 Motion – Stationary

 Flow – Segregated Flow

 Equation of State – Constant Density

 Time – Steady

 Viscous Regime – Turbulent

 Reynolds-Averaged Turbulence – K-Epsilon Turbulence

The final stage, before an assessment of wind velocity in the square could be carried

out, was to set the inlet velocity (wind speed) at the inlet boundary.

Output

Star-CCM+ allows for several different representations to be produced to show the

calculated results. Results can be shown in a variety of both table and graphic forms

and as 3D scalar or vector diagrams of either the whole model (Figure 119), or of

sections though the model (Figure 120). These show the changing velocity and

direction (path) of the wind through the square.

Figure 119. Scalar scene – wind speed in master model

Figure 120. Vector scene: section – wind speed in master model



Chapter 9: Evaluation of selected software

173

Summary

The evaluation of Star-CCM+ established that it could successfully import the 3D

master model of Chamberlain Square by the means of an additional plug-in for

SketchUp for exporting .stl file formats. However, in attempting to create both a

surface and volume mesh of Chamberlain Square, inconsistencies in the 3D master

model were identified. Further research into cleaning up CAD data established plug-

ins for Google SketchUp, allowing for a clean watertight 3D model to be created and a

successful surface and volume mesh to be generated. The input of data into Star-

CCM+ allowed for the simulation of wind movement through the square to be carried

out (Figure 121). As a result, Star-CCM+ was able to produce a selection of 3D

outputs for the analysis of wind speed and movement within Chamberlain Square and

could therefore be considered for selection within the research.

Figure 121. Process chart for wind modelling

9.4.5 Solar access and temperature analysis – TownScope 3.0.1

Import

The evaluation of TownScope began by assessing its capability to import the master

model of Chamberlain Square. It was established that TownScope could readily

import geometric data from the 3D modelling package Google SketchUp. The study

identified that TownScope supports several file formats for importing 3D geometric

data: 3ds, DXF and OBJ. To identify which file format had the most potential for use

within the research, the study examined the geometry generated from importing the

identified file formats (Figure 122) and ascertained that the file format DXF was the

most appropriate. Geometry imported with the 3ds file format contained missing faces

and could not be used to successfully analyse the square, while that imported using the

OBJ file format contained more faces then the original master model, increasing the

difficulty in assigning data to the model and the time taken to carry out any analysis.



Chapter 9: Evaluation of selected software

174

Figure 122. Imported model using different file formats (3ds, DXF, OBJ)

Data input

TownScope was evaluated for its capability to enable accurate input of the longitude

and latitude of the selected square, the north axis, the time of year under investigation,

weather conditions, temperature, wind speed and properties of the materials within the

square. The evaluation established that the necessary data could be inputted. Although

the software contained a database of common materials and their corresponding

properties (albedo and emissivity) (Table 78), for TownScope to be used effectively

within the research, values relating to weather conditions (wind, clouding rate, etc.)

needed to be identified. It was established that historic weather data for Europe could

be obtained from weather station data provided by MeteoArchive (2008).

Table 78. Common material properties (albedo and emissivity)

Surface Albedo Emissivity

Building materials

Asphalt 0.12 0.95

Aluminium 0.73 0.10

Steel 0.73 0.27

Concrete 0.22 0.80

Brick 0.30 0.91

Limestone 0.65 0.92

Wood 0.22 0.83

White Paint 0.80 0.90

Glass 0.08 0.90

Natural materials

Trees 0.14 0.98

Grass 0.23 0.96

Soil Wet 0.17 0.98

Dry 0.30 0.93

Water 0.10 0.95
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Output

Following data input, TownScope was evaluated for its ability to produce results using

three-dimensional representations. The software was evaluated by examining the time

it took to complete the different analyses and the output format. Due to the complexity

of the selected square and therefore the complexity of the master model, solar access

analysis took 11 hours 42 minutes to complete, and temperature analysis took 22 hours

14 minutes to calculate results for the entirety of the square, using one standalone

computer. This amount of time is impractical to effectively use the software to assist

in the design of city centre squares. However, the software does allow for individual

points within the square to be analysed, allowing results for each point to be generated

instantly. Once the analyses were complete, results could either be viewed in a table

format or could be displayed by the means of a multi-coloured map that followed the

contours of the model (Figure 123).

Figure 123. Solar access results produced by TownScope

Summary

From the completion of the evaluation process it was concluded that TownScope

could be adopted for use within the research. TownScope could import the 3D CAD

data, input necessary data and allowed for the calculated outputs to be produced using

three-dimensional representations (Figure 124). However, the time taken to calculate

results was a concern, and was considered inappropriate for effective use in assisting

in the design of city centre squares. However, from the detailed survey of available

software applications, it was established that there is a lack of any other software

application capable of either solar access or temperature analysis using 3D

representations. Furthermore, the software is regularly being developed to improve the

analysis process and along with improvements in computer power (Moore’s Law:

(Moore, 1965), these will aid in reducing the analysis time. Therefore, as the software

fulfilled the applied criteria, TownScope was selected to assist in the design of city

centre squares.
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Figure 124. Process chart for temperature and solar access analysis

9.5 Summary

This chapter aimed to evaluate the capability of selected software in analysing and

simulating the established microclimate aspects important in square design. The

applied criteria aimed to evaluate the selected software applications’ ability to import

appropriate CAD data, input required data and produce results using three-

dimensional representations. The selected software packages were not assessed at this

stage of the research for their ability to produce accurate results, but were

independently evaluated for its ability to produce accurate results using data collected

from the fieldwork (described in Chapter 10). From completing the evaluation process

it was concluded that all of the originally selected software could be selected for

further use within the research (summarised in Figure 125). The completion of the

initial evaluation also allowed for an initial pipeline for correctly applying the selected

software within the research to be established (Figure 126). One of the key points

established from evaluating the selected software applications was the importance of

correct and clean CAD data. In order for the analytical software to work successfully

and efficiently, CAD data must be layered appropriately and correctly and, crucially,

made watertight. By cleaning up the CAD data, unnecessary faces and vertices are

deleted, reducing the file size and complexity of the model and therefore reducing the

time needed to complete the required calculations within the analytical software.

Although this chapter has selected software applications following an evaluation on

their capability to meet the requirements of the research, if the selected software

applications were going to be successfully used to assess the design of squares, it was

critical that the accuracy of the outputted data was evaluated.
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Figure 125. Selected software applications following the initial evaluation

Figure 126. Pipeline and process of applying selected software applications
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Chapter 10: Evaluation of selected analytical

tools scope to predict behavioural aspects

10.1 Introduction

The main objective of the urban designer is ‘to formulate and present the problem as

accurately and vividly as possible’ (Gosling and Maitland, 1984). Software

applications selected to assist in the design of city centre squares have so far only been

evaluated for their ability to handle the required 3D CAD data and produce

geometrical results using three-dimensional representations. This previous evaluation

process did not evaluate the accuracy of the simulation. Although the accuracy of the

outputted results could not be verified fully due to the limited study, the scope of the

software to predict behavioural aspects could be evaluated. Therefore, this chapter

presents a partial evaluation process to determine if the selected tools could be

considered have reasonable scope for predicting the performance of city squares.

Whilst evaluation of software is a recognised part of any software development

process, a retrospective, independent evaluation was necessary to assess whether the

identified software could satisfy the intended purpose. This chapter delineates a

systematic evaluation process for each selected software package and demonstrates

application of 3D CAD data, integrated with other required data sources, for the five

selected north-western European squares. Output results are compared to data

collected from fieldwork to establish the selected software scope for use. Although

absolute values are necessary to determine the scope of the software, the study will

look for trends between the collected fieldwork data and the outputted results.

The research has already determined that the selected 3D modelling package, Google

SketchUp, is able to input the required CAD files and output results to the required

level of detail. Therefore, this chapter continues by establishing the scope of the

selected analytical software in the following categories: pedestrian movement, noise

mapping, wind analysis, solar access and temperature analysis. The chapter begins by

establishing external data sources necessary to evaluate the software.

10.2 External data sources

In evaluating the pedestrian movement and noise mapping software, data collected

during the fieldwork was used. However, in the process of evaluating the wind

analysis, solar access and temperature analysis software, data was acquired for each



Chapter 10: Evaluation of selected analytical tools

179

square, relating to the weather conditions on the day fieldwork was executed.

MeteoArchive (2008) allows for historical weather data to be purchased from the

nearest weather station to each of the studied squares, for the day the fieldwork was

carried out (Table 79).

Table 79. Selected weather stations

City Birmingham Bruges The Hague Bonn Paris

Square
Chamberlain

Square
Burg Grote Markt

In der
Surst

Place Igor
Stravinsky

Weather
station

Edgbaston Ostend Scheveningen Roleber Montsouris

10.3 Pedestrian movement – Legion SpaceWorks (beta)

with Legion 3D 2006

The evaluation of the pedestrian movement software differed slightly from the

evaluation processes that used external data sources (weather station data, etc.) to

evaluate the corresponding software. The pedestrian movement software used

pedestrian numbers (entering and exiting the square) measured from within the studied

squares to produce the results. Therefore, the pedestrian number data simulated within

the software would directly relate to the data measured during the fieldwork. Because

of this, the software was instead verified for its capability to reproduce the pedestrian

flow (paths and activities) within the studied squares, using the available tools. One of

the concerns established from the initial evaluation of the software was that as the user

predefines the paths pedestrian takes, this would result in unnatural and unrealistic

flow. However, the research was offered a beta version (software still in development)

of Legions new pedestrian movement software; SpaceWorks. Although very similar in

its features and capabilities, one major difference was that the user is no longer

required to define the paths they take, but instead only defines the origin and exit point

of the pedestrian. Route modifiers are then added to the model to trigger a change in

the movement, activity or destination of the pedestrian, allowing for a more organic

and realistic pedestrian flow to be achieved. Despite this development in software, the

process of setting up the 3D pedestrian model remained the same as that established

during the initial evaluation of the pedestrian movement software. Table 80 shows the

comparison between the calculated results and the observations made during the

fieldwork of the five selected north-western European squares. Due to the low
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pedestrian numbers in Bonn during the period of the fieldwork (presented in Chapter

6), the Bonn square was not included during the evaluation of the pedestrian software.

Table 80. Pedestrian movement comparison

Square Observations Output 3D

Chamberlain

Square

Burg

Grote Markt

In der Surst* N/A* N/A* N/A*

Place Igor

Stravinsky

*Due to a public holiday taking place during the fieldwork period, no pedestrian movement

was recorded in In der Surst square, Bonn.
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10.3.1 Scope

The comparison of calculated results in relation to observations made during the

fieldwork of the five studied squares presented a very close correlation. Although the

software was not being evaluated for its capability to reproduce accurate pedestrian

numbers, it was being evaluated for its ability to recreate the observed pedestrian flow

within the studied squares. From the completion of the evaluation process, it could be

concluded that the pedestrian movement software, SpaceWorks, was capable of

producing comparable results, and could therefore showed scope to be applied to

predict pedestrian flow within city centre squares.

10.4 Noise mapping – CadnaA

The process of setting up a 3D noise model firstly required importation of the

correctly layered 3D CAD data. Unlike the previous evaluation of this software, where

only a section of the 3D model could be automatically generated in 3D, the latest

version correctly imported the entirety of the model in 3D without any further input

required. Following the importation of the 3D CAD data, noise sources associated

with each of the studied squares were assigned to their appropriate locations. Although

the noise sources differed from square to square, they primarily consisted of defining

the location and decibel level of the surrounding roads, internal fountains and ambient

background noise. The ambient background noise was set at 50db in accordance with

the value stated by Sharland (1972) and Sacre (1993). The decibel level for

surrounding roads and internal fountains were set using data collected during the

fieldwork (presented in Chapter 6). This process differed for the study of Chamberlain

Square, Birmingham, where road traffic data relating to the number, speed and type of

vehicles on the surrounding roads was applied (available in Appendix D). When such

data is used, CadnaA uses its own algorithms to calculate the resulting decibel level.

Finally, receivers were set at the data collection points within each of the five studied

squares, before calculations took place. The graphical output for each of the studies

for the corresponding square is shown in Figure 127–Figure 131. Table 81Table 85

present the comparison between the calculated results and the average noise data

measured for each of the data collection points within the corresponding square. A full

graphical study with data points is available in Appendix E.
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 127. Noise environment – Chamberlain Square

Table 81. Noise comparisons within Chamberlain Square

Chamberlain Square: 08:30–09:30
Noise level

(db)
A B C D E F G Average

Measured 57.6 59.2 56.2 52.7 54.4 57.8 60.2 56.9
Calculated 57.9 60.4 52.4 52.0 53.3 54.0 58.6 55.5
Difference +0.3 +1.2 -3.8 -0.7 -1.1 -3.8 -1.6 -1.4

Chamberlain Square: 12:30–13:30
Noise level

(db)
A B C D E F G Average

Measured 61.3 66.5 60.2 58.0 56.5 59.8 60.8 60.4
Calculated 62.4 64.4 54.4 55.1 53.2 53.4 58.5 57.3
Difference +1.1 -2.1 -5.8 -2.9 -3.3 -6.4 -2.3 -3.1

Chamberlain Square: 16:30–17:30
Noise level

(db)
A B C D E F G Average

Measured 60.4 65.7 59.2 57.2 55.2 58.7 60.8 59.6
Calculated 63.0 65.7 54.3 56.8 53.3 55.5 58.9 58.2
Difference +2.6 0.0 -4.9 -0.4 -1.9 -3.2 -1.9 -1.4
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 128. Noise environment – Burg square

Table 82. Noise comparisons within Burg square

Burg: 08:30–09:30
Noise level

(db)
A B C D E Average

Measured 52.9 50.7 51.7 53.7 56.0 53.0
Calculated 53.5 53.2 53.1 53.7 55.0 53.7
Difference +0.6 +2.5 +1.4 0.0 -1.0 +0.7

Burg: 12:30–13:30
Noise level

(db)
A B C D E Average

Measured 56.7 56.1 56.3 55.7 57.2 56.4
Calculated 53.7 53.5 53.7 55.6 55.7 54.4
Difference -3.0 -2.6 -2.6 -0.1 -1.5 -2.0

Burg: 16:30–17:30
Noise level

(db)
A B C D E Average

Measured 54.7 54.8 54.1 55.1 54.5 54.6
Calculated 53.6 53.5 53.1 55.6 55.2 54.2
Difference -1.1 -1.3 -1.0 +0.5 +0.7 -0.4
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 129. Noise environment – Grote Markt square

Table 83. Noise comparisons within Grote Markt square

Grote Markt: 08:30–09:30
Noise level

(db)
A B C D E F G Average

Measured 54.8 55.1 57.6 53.8 51.6 55.9 56.1 55.0
Calculated 54.6 55.1 59.7 51.4 53.4 52.9 54.4 54.5
Difference -0.2 0.0 +2.1 -2.4 +1.8 -3.0 -1.7 -0.5

Grote Markt: 12:30–13:30
Noise level

(db)
A B C D E F G Average

Measured 59.8 59.7 61.6 58.8 57.9 58.9 58.1 59.3
Calculated 57.7 58.8 62.5 58.7 55.1 54.0 55.4 57.5
Difference -2.1 -0.9 +0.9 -0.1 -2.8 -4.9 -2.7 -1.8

Grote Markt: 16:30–17:30
Noise level

(db)
A B C D E F G Average

Measured 59.2 60.0 61.0 59.3 57.4 57.2 58.2 58.9
Calculated 57.5 58.6 62.7 59.0 54.5 54.3 55.3 57.4
Difference -1.7 -1.4 +1.7 -0.3 -2.9 -2.9 -2.9 -1.5
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 130. Noise environment – In der Surst square

Table 84. Noise comparisons within In der Surst square

In der Surst square: 08:30–09:30
Noise level

(db)
A B C D E Average

Measured 53.6 54.2 53.2 52.3 54.4 53.5
Calculated 52.8 53.1 52.5 51.7 54.1 52.8
Difference -0.8 -1.1 -0.7 -0.6 -0.3 -0.7

In der Surst square: 12:30–13:30
Noise level

(db)
A B C D E Average

Measured 53.4 54.9 53.3 51.8 54.7 53.6
Calculated 52.8 53.1 52.9 51.9 54.0 52.9
Difference -0.6 -1.8 -0.4 +0.1 -0.7 -0.7

In der Surst square: 16:30–17:30
Noise level

(db)
A B C D E Average

Measured 53.8 54.4 53.5 52.7 55.5 54.0
Calculated 52.6 53.0 52.4 51.7 54.0 52.7
Difference -1.2 -1.4 -1.1 -1.0 -1.5 -1.2
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 131. Noise environment – Place Igor Stravinsky

Table 85. Noise comparisons within Place Igor Stravinsky

Place Igor Stravinsky: 08:30–09:30
Noise level

(db)
A B C D E F Average

Measured 56.9 59.3 56.9 55.1 58.4 55.4 57.0
Calculated 54.1 58.7 54.1 54.4 59.9 55.9 56.2
Difference -2.8 -0.6 -2.8 -0.7 +1.5 +0.5 -0.8

Place Igor Stravinsky: 12:30–13:30
Noise level

(db)
A B C D E F Average

Measured 59.1 61.8 58.3 59.6 62.1 61.8 60.5
Calculated 57.6 59.3 55.8 58.0 59.2 60.7 58.4
Difference -1.5 -2.5 -2.5 -1.6 -2.9 -1.1 -2.0

Place Igor Stravinsky: 16:30–17:30
Noise level

(db)
A B C D E F Average

Measured 58.4 61.3 56.3 58.9 59.9 61.1 59.3
Calculated 57.7 59.4 55.2 58.1 59.9 60.9 58.5
Difference -0.7 -1.9 -1.1 -0.8 0.0 -0.2 -0.8

10.4.1 Scope

From the completion of the evaluation of the noise mapping software, it could be

concluded that CadnaA could produce similar results to those collected during the

fieldwork. The comparison of the calculated data with the average noise data for the

three time periods for each of the studied squares shows a close relationship, with the

majority of the results within a ±3 decibel range and an average difference of between

-2 to 0 decibels. Therefore, it was concluded that CadnaA was capable of reasonably

predicting the noise environment of city centre squares.
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10.5 Wind analysis – Star-CCM+v4

Using the process established from the initial evaluation of the wind analysis software,

a 3D wind analysis model for each of the studied squares was set up. The process only

differed when the studied square contained trees or other porous shelter belts. Trees

and shelter belts allow for a percentage of the airflow to pass through, allowing wind

to be diffused rather than forced over an obstruction (Pitts, 1999). Therefore, in order

to create a realistic wind model, trees and shelter belts were modelled as porous

regions. For Star-CCM+, this required importing the porous region of the shelter belt,

e.g. the crown of a tree, as a separate piece of geometry from the solid city mass, and

defining it as a porous region, allowing the virtual wind flow to pass through it and be

diffused.

In the process of setting up the wind model, data relating to the wind flow (direction

and speed) outside the square was inputted using the data acquired from the equivalent

local weather stations. The generated output (Figure 132–Figure 136) was compared

to the average wind speeds measured during the fieldwork at each data collection

points and related time period, within the corresponding squares. Table 86Table 90

present the comparison study between the measured and calculated wind speeds for

each of the corresponding studied squares. A full graphical study with data points is

available in Appendix F.
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 132. Wind movement – Chamberlain Square

Table 86. Wind comparisons within Chamberlain Square

Chamberlain Square: 08:30–09:30
Wind speed (mph) A B C D E F G Average

Measured 4.5 7.2 5.8 6.0 6.6 4.8 7.3 6.0
Calculated 2.5 9.0 6.0 7.0 6.5 3.5 9.0 6.2
Difference -2.0 +1.8 +0.2 +1.0 -0.1 -1.3 +1.7 +0.2

Chamberlain Square: 12:30–13:30
Wind speed (mph) A B C D E F G Average

Measured 5.4 6.2 7.2 5.8 5.6 3.8 5.3 5.6
Calculated 6.0 5.0 10.0 4.5 6.5 3.5 6.0 5.9
Difference +0.6 -1.2 +2.8 -1.3 +0.9 -0.3 +0.7 +0.3

Chamberlain Square: 16:30–17:30
Wind speed (mph) A B C D E F G Average

Measured 5.8 6.2 7.5 5.4 5.7 3.1 6.3 5.7
Calculated 6.0 5.0 10.0 4.5 6.5 3.5 6.0 5.9
Difference +0.2 -1.2 +2.5 -0.9 +0.8 +0.4 -0.3 +0.2
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 133. Wind movement – Burg square

Table 87. Wind comparisons within Burg square

Burg: 08:30–09:30
Wind speed (mph) A B C D E Average

Measured 6.9 5.0 5.9 5.1 7.4 6.1
Calculated 12.5 5.0 7.5 5.5 11.5 8.5
Difference +5.6 0.0 +1.6 +0.4 +4.1 +2.4

Burg: 12:30–13:30
Wind speed (mph) A B C D E Average

Measured 6.6 4.2 5.8 5.8 3.6 5.2
Calculated 11.5 4.5 8.5 7.5 4.0 7.2
Difference +4.9 +0.3 +2.7 +1.7 +0.4 +2.0

Burg: 16:30–17:30
Wind speed (mph) A B C D E Average

Measured 5.6 4.3 4.1 5.0 4.4 4.7
Calculated 11.5 5.0 4.0 9.0 5.0 6.9
Difference +5.9 +0.7 -0.1 +4.0 +0.6 +2.2
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 134. Wind movement – Grote Markt Square

Table 88. Wind comparisons within Grote Markt square

Grote Markt: 08:30–09:30
Wind speed (mph) A B C D E F G Average

Measured 6.3 4.5 7.6 5.3 6.8 6.3 6.2 6.1
Calculated 6.5 5.0 13.0 8.5 7.0 6.5 7.0 7.6
Difference +0.2 +0.5 +5.4 +3.2 +0.2 +0.2 +0.8 +1.5

Grote Markt: 12:30–13:30
Wind speed (mph) A B C D E F G Average

Measured 6.9 5.7 7.6 7.2 7.1 6.7 6.6 6.8
Calculated 9.5 6.0 18.0 13.5 8.5 9.0 8.5 10.4
Difference +2.6 +0.3 +10.4 +6.3 +1.4 +2.3 +1.9 +3.6

Grote Markt: 16:30–17:30
Wind speed (mph) A B C D E F G Average

Measured 7.1 6.5 6.0 5.6 5.4 7.2 7.0 6.4
Calculated 11.0 8.0 3.0 4.0 4.5 18.5 11.5 8.6
Difference +3.9 +1.5 -3.0 -1.6 -0.9 +11.3 +4.5 +2.2
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 135. Wind movement – In der Surst square

Table 89. Wind comparisons within In der Surst square

In der Surst square: 08:30–09:30
Wind speed (mph) A B C D E Average

Measured 2.6 1.8 1.4 3.9 3.5 2.6
Calculated 3.0 2.0 1.5 5.0 4.5 3.2
Difference +0.4 +0.2 +0.1 +1.1 +1.0 +0.6

In der Surst square: 12:30–13:30
Wind speed (mph) A B C D E Average

Measured 6.3 4.8 4.5 6.4 6.8 5.8
Calculated 8.0 5.0 2.5 15.0 7.5 7.6
Difference +1.7 +0.2 -2.0 +8.6 +0.7 +1.8

In der Surst square: 16:30–17:30
Wind speed (mph) A B C D E Average

Measured 6.5 4.7 4.5 6.5 6.5 5.7
Calculated 8.0 5.0 2.5 15.0 7.5 7.6
Difference +1.5 +0.3 -2.0 +8.5 +1.0 +1.9
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 136. Wind movement – Place Igor Stravinsky

Table 90. Wind comparisons within Place Igor Stravinsky

Place Igor Stravinsky: 08:30–09:30
Wind speed (mph) A B C D E F Average

Measured 5.8 1.9 2.5 2.5 3.4 2.2 3.1
Calculated 7.5 2.0 3.0 3.0 4.0 2.5 3.7
Difference +1.7 +0.1 +0.5 +0.5 +0.6 +0.3 +0.6

Place Igor Stravinsky: 12:30–13:30
Wind speed (mph) A B C D E F Average

Measured 6.2 2.4 3.8 4 5.1 3.7 4.2
Calculated 12.5 2.5 4.5 6.5 6.0 4.0 6.0
Difference +6.3 +0.1 +0.7 +2.5 +0.9 +0.3 +1.8

Place Igor Stravinsky: 16:30–17:30
Wind speed (mph) A B C D E F Average

Measured 6.7 2.5 4.4 4.8 5.3 3.9 4.6
Calculated 12.5 2.5 4.5 6.5 6.0 4.0 6.0
Difference +5.8 0.0 +0.1 +1.7 +0.7 +0.1 +1.4

10.5.1 Scope

The comparison between the calculated wind speed and the measured data for the

three time periods, for each of the studied squares, presented a consistent relationship,

with the majority of the calculated results between 02 mph above the measured wind

speed. However, on nine occasions, at locations closest to where the wind entered the

computerised model, calculated results 5.0 mph above the measured wind speed were

presented. It is believed that the higher calculation of wind speed at these locations

was due to the lack of urban form in the applied 3D models. With the exception of the

3D city model of Birmingham, only the buildings immediately surrounding each of

the exemplar square were modelled. It is in these models where the greatest

differences between the measured and calculated data were found. Due to the lack of

urban form in these models, no reduction in the speed had taken place at the point

where wind entered the square, resulting in the higher calculated values. However,
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where a greater amount of surrounding form had been used, in the analysis of

Chamberlain Square, Birmingham, greater reduction could take place and more

accurate results were presented. Therefore, as 76% of the calculated results were

within ±2 mph of the measured wind speed, it could be concluded that the selected

wind modelling software, Star-CCM+, was capable of predicting the wind

environment of city centre squares. However, to be used effectively, a larger amount

of urban form surrounding the proposed square and wind data closer to the site being

studied should be used.

10.6 Solar access – TownScope 3.0.1

To predict the sunlight level within the squares, the solar access software, TownScope

required the longitude, latitude, date and cloud cover to be defined. The latter was

obtained from the weather station data. In evaluating TownScope, the study aimed to

compare the light levels calculated within the software against the average LUX levels

measured during the fieldwork. Although initial evaluation of the software identified

that the outputted results were presented in watts per meter2 (W/m2), TownScope

provides a value for converting LUX to W/m2, stating that 1 LUX = 0.00146 W/m2

(Azar, 2007b). However, the evaluation of TownScope established that the calculated

results did not match the measured data collected. It was determined that this was due

to conversion of the measured data into W/m2. Although results could be converted

using the stated value, further study identified that this relationship is not definite, the

conversion factor being highly dependent on weather conditions and the light’s

wavelength throughout the day. Further comparison between the two data sets

established that there was a relationship between those values that were under shade

and those that were under direct sunlight. Values in both data sets were found to be

lower when under shade, and higher when under direct sunlight. Therefore, although

the evaluation of the selected solar analysis software determined that it could not

accurately be used to analyse the luminance (LUX) level within a square, it was

determined that it could be used to accurately predict the amount of solar access into a

square. A study was carried out to establish a measure for the amount of sunlight

entering a square. As part of the current solar access calculation process, the selected

solar access software calculates the amount of time (hours) a surface receives

sunshine. This calculation process presents a measure for the amount of sunlight into a

square as sunshine hours. However, as no ranges could be identified from current

urban design literature for the number of sunshine hours (sunlight) a square could

receive, the software was used to evaluate the five north-western European squares
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and establish values for the number of sunshine hours a north-western European

square should aim to receive. As these values would change throughout the year, due

to changing length of daylight, the study was repeated at four key times in the solar

cycle; March 21st (vernal equinox), June 21st (summer solstice), September 21st

(autumnal equinox) and December 21st (winter solstice). In doing so, an accurate

representation of the sunshine hours within north-western European squares

throughout the year was achieved. Table 91 summarises the findings from the study,

stating the potential amount of direct sunlight for that day (i.e. time from sunrise to

sunset), the minimum amount of sunlight received, the most frequent amount of

sunlight received for the majority of the space and the maximum amount of sunlight

received. A full graphical study is available in Appendix H.

Table 91. Study into the sunshine hours of the five exemplar city centre squares

Square Potential (hours) Min (hours) Mode (hours) Max (hours)

March 21st

Birmingham 12 1.8 2.0–4.0 4.6

Bruges 12 0 1.5–4.5 5.8

The Hague 12 2.0 2.5–4.5 4.8

Bonn 12 1.0 2.0–3.0 4.0

Paris 12 0 2.0–4.0 4.8

Average 12 1.0 2.0–4.0 4.8

June 21st

Birmingham 16 3.4 6.5–9.5 10.0

Bruges 16 1.8 3.0–8.2 8.4

The Hague 16 5.0 6.5–9.7 10.5

Bonn 16 3.0 4.0–9.0 10.0

Paris 16 3.3 5.0–8.5 9.0

Average 16 3.3 5.0–9.0 9.6

September 21st

Birmingham 12 1.8 2.0–4.0 4.6

Bruges 12 0 1.5–4.5 5.3

The Hague 12 2.0 2.5–4.5 4.8

Bonn 12 1.0 2.0–3.0 4.0

Paris 12 0 2.0–4.0 4.8

Average 12 1.0 2.0–4.0 4.7

December 21st

Birmingham 8 0 0–0.9 1.2

Bruges 8 0 0–0.1 0.2

The Hague 8 0 0–0.7 0.8

Bonn 8 0 0–0.3 0.4

Paris 8 0 0–0.3 0.4

Average 8 0 0–0.5 0.6
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10.6.1 Findings

From studying the number of sunshine hours received by the five exemplar squares

throughout the year, it was identified that all of the studied squares received around

the same amount of sunlight time for corresponding days (summarised in Table 92).

From the completed study, the established ranges were added to the overall

framework, to assist in the design of north-western European squares.

Table 92. Sunshine hour ranges that a north-western European square should receive

at key points in the year

Date Sunshine Hours

March 21st 2–4

June 21st 5–9

September 21st 2–4

December 21st 0–0.5

10.7 Temperature analysis

To evaluate the selected temperature analysis software, TownScope, appropriate

weather data (wind speed, air temperature and cloud cover), were inputted for the

corresponding exemplar square. The air temperature and cloud cover data were

obtained from the weather station data sets. However, TownScope does not calculate

the effects the surrounding form of the square has on the wind speed and only applies

a constant wind speed throughout the entirety of the model. Therefore, an average

wind speed taken from the measured fieldwork data, for each corresponding square

and related time period, was applied. By doing so, a more accurate result for the

temperature of the square was hoped to be gained.

Following the completion of the calculation process, it was quickly established that

the software was unable to calculate cold thermal stress, and instead could only

present perceived heat stress for urban spaces (temperatures above 20oC).

Temperatures above 20oC are only commonly experienced during the summer months

in Britain. This misunderstanding of the software features and capabilities were due to

ambiguities in the descriptions presented on the TownScope website (Azar, 2007a)

and meant the software could not be effectively used to predict the temperature of city

squares within Britain. Due to this interpretation, the research repeated a

comprehensive survey of alternative available tools more appropriate for calculating

the temperature within urban spaces, with the aim to identify software from different
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disciplines; architecture, engineering, etc. that could be adopted and adjusted for use

within this research. However, it was again established that there is currently no other

software application able to calculate the temperature of urban spaces using three-

dimensional representations. Therefore, the research set out to determine if the

previously selected software, TownScope, could be applied in predicting the air

temperature of city centre squares. The requirements of this research, to be able to

obtain a greater range for temperature than has been previously possible within

TownScope, initiated the development of the software, so that temperatures of less

than 20oC, could be simulated. The graphical output is shown in Figure 137 141; a

full graphical study with data points is available in Appendix I. The comparison study

between the measured and calculated data is shown in Table 93Table 97.

08:30–09:30 12:30–13:30 16:30–17:30

Figure 137. Temperature within Chamberlain Square, Birmingham

Table 93. Temperature comparisons within Chamberlain Square, Birmingham

Chamberlain Square: 08:30–09:30
Temperature (oC) A B C D E F G Average

Measured 15.6 15.5 15.4 15.0 15.6 15.9 15.4 15.5
Calculated 16.3 14.9 16.0 14.6 16.0 16.3 15.6 15.7
Difference +0.7 -0.6 +0.6 -0.4 +0.4 +0.4 +0.2 +0.2

Chamberlain Square: 12:30–13:30
Temperature (oC) A B C D E F G Average

Measured 21.6 21.1 20.8 20.7 21.4 21.1 21.7 21.2
Calculated 22.1 22.1 19.9 21.6 22.1 21.1 22.1 21.6
Difference +0.5 +1.0 -0.9 +0.9 +0.7 0.0 +0.4 +0.4

Chamberlain Square: 16:30–17:30
Temperature (oC) A B C D E F G Average

Measured 20.0 20.2 20.5 20.2 19.5 19.8 20.3 20.1
Calculated 19.4 19.8 20.3 19.3 19.4 19.4 19.5 19.6
Difference -0.6 -0.4 -0.2 -0.9 -0.1 -0.4 -0.8 -0.5
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 138. Temperature within Burg square, Bruges

Table 94. Temperature comparisons within Burg square, Bruges

Burg: 08:30–09:30
Temperature (oC) A B C D E Average

Measured 17.0 16.3 16.5 17.0 16.6 16.7
Calculated 17.1 15.9 15.9 16.2 17.4 16.5
Difference +0.1 -0.4 -0.6 -0.8 +0.6 -0.2

Burg: 12:30–13:30
Temperature (oC) A B C D E Average

Measured 20.7 19.8 19.8 20.4 20.9 20.3
Calculated 21.3 20.7 19.8 21.3 21.6 20.9
Difference +0.6 +0.9 0.0 +0.9 +0.7 +0.6

Burg: 16:30–17:30
Temperature (oC) A B C D E Average

Measured 21.0 20.3 20.9 21.0 21.2 20.9
Calculated 20.6 19.5 21.3 21.3 21.7 20.9
Difference -0.4 -0.8 +0.4 +0.3 +0.5 0.0
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 139. Temperature within Grote Markt square, The Hague

Table 95. Temperature comparisons within Grote Markt square, The Hague

Grote Markt: 08:30–09:30
Temperature (oC) A B C D E F G Average

Measured 18.6 18.9 18.6 18.7 18.2 18.6 18.2 18.5
Calculated 19.1 19.1 17.9 18.6 19.1 17.9 18.6 18.6
Difference +0.5 +0.2 -0.7 -0.1 +0.9 -0.7 +0.4 +0.1

Grote Markt: 12:30–13:30
Temperature (oC) A B C D E F G Average

Measured 24.5 25.3 24.9 24.7 24.9 25.0 25.0 24.9
Calculated 23.7 24.7 25.0 25.0 25.2 25.0 25.0 24.8
Difference -0.8 -0.6 +0.1 +0.3 +0.3 0.0 0.0 -0.1

Grote Markt: 16:30–17:30
Temperature (oC) A B C D E F G Average

Measured 24.1 24.4 24.6 24.5 24.4 24.4 24.2 24.4
Calculated 23.3 23.4 24.3 23.3 23.5 23.8 23.4 23.6
Difference -0.8 -1.0 -0.3 -1.2 -0.9 -0.6 -0.8 -0.8
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 140. Temperature within In der Surst square, Bonn

Table 96. Temperature comparisons within In der Surst square, Bonn

In der Surst: 08:30–09:30
Temperature (oC) A B C D E Average

Measured 21.5 21.6 21.9 21.9 21.0 21.6
Calculated 21.9 21.7 21.0 21.1 21.9 21.5
Difference +0.4 +0.1 -0.9 -0.8 +0.9 -0.1

In der Surst: 12:30–13:30
Temperature (oC) A B C D E Average

Measured 26.8 26.5 27.4 27.3 27.3 27.1
Calculated 27.4 26.1 27.6 27.6 27.6 27.3
Difference +0.6 -0.4 +0.2 +0.3 +0.3 +0.2

In der Surst: 16:30–17:30
Temperature (oC) A B C D E Average

Measured 26.9 26.3 26.6 26.6 26.7 26.6
Calculated 26.3 25.7 25.8 25.8 26.4 26.0
Difference -0.6 -0.6 -0.8 -0.8 -0.3 -0.6
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08:30–09:30 12:30–13:30 16:30–17:30

Figure 141. Temperature within Place Igor Stravinsky

Table 97. Temperature comparisons within Place Igor Stravinsky

Place Igor Stravinsky: 08:30–09:30
Temperature (oC) A B C D E F Average

Measured 20.8 21.3 21.1 21.4 21.4 21.4 21.2
Calculated 21.4 21.6 21.2 20.4 20.4 21.2 21.0
Difference +0.6 +0.3 +0.1 -1.0 -1.0 -0.2 -0.2

Place Igor Stravinsky: 12:30–13:30
Temperature (oC) A B C D E F Average

Measured 26.6 26.6 26.1 26.4 26.1 26.4 26.4
Calculated 27.2 27.2 26.0 26.2 27.0 27.0 26.8
Difference +0.6 +0.6 -0.1 -0.2 +0.9 +0.6 +0.4

Place Igor Stravinsky: 16:30–17:30
Temperature (oC) A B C D E F Average

Measured 24.7 24.8 24.6 24.6 25.2 25.2 24.9
Calculated 24.2 24.2 24.1 24.1 24.3 24.6 24.3
Difference -0.5 -0.6 -0.5 -0.5 -0.9 -0.6 -0.6

10.7.1 Scope

The comparisons made between the measured temperature and the converted

calculated data indicated a strong relationship, with all of the calculated results found

to be within ±1oC of the measured data. Therefore, it was established that the selected

software could be used to predict the temperature of city centre squares.
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10.8 Summary

This chapter aimed to determine the degree to which the simulations and associated

data provided accurate representations of the selected real world characteristics for the

five selected north-western European squares. In doing so, the scope of the software to

predict performance aspects was evaluated, and its appropriateness for use in

predicting the performance of city centre squares established. In evaluating the

selected software, both data collected during the fieldwork and that obtained from

external sources (weather stations, Birmingham City Council) was applied. In both the

evaluation of the pedestrian movement and noise software, a very close relationship

between the calculated results and the measured data was established, and these

software packages were therefore selected to assist in the design of city centre squares.

Although the evaluation of the selected wind software established a close relationship

between the calculated and measured data sets for the majority of the results, it was

identified that the software regularly calculated higher wind speeds to those measured

during the fieldwork. It was shown that this was due to the lack of surrounding form in

the 3D models. Therefore, for the wind software to be used effectively, a greater

amount of surrounding urban form would be required and a wind speed source closer

to the study areas should be used.

Issues were also identified in the evaluation of the selected solar access and

temperature analysis software. In the former study, it was established that the

calculated results did not match the measured data using Azar’s (2007b) stated

conversion. However, this was overcome when it was identified that a relationship

existed between those values that were under shade and those that were under direct

sunlight, with values in both data sets being found to be lower when under shade, and

higher when under direct sunlight. Therefore, it was determined that the software

could be used to accurately predict the amount of solar access into a square, using the

measured sunshine hours. However, as no ranges could be identified from current

urban design literature for the number of sunshine hours (sunlight) a square was

predicted to receive, the software was used to evaluate the five north-western

European squares and determine values for the number of sunshine hours a north-

western European square should aim to receive at four key times in the solar cycle

(See Table 91). From the completed study, the established ranges were added to the

overall framework and the solar access software selected to aid in the design of city

centre squares.
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In the evaluation of the selected temperature analysis software, it established that the

software produced results only for temperature readings above 20 oC. However, the

requirements of this research  to be able to obtain a greater range for temperature

than has been previously possible within TownScope  resulted in the software being

further developed so that temperatures of less than 20oC could be simulated. From the

evaluation of the upgraded temperature analysis software, a close relationship between

the measured and calculated data was established for the majority of the results.

Therefore, from the completion of the evaluation process, which focused on testing

attributes of accuracy for the selected analytical software, it was concluded that each

of the selected software applications could satisfy the intended purpose and meet the

needs of this research to predict the performance of city centre squares.

The combination of the selected software applications and the design framework for

north-western European squares could now be applied to develop and test the design

of city centre squares within Britain. As a demonstration of this approach, the research

aimed to select an appropriate site within a chosen British city, where a new connected

pedestrian square could be proposed.



Chapter 11: Application of research to Newcastle upon Tyne

203

Chapter 11: Application of research to

Newcastle upon Tyne

11.1 Introduction

As a demonstration of an integrated approach to the design of city centre squares, the

overall geometrical design framework and selected software needed to be applied in

the design of a connected pedestrian square within a British city centre. Due to its

accessibility and current lack of connected city centre squares, the city of Newcastle

upon Tyne was selected for the application of the research.

Newcastle has always been the focal point of the north-east (Burns, 1967), with

origins dating back to Roman times. Newcastle’s development started on the north

bank of the river Tyne and the successive historic periods that followed all left their

mark on the growth and form of the city (Holliday, 1973). Although once an important

industrial centre, with its shipyards and great engineering works, the changing needs

of industry meant that the city developed more sophisticated attributes in order to

provide a commercial, cultural and social life. Newcastle now accounts for an area of

43.6 square miles, with a population of 259,536, of which 189,863 live within the city

centre (Office for national statistics, 2001). However, unlike other industrial cities

such as Birmingham, Newcastle has a poor pedestrian network, with no connected

pedestrian squares. Therefore, this chapter reports on the selection of an area within

the city that could be redeveloped to include a new city centre square, acting as part of

a pedestrian network. Designs from local architects and landscape architects for the

square are presented. The selected software is applied to assess the design proposals,

before conclusions are drawn.

To gain a greater understanding of Newcastle’s urban form, this chapter begins by

briefly reviewing developments that have led to its current form, and establishing the

location and history of Newcastle’s city centre public squares.
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11.2 Newcastle – development of current city centre

squares

The location of Newcastle, on the banks of the river Tyne, provided a favourable

setting for its development as an important commercial port town (Tavsanoglu,

1998).With the increasing trade at the port, first in wool, then superseded by coal, the

urban form of Newcastle expanded. Steep narrow streets and alleys led up the

riverside slopes to the upper parts of the town, in which the main markets were located

(Holliday, 1973). This saw the development of the Bigg Market, a square that still

exists within Newcastle’s current urban form. Originally one large square, it was later

separated into three smaller spaces: the bigg, cloth and groat markets (Cowan et al.,

1997). It remains one of the oldest parts of the upper town and still preserves some of

its medieval layout. However, Cowan et al. (1997) observes that while the space often

appears vibrant and full of vitality, due to its market, pubs and restaurants, it

nevertheless always seems to retain an air of squalidness and is considered an untidy,

uncared for and semi-dilapidated part of the city.

Industrialisation took place at an early stage in Newcastle’s history, principally due to

its easy access to coal (Tavsanoglu, 1998). But at the turn of the 18th century,

Newcastle still largely retained its medieval urban form, centring upon the commercial

hub of the quayside area (Holliday, 1973). However, within the following few decades

Tavsanoglu (1998) states that the townscape of Newcastle started its dramatic change

from the medieval structure to its contemporary urbanised form. During this process

of change, Newcastle went through two significant developments. The first began in

the 1830s when local speculative builder Richard Grainger developed Newcastle to

the designs of a selected group of architects, including John Dobson, Thomas Oliver

and John and Benjamin Green (Burns, 1967). The 1834 plan proposed by Grainger

was based on a commercial street scheme and was preferred to the early 1824 plan

proposed by architect John Dobson, who proposed a group of connected squares.

Tavsanoglu (1998) states that Grainger proposed a new street pattern based on three

main thoroughfares with adjoining and linking streets: Grey Street, Grainger Street

and Clayton Street. Grainger also proposed the creation of Eldon Square (completed in

1832), a square that mimicked the London model, with houses on three sides of a

communal garden (Cowan et al., 1997). Although it was originally designed as a

communal garden for the surrounding houses, Eldon Square is now a key pedestrian

area within the city of Newcastle and is one of the few remaining green spaces in the

heart of the city. However, until recently, it has been surrounded by inactive frontage.
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The recent expansion and development of the Eldon Square shopping mall that

surrounds the square has provided new access routes into the mall, with several

restaurants now fronting onto the square. Unfortunately, it remains one of the most

polluted spaces, thanks to the Blackett Street route for buses, taxis and service

vehicles which dominates the south side of the square and results in a unpleasant and

unhealthy environment for pedestrians (Cowan et al., 1997).

The second dramatic and radical transformation of the city’s built fabric began in the

1960s in response to the increasing traffic within the centre of the city. The

construction of the Tyne Bridge, completed in 1928, caused a new orientation of

traffic within the city, increasing the amounts of traffic within the already congested

centre. Faulkner, Jones et al. (2007) note that in response to the increase in traffic

congestion, Newcastle Corporation produced two plans, one in 1945 and one in 1951,

both was proposing a ring road to relieve the increasing congestion. However, it was

not until 1963 that Newcastle began to implement any changes to its urban form. The

council and the newly established planning department were the leading actors in this

process. Their aim was to reorganise and reconstruct the existing urban form of the

central areas in accordance with the requirements of what they saw as a modern city.

The initiators of this dramatic city centre rebuilding process fell to the new leader of

the council, T. Dan Smith, and the city’s first director of planning, Wilfred Burns.

Tavsanoglu (1998) states that both wanted to change the image of ‘a dirty worn-out,

industrial city’ (Burns, 1967) with a new, modern, well-organised, unified,

harmonious, consumption-based city structure. Smith’s slogan, ‘the Brasilia of the

North’ captured popular imagination (Faulkner, Jones and Beacock, 2007), while also

emphasising the aim to create a new modern centre incorporating the magnificent

Victorian commercial centre and creating a contrast between the new, modern

development and old, classical structures (Burns, 1967). Tavsanoglu (1998) highlights

that their enthusiasm was inspired by the modernist idea promoted by the leading

architects of the 1930s, in particular Le Corbusier. The partnership between Smith and

Burns resulted in the 1963 Development Plan. Incorporating elements from the 1945

and 1951 plans, including the development of a central motorway, the proposed 1963

Development Plan was seen as much more radical (Faulkner, Jones and Beacock,

2007). The primary aim of the scheme was the separation of traffic and pedestrian

routes, as advocated by Le Corbusier; the segregation of pedestrians and vehicles was

a predominant design principle. Discussed by Burns (1967), this segregation was

considered to be achievable by either dropping the vehicles to a basement level, or by

lifting the pedestrian to a new ground level. The scheme eventually opted for a
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combination of the two proposals. Pedestrian ways were organised on two levels:

ground level, along the main shopping streets, and a new upper ground level

accessible by ramps and steps (Tavsanoglu, 1998). The design of the pedestrian routes

at ground level also included the proposal for a series of differently shaped connected

pedestrian squares connected by narrow alleyways or arcades (Burns, 1967) (Figure

142). The 1963 development plan also included the proposal of a new cultural quarter

towards the east of the city’s new shopping area. The proposals included the

construction of a new library (designed by Sir Basil Spence) and the extension of the

Laing Art Gallery, with the focus on forming a square as a focal point (Tavsanoglu,

1998) (Figure 143). However, Faulkner, Jones et al. (2007) observe that although the

1963 development plan was well received at the time, many of the important proposals

made were never completed. These included the proposed chain of connected

pedestrian squares and the scheme for a new cultural centre near New Bridge Street

West. The scheme did see the construction of a new city library and the extension to

the Laing Art Gallery, but the enclosing square was never realised.

Figure 142. Proposed 1963 pedestrian scheme and connected squares (Senior, 1963)
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Figure 143. Proposed new library, Laing Art Gallery extension and cultural square

(Newcastle City Council, 1967)

With the exception of construction of the Eldon Square shopping centre, opened in

1977, the latter part of the 20th century saw little change to Newcastle’s urban form

(Cowan et al., 1997). However, as the importance of pedestrian spaces has again

started to be reemphasised in city design, Newcastle has seen the development of four

new pedestrian squares within the turn of the 21st century: the Life Centre square,

Waterloo Square, the Blue Carpet and the recently improved Princess Square. The first

two, due to their location on the south-west edge of the city, away from pedestrian

flows, and their lack of attention to design principles, are largely empty and unused.

The development of the Blue Carpet in 1996 was part of a competition entitled ‘The

first public square in Newcastle’s City Centre for over 100 years’. The competition’s

main aim was to create a new pedestrian square in front the Laing Art Gallery, where

an unused section of road currently stood (Figure 144). The competition was won by

designer Thomas Heatherwick, who proposed the use of purpose-made tiles,

consisting of white resin and recycled glass, which would provide a shimmering effect

of cool blues. Although the council claimed the Blue Carpet to be a geometrically

thrilling and completely functional urban space, the verdict from the general public

was not so positive. Its lack of enclosing walls also resulted in the square being

deemed uncomfortable (windy and noisy), resulting in it only being used as a

walkway. One square that does provide an enclosed environment is the newly

refurbished Princess square. Although the square acts as a secondary entrance point

for the new Newcastle City Library, its location away from the main pedestrian flow

means it does not enjoy high pedestrian use.



Chapter 11: Application of research to Newcastle upon Tyne

208

Figure 44. Competition area for the resulting Blue Carpet

From the study of the development of Newcastle urban form it was established that

Newcastle currently contains six city centre squares (Figure 145). Although there has

been recent attention towards creating pedestrian squares, there has been a lack of

focus in their design, with squares such as the Blue Carpet and Waterloo Square being

created from the leftover space. As a result, with the exception of Eldon Square, these

squares remain largely unused. This therefore strengthens the argument that Newcastle

is in need for a public square which could act as part of a pedestrian network of

existing squares and streets, and one which can be designed to contain various

activities and crucially be considered comfortable.

Bigg Market Eldon Square Life Centre Square

Waterloo Square Blue Carpet Princess Square

Figure 145. Newcastle’s current city centre squares
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11.3 Selecting a site for a new city centre square

11.3.1 Methodology

The process of identification and selection of an area within the city that could be

redeveloped to include a new city centre square and which could act as part of a

pedestrian network of existing squares and streets, took a narrowing approach. This

process involved two key stages:

1. Identifying key features within the city, including the location of current

pedestrian spaces and networks, to identify a suitable study area.

2. Carrying out a detailed evaluation of the selected study area to establish a site

for a new pedestrian city centre square.

Stage 1 - Identifying a study area

To identify an area within Newcastle that could be redeveloped to include a new city

centre square, the urban form of Newcastle upon Tyne was examined and key features

identified. The systematic review of Newcastle’s urban form is shown in Figure 146,

and began by firstly establishing the main urban areas of the city and the main

shopping area, as identified by Newcastle City Council (2007). Step 3 identified the

pedestrian streets, spaces, squares and buildings within Newcastle. Main roads and

listed buildings (Newcastle City Council, 2005) were identified in steps 4 and 5

respectively. In step 6 the underlying graphic was removed to allow the indentified

features to be clearly shown. Newcastle’s’ key pedestrian spaces were then

highlighted in step 7. Using this information, the completed study of Newcastle’s

urban form and its key features established two areas that could be considered for

further examination (step 8). Both areas contained a grouping of four urban spaces,

including two urban squares. However, unlike the northern area, the southern area

contained pedestrian spaces that were more widely dispersed and separated by main

roads. The northern area was also closely linked to the existing main shopping district

and key pedestrian routes. Therefore, in step 9, the northern area was selected for

further detailed examination to establish a site for a new city centre square.
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Figure 146. Process for selection of area of study

1. Identify key areas 2. Main shopping district 3. Pedestrian areas/
anchors

4. Main roads 5. Listed buildings 6. Removal of
underlying graphic

7. Key pedestrian spaces 8. Possible areas for
study

9. Selected area for study
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Stage 2 - Selecting a study site

A similar systematic review to that in stage 1 was applied to the selected study site,

with key features being identified (Figure 147). The review began by identifying the

main shopping district and key shops within the boundaries of the study area. Steps 3

and 4 identified the key pedestrian anchors and listed buildings. The key pedestrian

areas and main roads were also identified in steps 5 and 6 respectively. Finally, all the

key features identified were combined into one view to aid in identifying a site

suitable for a new pedestrian city centre square. By reviewing these key features it is

clear that there is a lack of connection between the main pedestrian areas. Therefore,

to improve the relationship between these spaces, it was apparent that any newly

proposed pedestrian square should be located on the cardinal west to east route that

runs from Eldon Square and the Blue Carpet area. However, the high cluster of listed

buildings and vast area occupied by the main shops means there is no opportunity for

a square to be proposed on the western side of the selected study area. Therefore, with

these constraints taken into account, it was clear that there was only one site that could

be considered suitable for a newly proposed pedestrian square. The identified site

(step 8) also shares a close relationship with the newly constructed Newcastle City

Library, located on the northern edge of the proposed site. Therefore, from reviewing

the key features and urban form of Newcastle and the selected study area, it was

proposed that a new pedestrian square would be developed in the block located south

of the newly constructed city library (step 9).
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Figure 147. Process for selection of site

11.3.2 Description of selected site

The site (Figure 148) is located at the southern end of the main shopping street in

Newcastle, to the south of the Newcastle Library, to the west of the Blue Carpet

pedestrian area and the Laing Art Gallery, and to the east of Grainger Town. It

currently contains two large unused buildings, a multi-storey car park, offices and a

large listed but unused building, Carliol House. As a result, the space currently

1. Selected area 2. Shopping district/
key shops

3. Key pedestrian
anchors

4. Listed buildings 5. Key pedestrian areas 6. Main roads

7. Combined urban
features

8. Selected site 9. Area of development
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experiences low pedestrian movement and activity, despite a very busy pedestrian

junction between Northumberland Street and Blackett Street located on the north-west

corner. The site is also surrounded by four main roads: New Bridge Street West, John

Dobson Street, Market Street and Pilgrim Street. The latter is used primarily as a bus

hub and is the only area of site where pedestrian movement is high.

Figure 148. Examination of selected site

11.4 Development of proposal

Following the selection of a site for a newly proposed city square, the study developed

a design proposal that could be provided to local architects and landscape architects to

assist in their design process. From reviewing the location of the site and its

relationship to local amenities, pedestrian and traffic movement, the study established

seven key points for the proposal:

 The creation of a new square for the main entrance into the new Newcastle

Library.

 Its proximity to the new Newcastle City Library and the Laing Art Gallery

would mean that the area would also be primed for development as a cultural

quarter.

 The selected site would also be ideally located for development as an

expansion to the current main shopping district.

 Pilgrim Street, New Bridge Street West and the connected Blackett Street

would become pedestrian routes, as an improvement to Newcastle’s urban

form and for the square to act as a series of connected pedestrian spaces.
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 The current bus stops that are located on these roads would be relocated on

Market Street and a proposed new bus hub would be located between the City

Library and the Laing Art Gallery, therefore also helping to improve

pedestrian movement through the selected site.

 Due to low traffic numbers on the dual carriageway John Dobson Street, this

road would be reduced to a single carriageway, therefore increasing the

boundaries of the site in an easterly direction.

 The current buildings on the site would be cleared, with the exception of the

listed Carliol House.

11.4.1 Design proposals

The request for designs was received with considerable interest by local architects and

landscape architects, and seven were produced. Figure 149 presents the squares in

order of size. The designs vary from large squares, the largest of which measured 80m

x 145m, to small squares measuring 45m x 30m. The location and shape of the

proposed squares also vary greatly, with two squares stretching across John Dobson

Street to the existing Blue Carpet area.
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Square 1

Square 2 Square 3

Square 4 Square 5

Square 6 Square 7

Figure 149. Design proposals
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11.5 Testing the proposed designs potential for success

The aim of this phase of the research was to test the proposed designs for their ability

to provide a successful space. The success of the square is related to its ability to

generate, assist and contain various activities. The verified criteria for a creating a

successful square (established in chapter 3), highlights that the success of a square is

related to its location in the city, its proximity to pedestrian anchors, its sense of

enclosure (geometrical aspects) and how it behaves in terms of pedestrian comfort and

movement. As the design proposal for the site has already been developed, the sites

location within the city and to its proximity to existing and proposed pedestrian

anchors, remains constant. Therefore the potential success of the proposed designs can

be measured from their ability to provide a sense of enclosure, i.e. meet the validated

geometrical framework, and from their performance criteria in terms of pedestrian

comfort and movement.

The seven designs were subjected to a six-stage review. The proposed designs were

firstly assessed for their ability to meet the geometrical framework. Following this

assessment, the selected software packages were applied to assess pedestrian

movement, and the ability of the proposals to meet the established comfort criteria for

noise, wind, solar access and temperature. To gain an understanding of how the

comfort of the proposed squares would change throughout the year, the assessment of

wind, solar access and temperature were undertaken at four key times of the year:

March 21st (vernal equinox), June 21st (summer solstice), September 21st (autumnal

equinox) and December 21st (winter solstice). Within each assessment, the proposals

were assess for their ability to meet the criteria stated in the overall geometrical design

framework. This process also allowed for comparisons between the geometrical

characteristics of the proposed squares and performance criteria to be made.

Therefore, the ability of the geometrical framework to deliver the objectives of

pedestrian activity and microclimate could be tested and key geometrical

characteristics in terms of delivering a comfortable environment highlighted.

11.5.1 Stage 1 – Geometrical characteristics: comparison with

design framework

Using the geometrical design framework for north-western European squares, the

selected 3D modelling software was used to establish the geometrical characteristics

of the proposed designs. The squares that match the criteria in the design framework

were considered to provide a good sense of enclosure. Table 98 presents the findings
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of this study and highlights those values that were within the established ranges in

green and those that were outside in red, before a summary is made. The squares are

not assessed for their proposed dimensions, but those exceeding maximum or

minimum dimensions will be noted.

Table 98. Comparison of proposed squares with the geometrical framework
Within the established range / outside the established range

Square 1 2 3 4 5 6 7

S
q

u
ar

e
d

im
en

si
on

s

Size (m)
(length x width)

145m
x

80m

116m
x

72m

123m
x

53m

100m
x

71m

70m
x

35m

45m
x

35m

45m
x

35m

Small
21 - 24
30 x 12

Average
70 x 50
90 x 35

Large 100 x 70

Length to width ratio
1.1:1 to 3:1

1.8:1 1.6:1 2.3:1 1.5:1 2:1 1.3:1 1.3:1

R
el

at
io

n
sh

ip
to

li
b

ra
ry

Perpendicular
dimension to height of
principal building ratio

2:1 to 3:1

2.9:1 2.6:1 1.9:1 3.7:1 2.5:1 1.6:1 1.6:1

R
el

at
io

n
sh

ip
to

co
n

te
x

tu
al

bu
il

d
in

g
s

Length to height ratio

1:1 to 8:1
9:1 5.8:1 6.2:1 5.3:1 4.6:1 2.8:1 2.8:1

Width to height ratio

1:1 to 4:1
5:1 3.3:1 3.6:1 3.7:1 2.2:1 2.3:1 2.3:1

R
el

at
io

n
sh

ip
b

et
w

ee
n

fo
rm

an
d

op
en

in
g

s No. of openings
2 to 5

9 8 7 4 4 6 6

Perimeter
75m to 335m

502m 377m 345m 314m 213m 162m 162m

Opening to form (%)
8 to 28

24% 35% 35% 24% 18% 35% 35%

S
u

m
m

ar
y

Rating (/7) 3/7 4/7 3/7 6/7 7/7 4/7 4/7

In reviewing the design of the proposed squares it was established that only one of the

seven designs, Square 5, met all seven criteria. Three designs in particular failed to

contain geometrical properties within the majority of the criteria and instead present

dimensions and characteristics equivalent to an overly large and open square.

Specifically, Square 1 has dimensions that exceed the maximum, and ratios greater

than the stated ranges. Therefore, this square design is considered to provide a poor

sense of enclosure.
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11.5.2 Stage 2 – Pedestrian activity: space utilisation

The seven proposed designs were assessed for their pedestrian movement, in particular

the utilisation of the space, and ability to provide a balance between areas of

movement and areas of rest, using the proposed pedestrian numbers (Table 99). The

assessment was based on pedestrian numbers gathered for the selected site during peak

use (12:00–13:00) on a typical Saturday (available in Appendix K). During this study,

data relating to the number pedestrians boarding and alighting at bus stops within the

area was also collected. This data makes adjustments to the pedestrian movement

model to represent the relocation of the bus stops to the proposed bus hub. According

to Newcastle City Council (2009), a 10% increase in pedestrian movement towards

the buildings surrounding the proposed squares should also be applied to represent

new shopping habits and proximity to the relocated bus terminal. Although no specific

criteria could be identified for the amount of space that should be utilised, the review

of urban design literature and study of the exemplar north-western European squares

established that a square should be designed to allow for the varying activities

associated with a city centre square to be take place. A square should therefore

facilitate movement and include areas for rest (Seamon, 1979; Space Syntax, 2006).

By applying the selected pedestrian software, comparisons could be made between the

seven designs.
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Table 99. Space utilisation of proposed squares

Square Space utilisation 3D output

1

2

3

4

5

6

7
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It is clear from the completed study that the location of the new bus hub is significant

in increasing pedestrian movement along the east to west route. This, in turn, makes

the location of the John Dobson Street crossing in relation to the north-west opening

(New Bridge Street West) of the square crucial in terms of how many pedestrians

move through the square. Those squares that contain a pedestrian crossing directly

opposite the North West opening (Squares 1, 2, and 4) present high pedestrian

movement across the northern edge, but fail to bring the majority of pedestrians into

the central space. Pedestrian movement that crosses John Dobson Street further south

brings pedestrian movement into the square (Figure 150).

Figure 150. Movement through the square in relation to the location of the openings

However, more critically, the study also established that the size and layout of a

proposed square affects how much of the space will be utilised by pedestrians. The

large squares (1, 2, 3 and 4) offer low space utilisation, while the small squares (6 and

7) were found to have high space utilisation. Although high space utilisation is

preferred, those layouts contain no subspaces. As a result, the majority of the space is

used for movement, with little opportunity to seek an area for rest. Only one square (5)

was found to contain both high utilisation, and areas for rest and relaxation. The layout

of Square 5 allows for direct pedestrian movement around its edges, with a quieter

subspace provided for rest in the centre. Similar observations are shown in the

comparison between the space utilisation of the proposed squares and the individual

geometrical characteristics, summarised in Table 100 (Graphs available in Appendix

Q)
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Table 100. Observations based on comparison between space utilisation and
individual geometrical characteristics

Space utilisation :

Geometrical characteristic
Observation

Length The smaller the square, the higher the utilisation

Width The smaller the square, the higher the utilisation

Length : Width No trend

Principal building height :

Perpendicular distance
The smaller the ratio, the higher the utilisation

Contextual building height :

Length
The smaller the ratio, the higher the utilisation

Contextual building height :

Width
The smaller the ratio, the higher the utilisation

Number of openings

From the results, 5 openings appear to be the optimum

number. As the number of openings increases from the

5, the lower the space utilisation becomes.

Percentage of frame open
No trend. Squares with similar percentage of frame

open, presenting different space utilisation

Perimeter The smaller the square, the higher the utilisation

From the observations shown in Table 101, it is clear that the size of the square is the

most prominent factor in its utilisation of space. Therefore, the size of a square should

reflect the number of people likely to use it, in such a way that a high percentage of

the space is utilised. However, as shown from the outputted results presented in Table

100, the size and design of the space must also accommodate for areas of rest. In

terms of movement through the space, the location of openings and subspaces are key

factors.

11.5.3 Stage 3 – Noise

The seven proposed designs were assessed for their ability to reduce the noise

pollution (Table 101). Noise data for John Dobson Street is based on current traffic

numbers obtained from the Newcastle Council (available in Appendix L), with

adjustments made to represent the pedestrianisation of New Bridge Street and Pilgrim

Street. The criterion for noise level in the proposed squares is 60db, as this is the level

at which conversation can take place (Sharland, 1972; Sacre, 1993).
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Table 101. Noise environment of the proposed squares

Square 1

Square 2 Square 3

Square 4 Square 5

Square 6 Square 7
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In studying the noise environment of the proposed squares, some clear findings are

established. Designs that include a range of buildings between the square and John

Dobson Street (Squares 47) were found to provide a quieter environment than those

squares that are open to the street (Squares 13). In particular the two squares that are

dissected by the street (Squares 2 and 3) were found to have a significant amount of

their space above the conversation level of 60db. By contrast, in the other squares,

most readings were 50–60 db. Although Square 1 does not have a range of buildings

between it and the street, its large size creates sufficient distance to the surrounding

streets that the majority of the space provides a comfortable noise environment.

In comparing the average decibel level (db) within the proposed squares (Table 102),

with their individual geometrical characteristics, summarised in Table 103 (Graphs

available in Appendix R), there appears to be very little trend for the majority of

results. However, the graphs do seem to suggest that as the number of openings

increases, so does the decibel level within the square. Therefore, based this

observation and those made from the simulations, it would suggest that what is

important in reducing noise within the square, is the location and size of barriers in

relation to any surrounding noise pollution source.

Table 102. Average decibel level in the proposed squares

Square

(in order of size)
Average decibel level (db)

1 58.8

2 65.6

3 66.5

4 53.8

5 55.3

6 55.3

7 55.2
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Table 103. Observations based on comparison between decibel level and individual
geometrical characteristics

Average decibel level :

Geometrical characteristic
Observation

Length No trend

Width No trend

Length : Width No trend

Principal building height :

Perpendicular distance
No trend

Contextual building height :

Length
No trend

Contextual building height :

Width
No trend

Number of openings
The greater the number of openings, the higher the

decibel level

Percentage of frame open No trend

Perimeter No trend

11.5.4 Stage 4 – Wind

Using weather data (speed and direction) obtained from the weather station located at

Northumbria University, approximately 440m from the centre of the selected site, the

seven proposed squares were assessed in terms of wind speed. The weather station

provided wind data twice a day (09:00 and 17:00) for every day of 2009 (data

available in Appendix M). It was therefore possible to carry out eight assessments of

the wind environment for the seven squares. An example of the graphical output is

presented in Figure 151 (full results are available in Appendix N). To assist in the

assessment of the proposed squares, an average wind speed was established for each

time and place, and a reduction percentage calculated (Table 105).
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Square 1 Square 4 Square 7

Figure 151. Examples of graphical output for wind speed

(September pm; 18.8 mph SE)

Table 104. Comparison between external wind speed and average wind speed within

the proposed squares

Square
March am

(4.9 mph E)
March pm

(2.9 mph SE)
June am

(5.6 mph SW)
June PM

(7.4 mph SW)

1 5.6 mph 2.4 mph 4.9 mph 6.9 mph
Reduction -14% 18% 12% 7%

2 3.7 mph 1.3 mph 3.9 mph 5.2 mph
Reduction 24% 65% 30% 30%

3 3.4 mph 2.3 mph 4.9 mph 6.8 mph
Reduction 31% 21% 12% 1%

4 1.3 mph 1.0 mph 2.3 mph 3.2 mph
Reduction 73% 66% 59% 57%

5 1.3 mph 1.3 mph 3.3 mph 3.4 mph
Reduction 73% 65% 41% 54%

6 2.4 mph 1.2 mph 4.6 mph 5.7 mph
Reduction 51% 59% 18% 23%

7 2.5 mph 1.2 mph 3.2 mph 4.8 mph
Reduction 49% 59% 43% 35%

Square
September am

(11.6 mph SSW)
September pm
(18.8 mph W)

December am
(15.0 mph SE)

December pm
(10.0 mph NE)

1 8.6 mph 13.6 mph 15.6 mph 7.2 mph
Reduction 26% 28% -4% 28%

2 6.1 mph 10.0 mph 7.8 mph 7.8 mph
Reduction 47% 47% 48% 22%

3 6.0 mph 7.0 mph 13.8 mph 9.2 mph
Reduction 49% 63% 8% 8%

4 5.3 mph 6.5 mph 5.4 mph 5.6 mph
Reduction 55% 65% 64% 44%

5 3.4 mph 4.6 mph 7.3 mph 4.9 mph
Reduction 71% 76% 51% 51%

6 7.4 mph 14.9 mph 7.3 mph 6.9 mph
Reduction 40% 21% 51% 31%

7 5.6 mph 8.8 mph 7.4 mph 6.2 mph
Reduction 52% 53% 51% 38%
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Table 105. Average wind reduction in the proposed squares

Square

(in order of size)
Average wind reduction (%)

1 14

2 39

3 24

4 60

5 60

6 37

7 48

The seven squares were tested for their ability to provide a comfortable environment,

by subjecting the proposals to varying wind speeds from different directions on the

four strategic days of the year. The results show that in March and June all the squares

were able to achieve comfort conditions, i.e. less than 8 mph. In September and

December, Squares 4 and 5 were able to maintain this record. The large area of Square

1 produced uncomfortable conditions in both months, and the other squares had mixed

results. In terms of average reduction of wind speed, the two medium-sized squares

performed best. The largest square performed worst, but perhaps surprisingly, the

small squares did not perform much better. Similar observations were found in the

comparison between the average wind reduction within the proposed squares (Table

104) and the individual geometrical characteristics, summarised in Table 106 (Graphs

available in appendix S)
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Table 106. Observations based on comparison between wind reduction and individual
geometrical characteristics

Average wind reduction :

Geometrical characteristic
Observation

Length

The larger the length, the lower the wind reduction.

However, small lengths (below 60m) also provide a

lower wind reduction. Between 60m – 100m appears

to be the optimum

Width No trend

Length : Width No trend

Principal building height :

Perpendicular distance
No trend

Contextual building height :

Length
No trend

Contextual building height :

Width
No trend

Number of openings
The greater the number of openings, the lower the

wind reduction

Percentage of frame open No trend

Perimeter

The larger the square, the lower the wind reduction.

However, smaller squares (perimeter below 200m)

also provide a lower wind reduction. A perimeter size

between 200m – 275m appears to be the optimum

The observations shown in Table 106 confirm those made from the simulation and

show that in reducing the wind speed within a square, both the size of the square and

the number of openings onto a square are the most prominent factors. This suggests

that the more enclosed squares will perform greater in reducing wind speeds.

However, as also shown in the simulation, the small squares did not perform much

better than the larger squares. Although in this case it would appear that the number,

size and location of openings onto the small squares played a significant role.

Therefore, in designing a successful square, consideration must be given to the size of

the square and location and size of openings, in relation to the most prominent wind

flows.
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11.5.5 Stage 5 – Solar Access

By assessing the sunlight hours for the exemplar squares on the four selected days of

the year, target hours of sunlight were obtained, against which the proposed squares

could be assessed (Table 107). An example of the graphical output is represented in

Figure 152, and a full presentation is available in Appendix O.

Table 107. Sunlight hours of the proposed squares

Sunshine Hours
Dates March 21st June 21st September 21st December 21st

Target hours 2.0 – 4.0 5.0 – 9.0 2.0 – 4.0 0.0 – 0.5
Squares

1 2.5 – 6.0 9.5–12.0 2.5 – 6.0 0 – 0.3
2 2.0 – 5.5 8.0–12.0 2.0 – 5.5 0 – 0.5
3 2.0 – 5.5 6.5 – 8.0 2.0 – 5.5 0 – 0.3
4 1.8 – 4.2 8.0–10.0 1.8 – 4.2 0
5 1.7 – 3.7 6.5 – 8.5 1.7 – 3.7 0
6 1.5 – 3.0 4.0 – 8.0 1.5 – 3.0 0
7 1.0 – 2.5 4.0 – 8.0 1.0 – 2.5 0

Square 2 Square 5

Figure 152. Examples of graphical results for solar access (March 21st)

Overall, the proposed designs perform quite favourably compared with the target

hours from the exemplar squares. Squares 14 exceed the values given for March,

June and September. The hours of sunlight on December 21st are minimal, and can

almost be discounted. The measurements for Square 5 are within bounds, and only the

two smallest squares produce relatively low numbers of hours. The outcome is clear –

the larger the square, the greater number of hours of sunshine it receives (Table 108).
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Table 108. Average sunshine hours in the proposed squares

Square

(in order of size)
Average Sunlight Hours

1 3.6 – 6.1

2 3.0 – 5.9

3 2.6 – 5.0

4 2.9 – 4.6

5 2.5 – 4.0

6 1.75 – 3.5

7 1.5 – 3.3

A similar clear outcome is shown in the comparison between the average sunlight

hours for the proposed squares (Table 108) and the individual geometrical

characteristics, summarised in Table 109 (Graphs available in appendix T), the larger

the square and the lower the contextual building height, the greater number of hours of

sunshine..

Table 109. Observations based on comparison between sunlight hours and individual
geometrical characteristics

Average sunlight hours :

Geometrical characteristic
Observation

Length The larger the length, the greater the sunshine hours

Width The larger the width, the greater the sunshine hours

Length : Width No trend

Principal building height :

Perpendicular distance
No trend

Contextual building height :

Length

The lower the building height (greater ratio), the more

sunshine a square receives

Contextual building height :

Width

The lower the building height (greater ratio), the more

sunshine a square receives

Number of openings No trend

Percentage of frame open No trend

Perimeter The larger the square, the greater the sunshine hours
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11.5.6 Stage 6 – Temperature

Twelve assessments were completed to gain an understanding of how the air

temperature of each proposed design changed throughout the selected days of the year.

Within each of the four selected dates, three assessments were carried out at key times

in the day (09:00, 13:00 and 17:00). Temperature data for each time was obtained

from the weather station located at Northumbria University (available in Appendix K).

An example of the graphical output is presented in Figure 153 (the full output is

available in Appendix P).

Square 4 Square 7

Figure 153. Example of outputted results for thermal analysis (June 21st, 17:00)

The simulated temperatures for each of the square designs are shown in Table 110,

with the temperature obtained from the weather station shown in brackets under the

time of day. The range of simulated temperatures relates to different locations within

the proposed squares.
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Table 110. Range of air temperature within the proposed squares

S
q

u
ar

e March 21st

09:00
(10.1oC)

13:00
(11.7oC)

17:00
(12.4oC)

1 10.1 – 10.4 11.9 – 12.5 12.5 – 12.7
2 10.1 – 10.6 13.4 – 14.0 13.3 – 14.0
3 10.4 – 10.9 13.0 – 13.6 13.4 – 13.8
4 10.3 – 10.9 13.9 – 15.1 14.4 – 15.4
5 10.2 – 10.8 14.3 – 15.5 15.0 – 16.0
6 10.1 – 10.4 13.1 – 14.0 14.0 – 14.9
7 10.1 – 10.3 13.3 – 13.9 14.4 – 15.3

S
q

u
ar

e June 21st

09:00
(16.1oC)

13:00
(20.3oC)

17:00
(18.9oC)

1 16.2 – 17.1 23.0 – 23.9 19.2 – 19.9
2 16.5 – 17.6 23.2 – 24.7 20.5 – 21.9
3 16.7 – 17.3 23.4 – 25.0 20.0 – 21.2
4 16.6 – 17.6 23.9 – 25.6 21.8 – 23.4
5 16.4 – 17.6 23.5 – 26.0 22.7 – 24.2
6 16.2 – 17.0 22.5 – 23.7 21.9 – 22.6
7 16.2 – 16.9 22.7 – 24.1 22.0 – 23.1

S
q

u
ar

e September 21st

09:00
(13.8oC)

13:00
(16.7oC)

17:00
(17.0oC)

1 13.8 – 14.1 17.2 – 17.6 17.4 – 17.7
2 14.1 – 14.4 18.3 – 19.5 18.1 – 18.8
3 13.9 – 14.3 18.9 – 20.1 18.5 – 19.1
4 14.2 – 14.8 19.6 – 21.1 19.5 – 20.7
5 14.0 – 14.7 20.3 – 21.4 20.2 – 21.4
6 13.8 – 14.2 17.6 – 18.5 17.9 – 18.8
7 13.8 – 14.3 18.3 – 19.0 18.5 – 19.3

S
q

u
ar

e December 21st

09:00
(0.3oC)

13:00
(0.9oC)

17:00
(-0.4oC)

1 0.3 – 0.3 0.9 – 0.9 -0.4  -0.4
2 0.3 – 0.3 0.9 – 0.9 -0.4  -0.4
3 0.3 – 0.3 0.9 – 0.9 -0.4  -0.4
4 0.3 – 0.3 0.9 – 1.1 -0.4  -0.4
5 0.3 – 0.3 0.9 – 1.2 -0.4  -0.4
6 0.3 – 0.3 0.9 – 0.9 -0.4  -0.4
7 0.3 – 0.3 0.9 – 0.9 -0.4  -0.4

The seven proposed squares were assessed for their ability to provide a thermally

comfortable environment. From the calculated output, the extracted temperature

ranges and average temperature for the proposed squares, a number of key

observations were established. The simulated temperature in the large Square 1
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remains close to the climatic temperature. Only when the climatic temperature is at its

highest is there additional heat gain in the square. This is due to increased solar access,

but there is little enclosure from the surrounding buildings. The simulated temperature

increases as the enclosure increases (i.e. the squares decrease in size) until it is

counteracted by the shading effect from the enclosing buildings. Thus, the optimum

conditions are generated by the medium-sized Squares 4 and 5. The ability of all the

square designs to increase air temperature is suppressed in the 09.00 simulations. This

is due to the heat retention characteristics of squares, and at 09.00, there had been little

opportunity for the squares to have gained warmth. The December simulations show

little difference between the climatic temperature and the simulated temperatures. At

this time of year, any solar gain is at its weakest intensity, and the low altitude of the

sun means that the squares are mainly in shadow for the small number of daylight

hours. It is considered that the small and medium-sized squares would enjoy heat gain

from the energy use within surrounding buildings. However, at present the software is

insufficiently sophisticated to allow for this kind of heat gain. Table 111 shows the

simulated gain in temperature, compared with the climatic temperature, which could

be expected in each of the proposed squares. Even small temperature changes can

affect comfort levels. For interior environments, the comfort range can be as little as

3oC (Chartered Institute of Building Services Engineers, 2006). The guidance for

external spaces is not as precise, but any configurations of the urban environment that

raise temperatures will increase comfort levels at 55o North. As yet, it is not possible

to simulate the combined effects of temperature increase and wind reduction.

Nevertheless, it can be observed from the results of the wind and temperature

simulations that Squares 4 and 5 in particular would produce significantly improved

comfort conditions, compared with the natural climatic conditions, as they both have

noticeable reductions in wind speed and increases in temperature.

Table 111. Average maximum gain in temperature for proposed squares

Square

(in order of size)

Average maximum gain in temperature (oC)

1 1.2

2 2.6

3 2.6

4 4.1

5 4.6

6 2.6

7 3.0
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In comparing the average temperature gains shown in Table 111 with the individual

geometrical characteristics of the proposed squares, summarised in Table 112 (Graphs

available in appendix U), it is again clear that the size of the square and the number of

openings onto a square are both significant factors. The comparison results, support

the observations made from the simulations, in that the simulated temperature

increases as the enclosure increases until it is counteracted by the shading effect from

the enclosing buildings. Thus, the optimum conditions are generated by the medium

sized squares with a length between 60m – 100m and a perimeter size of 200m –

275m. Observations made from the comparison results also show that the number of

openings onto a square is a key factor, and that as the number of openings increases,

the temperature gain decreases. This again supports the observation that as a squares

enclosure increases, so does its temperature. However, the limited results were not

able to show if there was a point where the temperature would start to decrease if the

number of openings fell below an optimum point.

Table 112. Observations based on comparison between temperature gain and
individual geometrical characteristics

Average temperature gain :

Geometrical characteristic
Observation

Length

The larger the length, the lower the temperature gain.

However, as the length falls below 75m, so does the

temperature gain. The optimum is 60m – 100m

Width No trend

Length : Width No trend

Principal building height :

Perpendicular distance
No trend

Contextual building height :

Length

The greater the ratio, the lower the temperature gain.

However, as ratios fall below 4:1, so does the

temperature gain.

Contextual building height :

Width
No trend

Number of openings
The greater the number of openings, the lower the

temperature gain

Percentage of frame open No trend

Perimeter

The larger the square, the lower the temperature gain.

However, as the perimeter size falls below 240m, so

does the temperature gain. The optimum is between

200m – 275m



Chapter 11: Application of research to Newcastle upon Tyne

234

11.6 Summary

This chapter has reported on the testing of the overall geometrical framework with

designs for a pedestrian square in Newcastle upon Tyne. The city’s current urban form

does not offer a network of pedestrian squares, and instead only contains six isolated

city centre squares. It is generally agreed that they are underutilised. Therefore, a new

city centre square was proposed that could act as part of a network of pedestrian

spaces. By applying a systematic review of Newcastle’s current form, main streets,

key pedestrian areas, listed buildings and prime pedestrian anchors were identified,

and an appropriate site selected for the proposed square. The selected site frames the

new City Library, and is close to the city’s main shopping street. This could be

considered as a prime location, but it needs investment as currently there is a high

volume of underused buildings and some expansive traffic junctions. Nevertheless,

there is strong potential for a cultural square, with the new library acting as the

principal building.

To assist in the design of the site and square, a proposal was developed from

reviewing the location of the site and its relationship to local amenities, and pedestrian

and traffic movement. The proposal identifies the site’s ideal location for development

as an expansion to the current main shopping district and as part of a cultural quarter.

Offices and residential buildings are not excluded, so the structures around the square

could be genuinely mixed-use. To allow the intended square to act as part of a network

of pedestrian squares, it is suggested that three of the connecting streets should

become pedestrian routes, with the current bus stops relocated to a new bus hub

located in John Dobson Street between the City Library and the Laing Art Gallery, at

the north-east corner of the proposed square. The hub will also act as an anchor,

helping to attract pedestrians. The plan includes a reduction in the width of John

Dobson Street, and the clearing of the redundant concrete buildings north of the listed

Carliol House. This plan for the area was attached to the request for local architects

and landscape architects to design the new City Library Square.

Seven designs were received and subjected to a six-point review to assess their ability

to meet the established performance criteria - i.e. provide a square with; high space

utilisation and areas for rest, a noise level below 60db, a wind speed below 8mph,

solar access in par with exemplar north-western European squares and a air

temperature between 13-24oC. The studies also allowed for any relationship between

the individual geometrical characteristics set out in the design framework and the

performance of the squares to be established. First, the designs were assessed in
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relation to the geometrical criteria, followed by the use of the selected software to test

pedestrian activity, noise, wind, solar access and temperature. To demonstrate how the

microclimate of the proposed squares changed throughout the year, the assessment of

wind, solar access and temperature was repeated at four dates in the year; March 21st

(vernal equinox), June 21st (summer solstice), September 21st (autumnal equinox) and

December 21st (winter solstice). From the completed assessments, and the

observations made from comparing the behavioural aspects to the individual

geometrical characteristics of the proposed squares, some qualitative observations

were made in relation (Table 113).

Table 113. Observations based on the findings from the assessment

Aspect Observation

Pedestrian

movement
Large squares are subject to low space utilisation, whereas small

squares have high space utilisation but little space for rest. Well-

designed average-sized squares contain both high pedestrian

movement, and areas for rest. Therefore it is clear that the size of the

square is the most prominent factor in its utilisation of space and as a

result the size of a square should reflect the number of people likely to

use it.

Noise Locating a range of buildings between the noise source and the square

substantially reduces that noise in the square. Therefore, it is clear that

in reducing noise within the square, the location and size of barriers in

relation to any surrounding noise pollution source is key.

Wind In reducing the wind speed within a square, both the size of the square

and the number of openings onto a square appear to be the most

prominent factors. Large squares offer little reduction to general wind

speeds. Perhaps surprisingly, small squares do not perform particularly

well either. Average sized squares seem best placed to offer the

greatest wind reduction. Therefore, consideration must be given to the

size of the square and location and size of openings, in relation to the

most prominent wind flows.

Solar access A simple correlation: the larger the square and the lower the

contextual building height, the greater the solar access.

Temperature Mainly due to solar access, large squares produce warmer

environments earlier in the day, but fail to retain this heat by the late

afternoon. However, an average-sized square will provide a warmer

and more comfortable environment during cooler days and present a

more constant temperature throughout the day. Therefore, it is the size

of the square that is a significant factor in its heat gain. Observations

also showed that the number of openings onto a square was also a

contributing factor, and that as the number of openings increases, the

temperature gain decreases. This again supports the observation that as

a squares enclosure increases, so does its temperature.
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The observations show that the overall size of a square, and the location and number

of openings onto a square are the most import geometrical characteristics in effecting

the performance of a square and consequently its overall success. The completed

studies and established observations show that the larger a square became the worst it

performed. However, the performance of a square also began to decline as it became

too enclosed. Therefore, from this it was established that an average sized square, that

most closely matched to the geometrical framework would provide a more

comfortable environment (noise <60db, wind <8mph and temperature between 13 and

24oC) on as many days as possible throughout the year. In regards to the seven

proposed squares, it was established that Square 5 (Figure 154 and 155), an average

sized square which matches all of the stated geometrical criteria (Table 114), would

perform the best and consequently had the greatest potential for success. It can

therefore be concluded that north-western European squares designed in accordance

with the geometrical design framework for north-western European squares are likely

to provide the most comfortable space for its occupants for the majority of the year.

Table 114. Geometrical comparison of proposed squares to overall geometrical design

framework

Square size
Perpendicular distance to

height of:
Openings

Dimensions
(m) length
to width

Perimeter
size (m)

Length
to

width

Principal
Building

Contextual
Buildings No.

% of
frame

Length Width

Small
12 to 24
30 x 12

75335

R
a

n
g

e 1.1:1
to

3:1

1:1
to

3:1

1.1:1
to

8:1

1:1
to

4:1

2
to
5

8
to
28

Average
70 x 50
90 x 35

Large 100 x 70

Max 100

Squares

1 145 x 80 502 1.8:1 2.9:1 9.0:1 5.0:1 9 24%

2 116 x 72 377 1.6:1 2.6:1 5.8:1 3.3:1 8 35%

3 123 x 53 345 2.3:1 1.9:1 6.2:1 3.6:1 7 35%

4 100 x 71 314 1.5:1 3.7:1 5.3:1 3.7:1 4 23%

5 70 x 35 213 2.0:1 2.5:1 4.6:1 2.2:1 4 18%

6 45 x 35 162 1.3:1 1.6:1 2.8:1 2.3:1 6 35%

7 45 x 35 162 1.3:1 1.6:1 2.8:1 2.3:1 6 35%
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Figure 154. Square 5 – view before and after
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Figure 155. Square 5 – view before and after
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Chapter 12: Conclusion

This thesis has sought to emphasise the importance design has in the performance and

resulting success of city centre squares. It has aimed to show that by integrating

geometrical and behaviour aspects; pedestrian movement, noise, wind, solar access

and temperature, the designer can gain a greater understanding of a squares

performance, allowing for more consideration to be given towards pedestrian comfort.

The research has shown that resulting pedestrian activities and microclimate of

proposed squares no longer need to be taken on perceived ‘expert’ opinion alone.

Consequently, designers can evaluate and revise their proposals to provide

comfortable conditions on as many days as possible throughout the year leading to

improved city square design. The discussions throughout this thesis can be seen as

forming an integrated approach to the design of city centre squares and can be

separated into six key stages:

 Establishing the importance of the city centre square: its role, function and

design and developing a theoretical design framework and a criteria for

creating successful squares

 Identifying the need for an integrated approach to the design of city centre

squares

 Verifying the criteria for successful squares and theoretical design framework

for northern European squares by testing them against exemplar squares in

north-western Europe

 Identifying, selecting and evaluating appropriate analytical software tools with

scope to predict the performance of a square

 Using 3D computer models to represent city squares and complete “campus”

studies

 Applying the software to test the design frameworks capability to deliver a

successful square and to establish any geometrical characteristics which are

key factors in creating a successful space

This concluding chapter summarises these research stages and identifies the

contributions made, before discussing possible future research: the proposal for a fully

integrated model.
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12.1 Establishing a design framework and criteria for

creating a successful square

Since the turn of the twenty-first century, urban designers and planners started to re-

emphasise the importance of urban spaces. Subsequently it is again recognised that

high quality urban design has a crucial impact on improving the quality of life in

cities. High quality buildings, streets and public squares facilitate successful social,

economic and environmental regeneration. This thesis has sought to emphasise the

importance of public squares within the fabric of a city, as a place in its own right

rather than just a space to pass through. A place of congregation, movement and

activities, a place for assembly, for commerce, cultural exchange, meetings,

celebration and engaging with other people, and a place for sitting, relaxing and

observing. Therefore, the square is an area of public participation and can be a fulcrum

of human interaction. If a square fails to attract people or does not provide a space for

activities to take place, it cannot be deemed successful. From the reviewed literature,

criteria for generating activity and therefore creating a successful place were

developed. It was established that a successful square would be easily accessible and

well connected to the existing urban form and where possible, a principal building

would be located within its frame acting as an anchor and drawing people into the

square. It was also established that for square to support and facilitate activities, it

must also be designed to provide an attractive and comfortable environment.

Therefore, the enclosure of a city square is very significant in its design, not only to

the achievement of human scale, but also to a general sense of protection. If occupants

can physically relate to different parts of a square through the scale of their own

bodies, they are likely to find the space easy to comprehend. Notable authors on

square design have deliberated, discussed and identified the geometrical

characteristics that would provide a geometrically comfortable and enclosing square,

as analysed in chapter 3. The theoretical concepts important in square design,

established from the detailed literature review, were applied in the development of the

theoretical framework for the design of city centre squares within northern Europe.

However, in designing a successful square, the resulting performance of the space

must also be considered. Knowing how to best control behavioural aspects such as,

noise, wind, sunlight and temperature is essential if the square is to provide

comfortable conditions (temperature: 13oC – 24oC, wind speed: <8Mph and noise:

<60db). A square should provide a variety of microclimatic conditions throughout the

day, depending on the activities taking place, and should aim to have as much area as
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possible falling within comfortable conditions for as much time as possible. The

configuration of space and use of surrounding buildings, walls, trees and canopies can

help to make a square more comfortable. By following these criteria, the chance of

activity being generated and contained is increased. In doing so the chance of success

is also increased.

12.2 Identification of the need for an integrated approach

If successful city centre squares are to be designed, no longer can the design be judged

solely on geometrical characteristics and geometrical appearance; it must also perform

well - provide a space for movement, rest and encounters, and a comfortable

microclimate. Therefore, in assessing the design of a square, consideration must also

be taken into the behaviour aspects  pedestrian movement, noise, wind, solar access

and temperature  which contribute significantly to comfort and therefore success. It

is this view that formed the rationale for this research; the need for a more integrated

approach to the design of city centre spaces, one not only dealing with the geometrical

characteristics, but also the microclimate issues  the behaviour aspects. Knowing

how to meet ideals for both the geometrical and behaviour aspects is crucial in

providing squares that are considered comfortable spaces for facilitating pedestrian

activity and therefore increasing its potential for success. It was from this conceptual

lens that it was hypothesised that by simulating and analysing behavioural aspects

during the design phase (pre-construction), the designer could get a better

understanding of how a square will perform, allowing more focus given to how it

behaves in terms of pedestrian comfort and activity and therefore increasing its

potential for success.

12.3 The verification of the criteria and theoretical design

framework for successful squares within north-western

European squares

The selection of five separate exemplar squares within north-western Europe allowed

for both the criteria for successful squares and the theoretical design framework for

northern European squares to be verified. The exemplar squares were selected on their

evidence of success, i.e. their evidence for containing and generating activity. By

observing and measuring the selected squares, data relating to the squares location, the

existent of pedestrian anchors, its geometrical characteristics and behavioural aspects -

pedestrian movement, noise level, wind speed, solar access and temperature, were
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collected. In doing so, it was established that all of the selected exemplar squares

matched the criteria for successful squares; i.e. were well located and connected and

contained pedestrian anchors. Furthermore, it was established that all the geometrical

characteristics of the selected exemplar squares were within the corresponding ranges

stated in the theoretical design framework for northern European squares. Data

collected in regards to the behavioural aspects also showed that each of the exemplar

squares provided a microclimate within the performance criteria stated in the

theoretical design framework. Therefore, from this process the results were used to

confirm the criteria for success and the theoretical design framework for city centre

squares in north-west Europe.

Although the design framework for northern European squares could be verified, the

resulting microclimate could still only be tested after the squares were developed.

Therefore, for an integrated approach to be provided, a way of predicting the resulting

pedestrian movement and microclimate of a square during the design process was

needed.

12.4 Identification, selection and verification of

appropriate analytical software tools

This thesis has demonstrated that recent advances in software capabilities have

expanded the assessment of city centre squares to include the possibility for analysing

and simulating the behaviour aspects. Until recently, it has not been possible to predict

these aspects resulting from a particular set of geometric data, using three-dimensional

representations. However, software applications now provide the capabilities for a

more integrated approach, allowing the designer to gain a greater understanding of

how a square will perform prior to construction. This study investigated commercial

and academic computer software’s capabilities to analyse both the geometrical and

behaviour aspects important in the square design, using three-dimensional

representations. Research was required to investigate interoperability issues and

performance of existing and developing tools that could contribute to a more

integrated approach. It was established that tools could be adapted to simulate a

number of the behaviour aspects of urban design  pedestrian movement, noise, wind,

solar access and temperature  but the study revealed that none of the software is well

developed in relation to the needs of the design of city centre squares. The simulations

require considerable computer power, and prior to this thesis, there had been little

attempt to apply these tools to city centre square design, using three-dimensional
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computer representations. This provided the rationale for a survey of computer

software, commercial and academic, that could simulate geometrical characteristics

and microclimate aspects relating to the design of city centre squares.

The survey established that there was a limited number of software tools specifically

focused to assist in the design of squares. Software was identified that was considered

to have potential for use within the research and which could be adopted from other

disciplines. This included software applications identified to analyse pedestrian

movement, wind and noise. Only solar access and temperature analysis, of the five

identified analytical categories, had software specifically designed for use within

urban design. However, following the detailed evaluation and verification of the

selected solar access and temperature analysis software (TownScope), it was

established that although the selected tool showed potential for use, it did not fully

meet the requirements of the research. In the verification of the software’s ability to

accurately assess the solar access of selected exemplar squares, it was established that

the outputted data could not be converted to the collected fieldwork data using the

process stated within the software. Furthermore, the verification of the accuracy of the

calculated temperature of the exemplar squares established that TownScope currently

produces results only for temperature readings above 20oC. The requirements of this

research, to be able to obtain a greater range for temperature than has been previously

possible within TownScope, initiated the development of the software so that

temperatures of less than 20oC could be simulated.

The detailed evaluation process applied to all the selected software, assessed the

capabilities of importing 3D CAD data, inputting required data and its scope to predict

accurate results using three-dimensional representations. Five software applications

were considered to satisfy the research requirements: 3D modelling – Google

SketchUp Pro; pedestrian movement – Legion Spacework with Legion 3D; noise

mapping – CadnaA; wind modelling – Star-CCM+; and solar access and temperature

analysis  TownScope. Each software application selected was considered to be

accessible, could handle appropriate 3D CAD data and had reasonable scope to predict

accurate results using three-dimensional representations. Therefore, each selected

software package could be used to assess the performance of squares. The

establishment of a list of appropriate software tools contributes towards an integrated

approach to the design of city centre squares.
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12.5 The use of 3D computer models in the design of city

centre squares

There are increasing examples of three-dimensional computer representations which

allow the designer to experience a geometrical sense of proposed spaces. Recent

advances in computer-aided design technologies have significantly contributed to this

geometrical assessment and are providing valuable tools for assisting in the design of

city centre spaces. Furthermore, the increasing availability of 3D city models of major

towns and cities throughout Europe is enabling 3D modelling software to be used to

produce accurate representations of existing environments, within which new designs

can be placed in context. To date, such 3D models have been primarily developed for

use within architecture and urban planning, largely for visualisation purposes.

However, by examining the appropriateness, accessibility and interoperability of 3D

city data, this research has shown that the CAD based structure of 3D city models can

be applied across a broader spectrum and is applicable for use in “campus” studies.

Only with recent advances in computer software has it been possible to study the

effect a group of buildings (a “campus”) has on the performance of the surrounding

external space. The availability of accurate 3D city models has aided this ability. From

the comprehensive evaluation, it can be concluded that the level of detail, accuracy

and CAD based structure of such models is applicable for use in the development and

assessment of the design of city centre squares.

12.6 Testing the design frameworks capability to provide a

successful square via an application to Newcastle upon

Tyne

Due to the accessibility of Newcastle upon Tyne to this research, and its current lack

of connected city centre squares, the theoretical design framework and selected

software were applied to test the performance of different proposals for a connected

pedestrian square within the city, as a demonstration of an integrated approach to the

design of city centre squares. Local architects and landscape architects were requested

to design a new city square with reference to the established design framework. The

selected software were successfully applied to assess each design proposal to meet

established comfort criteria for pedestrian movement, noise, wind movement, solar

access and temperature. The aim of this phase of the research was to test the ability of

the geometrical framework to deliver the objectives of pedestrian activity and
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microclimate and consequently create a successful square. However, the local

architects and landscape architects who did provide design proposals did not all follow

the geometrical criteria, resulting in design proposals of differing sizes and

proportions. It was therefore hypothesised that those squares that had geometrical

characteristics within the majority of the geometric ranges stated in the design criteria

would also more frequently provide a comfortable environment (noise <60db, wind

<8mph and temperature 13–24oC). This also allowed for key geometrical

characteristics in terms of delivering a comfortable environment to be highlighted.

Statistical studies of the proposed squares showed a strong relationship between the

individual behavioural aspects and some of the individual geometrical aspects.

However, these findings were based on a limited study of 7 squares. Therefore, it can

be proposed that a more comprehensive matrix study between the geometrical criteria

and resulting behavioural output could aid in further understanding their relationship

and as a result benefit the design of city centre squares. However, based on the

completed study presented in this thesis, it was established that the overall size of a

square, and the location and number of openings onto a square were the most import

geometrical characteristics in effecting the performance of a square and consequently

its overall success. It was established that large squares which fail to meet the majority

of the geometrical criteria result in an uncomfortable environment. As such, large

squares were found to be subject to low space utilisation, offered little reduction to

general wind speeds and found to be much cooler spaces, significantly failing to retain

any heat in the late afternoon. However, squares which most closely match the

geometrical framework frequently resulted in a comfortable environment. Such

squares were found to contain both high pedestrian movement, and areas for rest,

provide greater protection from the wind and a warmer and more comfortable

environment, with a more constant temperature throughout the day. It was therefore

concluded that city squares within North-Western Europe, designed in accordance

with the theoretical design framework, will provide a more comfortable environment

on as many days as possible throughout the year, increasing its potential for success.

12.7 Contribution to knowledge

This thesis makes a contribution to knowledge through a strategy that integrates

geometrical and behaviour aspects in the design of city centre squares in north-western

Europe, using three-dimensional representation. A geometrical framework is

proposed, and the effects of any geometrical configuration on the performance of

squares, in terms of pedestrian movement, noise, wind, solar access and temperature,
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can now be simulated. To date, pedestrian movement and microclimate could only be

tested after a square had been constructed. This innovation has only become possible

with the advent of computer software to simulate and predict outcomes. However, the

software is still at the experimental stage, and little of it is related directly to urban

design. Certainly, there is no software currently available that can bring together the

behaviour aspects and relate them to the geometrical characteristics of city squares.

Thus, research into the performance and interoperability of these tools itself

contributes significantly to the design of squares. It is therefore demonstrated that the

outcome no longer needs to rely totally on perceived ‘expert’ opinion as geometrical

and behaviour aspects can clearly shown be with the simulation techniques.

Consequently, designers will be able to evaluate and revise their proposals to optimise

its performance. As a result more focus can be given towards pedestrian comfort and

movement within squares, both of which are key conditions for its success. The

selected suite of tools allows the designer for the first time to gain a greater

understanding of a squares performance prior to construction. It is also established that

squares designed in accordance with the geometrical framework, will maximize the

number of days in the year that the microclimate meets established comfort criteria,

improving its chance for success.

12.8 Future research - the need for a fully integrated

solution

This thesis has demonstrated how appropriate software tools can be applied to predict

the performance of proposed squares. The resulting pedestrian activities and

microclimate of a proposed square no longer needs to be taken on trust. Designers can

evaluate and revise their proposals to provide comfortable squares, allowing them to

gain a greater understanding of how a square will perform prior to construction.

However, the applied process uses individual software applications with limitations in

their inability to share outputted data directly with other selected software tools.

Therefore, the current integrated approach presented in this thesis is limited by the

interoperability between certain selected software applications. If a fully integrated

model is to be proposed, future research must address the segregation between the

software packages, and also take full advantage of the latest advances in technology,

both in computer processing and city modelling. Selected software tools used in this

research were restricted by the computer power required to run the required analyses,

resulting in lengthy calculation times before any geometrical output was generated.

With computer processing capability continuing to significantly increase in the near
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future, following the trend stated in Moore’s Law (Moore, 1965), any future software

developments of an integrated design approach should be streamlined to take full

advantage of the latest computer processing techniques and to reduce the required

calculation times.

Future trends are also likely to see the attachment of information to geometrical

outputs. Recent advances in architecture have seen the emergence of building

information modelling (BIM), three-dimensional computer models with relative

information (material information, dimensions, price, stress load, etc.) attached to the

geometrical output. Although this technology is currently restricted to single buildings

or a small group of buildings rather than city models, it can be foreseen that the BIM-

based approach could be applied to city modelling in the future. Research is therefore

required into how emerging BIM processes will align with current geographic

information systems used by city authorities, and how the information embedded in

both systems can be effectively integrated into one large urban model. Within this

concept, issues relating to the ownership and management of city models to be used in

this way are also important areas of future research. However, any future growth in the

implementation of BIM techniques to the processes of city modelling would be of

great benefit in assisting in an integrated approach to the design of city centre spaces.

Based on these observations, two key trends of future research can be proposed.

The last 5 years has seen the emergence of a new file format for handling 3D city data.

CityGML is a common information model for the representation of 3D city

models that is quickly being adopted on an international level. Its “file structure” goes

beyond graphic exchange formats and allows virtual 3D city models to be used for

sophisticated analysis tasks. It can therefore be proposed that any future research and

development into a fully integrated solution for the design of squares includes this file

format.

12.8.1 A single urban analytical tool

Future research could investigate the feasibility of combining selected analytical

applications into one analytical tool. By combining the microclimate software

applications (noise, wind, solar access and temperature analysis) into one analytical

tool, and providing the ability to import pedestrian movement data, a designer would

be provided with a tool to support an integrated approach to the design of urban

squares.
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Based on findings made throughout this research, it is possible to make some

suggestions towards software architecture of a fully integrated design tool (Figure

156). An integrated design tool would require the ability to import accurate 3D city

data. It is therefore suggested that all geometrical data could be imported via either a

standard CAD file formats (DXF, DWG, etc.) or the upcoming CityGML file format.

This would keep a strong interconnectivity with current popular 3D modelling

software applications such as Google SketchUp and any future modelling software

that are likely to include the CityGML file format. In doing so, this would also allow

the integrated design tool to appeal to a wider user base. The evaluation of the selected

software applications established the range of external data that needs to be inputted

into the software. Primarily these include location, weather and material data.

Although location and weather data could be obtained, the research established the

selected software only contain a limited material database. It is proposed that any

integrated design tool would include a more comprehensive database of relative

material information, including values for noise and thermal absorption, opacity, solar

and thermal reflection, emissivity and porosity. Such a database could also be made

available as a plug-in or extension for the selected 3D modelling software. This would

enable the designer to apply the desired materials during the initial design phase, and

for all the required material information to be transferred to the analytical software on

the export and import of the 3D model. The ability to import pedestrian movement

data into the single analytical software package would allow for comparisons to be

made between the microclimate results and the pedestrian movement results. A further

development would be to allow the simulated pedestrians to provide feedback on their

thermal comfort, in relation to their activity. These requirements, if developed into one

single analytical software application could be developed to assist in improving the

design of urban squares.
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Figure 156. Proposal for fully integrated software

12.8.2 An information rich virtual city model

The second proposal for future research would see the utilisation of current CAD-

based virtual city models to include related pedestrian movement and microclimate

datasets, in order to provide information-rich virtual city models which could be used

as analytical tools to support the design of city centre spaces. Virtual city models

developed on a database platform could contain geometric parameters, climatic data

and pedestrian movement data (Figure 157). This thesis has already referred to the

growing use of city models and their appropriateness for application within urban

design. Such city models are becoming commonplace in European cities, with new

techniques and technologies increasing their availability and speed of creation.

Although the majority of these city models will be developed purely for visualisation,

in order to demonstrate the morphology of the city, recent research has seen the

development of city models by attaching datasets to the structure of the virtual model,

building information and vehicular movement data (Laurini, 2001; Gil et al., 2010;

Thompson and Horne, 2010). A further utilisation of virtual city models would be to

include analytical functionalities based on the datasets, enabling a city model not only

to act as an information-rich database, but also as an analytical and predictive tool.

Alterations to the form of the virtual model could then be tested, with results reflected

in changes to the layered datasets. Developing city models in this way, and making

them available via an online virtual environment, would allow for proposed designs to

consider microclimate and pedestrian activity generated as a geometrical output and
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would enable a more effective testing of initial designs prior to more detailed designs

of subspaces, landscaping, seating, public art and lighting.

Figure 157. Integrated virtual city model with layered thermal map

Source: Virtual NewcastleGateshead city model

12.9 Final thoughts

This thesis has provided a number of contributions to this research area, and

successfully demonstrated how an integrated approach can be applied to evaluate and

revise design proposals to provide comfortable conditions on as many days as possible

throughout the year. The case has been made that the adoption of this process would

bring substantial benefits to the design of city squares. However, there is still research

to be undertaken before a fully integrated approach can be realised, either as the

development of one single software application or via the utilisation of virtual city

models. If such design tools can be envisaged and developed, they would bring

extraordinary benefits in aiding in the design of city centre squares, via coherent set of

simulations. The concept of city centre squares as a place for public participation

could be further strengthened, and contributes towards the desire for high quality

urban spaces.
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Birmingham (25.05.2009).

Table 115 . Weather station data for Birmingham, UK

Time

Air

Temperature

(oC)

Average

(oC)

Wind

Speed

(Mph)

Average

(Mph)

Wind

Direction

(Degrees)

Average

(oC)

00:00 13.7 9.2 290

01:00 12.8 4.6 350

02:00 12.1 3.5 320

03:00 11.6 5.8 280

04:00 11.3 9.2 300

05:00 11.1 12.7 300

06:00 12.1 12.7 300

07:00 13.9 13.8 320

08:00 13.7 15.0 310

09:00 14.6 14.8 16.1 14.6 300 303

10:00 16.1 12.7 300

11:00 17.8 16.1 290

12:00 17.9 14.7 310

13:00 18.5 18.0 13.8 14.4 270 283

14:00 17.7 14.7 270

15:00 17.2 18.7 260

16:00 16.9 16.4 270

17:00 17.1 16.9 13.8 14.5 280 280

18:00 16.8 13.4 290

19:00 16.9 11.5 280

20:00 16.3 8.1 270

21:00 15.7 6.9 250

22:00 13.9 4.6 230

23:00 12.8 6.9 210
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Bruges (28.05.2009).

Table 116 . Weather station data for Bruges, Belgium

Time

Air

Temperature

(oC)

Average

(oC)

Wind

Speed

(Mph)

Average

(Mph)

Wind

Direction

(Degrees)

Average

(oC)

00:00 12.7 9.2 230

01:00 13.4 13.8 250

02:00 13.7 13.8 250

03:00 13.6 13.8 250

04:00 13.6 13.8 250

05:00 13.8 16.1 260

06:00 13.6 16.1 260

07:00 14.2 16.1 260

08:00 15.2 16.1 270

09:00 16.2 15.9 16.1 16.1 270 273

10:00 16.4 16.1 290

11:00 16.0 13.8 290

12:00 17.4 11.5 290

13:00 16.9 17.2 9.2 10.0 310 303

14:00 17.2 9.2 310

15:00 18.1 9.2 290

16:00 17.9 9.2 300

17:00 16.6 17.0 6.9 6.9 350 323

18:00 16.4 4.6 320

19:00 15.2 2.3 330

20:00 14.1 2.3 310

21:00 13.1 2.3 260

22:00 12.7 2.3 210

23:00 12.7 2.3 280
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The Hague (30.05.2009).

Table 117 . Weather station data for The Hague, Netherlands

Time

Air

Temperature

(oC)

Average

(oC)

Wind

Speed

(Mph)

Average

(Mph)

Wind

Direction

(Degrees)

Average

(oC)

00:00 14.4 9.2 100

01:00 13.8 10.4 100

02:00 13.1 9.2 110

03:00 12.2 6.9 120

04:00 12.0 8.1 120

05:00 13.2 6.9 110

06:00 14.1 9.2 110

07:00 15.1 10.4 100

08:00 16.6 9.2 100

09:00 18.0 17.9 11.5 11.1 110 110

10:00 19.1 12.7 120

11:00 20.4 10.4 110

12:00 21.4 13.8 110

13:00 22.0 22.2 11.5 11.8 80 300

14:00 23.1 10.4 110

15:00 22.6 12.7 110

16:00 22.0 15.0 80

17:00 21.7 20.9 15.0 15.4 60 63

18:00 19.0 16.1 50

19:00 16.4 15.0 40

20:00 16.3 12.7 50

21:00 17.5 9.2 70

22:00 16.2 9.2 60

23:00 15.4 9.2 60
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Bonn (01.06.2009).

Table 118. Weather station data for Bonn, Germany

Time

Air

Temperature

(oC)

Average

(oC)

Wind

Speed

(Mph)

Average

(Mph)

Wind

Direction

(Degrees)

Average

(oC)

00:00 11.4 0 0

01:00 10.8 1.2 170

02:00 10.7 2.3 330

03:00 11.7 4.6 310

04:00 12.0 4.6 310

05:00 12.8 2.3 290

06:00 14.9 1.2 260

07:00 16.3 4.6 290

08:00 18.2 4.6 310

09:00 20.7 20.4 4.6 5.0 300 303

10:00 22.2 5.8 310

11:00 23.1 8.1 10

12:00 23.5 10.4 10

13:00 24.2 24.1 9.2 9.6 40 26.7

14:00 24.7 9.2 30

15:00 24.7 9.2 20

16:00 24.6 9.2 20

17:00 24.1 24.1 10.4 8.5 40 30

18:00 23.6 5.8 30

19:00 21.9 4.6 20

20:00 20.3 4.6 10

21:00 19.1 4.6 10

22:00 18.6 4.6 20

23:00 17.1 3.5 340
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Paris (01.06.2009).

Table 119 . Weather station data for Paris, France

Time

Air

Temperature

(oC)

Average

(oC)

Wind

Speed

(Mph)

Average

(Mph)

Wind

Direction

(Degrees)

Average

(oC)

00:00 15.7 8.1 20

01:00 15.0 9.2 20

02:00 14.3 8.1 10

03:00 13.6 3.5 20

04:00 13.4 6.9 10

05:00 13.4 8.1 10

06:00 14.1 4.6 0

07:00 16.9 3.5 20

08:00 18.9 5.8 10

09:00 20.5 20.2 9.2 7.3 40 303

10:00 21.2 6.9 20

11:00 22.0 5.8 0

12:00 23.0 8.1 30

13:00 22.9 22.7 9.2 8.1 20 23.3

14:00 22.1 6.9 20

15:00 22.3 6.9 0

16:00 21.6 10.4 20

17:00 20.6 20.6 10.4 10.4 40 30

18:00 19.6 10.4 10

19:00 18.9 9.2 10

20:00 17.9 9.2 20

21:00 16.5 9.2 30

22:00 15.3 9.2 10

23:00 13.8 8.1 20
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Appendix C. Software comparison charts
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3D modelling

Table 120 . Comparison table - 3D modelling

Title Author Distributor
Country of

origin
Launch

date
Latest
version

OS(s) Cost
2D

drafting
3D

modelling
Architectural

focus
DXF / DXG

import
DXF / DXG

export
Readily

accessible

3ds Max
2008

Autodesk Autodesk USA 1990
3ds Max

2008
PC £3,517 Y Y Y Y Y Y

Houdini
(2008)

Side Effects
Software

Side Effects
Software

Canada 1991 Houdini 9.1 PC £1,003 Y Y Y Y Y

Maya 2008 Autodesk Autodesk USA Maya 2008 PC £1,003 Y Y Y Y Y

XSI 6.5 Softimage Softimage Canada XSI 6.5 PC £1,745 Y Y Y

Google
SketchUp 6

Google Google USA SketchUp 6 PC / Mac £249 Y Y Y Y Y Y

Cinema 4D
Architecture

R11
Maxon Maxon Germany 1993

Cinema 4D
Architecture

PC / Mac £1,138 Y Y Y Y Y Y

Blender 2.47 Blender Blender Netherland Blender 2.45 PC / Mac Free Y Y Y Y Y

Rhino (2008) McNeel McNeel USA Rhino 4 PC £762 Y Y Y Y Y

TrueSpace
7.5

Caligari Caligari USA 1994
TrueSpace

7.5
PC £299 Y Y Y Y Y Y

Microstation
v8i

Bentley Intergraph USA 1986
Microstation

V8
PC £2,995 Y Y Y Y Y Y

FormZ 6.6 AutoDesSys
Computers
Unlimited

USA 1991 FormZ 6.0 PC / Mac £889 Y Y Y Y Y Y

Lightwave
3D 9.3

NewTek
NewTek
Europe

USA 1993
Lightwave

3D 9.3
PC / Mac £437 Y Y Y Y Y Y

Modo 203 Luxology Luxology USA Modo 301 PC / Mac £452 Y Y Y Y Y

Blink 3D 2.0
Pelican

Crossing
Pelican

Crossing
USA 2001 Blink 3D PC £201 Y Y Y

AutoCAD
2008

Autodesk Autodesk USA 1983
AutoCAD

Architecture
2008

PC £2,552 Y Y Y Y Y Y

Archicad 12 Graphisoft Desktop Hungary 1984 Archicad 11 PC / Mac £2,452 Y Y Y Y Y Y
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Pedestrian movement

Table 121. Comparison table – Pedestrian movement

Title
Author Distributor

Country of
origin

Launch
date

Latest
version

OS(s) Cost
2D

drafting
3D

modelling
Architectural

focus
2D

output
3D

output
3ds / DXF

import
Readily

accessible

PAXPORT
(2008)

Halcrow Halcrow UK PAXPORT PC Y Y Y Y Y Y

Depthmap
(2008)

UCL
Space
Syntax

UK 1984 Depthmap 12 PC / Mac Free Y Y Y Y Y

STEPS
(3.0)

Mott
MacDonald

Mott
MacDonald

UK STEPS 2.1 PC Y Y Y Y Y Y Y

SimWalk
(2008)

SimWalk SimWalk Switzerland SimWalk 3.0 PC £2,966 Y Y Y Y

Legion
Studio
2006

Legion Legion UK 1997 Studio 2006 PC Y Y (Plug-in) Y Y
Y

(Plug-in)
Y Y

UAF (2008)
Crowd

Dynamics
Quadstone
Paramics

UK PC Y Y Y Y Y Y Y

PERS
(2008)

TRL TRL UK PERS V2 PC £765 Y Y Y
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Noise mapping

Table 122. Comparison table – Noise mapping

Title Author Distributor
Country of

origin
Launch

date
Latest
version

OS(s) Cost
2D

drafting
3D

modelling
Architectural

focus
2D

output
3D

output
3ds / DXF

import
Readily

accessible

CadnaA
3.72

DataKustik
Campbell
Associates

Germany
CadnaA

3.6
PC £6,000 Y Y Y Y Y Y Y

Odeon
9.1

Odeon Bruel & Kjaer Denmark 1991
Odeon
10.0

PC Y Y Y Y Y Y

MITHRA

(2008)
CSTB

SAGE
Technologies

France 1987 MITHRA PC Y Y Y Y Y Y Y

LIMA

(2008)
Stapelfeldt Bruel & Kjaer Germany

LIMA
V5.1

PC Y Y Y Y Y Y Y

Predictor

(2008)
DGMR Bruel & Kjaer Netherlands

Predictor
V6

PC Y Y Y Y Y Y Y

Wind movement

Table 123. Comparison table – Wind movement

Title
Author Distributor

Country
of origin

Launch
date

Latest version OS(s) Cost
2D

drafting
3D

modelling
Architectural

focus
2D

output
3D

output
3ds / DXF

import
Readily

accessible

Fluent 6.4 ANSYS ANSYS USA 1988 Fluent 6.3 PC £3,950 Y Y Y Y Y Y

APUS-CFD
1.4

Symban
Systems

Symban
Systems

UK 2005 APUS-CFD PC Y Y Y Y Y

Star CCM+
v4

CD-
adapco

CD-adapco USA Star-CD V4 PC Y Y Y Y Y

MECA Wind
(2008)

MECA
Enterprises

MECA
Enterprises

USA MECA Wind 5 PC £55 Y Y

CFX 11.0 ANSYS ANSYS USA CFX-5 PC Y Y Y

WinMISKAM
(2008)

Lohmeyer Lohmeyer Germany 1989 WinMISKAM 5 PC £5,844 Y Y Y Y Y
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Solar access

Table 124. Comparison table – Solar access

Title
Author Distributor

Country
of origin

Launch
date

Latest version OS(S) Cost
2D

drafting
3D

modelling
Architectural

focus
2D

output
3D

output
3ds / DXF

import
Readily

Accessible

ENVI-met
3.0

Michael
Bruse

ENVI-met Germany ENVI-met 3 PC Free Y Y Y Y Y

Townscope
3.0.1

LEMA Townscope Belgium Townscope 3 PC / Mac £535 Y Y Y Y Y Y Y

3Ds Max
2008

Autodesk Autodesk USA 1990 3Ds Max 2008 PC £3,517 Y Y Y Y Y Y Y

IES 5.9 IES IES UK 1994 IESVE-PRO PC Y Y Y Y Y Y Y

DaySim
(2008)

Christoph
Reinhart

DaySim Germany 1998 DaySim PC Y Y Y Y Y

Temperature analysis

Table 125. Comparison table – Temperature analysis

Title Author Distributor
Country
of origin

Launch
date

Latest
version

OS(S) Cost
2D

drafting
3D

modelling
Architectural

focus
2D

output
3D

output
3ds / DXF

import
Readily

accessible

ENVI-met
3.0

Michael
Bruse

ENVI-met Germany ENVI-met 3 PC Free Y Y Y Y Y

Townscope
3.0.1

LEMA Townscope Belgium Townscope 3
PC /
Mac

£535 Y Y Y Y Y Y Y
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Appendix D. Traffic data relating to noise study of

Chamberlain Square Birmingham.
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Location Day & Date Data Coordinates

CAR21149C A4400 PARADISE CIRCUS QUEENSWAY north of Paradise 16/06/2008 to 23/06/2008 Volume Summary 406507,286982

Average Weekday - Morning Peaks Average Average Weekday - Afternoon Peaks Average Average Weekday - Evening Peaks Average

Standard Peak Hour (08:00-09:00)

Highest AM Peak Hour (08:30-09:30)

Highest AM Peak Period (09:00-09:15)

783

800

228

Standard Peak Hour (12:00-13:00)

Highest PM Peak Hour (12:00-13:00)

Highest PM Peak Period (12:30-12:45)

830

850

233

Standard Peak Hour (17:00-18:00)

Highest PM Peak Hour (16:00-17:00)

Highest PM Peak Period (16:00-16:15)

865

875

241
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Appendix E. Graphical study of noise level in the exemplar

city centre squares within north-west Europe.
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Chamberlain Square, Birmingham

Table 126. Noise output and data points – Chamberlain Square, Birmingham

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30



Appendices

284

Burg Square, Bruges

Table 127. Noise output and data points – Burg Square, Bruges

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Grote Markt, The Hague

Table 128. Noise output and data points – Grote Markt, The Hague

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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In der Surst Square, Bonn

Table 129. Noise output and data points – In der Surst, Bonn

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Place Igor Stravinsky, Paris

Table 130. Noise output and data points – Place Igor Stravinsky, Paris

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Appendix F. Graphical study of wind speed in the exemplar

city centre squares within north-west Europe
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Chamberlain Square, Birmingham

Table 131. Wind output and data points – Chamberlain Square, Birmingham

Time Graphical output

08:3
0
-

09:3
0

Upper Lower

12:3
0
-

13:3
0

16:3
0
-

17:3
0
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Burg Square, Bruges

Table 132. Wind output and data points – Burg Square, Bruges

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Grote Markt, The Hague

Table 133. Wind output and data points – Grote Markt, The Hague

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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In der Surst Square, Bonn

Table 134. Wind output and data points – In der Surst, Bonn

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Place Igor Stravinsky, Paris

Table 135. Wind output and data points - Place Igor Stravinsky, Paris

Time Graphical output

08:30
-

09:30

12:30
-

13:30

16:30
-

17:30
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Appendix G. Graphical study of sunshine hours in the

exemplar city centre squares within north-west Europe
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Table 136. Sunshine hours of exemplar squares - March 21st

March 21st

Chamberlain Square, Birmingham Burg Square, Bruges

Grote Markt, The Hague In der Surst Square, Bonn Place Igor Stravinsky, Paris
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Table 137. Sunshine hours of exemplar squares - June 21st

June 21st

Chamberlain Square, Birmingham Burg Square, Bruges

Grote Markt, The Hague In der Surst Square, Bonn Place Igor Stravinsky, Paris
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Table 138. Sunshine hours of exemplar squares - September 21st

September 21st

Chamberlain Square, Birmingham Burg Square, Bruges

Grote Markt, The Hague In der Surst Square, Bonn Place Igor Stravinsky, Paris
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Table 139. Sunshine hours of exemplar squares - December 21st

December 21st

Chamberlain Square, Birmingham Burg Square, Bruges

Grote Markt, The Hague In der Surst Square, Bonn Place Igor Stravinsky, Paris
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Appendix H. Graphical study of temperature in the

exemplar city centre squares within north-west Europe.
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Chamberlain Square, Birmingham

Table 140 . Temperature output and data points - Chamberlain Square, Birmingham

Time Graphical Output

08:30

–

09:30

12:30

–

13:30

16:30

–

17:30
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Burg Square, Bruges

Table 141 . Temperature output and data points - Burg Square, Bruges

Time Graphical Output

08:30

–

09:30

12:30

–

13:30

16:30

–

17:30
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Grote Markt, The Hague

Table 142. Temperature output and data points – Grote Markt, The Hague

Time Graphical Output

08:30

–

09:30

12:30

–

13:30

16:30

–

17:30



Appendices

303

In der Surst Square, Bonn

Table 143. Temperature output and data points – In der Surst Square, Bonn

Time Graphical Output

08:30

–

09:30

12:30

–

13:30

16:30

–

17:30
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Place Igor Stravinsky, Paris

Table 144. Temperature output and data points – Place Igor Stravinsky, Paris

Time Graphical Output

08:30

–

09:30

12:30

–

13:30

16:30

–

17:30
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Appendix I. 2D plan of proposed site for a new city centre

square within Newcastle upon Tyne and initial design brief.
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Figure 158. 2D map of proposed site
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Request for proposed Central Library Square, Newcastle upon Tyne

 This is request for Architects and Landscape Architects in the NE Region, with urban

design experience, to produce designs for the square based on the geometric criteria

identified by James Charlton; so that the microclimatic conditions and pedestrian

movement can be tested with software selected as part of James’ PhD.

 The Architects and Landscape Architects will be sent the geometric criteria, together

with a 2D plan of the locality showing names of streets and buildings, existing

pedestrian numbers and proposals for pedestrianisation and vehicle movements.

 They will also be sent a 3D SketchUp model of the locality.

 They are requested to produce a detailed design of their proposed square,

including – floorscape, notional elevations of proposed surrounding buildings, street

furniture, vegetation etc., superimposed on the 2D CAD plan and 3D SketchUp

model.

 Architects/Landscape Architects/Practices will be listed and the designs shown

anonymously on James’ website; which will be made available to Newcastle City

Council Planning Department. If the council is particularly interested in one or more

design – the name of the Architect and Practice will be made known to them.

 James will present the outcomes at the planned Virtual Newcastle and Gateshead

Seminars, including the Architects CPD event.

 Required date for designs 13th September 2010

 Background information about the study is available on

http://www.holisticurbandesign.co.uk

BG/16 July 2010
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Appendix J. Design guidelines and 3D model of cleared site, used

to aid in the design of a new city centre square for Newcastle

upon Tyne.
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Design Guidelines

The following provides guidelines towards the design of the Library Square.

The proposed library square

The square; The proposed square should be an urban space that facilitates movements, as

well as providing areas for rest and activity. The size of the square should offer a good sense

of enclosure (in accordance with the geometrical framework) and be designed in relation to

the surrounding buildings and the general context of the surrounding area of Newcastle. The

square should also give particular focus towards the Newcastle City Library.

Buildings*; The research has proposed the complete removal of all existing buildings

situated within the boundaries of the site, expect the Grade II listed Carliol House located on

the south edge. The listed nature of Carliol House means the building can not be demolished.

However, alterations and extensions can be applied to the rear façade of Carliol House

(highlighted in the 3D model of the cleared site).

Movement and Connections*; The research has proposed that the majority of the site to

become a pedestrianised area to help improve pedestrian connections through Newcastle, as

well as potentially linking a number of public spaces. The research has also proposed that the

south section of John Dobson Street becomes a single carriage way, with a new bus hub

created in the area between the new Newcastle library and the Laing art Gallery. This hub

should act as a new entrance point for the city and a pedestrian anchor.

* highlighted on the 2D plan of the site (see 2D site plan.pdf)

Geometrical criteria

Square Size
Perpendicular distance to

height of;
Openings

Dimensions
(m)

(Range or
Length x
Width)

Perimeter
size (m)
(Range)

length
to

width

Principal
Building

Contextual
Buildings

No % of
frame

length width

Small
12 to 24
30 x 12

75 - 335

R
a

n
g

e 1.1:1
–

3:1

2:1
–

3:1

1.1:1
–

8:1

1:1
–

4:1

2
-
5

8
-

28

Average
70 x 50
90 x 35

Large 100 x 70

Max 100
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Level of Detail

The level of detail required in the 3D model should be sufficient to give a clear representation

of your proposed design. An example of the level of detail required is shown below (Figure

159).

Buildings: The buildings that surround the square can be simple in their detail, but they must

give a clear representation of their shape and size, including their roof detail. It is not

necessary to identify the locations of small detail such as windows, however, an indication of

a building main entrance is required. Designers should also indicate areas where a significant

change in material occurs (i.e. curtain walling)*.

Square: The design of the square should clearly show any changes in level (where necessary)

and the correct placement and orientation of any street furniture and trees. Again, any

significant change in material (i.e. between the floorscape and grass areas or loose surfaces

(gravel)) should be clearly identified*.

Street furniture and trees: The design and inclusion of any street furniture and trees can be

relatively simple in design. All that is required is that they give a clear representation of their

overall shape, size and orientation. The 3D model already contains a selection of trees, which

can be copied, scaled and manipulated to match the designer’s requirements where necessary.

*where a change in material is to be indicated, a simple use of colour will suffice.

Figure 159. Example of level of detail required
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Figure 160. 3D site provided to partricipants
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Appendix K. Pedestrian numbers collected for the selected site.
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Figure 161. Pedestrian data collected for a typical the selected site
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Appendix L. Traffic numbers for the selected site (Newcastle

City Council, 2009) and predicted traffic numbers following

pedestrianisation of Pilgrim Street, Blackett Street and New

Bridge Street.
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Figure 162. Traffic numbers before pedestrianisation

Figure 163. Traffic number after pedestrianisation
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Appendix M. Weather data obtained from Northumbria

University
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Weather data from Northumbria University, Newcastle upon Tyne

Table 145. Weather station data from Northumbria University, Newcastle upon Tyne

Date Time

Air

Temperature

(oC)

Wind Speed

(Mph)

Wind

Direction

(Degrees)

21.03.2009 09:00 9.1 4.9 90

21.03.2009 13:00 10.7 - -

21.03.2009 17:00 10.2 2.9 140

21.06.2009 09:00 15.1 5.6 220

21.06.2009 13:00 19.3 - -

21.06.2009 17:00 17.9 7.4 230

21.09.2009 09:00 13.8 11.6 200

21.09.2009 13:00 16.7 - -

21.09.2009 17:00 16.2 18.8 260

21.12.2009 09:00 0.3 15 135

21.12.2009 13:00 0.9 - -

21.12.2009 17:00 -0.4 10 55
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Appendix N. Graphical output for wind analysis of the proposed

designs for a new city centre square within Newcastle upon

Tyne.
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Table 146. Wind output and data points for proposed squares - March 21st AM

March 21st (AM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 147. Wind output and data points for proposed squares - March 21st PM

March 21st (PM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 148 . Wind output and data points for proposed squares - June 21st AM

June 21st (AM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 149. Wind output and data points for proposed squares - June 21st PM

June 21st (PM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 150. Wind output and data points for proposed squares - September 21st AM

September 21st (AM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 151. Wind output and data points for proposed squares - September 21st PM

September 21st (PM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 152. Wind output and data points for proposed squares - December 21st AM

December 21st (AM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 153. Wind output and data points for proposed squares - December 21st PM

December 21st (PM)

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Appendix O. Graphical output for solar access analysis of the

proposed designs for a new city centre square within Newcastle

upon Tyne.
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Table 154. Sunshine hours for proposed squares – March 21st

March 21st

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 155. Sunshine hours for proposed squares – June 21st

June 21st

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 156. Sunshine hours for proposed squares – September 21st

September 21st

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7



Appendices

331

Table 157. Sunshine hours for proposed squares – December 21st

December 21st

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Appendix P. Graphical output for temperature of the proposed

designs for a new city centre square within Newcastle upon

Tyne.



Appendices

333

Table 158. Temperture output for proposed squares - March 21st 09:00

March 21st 09:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7



Appendices

334

Table 159. Temperture output for proposed squares - March 21st 13:00

March 21st 13:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 160. Temperture output for proposed squares - March 21st 17:00

March 21st 17:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 161. Temperture output for proposed squares - June 21st 09:00

June 21st 09:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 162. Temperture output for proposed squares - June 21st 13:00

June 21st 13:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 163. Temperture output for proposed squares - June 21st 17:00

June 21st 17:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 164. Temperture output for proposed squares - September 21st 09:00

September 21st 09:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 165. Temperature output for proposed squares - September 21st 13:00

September 21st 13:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 166. Temperature output for proposed squares - September 21st 17:00

September 21st 17:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 167. Temperature output for proposed squares - December 21st 09:00

December 21st 09:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 168. Temperature output for proposed squares - December 21st 13:00

December 21st 13:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Table 169. Temperature output for proposed squares - December 21st 17:00

December 21st 17:00

Square 1 Square 2 Square 3

Square 4 Square 5 Square 6 Square 7
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Appendix Q. Comparison charts showing the relationship

between space utilisation of the proposed squares and their

individual geometrical characteristics.
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Figure 164. Comparison chart: Square length against space utilisation.

Figure 165. Comparison chart: Square width against space utilisation.

Figure 166. Comparison chart: Ratio length:width against space utilisation.
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Figure 167. Comparison chart: Ratio height of principal building:perpendicular
dimension against space utilisation.

Figure 168. Comparison chart: Ratio height of contextual buildings:square length
against space utilisation.

Figure 169. Comparison chart: Ratio height of contextual buildings:square width
against space utilisation.
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Figure 170. Comparison chart: Number of openings against space utilisation.

Figure 171. Comparison chart: Percentage of frame open against space utilisation.

Figure 172. Comparison chart: Perimeter size against space utilisation.
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Appendix R. Comparison charts showing the relationship

between noise level (db) of the proposed squares and their

individual geometrical characteristics.
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Figure 173. Comparison chart: Square length against noise level.

Figure 174. Comparison chart: Square width against noise level.

Figure 175. Comparison chart: Ratio length:width against noise level.
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Figure 176. Comparison chart: Ratio height of principal building:perpendicular
dimension against noise level.

Figure 177. Comparison chart: Ratio height of contextual building:square length
against noise level.

Figure 178. Comparison chart: Ratio height of contextual building:square width
against noise level.
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Figure 179. Comparison chart: Number of openings against noise level.

Figure 180. Comparison chart: Percentage of frame open against noise level.

Figure 181. Comparison chart: Perimeter size against noise level.
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Appendix S. Comparison charts showing the relationship

between wind reduction (%) of the proposed squares and

their individual geometrical characteristics.
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Figure 182. Comparison chart: Square length against wind reduction.

Figure 183. Comparison chart: Square width against wind reduction.

Figure 184. Comparison chart: Ratio length:width against wind reduction.
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Figure 185. Comparison chart: Ratio height of principal building:perpendicular
dimension against wind reduction.

Figure 186. Comparison chart: Ratio height of contextual buildings:square length
against wind reduction.

Figure 187. Comparison chart: Ratio height of contextual buildings:square width
against wind reduction.
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Figure 188. Comparison chart: Number of openings against wind reduction.

Figure 189. Comparison chart: Percentage of frame open against wind reduction.

Figure 190. Comparison chart: Perimeter size against wind reduction.
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Appendix T. Comparison charts showing the relationship

between solar access (sunshine hours) of the proposed

squares and their individual geometrical characteristics.
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Figure 191. Comparison chart: Square length against solar access.

Figure 192. Comparison chart: Square width against solar

access.

Figure 193. Comparison chart: Ratio length:width against solar access.
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Figure 194. Comparison chart: Ratio height of principal building:perpendicular
dimension against solar access.

Figure 195. Comparison chart: Ratio height of contextual buildings:square width
against solar access.

Figure 196. Comparison chart: Ratio height of contextual buildings:square length

against solar access.



Appendices

360

Figure 197. Comparison chart: Number of openings against solar access.

Figure 198. Comparison chart: Percentage of frame open against solar access.

Figure 199. Comparison chart: Perimeter size against solar access.
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Appendix U. Comparison charts showing the relationship

between air temperature increase (oC) of the proposed

squares and their individual geometrical characteristics.
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Figure 200. Comparison chart: Square length against temperature increase.

Figure 201. Comparison chart: Square width against temperature increase.

Figure 202. Comparison chart: Ratio length:width against temperature increase.
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Figure 203. Comparison chart: Ratio height of principal building:perpendicular
dimension against temperature increase.

Figure 204. Comparison chart: Ratio height of contextual buildings:square length
against temperature increase.

Figure 205. Comparison chart: Ratio height of contextual buildings:square width
against temperature increase.
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Figure 206. Comparison chart: Number of openings against temperature increase.

Figure 207. Comparison chart: Percentage of frame open against temperature increase.

Figure 208. Comparison chart: Perimeter size against temperature increase.


