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ABSTRACT

Impact of Utilizing 3D Digital Urban Models on ttizesign Content of Urban Design Plans in
US Cities. (August 2006)
Firas A. Salman Al-Douri, B.S., Baghdad University;
M. S., Baghdad University
Chair of Advisory Committee: Dr. Mark J. Clayton

Some experts suggest that urban design plans igiti$S may lack adequate coverage of the
essential design aspects, particularly three-diloaak design aspects of the physical
environment. Digital urban models and informati@thnology tools may help designers
visualize and interact with design alternativesgdaurban data sets, and 3D information more
effectively, thus correcting this problem. Howevénere is a limited understanding of the
impact that these models may have on the qualityhefdesign product and consequently
hesitation about the appropriate methods of thediga. These suggest a need for research into
how the usage of digital models can affect the réxtéth which urban design plans cover the
essential design aspects. This research discusseslé digital models can play in supporting
designers in addressing the essential design asféw research objective is to understand how
the usage of digital models affects the coveragthefessential design aspects. The research
applies a novel perspective of examining both tle¢himds of modeling-supported urban design
and the design content of urban design to atteonpveal a correlation or causal relation.

Using the mixed method approach, this researcludes three phases. The first, literature
review, focused on reviewing secondary sourcetstecuct theoretical propositions about the
impact of digital modeling on urban design agaimgtich empirical observations were
compared. Using qualitative content analysis, #wsd phase involved examining 14 plans to
assess their design content and conducting stadtinterviews with the designers of four
selected plans. The third phase involved sendingstipnnaire forms to designers in the
planning departments and firms that developed ®aenaed plans. The analysis results were

compared with the theoretical propositions andudised to derive conclusions.



The extent of design aspects coverage was foume toorrelated with the usage of digital
modeling. Computational plans appear to have aehliex higher level of design aspects
coverage and a better translation of design goadsoajectives. In those plans, 3D urban-wide
design aspects were addressed more effectivelyitheanventional plans. The effective usage
of the model’s functions appears to improve thelityuaf the decision-making process through
increasing designers’ visualization and analyticapabilities, and providing a platform for
communicating design ideas among and across désams. The results helped suggest a
methodological framework for the best practicesnaideling usage to improve the design

content.
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CHAPTER |
INTRODUCTION

1.1 Overview of Problems of Urban Design PracticaniUS Cities

Urban design is essentially a three-dimensionakgse that focuses on shaping urban
elements and their relationship within a coheremtfional and visual structure. However,
some experts suggest that few urban design plamsted! in US cities portray an explicit
spatial strategy, while consideration is rarelyegivto three-dimensional aspects of design
(Gosling and Gosling 2003, p.8, p.16, p.173; Lafg4l p.442; Southworth 1989, pp.474-
375).

This situation is due, in part, to three types wilgems: information-related problems,
communication-related problems, and representagtated problems. Information-related
problems may be a result of an increasing accessand overwhelming volume of
information and data pertinent to the design pnobikat leads to poor management of that
data and ultimately poor analysis. In informatietated problems, literature suggests that
there are three distinct categories of informatmmocessing operations: derivation of
solutions, consistency testing, and comparison seléction. In arriving at decisions, the
designers’ impediments are twofold. The first isklaof objective information as to what
ends are desirable as well as the relationshipsdegt ends and means. The second is the
designers’ own limitations as a human being, arel ghucity of tools at his command.
Therefore the emerging design is likely to be the that was, or appeared to be, the easiest
to produce (Levin 1984, pp.117-119). As such, imfation-related problems may be a result
of an increasing access to, and overwhelming volafmaformation and data pertinent to
the design problem that leads to poor managemethtabfdata and ultimately poor analysis.
Designers, as such, have rarely been able toautifiz growing volume of information to
translate 3D information into a three-dimensiornalidural framework for the city, or to
generate sound design alternatives (Rivard et @820.51; Whyte 2002, p.103, p.199). As
there is a growing tendency to collect and use B&relata and information, there is a need
to develop techniques for visualizing and interagtivith these large and complex datasets
effectively.

Communication-related problems may be due, in parhe incapability of conventional

urban design tools and techniques to meet the rgants of an increasingly distributed

This dissertation follows the style and formatta dournal of Urban Design.



design process and knowledge. This reflects ingtess’ inability to visualize and discuss
the design concepts, alternatives, and strate§iese experts, as such, argue that urban
design is full of assumptions and conventions bgea8D information and spatial structure
had to be communicated on a 2D medium (Bourdaki3l2®.404). Most design and
planning applications have been considered withénftamework of two-dimensional land-
use and rigid zoning codes (Gosling and Gosling3200.8). Representational and
visualization problems may be due, in part, to lawk interactivity and reality in
conventional presentations and unsupported cogrétind comprehension skills.

Accordingly, the analytical content and 3D inforinat are not likely to effectively
underpin the resulting urban design strategiesréffbee, the plans that are developed may
lack the coverage of the three-dimensional aspetthe built environment that would
normally be considered to be central to the rolaerbfan design plans in controlling design
(Carmona, Punter, and Chapman 2002, p.55; Punt@ainona 1997 a, pp.170-173). In
light of these findings, designers and profess®na¢ed tools to save, communicate,
exchange, and import relevant information and keolge.

Information technology, such as 3D urban modelspbWased information systems, and
Internet communications, are being employed by mrpianners and designers under the
assumption that they can improve the process awlipt of urban design. Some researchers
expressed their faith in the capabilities of thtexshnologies, and identified a wider context
for their role (ElAraby 2002, p.457; Langendorf 20(.335; Laurini 2001, p.192). It
becomes essential thus to develop new design nettiad use these design tools and
techniques effectively to support designers andiegsional in performing these tasks during
the design process. The increasing range and yaofeinformation, communication, and
visualization technologies represent a potentitdtem to these problems. Urban design
processes that have incorporated 3D digital modedimd information technology tools may
result in plans that may better address the eatit@y of design aspect and particularly 3D

considerations.
1.2 Research Background and Methods

There remain many doubts regarding whether IT éuland consequently hesitation about
the appropriate and effective applications. Theral$o little consensus on the methods by
which these models should be used in core desgks.taThese suggest a need for research
into how the usage of 3D digital models and infatiorasystems can affect the extent with

which urban design plans cover 3D design aspectthefbuilt environment. 3D digital



models may help designers visualize and interattt design alternatives, large urban data
sets, and 3D information effectively. They are Ijkéo encourage experiments with new
forms of communication, visualization, and inforioat retrieval to produce more
imaginative design solutions that are a bettetofilesigners’ needs and requirements. They
may also facilitate rapid exploration of alternatisoncepts that would help stakeholders to
comprehend, accept, and participate in the desigoegs. Failure to use these capabilities
effectively in actual practice may result primaritgm a limited understanding of the proper
role these tools should play or the impact they heaye.

This research focused upon 3D digital models as pmoenising type of digital and
information technology. The research examined tbedaling methods used in several case
studies and urban design plawkich were produced by a process that incorpor&@ed
modeling. The research objective is to understao the usage of 3D digital models
affected the coverage of design aspects. The @sempplies a novel perspective of
examining both the methods of modeling-supportdzhnrdesign and the design content of
urban design to attempt to reveal a correlatiocamisal relation.

This research provides evidence that the extedesign aspects coverage was correlated
with the usage of digital modeling. Computationkng appear to have achieved a higher
level of design aspects coverage and a betterlataors of design goals and objectives. In
those plans, 3D urban-wide design aspects wereesskell more effectively than in
conventional plans. The effective usage of the etisdunctions appears to improve the
quality of the decision-making process through éasing designers’ visualization and
analytical capabilities, and providing a platforan tommunicating design ideas among and
across design teams. The results helped suggesthodological framework for the best

practices of modeling usage to improve the desigrtent.



CHAPTER Il
RESEARCH DESIGN AND METHODS

The previous introductory literature review hasvided an outline of the problems inherent
in current urban design practice in US cities, grdsented background information
verifying the potential role that 3D digital modelsd information technology (IT) tools can
play in improving that practice. My goal was to enstand how the usage of 3D digital
modeling and IT tools may improve the quality of thrban design product in US cities by
improving the coverage of its design aspects. sped this goal by examining the design
aspects coverage in several urban design plansvivat developed with computer-assisted
methods and comparing them with their coverage lang that were developed with
conventional design methods. Towards that goaledab by developing a measurement
instrument that can serve as an assessment tothidgians’ design aspects coverage. This
chapter introduces the research problem in deyalirbaking it into its components. In this
chapter, the research methods used for the attainofiehe research goal are explained and
justified. First, the research sample, experimevaailables, research hypothesis, questions,
objectives, and significance are described. Sectmel,plan for attaining the research
objectives are explained and justified. Third, nueement instrument development, data
collection and analysis and methodology assumptionsachieving high reliability and
internal validity are explained.

2.1 Outline of Research Problem, Goals and Methods

Urban design is essentially a three-dimensionakgse that focuses on shaping urban
elements and their relationship within a coheremicfional and visual structure. Yet, in
current urban design practice in US cities, fewnplportray that spatial strategy explicitly,
while consideration is rarely given to three-dinienal aspects (Gosling and Gosling 2003
p.22) Most importantly, urban design products lackerage of many design aspects that
would normally be considered as central to thegigle content (Punter and Carmona 1997
p. 173), and they are often developed without beinderpinned by relevant analytical
content (Southworth 1989, pp. 374-375). Poor aitalytcontent has lead to failure to
express strategic design considerations, failurerelate design to differing scales of
development, and failure to achieve detailed cayeraf design issues (Southworth 1989,
pp. 374-375, Gosling and Gosling 2003, p.8).

These problems are due, in part, to informatiotateel problems and communication-

related problems where conventional urban desigis tand techniques are incapable of



meeting the requirements of a multidisciplinary aad increasingly distributed design
process and knowledge. Literature suggests thairBBn models may represent a potential
solution to these problems. They offer functiorest tre particularly powerful in visualizing
the urban environment and in supporting informatioanagement and communication
within the design process (Gosling and Gosling 2p%0; El-Araby p.461). However,
there are many potential barriers to applying theapabilities in practice, namely:
inadequate technical support and inappropriateersdphisticated methods of their usage
in design practice (Whyte 2002 p.93). There idelittonsensus on the methodologies by
which these models should be used to improve thésida-making process (Whyte 2002
pp. 132-134). In particular, there have been vevy éfforts that seek to integrate them with
other technologies such as GIS and the InternetafgiuJiang, and Hui 2001 p.441).
Therefore, further research is needed to invegtigathods of using these models in core
design tasks, and how they could support designateveloping urban design plans.

This research will examine the impact of varioushuds and degrees of effectiveness of
models usage on the design content of urban plamsll investigate that impact in urban
design plans developed for six US cities that sty 3D models in their planning
departments: Philadelphia, Chicago, New York, Bittgh, Milwaukee, and Boston. It aims
to understand how urban design and planning depatgvare using 3D models in support of
early design proces3he research objective is to understand the implcarious methods
and degrees of 3D urban models usage on the desigent of urban design strategies in
order to suggest a methodological framework foirthsage that may improve that content.

This framework is 3D model-supported, informatiaséd, and is meant to establish a three
dimensional framework that relates urban elemenfzublic space network, and provides a
vital framework for individual development projects

The research has used the mixed method approathcdinabined qualitative (case
studies) and quantitative (questionnaire) methedgisntially to address issues of internal
and external validity, and to generalize the apéitgd findings beyond the selected cases.
The research involved three phases. The firstralibee review, focused on reviewing
secondary sources to construct theoretical prdpaositon which subsequent phases can be
based and with which research results would be eoetband contrasted. The second, case
studies, involved content analysis of 14 recenanrdesign plans in the six aforementioned
US cities to examine their design contefiis phase includestructured interviews with
urban designers and planners in planning deparsrianthose citiesTheseplans, 10 of
which were developed with 3D models support, wélteee at a district, city center, or city-

wide scale. They were drawn from US cities thaegnate 3D models in their planning



departments, and known for established history aoddemic or research institutions
pertinent to urban design practice. The third phgeestionnaire, involved sending 120-140
survey forms to urban designers and planners innplg departments in those cities and in
the firms that developed those plans to identify thethods and degreesth which the
planers used models in developing design straediaally, three case studies were
selected for in-depth interviews with key designansl decision-makers in those firms to
help unravel certain undocumented subjective awrdtie design decisions, and to help
interpret certain design aspects in findings oftenhanalyses and questionnaires.

Data collected from content analysis and intervieves coded, categorized, and then
analyzed using pattern matching and other techsigsigch as explanation building
technique to build and test plausible explanatfonghe change in the design content in 3D
model-supported plans, and to compare it with tbahtent in conventional plans.
Questionnaire responses were subjected to deseriptatistical analysis to analyze the
general trend of using 3D urban models in suppgriilesign tasks. By using several
analytical techniques, | have assessed the impaarimus degrees of usage of 3D models
on the design content of urban design plans.

2.2 Problem Statement

According to some experts, urban design plans adopt US cities are often developed
without being underpinned by relevant analyticahteot, or are not based on in-depth
analysis for the specific problem of the study g@authworth 1989, pp.64-66). These plans
exhibited a lack of coverage of urban design tgpidsch would normally be considered as
central to design control (Punter and Carmona 189¥173). Many major US cities, as

such, demonstrate a lack of any coherent urbamgulgsilicy except in historic districts and

neighborhoods. Although the public realm is con®dethe three-dimensional skeletal
structure of the city, there is still no real staty provision for it in US cities (Gosling and

Gosling 2003 p.22). They demonstrate two procedgegs, one between theory and
practice, and the second between analysis anchaliees generation phases (Lang 1994,
p.403, p.442).

These gaps may be due to information-related pnahleand communication-related
problems. The information-related problems may besalt of an increasing access to, and
overwhelming volume of information and data pentin® the design problem that leads to
poor management of that data and ultimately poatyais. Designers, as such, have rarely
been able to utilize the growing volume of inforiaaf particularly 3D information, to

generate sound and well-spaced design conceptsstatkgies. Communication-related



problems may be due, in part, to the incapabilitc@anventional urban design tools and
techniques to meet the requirements of an incrghsidistributed design process and
knowledge. Although there is a change in the rdtgmat, content, and use of the
conventional plan, 3D information is still commuatied in 2D medium. Consequently, 3D
information and the analytical content are notliike» effectively underpin the resulting
urban design strategies.

Literature suggests that few urban design plansbidgd an explicit spatial strategy
(Gosling and Gosling 2003, p.170). Urban desigm®l&ail to recognize the specific
characteristics of the study area, and fail to cawe basic design aspects that would
normally be considered central to design contral.sAch, designers and professionals need
tools to save, communicate, exchange, and implatasat information and knowledge. The
increasing range and variety of information and eamication technologies may represent
a potential solution to this problem and fulfillree of the designers needs. If 3D urban
models are integrated with flexible databases, @I&i Internet, they may provide valid
communication and information management tools,raay help visualizing and interacting
with large urban datasets and 3D information eifety (Whyte 2002, p.103, p.132;
Danahay 1998, pp.356-357; Huang et al 2001, pp#®8)- However, further research is
required to enable designers to use 3D digital unpadels effectively in generating and
testing alternative strategies in urban designrJS cities. Accordingly, there is a need
to develop a consistent methodological frameworkhyW 2002, p.132; Bourdakis 2002,
p.404; Gosling 1993, p.37).

Therefore, this research aims to develop an infaoméased, 3D model-supported
methodological framework for improving the desigmtent in urban design strategies of US
cities. It will examine the impact of various metiscand degrees of models usage on the

design content of the design and three-dimensidmaiacteristics of these cities.

2.3 Research Hypothesis, Questions, Objectives, aStynificance

2.3.1 Research hypothesis

The research is guided by a central hypothesis:
If the urban design process employs 3D digital orbadels integrated with GIS
databases to support design tasks of developirgnutdlesign plans, then they will
effectively address the basic design issues anectspf the urban environment and

will incorporate 3D design aspects efficiently.



2.3.2 Research questions

The research will address the following primary sfiens:

1. How does the degree of 3D models usage affectdbmgil content of the resulting
urban design plan?

2. Under what set of conditions of methods, or a mathagical framework, are 3D
digital urban models effective tools in the devetemt of design content of urban
design plans?

To address these primary questions, the followawpsdary questions will be addressed:

1. To what extent have urban design plans for a sanfptases of US cities addressed
the design aspects of the urban structure?

2. What is the methodological framework underlying tpeneration and testing of
alternative design strategies in typical urbangtepian in US cities?

3. To what extent have the usage of digital urban risotiede a difference and impact
on the urban design process?

4. What new rules or methodological framework haveigiess set and applied to
using 3D models in generating and testing desigatesiies in typical urban design
plan in US cities?

2.3.3 Research objectives

The study aims to understand the impact of 3D @igitban models usage upon the design
content of urban design strategies and to suggestthodological framework for the best
practices of their usage that may improve thaten{The expectation is that the framework
will be 3D model-supported, information-based, aocdpable of establishing three-
dimensional structure that relates urban elememdsbaildings to public space networks,

and provides a vital framework for individual demginent projects.

2.3.4 Research significance

The research is significant because it is expedtectontribute to a methodological
framework for the best practices of 3D digital urbmodels usage that may improve the
design content of urban design plans of US cifléss new methodological framework is
expected to exploit advanced computer technologés] is likely to increase the
conformance of urban design practice to its thedrigerefore, the expected significance of
this study will stem from making the following coihiutions:

1. The research will document and critically examite tmethods used and the

approaches followed in designing the urban strectirselected urban design plans



in US cities. The outcome will help assess the ohpE various methods and
degrees of 3D models usage on the design contembah design strategies.

2. The research will assess the impact of various odgstland extents of models usage
on the design content of urban design strategiks ifivolves measuring to what
extent have urban designers used the models funscsiod thus made a difference in
the design process.

3. The research will help suggest improvements toui'man design methodological
framework that incorporates digital models.

This information-based, 3D model-supported urbamping and design process may enable
urban developments that are more rich, sophisticafeatial, and successful.

2.3.5 Intellectual merit

This research applies a novel perspective of examiboth the methods of modeling-
supported urban design and the quality (designecinbf urban design to attempt to reveal
a correlation or causal relation. It contributedwo areas of urban planning inquiry: Urban
design and 3D urban modeling. It was the first gtiscdexamine how various functionalities
and degrees of 3D models usage affect the desigrierto of urban design plans.
Understanding the impact of 3D models usage wilitigbute to efforts to understand the
relation between new model-supported design metandghe quality of their outcome, and
how that relates to the decision-making process.

Through analyzing the content of 14 conventionahpland model-supported plans, and
interviewing key informants of six model-supportsbes, the research produced qualitative
data with high internal validity that is particdlaimportant to assess the causal relation
between the independent and dependent variablek,irariurn, the impact of model-
supported design methods on their design outcomanfative data helped triangulate and
confirm findings and thus established their extenaidity. By using the framework of
Punter and Carmona (1994) to analyze the desigteprand the framework of Batty et al
(1998 b) to survey models’ functionalities, thee@sh built on empirically-tested research

to develop a reliable measurement instrument.

2.3.6 Research benefits

The main benefit of this exploratory study for Aitelstural profession is adding and
diffusing knowledge that may enhance the curreabmping and architectural education and
practice. The research helps establish and docubssttpractices that can be promulgated

through education. The suggested set of rules oli#lan models usage may help urban
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design and planning teams and departments in dpsigess by identifying the appropriate

methods that are likely to improve the design cohté urban design plans. The findings

also may represent a departure point towards caimgudurther research that aims to

integrate 3D urban models with other tools to @eatecision-support system for the urban
design practice in US cities.

2.3.7 Broader impacts

This research has practical applications for urtb@signers seeking support in core design
tasks by establishing a methodological frameworktfie best practices of models usage in
design generation and development. This will coote to efforts to understand how
designers may effectively use models’ capabiliies networking tools collaboratively as
an interface with other professionals among andsacrteams, as well as with non-
professionals and stakeholders. Such usage mayphdlic and non-design professionals
comprehend design alternatives and can foster adbroinvolvement of an otherwise-
excluded group in the design process. A broadeplewment helps establish greater
certainty and objectivity which may translate igi@ater confidence in decisions made by
various participants in the design process. Bwtifigng the usage and support of models
functionalities at each phase, the research mag b#iver practical applications in urban
modeling industry by highlighting options of dewvelog and coupling models of
infrastructure with new databases and networksrttegt potentially provide further support
to planning practice and research.

The research might contribute to the change of, redemat, content, and use of
conventional urban design plans in favor of a neforimation technology-supported
approach.

2.4 Research Design and Variables

2.4.1 Research variables

2.4.1.1 Independent variables

There are three independent variables that identiéy degree of 3D models usage in
supporting design tasks in the process of devedppinurban design strategies and plans

(see Table 2.1 hes