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Figure 3.43 BIM as one part of Integrated Project Delivery (adapted from 141
Autodesk 2009)

Figure 3.44 Changes in the contractual relationships using IPD (Wilson 141
and Dal Gallo 2013)

Figure 3.45 Examples of Objects showing different levels of detail (Ikerd 142

2013)
Figure 3.46 The E202 BIM Protocol AlA (2008) 143
Figure 3.47 Level of Detail Aligned with the COBie drops (The digital 144

plan of work and assemblies 2013)
Figure 3.48 The concepts behind Open BIM (Graphisoft Connect 2012) 145

Figure 3.49 Showing how the development of BIM relates to the 146
development of standards (BIM Task Group 2012)
Figure 3.50 i Appendix A - IT applications within the AECOO process
(APCC)
Figure 3.51 Distinguishing different types of information (Hjelseth 2009) 148
Figure 3.52 Appropriate location of information (Mordue 2013) 149
Figure 3.53 The changes brought about by BIM (Fox 2006) 150
Figure 3.54 The development of BIM Level 1, Level 2, Level 3 150

(Department of Business, Innovation and Skills 2011)
Figure 3.55 The Australian maturity index for BIM development 152
Figure 3.56 Examples of RFID Tags and GL152

18



Figure 3.57

Figure 3.58

Figure 3.59

Figure 3.60

Figure 3.61

Figure 3.62

Figure 3.63
Figure 3.64

Figure 3.65

Figure 3.66

Figure 3.67

Figure 3.68

Figure 3.69

Figure 3.70

Figure 3.71

Figure 3.72

Figure 3.73
Figure 3.74
Figure 3.75

The use of RFID Tags in the project lifecycle (Motamedi
2011)

The evolution of the human computer interface (Fernando
2012)

Development of contextual adaptive systems to aid decision

support (Bai 2012)

Developing BIM by linking it to a case base reasoning library

(Motowa 2013)
Classification of knowledge representations (Owen and
Horvath 2002)

Types of Knowledge Representation traditionally used in the

product development process ( Chandrasegaran 2012)

Rise of the digital information age (Vastag 2011)

The growth in the percentage of data stored on the cloud by

small and medium size companies. (Pham 2011)
Approaches to cloud computing (based on Varkonyi 2011)
Data from multiple sources populating multiple interfaces
Navisworks BIM software being used to visualize clash
detection

Setting up rule based checking for building access
standards in Solibri Model Checker

An example of rule based checking using Bluethink house
designer (Khemlani 2009)

The scope of visual analytics related to BIM (adapted from
Keim 2008)

Form models, statistical models and process models all
assisting in decision support (contains work by Eppler and
Burkhart 2005)

Increasing the value of information through analytics
(Richardson 2013)

Timeline for laser scanning development (Randall 2013)

BIM Policy Stage by Adoption Rating i EMEA (Baxter 2012)

Literature related to BIM adoption (ISO/TS 12911:2011)

153

154

154

155

155

156

157
158

158

159

160

160

161

161

162

162

163

164
165

19



Figure 3.76
Figure 3.77
Figure 3.78
Figure 3.79
Figure 3.80

Figure 3.81

Figure 3.82

Figure 3.83

Figure 3.84

Figure 3.85

Issue arising from the government strategy report and their
relationship to BIM (2011)

BIM guidelines and standards for different regions (Staub-
French)

BIM Guidelines Positioning (Hooper 2010)

BIM competency sets (adapted from Succar 2010)

The Reasons why projects fail (KPMG 2010)

The Lazy User Model or concept of product diffusion (Collan
2007)

Identification of the challenges and strategies to adopt BIM
by the Singapore Building Construction Authority (Kam
2011)

The New Software Effect on Productivity (Autodesk Inc,
2007)

Reduction in time spent to produce stage D information on
schools (Robinson 2010)

Survey of how drawing work is done (NBS BIM survey 2012)

Relating to Chapter 4

Figure 4.01

Figure 4.02

Figure 4.03
Figure 4.04

Figure 4.05

Figure 4.06

Figure 4.07

The difference between creating a BIM system and using
BIM to achieve benefits (Berard 2012)

Different ways to perceive value across the lifecycle of a
construction project (Tillmann 2012)

The different cases in relation to BIM

Comparison of the automotive and aircraft industry with the
construction industry (Grassi and Zorgno 1999)

The Four Components of Lean Implementation (Rubrick
2013)

Elements that improve ROI for BIM users by discipline type
(McGraw Hill Construction 2012)

Manpower savings at Ayers / Saint / Gross by using BIM
(Brix 2005)

166

167

170

178

178

179

180

180

180

185

188

188

189
190

190

193

195

20



Figure 4.08
Figure 4.09
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18

Figure 4.19

Figure 4.20
Figure 4.21

Figure 4.22
Figure 4.23
Figure 4.24
Figure 4.25

Figure 4.26

Figure 4.27

Benefits in terms of project hours comparing the first, the
second and third BIM projects undertaken using Revit
(Aedas 2011)

The key benefits of Building Information modelling

The benefits of BIM from the perspective of different
stakeholders (Chelson 2010)

Capabilities affected by BIM adoption

Change that can occur with the adoption of BIM

The use of BIM for Sustainability analysis (adapted from
Azhar 2009)

Use of BIM tools for eco analysis throughout the building
lifecycle (IES 2010)

The GLITNE methodology (Strand-Hanssen 2008)

A range of Eco tools used with BIM models (Azhar 2009)
Digital Broadcasting Contents Centre energy assessment
(Kim 2011)

System in development to use BIM for warning of health and
safety issues

The development of a BIM based safety checking system
(Zhang 2013)

Screen shot of the NBS Create Interface

Overlaying BIM models to show what has been inserted and
what has changed

The Kaust Solar Chimney construction sequence (Courtesy
of OGER International and Gehry Technologies)

Automatic rule-based checking of building designs (Eastman
2009)

Structure of a BIM base rule checking system (Nawari 2012)
Metcal fdéds Law

Using BIM automation to assist in the infrastructure lifecycle
process (Meridian Systems 2008)

A BIM lifecycle costing system developed by Rider Levett
Bucknall (Patchell 2012)

195

196

196

198

202

206

206

207

207

208

208

209

210
210

211

212

213

214

215

215

21



Figure 4.28

A BIM lifecycle costing system developed by Rider Levett
Bucknall (Patchell 2012)
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Abbreviation

ACA
ADDIE
AEC
AECOO
AlA
APCC
ARMA
BCIS
BEIIC
BEP

Bl

BIM
BIS
BRE
BREEAM
BPD
BPR
BRIC
BRM
c2C
CABE
CAD
CAFM
CAPEX
CBA
CBR
CDM
CE
CIFE
CIS/2
CITE
CMAA
CMMI
CNC
CO2
COBIT
COBie
CONCOPS
CORENET
COTS
CPD
CPIC
CURT
CRC
CSCMM
DECC

Association of Consultant Architects

Analysis, Design, Development, Implementation, and Evaluation
Architecture Engineering and Construction
Architecture Engineering Construction Owner and Operation
American Institute of Architects

Australasian Procurement and Construction Council Inc.
Association of Record Administrators

Building Cost Information Service

Built Environment and Innovation Council

BIM Execution Plan

Business Intelligence

Building Information Modeling

Department for Business Innovation and Skills

Building Research Establishment

BRE Environmental Assessment Method

Building Performance Database

Business Process Reengineering

Brazil, Russia, India and China,

Benefit Realization Management

Cradle to Cradle

Commission for Architecture and the Built Environment
Computer Aided Design or Computer Aided Drafting
Computer Aided Facilities Management

Capital expenditures

Choosing by Advantages

Case Based Reasoning

Construction Design and Management Regulations
Concurrent Engineering

Centre for Integrated Facility Engineering

CIMSteel Integration Standards

Construction Industry Trading Electronically
Construction Management Association of America
Capability Maturity Model Integration

Computer numerical control

Carbon Dioxide

Control Objects for Information and related Technology
Construction Operations Building Information Exchange
Concept of Operations

Construction and Real Estate Network

Commercial of the shelf software

Continued Professional Development

Construction Project Information Committee
Construction Users Roundtable

Cooperative Research Centre

Construction Supply Chain Maturity Model

Department of Energy and Climate Change
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DDA Disability Discrimination Act

DDD Dimension Driven Design

DDS Decision Support System

DfM Design for Manufacture

DRUM Distributed Transactional Building Information Management
EIS Executive Information System

ESF European Social Fund

ER Exchange Requirement

FAST Functional Analysis System Technique

FMie Facilities Management Information Exchange
GUID Globally Unique Identifier

GPS Global Positioning System

GSA General Services Administration

GSL Government Soft Landings

HOK Hellmuth, Obata + Kassabaum

IBDM Integrated BIM and Document Management
ICIM Interoperable Carbon Information Modelling
[-CMM Interactive Capability Maturity Model

ICT Information Communication and Technology
IDM Information delivery manual

IES Integrated Environmental Solutions

ISO International Standards Organization

IAl Industry Alliance for Interoperability

ICT Information Communication and Technology
IDM Informational delivery manual

IFC Industrial Foundation Class

IFD International framework for dictionaries

[IBA International Institute of Business Analysis

ILM Institute of Leadership and Management
InfoVis Information Visualization

IPD Integrated Project Delivery

ISD Information system development

IT Information Technology

JMA John McCall Architects

JOC Job Order Contracting

KIBS Knowledge Intensive Business Services

KKD Knowledge discovery and data mining

KPI Key Performance Indicator

KTP Knowledge Transfer Partnership

LESAT Lean Enterprise Self-Assessment Tool

LOD Level of Detail

MCS Modelling Collaborative Systems

MPS Model Progression Specification

MoSCoW Must, Should, Could, Wonot
MVD Model View Definition

NASA National Aeronautics and Space Administration
NBS National Building Specification

NCE New Civil Engineer

NIEP National improvement and efficiency partnership
NIESR National Institute of economic and social research
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NIST
NPT
OAS

oD

OGC
ONS
OPEX
NBIMS
NBS
NIST
P3M3
PC
P-CMM®
PESTLE
PLIM
PLM
(PM)?
PPC2000
PPR
PRINCE 2
PSets
RAIC
R&D
RFI
RFID
RIBA
RICS
ROHSEI
ROI
RUCAPS
RUP

SAP
SBS
sIC
SME
SMM
SPIE
SPICE
STEP
STL
SUDS
SWOT
TRADA
TQM
TVD
ul

UK
UML

National Institute of Standards and Technology

Non Productive Time

Office Automation System

Organizational Development

Office of Government Commerce

Office of National statistics

Operational expenditure

National Building Information Modeling Standard (USA)
National Building Specification

National Institute of Standards and Technology

Portfolio, Programme and Project Management Maturity Model
Personal Computer

People Capability Maturity Model

Political, Economic, Legislative, Social, Technological, Environmental
Project Lifecycle Information Management

Project Lifecycle Management

Project Management Process Maturity Model

Project Partnering Contract 2000

Post Project Review

Projects in Controlled Environments

Property Sets

Royal Architectural Institute Canada

Research and Development

Request for information

Radio Frequency Identification

Royal Institute of British Architects

Royal Institution of Chartered Surveyors

Return on Health, Safety and Environmental Investments
Return on Investment

Really Universal computer aided production system

The Rational Unified Process (RUP) is an iterative software
development process framework created by the Rational Software
Corporation

Standard Assessment Procedure

Sick building syndrome

Standard Industrial Classification

Small to Medium Sized Enterprise

Standard Method of Measurement

Specifier Property Information Exchange

Standardized Process Improvement for Construction Enterprises
Standard for the Exchange of Product model data
Standard Tessellation Language

Sustainable urban drainage system

Strengths, Weaknesses, Opportunities and Threats

Timber Research and Development Association

Total Quality Management

Target Value Design

User Interface

United Kingdom

Unified Modeling Language
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USACE
USCG
USGBC
VA
VBA
VBE
VDC
VR
VPN
WIMP
XML

United States Corps of Engineers
United States Coastguard

U.S. Green Building Council
Value Analysis

Visual Basic for Applications
Virtual Building Environments
Virtual Design and Construction
Virtual Reality

Virtual Private Network
Window, icon, mouse, pointer
Extensible Markup Language
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Abstract

BIM (Building Information Modeling) is a new radically different emerging approach
to design, construction and facilities management. BIM promises to better facilitate
the building development, construction and building operation. In this thesis the
domain of small architectural practices is considered and how BIM can be
implemented to address the problems both of operational and product efficiency and
effectiveness.

Research has indicated that guidance on how small architectural practices should
implement BIM is lacking (Jung et al 2010). This lack of guidance is one of the
reasons why small architectural practices are disinclined to adopt BIM. There is a
growing need for more knowledge on how BIM technology and processes can be
and should be adopted and what happens when BIM technologies and processes
are implemented and used in the practice of architecture.

The aim of this thesis is to develop a BIM implementation strategy framework for
small architectural practices.

To identify of the problems and issues of BIM implementation in a small architectural
practice, a two years of case study using action research was undertaken. This
involved instigating, participating and observing the implementation of BIM within a
small architectural practice. Both the internal and external benefits to the
architectural practice were considered. The findings of this BIM implementation
research were then recorded and reviewed providing a structured approach to BIM
implementation. From this process of review and reflection a revised improved
framework and suggested methods for BIM adoption was developed and
documented. At each stage of the BIM implementation recommendations are made.

The research was undertaken as part of a Knowledge Transfer Partnership between
the University of Salford, John McCall Architects (a small architectural practice) and
the researcher and author of this thesis. Though being actively involved in the BIM
implementation it was possible to understand the issues and document the actions
that were taken as part of the BIM adoption. The major limitation of this research is
the focus on a single company as the source of evidence and research.

This enhanced BIM implementation framework and the suggested working methods
represents the primary contribution to knowledge made by this thesis. This
framework should be of value to other small architectural practices embarking on
BIM implementation.
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Chapter 1

Chapter 1: This chapter makes an introduction to the thesis explains the
backgrounds, rationale for research, the research question, the aims and objectives
of the research. It also gives a brief of the research methodology, the scope and the
limitations of the research.
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CHAPTER 1 Introduction
1.1 1ntroduction

An NBS survey (2013) indicates that the uptake of building information modelling
(BIM) in the UK is on the increase. Using BIM represents a significant change to the
practice of architecture (Birx, 2006). This change has been described as the perfect
storm (FMI/CMAA 2007). That is the culmination of many influences and factors that

simultaneously come into play resulting in changes of unusual magnitude (see figure
1.01).

—

Gevernmém

——
— ]
- P ————— To—

) e S

N—=— ————Standards

L ——

Fi@atalE—— ~""__—peveloped

L —
L ——

Figure 1.01: BIM at the heart of the storm

The future vision for the AECOO (Architecture, Engineering, Contracting, Owning
and Occupying) industries is described by Broshaw (2006).

60l magi ne a world where al | communi cati ons
concise, open, transparent, and trusting; where designers have full understanding of

the ramifications of their decisions at the time the decisions are made; where

facilities managers, end users, contractors and suppliers are all involved at the start

of the design process; where processes are outcome driven and decisions are not

made solely on a first cost basis; where risk and reward are value based,
appropriately balanced among all team members over the life of a project; and where

the profession delivers higher quality design that is responsive. This is the future of
integrated Practiceo
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Using data rich BIM models allows decisions to be made on a more knowledgeable
and scientific basis. Behaviours and properties can be programmed into BIM models
where attributes are quantified and measurable (Harty 2012).

According to the Built Environmental Industry and Innovation Council (BEIIC) in
Australia (2011),

ABI M has macroeconomic significance,
would make a significant difference to national economic performance and that there
is a compelling economic case for encouraging greater use of BIM in Australia."

The initial estimated savings to UK construction and its clients is £2bn per annum
through the widespread adoption of BIM and is therefore a significant tool for
Government to reach its targets. The UK construction industry is being asked to
achieve 33 % cost reduction in construction and lifecycle costs and deliver the
project 50% faster producing 50% less greenhouse gases before 2025 (HM
Government 2013).

To gain and maximise the benefits from BIM, the changes they need to be
understood, managed and coordinated in an appropriate way to ensure that it
impacts positively, on the business and the industry. Hammer and Champy (2001)
identified that implementation of new or redesigned processes fail in 50% to 70% of
Business Process Reengineering (BPR) initiatives. Only 50% of architects adopting
BIM say it has had a positive impact on their business (McGraw Hill Construction
2008). Providing an understanding and a framework for managing BIM adoption to
achieve the benefits of BIM is the focus of this research.

Two forces are driving the adoption of BIM. External push factors such as the UK
Government and industry drivers responding to economic and environmental
concerns are external influences encouraging and demanding BIM adoption. The
internal efficiencies the pull factors that can be achieved by adopting BIM are the
secondary factors encouraging BIM adoption (see figure 1.02).
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Figure 1.02: Internal and external factors effecting the adoption of BIM

The external factors are:

- Government requirements (Cabinet Office 2011)
- Client Demands
- Better Life Cycle management (Sabol 2008)

The internal factors are:

- Better Operation
- Faster Delivery (Finau 2011)

The relevance of these specific factors depends on the organization adopting BIM
and the projects or building type involved. Associated technologies such as RFID,
GPS, cloud computing and BIM servers will also enhance the benefits of BIM.

The green building sector will also drive the adoption of BIM software, according to a

new SmartMarket Report from McGraw-Hill Construction (see figure 1.03). The
report is called A Gr een Bl M: How Building I nformation
Green Design and Constructiono.
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<1 Year 1-3 Years 4+ years from now Never

Figure 1.03: Timing expected to Green BIM Market Penetration (according to non-
green BIM companies) (McGraw Hill Construction 2010)

BIM tools demand higher performance hardware and operating system platforms to
work effectively. The hardware and software platforms now available have also
played there role in making BIM an economically viable method of process
improvement. All of the growth in the last 30 years will be completely dwarfed by the
rapidly escalating pace of growth in computing power from 2010 to 2020 (see figure
1.04).

Computing Power Doubles
Every 18 Months

Figure 1.04: Chart showing how computer power has and is predicted to double
every 18 months (Carrier 2012)

This change in computing power must also be seen related to the changes it makes
possible (see figure 1.05). These changes will impact construction and the whole
supply chain of the building industries.

49



Communication Power Increases
as Computing Power Grows

Brain Chips help
Quadriplegics
move robotic
arms with their
thoughts

You- |-Phone

Tube

Email Internet Browser

§ 3 3

L S . e e e S e S o e S S San an San e o o e o e o s e o

1970 1974 1979 1983 1988 1992 1997 2001 2006 2010 2015 2019

" Technology Review
16/5/12

Figure 1.05: How methods of communication have changed as computing power has
grown (Carrier 2012)

User expectation is also facilitating BIM adoption (Buildingsmart, 2009). A UK survey

projects a 50% increase in BIM usage in 2011 and the majority of the industry using

BIM within 5 years (NBS BIM survey 2010). It has been suggested that the four main

elements influencing the spread of a new idea are: the innovation, channels of
communication, time and the social system (Rogers 1962). The diffusion of

innovation occurs through a five step process (see figure 1.06). 1 n t er ms of Moo
model of market adoption (originally developed by Rogers (1962)) the chasm has

been crossed and we are moving into the stage of the early majority (lkerd 2009)

(see figure 1.07).

Many UK
Companies are
here in their BIM %
Journey
\§ : \} \ \ : \\.\ :
_‘ Knowledge ‘ /,_l Persuasion ‘_J Decision ‘H Implementation 4‘ Confirmation

Step 1 Step 2 Step3 |No? Step 4 Step 5

Figure 1.06 The Five stages in the decision innovation process (adapted from
Rogers 1962)
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1

Figure 1.07: Market Adoption Model indicating the likely adoption of BIM over time
(Moore, 1999)

Majority

The awareness of BIM is growing and the UK government is trying to persuade
organisations to use BIM. Although small architectural practices only get 14% of their
workload from the public sector (Roberson 2010). For many companies they are now
at the point of transitioning between step three (taking the decision to implement)
and step four (undertaking implementation).

A key element of this is the sophistication of BIM maturity that will be reached by a
practice going through the process of BIM adoption. This relates to the capabilities of
the users, the software and the systems that are put into place. Achieving
appropriate and sustainable levels of BIM operation is central to the successful
adoption of BIM.

BIM is the catalyst for multiple changes in the practice of architecture whether in a
large or small practice. It is vital that practitioners understand the impact BIM is
having on the practice of architecture and how to change their current modes of
practice to incorporate BIM. This fundamental shift will impact on all issues and
operations both inside and external to an architectural organisation.

Yet ultimately it must be remembered that what clients want is a better buildings not
a better models. Better buildings are produced by making better informed decisions.

1.2 Observations

The rationale under which this research is conducted is based on several
observations:

1.2.1 Observation 1 : There has been a growing interest in BIM (see figure 1.08,
1.09). An increasing level of BIM adoption is predicted (see figure 1.10, 1.11). It
seems that the widespread BIM adoption within small architectural practices is about
to take place in the UK (Charlton, 2010). In some places that transition has already
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taken place (see figure 1.09). A UK survey predicts a 50% increase in BIM usage in
2011 and the majority of the industry using BIM within 5 years (NBS BIM survey
2010) (also see figure 1.08 and 1.12). With this widespread change predicted to be
about to take place (Pike Research 2012) it is important that methods and guidance
is in place to ease this transition.

Pike Research projects that the global market for BIM products and services will be
about $1.8 billion in 2012 and almost $6.5 billion in 2020. The figures represent both
BIM software revenue as well as sales from related services, such as training,
support and project management (see figure 1.10 and 1.11) .

® bim @ revit ® tekla @ vectorworks
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Figure 1.08: Trends showing searches for the term BIM (note the news reference
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Figure 1.09: The change from CAD to BIM at Architectural Firm (20 staff) Neeley

Lofrano San Francisco (Neeley 2010)
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Figure 1.10: Projections of BIM technology adoption (Ikerd, 2008)
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Figure 1.11: Building Information Modeling Revenue, World markets; 2012 -2020

(Machinchick 2012)
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Figure 1.12: Views on adopting BIM adapted from NBS survey 2010 (Hamil, 2010)

1.2.2 Observation 2 : Improvements in the construction industry are necessary and
BIM offers a way to bring about improvements. New economic imperatives demand
new more efficient and effective methods of working. Many previous studies have
identified the problems that permeate the building industry (Egan 1998, Latham
1994) and other studies have indicated the potential benefits of adopting BIM (CIFE
2007). Data models for different systems are arbitrarily different. The result of this is
that complex interfaces are required between systems that share data. These
interfaces can account for between 25-70% of the cost of current system (West
1996). The problems of interoperability between engineering software systems have
existed since the introduction of computer-aided design CAD in the 1970s (Pratt
1993).

1.2.3 Observation 3: There is a lack of research relating to BIM implementation and
in relation to small architectural practices in particular (Jung et al, 2010; Hartmann et
al, 2011) (See figure 1.13). The research by Jung (2010) indicates that no research
has been done on BIM implementation strategy, policy, procedure or BIM manuals.
According to an NBS (2013) survey produced mainly from architects 25 % of the
respondents used 2D CAD (Computer Aided Design) only, while 36 % used no CAD
at all.
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