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Figure 4: “Mcleany Curve” illustrating that effort and decision‐making is shifted earlier in the design process 
in an Integrated Project Delivery (Construction Users Roundtable 2004). 

As will be demonstrated  in the case studies, project teams that employ a more ‘integrated’ project 
delivery process are better able to maximize the benefits of BIM.  

1.2 Research  Objectives  and  Approach  

There were two main objectives for this research project: 

o Review different  industry sectors  including owners, architects, engineers, MEP’s, as well as 
different  types  of  building  construction  including  industrial  and  residential  builders,  and 
manufacturers  to  see how BIM has  successfully applied and what  challenges and barriers 
have arisen. 

o Investigate best practices through case studies at regional, national, and international levels. 

The research team completed this work in four parts, as outlined below.   

1) Identify case studies that represent best practices 
The intent was to identify case studies that adequately represent sufficient diversity across: 
(a) the different  industry sectors (e.g., owners, architects, engineers, etc.), (b) the different 
regions  (regional  (Alberta), national,  and  international),  (c) different project phases  (from 
concept  through operations),  (d) different  scales of projects  (in  terms of  size,  complexity, 
and  function),  and  (e)  different  uses  of  BIM  (e.g.,  energy  analysis,  constructability, 
fabrication, etc.).   Our mandate was to provide a minimum of three Canadian case studies 
and two International case studies. 
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We are also experiencing
serious problems

We are also experiencing
serious problems

Wastage
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Benefits of BIM
(1) Inspiration of novel design
(2) Design error detection

(6) Construction plan rehearsal and optimization

(7) Detection of unsafe areas

(4) Construction site management

(3) Construction communication

(8) Project information and knowledge management

(5) Construction project management

Whole lifecycle IM

• Current model

Inception Financing Design Construct
ion

Operation/

FM

Demolition

. . . . with feedback

• Model with interoperable solutions

Flanagan (2007)

Fragmentation 
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Fragmentation 

Construction processes 

� Fragmented 
� Low tech 
� Productivity not more  

than 50-70% 
� Very little time spent in  

the design process 
� Poor site planning 
� High outturn cost  

compared to initial cost 
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(3) Ineffective communication between parties

What the client wanted As the design team 
understood it As the contractor build it

Designers and builders live in two different worlds! 

(3) Ineffective communication between parties

Communication 
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(3) Ineffective communication between parties

What the client wanted As the design team 
understood it As the contractor build it

Designers and builders live in two different worlds! 

(3) Ineffective communication between parties

Two different worlds of Designers 
and Builders

1/23/2017
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• Mis‐interpretation can mean abortive or low quality 
work

(5) “Cannot try before build”

Communication 
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No prototyping 
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• Mis‐interpretation can mean abortive or low quality 
work

(5) “Cannot try before build”
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Building Information Modeling (BIM) or 
Building Information Model (BIM)
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The way out!

Building Information Modeling (BIM) or Building Information Model (BIM)

Benefits of BIM

(1) Inspiration of novel design
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BIM is defined as a digital representation of the building 
process to facilitate exchange and interoperability of 
information in digital format (Eastman, 1999). 

According to the U.S. National BIM Standard (2007), BIM 
is “a digital representation of physical and functional 
characteristics of a facility and a shared knowledge 
resource for information about a facility a reliable basis for 
decisions during its life-cycle.”
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� BIM is the process of 
generating and managing 
information about a facility 
during its entire lifecycle 
 

� BIM is a suite of 
technologies and 
processes that integrate to 
form ‘system’ at the heart 
of which a component-
based 3D visualisation. 

BIM: what is all about! 
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1.0 Terms of Reference 

BIM is being used more extensively in all areas of the Architecture, Engineering, Construction, Owner, and 
Operator (AECOO) community. It is the goal of this paper to consider the engagement of CEA member firms 
in the application and development of BIM practices, to note aspects of BIM adoption that are of 
consequence to CEA member firms, and concisely represent the CEA’s current position on the use of BIM 
for the benefit of membership, partners, and client groups. 
 
The CEA recognizes the complexity of using BIM in today’s risk averse industry and would like to offer 
suggestions on how we might view the use of BIM in the current marketplace while offering a starting point 
for further discussion. 
 
2.0 What Is BIM? 

Building Information Modeling (BIM) is: 
 
“the creation and use of coordinated, internally consistent, computable information about a project in design 
and construction”  
– AEC (CAN) BIM Protocol Version 1.0, released by the Canada BIM Council (CanBIM) in October 2012. 
 
or it can be called: 
 
“a digital representation of physical and functional characteristics of a facility.  A building information model 
is a shared knowledge resource for information about a facility forming a reliable basis for decisions during 
it’s life-cycle; defined as existing from earliest conception to demolition.” 
–The National Building Information Model Standard Project Committee, BuildingSMART International   
 
BIM is not a piece of software, but rather a wide ranging information management philosophy and business 
process. 

 
BIM viewed as a sociotechnical system with a technological base and layers of social components 

Image From:  
Mondrup, T. F., Karlshøj, J., & Vestergaard, F. (2012). Communicate and collaborate by using building information modeling.  
Paper presented at CIB W078 2012 Conference, Beirut, Lebanon. 
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Is it just for replacing the drawing board?

Is it simply another AutoCAD?
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the information model. Deliverables include not only 2-D 
construction documentation, but also the model itself and all 
of the rich information it contains, which can be leveraged for 
quantity take off, construction sequencing, as-built compari-
sons, and even operations and maintenance.

So what about this BIM approach is different? The use 
of modeling, 3-D visualization, and analysis is nothing new 
for road and highway design professionals. The difference 
is that with traditional drafting-centric approaches, design, 
analysis, and documentation are disconnected processes. This 
makes evaluation of what-if scenarios inefficient and cost 
prohibitive. 

As the green line in Figure 2 demonstrates, by dynamically 
connecting design, analysis, and documentation in a BIM 
workflow, most of the effort in a roadway design project is 
shifted back into the detailed design phase when the ability 
to impact project performance is high and the cost of making 
design changes is low. This allows engineers to spend more 
time evaluating what-if scenarios to optimize the design and 
less time generating construction documentation. With this 
in mind, consider how adopting a BIM process translates into 
real benefits for road and highway design.

BIM benefits 
The most immediate benefits of BIM for road and high-

way design are better designs and increased efficiency and 
productivity. Because design and construction documenta-
tion are dynamically linked, the time needed to evaluate 
more alternatives, execute design changes, and produce 
construction documentation is reduced significantly. This is 
particularly important for transportation agencies because it 
can shorten the time to contract letting, resulting in projects 

being completed sooner and within more predictable 
timetables. 

Beyond efficiency and productivity, BIM facili-
tates roadway optimization by including visualiza-
tion, simulation, and analysis as part of the design 
process. Following are two examples of the many 
criteria that can be assessed to achieve an optimal 
roadway design:

Constructability — Civil engineers typically 
design for code compliance, not for constructability. 
But incorrect interpretations about design intent 
made in the field because of ambiguous documen-
tation can lead to delayed schedules, change orders, 
and RFIs after construction begins. 

Consider a typical new highway construction proj-
ect with bridges and interchanges budgeted for $100 
million. Typically, about 7 to 8 percent of that will go 
into design development. Reducing the design spend 
by 35 percent with a more productive process saves 
$2.6 million. But reducing the construction portion 
by 15 percent by considering constructability during 

design saves nearly $14 million. And these savings don’t take 
into account litigation that can result from mistakes in the 
field. Designing for constructability can help reduce these 
mistakes before they become a problem. 

Road Safety — Analysis to ensure safe stopping and pass-
ing sight distances is a key factor driving design decisions. 
Traditional sight distance analysis is based on mathematical 
equations applied to vertical curvature in the road profile. 
But this approach fails to take into account factors such as 
horizontal layout and visual obstructions. Integrating inter-
active visualization and sight distance simulation into the 
design process (see Figure 3) allows the civil engineer quickly 
to identify whether the road geometry meets critical safety 
parameters related to sight distances, including grades, cur-
vature, and visual obstructions such as barriers, berms, and 
foliage.

Probably the most significant advantage of BIM compared 
with a drafting-centric process is the ability to extend the 
use of the information model beyond design, analysis, and 
simulation into construction and, eventually, operations. For 
example, transportation agencies increasingly are using the 
3-D model for operating construction equipment with GPS 
machine guidance. Benefits include increased productivity 
and accuracy, reduced survey costs, lower equipment operat-
ing costs, and an extended work day. 

The promise of BIM for road and highway design
Constructability and road safety are two examples of analy-

sis and simulation that a BIM process facilitates. But that is 
just the beginning of the story. At the Wisconsin Department 
of Transportation (WisDOT), which is in the process of 
implementing AutoCAD Civil 3D, Autodesk’s civil engineer-

TRANSPORTATION  

Figure 3: The Rapid Road Safety Analyzer from RDV Systems leverages the information model 
in AutoCAD Civil 3D, Autodesk’s civil engineering software built for BIM, to identify whether 
the road geometry meets critical safety parameters. 
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6/17/2016 Becoming a BIM leader: Russia eyes global expertise in virtual building technology | Construction Dive

http://www.constructiondive.com/news/becoming­a­bim­leader­russia­eyes­global­expertise­in­virtual­building­tec/420983/ 3/4

inspires — such as companies exchanging detailed 3­D building models — the UK currently only requires the same type of files systems
be used to exchange data. The modeling requirement could, perhaps, come in future expansions of the mandate.  

"The state sees a lot of positive (aspects) in this technology implementation, such as cost reduction, transparency and efficiency of the
construction process, both in the construction and property management phases," Belyuchenko said. "The state sees this as its own
advantages and implements plans for construction projects funded by the budget of the Russian Federation to introduce them to BIM on
a mandatory basis."

Nevertheless, Belyuchenko also sees the UK mandate as the basis for more than just a domestic boon for BIM. "From the very
beginning, (the UK) had a target for construction developers to enter the international market," he said. "I think adopting the successful
experience of the UK will also help Russian companies to expand their presence in international markets and increase the (opportunity
for) export of their services."

BIM systems model
Credit: WERFAU
 

'Time will tell' what's next

Providing BIM for the masses requires a robust, well­trained workforce of technicians and designers. The Ministry has its own training
initiatives, Belyuchenko said, and as soon as the industry agrees on a final standard, it will be implemented at major
universities — although some already have their own BIM educational programs.  

And, of course, companies like WERFAU have on­the­job training for employees in their design departments. "We have no people who
knew about BIM before they came to the company, and that's why we think that it's very necessary to promote BIM to university
students," he said. It's important to help students understand the opportunities in the construction industry for those proficient in BIM, he
added.

After all, the export of BIM services to other countries is government­supported but not government­run, so private companies will play
an integral role in service delivery. Both government and private industry will better define their roles in the BIM standard and export
initiative as time goes on, Belyuchenko said.
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Is it just for replacing the drawing board?

Is it simply another AutoCAD?

Is it just for replacing the drawing board?
Is it simply another AutoCAD?
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AutoCAD drawings only contain lines and arches, while 
BIM models contains information in each components. 

In a sense, design in a BIM environment is similar to playing 
Legos. You draw Lego pieces from a library, and form them 
into a BIM model. 

Three types of information contained in BIM: 
(a) Geometric information includes size, volume, shape and spatial 
relationships, 
(b) Semantic information information includes the type of individual 
construction component, specifications of material, construction 
schedule, and cost, and 
(c) Topological information captures the dependencies of 
components.
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LEVELS OF BIM: Players In The Supply Chain

1. Visualization 

2. Coordination

3. Constructability

4. Fabrication &              
Installation

Interior spaces and shell
High-level MEP

Visualization
Permit Drawings

Fabrication-level MEP
High-level coordination

Fabrication level MEP
models, 4D Sequencing, 
3D As-Built Models
BIM Estimates, multi-
trade racking, Supply 
Chain Management

Everything…(?)

Source: DPR Construction: 
http://dpr‐review.com/fall‐winter‐2010/story/the‐four‐levels‐of‐bim

LEVEL 4: Benefits for Stakeholders

•Visualization
•Operations simulation

•Reduce disruptions

•Communication with 
stakeholders

•Better decision making
•More predictability

•As built documentation
•Link to spec

•Ease of maintenance
•Better O&M

•Future expansion planning

•Simulation with data
•Reduce review time

•Reduce CA time
•Better collaboration

•Build it virtually
•Use data for estimating, sequencing

•Reduced RFIs and changes
•Better service to clients

•Communicate design intent
•Better collaboration
•Better permit docs
•Reduce CA time

•Enable prefabrication
•Avoid rework

•Better coordination
•Improve field productivity

Source: DPR Construction: 
http://dpr‐review.com/fall‐winter‐2010/story/the‐four‐levels‐of‐bim

•Understand sequence
•Plan daily work better

•Avoid rework

Level 4 Example:
Sutter Medical Center Castro Valley (US)

� Project Details
� $320 million, ~37 months
� 230,000 sq. ft., 130 beds
� Targeting LEED
� IPD: IFOA (11 parties)

� Organizations
� Owner - Sutter Health
� Architect - Devenney Group
� General Contractor - DPR Construction
� Mechanical and Plumbing Design - Capital Engineering
� Electrical Design - The Engineering Enterprise
� Structural Design - TMAD-Taylor & Gaines
� Mechanical Design-Assist and Construction - Superior Air 

Handling
� Plumbing Design-Assist & Construction - J.W. McClenahan
� Electrical Design-Assist & Construction - Morrow Meadows
� Fire Protection - Transbay Fire Protection
� Lean/BIM project integration - GHAFARI Associates

Source: DPR Construction, AECbytes, The BIM Handbook

LEVEL 4: Exterior Skin and Rebar Modeling

Source: DPR Construction, AECbytes, BIM Handbook
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AutoCAD drawings only contain lines and arches, while BIM 
models contains information in each components. 

In a sense, design in a BIM environment is similar to playing 
Legos. You draw Lego pieces from a library, and form them into 
a BIM model. 

Three types of information 
contained in BIM: (a) Geometric 
information includes size, 
volume, shape and spatial 
relationships, (b) Semantic 
information information 
includes the type of individual 
construction component, 
specifications of material, 
construction schedule, and cost, 
and (c) Topological information 
captures the dependencies of 
components. 

BIM: The biggest buzzword!
China 12th 5-year plan (2011-2015)
UK April 2016, for all central government clients to require BIM to be used on their

projects.
USA Compulsory for Government Project funded after 2017
Singapore Compulsory after 2015
Hong Kong The Hong Kong Housing Authority requires BIM for all its new projects after

2014.
Norway Encouragement instead of Mandatory. For example, all projects of the state

client Statsbygg have used BIM since 2010.
Denmark Danish state clients such as the Palaces & Properties Agency, the Danish

University Property Agency and the Defense Construction Service require BIM to
be used for their projects.

Finland The state property services agency, Senate Properties, requires the use of BIM
for its projects by 2007.

Netherlands Since 2012 the Dutch Ministry of the Interior requires BIM for large building
maintenance projects.

South Korea Compulsory for all large size projects and for all public sector projects by 2016.
Germany National BIM standard has been completed in 2014.
Note: Adapted from Zeiss (2013) and HKCIC (2014).
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• A Research and Markets study found that the international 
building information modeling (BIM) market will reach $11.7 
billion by 2022, with a compound annual growth rate of 
21.6% between 2016 and 2022.

• The research firm said it expects the Asia-Pacific region to 
experience the most growth in demand due to its rising 
construction activity and the push of BIM mandates. 

• BIM is growing in all areas of construction around the 
world, and adoption — especially in Asia — has been 
driven by emerging BIM mandates, a thriving real estate 
market and acknowledgment by contractors and other 
industry player of the benefits of BIM. 
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A variety of commercial software packages such as
ArchiCAD, the Dassault Systemes (DS), AutoCAD Revit
Architecture, AutoDesk NavisWorks, can be put under the
umbrella of BIM, although one should not simplistically
equate BIM with them.

1/23/2017
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BIM: The biggest buzzword!

“BIM” is like teenage sex: everyone talks 
about it, nobody really knows how to do 
it, everyone thinks everyone else is doing 
it, so everyone claims they are doing it.

A variety of commercial software packages such as ArchiCAD, the Dassault Systemes 
(DS), AutoCAD Revit Architecture, AutoDesk NavisWorks, can be put under the 
umbrella of BIM, although one should not simplistically equate BIM with them.
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The applications of BIM in housing 
projects in Hong Kong

Cost X (Material Quantities)

BIM Software

3D Max (Photo-realistic Rendering)

Ecotect (Performance Analysis)

Navisworks (4D Simulation) Navisworks (Collision Check)

Solibri (Code Checking)

Revit (BIM Modeling)

Civil 3D (CE/GE Design) Viewers (Viewing / Markup)
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A. Fostering novel design

1/23/2017

14

What you get is what you see
From 2D - 3D Design

(1) Inspiration of novel 
design

From 2D - 3D Design
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A. Fostering novel design

Design and Simulate: Lighting, Acoustics, Thermal, Visual,
etc.

1/23/2017
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design
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Lighting
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Visual…
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(2) Design error detection
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Benefits of BIM
(1) Inspiration of novel design

(2) Design error detection
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B. Design error detection
BIM-based designer errors detection has been and is still 
one of the most widely implementable functions that can 
bring direct, immediate benefits. 
Clash is a typical design error. 

1/23/2017
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BIM-based designer errors detection has been and is still one of the most 
widely implementable functions that can bring direct, immediate 
benefits. 

Clash is a typical design error.  There may be hard clashes, soft clashes, and 
workflow clashes, respectively. 

Hard clash means two objects 
occupying the same space. For 
example, a beam that the structural 
engineer designed is right in the 
path of the air conditioning units 
the MEP engineer located, or a 
column running right through a 
wall, or the slab is not connected to 
the wall, etc. 

Soft clash, sometimes called clearance clash, refers to objects that 
demand certain spatial/geometric tolerances or buffers having objects 
within their buffer zone for access, insulation, maintenance or safety. 

A typical example of soft clash is given by one of the co-authors of this 
book, who conducted a case study in the Barts and The Royal London 
Hospital. 

Workflow clash refers to the ability of a BIM modelling project to 
resolve scheduling clashes for work crews, equipment/materials 
fabrication and delivery clashes and other project timeline issues.

There may be:
Hard clashes: two objects occupying the 
same space 
Soft clashes: objects that demand certain 
spatial/geometric tolerance or buffers or 
buffers having objects within their buffer zone 
for access, insulation, maintenance or safety
Workflow clashes: clashes for work crews, 
equipment/materials fabrication, delivery 
clashes, and other project timeline issues. 
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C. Construction site and project management
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Benefits of BIM
(1) Inspiration of novel design

(2) Design error detection

(4) Construction site management

(3) Construction communication

(5) Construction project management

From 3D or nD
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C. Construction communication
D. Construction plan rehearsal and optimization
E. Detection of unsafe areas
F. Project information and knowledge management
G. Whole life cycle costing approach
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Concept Phase

Building Information Modelling 
BIM Process 

Central Project Model 

A                      C                      D                      E      F                      J   K                               L                

Details and supply chain 
components 

Client’s requirements 

Structural and services models 

Specification 

Maintenance updates 

3D topographical model 

Option appraisal and testing Environmental analysis FM and estate management     

Post occupancy evaluation 

 

        Design integration    Floor area tracking    Room loading     

   Clash avoidance        Visualisations        Quantities and cost data     

           Parametric modelling                Offsite Construction  

 Pre-Fabrication           Project planning          Workflow Analysis 
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Concept Phase: Environmental Assessment
Building Information Modelling 
Concept design – environmental analysis 
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Design Development: Design Integration
Building Information Modelling 
Design Development – design integration 
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Design Development: Floor Detailing

Building Information Modelling 
Design development – room loading 
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Technical Design: Quantities, Components and
Scheduling, Specification and Keynoting

Building Information Modelling 
Technical design 

Parametric modelling 

Filters 

Interrogating the model 

Quantities 

Components and scheduling 

Specification and keynoting 

 

Building Information Modelling 
Technical design 

Parametric modelling 

Filters 

Interrogating the model 

Quantities 

Components and scheduling 

Specification and keynoting 
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Standardization: Such as Doors

Building Information Modelling 
Standardisation 
Building Information Modelling 
Standardisation 

Building Information Modelling 
Standardisation 
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Design Coordination
Building Information Modelling 
Design Coordination 

Building Information Modelling 
Design Coordination 
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4D Planning: 3D + Time

Building Information Modelling 
4D Planning 
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5D Planning: 3D + Time + Cost
Quantity takeoffs
Cost library linking
Review and analysis
Supply chain management

Building Information Modelling 
5D Planning 

 

 

Integration of 3D Models with time (4D) and cost (5D) information 

Estimating and scheduling of materials and processes. Operations include: 

 - Quantity takeoffs 

 - Cost library linking 

 - Review and analysis 

 - Supply chain management 

‘A virtual construction model for managing  

and presenting 5D integrated information’ 
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5D Planning: 3D + Time + Cost

Building Information Modelling 
5D Planning 
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5D Planning: 3D + Time + Cost
  

   

Building Information Modelling 
5D Planning 

Project Management                   Introduction to BIM



Abraham Assefa Tsehayae (PhD)

BIM Process  

44/49

5D Planning: 3D + Time + Cost

 

Building Information Modelling 
5D Planning 
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6D Planning: 3D + Time + Cost + Sustainability
Post Building Performance Monitoring
Technology Integration
Internet based energy management system
Reducing energy wastage and running cost

Building Information Modelling 
6D Planning: Sustainability 

� Post Building Performance Monitoring 

� Technology: Workplace Footprint Tracker 

� Internet based energy management system 

� Reducing energy wastage and running costs 
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Technical challenges
BIM is supposed to improve interoperability but existing BIM 
solutions present a new challenge; the lack of software compatibility 
makes it difficult to communicate between different BIM solutions, 
Industry Foundation Classes (IFC).  
Design speed is another problem when using BIM in real-life 
projects. It takes a long time to create all the detailed 3D models of 
building, temporary work and plant, to the desired level of detail and 
accuracy (Huang et al., 2007).

New costs
While bringing many benefits, BIM increases cost. Companies face 
the extra cost of learning BIM and unlearning their old approaches. 
The cost–benefit relationship of BIM needs to be quantitatively 
measured (e.g. Gilligan and Kunz, 2007; Huang et al., 2007).
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Lack of legal framework
Standards: UK, USA, etc. have developed standards

  13   

 

Figure 6: BIM Standards and Guides studied  in this research and organizations  involved from the different 
regions studied. 

Table 3 shows the different themes and topics of the different guides shown in Figure 6.  This table 
shows the breadth of coverage of these guides in terms of addressing important issues related to the 
three dimensions of our framework – technology, organization and process. We recognize that these 
are  incomplete but our  intent here  is to provide a summary of existing BIM guides and a reference 
that can be used to better understand all the various BIM‐related documents. 

There is a growing trend within certain regions to develop BIM standards and guides.  In general, we 
found guides mostly prepared by public owners,  industry advocates and universities. Some guides 
are developed by large consortiums of public owners and private companies. The scope of influence 
of  these  documents  varies  from  multinational  (INPRO)  and  federal  (GSA,  NIST,  NIBS),  through 
country and state (in the USA) levels, to local levels (Los Angeles Community College District (LACCD) 
Guide).   

The next sections describe a few noteworthy initiatives in the different regions. 

2.2.1 BIM Initiatives in  the US     

The United States clearly has the most significant breadth of owners requiring BIM, as well as the 
most significant representation of organizations advocating for BIM.  A pivotal point in the adoption 
of BIM in the US was when the General Services Administration started mandating BIM on all federal 
building projects starting  in 2007.   The GSA’s mission  is  to "help  federal agencies better serve  the 
public  by  offering,  at  best  value,  superior  workplaces,  expert  solutions,  acquisition  services  and 
management policies." (GSA Website, accessed on Nov. 2011) One goal of the GSA’s National 3D‐4D‐
BIM Program is to provide a significant support service for assisting project teams that are interested 
in adopting new 3D, 4D, and BIM building  technologies. Further, some guides developed by other 
institutions refer to chapters of the GSA Guides (e.g., the Veteran Affairs (VA) BIM Guide).  
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BIM and Project Delivery Method
Deep BIM implementation requires collaboration among parties, and 
Integrated Project Delivery Method is recommend often
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