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Synopsis
In this overview, Martin Simpson from 
Arup/University of Salford provides 
some background to the BIM story so 
far; explaining the concepts inherent 
in BIM and how the UK Government is 
driving the BIM agenda.
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A defi nition of BIM
Introduction
There are many defi nitions of BIM, and 
there is even debate as to whether BIM 
is ‘Building Information Management’ or 
‘Building Information Modelling’.

In the UK there has been considerable 
engagement at governmental level in the 
potential that BIM has to off er; with the dual 
objectives of reducing both the capital cost 
and the carbon burden from the construction 
and operation of the built environment by 
20%, being central to this focus1.

One of the key documents to have been 
published in the UK is the Specifi cation for 

information management for the capital/

delivery phase of construction projects 

using building information modelling (PAS 
1192-2:2013)2. This document defi nes BIM 
as: 'the process of designing, constructing 
or operating a building or infrastructure 
asset using electronic object orientated 
information.'

This aligns closely with the US Government 
General Services Administration defi nition 
that: “Building Information Modeling is the 
development and use of a multi-faceted 

computer software data model to not 
only document a building design, but to 
simulate the construction and operation 
of a new capital facility or a recapitalized 
(modernized) facility”3. 

Regardless of the formal defi nition, the 
following points defi ne the essence of BIM:

• ‘Building’ is the verb ‘to build’ rather than 
the noun ‘a building’. It is therefore relevant 
to any asset of the built environment
• ‘Model’ refers to the ‘representation 
of a system or process’ rather than a 
‘3-dimensional representation of a person 
or thing’. Though there can be no doubt 
that geometric representation is important, 
we must be able to simulate the various 
facets of the design of an asset (structural, 
architectural, building services etc), the 
construction of the asset and the operation 
of the asset
• Information (or more specifi cally ‘the sharing 
of structured information’) is the fundamental 
concept of BIM. This includes both geometric 
and non-geometric information such as time, 
cost, fi re-rating etc.

E Figure 1 
Example 

of structural 
information fl ow
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Sharing structured information
There are many parties involved in 
delivering a successful project. A project 
will usually have:

• A client
• A design team (architect, structural 
engineer, building services engineer and 
other consultants)
• A construction team (main contractors, 
sub-contractors, supply chain)
• An operations team (which may include 
users of the asset)

Each one of these parties is using the 
information generated by other parties 
in order to carry out a task and generate 
new information, which in turn will be used 
by others. In a typical project, each time 
the information is used by another party it 
is duplicated. This is usually because the 
information was not structured in a manner 
that could be immediately used. Each time 
the information is duplicated there is a risk 
of error, either in the process of duplication 
or simply through using old information. It 
has been reported that this duplication cost 
the US capital facility industry $15.8 billion 
per year in 20064. This fi gure represents 
the fi rst order costs only and not the 
subsequent second order eff ects of using 
the wrong information.

Therefore, it is not only sharing the 
information that is important but the way in 

which the information is structured, so that 
others can make use of it without needing 
to duplicate.

The idea of BIM is met by some 
structural engineers with trepidation. 
Some hold the impression that BIM 
is purely new technology that could 
displace or even replace the role of the 
engineer. This is certainly not the case 
and if we concentrate on the idea of 
sharing structured information, we can 
demonstrate that structural engineers 
have a good track record of sharing and 
re-using information within their own 
processes. Typically this involves creating, 
sharing and manipulating analysis and 
design information using various software 
solutions (Figure 1). What BIM provides is a 
framework to share information beyond our 
own processes with other team members 
and collaborators.

A brief history of BIM
BIM is not a new idea. The following quote 
appears to describe a modern BIM-enabled 
tool:

“the architect next begins to enter a 
series of specifi cations and data – a six-
inch slab fl oor, twelve-inch concrete walls 
eight feet high within the excavation, and 
so on. When he has fi nished, the revised 
scene appears on the screen. A structure 
is taking shape. He examines it, adjusts it… 
These lists grow into an evermore-detailed, 

interlinked structure, which represents the 
maturing thought behind the actual design”

This vision of things to come is 
taken from a 1962 paper by Douglas 
C. Englebart5. The technology evolved 
through the 1970s with Building Descriptive 
System (BDS) by Charles Eastman (now 
at Georgia Tech School of Architecture). 
In the 1980s ArchiCAD was developed 
behind the iron curtain in Budapest by 
Gábor Bojár. ArchiCAD was the fi rst of the 
modern building specifi c BIM-enabled tools. 
Towards the end of the 1980s Parametric 
Technology Corporation (PTC) released 
Pro/ENGINEER which used constraint-
based parametric modelling. In 1997 the 
Charles River Software company was 
created by Irwin Jungreis and Leonid Raiz 
who split from PTC. They started work on 
Revit which was bought by Autodesk in 
2002. There are many BIM-enabled tools in 
the marketplace from other suppliers such 
as Bentley, Tekla and Dassault Systeme. 
However BIM is not about software, it is 
about the fl ow of information. 

There are however issues relating to the 
fl ow of information and the ease with which 
information from one software can be used 
and interpreted by another. This is termed 
'interoperability' and the International 
Alliance for Interoperability (IAI) was 
created in 1994 to deal with this issue. 
The solution was the development of the 
Industry Foundation Class (IFC) which was 

W Figure 2
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devised to be a standard, non-proprietary 
method of structuring computable 
information6. IAI evolved to become 
buildingSMART who are the custodian of 
IFC and OpenBIM7.

OpenBIM is important for many 
reasons, not least because it represents a 
universal approach to collaborative design, 
construction and operation of buildings, 
based on open standards and workfl ows. 
There are at least 150 BIM-enabled 
tools that support IFC. The principles of 
OpenBIM are also at the heart of the UK 
Government’s drive to mandating BIM 
by 2016. It is recognised that parties 
within a project should be free to choose 
the software that suites the tasks and 
processes that they need to perform, and 
not to have a software solution imposed 
on them. This is particularly important for 
structural engineers who carry out design 
and analysis tasks using multiple platforms 
and tools.

Level 2 BIM and beyond 
There has been much press about the UK 
Government’s decision to mandate BIM at 
Level 2 on all public projects by 2016. 
Level 2 relates to a particular set of 
requirements based upon a maturity scale 
(Figure 2). It should be noted, that though 
this is quite specifi c in its applicability, in the 
UK construction industry the ideology of 
BIM is being, and in some cases has already 
been, adopted by other governments 
around the world. The levels of BIM maturity 
can be summarised as:

• Level 0: Uncoordinated 2D CAD data
• Level 1: Coordinated 2D CAD data. This 
can be through naming and layer standards, 
common origin points, orientations etc. 
based around the Avanti principles
• Level 2: Coordinated 3D data. The parties 
are working in their own isolated BIM 
models and then sharing and coordinating 
information using a Common Data 
Environment (CDE)
• Level 3: Integrated Design. The parties 
are using integrated web-based BIM 
Hubs to share information using common 
processes

The key digital deliverables to meet 
Level 2 are:

• Graphical model. This could include 3D 
models created in BIM-enabled software 
e.g a native fi le such as Revit, Tekla, 
ArchiCAD etc or a non-proprietary IFC fi le 
containing the same information 
• Non-graphical data. This could include 
information that may be important for future 
asset management. The recommended 

format for this information exchange is 
COBie-UK-20121. There could be other 
formats for this type information exchange, 
but the important point is to agree the 
format in advance so that the whole team 
are working to the same goal 
• Documentation. This could include 
supplementary information such as reports, 
specifi cations and 2D drawings. Again, the 
important point is to agree a format for the 
data. PAS 1192-2 recommends PDF as the 
format for this information

However, implied within these deliverables 
are:

• Data standards
• Defi ned processes
• Controlled data exchange
• Common data environment (CDE). The 
CDE is defi ned as a single source of 
information used to collect, manage and 
disseminate all relevant approved project 
documents. At the basic level this could be 
achieved using a project extranet site

When the deliverables are stated in clear 
terms, most structural engineers will 
recognise that they are probably already 
operating somewhere between Level 1 
and Level 2. Once the industry reaches 
this baseline, then the real evolution in 
the construction industry can begin – but 
we cannot start that journey until we 

take a fi rst step. The UK Government has 
recently published the industrial strategy: 
Construction 20258. This outlines signifi cant 
goals for the construction industry that 
cannot be achieved without signifi cant 
evolution from our current position: 

• 33% lower costs
• 50% faster delivery
• 50% lower emissions
• 50% improvement in exports

Successful BIM
The contractual framework and the 
implications of adapting this to suit BIM 
implementation are still evolving. However, 
Level 2 BIM was defi ned to be a small step 
from current practises, so that it could be 
implemented without radically changing 
organisational structures, current contracts 
and procurement routes. 

That said, one of the key lessons for 
successfully applying BIM to a project is to 
ensure that the processes and deliverables 
are well defi ned. Level 2 BIM requires all 
parties to work together in a collaborative 
manner. Figure 3 represents a simplifi ed 
workfl ow for a project.

Clearly, if any one party does not 
contribute to the workfl ow then the process 
breaks down. The potential for BIM to 
improve productivity and reduce waste 
can only be reached if there are protocols 
for information exchange, standards of 

S Figure 3
Example of simplifi ed BIM workfl ow

TSE23_06-09.indd   8TSE23_06-09.indd   8 29/10/2013   15:0329/10/2013   15:03



9

www.thestructuralengineer.org

 

E 1  HM Government, Dept. for Business Innovation and Skills 

(2013) BIM Task Group Available at: www.bimtaskgroup.org/ 

(Accessed: October 2013)

E 2  British Standards Institution (2013) PAS 1192-2:2013: 

Specifi cation for information management for the capital/

delivery phase of construction projects using building 

information modelling [Online] Available at: http://shop.

bsigroup.com/forms/PASs/PAS-1192-2/ 

(Accessed: October 2013)

E 3  General Services Administration (2007) GSA BIM Guide 

Series 01 [Online] Available at: www.gsa.gov/graphics/pbs/

GSA_BIM_Guide_v0_60_Series01_Overview_05_14_07.pdf  

(Accessed: October 2013)

E 4  National Institute of Standards and Technology (2006) NIST 

GCR 04-867: The Cost of inadequate interoperability in the 

US Capital facilities industry [Online] Available at: www.nist.

gov/manuscript-publication-search.cfm?pub_id=101287 

(Accessed: October 2013)

E 5  Englebart D. (1962) Augmenting Human Intellect: A conceptual 

Framework [Online] Available at: www.dougengelbart.org/

pubs/augment-3906.html (Accessed: October 2013)

E 6 buildingSMART (2013) IFC Implementation [Online] 

Available at: www.buildingsmart-tech.org/implementation/

implementations (Accessed: October 2013) 

E 7  buildingSMART (2013) Open BIM [Online] Available at: www.

buildingsmart.org/openbim (Accessed: October 2013)

E 8  HM Government (2013) Industrial Strategy: government and 

industry in partnership - Construction 2025 [Online] Available 

at: www.gov.uk/government/uploads/system/uploads/

attachment_data/fi le/210099/bis-13-955-construction-2025-

industrial-strategy.pdf (Accessed: October 2013)

E 9  Construction Industry Council (2013) Building Information 

Model (BIM) Protocol [Online] Available at: www.

bimtaskgroup.org/wp-content/uploads/2013/02/The-BIM-

Protocol.pdf (Accessed: October 2013)

References

 

Eastman C. et.al. (2011) BIM Handbook: A Guide to Building Information 

Modeling for Owners, Managers, Designers, Engineers and Contractors 

(2nd ed.) John Wiley & Sons

HM Government, Dept. for Business Innovation and Skills (2013) BIM 

Task Group Available at: www.bimtaskgroup.org/ 

(Accessed: October 2013)

Architecture Research Lab (2012) Available at: www.

architectureresearchlab.com/arl/2011/08/21/bim-history/

(Accessed: October 2013)

buildingSMART (2013) Available at:www.buildingsmart.org/ 

(Accessed: October 2013)

BIM Technologies Alliance (2013) National BIM Library Available at: 

www.nationalbimlibrary.com/ (Accessed: October 2013)

Further reading

deliverables and procedures in place to 
ensure that the parties are contributing 
as required. Again, this not about radically 
changing what we deliver as structural 
engineers, but being clearer and more 
rigorous with the scope and the structure of 
that same information. There are signifi cant 
advantages that structural engineers can 
gain from the adoption of BIM, relating to 
internal processes - making it more effi  cient 
to incorporate, adapt to and track changes 
as the project evolves.

If the client also requires data that would 
be useful for operational requirements, then 
they also need to specify the requirements 

for this information early in the process, 
so that these can be refl ected in the 
deliverables and information exchange 
protocols. 

It is not enough for a client to express a 
desire for BIM on a project. A much deeper 
involvement is required from the client, 
which can be facilitated by employing 
someone to carry out the tasks required 
for successful BIM implementation. The 
Construction Industry Council (CIC) BIM 
Protocol9 calls this role the 'Information 
Manager'. There is much debate as to who 
is best placed to take this role; should it 
be the architect, contractor, engineer or 

even an independent specialist? There 
is certainly opportunity for the structural 
engineer to expand their role to encompass 
that of the Information Manager. What is 
certain is that the roles and responsibilities 
of parties within BIM-enabled projects are 
still being defi ned.

Conclusion
BIM is not a new concept but it is only 
now reaching critical mass within the 
construction industry. Many governments 
are starting to mandate the use of BIM on 
public projects and many private clients 
are starting to follow suit. Consultants 
and contractors are also adopting BIM-
enabled tools and processes in isolation 
of direct contractual obligations to the 
client because they believe in the potential 
for cost and programme savings. The UK 
Government has adopted a preliminary 
vision of BIM that will be a step change in 
the industry but deliverable with current 
technology, contract and procurement 
structures. This is intended to be the fi rst 
step on a long road to the evolution of 
the construction industry. Successful BIM 
requires detailed dialogue and agreement 
regarding protocols, information exchange 
and deliverables, and the principles of 
OpenBIM should be central to these, to 
allow all parties to choose BIM-enabled 
tools to fi t their processes. BIM does 
not represent a threat to the structural 
engineer and actually may provide 
opportunity to take on new roles such 
as the Information Manager. The idea of 
what BIM is, will continue to evolve with 
technology and process improvement, but 
BIM is defi nitely here to stay.
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