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ABSTRACT

The UK government’s mandate of BIM Level Two since April 2016 in the Architecture, Engineering,
and Construction (AEC) industry meant that companies need clear standards and a road map for
BIM implementation, especially in terms of standards. Now the UK government is looking to start
implementing BIM Level Three, which is mentioned in the Government Construction Strategy
2016-2020, March 2016. Therefore, the AEC industry needs clearer standards to go further than BIM
Level Two and to start the implementation of BIM Level Three. In infrastructure and civil works, where
the gap between the industry and BIM is wider than in the building environment, having clear standards
covered by direct road maps and platforms is essential. This paper challenges the fitness for purpose of
the current specification and standards for infrastructure areas and civil works. It will be argued that
the transfer of information and processes between site works and building, in general, is not yet clear,
which might complicate the implementation process; in the sense that to facilitate the implementation
process in infrastructure projects, the standards might be included in the file data properties which could
help all stakeholders to work in various level of detail (LOD) specifications. This paper will be
considered as a contributed paper, mainly built on a comprehensive review for LOD standards for sites,
land development, civil works and file-format concepts under the specific guidance for the information
management requirements associated with projects delivered using PAS 1192-2; the paper will also be
shared in some of the management and technical interviews with project managers and BIM
coordinators from the Gulf regain project’s experiences as part of the primary data. To be more
practical, the paper will share a prototype of land development project developed in Muller Road,
Bristol, UK, to be introduced using a visual information chart, showing the file format for the land
development project’s information life cycle in detail, concept design projects and the capability of
current BIM platforms to help engineers to go further.
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1 INTRODUCTION

Building Information Modelling (BIM) is defined as 3D physical properties with graphical
and non-graphical information and documentation data formats for all phases of concept,
design and construction [1], which is considered as a management process using specific
platforms for the project life cycle, and one of the most common standards and roadmaps for
implementing BIM is PAS 1192-2 2013 [1]. The LODs October 19, 2016 which was issued
by BIM Forum [2], also illustrated the LODs as a part of the BIM process and they aimed to
help both designer and contractor share the same platform from a standard point of view
which could make the implementation processes and BIM specification for all stakeholders
clear to start using BIM in deferent levels of details.

In infrastructure projects (land development, civil works and roadway) the challenges
begin with communication between stakeholders and the information channels [3], which is
dealt with using several platforms [4]. BIM implementation as a process or a set of tools in
the field of infrastructure is still limited when compared to the building industry [5], and it
mainly concerns the integrated BIM model with GIS data [6]; while investment in this sector
by governments is bigger than in the building sector, in the sense that the investing in
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Britain’s future report which was issued by the Chief Secretary to the Treasury by Command
of Her Majesty in the UK [7] mentioned that the investment in infrastructure projects in the
UK until 2020 will be around £100 billion, which should lead the engineering industry and
engineering standards team to focus more on the infrastructure area.

The aforementioned leads us to ask, what happens if these stakeholders don’t have a clear
commutation plan and management data channel with no compatible platform, and how can
they apply the Employer’s Information Requirements (EIR) which is the first step in the
information delivery cycle based on PAS 1192-2 2013 [1] (Fig. 1), as a part of BIM
implementation?

2 PROBLEM STATEMENT

The Employer’s Information Requirements — Guidance Notes, version 07:28.02.13 [8]
mentioned that the EIR includes three main aspects — technical, management, and
commercial — and with more focus on the technical part and looking for reference number
1.1.4 which presents the level of details and development; if the stakeholders in the BIM
project life cycle tree, from client, designer, QS, authorities and contractor, don’t have a clear
LOD which should cover all project phases, areas (building, infrastructure, landscape and
land development projects) and specifications, how are all these parties able to interact on
one platform? This might make BIM implementation in the field of infrastructure from the
LOD perspective unclear, and might create more difficulties when BIM Level Three is
implemented.
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Figure 1: The information delivery cycle, PAS 1192-2 2013 [1].
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On the other hand, in BIM for infrastructure there is no main platform format as to what
is presented in PAS 1192-2 2013 [1] for BIM Level Three, such as Industry Foundation
Classes (IFC) file format, which create difficulties in the data commendation channel,
especially between more than one stakeholder, as what happens in land development projects.

Thus, we are lead to ask what common file properties could be used for infrastructure as
a main platform, as well as what are the main gaps that should be taken into consideration
from a standard point of view to make the implementation of BIM Level Three clearer than
before in infrastructure.

3 RESEARCH METHODOLOGY

This paper will be considered as a contributed paper which will mainly be built on a
comprehensive review for LOD standards for site, land development and civil works and file-
format concept in PAS 1192-2 2013 [1], as well as recent research and conference papers
which will cover BIM in infrastructure concerning the challenges encountered during the
application of the standard as a part of the implementation, or as a part of the work process.

Also, this paper will try to introduce the gaps in standards, specifications, and processes
during BIM implementation in infrastructure and what the further recommendations from the
industry to solve these challenges are; so, the paper will share some of the management and
technical interviews with project managers and BIM coordinators from the Gulf regain
project’s experiences as a part the primary data (see Fig. 2).

Literature
review

Gulf projects
practice

BIM standards
analysis

Paper recommendations

Figure 2: The paper’s research methodology.

WIT Transactions on The Built Environment, Vol 169, © 2017 WIT Press
www.witpress.com, ISSN 1746-4498 (on-line)




146 Building Information Modelling (BIM) in Design, Construction and Operations 11

4 LITERATURE REVIEW
The way of working or handling projects in the infrastructure sector generally differs to what
happens in the building sector, which might also make the effectiveness of current BIM
management plans and work processes differ [7].

In 2010, Tezel et al. [9] argued that “Visual Management” in the infrastructure project life
cycle is very important due to making the stakeholder communication data channel easier
because of continued changes in most of the infrastructure projects, and these projects are
mainly considered as a large-scale project and generally take more time than building projects
from the timeline-scale point of view. A case study for the BIM implementation of a pilot
project for a UK motorway, which was presented in the 2/st Annual Conference of the
International Group for Lean Construction 2012 [10], mentions that the first step in
implementing BIM in an infrastructure project is to start from the existing plan and process,
to recognize what happens in the traditional way of working in this sector, project objectives
and challenges. The case study’s team claimed that one of the main challenges they
encountered concerned when they had a BIM model with more than one thousand BIM
parameters and elements from road, MEP utilities, and servicers, which made the project’s
organization and structure difficult to be built and presented BIM 4" and 5™ dimensions [11].

As previously mentioned, most BIM for infrastructure studies are focused on integrated
BIM with GIS and CityGml models [12], while the challenge is one platform for BIM in
infrastructure and building projects.

Looking at BIM Level Three (stage three) where the UK government is looking to
currently implement it, the main point is to have “network-based integration” [13], which is
mainly based on having multiple dimensional models (#D); but how the infrastructure could
be developed for that model, or if it is based on BIM processes or if it might need a new
definition for BIM platform environments (Fig. 3) to handle that needs consideration.
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Figure 3: BIM maturity stages in BIM implementation [13].
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When Khosrowshahi and Arayici [13] shared the statistics for the UK’s engineering
industry, concerning the main BIM tools used to prepare the BIM model (Fig. 4), they
revealed that most uses of BIM technology are in the building area, while software like
Civil 3D or InfraWork 360 are used more in infrastructure and are not mentioned in the
results, which might lead to the new question — if the engineering infrastructure industry
needs to have new platform technology covers that need or improve the existing ones to
cover more than one area (Building and Infrastructure), what happens now, for example, in
Revit which (in general) covers Architecture, Structure, and MEP? And also, might these
results present one of the most important questions — do the standards (Process) lead the
software and technology industries or do the software and technology industries lead the
standards?

When looking for the distribution of researches and papers in BIM for infrastructure
(Fig. 5) [14], most papers tried to cover a single area, such as a highway or earth works, while
the challenges might be more concerning the integrated BIM model (infrastructure and
building model) from the standards or platforms point of view.

Howard and Bjork [15] argue that the challenges in BIM implementation start from
information and software technology and they considered them as playing a key role in the
BIM life cycle project; from this thought they recommended to improve the current BIM
standards to be aligned with current BIM tools, or to drive the BIM tools industry and
technology to have a federated BIM model that covers building and infrastructure models
with one platform (see Fig. 6).

However, they also asked if the IFC file format can produce a federated BIM model which
is not only allow to commentate but to work on it, by covering one platform for both
modelling and design as well as building and infrastructure (land development projects).
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Figure 4: The distribution of the answers given by the respondents to the question: “what
BIM tools or systems have you used?” [13].
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Figure 5: Distribution of publications by industry sector [14].
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Figure 6: The framework proposed for documenting developments in BIM [15].

Golparvar-Fard et al. [16] argue that the IFC file format, which was mainly used as a main
part of BIM standards to represent the BIM model as a part of life cycle project as mentioned
in PAS 1192-2 2013 [1], needs more expansion to cover highway projects and delivered
integrated BIM models.

Concerning the cost-related issues of BIM land development models, Zhiliang et al. [17]
recommended that the IFC file format industry should be improved to handle the project costs
for integrated BIM models, and should also include data such as risks, site health, and safety
and quality management. However, most of the new platforms could now be exported to have
an IFC file format [16], and most of them now could be imported, but the issue is the ability
to change it in that environment (IFC format), not only communicate with it.
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5 PRIMARY DATA (INTERVIEWS)
The interviews focused on BIM for the infrastructure project life cycle process as a part of
the land development project deliverables and how it was integrated with the building life
cycle sector by discussing the issues with project managers and BIM coordinators from the
Gulf project’s background to find out what the current challenges are and what steps the
companies should take towards BIM Level three.

The BIM and Architecture Production Leader/Associate from Dar AI-OMRAN company
claimed that several departments have the standards such as LODs which cover all of the
project’s life cycle as well as in PAS 1192-2, but he argues that the challenges might begin
when the design team start looking for landscape architectural and civil works coordination
to build the final/coordinated and federated BIM model.

Also, he argues that the standard doesn’t cover the Landscape LODs clearly, and he
recommended that the standard’s team should start looking seriously into that. For example,
he mentioned that in the LODs version 16 October 2016 [2] standard, only one page covers
this sector (Fig. 7).
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Figure 7:  An example of the landscape and site development LODs section in LODs
version 16 October 2016 standard [2].
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In addition, when the project team tried to deliver federated BIM Model Level Five (Build
and Communication) based on PAS 1192-2 [1] (Fig. 8) for land development projects where
the PAS mentioned that these levels are for both building and infrastructure projects, they
faced a challenge in introducing one model and, as a result, they often introduced two
separate models.

Also, he argues that a challenge was encountered in this area when the design team was
trying to find and select the best platform for landscape design and production by looking in
standards that don’t mention those areas. This lead to a new challenge for BIM managers and
BIM coordinators who deal with the coordinated/federated BIM model, in how they will
build it based on BIM standards.

In addition, the challenges have more dimensions when the architectural design and
landscape teams begin looking to coordinate with the civil department, where both the design
and production platforms are totally different.

The BIM coordinator in the A&H group for BIM in Infrastructure claimed that the gap in
the standards appeared when the design team was looking to use BIM for infrastructure or
civil works. He also argued that the challenge is not about how the design team shall
implement the BIM way of thinking in the infrastructure project life cycle or not, but how
they can implement the EIR plan as part of BIM standards.
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Figure 8: Levels of model definition for building and infrastructure projects [1].
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Looking at the Employer’s Information Requirements — Core Content and Guidance
Notes, version 07 28.02.13, section 1.1.1, Platforms [8] (Fig. 9), where the companies are
trying to match standards between that and LODs, most of the challenges begin here, when
the BIM manager is looking to set data exchange format, where, in most cases, more than
one company work on the same BIM project, which will increase the need for having clearer
data exchange formats; this is what happens with the A&H group which mainly covers the
infrastructure part of the BIM project.

While the project control manager for 2K company claimed that BIM implementation for
land development projects still faces challenges and one of the main challenges is still there
is a gap in building platform and infrastructure platform in file formatting as well as in the
software environment, especially when the model’s team prepared the federated model.
However, some of these issues could be handled during the project life cycle, but when the
project goes to the client and the company needs to deliver the federated BIM model or final
BIM design model some of the clients asked to have the building and infrastructure models
as one model in IFC file format. This being so, the client might not have any access to update
the model for further stages when they are preparing for construction, and for built model
levels 6 and 7 as PAS 1192-2 [1] in IFC file format where they can import it; but the issue is
the ability to change it in that environment, not only communicate with it.
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Figure 9: Employer’s information requirements — guidance notes version 6_05.10.12 [8].
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6 CONCLUSION
The challenge in BIM Level Three based on PAS 1192-2 is the corporation platforms which
might be built based on people, standards and common data environments. However, most
previous studies of BIM implementation for infrastructure might not have dealt with that, and
have only considered the BIM software platforms integrated with GIS models.

Having a clear master plan delivery built, based on the common data environment for
infrastructure and land development projects, as a part of BIM documentations and standards,
might make the transition to BIM Level Three easier and clearer.

The conclusion section will present the land development project that was designed by
the papers’ authors for Muller Road, Bristol (UK), which was coordinated with the University
of the West of England, Bristol, and introduced the master information delivery plan by
addressing all the aspects, from primary and secondary research data outputs, and used the
current capability of BIM tools platform (Fig. 10).

From file format point of view, the IFC file format needs to be improved to handle the
updating of data during the project life cycle and needs to include data such as risk, site
health, and safety and quality management.

The file format property doesn’t mean the name of the software or program extensions;
therefore, there is no legal accountability or bias for any engineering software company.

However, the BIM tools play a key role in BIM implementation and they will be the main
challenges and will considered significant when the AEC industry is looking to implement
BIM Level Three. The engineering technology industry should take the following aspects
into consideration:

e Software should be programmed for design and modelling.

e File format should be programmed to be coordinated with other platforms.

e  Software should be programmed to cover all project life cycle and levels based on
both PAS 1192-2 and LODs.

e File format should be programmed to be coordinated with different disciplines to
achieve a common data environment platform.
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Figure 10: The Master Information Delivery Plan for the land development project carried
out by the papers’ authors (Muller Road, Bristol, UK).
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Also, it seems the roadmap of standards or specification for BIM implementation in
infrastructure or in land development projects is still not clear to go beyond BIM Level Two
to BIM Level Three, in the sense that the following summarizes the challenges and proposed
areas to be improved in the BIM standards and LODs:

e  The PAS needs to clearly cover the infrastructure and land development areas during
project life cycle in BIM levels and how the design team should cover these areas
in the Asset Information Model (AIM).

e (EIR) needs to describe clearly the platforms/file formats as IFC file for all design
sectors are taken into consideration for the industry limitations.

e The LODs need to cover clearly civil works/landscape and the coordinated
eliminates taken into consideration for the software limitations

Finally, the standards, specifications and software engineering industry should work
together to produce one platform that covers all aspects and is aligned with all needs and
areas to make BIM implementation Level Three clearer and easier.
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