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Abstract: The construction industry is currently facing important challenges: an
imperative improvement of its productivity, higher performance targets and an
increase of projects complexity. In order to overcome these challenges, a digital
transition is on-going and has started with the implementation of Building
Information Modelling (BIM) processes. At the same time, digitisation of the
construction industry requires a paradigm shift focused on collaborative workflows
and user involvement, with the Client acting as driver for innovation. The proposed
paper highlights the role of the Briefing process as project management tool of the
demand side of construction. Information technologies for managing the bi-
directional link between as-briefed and as-designed information requirements within
a BIM environment are also investigated. These approaches are then compared with
the ones of other industries and particularly with Systems Engineering methods. As
a major Systems Engineering tool, the use of the SysML language in the construction
industry is discussed. The comparison between the various data flows suggests
further researches both in the application of Systems Engineering in the construction
industry and in the development of requirements management tools for managing a
BIM-based construction process. Finally, recommendations for the effective
implementation of innovative processes and technologies are proposed.

Keywords: Building Information Modelling, requirements management, digital brief,
design review, systems engineering.

1 INTRODUCTION

Building Information Modelling (BIM) is a holistic project management process that
has to start from the demand side of construction in order to improve quality of buildings
and building use (Haugbelle and Boyd 2016). In the currently on-going digital transition,
the Client is asked to act as a driver for innovation in the construction industry; both the
European BIM Task Group and the International BIM Academic Forum have recently
highlighted how education of Clients in digitisation is a key aspect to be considered and
to invest on. This focus on the role of Clients also requires a reconfiguration of the
requirement setting and management process according to the innovative framework
introduced by the digitisation of the construction industry. Studies carried out by the
Standish group (CHAOS reports) show how, in general, more than half of projects
overpass their cost up to 189% and more than 30% of projects is not completed. An analysis
from these studies shows that requirements management is the reason behind the 40% of
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successes and failures of projects (Badreau and Boulanger 2014). This is even more evident
in the construction industry: a study from the McKinsey Productivity Sciences Center
(Changali et al 2015) states that the 98% of infrastructure projects suffers cost overruns of
more than 30% and the 77% of infrastructure projects is at least 40% late. The continuous
management, verification and validation of project requirements is therefore critical and
a project management approach to the implementation of BIM seems crucial.

In the next paragraphs, the concept of Briefing process is introduced and a comparison
between information technologies for managing information requirements within a BIM
environment is proposed.

2 THE BRIEFING PROCESS

The project management tool of the Client is the Briefing process, which makes the
demand side of construction capable of governing with continuity the whole project life
cycle, managing the bi-directional dialogue with the supply side in each project phase.
Briefing, in fact, is a collaborative process of information management that involves a
dynamic and iterative comparison between problem formulation and problem solving
during which project objectives are "analysed, evaluated and organised into specific sets
of requirements" (Blyth and Worthington 2010). In this process the Client identifies any
needs, operational requirements and performance outcome that the Design Team is
required to address with its design proposal (BS 8536-1:2015), providing a framework for
an effective decision-making process. Moreover, Kiviniemi (2005) suggested to describe
the building process and the management of design requirements as parallel activities, bi-
directionally linked to each other and with a fluid distinction between design phases
(Marchant 2015).

Basic criteria for managing the Briefing process are represented by the gradual
deepening in relation to the phases of the design process and by the heterogeneity of
stakeholders involved. The Client, leading the project, has to manage the relationship
between stakeholders and its own interface with the Design Team. The Client-Designer
interface is a delicate process. On the one hand, the Client is asked to express its
expectations but also to validate the level of satisfaction of the design proposals to its own
requirements; on the other hand, the Design Team has to periodically ask for the opinion
of the Client and other stakeholders, helping them to bring out unexpressed needs and
expectations (Talamo 2014). According to Kiviniemi (2005), in order to reduce the gap
between design requirements and the final design solution, there are several moments
when design proposals have to be checked for compliance against codes and regulations,
as well as against Client's requirements. Design reviews, in fact, represent an integral part
of the Briefing process during both the Design and the In-Use phase, creating the
conditions for an effective feedback loop so to acquire knowledge from the lesson learnt
and to improve future design initiatives.

2.1 A bi-directional dialogue

Briefing is a process of communication and management of information during which the
language of the Client (e.g. words, organisation charts, adjacency requirements) is
converted into the language of the building (e.g. conceptual drawings, workflow diagrams,
mock-ups, simulations, dashboards). Clients communicate their needs to the Design Team
and the latter communicates back to the Client design proposals in a form that it can
understand. The aim of this communication is to get information, decisions, share
understanding and support design review (Blyth and Worthington 2010). Moreover, this

38 | Proceedings JC3, July 2017 | Heraklion, Greece



Silvia Mastrolembo Ventura, Nicolas Ziv and Angelo L.C. Ciribini

bi-directional dialogue should not be limited to checkpoints at the end of each project
phase, but it should rather be continuous and constant in order to keep the Design Team
aligned with the design requirements and expectations.

2.1.1 'The meaning of requirement

The result of this gradual deepening and collaborative process is a document, the Brief,
containing the building requirements stated by the Client and other stakeholders and that
are expected to be translated into a design proposal by the Design Team. A brief is usually
a balance between quantifiable, technical and object-oriented prescriptions and
performance-based requirements, mostly structured as text-based requirements.

Several definitions of the term requirement exist. According to the IREB (International
Requirements Engineering Board), a requirement is a "condition or capability needed by
a user/stakeholder to solve a problem or achieve an objective"; moreover, "it must be met
or possessed by a system or system component to satisfy a contract, standard, specification,
or other formally imposed documents" (Glinz 2014).

2.1.2 Requirement Engineering

Requirement Engineering is a systematic approach consisting in rules and methods to
specify and manage requirements throughout the entire system life cycle. The activities
related to this process are mainly divided into two groups (Badreau and Boulanger 2014):
on the one hand, requirements development is when requirements are elucidated, analysed,
specified and validated; on the other hand, requirements management includes storing,
changing and tracing requirements (i.e. traceability) (Glinz 2014). Moreover, requirements
have to be characterised at least by an ID, a short text explaining the requirement content,
an allocation, a verification test and a reference for traceability. Adding other attributes is
also possible, such as risk and status (e.g. verified, validated).

In other industries, such as aeronautics and aerospace, especially in case of complex
projects, requirements management tools (e.g. DOORS, Reqtify) are used for tracing
changes, evaluating impacts, and checking that no requirement has been forgotten.

2.2 Information technologies for a digital brief

BIM processes and tools could change how the Client's requirements are captured and
managed in the construction industry, improving the semi-automatic validation of design
solutions (Mastrolembo Ventura and Ciribini 2016). Moreover, Boyd et al (2016)
underlined how the application of digital technologies could significantly improve the
communication of information to be shared and exchanged between different stakeholders.
The effective implementation of BIM-based design processes also requires the Client's
brief to be structured as a database, as well as the design proposal developed in a Building
Information Model (BIModel) (BS 8536-1:2015, Marchant 2015, Vittori Antisari and
Rizzarda 2016). The aim is to facilitate the integration and comparison between as-briefed
and as-designed data in order to support the decision-making process. Advantages of a
continuous and bi-directional link between Client's brief and design proposals within a
digital environment are related to the possibility to extract coherent and automated reports
at any points of the design process, being informed in real time about any deviations and
being able to act upon that knowledge, either updating the Client’s requirements according
to a better design solution or changing the design solution so that it actually meets the
initial requirements (Vittori Antisari and Rizzarda 2016).

Various processes and information technologies can already be used in order to keep
the data consistent in a bi-directional dialogue between the Client and the Design Team,
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either synchronising or integrating the Client's brief and the BIModel. The information
technologies taken into consideration are IFC-based (Industry Foundation Classes), plug-
in based and web-based, such as briefing software, data exchangers and IFC-based
interfaces for digital briefs. The implementation of a Systems Engineering tool has been
also considered in order to understand limits and opportunities of methods for modelling
requirements that come from other industries. Ontology-based systems have not been
taken into account in this paper but their potentialities of knowledge management could
be included in the proposed comparison.

2.2.1 Briefing software

Briefing software for construction projects store as-briefed data separately from the
BIModel. As-briefed and as-designed data are then synchronised by means of plug-in
based or IFC-based data flows. Used to improve the performance of requirements setting
and management, these tools bi-directionally link Client's brief and design proposals
allowing a continuous validation of compliance. Briefing software are mainly focused on
the concept of Room (Marchant 2015) and, especially in complex projects, they are used
for space programming in order to organise, manage and maintain data and functional
requirements related to room templates, room data sheets, furniture, finishes, items,
systems and components, usually in a cloud-based platform (dRofus User Guides). These
tools support the Client and the Design Team in capturing and maintaining all
requirements to a building project, keeping the database updated throughout the project,
tracing how Client's requirements are evolved during the iterative process of design and
design review, from the initial requirements to the final design solution. At early design
phases, for example, the automated and digital comparison between as-briefed and as-
designed data could support the optioneering process, checking information such as the
deviation on the size of planned rooms against initial requirements and the overall size of
building functions.

2.2.2  Data exchanger

Data exchangers are web-based services and visual scripting systems (e.g. Flux, Dynamo)
that allow design tools and data spreadsheets (e.g. Excel, Google docs) to exchange data
with BIM authoring platforms, improving collaborative workflows. Using data exchangers,
it is possible to set up a bi-directional link between a brief structured in a data spreadsheet
and a BIModel. In this way, parameters of design proposals can be fed directly with data
coming from design requirements in order to keep them always connected to each other,
reducing design errors. Vittori Antisari and Rizzarda (2016) have shown how following
such a workflow it is possible for the Design Team to start the concept phase using
components containing data coming directly from the Client's brief structured as a
database. They also explained how the same workflow can be applied in a reverse way by
a digitally-enabled Client that, using tools that communicate with the digital design
environment, checks and analyses the project by means of dashboards extracted from them
BIModel delivered by the Design Team, just shaped in a different way but real-time
updated and always consistent with the design proposal.

2.2.3 IFC-based data exchange

The IFC data schema is the international open standard for sharing information among
the various stakeholders in a BIM-based construction project. Marchant (2015) has
suggested that as-briefed and as-designed data could be correlated within integrated
BIModels and in a single IFC-based repository. For that reason, he proposed to extend the
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IFC specification for managing properties, documents and adjacency requirements by
using a new [fcRelRequires and related subclasses in order to formalise the way
requirements can be modelled using the same data schema as the design solution. The
possibility to represent as-briefed data within the IFC specification has been stressed in
various publications following the research project proposed by Kiviniemi (2005) on
requirements management. The Building Programming Information Exchange BPie
programme (BuildingSMART 2012), for example, proposed Building Programming
Information Delivery Manual (IDM) and a process map that describes requirements
management as a parallel activity alongside the building process, highlighting its role at
the early design. The project aimed at standardising the way requirements to a building
project are defined, enabling Clients to continuously evaluate design solutions and to keep
requirements updated. Moreover, the current specification of the IFC data schema (IFC4)
also includes IfcConstraint to define a constraint that may be applied to an object or the
value of a property, managing both quantitative and qualitative constraints by means of
two subtypes: IfcMetric and IfcObjective (Marchant 2015).

224  SysML

System Modeling Language (SysML) is a modelling language for complex systems jointly
developed by INCOSE (International Council on Systems Engineering) and OMG (Object
Management Group). It represents an extension of UML (Unified Modeling Language) for
physical and industrial systems. SysML is used in Systems Engineering, a methodological
approach that covers all the necessary activities to design, verify and develop a system
with the most economical and effective solution to Client's requirements and stakeholders'
needs (Walden et al 2015). It is necessary to rely on representations of the problem and
the possible solutions with different levels of abstraction in order to conceptualise, design,
estimate, simulate, validate, justify choices, and communicate them. This is the role of
SysML models. Systems Engineers, in fact, use models to represent both concrete and
abstract concepts. SysML includes, among others, requirement diagrams providing
graphics to represent requirements, their attributes, existing relations between
requirements and with other entities of a system (e.g. hierarchy, derivation) and
requirements satisfaction. SysML, and more generally systems modelling techniques, have
not been used extensively in the construction industry compared with other engineering
fields (e.g. aeronautics, aerospace, automotive). Geyer (2012) has developed an interactive
Parametric System Modeling (PSM) diagram where requirements are modelled in SysML
and integrated in a BIModel developed in Revit. In such an integration, the objects are
both in the BIModel and in the SysML model; changes in one model are updated in the
other one supporting the design review process. Valdes et al (2016) also proposed a system-
based and knowledge-aided modelling framework that integrated a BIM authoring
platform with a system modelling one. Their aim was to create a formal link between
domain-specific knowledge (e.g. requirement diagrams) and geometry (e.g. BIModel) in
order to assure the compliance of design proposals against design requirements.

3 DISCUSSION

The proposed paper is based on literature review. The information technologies described
are used to manage information requirements within a BIM-based design environment.
They allow either the synchronisation or integration between as-briefed data, modelled at
different levels of complexity, and as-designed data embedded in a BIModel (Figure 1).
The analysed workflows allow the IFC-based, plug-in based and web-based connection
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between a digital brief and a BIM authoring platform. Briefing software for space
programming such as dRofus can dialogue with the BIModel by both the IFC and plug-in
options. Plug-ins exist also for integrating a data spreadsheet and a BIModel (e.g. Revit
DB Link) but, currently, web-based data exchangers such as Flux seems to be more and
more used for managing such a connection. However, this type of data flow is not
supported by a construction standard for interoperability, unless the translation from a
building object definition to the related IFC version is managed by the user. According to
the literature review, research projects have also investigated the possibility to extend the
IFC specification for integrating as-briefed data within the IFC data schema. The Building
Programming Information Exchange, for example, is a valid standard, but there are not
feedbacks about its effective implementation by the construction industry.

The literature review has also highlighted the relatively recent implementation of
SysML as tool for modelling requirements in construction projects. When looking at other
industries, concepts as requirements management and requirement modelling have been
extensively studied and mature tools and processes already exist. As stated by Valdes et al
(2016), who proposed to integrate BIM with Model-based Systems Engineering, the focus
is on the paradigm shift from a document-centric approach to a model-centric one for
managing project data. Such a transition implies a different way of working in the
construction industry, usually reluctant to changes and late adopter of technological
innovation. The connection between SysML and the BIModel could be managed by means
of data spreadsheets (Polit-Casillas and Howe 2013). However, such a data flow should be
better investigated in order to understand if the process of requirement modelling loses
some levels of complexity. SysML, in fact, has great capabilities of requirements modelling
that allow relations between requirements as well as between elements of the system. On
the other hand, SysML does not guarantee compatibility with domain-specific standards
(e.g. IFC) for describing buildings (Geyer and Buchholz 2010) and geometry needs to be
integrated into the SysML language (Valdes et al 2016).
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Figure 1. As-briefed to as-designed data flows within a BIM Environment

The information technologies described have not be tested on case studies; an

experimental approach should be used in order to test the proposed data flows, looking for
gaps to be filled in interfaces between design phases and to eventually identify lacks of
information, interoperability issues, and impossibility to correctly model and represent the
complexity of design requirements alongside the various phases of a building process.
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4 CONCLUSIONS

The proposed paper focuses on the need to consider BIM as a holistic project management
process that, for effectively improving the efficiency of a building process, requires the
Client to be actively involved, as driver for innovation and co-creator of the project. This
involvement is managed as a continuous dialogue between the demand and supply sides
of construction. The idea of a data-centric design process to be further investigated,
anticipating at the pre-design stage the focus on data flows, is highlighted in the paper, as
well as the role of Briefing as information-based framework for an effective decision-
making process. This would help to reduce the gap between Client’s requirements and
final design solution.

Some of the tools and workflows used for linking design requirements and design
proposals are described and compared. The topic of how to model as-briefed data has been
investigated recently at both research and industry level, proposing collaborative data
management processes. A more detailed comparison between standards-based workflow
and native format-based ones is recommended in order to compare their limits and
potentials. Moreover, the management of performance-based requirements, visions and
not quantifiable needs of end-users have not been investigated. The authors have recently
proposed an overview of tools such as game engines and immersive virtual environments
for setting and managing performance-based requirements, but research questions are still
open and under investigation (Mastrolembo Ventura and Ciribini 2016).

Finally, from a process point of view, the proposed paper does not take into
consideration the impact in terms of new roles and new management processes that the
implementation of such information technologies may have on a Client organisation. A
major risk in BIM implementation is the use of BIM tools in traditional frameworks,
without dealing with BIM protocols, collaborative workflows and interoperable data flows.
That risk is real and on-going, reflecting a widespread lack of maturity in BIM
implementation at various levels. Even if technologies are fundamental, they are
reductionist if compared to the change in roles and responsibilities that is taking place.
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