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ABSTRACT

Properly managing client requirements informaticaan ccontribute to high construction
productivity and improve the quality of built fatikés. This paper presents an innovative
framework which defines a life-cycle approach tanaging client requirements information.
The Enterprise Requirements Information Managenkeatework (eRIM) introduces an
approach to managing client requirements througleouiroject lifecycle. It defines an
information-centric and process-oriented approach réquirements management and
describes how Information Technology (IT) / Infotina Systems (IS) can serve as support
tool. It supports life-cycle requirements inforneeti availability, facilitates coordination,
enables visibility, traceability and dependencyatiireg which is crucial for analysing the
impact of proposed changes in requirements. Therpagludes findings from three case
studies of construction projects through obserwatiof meetings and interviews with
selected construction practitioners. The resultglicate that implementation and
incorporation of the framework in construction e could contribute towards improved
performance and more efficient and effective clieguirements management.

Keywords: projects, lifecycle, information, requirents, requirements management

INTRODUCTION

Documenting and managing client requirements acatalyst to successful completion of
projects and provide resources for project evadmaéind post-project reviews. Construction
client requirements information is a vital valueachresource needed at each project phase
during construction and through-life of a faciliflient requirements information is initially
produced as program documenfor in UK, the client brief) which is generated following
programming, a process to gather and determingtatieeds, wishes and expectations for a
building leading to statements of architecturalbpeon and the requirements to be met
(Duerk, 1993; Pena and Parshall, 2001). Progragnsroften regarded as a continuous
process thus the program document needs to bélfteaind dynamic to incorporate emerging



requirements and changes.

This research has identified that consideratiorregfuirements information is commonly
concentrated at the early phases of constructiojegs and becomes disjoint in later phases.
Once the design begins and progresses, these eaits are left aside and the design is
used subsequently to interpret client wishes. @madbservations have been made by
Kiviniemi et al. (2004). Managing client requirentg including their communication to all
parties to the construction process is not easguserof the large volume of information that
comprises the requirements as well as inputs frlieenmany stakeholders involved in the
process (Charoenngam et al., 2003).

The research reported in this paper adopted casly sbservations to enable an in-depth
analysis of the process of client requirements meament as currently applied to
construction projects. Three case studies wereumead through observations of different
construction projects during which the researclewvesl as a semi-participant observer.
These observations helped to provide an understgradi to how requirements are gathered,
stored, distributed and communicated between stédtets and interpreted into later stages
of project phases. They also demonstrated how @satoyclient requirements are requested
and handled through the authorisation mechanismhandthe information generated from it
is managed.

The findings reported in this paper are part ofcangoing project to develop a client

requirements information management framework aratopype system for construction

projects taking a lifecycle approach (Jallow et 2008). The aim of eRIM is to help

construction organisations reduce the cost and ¢ifreonstruction projects and to improve
on the provision of quality facilities through timanagement of requirements information.
A framework is formulated for managing informatioglating to client requirements from

when these requirements are first elicited in thegam document through to the

decommissioning and/or disposal of the facilithisTframework provides storage for central
access to all stakeholders and facilitates manageofiehanges.

The central focus of this paper is specificallytbe development of the innovative eRIM
framework and its constituent components. Since thipart of an on-going research,
implementation of the framework has been brieflyaduced with a detail discussion aimed
for subsequent publications.

RELATED WORK

Project teams require on-demand access to infasm#fiziz et al., 2006). This necessitates
appropriate project information management systérhe. information generated by such
systems may be of different types (ranging frorartlirequirements, design information, cost
and budget information, tender and contract docuspdn construction programme) and
formats/media (text, images, CAD, Gantt chartsewsidetc.). These are normally filed in
hardcopies or in some cases, electronically (eaydy\spreadsheets, etc.).



The management of such information includes stoaageretrieval mechanisms, distribution
and communication amongst project teams and géyemsnaging any changes. It is
necessary to manage the information exchange arthgtbetween distributed project teams
and heterogeneous computer systems. Making priofectmation available to projects teams
all through the lifecycle of construction proje@svital for successful completion of projects
(Kong et al., 2005). Inadequate information manag&nis what contributes to delays and
construction waste (Smith and Tardif, 2009). Infation collected during programming must
be properly documented in order to enable effectemmmunication among project team
members (Pena and Parshall, 2001). Major efforte lieen made to develop systems and
standards to enable information sharing and exahahlese include Industry Foundation
Classes (IFCs) (Smith and Tardif, 2009). Distribusgstems have been developed using the
internet as the backbone for the access and ratiéyproject information (Bridges, 1997).

Jokinen (1996) recognised that the internet is dwamlcing technology, an infrastructure
which makes an excellent platform for distributgaplacations where different types of
information can be accessed from different locatidProject extranets (which are internet
enabled systems make use of a central shared statage for project information
management) are widely used within the constructiodustry (Moses at al., 2008;
Wilkinson, 2005). They facilitate the access of jpcdo documents but are temporary
repositories for the duration of projects and tliey not also adequately provide process
management i.e. coordination of information flowtvizeen humans and systems. They are
document-centric rather than data/information-gentindependent and heterogeneous
software/systems used in construction projects hagveatly enhanced information
management efficiency but they have serious limoitest in sharing information between
systems and being interoperable (Anumba et al.8R08ervice Orientated Architecture
(SOA) which according to the World Wide Web Congort (W3C), is “A set of software
components which can be invoked, and whose interfgscriptions can be published and
discovered coupled with web services technology (which canpsupinteractions between
systems using Extensible Mark-up Language (XML)eblamessages via the Internet) can
facilitate information sharing and interoperabilidfheterogeneous systems.

Requirements management as a discipline origirfated the software industry where it has
been applied intensively and later extended to roih@ustries (Green et al., 2004). The
discipline is concerned with gathering requiremdndsn clients, organising and analysing
this information, and managing the processes déweng and changing the information as
well as the documents in which it is contained (8ich and Souza, 2007). In construction,
these processes are spread across the entirecldeoy a construction project and the
resulting facility. Green et al. (2004) believe tth@quirements management has no
equivalent in construction but similar practiceg applied such as programming, value
management and change control.

Several change management systems and models damedbveloped for the construction
industry (Isaac and Navon, 2008; Charoenngam 2@03; Ozkaya and Akin, 2007; Sun et
al., 2004) but none of these is known specificadlyaddress clienequirementchanges but

instead they focus omlesign changes. They lack a dedicated component for gghan
management linked to a repository of requiremdntsddition, they do not take a lifecycle



approach by managing the changes through therife-of the facility. The eRIM framework
proposed in this paper follows earlier efforts bgnkara et al. (2002) who developed the
Client Requirements Processing Model (CRPM). Thatkvserved as an important point of
departure for the current research but did not tak&ecycle view and change management.
The Computational Hybrid Assistance for Requireradvitnagement (CHARM) system was
also developed defining a process where the deagagokitect needs to be aware of
requirements information (Ozkaya and Akin, 2007).

ANALYSIS AND DISCUSSION

Both literature and case studies show that the gemant of client requirements in the

construction industry is currently manual, papeemsive and inefficient. Automation was

rarely used for storage purposes, but then withymamnitations. Client requirements are

usually written or printed on paper documents whach then archived along with other

project documents. Sometimes, this informationragferred into electronic form using

word processors or spreadsheets and later conviertBdrtable Document Format (PDF).

There is little attempt to co-ordinate requiremem®rmation across the project supply
chain. Each of the parties involved in the proj@otk on their own copy of the requirements.
This proves to be ineffective when changes are noadmnsidered. Despite email being a
great tool for sending and receiving informatioh,is not effective for requirements

management. Requirements management requires tasksp management, traceability,
visibility and an audit trail of requirements chasgnd their impacts. Email does not provide
such functionality. Collaborative systems suclpragect extranets were not utilised in any of
the case studies observed. The reasons givenidanttuded: many projects are too small to
warrant implementation of such systems; collabeeasystems are not user friendly and
demand a high level of IT support; project extranebllate too much un-necessary
information.

Analysis of the type of requirements informatioguieed at each project phase highlighted
how the nature of the information varies for eabage. One key issue identified is that there
is no mapping of requirements information betwele@ phases. This makes it extremely
difficult to manage dependencies and traceabiligtwieen them. As the initial client
requirements are documented in the program docyrieninformation needs to be stored in
a purpose built repository which facilitates shaaed distributive access. Consequently, all
subsequent types of requirements and project irdbom should be mapped to their origins
within the program document. This will indicate deability of dependencies between
requirements at all project phases through-life.

Program documents from all three projects wereistudnd analysed thoroughly. It was
found that the rationalé of client requirements andpfiority’ of requirements were not
defined within the typical documents used. Thergewstuations where a decision was
needed with respect to a particular requirementtiwaas difficult to ascertain how important
or relevant it was; a rationale and priority stadé@mnwould have eased decision making.
When there was a change to a particular requiremeikecome virtually impossible to
update all the instances of that requirement orhallcopies. The most obvious way is to



make newer copies of the requirements and re-dlig&ithem. It was frequently observed
that different versions of requirements were ircation with teams and ascertaining the
most up-to-date could make version control difficidesign and eventually construction
errors were observed to occur as a result of wgrkiith out-dated sets of requirements
information. The data collected highlighted the artance of: managing client requirements
at each phase of the project and throughout teeofithe facility; the need for a centralised
storage system; easy access to details of thereagemts for all the project stakeholders; and
efficient and effective co-ordination and contrbtime requirements change process.

THE INNOVATIVE FRAMEWORK (ERIM)

eRIM provides a defined and controlled requiremenemagement process that registers
client requirements from program document stag®utyh design and construction and all
through the life of the facility. It ensures tha&talls of client requirements are available at all
times; provides a history of previous changes tuirements and enables the project
manager to manage change effectively through aefand controlled change management
process. eRIM has been developed from a datafwafioon-centric perspective with the
concept of providing an on-going view of client€quirements. It places emphasis on
collaborative working, interoperability, thus enall information sharing and exchange
between humans and systems (both homogeneous trddemeous), providing shared and
distributed access to requirements information averentralised repository with lifecycle
approach. An overview of eRIM is shown in FigureThe basic system comprises (i) a
requirements repository and (ii) a change managemsysiem which is business process
management-oriented to manage the requirementgehanders/requests and authorisation
process. The supporting scheme defines requirenrd@otsmation to be identified for each of
the project/facility lifecycle phases. (This resgmadopted the life cycle phases of the Royal
Institute of British Architects (RIBA) “Plan of Wat).

Requirements repository

Client Requirements, as defined at each projecsghshould be stored in the repository
within a separate requirements library module desig for that phase. Dependent
requirements should be mapped between modules twidpr traceability between
requirements necessary for impact analysis of adtmngew requirements can be added into
the repository using any of the identified medialifee form, telephone, email, paper form,
verbal instructions through face-to-face or at nmgsf). Alternatively, information on
requirements can be recorded in an external docuwigich can then be directly imported
into the repository. Such external documents nedsketspecificallystructuredandformatted
according to the data schema of the individual nexlwf the repository. The database
structure should support detail requirements infdrom storage and should include attributes
such as requirement type, description, rationatepaiority. ‘Rationale, information on why

a particular requirement is needed, is considerdegyaattribute. It is also essential and
relevant to understanding changes and their impadtcan mitigate from people making
assumptions on requirements. The repository previgeto-date and real-time requirements
information, as a centralised storage, which camabeessed concurrently by distributed
teams at different locations. Project team memisetgject to roles and authorisation are able
to log-in to the repository and create/view/edfjuieements. Different systems are used at



various phases of a project to facilitate actigited those individual phases. E.g. a material
procurement system is used to order constructiotenmaés. Such systems carry data and
information associated with requirements yet theyd independently. eRIM framework’s

proposition is that they should be integrated waittequirements repository. This will enable
the constant checking of compliance with requiraimeto validate any requirements

information carried in those systems in accomptighactivities at the phases in which they
are used. With our example, the material procurérsgatem can be integrated with the
requirements management system to check ordematwn against the requirements for
compliance (Jallow et al, 2008). This is vital ted/afforts to reduce purchase of wrong
materials that do not meet requirement specifioatio

Requirements change management system

Change management is an integral and essentialawnpof the framework. Requirement
changes should be executed under a coordinatedaghpto streamline the change process
and assist in real-time capture of the change imédion. Different construction organisations
may have different change management proceduneticols in terms of execution. eRIM
accommodates for these differences. Change magdeested through different channels:
Face-to-face (individually), meetings, telephonema#, paper-based Requests for
Information (RFIs) and on-line forms. eRIM recogssall these types and are factored
within the framework.

The system views requirement change managemenpxeass-driven activity and adopts a
business process management (BPM) approach to maakgchanges ensuring the
synchronisation of process activities and to iraegdifferent processes, people and systems
together with the information required to provideomination, visibility and traceability.
Process-orientation is vital to support collabeatiworking and information flow and
facilitates integration of processes. In his workaodata-centric, process-oriented model for
effective collaborative working, Bacon (2009 in 8het al., 2009) echoes that “without
putting process at the heart of collaborative wagkithe adoption of a technology solution,
be it an extranet or a BIM, is unlikely to delivealue to the collaborating team or to the
client”. Change request will be routed accordindlying the change management process as
defined by the workflow with activities and tasksriprmed by both people and systems.
Because the BPM system is integrated with the igpgsrequirements information can be
made available from the repository through the grdagon layer which can be used to
analyse impact of change request. This is depegydehecking. The requirements
dependency checKesearches the repository for all related requinet®¢o the one proposed

in the change request. This enables the user tallgeaware of the dependencies and impact
that could be caused as a result of the proposagels. Once approved, the system updates
the changes that have been agreed usingréwifements updatewithout any manual
input. The change process system then communidatgsinformation to all affected
stakeholders through email notifications.

Project and facility lifecycle phases

The case studies highlighted changes in the detailient requirements as the design is
developed. Traditionally these requirements arel iela number of different documents.
Client requirements must therefore be represerttedch project phase in different levels of
detail. At the earliest phase, requirements cteldepresented in simple business language



describing the business case and client needseoprihject in a program document. The
content and representation becomes more detalleidater phases, for example in design,
producing the specifications and room datashedise eRIM system accommodates this
need by recognising project and facility life-cyglbases and types of documents at each
phase. The relationship between the requiremefdemation of the different phases must be
identified and represented. No matter what typentdrmation is defined at a particular
phase, there will be some element of client requénets which should reflect to the original
program document. The project and facility lifeeyghases are shown in figure 1 as the
‘standard document layer’. This figure includes rapées of the standard documents and
information generated at each phase of the lifédecy(These are for the purpose of
demonstration but this information is by no meaxtsa@istive).

On the layer below, thaéquirements information layerclient requirements information
will be extracted from the standard documents feach phase and stored in the repository.
This demands the following activities:

» Identification of client requirements informatiohesach phase

e Structuring and formatting of the identified datelds and information in an
appropriate format according to the database schefirthe repository to enable
storage and to facilitate the drive for compatipibetween systems and teams.

» Identification of attributes to be used as a ‘mappe the program document (The
mapper is a requirement identifier that links retatequirements which is essential
for traceability across the lifecycle).

» Storage of the information within the repositoryigbhis essential for consistency,
accuracy and completeness of requirements infoomati

* Integrate the repository with other systems usedaaious project phases using
service oriented technology and web services.

Implementation of eRIM framework

A prototype of eRIM has been developed to validédefunctionality using a MySQL
database engine to develop the repository with Bsifhe scripting language for the web
interface. This web-based system runs on Apacheserler and can be accessed using any
web browser. The change management system is ireptech using a business process
management suite/system to design the process randerchestrate that into an executable
automated change management system. The integraétween the repository and the
change management system and applications useffieatrt project phases takes a Service
Oriented Architecture (SOA) philosophical approaeith web services as the integration
technology. When implementing the change managersgstem in an organisation, the
following activities need to be undertaken:

» Develop a process map of the requirements chargeess: This can be developed
using Business Process Management Notation (BPM&jommended.

» Automate the process model into an executable psode.g. transform the BPMN
model into Business Process Execution Languagevédr services (BPEL4AWS): a
Business Process Management Suite/System can beyewhor this.

* Deploy the executable process by publishing theBiRE a process engine/process
server for execution.

* Define and develop the integration between the ghasystem and the repository
using SOA and web services technology.



It is important to note that only the key stepsh@d change management process are shown
on the architecture of the framework (Figure 1) fblustration purpose. During
implementation, these would require expanded mimgelising BPMN showing all sub
activities, information flow and their interactioreross functional units, roles and other
systems (both internal and external).

REQUIREMENTS MANAGEMENT ROLE

Our research identified that personnel from sevamattional areas within a construction
project are currently responsible for capturing amanaging the client requirements. The
client, architect, consultants, project manager YPluantity surveyors (QS) and cost
consultants (CC) play key roles in managing thent requirements. The designer and
contractor play a major role because they focusamsforming customer needs, expectations
and constraints into design solutions and suppprtimem throughout the construction
process. With the several parties involved, it pee® cumbersome to identify who is
responsible for the management of the requiremdntother areas of the construction
process, specific role(s) are created to be redgenfor specific management tasks and
activities. Within other product development sesteuch as manufacturing, aerospace and
software, ‘Requirements Managers’ are hired spmlfi to be responsible for customer
requirements (Schmidt and Souza, 2007). Withincthvestruction industry, there is currently
no known role responsible for specifically managifignt requirements. Given the difficulty
of managing client requirements, the research teaoommends the introduction of
‘Requirements Manager’ into the project team.

CONCLUSION

Managing client requirements is challenging anduireg a structured approach. The
Enterprise Requirements Information Management Evaork (eRIM), defines a lifecycle
approach to managing client requirements. The freorie is information-centric and
comprises two main components: a requirements meppsand a requirements change
management system. Based on the combination cddbhentages of web-database systems
and business process management, the frameworlnexghe scale of traditional client
requirements management to include a lifecycle @gpr from a process management
standpoint. This approach identifies requiremehtsagh phase of the project. Requirements
information derived from each phase is stored m rpository with related requirements
mapped using a unique identifier. This ensuresethbitity between requirements which is
crucial in enabling dependency checking and impaalysis during change request. The
change management system provides clear controcaodlination of the change process
and contributes towards historical knowledge orcllinges that occurred during a building
lifecycle. The applicability of eRIM was evaluateédrough a charrette. The industry
representatives present believed that, if propadiypted, such a system will improve on the
current requirements management practice.
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