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ABSTRACT

Changes are inevitable in a construction project, and they can occur for various reasons. Such
changes can cause severe disruptions, however, and in particular they can impact a construction
project’s time, costs, and other aspects such as labour productivity, safety, and working
relationships. Change management in construction is an essential aspect of project
management. A key challenge in change management is to identify changes and predict their
impacts before their implementation so that the negative impacts of changes can be minimized.
However, the large variety of entity types such as teams, components, deliverables, activities
and parameters, as well as the complex interdependencies that exist among these entity types,
makes it difficult to predict change impacts. Changes made to any type of entity are likely to
propagate to others. It is necessary to be aware of not only individual change impacts but also
complex change propagations and their impacts across entity types. Hence, the overall
objective of the research is to develop a framework for modeling changes across multiple entity
types in construction projects.

The literature review reveals that existing methods lack a structured approach for early change
identification and that these methods are limited to predicting changes and their impacts in
single entity type only. Certain studies have recognized the need for multi-entity modeling;
however, these studies are limited to the classification and generation of propagation paths, and
they lack a quantitative approach to quantify change propagations. Further, the exploratory
case study reveals that practitioners also find it difficult to predict change impacts because
techniques and tools used for the design and construction planning of projects do not facilitate
the quantification of change impacts across entity types prior to change implementation. Hence,

there is a need for a modeling framework to manage changes proactively.

The proposed change-prediction framework integrates two matrix-based modeling methods:

axiomatic design (AD) and a multiple domain matrix (MDM). The framework consists of three
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major segments: 1) identification of changes, 2) the tracking of change propagations, and 3)
estimation of change propagation impacts. Initially, relationships between functional
requirements and design parameters must be modeled and analyzed using AD to finalize the
entity types. When any change in functional requirement is initiated, changes in entity types
can be identified in a structured manner. Next, the interrelationships of entity types must be
modeled in the MDM to track change propagations. A quantitative approach is proposed to
quantify changes in terms of time at parameter level in the MDM. Further, change impacts on
other entity types are estimated semi-automatically from the revised durations of parameters in
the MDM.

An abductive-based case study research method has been adopted to develop the existing
theory in change prediction research. The research method is divided into three parts: problem
formulation, framework development, and validation. In Part 1, a literature review is conducted
to identify research gaps. An exploratory case study was conducted across 19 different projects
to investigate the existing practice and identify the root causes of changes. A semi-structured
interview was conducted with 67 industry experts to understand the problems on managing
changes in the entire construction project life cycle. The research problem is formulated by
triangulating the findings of the literature review and the exploratory case study. In Part 2, a
change prediction framework is developed based on a comprehensive set of requirements
which are identified from the literature review and validated from industry experts. Further,
case studies of eight different projects were conducted to explore selected matrix-based
modeling methods: AD and the MDM. In Part 3, the proposed framework is validated using
data from three ongoing construction projects — multi-story residential apartment, underground
metro, and hospital building. The validation reveals that the proposed framework is quite useful
in minimizing errors during the implementation of changes. Further, a roadmap for

implementing the proposed framework is also presented.



Overall, the proposed change prediction framework can aid design and construction
stakeholders to identify, schedule and quantify changes proactively across multiple entity types
in a construction project.

Keywords: Changes, Change management, Change propagations, Axiomatic design,

Multiple domain matrix.
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fafirs HRUT & HRU T A0 gk § gRad= sed §1 39 g & gRadH 4R
YT UeT IR Thd g, gTaliich, 3R fIRY =0 4 9 b Aaiur ufkaier 1 & 90d, a0, $iR
31 Ug 3T ol fob 9 IcaTGahdT, YR&M 3R HTHGST Ha o uIfad o Fad ¢ | Fafo
# uRads yeeA URaIeHT gees &1 Ud Sifard ugd g1 uRadd Ueed § U Agayqul
A IRTE! B Tgar 3R 3% BT ¥ Ugd 3% YHTa! &1 Higsgamh &= g
difs URGHT o FHRIHD YHTA D1 HH Y HH b1 &1 Hb | gTaiifh, faftrs bR b1 Sbls
SN f g, e, fefoavaw, Tfafafiml ok TRfieR, 1y g1 1Y 37 3Hls & &g HiNg
Sifed TS, ufkad guTal o ufasgarolt w1 gfked s 3 | freht of g R &t
ZH1S A fohT T URGdH g¥RI & TaR Bt YU 79d & | 7 Had SAfaaiTd URad- JHal
Sfep Sfed aRad- TR 3R 3% YHRI W Hf 1T USdl 8, 39 aR & SFRed g1
3TIRTS || U, AU &1 IHY Ie=g afur uRasmst & w3 gos UaRi |
HreferT ufad & fore te ST fasRid a1 81
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TR &I Feild 3 & e amres =Pt &1 3141d 81 39 3faraT, Jorguf Aarid &
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JUDHRUT BT B Sae A Ugd Sobls UDHRI H URad UHTal B1 AT RUiRd B3 31
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