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Executive Summary

In the face of climate pressure and rapid urban change, the construction industry is tasked with creating a
more sustainable built environment. A critical pathway to achieving this is through the development of
adaptable buildings, which can extend their functional lifespan and reduce waste from demolition. This
research focuses specifically on modular buildings that incorporate Design for Disassembly (DfD) principles,
as they represent a key technical enabler for achieving this goal. However, there is a significant disconnect
between this ambition and current industry practice. Existing Project Delivery Methods (PDMs) often fail to
support long-term adaptability, as they prioritize short-term success, such as cost and schedule, over lifecycle
performance. This research addresses this critical gap by investigating how project delivery can be
fundamentally restructured to ensure adaptability is not just a theoretical possibility but a manageable and
deliverable outcome, with a specific focus on modular construction as a key technical enabler. Therefore, it
will answer this question,

“How can project delivery be structured to better support building adaptability in modular
construction projects?”

To explore this challenge, this research employed a qualitative comparative case study of two distinct Dutch
modular building projects: an owner-driven campus office expansion (Project A) and a policy-driven
relocatable housing development (Project B). A socio-technical perspective was adopted to analyze the
connection between the technical, process, and social systems of each project. This multi-aspect analysis
was operationalized through two analytical tools: the Design Structure Matrix (DSM) was used to map and
analyze the sequence of project activities and their interdependencies, while the Responsibility Assignment
Matrix (RACI) was used to clarify stakeholder roles, coordination patterns, and accountability. By combining
these methods, this research was able to conduct a holistic diagnosis of the alignment or misalignment
between the projects' technical designs, their process workflows, and their stakeholder governance
structures.

The comparative analysis of the two case studies provides an important insight: technical capability alone
does not guarantee adaptability. Both projects possessed the modular systems necessary for physical
modification, but both fell short of their long-term adaptability goals due to significant socio-technical
misalignment. This failure can be understood through the lens of a socio-technical framework like Leavitt's
Diamond (Figure 0.1), which posits that a project's success depends on the alignment of four interdependent
elements: Technology (the modular systems), Tasks (the project activities), Structure (the delivery process),
and People (the stakeholders). The research consistently found that while the Technology was adequate,
the projects failed due to a misalignment in the other three areas.

The research identified three primary process-related barriers that caused this misalignment. First, delayed
technical coordination between siloed design disciplines led to unresolved conflicts (a failure of Structure and
People). Second, a lack of formalized lifecycle documentation resulted in the loss of critical knowledge (a
failure of Tasks). Third, an informalized coordination line created ambiguous accountability for long-term
outcomes (a failure of People).

In response to these findings, this thesis develops a structured delivery framework designed to create this
essential socio-technical alignment. The proposed framework is built upon a foundation of 15 interdependent



delivery activities, mapped across six project phases, which systematically integrate critical but often-
neglected tasks such as DD planning and iterative feedback loops. By using the DSM to optimize the Tasks
and Structure (the process), and the RACI matrix to clarify the People's roles, the framework provides a clear
roadmap for aligning the entire system to support the Technology. This study offers both practical and
theoretical contributions, demonstrating that successful adaptability is not merely a technical feature but an
output of a holistically aligned project delivery system.

Structure

* Project Delivery Method
« the process workflows

Process/Task

* 15 core delivery
activities

Figure 0.1 Leavitt’ Diagram

The research consistently identified three primary process-related barriers that compromised adaptability.
First, delayed technical coordination between siloed design disciplines led to unresolved conflicts and on-site
rework that constrained future flexibility (Design Integration). Second, a lack of formalized lifecycle
documentation, such as DfD plans or material passports, resulted in the loss of critical knowledge required
for future reuse (Lifecycle). Third, an informalized coordination line, which allows stakeholders to have
different perspectives on the adaptability process (Project coordination). In conclusion, the findings can be
divided into enablers and barriers that influence building adaptability, as shown in the Figure 0.2.
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Figure 0.2 Enablers and Barriers on Implementing Building Adaptability

In response to these findings, this thesis develops a structured delivery framework designed to bridge the
gap between adaptability ambition and delivery reality. The proposed framework is built upon a foundation of
15 interdependent delivery activities, mapped across six project phases, which systematically integrate
critical but often-neglected tasks such as DfD planning, modular reuse logic, and iterative feedback loops
from the project's inception. By using the DSM to optimize activity sequencing and the RACI matrix to clarify
stakeholder roles, the framework provides a clear roadmap for aligning the technical, process, and social
systems of a project.

This study offers both practical and theoretical contributions. For practitioners, it provides a tangible method
to move beyond reactive problem-solving toward a proactive and integrated delivery strategy. For the
academic field, it demonstrates that successful adaptability is not merely a technical feature but an output of
a holistically aligned project delivery system, offering a vital step toward creating a built environment that is
not only constructed efficiently today but is also prepared for the challenges of tomorrow.

1. Clients and Developers
. Specifying adaptability as a deliverable
. Mandating lifecycle documentation

. Procuring for collaboration

2. Project Managers and Contractors:

. Champion early, cross-disciplinary workshops
. Utilize proactive planning tools

. Oversee lifecycle handover

3. Designers and Architects

5. Policymakers and Industry Bodies

Designing for disassembly (DfD) from day one
System-wide integration thinking
Embracing iteration

. Provide standards

. Support adaptability by incentive or mandating 4. Facility Managers and Circular Consultants

. Clear handover

. Encourages clients to institutionalize reuse
logic and documentation during construction

Figure 0.4 Practical Implementation for Stakeholders
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Chapter 1: Introduction

This chapter presents an overview of global issues and how building adaptability can contribute to them.
Building adaptability is seen as one promising solution to these issues, though the proper project delivery
method is still needed to realize it. The research questions are then formulated following the research gap
and research objective. This chapter lays the foundation for understanding the significance of the research’s
background.

1.1 Background

Industry Challenge and Environmental Impacts

According to the United Nations Environment Programme (2025), the building and construction sector
accounted for 34% of total global CO, emissions, making it the highest-emitting sector globally. Therefore, it
is important to find ways to reduce buildings' carbon footprint. Previous research has shown that sustainability
can be achieved by the choice of materials and processes, especially renewable materials such as wood and
its composites (Mlote & Budig, 2022). However, apart from the selection of materials, the longevity and
maintainability of buildings are also essential factors to be considered (Mlote et al., 2024). In addition,
urbanization, political instability, climate change, and technological transformation are societal challenges
mainly due to the difficulty of predicting (Ross et al., 2016).

The future need for building adaptability

One way to overcome these problems is to ensure that buildings can accommodate the changing demands
of society, community resistance, the need for new infrastructure, the pressure of climate change, and
functional obsolescence (Ninan et al., 2024), thereby extending their lifespan and reducing the need for
demolition and new construction. This will be of great help because cities are growing rapidly, driven by
economic, social, and environmental challenges (Manewa et al., 2016), which leads to high demand for a
variety of building types and may require frequent reconstruction. Without adaptability, buildings will be left
empty, demolished or rebuilt with new structures to accommodate growing demands and changing needs.
Furthermore, if this occurs frequently, it will lead to a scarcity of resources and contribute to environmental
degradation.
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Why the construction industry needs to shift toward adaptable solutions

One of the key principles of sustainability is that development today should not sacrifice the capability of
future generations to fulfill their own need (World Commission on Environment and Development, 1987).
However, most buildings are traditionally designed as static and permanent structures, which limits their
capability to respond to changing demands (Askar et al., 2021). As a result, these outdated structures cause
high building vacancy rates (building redundancy), leading to substantial refurbishment or premature
demolition that both imply high costs and create large amounts of waste, which is only partially reused or
downcycled into lower-quality products (Manewa et al., 2016).

Specifically in the Netherlands, due to the housing shortage on temporarily available land, which is often
subject to future zoning changes, national planning authorities have documented that flexible and relocatable
housing models (flexwonen) are increasingly being deployed to address this issue (Groot, 2022). This trend
represents a policy-driven response to address the urban land issue in densely populated areas. They need
fast-construction housing, with permanent quality, but have the capability to modify in the future when the
permit ends.

These changes often happen in the whole life cycle of a building without being intended when they were
initially designed and constructed (Pinder et al., 2013). One of the main problems is that buildings are made
in such a way that many changes or alterations can cause the demolition of building parts or even whole
structures (Durmisevic & Brouwer, 2022). Therefore, it is important to implement building adaptability to
prolong their lifespan and reduce waste and resource consumption, which also aligns with environmental,
social, and economic sustainability goals (Gosling et al., 2013).

Building adaptability is the capability of the building to accommodate change over, even in the use phase,
without doing major deconstruction, which also supports resource efficiency, sustainability, and long-term
value (Geraedts & van der Voordt, 2014). However, delivering an adaptable building is not just a matter of
material selection or design, it is also influenced by how construction projects are managed, planned, and
delivered.

1.2 Problem Definition

The existing Project Delivery Method (PDM) framework is often siloed from life-cycle and actor involvement
programming. In the design, construction, and maintenance phases, it focus solely on the immediate function
of a specific part of the project. The project delivery selection does not properly consider that the cycles are
interconnected (Ahmed & EI-Sayegh, 2020). They also do not consider how unmanaged activity
interdependence may hinder future building modifications. Moreover, a lack of early stakeholder involvement
will limit the potential of building adaptability to maintain or add its value (Pinder et al., 2013). This gap
between adaptability and PDM consideration makes a critical opportunity unaddressed.

Despite growing recognition of its importance, adaptability rarely becomes a priority in early project decisions,
especially during the selection of PDM. PDM, such as Design-Bid-Build (DBB), Design-Build (DB), or
Integrated Project Delivery (IPD), has a great impact on shaping roles, responsibilities, timelines and
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stakeholder relationships during the early design and planning phase (Walker, 2018). These early decisions
have long-term implications on project’s ability to change.

However, commonly used project management tools, such as PERT, Gantt charts, or the Critical Path
Method (CPM), are limited in addressing interdependence and feedback loops (Yassine, 2004). These tools
primarily model sequential or parallel activities, but not enough to present the dynamic interaction that affects
adaptability. To bridge this gap, this research explores a different approach to analyzing project activity
interdependence and delivery strategies.

1.3 Research Gap

While previous research has explored both PDM performance and building adaptability, integration between
these domains remains limited. Especially in these points:

e Few studies examine how adaptability considerations can be embedded into the early planning of
project delivery.

e Existing PDM selection methods often rely on short-term, project-level success criteria (e.g., cost, time,
quality) and neglect broader lifecycle implications, especially how interdependence between activities
and actor roles shape long-term flexibility (Ahmed & EI-Sayegh, 2020).

e The application of Design Structure Matrix (DSM) in construction remains underutilized for strategic
PDM structuring, especially in the context of adaptable buildings (Giancarlo, 2004; Zhong et al., 2022).

Given its ability to model interdependencies and information flow, DSM presents a promising method for
analyzing and improving PDM structuring in adaptable construction.

1.4 Research Objective

The objective of this research is to develop a structured framework for enhancing Project Delivery Method
(PDM) that supports building adaptability. By utilizing the DSM and RACI matrix to analyze the
interdependencies between project activities and coordination among actors, this research aims to identify
delivery strategies that enhance the adaptable building's capabilities to accommodate future changes, such
as expansion, reconfiguration, or relocation. The framework will be informed by both literature and case-
based insights, with a focus on integrating adaptability considerations into the project lifecycle.

1.5 Research Question
Main Research Question

« How can project delivery workflows be structured to better support building adaptability in modular
construction projects?

Sub-Questions

1. What delivery activities and decisions influence a building’s capacity to support adaptability over
time?
2. How do stakeholders interact during the project lifecycle to support adaptability?
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3. How do the observed similarities and differences in project delivery structures and coordination
processes between the case studies influence their respective capacities to deliver long-term
building adaptability?

4. How can project delivery strategies be structured to support building adaptability throughout the
project lifecycle better?

Process Define and Design Prepare, Collect and Analyze Analyze and Conclude

Conduct
1stcase
study

Write individual
case report

Modify theory

Select case

Develop

Draw Cross-case .
strategies

conclusions

Activity Develop

theory

Design data
collection
protocol

Conduct
2" case
study

Write individual
case report

Write cross-case
report

Figure 1 Multiple-case study procedure (Yin & Campbell, 2018)

1.6 Relevance

This research explores the role of PDM in supporting adaptive construction and investigates how different
models impact design flexibility. Incorporating the DSM and RACI matrix provides a structured framework for
analyzing and enhancing project flow on building adaptable projects.

1.7 Scope and Delimitations

This thesis focuses on construction projects that use adaptability principles at the building level, such as
expansion, vertical expansion, or relocation. While the research is not limited to any single construction
typology, the case studies primarily come from modular and industrialized building projects, where
adaptability becomes one of their main benefits.

To gain a deep understanding of the project's dynamics, interviews will be conducted with various
stakeholders, including clients, architects, contractors, manufacturers, and specialized contractors. The
geographical focus is limited to projects in the Netherlands.

1.8 Thesis Structure

This thesis is composed of five key chapters. Chapter 1 introduces the research background, problem
definition, and research objectives. Followed by chapter 2, which provides a literature review on the key
concepts, such as building adaptability, project delivery models, the DSM, and the RACI matrix. Chapter 3
explains the research methodology, specifically the case studies approach, data collection method, and DSM
integration in the analytical process. Next is Chapter 4, which presents research findings, including case-
specific DSM and RACI analysis. Furthermore, Chapter 5 discusses cross-case comparisons to identify the
adaptability project pattern to find potential enablers and barriers for similar projects. Chapter 6 presents
practical recommendations that outline an enhanced framework for adaptability projects, including delivery
strategies, as well as suggestions for future research. Chapter 7 consists of a discussion of the previous
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findings and their relation to the real-world practical. Finally, Chapter 8 provides the answered questions from
this thesis, contribution to the research and recommendations for future research.
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Chapter 2: Literature Review

2.1. Building Adaptability

Being adaptable is defined as the capability of being adapted and suitable to or fit with specific situations
(Askar et al., 2021). In system engineering, adaptability can be defined as the ability of a system to change
to follow changes in its environment (Haberfellner & De Weck, 2005). A primary objective of adaptability is
the ability to prolong the proper lifetime of a building (Addis & Schouten, 2004). Most buildings become
abandoned before their technical life comes to an end, because there are inevitable mismatches created
between the supply of space and the demand for it (Leaman et al., 1998).

Building adaptability comes in many forms of change, Table 1 shows the various terminologies and their
relation to the different types of adaptability by considering the change they imply (Askar et al., 2021).

Change

Table 1 Various Terminologies of Adaptabilities

factors Terminologies Description Linkage to Adaptability
Reusability Used again in its original form. A dimension of adaptability.
Changeable —
components | Refitability Exchanging, replacing, or renovating components The abilly to replace components
’ ’ ' increases adaptability options.
MosiulafrltylStand The standardization of components sizes and interfaces. Faciltates reconfiguration of spaces,
ardization reuse and replacement of components.
Components | Changeability Changeability has fglur aspects: adaptability, flexibility, Allows products changeability across
robustness, and agility. product platforms.
. Choosing systems and components that anticipate and Upgradable components allow
Upgradability . . 0
accommodate increased performance requirements. performance adaptability.
Location Movability Changing configurations/locations. A dimension of adaptability.
Performance | Adaptive reuse Dgfmgd as the process of exten.dlng t.he. useful lfe of Reuse of existing structures.
historic, old, obsolete, and derelict buildings.
Purpose Convertibility Determ|ne§ the ability of buildings to shift between different Adaptable use of space.
uses/functions
Scalability/
Size Expandability/ Increasing/decreasing the building size. A dimension of adaptability.
Extendibility
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Change

factors Terminologies Description Linkage to Adaptability
Lo . Creates easily understood load paths,
e Designing simple structural systems (e.g., repeating . .
Simplicity . reducing uncertainty for adaptable
layouts and grids, larger but fewer components). .
solutions.
. Represents the physical change of space (i.e., spatial Versatility is a branch of flexibility that is
Versatility .
layout). a strategy of adaptability.
Free of structural, mechanical and other obstructions. .
. . Open plan layouts grant facilitated
Open Plan Components in the space plan layer can be more easily . L
. adaptation of interior spaces.
reconfigured.
Space and The ability of a building to meet changing functional
layout Generality purposes without changing its core properties (passive A concept/dimension of adaptability.
support for change).
Flexibility The ability of a buﬂdmg to meet changmg fu.nctlonal user or A conceptidimension of adaptability.
owner needs by changing its properties easily.
Elasticity The.e.1b|I|ty ofa bun.dmg to be extended, shrunk, or A concept/dimension of adaptability.
partitioned as required.
. . Adaptability manifests in short-term
Transformability The ability of a part (.)f a complex adaptive syster to behavior while transformation into a
assume a new function. .
new state refers to a longer period.

The general understanding of adaptability comes from a shift in the conventional perception of buildings as
static, finished objects to dynamic systems consisting of objects and processes of construction, change,
deconstruction, and reconstruction (Askar et al., 2021). Furthermore, due to the nature of varying terms
describing adaptability, summaries of the similarities and differences among the three most recently and
commonly used terms to define the adaptability of buildings, that is “Adaptability,” “Flexibility,” and “Design
for Disassembly (DfD),” can be seen in Table 2.

Table 2 Similarities and differences between adaptability, flexibility and DfD (Mlote et al., 2024)

Differences
Similarities Design for disassembly
(DfD)

Factor Adaptable buildings Flexible buildings

1. All address the evolving needs
(allow reconfiguration and Scope Long-term view Short-term changes End-of-life reuse/recycle
repurposing to an extent)

2. All seek to minimize waste

Upfront cost-effective Upfront investment and

i Reducelthe need for new Cost R equires upfront . but may need frequent | planning + Higher labor
construction investment and planning . .
. . maintenance and time
-Environmentally friendly
3. All aim to maximize the potential Any/Both due to focus:

Small-scale projects:

use of space Large-scale projects: on mostly down to component

Scale o down to room/floor plan .
the building scale or connections scale (per
scale . .
installation)
Meeting major changing Easy and quick spatial | Reducing waste by
- occupancy needs by : . . e .
Objective extending the value of the reconfiguration when reusing building materials
9 required and components

structure in the long run
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A study done by Mlote et al. (2024) provides the benefits of adaptable buildings. This study groups them
based on functional, environmental value, economic feasibility, and social equity. Functional benefits include
increased flexibility and resilience, as adaptive buildings can accommodate changing uses and conditions.
Environmental benefits include reduced resource consumption and carbon emissions, as adaptive building
strategies encourage more energy-efficient and waste-efficient practices. Economic benefits include cost
savings and increased return on investment, as adaptive buildings can respond to changing user needs and
market conditions without requiring large capital investments for early demolition and reconstruction. Finally,
social benefits include increased user satisfaction and well-being, as adaptive buildings can provide more
diverse and accessible spaces that accommodate a variety of activities and user groups.

Adaptive Capacity
Bu'ldmg

Organization N
flexibility Process flexibility Product flexibility
!
: Construction
Initial phase Design phase - Use phase

Location
Building Transformation
3 Unit - flexibility Use flexibility

Figure 2 Different aspects of adaptive capacity (Geraedts & van der Voordt, 2014)

Framework by Geraedts & van der Voordt (Geraedts & van der Voordt, 2014) on Figure 2 clarify how
adaptability emerges across both organizational and physical parts of a project. On the building side, product
flexibility refers to the transformation in the use phase, which accommodates the buildings to change in
location or the building itself.

2.2. Project Delivery Method (PDMs)
2.2.1 Project Delivery Method

The Project Delivery Method (PDM) is crucial for everyone involved in project management, regardless of
the industry. Moreover, the PDMs discussed in this study apply to the construction industry. A PDM describes
the relationship and working methods among project participants in the process of transforming the owner’s
goal into completed facilities (Chen et al., 2011). It affects construction performance, such as schedule, cost,
quality, and efficiency (Al Khalil, 2002). The PDM can be seen as both a contractual structure and a
compensation arrangement that the owners use to obtain completed infrastructures that meet their needs
(Mafakheri et al., 2007).

As complexity increases, adjustments are necessary to the management structures within projects. Project
delivery methods are based on elements such as integration, systemic management, simultaneous
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management, team utilization, and the simultaneous and interdependent management of functional plans
internally (Williams, 1999).

2.2.2 Key Dimensions of Project Delivery Models

To ensure the PDM functions properly, it is essential to understand the key dimensions of PDM, which can
also be mapped to enhance the overall project delivery process.

1. Defining the Fundamental Structure and Relationships (Actor Roles and Responsibilities)

A key concept for differentiating PDMs is the method for assigning responsibility to an organization or
individual for providing design and construction services (Ahmed & EI-Sayegh, 2020) and contracts are the
mechanisms that formalize these roles and responsibilities (Al Khalil, 2002).

Moreover, different PDMs allocate specific tasks and decision-making authority to different actors (owner,
designer, contractor, construction manager, etc.) (Engebg et al., 2020). The clarity of these roles is crucial
for project success, especially in managing complexity and stakeholder interactions (Forbes & Ahmed, 2010).
The definition of roles and responsibilities inherently determines how project risks are distributed among the
participants (Touran et al., 2009).

2. Optimizing Project Flow and Timing (Lifecycle Phase Involvement)

Traditional methods like DBB typically follow a linear, sequential process (design fully, then bid, then
build) (Alleman et al., 2017). Many alternative PDMs (DB, CM at Risk, IPD) evolved to allow for overlapping
phases or "fast-tracking," where construction can begin before design is complete, aiming to shorten overall
project duration (Mahdi & Alreshaid, 2005).

Furthermore, a major driver for the development of alternative PDMs was the recognition of benefits from
early contractor or construction manager involvement during the design phase (Mafakheri et al., 2007). This
early input can improve constructability, cost-effectiveness, and innovation (Touran et al., 2009). The point
at which different parties join the project influences how well the adaptable building project can change or
evolve the scope definition (Alleman et al., 2017).

3. Enhancing Collaboration and Mitigating Fragmentation (Design Integration)

The relationship between the design process and the construction process is a critical determinant of project
success, influencing quality, cost, and potential for disputes. Traditional DBB methods are characterized by
a distinct separation between design and construction entities and responsibilities, which was often identified
as a source of inefficiency and miscommunication (Walker, 2018). Alternative PDMs like DB and IPD
emerged to foster greater integration and collaboration between design and construction disciplines (Engebg
et al., 2020). Integrated teams can better address complex technical challenges and explore innovative
solutions through shared knowledge and collaborative problem-solving (Ahmed & El-Sayegh, 2020). Tools
like Building Information Modeling (BIM) often support these integrated processes as a communication tool
(Walker, 2018).

Design Integration focuses on how the design and construction efforts are coordinated and unified. This
element is crucial for overcoming the traditional fragmentation of the construction industry, improving
collaboration, enhancing buildability, and fostering innovation (Davies et al., 2019).
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In summary, these three elements, Actor Roles and Responsibilities, Lifecycle Phase Involvement, and
Design Integration, are fundamental because they collectively define the operational and relational framework
of a project. They determine:

Who is responsible for what (Actors/Roles).

When they are involved and when key activities occur (Lifecycle).

How their efforts, particularly design and construction, are coordinated and unified (Integration).
2.3. Actor Perspectives on Adaptable Construction
2.3.1 Actors/Stakeholders

The success of delivering adaptable buildings depends not only on technical design and construction
strategies but also on the involvement of project stakeholders. These actors include the client
(owner/developer), architects, contractors, suppliers, facility management, developers, regulators, and
tenants. Each actor brings different objectives, risks, and capacities that influence the implementation of
adaptable building.

Desire Capacity Adapted
s it part of the brief? ow is it incapsulated in the builiding? ow has change been appropriated?
Isi f the brief? |[How isiti lated in the builiding? How has ch b iated?
Conception Desire Construction Use A Use B Use C
(0-15yrs) (15-25yrs) (25-30yrs)
St s potential
Stakeholders stakeholder- potential
chan, ew stakeholder
’171 Procurement | a
Sapcly e 1 s [ [ ]
| Ownership — |
Owner I T —
_____________________________ I ___—____:_____________—________________ ____—___—____ | FM Team I I._
Facilities Management [« £ £ L >
part of- typically part of
client not involved contractor
\ | Use Appropriation ]—{
User [« I —

Funder | | Financial scheme ! >

I
N

Society | l I Generational cycles

Figure 3 Fragmentation between industry stakeholders occurs throughout the building life cycle (Pinder et al., 2013)

Pinder et al. (Pinder et al., 2013) Provide a helpful framework, as can be seen on Figure 3 to describe the
stakeholder positions based on their level of influence and benefit from adaptability. This framework can
explain the phase that every stakeholder needs to focus on. The use phase becomes one of the critical
points, as there will be a gap in this phase since no architect or contractor is involved.

Understanding the dynamics of building adaptability requires not only the technical or managerial side but
also the perception of each stakeholder. Each stakeholder has unique properties, concerns, and decision-
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making power that shape adaptability implementation. It is important to recognize these perspectives for
identifying drivers and barriers to delivering adaptable buildings. The Table 3 shows summaries key
stakeholders perspectives on adaptability, roles, motivation and influences in intersect with broader goal of
achieving long-term flexibility in the built environment.

Stakeholder Group

Table 3 Stakeholder Perspective on Building Adaptability (Pinder et al., 2013)

Role / Influence in
Adaptability

Motivation / Perspective on
Adaptability

Key Barriers / Challenges

Clients / Building
Owners

Project initiators and
decision makers

Focus on the future benefit of
adaptability, especially regarding
return on investment. Owning and
managing the building

This ambiguity, or lack of shared
understanding of building adaptability.
Adaptability building tends to have a
higher initial cost, but uncertain future
benefits, so it is not attractive to those
seeking short-term profits

Trying to avoid the risk of ‘failed
communities’

The more flexibility created, the more
cost there is developing more adaptable

Architects / Design leaders for I ! -
. L Adaptability is often a function of buildings was merely an example of
Designers adaptable buildings . ; . . o . .
good architectural planning’ and speculation’, therefore, it was sometimes
future-proof design rejected by the client
If the contractor is involved in the
Construct the building early stages, they can reduce the For non-_s_pem_alty contraptors,
Contractors / reliance on cost. adaptability might complicate
. and have to make sure : . . .
Builders G It is easier to work on adaptable construction methods and can increase
it is buildable N . . .
building design rather than retrofitting | cost/time.
traditional building design.
Suppliers / Provide adaptable Can promote adaptable solutions May lack incentives if clients do not
Malzzfacturers products or modular through innovative products and specify adaptability needs.

systems

prefabrication.

Standardization pressure.

Facility Managers /
Building Operators

Operate the building
with long-term

Recognize the benefits of adaptability
for maintenance and operational

Often not involved in early design or
delivery stages, so limited influence.

perspectives flexibility.
Some developers have short-term
business models, based around the sale
Typically prioritize building that's of their newly completed buildings, and
P L . marketable as possible, and appeal therefore focus on minimizing
roperty Developers | Project financiers

to the broad market over adaptability,
unless the client demands it

construction costs

The maximum possible flexibility
probably equates to the maximum cost of
build and design.

Tenants / End-users

Occupants, limited
design-stage influence

Benefit from flexibility in space use
over time.

Rarely involved in early decision-making,
passive role.

Research done by Pinder et al., (Pinder et al., 2013) on Figure 4 stated that developing more adaptable
buildings can provide a range of potential benefits. However, often the beneficiaries (society, end-users,
future owners, facilities managers) have very limited influence on how the buildings are designed and
constructed to ensure these benefits are realized.
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MORE INFLUENCE

Ql ‘Champions’ Q3 ‘Gatekeepers’

CONTRACTOR CLIENT
CLIENT (D&B) (TO SELL)
(TO OCCUPY) AGENT
QUANTITY
CLIENT SURVEYOR
(TO RENT)
ARCHITECT
CONTRACTOR ENGINEER
(PFI)
MORE FEWER
BENEFITS BENEFITS
AUI%(]?{%I;II‘TY CONTRACTOR
(TRADITIONAL)
END-USERS PLANNER
SOCIETY FACILITY
MANAGERS
Q2 ‘Outsiders’ Q4 ‘Bystanders’

LESS INFLUENCE
Figure 4 Interplay between influencers and beneficiaries when designing for adaptability (Pinder et al., 2013)

A shift in the stakeholder mindset is necessary to make adaptable buildings more widely accepted in the
market. Different perspectives of stakeholders contain different agendas that support adaptability in their own
way but also have their own barriers. This complex relationship led to the slow adoption of adaptable
buildings. The same goes for the slow adoption of sustainable construction, done by Hartenberger
(Hartenberger, 2008), which indicates there is a ‘circle of blame’ whereby constructors do not produce
sustainable buildings because they assume that clients do not want them, who in turn claim that investors
will not fund them because there is no demand from owners or end users, as can be seen in Figure 5.

Owner / End Users
‘We would like to have
sustainable buildings but
there are very few available’

Investors
‘We would invest in
sustainable buildings, but
thereis no demand for
them’

Developers
‘We would ask for
sustainable buildings, but
the investors won’t pay for
them’

Designer &

Constructors
‘We can build or retrofit
buildings in a sustainable
way, but developers don’t
ask for it’

Figure 5 The Vicious Circle of Blame (Hartenberger, 2008)

22



2.3.2 Client-led vs. supplier-led approaches

Among the various stakeholders involved in adaptable buildings, two play a particularly central role in initiating
such projects: the client and the supplier. These roles correspond to two distinct approaches, client-led and
supplier-led, each of which shapes how adaptability is embedded in the project. Client-led approaches often
use adaptability to secure the future demand of the asset by seeking flexibility, functional changes, or
sustainability compliance (Pinder et al., 2013). In contrast, suppliers focus on the benefits of industrialized
construction, which includes more standardization and off-site construction, and provide adaptable solutions
when there is market demand or client requirements (Gosling et al., 2013). While client-led approaches
require early-stage involvement from all relevant stakeholders to realize building adaptability, supplier-led
approaches enable adaptability by emphasizing the modularity and prefabrication within the manufacturing
process.

Adaptive Capacity

Supply

Demand for Demand for
Use Dynamics Transformation Dynamics

Rearrange

flexibilit Extension flexibility Rejection flexibility

Spatial / Functional Construction / Technical
characteristics characteristics

Location — Building — Unit

Figure 6 Framework of the adaptive capacity method for the demand (for use and transformation dynamics), and the supply (of rearrange,
extension and rejection flexibility) (Geraedts & van der Voordt, 2014)

Demand and supply of adaptability according to Geraedts & van der Voordt (Geraedts & van der Voordt,
2014) on Figure 6 show that there are two different approaches that generate the need for building
adaptability. From the perspectives of both the demand (user) and supply (supplier/contractor). Both of them
have their reason, and in the end, it is about how the adaptable building can help them to increase value.

Demand for adaptability: use dynamics and transformation dynamics

Changing client needs and user requirements act as key drivers for incorporating flexibility in the building
design. This demand arises before the design phase and influences the direction of project requirements.
The goal is to transform the user's needs into adaptable buildings across three levels: location, building, and
individual units.

To accommodate these changing user needs, the building should be able to support various types of
modifications. For instance, a building that can expand, shorten, or even relocate, without demolishing the
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whole structure. This is referred to as using dynamics, which emphasize adaptability from the user’s
perspective.

The supply: rearrange, extension and rejection flexibility

On the supply side, adaptability can be expressed in terms of the building’s technical and spatial capacity to
meet changing requirements. This involves three types of flexibility:

o Rearrangement Flexibility: The extent to which the location, building, or unit can be reorganized or
redesigned.

o Extension Flexibility: The extent to which the location, building, or unit can be expanded.

« Rejection Flexibility: The extent to which parts of the building, unit, or site can be removed or
replaced.

These flexibility types define whether a building can adequately respond to changing demands throughout
its lifecycle.

The difference between poles can be compared in a detailed way based on several aspects, such as
motivation, design influence, cost consideration, risk perception, adaptability integration, and challenge.
Table 4 describes the differences between client-led and supplier-led approaches from previous research,
which will be used as a base to analyze stakeholders' perspectives in the case studies.

Table 4 The Difference between Client-Led Approach and Supplier-Led Approach

Aspect Client-led Approach ‘ Supplier-led Approach Source / Reference ‘
Client initiates adaptability Suppliers promote adaptability as a
Who drives the requirements based on business | feature of their product or service .
: " . . Pinder et al. (2013)
project goals? goals, long-term usability, or offering, often tied to modular or

sustainability points. standardized solutions.
Prefabrication and standardization of
systems: suppliers in this type of

Focus on the future benefit of construction have bargaining power to
adaptability, especially regarding | offer adaptable buildings to the market
. . . . ] (Mlote et al., 2024),
Main motivation return on investment. Long-term collaboration model: the

Flexibility on future modifications | specific connection of the modular (Pinder et al., 2013),

Keeping long-term asset value building is unique. Therefore, the
future modification will potentially be
handled by the same supplier

High: Client has their objectives | Medium: Suppliers influence design by

Desian influence regarding the adaptability, for limiting the unique design of the Pinder et al. (2013),
9 example, to meet their future Designer by modularity, (Askar et al., 2021)
benefit standardization and Prefabrication

There is cost efficiency already from

the modularization and standardization

Have to ensure the future benefit Repeat order from building

Cost consideration . modification will become additional (Luetal., 2021),
over the upfront cost investment income

Custom design for standardization

may generate a more expensive cost
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Aspect Client-led Approach ‘ Supplier-led Approach Source / Reference ‘

Concern about the future- c C
. . roofing of adaptable building oncern gbogt production ”Ski .
Risk perception P . ’ delivery timelines, and customization (Mlote et al., 2024)
return on investment, and .
. complexity.
market uncertainty
Have to ensure the integration of Stakeholder
Adaptability adaptability from early stages, Design and production process: The . .
. . . . . perspectives (Pinder et
integration coordinate the designer and Manufacturer has the responsibility to
. al., 2013)
executor (Contractor, Supplier)
o Standardization pressures.
o Lack of awareness of ¢ Balancing customization with
adaptability benefits. production efficiency.
hall . Al
Challenges o Budget constraints. o Limited client demand for sourees
o Market uncertainties. adaptability and the assumption
that adaptability always costs more

This dynamic raises questions about whose initiative drives adaptability and how it is embedded in the PDM.
Projects where adaptability is not intentionally considered early risk, as decisions during delivery may limit
future modifications. To secure adaptability, coordination between stakeholders must be structured and
aligned through a suitable PDM. This includes defining roles, responsibilities, and feedback mechanisms that
support lifecycle thinking, modularity, and change-readiness.

2.3.3 RACI Matrix

A clear framework to map stakeholders’ roles and responsibilities is essential for effectively managing the
complex interactions between them. A key tool for this purpose is the responsible assignment matrix, most
commonly known as the RACI matrix. The RACI matrix is a straightforward yet powerful tool used in project
management to define and communicate the roles and responsibilities of various stakeholders for any given
task or activity within a project (Project Management Institute, 2017).

RACI is an acronym that defines four key levels of involvement:

« Responsible (R): The person or people who do the work to complete the task. They are the "doers"
who are responsible for taking action and implementing it. There can be multiple 'R's for a single
task.

e Accountable (A): The individual who is ultimately answerable for the correct and thorough
completion of the task. This person holds the authority to say "yes" or "no" and has the power to
veto. Itis a critical best practice that for any given task, there is only one Accountable person to avoid
confusion over ownership.

o Consulted (C): Stakeholders who are sought out for their input and expertise. This typically involves
two-way communication, where their opinions and advice are considered before a decision or action
is taken.
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« Informed (I): Individuals who are kept up-to-date on progress or decisions, but do not provide direct
input. This is a one-way flow of communication to ensure these stakeholders are aware of project
developments.

The main benefit of the RACI matrix is its ability to eliminate role confusion and prevent tasks from being
overlooked, as well as streamline the communication and decision-making process. By mapping out who
does what, it ensures that all project participants understand their specific responsibilities and the
responsibilities of others, which reduces conflict and improves efficiency (Suhanda & Pratami, 2021).

In the context of delivering adaptable buildings, especially where early and continuous collaboration between
stakeholders is critical, the RACI matrix serves as a powerful complementary tool to the DSM. While the DSM
identifies the technical dependency and information flow between project activities, the RACI matrix clarifies
who is responsible for executing those activities and managing the information exchanges.

For example, the DSM might reveal a feedback loop between 'Architectural Design' and 'Structural
Engineering."' A corresponding RACI matrix would specify who is responsible for updating the drawings, who
is accountable for the final integrated design, and which specialists must be consulted before changes are
approved. This combination provides a more holistic view of the project's socio-technical system, mapping
not just the 'what' and 'when' of project interdependence, but also the 'who.'

2.4. Design Structure Matrix (DSM) in Construction
2.4.1 Concept of DSM

Determining a project delivery method that aligns with the characteristics of a construction project is a crucial
step that significantly impacts the success or failure of the project. However, the traditional selection method
does not originate from the project's internal process, which may result in the delivery method being unable
to meet the actual project requirements. A method named the Design Structure Matrix (DSM) is a network
modeling tool that reflects the interaction of the system’s elements, thereby highlighting the system’s
architecture (or designed structure) (Eppinger, 2012). The DSM approach allows the project or engineering
manager to represent meaningful task or activity relationships to determine a reasonable sequence for the
modeled activities (Yassine, 2003). DSM has been identified as a potential tool for simulating interdependent
activities, identifying suitable assumptions, and formulating and evaluating results (Maheswari, 2005).

A DSM is defined as a matrix representation of a project network. A DSM provides an idea about various
activities of any process that are connected, what information is needed to start an activity, what activity will
be followed by any previous activity, and does task sequencing and iterations (Yassine, 2004). Moreover,
Khan (Khan, 2016) explains that “DSM is a representation and analysis tool for the system modelling. A DSM
displays the relationships between components of a system in a compact, visual, and analytically
advantageous format.

According to Yassine (Yassine, 2004), system elements (project activities or phases) can be represented
using directed graphs to visualize dependencies. The node on the graph represents a system element, and
the edge joining two nodes represents the relationship between two system elements. An arrow visualizes
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the directionality of influence from one element to another. These relationships are classified into three basic
configurations: parallel, sequential, and coupled (see Figure 7).

Three Configurations that Characterize a System
Relationship Parallel Sequential Coupled

Graph
Representation W

Figure 7 Three basic system configurations in DSM: parallel, sequential, and coupled relationships (Yassine, 2004)

The matrix is visualized by a digraph of a binary (filled by number zero or one) square (matrix with the same
number of rows and columns) matrix with m rows and columns and n non-zero elements, where m is the
number of nodes and n is the number of edges (active links between activities).

The matrix layout can be drawn as follows: the activity names are placed down the side of the matrix as row
headings and on the top as column headings in the same order. If there is any active link from node i to node
j, then the value of the element ij is unity (marked by X). Otherwise, the value of the elements is zero or left
empty. In the binary matrix, the diagonal of the matrix does not have any interpretation, so it will be blacked
out.

Mark in a single row emphasizes all activities whose output is needed to run the activity that corresponds to
that row. Similarly, reading down a column shows which activities accept the output of the corresponding
column. If the order of the activities is in a time sequence, then the mark below the diagonal represents the
forward flow of information, which is normal flow, however, the mark above the diagonal depicts information
feedback to earlier activities, which indicates an undesirable event, as it creates rework or loops. This is
pictured in Figure 8.

Activity C needs the output from activity Aand

& B to proceed

Activity C provides input to activity D and
E (They depend on activity C)

A mark above the diagonal = current task
depends on a future one (Feedback Flow)

Amark below the diagonal = current task
gives info to a later one (Forward Flow)

Figure 8 Relationship between activities

Marks in the matrix explain if there is a relation between the activities, and if so, which kind of relation do
they have, for example, sequential, parallel, or coupled, as can be seen in the Figure 9.
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Three Configurations that Characterize a System
Relationship Parallel Sequential Coupled

A B A B A B

DSM

Representation i - A - A . X
B N B X B X R

Figure 9 Three Configurations that Characterize Activities

In a parallel configuration, the activities do not have any connection with each other. Understanding the
behavior of the individual activity allows us to understand the behavior of the system completely. From the
parallel relation from Figure 9, it can be seen that activity B is independent of activity A and no information
exchange is required between the two activities.

In the sequential configuration, one activity influences the behavior of another activity in a one-directional
flow. In the above example, activity A has to be performed first before activity B can start. Furthermore, in
the coupled configuration, the flow of influence is intertwined. Activity A influences activity B, and activity B
influences activity A. This would occur if parameter A could not be decided clearly without first knowing
parameter B, and B could not be determined without knowing A. This cyclic dependency is called "Circuits"
or "Information Cycles".

2.4.2 Step Creating DSM

Yassine (Yassine, 2004) has defined the steps that can be adopted for creating a DSM. The steps on Figure
10 are divided into two stages: creating the matrix and redesigning the project. The first stage mainly focuses
on building the matrix by gathering the activity list from projects. The next step is to rearrange the activities
to enhance the workflow.

Bmldlng | Creating the Design Structure Matrix
Decompose the system from the existing document

or interview into activities Project Redesign
Seeking expert opinion about inputs, outputs and » Partitioning
strength of interactions, to get the dependency and » Tearing
independence of various activities. » Banding

Enter marks in the matrix » Clustering
Check with engineers and managers to
verify/comment on DSM

Figure 10 Step using DSM
Stage 1 - Creating the Design Structure Matrix

First, it is necessary to decompose the system into components or activities to create a matrix for DSM.
Therefore, it is important to understand the system elements (subsystems or modules). An appropriate
decomposition can be established using two main approaches:
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1. Convert existing documentation, such as project schedule, design coordination documents, contracts
or scope, workflow diagram, quality documents, etc.

2. Structured interview expert, such as project coordinator, client, project manager, contractor,
designer, supplier/manufacturer, etc.

The research recommends a hybrid approach: a starting DSM is built from existing documentation, and then
expert interviews are used to add to and validate the initial DSM. The decomposition can be hierarchical or
non-hierarchical (sometimes called network decomposition). In the hierarchical decomposition, the system
can be divided into sub-systems that turn into finer components. In the network decomposition, a system
hierarchy is not evident.

Once the appropriate system elements or set of activities have been identified, they are listed in the DSM as
row and column labels in the same order. The elements in the form of activities within the matrix are then
identified by asking the appropriate stakeholders in the selected projects. In a task-based DSM, this can be
the minimum set of activities that need to be performed before the activity under questioning can be started.

These activities are marked in the DSM by an 'X' or “e”.
Stage 2 - Project Redesign
1. Partitioning - (Reordering) such that feedback marks are eliminated/reduced/closer to the diagonal.

Partitioning is the process of reordering the DSM rows and columns so that the new DSM
arrangement does not contain any feedback marks that transform the DSM into a lower triangular
form. For the complex flow of work structure, it is highly unlikely that this reordering will result in a
lower triangular form. Therefore, the analyst’'s objective changes from eliminating the feedback
marks to moving them as close as possible to the diagonal. By doing so, fewer activities will be
involved in the iteration cycle, resulting in faster project completion.

Several approaches are used in DSM partitioning. However, they are all similar with a difference in
how they identify cycles (loops or circuits) of activity. All partitioning algorithms proceed as follows:

1. ldentify system elements (activities) that can be determined (or executed) without input from
the rest of the elements in the matrix. Those elements can easily be identified by observing
an empty row in the DSM. Place those elements at the top of the DSM. Once an element is
rearranged, it is excluded from further partitioning steps (with all its corresponding marks)
and step 1 is repeated on the remaining elements.

2. ldentify system elements (activities) that deliver no information to other elements in the
matrix. Observing an empty column in the DSM can easily identify those elements. Place
those elements at the bottom of the DSM. Once an activity is rearranged, it is excluded from
further partitioning steps (with all its corresponding marks) and step 2 is repeated on the
remaining elements.

3. If, after steps 1 and 2, there are no remaining elements in the DSM, then the matrix is
completely partitioned, otherwise, the remaining elements contain information circuits (at
least one).
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4. Determine the circuits by one of the following methods:
= Path searching information flows traced either backwards or forwards until a task is
encountered twice (Sargent & Westerberg, 1964; Steward, 1981). All tasks between
the first and second occurrence of the task constitute a loop of information flow.
= Powers of the Adjacency Matrix Method: Raising the DSM to the n-th power shows
which element can be reached from itself in n steps by observing a non-zero entry
for that task along the diagonal of the matrix (Warfield, 1973).
5. Collapse the elements in a single circuit into one representative element and go to step 1.
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Figure 11 An example: Original DSM (left) and Partitioned DSM (right)

2. Tearing: Choose feedback marks that, if removed from the matrix, will render the matrix lower
triangular.
Tearing is the process of choosing the set of feedback marks that if removed from the matrix (and
then the matrix is re-partitioned) will render the matrix lower triangular. The marks that we remove
from the matrix are called "tears".
ldentifying those "tears" that result in a lower triangular matrix means that we have identified the set
of assumptions that need to be made in order to start design process iterations when coupled tasks
are encountered in the process.
No optimal method exists for tearing, but it is recommended to use two criteria when making tearing
decisions:
e Minimal number of tears: Break only the minimum number of feedback loops necessary to
get a workable flow
o Confine tears to the smallest blocks along the diagonal: these inner iterations are done more
often. Therefore, it is desirable to confine the inner iterations to small tasks.

3. DSM Banding: Addition of light and dark bands to show independent (parallel or concurrent)
activities.
Banding is the addition of alternating light and dark bands to a DSM to show independent (i.e.,
parallel or concurrent) activities (or system elements) (Grose, 1994). The collection of bands or levels
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within a DSM is the critical path of the project. Furthermore, one activity within each band is the
critical/bottleneck activity. Thus, fewer bands are preferred since they improve the concurrency of
the project. In the banding procedure, feedback marks are not considered. This means that they are
ignored when determining the bands.

Clustering: Forms subsets that are mutually exclusive. These are team formations or independent
modules.

Partitioning is the process of grouping DSM elements (tasks, teams, modules) into mutually exclusive
or self-contained groups (modules or teams). In other words, clusters contain most, if not all, of the
interactions (i.e., DSM marks) internally and the interactions or links between separate clusters is
eliminated or minimized (Fernandez, 1998; Sharman and Yassine, 2003; Yu et al., 2003). In which
case, the blocks become analogous to team formations or independent modules of a system (i.e.,
product architecture). Furthermore, in this setting, marks below the diagonal are synonymous with
marks above the diagonal, and they represent interactions between the teams or interfaces between
the modules. As an example, in Figure 12, The entries in the matrix represent the frequency and/or
intensity of communication (how frequently teams need to work with other teams: daily, weekly, or
monthly) exchanged between the different development participants, represented by person A,
person B.
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(a) Original DSM (b) Clustered DSM (b) Alternative Clustered DSM

Figure 12 Clustering DSM

This research aims to develop a framework for selecting PDMs that support building adaptability. According
to the activity relationship in the DSM, understanding the current delivery method is insufficient, as it is also
necessary to design a delivery method more tailored to project requirements based on the activity
relationship. The framework uses the DSM method to analyze the interdependence between project activities
that support adaptability, such as knowledge transfer, future reconfigurability, and lifecycle performance,
which are integrated into the delivery process. By optimizing these interdependencies through combining,
sequencing, and prioritizing, the framework helps identify the most appropriate PDMs that align with flexibility
and long-term adaptability goals (Lee et al., 2021; Project Management Institute, 2017).
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2.5 Socio-Technical Frameworks in Project Management

To understand the persistent misalignment between technical capability and delivery execution in complex
projects, it is useful to adopt a socio-technical perspective. Leavitt's Diamond is a seminal socio-technical
framework that provides a lens for this analysis (Leavitt, 1965). The model posits that any organization or
project is a system of four interdependent variables: Technology, Tasks, Structure, and People (Actors).
Leavitt's central argument is that a change in one variable necessitates adjustments in the others to maintain
alignment, as can be seen in Figure 13. This concept of systemic alignment is critical for understanding the
organizational challenges in delivering adaptable buildings

Structure

Process/Task

Figure 13 Leavitt's Diagram Model

2.6 A Synthesized Activity Framework for Adaptable Delivery

To analyze and compare how different PDMs support adaptability, a standardized list of project activities is
required. This list functions as a foundation for the DSM and RACI analyses in this research. Traditional
construction project management neglects activities that are critical for long-term adaptation, such as DfD,
post-occupancy planning, and life-cycle documentation. Therefore, a specific activity was developed to
ensure these critical elements are explicitly included in the analysis.

The 15 core activities used in this study, as can be seen in Table 5, were synthesized from a comprehensive
review of academic literature on project delivery, modular construction, and building adaptability. Key sources
include frameworks from PDM selection (Zhong et al., 2022), DD principles (Ostapska et al., 2024), and
constructability management (Khan, 2016). The activities were then clustered into key project phase
(Planning, Design, Procurement, etc.) to provide a structured and comprehensive view of the project lifecycle.

The validity of this activity list was established through two processes. First, content validity was ensured by
grounding the list in multiple academic sources, as detailed in Table 5. Second, application-based validation
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was confirmed during the case study analysis, where the list proved to be an effective instrument for mapping
the real-world project delivery workflow and identifying key patterns related to adaptability. Therefore, the list
provides a strong and validated foundation for the analysis that follows in this thesis.

Table 5 list of PDM Activities related to building adaptability

Ae’c;g/sl:y Activity Clustered No Activity Actors Referenced In
: e . MDPI Framework
1a | Client needs identification Client (2022)
Contractor, Architect,
1b | Feasibility studies Specialist Sub- '(\gggz')ﬁamework
Establish project intent contractor
and adaptability goals Contractor, Architect,
1c | Discussion on recycling goals | Specialist Sub- Khan (2016)
contractor
1d Review and implementation of | Client, Architect, Facility Khan (2016)
past lessons learned Manager
Planning 23 g)tcr)er‘rt]é)osmg project delivery Client (PZII())I;/I1I)Evqut|on
Select delivery method Defi gyll tcontrach PDM Evolui
and define op | Define client-contractor- Client volution
responsibilities architect roles (2021)
P Selecting architect and Client, Architect, Facility
2c Khan (2016)
contractor Manager
3a | Conducting surveys Client, Architect Khan (2016)
Working out Construction Client, Architect, Facility
Appoint key design and il Schedule Manager Az (AU
execution stakeholders Contractor, Architect,
3c | Laying out site efficiently Specialist Sub- Khan (2016)
contractor
Design planning & lifecycle Contragtor, Architect, Ostapska et al.
4a | . : Specialist Sub-
integration contractor (2024)
Disassembly-oriented Contrlagtor, Architect, Ostapska et al.
. : 4b i Specialist Sub-
Design for disassembly detailing (2024)
> contractor
CIit) G0 [EIEE Contractor, Architect
(DfD) Modular detailing & system e ’ Ostapska et al.
4c SR Specialist Sub-
rationalization contractor (2024)
SRS Contractor, Architect, Ostapska et al
4d | Material strategy & circularity | Specialist Sub- P '
(2024)
contractor
: . : Contractor, Architect,
5a rFeouuTear;[wIZ:?Ie\?qI;? 88(ige3|gn Specialist Sub- Khan (2016)
Develop spatial-modular q y contractor
design Desian develooment & Contractor, Architect,
5b g P Specialist Sub- Khan (2016)
technical detailing
contractor
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Activity

Phase Activity Clustered No Activity Actors Referenced In
Circularity, materials, and Contraqtor, Architect, Ostapska et al.
5¢c ! Specialist Sub-
long-term use planning (2024)
contractor
Design structural parts Contractor, Architect, Ostapska et al
6a | (column, beam, foundation, Specialist Sub- P '
(2024)
etc) contractor
Structural Design for Contractor, Architect, Ostapska et al
Adaptability 6b | design lightweight structure Specialist Sub- (2022) '
contractor
6¢c | over-dimension elements Client, Facility Manager (Ozztgjf))s A
Design building services Design building services MEP Engineer,
(MEP) 2 | (MEP) Contractor AT
8a Review of design by other Client, Architect, Facility Khan (2016)
team members Manager
BIM Coordinator
Coordinate technical . . (Contractor), Architect,
layout and system 8b | Clash detection (using BIM) Specilized Sub- Khan (2016)
contractor
8c | System routing ﬁ/lhent, Architect, Facility Khan (2016)
anager
Design coordination between Contraqtor, Architect, BIM Workflow
9a Specialist Sub- .
stakeholders Mapping (2015)
contractor
BIM Coordinator DSM-
Conduct constructability Constructability review (via (Contractor), Architect, .
. Y 9b " Constructability
review and iteration DSM or BIM) Specialized Sub- (2016)
planning contractor
9¢ | Prepare deconstruction plan Client, Architect, Facility | Ostapska et al.
P P Manager (2024)
9 Prepare a documentation Client, Architect, Facility | Ostapska et al.
plan for adaptable purposes Manager (2024)
Procure systems 10a | Select supplier/vendors Client, Architect, Facility | PDM Performance
re sy ’ PP Manager Comparison (2019)
Procurement | materials, and . : = :
. . Client, Architect, Facility | Giancarlo (2004)
subcontractors 10b | Procure materials or services Manager
Contractor, Architect, Giancarlo (2004)
11a | Module fabrication Specialist Sub-
contractor
Fabrication Fabricate quules .ar}d 11b | Off-site material integration Contrgctor (Factory), Giancarlo (2004)
prepare off-site logistics Suppliers
Contractor, Architect, Giancarlo (2004)
11¢ | Logistics scheduling Specialist Sub-
contractor
Execution Prepare site and 193 Pre-execution setup & Client, Architect, Facility Giancarlo (2004)

foundations

planning

Manager
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ﬁ«:crfglsl:y Activity Clustered No Activity Actors Referenced In
Site preparation & . . "
12b | construction process K)/lllent, AU, ey Giancarlo (2004)
anager
enablement
Monitoring, coordination & NI, (IR
12¢ | onrtonng, Specialist Sub- Giancarlo (2004)
site efficiency
contractor
13 Core construction execution & | Contractor, Specialist DB vs DBB Analysis
a .
sequencing Sub-contractor (2017)
: . Monitoring, safety, and quality Cont(agtor, sl
Deliver and install 13b ’ : Specialist Sub- Khan (2016)
. management
modules on site contractor
Innovation, adaptation, and SITEGT, e et
13¢ » adaptation, Specialist Sub- Khan (2016)
knowledge retention
contractor
Test systems and 14 Systems testing and Client, Architect, Facility | DSM Planning
perform commissioning commissioning Manager Projects (2016)
Handover of documentation Contragtor, AGANEES PDM Evolution
15a N Specialist Sub-
and occupancy certification (2021)
contractor
Handover & | Handover .
. . Contractor, Architect, ,
Post- documentation and plan Facility management setup o PDM Evolution
Occupancy | post-occupancy support Jale and operation SHEEEll sy (2021)
contractor
15¢ | Post-occuancy evaluation Client, Architect, Facility | BIM Workflow
pancy Manager Mapping (2015)

2.5. Knowledge Gap Summary

Selecting the appropriate PDM is a crucial managerial decision that significantly influences the success of
construction projects (Ahmed & El-Sayegh, 2020). The PDM defines roles on the procurement route,
sequence of project phases, and sets a framework for organization, roles, and responsibilities, stating that
the choice of PDM is often made ad hoc, with insight into how the decision will influence the final project risk
allocation (Engebg et al., 2020). This argument is strengthened by, for example, Leedre et al., (2006),
maintaining that clients continue to select the same method based on habit without considering what suits
each project. Although a wide range of PDMs exists, stakeholders often lack structured criteria to match the
delivery method to the project’s adaptability needs. However, no formalized and structured selection process
exists for choosing a suitable PDM (Touran et al., 2009).

To choose the appropriate PDM, researchers have developed many methods based on project performance
(Alleman et al., 2017) and mathematical models (Chen et al., 2011). These methods and models rely more
on expert subjectivity, which is influenced by the evaluators' preferences, expertise, and abilities, and are not
adaptable to constantly changing projects. The complexity of the project makes the choice of delivery method
often inconsistent, and the evolution of projects constantly creates new features and requirements, which
weakens the effectiveness of the model (Zhong et al., 2022).
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Although people start to recognize the importance of building adaptability, the understanding of how PDMs
can be systematically aligned to support it remains limited. While some studies have addressed PDM
performance in terms of cost, time, and quality, very few have explored the internal structure of project
activities and their interdependencies as the basis for selecting PDM for adaptable building. This gap presents
an opportunity to develop a more structured, activity-based approach using DSMs to inform PDM selection
that better supports long-term adaptability outcomes. The DSM in construction research offers a method for
capturing and analyzing these complex interrelationships. This approach is supported by a growing body of
literature applying DSM in construction and modular design contexts.

A DSM is widely applied in product development and systems engineering, however, its adoption in the built
environment is growing, especially in studies focusing on design coordination, modular construction, and
lifecycle integration.

o Khan (Khan, 2016) using DSM to study the advantages of applying DSM to the activities, which are
based on the concept of Constructability. The results obtained after the final iterations of DSM, give
multidimensional analysis regarding their parallel run, sequencing and networking etc.

e Zhong et al., (Zhong et al., 2022) proposes a DSM-based PDM selection framework model that
regroups activities and identifies appropriate PDMs by revealing the dependencies and intensities
between activities. The research uses a case to demonstrate the feasibility of the framework.

e Yassine (Yassine, 2004) propose how the basic method works and how we can use the DSM to
improve the planning, execution, and management of complex PD projects using different DSM
features (i.e., partitioning, tearing, banding, clustering, simulation, and eigenvalue analysis).

These precedent supports using DSM as a method for mapping and analyzing the coordination structure of
project delivery processes, particularly in projects where future adaptability is an objective but has not been
fully integrated into the whole project lifecycle.

While the RACI matrix is a well-established and valuable tool in project management for clarifying operational
roles and responsibilities (Project Management Institute, 2017), a review of the literature reveals several gaps
in its application in the delivery of adaptable buildings with long-term lifecycles.

The most significant gap is that a traditional RACI matrix provides a static snapshot of responsibilities for a
single, well-defined project phase. It is highly effective for managing the design and construction stages.
However, adaptable buildings are, by definition, dynamic and designed for multiple future lifecycles (e.g.,
expansion, relocation, reconfiguration). The existing literature rarely addresses how to use a RACI framework
to manage the longitudinal transfer of accountability across these different lifecycle phases.

The second gap lies in its nature as a purely "social" or organizational tool. A RACI matrix defines who is
involved in a task, but it provides no insight into the process dependencies, sequencing, or feedback loops
that connect that task to others. On its own, it cannot reveal the rework loops or coordination bottlenecks that
were identified in this research using the DSM. While some literature discusses RACI and DSM as separate
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tools, there is a lack of research that explores their combined application as an integrated socio-technical
framework to simultaneously diagnose and improve both the social and process systems of a project.
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Chapter 3: Methodology

This research aims to understand how project delivery models can be adapted to enhance the workflow of
adaptable buildings. Exploratory research is the most suitable approach to gaining this understanding since
this case has not previously been studied in depth, as it can develop initial ideas, identify problems, and
provide direction for further research (Swaraj, 2019).

Exploratory research is often qualitative in nature. Qualitative data can extract deeper knowledge than
quantitative data. Qualitative data is effective in understanding the decision-making processes, collaboration
dynamics, and challenges faced by industry practitioners in real-world projects. By doing research with
practitioners and analyzing documented cases, this study seeks to capture the relationships between project
delivery models and adaptable building.

This section elaborates on the methodology used in this research, starting with the research design as a
framework for this research. Followed by how the data was collected, which focuses on the process and type
of projects. Since DSM is one of the tools, it will also be used to analyze the collected data. Lastly, the new
framework of enhanced PDM and its activity will be developed by using the output from the previous step.

3.1. Research Design

The research design uses a multiple-case study procedure, which captures insight from different cases or
projects. This approach explores in-depth explanations of real-world projects and their challenges, workflows,
and delivery models. By analyzing multiple cases, this research studies comparative insights and identifies
patterns that can become best practices in project delivery.

To get meaningful insight from the cases, it is necessary to cover the holistic levels, not decompose them
into separate variables (Yin, 2018). Instead, cross-case synthesis should resemble what has been called a
‘case-base’ rather than a ‘variable-base’ approach (Byrne, 2009; Ragin, 1992). A synthesis of findings across
multiple cases to generate recommendations on how project delivery models can be adapted to support
adaptable buildings.

To integrate the DSM and RACI matrix into research design, four steps by Askar et al., (2021) are merged
with the research phase. Those four methods are: Define Objectives and Requirements, Build the DSM, DSM
Analysis and Activity Structuring, and Align with Project Delivery Models. The model is shown in Figure 14.
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Figure 14 Research Design Framework

3.2. Definition of Key Actor Roles

To ensure the clarity and consistency throughout the case study analysis, this section defines the key actor
roles referred to in this research. The construction industry use a wide range of titles and contractual
arrangements, therefore, standardizing these terms is essential for a precise comparative analysis. The
following definition will be used to describe the primary stakeholders and their function within the project
delivery process.

Client: This term refers to the project's commissioning party, owner, and/or primary end-user. In this
research, both case studies feature owner-manager clients (a university campus owner and a
housing corporation consortium, respectively). Within these client organizations, multiple interests
may exist, such as the procurement team may focus on initial capital costs, while the facility
management or operational team is concerned with long-term value and flexibility. The Client, as a
whole, is the entity that initiates the project, secures funding, and is ultimately responsible for defining
the strategic goals for adaptability.

Main Contractor: This role describes a single firm that holds the primary contractual responsibility
for delivering the entire project, from design coordination through to final execution. This entity serves
as the central point of contact for the client and manages all downstream activities and
subcontractors. This model was particularly prominent in Case B, where the contractor also acted as
the modular manufacturer.

Manufacturer (Modular Manufacturer): This refers to the specialized organization responsible for
the off-site, factory-based production of the building's modular components. This role is distinct from
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a general material supplier, as it involves a complex manufacturing and assembly process. In some
delivery models, the Modular Manufacturer may be a subcontractor, while in others (like Project B),
it may also be the Main Contractor.

Specialist Subcontractor: This is a subcontractor hired for a specific, highly technical scope of work
that requires specialized expertise. Examples from the case studies include the Mechanical,
Electrical, and Plumbing (MEP) contractor and the fagade system installers. The timing of their
involvement and the quality of their integration with the core design team are critical factors in the
analysis.

Architect/Designer: This role refers to the entity with primary responsibility for the building's
conceptual, spatial, and aesthetic design. They often act as the lead coordinator of the design team.
The influence and contractual position of the Architect/Designer can vary significantly between
projects. In a traditional model, they may lead the design team under a direct contract with the client.
In a DB model, such as in Case B, they may be contracted by or work in a consultative capacity to
the Main Contractor, aligning their design with predefined system constraints.

Technical Consultants/Engineers: This category includes the various specialized experts who
provide critical technical input to the design, but are not the primary conceptual designers. This group
is essential for ensuring the technical feasibility, safety, and performance of the building. Key
examples from the case studies include the Structural Engineerand the MEP (Mechanical,
Electrical, and Plumbing) design consultants. Other consultants in the broader industry, such as
quantity surveyors or sustainability auditors, would also fall into this category.

3.3. Case Selection Criteria

The projects being observed are specific projects that share a common characteristic, ensuring a fair
comparison at the proper level. The project must follow these criteria:

1.

Relevance to Building Adaptability

The projects must follow the building adaptability principle, such as addressing the modification
needs (allowing reconfiguration and repurposing to an extent), minimizing waste, and maximizing
the potential use of space. Preferably, the building has been reconfigured, and its components have
been changed. However, if not, it can be used in the project's first cycle of project delivery, which
guarantees that it can do the adaptability process in the future. The timeline of the project can be
seen on Figure 15.
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Figure 15 Timeline of project lifecycle: Project A (Office Expansion) and Project B (Relocatable Housing)

2. Diversity of Project Delivery Models

The project delivery model should vary in each case to make it comparable. However, if all those
projects have the same project delivery models, the research can still be conducted by comparing
the processes that happened in the projects.

Availability of data and stakeholders

The most important thing to consider is the data availability from stakeholders, since it is the primary
data collected. There must be access to interviews with key stakeholders, for instance, project
managers and contractors.

3.4. Data Collection

Two types of data collection methods are used to gain an optimal understanding of this research: primary
data and secondary data. Semi-structured interviews with adaptable building projects capture the primary
data. The interviewees have direct responsibilities for the projects, for example, project coordinators, project
managers, or engineers.

This research uses qualitative data collection methods, which capture insights from industry professionals,
project data, and comparative case studies. The primary methods are:

1.

Literature Review

Review existing literature on adaptive project delivery models and expansion projects. Deep dive
into the relationship between stakeholders, activity, and interdependence.

Semi-Structured Interviews

The semi-structured interview is an exploratory interview used most often in social sciences for
qualitative research purposes or to gather clinical data. While it generally follows a guide or protocol
that is devised prior to the interview and is focused on a core topic to provide a general structure, the
semi-structured interview also allows for discovery, with space to follow topical trajectories as the
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conversation unfolds (Zeigler-Hill & Shackelford, 2020). The interviewees are key people in the
projects or those who have great responsibility for the project's success. The interview will explore
the project challenges, process, stakeholder collaboration, and strategies to overcome the problems.
To gain this kind of insight, open-ended questions are selected as a method of conducting interviews,
which aim to get a description of key actions, decision points, and coordination steps related to
delivering building adaptability.

To explore the relationship between project delivery models and building adaptability in practice,
semi-structured interviews will be used with the key stakeholders involved in the case studies, as
can be seen in Table 6. These interviews aim to understand the delivery model choices, the roles
and perspectives of key actors, and how adaptability considerations were addressed throughout the
project lifecycle.

Table 6 Correspondence Details

s Stakeholder

A1 Client Project Coordinator

A2 Client Supervisor

A3 Client Program Manager

Ad Main Contractor Lead Engineer
Project A A5 Main Contractor Technical Designer

A6 Sub-contractor MEP | Installation Coordinator

A7 Contractor Project Manager

A8 Contractor Site Engineer

A9 Contractor Site Engineer

B1 Client Location Manager

B2 Client Junior Project Manager

) B3 Contractor Project Engineer

Project B B4 Contractor BIM Coordinator

B5 Contractor Project Manager

B6 Architecture Architecture

3. Project documents

Documents are effective data gathering methods, mainly when events can no longer be observed or
when informants have forgotten the details (Bowen, 2009). This method's flexibility allows documents
to be analyzed standalone or combined with other methods as supplementary and contextual means
of data triangulation and trustworthiness measures (Septiyanto et al., 2023). Examples of project
documents are work breakdown structure (WBS), scheduling, design briefs, meeting notes, etc.
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3.5. Data Analysis Process

A thematic analysis approach was used to systematically analyze the qualitative data from the semi-
structured interviews and project documents. This method was chosen for its flexibility in identifying,
analyzing, and reporting patterns (or 'themes') within the data, making it well-suited for an exploratory study
of this nature (Braun & Clarke, 2006).

o Step A: Data Familiarization

The analysis began with a process of data familiarization, where all interview transcripts and relevant project
documents were read and re-read to gain an in-depth understanding of the content. During this phase,
interesting features, statements, and concepts from the data were highlighted and labeled with descriptive
terms.

« Step B: Searching for Themes (Categorization)

Interview transcripts were thematically coded by the researcher using the Gioia methodology (Gioia, 2021),
as can be seen in Figure 16, starting with open coding to label first-order concepts. These are informant-
centric terms or phrases that closely reflect what interviewees said, such as “The ventilation system required
more space than anticipated..." was coded as” The existing space for ventilation is not enough to
accommodate the new design”. Furthermore, these first-order concepts are grouped into broader second-
order themes. These are researcher-centric categories that help reveal patterns or theoretical insights, such
as “Late Technical Coordination Conflicts”. Finally, these themes are synthesized into aggregate dimensions,
which represent higher-level constructs that answer the research questions.

1st Order Concepts 2nd Order Concepts Aggregate Dimension

The existing space for ventilation is not enough to accommodate the new
design

New insight on the project site emerges the need to make a new design
The MEP subcontractor came in late, after the ceiling height was fixed

Late Technical Coordination Conflicts

Design
Integration

The foundation wasn't strong enough to allow vertical expansion
The building was designed for reuse, but the foundation was permanent

Lack of Systemic Integration
(Superstructure vs. Substructure)

There is no complete set of as-built drawings
There was no formal disassembly plan
No material passport was created

Absence of Formal Lifecycle
Documentation

It was unclear who was responsible for the second phase
Who would own the modules after 15 years? That was never defined

Unclear Post-Use Accountability

Coordination happened through informal relationships
The problems were solved reactively on-site because we trusted each other

Reliance on Informal Coordination
Mechanisms

Lessons learned from the first project were applied tacitly but never
documented
There are no workshops to close the project

Absence of a Formal Feedback Loop

Figure 16 Bottom-up analysis with Gioia

Lifecycle
Planning

Project
Coordination
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o Step C: Reviewing and Refining Themes

The potential themes were then reviewed and refined to ensure they accurately represented the dataset.
Some themes were merged, others were split, and some were discarded. This iterative process led to the
finalization of the three core analytical themes that form the structure of the cross-case analysis: (1) Design
Integration, (2) Lifecycle Planning, and (3) Coordination. These themes were validated against the
original data to ensure they were coherent, distinct, and captured the essence of the challenges and enablers
in delivering adaptable buildings. The resulting themes will be presented and discussed in detail in Chapter
5.

Furthermore, to explore how actor coordination and project delivery strategies influence adaptability in
industrialized construction projects, this study uses a comparative case analysis approach. The analysis
focused on two projects that have similarities in using modular construction and ambition for adaptability. The
objective was to uncover how delivery decisions, sequence flow, and actor coordination contribute to or
hinder long-term adaptability.

The data source comprises an interview transcript with key project stakeholders (client, contractor,
subcontractors), project data, a RACI matrix, and a DSM matrix. After that, activities were structured into a
DSM to capture process dependencies, feedback loops, and isolated sequences. In parallel, RACI matrices
were generated to map out coordination and responsibilities. The analysis highlighted where critical
deliverables, such as DfD integration or lifecycle documentation, were implemented or postponed.

Patterns from the cases were validated against existing frameworks on collaborative delivery (Engebg et al.,
2020), lifecycle-based project planning (Davies et al., 2019) and early contractor involvement (Wondimu et
al., 2020). Visual tools, including flowchart diagrams, were used to contextualize outcomes and illustrate
implementation pathways. The following analysis was synthesized into clustered enablers and barriers, which
were categorized based on thematic analysis. This supported a structured cross-case comparison of delivery
decisions and their implications for adaptability. Through this process, implementation strategies were
formulated, also with the same theme.

The thematic analysis provides qualitative context for more structured DSM and RACI analyses. While DSM
maps the 'what' and ‘when' of activity dependencies and RACI clarifies 'who' is responsible, thematic analysis
reveals the 'why' and 'how', which will explain the underlying patterns of collaboration and fragmentation.
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Chapter 4: Case Study Findings

4.1 Case Study A — The Office Expansion Project

4.1.1 Project Overview

Project A is located on the TU Delft campus, a living lab for sustainable innovation. In 2017, the Client
constructed its original Office Lab 1.0, a modular timber building using CNC-milled Kerto wood modules
developed by the Contractor. In 2024, Project A initiated the expansion of Office Lab 2.0, adding 14
horizontally arranged modules using the same system. The documentation can be seen in Figure 17.

Figure 17 Documentation of Project A

The extension project was commissioned by the Client and designed and built again by the same contractor,
in collaboration with other subcontractors. The goal was to create a seamless process of modular addition.
However, due to foundation capacity limitations, the expansion could only be done horizontally, although
early consideration was given to vertical growth. The project followed a highly collaborative delivery approach,
with real-time problem-solving on-site, including adaptations to ventilation systems, reuse of old fagades and
interior components, and adjustments to ceiling heights and ducting routes.

Project A illustrates how modular systems, though technically possible, require strategic delivery planning
and proper documentation to remain adaptable over time. As such, the project offers important insights into
how initial modular goals can be (or cannot be) translated into adaptive implementations.
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4.1.2 Delivery Activities & Actor Coordination Analysis

The formal organizational chart can be seen in the Figure 18, which Client has a line of coordination for
Architect, Structural Engineer, MEP Engineering and General Contractor. The General Contractor, in this
case, the Contractor, is responsible for managing the execution of the project, including manufacturing, on-
site assembly, and installation. However, they are not doing it alone but distributing the work and risk to
specific stakeholders who have the capabilities to do it properly.

Client

‘ Architect - MEP | General F_»‘ Structural ’
Subcontractor Contractor Engineering

Information exchange and
»> . .
coordination

Contractor/On-
site Installer

‘ Manufacturer } ‘ 1 ‘ Sub-Contractor

—— Contractual relation

Figure 18 Organizational Chart of Project A

The ambition of Project A is to build an adaptable building was planned from the beginning of the project.
However, there is no specific pathway that they follow to control the expansion. The activity list from the
previous chapter is used to map the specific activities that the project should do. From the interview and
document analysis, the insight from the project is summarized in Table 7.

Table 7 Activity Analysis of Project A

No Activity Name Execution RACI - Refined Observations / Interview
: y Status Client  Contractor SCpemallzed Architect Insights
ontractor
1 | Establish project intent | Modified The project's main goal was to build
and adaptability goals R c an adaptable office building. However,
the initial project definition did not
specify or contractually mention this.
2 | Select the delivery Informal Design and Build coordinated by the
method and define R C C Contractor.
responsibilities
3 | Appoint key design Informal Involvement timing varies for some
and execution stakeholders, like Specialized Sub-
stakeholders R C C contractor, which came in late, after
major layout and ceiling dimensions
had already been fixed.
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No.

Activity Name

Execution
Status

Client

Contractor

RACI
Specialized
Contractor

Architect

Refined Observations / Interview
Insights

4 | Develop spatial layout | Fully executed The Contractor using the same
and modular modular system from Office Lab 1.0,
configuration C R R but without adjusting to the new user

needs, for example, different ceiling
clearances and ventilation.

5 | Plan the structural Partially The existing concrete foundation was
system and addressed reused, but it was not strong enough
floor/foundation to hold vertical expansion. Therefore,

C R C . .
strategy the lab was expanding horizontally.
This unplanned future modification
was limiting adaptability options.

6 | Design building Modified A new MEP system was installed, but
services (MEP) c R C the ceiling height became a constraint.

The lack of early coordination led to
poor execution.

7 | Coordinate layout and | Iterated On-site adjustments were necessary
modular constraints C R C due to MEP sub-contractor's late

involvement.

8 | Integrate disassembly | Lacking Adaptability was desired but never
and reuse documentation documented. Modules reused Office
requirements (DfD) A C Lab logic, but no formal disassembly

detailing or relocation plan was
established.

9 | Conduct Minimal No structured constructability review
constructability and occurred. Issues were addressed
feasibility reviews A C reactively, with missing design history

from the Office Lab resulting in design
blind spots.

10 | Procure systems, Informal Procurement decisions were based on
materials, and procurement informal agreements and previous
subcontractors A C working relationships, which

streamlined delivery but lacked clarity
on risk distribution.

11 | Fabricate modules and | Fully executed Modules were fabricated according to
prepare off-site the manufacturer’s standard
logistics C R production. Coordination and logistics

were efficient due to the reuse of
known processes and module types.

12 | Prepare site and Fully executed Site preparation was conducted using
foundations the same setup as Office Lab 1.0,

C R including crane access and power
connections, which helped avoid on-
site conflicts and redesign.
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RACI

Activity Name Execution . Refined Observations / Interview
y Status Client Contractor  SPeS@1288 p\chitect Insights
Contractor
13 | Deliver and install On-site Overall, the installation went smoothly,
modules on site adaptations but some adjustments were needed
C R C . .
on-site due to service clashes and
fitting tolerances.

14 | Test systems and Partial Systems were tested and adjusted
perform c R c during commissioning, but not pre-
commissioning modeled or simulated in earlier

phases.

15 | Handover Missing There was no structured project phase
documentation and documentation or digital archive, and

A C R C .
plan post-occupancy future reuse or modification is not
support tracked.

The coordination between stakeholders in Project A is characterized by close relations, particularly between
Client A and the Contractor, a commitment by their informal agreement to jointly establish a sustainability
office. The Client acts as both the commissioner and the future user. Client A had a long-standing partnership
with the Contractor, a modular building company that designed and delivered both the original Office Lab 1.0
(in 2017) and the new expansion (Office Lab 2.0). The Contractor maintained ownership of the original design
system and manufacturing logic, positioning them as both architect and modular system provider.

However, this has made the contract informal and non-binding, much like any other commercial contract. For
example, when the project finishes, the contractor needs to hand over the as-built drawings to the client so
they can get the completion payment, but the the Contractor did not do that, and still got the payment.

Table 7 also show the RACI matrix for every activity that every stakeholder is doing. From the table, the line
of responsibility can be seen, and the unperformed actors can be identified. The RACI analysis for the Client
Office Lab 2.0 project reveals a separation and informal distribution of responsibilities, which is consistent
with the ad hoc delivery structure observed throughout the project. the Client , as the project owner and user
of Project A, was responsible for the earliest (activities 1-3) and latest stage (activities 15) but had limited
influence on the technical aspects. In the first stage, the Client is responsible for establishing adaptability
goals, selecting delivery methods, and appointing key stakeholders. However, this adaptability decision was
not formalized in contracts. The Contractor and MEP Contractor were involved based on their previous
collaboration in Project A Office Lab 1.0, with the Contractor playing a consulted (C) and informed (1) role.
For example, MEP Contractor was only informed during the early phase but later became responsible for
designing and executing MEP systems (Activities 6, 7, and 14). The late involvement of the MEP Contractor
affects the site execution and requires some site adjustments.

The Contractor leads responsibility (R) for core design and execution activities (Activities 4-5, 11-13), as they
have primary experience from the earlier project life cycle. However, the adaptability aspect, such as
disassembly strategy (Activity 8) and lifecycle documentation (Activity 15), was not clearly assigned to any
actor, resulting in no formal documentation for future reuse. So, while the modularity delivered efficiency, the
long-term adaptability principle was not planned and executed well enough.
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The architect did not have any major influence on the whole project life cycle. Although consulted during
layout and technical coordination, the architect was not assigned responsibility for any critical activities. This
also confirms the informal project structure, where coordination occurred through relationships rather than a
formal, contract-based approach.

In summary, the actor-role mapping reveals that adaptability-related outcomes in the Client case were not
limited by technical capability, but rather by the lack of clearly defined assigned responsibilities across the
project lifecycle. This absence of a formal line of collaboration, combined with the late engagement of the
technical actor, resulted in project delivery that was able to finish short-term goals (Office Lab 1.0) but
underperformed on the adaptability project (Office 2.0).

4.1.3 DSM Analysis

To understand how coordination and task sequencing influenced adaptability in the Project A Office Lab 2.0
project, a DSM was constructed in the Table 8. This matrix captures the observed dependencies between
activities based on interview data and document analysis. By visualizing these interdependencies, the DSM
provides insight into how delivery processes were structured and whether key aspects of adaptability, such
as modularity, disassembly, or lifecycle reuse, were effectively embedded throughout the project’s flow.
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Table 8 DSM Matrix of Project A
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Prepare site and foundations

—
N

o O |0 |O o |o o |o o |o

—_
w
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Handover documentation and plan post-occupancy
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Insight for Adaptability

1. Early planning activities will define the adaptability outcomes

The activities in the planning phase (activities 1-3) have a significant impact on the adaptability outcomes.
Although it is on the activity list and the client has completed it, there are no or limited dependencies from
planning activities to technical design activities (4-8). This highlights the disconnect between adaptability as
a concept and its practical application. For example, the client wants an adaptable office that can expand in
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the future, whether expand horizontally or vertically, but this was not formally translated into structural
foundation capacity, MEP flexibility criteria, or lifecycle documentation.

"The foundation wasn’t strong enough to allow vertical expansion, which was initially considered
an option."

“Design modules with extra ceiling space now to accommodate future technical needs.”
2. Coordination and construction reviews are unlinked

Activity 9 (Constructability and iteration planning) depends on system and structural inputs. However, DSM
shows that no backward links to DfD. This linear flow indicates that constructability was treated as a one-off
check, rather than a feedback tool for refining the modular detailing. This also aligns with the observation that
many issues were addressed reactively, especially when MEP sub-contractor had to adjust their technical
services due to uncoordinated ceiling dimensions.

"We had to adjust the design multiple times because of new insights, which delayed the
process."

The sub-activity in Activity 8 is clash detection and system routing, which will help minimize imprecise modular
shapes that require on-site adjustments. In the Client case, they need to conduct a constructability review
early on or iterate to accommodate system installation issues, rather than simply coordinating after the layout
is finalized.

3. Technical Issue in procurement, fabrication and execution

The activity list includes the DfD reference during execution. However, these features come from informal
flexibility, not formal adaptability planning. It shows from the DSM matrix that Activity 10 (Procurement) does
not depend on Activity 8 (DfD). Additionally, Activity 11 (Fabrication) flows into installation but not back to the
design activity.

"The ventilation system required more space than anticipated, leading to on-site
adjustments.”

Execution actors allowed for adjustment, but the system was not designed to adapt. True adaptability requires
back-looping handover, commissioning, and fabrication data into system definition.

4. Disconnection of project lifecycle continuity

Handover and post-occupancy planning exist, but they are disconnected from the lifecycle strategy. The DSM
indicates that they are organizational endpoints, rather than contributors to future adaptability, as
demonstrated by handover and post-planning (Activity 15), which are not directly connected to the project
cycle. Interviews confirmed that as-built documentation and reusability records were incomplete.

“We didn’t have a complete set of drawings and details of the as-built situation.”

Moreover, the activity table includes terms like “Material Passport” and “Digital Twin,” but the DSM indicates
these had no operational ties to planning or procurement.
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Without clear lifecycle closure, even a modular project risks becoming a fixed asset. Closing the loop, such
as through reuse plans, document handover, and post-use feedback, must be designed rather than adjusted
during execution.

4.2 Case Study B — The Relocating Housing

4.2.1 Project Overview

The Project B, as can be seen in Figure 19 Project B , is a modular housing project located in Hilversum, the
Netherlands, which was initiated to address the need for affordable rental housing in the region. The project
is built on Diependaalselaan, a site previously used as a temporary event space, and will provide
approximately 379 relocatable social rental homes. The project also includes public space improvements,
communal green areas, and a sustainable energy strategy using all-electric systems. Due to the permit
regulation from the municipality of Hilversum, these houses are expected to be relocated elsewhere after 15
years.

Figure 19 Project B Concept drawings

The homes are built using dry-stacked modular units, which are fabricated off-site at Manufacturer B's factory
and transported to the site for on-site assembly. The design fuffills the requirements of permanent housing,
including acoustic and fire safety regulations, while also allowing for full disassembly and reuse. Even though
the superstructure is reusable, the foundation is site-specific and not intended to be relocated.

Project B project is a suitable case for this thesis, as it combines an adaptability goal (relocation after the use
phase) with a project delivery strategy that requires complex coordination to align with building adaptability.

4.2.2 Project Overview & Actor Coordination Analysis

The Client contracted the responsibility for building to the Contractor, a Manufacturer and Contractor
company, with the prior design by the Architect. The contractor must manage off-site manufacturing by
assembling modular elements in the factory, such as stairs and MEP systems, sourced from specialized
subcontractors. The organizational chart can be seen on the Figure 20.
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The analysis in the RACI matrix per activity can be seen in Table 9. The delivery process for Project B
followed a structured but iterative flow, typical of modular construction projects with early contractor
involvement. The project began with the client consortium commissioning the Architect to develop a
conceptual design that aligned with municipal planning requirements and the client's ambitions for the
temporary housing site.

Activity Name

Execution

Status

Table 9 Activity Analysis of Project B

Client

RACI

Contractor
Manufacturer

Architect

Specialized
Contractor

Refined Observations / Interview Insights

Establish project intent Completed A c | | Driven by a 15-year municipal permit,
and adaptability goals adaptability was reflected in a relocation goal.
Select the delivery Completed A D&B model was selected, with early
method and define A C contractor involvement.
responsibilities
Appointing key design Completed The client assigned the responsibility for design
and execution coordination to the Main Contractor. This
stakeholders structure leveraged the Contractor's deep
A C C C o .
expertise in its modular system and allowing
them to lead the technical integration of the
design
Develop spatial layout Completed The Contractor proposed a standard design to
and modular C R R C the architect that limits layout design, but
configuration ensures delivery efficiency and adaptability.
Plan the structural Completed The foundation was designed to hold 3-story
system and C R C R buildings (3-layer stacking), but it was fixed and
floor/foundation strategy not for future disassembly or reuse.
Design building services | Partial MEP was embedded in the module to ensure
(MEP) | R | fast site installation. However, future
adaptations were not modeled, which will
reduce long-term flexibility.
Coordinate layout and Completed | R c There are weekly design meetings to ensure
modular constraints progress and coordination in the design.
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Activity Name

Execution

Status

Client

RACI

Contractor
Manufacturer

Architect

Specialized
Contractor

Refined Observations / Interview Insights

However, adaptability scenarios were not
explicitly considered.
8 | Integrate disassembly Partial Modules were designed for dry disassembly,
and reuse requirements A c but the layout plan for relocation was not
(DfD) finalized due to some future uncertainties
regarding site relocation.
9 | Conduct constructability Completed The Contractor conducted internal
. . C R C C "
and feasibility reviews constructability checks
10 | Procure systems, Completed Subcontractors for stairs, fagade elements, and
materials, and A C connections were integrated via the
subcontractors Contractor’s standard vendor network.
11 | Fabricate modules and Completed Off-site fabrication occurred at the Contractor’s
prepare off-site logistics | R | Dutch facility. Logistics were seamless due to
in-house experience, but component reusability
tracking was not reported.
12 | Prepare site and Completed Site preparation was conventional. The
foundations foundation was permanent. Therefore, it is not
C I I A
able to support adaptability in terms of
foundation relocation
13 | Deliver and install Completed Installation occurred over a short period with
modules on site I R C precise planning. However, minor adaptations
were needed on-site to fit stair modules
14 | Test systems and Completed Standard commissioning procedures were
perform commissioning c R followed. As the building met permanent
building codes, testing exceeded temporary-
use expectations.
15 | Handover documentation | Incomplete No clear data exists for future relocation.
and plan post-occupancy Responsibility for reuse remains undefined,
A C . ) . .
support hence it potentially becomes a risk for the client
once the 15-year permit ends.

While the project generally followed a linear process, there were important feedback loops (between the
Contractor and the Design team) related to staircase layout, acoustic details, and fire code compliance. These
loops influenced material and layout choices, showing how tightly linked technical adaptability and delivery
structure can be in practice.

The project was delivered through a tendered Design & Build (D&B) contract with significant early contractor
involvement. This approach shares strong characteristics with the Bouwteam model, a collaborative PDM
commonly used in the Netherlands. Although not a formal IPD contract, the Contractor's early involvement
allowed them to work closely alongside the Architect during the initial design phase. This enabled the
Contractor to align the conceptual design with the constraints of their modular system, which is a key factor
in translating the Architect's vision into a technically feasible design.

Other key stakeholders included:

« Subcontractors for fagade systems, interior finishes, and staircases (coordinated by the Contractor)
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« Structural engineer appointed as a sub-consultant by the Contractor, who collaborated closely with
the Architect to ensure the design was structurally feasible.

« Utilities and service consultants, responsible for ensuring connections met municipal standards

Stakeholder interaction was characterized by weekly coordination meetings and continuous email
exchanges, particularly during the design optimization phase. The project required a high degree of
coordination between architectural intent and modular constraints, especially in terms of fire safety,
circulation (for example, stair and corridor placement), and acoustic performance.

This case is an example of a client-led procurement approach with contractor-led delivery details, which
provides a rich context for analyzing how stakeholder alignment (or misalignment) influences the
implementation of building adaptability.

The RACI analysis of the Project B project, which can be seen on Table 9, reveals a technically driven delivery
structure, with the Contractor as the primary responsibility (R) for most mid-phase activities, particularly those
related to technical design, fabrication, and execution (Activities 4-14). The centralized coordination is evident
in the D&B model, where the Contractor assumes roles early in the design and execution phases. Despite
its capabilities, the Contractor was not held accountable for future adaptability or relocation.

The Client remains accountable (A) for the project and sets its adaptability goals (Activities 1-3). Then, they
are involved during the technical and execution stages by being consulted (C) or informed (1). The client was
also accountable for post-occupancy planning (Activity 15), yet no handover or reuse plan was developed.
The architect was responsible (R) only for the initial layout (Activity 4), and consulted on technical design and
coordination. Their limited involvement in construction or lifecycle activities suggests that their contribution
was primarily aesthetic or spatial, not strategic.

The Specialized Contractor (in this case, the Structural Engineer) was responsible (R) for the structural and
foundation planning (Activity 5), but otherwise consulted (C) or informed, reflecting a narrow design role.
Notably, the foundation design was permanent, which directly conflicted with the project's adaptability intent.

In summary, the RACI matrix reveals an efficient but vertically siloed delivery structure. While activities were
executed effectively, accountability for lifecycle adaptability was unassigned. This organizational gap mirrors
the conclusions from the DSM and activity analysis, that adaptability was engineered into components but
not governed or documented beyond the project deliverables. This reinforces the need for clear accountability
in post-occupancy planning, especially in modular projects intended for future relocation.

4.2.3 DSM Analysis

To understand how design and delivery activities were coordinated in the Project B project, a DSM, as can
be seen in the Table 10, was developed based on interview data, stakeholder roles, and supporting data.

Table 10 DSM Matrix of Project B

No Activity Name 112(3[4(5(6|7|8|9|10 |11 (12|13 | 14|15
Establish project intent and adaptability goals 1 0j0jo0oj0j0jo0f0]|o0
Select delivery method and define responsibilities 2 |0 o(ofofojojoijo
Appoint key design and execution stakeholders 3 (0|0 ocjofojojojofojojo0¢o
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No Activity Name 1123 708191011 (12 13|14 |15

4 | Develop spatial layout and modular configuration 4 11]11]1 ofofjofojo0jo0ojojofo
5 | Plan structural system and floor/foundation strategy 510(0]0|1 0(ojofofojo0joy|o0f|o0
6 | Design building services (MEP) 6 |0]0]0|1]0 ofojofojo0jo0ojojo|o
7 | Coordinate layout and modular constraints 710]0(0[1|0]1 0ojojoyo0jo0ojoy|ro0jo
8 | Integrate disassembly and reuse requirements (DfD) 8 10[{0{0|0|0|0]O ofojo0ojojojo|o0
9 | Conduct constructability and feasibility reviews 9 (0|0(0j0|1]0]|1]0 0y0j0j0|0]0O0
10 | Procure systems, materials, and subcontractors 10(0|(0(0]|0|0]|0]|0O|0]1 0j0|0|0}0O0
11 | Fabricate modules and prepare off-site logistics 1110(0(0(0|0|0O|O0O|0]|0O] 1 00|07} 0
12 | Prepare site and foundations 1210(0(0|0|0|0O|0|0O]|O|O |1 0|00
13 | Deliver and install modules on site 13/{010(0j0|0|0O|0|0O|O|O0]O 0|0
14 | Test systems and perform commissioning 1410(0(0(0|0|0O|O(O0O|0]O0O]0O 0
15 I;I:;;i;\t/er documentation and plan post-occupancy slolololololt1lolol1lolololo

Insight on Adaptability

The DSM for Project B reveals a relatively linear progression of activities, with few feedback loops or
overlapping dependencies. While this structure may suggest a streamlined delivery process, it also exposes
several adaptability gaps that limit the project's long-term flexibility:

1. The activities are sequential and not iterative

The DSM confirms that Design building services (MEP) (Activity 6) and Coordinate layout and constraints
(Activity 7) depended on modular layout (Activity 4), and that early decisions were shaped by the structural
system (Activity 5). However, DfD (Activity 8) appears isolated, it depends on design coordination but does
not feed back into structural or MEP development. This suggests that DfD was reactive, rather than being
used to guide design from the start.

2. Lifecycle Closure Missing

Commissioning and handover (Activities 14 and 15) are not connected to the rest of the matrix. There are no
forward or backward links from early planning to final documentation or reuse strategy. This reflects findings
from interviews, where lifecycle handover and digital documentation were not formalized in the initial
planning.

Although the Project B project adopted a modular and relocatable system in principle, the DSM structure
reveals a gap between ambition and project delivery. DfD and reuse were scoped late, lifecycle goals lacked
downstream integration, and the linear process limited opportunities for iteration. Strengthening adaptability
in future projects will require earlier embedding of DfD into layout and system design.
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Chapter 5: Cross-Case Comparison and Findings

This chapter presents further data analysis from the previous sections, which aims to achieve two goals: to
compare the two case studies and to synthesize the findings into a coherent conceptual framework. The
comparison of Project A and Project B cases is based on project delivery context, activities analyzed through
the DSM matrix, actor coordination assessed through the RACI matrix, and adaptability factors. Insights from
comparison are then used to develop a new project delivery framework for adaptable modular buildings,
which covers the process flow, activity checklist, and stakeholder coordination.

From this analysis, three central themes emerged as the most critical determinants of a project's ability to
translate adaptability from an abstract goal into a tangible outcome. These themes consistently appeared
across both projects, highlighting fundamental challenges and opportunities in current practice. The three
emergent themes are:

1.

Design Integration: This theme focuses on the collaboration and coordination between key design
disciplines, specifically the architect, structural engineer, and MEP specialists. It examines how the
timing and quality of their interactions influence the technical feasibility, constructability, and inherent
capacity for future change of the building. Effective design integration ensures that adaptability is
engineered into the system from the start, rather than being compromised by siloed workflows and
late-stage coordination conflicts.

Lifecycle Planning: This theme addresses the extent to which a project looks beyond the initial
design and construction phases to formally plan for the building's entire lifespan, including future
use, adaptation, and end-of-life scenarios. It encompasses crucial activities, such as creating formal
lifecycle documentation (for example, disassembly guides, material passports), assigning clear post-
use responsibilities, and establishing mechanisms for capturing and reusing knowledge across
project phases. A lack of lifecycle planning was identified as a primary barrier to achieving long-term
adaptability, even in technically modular systems.

Project Coordination: While Design Integration focuses on the technical design team, this broader
theme refers to the overall project delivery structure, decision-making protocols, and the
management of information flow among all key stakeholders (client, contractor, suppliers). It
examines how formal and informal mechanisms for coordination influence the project’s capacity to
achieve its goal of adaptability.

The remainder of this chapter will use these three themes as a structural lens to analyze and compare the
delivery processes, stakeholder roles, and adaptability outcomes of Case A and Case B. By examining how
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each project navigated the challenges within these themes, key patterns of success and failure can be
identified, forming the empirical basis for the framework developed in Chapter 6.

5.1 Cross-Case Comparison

To get new insight, a pattern is being analyzed from the two cases, especially in terms of delivering
adaptability. The comparison encompasses the delivery context, activity dependencies, and RACI matrix as
key comparable elements.

To substantiate the different contexts in the project, an organizational chart and a table have been created
with relevant project information. The information is based on interviews and project information provided by
stakeholders and external sources, such as the internet. This information will help to understand the project
context, as can be seen in the Figure 21 and the Table 11.

Project A Project B
Office Expansion Relocatable House

Client Client

Manufacturer &
Contractor

1 1

1 1

1 1

1 1

1 1

1 1

: - MEP General ! :

' | Architeet = |le----- N— T | Architeet = |le-—----
! Sk + Subcontractor % { Contractor ’ : Al

1 1

_____________________________________________

| | 1 l l l

Coii B0 [Sub-Contractor] ‘ MEP Engineer ‘ [Sub-Contractor} ‘ Sub-Contractor

Manufacturer ‘ ‘ .
site Installer

Information exchange and
> coordination

——» Contractual relation

Figure 21 Organizational chart comparison

Table 11 Project Delivery Contexts

Aspect Project A Project B
. Modular office expansion for research Modular mixed-use development with
Project Type o . o
campus residential and social facilities
Deliverv Model Client-led with layered contracting, partial | Developer-led, turnkey with DB approach,
Y Early Contractor Involvement with limited public-sector interference
Kev Actor Tvbes Client, Architect, Subcontractor, General | Client, Architect, Subcontractor, General
y yp Contractor, Manufacturer, On-site Installer | Contractor, Manufacturer
Public or Private Client | Semi-public (TU Delft affiliated) Private developer
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Aspect Project A Project B
Horizontal expansion, design for off-site Future relocation and rearrangement,
Modular Adaptability o ’ designed for stacking and spatial
prefabrication o
adaptability
Reuse of internal wall panels. The Reuse of modules in future phases or other
Reuse Strategy . gy
Modules was reused onsite building developments
Governance Style Collaborative and experimental Market-driven
Contractor-coordinated design; the
Design Process User-focused, but coordinated by the Contractor is responsible for guiding the
Ownership Contractor technical integration of the design to fit
their modular system

Key Observations

Some comparable aspects emphasize the difference between Project A and Project B. This difference can
be used as a point to understand how they deliver adaptability. First of all, it can be seen that in Project A,
modularity was used as an experimental learning tool to enable quick site expansion. This also becomes a
drawback, as they are only partially utilizing early contractor involvement. On the contrary, in Project B,
modularity was used to accommodate their relocation scenario in the future phase, and adaptability was pre-
planned into standardized offerings.

Next, the coordination of Project A by stakeholders demonstrates active engagement from innovative
partners and researchers. In contrast, Project B relied on coordination between the contractor and the
developer, as they focused on selling the building's function.

In terms of lifecycle, Project A integrated lifecycle thinking moderately, focusing on short-term adaptability
potential. Project B embedded lifecycle adaptability in early planning to allow future densification, showing
more strategic reuse planning.

DSM Comparison

This section analyzes how delivery activities were structured and sequenced in both case studies using DSM.
The comparison highlights differences in flow, feedback loops, and the integration (or neglect) of adaptability
considerations. Insight from the DSM comparison is provided in the Table 12.

Table 12 DSM Comparison snapshot

No. Aspect Project A Project B

1| Disassembly activity location Mid-phase (after use Early-stage (embedded in
phase) concept)

9 Coqrdlnatlon with other Low Moderate

designs

3 | Documented reuse plan Missing All parties have it

4 | Total interdependencies Lower (sparser matrix) Higher (more linked)

5 | Feedback loops 2 loops 5+ loops
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No. Aspect Project A Project B

6 | DfD centrality Peripheral Mid-central
7 | Post-occupancy preparation | Absent Weakly embedded

The sequence reveals a primary linear flow done by Project A, with a limited feedback stream. Activities 8
(DfD) were disconnected from early design in terms of adaptability for future expansion. The concept of
disconnection also applies to other activities, where there are specific central nodes and isolated nodes.
Central nodes are activities that have multiple dependencies, both upstream and downstream. For example,
spatial design (Activity 5) is closely connected to structural design, MEP layout, coordination (including
routing and clash detection), and fabrication process. Additionally, some activities are isolated or, in this case,
have limited dependencies or connections with other activities, such as Activity 15 (Post-occupancy
planning). Expansion intent was mentioned, but there was no structured plan for post-use adaptation,
handover, or facility management.

Project B shows earlier integration of DfD and constructability reviews. Since they regularly hold meetings,
there are opportunities to provide adaptive feedback during the design, as well as during activities such as
‘preparing documentation for reuse’ and ‘modular detailing’. In contrast to Project A, activities in Project B
are more interlinked with one another.

Insight from those two cases is that embedding adaptability requires not only early positioning of relevant
tasks but also being interlinked throughout the whole project lifecycle.

RACI matrix

This section analyzes how the stakeholders coordinate in activities across both cases using a RACI
framework, as can be seen in Table 13. By mapping out the decision-making and coordination roles, the
clarity of actor responsibilities in supporting adaptability can be evaluated.

Table 13 Actor role mapping (selected activities)

Activity Project A Project B
Client (A) Client (A)
Define Adaptability Goals Architect (C) Contractor (C)
Contractor (C) Architect (C)
Architect (R) Architect (R)
Modular Spatial Planning Client (A) Contractor (A/C)
Contractor (C) Client (1)
Architect (R) Contractor (A)
Integrate DfD Strategy Contractor (C) Architect (R)
Client (1) Client (C)
Contractor (A) Contractor (A)
Off-site Fabrication & Logistics Supplier (R) Supplier (R)
Client (1) Client (1)
Post-occupancy Planning Architect (C) Client (A)
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Project B

Architect (C)
Contractor (1)

Activity

Project A
Client (A)
Contractor (1)

Key Insights

In Project B, the contractor held a stronger leadership role, especially in modular detailing and disassembly
design, due to their capabilities of constructing it in their factory. By contrast, Project A relied more on the
architect and coordinated with the manufacturer and on-site builder, which creates a longer feedback chain.

Both projects positioned the client as the approved adaptability strategies, however, in Project A, their role in
early coordination was more passive, while in Project B, the client actively defined the reuse timeframe and
compliance (for example, fire protection) from the start.

Project A showed a weak connection between technical activities (drawing) and documentation
responsibilities (as-built). However, Project B mitigated this by giving authority to all stakeholders, especially
the contractor, to keep the documentation in the project workflow.

In both cases, the supplier or specialized subcontractor (MEP or fagade) was largely consulted rather than
being responsible, which results in intense design coordination afterwards and even hinders the execution
process.

The RACI maps reveal that clarity of actor roles in modular coordination, DD integration, and reuse
documentation is essential. Projects that embedded adaptability roles early and provided space for a
contractor-driven modular strategy (as in Project B) showed stronger coherence. Conversely, misalignments
in Project A around who was responsible for lifecycle-related decisions delayed coordination and reduced
the leverage of adaptability.

The comparison was then categorized into three themes based on the similarity between the activities, in
terms of phase, as can be seen in Table 14.

Table 14 Comparison between Case A and Case B

Synthesis: Key Lesson for
Adaptability

Case B - Relocatable

G Housing

Case A - Expansion Office

Intearation Fragmented, siloed Contractor-led D&B model, Holistic integration is important.
g integration, late MEP early alignment of modular Avoid both horizontal silos (lack
Model . . . ) o
involvement, linear DSM constraints and design of cross-disciplinary
No feedback loops, , . coordination)
Desian Wgakness constructability issues led to Ir:e(?gggt?gr?n not designed for Integration between adaptable
g rework, MEP routes fixed late and non-adaptable components
Integration .
needs to be considered.
. . . The scope of integration must
e S "™ | ncongssal il s
y P y ! that impact long-term
adaptability.
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Aspect

Case A - Expansion Office

Case B - Relocatable

Synthesis: Key Lesson for

Housing

Adaptability

. " Clear goal for relocation after | Formalized lifecycle
Lifecycle Informal ambition, no formal . : L .
. . 15 years influenced design governance is imperative.
Approach requirements or deliverables . "
decisions Adaptability must be a
Ke No accountability for lifecycle | Responsibility for relocation contractual deliverable, with
Lifecycle Weyakness planning, no reuse process left undefined: no clear deliverables (e.g., as-built
Planning documentation material passport or guide drawings, DfD manuals),
explicit ownership for post-use
Lesson Lifecycle was a hope, not a Adaptability goal defined, but | planning, and a governance
structured plan execution plan missing structure that persists beyond
initial handover.
N Informal, trust-based Formal, hierarchical A hybrid coordination model is
Coordination L . - . )
Style cooeratpn relying on coordination through single needed. Combine forrr_1a| .
relationships contractor processes and clear hierarchies
Lack of documentation and for contractual definition,
Key formal accountability, which Efficient but rigid: limited early- | documentation, and
Project Weakness causes a loss of project stage input from consultants accountability of lifecycle goals
Coordination memory with collaborative
communication and trust for
. _ Clear roles and schedule, but | early, iterative, and cross-
Lesson %?(I)(;tr;tﬂzr:]ggg ?:g”ri‘t'gh fsk constrained innovation due to | disciplinary dialogue. Embed
g P y centralization collaborative routines within a
formal contractual framework.

5.1.1 Design Integration

Design Integration, as a theme, examines the quality and timing of collaboration between key technical
disciplines. For adaptable buildings, where the interaction between architectural form, structural systems,
and MEP services is crucial for future flexibility, effective integration is paramount. A comparison of Case A
and Case B reveals two distinct approaches to design integration, each with its consequences for achieving
adaptability goals. Case A demonstrates a fragmented, reactive process, while Case B showcases a more
integrated but still incomplete model.

Case A: The Office Expansion

The delivery of the Campus Lab expansion was characterized by a fragmented approach where design
disciplines operated in relative silos. This is most evident in the late and poorly defined involvement of the
MEP subcontractor. The RACI analysis (Table 7) shows that while the MEP team was eventually
made Responsible (R) for designing and executing their system (Activity 6), their initial involvement was
minimal. They were brought in after key decisions about the modular layout and ceiling dimensions had
already been made, creating a costly knowledge gap.

This lack of early integration is visualized in the project's DSM (Table 8). The workflow is largely linear, with
a notable absence of feedback loops from construction and constructability reviews back to the core design
activities. For instance, Activity 9 (Conduct constructability review) shows no dependency on, nor does it feed
back into, the DfD requirements (Activity 8) or MEP design (Activity 6). This linear process meant that
constructability was treated as a late-stage check rather than an iterative design driver.
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The consequences of this fragmented approach were tangible, leading directly to on-site rework and
compromises on adaptability. As one project participant noted, the lack of early coordination led to unforeseen
spatial conflicts:

"The ventilation system required more space than anticipated, leading to on-site adjustments.”

These reactive adjustments not only caused delays but also constrained the building’s future adaptability by
fixing MEP routes in a way that had not been planned for. In essence, the siloed workflow prevented the
project from embedding adaptability at a systemic level, resulting in costly onsite adjustments.

Case B: The Relocatable Housing

In contrast, the Relocatable Housing project utilized a more integrated, contractor-led Design & Build (D&B)
model. The contractor, also being the modular manufacturer, played a central role from the early stages. The
RACI matrix (Table 9) confirms this, showing the contractor as Responsible (R) for most of the core technical
design and execution activities, from spatial layout (Activity 4) to fabrication (Activity 11).

This centralized coordination allowed for a highly efficient design process. The contractor could immediately
align the architectural concept with the constraints and capabilities of their standardized modular system,
ensuring that the design was buildable and optimized for off-site manufacturing. This proactive integration
minimized the risk of on-site clashes and rework, as seen in Case A.

However, the integration in Case B was not holistic. While the superstructure was masterfully integrated for
disassembly and reuse, a critical blind spot existed in the integration with the substructure. The foundation
was designed as a permanent, site-specific element, directly conflicting with the project's primary goal of
adaptability, which was to relocate after 15 years. This critical oversight was a direct result of the design
scope, which treated the foundation as a separate problem to be solved only for the initial use phase.

Comparing these two cases provides a clear lesson: effective design integration for adaptability must be
holistic. Case A suffered from horizontal silos, where disciplines were not coordinated effectively across the
project timeline, which led to rework. Furthermore, Case B avoided these horizontal silos through a
contractor-led model but did not prepare for the adaptable foundation.

This comparison reveals that simply choosing an integrated delivery model like D&B is not enough. The
scope of integration must be explicitly defined to include all critical systems that impact the long-term
adaptability goal. The true adaptability of the entire building system can only be achieved if everyone on the
team shares the same perspective and formalizes it through administration (for example, project planning or
a project charter).

5.1.2 Lifecycle Planning: Ambition vs. Reality

Lifecycle planning encompasses the strategies and processes put in place to manage a building's future,
from its ongoing use to its eventual disassembly, relocation, or reconfiguration. While both Case A and Case
B were conceived with adaptability in mind, a comparative analysis reveals a significant gap between their
lifecycle ambitions and the reality of their planning. This gap demonstrates that without formal documentation
and clear accountability, adaptability goals can remain unrealized.
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Case A: The Office Expansion

The Campus Lab project was initiated from an ambition for future flexibility, with stakeholders verbally
expressing a desire for both horizontal and vertical expansion. However, this ambition was never translated
into formal project requirements or deliverables. The project suffered from two critical lifecycle planning
failures: unclear accountability for post-use planning and a complete absence of structured reuse
documentation.

The RACI analysis (Table 7) highlights this ambiguity. While the client was technically Accountable (A) for
defining the project's goals (Activity 1) and for the final handover (Activity 15), there was no formally assigned
responsibility for creating or managing a long-term lifecycle plan. This lack of ownership had direct physical
consequences. The ambition for future vertical expansion, a key adaptability feature, was never engineered
into the project's foundation. As one participant revealed:

"The foundation was not strong enough to allow vertical expansion, which was initially considered an option."'

This quote perfectly captures the project’s core failure: adaptability was a "consideration," not a contractual
requirement. Furthermore, the final handover lacked any formal documentation to guide future reuse. Key
information, such as as-built drawings for the modified MEP systems or disassembly sequences for the
modules, was not systematically captured, which hinders any future team’s ability to modify or expand the
building efficiently. In Case A, the lifecycle was an informal hope, not a structured plan.

Case B: The Relocatable Housing

In contrast to Case A, the Relocatable Housing project was driven by a clear and explicit lifecycle mandate:
the building was designed to be disassembled and relocated after its initial 15-year use period. This goal was
a core driver from the project's inception and influenced many design decisions, such as the use of dry-
stacked modular units and a reusable superstructure. The existence of this project is evidence of life cycle
planning.

However, despite this clear end-of-life goal, the project exhibited significant gaps in its process planning. The
RACI analysis (Table 9) shows that while the client consortium was Accountable (A) for the initial adaptability
goal (Activity 1) and the final post-occupancy support (Activity 15), the responsibility for the process of future
relocation was left undefined. Key questions remained unanswered: Who would own the modules after 15
years? Who would be responsible for managing the disassembly and relocation logistics? What
documentation would be required to ensure the modules could be successfully recertified and reused
elsewhere?

The project successfully delivered atechnically relocatable building but failed to deliver
a logistically managed reuse plan. There was no formal handover of a material passport, disassembly guide,
or digital twin that would facilitate the building’s second life. The responsibility for future adaptability was
assumed to be implicitly covered but was never contractually assigned, creating a significant risk for the client
once the 15-year permit expires.

Synthesis:

The comparison between Case A's informal ambition and Case B's defined but unmanaged goal yields a
powerful insight: adaptability requires formalized lifecycle governance.
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o Case A demonstrates that, without being a contractual deliverable, adaptability remains a vague
aspiration that is easily value-engineered out of critical components like the foundation.

o Case B shows that even when adaptability is a core project driver, its success is not guaranteed
without a clear plan for post-use ownership, documentation, and logistics.

Both cases underscore the same critical lesson: a building’s future cannot be left to chance or informal
understanding. To be successful, lifecycle objectives must be embedded within the project's contractual
framework. This includes defining clear deliverables (for instance, as-built drawings, DfD manuals), assigning
explicit ownership for post-use planning, and ensuring that the project's governance structure persists beyond
the initial handover. Without this formal structure, the long-term value of adaptability is fundamentally at risk.

5.1.3 Project Coordination: Formal vs. Informal Mechanisms

Project coordination governs the flow of information, decision-making authority, and stakeholder relationships
that define a project's delivery. The comparison between Case A and Case B reveals a fundamental tension
between informal, relationship-based coordination and formal, process-driven coordination. While both
models have distinct advantages, they also present significant risks to achieving long-term adaptability.

Case A: The Office Expansion - Coordination Through Informal Relationships

The coordination model for the Campus Lab expansion was reliant on informal mechanisms and pre-existing
relationships. The client and the primary contractor had a long-standing partnership, having worked together
on the original building. This "design familiarity" and established trust enabled a highly flexible and agile
coordination style, where decisions could be made quickly without rigid, formal procedures. As the analysis
in Chapter 4 revealed, this allowed the team to solve problems on-site with a degree of efficiency reactively.

However, this informal approach carried significant risks that ultimately undermined the project’s adaptability
goals. The reliance on verbal agreements and undocumented decisions created a fragile project memory.
Without a formal process to fall back on, critical information was lost or never recorded. For example, the
decision not to strengthen the foundation for vertical expansion was a critical choice that was not formally
documented, leaving future stakeholders with a building that failed to meet its initial, albeit informal,
adaptability potential. The RACI matrix for Case A (Table 7), with its scattered and informally assigned
responsibilities, is a clear symptom of this unstructured approach. While informal coordination can be efficient
in the short term, it creates long-term vulnerability by failing to produce the robust documentation and clear
lines of accountability necessary for future adaptation.

Case B: The Relocatable Housing - Coordination Through Formal Hierarchy

In direct contrast, the Relocatable Housing project operated under a highly structured and formal coordination
model. As a market-driven, turnkey project, it featured a clear hierarchical structure: the client consortium
held a single contract with the main contractor, who then managed all downstream design, manufacturing,
and subcontracting activities. This D&B model created a single point of responsibility, streamlining
communication and ensuring that all activities were tightly aligned with the contractor’s efficient, standardized
production processes.

By centralizing control with the contractor, it potentially limited the innovative input from other specialists,
such as the architect or MEP consultants, whose roles were more consultative than collaborative. For
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instance, the design was constrained by the contractor's existing modular standard to ensure efficiency,
which, while beneficial for execution, may have limited opportunities to explore more innovative or site-
specific adaptability solutions. The linear of the DSM for Case B (Table 10) reflects this efficient-but-rigid
coordination style, where iteration and cross-disciplinary exploration were minimized in favor of predictable
execution.

Synthesis: The Need for a Hybrid Coordination Model

The comparison of these two cases highlights a crucial trade-off. Case A's informal model offered flexibility
but lacked the formal structure needed for long-term accountability. Case B's formal model ensured efficiency
and accountability but at the potential cost of collaborative innovation.

This leads to a clear conclusion: delivering adaptable buildings effectively requires a hybrid coordination
model. Such a model would combine the best of both worlds:

o The formal processes and clear hierarchies of a structured approach to ensure that lifecycle goals
are contractually defined, documented, and assigned.

e The collaborative communication and trust of an informal approach to foster the early, iterative, and
cross-disciplinary dialogue necessary for innovative problem-solving.

An ideal model does not force a choice between agility and structure. Instead, it embeds collaborative
routines (like early-stage workshops and integrated design reviews) within a formal contractual framework
that holds all parties accountable for the project's long-term adaptability. This balanced approach ensures
that adaptability is not only designed efficiently but is also managed robustly throughout the building’s entire
lifecycle.

9.2 Key Findings: Barrier and Enablers to Adaptability

This section focuses on developing the framework based on insights from previous cases. The framework is
illustrated in the cover project delivery, showcasing building adaptability and its implementation. The
components to implement it consist of stages, enablers, barriers, and strategies. This synthesis framework
is proposed for use in a similar project in the future, so it will not only solve the previous case but also others.

5.2.1 Enablers and Barriers

Although modular construction offers the ability to be modified, in terms of project delivery, it still requires
specific enablers to ensure the entire process runs smoothly. Conversely, mismanagement of project delivery
will become a barrier to efficiently modifying the building. Insight into how the enablers and barriers affect the
adaptability process can be seen in the Figure 22.
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Design
Integration

Modular Reuse Logic Lack of Formal DfD Integration

Disassembly and reuse requirements were not embedded as |

| Use of a standardized modular system to reduce rework €
project constraints

Design Familiarity Late Technical Coordination

specialized contractors joined after key layout decisions, |

| Design reuse from previous projects reduced lead time S 4 _ =
causing routing conflicts and on-site rework.

Early Contractor Involvement Missing Lifecycle Documentation

2 | The contractor's early input on constructability and No structured handover of reuse-related documents |
g modularization streamlined the design process
1) ) Sk "
o Presence of Formal Drivers Unclear Accountability for Post-Use Planning
- | Adaptability was enabled when driven by formal It w_as unclear who was responsible for the second phase of the |
requirements, such as a 15-year municipal permit projects
Informal Coordination Culture No Feedback Capture
[ =
° I Trust-based relationships allowed for agile decision- Lessons learned from Office Lab 1.0 were applied tacitly but |
S ‘(-u' making and rapid on-site problem-solving never documented formally for future adaptation.
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° 5 On-site Adjustment Capability Siloed Actor Roles
L S
a 8 | Lack of planning causes the need for on-site adjustments; Structural and MEP engineer were not consulting the design |
(3) the capability to do so will help solve the problems each other during early spatial planning
Figure 22 Enablers and Barriers of Implementing Adaptable Building
Enablers

Enablers are defined as the favorable conditions, stakeholder capabilities, and process characteristics that
were observed in the case studies to support or facilitate the achievement of adaptability goals actively.
These features represent the existing strengths and positive patterns that future frameworks should seek to
leverage.

1.

Modular Reuse Logic

The consistent application of standardized modular systems enabled design reusability and
minimized rework. The consistent application of a standardized modular system, as seen in both
cases, functioned as a key enabler by providing design reusability and minimizing rework. This pre-
defined logic provided a clear foundation for planning future modifications.

Design Familiarity

Reusing designs from previous phases reduced lead time and improved predictability. Future
frameworks should incorporate knowledge retention tools, for example, design documentation to
reinforce continuity across modular building programs, so not rely on the same contractor that built
the first phase.

Early Contractor Involvement

Involving contractors during early planning phases showed practical input on constructability and
modularization. Constructability reviews by the main contractor or the specialized contractor will
validate the design that can be applied in the project site, which will also reduce the feedback loop
to the designer or architect in the execution phase. This is crucial for every collaborative delivery
model and should be formalized in future projects.
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4. Presence of Formal Drivers

A powerful enabler, observed particularly in Case B, was the presence of a formal, external driver
for adaptability. The 15-year municipal permit for the relocatable housing created a non-negotiable,
long-term requirement that forced the project team to consider disassembly from the outset. This
demonstrates that when adaptability is tied to a clear business case or a contractual/regulatory
mandate, it is less likely to be value-engineered out of the project and becomes a core guiding
principle for the delivery process

Informal Coordination Culture

While not a formal mechanism, close working relationships enabled quicker alignment and issue
resolution. Having a warm collaborative environment will help the team be more open to discussing
minor problems without waiting for a formal meeting or correspondence. Future models should
recognize the value of embedded teams or co-located environments that enhance informal
communication.

On-site Adjustment Capability

The ability to adjust onsite, although reactive, proved vital in resolving late-stage coordination
conflicts. This suggests that adaptability should not only be designed-in, but also supported through
flexible construction delivery by choosing contractors or builders who have the capabilities to execute
adjustments.

Barriers

Barriers are defined as the critical process gaps, structural shortcomings, or organizational disconnects that
were found to undermine or constrain a project's adaptability potential. These represent the systemic failures
and recurring problems that must be directly addressed and mitigated by a more proper project delivery
framework.

1.

Lack of Formal DD Integration

Disassembly and reuse goals were not encoded in formal specifications or design deliverables.
Future delivery frameworks must integrate DfD as a contractual requirement, with traceable outputs
and measurable review checkpoints.

Late Technical Coordination

The delayed involvement of technical consultants resulted in rework. This underlines the importance
of sequencing and early-stage coordination mapping (for example, via DSM), ensuring dependencies
are actively managed.

Missing Lifecycle Documentation

The absence of structured reuse documentation impeded future adaptation. Future-oriented delivery
models must establish documentation protocols, such as material passports and BIM-linked O&M
datasets, during the design and handover phases.

4. Unclear Accountability for Post-Use Planning
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Ambiguity around who owns post-occupancy preparation created fragmentation. Future projects
should clearly define lifecycle responsibilities using tools like RACI matrices or long-term
performance-based contracts.

5. No Feedback Capture

Valuable insights from earlier projects were not documented, creating knowledge loss. Future
delivery ecosystems should include structured feedback loops (for example, post-use evaluation
workshops) to inform design processes continuously.

6. Siloed Actor Roles

Key specialists (structural and MEP designers) worked in parallel with limited interaction. Integrated
design reviews, everyday data environments, and cross-disciplinary coordination loops should be
mandatory in future workflows.

Enablers functioned primarily through proper design and collaboration between actors, in contrast, barriers
come from missing integration between the project lifecycle, especially when adaptability was not formally
integrated into the project scope, design criteria, or governance structure. Taken together, these findings
offer a foundational checklist for future framework design. They highlight that adaptability is not solely a
modular capability, but a project delivery condition. By integrating early coordination, lifecycle documentation,
and modular planning logic into delivery models, future projects can change from reactive to anticipatory
strategies for adaptable building.
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Chapter 6: A Framework for the Development of

Adaptable Buildings

Based on the key enablers and barriers identified in the cross-case analysis of Chapter 5, this chapter
proposes a refined project delivery framework. The framework is designed to mitigate the identified barriers
and leverage the enablers to systematically integrate adaptability into modular construction projects.

6.1 The Refined Framework

Table 15 and Table 16 show a synthesized DSM matrix and RACI matrix that combines insights from DSM
analysis, RACI mapping, and observation from both case studies. It visualizes how the modular construction
workflow for adaptable buildings can be structured across the delivery phase, with specific dependencies
between activities, to make the entire process seamless.

Table 15 Refined DSM Matrix
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Table 16 Refined RACI Matrix

Activity Name
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No. Activity Name Client | Architect | Contractor s SIEHElg
ubcontractors
4 | Develop spatial layout and modular configuration A C R C
5 | Plan structural system and floor/foundation strategy A R C C
6 | Design building services (MEP) I C C R
7 | Coordinate layout and modular constraints I C C I
8 | Integrate disassembly and reuse requirements (DfD) I C R C
9 | Conduct constructability and feasibility reviews I C R C
10 | Procure systems, materials, and subcontractors I I R C
11 | Fabricate modules and prepare off-site logistics I I R I
12 | Prepare site and foundations I I R C
13 | Deliver and install modules on site I I R I
14 | Test systems and perform commissioning I I R I
15 I;Ij;ﬁ;\t/er documentation and plan post-occupancy A C R |

Activity Synchronization Across Phases

The delivery flow consolidates fifteen activities into six interconnected domains (planning, design,
procurement, fabrication, execution, and handover). The DSM matrix highlights the high-dependency
pathways, such as how early planning choices (Activities 1-3) directly shape design integration (Activities 4—
9), and how disassembly and documentation efforts (Activities 4, 9, and 15) are either dependent or missed
depending on the project’s governance.

In this framework, delivery logic is no longer linear but reflexive. Design coordination (Activities 8a-8c) and
constructability reviews (Activities 9a—9d) are explicitly staged to act as mid-stream evaluative loops rather
than post-design correction. This resolves one of the key barriers identified in both cases, which is late
technical involvement.

Integrating Modularity and Lifecycle Adaptability

Activities such as “Integrate disassembly and reuse requirements” (Activity 4) and “Prepare a documentation
plan for adaptable purposes” (Activity 9d) are emphasized as central to adaptability. These are supported by
modular detailing and feedback-enabled loops that span fabrication and post-occupancy planning (Activity
15). Unlike in Project A (where these steps were isolated), the framework positions them as an embedded
coordination hub.

By connecting the modular reuse logic (11a-11c) to both procurement sequencing and early MEP routing
strategies (7a, 8c), the framework ensures that construction and adaptation are not contradictory. On the
contrary, they become co-optimized through spatial prefiguration.

Actor Coordination and Process Layering

The embedded RACI logic further strengthens this framework. Each clustered activity group is aligned with
responsibility distribution lessons, for example, early contractor involvement (2a), design coordination (8a),
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and lifecycle continuity (15). These align with roles and gaps observed in the Project A and Project B projects,
particularly the need for clear accountability in post-use planning, technical documentation, and disassembly
procedures.

The modular diagram highlights the shift from informal, reactive coordination (Project A) to a more layered,
cross-disciplinary integration (Project B). Colored arrows and spatial zones illustrate the activity
dependencies and the timing of inter-stakeholder handovers, which will enable project teams to visually map
risk, role, and resource needs at each phase.

6.2 Core Strategies for Implementation

The strategies present in the Figure 23, are extracted from insights from barriers and enablers from both
case studies. This strategy is synthesized based on the main theme, which is design integration, project
lifecycle, and coordination between stakeholders.

Theme

Design Integration Coordination Lifecycle

Modular Reuse Logic Lack of Formal DfD Integration Informal Coordination Culture No Feedback Capture Early Contractor Involvement Missing Lifecycle

Documentation

Design Familiarity Late Technical Coordination On-site Adjustment Capability Siloed Actor Roles Contractually-Driven Unclear Accountability for
Adaptability Goal
®

Enablers &
Barriers

Post-Use Planning

1. Embed DfD in early spatial & structural @—© @
planning . Create formal lifecycle
2. Coordinate Architect-MEP=Structure © © @ @ | 2. Engage specialists before technical freeze ® @ documentation g
i ; 2. Assi les f t- lannil
earfier . 0 ® 3. Use feedback loops for design reuse 0 ® 3 SSINITOES 10 POSEISE:pENNIng
3. Use standard modular logic/templates . Prepare DD plan before review 0-0

1. Sequence clash detection before review @—>©@ 1

Strategies

Related Flow Activity @
Enablers -
Barriers -
Figure 23 Strategies for Building an Adaptability Project
1. Strategies for Design Integration

Improving design integration is critical to ensuring that modularity and adaptability goals are embedded early
and systematically throughout the project lifecycle. Based on the cross-case analysis, several enablers, such
as the use of standardized modular logic, design familiarity, and early contractor involvement, support
smoother planning and fewer on-site adjustments. However, their effectiveness was often undermined by
recurring barriers, particularly the lack of formal DfD integration and late technical coordination.

To address these issues, the following strategic lessons are proposed:
a) Embed DfD in early planning

Disassembly and reuse requirements must be defined in conjunction with the initial design intents. This
ensures they are not treated as optional features but as structural constraints influencing layout, connection
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types, and component types. DfD principles should inform both the macro (for example, modular zoning) and
micro (for example, joint selection) design levels from the outset.

b) Coordinate Architect-MEP-Structure earlier

Many coordination issues stemmed from siloed workflows where structural and MEP engineers were not fully
engaged during spatial configuration. A strategic shift toward simultaneous early engagement, particularly in
modular construction contexts, is essential to reduce rework and routing clashes.

c) Use standard modular templates

Projects that reused standardized modular systems benefited from reduced lead times and clearer design
logic. Standardized templates, such as preferred grid dimensions, interface points, and module types, can
help ensure repeatability while still allowing for site-specific customization.

These strategies are intended not as rigid procedural steps but as guiding principles to improve design
integration and support more adaptable outcomes across projects.

2. Strategies for Lifecycle

Lifecycle integration refers to the project's ability to anticipate and manage future transitions, such as reuse,
relocation, or post-occupancy adaptation, through early planning and structured handover. The case analysis
revealed that although lifecycle ambition was present in both project cases, it was inconsistently
implemented. Three key barriers stood out: missing lifecycle documentation, unclear accountability for post-
use planning, and the absence of feedback capture. Together, these gaps weakened the long-term
adaptability potential of modular assets.

To address these limitations, the following strategies are proposed:
a) Create formal lifecycle documentation

Lifecycle objectives, such as intended reuse, future adaptation, or relocation, must be explicitly recorded and
translated into deliverables. These may include administration history storage, disassembly protocols, reuse
instructions, maintenance plans, or adaptable layout schemes. Documentation should evolve together with
the design process and be integrated into project requirements.

b) Assign roles for post-use planning

A recurring issue was the lack of clarity around who was responsible for post-occupancy decisions and
support. Without designated ownership, lifecycle tasks such as tracking reuse inventory, coordinating module
relocation, or reconfiguring layout often remain undefined and are frequently neglected. Assigning this
responsibility (for example, to the client, contractor, or an asset manager) during early project phases enables
smoother lifecycle transitions.
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c) Prepare DfD plan before reviewing

DfD is often acknowledged in principle but omitted in review workflows. By requiring a preliminary DfD plan
to be prepared before key review gates (for example, constructability or technical coordination reviews),
teams are forced to operationalize disassembly considerations earlier. This not only supports better reuse
but also reduces conflicts later in fabrication and execution.

Together, these strategies help close the gap between design and long-term use and can turn adaptability
into a manageable aspect of the project lifecycle.

3. Strategies for Coordination

Coordination strategies aim to align technical specialists, workflows, and decision-making structures across
disciplines. The case studies show that while informal coordination practices allow for flexibility, deeper
structural gaps still exist. A prominent constraint is the isolated roles of structural and MEP actors, which
often result in route conflicts, rework, and design discrepancies. Furthermore, feedback from past projects
was seldom captured or reused, thereby reducing organizational learning. To address these challenges and
improve coordination quality in modular and adaptable construction, three key strategies are proposed:

a) Sequence clash detection before review

In many cases, constructability reviews were conducted before technical coordination was entirely resolved.
This sequencing failure led to overlooked spatial conflicts and late-stage redesigns. Embedding clash
detection (via BIM or similar tools) prior to formal reviews allows issues to be identified and addressed early.
It also enhances the reliability of constructability and lifecycle assessments, particularly in terms of
disassembly or reuse logic.

b) Engage specialists before a technical freeze

In both cases, specialist contractors (for example, MEP engineers, structural consultants) were engaged only
after key design decisions had been made. This restricted their input and often led to routing issues or
constrained module detailing. A revised strategy is to involve these actors earlier so their expertise can shape
the layout and detail proactively rather than reactively.

c) Use feedback loops for design reuse

Although some teams relied on previous projects for design templates, there were no formal mechanisms in
place to evaluate what worked or failed. By structuring feedback loops (for example, through structured post-
occupancy evaluations, reuse audits, or internal design retrospectives), organizations can better reuse not
only physical modules but also process knowledge.

These strategies foster a more resilient coordination environment by making key dependencies explicit and
embedding adaptive learning within technical workflows.

In summary, enhancing coordination across disciplines is essential for delivering adaptable modular
construction projects. The proposed strategies address both technical and organizational shortcomings
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identified in the case studies. These measures not only mitigate spatial and sequencing conflicts but also
promote iterative learing and smoother design reuse. By improving the timing and quality of interdisciplinary
input, these strategies help shift coordination from a reactive, fragmented process to a proactive one. As part
of the broader implementation framework, coordination becomes a critical enabler of adaptability that can
unlock the potential for scalability.

6.3 The Process Flow for Adaptability

The process flow in Figure 24 presents a structured sequence of interdependent activities tailored to support
adaptable modular construction projects. The flow is derived from both DSM analysis and cross-case insights,
which emphasize how early design decisions, stakeholder coordination, and lifecycle planning interact to
enable long-term adaptability.

The process aligns activities across time and stakeholders, ensuring that adaptability is not an afterthought,
but a systemic output of design, delivery, and handover. Feedback loops, multi-actor coordination, and early
DfD integration are explicitly structured to enhance the project’s capacity for change. For example, activity 8
and 9 become the center of design and execution, which will ensuring all the design will be constructible in
the site when executed.
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6.4 Conclusion

This chapter synthesizes findings from two case studies of modular construction to explore how project
delivery models influence the implementation of adaptable buildings. Through DSM and RACI analysis from
the previous chapter, it was shown that while adaptability is often a project ambition, it rarely translates into
structured activity flows or assigned responsibilities. For example, the Project A illustrated the risk of informal
coordination and undocumented reuse, which may fall short in lifecycle continuity if responsibilities remain
ambiguous.

The resulting framework reorders activity dependencies, clarifies actor roles, and adds a feedback
mechanism across the project lifecycle. It will help to structure the strategies to guide adaptable construction
workflows in future projects. Chapter 6 will translate these insights into practical recommendations for project
stakeholders on how to apply the framework in real-world project settings. The recommendations aim to
ensure that adaptability is no longer treated as an afterthought but is integrated from the start through project
delivery structuring.
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Chapter 7: Discussion

The analysis presented in the preceding chapters reveals a clear and compelling conclusion: the successful
delivery of an adaptable building is not merely a technical achievement but a socio-technical one. While the
physical design, modular logic, and material selection form the essential technical system that enables
change, this research demonstrates that these elements are insufficient on their own. Their potential is often
wasted if not supported by a coherent process system (as mapped by the DSM) and a social system that
defines stakeholder roles and responsibilities (as analyzed through the RACI matrix). The failures observed
in both case studies were not rooted in a lack of technical capability, but rather in the misalignment between
these critical systems.

While this research focuses on the context of adaptable construction, the core findings speak to a more
universal challenge: the management of complex systems under long-term uncertainty. The observed 'socio-
technical misalignment' is not unique to the building industry but is a common failure mode in fields ranging
from software development to public policy, where static project delivery models are often misapplied to
dynamic, evolving problems.

The purpose of this chapter is to explore the broader implications of this core finding. It will begin by
connecting this socio-technical perspective back to the existing literature, notably the "Vicious Circle of
Blame," to offer a new, process-based understanding of this persistent industry challenge. The discussion
will then delve into the nuanced role of modularity and highlight how delivery gaps can undermine its technical
benefits. Following this, the chapter will translate these insights into practical implications for industry
stakeholders. Finally, to ensure academic accuracy, the limitations of this study will be acknowledged, and
recommendations for future research will be proposed to build upon the findings presented here.

7.1 The Socio-Technical Nature of Adaptability

As introduced in the literature review, the findings of this research can be effectively interpreted through the
socio-technical lens of Leavitt's Diamond (Leavitt, 1965) as can be seen in Figure 25. The persistent
misalignment between technical capability and delivery execution observed in the case studies represents a
classic failure to align the four core variables of the project system.

In the context of this research, the Technology component is represented by the advanced modular systems
and DfD principles. The Tasks are the 15 core delivery activities required for the project. The Structure is
defined by the Project Delivery Method and the process workflows mapped by the DSM. Finally,
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the People are the project stakeholders, whose roles and responsibilities were analyzed using the RACI
matrix.

Structure

* Project Delivery Method
» the process workflows

Process/Task

* 15 core delivery
activities

Figure 25 Leavitt's Diamond Diagram

Both case studies demonstrate a classic socio-technical failure. They introduced an
innovative Technology (modularity for adaptability) without sufficiently realigning the Structure (the PDM and
workflows) and the People (clear roles and lifecycle accountability). In Case A, the informal Structure and
siloed People were not robust enough to support the Tasks required for long-term adaptability. In Case B,
while the Structure was more integrated, a critical misalignment between the Technology (a reusable building
on a permanent foundation) and the ultimate Task (relocation) created a fatal flaw. This confirms that
successful adaptability is not just a technological challenge but an organizational design problem. The
framework proposed in this thesis is therefore a direct attempt to create this socio-technical alignment,
ensuring that the project's structure and roles are designed to fully support the tasks required by an adaptable
technology.

7.2 Revisiting the “Vicious Circle of Blame”

In the initial literature review, this thesis introduced the “Vicious Circle of Blame” (Hartenberger, 2008) a
concept that describes the cyclical finger-pointing among clients, designers, and contractors that hinders
innovation in sustainable construction. This phenomenon, where each party claims the other is responsible
for the lack of progress, has long been understood as a problem of mindset, incentives, and risk aversion.
However, the findings from this research suggest that this vicious circle is not only a behavioral issue, but it
is actively constructed and reinforced by the very project delivery processes that govern the industry.

The analysis of Case A and Case B provides compelling evidence in support of this process-based
perspective. The fragmented and linear workflow observed in Case A, as visualized by its DSM, creates a
system where accountability for long-term goals is naturally diffused. When design disciplines operate in silos
and constructability reviews lack iterative feedback loops, no single actor feels ownership over the final,
integrated outcome. This process structure creates the perfect conditions for blame to circulate. The designer
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can blame the contractor for poor execution, while the contractor can fault the designer for an unbuildable
plan, and the client is left with a building that fails to meet its adaptability goals.

Therefore, this research posits that breaking the Vicious Circle of Blame requires more than just fostering a
collaborative mindset. It demands a fundamental redesign of the underlying project delivery process. The
framework proposed in Chapter 6, with its emphasis on integrated feedback loops, early cross-disciplinary
involvement, and formally assigned lifecycle responsibilities, is not just a tool for improving efficiency. It is a
direct intervention designed to close the procedural gaps that allows the Vicious Circle of Blame to persist.
By embedding clear and shared accountability into the workflow itself, the delivery model can shift from a
structure that facilitates blame to one that mandates collaboration.

7.3 Modularity: Technical Capability vs. Delivery Gaps

A central feature of both case studies was the use of modular construction, a method widely promoted as a
key technical enabler for building adaptability. The ability to prefabricate components off-site and assemble
them with standardized connections theoretically makes future disassembly, reconfiguration, and reuse far
more feasible than in traditional construction. The findings of this research confirm that modularity is indeed
a powerful tool that provides the essential technical capability for a building to be physically adapted.

However, the analysis also reveals another potential drawback: the technical potential of a modular system
is easily compromised by gaps in the project delivery model. This was most illustrated in Case B. Here, a
reusable modular superstructure was placed on a permanent and non-reusable foundation. This created a
fundamental contradiction where the building was simultaneously adaptable and fixed. The delivery process
had treated the building and its foundation as separate problems and had failed to integrate them into a
single, long-term, relocatable structure.

Similarly, in Case A, the modular system provided the physical means for horizontal expansion, which was
executed efficiently. However, the initial ambition for vertical expansion was rendered impossible by a
foundation that was not designed to support it. Furthermore, the lack of as-built documentation for the
modified modules and MEP systems effectively transformed a technically adaptable system into a non-
seamless process that makes future modifications more difficult.

These cases reveal a crucial lesson that modularity, on its own, does not guarantee adaptability. It only
provides the potential. Realizing this potential is entirely dependent on a project delivery model that is
holistically aligned with the long-term adaptability goal. This includes ensuring that all interconnected systems
are part of the adaptability plan, and that the documentation, handover plans, and lifecycle governance are
as robust as the infrastructure of the physical modules themselves. Without this comprehensive delivery
framework, even the most advanced modular system risks becoming a fixed asset with unfulfilled promises.

7.4 Evaluation of Developed Framework

The framework developed in Chapter 6 provides a concrete method for overcoming the systemic failures
observed in case studies. Its value for practitioners lies in its intentional realignment of three core elements:
activity sequencing, actor responsibility, and lifecycle continuity.

First, the framework's logic of activity sequencing is a direct response to the coordination breakdowns that
hinder adaptability. Rather than adhering to conventional linear stages, it reorganizes the project workflow
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based on functional influence. For instance, DfD is positioned as an early-stage input to ensure it shapes
decisions on layout, procurement, and technical detailing, not as a late-stage consideration. Similarly, by
clustering and front-loading technical coordination activities, the framework mitigates the clashes between
structure, systems, and modules that were prominent in both cases. This structure transforms the delivery
logic from reactive problem-solving to proactive, integrated planning.

Second, the framework addresses the critical issue of ambiguous ownership through explicit mapping of
actors and activities. A primary finding from the case studies was that critical tasks failed because they lacked
a designated owner. The proposed RACI matrix resolves this by assigning clear responsibilities to the client,
architect, and contractor across the entire lifecycle. This ensures that adaptability becomes a shared and
contractual responsibility rather than an informal hope. It strategically positions technical consultants and
contractors as active co-designers of long-term flexibility, moving them from passive executors to vital
contributors in the early design phases.

Finally, the framework systematically bridges the gap between a building's first and second lifecycles. In
current practice, the transition from initial use to future reuse is often an afterthought and relies on tacit
knowledge that is lost over time. The framework introduces formal closure mechanisms, such as mandatory
post-use planning and documentation (Activity 15), which link the project’s delivery to its future potential. By
assigning clear accountability for creating reuse plans and documenting modular logic, the framework
ensures that adaptability is not just a theoretical design feature but an operational option for the building’s
future.

The existing literature strongly supports this empirically grounded approach. The call for early actor alignment
resonates with the work of (Engebg et al., 2020), while the integration of DfD principles is supported by
studies from Durmisevic (2019) and Akinade et al. (2017). Methodologically, the use of the DSM proved very
important. As both a diagnostic and design tool, DSM was essential for visualizing hidden dependencies and
structuring a more iterative workflow. It provided the analytical backbone for developing a framework that
embeds adaptability into the core of the project delivery process.

7.5 Implications for Project Delivery Practice

The findings of this research, synthesized in the socio-technical framework in Chapter 6, carry significant
practical implications for the construction industry. They call for a shift away from traditional, fragmented
delivery models toward more integrated and lifecycle-aware approaches. The lessons learned from the case
studies offer specific guidance for key stakeholders, as can be seen in Figure 26, seeking to deliver adaptable
buildings successfully.
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1. Clients and Developers 2. Project Managers and Contractors:
e Specifying adaptability as a deliverable o \ e Champion early, cross-disciplinary workshops
e Mandating lifecycle documentation K-/ 02 e Utilize proactive planning tools
e Procuring for collaboration \ e Oversee lifecycle handover
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. . Designing for disassembly (DfD) from day one
o . System-wide integration thinking

. Embracing iteration
5. Policymakers and Industry Bodies

Q 4. Facility Managers and Circular Consultants

. Clear handover

. Provide standards

. Support adaptability by incentive or mandating

. Encourages clients to institutionalize reuse
logic and documentation during construction

Figure 26 Practical implications for stakeholders
1. For Clients and Developers

The findings from this research carry a critical implication for clients and developers: to be successful,
adaptability must be elevated from a vague ambition to a core contractual requirement. As Case A
demonstrated, informal goals are easily compromised during project execution, resulting in lost long-term
value. To prevent this, clients must add the lifecycle vision by embedding it into their procurement and project
management strategies. Crucially, this vision must also extend into their ongoing Operations & Maintenance
(O&M) practices, ensuring that the knowledge and documentation delivered at handover are actively used
and maintained throughout the building's lifecycle. This begins with specifying adaptability as a key
deliverable in the project brief and scope of work, where the intended future use (be it expansion, relocation,
or reconfiguration) is explicitly defined.

Furthermore, clients must mandate the delivery of comprehensive lifecycle documentation as a non-
negotiable condition of final project acceptance. This means contracts should require not only the physical
asset but also the critical information needed to manage its future, such as DfD plans, material passports,
and detailed as-built drawings. Finally, clients should adjust their procurement strategies to prioritize
collaboration. This involves selecting project teams based not just on the lowest cost, but on their ability to
work in a collaborative environment, potentially delivery models like IPD or a well-structured D&B that
contractually incentivize early and continuous stakeholder collaboration.

2. For Project Managers and Contractors

As the primary integrators of the project delivery process, project managers and contractors must change
from being executors of a pre-defined plan to becoming proactive members of early system integration. The
challenges observed in the case studies, particularly the costly rework stemming from late coordination. To
achieve this, project leaders should be able to use early and cross-disciplinary workshops. Rather than
waiting for design clashes to emerge reactively in BIM models, they should mandate collaborative sessions
where architects, structural engineers, and MEP specialists co-design the initial layout and system zoning
together and then resolve potential conflicts before they become embedded in the design.
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Furthermore, project managers and contractors should utilize proactive planning tools to structure this
collaboration. Frameworks like the DSM and the RACI matrix should not be confined to academic analysis,
but instead adopted as practical instruments at the project. These tools can be used to map critical
dependencies and clarify stakeholder responsibilities before they become points of conflict, creating a shared
understanding of the project workflow. Finally, the contractor's role must extend beyond physical completion
to overseeing a formal lifecycle handover. This means taking responsibility for compiling and transferring all
required lifecycle documentation, thereby bridging the critical gap between the construction phase and the
building's long-term operational life and ensuring its future adaptability is secure.

3. For Designers and Architects

The findings of this research call for architects and engineers to expand their role beyond aesthetics and
initial function to become systems integrators, designing the entire building lifecycle. This requires a
fundamental shift towards designing the system, not just the object. As highlighted by the failure in Case B,
where a reusable superstructure was placed on a permanent foundation, designers must consider the
building's critical interfaces (between modules, with the site, and among building systems) as integral parts
of the adaptability strategy from the very beginning.

Furthermore, DfD must be embraced as a primary driver of technical design, not an afterthought. DfD
principles should inform the earliest design decisions, influencing everything from the modular grid and
connection details to material selection and the long-term accessibility of MEP components. Finally, the
design process itself must embrace iteration. To deliver buildings that are both constructible and flexible,
designers must be open to and actively seek feedback from contractors and specialists throughout the
project, using this input to continually refine and improve the design.

By adopting these respective practices, industry stakeholders can collectively begin to close the gap between
adaptability ambition and delivery reality. This requires establishing robust systems for knowledge
management, where lessons learned are formally documented and fed into a continuous improvement loop
to prevent repetition of errors. The most important thing, transforming adaptability from a niche concept into
a value-driven outcome, is not the responsibility of a single actor, but a shared commitment to a more
integrated and proactive project delivery culture.

4. For Facility Managers and Circular Consultants

The inclusion of a formal post-use planning activity offers a clear handover point for lifecycle continuity.
Facility managers, who are typically excluded from early design phases, are brought in as future-facing actors
responsible for managing adaptability beyond handover. This encourages clients to institutionalize reuse
logic and documentation during construction, not after.

5. For Policymakers and Industry Bodies

This framework may also inform procurement criteria, project guidelines, or circular construction standards.
By translating adaptability into structured responsibilities and decision points, the framework could support
public and private actors incentivizing or mandating lifecycle-based planning, especially for publicly funded
modular developments.
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Beyond the construction industry, the principles of this socio-technical framework have broader implications.
The challenge of aligning a flexible technology with a rigid delivery process is common in many other sectors.
In software development, for instance, agile methodologies were created to solve the exact problem of static
waterfall processes failing to deliver dynamic software. Similarly, in healthcare, designing a hospital building
for future changes in medical technology and patient care models requires the same holistic integration of
the physical structure, the operational workflows, and the roles of clinical staff. In aerospace, designing a
modular satellite platform for future upgrades in orbit presents a parallel challenge. The core lesson is
universal: The value of any adaptable technology depends on adaptable governance and delivery systems..

7.6 Limitations of the Study

To ensure academic accuracy, it is essential to acknowledge the limitations of this research, which define
the boundaries of its findings and provide context for their interpretation. While this study offers in-depth
insights into the delivery of adaptable buildings, its conclusions should be considered considering the
following limitations:

e Limited sample size: The research is based on an in-depth, qualitative analysis of two case studies.
While this approach provides detailed insights, the findings may not be statistically generalizable to
the entire construction industry. The specific challenges and enablers identified are deeply rooted in
the context of these two projects.

o Context-specific focus: Both case studies were located in the Netherlands and involved modular and
off-site construction methods. The findings are therefore most directly applicable to projects within
this geographical and technical context. The dynamics of delivering adaptable buildings using
traditional on-site construction methods or in different regulatory environments may vary.

o Perspective of interviewee: The data was primarily collected through interviews with mid-level project
professionals, such as project managers, technical designers, and site engineers. While these
individuals provided ground-level perspectives on the delivery process, the study had limited input
from high-level strategic actors, such as public-sector clients, developers, or regulatory bodies. A
broader range of stakeholder perspectives could have revealed additional insights into the
institutional and financial barriers to adaptable construction.

These limitations do not invalidate the findings but rather frame them as a detailed snapshot of specific real-
world practices. They also serve as a foundation for identifying valuable avenues for future inquiry.
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Chapter 8: Conclusion

8.1 Introduction

This thesis was initiated to address a critical challenge within the construction industry: the gap between the
growing need for adaptable buildings and the inadequacy of PDMs to support this objective. While the
benefits of adaptability (such as extended building lifespan, reduced waste, and extended long-term value)
are widely acknowledged, project delivery practices often remain focused on short-term metrics and fail to
integrate lifecycle considerations. This research has explored how PDMs can be restructured to bridge this
gap, with a specific focus on modular construction as a key technical enabler.

The purpose of this final chapter is to present the conclusions of this study. It will do so by systematically
answering the main research question and the four sub-questions that have guided this investigation from
the outset. By synthesizing the insights gathered from the literature review, the in-depth analysis of two Dutch
case studies, and the subsequent development of a delivery framework, this chapter provides a
comprehensive answer to how project delivery can be better structured to ensure adaptability is not just an
ambition, but an achievable outcome. For this research objective, the following research question was
formulated.

“How can project delivery be structured to better support building adaptability in modular
construction projects?”

To answer the main question, the following sub-questions are formulated, which are answered in the following
sections
8.2 Answering the Sub-Questions

8.2.1 Influential Activities and Decisions (Answering SQ1)

SQ1: "What delivery activities and decisions influence a building's capacity to support adaptability over time?"

The first sub-question aimed to identify which delivery activities and decisions have the most significant
influence on a building's capacity for adaptability over time. The findings of this research conclude that the
most influential activities are not those related to the execution of the modular system itself, but rather those
that occur at the very beginning and very end of the project lifecycle: early-stage strategic and late-stage
lifecycle planning.
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The case study analysis revealed that a few key decisions have a significantimpact on long-term adaptability.
Critically, the design of the foundation and its integration with the superstructure proved to be a primary
determinant of a building’s future potential. As seen in both cases, a failure to engineer the foundation for
future change (for example, vertical expansion in Case A or relocation in Case B) rendered even the most
sophisticated adaptable superstructures effectively fixed.

Equally influential was the decision to formally integrate DfD principles into the contractual scope of work.
When DfD was treated as an informal ambition rather than a required deliverable, it was easily ignored, which
led to uncoordinated designs and a loss of potential reuse value. Finally, the creation and structured handover
of comprehensive lifecycle documentation emerged as a critical activity. Without as-built drawings, material
passports, or disassembly guides, the "know-how" of the building’s adaptability is lost, making future
modifications risky and expensive.

Conversely, the research consistently found that reactive and late-stage decisions consistently undermine
adaptability. Adjustments made on-site to resolve unforeseen clashes, while necessary for short-term project
completion, often result in undocumented changes that compromise the planned flexibility of the system.
Therefore, the capacity for adaptability is determined less by the technical modular system and more by the
foresight embedded in early-stage decisions and the rigor of the project’s handover and documentation
processes.

8.2.2 Stakeholder Interactions and Roles (Answering SQ2)

SQ2: "How do stakeholders interact during the project lifecycle to support adaptability?"

The second sub-question explored how stakeholders interact during the project lifecycle to support
adaptability. This research concludes that the nature of stakeholder interaction is a critical factor, and that
the two case studies presented two distinct models of coordination.

In Case A, stakeholder interaction was governed mainly by informal, relationship-based coordination. This
approach, built on pre-existing trust and familiarity, provided short-term agility, which allows the team to solve
problems reactively. However, it led to a significant lack of formal accountability. As the RACI analysis
revealed, responsibilities for long-term adaptability were scattered and undocumented, resulting in a fragile
system that was dependent on the knowledge of specific individuals.

In contrast, Case B utilized a formally hierarchical interaction model, with a single turnkey contractor
managing all downstream communication. This created clear lines of authority and resulted in a highly
efficient and predictable execution process. However, this rigid structure led to siloed communication and
limited the early and innovative input from key specialists like the architect and structural engineer, whose
roles became more consultative than collaborative. This resulted in critical oversights, such as the non-
adaptable foundation, which were not caught because the right stakeholders were not empowered to interact
on a systemic level.

Therefore, this research concludes that to effectively support adaptability, stakeholder interaction must follow
a hybrid model. Such a model must combine the collaborative communication and trust of an informal
approach with the clear roles and responsibilities of a formal structure. This is best achieved through
mandatory, early cross-disciplinary workshops where all key stakeholders co-design the project's
foundational concepts, which are supported by a clear RACI matrix that formally assigns ownership for critical
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lifecycle and integration tasks. This ensures that both flexibility and accountability are built into the interaction
process from the start.

8.2.3 Similarities and Differences Across Cases (Answering SQ3)

SQ3: "How do the observed similarities and differences in project delivery structures and coordination
processes between the case studies influence their respective capacities to deliver long-term building
adaptability?"

The third sub-question inquired about how the observed similarities and differences in the project delivery
structures of the case studies impacted their capacity to deliver long-term adaptability. The comparative
analysis revealed insightful patterns that highlight the systemic nature of this challenge.

The most significant similarity between Case A and Case B was their shared failure to formalize and
operationalize lifecycle planning. Despite having different delivery models, motivations, and levels of
integration, both projects left long-term adaptability at significant risk. Case A's informal ambition for future
expansion was never translated into a structured plan, while Case B's clear relocation goal lacked the post-
use accountability. This common gap underscores a critical finding: regardless of the chosen PDM,
adaptability will remain a fragile concept unless it is supported by explicit contractual deliverables, reliable
documentation, and assigned ownership for the building's entire lifecycle.

The key difference between the two cases lies in their coordination models and integration approaches. Case
A's delivery was fragmented and relationship-driven, characterized by a linear workflow and late engagement
of specialists. This created horizontal silos that led directly to on-site rework and compromised the building's
technical adaptability. In contrast, Case B's contractor-led D&B model was highly integrated and efficient,
avoiding these horizontal silos. However, its rigid, hierarchical structure created a vertical silo.

In conclusion, the comparison demonstrates that neither a purely informal, fragmented model nor a rigidly
integrated, hierarchical model is sufficient to deliver holistic, long-term adaptability. Case A's agility came at
the expense of accountability, while Case B's efficiency came at the expense of systemic and holistic
integration. This highlights the need for a hybrid delivery model that balances structure with collaboration,
which will ensure that all critical systems and lifecycle phases are integrated under a unified strategy for
adaptability.

8.3 Structuring Project Delivery for Adaptability (Answering the Main Research
Question)

Main Research Question: "How can project delivery be structured to better support building adaptability in
modular construction projects?"

The main research question of this thesis asked how project delivery can be structured to better support
building adaptability in modular construction projects. The comprehensive answer, derived from the synthesis
of the literature review and the cross-case analysis, is that project delivery must be structured as a holistic
socio-technical system. The findings demonstrate that adaptability is not a product of technical design alone
but is an emergent property that arises from the alignment of a project's technical systems, actor
collaboration, and process workflows. To achieve this alignment, a project delivery structure must be built
upon three core elements, which are operationalized in the framework developed in this thesis.
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First, it requires a process-oriented structure that is iterative, not linear. As shown in the refined DSM, the
workflow must be reorganized to front-load critical adaptability-focused activities, such as DfD planning.
Furthermore, the process must embed reflexive feedback loops that connect construction and post-
occupancy phases back to early design, which allows for continuous refinement and learning rather than
reactive problem-solving.

Second, this process must be supported by a clearly defined social structure with explicit accountability. The
RACI matrix developed in the framework addresses this by assigning clear ownership for critical lifecycle
outcomes. This moves beyond simply defining roles to establishing who is ultimately Accountable for
deliverables like DfD documentation and post-use planning. This formal social structure ensures that long-
term goals are not lost in the transition between project phases or stakeholder teams.

Finally, the delivery structure must enforce a system-wide technical scope. The failures in both cases
stemmed from a narrow integration scope that focused only on the modular superstructure. An effective
structure must ensure that the integration plan is holistic, encompassing all critical components (including the
substructure, site interfaces, and MEP systems) under a single and unified adaptability goal. By integrating
these three elements, the project delivery method itself becomes the primary mechanism for transforming
adaptability from an informal ambition into a robust, manageable, and ultimately deliverable outcome.

8.4 Contributions of Research

This thesis offers several contributions to both academic theory and construction industry practice by
providing a new, evidence-based perspective on delivering adaptable buildings.

Contribution to Theory

The primary theoretical contribution of this research is the development of a socio-technical framework for
analyzing and structuring project delivery for adaptability. While prior studies have often focused on either
the technical aspects of adaptable design or the behavioral dynamics of stakeholders, this thesis integrates
these dimensions. It contributes to the academic discourse in some key ways:

1. Provides a process-based explanation for the "Vicious Circle of Blame," (Hartenberger, 2008)
demonstrating how fragmented delivery workflows and a lack of formal accountability create the
systemic conditions for this phenomenon to persist.

2. Introduces a combined application of the DSM and the RACI matrix as a methodological approach
to simultaneously diagnose and prescribe improvements for the process and social systems of a
project.

3. Extends the literature on modular construction by showing that its technical benefits are contingent
upon a holistically aligned delivery model, thereby shifting the focus from the "what" of modularity to
the "how" of its delivery.

4. Confirms that early-stage alignment is crucial (as noted by (Engebg et al., 2020), but adds nuance
by showing which activities must occur early and how they interdependently shape downstream
adaptability.
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Contribution to Practice

For industry professionals, this research provides a tangible and actionable framework to move beyond the
common pitfalls of delivering adaptable buildings. The practical contributions include:

1. A Structured Roadmap for Project Delivery: The refined 15-activity workflow, DSM, and RACI matrix
offer project managers, clients, and contractors a clear, step-by-step guide for structuring their
projects to mitigate risks and ensure long-term goals are met.

2. Actionable Strategies for Key Stakeholders: The research provides specific, targeted strategies for
clients, designers, and contractors to improve design integration, formalize lifecycle planning, and
enhance coordination.

3. A Communication and Planning Tool: The framework itself can be used as a practical tool at the
project outset to align stakeholder expectations, clarify roles, and proactively map the critical
dependencies necessary for success.

This thesis presents a model for how organizations can move beyond creating adaptable products to building
adaptable processes. By demonstrating the need to counteract the optimism bias through formalized lifecycle
planning and aligning technical, process, and social systems, this research offers insights relevant not only
to the construction industry but also to any organization seeking to design for resilience in a changing world.

8.5 Recommendations for Future Research

The insights and limitations of this thesis open up several possibilities for future research that could build
upon its conclusions, especially in terms of understanding how to deliver adaptable buildings. The following
areas are recommended for further investigation:

1. Cost Analysis

While this study focused on the qualitative aspects of project delivery, quantitative research is needed to
assess the economic implications of the proposed framework. Future studies could analyze the return on
investment (ROI) of implementing formal lifecycle planning and DfD documentation, comparing the upfront
costs with the long-term value generated through easier adaptation and reuse.

2. Expansion to Diverse Project Types

Future research should apply a similar socio-technical analysis to a wider range of projects to enhance the
generalizability of the findings. This could include case studies of adaptable buildings constructed using
traditional on-site methods, projects operating under different contractual models (such as Integrated Project
Delivery, or IPD), and buildings in various market sectors (e.g., commercial retail, healthcare).

3. Longitudinal Case Studies

This research provided a cross-sectional view of projects during or shortly after delivery. A longitudinal study
that follows an adaptable building project from its initial conception through its first major reconfiguration or
relocation would be invaluable. Such research could track how the delivery decisions and documentation (or
lack thereof) directly impact the real-world cost, time, and success of future adaptations.
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4. Development of Digital Tools

This study highlights the disconnection between process mapping (DSM), role assignment (RACI), and
technical design (BIM). Future research could focus on developing and testing integrated digital platforms
that combine these tools. Such a platform could enable project teams to proactively model and manage the
socio-technical alignment of their projects in a shared data environment, which will make the principles of the
proposed framework more accessible and easier to implement.

5. Exploring Procurement and Contractual Implications

Future work should also examine how procurement models and contractual arrangements influence the
adoption of adaptability strategies. Topics such as early contractor involvement (ECI), performance-based
contracts, and lifecycle incentives could be explored to understand better the conditions under which this
framework can be embedded into mainstream project delivery.
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Appendix | - Question List

. Project Objectives & Motivation

Can you briefly describe the project and its goals?

What were the drivers for adaptability?

Why was adaptability chosen in this project?

Understand client goals
and decision factors (cost,
flexibility, market
demand).

Understand client briefing
and design response.

Understand client
expectations translated
to site execution.

Understand client requests
for modularity/flexibility in
components.

. Adaptability in Practice

At what stage/phase of the project was adaptability
discussed into the design and delivery process?

Understanding the real-
world practices of building
adaptability from client

Understanding the real-
world practices of building
adaptability in design

Understanding the real-
world practices of
building adaptability in

Understanding the real-
world practices of building
adaptability in the material

to enhance adaptability?

future-proofing.

(e.g., client requests, regulation, market trends)
Were there any specific design or technical strategies used Optional Design strategies for Construction methods Modular design and

supporting flexibility.

production solutions.

How do you define success for an adaptable building
project from your perspective?

Understand the success
definition from client
perspectives

Understand the success
definition from designer
perspectives

Understand the success
definition from
contractors perspectives

Understand the success
definition from supplier
perspectives

. Selection of Project Delivery Method (PDM)

Which PDM was used in this project? (e.g., Design-Build,
Integrated Project Delivery)

Was the choice of PDM influenced by the goal of
adaptability? If so, how?

Were there any adjustments made to the standard delivery
process to accommodate adaptability?

Decision-maker
perspective on PDM
choice.

Influence on design &
delivery coordination.

Effect on the project
construction

Supplier contract terms and
integration into project
delivery.

. Project Activities & Dependencies

Can you describe the sequence of key activities from
design to completion? (that in your scope)

Were there specific activities that played a critical role in
ensuring future adaptability?

Understand decision
points and approval flow.

Coordination between
disciplines, early design
involvement.

Sequencing of site
activities to allow
adaptability.

Integration of supply chain
activities with project
schedule.
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How did you manage coordination between design,
manufacturing, and construction teams for adaptable
solutions?

Were there any specific activities or dependencies that
caused delays or required reconfiguration?

Were there activities that could have been improved to
better support adaptability?

. Actor Roles & Responsibilities

Who is responsible for adaptability outcomes?

How are responsibilities shared across parties?

Client leadership /
delegation of
responsibility.

Role in ensuring design
adaptability.

Execution responsibility
and flexibility on-site.

Supplier's role in delivering

adaptable components.

. Challenges & Barriers

What were the main challenges in delivering adaptability
within the project?

How were these challenges mitigated?

Were there any specific activities or dependencies that
caused delays or required reconfiguration?

Cost concerns, market
risk, and coordination
challenge

Design conflicts,
regulatory barriers.

Site constraints,
coordination difficulties.

Manufacturing constraints,

standardization limits.

. Reflections & Improvements

If you were to deliver a similar project again, what would
you do differently regarding adaptability and delivery
method?

Are there lessons from this project that you think could
inform future projects aiming for adaptability? (lesson
learned)

Insights for future
projects.

Design process
improvements.

Construction process
improvements.

Supply chain and
production improvements.
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