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Abstract
This paper examines how construction project organization and early-stage design influence the integration of disaster resilience in public infrastructure over the asset lifecycle. While resilience is often approached as a technical design problem, the study argues that resilience outcomes are also shaped by project governance structures, procurement arrangements, and the timing of decision-making. Adopting a critical realist abductive approach, the research draws on comparative case studies of public infrastructure projects across Europe, Asia, and Sub-Saharan Africa, combining document-based process tracing with semi-structured practitioner interviews. The analysis identifies three recurring organizational mechanisms—temporal misalignment, organizational fragmentation, and value misrepresentation—that appear to constrain the integration of resilience during early project phases. The findings suggest that resilience-enhancing design strategies are frequently reduced or excluded where lifecycle benefits are weakly represented in appraisal and governance processes. In response, the paper develops a Lifecycle Resilience Design Framework that explains how design decisions, project organization, and disruption contexts interact to shape long-term infrastructure performance. The study contributes to engineering project organization research by reframing resilience as an organizational design challenge and identifying front-end governance as a critical leverage point for transformation.

Introduction
Public infrastructure systems are increasingly exposed to floods, earthquakes, extreme heat, cascading infrastructure failures, and other forms of disruption associated with climate change and urban complexity (IPCC, 2023; UNDRR, 2023). Because public assets operate over long operational lives, even low-probability events can generate severe social and economic consequences through prolonged service interruption, recovery costs, and reduced societal functionality. As a result, disaster resilience has become an increasingly important objective in infrastructure planning, design, and governance (Akiyama et al., 2020; Wang et al., 2022).
Despite advances in resilience engineering and lifecycle assessment methods, resilience remains unevenly embedded in public infrastructure delivery. Existing project delivery models continue to prioritize short-term performance objectives such as capital cost, schedule certainty, and regulatory compliance over long-term adaptive capacity and continuity of service (Miller & Lessard, 2000; Winch, 2014). Consequently, resilience is frequently addressed as a downstream technical requirement rather than as a strategic consideration integrated into early-stage project organization and design.
A growing body of research recognizes that early project decisions disproportionately shape long-term infrastructure outcomes. Studies on lifecycle design and integrated project delivery demonstrate that design decisions made during conceptual stages create forms of path dependency that constrain later adaptation possibilities (Evbuomwan & Anumba, 1998; Roberts et al., 2020; Morris, 2013). However, much of this work assumes that lifecycle considerations can be rationally incorporated into decision-making once appropriate analytical tools are available.
At the same time, project organization research has shown that infrastructure delivery is characterized by temporary organizing, fragmented governance, distributed accountability, and competing institutional priorities (Winch, 2014; Brady & Davies, 2004). Design, construction, and operation are commonly organized as sequential phases involving different actors, contractual arrangements, and incentive structures. Within such environments, long-term resilience considerations may be weakened when they conflict with immediate delivery pressures.
Taken together, these perspectives point to a critical but underexplored issue: resilience integration is not solely a technical challenge, but also a project organization problem. Early-stage design decisions do not emerge independently from organizational context. Instead, they are shaped by procurement arrangements, governance structures, stakeholder involvement, and institutional definitions of value. These conditions influence which resilience strategies are retained, modified, or excluded during project development.
This study addresses this gap by examining how construction project organization and early-stage design practices jointly shape lifecycle disaster resilience in public infrastructure. The paper asks: How can construction project organization and early-stage design practices be transformed to systematically embed lifecycle disaster resilience in public infrastructure under constrained conditions?
To address this question, the research adopts a critical realist abductive comparative case study approach drawing on six public infrastructure cases across Europe, Asia, and Sub-Saharan Africa. The study combines document-based process tracing with semi-structured practitioner interviews to reconstruct how resilience-related decisions were framed, negotiated, and operationalized within different project settings.
The paper contributes to engineering project organization research in three ways. First, it reframes resilience as an organizational design problem rather than solely a technical performance issue. Second, it identifies recurring organizational mechanisms through which project governance conditions shape resilience outcomes during front-end decision-making. Third, it develops a Lifecycle Resilience Design Framework linking design choices, governance structures, and long-term operational performance.
Positioned within the EPOC theme Design for Transformation, the paper argues that achieving resilient infrastructure systems requires more than improved technical design methods. It requires transformation in how projects are organized, governed, evaluated, and connected across the asset lifecycle.

Literature Review
From Technical Robustness to Socio-Technical Resilience
Infrastructure resilience research has evolved significantly over the past two decades. Earlier engineering-focused approaches emphasized robustness, redundancy, reliability, and resistance to specific hazards, treating resilience primarily as a technical attribute embedded within physical assets (Akiyama et al., 2020; Angeles et al., 2021). Such approaches advanced analytical methods for evaluating structural performance under extreme conditions but often conceptualized resilience narrowly in terms of physical survival.
More recent research has expanded this perspective by framing infrastructure systems as socio-technical assemblages in which performance depends not only on engineering design, but also on organizational coordination, governance practices, and institutional capacity (Wang et al., 2022; Russell-Smith & Lepech, 2015). This shift recognizes that resilience emerges through interactions between physical systems, operational practices, and organizational decision-making.
Within this broader perspective, resilience extends beyond structural integrity to include continuity of service, recovery capability, adaptability, and the maintenance of critical societal functions during and after disruption events. Functional resilience therefore differs from robustness alone because infrastructure may remain structurally intact while operationally unusable.
However, although socio-technical resilience perspectives increasingly recognize governance and organizational dimensions, many studies continue to focus primarily on infrastructure performance during or after disruptive events. Comparatively less attention has been given to how resilience is shaped during front-end project phases when critical design and organizational decisions are made.
Lifecycle Design and Front-End Decision Lock-In
Parallel to resilience research, lifecycle design approaches have emphasized the importance of integrating long-term considerations into early-stage project development. Integrated lifecycle design frameworks argue that decisions made during conceptual and preliminary design stages have disproportionate influence over downstream operational performance (Evbuomwan & Anumba, 1998; Sarja, 2000).
Tools such as lifecycle assessment (LCA), lifecycle cost analysis (LCCA), and resilience-based evaluation methods have sought to quantify long-term environmental, operational, and disruption-related impacts (Rad et al., 2021; Roberts et al., 2020). These approaches provide mechanisms for incorporating long-term performance considerations into design appraisal processes.
Nevertheless, the practical implementation of lifecycle approaches remains uneven across infrastructure projects. Front-end project phases are often characterized by uncertainty, constrained budgets, compressed schedules, and institutional pressure for rapid delivery (Morris, 2013). Under such conditions, short-term project objectives frequently dominate decision-making processes.
This creates forms of decision lock-in and path dependency. Once spatial configurations, system placements, procurement strategies, and budget allocations are established, opportunities for integrating resilience become progressively constrained. As Flyvbjerg (2009) and Miller and Lessard (2000) observe, front-end governance decisions strongly shape the trajectory of infrastructure projects long before operational performance can be evaluated.
Although lifecycle approaches identify what should be considered, they provide less insight into how organizational arrangements influence whether resilience considerations are retained, diluted, or excluded during project development.
Temporary Organizing, Fragmentation, and Lifecycle Accountability
Project organization research provides important insight into this issue by examining how governance structures, procurement arrangements, and temporary organizing influence infrastructure delivery outcomes (Winch, 2014; Brady & Davies, 2004).
Construction projects are typically organized as temporary multi-organizational systems involving clients, designers, contractors, consultants, regulators, and operators with differing objectives and accountability structures. Design, construction, and operation are commonly separated into sequential phases governed through fragmented contractual arrangements.
This fragmentation can limit knowledge integration, weaken lifecycle accountability, and reinforce short-term delivery logics. Procurement systems often prioritize capital cost minimization and risk transfer, while responsibility for long-term operational performance remains diffuse (Too & Weaver, 2014). Consequently, resilience considerations that primarily generate benefits during operation may receive limited attention during front-end project phases.
This challenge is particularly significant because resilience involves uncertain future benefits that may not align with immediate project incentives. Features such as redundancy, modularity, system separation, and adaptive flexibility often require additional upfront investment while their operational value may only become visible during disruption events. Recent work on organizational resilience within construction has begun to examine adaptive capacity during project execution (Wang et al., 2022). However, less attention has been given to how project governance structures shape the integration of resilience into early-stage design decisions.
The Missing Link: Design–Organization Alignment
Existing literature therefore reveals an important gap. Resilience research emphasizes infrastructure performance under disruption. Lifecycle design research highlights the significance of early decision-making. Project organization research demonstrates how governance structures shape project outcomes. Yet these perspectives are rarely integrated to explain how organizational arrangements mediate the translation of resilience intentions into actual design outcomes.
This study addresses this gap by conceptualizing resilience as an emergent outcome of design–organization alignment. Rather than treating resilience as a predefined technical attribute, it examines how governance structures, procurement logics, stakeholder integration, and lifecycle accountability shape, resilience strategies are embedded during project development. In doing so, the paper contributes to the Design for Transformation agenda by shifting attention from isolated technical optimization toward transformation of project governance and organizational decision-making structures.
Research Problem and Objectives
From a construction project organization perspective, a persistent structural issue remains, early-stage design decisions are frequently disconnected from long-term operational performance, while responsibility for resilience is distributed across actors with fragmented and weakly coordinated incentives.
Under such conditions, resilience-enhancing strategies—including redundancy, adaptability, passive survivability, and system separation—may be reduced or excluded during procurement and value engineering processes prioritize short-term efficiency. This study therefore addresses the following research question: How can construction project organization and early-stage design practices be transformed to systematically embed lifecycle disaster resilience in constrained public infrastructure projects? The study pursues three objectives:
1. To reframe disaster resilience as a lifecycle organizational and governance challenge rather than solely a compliance issue.
2. To examine how early-stage design decisions, shaped by project organization, influence long-term resilience outcomes.
3. To develop an exploratory conceptual framework linking design choices, governance structures, and lifecycle performance.
Research Methodology
Research Philosophy and Analytical Strategy
This study adopts a critical realist epistemological position and an abductive comparative case study strategy to examine how organizational conditions shape the integration of disaster resilience in public infrastructure projects.
A critical realist perspective is appropriate because the research seeks to identify underlying organizational mechanisms that influence resilience outcomes while recognizing that these mechanisms operate differently across institutional and hazard contexts. The study therefore does not seek deterministic causal explanation or statistical generalization. Instead, it aims to identify recurring mechanisms through which organizational arrangements shape resilience-related decision-making.
The research uses abductive reasoning to iteratively move between empirical observations and existing theory (Dubois & Gadde, 2002; Tavory & Timmermans, 2014). Initial sensitizing concepts were drawn from literature on socio-technical resilience, lifecycle design, front-end governance, and project fragmentation. However, during preliminary case analysis, several observations challenged the assumption that resilience limitations were primarily driven by technical capability or insufficient hazard knowledge.
Instead, recurring patterns suggested that resilience-related design strategies were frequently mediated by procurement logic, governance structures, stakeholder sequencing, and institutional definitions of value. Through iterative comparison between empirical material and theoretical interpretation, three recurring organizational mechanisms were progressively identified:
1. temporal misalignment;
2. organizational fragmentation; and
3. value misrepresentation.
These mechanisms were refined through repeated engagement with documents, interview material, and practitioner feedback rather than being predefined explanatory categories.
Comparative Case Selection
The empirical study draws on six public infrastructure cases across Europe, Asia, and Sub-Saharan Africa. Cases were selected purposively to provide variation across:
· hazard exposure;
· governance conditions;
· procurement arrangements;
· institutional capacity;
· and resource constraints.
The selected cases include hospitals, schools, and public facilities affected by floods, earthquakes, typhoons, and extreme heat events. Cases were included where:
1. projects experienced identifiable disruption events during operation;
2. project documentation was sufficiently accessible;
3. early-stage design decisions could be reconstructed retrospectively;
4. and organizational decision pathways could be traced.
The comparative strategy does not aim for statistical representativeness. Instead, cross-case variation was used analytically to identify recurring organizational mechanisms across different institutional and hazard contexts.

Data Collection
The study combines document analysis, semi-structured interviews, and practitioner engagement workshops. About 150 project-related documents were reviewed, such as:
· design briefs;
· procurement records;
· engineering reports;
· value engineering reviews;
· risk registers;
· post-disaster assessments;
· maintenance reports;
· and operational review documents.
Document analysis focused on identifying how resilience considerations were framed, justified, negotiated, modified, or excluded during project development. In parallel, 20 semi-structured interviews were conducted with:
· architects;
· engineers;
· project managers;
· client representatives;
· contractors;
· and facility operators.
Interviews explored:
· decision rationales;
· resilience perceptions;
· procurement pressures;
· governance constraints;
· lifecycle accountability;
· and experiences of operational disruption.
Interviews lasted between 45 and 90 minutes and were coded thematically using NVivo.
Practitioner workshops were also used as a form of interpretive validation. Emerging interpretations and cross-case patterns were discussed with experienced practitioners to refine analytical categories and improve interpretive consistency.

Data Analysis
The analysis combined document-based process tracing with thematic cross-case coding. Process tracing was used to reconstruct sequences of early-stage decisions and identify how organizational conditions influenced resilience-related outcomes over time (Langley, 1999). Particular attention was paid to:
· design revisions;
· procurement decisions;
· stakeholder involvement;
· value engineering processes;
· and operational disruption consequences.
Thematic coding was conducted iteratively. Initial open coding identified recurring themes relating to:
· decision timing;
· governance arrangements;
· resilience framing;
· lifecycle accountability;
· compliance practices;
· and operational disruption.
Subsequent axial coding focused on relationships between organizational conditions and resilience outcomes across cases. Cross-case pattern matching was then used to compare recurring mechanisms across institutional settings and hazard types. Triangulation of documents, interviews, and practitioner workshops strengthened interpretive consistency and reduced reliance on single-source explanations. The study is exploratory and abductive, the findings are understood as analytically generalizable organizational mechanisms rather than statistically representative causal claims.
Comparative Case Overview
Table 1 summarizes the six comparative infrastructure cases included in the analysis.
	Case ID
	Region
	Asset Type
	Hazard Type
	Key Early Design Decision
	Organizational Feature
	Outcome During Disruption

	C1
	Europe
	Hospital
	Flood
	Basement MEP systems
	Cost-driven design, late operator involvement
	Extended service disruption and long recovery

	C2
	Europe
	School
	Flood
	Elevated critical systems
	Proactive client governance
	Rapid operational recovery

	C3
	Asia
	School
	Earthquake
	Code-compliant structural focus
	Compliance-oriented governance
	Structurally intact but operationally unusable

	C4
	Asia
	Public building
	Typhoon
	Limited system redundancy
	Rigid delivery sequencing
	Partial functional failure

	C5
	Sub-Saharan Africa
	School
	Flood
	Modular adaptive layout reduced during redesign
	Strong value engineering pressure
	Increased operational vulnerability

	C6
	Sub-Saharan Africa
	Clinic
	Heat/Flood
	Passive cooling and flexible spaces
	Informal operational adaptation
	Partial continuity maintained


Findings
Early Design Decisions and Long-Term Vulnerability
Across the cases, early-stage design decisions played a decisive role in shaping long-term resilience outcomes. Key choices relating to system placement, elevation levels, redundancy provisions, and spatial configuration were often made before comprehensive disruption scenarios were formally assessed.
In Case C1, flood resilience was significantly influenced by an early design decision concerning the placement of critical mechanical and electrical systems. Initial concept proposals recommended elevated placement above projected flood levels. However, subsequent value engineering reviews prioritized basement consolidation to reduce construction complexity and immediate capital cost.
Interviewees indicated that facility operators were not directly involved during this review stage and long-term disruption consequences were not formally evaluated. Following a major flood event, basement-based systems failed, resulting in prolonged interruption of emergency services and extensive recovery works.
This case suggests that early-stage decisions can create forms of path dependency that constrain future adaptive capacity.
Similarly, Case C5 demonstrated how modular and adaptive layout strategies were initially proposed to improve flood recovery capability but were later reduced during procurement-driven redesign processes. Practitioners involved in the project described pressure to prioritize immediate affordability over operational flexibility.
Across several cases, resilience-enhancing design strategies appeared more likely to be retained where long-term operational performance was explicitly incorporated into front-end governance discussions.
Organizational Fragmentation and Weak Lifecycle Integration
A second recurring pattern involved fragmented governance structures and weak lifecycle integration. Across the cases, design, construction, and operation were commonly organized through sequential and weakly coordinated arrangements involving multiple actors with differing priorities and accountability structures.
In several cases, operational stakeholders were either engaged late or consulted only formally during design development. This limited the integration of maintenance knowledge, disruption experience, and operational continuity considerations into front-end decision-making. Case C3 illustrates this issue. Although the school facility complied with seismic code requirements and avoided structural collapse during an earthquake event, internal systems and circulation spaces experienced substantial operational disruption. Interviews with project participants suggested that design reviews focused primarily on achieving code compliance rather than maintaining educational continuity following disruption. As a result, the building remained structurally intact but operationally unusable for an extended period after the event.
The cases therefore suggest that fragmentation across project phases may reduce the ability of project organizations to integrate operational resilience knowledge into design decisions.
Value Engineering and the Reduction of Resilience Features
The analysis further indicates that value engineering processes frequently influenced the retention or removal of resilience-enhancing features. Across several cases, redundancy provisions, backup systems, adaptive layouts, and spatial separation strategies were initially proposed but subsequently reduced or removed during cost review stages.
Importantly, the findings do not suggest that value engineering is inherently problematic. Rather, the cases indicate that resilience considerations may become vulnerable when project value is narrowly defined in terms of short-term capital efficiency. Practitioner interviews suggested that lifecycle disruption benefits were often difficult to quantify within conventional appraisal frameworks. Consequently, resilience features whose value depended on uncertain future events were frequently deprioritized relative to immediately measurable cost reductions.
This pattern was particularly visible in Cases C1 and C5, where operational disruption consequences later exceeded the initial savings achieved through design simplification.
Compliance-Oriented Governance and Functional Resilience
Across multiple cases, regulatory compliance played a dominant role in shaping design decisions. While compliance frameworks provided important safety baselines, several cases demonstrated that code compliance did not necessarily ensure functional resilience under disruption conditions.
Case C3 was particularly illustrative because the facility survived structurally while remaining operationally unusable. Similarly, Case C4 demonstrated that limited redundancy within critical systems contributed to partial functional failure during a typhoon event despite compliance with existing standards.
These findings suggest that compliance-based governance may sometimes substitute for broader assessment of operational continuity and adaptive performance under non-standard disruption scenarios.

Cross-Case Analytical Mechanisms
Three recurring organizational mechanisms emerged through cross-case analysis.
Temporal Misalignment
Decisions with long-term operational consequences were frequently evaluated using short-term project criteria focused on capital cost, schedule, and immediate delivery requirements.
Organizational Fragmentation
Responsibility for resilience was distributed across actors who were not simultaneously engaged in decision-making, limiting lifecycle knowledge integration.
Value Misrepresentation
Resilience benefits such as continuity of service, reduced recovery time, and societal stability were often weakly represented within formal appraisal systems. Together, these mechanisms suggest that organizational conditions played a significant role in shaping whether resilience strategies were retained or excluded during project development.
Lifecycle Resilience Design Framework
Figure 1 presents the proposed Lifecycle Resilience Design Framework.
The framework consists of four interconnected layers:
1. Early Design Choices
2. Project Organization and Governance
3. Lifecycle Exposure and Disruption Contexts
4. Resilience Outcomes
The framework conceptualizes project organization and governance as a mediating layer that filters, amplifies, or suppresses resilience-related design intentions.
For example, resilience strategies such as redundancy or adaptive flexibility may be proposed during conceptual design but subsequently reduced where governance systems prioritize short-term cost efficiency. Conversely, where lifecycle operators are involved early and procurement systems recognize long-term performance, resilience-enhancing strategies appear more likely to be retained.
Feedback loops within the framework indicate that post-disruption learning may reshape future governance structures, design standards, and organizational practices.
Mechanisms and Propositions
The framework advances four exploratory propositions.
Proposition 1
When lifecycle operators are excluded from early-stage design processes, operational resilience knowledge is less likely to influence front-end decision-making.
Proposition 2
When procurement and appraisal systems prioritize short-term capital efficiency over lifecycle performance, resilience-enhancing features are more likely to be reduced during value engineering.
Proposition 3
When compliance is treated as a proxy for resilience, projects are less likely to evaluate functional continuity under non-standard disruption scenarios.
Proposition 4
Greater alignment between governance responsibility and lifecycle accountability increases the likelihood that resilience considerations are retained during project development.

Discussion
Resilience as an Organizational Design Problem
The findings suggest that disaster resilience in public infrastructure is shaped not only by technical capability, but also by how projects are organized during front-end development.
Across Cases C1, C3, and C5, resilience-enhancing strategies were technically feasible but were weakened or excluded during procurement reviews, value engineering processes, or compliance-focused governance procedures. These patterns indicate that organizational conditions may significantly influence whether resilience intentions are translated into operational outcomes.
This reframes resilience from a purely technical attribute toward an emergent property of socio-technical project systems. Design decisions relating to system placement, redundancy, adaptability, and spatial configuration are mediated through governance structures that prioritize particular definitions of value and performance.
The findings therefore extend project organization research by demonstrating how front-end governance conditions shape lifecycle resilience outcomes.
Temporal Misalignment and Decision Lock-In
Cases C1 and C5 suggest that temporal misalignment constrained resilience integration because early-stage decisions were evaluated primarily against immediate project objectives such as capital cost and delivery efficiency.
In both cases, resilience-enhancing features were initially proposed but subsequently reduced during cost review stages because lifecycle operational benefits were difficult to represent within formal appraisal systems.
These findings support arguments within front-end governance literature that early project phases create path dependencies with long-term consequences (Morris, 2013; Flyvbjerg, 2009). Once system placements, layouts, and procurement assumptions become fixed, opportunities for resilience integration diminish substantially.
Importantly, the analysis suggests that this temporal misalignment is institutionalized within project governance systems rather than arising accidentally. Procurement structures, phased accountability, and short-term performance metrics collectively encourage prioritization of immediate delivery outcomes over uncertain future resilience benefits.
Fragmentation and Lifecycle Accountability
The findings also highlight how fragmented project organization structures can weaken lifecycle resilience integration.
Across several cases, operational stakeholders were engaged late or only formally consulted during design development. As illustrated by Case C3, this limited the incorporation of operational continuity considerations into front-end design reviews.
This fragmentation reflects broader characteristics of temporary organizing in construction projects, where design, delivery, and operation are governed through separate contractual and organizational arrangements (Winch, 2014). Under such conditions, no single actor maintains comprehensive accountability for resilience performance across the asset lifecycle.
The study therefore suggests that resilience occupies a governance gap within many infrastructure projects: it is recognized conceptually as important, yet institutional responsibility for integrating it remains diffuse.
Rethinking Value and Infrastructure Performance
The findings further indicate that resilience may be undervalued because conventional appraisal systems privilege measurable short-term indicators such as capital cost and schedule certainty.
Practitioner interviews repeatedly suggested that continuity of service, reduced disruption duration, social functionality, and recovery capability were difficult to quantify within existing evaluation frameworks.
Resilience-enhancing features became vulnerable during value engineering processes, particularly where budget pressures were high. Rather than treating value engineering itself as problematic, the findings suggest that narrow definitions of project value can unintentionally marginalize lifecycle resilience considerations.
This supports broader calls within project organization literature to expand infrastructure evaluation beyond transactional efficiency toward broader notions of public value, sustainability, and long-term system performance (Too & Weaver, 2014).
Implications for Design for Transformation
Positioned within the EPOC theme Design for Transformation, the study suggests that resilient infrastructure delivery requires transformation not only in design methods, but also in governance structures and organizational arrangements.
Three implications emerge.
1. governance systems may need to better align front-end decision-making with lifecycle operational responsibility.
2. project delivery arrangements may require stronger integration across design, construction, and operational phases.
3. infrastructure appraisal systems may need to incorporate broader definitions of value that recognize continuity, adaptability, and long-term societal functionality.
In this sense, resilience becomes both a performance objective and a catalyst for transforming project organization.
Contribution to Theory and Practice
This study contributes to engineering project organization theory by articulating a multi-layer understanding of resilience as an emergent outcome of interactions between design decisions, governance structures, and disruption contexts.
The paper extends existing socio-technical resilience research by identifying recurring organizational mechanisms through which front-end governance conditions shape lifecycle outcomes.
For practice, the findings highlight the importance of intervening early in the project lifecycle where opportunities to influence resilience are greatest. The analysis suggests that improving resilience may depend less on developing entirely new technical solutions than on reconfiguring decision-making environments to support their retention and implementation.
Conclusion
This paper has examined how construction project organization and early-stage design decisions jointly shape lifecycle disaster resilience in public infrastructure.
Drawing on a critical realist abductive comparative case study approach, the research identified recurring organizational mechanisms through which resilience-related design strategies were enabled, weakened, or excluded during project development.
The findings suggest that temporal misalignment, organizational fragmentation, and narrow value framing can constrain the integration of resilience during front-end decision-making. Across several cases, resilience-enhancing strategies were reduced where lifecycle operational benefits were weakly represented within procurement and governance systems.
The study therefore argues that resilience is best understood not solely as a technical performance issue, but as an emergent outcome of interactions between design choices, governance arrangements, and lifecycle accountability structures.
In response, the paper proposed a Lifecycle Resilience Design Framework linking early design choices, project organization, disruption contexts, and long-term operational outcomes. The framework contributes to engineering project organization research by identifying governance mechanisms through which resilience intentions are translated into infrastructure performance.
For practice, the findings suggest the importance of:
· earlier involvement of operational stakeholders;
· procurement systems recognizing lifecycle performance;
· stronger integration across project phases;
· and broader infrastructure value definitions.
Positioned within the Design for Transformation agenda, the study argues that resilient infrastructure delivery ultimately requires transformation not only in what is designed, but also in how projects are organized and governed.
Future research should extend empirical testing of the framework across additional institutional and hazard contexts and explore how resilience-oriented governance mechanisms can be operationalized within infrastructure delivery systems.
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