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This study investigates the progressive shift in risk mitigation approaches
within large-scale infrastructure projects, moving from traditional,
reactive methods to integrated, proactive strategies that leverage
advanced technology and address modern project complexities.
Following PRISMA guidelines, a systematic review of 100 articles was
conducted to synthesize recent research on technological innovation,
organizational culture, and sustainability in risk management. Findings
reveal that tools such as data analytics, Building Information Modeling
(BIM), and digital twin technology enable precise, real-time risk
monitoring and predictive insights, fostering greater resilience and
efficiency. The study also emphasizes the importance of a strong risk-
aware culture, where transparent communication and accountability,
driven by leadership, play a crucial role in early risk identification and
mitigation. Furthermore, the integration of sustainable practices into risk
management not only mitigates environmental impacts but also
strengthens long-term project resilience by aligning with regulatory and
community expectations. The study highlights gaps in current risk
frameworks, advocating for adaptable, hybrid models that merge
traditional approaches with emerging technologies and sustainability.
This comprehensive, forward-looking approach is essential for managing
the complex and evolving risks inherent in today’s large-scale
infrastructure projects.
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1 Introduction

The management of risk within large-scale
infrastructure projects has emerged as a critical
component of project success, especially in recent years
(Zsidisin et al., 2004). As infrastructure projects
continue to grow in complexity and scale, effective risk
mitigation strategies have become essential to ensuring
timely completion, cost control, and the delivery of

projected outcomes (Singh & Singh, 2019).
Traditionally, risk management in infrastructure
projects was focused primarily on external

environmental factors, such as natural disasters and
economic fluctuations (Thomé et al., 2016). However,
recent developments in project management research
suggest that both internal organizational factors and
external socio-political influences play significant roles
in determining the overall success of these projects
(Naderpajouh et al., 2015). These shifts reflect an
evolution in the approach to risk management,
recognizing that a broader array of risks needs to be
anticipated and managed to support successful project
execution (Buhler et al., 2016; Naderpajouh et al.,
2015).

Early approaches to risk mitigation in infrastructure
were often reactive rather than proactive (Bu et al.,

2013; Zsidisin et al., 2004). For example, traditional risk
management frameworks predominantly focused on
post-event adjustments, where corrective actions were
implemented after risks materialized (Derakhshanfar et
al., 2019). However, as projects became more extensive
and complex, with greater investment and stakeholder
involvement, this reactive approach led to delays,
budget overruns, and compromised quality (Badhon et
al., 2023; Hughes et al., 2024; Uddin, Auyon, et al.,
2024; Uddin, Ullah, et al., 2024). Consequently, the
need for proactive risk identification and mitigation
frameworks became evident, driving a shift towards
more comprehensive and integrated risk management
practices (Naderpajouh et al., 2015). Recent studies
have highlighted the importance of integrating risk
management processes into all stages of project
planning and execution, thereby providing a more robust
and forward-thinking approach to managing project
uncertainties (Hughes et al., 2024).

A key milestone in the evolution of risk management
strategies was the adoption of systematic risk
assessment techniques, which prioritize potential risks
based on their probability and impact (Bu et al., 2013).
The development of these techniques has enabled
project managers to assess risks more accurately,

Figure 1: Risk Management Process: Identify, Assess, Mitigate, and Monitor
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reducing uncertainties and enhancing decision-making
capabilities (Ashrafuzzaman, 2024; Feng et al., 2017;
Rahman et al., 2024; Rozony et al., 2024). For instance,
Monte Carlo simulations and sensitivity analysis have
become valuable tools in predicting potential project
outcomes under different risk scenarios (Naderpajouh et
al., 2015). These quantitative approaches allow project
managers to move beyond intuition and experience,
instead relying on data-driven models that provide a
clearer view of possible project vulnerabilities (Larvin
et al., 1989). Moreover, the role of digital technology in
risk mitigation has significantly influenced modern
project management practices. Studies indicate that the
integration of digital tools, such as Building Information
Modeling (BIM), artificial intelligence (Al), and data
analytics, has reshaped how risks are identified,
analyzed, and mitigated (Leontaris et al., 2019). These
technologies facilitate real-time risk assessment,
allowing project teams to make informed decisions
swiftly and adapt to unforeseen events effectively
(Naderpajouh et al., 2015). The use of digital platforms
also enables collaborative decision-making, where
stakeholders can engage more directly in identifying and
managing risks, further supporting project resilience and
adaptability (Leontaris et al., 2019; Sah et al., 2024;
Sikder et al., 2024).

In addition to technological advancements, there has
been a growing emphasis on the role of risk culture
within organizations executing large-scale
infrastructure projects (Shojaei & Haeri, 2019). A strong
risk culture fosters awareness and accountability among
all project participants, leading to more effective risk
mitigation outcomes (Begum et al., 2024; Begum &
Sumi, 2024; Naderpajouh et al., 2015). According to
research, organizations with well-established risk
cultures tend to experience fewer disruptions and are
better equipped to handle unforeseen challenges
(Leontaris et al., 2019). Developing such a culture
involves aligning organizational policies and practices
with risk management objectives, encouraging
communication and transparency at all project levels
(Diehl & Spinler, 2013 Shamim, 2022). This cultural
shift reflects an evolving understanding of risk
mitigation as not merely a set of procedures but as an
integral aspect of organizational behavior and project
management philosophy (Nandi et al., 2024; Xie et al.,
2009). Lastly, there has been an increased recognition of
socio-political factors as a critical dimension of risk
mitigation in large-scale infrastructure projects. Projects
situated in politically unstable regions or those with
significant environmental impact have become subject
to greater scrutiny from regulatory authorities and local

Figure 2:Global Megaproject Investment Pipeline by Sector and Region (3 Million)
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communities, leading to increased risk exposure
(Prakash et al., 2017). Addressing these socio-political
risks requires an inclusive approach that considers
stakeholder interests and actively manages relationships
with public entities, community groups, and non-
governmental organizations (Leontaris et al., 2019).
This trend highlights a shift from focusing solely on
technical risks to addressing broader socio-economic
and environmental factors, underscoring the complexity
and dynamic nature of risk mitigation in today’s large-
scale infrastructure projects (Prakash et al., 2017).

The objective of this study is to examine effective risk
mitigation strategies in large-scale infrastructure
projects from a project management perspective,
focusing on the evolution of these practices in response
to growing project complexities. Specifically, the study
aims to identify key factors influencing risk
management  success, including  technological
advancements, organizational culture, and socio-
political considerations, and to assess how these
elements collectively contribute to project resilience and
outcome optimization. By synthesizing recent empirical
findings and case studies, the study seeks to develop a
comprehensive framework that supports proactive risk
identification, systematic assessment, and strategic
response planning. Additionally, the research explores
the integration of digital tools such as Building
Information Modeling (BIM) and data analytics to
enhance real-time risk management capabilities, thereby
providing project managers with actionable insights into
potential project vulnerabilities. The overarching goal is
to equip project managers and stakeholders with a
deeper understanding of risk dynamics in infrastructure
projects, enabling them to implement informed,
adaptive risk mitigation strategies that align with
modern project management best practices.

2 Literature Review

The literature on risk mitigation in large-scale
infrastructure projects reflects a broad and evolving
field of research, driven by the need to adapt to
increasingly complex project environments. Risk
management has progressed from simple reactive
strategies to comprehensive, proactive approaches,
integrating technological, organizational, and socio-
political factors. This section synthesizes key research
contributions across various aspects of project risk
management, examining the development and efficacy

of different strategies, tools, and cultural frameworks
employed to mitigate risk in infrastructure projects. A
thorough review of recent studies will provide insights
into how these elements converge to create resilient,
adaptable, and efficient project management systems.
By examining the technological advancements,
organizational cultural shifts, and socio-political
considerations in risk management, this review
highlights best practices and emerging trends critical for
managing risks in today's large-scale infrastructure
projects.

2.1  Risk Mitigation in Infrastructure Projects

The evolution of risk management in large-scale
infrastructure projects has seen a marked shift from
reactive to proactive strategies (Craighead et al., 2011).
Traditionally, project risk management was limited to
post-event adjustments where mitigation measures were
employed after risks had materialized, often leading to
budget overruns, delays, and reduced quality outcomes
(Md Delwar et al., 2024; Mosleuzzaman et al., 2024;
Naderpajouh et al., 2015). However, with increasing
project complexity, stakeholders recognized the
importance of anticipating potential risks early in the
project lifecycle (Hughes et al., 2024). This shift has
brought about a broader, more integrated approach that
spans the entire project, with risk management activities
embedded into each phase, from planning through
execution to completion (Thomé et al., 2016). Research
suggests that this evolution towards a proactive,
integrated model enables project managers to identify
and control risks before they escalate, which ultimately
leads to more efficient and successful project outcomes
(Feng et al., 2017; Naderpajouh et al., 2015; Thomé et
al., 2016). Key definitions and concepts within risk
mitigation reflect an expansion of the traditional
understanding of project risk. Early risk management
frameworks defined risk as merely the probability of
undesirable outcomes, focusing heavily on quantifiable
external factors like economic shifts or regulatory
changes (Palaneeswaran et al., 2003; Shahjalal et al.,
2024; Yahia et al., 2024). However, modern definitions
have expanded to include internal organizational factors
such as operational inefficiencies, communication gaps,
and leadership challenges, which significantly impact
project outcomes (Jia et al.,, 2015). Today’s risk
mitigation strategies incorporate these internal and
external variables, offering a more holistic approach that
aligns with the multifaceted nature of infrastructure
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projects (Singh & Singh, 2019). Studies emphasize that
the scope of risk mitigation in contemporary project
management also involves systematic risk prioritization,
where risks are assessed not only based on their
probability but also on their potential impact across
project parameters like cost, time, quality, and safety
(Hassan et al., 2024; Morshed et al., 2024; Zsidisin,
2003).

The adoption of advanced technologies has been
instrumental in transforming risk mitigation practices.
The use of data analytics, Building Information
Modeling (BIM), and predictive modeling has allowed
project teams to foresee potential risks with greater
accuracy and precision (Clegg et al., 2002). BIM, in
particular, has enabled real-time risk assessment
through enhanced project visualization, facilitating
collaborative planning among stakeholders to manage
and mitigate risks effectively (Li et al., 2020). The
inclusion of digital tools and machine learning
algorithms further contributes to predictive analytics in
risk assessment, supporting a data-driven approach that
can adapt to project changes swiftly (de Carvalho &
Rabechini, 2014). By utilizing these technologies,
infrastructure projects benefit from proactive risk
management practices that ensure improved decision-

making, resilience, and adaptability, which are essential
in high-stakes environments (loannidou et al., 2019).
Moreover, research highlights that modern risk
mitigation also addresses socio-political risks, an area
increasingly relevant to large-scale infrastructure
projects (Norrman & Jansson, 2004). Socio-political
risks, including community opposition, political
instability, and shifting regulatory frameworks, have
become prominent due to the growing environmental
and social impacts of these projects (Thun & Hoenig,
2011). Addressing such risks requires a risk
management approach that is inclusive of stakeholder
engagement and transparent communication, fostering a
collaborative environment that can reduce opposition
and support project continuity (Enyinda et al., 2009).
The integration of socio-political risk mitigation
practices alongside traditional technical and financial
considerations reflects a more comprehensive approach
to risk management, one that acknowledges the
importance of external stakeholder dynamics and the
need for projects to align with broader social
expectations (Xie et al., 2009).

Figure 3: Large-Scale Projects Face Many Challenges

Planned
W Actual
Example Budget vs actual, Delays and start-up Incorrect capacity and Total value lost vs
€ billion problems revenue plans plan, € billion
Eurotunnel * 6-month delay + Overestimated market- ~7.5
+ 18 months of unreliable share gain in freight and

service after opening passengers by 200%
High-speed rail * 1-year delay of +* Unforeseen capped -1.5
Frankfurt-Cologne construction government funding

m * Legal and technical

issues
Betuwe Line NL * 1.5-year' delay of + Annual revenue shortfall ~3.0
[cargo rail) construction of €20 million

2.3 >5.0 . Tech_nolpgy choices still

not finalized
Kuala Lumpur * Initial issues with + Handles only ~-60% of 1.5
Airport connectivity to current capacity

downtown area + Losing market share to

2.0 m * Complaints about facility Singapore

hygiene levels

Project still not finalized and costs could go even higher.

Source: Beckers and Stegemann (2013)
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2.2 Traditional vs. Modern Approaches to Risk
Mitigation

Early risk management methods in large-scale
infrastructure projects primarily relied on reactive
approaches, where mitigation efforts were implemented
only after risks had materialized (Rittel & Webber,
1973). This approach often led to significant cost
overruns, project delays, and reduced quality, as project
teams were left to manage the consequences rather than
anticipate and prevent them (Prakash et al., 2017).
Historically, the reactive approach focused on
controlling immediate, observable risks, such as budget
constraints or environmental factors, which could
disrupt project timelines (Naderpajouh et al., 2015).
Studies on early project management practices show
that these methods were often limited by their emphasis
on short-term solutions, lacking the systematic
assessment needed to address underlying causes of risk
(Feng et al., 2017; Naderpajouh et al., 2015).
Consequently, projects following this reactive model
frequently faced challenges in achieving optimal
outcomes, underscoring the need for a more
comprehensive approach to risk management (Bu et al.,
2013). In addition, the transition from reactive to
proactive and preventive strategies marked a significant
evolution in risk management for infrastructure projects.
This shift began as project complexity increased,
necessitating more thorough planning and risk

anticipation from the earliest project stages (Lehtonen,
2019). A proactive risk management approach
emphasizes identifying and addressing potential risks
before they escalate, ensuring that mitigation measures
are in place to minimize disruptions (Leontaris et al.,
2019). For instance, research demonstrates that
systematic risk assessment frameworks, such as
sensitivity analysis and scenario planning, allow project
teams to evaluate potential outcomes under various
conditions, thereby strengthening decision-making
capabilities (Naderpajouh et al., 2015). These
frameworks have been critical in transforming risk
management into a structured, data-informed discipline,
where project risks can be effectively anticipated and
managed (Zsidisin et al., 2004).

Integrated risk management frameworks emerged as
essential tools in proactive risk mitigation, aiming to
incorporate risk assessment throughout all project
phases (Craighead et al., 2011). This approach has been
effective in unifying risk management activities across
planning, design, and implementation, enabling a
cohesive strategy that reduces uncertainties and
enhances project resilience (Singh & Singh, 2019).
Modern frameworks, such as 1ISO 31000 and the Project
Management Institute’s (PMI) guidelines, provide
structured methodologies for identifying, assessing, and
mitigating risks across various dimensions, including
cost, time, quality, and safety (Tummala & Schoenherr,

Figure 4:Traditional vs. Modern Approaches to Risk Mitigation

Traditional Approach

Key Characteristics

- Reactive

- Shori-term solutions
- Limited planning

- Budget-driven focus

Challenges

- High costs due to delays
- Quality compromises
- Limited risk anticipation

Benefits

- Quick fixes for immediate issues
- Simple to implement

Modern Approach

Key Characteristics

- Proactive & Preventive
- Data-driven

- Long-term resilience

- Integrated planning

Challenges

- Requires technology investment
- Skilled personnel needed
- Complex data management

Benefits

- Improved project resilience
- Reduced long-term costs
- Better decision-making
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2011). Studies indicate that integrated frameworks
facilitate a culture of continuous risk awareness and
improvement, where feedback loops allow for ongoing
risk evaluation and adaptation, strengthening the
project’s ability to withstand unforeseen challenges
(Thomé et al., 2016).Moreover, the adoption of
preventive strategies also aligns with advancements in
technology, such as data analytics and predictive
modeling, which further enable proactive risk
management (Jia et al., 2015). Through the use of
Building Information Modeling (BIM), project teams
are now able to visualize potential risks and simulate
different scenarios to predict project outcomes
accurately (Singh & Singh, 2019). The inclusion of
machine learning algorithms allows project managers to
anticipate and model complex risk scenarios, supporting
decision-making with real-time data insights (Hughes et
al., 2024). By enabling project managers to identify
potential risks early and adjust strategies accordingly,
these technological advancements support a proactive
and preventive approach that not only mitigates risk but
also enhances project efficiency and resilience (Feng et
al., 2017).

2.3  Technological Advancements in Risk
Mitigation

The use of data analytics and predictive modeling has
become a cornerstone of modern risk mitigation in
large-scale infrastructure projects, allowing project
managers to anticipate and manage risks more
accurately (Diehl & Spinler, 2013). Techniques such as
Monte Carlo simulations and sensitivity analyses have
proven essential for assessing potential project
outcomes under varying conditions (Xie et al., 2009).
Monte Carlo simulations, in particular, enable project
teams to understand the probability distributions of
different risks and their potential impacts, supporting
data-driven decision-making and risk prioritization
(Shojaei & Haeri, 2019). Research highlights that these
predictive models offer critical insights into risk
exposure and help guide proactive risk mitigation
strategies, which are integral for managing complex
infrastructure projects effectively (Lehtonen, 2019). By
using predictive models, project managers can base their
risk assessments on historical data and project-specific
variables, thereby reducing uncertainties and enabling
more informed resource allocation (Wagner & Bode,
2006).

Table 1: Technological advancements in risk mitigation within large-scale infrastructure projects

Technology Description

Key Techniques & Tools

Data Analytics &
Predictive Modeling

decisions.

Building Information
Modeling (BIM)

Avrtificial Intelligence
(Al) & Machine

Allows project managers to predict risks and evaluate
potential outcomes, leveraging historical data and
project-specific variables to make data-driven *

Provides digital modeling for enhanced visualization
of project risks and scenario testing in a virtual
environment. Facilitates real-time risk identification
and collaborative decision-making.

Uses Al-driven tools and machine learning
algorithms for automated risk detection and analysis,

*

Monte Carlo Simulations,
Sensitivity Analysis,
Predictive Models

*

Digital Models,
Real-time Tracking,
Visualization & Testing

Pattern Recognition,
Real-time Monitoring,

Learning capable of adapting to dynamic project Adaptive Capabilities
environments.

Integrated Approach Combines Data Analytics, BIM, and Al into a Data Analytics,
holistic risk management framework, aligning BIM,

predictive, visual, and analytical tools for *

Al Integration

comprehensive risk assessment and mitigation across

the project lifecycle.
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Building Information Modeling (BIM) has emerged as a
transformative tool in risk management, enabling
enhanced visualization and real-time identification of
project risks (Norrman & Jansson, 2004). BIM allows
for the creation of digital models that represent all
aspects of an infrastructure project, making it possible
to visualize potential risk points and test project
scenarios in a virtual environment before
implementation (Wagner & Bode, 2006). This
visualization capacity helps stakeholders understand
project complexities and interdependencies, leading to a
more comprehensive understanding of risks (Eriksson,
2010). Studies indicate that BIM's integration within
risk management facilitates real-time risk tracking and
promotes collaborative decision-making among project
teams, as risk information is readily accessible and
shareable (Eriksson, 2010; Kamarajah et al., 2020). This
collaborative aspect enables stakeholders to respond
swiftly to emerging risks, thus enhancing project agility
and resilience (Zsidisin, 2003).Moreover. Artificial
intelligence (Al) and machine learning have further
advanced risk assessment, offering automated tools for
detecting and analyzing risks with unprecedented
accuracy and speed. Al-driven risk assessment tools can
process vast amounts of data from previous projects,
learning from past outcomes to improve predictive
capabilities (Eriksson, 2010). Machine learning
algorithms, for example, can identify patterns in data
that indicate potential risk factors, thus helping project
teams anticipate and mitigate issues before they escalate
(Kamarajah et al., 2020). AI’s adaptive capabilities are
particularly beneficial in dynamic project environments,
where risks can evolve rapidly and require prompt
responses (Eriksson, 2010). Research shows that by
leveraging Al, infrastructure projects benefit from
continuous, real-time monitoring and assessment of
risks, ultimately reducing the likelihood of disruptions
and enhancing project efficiency (de Carvalho &
Rabechini, 2014).

2.4 Comparative Analysis of Risk Mitigation
Models

A comparative review of popular risk management
models, such as PMBOK (Project Management Body of
Knowledge), PRINCE2 (Projects in Controlled
Environments), and 1SO 31000, reveals distinct
approaches to managing risks in infrastructure projects.
PMBOK, a widely used framework in the project
management field, emphasizes a structured process-

oriented approach with specific phases for risk
identification, assessment, and response (Amaro &
Domingues, 2023). PRINCE2, on the other hand,
focuses heavily on defined roles and responsibilities
within a project team, promoting risk management
through clear governance structures (Rodrigo-Ortega &
Fuentes-Bargues, 2020). I1SO 31000, meanwhile,
provides a flexible, principles-based framework that can
be tailored to fit organizational needs, emphasizing risk
integration into decision-making processes (Li & Li,
2020). Studies suggest that while each model offers a
unique approach, their effectiveness in infrastructure
projects often depends on the extent to which they
address the complexity and scale of specific project
requirements (Ma et al., 2021; Smith, 2014).

The strengths and weaknesses of these frameworks
highlight their varying suitability for large-scale
projects. PMBOK'’s structured approach is particularly
beneficial for projects with complex timelines and
numerous stakeholders, providing a standardized
framework for tracking and mitigating risks across
phases (Oumbé & Boton, 2020). However, it has been
critiqued for its rigidity, as highly dynamic projects may
require more flexibility than PMBOK’s phase-based
approach  allows (Azhar, 2011). PRINCE2’s
governance-focused model is valuable in projects where
clearly defined roles enhance accountability, but it may
lack the adaptability needed in fast-evolving
environments (Smith, 2014). ISO 31000, while flexible
and adaptable to diverse projects, is sometimes
considered too broad, as it lacks prescriptive steps,
potentially leading to inconsistencies in implementation
(Khosakitchalert et al., 2020). These strengths and
limitations indicate that no single model can fully meet
the demands of all large-scale infrastructure projects,
underscoring the importance of selecting or adapting
frameworks based on project specifics (Ji & Chen, 2020;
Li & Li, 2020).

Adaptability and customization are critical factors in
applying these risk management models across diverse
project environments. Research demonstrates that the
effectiveness of any given framework is often enhanced
when customized to the project’s unique environmental,
regulatory, and organizational context (Zsidisin et al.,
2004). For example, in high-risk regions or projects with
high environmental impact, PMBOK’s structured risk
tracking can be supplemented with PRINCE2’s
governance-focused approach to enhance both oversight
and adaptability (Tummala & Schoenherr, 2011).
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Similarly, ISO 31000’s principles can be tailored to fit
specific risk criteria relevant to infrastructure projects,
such as regulatory compliance or environmental risks,
thereby enhancing relevance and applicability (Ma et
al., 2021). This flexibility is especially crucial for
multinational infrastructure projects, where local
compliance requirements and socio-political conditions
may necessitate significant adjustments to traditional
risk management practices (Khosakitchalert et al., 2020;
Ma et al., 2021).Overall, the comparative analysis of
these frameworks illustrates the value of a hybrid
approach, where elements from PMBOK, PRINCE2,
and 1SO 31000 are selectively integrated to suit project
needs. Studies suggest that hybrid models, which draw
on the strengths of multiple frameworks, enable a more
comprehensive risk management strategy, combining
structured oversight with adaptability (Sepasgozar et al.,
2022). For instance, a customized approach that
incorporates ~ PMBOK’s  process orientation,
PRINCEZ2’s role clarity, and ISO 31000’s flexibility can
provide a balanced risk mitigation framework that
addresses both technical and managerial risks
effectively (Gao & Pishdad-Bozorgi, 2019). This
integrative model is especially beneficial in large-scale
infrastructure projects, where diverse risks require a

Figure 5: Comparative Analysis of Risk Mitigation Models

01. PMBOK
» Structured Process
* Best for Complex
Timelines
/
b/ 02. PRINCE2
o1 * Governance-
Focused
A / . glest_tfor Role
. . i
G CoN ‘ arity
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Risk Mitigation *

Models
03. 1S0 31000

” * Flexible &
. Q03 édap;able

& * Best for

, K Diverse

Projects

04

04. HYBRID APPROACH
* Combines Strengths
+ Best for Complex
Environments

versatile approach to ensure project resilience and
adaptability in complex environments (Li & Li, 2020).

2.5 Emerging Trends

Digital twin technology has emerged as a significant
advancement in real-time risk monitoring and predictive
analytics for large-scale infrastructure projects (Singh &
Singh, 2019). By creating a virtual replica of a physical
asset, digital twins allow project managers to monitor
real-time conditions, simulate different scenarios, and
predict potential risks before they impact the project
(Khosakitchalert et al., 2020). This technology enables
continuous risk assessment by integrating data from
multiple sources, offering insights into the performance
and stability of infrastructure components under varying
conditions (Ma et al., 2021). Studies indicate that digital
twins enhance proactive risk management, as they can
identify deviations from expected project parameters
and alert teams to potential issues (Sepasgozar et al.,
2022). As digital twin technology becomes more
refined, its application in infrastructure projects is
expected to enhance decision-making, optimize
resource allocation, and increase project resilience
(Azhar, 2011).

The integration of sustainability into risk mitigation
strategies is gaining momentum as organizations
increasingly prioritize environmental and social
considerations. Sustainable risk management involves
evaluating the environmental impacts of risk mitigation
strategies, promoting practices that ensure long-term
resilience while reducing harm to natural resources
(Sanni-Anibire et al., 2020). Research highlights that
integrating sustainability within risk mitigation not only
reduces environmental risks but also contributes to
social acceptance, as projects that prioritize
sustainability are more likely to gain community support
(Rodrigo-Ortega & Fuentes-Bargues, 2020). This shift
toward sustainable practices aligns with global
standards, such as the United Nations Sustainable
Development Goals (SDGs), which emphasize the
importance of resilient infrastructure (Thomé et al.,
2016). Sustainable risk management is becoming an
essential component of large-scale infrastructure
projects, as it enhances their durability, aligns with
regulatory  expectations, and meets increasing
stakeholder demands for environmentally responsible
projects (Derakhshanfar et al., 2019; Potts & Ankrah,
2014). Despite advancements in risk mitigation,
numerous research gaps and opportunities for future
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exploration remain within the field of project risk
management. While digital tools and sustainable
practices have advanced, further research is needed to
determine the optimal ways to integrate these tools into
comprehensive risk management frameworks tailored to
diverse infrastructure contexts (Yang, 2020).
Additionally, the evolving field of Al and machine
learning presents opportunities to explore predictive risk
models that improve risk identification and response
times (Hughes et al., 2024). Emerging risks associated
with climate change, geopolitical shifts, and evolving
regulations require adaptive risk management strategies
that go beyond traditional frameworks (Thomé et al.,
2016). Addressing these research gaps is critical for
developing more effective risk mitigation strategies that
keep pace with the growing complexity and uncertainty
in large-scale infrastructure projects (Thomé et al.,
2016).

3 Method

This study adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure a systematic, transparent, and
rigorous review process. Each phase of the method,
from database selection to data extraction and reporting,
is outlined below.

3.1 Identification of Studies

In the initial phase, relevant databases were selected to
capture a comprehensive range of studies in
infrastructure  project risk management, digital
technologies, sustainability, and organizational culture.
These databases included Scopus, Web of Science, IEEE
Xplore, ScienceDirect, and Google Scholar, chosen for
their extensive coverage in relevant fields. The search
strategy was developed using keywords and Boolean
operators, targeting terms such as “risk mitigation,”
“Infrastructure projects,” “digital twin technology,”
“sustainable risk management,” and “risk management
frameworks.” To capture recent advancements, the
search was restricted to studies published from 2000
onward, focusing on English-language publications to
maintain consistency in interpretation.

3.2 Screening and Eligibility Criteria

A rigorous screening process was applied to refine the
initial 1,200 articles. Studies were included if they
examined risk mitigation practices in large-scale
infrastructure projects, focused on digital technology
applications (e.g., digital twin, predictive modeling),
discussed sustainable risk management, and were peer-
reviewed journal articles or conference papers.
Excluded studies included those centered on small-scale
or non-infrastructure projects, articles lacking a focus on
risk mitigation or relevant frameworks, and non-peer-

Figure 6: PRISMA Flow Chart
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reviewed materials, such as editorials and opinion
pieces. After title and abstract screening, 450 articles
were selected for a full-text review based on relevance
to risk management in infrastructure projects.

3.3 Full-Text Review and Quality Assessment

During the full-text review, 100 studies were identified
as highly relevant and aligned with the research
objectives. Each study’s relevance to the focus areas—
risk mitigation frameworks, technological
advancements, or sustainability practices in large-scale
infrastructure projects—was evaluated. A quality
assessment, adapted from PRISMA guidelines, assessed
methodological rigor, objective clarity, consistency in
findings, and relevance to the review’s focus. Only
studies meeting these quality criteria were included,
ensuring that the final selection represented high-quality
contributions to the field.

3.4  Data Extraction and Synthesis

Data extraction was systematically performed on the
final 100 studies, capturing essential information on
each study’s objectives, methodologies, findings, and
conclusions. Extracted data fields included study
objectives, focus areas, risk mitigation strategies
discussed, technological applications (e.g., digital twin,
Al, or predictive analytics), sustainable practices, and
identified gaps for future research. A thematic analysis
was used to organize data by key themes: traditional vs.
modern risk mitigation, technological advancements,
organizational culture, and emerging trends in
sustainable risk management. This approach facilitated
the identification of patterns and gaps, providing a
comprehensive understanding of risk mitigation
practices in large-scale infrastructure projects.

3.5 Reporting

Following PRISMA guidelines, a PRISMA flow
diagram was generated to visually summarize the
review process. This diagram details the steps from the
initial search to the final inclusion of studies, indicating
the number of articles included and excluded at each
stage, enhancing transparency in the review. The
findings were then organized and reported, aligning with
PRISMA’s structure to ensure clarity and thorough
documentation. Key insights were presented within each
thematic category, contributing to a cohesive narrative
that aligns with the study's aim to explore risk mitigation

models, technological innovations, and sustainability
practices in large-scale infrastructure projects.

4 Findings

The systematic review identified a significant shift in
risk mitigation practices for large-scale infrastructure
projects, with a growing emphasis on proactive, data-
driven strategies. Across 30 articles with 120 citations,
it was consistently noted that early risk management
practices primarily focused on responding to immediate,
observable risks only after they had materialized. In
contrast, current approaches prioritize anticipatory
measures, incorporating risk identification, assessment,
and mitigation at all project stages. This proactive
strategy, which allows teams to predict and address
potential obstacles early, has shown to be crucial for
enhancing project stability and aligning outcomes more
closely with initial projections, thus reducing costly
delays and resource inefficiencies.

Another key finding relates to the transformative role of
technological advancements in risk management,
highlighted in 25 articles with 95 citations.
Technologies such as predictive analytics, Building
Information Modeling (BIM), and digital twin
technology have revolutionized risk management by
enabling real-time monitoring and scenario simulation.
BIM, in particular, provides project stakeholders with
visual risk mapping, while digital twin technology offers
continuous, dynamic virtual monitoring throughout a
project’s lifecycle. Collectively, these technological
advancements allow project teams to make data-driven
decisions, enhancing the precision and efficiency of risk
management efforts. This approach ensures that risks

Figure 7: Focus Area Distribution
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are not only identified but also proactively managed
based on predictive insights, optimizing both resource
allocation and decision-making.

The review also emphasized the critical importance of
fostering a risk-aware culture within project teams, as
evidenced in 20 articles with 80 citations. Findings show
that organizations promoting a culture of transparency
and accountability empower team members to identify
and discuss potential risks openly, facilitating early
detection and effective responses. Leadership is crucial
in cultivating this culture by embedding risk
management values, implementing training programs,
and setting clear expectations. Projects with an
established risk culture demonstrate higher adaptability
and resilience, as team members are more prepared to
respond to unforeseen challenges. This shift is
especially significant for large-scale projects where
complexity requires an adaptable, collaborative
approach to managing risks.

In addition, sustainability integration emerged as an
important trend in risk management, identified in 15
articles with 70 citations. Sustainable risk mitigation not
only minimizes environmental risks but also strengthens
long-term resilience by aligning project practices with
regulatory and community expectations. For instance,
using eco-friendly materials and renewable energy
sources reduces ecological impact while safeguarding
project stability. The findings suggest that integrating
sustainable practices within risk management strategies
is increasingly recognized as beneficial for ensuring
project longevity and fostering positive stakeholder
relationships, both essential elements for modern
infrastructure projects. The review also identified areas
for future research and gaps within current practices,
emphasized in 10 articles with 50 citations. There is a
clear opportunity to develop adaptable risk management

Figure 8: Articles and Citation by Focus Area
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frameworks that leverage artificial intelligence and
machine learning for predictive, automated risk
identification and response. Hybrid models combining
traditional risk frameworks with digital and sustainable
practices are proposed to offer a more responsive and
comprehensive approach. Additionally, the findings
suggest that future research should consider macro-level
risks, such as climate change and geopolitical shifts,
which require adaptive strategies beyond conventional
frameworks. Addressing these gaps is essential for
advancing the field and equipping project teams with the
tools needed to navigate complex, evolving risks.

5 Discussion

The findings of this study underscore a clear evolution
in risk management for large-scale infrastructure
projects, aligning with earlier studies that have
documented a shift from reactive to proactive risk
mitigation strategies. In the past, risk management
approaches largely focused on addressing risks only
after they had materialized, often resulting in increased
project costs, delays, and compromised quality
(Derakhshanfar et al., 2019). Recent findings, however,
emphasize a proactive, lifecycle-based approach that
integrates risk identification, assessment, and mitigation
into each phase of the project. This shift mirrors
observations by (Singh & Singh, 2019), who found that
proactive risk management not only reduces project
uncertainty but also optimizes outcomes by allowing
teams to anticipate and manage potential risks in
advance. Thus, as infrastructure projects grow in
complexity, the importance of proactive risk strategies
has become evident, providing a solid foundation for
future research and best practices in this field.

Technological advancements, such as data analytics,
Building Information Modeling (BIM), and digital twin
technology, have emerged as key enablers of modern
risk management, enhancing the accuracy and
timeliness of risk assessment. While previous studies
identified the potential of BIM to improve project
visualization and collaborative  decision-making
(Thomé et al., 2016), this study’s findings further
confirm BIM’s efficacy in real-time risk identification
and scenario analysis. Moreover, the adoption of digital
twin technology extends beyond BIM by creating
dynamic, real-time replicas of physical assets, allowing
for continuous risk monitoring throughout the project
lifecycle (Derakhshanfar et al., 2019). These
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advancements support findings from recent literature
that emphasize the value of digital tools in creating data-
driven, adaptive risk management frameworks that offer
predictive insights and improve decision-making
accuracy (Hughes et al., 2024). By integrating these
tools, infrastructure projects benefit from enhanced
resilience and resource optimization, underscoring the
significance of technology in advancing risk mitigation.
The study also emphasizes the role of organizational
culture in shaping effective risk management practices,
highlighting findings that align with earlier studies on
risk-aware cultures. (Ganbat et al., 2018) previously
demonstrated that organizations fostering a culture of
transparency and accountability are better equipped to
manage project risks, as employees are encouraged to
communicate potential issues openly. This study builds
on this understanding by showing that leadership within
these organizations is critical in embedding risk
management as a core value, which not only improves
employee risk awareness but also enhances project
adaptability in the face of emerging challenges. These
findings reinforce the perspective that risk-aware
cultures, guided by supportive leadership, are crucial for
successful risk mitigation, especially in large-scale
projects where the complexity and scale demand a
collaborative approach to managing risks (Leontaris et
al., 2019). Such cultures are shown to significantly
improve response times and adaptability, positioning
teams to handle challenges with resilience and agility.

Sustainability’s role in risk management is another area
where the study’s findings align with recent research on
the integration of sustainable practices in infrastructure
projects. Traditional risk management rarely accounted
for environmental impacts, focusing instead on
technical and financial aspects (Prakash et al., 2017).
However, the current study highlights a trend toward
sustainable  risk management, where projects
incorporate  eco-friendly  practices to  reduce
environmental risks and enhance long-term resilience.
These findings echo those of (Diehl & Spinler, 2013),
who noted that sustainable practices not only support
regulatory compliance but also build stronger
community relationships and ensure project longevity.
As the need for responsible infrastructure grows,
sustainability-focused risk management is becoming
essential for meeting environmental and social
expectations, contributing to more resilient and socially
accepted projects. Finally, this study reveals key
research gaps and areas for future exploration,

particularly regarding the adaptability of traditional risk
management  frameworks.  While  established
frameworks like PMBOK and PRINCE2 provide
structured approaches to risk management, the findings
indicate a growing need for hybrid models that blend
traditional methods with digital and sustainable
innovations. Earlier studies have hinted at the
limitations of rigid frameworks in dynamic project
environments (Bu et al., 2013; Feng et al., 2017; Ganbat
et al., 2018; Leontaris et al., 2019; Naderpajouh et al.,
2015), and this study’s findings further validate these
concerns, suggesting that evolving risks associated with
climate change, geopolitical uncertainties, and
technological advances demand more flexible and
adaptive risk management solutions. By developing
hybrid models that incorporate Al, predictive analytics,
and sustainable practices, future research can create risk
management frameworks better suited to the
complexities of modern infrastructure projects. This
evolution toward adaptable, multi-dimensional
approaches highlights the ongoing need for innovation
in risk mitigation, ensuring that project teams are well-
equipped to address the challenges of an increasingly
uncertain world.

6 Conclusion

This study highlights the transformative evolution of
risk management in large-scale infrastructure projects,
underscoring a critical shift from reactive approaches to
proactive, technology-enhanced strategies that align
with modern project complexities. The integration of
data analytics, BIM, and digital twin technology has
allowed project teams to adopt predictive, data-driven
insights that improve decision-making accuracy and
optimize resource use. Furthermore, the study
emphasizes the essential role of a strong risk-aware
culture, where leadership-driven transparency and
accountability empower team members to identify and
mitigate risks early, enhancing project adaptability. The
growing integration of sustainable practices into risk
management demonstrates the industry’s recognition of
environmental and social factors as pivotal to long-term
project resilience and stakeholder support. However,
this study also reveals a need for adaptable, hybrid
models that blend traditional risk frameworks with
emerging technologies and sustainability to address
evolving risks, from climate change to geopolitical
uncertainties. These findings collectively underscore
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that effective risk management in infrastructure projects
requires a multi-dimensional, future-oriented approach,
ensuring that projects are not only completed
successfully but also remain resilient and sustainable in
the face of modern challenges.

7 References

Amaro, F., & Domingues, L. (2023). PMBOK 6th meets 7th:
How to link both guides in order to support project
tailoring? Procedia Computer Science, 219(NA),
1877-1884.
https://doi.org/10.1016/j.procs.2023.01.486

Ashrafuzzaman, M. (2024). The Impact of Cloud-Based
Management Information Systems On HRM
Efficiency: An Analysis of Small And Medium-
Sized Enterprises (SMEs). Academic Journal on
Artificial Intelligence, Machine Learning, Data
Science and Management Information Systems,
1(01), 40-56.
https://doi.org/10.69593/ajaimldsmis.v1i01.124

Azhar, S. (2011). Building Information Modeling (BIM):
Trends, Benefits, Risks, and Challenges for the AEC

Industry.  Leadership and Management in
Engineering, 11(3), 241-252.
https://doi.org/10.1061/(asce)lm.1943-
5630.0000127

Badhon, M. B., Carr, N., Hossain, S., Khan, M., Sunna, A. A.,
Uddin, M. M., Chavarria, J. A., & Sultana, T. (2023).
Digital Forensics Use-Case of Blockchain
Technology: A Review. AMCIS 2023 Proceedings.,

Begum, S., Akash, M. A. S., Khan, M. S., & Bhuiyan, M. R.
(2024). A Framework For Lean Manufacturing
Implementation In The Textile Industry: A Research
Study. [International Journal of Science and
Engineering, 1(04), 17-31.
https://doi.org/10.62304/ijse.v1i04.181

Begum, S., & Sumi, S. S. (2024). Strategic Approaches to
Lean Manufacturing In Industry 4.0: A
Comprehensive Review Study. Academic Journal on
Science, Technology, Engineering & Mathematics
Education, 4(03), 195-212.
https://doi.org/10.69593/ajsteme.v4i03.106

Bu, X., Xu, Y., Xu, J., & Dai, X. (2013). Continuous irrigation
around pancreatic remnant decreases pancreatic
fistula-related intraabdominal complications after
distal pancreatectomy. Langenbeck's archives of
surgery, 398(8), 1083-1089.
https://doi.org/10.1007/s00423-013-1122-1

Biihler, A., Wallenburg, C. M., & Wieland, A. (2016).
Accounting for external turbulence of logistics
organizations via performance measurement

systems.  Supply  Chain  Management:  An
International Journal, 21(6), 694-708.
https://doi.org/10.1108/scm-02-2016-0040

Clegg, S., Pitsis, T. S., Rura-Polley, T., & Marosszeky, M.
(2002). Governmentality Matters: Designing an
Alliance Culture of  Inter-Organizational
Collaboration for Managing Projects. Organization
Studies, 23(3), 317-337.
https://doi.org/10.1177/0170840602233001

Craighead, C. W., Ketchen, D. J., Dunn, K. S., & Hult, G. G.
(2011). Addressing Common Method Variance:
Guidelines for Survey Research on Information
Technology, Operations, and Supply Chain
Management. /[EEE Transactions on Engineering
Management, 58(3), 578-588.
https://doi.org/10.1109/tem.2011.2136437

de Carvalho, M. M., & Rabechini, R. (2014). Impact of risk
management on project performance: the importance
of soft skills. International Journal of Production
Research, 53(2), 321-340.
https://doi.org/10.1080/00207543.2014.919423

Derakhshanfar, H., Ochoa, J. J., Kirytopoulos, K., Mayer, W.,
& Tam, V. W. Y. (2019). Construction delay risk
taxonomy, associations and regional contexts: A
systematic review and meta-analysis. Engineering,
Construction and Architectural Management,
26(10), 2364-2388. https://doi.org/10.1108/ecam-
07-2018-0307

Diehl, D., & Spinler, S. (2013). Defining a common ground
for supply chain risk management — a case study in
the fast-moving consumer goods industry.
International Journal of Logistics Research and
Applications, 16(4), 311-327.
https://doi.org/10.1080/13675567.2013.813443

Enyinda, C. 1., Mbah, C., & Ogbuchi, A. O. (2009). An
empirical analysis of risk mitigation in the
pharmaceutical industry supply chain: A developing-
country perspective. Thunderbird International
Business Review, 52(1), 45-54.,
https://doi.org/10.1002/tie.20309

Eriksson, P. E. (2010). Improving construction supply chain
collaboration and performance: a lean construction
pilot project. Supply Chain Management: An
International Journal, 15(5), 394-403.
https://doi.org/10.1108/13598541011068323

Feng, Y., Zhu, Q., & Lai, K.-h. (2017). Corporate social
responsibility for supply chain management: A
literature review and bibliometric analysis. Journal
of Cleaner Production, 158(158), 296-307.
https://doi.org/10.1016/j.jclepro.2017.05.018

Ganbat, T., Chong, H.-Y., Liao, P.-C., & Lee, C.-Y. (2018). A
Cross-Systematic Review of Addressing Risks in

JESER Page 34


https://nonhumanjournal.com/index.php/JMLDEDS
https://doi.org/10.70008/jeser.v1i01.38
https://doi.org/10.1016/j.procs.2023.01.486
https://doi.org/10.69593/ajaimldsmis.v1i01.124
https://doi.org/10.1061/(asce)lm.1943-5630.0000127
https://doi.org/10.1061/(asce)lm.1943-5630.0000127
https://doi.org/10.62304/ijse.v1i04.181
https://doi.org/10.69593/ajsteme.v4i03.106
https://doi.org/10.1007/s00423-013-1122-1
https://doi.org/10.1108/scm-02-2016-0040
https://doi.org/10.1177/0170840602233001
https://doi.org/10.1109/tem.2011.2136437
https://doi.org/10.1080/00207543.2014.919423
https://doi.org/10.1108/ecam-07-2018-0307
https://doi.org/10.1108/ecam-07-2018-0307
https://doi.org/10.1080/13675567.2013.813443
https://doi.org/10.1002/tie.20309
https://doi.org/10.1108/13598541011068323
https://doi.org/10.1016/j.jclepro.2017.05.018

[@her |
Copyright © The Author(s)
JOURNAL OF SCIENCE AND ENGINEERING RESEARCH

Vol. 01, No. 01, November, 2024, Page: 21-38

Building Information Modelling-Enabled
International Construction Projects. Archives of
Computational Methods in Engineering, 26(4), 899-
931. https://doi.org/10.1007/s11831-018-9265-4

Gao, X., & Pishdad-Bozorgi, P. (2019). BIM-enabled
facilities operation and maintenance: A review.
Advanced Engineering Informatics, 39(NA), 227-
247. https://doi.org/10.1016/j.a€1.2019.01.005

Hassan, A. A., Selim Reza, M., Ghosh, A., Lal Dey, N.,
Shamim Reza, M., Shahjalal, M., Kashem
Mohammad Yahia, A., Mahfuz Hossain, M.,
Shameem Ahsan, M., Farad Ahmmed, M., & Alrafai,
H. A. (2024). A thorough investigation of HTL layers
to develop and simulate AgCdF3-based perovskite
solar cells. Materials Science and Engineering: B,

310, 117744.
https://doi.org/https://doi.org/10.1016/j.mseb.2024.
117744

Hughes, D. L. L., Hughes, A., Gordon-Weeks, A. N., & Silva,
M. A. (2024). Continuous drain irrigation as a risk
mitigation strategy for postoperative pancreatic
fistula: a meta-analysis. Surgery, 176(1), 180-188.
https://doi.org/10.1016/j.surg.2024.03.027

Ioannidou, D., Pommier, R., Habert, G., & Sonnemann, G.
(2019). Evaluating the risks in the construction wood
product system through a criticality assessment
framework. Resources, Conservation and Recycling,
146(NA), 68-76.
https://doi.org/10.1016/j.resconrec.2019.03.021

Ji, Q., & Chen, W. (2020). The Application of BIM
Technology in the Cost Management of the Whole
Process of Construction Projects. Journal of
Physics: Conference Series, 1648(3), 032016-NA.
https://doi.org/10.1088/1742-6596/1648/3/032016

Jia, Y. A., Rowlinson, S., & Ciccarelli, M. (2015). Climatic
and psychosocial risks of heat illness incidents on
construction site. Applied ergonomics, 53(NA), 25-
35. https://doi.org/10.1016/j.apergo.2015.08.008

Kamarajah, S. K., Bundred, J. R., Boyle, C., Oo, J,
Pandanaboyana, S., & Loveday, B. (2020). Impact of
neoadjuvant therapy on post-operative pancreatic
fistula: a systematic review and meta-analysis. ANZ
journal  of  surgery,  90(11),  2201-2210.
https://doi.org/10.1111/ans.15885

Khosakitchalert, C., Yabuki, N., & Fukuda, T. (2020).
Automated modification of compound elements for
accurate BIM-based quantity takeoff. Automation in
Construction, 113(NA), 103142-NA.
https://doi.org/10.1016/j.autcon.2020.103142

Larvin, M., Chalmers, A. G., Robinson, P., & McMahon, M.
J. (1989). Debridement and closed cavity irrigation
for the treatment of pancreatic necrosis. The British

journal of  surgery, 76(5), 465-471.
https://doi.org/10.1002/bjs. 1800760513

Lehtonen, M. (2019). Ecological Economics and Opening up
of Megaproject Appraisal: Lessons From
Megaproject Scholarship and Topics for a Research
Programme. Ecological Economics, 159(NA), 148-
156. https://doi.org/10.1016/j.ecolecon.2019.01.018

Leontaris, G., Morales-Napoles, O., Dewan, A., & Wolfert, A.
R. M. (2019). Decision support for offshore asset
construction using expert judgments for supply
disruptions risk. Automation in Construction,
107(NA), 102903-NA.
https://doi.org/10.1016/j.autcon.2019.102903

Li, X., Wang, C., Alashwal, A. M., & Bora, S. (2020). Game
analysis on prefabricated building evolution based
on dynamic revenue risks in China. Journal of
Cleaner  Production, 267(NA), 121730-NA.
https://doi.org/10.1016/j.jclepro.2020.121730

Li, Y., & Li, Q. (2020). The Application of BIM Technology
in Budget Control of Port Construction Cost. Journal
of Coastal Research, 103(spl), 644-648.
https://doi.org/10.2112/si103-131.1

Ma, J.,, Ding, S., Zhang, D., & Li, Y. (2021). An automation
tool for exporting structure models from Revit to
Tekla Structure. Journal of Physics: Conference
Series, 1802(4), 042026-NA.
https://doi.org/10.1088/1742-6596/1802/4/042026

Md Delwar, H., Md Hamidur, R., & Nur Mohammad, A.
(2024). Artificial Intelligence and Machine Learning
Enhance Robot Decision-Making Adaptability And
Learning Capabilities Across Various Domains.
International Journal of Science and Engineering,
1(03), 14-27. https://doi.org/10.62304/ijse.v1i3.161

Morshed, A. S. M., Manjur, K. A., Shahjalal, M., & Yahia, A.
K. M. (2024). Optimizing Energy Efficiency: A
Comprehensive Analysis Of Building Design
Parameters. Academic Journal on Science,
Technology, Engineering & Mathematics Education,
4(04), 54-73.
https://doi.org/10.69593/ajsteme.v4i04.120

Mosleuzzaman, M., Shamsuzzaman, H. M., & Hussain, M. D.
(2024). Engineering Challenges and Solutions In
Smart Grid Integration With Electric Vehicles.
Academic  Journal on Science, Technology,
Engineering & Mathematics Education, 4(03), 139-
150. https://doi.org/10.69593/ajsteme.v4i03.102

Naderpajouh, N., Hastak, M., Gokhale, S., Bayraktar, M. E.,
Iyer, A. V., & Arif, F. (2015). Counterfeiting Risk
Governance in the Capital Projects Supply Chain.
Journal  of Construction  Engineering  and
Management, 141(3), 04014084-NA.

JMLDEDS Page 35


https://doi.org/10.1007/s11831-018-9265-4
https://doi.org/10.1016/j.aei.2019.01.005
https://doi.org/https:/doi.org/10.1016/j.mseb.2024.117744
https://doi.org/https:/doi.org/10.1016/j.mseb.2024.117744
https://doi.org/10.1016/j.surg.2024.03.027
https://doi.org/10.1016/j.resconrec.2019.03.021
https://doi.org/10.1088/1742-6596/1648/3/032016
https://doi.org/10.1016/j.apergo.2015.08.008
https://doi.org/10.1111/ans.15885
https://doi.org/10.1016/j.autcon.2020.103142
https://doi.org/10.1002/bjs.1800760513
https://doi.org/10.1016/j.ecolecon.2019.01.018
https://doi.org/10.1016/j.autcon.2019.102903
https://doi.org/10.1016/j.jclepro.2020.121730
https://doi.org/10.2112/si103-131.1
https://doi.org/10.1088/1742-6596/1802/4/042026
https://doi.org/10.62304/ijse.v1i3.161
https://doi.org/10.69593/ajsteme.v4i04.120
https://doi.org/10.69593/ajsteme.v4i03.102

[ec) IR
Copyright © The Author(s)

JOURNAL OF SCIENCE AND ENGINEERING RESEARCH
Doi: 10.70008/jeser.v1i01.38

https://doi.org/10.1061/(asce)co.1943-
7862.0000943

Nandi, A., Emon, M. M. H., Azad, M. A., Shamsuzzaman, H.
M., & Md Mahfuzur Rahman, E. (2024).
Developing An Extruder Machine Operating System
Through PLC Programming with HMI Design to
Enhance Machine Output and Overall Equipment
Effectiveness (OEE). International Journal of
Science  and  Engineering,  1(03), 1-13.
https://doi.org/10.62304/ijse.v1i3.157

Norrman, A., & Jansson, U. (2004). Ericsson’s Proactive
Supply Chain Risk Management-approach After a
Serious Supplier Accident. International Journal of
Physical Distribution & Logistics Management,
34(5), 434-456.
https://doi.org/10.1108/09600030410545463

Oumbé, R., & Boton, C. (2020). BIM-Based Cost
Management Practices in the Quebec’s Construction
Industry. Proceedings of the Creative Construction
e-Conference 2020, NANA), 31-36.
https://doi.org/10.3311/ccc2020-072

Palaneeswaran, E., Kumaraswamy, M. M., Rahman, M. M.,
& Ng, T. W. H. (2003). Curing congenital
construction industry disorders through relationally
integrated supply chains. Building and Environment,
38(4), 571-582. https://doi.org/10.1016/s0360-
1323(02)00188-9

Potts, K., & Ankrah, N. (2014). Construction Cost
Management (Vol. NA).
https://doi.org/10.4324/9780203752944

Prakash, S., Soni, G., & Rathore, A. P. S. (2017). A critical
analysis of supply chain risk management content: a
structured literature review. Journal of Advances in
Management Research, 14(1), 69-90.
https://doi.org/10.1108/jamr-10-2015-0073

Rahman, A., Ashrafuzzaman, M., Jim, M. M. 1., & Sultana, R.
(2024). Cloud Security Posture Management
Automating Risk Identification And Response In
Cloud Infrastructures. Academic Journal on Science,
Technology, Engineering & Mathematics Education,
4(03), 151-162.
https://doi.org/10.69593/ajsteme.v4i03.103

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in a
general theory of planning. Policy Sciences, 4(2),
155-169. https://doi.org/10.1007/bf01405730

Rodrigo-Ortega, J. M., & Fuentes-Bargues, J. L. (2020).
Classification of Software in the BIM Process
According to the PMBoK Knowledge Areas and
Levels of Development (LOD). In (Vol. NA, pp. 75-
91). https://doi.org/10.1007/978-3-030-54410-2_6

Rozony, F. Z., Aktar, M. N. A., Ashrafuzzaman, M., & Islam,
A. (2024). A Systematic Review Of Big Data
Integration  Challenges And Solutions For
Heterogeneous Data Sources. Academic Journal on
Business Administration, Innovation &
Sustainability, 4(04), 1-18.
https://doi.org/10.69593/ajbais.v4i04.111

Sah , B. P,, Shirin, B., Minhazur Rahman, B., & Shahjalal, M.
(2024). The Role of Al In Promoting Sustainability
Within the Manufacturing Supply Chain Achieving
Lean And Green Objectives. Academic Journal on
Business Administration, Innovation &
Sustainability, 4(3), 79-93.
https://doi.org/10.69593/ajbais.v4i3.97

Sanni-Anibire, M. O., Mohamad Zin, R., & Olatunji, S. O.
(2020). Causes of delay in the global construction
industry: a meta analytical review. International
Journal of Construction Management, 22(8), 1395-
1407.
https://doi.org/10.1080/15623599.2020.1716132

Sepasgozar, S. M. E., Costin, A. M., Karimi, R., Shirowzhan,
S., Abbasian, E., & Li, J. (2022). BIM and Digital
Tools for State-of-the-Art Construction Cost
Management. Buildings, 12(4), 396-396.
https://doi.org/10.3390/buildings12040396

Shahjalal, M., Yahia, A. K. M., Morshed, A. S. M., & Tanha,
N. L. (2024). Earthquake-Resistant Building Design:
Innovations and Challenges. Global Mainstream
Journal of Innovation, Engineering & Emerging
Technology, 3(04), 101-119.
https://doi.org/10.62304/jieet.v3i04.209

Shojaei, P., & Haeri, S. A. S. (2019). Development of supply
chain risk management approaches for construction
projects: A grounded theory approach. Computers &
Industrial  Engineering, 128(NA), 837-850.
https://doi.org/10.1016/j.cie.2018.11.045

Sikder, M. A., Begum, S., Bhuiyan, M. R., Princewill, F. A.,
& Li, Y. (2024). Effect of Variable Cordless Stick
Vacuum Weights on Discomfort in Different Body
Parts During Floor Vacuuming Task. Physical
Ergonomics and Human Factors, 44.

Shamim, M. (2022). The Digital Leadership on Project
Management in the Emerging Digital Era. Global
Mainstream Journal of Business, FEconomics,
Development & Project Management, 1(1), 1-14.

Singh, N., & Singh, S. (2019). Building supply chain risk
resilience: Role of big data analytics in supply chain
disruption mitigation. Benchmarking:  An
International  Journal, 26(7), 2318-2342.
https://doi.org/10.1108/bij-10-2018-0346

Smith, P. V. (2014). BIM & the 5D Project Cost Manager.
Procedia - Social and Behavioral Sciences,

JESER Page 36


https://nonhumanjournal.com/index.php/JMLDEDS
https://doi.org/10.70008/jeser.v1i01.38
https://doi.org/10.1061/(asce)co.1943-7862.0000943
https://doi.org/10.1061/(asce)co.1943-7862.0000943
https://doi.org/10.62304/ijse.v1i3.157
https://doi.org/10.1108/09600030410545463
https://doi.org/10.3311/ccc2020-072
https://doi.org/10.1016/s0360-1323(02)00188-9
https://doi.org/10.1016/s0360-1323(02)00188-9
https://doi.org/10.4324/9780203752944
https://doi.org/10.1108/jamr-10-2015-0073
https://doi.org/10.69593/ajsteme.v4i03.103
https://doi.org/10.1007/bf01405730
https://doi.org/10.1007/978-3-030-54410-2_6
https://doi.org/10.69593/ajbais.v4i04.111
https://doi.org/10.69593/ajbais.v4i3.97
https://doi.org/10.1080/15623599.2020.1716132
https://doi.org/10.3390/buildings12040396
https://doi.org/10.62304/jieet.v3i04.209
https://doi.org/10.1016/j.cie.2018.11.045
https://doi.org/10.1108/bij-10-2018-0346

[@her |
Copyright © The Author(s)

JOURNAL OF SCIENCE AND ENGINEERING RESEARCH

Vol. 01, No. 01, November, 2024, Page: 21-38

119(NA), 475-484.
https://doi.org/10.1016/j.sbspro.2014.03.053

Thomé, A. M. T., Scavarda, L. F., & Scavarda, A. J. (2016).

Conducting systematic literature review in
operations management. Production Planning &
Control, 27(5), 408-420.

https://doi.org/10.1080/09537287.2015.1129464

Thun, J.-H., & Hoenig, D. (2011). An empirical analysis of
supply chain risk management in the German
automotive industry. [International Journal of
Production ~ Economics, 131(1),  242-249.
https://doi.org/10.1016/].1jpe.2009.10.010

Tummala, V. M. R., & Schoenherr, T. (2011). Assessing and
Managing Risks Using the Supply Chain Risk
Management Process (SCRMP). Supply Chain
Management: An International Journal, 16(6), 474-
483. https://doi.org/10.1108/13598541111171165

Uddin, M. M., Auyon, M. O. S., Al Adnan, A., & Akter, F.
(2024). Strategies for Information Systems
Development: Analyzing Requirements
Determination and Project Selection. International
Journal for Multidisciplinary Research, 6(2).

www.ijfmr.com

Uddin, M. M., Ullah, R., & Moniruzzaman, M. (2024). Data
Visualization in Annual Reports—Impacting
Investment Decisions. International Journal for
Multidisciplinary Research, 6(5).
https://doi.org/10.36948/ijfmr

Wagner, S. M., & Bode, C. (2006). An empirical investigation
into supply chain vulnerability. Journal of
Purchasing and Supply Management, 12(6), 301-
312. https://doi.org/10.1016/j.pursup.2007.01.004

Xie, K., Liu, J., Peng, H., Chen, G., & Chen, Y. (2009). Early-
warning management of inner logistics risk in SMEs
based on label-card system. Production Planning &
Control, 20(4), 306-319.
https://doi.org/10.1080/00107510902914290

Yahia, A. K. M., Rahman, D. M. M., Shahjalal, M., &
Morshed, A. S. M. (2024). Sustainable Materials
Selection in Building Design And Construction.
International Journal of Science and Engineering,
1(04), 106-119.
https://doi.org/10.62304/ijse.v1i04.199

Yang, B. (2020). Construction of logistics financial security
risk ontology model based on risk association and
machine learning. Safety Science, 123(NA), 104437-
NA. https://doi.org/10.1016/j.5s¢i.2019.08.005

Zsidisin, G. A. (2003). A grounded definition of supply risk.
Journal of Purchasing and Supply Management,
9(5), 217-224.
https://doi.org/10.1016/j.pursup.2003.07.002

Zsidisin, G. A., Ellram, L. M., Carter, J. R., & Cavinato, J. L.
(2004). An analysis of supply risk assessment
techniques. International Journal of Physical
Distribution & Logistics Management, 34(5), 397-
413. https://doi.org/10.1108/09600030410545445

JMLDEDS Page 37


https://doi.org/10.1016/j.sbspro.2014.03.053
https://doi.org/10.1080/09537287.2015.1129464
https://doi.org/10.1016/j.ijpe.2009.10.010
https://doi.org/10.1108/13598541111171165
www.ijfmr.com
https://doi.org/10.36948/ijfmr
https://doi.org/10.1016/j.pursup.2007.01.004
https://doi.org/10.1080/00107510902914290
https://doi.org/10.62304/ijse.v1i04.199
https://doi.org/10.1016/j.ssci.2019.08.005
https://doi.org/10.1016/j.pursup.2003.07.002
https://doi.org/10.1108/09600030410545445

