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1. Introduction

1.1 Overview of high-consequence infrastructure and marine operations

High-consequence infrastructure and marine operations refer to sectors and systems where the impact of failure could result in
severe harm to human life, the environment, and the economy. These operations often include complex, high-risk activities, such
as the construction of critical infrastructure like bridges, tunnels, and power plants, as well as marine activities like offshore oil
drilling, shipping, and port operations M. The unique challenges of these sectors arise from the scale of operations, the
environments in which they occur (e.g., underwater or in remote locations), and the potentially catastrophic consequences of
failure. A failure in these systems can lead to loss of life, environmental degradation, or substantial financial loss, making them
high-consequence sectors that demand robust safety measures and engineering solutions [,

The significance of high-consequence infrastructure and marine operations is multifaceted. In the case of infrastructure, these
systems are essential to maintaining the functionality of transportation, energy, and communication networks, all of which are
integral to societal operations [*l. Marine operations, particularly those in offshore industries, contribute significantly to global
energy supplies, international trade, and the transport of goods. Given the scale and complexity of these operations, it is
imperative that safety measures are integrated into every stage of their design, operation, and maintenance to mitigate the risks
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associated with such high-consequence environments I,
The risks involved in high-consequence infrastructure and
marine operations are often compounded by external factors,
such as weather conditions, geological hazards, and human
error. These factors increase the likelihood of incidents such
as structural failures, accidents, spills, and accidents at sea [°.
Thus, a thorough understanding of the potential hazards and
the implementation of effective safety-first engineering
models are crucial to minimizing the impact of these risks.
Such safety models are essential not only for protecting
human lives and the environment but also for ensuring the
long-term sustainability and operational effectiveness of
these high-consequence operations €1,

1.2 Importance of
environments

The critical need for safety-first approaches in high-
consequence infrastructure and marine operations cannot be
overstated. Safety-first engineering models serve as the
foundation for preventing accidents and mitigating the risks
inherent in these environments. The stakes in such operations
are incredibly high, and even small lapses in safety can lead
to catastrophic events. For instance, in marine operations, the
risk of oil spills, gas leaks, and vessel collisions can have
devastating effects on both human health and the
environment. Similarly, structural failures in critical
infrastructure, such as bridges or power plants, can result in
significant loss of life, disruption of services, and severe
environmental damage 1,

A safety-first approach emphasizes proactive risk
management, where hazards are identified, analyzed, and
controlled before they lead to accidents. This approach is
grounded in the belief that safety is not merely a regulatory
requirement but a critical component of operational success.
Ensuring that safety is prioritized in every facet of
infrastructure and marine operations involves integrating
safety into design, operation, and maintenance processes (1.
By doing so, potential risks can be identified early, and
preventive measures can be implemented to minimize the
likelihood of accidents. Furthermore, it enhances the
operational efficiency of high-consequence sectors by
reducing the potential for costly interruptions and liability
issue [,

In addition, a safety-first mindset fosters a culture of
accountability and responsibility among workers and
management alike. By ingraining safety into organizational
processes, safety-first models ensure that everyone, from
engineers to field workers, is aware of and committed to
maintaining high safety standards. This cultural shift is
essential in preventing accidents and ensuring that safety
remains a top priority at all times. It also ensures compliance
with regulatory frameworks and industry standards, which
further safeguard the long-term viability of operations and the
well-being of all stakeholders involved (19,

safety in high-consequence

1.3 Research objectives and scope

The primary objective of this paper is to explore the
development of safety-first engineering models tailored to the
specific needs of high-consequence infrastructure and marine
operations. The paper aims to identify the key principles and
approaches that can be integrated into these models to
enhance safety and risk management. It will focus on
examining the existing safety models used in these sectors,
identifying their strengths and limitations, and proposing
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strategies to improve them. The goal is to create a
comprehensive framework for developing safety-first
engineering solutions that can be applied across various high-
consequence industries to reduce risks and enhance
operational safety.

The scope of the paper includes the design and
implementation of safety-first models in both infrastructure
and marine operations, with a particular emphasis on their
application in environments where the consequences of
failure are particularly severe. The paper will cover a range
of topics, from hazard identification and risk assessment to
the integration of cutting-edge technologies like automation
and artificial intelligence to improve safety outcomes.
Additionally, the scope will encompass the challenges and
barriers that may arise when implementing safety-first
models, such as regulatory compliance, technological
limitations, and organizational resistance to change.

By focusing on the intersection of safety engineering and
high-consequence operations, the research aims to contribute
to the development of practical, effective safety models that
can be adapted to meet the specific needs of diverse
industries. The paper will provide valuable insights for
engineers, policymakers, and stakeholders involved in
infrastructure and marine operations, offering them a deeper
understanding of how safety-first engineering models can
mitigate risks and improve the resilience of these critical
sectors. Ultimately, the research seeks to promote the
adoption of safety-first principles across high-consequence
industries, contributing to the prevention of accidents and the
protection of people, property, and the environment.

2. Theoretical foundations of safety engineering models
2.1 Key principles of safety engineering

Safety engineering is grounded in several core principles that
guide its application in high-risk industries, such as high-
consequence infrastructure and marine operations. At its
core, safety engineering seeks to identify, assess, and control
risks in a systematic manner. The first key principle is risk
management, which involves evaluating potential hazards
and assessing their likelihood and consequences M, Effective
risk management strategies focus on eliminating or
minimizing risks to an acceptable level, using tools like risk
assessments, fault tree analysis, and hazard identification
techniques. By identifying and quantifying risks early in the
planning stages, safety engineers can develop mitigation
strategies that prevent accidents before they occur 112,
Another fundamental principle is hazard identification,
which is crucial in ensuring that all potential risks are
recognized and addressed. Hazards in high-consequence
environments may range from physical dangers, like
structural failure or equipment malfunction, to more complex
threats, such as environmental risks or human error [,
Advanced techniques such as Failure Mode and Effects
Analysis (FMEA) and hazard and operability studies
(HAZOP) are often used in these sectors to systematically
identify and prioritize hazards based on their impact and
probability. Once identified, hazards can be controlled
through engineering measures or operational procedures to
reduce the likelihood of an incident [,

Safety performance assessment is another vital principle,
focusing on measuring and evaluating the effectiveness of
implemented safety measures. Safety performance indicators
(SPIs), safety audits, and monitoring systems are employed
to track the performance of safety interventions. These
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assessments ensure that the safety measures are working as
intended and provide valuable feedback for continuous
improvement. Furthermore, safety performance assessments
help in identifying weaknesses in safety systems, enabling
engineers to adapt and refine safety models to meet the
dynamic nature of high-consequence operations %,

2.2 Existing safety models and frameworks

In high-consequence industries, several safety models and
frameworks have been developed and refined over the years
to address the complex nature of risks. One of the most well-
known frameworks is the Safety Management System
(SMS), which provides a structured approach to managing
safety. SMS involves a comprehensive set of processes,
including risk assessment, hazard identification, incident
reporting, and continuous improvement 16l This model is
widely adopted in industries like aviation, offshore oil and
gas, and construction, where safety is paramount. SMS
emphasizes a top-down approach, where organizational
leadership plays a central role in fostering a safety culture and
ensuring that safety protocols are followed across all levels
of the operation 4],

Another commonly used framework is the Swiss Cheese
Model of Accident Causation, which explains how accidents
occur when multiple layers of defense fail simultaneously.
According to this model, safety systems and barriers are like
slices of Swiss cheese with holes. Under normal conditions,
these holes are misaligned, and the defenses prevent
accidents. However, when the holes align—due to equipment
failure, human error, or other factors—an accident occurs.
This model is valuable in understanding complex incidents
where multiple failures interact, providing insight into how
safety systems can be improved to prevent catastrophic
events [17],

Despite their strengths, these safety models have limitations.
For instance, the SMS framework relies heavily on human
intervention and can sometimes lead to complacency in the
absence of regular reviews and updates ['81. Additionally, the
Swiss Cheese Model, while insightful, does not provide
specific guidelines for proactive risk reduction. It focuses
more on post-event analysis and the identification of failure
points, rather than on continuous, anticipatory safety
practices. These limitations highlight the need for more
robust and dynamic safety models that can adapt to changing
technologies, environments, and regulatory standards 2],

2.3 Adapting safety models to infrastructure and marine
operations

Adapting safety engineering models to high-consequence
infrastructure and marine operations involves addressing
several unique challenges inherent in these environments.
One of the primary challenges is the complexity and scale of
operations 2% 21, High-consequence infrastructure, such as
bridges, tunnels, and energy plants, often involves numerous
interconnected systems, each with its own risks. Similarly,
marine operations, especially offshore drilling and maritime
transportation, operate in  dynamic, unpredictable
environments. This complexity necessitates the adaptation of
traditional safety models to account for the interplay of
multiple risks across various components of the operation I,
Another significant challenge is the environmental conditions
in which these operations occur. For marine operations, this
includes the constant threat of extreme weather, ocean
currents, and hazardous sea conditions. These environmental

www.multidisciplinaryfrontiers.com

factors can dramatically affect safety protocols, requiring
more flexible and context-sensitive safety models 2. The
use of remote monitoring systems, real-time data collection,
and environmental sensors has become critical in adapting
safety models to these conditions. For infrastructure, factors
such as seismic activity, structural wear and tear, and
fluctuating environmental conditions must also be factored
into safety models, demanding dynamic approaches that can
adjust as new risks emerge 23],

Lastly, the human factor in safety engineering plays a pivotal
role in both infrastructure and marine operations. The
presence of human error, whether due to miscommunication,
lack of training, or poor decision-making, is a significant
contributor to accidents in high-consequence environments.
Traditional safety models often assume a certain level of
human reliability, but in practice, human error remains a key
challenge. Adapting safety models to better account for
human behavior—through training, automation, and
decision-support systems—becomes essential in reducing the
likelihood of accidents. Furthermore, the integration of
behavioral science into safety models helps to understand
better how human factors, such as stress, fatigue, and risk
perception, influence safety outcomes 241,

3. Development of safety-first engineering models

3.1 Designing safety models for high-consequence
infrastructure

Developing safety-first engineering models for high-
consequence infrastructure such as bridges, power plants, and
critical transport systems requires a methodical approach that
balances risk management with the operational needs of these
large-scale systems. The design process starts with risk
assessment, where engineers identify the potential hazards
associated with the infrastructure 5. This includes both
internal risks, such as structural failures or mechanical
malfunctions, and external risks like seismic activity,
flooding, or vehicular accidents. Once hazards are identified,
the next step is to evaluate their likelihood and the potential
consequences of their occurrence. This assessment is
typically done through advanced techniques such as Failure
Mode and Effects Analysis (FMEA) or Fault Tree Analysis
(FTA), which help engineers to quantify the risks and
prioritize them based on severity [26],

Following risk assessment, the next step in designing safety
models is the integration of safety features into the
infrastructure design. For bridges, power plants, and
transportation systems, this involves incorporating physical
and operational safety measures that can prevent or mitigate
identified risks. For example, in power plants, redundant
safety systems are often designed to ensure that if one system
fails, another can take over to prevent accidents. Similarly,
bridges may incorporate monitoring systems that detect early
signs of stress, corrosion, or structural damage " 281, These
systems can provide real-time data that helps engineers to
take corrective actions before failure occurs. Another crucial
aspect of infrastructure safety design is safety performance
assessment, which involves creating benchmarks for safety
and establishing monitoring systems that ensure ongoing
safety performance. Regular inspections, audits, and the use
of safety management systems (SMS) are common methods
for ensuring that infrastructure remains safe throughout its
lifecycle.

The final step in the development of safety-first models for
infrastructure is the continuous improvement of safety
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systems. This is an iterative process that involves learning
from past incidents, near-misses, and regular safety audits to
refine safety protocols 2% 3%, Feedback from on-the-ground
personnel, such as maintenance crews and safety officers, is
critical in ensuring that safety systems remain effective and
up-to-date with the latest engineering standards and
technologies. This dynamic approach to safety allows for the
continuous enhancement of safety features, ensuring that the
infrastructure remains resilient to evolving risks throughout
its operational lifespan (4,

3.2 Safety models in marine operations

The application of safety-first engineering models in marine
operations, including offshore oil rigs, shipping, and
maritime safety protocols, presents a unique set of challenges
due to the high risks associated with working in unpredictable
and hazardous marine environments. Safety models in these
operations must account for the constant threats posed by
extreme weather conditions, the risk of equipment failure,
and human error. In offshore oil rigs, for example, safety
models are designed to prevent accidents such as oil spills,
gas leaks, and explosions, all of which can have catastrophic
environmental and human consequences 21,

A key component of safety models in marine operations is
emergency response planning. Offshore oil rigs, ships, and
other marine facilities must have detailed, well-practiced
emergency procedures that can be activated in the event of an
accident or disaster. These procedures must account for
various contingencies, such as fires, gas leaks, and vessel
collisions, and ensure that crews are prepared to respond
quickly and effectively to minimize harm. Regular drills and
simulations are an integral part of this process, ensuring that
all personnel are familiar with safety protocols and can
execute them under pressure 31,

In addition to emergency preparedness, safety models in
marine operations also focus on preventive measures, such as
the regular maintenance of equipment, machinery, and safety
systems. This includes ensuring that all offshore structures
are regularly inspected and tested to identify potential risks,
such as corrosion or equipment wear, which could lead to
failure. Remote monitoring technologies, such as sensors and
real-time data analytics, play a critical role in these safety
models by providing constant feedback on the status of key
infrastructure elements. In addition, redundant systems are
often incorporated into marine operations, particularly in
critical areas such as emergency shutdown mechanisms and
fire suppression systems, to ensure that operations can
continue safely in the event of equipment failure 34,

A fundamental aspect of marine safety models is the
integration of human factors engineering. In the high-stress
and high-risk environment of offshore oil rigs and maritime
operations, human error is a significant contributing factor to
accidents [*°1, Therefore, safety models incorporate training
programs, ergonomic design, and decision-support systems
to reduce human error. These systems aim to provide crew
members with the necessary information, guidance, and
support to make timely and accurate decisions. By
understanding the cognitive and psychological challenges
that workers face in such environments, safety models can be
designed to optimize human performance and enhance
overall safety [36],

3.3 Innovative approaches and technologies
As safety engineering continues to evolve, innovative
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technologies such as automation, artificial intelligence (Al),
and predictive analytics are being integrated into safety-first
models to enhance their effectiveness further. Automation
plays a significant role in reducing human error and
improving operational safety 7. For example, in both
infrastructure and marine operations, automated systems can
monitor key parameters in real-time, such as structural
integrity, machinery performance, and environmental
conditions. These systems can automatically alert personnel
to potential issues before they escalate, enabling prompt
action to prevent accidents. Moreover, automation can take
over high-risk tasks, such as hazardous material handling or
deep-sea drilling, reducing the exposure of workers to danger
[38]

Al is also transforming safety-first models by providing
advanced predictive analytics capabilities. By analyzing large
volumes of data from various sources, including sensors,
maintenance logs, and environmental monitoring systems, Al
algorithms can predict potential failures or safety risks with
high accuracy. These predictions enable operators to
proactively address issues before they lead to accidents, thus
enhancing safety outcomes. In infrastructure, for example, Al
can predict structural weaknesses or potential points of
failure based on historical data and real-time monitoring.
Similarly, in marine operations, Al can help predict adverse
weather conditions or mechanical failures, allowing for better
preparedness and response 391,

Another innovative approach is the use of virtual reality (VR)
and augmented reality (AR) in safety training and simulation.
VR and AR technologies allow workers to immerse
themselves in realistic, high-risk scenarios without the danger
of real-world consequences 9. By simulating emergencies
or critical situations, these technologies provide hands-on
training and help workers to practice decision-making in a
safe and controlled environment. Additionally, AR can assist
workers in real-time by overlaying safety information or
instructions onto their physical environment, guiding them
through complex tasks and ensuring that safety protocols are
followed [#1,

These innovative approaches, combined with traditional
safety models, provide a comprehensive strategy for
improving safety in high-consequence industries. By
leveraging the latest technologies, safety-first engineering
models can become more predictive, proactive, and
adaptable, ensuring that high-risk operations remain as safe
as possible in the face of evolving challenges and risks.

4. Implementation and practical considerations

4.1 Integration of safety models into real-world
operations

Integrating safety-first engineering models into real-world
infrastructure and marine operations requires careful
planning, resource allocation, and commitment to continuous
improvement. A crucial first step is training and capacity
building, which ensures that all personnel, from frontline
workers to management, are well-versed in safety protocols
and best practices ©2. In infrastructure, for example,
engineers, maintenance staff, and operators must understand
the intricacies of safety models such as risk assessments,
hazard identification, and the appropriate safety measures for
the specific type of infrastructure they are working with.
Similarly, in marine operations, crew members must be
trained in emergency response procedures, equipment
maintenance, and the use of safety technologies like sensors

169|Page


http://www.multidisciplinaryfrontiers.com/

Journal of Frontiers in Multidisciplinary Research

and monitoring systems. Simulation-based training, such as
virtual reality (VR) or augmented reality (AR) drills, has
proven effective in providing workers with immersive,
hands-on experiences without exposing them to actual risks
[43]

Another important aspect of implementing safety models is
ensuring robust maintenance and inspection protocols. In
both infrastructure and marine operations, regular
maintenance is essential to ensure that safety systems
function as intended. In infrastructure settings like power
plants or bridges, maintenance staff must adhere to scheduled
inspections and testing of critical systems to identify any
weaknesses or wear that could compromise safety “4l. For
marine operations, especially offshore rigs or ships, routine
inspections of safety equipment and structural integrity must
be conducted in challenging environmental conditions.
Maintenance schedules must also integrate predictive
maintenance technologies, such as Al-driven sensors, which
can forecast equipment failures before they occur, thus
preventing accidents and costly downtimes 431,

Risk management is the cornerstone of safety model
integration. A clear risk management strategy must be
developed to identify potential risks early and ensure that
mitigation measures are in place. In infrastructure, this
involves ensuring that safety measures are designed and
integrated into the infrastructure from the outset, considering
potential environmental hazards, such as flooding or
earthquakes, and operational risks like system malfunctions
146 For marine operations, this involves establishing risk
management protocols to handle unpredictable factors like
storms, rough seas, or oil spills. By incorporating real-time
monitoring and data analytics, safety models can be
dynamically adjusted to account for emerging risks,
providing ongoing risk assessment and mitigation throughout
the operational lifecycle 1471,

4.2 Challenges in Deployment

While implementing safety-first engineering models in high-
consequence environments is essential, several challenges
can hinder their deployment. One of the primary barriers is
the cost of implementing and maintaining these safety
systems. The initial capital investment required to design,
implement, and integrate safety-first models can be
substantial. This includes the cost of advanced monitoring
systems, automation technologies, and personnel training. In
sectors such as infrastructure and marine operations, where
profit margins can be tight and cost control is critical,
organizations may struggle to allocate the necessary
resources for such comprehensive safety measures.
Furthermore, continuous maintenance and upgrades of safety
systems demand ongoing financial commitment, which can
be difficult to sustain over time 8,

Another challenge is navigating regulatory requirements.
Safety standards and regulations vary significantly between
countries and industries, and keeping up with evolving
regulations can be a time-consuming and costly endeavor.
For example, marine operations must comply with
international maritime safety regulations, such as those set by
the International Maritime Organization (IMO), while
infrastructure projects must adhere to national building codes
and safety standards [“9]. These regulatory frameworks may
impose strict compliance requirements, leading to delays in
the implementation of safety models. Additionally,
compliance costs and the need for frequent audits and
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assessments can place a significant strain on organizations.
Balancing the adoption of safety models with the need for
regulatory compliance can be complex, especially when
global standards and local regulations are not fully aligned
[50]

Technological limitations also present a significant hurdle in
deploying safety-first models. While technologies like Al,
automation, and real-time monitoring have greatly improved
safety management, they still face limitations in some
environments. For instance, in offshore marine operations,
the challenging and unpredictable nature of the marine
environment can cause data transmission issues, making it
difficult to rely on remote monitoring systems for real-time
feedback. Similarly, infrastructure projects may encounter
limitations in integrating new safety technologies with aging
structures or systems, which may not be compatible with the
latest advancements in safety engineering. These
technological challenges require ongoing innovation and
investment to overcome and can delay the full deployment of
safety-first models B,

Despite the challenges in implementing safety-first
engineering models, several real-world examples highlight
the successful integration of these models in high-
consequence infrastructure and marine operations. One
notable case is the Deepwater Horizon accident, which led to
a significant overhaul of safety protocols in offshore oil
drilling operations. Following the 2010 disaster, the industry
adopted stricter safety models, such as the introduction of
real-time drilling monitoring systems, improved blowout
preventer (BOP) design, and a more rigorous approach to
emergency response planning. The industry's response to the
disaster included implementing safety systems that prioritize
risk management, enhance hazard detection, and provide
advanced crew training. These changes have made offshore
drilling operations safer and have become industry
benchmarks for safety protocols 2,

In the field of infrastructure, the Hong Kong-Zhuhai-Macau
Bridge offers another example of a successful safety-first
engineering model. This bridge, one of the largest
infrastructure projects in the world, incorporates advanced
safety systems such as structural health monitoring,
automated inspection technologies, and predictive
maintenance tools. The bridge's safety design includes
sensors embedded in the structure to monitor stress,
vibration, and temperature, allowing for real-time assessment
of the bridge's condition. These monitoring systems are
integrated into a comprehensive safety management
framework, ensuring that potential issues are detected early
and addressed proactively [,

Another successful example comes from shipping operations,
where companies have embraced autonomous ships as part of
their safety strategy. Autonomous vessels are equipped with
advanced navigation systems, Al-powered decision-making
tools, and real-time monitoring of environmental conditions
1541, These technologies reduce the risk of human error, one of
the primary causes of maritime accidents, by enabling the
vessel to adjust its course and speed automatically in response
to environmental changes or potential hazards. Companies
such as Rolls-Royce and Wartsila have made significant
strides in this area, demonstrating that integrating cutting-
edge technologies can significantly enhance safety in high-
risk marine operations %,

These case studies demonstrate the effectiveness of safety-
first engineering models in both infrastructure and marine

170|Page


http://www.multidisciplinaryfrontiers.com/

Journal of Frontiers in Multidisciplinary Research

environments. By learning from these examples, other
organizations can implement similar safety measures and
technologies, tailoring them to their specific operational
needs. Continuous innovation, coupled with a commitment to
safety, can ensure that high-consequence operations remain
as safe as possible, even in the face of evolving challenges.

5. Conclusion

This paper has highlighted the critical role of safety-first
engineering models in mitigating risks within high-
consequence infrastructure and marine operations. These
sectors are inherently hazardous due to the complexity of
their systems and the potential for catastrophic failures. By
adopting  safety-first approaches, organizations can
significantly reduce the likelihood of accidents, protect
valuable assets, and safeguard human lives. The integration
of advanced safety engineering models, which prioritize risk
management, hazard identification, and continuous
performance assessment, is fundamental in creating safer
working environments. These models not only improve the
physical safety of operations but also foster a culture of
accountability, ensuring that safety remains a top priority at
all levels of the organization. By emphasizing proactive
safety measures, high-consequence industries can effectively
manage and mitigate the risks associated with their
operations.

As infrastructure and marine operations continue to grow in
complexity, it is essential to drive ongoing research and
innovation in safety engineering. The emergence of new
technologies, such as Al, machine learning, predictive
analytics, and automation, presents both opportunities and
challenges in safety management. Future research should
focus on how these technologies can be further integrated into
existing safety models, improving real-time risk detection
and decision-making processes. Additionally, as the scale and
scope of infrastructure projects expand, understanding the
interactions between safety models, environmental factors,
and operational dynamics will be crucial. This calls for
interdisciplinary collaboration between engineers, data
scientists, and safety experts to design more robust, adaptive,
and future-proof safety frameworks. Moreover, exploring
how safety-first models can be standardized across different
industries and regions will help ensure that the highest safety
standards are universally adopted, providing a global
benchmark for high-consequence operations.

The necessity of maintaining rigorous safety standards in
high-consequence industries cannot be overstated. As the
risks involved in infrastructure and marine operations
continue to evolve, so too must the safety models that protect
workers, the environment, and assets. The implementation of
safety-first engineering models is not only a moral and
regulatory imperative but also an economic one, as
preventing accidents and failures is far less costly than
managing the aftermath of a disaster. A culture of safety,
underpinned by cutting-edge engineering practices, should be
the foundation of all high-consequence operations.
Ultimately, ensuring that safety remains paramount will
protect lives, preserve the environment, and enhance the
long-term sustainability of these critical industries.
Therefore, the ongoing development and application of
innovative safety models will play an essential role in
safeguarding the future of both infrastructure and marine
operations.

www.multidisciplinaryfrontiers.com

6. References

1.

10.

11.

12.

13.

14.

15.

16.

Pasman HJ. Risk analysis and control for industrial
processes-gas, oil and chemicals: a system perspective
for assessing and avoiding low-probability, high-
consequence events. Butterworth-Heinemann; 2015.

Cassotta S, Sidortsov R, Pursiainen C, Goodsite ME.
Cyber threats, harsh environment and the European High
North (EHN) in a human security and multi-level

regulatory global dimension: Which framework
applicable  to  critical  infrastructures  under
"Exceptionally  Critical Infrastructure Conditions"

(ECIC)? Beijing Law Review. 2019;10:317.

Barnes P, Oloruntoba R. Assurance of security in
maritime supply chains: Conceptual issues of
vulnerability and crisis management. Journal  of
International Management. 2005;11(4):519-540.
Nazarnia H, Nazarnia M, Sarmasti H, Wills WO. A
systematic review of civil and environmental
infrastructures for coastal adaptation to sea level
rise. Civil Engineering Journal. 2020;6(7):1375-1399.
Jenkins LM, Alvarez R, Jordaan SM. Unmanaged
climate risks to spent fuel from US nuclear power plants:
The case of sea-level rise. Energy  Policy.
2020;137:111106.

Salman AM, Li Y. Flood risk assessment, future trend
modeling, and risk communication: A review of ongoing
research. Natural Hazards Review.
2018;19(3):04018011.

Vincent C, Burnett S, Carthey J. The measurement and
monitoring of safety: drawing together academic
evidence and practical experience to produce a
framework for safety measurement and monitoring. The
Health Foundation; 2013.

Grote G. Safety management in different high-risk
domains — all the same? Safety  Science.
2012;50(10):1983-1992.

Lutchman C, Maharaj R, Ghanem W. Safety
management: A comprehensive approach to developing
a sustainable system. CRC Press; 2012.

Van der Stap T. Overcoming the conflict between safety
and production using risk management and behavioral
safety principles. In: ASSE Professional Development
Conference and Exposition. ASSE; 2008: ASSE-08-508.
Mannan MS, Reyes-Valdes O, Jain P, Tamim N,
Ahammad M. The evolution of process safety: Current
status and future direction. Annual Review of Chemical
and Biomolecular Engineering. 2016;7(1):135-162.
Bahr NJ. System safety engineering and risk assessment:
A practical approach. CRC Press; 2018.

Steijn W, Van Kampen J, Van der Beek D, Groeneweg
J, Van Gelder P. An integration of human factors into
quantitative risk analysis using Bayesian Belief
Networks towards developing a ‘QRA+’. Safety
Science. 2020;122:104514.

Naicker K. Engineering a process safety culture in the
chemical processing industry [dissertation]. North-West
University (South Africa); 2022,

Shaikh AY, Osei-Kyei R, Hardie M. A critical analysis
of safety performance indicators in
construction. International ~ Journal ~of  Building

Pathology and Adaptation. 2021;39(3):547-580.

Davis JR. Integrated safety, reliability, and diagnostics
of high assurance, high consequence
systems [dissertation]. Vanderbilt University; 2000.

171|Page


http://www.multidisciplinaryfrontiers.com/

Journal of Frontiers in Multidisciplinary Research

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Stefana E, Ustolin F, Paltrinieri N. IMPROSafety: A
risk-based framework to integrate occupational and
process safety. Journal of Loss Prevention in the Process
Industries. 2022;75:104698.

Maurino D. Why SMS: An introduction and overview of
safety management systems. International Transport
Forum Discussion Paper; 2017.

Kelly T. The role of the regulator in SMS. International
Transport Forum Discussion Paper; 2017.

Achumie GO, Oyegbade IK, Igwe AN, Ofodile OC,
Azubuike C. A conceptual model for reducing
occupational exposure risks in high-risk manufacturing
and petrochemical industries through industrial hygiene
practices. 2022.

Isibor NJ, Ibeh Al, Ewim CPM, Sam-Bulya NJ, Martha
E. A financial control and performance management
framework for SMEs: Strengthening budgeting, risk
mitigation, and profitability. 2022.

Olanrewaju OS. Risk based design for safe development
of reliable and environmentally friendly inland water
transportation system. Xlibris Corporation; 2013.
Meshkati N, Tabibzadeh M. An integrated system-
oriented model for the interoperability of multiple
emergency response agencies in large-scale disasters:
Implications for the Persian Gulf. International Journal
of Disaster Risk Science. 2016;7:227-244.

Linkov 1, Palma-Oliveira JM. An introduction to
resilience for critical infrastructures. In: Resilience and
risk: Methods and application in environment, cyber and
social domains. Springer; 2017:3-17.

Hollnagel E, Nemeth CP, Dekker S. Resilience
engineering perspectives: Remaining sensitive to the
possibility of failure. Ashgate Publishing; 2008.
Gosman S. Justifying safety: The paradox of
rationality. Temple Law Review. 2017;90:155.
Ogunsola KO, Balogun ED, Ogunmokun AS. Enhancing
financial integrity through an advanced internal audit
risk assessment and governance model. 2021.

Abisoye A, Akerele JI. A practical framework for
advancing cybersecurity, artificial intelligence and
technological ecosystems to support regional economic
development and innovation. International Journal of
Multidisciplinary Research and Growth Evaluation.
2022;3(1):700-713.

Egbuhuzor NS, Ajayi AJ, Akhigbe EE, Agbede O, Ewim
C, Ajiga D. Cloud-based CRM systems: Revolutionizing
customer engagement in the financial sector with
artificial intelligence. International Journal of Science
and Research Archive. 2021;3(1):215-234.

Ewim CPM, Omokhoa HE, Ogundeji 1A, Ibeh Al. Future
of work in banking: Adapting workforce skills to digital
transformation challenges. Future. 2021;2(1).

Rubin O, Dahlberg R. A dictionary of disaster
management. Oxford University Press; 2017.

Sames PC. Introduction to risk-based approaches in the
maritime industry. In: Risk-based ship design: Methods,
tools and applications. Springer; 2009:1-15.

Olga K. Safety culture development in dredging and
marine contractor companies — Three-case study on
safety programs. 2022.

Vinnem JE. Evaluation of offshore emergency
preparedness in view of rare accidents. Safety Science.
2011;49(2):178-191.

Islam R, Abbassi R, Garaniya V, Khan F. Development

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

www.multidisciplinaryfrontiers.com

of a human reliability assessment technique for the
maintenance procedures of marine and offshore
operations. Journal of Loss Prevention in the Process
Industries. 2017;50:416-428.

Zhang P, et al. Marine systems and equipment
prognostics and health management: A systematic
review from health condition monitoring to maintenance
strategy. Machines. 2022;10(2):72.

Brown N, Brown A, Degupta A, Quinn B, Stringer D,
Yankov B. Industry first Al-powered fully automated
safety observation system deployed to global offshore
fleet. In: SPE Offshore Europe Conference and
Exhibition. SPE; 2021:D041S013R003.

Waéschle M, Thaler F, Berres A, Polzlbauer F, Albers A.
A review on Al safety in highly automated
driving. Frontiers in Artificial Intelligence.
2022;5:952773.

Maktoubian J, Taskhiri MS, Turner P. Intelligent
predictive maintenance (Ipdm) in forestry: A review of
challenges and opportunities. Forests.
2021;12(11):1495.

Chen M, Decary M. Atrtificial intelligence in healthcare:
An essential guide for health leaders. Healthcare
Management Forum. 2020;33(1):10-18.
Wamba-Taguimdje SL, Wamba SF, Kamdjoug JRK,
Wanko CET. Influence of artificial intelligence (Al) on
firm performance: The business value of Al-based
transformation projects. Business Process Management
Journal. 2020;26(7):1893-1924.

Moore T, Lakha R. Tolley's handbook of disaster and
emergency management. Routledge; 2007.

Rawson A, Brito M, Sabeur Z. Spatial modeling of
maritime risk using machine learning. Risk Analysis.
2022;42(10):2291-2311.

Lazakis I, Dikis K, Michala AL, Theotokatos G.
Advanced ship systems condition monitoring for
enhanced inspection, maintenance and decision making
in ship operations. Transportation Research Procedia.
2016;14:1679-1688.

Amaechi CV, et al. Guidelines on asset management of
offshore  facilities for monitoring, sustainable
maintenance, and safety practices. Sensors.
2022;22(19):7270.

Abbassi R, Arzaghi E, Yazdi M, Aryai V, Garaniya V,
Rahnamayiezekavat P. Risk-based and predictive
maintenance planning of engineering infrastructure:
Existing  quantitative  techniques and  future
directions. Process  Safety and  Environmental
Protection. 2022;165:776-790.

Lazakis I, Turan O, Aksu S. Increasing ship operational
reliability through the implementation of a holistic
maintenance management strategy. Ships and Offshore
Structures. 2010;5(4):337-357.

Sujan MA, Habli I, Kelly TP, Pozzi S, Johnson CW.
Should healthcare providers do safety cases? Lessons
from a cross-industry review of safety case
practices. Safety Science. 2016;84:181-189.

Lindge PH, Baram MS. The role of standards in hard and
soft approaches to safety regulation. In: Standardization
and Risk Governance. Routledge; 2019:235-254.
Pilbeam C, Doherty N, Davidson R, Denyer D. Safety
leadership  practices for organizational safety
compliance: Developing a research agenda from a
review of the literature. Safety Science. 2016;86:110-

172|Page


http://www.multidisciplinaryfrontiers.com/

Journal of Frontiers in Multidisciplinary Research

51.

52.

53.

54.

55.

121.

Tong W, Hussain A, Bo WX, Maharjan S. Atrtificial
intelligence for vehicle-to-everything: A survey. IEEE
Access. 2019;7:10823-10843.

Jalonen R, Tuominen R, Wahlstrom M. Safety of
unmanned ships-safe shipping with autonomous and
remote controlled ships. 2017.

Munim ZH. Autonomous ships: A review, innovative
applications and  future  maritime  business
models. Supply Chain Forum: An International Journal.
2019;20(4):266-279.

Kim M, Joung TH, Jeong B, Park HS. Autonomous
shipping and its impact on regulations, technologies, and
industries. Journal of International Maritime Safety,
Environmental Affairs, and Shipping. 2020;4(2):17-25.
Ghaderi H. Wider implications of autonomous vessels
for the maritime industry: Mapping the unprecedented
challenges. Advances in Transport Policy and Planning.
2020;5:263-289.

www.multidisciplinaryfrontiers.com

173|Page


http://www.multidisciplinaryfrontiers.com/

