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A MODEL FOR ASSESSING SHIPPING SAFETY WITHIN PROJECT-
ORIENTATED RISK MANAGEMENT BASED ON HUMAN ELEMENT

Summary. Safety risk management in shipping projects is an extremely
important aspect aimed at ensuring the success of the project and the safety of all
participants in the maritime transportation process. This paper presents an approach
to assessing safety risks that considers multiple factors including equipment
condition, external circumstances, and human factors. The risk assessment utilizes
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the probability of accidents and their consequences, as well as the weighting factors
of each factor. The results of the assessment are interpreted using a scale that
defines the hazard level. The proposed methodology can effectively identify,
analyse and manage safety risks, which can contribute to the success and safety of
shipping projects. The study also discusses the importance of dividing the crew into
functional groups based on the operations performed, which helps to better identify
the safety risk for each group. Safety risk assessment is conducted for each
operation individually as well as for the entire project or multiple operations to
provide a comprehensive safety assessment. The results of the study have shown
the feasibility of the proposed method for assessing the safety risks of shipping
projects and its suitability to the initial data “safety” taking into account its separate
sides, features, as well as the constituent aspects of the concept, systematization of
the ship's safety structure in order to develop solutions to improve integral safety
and optimize decision-making in emergency situations. Achievement of the general
purpose of shipping safety thus means realization of ways of reduction of influence
of the human factor on the number of accidents, and an estimation of the degree of
influence of a set of factors on a ship during operation.

Keywords: risk management, shipping safety, marine navigation, ship condition,
external factors, human element, psychological analysis, crew training, education,
safety standards, crisis management, maritime accidents

1. INTRODUCTION

Shipping inherently involves risks ranging from commercial uncertainty to operational
problems and technical failures. These risks are multifaceted and require systematic
management approaches to ensure safe and efficient navigation. In the field of maritime
operations, viewed through the lens of projects, the focus shifts to optimizing the success of
individual projects rather than overall operational effectiveness. This project-centric paradigm
promotes resource optimization, decentralized management structures, and alignment of
business processes with specific project goals. This approach not only improves enterprise
efficiency, but also simplifies risk management strategies because risks are associated directly
with project components.

Importantly, risks are a constant companion to maritime shipping, with a considerable
number of publications dedicated to this topic. These risks are diverse, and each type of risk is
traditionally considered within specific management aspects. For instance, commercial risks
are associated with the potential threat of reducing vessel efficiency, while operational risks
arise from various adverse technical factors and weather conditions during voyages, leading to
deviations in key performance indicators (such as voyage duration). Technical risks are linked
to vessel system failures and potential accidents. Risks related to human factors are caused by
the influence of individual factors among crew members on the technical condition of the vessel
(operability of all systems), the performance of operations, and decision-making in various
situations. In addition, risks related to technology dependency, market volatility affecting
project priorities, and challenges in maintaining a balance between flexibility and project
management should be considered. Furthermore, risks related to port operations, cargo
handling, and cybersecurity threats in maritime logistics should be considered. Risks here may
include inaccuracies in simulation models leading to incorrect design or project optimization
decisions and unforeseen environmental factors impacting infrastructure operations. Risks in
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waterborne infrastructure projects may include budget overruns due to unforeseen construction
difficulties, including inaccuracies in cost estimation leading to budget shortfalls. Risks
associated with vessel operation may include accidents resulting in damage to or loss of the
vessel and human error affecting operational safety.

When considering the operational activities of enterprises and organizations as a sequence
of projects, the focus is on the success of each specific activity element — the project. This
approach optimizes resource allocation, decentralizes management, and aligns all business
processes with specific projects. Such an approach ensures the efficiency of each structural
element of the activity — the project — rather than the overall activity efficiency, leading to
increased enterprise efficiency.

The project approach entails integrally considering the diversity of risks, and providing a
comprehensive view of potential negative situations during voyage execution, which is another
factor justifying the use of project-oriented management in maritime navigation. Thus, risks are
“attached” to specific projects, and they are distributed into various types “within the project,”
but their control is carried out within a unified system. This integration enables the
consideration of the influence of any risk type and risk scenarios that emerge during project
execution on the project's outcome.

The various studies provide valuable insights into various aspects of maritime safety and
transportation efficiency.

In the domain of maritime operations, safety and risk management are highly important. The
literature review provides insights from a number of research papers to provide a
comprehensive understanding of shipping safety and project-oriented risk management. Thus,
human factors emerge as pivotal in maritime safety [1], emphasizing the imperative of
comprehending human behaviors and errors for effective risk mitigation. A dynamic calculation
matrix model is proposed in [2] for evaluating safety culture within shipping enterprises, aiming
to foster a positive safety culture and enhance overall safety performance. The emerging
technologies offer opportunities to enhance situational awareness in autonomous shipping
scenarios, with implications for maritime training and education studied in [3]. Methodological
insights shed light on operative control system intellectualization for dynamic objects [4],
potentially improving safety and operational efficiency in maritime contexts. The algorithm
development for rapid assessment indirectly informs strategies to enhance safety measures in
shipping operations, as researched in [5]. The content optimization strategies for multi-project
development in shipping companies provide valuable perspectives on project management
practices impacting safety measures [6]. The simulation modelling for maritime infrastructure
projects offers insights into potential impacts on safety measures within such projects, as
developed in [7]. The factors influencing safety management system implementation in
traditional shipping operations highlight critical aspects affecting safety protocol efficiency [8].
In [9], an improvement of models for determining the life cycle cost of a ship is proposed,
which is crucial for budgeting safety measures and ensuring the longevity of the ship. The
assessment of the reliability of International Safety Management (ISM) code implementation
in operational risk management within the shipping industry [10], contributes to ongoing efforts
to maintain robust safety standards.

The paper [11] offers a risk-based approach to assessing the future viability of commercial
shipping in the Arctic, looking at emerging challenges and opportunities. The study [12]
suggests risk management strategies for shipping in ice-covered waters, drawing on extensive
experience from polar projects. In [13] presented a project team management model designed
to effectively manage risk and promote project success under uncertainty. The works [14, 15]
investigated the environmental performance of ship operations in relation to cargo
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transportation efficiency, recommending measures to minimize environmental impacts and
conducting a comprehensive review of ship information security risks, emphasizing the
importance of protecting maritime transportation systems. The article [16] investigates the
potential impact of unmanned vessels on maritime safety, contributing to the development of
autonomous shipping. In [17] presented a formal safety assessment model based on relative
risks in ship navigation, improving the understanding and management of navigation hazards.
The [18] considered human factors in shipping accidents, shedding light on the interaction
between human factors and maritime safety outcomes. The research [19] proposes a risk
assessment model for the navigational safety of offshore aquaculture platforms, assisting in the
development of safety protocols for offshore farming. In [20] analyzed the cybersecurity
dynamics of ECDIS, providing insight into how to mitigate cyber threats in electronic mapping
and information systems used in shipping.

The reviewed papers on the research topic range from a study of energy-efficient growth of
the port sector in Italy [21] to a study of the psychosocial effects of the COVID-19 pandemic
on seafarers [22]. There are studies of fatigue from working conditions on board [23], modelling
the relationship between performance and ship control simulators [24], and the introduction of
RFID systems on ships to locate passengers and crew [25]. Other studied works address safety
improvement in shipping environments [26], risk-based operational safety assessment of
complex projects [27], and construction project management while ensuring environmental
safety [28]. In addition, there are studies evaluating the impact of safety management practices
on labour productivity [29], managing project contingencies based on risk perception [30], and
historical aspects of railroad ferry routes [31].

Some studies include a review of the role and risk of human factors in coastal shipping in
Greece [32], a literature review on managing health and safety risks to workers in construction
projects [33] and the proposal of occupational health and safety risk management systems for
coastal construction projects [34]. The design and optimization of maritime transport
infrastructure projects [35], the concept of decision support systems for combined propulsion
systems [36] and the application of genetic approach in design models [37] are also discussed.

In addition, studies have addressed health and safety risk analysis in high-rise construction
projects [38], costing of logistics systems projects [39], challenges and developments in public
management of autonomous shipping [40], Baltic resilience to geopolitical strategies [41],
quality assessment of port concession projects [42] and risk management mechanisms in higher
education institutions [43].

The reviewed literature represents a valuable contribution to various aspects of maritime
operations, transportation, and logistics management. However, despite the advances discussed
in these studies, a number of challenges remain in the maritime industry. These include ensuring
the safety and reliability of maritime operations, addressing environmental issues, improving
ship efficiency and optimizing logistics processes, and methodologies to assess the safety of
shipping within the framework of project-oriented risk management based on human element.

2. MATERIALS AND METHODS

One of the key characteristics of projects is “success”. According to the accepted approach,
the success of a project is determined by its timely completion, adherence to the planned budget,
and achievement of the specified outcomes. In this case, the results are economic indicators —
for a ship, this is the time charter equivalent and safety, considering the two main aspects of
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ship operations (Fig. 1). Economic efficiency is the goal, and safety in all its aspects is a
mandatory goal.

To note that a safety breach on any scale leads to the failure of a shipping project to succeed.
Naturally, in the course of project implementation (vessel operations), risk situations arise, in
which; in particular, a safety hazard arises. However, a project will be considered successful if
there are no consequences of a safety breach.

In this case, the performance indicator is the Time Charter Equivalent (TCE), if a voyage is
considered as a project. Assessment of project safety is a separate study, and at this stage, we
will take a certain indicator S, the value of which can be interpreted as the probability of
ensuring project safety, which imposes natural conditions on the set of values of this indicator.
This approach is consistent with the method of risk assessment in the context of safety adopted
in shipping.

Up-to-date Up-to-date Up-to-date Up-to-date
information on information on the information on the information on
weather technical condition of state of the human other factors
conditions the vessel factor affecting
} | ' I

Actual level of efficiency

4 TCE,S

___________________________________________________________________________

Sz

Critical level of safety

Y

Project inception Praoject time

Critical safety condition - danger
Fig. 1. Dynamics of project success rates in project-oriented shipping

Thus, a project success indicator is a set in which TCE is a random variable and S reflects
the probability of the project's safety state. The TCE indicator characterizes the effectiveness at
the end of the project, and the S indicator refers to the entire project, and the estimation of these
indicators is based on the estimates of their components in the project as a whole. For example,
it is based on an estimate of the most likely flight time and costs. S, in turn, must also take into
account all aspects of safety and is an integrated assessment of safety throughout the flight. It
should be noted that both TCE and S are dynamic characteristics and their values change based
on the availability of up-to-date information about the voyage and the vessel, and the longer the
voyage is, the greater the deviations may be compared to the initial values (Fig. 2).

For each component of success, critical levels are set, the justification of which is a separate
area of research. The current state is an indicator of approaching the critical state, which is the
basis for further decision-making on safety. “Accepted level of safety” is an indicator
determined by the accepted level of safety risk (see below), this value is accepted as acceptable
for a particular project. Considering the direction of this study, further attention will be focused
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on the safety indicator. In accordance with the project management methodology and existing
standards, risk assessment can be done with due regard to the composition of operations (works)
under the project. A similar approach is considered in shipping. All of the above can be
concluded that the FSA is seen as a means to provide a preliminary assessment of the new rules
and regulations being developed in shipping and an estimate of the possible costs of applying
these rules and regulations, both in the entire sector of the economy and for individual
companies affected by these changes.

3. RESULTS AND DISCUSSION

Let us define the acceptable (permissible) risk of an emergency Ras as the maximum risk
value that is reasonable in terms of technical, economic and technological capabilities for a
given maritime infrastructure facility. Acceptable risk can be said to be a certain trade-off
between the level of safety and the ability to achieve it.

Acceptable risk criteria determine the acceptable level of risk and are set depending on the
methods of risk analysis, availability of necessary information, capabilities, and objectives of
the analysis. In this case, the criteria for acceptable risk may:

- be set by regulatory and legal documentation;

- be determined when planning the risk analysis;

- determined in the process of obtaining the results of the risk analysis;

- be determined by experts.

The main requirements when choosing an acceptable risk criterion in the risk analysis are its
validity and certainty. Fig. 2 shows a conceptual model of risk management in the context of
safety in project-oriented shipping management.

The key distinction of the proposed model from the existing ones is that the center of gravity
of the risk management process is transferred to the shipping company. It is the company that
manages the projects and determines their main characteristics — types of cargo, transportation
routes and ports of call. Moreover, the company forms a project team, which practically
determines the main source of safety risk — the human element. In the absence of sufficient
statistical information on the impact of certain factors on the probability of accidents, as well
as the complexity of assessing the consequences of safety incidents, it is possible to use the
method of expert assessments based on fuzzy sets. In general, there are two levels of expert
assessments: qualitative and quantitative. The accuracy of quantitative (scoring) assessments
depends on the competence of experts, their ability to evaluate certain states, phenomena, and
ways of developing the situation.

In general, the risk assessment may also establish criteria for acceptable risk if they have not
been previously defined (e.g., strictly set out in regulatory documents). The main tasks of the
hazard identification stage are to identify and clearly describe all sources of hazards on the ship
and possible emergencies during its operation. This is a crucial stage of the analysis, since
hazards not identified at this stage are not subject to further consideration and disappear. During
the identification, it should be determined which elements, technical devices; technological
units or processes in the technological system require analysis that is more serious and which
are of lesser interest from the safety perspective. The result of the hazard identification is a list
of undesirable events; a description of hazard sources, risk factors, conditions for the occurrence
and development of undesirable events (e.g., scenarios of possible accidents); preliminary
hazard and risk assessments. The hazard identification also ends with the choice of further
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activities. Options for further action may include a decision to stop further analysis due to the
insignificance of the hazards or the sufficiency of the preliminary assessments; a decision to
conduct an in-depth hazard analysis and risk assessment; the formulation of initial
recommendations for hazard mitigation.

4. Risk analysis: assessing the
probability of risk occurrence and 5. Definition of an integrated risk
possible consequences assessment

6. Preparation and approval of a risk
response plan

7. Approval of the accepted risk

2. Formation of a set of project works
(operations) within the operational —
phase of the life cycle

8. Risk monitoring

10. Risk response analysis

Fort Passage between ports Fort
operations operations

Starting the Time
project

Fig. 2. Conceptual model of risk management

Hazards caused by human error, equipment failures, and external influences from the
workplace and the environment contribute to the causal chain of preconditions for an accident.
In other words, hazards are the conditions, circumstances, and causes under which an accident
may occur.

Let us denote the probability of danger (risk) for the operation.

To assess the impact of each emergency hazard factor, we will introduce the following
indicators: for the technical condition factor — indicator F1; for the external factor — indicator
F3; for the human element factor — subjective indicator F,. The external factor considers natural
and climatic conditions and the influence of other entities.

The technical condition of ship elements, potentially influencing the occurrence of
emergencies, is assessed based on several criteria, including compliance with standard
requirements, the overall level of technical condition, and adherence to global standards.
Additionally, external risk factors are considered, encompassing various conditions such as
weather complexity, visibility, ice conditions, seismic activity, and piracy, among others. These
factors collectively contribute to the overall risk assessment and management in maritime
operations, ensuring the safety and security of vessels and their crewmembers.

Climate indicators can be determined based on the weather forecast for the duration of the
project or use statistical results of climatic conditions in the region of the planned flights at the
relevant time of year.
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The human element factors are considered, taking into account the following:

- compliance of the quantitative and professional level of the work performers with the
technological requirements and the equipment used,;

- clarity, timeliness, and unambiguity of the management level,

- individual human factor in management (education, upbringing, professionalism,
physical condition, commitment to safe work, etc.);

- the level of interaction and social and psychological connectivity between members of
functional groups performing the relevant processes.

It is proposed to divide the ship's crew into functional groups depending on the operations
performed by this group. This approach makes it possible to determine the human element of
risk not for the entire crew, but only for the relevant functional group.

Of course, not all factors are equivalent, so it is necessary to include the weight of these
factors for each group, as well as the weight of each group factor, where is the number of factors
in each group.

Weighting factors are usually calculated using the simple ranking method, the proportional
method or the method of pairwise comparisons. As is customary, these values should
correspond to the conditions in the general case (for any number of groups — m):

M
3 \

(1)

2 W=l @)

The integral hazard indicator characterizes the degree of influence of all hazard factors
on the occurrence of an emergency, which can be depicted as a weighted mean of the indicators
of the analyzed factors in a given situation:

F = ZW F = WZZW P, )

i=1 n=1

where F,W, respectively, the probability and weight of the i-th group of hazard factors;

Pins Wi, - is the probability and weight of the nth hazard factor in the i-th group.

Three groups of hazards have already been identified, so the formula takes the form:

F = ZW F = WZZW P, @

i=1 n=1

The risk assessment results are interpreted as follows:
- considered extremely small if 0 <F <0.2;
- classified as small if 0.2 <F <0.4;
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- categorized as medium if 0.4 <F <0.6;
- designated as large if 0.6 <F <0.8;
- deemed dangerous if F > 0.8.

Note that this safety risk assessment is performed for each operation. However, it is logical
to assess safety for the entire project, or a set of operations within the current time period. For
example, for a project-oriented approach to managing ship operations, a set of operations is
performed during mooring or when a ship enters a port, and project safety in this case is the
safety of the set of these operations.

The identical approach can be applied to evaluate the safety of other project types as well
within the framework of project-oriented consideration of activities associated with accident
risks, etc. (e.g., construction). In this case, the safety risk assessment of a project FPR(or its time
period) is performed:

FP=1-T] Fe=1-T1 (iwk‘f”jﬂ_n (Wkiii ka.akm] ®)

keK keK i=1 keK i=1 n=1

where Fy - assessment of the safety risk of operation k belonging to the set K (a set of all
operations of the operational phase of the project life cycle associated with the risk of
accidents), respectively,

Ek =1-F
F Wi respectively, the score and weight for each group of factors for the k-th operation;
F_ki=1_ F

- opposite value;

- probability of the opposite value;

Wiin Pun - are, respectively, the score and weight for each component of each group of factors

for the k-th transaction;

Puin - probability of the opposite value.

In this context, the property of operations on random events is utilized, which expresses the
probability of at least one event occurring in the considered set. It is important that the events
are independent, and in this case, this requirement is met because all operations related to cargo
movement by the vessel can be considered independent. Formula (5) takes into account the
possibility of an emergency situation occurring during the execution of each operation.

Thus, the above assessment S of project safety:

S=1-F™® )

A fragment of the experimental calculations of the proposed formula is shown in Table 1
(situation A). The project safety risk at this stage is 0.0615, which is extremely low. Project
safety S=1-0.06015=0.93985. Further research was conducted with an increase in the
probability of risk of danger for the human element (situation B), as well as with an increase in
the weight of the human element factor group from 0.3 to 0.4, and 0.5 (situation C).
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Tab. 1
Calculations of hazard (risk) of operations and project (situation A)
1 TECHNICAL Weight, Weight,
FACTOR label value Operation | Operation | Operation
1 2 3
Probabilities
Weight wl 0,5
1.1 Element 1 wll 0,25 0,03 0,01 0,02
1.2 Element 2 w12 0,25 0,01 0,01 0,01
1.3 Element 3 w13 0,25 0,01 0,02 0,01
1.4 Element 4 wl4 0,25 0,01 0,03 0,02
1
F1 0,015 0,0175 0,015
2 HUMAN
ELEMENT
Weight w2 0,3
2.1. Level of
professionalism e e 0,01 0,02 0,02
2.2 Production
experience e e 0,03 0,02 0,02
2.3. Physical
condition w23 0.1 0,04 0,03 0,05
2.4.
Psychological w24 0,1
compatibility 0,05 0,02 0,02
2.5. Stress w25 0,1 0,05 0,05 0,05
2.6 Fatigue w26 0,1 0,05 0,05 0,05
2.7. Effectiveness
of w27 0,1
communication 0,02 0,02 0,02
2.8. Situational
awareness w28 0.1 0,02 0,02 0,02
2.9. Cultural
diversity e ol 0,06 0,06 0,06
2.10. Leadership w210 0,1 0,05 0,05 0,05
1
F2 0,038 0,034 0,036
3 EXTERNAL
FACTORS
Weight w3 0,2
3.1 Temperature w3l 0,25 0,01 0,01 0,01
3.2. Wind speed w32 0,25 0,03 0,01 0,01
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3.3. Probability
of unlawful w33 0,25
interference 0,001 0,001 0,001
3.4 Visibility w34 0,25 0,02 0,001 0,001
1

Fs 0,01525 0,0055 0,0055
PROJECT SAFETY RISK AT FPR = 0,06015
THE STAGE OF

Thus, the experimental calculations demonstrated the application of the proposed method
for assessing the safety risk of a project and substantiated the compliance of the results with the
initial data. After establishing the hazard risk assessment, if it is unsatisfactory, i.e. below the
accepted risk, it should be decided that the work should be stopped. The share of the “human
element” in safety risks for different conditions is shown in Figure 3.

The proposed methodology and its experimental calculations in situation A show that the
level of project risk is already extremely low. Therefore, conducting additional studies with an
increase in the probability of hazard risk to the human element (situation B) or with a change
in the weight of the group of factors associated with the human element from 0.3 to 0.4 and 0.5
(situation C) is unnecessary, since the purpose of such studies is to identify possible risks and
develop mitigation measures. However, in the case of extremely low levels of project risk, as
in situation A, additional measures may be unnecessary and unjustified in terms of resources
and time.

In general, there are several ways to manage risks, for example:

1) risk acceptance — continuing to implement the project according to the plan;

2) risk rejection — a decision to postpone or refuse to perform the operation with
appropriate changes to the project plan;

3) risk reduction by changing the composition of the functional group performing the
operation or changing the technical elements.

Considering the specifics of shipping and modern approaches to safety, only achieving the
maximum reduction of the risk of the operation through careful attention to the state of
individual human factors is an option for risk management

4. CONCLUSION

The project-oriented management approach in shipping enables the synthesis of diverse
methods and safety assessment approaches traditionally endorsed by international maritime
bureaus and those implemented through project management's risk management methods. This
integration amalgamates best practices for risk minimization in shipping within the framework
of safety and risk mitigation inherent in project methodologies. Consequently, it forms a novel
and effective approach to ensuring shipping safety.

Proposed a method for assessing the risk of shipping safety, considering the impact of
individual factors of the human element. The method centers on the existing FSA methodology,
which is supplemented by a system of individual human element factors, applicable to projects
of any nature and involving consideration of a set of operations within a separate period or a
logical structural component of the project life cycle. The result of applying this method is
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forecast and current project safety assessments. Experimental calculations were carried out,
which demonstrated that the results corresponded to the initial data. The proposed method is
universal and can be extended to various industries, taking into account industry specifics in
the system of factors. These findings lay the groundwork for further exploration into safety
issues within the scope of a project-oriented management approach in shipping.
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