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The objective of this thesis is to evaluate whether the Systema™ simulation tool provides 
adequate means to perform safe return to port (SRtP) assessment and compare it to conventional 
assessment methods. This objective is approached by performing a thorough study of SRtP 
regulations and introducing suitable reliability assessment techniques in accordance with the 
international electrotechnical commission (IEC) standards. Conventional assessment methods 
based on these regulations and standards are described, and their limitations are evaluated. In 
addition, a detailed description of assessment methods with the Systema™ simulation tool is 
provided, together with assessment examples from chosen electrical systems. The evaluation 
of the simulation tool and comparison of two different assessment methods are founded on 
observations of phases above.  
 
The study found that the most significant advantage of the simulation tool over traditional 
assessment methods is its flexibility to cope with design modifications during the assessment 
process. With such a method, the burden of assessment on the designer can be relieved, and the 
reliability of the assessment can be increased. It is also shown that the manual application of 
reliability assessment techniques represented in IEC-standards is a less efficient means to 
produce SRtP assessment compared to the simulation tool. Therefore, Systema™ is considered 
a viable option to produce SRtP assessments despite its current limitations in the simulation of 
short circuits.  
 

 



  

 

 

TIIVISTELMÄ 

Lappeenrannan-Lahden teknillinen yliopisto LUT 
School of Energy Systems 
Sähkötekniikan koulutusohjelma 
 
Teemu Koskinen 
 
Simulaatiotyökalun Arviointi Safe Return to Port Analyysiin 
 
Diplomityö 
2021 
54 sivua, 21 kuvaa, 11 taulukkoa ja 6 liitettä 
Tarkastajat:  Prof. Pertti Silventoinen ja TkT Tommi Kärkkäinen 
 
Hakusanat: Safe Return to Port, SRtP, luotettavuusanalyysi, turvallisuus, redundanssi, 
simulaatio 
 
Työn tavoite on arvioida tarjoaako Systema™ simulaatiotyökalu asianmukaiset keinot Safe 
Return to Port (SRtP) analyysin suorittamiseksi ja verrata sitä tavanomaisiin 
analyysimenetelmiin. Tavoitetta lähestytään perehtymällä SRtP-sääntöihin ja esittelemällä 
soveltuvat luotettavuustekniset menetelmät IEC-standardien mukaan. Tavanomaiset 
analyysimetodit sovelletaan näiden sääntöjen ja standardien pohjalta ja kyseisen menetelmän 
rajoitteet arvioidaan. Tämän lisäksi, Systema™ simulaatiotyökalun analyysimenetelmiin 
perehdytään ja analyysiesimerkit valikoiduista sähköjärjestelmistä esitetään. 
Simulaatiotyökalun arviointi ja kahden erilasen analyysimenetelmän vertailu perustuu tehtyihin 
havantoihin edellä mainituista vaiheista.  
 
Työssä havaittiin, että merkittävin simulaatiotyökalun etu verrattuna tavanomaisiin 
analyysimetodeihin on sen joustavuus suunnittelumuutosten suhteen, jotka tapahtuvat kesken 
analyysiprosessin. Kyseisellä metodilla voidaan myös keventää analyysin aiheittamaan 
kuormaa suunnittelijalle ja analyysin luotettavuus kasvaa. Työ osoittaa, että IEC-standardien 
mukaisten luotettavuusteknisten menetelmien manuaalinen soveltaminen SRtP analyysiin ei 
ole yhtä tehokasta, kuin simulaatiotyökalulla. Näin ollen, Systema™ simulaatiotyökalua 
voidaan pitää hyvänä vaihtoehtona SRtP analyysin suorittamiseen huolimatta sen tämän 
hetkisistä puutteista oikosulkujen simuloinnissa. 
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1 INTRODUCTION 

1.1 Background 

Safe return to port (SRtP) and orderly evacuation and abandonment (OEA) are safety of life at 

sea (SOLAS) regulations developed by International Maritime Organization (IMO) in 2010. 

They apply for passenger ships with three or more main vertical fire zones (MVZ) or length of 

over 120 meters. The purpose of these regulations is to improve the safety of passenger ships 

and minimize the probability of having to evacuate. They are based on a principle according to 

which the ship, even a damaged one, should be the safest place for passengers and evacuation 

should be avoided as long as possible after an incident of fire or flooding casualty. Safe Return 

to Port vessel suffering such casualty should be able to return to a safe port on its own power. 

In addition, a necessary level of comfort to the people onboard should be provided during the 

voyage. However, if evacuation is necessary, certain systems must remain operable to execute 

an orderly evacuation. (Cangelosi et al. 2018).  

 

These regulations have a fundamental influence on a ship system’s design as it must be ensured 

that essential systems remain operable after a fire or flooding casualty. Such a goal is 

revolutionary and may affect the system’s architecture and spatial placement of essential 

equipment onboard, leading to a significant increase in design complexity. To achieve 

acceptable system design, aspects such as the separation of system components from each other, 

redundant system design, and protection of system components against the casualty should be 

considered. (Vicenzutti, Bucci & Sulligoi 2016). 

 

Power distribution boards used to be designed just to serve electrical consumers in a technically 

proper manner. However, due to SRtP, one must now consider how the board is located 

compared to other distribution boards, how power supply cables are routed, if duplicated power 

supplies are needed, and how the board’s loss of power may influence the operability of 

consumers it serves. As SRtP philosophy covers multiple systems across machinery and 

electrical disciplines, as well as their interfaces, the risks of unacceptable solutions are apparent 

without proper design coordination from the early phases of the project. Moreover, challenges 

with SRtP are not limited only to system’s design as rule compliancy must also be demonstrated 

to stakeholders. Therefore, a structured assessment and verification processes must be 

performed, requiring a significant use of resources and time. (Vicenzutti et al. 2016).  
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1.2 Definition of the research problem 

SRtP assessments are required by regulations to ensure the rule compliance and operability of 

essential systems in case of a casualty on-board the ship. There is no uniform practice on how 

such assessment should be performed, and authorities may have varying interpretations of what 

is an acceptable performance level for a system to remain operable. In order to assess the system 

in terms of SRtP, complete information and an understanding of its functions and spatial 

distribution of components within the vessel are required. Therefore, a starting point for such 

an assessment may be challenging. As the size of ships and the complexity of modern vessels 

are increasing, preparation of conventional assessments is becoming more difficult.  

 

Conventional assessment methods such as the manual preparation of spreadsheets and a failure 

mode and effect analysis are often time-consuming, making the assessment vulnerable to errors. 

Such methods can also be inflexible if modifications are required due to inconsistencies 

between actual system installation and assessment. As complete system information is required 

to perform an assessment, it should not be started in too early a phase of the project to avoid 

unnecessary and constant modifications. On the other hand, if assessments are based on actual 

on-board installations and the design has been inadequate, it may be too late and costly to 

modify installations.  

 

The Systema™ simulation tool provides an alternative method to conduct such assessments. 

However, it is uncertain if the program can solve issues that are apparent in conventional 

assessment methods. There is currently very limited information regarding the program’s 

capabilities and the reliability of its assessment results. It is also unknown whether simulation-

based assessment provides a more suitable working process compared to conventional methods. 

 

1.3 Objective and methods 

The objective of this thesis is to study alternative means to produce SRtP assessments, 

especially for electrical systems. It aims to evaluate whether the commercial simulation 

software Systema™ is a preferable method to produce the required approval documentation 

when compared to conventional assessment methods. Evaluation criteria for both assessment 

methods are based on aspects such as methods flexibility to cope with system modifications, 
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limitations of the assessment versus actual system operation, reliability of assessment results, 

required user expertise, and workload for assessment preparation.  

 

The subject is first approached by examining SRtP rules and regulations and exploring basic 

techniques for reliability assessment according to international standards. The objective of such 

an approach is to clarify the regulatory framework for assessments and establish an 

understanding of good practices for reliability assessment. Conventional assessment methods 

based on international standards are then introduced, and their potential limitations are 

examined. Next, alternative means to produce such assessments with purpose-built simulation 

software are evaluated and compared to conventional methods. The evaluation of simulation 

software is based on case examples from electric power distribution and fire and smoke 

detection systems.  Program versions used in this thesis are Systema Server 1.2.6.1 and Systema 

Client 1.12.3.0. 

 

1.4 Research limitations 

The scope of this thesis is limited to an evaluation of assessment methods to produce adequate 

SRtP assessment documentation for electrical systems. Therefore, it does not take a position on 

how SRtP requirements should be implemented into system design or how those systems should 

be constructed to meet the rules. Represented regulatory interpretations are the author’s own 

unless otherwise stated and they may not be applicable to shipbuilding projects.  

 

In addition, methods for reliability assessment introduced in the thesis are qualitative by nature, 

meaning that a quantitative or probabilistic approach is excluded. Therefore, assessment 

methods are approached from the perspective of how a system may fail and by which corrective 

actions it can be restored. In this way, likelihood of such a failure is not evaluated, and methods 

for such an analysis are not included.  

 

Finally, the conventional assessment methods are based on IEC-standards, and such standards 

can be applied in various ways. Therefore, assessment limitations found in the thesis are related 

to the application of the methods introduced in the standards, and not to the standards 

themselves.   
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2 REGULATORY FRAMEWORK 

Rules for SRtP and orderly evacuation can be considered goal-based by nature. They provide 

functional and performance standards for systems that are considered essential for the vessel to 

be able to return to port safely after a casualty or to support orderly evacuation of the ship. 

Goal-based rules do not provide strict guidelines or concepts for how these essential systems 

should be arranged; thus, they can be interpreted in various ways. Superior-level regulations 

are open to innovation, but they also create challenges for new ship building projects as different 

stakeholders may have differing views on how rule compliance is achieved. (Cangelosi et al. 

2018).  

 

This chapter introduces the most significant SRtP regulations set forth by different authorities. 

The regulatory foundation for SRtP is defined in SOLAS regulations and these requirements 

are introduced first. They can be considered as superior-level rules, and hence further guidelines 

and interpretations by maritime safety committee are introduced. In addition, more detailed 

regulations by classifications societies are outlined. 

 

SRtP regulations can include very specific terminology and definitions such as “casualty 

threshold” or “A-class boundary space.” It is essential to understand these terms to comprehend 

what the regulations require. Therefore, Table 1 provides short clarifications for terms that are 

commonly used throughout this thesis.    

 

Table 1 Clarification of terms (DNV 2020; IMO 2020). 

Term Clarification 

Assessment 
Structured analysis of the consequences that any fire or flooding 
casualty may have for systems required to remain operational. 

A-class boundary 
space 

A space that is surrounded by bulkheads and decks constructed with 
A-class fire protection according to SOLAS II-2/Reg.3.2. Referred 
to also just as “space.” May include multiple rooms. 

Casualty scenario Equivalent to an SRtP or OEA casualty. 

Casualty threshold 
The maximum physical extent of an SRtP casualty where the vessel 
must be capable of returning to port. See figure 1.  

Critical system 
Essential system that is identified in the overall assessment to have 
a possibility to fail to operate adequately as a consequence of an 
SRtP casualty. 
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Detailed assessment 
Second assessment step to supplement overall assessment if critical 
systems are found. 

Essential system 
Systems and those sections of systems in spaces not directly 
affected by the casualty that need to remain operable after a casualty 
according to SOLAS. 

Fire casualty 
Any possible fire case on board the ship. Fire casualty may or may 
not exceed the casualty threshold. 

Flooding casualty 
Any possible flooding case on board the ship. Flooding casualty 
may not exceed a single watertight compartment. 

Main vertical fire 
zone 

Sections into which the ships hull, deckhouses and superstructure 
are divided by A-class divisions.  

Manual action 
Necessary manual intervention by the crew to restore functionality 
of the SRtP system after a casualty.   

OEA casualty 
Incident of fire casualty exceeding the casualty threshold. Fire is 
considered to spread to a complete main vertical fire zone. 

Overall assessment First assessment step to identify critical systems.  

Safe area 
The areas planned to provide services listed in section 2.1 for 
persons on board, to ensure habitable conditions during an SRtP 
voyage.  

Safe return to port 
SOLAS regulations applicable to new passenger ships having length 
of over 120 meters or having three or more main vertical zones. 

SRtP casualty Incident of fire or flooding casualty limited by the casualty 
threshold.  

SRtP voyage The voyage back to port after SRtP casualty. 
 
2.1 Safety of Life at Sea – SOLAS 

The International Convention for SOLAS was adopted on November 1, 1974, by the 

International Conference on SOLAS and the IMO. The SOLAS Convention entered into force 

on May 25, 1980, and it is considered the most important and superior level regulation regarding 

the safety of ships. This means that for example surveying authorities like classification 

societies establish their own regulations based on SOLAS. The original SOLAS Convention 

1974 has been amended and updated multiple times by the Conferences of SOLAS Contracting 

Governments or by the Maritime Safety Committee (MSC) and the version in force today can 

be referred to as SOLAS 1974, as amended. (IMO 2020). On July 1, 2010, SOLAS amendment 

MSC Resolution 216(82) was enforced, and it introduced regulations for SRtP and OEA. 

(Cangelosi et al. 2018). As a result, the SOLAS regulations collected into Table 2 form an 

enforced goal-based standard. 
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Table 2 SOLAS SRtP-regulations (IMO 2020). 

Regulation Title 

SOLAS  
Chapter II-2, Regulation 21 

Casualty threshold, safe return to port and safe areas 

SOLAS  
Chapter II-1, Regulation 8-1 

System capabilities and operational information after a 
flooding casualty on passenger ships. 

SOLAS  
Chapter II-2, Regulation 22 

Design criteria for systems to remain operational after a fire 
casualty 

 

According to IMO (2020), the purpose of SOLAS II-2/Reg.21 is “to establish design criteria 

for a ship’s safe return to port under its own propulsion after a casualty that does not exceed the 

casualty threshold and also to provide functional requirements and performance standards for 

safe areas”. With such regulations, the vessel’s fault tolerance and robustness are increased, and 

capability to safely return to port is ensured. In addition, the objective is to make sure that 

essential systems are arranged with necessary level of redundancy to limit the impact of a 

casualty. (DNV 2019). Regulation 21 determines fundamental key concepts that, create a 

foundation for an SRtP philosophy for passenger vessels. These concepts are i) casualty 

threshold, ii) definition of essential systemsy, and iii) safe areas. 

 

The term “casualty threshold” refers to the anticipated extent of a fire casualty. If the fire 

casualty remains within the given threshold, requirements set forth by regulation 21 shall be 

met. However, if the fire casualty threshold is exceeded, regulation SOLAS II-2/Reg.22 is 

applied, and systems for OEA of the vessel shall remain operational. In addition to fire casualty, 

flooding casualty shall be considered according to SOLAS II-1/Reg.8-1. A single watertight 

compartment form limits to the extent of flooding casualty. Figure 1 illustrates the main 

principles of the above SOLAS regulations and their relationships with each other. (IMO 2020; 

DNV 2019).   
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Figure 1 Main regulation principles (modified from DNV 2019). 

 

Regulation 21.4 defines which systems onboard are considered essential for an SRtP voyage 

when fire damage does not exceed the casualty threshold. Essential systems are as follow: 

 propulsion 

 steering systems and steering-control systems 

 navigational systems 

 systems for fill, transfer and service of fuel oil 

 internal communication between the bridge, engineering spaces, safety center, fire-

fighting, and damage control teams and as required for passenger and crew notification 

and mustering 

 external communication 

 fire main system 

 fixed fire-extinguishing systems 

 fire- and smoke-detection system 
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  bilge and ballast system  

  power-operated watertight and semi-watertight doors 

  systems intended to support “safe areas” 

  flooding detection systems 

  other systems determined by administration to be vital to damage control efforts. 

(IMO 2020). 

 

A vessel should not only be capable of returning to port safely but also provide a safe area(s) 

for all people onboard with an adequate level of comfort after a casualty during the voyage. To 

ensure tolerable conditions onboard, systems that are specified in SOLAS II-2/Reg.21.5.1.2 are 

required to be available in the safe area assigned to the casualty. Safe area(s) must provide the 

following basic services: 

 sanitation 

 water 

 food 

 alternative space for medical care 

 shelter from weather 

 means of preventing heat stress and hypothermia 

 light 

 ventilation 

(IMO 2020; DNV 2019). 

 

As represented in figure 1, SOLAS II-2/Reg.22 for OEA is applied if the casualty threshold is 

exceeded. The intention of this regulation is to ensure that required systems to support orderly 

evacuation of the vessel remain operational for three hours in all main fire zones not affected 

by fire. The requirement applies to the following systems: 

 fire main 

 internal communications (in support of fire-fighting as required for passenger and crew 

notification and evacuation) 

 means of external communication 

 bilge systems for removal of fire-fighting water 



11 

 

   

 

 lighting along escape routes, at assembly stations and at embarkation stations of life 

saving appliances 

 guidance systems for evacuation 

(IMO 2020; DNV 2019). 

 

2.2 Maritime Safety Committee circulars 

SOLAS rules introduced in section 2.1 are superior-level requirements and they have been 

shown to be challenging to follow (MSC 2010). Therefore, MSC developed various circulars 

for supplementary guidance and interpretations. Relevant MSC circulars are collected into 

Table 3.  

 

Table 3 IMO explanatory notes. 

Regulation Title 

IMO MSC.1/Circ.1369 
Interim explanatory notes for the assessment of passenger ship 
system capabilities after a fire or flooding casualty 

IMO MSC.1/Circ.1400 
Guidelines on operation information for Masters of passenger 
ships for safe return to port by own under tow 

IMO MSC.1/Circ.1437 
Unified interpretations of SOLAS regulation II-2/21. (capabilities 
after a fire or flooding casualty)  

IMO MSC.1/Circ.1532 
Revised guidelines on operational information for masters of 
passenger ships for safe return to port 

 

From the above explanatory notes, MSC.1/Circular.1369 is the most significant in the 

framework of this thesis as it outlines the process of approval and verification of a ship design. 

Circular 1369 describes the necessary documentation required when relevant SRtP SOLAS 

regulations II-1/Reg.8-1, II-2/Reg.21 and II-2/Reg.22 are applied (MSC 2010). In addition, it 

provides support for safe engineering design and more specific interpretations of the above 

mentioned SOLAS regulations. Specific interpretations are listed in MSC.1/Circular.1369 

appendix 1 Interpretations to SOLAS Regulations II-2/21 and II-2/22 (MSC 2010). The first 

section of appendix 1 includes interpretations of a ship’s description. For example, according 

to interpretation 7, limits of casualty threshold are defined as loss of space of the fire origin up 

to nearest A-class boundaries if the space is protected by a fixed fire-extinguishing system, as 

illustrated in figure 2.  
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Figure 2 Space of fire origin protected by fixed fire-extinguishing (MSC 2010). 

 

If a fixed fire-extinguishing system is not applied to the space of fire origin, adjacent spaces up 

to nearest A-class boundaries are also considered to be affected. However, the fire is not 

spreading downward, as illustrated in figure 3. (MSC 2010). 

 

Figure 3 Space of fire origin not protected by fixed fire-extinguishing (MSC 2010). 

 

Moreover, the boundary between main vertical zones MVZ-A and MVZ-B will limit the extent 

of the fire casualty as illustrated in figure 4 (MSC 2010).  

 

Figure 4 Fire casualty limited by MVZ boundary (MSC 2010). 
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Whereas the first section of MSC.1/Circular.1369 appendix 1 gives more general interpretations 

of design criteria, the second section focuses on interpretations of detailed assessments of 

critical systems. Therefore, it provides more detailed assistance regarding how essential 

systems should be arranged. There are numerous interpretations for various systems, and it is 

not relevant to list all of them, but as an example, MSC (2010) interpretation 39 states that 

power-operated watertight doors should have “indication to show whether each door is open or 

closed after any fire casualty not exceeding the casualty threshold except for those doors in the 

boundary of spaces directly affected by the casualty”. From this example, it can be seen that 

while SOLAS II-2/Reg.21.4.11 just lists power-operated watertight doors as an essential 

system, MSC.1/Circular.1369 provides functional requirements for the system after a casualty.  

 

Furthermore, MSC.1/Circular.1369 not only clarifies functional requirements for essential 

systems, but it also states that systems’ rule compliance must be verified. Therefore, according 

to MSC (2010), “an assessment based on structured methods is required and it should document 

the intended essential system functionality after a fire or flooding casualty defined by SOLAS 

II-1/Reg.8-1, II-2/Reg.21 and II-2/Reg.22”. The process flow for assessment of passenger ship 

system capabilities is represented in Appendix 1 (MSC 2010). 

 

According to MSC.1/1369/4.2.1, assessment for each essential system should be divided into 

two steps, the first of which is an overall systems assessment. It is primarily intended to be a 

system-based approach, wherein potential weaknesses of the essential systems are outlined. A 

system-based approach means that assessment is performed in qualitative terms. However, a 

compartment- or space-by-space based approach may also be applied. Overall assessment can 

be considered acceptable if essential systems are identified to be fully redundant so that cable 

routes, pipes, and equipment are duplicated and adequately separated for all fire and flooding 

cases. However, if an overall assessment reveals that the system is not fully redundant, the 

essential system is identified as a critical system and a second assessment step called detailed 

assessment of critical systems is required. (MSC 2010). 

 

Detailed assessment may require additional information such as details of pipes and cables 

connecting the essential system components. Details of manual actions providing the required 

ship systems’ functionality may also be required. (MSC 2010). Detailed assessment can be a 
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quantitative analysis from the identified critical system, and according to MSC (2010) it may 

include i) “assessment of a fire casualty on a system or component”, ii) “failure mode effect 

analysis (FMEA) of a system or system component in accordance with standard IEC60812 

analysis techniques for system reliability – Procedure for failure mode and effects analysis 

(FMEA)”, and iii) “analysis of the possibility of watertight compartment flooding and 

consequences of flooding on the system components.” 

 

In addition to overall and detailed assessments, MSC.1/Circular.1369 also requires “an 

operational manual for fire and flooding cases and SRTP operation, including details of any 

manual action required to ensure operation of all essential systems”. In this context, manual 

actions may include, but are not limited, to operating a valve, shutting down/starting equipment 

such as ventilation fans, and operating a switch or circuit breaker. Furthermore, system 

descriptions of operation after a casualty, test, inspection, and maintenance plan are required. 

These documents form the entirety of onboard documentation demonstrating the ship 

capabilities. (MSC 2010). 

 

2.3 Classification society regulations 

A classification society, commonly known as “class,” is an independent body setting standards 

for the design, repair, and maintenance of ships. To insure a maritime risk, some assurance is 

required that a particular vessel is structurally fit to undertake a proposed voyage. Therefore, a 

system of classification is formulated to distinguish the good risk from the bad. In today’s 

highly complex maritime business, classification is a form of quality check for the insurance 

company. Otherwise, a class has no official role relative to international or national regulation 

and no commercial interest related to shipbuilding, ownership, insurance, or chartering. 

(Molland 2008).  

 

To verify a vessel’s compliance with international and national statutory regulations, societies 

have developed classification rules. A new ship sailing international trade must hold a class 

certificate that is issued once ship’s compliance with regulations is verified. Scope of 

classification includes a technical review of design plans and related documents, and attendance 

at the construction of the vessel at a shipyard. (IACS 2020).  
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Class regulations are generally based on superior-level requirements set forth by IMO. 

However, as SOLAS regulations are not unequivocal, there may be variations in how different 

classification societies interpret them. For example, the extent of fire casualty thresholds 

represented in figures 2, 3, and 4 is just one interpretation, and it may vary among societies. 

SRtP related requirements are often not included in class rules; instead, guidelines, additional 

notations, and descriptive notes are given. Table 4 represents a collection of class specific SRtP 

regulations and guidance documents from members of the International Association of 

Classification Societies (IACS). In addition, regulations from the Bahamas Maritime Authority 

(BMA) are included. 

 

Table 4 Classification society SRtP-regulations 

Class  Identification Edition Title 

ABS - Jul 2016 Guidance note – The application of special purpose 
ship requirements to offshore support vessels 

BV NR 598 DT R01 E Jan 2016 
Rule note – Implementation of Safe Return to Port 
and Orderly Evacuation 

CCS CD 05-2019 Mar 2019 
Guidelines for implementation of IMO 
requirements for SRtP and OEA 

CRS - - Not available 

DNV DNV-CG-0004 Jul 2019 Class guideline – Safe return to port 

DNV Pt.6 Ch.2 Sec.11 Jul 2020 
Class notation – Safe return to port, orderly 
evacuation and abandonment 

IRS Pt.6 Sec.5/6 Jul 2020 
Casualty Threshold, Safe Return to Port and Safe 
Areas 

KR 2015-ETC-04 Jun 2015 
Technical information for Safe Return to Port 
system design of passenger ships 

LR - Jan 2014 Descriptive Note - Procedure for Assigning SRtP  

NK 20-501 2020 
Rules for the Survey and Construction of 
Passenger Ships / Guidance 

PRS Publication 90/P Jul 2017 
Guidance for safe return to port and orderly 
evacuation and abandonment of passenger ship 

RINA - - Not available 

RS 2-020101-138-E Mar 2021 
Casualty Threshold, Safe Return to Port and Safe 
Areas 

BMA 
(Flag) 

Marine notice 03 Jan 2020 Safe Return to Port 

 

As table 4 illustrates, classification societies have differing documentations intended to regulate 

and support implementation of SRtP. Variation is not only limited to which form regulations 

are provided, but the contents of regulations may also vary among societies. It is also possible 
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that a class does not have any specific regulations for SRtP. Lack of specific interpretations 

may create challenges for newbuild ship projects as SOLAS regulations are goal-based and 

MSC.1/Circ.1369 leaves room for interpretation. Moreover, flag administrations may have 

some additional rules for SRtP. However, they are often be included in the class scope. (DNV 

2019).  

 

In terms of SRtP, a key issue is the required performance level for an essential system to remain 

operational. This level is not specified in SOLAS or clarified in the MSC.1/Circ.1369. 

Therefore, for each system, the notion of what “remains operable” implies should be specified 

in the project. (DNV 2019).  

 

On July 2020, class called Det Norske Veritas (DNV) released additional class notation Pt.6 

Ch.2 Sec.11 for SRtP and OEA. In general, class notations can be considered as additional sets 

of rules offered by individual societies. They may be selected by ship owners to demonstrate a 

specific rule standard that may be in excess of what is required for classification (IACS 2020). 

However, some notations such as DNV Pt.6 Ch.2 Sec.11 may also be mandatory. This 

comprehensive section of class notation provides functional requirements in a level of detail 

uncommon to SRtP regulations, and for this reason, it is highlighted in this thesis. The notation 

presents system requirements in three layers. Layer 1 contains top-level goals providing 

fundamental rationale and intent for a particular rule. In practice, layer 1 includes SOLAS 

regulations.  Layer 2 on midlevel provides functional requirements that explain in greater detail 

the required performance of the system to achieve goals represented in layer 1. Layer 3 is the 

lowest level providing detailed performance requirements supported by rules and guidance 

notes. (DNV 2020). 

 

Regulation Pt.6 Ch.2 Sec.11/3.3.4.2 can be used as an example of how DNV takes an official 

stand on how MSC.1/Circ.1369 interpretation 13 should be implemented. According to MSC 

(2010) interpretation 13, “fire-resistant cables complying with standards IEC 60331-1 and IEC 

60331-2 and passing through spaces may be considered to remain operational after a fire 

casualty if there are no connections within the affected space. However, installation of these 

cables should be made to support their survival in a fire casualty and during fire-fighting 

efforts”. From a design perspective, this regulation raises the question of how these cables 
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should be installed so that they survive the fire casualty. DNV Pt.6 Ch.2 Sec.11/3.3.4.2 states 

that installation of these cables can be considered to support their survival if they are shielded 

to avoid exposure to the physical impact of direct water spray from fire hoses or fixed fire-

extinguishing. In addition, fire- and water-jet-resistant cables complying with standards 

BS8491:2008 may be accepted. (DNV 2020). This relatively minor clarification may have a 

significant influence on what kind of fire-resistant cables should be purchased and installed 

onboard.  
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3 TECHNIQUES FOR RELIABILITY ASSESSMENT  

The term “reliability” can be often used to describe reliability, availability, maintainability, and 

safety. This can be misleading since the definition for reliability in this context is the probability 

of an item to function under given conditions for a stated time interval. From a qualitative point 

of view, it can be also defined as the items ability to remain operational. The objective of 

reliability engineering is to produce tools and methods to analyze the reliability of a component, 

equipment, or a system and, in this way, support production engineers to build according to 

these requirements. (Birolini 2017). This chapter introduces a set of reliability tools and 

methods that can be applied to SRtP assessment to demonstrate the rule compliance of ships’ 

essential systems.  

 

In section 2.2, the regulatory foundations for SRtP assessment are represented as they are 

written in MSC.1/Circular.1369. As illustrated in appendix 1, assessment can be divided into 

overall and detailed assessment, whereby overall assessment should preferably be performed 

with system-based qualitative methods. However, an option for a space-by-space quantitative 

method is also given. If critical systems are found with an overall assessment, a detailed 

assessment may be required to confirm their rule compliance. Quantitative analysis can also be 

conducted as part of the detailed analysis. (MSC 2010). 

 

3.1 Qualitative and quantitative assessment 

MSC.1/Circular.1369 introduces the concepts of qualitative and quantitative assessments. 

However, regulation does not express in detail how these assessment methods should be 

implemented in practice, and neither do the class regulations represented in table 4. In addition, 

the terms “qualitative” and “quantitative” have several definitions in the literature. In this thesis, 

qualitative and quantitative assessments are considered from the perspective of reliability 

engineering. Therefore, according to Billinton and Allan (1983), qualitative failure analysis is 

seen as a process of finding how a system may fail and what corrective actions may be used to 

overcome the failure. Quantitative failure analysis can be considered a probabilistic approach 

defining the numerical likelihood of a failure (Billinton & Allan 1983). The difference between 

these two definitions may seem trivial, but they have a fundamental influence on how SRtP 

assessment should be performed.  
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In order to conduct a quantitative failure analysis, probabilistic failure data is required. In terms 

of SRtP, such failure data would include the probability of failed equipment in case of fire or 

flooding casualty or the probability of a casualty in the first place. According to probability 

theory, the first approach would be to define probability as a success percentage in many similar 

events. This approach is suitable if a large number of similar events are expected to occur. 

(Čepin 2011). However, in terms of SRtP, each fire and flooding casualty is unique depending 

on many variables, such as the success of fire-fighting efforts or the fire load within a specific 

space. Therefore, it can be challenging to mathematically define the accurate probability of 

certain failures.  

 

According to Čepin (2011), the second approach is a subjective evaluation of probability. If 

there are no large number of similar events, then probability of the event may be expressed by 

subjective belief about the event. The accuracy of such beliefs is dependent on the expertise of 

the designer. In addition, probabilistic data could also be derived from different sources, 

including statistical databases, reports, or industry experience. Such sources should be openly 

available to ensure the legitimacy of the assessment, and their suitability for a specific vessel 

should be thoroughly evaluated. Probabilistic failure analysis is only as accurate as the failure 

data upon which it is based.  

 

In addition to the challenges expressed above for quantitative assessment, the method is also 

mostly ignored in the class regulations represented in table 4. Regulations do not include 

reference to quantities or performance limits (MSC 2010). Thus, it could be challenging to 

determine if a system can be considered to remain operable with calculated system failure 

probability. In this context, it is also worth noting that dissenting opinions exist for the usability 

of probabilistic methods (Cichowicz, Vassalos & Logan 2009). However, the study in question 

is based on a specific system availability analysis tool (SAVANT) that is not in the scope of 

this thesis, and the program no longer seems publicly or commercially available. Therefore, 

assessment methods further examined in this thesis are qualitative by nature. This means that 

methods are based on assumption according to which a system component can exist in only two 

states after a casualty, working or failed. 
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3.2 Reliability block diagram 

Reliability block diagram (RBD) is one tool for analytical dependability analysis. It is a 

graphical representation of a system’s reliability performance showing the logical connection 

of system components needed for successful system operation. A prerequisite for preparing 

reliability system models is a solid understanding of how the system operates. Although RBD 

describes the logical relations needed for system function, the diagram does not necessarily 

represent the way in which the hardware is physically connected. (IEC60812 2006).  

 

The first step for model development is to select a system success/failure definition. If one 

definition is not enough, it may be necessary to build separate RBD for each. Then, the system 

must be divided into blocks to reflect its logical behavior. Blocks are to be connected to form a 

success path, where the combinations of blocks between input and output are arranged to 

represent system function. If system operability requires that all blocks remain operable, a series 

system represented in figure 5 is formed. (IEC60812 2006). 

 

Figure 5 Series model (modified from IEC60812 2006). 

 

The diagram in figure 5 consists of input/output ports and blocks from A to Z, which together 

form a system. If failure of single block does not affect the system performance, a series model 

is not suitable. In these cases, a parallel series model represented in figure 6 may be applicable. 

 

Figure 6 Parallel series model (modified from IEC60812 2006). 

 

In figure 6, the entire link is made redundant so that a single failure does not affect the system 

performance. RBD used for modeling a system are often more complex than collection of 

parallel and series block structures. Figure 7 represents a model structure where a duplicated 

communication link comprises three repeaters A, B, and C with the common power supply 

block D.  
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Figure 7 Mixed redundancy models (modified from IEC60812 2006).  

 

Each block represented in the model should be statistically independent from other blocks and 

should not include redundancy within the block. Therefore, failure of any block will not 

influence the state of any other block within the system. (IEC60812 2006). Some systems may 

also need a model where system success is based on m or more out of n items connected to the 

system. Such a model structure is represented in figure 8.  

 

Figure 8 Two of three and two of four redundancy models (modified from IEC60812 2006). 

 

From the above models, a set of equations can be formed to calculate the system’s probabilistic 

reliability. However, as discussed in section 3.1, such a probabilistic approach is not in the 

scope of this thesis. In terms of SRtP, each system component and output is considered to have 

either a working or failed state. Therefore, the likelihood of component or system failure is not 

calculated.  

 

3.3 Boolean truth tables 

RBDs can be represented with Boolean expressions (IEC60812 2006). The example 

represented in figure 9 includes three blocks (A, B, and C) in parallel configuration, where one 

working block will lead to system success (SS).  
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Figure 9 One third parallel series model (modified from IEC60812 2006). 

 

When Boolean expressions are applied for this example, symbols A, B and C indicate up state 

and Ā, B̄, and C̄ down state. In addition, AND logic can be expressed with the symbol ⋂, and 

OR logic with symbol ⋃. (IEC60812 2006). Therefore, the Boolean expression for figure 9 is 

as follows: 

SS=A ∪ B ∪ C,   (1) 

 

Thus, equation (1) includes a set of overlapping terms. To obtain more value in terms of system 

reliability, equation (1) can be disjointed to the following form: 

 

SS=ĀB̄C ∪ ĀBC̄ ∪ ĀBC ∪ AB̄C̄ ∪ AB̄C ∪ ABC̄ ∪ ABC,             (2) 

 

Equation (2) expresses all up/down state combinations where SS is true for the RBD represented 

in figure 9.  

 

Another way to represent similar information as shown in equations (1) and (2) is to use truth 

tables, a very direct method of analyzing a large RBD. All possible states in which a system is 

represented by an RBD are tabulated, and for each such state, an overall system status is defined. 

(Davidson & Hunsley 1994). Table 5 illustrates all possible state combinations for blocks 

represented in figure 9 so that number “1” equals up or working state and “0” equals down or 

failed state. System states in table 5 are determined according to the logic apparent in figure 9. 

In a parallel series model configuration, the system output is down only if all blocks A, B and 

C are down. 
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Table 5 Truth table implementation for figure 9 (modified from IEC60812 2006). 

Block 
System 

A B C 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 1 

 

Truth tables can express an analysis result for RBDs in a readable manner and can be applied 

to SRtP overall assessment. The potential weaknesses of the system can be outlined, and it can 

be considered if the system arrangement is fully redundant. Therefore, this method can be used 

to identify critical SRtP-systems, and it is therefore suitable for overall assessment. However, 

complete system operability may be challenging to express solely by Boolean truth tables if, 

for example, corrective actions for system restoration are required. The need of corrective 

actions would mean that the system is considered critical, and detailed assessment is required, 

as discussed in section 2.2. Therefore, it may be justified to supplement truth tables with other 

assessment methods, such as Failure Mode and Effect Analysis (FMEA) as also proposed by 

MSC.1/Circular.1369. 

 

3.4 Failure mode and effects analysis 

According to IEC60812 (2018), “Failure Mode and Effects Analysis (FMEA) is a systematic 

process to identify failure modes and their causes and effects on system performance”. 

Therefore, the severity of these potential failure modes can be identified, and input for 

mitigating actions to reduce the risk can be provided. Appropriately built FMEAs provide useful 

information that decrease the risk on the system. This is due to the fact that FMEA is a logical 

and progressive potential failure analysis method and when properly conducted, it is one of the 

most important preventing actions during system design to avoid failures and errors in the 

finished project. (Stamatis 2003). 
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FMEA provides the system designer with a methodical way of studying the causes and effects 

of failures before the system is finalized. However, there is no one correct way to build the 

FMEA as it is a flexible tool that can be tailored to suit specific applications, and there may be 

a wide range of variations in terms of how it is conducted and presented. Generally, a FMEA 

should (i) identify potential and known failure modes, (ii) identify the causes and effects of 

each failure mode, (iii) prioritize the identified failure modes, and (iv) provide follow-up and 

corrective action for the problem. (Stamatis 2003, IEC60812 2018). 

 

A system under evaluation should be divided into its basic elements before an analysis can be 

performed, and one method for such system decomposition is the use of RBDs represented in 

section 3.2. In general, an FMEA deals with individual failure modes and how they influence 

the system operation. Therefore, each failure mode is treated independently. (IEC 2018). 

FMEAs can be divided into four types: system FMEA, design FMEA, process FMEA, and 

service FMEA (Stamatis 2003). This thesis focuses on system (sometimes called concept) 

FMEA. As mentioned, there is no universal form for FMEA. However, some generally accepted 

items should be included in the analysis. At the same time, it should be noted that SRtP design 

and assessment is a very specific niche of engineering, and analysis should be adjusted 

accordingly. Elements present in the analysis include: system function, failure mode, failure 

effect, cause of failure, detection method, severity of effect and corrective action (Stamatis 

2003).  

 

Failure mode is loss of a system function or specific failure. The successful operation of a 

system depends on the performance of certain system elements. Failure modes can be 

determined by identifying those elements. An RBD, with its inputs and outputs, can be used to 

support the identification and description of all potential failure modes. Although failure mode 

is a specific failure, it may have several causes. The most likely independent causes for each 

failure mode must be identified, and recommended action should be evaluated. However, it is 

not always necessary to determine failure causes and corrective actions for all failure modes. 

Causes should be based on failure effects and their severity on system operation; otherwise, 

unnecessary effort may be dedicated to the identification of failure causes for failure modes that 

have no effect on system functionality. (Stamatis 2003; IEC60812 2018). 
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Failure effect is the consequence of a system failure mode in terms of function, system status, 

or operation. Multiple independent failure modes may lead to the same failure effect, and the 

consequences of each failure mode should be evaluated and identified. The purpose of failure 

effect identification is to support judgment when existing alternative provisions are evaluated. 

In addition, corrective actions can be defined if required. Alternative provisions and corrective 

actions are means of compensating for the failure. The identification of design features that 

have an ability to prevent the effect of failure mode is an important record in the FMEA. Such 

features may include (i) redundant items, (ii) alternative means of operation, (iii) monitoring or 

alarm devices and (iv) other means of permitting operation or limiting damage. (Stamatis 2003; 

IEC60812 2018). 

 

An FMEA may also include elements such as detection methods (how the user is made aware 

of failure), severity classification (significance of the failure mode’s effect on system 

operation), and probability of occurrence for each failure mode (IEC60812 2018). However, in 

terms of SRtP, the value of this information may be debatable as the origin of failure is always 

a fire or flooding casualty, the probability of such a casualty is not applicable (as discussed in 

section 3.1), and the main objective of the analysis is to verify the systems rule compliance.  

 

Table 6 represents a simplified FMEA worksheet for figure 9, which illustrates a parallel series 

block model. Figure 9 is an example of one simple system or rather subsystem, and Tables 5 

and 6 illustrate how information can be derived and expressed from such a system. Results in 

table 5 are used as supportive information for worksheet preparation, and the first four rows are 

included in table 6 to illustrate different kinds of failure modes. Although these examples are 

simplified for illustration purposes, they provide an outline for one way of executing a 

qualitative reliability assessment.  
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Table 6 FMEA implementation for table 5 and figure 9. 

Component Reference Failure mode Failure cause Failure effect Redundancy provided 

            

Figure 9 system Table 5 
Blocks A, B and C are 
damaged 

Damaging 
event 

System is not 
operable 

Not applicable 

  Row 1      

            
            

  Table 5 
Block C is damaged Damaging 

event 
System remains 
operable Blocks in parallel. 

System success via blocks: 
    A and B 

  Row 2       
          
            
            

  Table 5 
Block B is damaged Damaging 

event 
System remains 
operable Blocks in parallel. 

System success via blocks: 
    A and C 

  Row 3       
          
            
            

  Table 5 
Blocks B and C are 
damaged 

Damaging 
event 

System remain 
operable Blocks in parallel. 

System success via block: 
    A 

  Row 4       
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4 CONVENTIONAL SAFE RETURN TO PORT ASSESSMENT 

Assessment principles set forth in sections 3.2, 3.3, and 3.4 can be applied to SRtP assessments 

with some specific considerations. The framework for SRtP-assessments is strictly tied to 

regulations represented in chapter 2. However, a fundamental difference between generic 

reliability analysis and SRtP assessments is the SRtP philosophy whereby a fire or flooding 

casualty within a certain space is always the root cause for a failed system or component. 

Therefore, it is not relevant to study effects of coincidental equipment fault or human error on 

system operation. Finally, SRtP assessment can be divided to separate phases, illustrated in 

appendix 2, which should be aligned with the overall design and construction schedule of the 

vessel.  

 

4.1 Casualty scenarios 

As the root cause of failure is known, one of the first steps for the assessments is to define all 

the possible scenarios of how a fire or flooding casualty can occur onboard the ship. In other 

words, all possible casualty scenarios should be defined. To do so, the ship is divided into 

spaces formed by boundaries with A-rated structural fire protection. These spaces are grouped 

together according to their properties so that limits of fire and flooding casualties can be 

determined. The regulatory basis and a further explanation of such casualty thresholds is found 

in section 2.2. Each space considered as a potential fire or flooding origin will form an 

independent casualty scenario used in further assessments. The complete ship may eventually 

include hundreds or even thousands of casualty scenarios, which can be divided into (i) fire 

casualties not exceeding casualty threshold, (ii) flooding casualties, and (iii) loss of complete 

main fire zone. Such divisions may be beneficial as casualty scenario types have different 

effects on system components, and requirements for system operability are not the same.  

 

4.2 System models 

After casualty scenarios are established, essential systems can be modeled using block diagram 

methods described in section 3.2. The objective of system model representation is to connect 

each part of an essential system to a space and in this way create a connection between casualty 

scenarios and the system’s operability. Therefore, connections between states of spaces and 

states of system components can be created. In more complex systems, a block diagram can be 

split into subsystems, each of which represents a part of the system function. However, 
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infrastructures of a ship do not operate as isolated entities. Interdependence among systems 

must be accounted for in any model aiming to provide reliable information on the potential 

vulnerability of a system (Cangelosi et al. 2018).  Therefore, inputs and outputs corresponding 

to a system’s operational status are formed to connect systems and subsystems together. Figure 

10 depicts the power distribution system serving an electrical motor. These system components 

are connected to spaces, and the system is divided into three subsystems with inputs and 

outputs.  

 

Figure 10 System components connected to spaces 

 

Figure 10 demonstrates how system components are connected to spaces. However, it does not 

follow standards for RBDs discussed in section 3.2. The figure can be represented in a more 

standardized format as shown in figure 11. This way, the dependability of each input, block, 

and output can be visualized more clearly. In figure 11, spaces illustrated in figure 10 are 

collected into blocks; for example, blocks in subsystem 1 can be defined as follows: block 11 

= space 1, block 12 = spaces 2, 3 and 4, block 13 = space 5.  
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Figure 11 System components’ dependability. 

 

Models should be based on information derived from actual system design and specifications. 

However, design documents for essential systems may also include irrelevant information, and 

some important aspects may be neglected in terms of SRtP. Therefore, it may be justified to 

produce a specific system description that only concentrates on matters relevant for SRtP. Such 

a description should clarify system operation so that it enables an accurate preparation of system 

models, which is critical for a reliable assessment result.  

 

4.3 Overall assessment 

Overall assessment of certain systems can be executed by comparing the extent of the casualty 

with the location of system components and then analyzing how failed components affect the 

system operability. In addition, it should be considered if inputs from other systems influence 

the system under review. Assessment can be started by juxtaposing system component locations 

with casualty scenarios.  In this way, it can be determined which system components failed 

during certain casualty scenarios. After these failed components in certain scenarios are known, 

systems’ or subsystems’ output states can be defined by using Boolean functions introduced in 

section 3.3. With this approach, an outline can be created concerning whether the system is 

fully redundant and if a detailed assessment is required.  
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Table 7 illustrates how assessment results can be expressed for subsystem 1 in figure 11. The 

subsystem is a serial structure, so if any of the blocks or the input is affected by the casualty, 

the subsystem state is down. Each casualty scenario is represented by one row, and the affected 

spaces as well as input/output down states are highlighted. Input 1 in table 7 is an interface to 

another system, meaning the state of that input is a result of another system assessment. For 

illustration purposes input 1 is given a down state for scenario 20, leading to a subsystem down 

state. However, in practice, input 1’s down state is unknown until the system in question is 

analyzed. The same principle applies to output 3 as it functions as an interface to subsystem 3. 

When subsystem inputs are considered valid, results of output 3 can be used as input in 

subsystem 3. A similar approach can be applied to subsystem 2, and lastly, the final system 

state of motor output 5 can be determined.  

 

Table 7 Truth table for subsystem 1 introduced in figure 11 

 
 Input 1 Block 11 Block 12 Block 13 Output 3 

Scenario 
number 

Affected 
space  

State of 
generator 

Switchboard Cable route 
Distribution 

board State of 
subsystem 

 Space 1 Space 2 Space 3 Space 4 Space 5 
                   
1 Space 1  1 0 1 1 1 1 0 
                   
2 Space 2  1 1 0 1 1 1 0 
                   
3 Space 3  1 1 1 0 1 1 0 
                   
4 Space 4  1 1 1 1 0 1 0 
                   
5 Space 5  1 1 1 1 1 0 0 
                   
6 Space 6  1 1 1 1 1 1 1 
                   

20 Space 20  0 1 1 1 1 1 0 
                   

 

Interfaces among systems and subsystems also mean that with conventional assessment 

methods, systems must be analyzed in a specific sequence. For example, to analyze the 

performance of a navigation system, the state of the electric power distribution system is 

needed. Conversely, knowledge about an operable power distribution system is not useful if the 

state of electric power production is unknown. Power production via diesel generators requires 

a functional fuel oil system, and for it to remain operable, electric power may be required for 

running the fuel oil pumps. The above example is an infinite power loop within the assessment 
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that must be resolved. This can be done by initiating the cycle with input “up” states. Thus, this 

also means that assessments include false states which must be corrected by an iterative loop 

assessment process. Power loop iteration continues as long as the loop states settle to an 

equilibrium. Once final states for the system is achieved, it can be evaluated whether regulatory 

requirements for system performance are met.  

 

4.4 Detailed assessment 

Whereas overall assessment outlines potential system weaknesses, detailed assessment focuses 

on actual casualty impacts on the system and its capability to function as required. Table 8 

contains similar results from subsystem 1 as table 7. However, the former is manipulated so 

that the affected power supply cable (block 12) is recovered. Justification for such an action in 

this example is that the fire-resistant cable is considered to remain operable after a casualty as 

per MSC.1/Circular.1369 interpretation 13. During detailed assessment, similar corrective 

actions, such as manual actions by the crew to recover the system, may be done to alter the 

initial overall assessment results.  

 

Table 8 Truth table for subsystem 1 with recovery actions 

 
 

Input 1 Block 11 Block 12 
Block 

13 
Output 3 

  
Scenario 
number 

Affected 
space  

State of 
generator 

Switchboard Cable route 
Dist. 
board State of 

subsystem  Recovery action 

 Space 1 Space 2 Space 3 Space 4 Space 5  
                      
1 Space 1  1 0 1 1 1 1 0    
                      

2 Space 2  1 1 1 1 1 1 1 
 

Cable remains operable due to 
fire-resistance 

                      

3 Space 3  1 1 1 1 1 1 1 
 

Cable remains operable due to 
fire-resistance 

                      

4 Space 4  1 1 1 1 1 1 1 
 

Cable remains operable due to 
fire-resistance 

                      
5 Space 5  1 1 1 1 1 0 0    
                      
6 Space 6  1 1 1 1 1 1 1    
                      

20 Space 20  0 1 1 1 1 1 0    
                      

 

After the results presented in a detailed assessment worksheet are considered valid, FMEA can 

be conducted using methods described in section 3.4. The main objective of the FMEA is to 

recognize manual actions required by the ship crew to restore certain system functions. Such 



32 

 

   

 

tasks are essential to produce an operational SRtP manual for the crew to know how to respond 

during each casualty.  

 

Assessment methods introduced in this chapter provide adequate means to evaluate and verify 

whether the system meets SRtP regulations. Assessment results should be fully transparent so 

that system failure can always be traced down to failed system components and exact casualty 

scenarios. In addition, all corrective actions should be carefully reported to evaluate their rule 

compliance. Methods in this chapter provide tools for such transparency when assessment 

results are properly reported.  

 

4.5 Assessment limitations 

Assessment methods introduced in the previous chapter are based on modeling the systems with 

block diagrams and expressing the system operability with truth tables. Although they provide 

adequate means to demonstrate the system’s rule compliance, both methods have limitations. 

For instance, RBD modeling technique is primarily intended for systems where the order of the 

failure does not matter and system restoring is not necessary (IEC60812 2006). In terms of 

SRtP, both aspects may have significance for assessment results. Identification of corrective 

actions for system restoration is one of the assessment objectives, and the sequence of failure 

events may have an impact on certain systems. Moreover, assessment results derived from 

RBDs provide only an outline of failures, and if system restoration is needed, results must be 

manipulated accordingly as illustrated in tables 7 and 8.  

 

Essential systems have interfaces to each other; for example, output from a power distribution 

system may be used as input in some other system that requires electrical power to operate. Due 

to this, assessment results in general are eventually correlated data where system states may or 

may not be dependent on each other. If assessment results for the power distribution system are 

manipulated after its outputs are already used as an input for other systems, it may have 

catastrophic effects for all connected assessments as the correlation of data is broken and 

assessments are no longer consistent with each other. Such data manipulation is engineering 

work, and correct application is dependent on the designer’s judgment and discipline. The 

second challenge with system interfaces is that in extensive ship systems, they can be much 

more complex than the above example. An auxiliary engine affected by casualty could lead to 
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electric power deficiency onboard. A power management system protects the remaining 

generators from overloading and initiates preferential trips through integrated automation to 

shut down electrical consumers and, in this way, possibly impairing the operation of the SRtP 

essential system. Such a hypothetical scenario may be difficult to correctly recognize, model, 

and assess as a profound understanding of the system operation is required. 

 

Another important assumption with RBDs is that a failed block must not affect the failure of 

any other block within the system being modeled. Therefore, failure of an individual block is 

considered a statistically independent event. (IEC60812 2006). This concept may be 

challenging in practice. In electrical terms, fire casualty affecting a cable, for example, may 

cause a short circuit or wrong control signal impairing the system operation. Therefore, such 

faults would be capable of expanding from one block to another without respect to RBD 

standards.  

 

In addition to limitations of RBDs, according to Čepin (2011), use of a truth table is a suitable 

method to describe functions with a small number of variables. Thus, as the number of variables 

increases, the size of the truth tables also increases significantly. As SRtP assessments are 

required for 13 extensive ship systems with complex interfaces such as automation, the number 

of analyzed variables is extensive. In large passenger ships, the number of casualty scenarios 

and essential components may be in the thousands. Although these estimates are not exact, they 

imply the magnitude of workload required for the assessment task and the amount of data 

produced on the side leading to extensive documentation.  

 

The challenges expressed above are internal within the assessment process. However, 

construction of the vessel creates an external challenge of its own. System models and 

assessments should be based on exact information from installation on board the vessel. When 

there is a large amount of essential equipment, there is also a high risk that the equipment is 

installed to incorrect locations or cables are being pulled to incorrect routes. This also means 

that if assessments are finished in an early phase of the project, there is a high risk for late 

onboard modifications nullifying the assessment and leading to possibly heavy modifications. 

Conversely, if assessments are done in a late stage of the project, it may be too late or costly to 

fix rule violations found during assessments on board.  
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5 SIMULATION-BASED ASSESSMENT WITH SYSTEMA™ 

Previous chapters express the regulatory basis for SRtP assessments and introduce methods to 

perform such an assessment. Challenges with the implementation of SRtP regulations and 

assessments are also discussed. In this chapter alternative means to produce assessments via 

software simulation are examined.  

 

Systema™ is a purpose-built commercial software designed to assess the rule compliancy of 

ship systems in terms of SRtP. The program allows the design of essential systems within a 

general arrangement plan (GA) so that system components can be located to A-class spaces and 

cables can be routed through multiple spaces. Once components spatial distribution within a 

vessel is determined, the functionality of the system can be defined. The casualty threshold can 

be modeled and therefore damages can be applied according to rules. Systema™ is able to 

automatically generate necessary reports for all casualty scenarios, identifying critical systems 

and providing restoring solutions. Such solutions may be used to modify current system design 

or determine manual actions for the crew to perform. (Safety at Sea 2020a). 

 

5.1 Assessment methodology 

5.1.1 Ship model 

System assessments cannot be started until the layout of the vessel is modeled, including (i) 

rooms, (ii) A-class spaces, (iii) watertight compartments, (iv) MVZs, and (v) safe areas 

(Bertagna et al. 2021). A ship’s geometry can be modeled with a separate program called NAPA 

3D model, from which necessary information can then be imported to Systema™. A ship model 

can also be produced by other means if the required file format is used, but adequate tools for 

NAPA environment are provided by default. (Safety at Sea 2020a).  

 

Based on the information above, a ship model constructed with an external program is a 

prerequisite to begin the assessment with Systema™. Although a NAPA 3D model is 

commonly used in the industry for a ships damage stability analysis, it does not necessarily 

mean that the model prepared to perform such analysis is directly suitable for SRtP assessment 

as requirements for ship models in terms of the level of detail are according to by design intent. 

SRtP assessment requires a complete ship geometry from keel to weather deck, whereas a 

damage stability analysis is mostly interested in spaces below the bulkhead deck. Therefore, it 
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is not self-evident that a suitable ship model for SRtP purposes has been produced during the 

ship design. Thus, additional ship modeling work may be required for an adequate model for 

SRtP assessments. Once the ship model is complete and data is successfully imported to the 

assessment tool, a 2D visual ship model is generated as illustrated in figure 12. 

 

Figure 12 Two-dimensional visual ship model 

 

Rooms are the fundamental space type imported to the program, and other spaces such as A-

class space, watertight compartment, MVZs and safe areas are all associated to rooms. 

Therefore, a room or group of rooms forms a space. Spaces can be defined in the ship model 

and exported from there, or alternatively, spaces can be defined within Systema™. In addition, 

each room needs a definition as to whether it is a space of fire origin and is protected by fixed 

fire-extinguishing. Based on the given information, casualty scenarios can be defined 

automatically. (Brookes Bell 2020b). However, special caution should be taken with such 

automatic functions as interpretation of the extent of fire casualty is not uniform within 

regulations, as explained in section 2.3. Thus, a manual casualty definition may be required to 

meet the rules. 

 

Systema™ also provides an option to update the ship model during the system assessment 

process. This is one of the key functionalities of the program, providing flexibility to 

assessments as ship geometry is prone to modifications during the design phase. All system 

models and assessment results are based on component locations, and relatively minor 

modifications to the ships geometry in a late stage of the project could lead to a situation where 

assessments are no longer consistent with the actual vessel. Without the capability of updating 

the ship model during assessments, such modification could lead to extensive manual 

corrections to assessment results.  
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5.1.2 System model definition 

Once the ship model is complete, modeling of the systems can start. Due to the systems’ 

complexity, models are divided per essential system. By default, Systema™ includes required 

systems introduced in section 2.1, which can be customized freely. More complex systems can 

also be divided into subsystems to simplify modelling work. (Bertagna et al. 2021).  

 

The foundation for the models is based on the location of system components and their 

connections with routed cables or pipes (Safety at Sea 2020a). Components provided by 

Systema™ are divided into two categories: standard and special. Standard system components 

are physical equipment such as switchboards, sensors, and electric motors, whereas special 

components are commonly valves and circuit breakers. Special components are essential to 

determine correct system functionality as they can be used to model systems restoring solutions.  

 

When a components location is known, the program can assess scenarios where casualty is 

affecting it. By default, it is assumed that a component is damaged by all casualty types listed 

in figure 1. (Safety at Sea 2020a). However, an option is given to alter component vulnerability 

if it is protected against the casualty. Such protection could be, for example, sufficient IP68 

ingress protection of electrical equipment so that the component remains operable in submerged 

conditions in case of flooding casualty.  

 

In addition to components’ location and vulnerability, their functionality must be defined. 

Hence, inputs and outputs of the component must be created to determine how components 

depend on each other. Figure 13 shows an example where a power distribution board is given 

an output POWER_OUT. The state of the output is defined via Boolean “or” operator so that if 

either one of the inputs EM_POWER_IN or MAIN_POWER_IN is operable, the output state 

is available.  
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Figure 13 Definition of component dependability 

 

Inputs and outputs of a component must be connected with cables and pipes. These connections 

can be routed through multiple spaces so that endpoints are predetermined component locations. 

Three types of connections are available: pressurized pipes, gravity pipes and cables. 

Vulnerability of a connection can be defined in a similar manner as with components. 

Therefore, as an example, usage of fire-resistant cables can be correctly modeled.  These 

connections form an interface between components inputs and outputs, and the dependability 

of components is defined. Thus, it can be analyzed how a failed component or connection 

influences the operability and rule compliance of a system. (Safety at Sea 2020a).  

 

Figure 14 illustrates an example of a simplified system model for a redundant power generation 

network including fuel oil supply to diesel generators, power supply to main switchboards, and 

two emergency generators. With such an approach, the dependability of each component and 

connection can be defined with a fairly similar principle used in the conventional system 

modeling methods in section 4.2. 
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Figure 14 Typical power generation system model  

 

A complete system model for a single subsystem is depicted in figure 14. However, the model 

in question is not ready to be analyzed as assessment criteria (or “functions,” as they are called 

in Systema™) are not yet defined. Functions must be determined to establish how the system 

is required to operate so that rule compliance is achieved (Safety at Sea 2020a). They are created 

in a similar manner as component functionality, with Boolean “OR” and “AND” operators 

assigned to certain components. Functions are divided into six different types specified in table 

9. 

 

Table 9 Function types in Systema™ (Safety at Sea 2020a). 

 

Function type description Requirement 

Ship-wide essential function Available under all damage conditions 

Watertight space essential function Available for damages out of the WT-space that the function is in 

A-class spaces essential function Available for damages out of the A-class space that the function is in 

MVZ space essential function Available for damages out of the MVZ that the function is in 

Safe area essential function Available for damages out of the safe area that the function is in 

Deck essential function Available for damages out of the affected deck level 
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For example, assessment criteria for power-operated watertight doors introduced in section 2.2 

include that the indication of a door must remain operable unless the door itself is affected by 

casualty. If such rule requirement is applied to Systema™, a function type of “A-class spaces 

essential function” can be chosen to define the function, whereas the lack of indication is not 

acceptable unless the watertight door itself is also affected by casualty. Once the system model 

is complete and assessment criteria are set according to the rules, the system is ready for damage 

calculation. 

 

5.1.3 System assessment 

System assessment is performed by simultaneously calculating the impact of damage scenarios 

to all system components, their dependencies, and interfaces to other systems via logical 

Boolean operators (Bertagna et al. 2021). This means that states of all systems are always 

synchronized to the database and there is no risk of inconsistencies between inputs and outputs 

of different systems. Thus, systems’ assessment results are always consistent with each other. 

During calculation, the program compares overall damage impact to predefined assessment 

criteria and provides results as to whether the system meets the expectations. In addition to 

calculating the impact of the damage, Systema™ can determine which manual actions must be 

done by the crew to fulfill the defined assessment criteria. Such manual actions can also be 

ranked by assigning a score to each solution so that the number of actions can be optimized. 

Hence, undesirable manual actions onboard can be used as a last resort when there is no 

alternative to restore the functions.  

 

Once calculation is successfully done, assessment results can be simulated by a visual interface, 

and the impact of every casualty scenario on each subsystem can be evaluated. Figure 15 

simulates the functionality of a typical power generation model from figure 14. Different types 

of failures impacting the system are color-coded and explained in table 10.  In this case, the fuel 

oil supply is lost to aft diesel generators, and therefore the aft main switchboard is down. 

However, operability of the switchboard can be restored via bus-tie breaker connection from 

the forward main switchboard. As cross-connection between switchboards is blue (functionality 

can be restored by manual action), bus-tie breakers are considered to be manually operated by 

the crew to restore functionality.  
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Figure 15 Power generation system model with simulated damage impacts 

 

Table 10 Color code for simulated impact on the system (Safety at Sea 2020a). 

 

In addition to a visual simulation interface, Systema™ provides interim report indicating 

whether predefined assessment criteria are fulfilled and which manual actions are required to 

restore the system. With this user interface, the modeled system can be efficiently evaluated. 

Options for quick calculation and damage simulation provide a level of flexibility to 

assessments that is difficult to reach with conventional methods described in chapter 4. After 

modeling the functionality of the existing design, it can be checked with little effort whether 

critical damage is found, and the impacts of alternative solutions can be simulated with trial and 

error. Once an acceptable solution is found, the modifications can be made in the system design. 

 

Color Impact on system 

Green Function available. 

Red Direct physical damage to components or connections. 

Orange 
Indirect damage to components or connections. Connection does not pass through affected space 
but is connected to it. Thus, it is assumed to be damaged. (analogous to e.g. short circuit).  

Yellow Component or connection remain intact, but functionality is lost. 

Blue Functionality can be restored based on manual actions by ship crew. 

Mixture Combination of above colors indicates a mixture of available, restorable, or lost functionality.  
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5.1.4 Assessment reports 

As discussed in section 2.2, regulations require that systems’ rule compliance must be verified 

by a structured assessment. This also means that results of such assessments must be thoroughly 

documented so that relevant authorities can inspect and approve the systems’ rule compliance. 

Systema™ is able to automatically produce various kinds of reports and documents including 

(i) system reports, (ii) geometry reports, (iii) criticality reports, (iv) SRtP submission 

documents, and (v) SRtP test programs (Safety at Sea 2020a). Report types (i), (ii), and (iii) are 

more suitable for internally checking systems’ rule compliancy and legitimacy of the 

assessment procedure. Submission document (iv), on the other hand, is a comprehensive 

document batch including many report types intended to be submitted for approval by an 

external stakeholder. Finally, test programs (v) can be generated to support the commissioning 

of the vessel. 

 

System reports are provided in the form of FMEA and a set of failure summaries. The intention 

of FMEA reports is to enable the methodical review of system assessment results and possible 

corrective actions. However, when these automatically generated FMEA reports in appendices 

4 and 5 are compared to FMEA methods in section 3.4, it can be stated that the program’s 

approach to FMEA does not fully follow IEC standards. In addition to FMEA, a failure 

summary can be generated so that each non-critical and critical failure affecting the predefined 

assessment criteria is specified. Mere system reports are not sufficient for approval by 

themselves. Thus, geometry reports are needed to provide information about the ship layout, 

including damage definitions, fire-fighting systems, and space definitions. In addition, a 

criticality report can be exported as CSV files containing a summary of critical damages and 

functions. (Safety at Sea 2020a). Such data can then be processed further via spreadsheets if 

necessary.  

 

Generation of complete SRtP submission documents for authorities is part of a more advanced 

reporting tool. Systema™ provides a report setup whereby one can choose the report types to 

be included, and options are given for modification of the report structure. Submission 

documents are combined into one availability analysis summarizing all systems and comprising 

six volumes introduced in table 11. The intention of a such document batch is to create a 

complete SRtP report for approval.  
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Table 11 Description of submission documents (Safety at Sea 2020a). 

 

In addition to submission documents, an SRtP test program report can be generated to support 

a system audit and testing during harbor and sea trial acceptance tests. Such documentation is 

mainly aimed to support the shipyard into conducting necessary system testing. It is divided 

into four phases: (i) location and routing check, (ii) single subsystem functionality check, (iii) 

combined functionality check and (iv) essential system group check (Safety at Sea 2020a). Test 

procedures can be generated for all systems as well as their functions, components, and 

connections in all casualty scenarios. However, in practice, inspection and testing of ship 

systems to this extent may be unreasonable. Therefore, users should generate the test program 

according to project-specific requirements agreed upon by the shipyard, ship owner and 

relevant authorities.  

 

In general, scenario-based testing can be executed by following these steps: 1. Simulate the 

damage of a specific casualty scenario by shutting down relevant equipment. 2. Isolate and 

restore system functions by predefined manual actions, and record the time duration needed. 3. 

Confirm system operability and rule compliance after manual actions.  

 

5.2 Assessment examples 

This section provides more detailed assessment examples using methods introduced in section 

5.1 and regulations explained in sections 2.1 and 2.2. The chosen systems are electric power 

distribution and fire- and smoke-detection systems as they are complex enough to test the 

features of Systema™ in a versatile manner. The following assessments represent the author’s 

Name Description 

Availability analysis Summary of failures for all systems. 

Volume I Ship space definitions. 

Volume II Casualty scenarios. 

Volume III 
Essential system details including components, connections, assessment criteria and 
summary of failures. 

Volume IV Subsystem details. 

Volume V System model description summarizing physical and functional models. 

Volume VI Crew manuals including extent of damage, lost functions, and manual actions. 
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interpretation of how regulations can be applied in practice. However, it should be noted that 

interpretations are always project-specific and depend on responsible authorities (discussed in 

chapter 2). Moreover, these examples focus on system assessments based on existing casualty 

scenarios and ship models imported from the NAPA database. Therefore, modeling of a ship is 

excluded from the scope of this chapter. 

 

5.2.1 Electric power distribution system 

Functional requirements of a system should be clear before system modeling is started as all 

components are not necessarily relevant in terms of SRtP. In this way, irrelevant equipment can 

be excluded from the assessment to avoid an unnecessarily complex system model. Section 2.1 

introduces a list of essential systems as per SOLAS regulations, and electric power distribution 

as a system itself is not directly named as essential. However, it is obvious that without 

knowledge of the state of the power distribution system, it is not possible to assess the 

operability of the consumers it serves. Therefore, distribution of electric power forms an 

essential service to all SRtP systems listed in section 2.1. Based on the above, electric power 

should be available for supporting all systems that are required to remain operable.  

 

Once functional requirements are clarified, the scope boundaries between systems are defined. 

In this example, power distribution assessment includes main and emergency switchboards, 

motor control centers, and distribution boards. Therefore, power generation represented in 

figure 14 is excluded from the scope including generators. However, to understand how the 

state of the main switchboard depend on the power generation system, logical connections 

between one main switchboard and the power generation system are provided in Boolean terms 

in appendix 3.  

 

General principles of system modeling are explained in section 5.1.2. When these methods are 

applied, the power distribution system can be modeled as represented in figure 16. The power 

network can be divided into three entities: main, emergency, and secondary. The main power 

network is separated into aft and forward main switchboards, and a similar separation is done 

to emergency switchboards. However, if main generators fail to supply a single main 

switchboard, its status can be restored by supplying power from the remaining main 

switchboard via bus-tie connection. In figure 16 this function is modelled by using special 
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circuit breaker components introduced in section 5.1.2. In normal operation, bus-tie breakers 

are open, and connection is not available. However, if either one of the switchboards is down 

due to lack of power, the state can be restored by manually closing the bus-tie breakers. The 

secondary distribution network is supplied from main- and emergency power networks and 

consist of motor control centers (MCCs), power boards (PBs), and emergency power boards 

(EPBs). MCCs and PBs are directly supplied from main switchboards. In a similar manner, 

EPB3001 and EPB4001 are directly supplied from emergency switchboards and EPB1001 and 

EPB1002 are double supplied from main and emergency power networks.  

 

In figure 16, connections among components are illustrated by a dashed green line with tag 

number Ca_xx_xxx, indicating that the connection type is cable. Vulnerability of a connection 

is indicated with an additional tag notation W / F / XF. If this is included, the connection in 

question is not affected by a specific casualty type, or, in practice, the connection is protected 

against the casualty. “W” stands for flooding casualty, “F” for fire casualty, and “XF” loss of 

complete main fire zone. In figure 16, all cable tags include the notation “W” since, according 

to MSC.1/Circular.1437, electrical cables may be considered to remain operational in spaces 

affected by flooding casualty with certain conditions. In addition, cables used to supply 

emergency power include the notation “F” as they are the fire-resistant type and considered to 

remain operable after casualty as per MSC.1/Circular.1369 interpretation 13. It should be noted 

that the implementation of interpretation 13 is not unambiguous, and this issue is further 

discussed in section 2.3. The supply cable for PB1003 is an exception to other cables as it is 

also marked also with “XF,” indicating that it is protected against loss of main fire zone. 

According to SOLAS II-2/Reg.22.3.3, such protection is acceptable if protective trunk 

constructed with A-60 standard or an equivalent degree of protection is applied.  
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Figure 16 Power distribution system model 

 

Once the system model is complete, assessment criteria must be defined as discussed in section 

5.1.2. Definitions of such criteria for electric power distribution are not straightforward as 

systems’ functional requirements are dependent on rule compliance of other essential systems. 

Therefore, it is justified to leave the system without assessment criteria. If other systems meet 

the rules, then power distribution is assumed to function correctly. However, some undesirable 

situations can be specified to rule out cases that are certainly unacceptable. For example, if all 

switchboards are unavailable simultaneously, there is a complete blackout on-board, and the 

ship is not capable of returning to port safely or providing essential functions for orderly 

evacuation.  
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To implement such assessment criteria, slight modifications to switchboard functionality is 

needed. Figure 13 illustrates how dependability of a components output is linked to its inputs, 

and output functionality is then linked to other consumers. However, when the state of 

switchboard is used for further assessment criteria definitions, internal functionality of a 

component can be used instead of outputs. Figure 17 shows the aft main switchboards internal 

function of MSB_AVAILABLE, which is dependent on inputs POWER_IN_GEN_1, 

POWER_IN_GEN_2, or POWER_IN_FWDMSB. A similar approach is repeated for all 

switchboards. 

 

 Figure 17 Components internal functionality for assessment criteria definitions. 

 

Once switchboard components are configurated correctly, assessment criteria can be linked to 

them. Figure 18 illustrates the definition of assessment criterion Func_BLACKOUT for the 

power distribution system. Internal functions of switchboard components in figure 17 are 

utilized in figure 18 to set ship-wide essential functions, where the distribution system is critical 

if all switchboards are unavailable.  As explained above, such assessment criteria do not provide 

a direct answer as to whether the system meets the regulations, but with this approach, undesired 

system functions can be eliminated.  
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Figure 18 Definition of assessment criteria for electric power distribution. 

 

Once the system model is complete and assessment criteria are set, an assessment report can be 

generated. Appendix 4 includes assessment reports from the power distribution system example 

explained in this chapter. A complete assessment report would include hundreds of pages. 

Therefore, appendix 4 includes a collection of assessment information as seen most relevant. 

Included report topics on pages 1–5 are the: system diagram, model description, connections, 

cable routings, and summary of fire threshold scenarios. In addition, on pages 6–8, a damage 

report from a single fire casualty in the aft engine room is provided to demonstrate how 

Systema™ generates FMEA information. The most significant finding in the report is that 

assessment criteria are fulfilled in all scenarios. Therefore, in this example, a single casualty 

does not cause a complete blackout of the vessel in terms of SRtP.  

 

5.2.2 Fire and smoke detection system 

The power distribution system configuration is, in terms of RBD represented in section 3.2, 

relatively simple. From switchboards to a distribution boards system is essentially a serial 

structure illustrated in figure 5 with a few exceptions such as double-supplied boards. Modeling 

principles and regulations for fire- and smoke-detection systems are very different. Functional 

requirements for the system are presented in MSC.1/Circular.1369 interpretation 37. According 
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to it, a fire-detector system may be considered lost only in spaces directly affected by the fire 

casualty and other spaces on the same deck that are part of the same section. Therefore, the 

system must remain operable in all spaces on intact decks.  

 

The fire-detection system model used in this example is divided into two subsystems so that 

fire central units’ power supplies from the power distribution system are separated from fire 

detector loops. In terms of assessment results this subsystem separation is insignificant, but by 

dividing the system into smaller entities, the results may be easier to comprehend. The first 

subsystem, including power supplies to fire centrals is represented in figure 19. 

 

Figure 19 System model for fire central units’ power supplies 

 

Communication between fire detectors and fire centrals is arranged in a loop formation so that 

if one fire central is unavailable, the remaining one will automatically take over the detector 

loop. Figure 20 represents a typical loop configuration between fire centrals with two loops. 

The visualized loops are arranged for demonstration purposes as, in reality, the vessel may 

include hundreds of detectors and dozens of loops. The basic principle of fire-detection 

modeling is similar to that explained in previous sections. However, as detectors are arranged 

in a loop configuration, the definition of their interdependency is more complex compared to 

power distribution. Each detector is dependent on the state of the nearest detector on the same 

loop. In addition, first detectors on a loop are dependent on the state of fire central units. This 

means that the state information of a detector can flow in two directions instead of just one as 

in a power distribution system. For demonstration purposes, figure 20 includes an unacceptable 

design solution where detectors 02 and 04 are located within the same space. Therefore, if the 

space in question is affected, detector 03 does not have an available connection to an operable 

fire central unit on an intact deck.  
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Figure 20 Typical system model of two fire-detector loops. 

 

Assessment criteria for fire and smoke detection are defined in a similar manner as represented 

in figure 18 for the power distribution system. However, rule compliance of fire-detection loops 

is dependent on which deck the casualty is located. Therefore, deck essential function is created 

for each deck including detectors located on corresponding deck levels.  

 

Appendix 5 illustrates assessment results for fire casualty in the space where detectors 02 and 

04 are located. From the damage diagram it can be seen that detector 03 located on deck 6 does 

not have connection to an operable fire central if the casualty is located on deck 4. Failures of 

assessment criteria are reported on page 2 in appendix 5. The report states that detectors on 

deck 4 failed, but the damage does not violate regulations as it is located on the same deck level. 

However, loss of detector 6 is a critical failure, and assessment criteria are not fulfilled as the 
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detector is located on an intact deck. Therefore, modifications to the system design are required 

to meet the rules and Systema™ was able to recognize the violation of regulations. Finally, an 

example of a generated test program for fire-and smoke-detection systems is found in appendix 

6 including cable route checking. 

 

5.3 Limitations of simulation 

During preparation of above the examples, it was noted that the simulation of short circuits has 

certain limitations. The modelling logic of short circuits is currently based on special 

components introduced in section 5.1.2, which have the optional feature to contain the damage 

(Safety at Sea 2020a). The functional logic of damage containment is defined so that if certain 

components have multiple outputs, and one of those outputs is damaged, then all outputs are 

considered unavailable. Such modeling logic may be adequate for certain piping applications, 

but in electrical terms, the method is not fully realistic.  

 

In general, each separate power supply circuit should be protected against short circuit, and if 

selectivity of such protection is functioning correctly, a short circuit in single group should not 

affect other groups. Therefore, the damage containment feature described above should not be 

used in such an application. That said, as the power distribution system model can be made as 

relatively a simple serial structure, satisfactory assessment results can be achieved without a 

detailed short circuit modeling. However, for some systems, modeling of short circuits may 

have a more significant impact on assessment results.  

 

The following example is used to demonstrate how a short circuit in an ultra-high frequency 

(UHF) radio telephone antenna network can be considered in terms of SRtP. Figure 21 reflects 

a typical antenna network of a UHF radio telephone system. In this example, a short circuit 

within the antenna branch itself is limited by a splitter. Therefore, the extent of the short circuit 

is limited, and radio frequency performance of other system parts remains operable. However, 

if the main circuit branch is shorted, couplers represented in figure 21 do not limit the damage, 

and system performance is completely lost. Systema™ always limits the indirect damage to the 

nearest component, and therefore the simulation in the above example is not completely 

accurate in terms of actual electrical behavior an of antenna network. Such inaccuracy has a 
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significant impact on system assessment in this case as the difference is whether the main circuit 

of the antenna network is available or not.  

 

 

 

Figure 21 Typical UHF radio telephone antenna network. 

 

It should also be noted that SOLAS rules explained in section 2.1 do not have any requirements 

on how short circuits should be considered in terms of SRtP. Therefore, there is no uniform 

interpretations of how such indirect damage should be assessed or if it can be ignored 

completely. Only a regulatory basis for the matter in terms of SRtP is currently provided by 

DNV Pt.6 Ch.2 Sec.11 regulation 3.2.5, according to which cables exposed to a fire may lose 

conductor insulation and cause any kind of failure mode including short circuit, open wire, or 

earth fault.  

 

Although Systema™ does have limitations in this regard, the example is very specific, and in 

general, loss of component functionality is simulated correctly. According to program provider 

Safe at Sea, the simulation issue in question is under development and may be resolved in future 

program updates (A. Douglas, personal communication, June 17, 2021). 
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6 RESULTS AND DISCUSSION  

The main objective of the thesis was to evaluate whether the Systema™ simulation tool 

provides an adequate means to perform SRtP assessment and compare it to conventional 

assessment methods. This aim was approached by performing a thorough study of SRtP 

regulations and introducing reliability assessment techniques based on IEC standards. 

Conventional assessment methods based on these regulations and standards were described and 

limitations of such methods are discussed. In addition, a detailed description of assessment 

methods with Systema™ was provided, together with assessment examples of two electrical 

systems. The following comparison of two assessment methods is conducted utilizing criteria 

formed in section 1.3, including aspects such as assessment methods’ flexibility to cope with 

system modifications, limitations of assessment versus physical system operation, reliability of 

assessment results, required user expertise and workload for assessment preparation.  

 

The conventional assessments introduced in chapter 4 are structured according to SOLAS 

regulations, and techniques from IEC standards are applied. The assessment is conducted in 

two phases so that casualties affecting the system are first identified, and initial failure data is 

created. After this, initial data is manipulated to meet the regulations by restoring block states. 

Therefore, assessment results consist of two separate sets of data. Through such an approach, 

results of each subsystem are calculated separately, and systems must be carefully assessed in 

the correct order. Although this thesis introduces methods for how these restoration solutions 

can be methodically reported according to IEC standards, final assessment results are highly 

dependent on the designer’s expertise and capability to manipulate the initial data. That said, 

the advantage of such a method is that data can be freely modified, and a capable designer can 

adjust the assessment to meet the physical system operation without constraints. Nevertheless, 

this task is time-consuming engineering work, and it may become overwhelming when system 

complexity and vessel size increase. The more an assessment requires manual work from the 

designer, the more inflexible to inevitable modifications the assessment becomes.  

 

Some of above challenges with conventional methods may be resolved with the use of databases 

and designers’ extensive manual work can be relieved with programmable tools such as 

spreadsheet macros. However, several of the issues detailed in section 4.5 are fundamental by 

nature, with applied RBD and truth table techniques leaving the conventional assessment 
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vulnerable to inconsistencies due to human errors and thus decreasing the reliability of the 

assessment.   

 

One of the fundamental differences between the two assessment methods is that with 

Systema™, calculations for all systems can be performed simultaneously. In this regard, 

assessment results for all systems are in line with each other, and results are reliable as long as 

systems are modeled correctly. Hence, the influences of restoring solutions for the system are 

calculated at once based on models, and similar engineering work to manage failure data is not 

required as with conventional methods. The most labor-intensive part of assessments with 

Systema™ is modeling the system. The model is based on existing system design, and therefore 

required expertise from designers in terms of SRtP may not be as crucial as with conventional 

methods. However, definitions of assessment criteria for a modeled system require a profound 

understanding of relevant regulations.  

 

Modeling a system with Systema™ can be time-consuming, but modifications to completed 

system models can be done with minor effort compared to conventional methods. The rule 

compliance of modifications can also be simulated by trial and error before a solution is 

implemented into the system design. In addition, the ship geometry can be updated during 

assessments. Therefore, a simulation-based assessment can be seen as a more flexible means to 

produce required documentation. However, once modifications are implemented and a new 

assessment report is generated, Systema™ is not able to highlight the modifications in an 

assessment report when compared to previous revisions. Such a feature would be essential to 

efficiently inspect the effects of modification according to the report documentation. In general, 

automatically generated reports leave room for improvement in terms of clarity. For instance, 

parts of the document are based on user-defined component input/output tags, as illustrated in 

appendix 5 (page 2). While such tags may be informative to designers familiar with the 

program, for other parties reviewing the report, they may seem confusing.  

 

Although simulation with Systema™ currently has some limitations explained in section 5.3, it 

can be considered a viable option to produce SRtP assessments. Major contributions from 

designers are still required to model the essential systems. However, once done, Systema™ is 
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capable of efficiently calculating assessment results as per regulations and generating necessary 

reports to verify the ship’s rule compliance in terms of SRtP.  

 

6.1 Study limitations and further research 

Assessment methods examined in this thesis are qualitative by nature. However, an option is 

given in the regulations to prepare an assessment in quantitative terms. These probabilistic 

methods are not included in the thesis for reasons explained in section 3.1, but in some cases, 

such an approach could be viable. If damage due to a certain casualty can be seen as very 

unlikely, the improbability could be proven in quantitative means instead of making costly 

modifications to the actual design.  

 

Nonetheless, publicly available research concerning SRtP is extremely limited in general, and 

especially for quantitative assessment methods. The latest study available for this method is 

from 2009, and regulations have evolved since. Therefore, further research is required to 

examine how quantitative assessment could be applied in practice and which tools are currently 

available for the task. 
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7 CONCLUSIONS 

Over 10 years after SRtP regulations entered into force, there is still no common interpretation 

of how rules should be implemented in the ship design and functional requirements for essential 

systems after a casualty. Such regulations are not uniform among classification societies. 

Therefore, the required levels of detail in SRtP assessments are project-specific, and there is no 

single correct way to produce such an assessment. Systema™ provides adequate means to 

obtain reliable assessment results even though major contributions in terms of engineering work 

are still needed to prepare them. To reduce this workload, more integrated design solutions 

should be developed.  

 

However, when compared to conventional methods, the author prefers simulation-based 

assessment, especially with large vessels and more complex systems, despite its current 

limitations in electrical terms. In this regard, it is also debatable what constitutes a reasonable 

level of detail required from system modelling in terms of actual system operation upon casualty 

as regulations themselves are based on assumptions such as extent of fire propagation. On the 

other hand, the intention of the assessments is not only to satisfy the rules but also to ensure the 

safety of the vessel and provide valid operational instructions for the ship’s crew during an 

emergency. This thesis shows that the simulation-based assessment can provide more reliable 

results due to reduced amount of manual work needed from the designers. Hence, more reliable 

results lead to more accurate operational instructions for the ship’s crew. In this way, overall 

safety of a ship can be increased. 
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Appendix 1. Assessment of passenger ship systems’ capabilities process flowchart (MSC 2010) 

 

   

 

 
 

 

 

 

  

  



Appendix 2. Assessment process linked to shipbuilding phases 

 

   

 

 
 

 

 



Appendix 3. Logical connection between power generation and single switchboard 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 1/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 2/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 3/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 4/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 5/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 6/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 7/8) 

 

   

 



Appendix 4. Assessment result of power distribution example (Page 8/8) 

 

   

 



Appendix 5. Assessment result of fire and smoke detection example (Page 1/2) 

 

   

 



Appendix 5. Assessment result of fire and smoke detection example (Page 2/2) 

 

   

 



Appendix 6. Fire and smoke detection test program, cable routing  

 

   

 
 


