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4  EXECUTIVE SUMMARY  
The Maritime Safety Committee agreed to review IMO provisions for life-saving appliances in order to 
remove gaps, inconsistencies and ambiguities taking into account the IMO BGS-SLA (MSC 98/23). 
Subsequently German Ministry of Transport and digital Infrastructure funded a study on developing a 
holistic risk-based model for ships and related goal-based regulatory framework for IMO life-saving 
appliances, i.e. SOLAS chapter III and LSA Code. This report summarises the results of the feasibility 
investigation of developing risk models for live-saving appliances by the example of evacuation of 
passenger vessel by means of survival craft. The quantitative risk model described herein is based on 
publicly available information. The risk model is orientated to a high-level event sequence for ship 
evacuation. Risk to people on board of passenger vessel can be characterised by the elements faulty 

evaluation of situation , ship capsizes  or founding before completion of evacuation (typically, in 
fire/explosion accidents capsize is not relevant), fail to muster , missing survival craft , failing to evacuate  
and waiting for rescue . Based on the available data main risk contributors are the first to elements.  

The investigation shows the severe problem of quantifying detailed models which would allow a closer 
linkage between risk and IMO provisions for instance for maintenance and inspection or training and drill 
(see example in Fig. 4.1). In the course of this study no relevant information was identified. On the 
other hand, the risk model allows consideration of effects not part of IMO instruments, e.g. the effect of 
number of survival craft on the probability of getting a seat. 

The risk for a person on board of a passenger ship can be quantified using the elements presented 
herein and the reviewed FSAs available for all cargo ship types which provide the probability of ship 
abandonment.  

The examples in this report relate mainly to the functional requirements “provide effective emergency 
management system”, “provide means for safe abandonment” (provide a safe place independent of 
parent vessel) and “provide means for the safety and survivability after abandonment” but indirectly 
touching the functional requirements on readiness and immediate use  and training and drills . However, it 
is also demonstrated that life-saving appliances are closely linked to the survivability of the ship, i.e. 
SOLAS chapter II damage stability  and fire protection, detection and extinguishing , that influence the 
probability of evacuation. 

 

Fig. 4 .1  Influence diagram for clearing ship for propell ed survival craft  
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5  ABBREVIATIONS  

Abbreviation  Explanation  

ALARP As Low As Reasonable Practicable 

CN Collision 

CT Contact 

ET Event Tree 

FD Foundering 

FSA Formal Safety Assessment 

FT Fault Tree 

FX Fire/Explosion 

GR Grounding 

GSK Group Survival Kit (Polar Code) 

IACS International Association of Classification Societies 

IMO International Maritime Organisation 

LMIU Lloyds Maritime Investigation Unit 

PoB Persons on board 

PSK Personal Survival Kit (Polar Code) 

RCM Risk Control Measure 

RCO Risk Control Option 

RoPax RO-RO passenger ship 
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6  I NTRODUCTION  
German Ministry of Transport and digital Infrastructure funded a study on developing a holistic risk-
based model for ships and related goal-based regulatory framework for IMO life-saving appliances, i.e. 
SOLAS chapter III and LSA Code. One of the main objectives of this study is to investigate how risk-
based methods can be applied for developing IMO goal-based standards (GBS-SLA) on life-saving 
appliances and to provide examples.  

According to the Draft Interim Guidelines for Development and Application of IMO GBS-SLA 
(MSC 99/WP.8), GBS-SLA aims to apply risk-based methods to develop functional requirements and 
verify/justify compliance of regulations and rules with the safety goals and functional requirements. The 
functional requirements should “provide the criteria to be satisfied to meet the goals”, i.e. specify the 
expected performance (MSC.1/Circ.1394, 2015). It is not defined/specified which risk-based methods 
shall be applied, i.e. qualitative (e.g. HazId) or quantitative (e.g. Bayesian Network).  

A pure qualitative approach, for instance using FMEA or FMECA, would provide a list of hazards as the 
basis for developing risk mitigating functions. The expected performance can be specified in qualitative 
or quantitative terms, but these values would not be justified, e.g. by risk assessment and cost-benefit 
assessment (CBA). In contrast, quantitative risk models allow a transparent justification of functional 
requirements and related expected performance by risk assessment and CBA applying the tools of IMO 
FSA guidelines (MSC-MEPC.2/Circ.12, 2018).  

Main steps and results of the IMO discussion on GBS and GBS-SLA that started in 2002 are summarised 
in section 7 of this report considering also a draft process for developing IMO GBS-SLA. So far, no 
agreed example for IMO provisions in accordance with GBS-SLA exists. However, FSA had been used to 
develop or revise IMO provisions. For example, the new damage stability requirements for passenger 
ships coming into force in 2020 (MSC 98/3/Add.2, 2017) were developed based on a risk assessment of 
collision risk and CBA of ship designs with increased probability of surviving such accidents (risk control 
option). The IMO provision is specifying an expected performance, i.e. survivability of collision accidents. 
Thus, this instrument can be regarded as in compliance with GBS-SLA requirements except missing 
functional requirement. 

This report summarises the results of the investigation on developing a holistic risk model for life-saving 
appliances. As mentioned above this investigation aims on identifying possibilities and limitations 
regarding the application of risk-based methods for GBS-SLA compliant IMO instruments for life-saving 
appliances, i.e. risk-based development of functional requirements for life-saving appliances and 
description of effectiveness in terms of risk.  

It is highlighted that the demands on the risk model depend on the degree of detail for GBS-SLA, e.g. 
ship type level or sub categories (size categories). 

SOLAS chapter III (2014) and LSA Code (2017) contain the international regulations regarding life-
saving appliances for all ship types. Developing a risk-model considering all IMO instruments will lead to 
a rather complex model and quantification will be challenging if not impossible due to missing 
information. Therefore, and in compliance with the objectives of this study, the scope is limited to 
passenger ships and a selection of life-saving equipment for one evacuation scenario, i.e. the generic 
scenario sequence considering the initial event until clearing off parent vessel. For this generic scenario a 
quantitative risk model is developed, however, it is noted that, due to the defined scope, the 
quantification is based on public available information amended by expert judgement. 
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The focus of this study is1: 

¥ To investigate possibilities and limitations in developing quantitative risk models for life-savings 
appliances; 

¥ To analyse ways of using risk-based methods for developing and evaluate functional 
requirements, e.g. by ALARP process; 

¥ To investigate how a relation between regulation and risk could be established; and, 

¥ To develop exemplary quantitative risk models for abandonment of passenger ships. 

Basis for this study is a review of related publications which is summarised in section 8. Basically, a 
quantitative risk model provides for determination of current risk level as well as for the evaluation of 
risk control measures (MSC-MEPC.2/Circ. 12/Rev.1, 2015) which has been sufficiently demonstrated by 
the FSAs submitted. For evaluating effectiveness of risk control options, it is recommended to use the 
ALARP principle and cost-benefit assessment are recommended by the FSA guidelines. 

  

                                                
1 As agreed in meeting 2017-03-06. 
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7  IMO  GOAL - BASED STANDARDS  
IMO started the development of so-called Goal-Based Standards (GBS) in 2002 (MSC 76) when a 
discussion on building robust ships was initiated. The basic aim of GBS is to  

¥ refrain from having detailed prescriptive provisions for every aspect; 

¥ should state what has to be achieved, rather than precisely how it should be achieved; 
and, 

¥ open for different approaches and innovation. 

The basic specifications for GBS are summarized in the generic guidelines for developing IMO Goal-Based 
Standards (MSC.1/Circ.1394/Rev.1, 2015). The GBS framework including the relation to detailed 
requirements and monitoring process is shown in Fig. 7.1. As shown, goal-based standards are tier I 
goals, tier II functional requirements and tier III verification of conformity, thus can be regarded as 
providing the objective of detailed requirements, i.e. what needs to be achieved by them. 

 

Fig.  7 .1  Goal - based standards framework  ( MSC.1/Circ.1394/ Rev.1, 2015 )  

During IMO discussion, the development of goal-based standards safety-level approach (GBS-SLA) was 
proposed which differs from “standard GBS” by requiring the application of risk-based methods for 
developing regulations and rules as well as apply risk-based methods for verifying compliance with 
functional requirements (tier II) and goals (tier I). More details regarding GBS-SLA could be found in the 
draft interim guidelines for GBS-SLA (MSC 99/WP.8). However, “a concrete” example of developing a 
GBS-SLA instrument is still missing. 

GBS-SLA has a close relation to IMO Formal Safety Assessment (FSA, MSC-MEPC/Circ.12/Rev.2, 2018) 
that specifies the process for developing new risk control measures (regulations) using risk assessment 
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and cost-benefit assessment. So far, FSAs had not provided functional requirements but proposed new 
regulations that were evaluated my means of ALARP (As Low As Reasonable Practicable) process and the 
cost criterion set by IMO, i.e. cost of averting a fatality (CAF). Thus, basically prescriptive regulation 
based on an FSA fulfil the requirement of being justified by means of risk-based methods. 

Recently, IMO started to consequently consider the development of functional requirements when 
developing new Codes and amending existing instruments or developing goals and functional 
requirements for existing instrument. None of these activities considered the GBS-SLA approach. 
However, it is notable that it had been recommended by some delegations to start the development of 
functional requirements with a hazard identification. 
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8  INFORMATION/LITERATU RE REVIEW  
Publicly available information on investigation of life-saving appliances was reviewed with focus on risk 
analysis and information fostering the development of quantitative risk models. Brief summaries of the 
literature reviewed are provided in ANNEX A. 

In 2001 an FSA on life-saving appliances on bulk carriers was submitted to IMO (MSC 74/5/5). This FSA 
provided a generic event sequence after the incident and the related risk model considering all means for 
leaving the vessel. The risk model was quantified based on incident reports from 1991 to 98 
supplemented by casualty reports provided by Lloyd’s Casualty Reports2 and expert judgement. The 
generic event sequence considers all means of evacuation, i.e. jump into sea, other vessel, helicopter, 
lifeboat and life raft. Major influences on survivability of “a crew member” are considered, e.g. weather 
condition, ship condition, availability of means, reliability of on board equipment but also impact by 
accident. As the focus is on bulk carrier it considered only evacuation of crew. According to this 
investigation the probability of successful evacuation is between 44% (foundering) and 83% (hull & 
machinery). Major influences on probability of success relate to the accident category. For instance, in 
collision, contact and foundering accident the “evaluation of the situation” is the main factor whereas for 
fire and explosion the availability of lifeboat/life raft is the main influence, however, significantly smaller 
than “evaluation of situation”. Additionally, a significant influence is assigned to survival at sea in life raft, 
e.g. caused by extreme weather conditions and insufficient supply of water/food. 

Since 2000 FSAs had been performed for all cargo ship types, many of them in EU funded projects, and 
reviewed by IMO FSA Expert Group, e.g. 

¥ 2006: on LNG carrier (MSC 83/21/1 & MSC 83/INF.3), on Containerships (MSC 83/INF.8); 

¥ 2008: on Crude Oil Tankers (MEPC 58/17/2 & MEPC 58/INF.2 , on Cruise ships (MSC 85/17/1 & 
MSC 85/INF.2), on RoPax (MSC 85/17/2 & MSC 85/INF.3);  

¥ 2013: GOALDS on passenger ships and damage stability (SLF 55/INF.7, SLF 55/INF.8 and SLF 
55/INF.9); and, 

¥ 2015: EMSA III on passenger ships and damage stability (SDC 3/INF.3). 

These FSAs have in common that evacuation/life-saving was not considered in detail and only fatality 
rates were estimated based on casualty reports and expert judgment. However, these FSAs provide 
probabilities for ship abandonment. 

Prat et al. (2008) reported on results of the EU research project SAFECRAFT (Safe abandoning of ships, 
Improvement of current Life Saving Appliances Systems, 2004 to 2009) in which a basics methodology 
was developed for assessing the performance of life-saving appliances using performance indicators for 
the success rate of steps in evacuation process. These indicators compare the initial and final human 
health status (the number of persons in good health, injured or deceased at the end of the process). 
Some more details on the health performance indicator developed in SAFECRAFT were explained by Mery 
et al. (2010). The whole sequence of mustering, abandonment, waiting at sea and recovery was 
considered and related indicators developed. The methodology is presented by the example of 
conventional davit-launched lifeboat of passenger ships and the data for this example is provided. The 
calculation follows step-by-step the evacuation process and for each step probability of decreasing 
human health status is specified. Preference to first principle methods is highlighted and hence 
influences such as training/drill and maintenance are not considered.  

                                                
2 Today: IHS Markit Casualty Database 
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The EU research project FLOODSTAND (Integrated Flooding Control and Standard For Stability and Crisis 
Management) was carried out between 2009 and 2012, again addressing aspect like mustering, 
abandonment and rescue (retrieval) of person on board (PoB) of passenger ships and flooding accidents, 
i.e. cruise and RoPax (for reports ref. to C.19). Like in SAFECRAFT project, FLOODSTAND provided a risk 
model for evacuation considering both reduction of health by injury and possibility of being killed. Like in 
FSA on bulk carrier the risk model considered main elements of a generic evacuation sequence for 
mustering until rescue. For each of the events the probabilities were estimated for moderate, severe and 
fatal injury. Quantification of risk model was supported by various simulation models, e.g. for evacuation 
simulation, ship behaviour during flooding, lifeboat behaviour during lowering. The evacuation process 
was simulated for two sample ships, a RoPax with 989 PoB (Estonia) and a cruise ship with 3,388 PoB, 
considering different influences like heel or day time. Simulation results as well as other data used for 
estimating probability of success is explained in detail. Both, SAFECRAFT and FLOODSTAND mustering 
and evacuation simulation is based on IMO guidelines for evacuation analysis (MSC/Circ.1033) that 
prescribes parameters as age distribution, mobility and distribution of PoB on the vessel, except the 
simulations for different heel angles.  

Montewka et al. (2012, 2012a, 2014) investigated risk of RoPax in open sea collision and developed a 
risk model considering the relation between damage extent – time to capsize – evacuation time. This 
model is a high-level risk model with respect to the focus of this study, however, it provides a good 
overview on the main elements for flooding accidents as well as influences like weather and sea 
state/area of operation. 

Other publications address single aspects of evacuation process and influences on them. For instance, 
Kang et al. (2014) investigated survival of persons in water which provides available time to rescue. 
Survival time in water depends on water temperature and is dramatically restricted in cold seas (autumn 
– winter- spring). The authors of this report suggest to apply quantitative risk methods for evaluating 
risk control measures considering cost-benefit assessment.  

Tikuisis & Keefe (1996) published a thermodynamic model for body core temperature of persons in water 
and different clothing. They noted that the prediction is speculative , but it can serve a valuable decision 

aid  with respect to survival time in water. In 2005 they published a stochastic prediction model of 
survival time for a revised Canadian Cold Exposure Survival Model (CESM). The report summarised data 
on the survival time of persons in water. Further, gender and age related failure rates were provided for 
self-boarding of a life raft without aids and considering body cooling. According to their results the 
capability of self-boarding of a person in water of 10°C and light clothing decreases within 60 minutes 
from initial 40% to less than 1%. 

The impact of cool conditions on the cognitive performance of persons in a lifeboat is experientially 
investigated by Taber et al. (2016). Eight participants, all of them experienced in cold conditions, are 
tested over 24 hours. The results showed that by carrying out mild physical activities would prevent any 
decrease in human performance.  

Kennedy et al. (2013) estimated typical exposure times four eight different locations in northern Canada 
by means of an expert survey and considering marine and air resources. Thereafter, total exposure time 
for crew of a cargo ship, i.e. time span from alert notification until rescue is affected, is very much 
influenced by season, weather conditions, location and accessible means, and varies between 13 hours 
(low range, achieved by air resources) and 261 hours (high range, achieved by marine resources). It can 
be concluded that recovery from water is only a realistic scenario having SAR units nearby to enable 
retrieval in short time.  
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Other investigations focused on the conditions in fully enclosed survival craft like air quality and 
temperature, in particular in cold temperature, and provide information relevant in developing 
quantitative risk models e.g.: 

¥ Nordström & Reif (2014): experimental investigation on survivability in life raft and moderate 
environmental temperature (air and water); 

¥ Solber et al. (2016, 2017): experimental investigation on microclimate condition in SOLAS 
lifeboat and life raft and cold temperature (air: ~-9°C - +2°C; water: ~-1°C - +2°C); 

¥ Mak et al. (2010): assessment of thermal protection and microclimate in fully enclosed lifeboats 
considering heat and cold stress; 

¥ Hahne et al. (1996): microclimate in lifeboat and life raft; 

¥ Aylward (2015): relation between respiratory carbon dioxide production and lifeboat motion; 

¥ Haman et al. (2016): explaining the relation between body activity (by shivering) and respiratory 
CO2 production.  

The effect of weather conditions on the functionality of life-saving appliances was also in focus of the 
experimental investigation by Burcia & Grabski (2011), e.g. with respect to probability of successfully 
entering a raft. 

Regarding casualty rates in ship abandonment only two reports were identified. The HSE report of 1996 
“Casualty rates in abandoning ships at sea”. This report considered 114 accidents between 1960 and 
1983 and provides information for estimating casualty rates with respect to effects like weather condition, 
evacuation phase in that fatality occurred or time to capsize/sink. Similar the MAIB “review of lifeboat 
and launching system accidents” (2001) using MAIB own database and reports submitted by ship’s 
safety officer (in total 125) and which provides details on causes of incidents leading to injuries and 
fatalities. This report provides very detailed information on the root cause, i.e. system element. 
Thereafter, 25% of all incidents are caused by winches and highest risk is caused by hooks (58% of all 
fatalities). 
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9  BASIC PROCESS  
Based on the IMO discussion and experiences in developing functional requirements the recommended 
process for developing GSA-SLA for IMO instruments is as follows: 

1) HazId:  

a) Hazard identification for the area under consideration 

b) Ranking of hazards 

c) Select relevant hazards, i.e. relevant risk contributors 

2) Risk assessment (quantitative risk model, risk evaluation against criteria set by FSA guidelines) 

3) Identify risk mitigating measures (functions reducing risk level) 

4) Evaluation of risk mitigating measures including specification of expected performance using ALARP 
principle and cost benefit assessment.  
(REMARK: Process requires a certain relation between risk reduction and associated costs. Risk 
reduction specified by this process will provide the threshold for regulations but also for alternative 
design. 
Expected performance could be specified in form of probability, e.g. probability of reaching a survival 
craft should be X).  

This is the same process as for Formal Safety Assessment (MSC-MEPC.2/Circ.12/Rev.1) with the 
exception of the specification of functional requirements. This is a generic process and should be 
modified related to  the task and information available, e.g. when a HazId exists this step may be 
skipped or replaced by their review. 
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10  RISK MODEL  FOR LIFE - SAVING APPLIANCES  
As already highlighted in the introduction, GBS-SLA is defined to use risk-based methods in developing 
and justification of IMO provisions. IMO developed the FSA process for use in rule (regulation) making 
processes, specifying in detail the application of risk-based methods for the assessment of initial 
situation and justification of the new higher safety level, i.e. justification of risk mitigating requirements. 
Hence, the FSA process is regarded to provide the underlying process for developing GBS-SLA.  

The focus of this project is to provide an example for developing a GBS-SLA based life-saving appliances. 
This example is developed considering current status of IMO discussion on developing functional 
requirements for SOLAS chapter III and should provide a concrete example, but it is not aiming on 
precisely characterising current risk of IMO life-saving appliances.  

In this section basic elements of the risk model were summarised: 

¥ High-level event sequence for escape and abandonment, typically providing the basis for the risk 
model and their linkage to existing FSAs; 

¥ Main aspects characterising risk to PoB of passenger ships; 

¥ Risk models for characterising aspects and explanations for their quantification. 

This example focuses on passenger ships. 

In general, two different cases for using life-saving appliances as required by IMO instruments can be 
distinguished: 

¥ Person overboard or in water, e.g. fallen into water or jump into sea, and 

¥ Evacuation of all persons from a ship. 

These two cases may overlap as persons jump into sea in evacuation process (because of not reaching 
other means timely) and then are recovered by survival craft. In consideration of objectives and scope of 
this study the risk model is limited to the evacuation process by means of survival craft.  

The risk for a person on board of a vessel related to life-saving appliances corresponds to the probability 
of being injured or killed in evacuation process.  

10.1  High - level event sequence for escape and abandonment  
Abandonment is necessary when a ship loses the capability of providing a safe place for persons on 
board (PoB). Accidents having the potential of requiring abandonment of the vessel are collision (CN), 
contact (CT), grounding (GR), foundering (FD), fire & explosion (FX). A typical high-level event sequence 
of such an accident shown in Fig. 10.1 by the example of collision accidents of containerships. This 
sequence starts with major causes leading to the accident followed by the events until “survivability of 
the vessel” which is the “entrance point” for live-saving appliance, i.e. abandonment of all person on 
board when ship sinks. In Fig. 10.2 the high-level sequence of the subsequent events is shown 
considering (based on FSA on bulk carrier, MSC 74/5/5): 

¥ Evaluation of the situation / ship condition 

¥ Mustering of all PoB, preparation of life-saving appliances 

¥ Abandonment to 

o Other vessel 

o Helicopter 

o Survival craft 
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o Water 

¥ Survival at sea 

¥ Rescue / safe haven. 

More detailed flow charts of this process as developed in the FSA for LSA on bulk carriers (2001) are 
summarised in ANNEX D. 

A similar model for the evacuation process was specified by the IMO group developing functional 
requirements for SOLAS chapter III (Fig. 10.3) considering the on-board process until embarkation, 
abandoning and waiting for rescue. It is worth to note that this process ends when persons reach “a safe 
haven”. However, current IMO life-saving requirements focus on escape, abandonment and initial phase 
of survival at sea, and neglected subsequent events of retrieval and transport to safe heaven. Further, 
the time people should be able to survive (time waiting for rescue) is not specified in IMO provisions. 

Collision
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Fig.  10 .1  High - level sequence for collision of c ontainerships and considering the linkage to 
life - saving appliances.  
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Fig. 10 .2  Generic sequence for emergency case controlled by life - saving appliances based on 
FSA on bulk carrier.  
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Fig.  10 .3  Generic sequence for emergency case controlled by life - saving appliances 
(developed by intersessional correspondence group to SSE  4, SSE  4/3).  

Fig. 10.1 shows also that life-saving appliances are a post-incident risk mitigating measures, i.e. 
mitigating the consequences of an accident requiring ship abandonment. It is worth to note that risk 
mitigation to person on board cannot only be achieved by LSA but also by other means, e.g.: 

¥ reducing incident probability, i.e. avoidance of collision; or, 

¥ reducing the need of ship abandonment 

o increasing survivability of vessel after accident, i.e. increased damage stability; 

o increasing usability of ship, i.e. Safe Return to Port. 

10.2  Risk model  
In this section the example for a quantitative risk model for life-saving appliances is summarised. 
Quantitative risk model can be developed using different techniques, see for instance FSA guidelines, 
however, the results should be independent of the method applied as long as the method is adequate for 
the issue under consideration. This model was developed based on the detailed analysis of the 
evacuation process and development of related sub-models characterising influences on the probability 
of success/failure of the elements of generic evacuation sequence the risk model for passenger ships. 
The risk model starts with evaluation of the situation and considers only abandonment by survival craft. 
The most important threat is capsizing of the vessel providing a lower bound for the available evacuation 
time, i.e. it is assumed that in fire/explosion accidents on passenger ships sufficient time for orderly 
evacuation is available. 

Basically, the risk of PoB relates to the following hazards (Fig. 10.4): 

¥ Fatality due to faulty evaluation of situation:  

o Abandonment necessary but not initiated 

o Abandonment not necessary but not initiated 
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¥ Fatality due to capsizing3, i.e. time to capsize (TTC) < time to evacuate (TTE) 

o Any delays in evaluation, mustering, abandonment 
¥ Fatality due to fail to muster, e.g.: 

o Technical problems 
o Human error (crew, passenger) 

¥ Fatality due to missing life-saving means (survival craft), e.g.: 

o Not functioning 

o Ship condition prohibit use 

o Unable to prepare survival craft (access obstructed, launched before boarded) 

o Damaged in accident 

¥ Fatality in evacuation process, e.g.: 

o Accident in on board evacuation 

o Accident with survival craft 

o Unable to clear-off 

¥ Fatality during waiting for rescue, e.g.: 

o Missing habitable environment 

o Missing supplies (water, calories) 

o Loss/failure of survival craft 

 

Fig. 10 .4  Major hazards for persons on board related to evacuation and abandonment  

10.2.1 Accident/Evacuation frequency 
Abandonment is necessary when the ship loses her capability of providing a safe place. Abandonment 
frequency can be estimated by means of existing FSAs assuming that abandonment is required when the 
ship is not providing a safe place anymore which is the case when the ship sinks or fire gets out of 
control. Exemplarily abandonment frequency was determined for selected ship types based on the 
information provided by the submitted FSAs (Table 10.1).  

Based on this data average annual number of abandonments was estimated one every 5.5 years for 
Cruise ships (assuming a fleet of 300 vessel), respectively five per year for containerships with world 
fleet of 5,000 vessels. 

                                                
3 This sub-model considers all cases leading to rapid dinking of the ship leaving no or extremely limiting time to evacuate, i.e. collision, contact, 

grounding (re-floated vessel) and foundering. 
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Table 10 .1   Abandonment frequencies for selected ship types estimat ed on basis of IMO FSAs.  

 Cruise  RoPax  Container  Bulk 

carrier  

Source MSC 85/INF.2 MSC 85/INF.2 MSC 83/INF.8 MSC 74/5/5 
 1/shipyear 1/shipyear 1/shipyear 1/shipyear 
Collision 3.8E-04 7.5E-05 1.0E-03 3.1E-04 
Contact 3.5E-05 2.6E-05 1.8E-05 1.1E-04 
Fire/explosion 1.8E-05 7.7E-05 3.0E-05 3.6E-04 
Foundered/flooding -- 4.5E-04  1.1E-03 
Grounding 1.5E-04 6.3E-05 1.2E-04 5.1E-04 
Heavy weather   1.2E-06  

Total  5.87E - 04  6.95E - 04  1.17E - 03  2.39E - 03  

 

10.2.2 Fatality due to faulty evaluation of situation 
One main factor on the probability of being killed in distress is the relation between time required to 
evacuate the ship and the time available until the ship is not providing a safe place anymore. Hence, 
timely and correct evaluation of situation is a basic prerequisite for the whole evacuation and 
abandonment process. The time to evacuate considers the phase after the signal to muster is given. The 
probability of being killed in this phase is considered in the sub-model “Fatality due to capsizing”. It is 
noted that the evacuation process does not consider the time to evaluate the situation which means that 
that a linkage exists between this sub-model and “Fatality due to capsizing”, e.g. develop a probability 
density function for correctly evaluating the situation vs time as well as the possible overlap between 
evaluation and mustering.  

Following Spanos & Papanikolaou (2014) reliable onboard assessment of ship’s damage is today still a 
technical challenge. Main influencing factors are the available information on ship condition, in particular 
ship stability, as well as the human availability and performance regarding the collection of information 
and evaluation. Evaluation of ship condition depends on weather conditions (influencing determination of 
damage extent and ship’s stability) as well as on human performance (daytime, working conditions 
(stress), training and drill). Hence, this hazard has a close relation to requirements on decision support 
systems and training of crew. Fig. 10.5 shows a model for “faulty evaluation” considering these 
influences in which faulty means not to evacuate.  

In the FSA on LSA of bulk carrier faulty evaluation considers both erroneous evaluation and untimely 
decision. For the latter probabilities were estimated on Human Reliability and Safety Analysis Handbook 4 
(FX: 0.015 all other 0.03). The probability for erroneous evaluation was determined on casualty reports 
(0.31 for CN and CT, respectively 0.37 for FD, 0 for all other accident categories), however, this 
estimation is based on the assumption that “no orderly evacuation” is caused by erroneous evaluation.  

For the purpose of this study probabilities for insufficient information and wrong information are 50% of 
the values for human error assuming that both are mainly human activities. Average probability of faulty 
evaluation is 5.7% (for both passenger ship types under consideration and all accident categories).  

                                                
4 Potential source for information Gertman & Blackman, 1993: Human Reliability and Safety Analysis Data Handbook 
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Fig. 10 .5   Influence model for Ò faulty evaluation of situationÓ  

 

10.2.3 Fatality due to capsizing 
Time to sink/capsize is crucial parameter for risk of PoB. A severely damaged ship in bad weather 
conditions with high waves may rapidly capsize leaving no time for orderly muster and abandon because 
time to evacuate (TTE) is higher than time to capsize (TTC). Threat of capsizing relates to all phases of 
the evacuation sequence until all PoB left the vessel and reach a safe distance. If time to capsize is lower 
than time to muster then passengers have no chance have to evacuate by survival craft, and if time to 
capsize is larger than time to muster and abandonment then all passengers have time to leave the 
vessel. For the period between mustering and abandonment the effect on fatality rate depends on the 
abandonment process, i.e. whether survival craft are continuously deployed or after embarking all craft. 

Capsizing can be caused by water ingress or loss of intact stability, e.g. related to loss of 
manoeuvrability (dead ship), cargo movement or broaching-to. Typically, water ingress is caused by 
accidents assigned to the categories collision, contact and grounding, the latter only when the vessel re-
floats. Further, water ingress is expected to be the main cause for foundering accidents. It is noted that 
the probability of capsizing due to dead ship conditions is negligible small (Montewka et al., 2012a). 

The model for estimating probability of fatality due to capsizing (no orderly evacuation) in an accident 
leading to flooding (CN, CT, GR, FD) is shown in Fig. 10.6.  
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Fig. 10 .6  Model for estimating probability due to capsizing  

The probability to capsize (Fig. 10.6: capsize due to flooding) mainly relates to damage extend, wave 
height again depending on sea area and weather condition, and ship type but also to the ship design. 
Based on publically available information the probability to capsize is estimated based on weather 
statistics and critical significant wave height. Details of the information used for quantification can be 
found in Annex B.7 and data used for this example is summarised in Table B. 18. 

The time to sink/capsize depends on the occurrence of the “wave – stability” combination causing 
capsizing. The model for estimating TTC is explained in Annex B.7 and the data is summarised Table B. 
19.  

Time to evacuate (muster + abandoning), among others, depends on physical capabilities, weather 
condition, ship motion, ship condition, daytime. Montewka et al. estimated evacuation time for RoPax 
considering two weather conditions (calm and rough) and daytime. Additionally, the data of 
FLOODSTAND project demonstrated application of evacuation simulation to estimate evacuation time for 
different passenger ship types and ship condition. These simulations were performed in accordance to 
IMO requirements considering daytime and additionally heel angle, but without reference to weather 
condition. Thereafter, for the RoPax example vessel the probability of complete day evacuation in 60 
minutes decreases from 97% (0° heel) to 14% (20° heel), respectively from 88% to 4% in night time. It 
is noted that this data for evacuation time is only valid for the two sample vessels used in FLOODSTAND 
project. More details are summarised in Annex B.2. Evacuation simulation tools can also be used to 
investigate the effects of different passenger composition, e.g. increased percentage of elder person, by 
modifying motion speed and reaction time. For this study evacuation simulations (AENEAS©) were 
performed to investigate the effect of different passenger composition using a representative deck of a 
RoPax vessel (Annex B.2). Final evacuation times for different passenger compositions, respectively 
probabilities that a passenger will be evacuated until time X, were estimated determining scaling 
parameters and subsequently adjust the evacuation times calculated in FLOODSTAND.   

Based on the information briefly summarised above the model shown in Fig. 10.6 has been quantified 
and allows for basic investigation of influences. For instance, the probability of fatality due to capsizing 
after collision with water ingress is ~19% for worldwide operating passenger ships, respectively 4.5% for 
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RoPax operating in Baltic Sea. An effect of passenger composition was not observed because for the 
passenger groups considered TTC is lower than TTE. 

10.2.4 Fatality in mustering 
Probability of failing to muster (fatality in mustering) relates to technical availability of alarm means 
(acoustical/optical), physical capabilities of PoB, human performance and the possibility to reach muster 
station. Typically, after deciding to prepare for abandoning ship, i.e. to muster persons on board, alarm 
will be given and persons on board need to proceed to muster station(s). Effectiveness of alarm depends 
on technical functionality (operates on demand), activation (human performance), perception possibility 
and that people follow the alarm, and the effectiveness of mustering that ship conditions allow to 
proceed to muster station5. 

The following influences exist: 

¥ Alarm  
o Functioning (not damaged in incident or failing to operate)  
o Effectiveness 

!  Acoustical 
¥ Noise level at present whereabouts of the person 
¥ Noise level of alarm (distance between person and source) 
¥ Noise level compared to ambient noise 

!  Optical (only for machinery space) 
¥ Light conditions (interfering lights) 
¥ Placement of light (visibility axis) 
¥ Colour 

¥ Human performance  
o Alarm is given 
o PoB notice the alarm 
o PoB do understand situation (e.g. perception (ignoring, wrong interpretation) …) 
o Wrong behaviour, e.g. try to retrieve personnel belongings or look for other members of 

their group or family 
¥ Physical capabilities 

o Acoustical: “deafness”6 
o Optical: “blindness” 
o Mobility (age, gender, disabled, dementia …) 

¥ Panic 
¥ Evacuation route is not blocked (able to reach muster station), search for alternative ways (e.g. 

relevant for watertight doors on lower level) 

¥ Ship’s condition allowing to proceed to muster station (heel, motion) 

On today’s passenger ships muster stations are often not generally adjacent to embarkation location but 
somewhere else and persons need to proceed to embarkation station after signal to abandon. On cargo 
vessels muster station is adjacent to embarkation location, i.e. in front of lifeboat or davit launched life 
raft. For passenger ships the way between muster station and embarkation station will be adequately 
considered by evacuation simulation. Further, evacuation simulation can also consider the effect of 
blocking evacuation routes.  

                                                
5 Passenger ships: public address system MSC/Circ. 808, SOLAS chapter III/5 and 6.5. 
6 Requirements for seafarer STCW Circ.19 
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Fail to alarm  

Probability of alarm failure considers technical failure of acoustical and visual alarm as well as human 
failure in activating alarm. In absence of any other information for this study failure probabilities of FSA 
on bulk carrier LSA are used for both acoustical and visual alarm. Probability of technical failure of 
acoustic alarm is set to 1E-02 and for human error 1E-03. 

Alarm not followed  

Probability of not following alarm depends on noise level, distraction, wrong interpretation and physical 
capabilities, e.g. handicapped by deafness. As discussed in Annex B.1, handicaps can only occur for 
passengers and relevant numbers of handicapped are observed only for deafness. Probability of deafness 
increases with age. However, due to medical aids and group behaviour it is assumed that this influence 
on successful mustering is negligible. 

For quantification the different influences mentioned above are not considered in detail, but general 
probabilities are used (Table 10.2). A certain backup in alarm system is the optical alarm which is only 
required for machinery spaces and hence relevant for crew only. In FSA on bulk carrier LSA high 
probabilities of 80% to 95% were used for not following other warning signals. This seems very high for 
a passenger ship with high crew density (it is expected that people will call attention to others) and 
therefore probability of not discovering other signals is assumed 0.2 for all PoB7. 

For passengers the following probabilities for not following the acoustic alarm are used (Table 10.2). 

Table  10 .2   Probability of failing to follow acoustic alarm  

Group  Age  Probability of not following alarm  

Crew  0.02 

Passengers 
<50 0.030 

50-75 0.036 
>75 0.039 

Unable reach muster station  

Person on board may be hindered to reach muster station by blocked escape routes and excessive 
heel/trim/acceleration. It is noted that capsizing is not considered in this sub-model. Escape way can be 
blocked by fire or flooding. In FSA on bulk carrier LSA blockage of escape way is assumed to be 
negligible. Excessive heel is set to 20° and probability estimated based on damage stability analysis (see 
section 10.2.5). Excessive acceleration is considered in context of extreme weather assuming that 
probability of not reaching muster station increases with significant wave height (Table 10.3). 

Table  10 .3  Probabilities of failing to reach muster station due to e xcessive heel  

Significant wave height Hs 0-1 1-2 2-3 3-4 4-5 5-6 6-7 >7 

Prob. excessive acceleration 0 0 0 0.005 0.010 0.015 0.02 0.05 

Probability of excessive heel is assumed to 5% for accident categories CN, CT, GR and FD and zero for all 
remaining. 

Further people on board may get lost in evacuation process (reach muster station). Typically, crew will 
search for them. According to the FSA on bulk carrier the probability for retrieval is relatively low (30%) 
due to limited time and ship condition. 

                                                
7 The effect on probability “not reaching muster station” is relatively small, e.g. for a probability of 0.4 the probability “not reaching muster 

station” increases from 0.033 to 0.04. 
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Human  performance  

Human performance is expected to be a relevant factor in mustering not only in initiating / following 
alarms but also in retrieving person and providing assistance to passengers. Further, human 
performance depends not only on current “workload” or “stress level” but on training and drill. However, 
in context of this study no information/data could be found.  

The sub-model for failing in mustering considering above mentioned influences and probabilities is shown 
in Fig. 10.7. According to this sub-model the probability of fatality due to fail to muster is 0.033. 

 

Fig. 10 .7   Sub - model for failing to muster (not reaching muster station)  

10.2.5 Fatality due to missing survival craft 
A survival craft may not be available due to ‘not functioning’, ‘unsuccessful preparation’, ‘deployment 
impossible’ or ‘damaged in accident’. Passenger ships are equipped with several survival craft including 
spare capacity that can compensate failure of a certain number of craft. Typically, passenger ships 
provide a mixture of lifeboats and life rafts as primary means of escape. Additionally, as explained in 
Annex B.8.2, number of survival craft influences probability of seat availability and thus survival craft 
capacity has an influence on this probability. 

Not functioning  

Survival craft may not function because one of the system elements fails, i.e. davit, falls, winch, brake or 
hook, or the craft itself. Failure of hook is regarded to be more relevant for lowering / cast-off and is 
considered there (failing in evacuation). Reliability/availability of these elements depend on inspection 
and maintenance, however, available data do not explicitly consider these influences nor provide 
sufficient information for specifying such a part of the sub-model. For the quantification of the risk sub-
model the data of FLOODSTAND project is used for the elements of the lowering system for all davit 
based survival craft (Table B. 20). Malfunctioning of survival craft depends on the system under 
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consideration, i.e. lifeboat or life raft (including MES). For lifeboat data by FSA on bulk carrier is used 
(Table B. 20) and for life raft failure of inflation system is considered to be of the same order. 

Damaged in accident  

Survival craft may be damaged or access impaired/obstructed in collision, contact and fire/explosion 
accidents only. Probability of survival craft (lifeboat) damage is estimated 5% in collision accidents (see 
Annex B.8.4) and the same probability is used for contact. For FX accidents the probability is set to 2.5%.  

Unsuccessful preparation  

Failing to prepare considers shortcomings with respect to availability of crew (available and capable) as 
well as launching before embarkation. For the example the probabilities are used as explained in Annex 
B.8.2. 

Deployment impossible  

This element of the sub-model considers loss of capacity by excessive heel of parent vessel, but not 
capsizing, possible in collision, contact and grounding accidents (latter when ship floats free afterwards). 
According SOLAS, excessive heel is > 20° and it is expected that survival craft cannot be deployed at 
least on one side of the vessel. Probability of exceeding 20° relates to the damage as well as ship design 
and can be estimated by means of damage stability calculation in accordance to SOLAS damage stability 
calculation (2009). For this investigation it is assumed that in 10% of serious CN, CT and GR accidents 
heel will be greater than 20°8, i.e. on average 5% probability that a craft cannot be used (craft on one 
side). 

The sub-model for estimating failure probability for survival craft type lifeboat is shown in Fig. 10.8. The 
sub-model for life raft of MES will have a similar structure but different probabilities. Influences of 
maintenance, inspection, training and drill are considered but not quantified yet. With these sub-models 
an average failure probability of 7.9% is estimated without consideration of accident category. This 
probability is slightly higher than the failure probability of ~ 5% as determined by means on GISIS 
casualty reports (Hatecke, 2018). 

Probability of sea t missing  

Probability of not getting a seat in survival craft depends further on spare capacity and number of craft, 
respectively, size of craft (see Annex B.8.3). Using the failure probability given above for all survival 
craft the probability for a person on board to get no seat in a craft is 0.18% for a vessel with 2000 PoB, 
ten lifeboats with a capacity of 150 and ten rafts with a capacity of 100. 

                                                
8 10° of trim is not considered for this example. 
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Fig. 10 .8  Sub - model probabilit y lifeboat not available.  

The probability of getting no seat in survival craft does not yet consider the case that a craft is lowered 
before loaded to designated capacity. According to FSA on bulk carrier the probability of being left 
behind is 5%.  

10.2.6 Fatality by accident in evacuation 
This sub-model focus on estimating the probability of fatality in evacuation process, for instance, by 
falling overboard during embarkation or collapse of survival craft during lowering. The effects on the 
time to evacuate are already considered in section 10.2.3, i.e. it is assumed that effects caused by: 

¥ Ship conditions: trim, heel and movement influence the velocity of boarding as well as the 
possibility of accidents during proceeding to the embarkation deck as well as boarding, e.g. fall 
overboard; 

¥ Physical characteristics and capabilities of PoB: age and gender but more important disability can 
significantly slow down boarding process; 

¥ Behaviour of PoB: risk perception and panic influence person behaviour and hence their 
performance to follow the process of boarding; 

¥ Design of embarkation place including survival craft: width of entrance, steps, handrail are 
factors relevant for people movement. Narrow and too wide entrance both can slow down people; 

¥ Seating arrangement: distance to seating place, space between seats, movement in raft  

¥ Crew performance in supporting boarding persons, controlling situation: training, drill and 
experiences 

are covered by numerical simulation of evacuation. For instance, form the reports of FLOODSTAND 
project it was concluded that simulation software can cover the effect of ship motions. Further, 
simulation software can be used to consider human performance. 

The sub-model for lowering and clearing (deployment) considers all activities after finalising embarkation 
and until the survival craft reaches a safe distance to the parent vessel, i.e. includes towing of non-
propelled craft. 
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The success of the lowering depends on the reliability/availability of the davit, winch, brake, falls and the 
hooks. Depending on the applied evacuation process engine is started before or after lowering (reliability 
should be considered only once). Starting the engine before lowering allows for rectification of certain 
system failures if time permits. Typically, three scenarios can be distinguished: 

a) Survival craft stuck in process and cannot reach safe distance (unable to reach sea or to cut 
connection to parent vessel). In this case PoB may have the chance to reach spare capacity, e.g. 
by jumping into sea; 

b) Survival craft lowers uncontrolled posing a significant treat to PoB, e.g. by rupture of fall or 
opening of hook, or slamming due to high lowering velocity; 

c) Impact, i.e. collision between parent vessel and survival craft threatening PoB due to large ship 
motions (bad weather only); and, 

d) Fail to clear from parent vessel. 

Ship condition (large heel) impairing use of survival craft are already considered in section 10.2.5 above.  

In the following detail models are summarised for the scenarios. 

Craft stuck in lowering  

The detailed model developed is based on the assumption that all passengers are killed when craft stuck 
in lowering, i.e. jump into sea is not considered for the time being. The overall probability that the craft 
stuck is 2E-03 which is equal to the probability of a PoB is killed. The detailed probabilities for the 
system elements are summarised in Table 10.4. 

Table 10 .4  Failure probab ility of survival craft system elements leading to stuck in lowering  

Failure  type  Failure rate per use  

Hook blocked 1E-03 
Winch blocked 5E-04 
Brake blocked 4E-04 
Fall blocked 3E-04 
Davit blocked 8E-04 

Uncontrolled lowering  

This detailed model considers the effects of uncontrolled lowering due to failure of a component and due 
to impact by slamming (Fig. 10.9). The probabilities used in the detailed model are summarised in Table 
10.5 and the probabilities regarding fatality due to slamming in Table 10.6. The probability for a 
passenger of being killed due to uncontrolled lowering and slamming is 0.8%. 
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Table  10 .5  Failure probabilit y of survival craft system elements leading to uncontrolled 
lowering  

Failure  type  Failure rate per use  

Hook  6E-03 
Winch 5E-04 
Brake 4E-04 
Falls 3E-04 
Davit 8E-04 

Table  10 .6   Probability of fatality due to slamming when lowering lifeboat (FLOODSTAND)  

Age  Sea state 5  Sea state 6  
<50 0 0 

50-75 0 0.0009 
>75 0.0003 0.0081 

 

 

Fig. 10 .9   Detailed model for fatality due to uncontrolled lowering of survival craft and 
slamming  

Impact  

Impact can lead to structural collapse of the survival craft or fatalities due to high accelerations. In 
FLOODSTAND this effect was investigated by means of numerical simulations considering different initial 
health states. For the case that passengers embark in good health, it was estimated that only sea states 
5 and 6 are relevant and only older passengers are affected. The detail model shown in Fig. 10.10 is 
quantified using the data of FLOODSTAND (Table C. 15) and assuming an age distribution of 40% below 
50 years, 45% between 50 and 75 and 15% above 75. The probability for a passenger being killed on a 
ship operating worldwide is below 0.0008. 
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Fig. 10 .10  Detailed model for fatality due to impact  

Clearing  

Clearing ship depends on the manoeuvrability performance of the craft and the weather conditions as 
well as operability of engine and steering. The probabilities used for this detailed model are summarised 
in Annex B.9. These probabilities address the reliability of components respectively capabilities of the 
system as a whole but not the probability of fatality. Further, no information on crew performance were 
found. With this model probability of fail to clear in worldwide sea conditions is calculated to 5.1% 
considering that only 50% of craft is affected by the sea state (windward - leeward). For passenger 
vessel survival craft with component failure can be towed by other craft or fast rescue craft. Therefore, 
no effect on survivability is expected. Further, lack of power not automatically lead to loss of survival 
craft and subsequently fatalities. Fatalities are only expected for cases of survival craft damage or 
capsizing of parent vessel (TTC > TTE), which is estimated to 0.9% using the data of section 10.2.3.  

With above described model average probability of fatality due to fail to clear is estimated to 0.4%. 

 
Fig. 10 .11   Model for  clearing from parent vessel  
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10.2.7 Fatality during waiting for rescue 
In view of the authors, so far, the phase “waiting for rescue” and the retrieval from life-saving appliances 
to safe haven (see Fig. 10.3) is not adequately considered in current IMO provisions. For instance, the 
IMO provisions require basic supply of water and calories but without any specification of estimated time 
of rescue. Further, no requirements exist with respect to retrieve persons from survival craft. The issue 
of “waiting for rescue” gained more attention in context of alternative design of large lifeboats, here in 
particular the crowd management, and the development of ventilation requirements initiated by MOL-
Comfort accident. 

In view of the authors, main influences regarding survivability in “waiting for rescue” phase are 

¥ Providing a habitable environment, i.e. non-toxic atmosphere, sufficient temperature and 
protection against environmental impact (e.g. hypothermia and hyperthermia); 

¥ Providing sufficient food/calories and water (relates to anticipated time of rescue); 

¥ Providing sufficient medication; 

¥ Crowd management; 

¥ Fail to provide “a safe place” (provide functionality of survival craft). 

¥ Medical risks (e.g. lack of necessary medicine) 

Further, the treatment of injured and ill persons as well as protection against wildlife may become 
relevant in certain scenarios, e.g. distress in Arctic waters. 

Essential for developing a quantitative sub-model for the risk of waiting for rescue are correlations 
between the factors above and probability of mortality. For instance, for habitable environment 
probability of mortality versus CO2 concentration or versus body core temperature.  

According to Harper (2011) CO2 concentration and mortality depends on concentration and exposure 
time (Table 10.7). Regarding these figures it is noted that these concentrations are significantly higher 
than the threshold agreed at IMO (5,000 ppm), however exposure times are relatively short (maximum 
60 minutes) comparted to expected waiting for rescue time and that CO2 concentration is independent of 
oxygen concentration, i.e. oxygen concentration is not decreasing with increasing CO2. Information on 
the effect of long time exposure, i.e. several hours, in correlation with state of health could not be found. 
Extrapolating the data in Table 10.7 for 1-5% fatalities asymptotical converge to about 40,000 ppm 
(according to Klein (2006) 40,000 ppm will be reached in less than one hour). This means for an 
enclosed space that the O2 concentration is down to 17%. The concentration of carbon dioxide in survival 
craft depends on the occupation (respiratory production) and the gas exchange with the environment. 
Details of a numerical model for respiratory CO2 production were summarised in SSE 5/4 (2018). In this 
model the effect of passive ventilation by opening the tarpaulins is not considered. 

It is known that higher CO2 concentration (> 400 ppm) lead to an increase in respiration, however, not 
known is whether a correlation exists between CO2 concentration and human behaviour, e.g. crowd 
behaviour, panic attacks, having the potential to decrease probability of surviving “waiting for rescue” 
phase. For instance, in the IMO presentation on the second SAREX exercise it was highlighted that the 
“the will to survive” is expected to play a significant role when staying for longer time in survival craft.  

Based on the above it is concluded that a risk model for “air quality” can be developed but will need 
more input by medical scientists.  
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Table  10 .7  Concentration vs time consequences for CO 2 inhalation   
 

Inhalation 
exposure time 

SLOT: 1-5% Fatalities SLOT: 50% Fatalities 
CO2 Concentration in air* CO2 Concentration in air* 

min % ppm % ppm 
60 6.3 63,000 8.4 84,000 
30 6.9 69,000 9.2 92,000 
20 7.2 72,000 9.6 96,000 
10 7.9 79,000 10.5 105,000 
5 8.6 86,000 11.5 115,000 
1 10.5 105,000 14 140,000 

Definitely death by hypothermia occurs for body core temperature below 13.7°C, however, probability 
exists already for body core temperatures below 32°C further depending on the time the body core 
temperature remains low and the age of the person. Definitely, hypothermia is a threat for persons in 
water because of the more than twenty times higher heat conductivity of water. For persons in water 
literature provides probabilities for survival time (e.g. Taber, 2002; Tikuisis & Keefe, 1996), but for body 
core temperature relevant information was not identified.  

Regarding the provision of proviant water is expected to be most relevant, however, food will gain 
importance when exposed to cold. Water supply depends on surrounding temperature and activity level 
and is essential because human metabolism at minimum requires one litre per day. Without water death 
occurs within three to four days. It is expected that the risk to PoB depends also on state of health and 
age. For developing a risk model on this aspect, it is regarded necessary to contact medical scientists 
which is outside of this study. 

In all cases mentioned above time waiting for rescue is relevant influence that depends on the accident 
location but also on the number of persons and SAR capacity. For instance, in FLOODSTAND the retrieval 
of 989 persons from a RoPax in Dover Strait (in between Ramsgate and Dunkerque) by four helicopters 
(total capacity 30) and eleven boats (total capacity 804 persons) was simulated yielding about 12 hours 
without considering any re-fulling of the means. Therefore, it is regarded realistic that for passenger 
ships minimum time waiting for rescue is 24 hours. 

The survival craft will lose its functionality when capsizing. According to FLOODSTAND main events 
causing capsizing are excessive roll motions and flooding which are quantified using numerical 
simulations for lifeboats (Table C. 17). The probability of being killed was estimated to 6E-04 for Hs = 4, 
respectively, 4E-04 for Hs = 5. Further, in FLOODSTAND also injuries due to survival craft motion was 
considered.  

A draft of a sub-model considering the influences above mentioned is shown in Fig. 10.12. This model is 
only partially quantified because for the parts “provision” and “habitable environment” more information 
is required. 
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Fig. 10 .12   Sub - model on fatality during waiting for rescue  

10.3  Example: Risk for PoB  
As shown in Fig. 10.4 the risk for of a person on board of a passenger vessel in case of an evacuation 
depends on  

¥ Faulty evaluation of situation 

¥ Capsizing, i.e. time to capsize (TTC) < time to evacuate (TTE) 
¥ Fail to muster 

¥ Missing life-saving means (survival craft) 

¥ Be killed in evacuation process 

¥ Be killed during waiting for rescue. 

In section 10.2 an example of a risk model is explained based on publicly available information. The 
probabilities for a person on board of a passenger vessel being killed relating to one of the parameters 
above mentioned are estimated by means of this model are summarised in Table 10.8. The average risk 
to passengers on board a cruise ship in terms of PLL (probability of abandonment times probability of 
being killed in evacuation9) is in the same range as the PLL of the FSA on cruise ships (MSC 85/INF.2). 
Main risks of evacuation relate to the initial phase, i.e. evaluation and capsize.  

Table 10 .8  result of test  calculation  

Parameter  Probability being killed  Remark  Details in section  

Faulty evaluation of 
situation 

0.058 Cruise, all accident 
categories 

10.2.2 

                                                
9 It is noted that this is a plausibility check only because the FSA considers also fatalities relating directly to the accident 
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Capsizing, i.e. time to 
capsize (TTC) < time to 
evacuate (TTE) 

0.151 Cruise, all accident 
categories, word 
wide  

10.2.3 

Fail to muster 0.033  10.2.4 

Missing life-saving 
means (survival craft) 

0.0018 e.g. passenger 
vessel with 2000 
PoB, 0.079 failure 
prob. craft 

10.2.5 

Be killed in evacuation 
process 

0.008+0.0008+0.0008 
=0.0096 

 10.2.6 

Be killed during waiting 
for rescue. 

0.0008 Pure illustrative, 
sound data missing 

10.2.7 

Probability of being 
killed in evacuation 

0.235   

 

11  COST - BENEFIT  

11.1  Upper limit for investment  
An upper limit for investment costs for risk reduction justified by ALARP (as low as reasonable 
practicable) can be determined based on the assumption that in case of evacuation survival is not 
possible without life-saving appliances and the evaluation criterion provided by FSA guidelines, i.e. gross 
cost averting fatality (GCAF) 

!"#$ = !
! 𝐶𝑜𝑠!
! !"#$

! !"#$ ! ! !"# 

by using the threshold and risk reduction to set an upper limit for justified costs 

!"#$ !"#$%& ! !"#$ ! ! !"# ! ! !"#$  

The threshold for cost benefit has been recently updated to 7 million USD per avoided fatality by 
EMSA III study. 

For instance, according to Table 11.1 overall evacuation frequency for containership is 1.17E-03 per 
shipyear. Further, it is assumed that average crew for containerships is 20 crew, i.e. for containerships 
without any life-saving appliances PLL is 2.4E-02 fat/shipyear. Thus, measures to reduce PLL by 50% 
would be justified up to costs of 1.4 million USD per ship (20 years ship life) for life-saving equipment 
including all related costs, e.g. for maintenance, inspection, replacement. 

For a cruise ship with 1,000 people onboard the frequency of ship loss is 5.8E-04 per shipyear. Using the 
same assumptions as above for containership, costs up to 41million USD per vessel life would be 
justified to achieve a risk reduction by 50%10. Again, it is noted that this is a theoretical starting point 
considering a ship without any life-saving appliances. 

                                                
10 It is noted that the focus is solely put on consequence mitigation and thus no probability reducing measures are taken into account 
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Risk related to abandoning a vessel without life-saving can be calculated by means of abandoning 
frequency and number of persons on board (Table 11.1). Using the risk models of the FSAs current 
abandoning related risk in terms of PLL can be determined as well as “efficiency” of life-saving 
equipment (Table 11.1). 

Table  11 .1  Abandonment related risk for no LSA and current LSA standard  

  Cruise  RoPax  Container  GCS  Crude 
Tanker  

Bulk 
carrier  

Source  MSC 
85/INF.2 

MSC 
85/INF.2 

MSC 
83/INF.8 

  MSC 
74/5/5 

        
F 
(abandonment) 

1/shipyear 5.87E-04 6.95E-04 1.17E-03   2.39E-03 

Persons on 
board 

 4000  20   24 

PLL w/o LSA Fat/shipyear 2.35E+00  2.35E-02   5.74E-02 
PLL (FSA) Fat/shipyear 5.61E-01  6.85E-03   2.36E-02 
Risk reduction  
(1-PLL (FSA)/ 
PLL w/o LSA) 

% 76  70   59 

 

Costs:  

¥ 10 Person throw over board life raft (Suffolk Marine) about 2,500 € equivalent to ~250 €/per 
seat.  

¥ Lifeboat: ~700 €/seat for lifeboats with a capacity of more than 300 persons 

¥ For passenger ships (cruise) costs for life-saving appliances may be estimated as follows 

!"#$ !"# ! !"##  € ! ! .! ! ! !"#$ ! !"## !!  

¥ Costs should be a function of reliability of the life-saving system, e.g. reliability of lifeboat, life 
raft, increase of reliability due to training, inspection/maintenance 

Loss of income because of used space, in particular for passenger ships, is relevant. 

                                                
11 Estimation based on personal information 
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ANNEX A  EVACUATION SEQUENCE  
High-level event sequence and main influences on success. 

Evaluation 
of situation

Muster

Abandonment

Accident

Preparation 
survival craft

Alarm
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ANNEX B  INFORMATION FOR QUAN TIFICATION  

B.1  Handicaps  
In this Annex publicly available information on physical capabilities are summarised. For crew health 
requirements exist. Therefore, it is assumed that crew complies with these requirements and medical 
surveys are carried out regularly. Hence, reduced physical capabilities with potential impact on 
evacuation and abandonment are only possible for passengers which are mainly: 

¥ Reduced walking speed on deck and stair climbing causing increased time to evacuate 
(handicapped may need transport by crew); 

¥ Faster debility causing increased time to evacuate; 

¥ Blindness and reduced eyesight causing reduced perception of optical signals and orientation 
capabilities (increase TTE, assistance by crew); 

¥ Deafness causing reduced perception of acoustical signals causing increased reaction time 
(increase TTE). 

The best way of considering the first two items is evacuation simulation which allows to analyse the 
effect in combination with passengers of “good health” (see Annex B.2).  

The remaining two items will be briefly investigated in the following. 

Blindness  

About 0.122% of the German population have eyesight capability of less than 2% and additionally 0.08% 
a capability between 2% and 5% and therefore nearly no visual perception. Typically, people with 
reduced visual perception do compensate this by increased acoustical capabilities, i.e. improved 
perception of acoustical warn signals. It is expected that blind persons will have lower walking speed and 
higher probability of tumble, e.g. about objects in an evacuation route, and therefore may need 
assistance by crew or other passengers leading to an increase in TTE (should be considered in 
evacuation simulation). However, no effect on following the alarm is assumed. 

Deafness  

Like blindness, persons cannot be easily categorised into two groups “deaf” and “not deaf”. According to 
World Health Organization (WHO) 2001 and the German Schwerhörigenbund the following categories are 
distinguished Table B. 1, Table B. 2, Table B. 3). 
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Table B. 1  Deafness and impact on acoustical perception  

Detraction  Decibel  

None �0  25 dB 

Light 26 - 40 dB 
Moderate 41 - 60 dB 
High 61 - 80 dB 
Very high �1  81 dB 

Table B.  2  Deafness categories and reaming hearing capabilities  

Hardness of hearing loss  Relative remaining hearing 12  

Light 56,5 % 
Moderate 35,2 % 

High 7,2 % 
Deafness 1,6 % 

Probability of being influenced by deafness for age categories is summarised in Table B. 3. 

Table B. 3  Probability of deafness for age categories  

Age  Probability  

a  %  

14 – 19  1 
20 - 29 2 
30 - 39 5 
40 – 49 6 
50 – 59 25 
60 – 69 37 

�1  70 54 

Age distribution can be derived from statistical sources as long as these are representative for 
passengers, for instance for German population as shown below (Fig. B. 1), however, adequate 
estimation shall consider information by cruise operators. Comparing this data with the sample 
population specified in IMO MSC.1/Circ.1238 showed that for evacuation analysis a significantly higher 
percentage of elder is considered, e.g. 36% of passengers older than 50 whereas in German population 
22%. Based on age statistics the probability of passengers with reduced acoustical capabilities is 
expected to be relatively high, however, it is also expected that the majority is using acoustic hearing 
apparatus. Therefore, the effect on mustering is regarded to be negligible. 

                                                
12 Studie von Sohn hat der Deutschen Schwerhörigenbund e.V. 2005 folgende Zahlen veröffentlicht 
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Fig. B. 1   Age distribution of German population in 2017 13  

B.2  Time to Evacuate  
In this section information on evacuation/abandonment time, respectively models for estimation were 
briefly summarised. 

Montewka et al. (2014) used a triangular distribution following IMO recommendations distinguishing 
between day and night and two wave height categories, “calm to rough” (< 3 m) and “rough to 
phenomenal” (> 3 m).  

!!" !
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Based on this the following probabilities for given evacuation time are calculated for RoPax (Table B. 4). 

Table B. 4  Probability of evacuation within X minutes for RoPax  

 Probability of complete evacuation in time interval 
 20 - 30 30 – 40 40 – 50 50 - 60 > 60 
 min min min min min 
Day & Hs ≤ 3m 0.75 0.25    
Night & Hs ≤ 3m 0.25 0.75    
Day & Hs > 3m 0.125 0.375 0.375 0.125  
N & Hs > 3m 0.029 0.228 0.457 0.286  

In FLOODSTAND project mustering time and embarkation time were determined by means of evacuation 
simulation considering two reference ships, one RoPax and one Cruise, different heel angle as well as 
day and night time (Annex C.19). The results showed that evacuation time (mean and standard 
deviation) increases with heel angle and is significantly longer for night case. For the two sample ships 
evacuation time for the cruise vessel is about two times as long as for the RoPax. Time for evacuation 
and abandonment is significantly longer than the values given by Monetewka, e.g. FLOODSTAND 
50 minutes (day, 0° heel) against less than 40 minutes. 

Total evacuation and abandonment time including uncertainty has been calculated by superposition of 
the data (Table C. 12 and Table C. 13) and are summarised in Table B. 5 for both RoPax and Cruise as 
well as day and night case.  
                                                
13 Statistische Bundesamt https://service.destatis.de/bevoelkerungspyramide/#!a=15,65&g  
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Table B. 5  Evacuation time (cumulative probability) for RoPax and Cruise determined using 
data of FLOODSTAND ( Table C. 12  and Table C. 13 )  

Heel 
angles 

CDF 

RoPax - day 

  30 40 50 60 70 80 90 

 min min min min min min min 

0 0.00 0.00 0.32 0.97 1.00 1.00 1.00 

10 0.00 0.00 0.17 0.88 1.00 1.00 1.00 

15 0.00 0.00 0.11 0.84 1.00 1.00 1.00 

20 0.00 0.00 0.00 0.14 0.40 0.67 0.86 
RoPax - night 

0 0.00 0.00 0.05 0.88 1.00 1.00 1.00 

10 0.00 0.00 0.00 0.63 0.99 1.00 1.00 

15 0.00 0.00 0.00 0.46 0.96 1.00 1.00 

20 0.00 0.00 0.00 0.04 0.25 0.52 0.76 

 

Heel 
angles 

CDF 

 Cruise - day 
 70 80 90 100 110 120 130 
 min! min! min! min! min! min! min!

0 "#""  "#""  "#$% &#"" &#"" &#"" &#"" 
10 "#""  "#"& "#%& "#'$  "#('  &#"" &#"" 
15 "#""  "#"(  "#)'  "#$'  "#'$  "#(*  "#('  
20 "#""  "#""  "#)"  "#('  &#"" &#"" &#"" 

 Cruise - night!
0 "#"" ! "#"" ! "#"" ! "#"&! &#""! &#""! &#""!

10 "#"" ! "#"" ! "#"" ! "#"" ! "#&(! &#""! &#""!
15 "#"" ! "#"" ! "#"" ! "#"" ! "#"" ! "#%%! "#(( !
20 "#"" ! "#"" ! "#"" ! "#"" ! "#"&! "#%(! "#(+!

 

The effect of different passenger composition (e.g. higher number of elder passenger) was investigated 
by means of a representative section of three decks of a RoPax vessel and the simulation software 
AENEAS. The effect of age was estimated by changing motion speed and reaction time (Table B. 6). 
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Table B. 6  Characteristics of evacuation sc enarios investigated  

Case  Name    Min  Max  Mean  Stdv  

0 Acc. 
MSC.1/Circ.1533 

Speed m/s 0.4 1.8 0.9 0.4 
Reaction s 0 300 150 90 

1 Higher 
percentage of 
children 

Speed m/s 0.4 1.8 1.0 0.7 
Reaction s 30 360 210 120 

2  Speed m/s 0.7 1.8   
Reaction s 0 180 90 80 

3 Higher 
percentage of 
old pax 

Speed m/s 0.3 1.2 0.7 0.3 
Reaction s 20 300 130 120 

4 Slightly 
increased no. of 
old passenger 
and children 

Speed m/s 0.3 1.2 0.9 0.3 
Reaction s 40 360 220 120 

5 High percentage 
old passengers 

Speed m/s 0.3 1.2 0.5 0.2 
Reaction s 60 420 270 150 

 

For the exemplary model time to evacuate under consideration of daytime, passenger capabilities, ship 
type and wave/heel was estimated on basis of the data in Table B. 5 and Table B. 6, i.e. scaling the 
FLOODSTAND times (mean, Stdv.) by AENEAS simulation.  

B.3  Walking Speed ( IMO MSC.1/Circ.1238 )  
This circular provides information on the age distribution of passengers, their mobility and typical 
walking speed on board as used e.g. for alternative design analysis.  

For each case, the demographics as defined in IMO MSC.1/Circ.1533 (2016) are used for the simulated 
population. This results in the following distribution of passengers summarised in Table B. 7. 

Table B. 7  Demographics  for persons on passenger ships  

Population Groups  Relative Ratio  

Passengers  
Females <30 years 7% 
Females 30 – 50 years 7% 
Females >50 years 16% 
Females >50 years, slightly mobility impaired 10% 
Females >50 years, severely mobility impaired 10% 
Males <30 years 7% 
Males 30 – 50 years 7% 
Males >50 years 16% 
Males >50 years, slightly mobility impaired 10% 
Males >50 years, severely mobility impaired 10%  

Crew  
Crew females 50% 
Crew males 50% 
 

Walking Speed  

The population groups differ in the maximum possible walking speeds as defined in IMO 
MSC.1/Circ.1533 for flat terrain and the values are summarised in Table B. 8. 
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Table B. 8  Walki ng speed on flat terrain for each gender group  

Population Group  Walking Speed  

 Minimum  Maximum  

 m/s  m/s  

Passengers   
Females <30 years 0.93  1.55 
Females 30 – 50 years 0.71 1.19 
Females >50 years 0.56  0.94 
Females >50 years, slightly mobility impaired 0.43  0.71 
Females >50 years, severely mobility impaired 0.37 0.61 
Males <30 years 1.11  1.85 
Males 30 – 50 years 0.97 1.62 
Males >50 years 0.84 1.4 
Males >50 years, slightly mobility impaired 0.64 1.06 

Crew   
Crew females 0.93 1.55 
Crew males 1.11 1.85 

Table B. 9  Walking speed on stairs  

Population Group  Walking Speed  

 Stairs down  Stairs up  

 Minimum  Maximum  Minimum  Maximum  

 m/s  m/s  m/s  m/s  

Passengers     
Females <30 years 0.56  0.94  0.47  0.79  
Females 30 – 50 years 0.49  0.81  0.44  0.74  
Females >50 years 0.45  0.75  0.37  0.61  
Females >50 years, slightly mobility impaired 0.34  0.56  0.28  0.46  
Females >50 years, severely mobility impaired 0.29  0.49  0.23  0.39  
Males <30 years 0.76  1.26  0.5  0.84  
Males 30 – 50 years 0.64  1.07  0.47  0.79  
Males >50 years 0.5  0.84  0.38  0.64  
Males >50 years, slightly mobility impaired 0.38  0.64  0.29  0.49  

Crew     
Crew females 0.56  0.94  0.47  0.79  
Crew males 0.76  1.26  0.5  0.84  

Additionally, data for a simplified calculation are provided (MSC.1/Circ. 1533, 2016) by values not 
distinguishing any longer gender and age groups which were summarised below in Table B. 10, Table B. 
11 and Table B. 12. 

Table B. 10 :  Values of initial specific flow and initial speed as a function of density  

Type of 
facility  

Initial density D 
(p/m 2)  

Initial specific  
Flow Fs  

(p/m/s)  

Initial speed of persons S 
(m/s)  

Corridors  

0 0 1.2 
0.5 0.65 1.2 
1.9 1.3 0.67 
3.2 0.65 0.20 
≥ 3.5  0.32 0.10 
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Table B. 11  Value of maximum specific flow  

Type of facility  Maximum specific flow Fs (p/m/s)  
Stairs (down)  1.1 
Stairs (up)  0.88 
Corridors  1.3 
Doorways  1.3 

Table B. 12  Values of specific flow and speed  

Type of facility   Specific flow Fs (p/m/s)  Speed of persons S (m/s)  

Stairs (down)  
min 0 1.0 
Av 0.54 1.0 

max 1.1 0.55 

Stairs (up)  
min 0 0.8 
Av 0.43 0.8 

max 0.88 0.44 

Corridors  
min 0 1.2 
Av 0.65 1.2 

max 1.3 0.67 

 

B.4  Daytime  
Casualty reports provide information on time of accident, e.g. IHS Fairplay database provides this 
information for nearly 50% of all passenger ship and containership accidents occurred between 1990 and 
2016. An example for collision of containerships is shown in Fig. B. 2 in which the number of collision 
accidents is plotted over the time of the day, e.g. 7 accidents between one and two local time. Likewise, 
Fig. B. 3 shows the distribution together for all accident categories Such data can be used to estimate 
the probability when an accident occurs and subsequently related condition like day/night. Similar 
information is available for weather condition (27% passenger; 18% containerships) and location 
(~98%). The latter can be used for estimating the time to rescue/retrieval. 

 

Fig. B. 2  No. of serious collision accidents per hour of the day for container ships (based on 
IHS data)  
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Fig. B. 3  No. of serious accidents per hour of the day for containerships (based on IHS data)  

Time of the year  

 
Fig. B. 4  No of incidents per months for containerships all ac cident categories  

 

B.5  Accident Location  
Location information can be used to conclude on data like weather condition and water temperature. 

For illustration Fig. B. 5 shows the accident location (Marsden Grid, Fig. B. 6) for containership accidents 
after 1990 for ship built after 1980. As shown clear majority of accidents were reported for 50° to 60° 
North and between 10° East and 10° West, i.e. North Sea and Baltic Sea. 
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Fig. B. 5  Accident location for containership accidents between 1990 and 2016  

 

Fig. B. 6  Marsden grid  



 
  

48 Risk Model Monday, 15 April 2019 

B.6  Weather  
Wind  

In the FSA on bulk carrier the values in Table B. 13 were used. 

Table B. 13  World - wide weather probabilities (MSC  74/5/?)  

Weather category  Beaufort  Wind speed  Probability  

 Bft m/s  
Calm 0 – 3 0 – 5.4 0.086 
Moderate 4 – 7 5.5 – 17.2 0.899 
Severe > 8 > 17.2 0.015 

Wave height  

Probability of capsizing of flooded ship heavily depends on the wave height. Wave height is categorised 
as shown in Table B. 14.  

Table B. 14  World meteorological organisation sea state codes 
( https ://sizes.com/natural/seastate.htm )  

Code  

Sea 

State  

Term  Height of 

waves  

Description  Significant Wave 

Height  

Range Mean 

  m  m m 

0  calm   Calm (glassy) 0 0 
1  smooth <0.3 Calm (rippled) 0-0.1 0.05 
2  slight 0.3-0.91 Smooth (mini-waves) 0.1-0.5 0.3 
3  moderate 0.91-1.52 Slight 0.5-1.25 0.875 
4  rough 1.52-2.44 Moderate 1.25-2.5 1.875 
5  very rough 2.44-3.66 Rough 2.5-4.0 3.25 
6  high 3.66-6.1 Very rough 4.0-6.0 5.0 
7  very high 6.1-12.19 High 6.0-9.0 7.5 
8  mountainous 12.19+ Very high 9.0-14.0 11.5 

9  confused   Phenomenal >14.0 >14.0 

Wave height is likely to depend on the incident location, i.e. with the sea area. Some general estimation 
on the probability of wave height are available in literature, e.g. in Montewka et al. (2012) (Table B. 15) 
and in FSA on bulk carrier (2001) (Table B. 16). 

Table B. 15  Probabilities for weather conditions for Baltic Sea based on Global Wave Statistics 
( Montewka et al. , 2012 , 2014)  

Variabl e instance  Wave height  Probability  

 m   

Good 0–1 0.345 

0.920 

1-2 0.390 
2-3 0.185 

Moderate 3–4 0.062 

0.077 
4-5 0.012 
5-6 0.003 

Bad >6  0.003 
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Table B. 16  World - wide weather probabilities (MSC  74/5/?)  

Weather categ ory  App. significant wave height  Probability (world - wide statistics)  

 m  
Calm 0 – 0.85 0.086 
Moderate 0.85 – 6.75 0.899 
Severe > 6.75 0.015 

Weather conditions at time of accident and distinguishing typical accident categories and ship types 
investigated by means of HIS Fairplay data are summarised in Table B. 17. 

Table B. 17  Weather conditions at accident for RoPax and passenger ships  

Ship type  Good weather  Heavy weather  Unknown  

 CN 

RoPax 18 17 66 
Pax 5 9 15 
 CT 
RoPax 14 55 112 
Pax 2 6 23 
 FD 
RoPax 1 3 2 
Pax 0 2 0 
 FX 
RoPax 9 3 75 
Pax 1 1 45 
 GR 
RoPax 11 15 39 
Pax 7 5 27 

 

B.7  Capsize  
Typically, when discussing capsizing only loss of stability due to water ingress is considered, e.g. by 
collision, and other causes are neglected. For risk modelling two aspects can be distinguished: a) the 
probability of capsizing and b) time to capsize (TTC).  

The rationale behind the probabilistic damage stability doctrine as applied within present SOLAS 
regulations (SOLAS 2009) is in principle based upon the assumption that the survivability of a passenger 
ship, defined as 50% probability to withstand capsize for more than 30 minutes following (full scale) a 
collision damage in a seaway signified by a critical wave height of HScrit, can be expressed as a function 
of the maximum value of the righting lever, GZMax, and the range of positive stability, GZRange (Olufsen & 
Cichowicz, 2012). A limiting wave height of 4.0 m has been derived by means of statistics of prevailing 
conditions at reported collision damages. Thus, a survivability factor si = 1.0 means, in principle, a 50% 
probability to survive (avoid capsizing) the collision damage under consideration for at least 30 minutes 
in a sea state represented by HS = 4.0 m.. 

One of the major influences on risk arising of collision accidents is “time to capsize” (TTC) because of 
limiting the time for evacuation, respectively impossibility of evacuation. Literature review showed that 
typically two causes are distinguished for collision accidents, flooding (i.e. loss of stability) and dead ship 
condition14 (DSC). For both causes weather conditions, vessel design and loading condition (including 

                                                
14 DSC means that entire machinery installation including power supply is out of operation and auxiliary services for bringing main propulsion 

into operation are not available. 
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water ingress) are relevant influences on the probability and time to capsize (e.g. Chen&Jasionowski 
(2010), Papanikolaou et al. (2010)). As highlighted by Spanos & Papanikolaou (2014) the estimation of 
the probability density function for flooding related TTC of statistically likely collision damage scenarios 
significantly increases the complexity of the problem and, thus, requires reliable and fast numerical 
simulation tools. Spanos & Papanikolaou assumed three hours as the minimum criterion for orderly 
evacuation and abandonment of damaged passenger ship. Following their investigation of casualty 
reports TTC notably scatters between 20-30 minutes (RoPax) and 15 hours (Cruise ship). TTC for a given 
ship is random because depending on random environmental conditions, random damage shape and 
extend as well as random details of spaces flooded and loading conditions. The numerical simulation by 
Spanos & Papanikolaou showed no relevant difference in probability distribution for TTC, i.e. given that 
the ship capsizes this would happen within first ten minutes (calm water). For CN incidents probability of 
significant wave height was determined in HARDER project (Fig. B. 7) and showed that nearly all ship will 
capsize in significant wave heights of 4 metres or more.  

Spanos & Papanikolaou determined probability for capsizing within 3 h for two example ships the 
probability 4.9 ± 0.5% (RoPax) and 2.4 ± 0.3% (Cruise), note that these figures highly depend on ship’s 
characteristics. In case of capsizing the cumulated probability of capsizing within ten minutes is close to 
100%. 

 

Fig. B. 7  Cumulated density function for significant wave height in CN incidents  

Chen & Jasionowski (2010) suggested a mathematical model for approximating the cumulative 
distribution for time to capsize either for specific damage case or for sampled collision damage as 
function of specific wave height (Fig. B. 8). Their comparison to experimental data showed relevant 
differences which could be reduced by means of Bayesian inference and good agreement was achieved. 
For the example of RoPax vessel the probability to capsize within 30 minutes is about 50% with 
Hs ~ 2 m which corresponds to “rough sea” according to the specification of the Meteorological 
Organisation (Table B. 14, it is noted that about 80% of CN accidents occurred in sea condition with Hs 
≤ 2 m (Spanos & Papanikolaou, 2014)). 
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Fig. B. 8  Rate of capsizing, pf, for considered and given time t = 30 min (Chen & Jasionowsky, 
2010)  

 

Fig. B. 9  Rate of capsizing simulated by Bayesian technique, pf, for considered and given time 
t = 30 min (Chen & Jasionowsky, 2010)  

Montewka et al. (2012, 2012a, 2014) developed a framework for risk assessment of maritime transport 
that considers elements for probability of capsizing in collision accidents and time to capsize (flooding 
and dead ship condition, DSC) for RoPax operating in Gulf of Finland. This framework is quantified for a 
reference RoPax (L = 188.3 m, B = 28.7 m, D = 6.0 m). Thereafter, the dependent probability of 
capsizing in collision accidents related to flooding is 𝑃!"#$%&' !"##$%&' !"##$%$"&is 1.7E-02 and related to DSC 

1.2E-04. 

This framework considered the complete collision scenario, i.e. is estimating the probability of hull 
breach. Montewka et al. assumed that about 40% of all collision cause inner hull rupture which is in good 
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agreement to the FSAs on Cruise and RoPax (~50%). In the model by Monetewka, the probability of 
capsizing of RoPax in collision accident given breach of hull is ~4.3% which is in good agreement with 
figures by Spanos & Papanikolaou (4.9%) and by the FSA on RoPax (5.8%). In the FSA for Cruise the 
probability is 8.3% considering both sinking and capsizing (~30% -> 3% prob. to capsize).  

In general, probability of capsizing may be estimated on two ways: 

¥ Estimation using probabilities for weather condition and related capsizing, i.e. capsize band; 

¥ General probability of capsizing. 

Papanikolaou et al (2010) explained the capsize band and its relation to ship design, i.e. critical wave 
height for given design. Typically, three areas are distinguished 

¥ Safe: sea states for which probability of capsize will be 0 

¥ Unsafe: sea states for which probability of capsize will be 1 

¥ Capsize band: sea states for which probability of capsize is between 0 and 1, critical significant 
wave height -> Pcapsize = 0.5. 

Probability of capsizing can be estimated using information on capsize band and weather condition in the 
area of incident.  

Jakub et al. (2016) proposed the following formula for estimating time to capsize related to critical 
significant wave height (assuming TTC = 0 for Hs < Hscrit) 

!!" ! !"# !
! ! !" !"#$

! !!

!" ! !" !"#$ !
 

 

Fig. B. 10  TTC for RoPax estimated by means of the model suggested by Jakub et al. (2016)  

For the purpose of this investigation the following approach is used for model quantification: 

¥ Capsize band:  

o A relation between weather (wave) conditions and probability to capsize is established. 

o For the wave data the distributions for worldwide and Baltic as summarised in Table B. 
18 are used.  

o Probability for certain weather condition are used as provided by Annex B.6. 
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o Probability to capsize is estimated related to wave height using the approach by 
Jasionowsky with representative capsize band for RoPax with Hscrit = 4 m (capsize band 
with = 3 m) and Cruise with Hscrit = 5.5 m (capsize band with = 4 m).  

o Probability data for wave/weather and capsizing are summarised in Table B. 18. With this 
data the probability for a RoPax to capsize in a serious accident with water ingress in 
Baltic Sea is 3.9%, respectively 21% worldwide (all weather conditions), and for a Cruise 
ship less than 1% in Baltic Sea (11% worldwide). 

Table B. 18  Probabilities for weather condition and capsizin g related to wave height  

Significant 
wave height Hs  

Probability of wave height  Probability to capsize  

m  Worldwide  Baltic  RoPax  Cruise  

1 0.105 0.345 0 0 
2 0.243 0.391 0 0.0014 
3 0.248 0.184 0.0228 0.023 
4 0.187 0.061 0.5 0.159 
5 0.116 0.016 0.977 0.5 
6 0.062 0.003 1 0.84 
7 0.027 0 1 0.98 

> 7 0.012 0 1 1 
Total 1.0 1.0 -- -- 

For TTC is estimated using the results published by Spanos & Papanikolaou (2010) considering no 
differences between RoPax and Cruise but distinguishing between rough waves (Hs > 4 m) and 
moderate waves (Hs ≤ 4 m). 

 

Fig. B. 11  Probability of time to capsize in rough waves ( Spanos & Papanikolaou , 201 0 )  

Probabilities for time to capsize are summarised in Table B. 19 for flooding and dead ship condition. 

rough 

moderate 

rough 

moderate 

rough 

moderate 
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Table B. 19  Probability of time to capsize in moderate and rough sea  

Time  Probability  Time  
min moderate rough 
<10 1.03E-01 2.37E-01 

&"!,-!."  1.03E-01 3.97E-01 

."!,-!)"  3.26E-01 1.64E-01 

)"!,-!%"  1.99E-01 7.86E-02 

%"!,-!*"  1.17E-01 4.28E-02 

*"!,-!$"  7.30E-02 2.52E-02 

$"!,-!'"  4.78E-02 2.62E-02 

'"!,-!&""  5.56E-02 1.22E-02 

&""!,-!&."  2.92E-02 6.36E-03 

&."!,-!&$" ! 1.66E-02 5.82E-03 

&$"!,-!."" ! 1.67E-02 2.22E-03 

B.8  Availability of survival craft  
Availability of survival craft depends on system reliability (functioning), whether the craft is damaged in 
accident, in abandoning process or cannot be deployed due to ship condition (heel). Consequences of 
malfunctioning depend on the phase under consideration. For instance, survival craft failure discovered 
during preparation may be rectified or spare capacity used for evacuating PoB whereas premature 
release of the hook during lowering will most likely have severe consequences for PoB. 

B.8.1  Survival craft reli ability  
Information on “system” reliability is found in FSA on LSA of bulk carrier, Prat et al.15 (2008) and 
FLOODSTAND. 

In FLOODSTAND project (Maurrie et al, 2011, Fig. 2) the failure probability is provided for system 
components davit, winch, brake etc., but it is not specified whether these figures relate together for 
preparation and lowering or only for one of these phases. 

In FSA for bulk carrier LSA probabilities are estimated too but distinguishing when the failure is 
discovered, i.e. between availability and malfunction during deployment, each with 50% of total failure 
probability. Prat et al./FLOODSTAND consider only failure to start engine, which is 50% of the value 
suggested in the FSA. 

All values are summarised in Table B. 22. Both FLOODSTAND and FSA estimations for malfunction of 
lowering system are in good agreement.  

                                                
15 Publication by FLOODSTAND project partners 
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Table B. 20  Failure probability of survival craft system elements (FSA on bulk carrier)  

Element Failure rate per use 

 Prat et al. FLOODSTAND FSA on bulk 
carrier 

(availability) 

Brake  5.84E-04 5.84E-04  
Davit  8.76E-04 8.76E-04  
Falls 5.11E-04 5.11E-04  
Winch / craft stuck 1.24E-03 1.24E-03  
Malfunction of lowering system 
(brake, davit, falls, winch) 

3.21E-03 3.21E-03 2.5E-03 

Engine (fail to start) 1.0E-02 1.0E-02  
Machinery, steering and rudder / 
craft not operable 

  2.0E-02 

For this investigation a failure probability for survival craft of 2E-02 is used. 

B.8.2  Unsuccessful preparation  
In FSA on bulk carrier it is explained that preparation failure rate may be fairly high because of highly 
stressful situation, but it is also very likely that errors are discovered and corrected. For each task a 
probability of omission of 1% is used (Kirwan, 1994) multiplied by factor of 5 to consider “stress”. 
Further, it is assumed that 5% of errors are not detected and corrected by others. The overall probability 
of unsuccessful preparation of equipment is estimated to 0.013. 

Whether survival craft will be lowered completely empty or partially empty is highly uncertain. In FSA on 
bulk carrier it is assumed that 5% of capacity is not used. 

B.8.3  Availability of survival craft seat  
Availability of a seat in a survival craft depends on system reliability (availability on demand/functioning 
of survival craft), number of craft and redundancy (spare capacity). For instance, for a passenger ship 
with 2,000 persons on board and SOLAS compliant survival craft capacity of 2,500 persons (10 lifeboats 
with 150 seats, 10 life rafts with 100 seats, spare capacity 25% ~ 500 seats) and a system 
availability/reliability of 95% the probability of providing 2,000 seats is 99.6%. The individual probability 
of getting no seat is 2.5E-04 (calculated via potential loss of seat divided by persons on board). For the 
same number of persons on board but with larger lifeboats providing space for 300 passengers the 
probability of providing 2,000 seats or more is 97.5%, respectively probability for a passenger of getting 
no seat 2.0E-03. 

Table B. 21  Potential loss of seat calculated for different number and combinations of survival 
craft capacity as well as system reliability  

PoB  Lifeboats  Life  rafts  Reliability  PLS  
 No Capacity No Capacity   

1000 5 150 5 100 0.98 2.80E-04 
2000 10 150 10 100 0.98 7.03E-06 
2000 10 150 10 100 0.90 4.21E-03 
2000 5 300 5 200 0.90 1.25E-02 
2000 5 300 10 100 0.90 1.08E-02 
2000 5 300 6 200 0.90 4.60E-03 

FSA on LSA of bulk carrier  (only crew)  

In the FSA on LSA of bulk carrier some of the influence shown in Fig. 10.8 were considered and 
quantified (considering two lifeboats one on each side of the vessel): 
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¥ Probability that lifeboat is not operable: 4% (50% of these defects can be repaired timely) 

¥ Access to lifeboat is impaired 

o Fire and smoke:  

!  FX: 50% one LB and 40% both LBs 

!  CN: 10% one LB and 8% both LB 

!  ~0 for HM incidents  

o Excessive heel: 50% of CN, CT, FD and GR events lead to loss of one LB 

o Damaged in incidents: 5% probability for CN  

B.8.4  Survival craft damaged in accident  
External impact to survival craft (damage) only relevant for CN, CT and FX. Estimation of probability of 
damage to survival craft in CN accidents can be done on basis of SOLAS damage stability model, i.e. 
probability of collision for certain ship location, respectively using the tabulated values as provided by 
MARPOL oil outflow model.  

Assuming a cruise ship with survival craft (lifeboat) installed on 40% of vessel length on each side yields 
probability of 0.466 that collision occurs in this area. Considering vertical position of survival craft, i.e. 
assuming the survival craft is only damaged if collision affects are above moulded depth, yields a 
probability of 0.105 for damaging at least one craft16. Probability of one or two crafts being damaged 
depends on the collision on damage with as well as the characteristics of the positioning of the crafts 
(length and distance between craft). Considering the probability for side longitudinal extent of damage 
(MEPC 52/24/Add.1), e.g. for 38% of collision the longitudinal extent is greater than survival craft length 
plus spacing between craft, it is estimated that in 50% of damage cases a second craft is lost, i.e. in 5% 
of all CN one lifeboat is damaged and two in 5% of CN. 

Due to characteristics of CT accidents (“raking”) probability is assumed to be higher. 

FX accidents have also the potential to damage survival craft, e.g. all survival craft in one fire zone and 
on one side. In the FSA on LSA of bulk carrier probability of lifeboat being damaged is estimated 5% for 
CN17 and 50% for FX (zero for all other accident categories). For passenger ships it is more likely that 
the ship can be evacuated before fire reaches the second main vertical zone. Following FSA on cruise 
ships probability of fire not being extinguished in compartment of origin is ~10% of which 50% are 
extinguished rapidly. Only fire reaching outer hull below survival craft are affecting availability. It is 
assumed that only fires that cannot be extinguished rapidly may damage survival craft, i.e. 5%. 
Assuming further that survival craft are installed in 50% of the main vertical zones will reduce the 
probability of damaging at least one survival craft in fire to 2.5%. However, more than one craft may be 
damaged which probability is estimated to 50%.  

Effect only relevant when number of seats lost by accident cannot be compensated by available spare 
capacity. 

Further, the access to survival craft may be impaired/obstructed by excessive heel of the vessel or 
scenario does not allow usage of craft (grounding on rocks and ship remained aground). For GR 
accidents the possibility of losing all survival craft on one side because vessel remains aground and rocks 
obstruct craft is considered in FSA on bulk carrier. In FSAs the probability of staying on hard ground is 
33% for Cruise and 64% for RoPax. In EMSA III study about 50% of all grounding are on hard ground 
and ship remains on ground. However, in none of these studies an increased number of fatalities due to 
                                                
16 Only relevant for struck ship because striking ship will not sink (see e.g. GOALDS and EMSA III risk models). 
17 Agrees good with estimation on MARPOL oil outflow model, e.g. lifeboat length 1/20 of ship length yields probability of 0.116. 
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missing survival craft capacity is mentioned. Therefore, obstruction of survival craft in grounding 
accident is not considered. 

B.9  Lowering & Clearing Ship  
The risk related to this phase includes that the survival craft cannot be released, is uncontrollably 
lowered, collide with parent vessel (impact) or is not manoeuvrable. In the latter case and passenger 
ships the survival craft needs to be towed. Consequences are severe if the survival craft is uncontrollably 
lowered, e.g. premature release of hook/hook failure, whereas in case of survival craft stuck during 
lowering PoB may jump into sea and reach other equipment. 

Information on failure rates of system elements in lowering and clearing sequence can be found in Prat 
et al. (2008), FLOODSTAND as well as in FSA for bulk carrier LSA (2001). All values are summarised in 
Table B. 22. Due to missing further information regarding assumptions made, respectively, reliability it is 
not possible to evaluate the differences between these figures. 

Table B. 22  Failure probability of survival craft system e lements  

 Element Failure rate per use 

  Prat et al. FLOODSTAND FSA on 
bulk carrier 

Clearing failure Brake  5.84E-04 5.84E-04  
 Davit  8.76E-04 8.76E-04  
 Falls 5.11E-04 5.11E-04  
 Winch / craft stuck 1.24E-03 1.24E-03  
 Malfunction of lowering system 

(craft stuck) 
3.21E-03 3.21E-03 2.5E-03 

 Hook blocked   2.5E-03 
 Engine (fail to start) 1.0E-02 1.0E-02  
 Machinery, steering and rudder / 

loss of manoeuvrability 
  2.0E-02 

Uncontrolled 
lowering 

    

 Hook (premature release) 5.5E-03 1.1E-03  
 Survival craft uncontrolled lowered   1.0E-02 

 

For this investigation it is assumed that the probability for uncontrolled lowering is 8E-03 coverings all 
effects of hook, winch, brake, falls etc. and assuming that the probability of premature release of the 
hook is 6E-03. 

Probability that survival craft stuck during lowering is set 3E-03. 

Impact  

Impact due to collision between survival craft and parent vessel during lowering depend on ship 
condition (heel, motion) and weather condition (wave). 

Prat et al. estimated the probability of structural failure due to impact against hull is 1.35% for sea 
state 6, i.e. Bft. 7 and Hs = 5 m, and for a cruise with a length of 294 m (based on numerical 
simulations over 1700 s for 7.5 m and 12.5 m length of falls).  

Damage to survival craft by collision with parent vessel during lowering is determined by numerical 
simulation of lowering process (FLOODSTAND). In contrast to Prat et al. survival craft is continuously 
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lowered and recovered. Results showed that impact is only relevant for sea state 6 (Hs = 5 m) (Table B. 
23), however, for this scenario a probability of structural failure given that impact occurs is 0.14 for 
wave heading of 90°. Overall average probability is 0.014. 

Table B. 23  Probability of impact by collision with parent vessel (> 3.5 m/s) during lowering 
for different wave heading  
 

Heading (¡)  Number of impacts  Probability of velocity to exceed 3.5m/s  

75 35 0.08 
90 157 0.14 
105 47 1.8 E-04 
120 13 5.8 E-06 
150 2 1.4775 E-04 
165 4 1.32E-03 
180 6 0.018 

 

Both numerical simulation by Prat et al. and FLOODSTAND show possibility of impact only for “bad” 
weather conditions with significant wave height 5 m and Bft. 7 and proposed an overall probability of 
1.35% and 1.4%. 

In FSA on bulk carrier the probability of relevant impact between survival craft and parent vessel is 
estimated 3%, respectively 6% for foundering. Foundering accidents are typical “bad” weather accidents 
and hence this difference to other accidents is justified by this. In FSA “bad” or “severe” weather is 
specified as BFT.> 8 and Hs > 6.75 m, which is slightly higher than the values used for the numerical 
simulations.  

For this investigation a probability of 1.4% for “bad” weather conditions is used. 

Clearing  

Failure to clear off the vessel after successfully lowering survival craft depends on weather conditions 
and starting the engine (see above) and loss of manoeuvrability (rudder, steering).  

In FLOODSTAND project the influences “fail to release”, “fail to start engine” and “fail to manoeuvre” are 
considered. Based on this information the following probabilities are estimated for  

¥ “fail to release”: 

o Sea state 3: 0.001 

o Sea state 5: 0.01 

o Sea state 6: 0.1 

¥ “fail to start engine”: 0.01 (see Table B. 22) 

¥ Rudder and steering failure each 0.005 (50% of the difference between engine failure and failure 
of complete system, Table B. 22)  

¥ “fail to manoeuvre” (insufficient power) (Table B. 24) 

Table B. 24  Probabilities for failing to clear sea state  

Sea state Hs Probability of failing to clear 

1 0 0 

2 0.3 0 
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3 0.88 0.01 

4 1.88 0.020313 

5 3.25 0.07125 

6 5.0 0.3775 

7 7.5 0.68375 

8 11.5 0.9 

The overall probability of failing to clear of parent vessel due to failure of rudder, steering gear and 
engine is 2E-02 (FSA bulk carrier) and probabilities for rudder and steering gear adjusted accordingly.  

B.10  Waiting for Rescue  
Information regarding exposure time until recovery were found in Kennedy et al. (2013). Based on 
expert judgement considering different scenarios (e.g. weather conditions) for recovery of people in 
distress (18 persons) after vessel sunk (requiring search) at 1 p.m. in late August, recovery times were 
determined for eight different locations in Canadian waters. Exposure times were estimated considering 
different means, e.g. ship or helicopter. Results are summarised in Table B. 25. 

Table B. 25  Exposure time ranges based on Air & Marine Resources  (Kennedy et al., 2013)  

Resource type  Exposure Limit  Location  

 hours  1  2  3  4  5  6  7  8 

Air Low Range 27 24 23 16 14 13 15 13 
 High Range 49 45 42 31 27 25 28 26 

Marine Low Range 48 28 14 14 48 14 36 24 
 High Range 237 261 48 24 131 75 140 43 

In MSC 99/7/1 it was highlighted that consistent and mandatory regulations for all vessels in the polar 
waters is of benefit to all IMO Member States, including for countries that have a search and rescue (SAR) 
area of responsibility in the Antarctic area, where preparedness and actions in conducting a SAR 
operation are fundamental to the ability to save lives and assistance can be up to eight days away in 
often hazardous conditions. 

Due to the remoteness from rescue assets, it can be up to 10 days before a stricken vessel or person 
can be reached, therefore the risk of serious injury, death and loss of the ship, and environmental 
damage is much greater than in other sea areas. 
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ANNEX C  LITERATURE  REVIEW  

C.1  Kang et al. 2014  
The work of Kang et al. (2014) focus on the person in water and the available time to rescue in order to 
assess design variants of an inflatable radar reflector and buoyancy equipment. It is mentioned that 
relevant accident categories for life-saving appliances are CN, GR and FX (CT and FD should also be 
considered). It is suggested to apply quantitative methods for detailed design process. For this purpose, 
a risk model using event tree technique is developed considering the phase between falling into sea and 
consequences was developed. This risk model is used to select the scenarios relevant for the 
investigation, i.e. the scenarios with lethal consequences. Based on these scenarios a model for design 
evaluation of an inflatable radar reflector and buoyancy equipment is developed considering also cost-
benefit assessment.  

Details regarding survival time in water are provided (see Fig. C. 1). Water is cold in the fall and winter 
and spring seasons, and as shown in Fig. C. 1(A), survival time is dramatically restricted. If we assume a 
water temperature of 10–16°C, a victim can survive at best for 1–6 h. Water conducts heat away from 
the body 25 times faster than air because it has a greater density (Curtis, 2009). After falling into cold 
water, the movement of fingers, arms, and legs slows as time passes. If body temperature reaches 34°C, 
the survivor will experience amnesia. At approximately 34°C, the survivor loses consciousness and will 
die at a body temperature of 30°C. If the victim is not wearing a lifejacket and has to swim, the survival 
time is further shortened because swimming has a significant impact on the rate of body cooling, 
increasing the rate between 30% and 40% (Keatinge, 1969), as shown in Fig. C. 1(B). Conclusion SAR 
needs to be successful within 1 hour

 

Fig. C. 1  (A) Cold water survival time (Hayward & Eckerson, 1984). (B) Empirical curve 
correlating deterioration in consciousness to time, in  an immersed body  with [B] and without 
[A] a lifejacket (Golden, 1973).  

¥ Interesting references 

o Curtis, R. 2009. Outdoor Action Guide to Hypothermia and Cold Weather Injuries. United 
States Search and Rescue Task Force. 



 
 

Risk Model 15 April 2019  61 

o Hayward, J.S., & Eckerson, J.D. 1984. Physiological responses and survival time 
prediction for humans in ice-water. Aviat Space Envir Md. 55(3):206-12. 

C.2  Prat et al (2008) Performance Assessment of Davit -
Launched Lifeboat  

Prat et al. (2008) report on results of the EU research project SAFECRAFT providing the basics of the 
methodology for assessing the performance of life-saving appliances using performance indicators for 
the success rate of the evacuation process, which compares the final Human Health Status (the number 
of persons in good health, injured or deceased at the end of the process) with the initial Human Health 
Status (number of persons in good health onboard the mother ship). The methodology is presented by 
the example of conventional davit-launched lifeboat. The calculation follows step-by-step the evacuation 
process. Associated to each event is a transformation function that characterises the degradation of the 
Human Health Status. The determination of the transformation functions is based on first principle 
methods, risk analysis methods, and human factor methods some of which are inspired by the 
automotive industry. In addition, the systems performance is represented along the evacuation and 
rescue route, so that it is possible to identify and quantify the contribution of individual obstacles to the 
overall degradation. In this context ‘obstacles’ are elements of the evacuation routes that needs to be 
overcome for being rescued.  

The human health status (HHS) is the metric used which characterises the percentage of person of good 
health, moderately injured, severe injured and death. The model is shown in Fig. C. 2, horizontally 
representing the evacuation process and vertically the design scenarios considered. The event chain 
considered for this publication is Deployment  – Boarding  – Lowering  – Release  – Clear Ship  – Wait for 

Rescue  – Recovery . 

 

Fig. C.  2   Design Casualty Scenarios  

The authors highlighted that they prefer first principle methods and hence do not consider directly 
training and maintenance. However, these may be considered indirectly. 

The methodology is explained by an example using Fassmer lifeboat SEL 8.8. Population features used 
were taken from internal data and IMO guidelines that assumes the following age distribution of 
passengers (note: not crew): 
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Table C. 1  Age distribution in lifeboat in accordance with MSC/Circ.1033)  
 

Age groups (years) Percentage of passengers (%) 

a ≤ 50 28% 
50 ≤ a ≤ 75 58% 

75 ≤ a 14% 
Total 100% 

For the age groups the initial human health status is characterises based on IMO guidelines for 
evacuation analysis (MSC/Circ.1033), it is estimated that about 55% of the population older than 50 
years old has impaired mobility and 45% are of good health. For younger people, it is assumed that 100% 
are of good health (see table). 

Table C. 2  Initial human health status  

 

The following environmental conditions were selected (Sea States (source NATO)) 

Table C. 3  Correlati on between sea state, significant wave height, peak period, Bft. And wind 
speed  
 

Sea 
state 

Beaufort 
scale 

Mean 
wind 
speed 

(knots) 

Significant 
wave height 

Hs (m) 

Wave peak 
period Tp (s) 

0-1 0 0.0 0.00 ../. 
3 3 11.5 0.88 7.5 
5 6 24.5 3.25 9.7 
6 7 37.5 5.00 12.4 
7 10 51.5 7.50 15.0 
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The rescue route is described as follows including obstacles and main sources of obstacles: 

Table C. 4  Obstacles assigned to evacuation phases  
 

Phases Elements Obstacles Type 
 

1 
 
Deployment 

Malfunction Hardware 

Engine failure to start Hardware 

Boarding Mobility failure Human 
factor  

Lowering 
Premature release Hardware 
Failure /impact hull Hardware 
Injuries / impact hull Human 

factor  
Release 

Fail to release Hardware 
Injuries / Slamming Human 

factor  
2 

Clear ship Fail manoeuvring Hardware 
 
At sea 

Capsizing Hardware 
Seasickness Human 

factor Tossed around Human 
factor 3 Recovery Climbing pilot ladder Human 
factor 

For the components of the davit malfunction frequency is determined by over two years and a half 
observation of a fleet of passenger ships that has experienced 13,692 launches of lifeboats. Problem 
occurrences relevant to the deployment phase are reported and turned into a failure rate per launch of 
one lifeboat (see lifeboat below)). Due to the lack of details regarding the events reported, it is ensured 
that every occurrence prevented the use of the whole system. Using a simple fault tree model, we 
eventually obtain an estimate of the overall probability of failure associated with the obstacle 
“Malfunction” that is to say 3.2×10-3 per launch. 

Table C. 5  Failure rates (failure on demand)  

Failure  type  Occurrences  Failure rate per use  

Brake mechanism 8 5.84×10-4 

Davit mechanism 12 8.76×10-4 

Falls 7 5.11×10-4 

Winch failure 17 1.24×10-3 

Total 44 3.21×10-3 

 

Engine Failure to start is estimated to 0.01 per use (from offshore industry). Similar to the pervious 
“obstacles” this influence is independent from age groups.  

It is assumed that the effect of reduced mobility of passengers is compensated by crew assistance as has 
no effect on HHS. The next “obstacle” considered is the premature release of the hook which is 
estimated to 5.5E-03.  

Structural Failure due to Impact against the Hull: Apart from injuries induced by impact forces and 
accelerations, a lifeboat can undergo structural failures that put all occupants in danger irrespective of 
age or HHS. Only one of the scenarios investigated has the potential of damaging the lifeboat for which 
probability is estimated to 1.35E-02. The linked effect of impact leading to injuries due to acceleration is 
also considered, in this case age group dependent. After lowering the lifeboat, the release is the next 
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task. The failure frequency of fail to release is estimated considering the environmental conditions of the 
scenario, i.e. failure frequency increase with decreasing weather. 

Fail Manoeuvring: This analysis was performed to derive the operational limits of a conventional lifeboat 
while clearing from the mother ship. Wind exposure may prevent lifeboats to sail away from the 
touchdown area close to the vessel’s hull. Lifeboats unable to clear are deemed lost. Simulation model 
used for estimating failure rate (different wind speeds and directions) 

Table C. 6  Weather conditions considered in manoeuvring simulations  
¥  

Scenario  Sea  
state  

Period 
at 
sea  

Heading 
angle  

List (¡)  Trim (¡)  

Sc 1 0-1  
24 h 

../. 0 0 
Sc 2 3 Beam 0 0 
Sc 3 5 Head 10 5 
Sc 4 5 Beam 20 10 
Sc 5 6 Beam 20 10 

 
 

 

Finally, the probability of capsizing is taken into consideration. Similar to previous “obstacles” it is 
assumed that all passengers are killed in capsize accident. 

C.3  Burciu & Grabski (2011): The experimental and 
theoretical study of life  raftraft safet y under strong 
wind  

The paper presents the study on the reliability of life rafts in different environmental and operational 
conditions. For different sizes of life rafts the probability of failure is estimated. 

The rescue operation undertaken in case of a ship accident at sea aims at search and rescue of survivors, 
who can be either in the water or in life saving appliances. Planning and carrying out a rescue operation 
is based on prediction of their position. 

The search area is determined with respect to the search objects leeway under wind and waves. In 
practice, the intact lifesaving appliances leeway is predicted according to the guidelines of IAMSAR. 
However, the real leeway of a floating object generated by the wind and waves is dependent on its 
motion characteristics in real operational state of the object. The essential information for Search and 
Rescue Mission Coordinator is the time to survive for “Person In Water” and up state of life-saving 
appliances. 

Following Burciu & Grabski the majority of the observed sea accidents happen in conditions above 7 Bft., 
however, this is not further justified. 

Investigation on life raft reliability under special consideration of wind, waves and occupancy, i.e. 
probability of successfully entering the raft by persons. 

Remark: no clear definition what is reliability, e.g. probability of reaching the raft, entering the raft? 

C.4  HSE (1996): Casualty rates in abandoning ships at sea  
Database considers ship accidents between 1960 and 1983 with focus on the fatality rates when forced 
to leave the parent vessel. 

Overall casualty rates 
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¥ 37% of incidents involved loss of life as a result of attempt to evacuate 

¥ 13% of all personnel attempting to evacuate were killed in the attempt 

Effects of weather 

¥ 74% of heavy weather incidents involved loss of life as a result of attempt to evacuate (bad 
weather increases fatality rate) 

¥ 12% of calm/moderate weather incidents involved loss of life as a result of attempt to evacuate 

¥ 29% of all personnel attempting to evacuate in heavy weather were killed in the attempt 

¥ 5% of all personnel attempting to evacuate in calm/moderate weather were killed in the attempt 
(strongly influenced by one incident; if this is not considered the rate goes down to 2%) 

Therefore, the success rate of evacuation is 71% in bad weather and 95% in calm/moderate weather. 

Effect of ship sinking fast is significantly increasing the fatality rate which is 84% for the accidents 
considered. If the ship sinks very fast the success rate is 0%. 

There appears to be no particular trends to show that the type of incident affects the success or 
otherwise of an evacuation other than the fact that in storms, the casualty rate is much higher. 

For passenger ships the sample is too small to calculate significant casualty figures. 

Contrasting examples can be seen between the incidents involving the LAKONIKA and the PRINSEDAM, 
both passenger cruise liners where the ships had to be abandoned in fair weather following fires in the 
accommodation. In the case of LAKONIKA, there was a clear case of lack of discipline and training for 
abandoning ship, with a consequent heavy loss of life. The PRINSEDAM incident demonstrated that with 
proper organisation and competency, lifeboats offer the chance of a high survival rate, even when many 
elderly passengers are involved. 

The use of lifeboats or life  rafts:  

Of the 47 heavy weather incidents there were 
¥ 11 cases of survivors picked up in lifeboats 

¥ 8 cases of survivors picked up in life rafts 

¥ 4 cases of survivors picked up in both 

Of the 57 calm/moderate weather incidents there were 

¥ 40 cases of survivors picked up in lifeboats 

¥ 13 cases of survivors picked up in life rafts 

¥ 2 cases of survivors picked up in both 

The safety of remaining on ship rather than abandoning could not be investigated because the sample 
was too small. 

C.5  Mery et al. (2010) HEALTH, a Performance Indicator for 
the Assessment of Life - Saving Appliances  

The focus of this paper is on alternative design. It is explaining the same model as used in the more 
comprehensive paper by Prat et al. (see above). 

Specifies the relevant period from mustering until being recovered by SAR, passing by vessel or reach 
shore. (Not the same as rescue as defined by IAMSAR: An operation to retrieve persons in distress, 
provide for their initial medical or other needs, and deliver them to a place of safety.) 
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Sequences 

¥ life boats lowered by davits: moving to the embarkation stations, embarking the lifeboat and 
finding a seat, withstanding impacts of the lifeboat against the ship’s hull and water when 
the boat is lowered, surviving seasickness, dehydration and cold when the boat floats or sails 
freely at sea and finally embarking the rescuing ship by, e.g., a pilot ladder. 

¥ Life rafts: generally deployed overboard first, while the passengers disembark the ship via 
Marine Evacuation Systems (e.g. chutes) 

Abbreviated Injury Scale (AIS) 

Injury Severity Score (ISS): generally accepted approach for rating multiple injuries 

New ISS: generally accepted approach for rating multiple injuries 

Threats: 

¥ Seasickness: Threat because of dehydration and loss of electrolytes 

¥ Hypothermia 

¥ Hardware failure: roll motions cause violent impacts, flooding by green water 

C.6  Kennedy et al. (2013) Evaluating Exposure Time until 
Recovery by Location  

Kennedy et al. carried out an investigation of potential exposure times at eight locations dispersed 
throughout northern Canada. Exposure time, as defined in this report, relates to the total time from 
which an alert notification of an emergency event is sent, to when a rescue is affected. The primary goal 
of this study was to identify and assess key factors that influence the exposure time by quantifying the 
effect where possible. 

In order to determine exposure time and the numerous factors that can influence this time the study 
considers two parts 

1. Development of a two-part survey which was distributed to experts in the area of marine-based 
SAR resources as well as air-based SAR resources. The first part of the survey was a 
questionnaire which prompted responses relating to the effect of key factors at the different 
locations considered.  

2. Term the factors in a ranking sheet, listed the key factors that had been identified through a 
literature review and requested that they be ranked in terms of their potential to increase 
exposure time. 

The time of exposure is specified as shown in Fig. C. 3 below. 
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Fig. C.  3   Exposure timeline and relevant phases  

The results indicated that the minimum of the low-range exposure time values was 13 hours and this 
related to locations 6 and 8. The maximum of the low-range exposure time values was 27 hours which 
occurred at location 1, the most northerly of the locations considered. The high-range exposure time 
values for marine based rescue vary between 14 hours (loc. 3, 4, 6) and 261 hours (loc. 2). 

Another interesting point is that when considering marine resources only, the maximum low range 
exposure time jumps to 48 hours and occurs at location 1. Survival in the harsh environmental 
conditions of northern Canada even at the minimum predicted exposure times would be challenging.  

Exposure time (time until rescue) very much depends on location of the accident which specifies the 
distance to SAR facilities that again is influenced by the time of the year (weather conditions influence 
the distribution of SAR units) and the effectiveness of communication. In the report the following details 
were given 

¥ Distance from airport 

¥ Distance from shore 

¥ Wind and Waves 

¥ Air Temperature and Precipitation (limit operation of airborne forces; visibility; icing of LSA) 

¥ Ice Conditions (time for ship to reach the scene) 

¥ Type of Response Resource 

¥ Physical state of response resource(s) and crew (e.g. available fuel of icebreaker; fatigue due to 
long travel time to scene) 

¥ Communication Effectiveness 

¥ Communication Capability (being able to send notification) 

¥ Preparation of Response Crews 

¥ State of Evacuees (physical state of evacuees, e.g. level of fatigue of a casualty could impact 
their ability to hold on to a rescue aid and thus prolong rescue activities; injuries …) 

¥ Visibility (level of visibility is affected by the time of day, the time of year, the level of fog, 
precipitation and temperature) 

¥ Bathymetry Charting 

¥ Training of Captain and Crew 

¥ Accuracy of Environmental Models (models used to estimate the drift and hence specify the 
location for search) 

These factors were also ranked considering the different equipment used. 
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It is worth to mention that these figures are valid for Canadian waters and Canadian SAR having 
available for instance icebreakers, aircrafts and helicopters, and therefore are expected to be 
different in other sea areas. However, influencing factors are generally applicable. 

C.7  Mak et al. (2010) Assessment of Thermal Protection 
and Microclimate in SOLAS Approved Lifeboats  

Mak et al. investigated the thermal protection and ventilation rate of lifeboats for the Arctic environment. 
Two SOLAS approved lifeboats were used for model development: a 72-person lifeboat with engine off 
and a 20-person lifeboat with engine on operating at 6 knots and 3 knots. 

The dilution experiments (where the rate of reduction of concentration in injected carbon dioxide was 
estimated, to determine ventilation rate) with the 72-person lifeboat found that the lifeboat had a 
ventilation rate of 2 l/s with vents open, which is inadequate to maintain carbon dioxide level below 5000 
ppm. The 20-person lifeboat had 11.6 l/s at full engine power and 7.8 l/s at half power; both being 
inadequate ventilation rates. A thermal manikin and a mathematical model were used to assess heat and 
cold stress of lifeboat occupants under various lifeboat, occupancy and ventilation conditions in the Arctic 
summer environment. In a lifeboat with the engine running, the occupants are likely to suffer heat stress 
unless a ventilation rate of several hundred litres per second can be achieved. In conclusion, the use of a 
thermal manikin supported by a simple heat loss model helped define the adequate ventilation rates in 
lifeboats under simulated Arctic summer conditions and showed that the current risks are mainly carbon 
dioxide toxicity and heat stress.  

The data show also the problem of ‘cold stress’ for high ventilation rate and low temperatures outside. 

C.8  Nese & Dalsand (2016) Identification of Challenges 
and Hazards associated with Cruise Traffic and 
Eva cuation in the Arctic  

This investigation focusses on improved understanding of performance requirements for LSA in polar 
waters, which are not sufficiently provided by the Polar Code, and is based on SAREX project. SAREX 
report contains the same hazard analysis as contained in this report. 

A preliminary hazard analysis (PHA) was performed distinguishing five stages and resulting in main 
findings 

1. Evacuation to lifeboat 

a. Hazards 

i. The lifeboat is somehow not accessible or usable. 

ii. Icing. 

iii. Injuries when getting to or into the lifeboat. 

iv. Passengers clothing is not suited for the cold climate and gets onboard without 
proper clothing. 

v. Lifeboat does not have sufficient space to accommodate the maximum number of 
passengers wearing additional polar clothing and bringing along personal survival 
kit or group survival kit is available. 

vi. Weight per person might be exceeded due to clothing etc. 

b. Possible gaps 

i. Exposed escape routes may not be accessible or safe, taking into consideration 
the potential for icing of structures and snow accumulation. All life-saving 
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appliances might not provide safe evacuation and be functional under the 
possible adverse environmental conditions. 

ii. Adequate thermal protection might not be provided for all persons on board. 

iii. Means might not be provided to remove or prevent ice and snow accretion. 

iv. Escape routes and embarkation arrangements might not be arranged for and 
adequate for persons wearing additional polar clothing. 

v. Lifeboat might not have enough space to accommodate persons equipped with 
thermal protection adequate for the environment. 

2. Launch of lifeboat 

a. Hazards 

i. Mechanical/electrical failures. 

ii. Icing. 

iii. Wind and waves making the launch procedure dangerous. 

b. Possible gaps 

i. Survival unit might not provide safe abandonment of ship, taking into 
consideration the possible adverse environmental conditions during an 
emergency. 

ii. All life-saving appliances and associated equipment might not provide safe 
evacuation and be functional under the possible adverse environmental 
conditions during the maximum expected time of rescue. 

iii. Means might not be provided to remove or prevent ice and snow accretion. 

iv. If devices that require a source of power are added to achieve the needed 
functionality, they might not be able to operate independently of the ships’ main 
source of power. 

v. Stored electrical power might not be sufficient due to limited battery capacity in 
cold environment. 

3. Initial operation 

a. Hazards 

i. Mechanical/electrical failure. 

ii. Wind and waves making manoeuvring difficult. 

iii. Collision and/or damage to lifeboat. 

iv. Unable to rescue survivors from sea to lifeboat. 

b. 5.2.3.2 Possible gaps 

i. Lifeboat might not be properly winterized. 

ii. Life-saving appliances and associated equipment might not take into account the 
potential of operation in long periods of darkness and the intended voyage. 

iii. Lifeboat might not be suited for extracting persons from the sea, especially those 
that are cold and unable to climb onboard without assistance. 

4. Operation (wait for rescue) 

a. Hazards 

i. Unable to navigate properly. 

ii. Engine failure. 
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iii. Communication devices are not available/working. 

iv. Lifeboat runs out of fuel. 

v. Sea spray icing. 

vi. Seasickness. 

vii. Lifeboat environment not habitable. 

1. Temperature hot/cold. 

2. Low air quality/CO2 build-up. 

3. No toilet facilities causing hygiene problems. 

4. Nowhere to sleep comfortably. 

viii. Not enough food and water for 5 days. 

ix. Lack of medical equipment and medicine. 

b. Possible gaps 

i. Lifeboat might not provide a habitable environment. 

ii. Lifeboat might not provide sufficient space for all persons to wear additional 
polar clothing and have access to their PSK/GSK, in turn lacking equipment that 
will provide sufficient thermal insulation to maintain the core temperature of 
persons and protection to prevent frostbite of all extremities. 

iii. Lifeboat might not have sufficient food and water to provide sustenance for the 
maximum expected time for rescue. 

iv. Lifeboat might not have means to communicate with rescue assets. 

v. Lifeboat might not be designed for polar conditions. 

5. Rescue 

a. Hazards 

i. Problems occurring during the transfer of persons from lifeboat to rescue 
vessel/helicopter. 

1. Complicated process. 

2. Injuries/fatalities. 

3. Time consuming. 

4. Wind and waves. 

Some of these hazards are polar water related but many of them can be regarded as general hazards 
related to usage of LSA, e.g. mechanical failures, microclimate in survival craft or hazards related to 
rescue. 

C.9  Nordstršm & Reif (2014) Life  raft -  Experience from a 
life  raft exercise  

In this thesis the success factor for life rafts was investigated by means of an 30 hours exercise. Exercise 
participants completed a dry-shod embarkation into a life raft with capacity for 12 people. In the 
exercise participants had their regular clothes and survival suit so called 6-hour type. The air 
temperature was during the day between 12-16° C and dropped overnight to less than 7° C. The 
average temperature of the water was 15.2° C 

Seasickness is a major problem on board in a life raft when it has sweeping patterns of movement and 
has no view (Golden & Tipton, 2002). A contributing factor to seasickness can be strong odours (Aslan, 
Songu & Aslan, 2012), which in life rafts are common because of the large amounts of rubber and 
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plastics. Seasickness is demoralizing in a survival situation and affects the survivor's ability to make 
critical decisions. Moreover, vomiting can cause 

a large fluid loss and emergency supplies are needed to maintain the body's function. 

A person is at rest in a thermo-neutral environment, air temperature of 26-30 ° C and water 
temperature of 35 to 35.5° C, loses at least 1500 mL of fluid a day, 500 ml by diuresis, 500 ml by 
exhaled air and 500 ml through the skin. About 65% of body mass in humans is water. The body has a 
built-in provision corresponding to approximately 1% of body mass in order to meet urgent needs 
without affecting important physiological functions. When this reserve is exhausted, the brain secretes 
anti-diuretic hormone, which decreases the renal production of urine to about 30 ml per hour (Golden & 
Tipton, 2002; Nilsson, 2010). Water loss is influenced by age and gender. While a small child is made up 
roughly of 80% of water, an adult woman aged around 61-70 years is only about 43.3%, and a man of 
about 50.8%. In addition, age decreases the body's ability to minimize urine loss with age, then the 
kidneys become less able to concentrate urine. This means that it takes more liquid to get rid of the 
harmful waste products formed in the body (Bennet, 2000). 

C.10  Peachy & Pollard (2006) MCA R esearch Project  555 -  
Development of Lifeboat Design  

Peachy & Pollard reported on an investigation on lifeboat safety and their launching system based on 
accident reports. One of the findings of this study was that lifeboat accidents occur for a number of 
reasons, but that most of the more serious accidents, particularly those leading to fatalities, occur 
because of problems with the on-load release hooks. The development of a (fault tree) risk model was 
mentioned in the report, however, it was not provided. 

The authors summarise some accident data, for instance that of a study by MAIB (2001) gathering 125 
incidents and accidents during the preceding ten-year period were reviewed which resulted in 12 
fatalities and numerous injuries. 

Lifeboat accidents fall into several distinct categories, these being: hooks; tricing and bowsing; falls, 
sheaves and blocks; engines and starting; gripes; winches; davits; the weather; and other types of 
accident. 

One item explained in detail is the change of mass of passengers and related impact on lifeboat 
performance, e.g. reduced speed, higher fuel oil consumption or increased probability of hook failure 
(onload release mechanism) due to increased mass. 

The MAIB 2001 study report includes a categorisation of the recorded lifeboat accidents which can be 
summarised in Table C. 7. Based on the data provided a fatality rate is calculated. 
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Table C. 7  Characteristic data of MAIB casualty report investigation  

Category  Incidents  Fatalities  Injuries  Equivalent  
fatalities 18  

Fatality rate  
per  incident  

Hooks 11 7 9 7.9 0.72 
Tricing and bowsing 10 2 5 2.5 0.25 
Falls, sheaves & blocks 12 2 19 3.9 0.33 
Engines & starting † 18 0 15 1.5 0.08 
Gripes 12 0 10 1.0 0.08 
Winches 32 0 8 0.8 0.03 
Davits 7 0 0 0.0 0.00 
Free-fall ‡ 2 0 1 0.1 0.05 
Weather 2 0 0 0.0 0.00 
Not otherwise classified 19 1 13 2.3 0.12 

Totals  125  12  80  20.0  0.16  

 

C.11  MAIB (2001) Review of Lifeboat and Launching 
SystemsÕ Accidents  

The data for this Study has been derived from three basic sources: the MAIB’s own investigations of the 
more serious incidents, information held on its database, and from reports submitted to the Branch by 
ship’s safety officers, masters and/or shipping companies (Data see Peachy & Pollard, 2006). 
Unfortunately, sample size is not given and thus failure probability cannot be estimated. 

C.12  Power & Re (2014) Assessment of Life Savi ng 
Appliances Regulatory Requirements Ð Human Factors 
Knowledge Gaps  

This paper summarises the review of Canadian “Life Saving Equipment Regulations” C.R.C., c. 1436 with 
respect to knowledge gaps. Many of these gaps identified in the regulation, commonly caused by 
prescriptive wording specifying conditions not commonly found during a marine accident. A knowledge 
gap may occur when a regulation requires specific LSA technologies to be carried but their performance 
is only tested in benign conditions which may not be representative of their intended area of operation. 

Examples of findings 

¥ Buoyant oars (too small, too short) 

¥ Life raft paddle (too short, unrealistic to manoeuvre a raft for 150 persons (~10 tonnes) 

¥ Evacuate a 2,100-person ferry equipped with six slides in 30 minutes as per the regulation, it 
was calculated that each person had to have an evacuation time limit of 5.14 seconds to descend 
the slide/chute, cross the collection platform, and then board the life raft. It was found that the 
participants took 12.6 s when using the slide, and 9.9 s when using the chute, in calm water. 
The Beaufort conditions resulted in similar times for the slide (from 10.7 to 12.7 s), but caused 
increased times for the chute (12. 4 s in Beaufort 4). 

¥ Specification of thermal conductivity threshold is not sufficient because it not describes the heat 
loss. In order to specify thermal protection thermal resistance needs to be used. 

                                                
18Assuming ten injured equal to one fatality  
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C.13  Ross (2006) ShipÕs Lifeboats: Analysis of Accident 
Cause and Effect and its Relationship to Sea farersÕ 
Hazard Perception  

 

Fig. C.  4  Primary accident causes (joint industry survey by OCIMF, INTERTANKO and SIGTTO, 
2000; cited in Ross 2006)  

Accident Cause Frequency 

Table C. 8  Accident causes and num ber as well as percentage of accidents  

 

Cause  No of 
accidents  

Percent  

Not identified 79 29.7 

Training 52 19.5 
Maintenance 46 17.3 
Design 45 16.9 
Other 44 16.5 

Total  266  100.0  

Accident Severity Frequency 

Table C. 9  Accident  severity data  for human consequences  

 

Severity  No of accidents  Percent  

Near Miss 117 44.0 

Minor Injury (1 Person) 107 40.2 
Minor Injury (Multiple People) 13 4.9 
Major Injury (1 Person) 12 4.5 
Major Injury (Multiple People) 5 1.9 
Fatality (Single) 6 2.3 
Fatality and Injury 1 0.4 
Multiple Fatalities 5 1.9 

Total  266  100.0  

Accident Severity Frequency – All Causes 
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Table C. 10  No of accident causes assigned to severity category  

Severity of accident  Not 
Established  

Training  Ma intenance  Design  Other  

Near Miss 42 9 26 26 14 
Minor Injury (1 
Person) 

26 32 12 8 29 

Minor Injury (Multiple People) 5 2 3 3 0 
Major Injury (1 Person) 4 3 2 3 0 

Major Injury (Multiple People) 0 2 1 2 0 

Fatality (Single) 2 1 2 0 1 
Fatality and Injury 0 1 0 0 0 
Multiple Fatalities 0 2 0 3 0 
Total  79 52 46 45 44 

C.14  Tikuisis & Keefe (2005)  Stochastic and life raft 
boarding predictions in the Cold Exposure Survival 
Model (CESM v3.0)  

This report outlines the development of stochastic and life raft boarding predictions, and their 
implementation in a revised Cold Exposure Survival Model (CESM). 

 

Fig. C.  5  Predicted distribution of ST in hours for casualties with neck - immersed in 5¡C heavy  
seas and wearing a long - sleeved shirt, light sweater, and jacket.  

Life Raft Self-Boarding Prediction: self boarding is mainly influenced by gender, weight and water 
temperature because in cold water capabilities diminish when muscle cooling occurs. 

For the probability a theoretical model was developed. 
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C.15  Bos, Anderson and Reinke (2010) Motion Induced 
Passenger Dislocations in Life Raft and Lifeboat 
Configurations  

This paper focus on the dislocation of passengers aboard life boats and rafts that is considered to be a 
risk regarding passenger survival at sea (sliding/moving of passengers) which was investigated in the EU 
research project SAFECRAFT. Effect was investigated in laboratory considering different seating 
arrangements of lifeboat and life raft. In the experiments is was observed that life vest often obstructed 
a proper seating. 

C.16  FSA on Containerships II  
Relation between different accident categories 
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Fig. C.  6  Global high - level risk model for containership  
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Fig. C.  7  High - level event sequence co llision accidents of containership  

C.17  FSA on LSA on bulk carrier (MSC 74/5/5, ANNEX II: 
FSA/LSA/BC: RISK ASSESSMENT)  

Event sequences and risk model were developed and used in the evaluation of life-saving appliances in 
this FSA (Fig. C. 8). The risk model considered the whole process from evaluation of the situation  to 
rescue and considering lifeboat, life raft and jumping into sea.  

Evaluation 
of situation

Muster

Abandonment

Helicopter

Other vessel

Survival craft

Survival at 
sea

Rescue

 

Fig. C.  8   High - level event sequence for life - saving appliances as used in  FSA on bulk carrier 
( MSC 74/5/5, ANNEX II: FSA/LSA/BC: RISK ASSESSMENT )  
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In FSA on bulk carrier the risk model did not consider the effect of regulations on the risk but estimates 
the risk using characteristic events in combination with accident statistics as well as expert judgement. 
I.e. the model considers a node for “unsuccessful preparation of the lifeboat” but not the effect of the 
regulations including training and maintenance. However, whether such a direct consideration of 
regulations is necessary, practicable or possible needs to be investigated further.  

C.18  Montewka et al.  (2012, 2012a, 2014)  
Montewka et al. published a risk framework on collision risk of RoPax ships (2012, 2014) highlighting 
that capsizing (flooding and dead ship) is main cause for too short evacuation time leading to high 
number of fatalities. The risk model is developed in form of a Bayesian Network and the qualitative 
description of main elements is shown in Fig. C.9.  

 

Fig. C. 9   Qualitative description of risk framework (based on Montewka et al. 2012)  

C.19  Floodstand  
The EU research project FLOODSTAND (Integrated Flooding Control and Standard fFor Stability and 
Crisis Management) is carried out between 2009 and 2012 addressing aspect like mustering, 
abandonment and rescue (retrieval) for passenger ships.  

D5.1 (Hifi&Lohrmann, 2011) summarises a comprehensive model for mustering-abandonment-rescue 
(MAR) process.  

Major influences on the MAR process are (2011) 

Table C. 11  Hazards (obstacles) of MAR process (Hifi&Lohrmann, 2011)  (HF = Human Factor; 
HW = Hard Ware)  
 

Id  Obstacle  Type  

Mustering  

M1 Passengers’ reaction time N/A 
M2 Passengers’ location N/A 
M3 Passengers’ (intrinsic) mobility N/A 
M4 Effects of heel on passengers’ mobility N/A 
M5 Blocked doors N/A 
M6 Objects obstructing the passage N/A 
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M7 Injuries due to the list (static) HF 
M8 Injuries due to ship motions (dynamic) HF 

Abandonment  

A1 Deployment impossible HW 
A2 Davit deployment failure HW 
A3 Chute deployment failure HW 
A4 Life raft malfunction HW 
A5 Lifeboat engine failure HW 
A6 Embarkation time  
A7 Structural failure/capsize due to premature release of the LSA HW 
A8 Structural failure due to impacts of the LSA against the hull during 

lowering 
HW 

A9 Injuries due to impacts of the LSA against the hull during lowering HF 
A10 Injuries due to slamming HF 
A11 Injuries while using the escape ladders HF 
A12 Structural failure due to impact against the hull while afloat HW 
A13 Injuries due to impact against the hull while afloat HF 
A14 Failure of the bowsing lines HW 
A15 Injuries while moving to seat HF 
A16 Failure to clear off the vessel HW 

Rescue  

R1 Time to rescue passengers N/A 
R2 Impossible to transfer passengers by using the side door HW 
R3 Injuries while transferring passengers through the side door HF 
R4 Impossible to transfer passengers by using the escape ladder, pilot 

ladder, rope ladder 
HF 

R5 Injuries while transferring passengers with escape ladder, pilot ladder, 
rope ladder 

HF 

R6 Capsizing/Downflooding HW 
R7 Injuries due to LSA motions HF 
R8 Hypothermia HF 
R9 Seasickness HF 

The simulation model considers the parameter values for: 

¥ The number of passengers in each age group (young, middle, old); 

¥ The initial health distribution in each health group; 

¥ The sea state; 

¥ The number and capacity of the primary LSA; 

¥ The number and capacity of the secondary LSA (optional); 

¥ The sequence of obstacles encountered in the process, 

and calculates the expected number of fatalities and its standard deviation.  

Evacuation software (EVI) is used to estimate time to muster for sample ships. For the sample ship 
Estonia the time to muster (95th percentile) varies for day time between 20.17 min (no heel) and 
97.57 min (32° heel), respectively during night 21.88 min (no heel) and 112.83 min (32° heel). For a 
cruise liner with 3,388 PoB (2,557 pax) time to muster during day (95th percentile) is 40.13 min (no heel) 
and 72 min (26° heel), respectively, during night 49.93 min and 107.18 m in. These simulations show 
that for the sample ships time to muster during night is 9% to 15% (RoPax), respectively, 24% to 49% 
(cruise) longer. Average mustering time (see also above) for two sample ships (RoPax and cruise) are 
summarised in Table C. 12. 
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Table C. 12  Average mustering time (minutes) for day time and night for RoPax and cruise 
ship  

Heel  RoPax  Cruise  

 day  night  day  night  

 Av Stdv Av Stdv Av Stdv Av Stdv 

 min min min min min min min min 

0 17.05 1.50 20.35 0.85 34.82 3.74 48.55 0.84 

16 18.85 1.05 24.50 1.27 41.65 13.37 66.75 4.00 

18 18.84 0.82 24.72 1.48 37.86 6.30 66.53 3.98 

20 19.04 1.02 24.73 1.33 37.74 3.51 66.06 4.71 

22 20.56 0.96 27.30 1.30 40.44 6.86 72.53 4.25 

24 23.36 1.17 31.14 2.39 44.86 5.92 81.78 5.00 

26 28.04 1.66 35.18 19.30 56.47 7.33 96.96 6.31 

28 35.87 1.90 44.18 3.08 78.45 18.70 113.53 3.62 

30 49.45 1.80 58.75 5.46 105.59 15.85 -- -- 

32 84.43 6.50 95.62 10.32 -- -- -- -- 

 

In D5.3 the effectiveness of the abandonment is investigated in depth (Maurier et al., 2011) considering 
the different “obstacles” summarised in Table C. 11.  

System failure probabilities for davit, winch, brake, hook etc. are already summarised in Annex C.2 
above.  

Embarkation time was modelled using Evi software. Experiments showed that a 150-person lifeboat can 
be filled in 5 minutes. For life raft boarding of a 25-seater an average time of 47 seconds is determined 
by means of simulation. 

Average embarkation time (see also above) for two sample ships (RoPax and cruise) are summarised in 
Table C. 13. These consider usage of lifeboats and life rafts (RoPax: davit launched and thrown; cruise 
davit launched). For thrown life rafts embarkation by ladder is considered with embarkation time of 40 
seconds per person. 

For RoPax 297 PoB use life rafts (-> 12 rafts, four davit launched, rest embarked by four ladders) and 
692 person lifeboats.  

For cruise 2,557 PoB will abandon in lifeboats, the rest into 29 rafts. Lifeboats can be boarded 
simultaneously whereas on eight rafts can be boarded at the same time. Preparation time for lifeboat is 
5.5 minutes and 8 - 10 minutes for a raft. Lowering time is between 23 s (0° heel) and 30 s (20° heel) 
and release ~2 minutes. Times in Table C. 13 for cruise are triggered by life raft system. 

Impact during lowering could cause structural failure or related injuries. In FLOODSTAND based on 
numerical investigation of lifeboat motion it was assumed that this occurs only for sea state 619 with an 
average probability of 10.2%. Severe injuries were observed only for people older than 50 (Table C. 15) 
and the average fatality rate due to impact only for people older than 75 of 0.1% given that an impact 
occurred. Structural failure was estimated based on numerical simulations for different heading, sea 
states and an impact threshold of 3.5 m/s. The probability of structural failure is 1.4 % for sea state 6 
(conservative estimation considering only 90° heading). 

                                                
19 For sea state definition refer to Table B. 14 
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Table C. 13  Embarkation times  (minutes) for RoPax and cruise ( latter including preparation, 
filling the life  rafts, lowering and releasing) for the different heel angles  

  Heel angles 

  0 10 15 20 

  RoPax 

Time 
(min) 

Average 34 34 35 51 

Max 47 54 57 101 

Min 28 29 28 29 

 Cruise 

Average 53.65 54.00 53.97 54.06 

Max 56.55 56.28 55.07 55.80 

Min 52.59 53.05 53.20 53.35 

 

Table C. 14  Failure p robability for lifeboat system elements  

 Probability of failure  

 Calm weather  Moderate weather  Severe Weather  

Release mechanism 0.001 0.01 0.1 

Engine failure 0.01 

 Sea state 3  Sea state 5  Sea state 6  

Manoeuvring capacity not sufficient (fail 
cast off) 

0.01 0.07125 0.3775 

 

Table C. 15  Consequences of an impact against the ship's hull simplified (GH = good health, 
MI = moderately injured, SI = severely injured, D = deceased).  

Age  Injury Severity  
GH  MI  SI  D 

<50 70% 30% 0 0 
50-75 41% 55% 4% 0 
>75 20% 75% 4% 1% 

 Probability (sea state 6)  

<50  0.0306 0 0 
50-75  0.0561 0.0041 0 
>75  0.0764 0.0041 0.0010 

 

Further, effect of slamming was investigated by means of numerical simulations in FLOODSTAND and 
showed that only for sea states 5 and 6 the potential for fatalities exists. The fatality rates for persons of 
good health are summarised in Table C. 16. 

Table C. 16  Probability of fatality due to slamming when lowering lifebo at  

Age  Seat state 5  Seat state 6  
<50 0 0 

50-75 0 0.0009 
>75 0.0003 0.0081 

FLOODSTAND project considers also the rescue process (Maurier et al., 2011a). Thereafter, time to 
rescue of a RoPax (989 PoB) in Dover Strait is greater than 11 hrs without search operation and 
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refuelling. Casualty probability are estimated (related top sea state and age category) for transferring 
PoB through side door, escape ladder, pilot ladder and rope ladder, considering casualty reports.  

Lifeboats and rafts may capsize or downflood. For lifeboats main contributors are excessive roll motions, 
flooding and loss of dynamic stability (negligible). Based on numerical investigation the probabilities are 
determined as summarised in Table C. 17. As shown probabilities are only relevant for sea state 5 and 6. 
Due to lack of information no estimation was possible for life rafts. 

Table C. 17  Probability of capsizing of survival craft and flooding in beam sea (Maurier et al., 
2011a)  
 

Sea 
states  

Probability for 600s exposure time in Beam Sea  

 P(roll>30.5¡)  P(flooding)  P(capsizing)  

3 4.43 × 10-33 6.01 × 10-31 Negligible 

5 2.09 × 10-04 3.86 × 10-04 5.95 × 10-04 

6 2.74 × 10-04 8.41 × 10-05 3.58 × 10-04 
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ANNEX D  FLOW CHARTS FSA LSA FOR BULK C ARRIER  
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