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Introduction 
 

There is no decision support system known today, providing any level of capability to quantify 

severity of an emergency scenario, involving characteristic events such as outburst of fire, collision or 

grounding. Judgment on the severity in any of these scenarios is left today to the discretion of the ship 

master or crew in general. There are operational systems, e.g. emergency response on-shore teams, in 

place to offer support in making this decision. In each case a software, such as e.g. NAPA Onboard, is 

used to perform specific calculations on the basis of some crew readings on condition of the situation 

(e.g. extent of damage, flooding progression, smoke propagation, etc). Every such calculation is as 

good as the data provided and skill of the user, and is based on a simplistic modelling, e.g. static 

stability. It is conveyed in the form of subjective assessment on the possible development of the 

scenario. Hence, subjective judgement is all a crew member has at its disposal for ultimately deciding 

of the fate of as many as 4,000 passengers onboard modern cruise liners, should an emergency occur. 

This sub-project intends to address this issue by development of a new and rational approach in 

quantifying severity of emergency scenarios. It is proposed to primarily use first-principles 

assessment techniques as the basis for prognosis on expected development of undesirable 

consequences in emergency scenarios, whilst in parallel using such prognoses for risk quantification, 

to facilitate development of “intelligent” risk-based decision support. 

This sub-project intends to address this issue by development of a new and rational approach in 

quantifying severity of emergency scenarios. It is proposed to primarily use first-principles 

assessment techniques as the basis for prognosis on expected development of undesirable 

consequences in emergency scenarios, whilst in parallel using such prognoses for risk quantification, 

to facilitate development of “intelligent” risk-based decision support. 

The tools to be developed are intended to be used both on board, as direct decision support to the 

crew, ashore in the ship owners and –operators offices, and by 3rd party specialist services.  A central 

premise for the development is the real-time transfer of necessary input data from the ship’s 

monitoring systems to shore-based support personnel, and real-time transfer of prognosis and 

assessment results from shore to the on-board computers. 

 

 



Objectives 
 

This report addresses the following specific objective of C2 subproject: 

 

• To help synthesising of available data  into a single measure of severity of a scenario and to 
enable easy ranking of possible mitigation actions to be taken. 

 

 

 



Assessing severity of a crises scenario 
 

In an unlikely case, where a flooding event does actually occur, the following set of data can inform 
instantaneously about criticality of the situation. 

• The  exact  time  that  can  be  confidently  (99%)  assessed  as  available  for  the  ship  before 
potential capsize, and  

• The exact time expected for the persons onboard to reach the LSA and thereafter abandon 
the ship.  

Shown  as  “bars”  against  one  another,  such  set  is  ergonomically  efficient  for  immediate  decision 
making:  if  evacuation  time  is  approaching  survival  time,  the  decision  for  abandonment  becomes 
imminent. 

 

 

 

 

Both of data  sets will  reflect  state of  the art knowledge derived on  ship  survivability, analytically, 
numerically and experimentally, as shown in the figure below. 

The algorithms underlying the two “bars” are described in D2.3.1. 

The figure below merely illustrates the principle of the “bar” indicators implemented in the user 
interface shown above. 



 

 

 

 

 

 

 

 

 

 

 

It  might  be  possible  to  facilitate  interactive  insight  into  both  of  these  processes  (time‐domain 
flooding and evacuation simulations online) at a later stage. 

 

 

The green bar 
reflects time that 
is available for the 
ship before 
capsize 

The blue bar reflects time for 
full evacuation. It will be 
affected by heel angle and 
ship motions, time of the day, 
etc. 

The  difference  is  time  left  for  decision 
making. Once blue bar  is  longer  than  the 
green,  it  is  expected  that  fatalities might 
occur. 



Conclusions 
 

A  simple  yet  extremely  effective  criteria  for  performing  assessment  on  criticality  of  a  scenario, 
subject to any mitigation measures, has been proposed. 

 

 



Literature 
 

[ 1 ]  Jasionowski A, Bulian G, Vassalos D, Francescutto A, Pawlowski, M, Maccari A, “Modelling 
survivability”, SAFEDOR, D2.1.3., November 2006. 

[ 2 ]  Jasionowski A, “Fast and accurate flooding prediction – validation study”, SAFEDOR, D2.1.4, 
2007‐11‐13. 

[ 3 ]  Ole Vidar Nilsen, “FSA for Cruise ships–Risk Analysis”, Task 4.1.2, February 9th 2007. 

[ 4 ]  Dimitris Konovessis, “Risk Analysis for Ropax”, D4.2.2, Janyuary 31st 2007 

[ 5 ]  Rolf Skjong, Erik Vanem and Øyvind Endresen, “Risk Evaluation Criteria”, Task 4.5.2, 2005‐
10‐21. 

[ 6 ]  Erik Vanem, Rainer Hamann, Ida Maria Winther, “Guidelines on approval of risk‐based ship 
design”, D4.5.9, 31 January 2009. 

[ 7 ]  Erik Vanem, Standardised risk models”, Task 4.6.1, 2008‐03‐13. 

[ 8 ]  Luis Guarin, “Risk‐Based Design concept”, D5.1.1, 2006‐02‐24. 

[ 9 ]   Pierre C. Sames, “Risk‐Based Design Framework: Design Decision‐Making”, D 5.1.2, 2006‐01‐
24. 

[ 10 ]   SAFEDOR Training Course on Risk Based Ship Design, August 25‐27th 2008, Denmark 

[ 11 ]  Lawrence D. Brown, T. Tony Cai, Anirban DasGupta, “Interval Estimation for a Binomial 
Proportion”, Statistical Science, Vol. 16, No. 2, May 2001, pp. 101‐117. 

[ 12 ]  John Womack, “Small Commercial Fishing Vessel Stability Analysis Where Are We Now? 
Where Are We Going?”, Proceedings Of The 6th International Ship Stability Workshop, Webb 
Institute, 2002. 

[ 13 ]  Marie Lutzen, “DAMAGE DISTRIBUTIONS”, HARDER, GRD1‐1999‐10721, 2‐22‐D‐2001‐01‐04, 2002 
July 27th. 

[ 14 ]  Pawlowski, M, “Subdivision and damage stability of ships”, Euro‐MTEC series, Technical 
University of Gdansk, 2004. 

[ 15 ]  Pawlowski, Maciej, “Probability of flooding a compartment (the pi factor) – a critique and a 
proposal”, Proc. IMechE Vol. 219 Part M: J. Engineering for the Maritime Environment, 2005. 

[ 16 ]  Wendel, K, “Die Wahrscheinlichkeit des Uberstehens von Verletzungen”, Schiffstechnik, Vol 
7, No 36, 1960, pp.47‐61. 

[ 17 ]  Wendel, K, “Subdivision of Ships”, Proceedings, 1968 Diamond Jubilee International Meeting 
– 75th Anniversary, SNAME, New York 1968, paper No 12, 27pp. 



[ 18 ]  MSC 82/24/Add.1, “Adoption of amendments to the International Convention for the safety 
of life at sea, 1974”, Resolution MSC 216 (82), adopted on 8th December 2006. 

[ 19 ]  Vanem, E, Skjong, R, “Collision and Grounding of Passenger Ships – Risk Assessment and 
Emergency Evacuations”, Proc. the 3rd International Conference on Collision and Grounding of Ships, 
ICCGS 2004, Izu, Japan, Oct 25. – 27. 2004. 

[ 20 ]  Tagg R, Tuzcu C, “A Performance‐based Assessment of the Survival of Damaged Ships – Final 
Outcome of the EU Research Project HARDER”, Proc. of the 6th Intern. Ship Stability Workshop, 
Webb Institute, 2002. 

[ 21 ]  Don Lawson, ”Engineering disasters – Lessons to be learned”, 2004, John Wiley, ISBN 
1860584594. 

 [ 22 ]  Jasionowski, A, Vassalos, D, “Conceptualising Risk”, 9th International Conference on Stability 
of Ships and Ocean Vehicles, Rio de Janeiro, September 2006. 

[ 23 ]  Jasionowski, A, Vassalos, D, Scott, A, “Ship Vulnerability To Flooding”, 3rd International 
Maritime Conference on Design for Safety, Berkeley California, September 26th – 28th, 2007. 

[ 24 ]  Papanikolaou, A, Eliopoulou, E, Jensen, J, J, “Report on regression analysis of sample ship 
results and on alternative formulations of Required Subdivision Index”, WP5/Task 5.2‐5.3, Document 
reference 5‐52‐D‐2003‐06‐02, GRD1‐1991‐10721HARDER, 15th June 2003. 

[ 25 ]  Jasionowski, A, Vassalos D, “Technical Summary of the Investigation on The Sinking 
Sequence of MV Estonia”, Safety at Sea Report No VIES01‐RE‐005‐AJ, May 2008, www.safety‐at‐
sea.co.uk/mvestonia. 

[ 26 ]  Jim Gatheral, “The volatility surface”, ISBN 0‐471‐79251‐9, 2006. 

[ 27 ]  “Design Criteria”, March 2001, Skyway Structures, Prepared byT.Y. Lin International / 
Moffatt & Nichol Engineers, a Joint Venture for Caltrans/Division of Structures, San Francisco‐
Oakland Bay Bridge, Contract 59A0040. 

[ 28 ]  FEMA 361, “Design and Construction Guidance for Community Safe Rooms”, 2nd edition, 
August 2008 

[ 29 ]  “Roadway standards”, State of Wisconsin, Department of Transportation, Director, Bureau 
of Highway Development, Procedure 13‐10‐1, August 8, 1997 

[ 30 ]  Masyhur Irsyam, Donny T Dahgkua, Dyah Kusumastuti, “Seismic design criteria for 
SURAMADU cable stayed bridge”, Faculty of Civil Engineering and Environmental, Bandung Institute 
of Technology. 

[ 31 ]  “Storm Shelters – Selecting Design Criteria”, US Department of Homeland Security, FEMA, 
May 2007 

[ 32 ]  W E Vesely, F F Goldberg, N H Roberts, D F Haasl, “Fault Tree Handbook”, Systems and 
Reliability Research Office of Nuclear Regulatory Research, US Nuclear Regulatory Commision, 
Washington DC, January 1981. 


