
COSMEMOS Workshop – Livorno, 23 October 2013

DANGEROUS PHENOMENA IN ADVERSE 
WEATHER AND SEA CONDITIONS:
When Stability Criteria Need to be 

Supplemented by Recommendations to the 
Master

Gabriele BULIAN & Alberto FRANCESCUTTO 

francesc@units.it - (DIA – University of Trieste)

1

mailto:francesc@units.it


Gabriele BULIAN & Alberto FRANCESCUTTO - DIA – University of Trieste

COSMEMOS Workshop – Livorno, 23 October 2013

Summary

The weather routing is not only a problem of comfort 
and energy saving. It is also (principally?) a problem 
of safety.

The state of the art in the development of IMO 
instruments for ship stability and their foreseable 
future.
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Recommendation

Mandatory

This was the situation until 2001…
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WARNINGS IN A.749 (1995)

“Throughout the development of the Code it was 
recognized that, in view of a wide variety of types, 
sizes of ships and their operating and environmental 
conditions, problems of safety against accidents 
related to stability have generally not yet been 
solved...
… It is recognized that development of stability 
criteria, based on hydrodynamic aspects and stability 
analysis of a ship in a seaway, poses, at present, 
complex problems which require further research.”
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MSC Circular 707
Following this indication, IMO developed the required 
“Guidance to the master for avoiding dangerous 
situations in following and quartering seas” as 
MSC/Circ.707 in 1995.
This Guidance was developed as ship-independent and 
of a qualitative type. It contained indications intended 
to avoid dangerous phenomena in following and 
quartering waves, i.e.: surf-riding & broaching, 
reduction of stability on the wave crest, synchronous 
rolling, parametric rolling, successive high wave 
attack.
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Recommendation

Mandatory

Later on…
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MSC.1/Circ.1228
The casualty to APL China in October 1998 evidenced 
that parametric rolling can happen with catastrophic 
amplitudes in head sea conditions too. This made 
necessary a revision of MSC/Circ.707 to accommodate 
the phenomenon not only in following sea, but also in 
head waves.
The circular was revised in 2007 producing the new 
MSC.1/Circ.1228. 
In view of the short time available, MSC.1/Circ.1228 
was again a ship-independent instrument, leaving 
however the task of developing ship-dependent 
guidelines for the (close) future.
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THE 2nd GENERATION INTACT STABILITY CRITERIA
After completing the revision of the Intact Stability 
Code, attention was devoted to the dangerous 
phenomena not explicitly or not properly covered by the 
2008 IS Code. A series of failure modes were firstly 
identified:
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a) - pure loss of stability in longitudinal waves;
b) - parametric resonance in head and/or following seas; 
c) - dead ship condition; 
d) - manoeuvring related problems. In particular 

broaching and its typical precursor, i.e. surf-riding; 
e) - large accelerations and loads on cargo, and persons 

on board;
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THE 2nd GENERATION INTACT STABILITY 
CRITERIA

With the aim of producing specific stability criteria 
for each of the mentioned failure modes the “Second 
Generation Intact Stability Criteria” were envisioned, 
as a multi-tiered structure based on different levels 
of assessment:
-Level 1 Vulnerability Assessment;
-Level 2 Vulnerability Assessment;
-Direct Stability Assessment.
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THE 2nd GENERATION INTACT STABILITY 
CRITERIA

The idea is that for each failure mode, at least one 
level of assessment should be passed to claim that the 
ship, in the considered loading condition, can be 
regarded as “safe”.

As an equivalent alternative, appropriate ship-specific 
operational guidance should be developed, to the 
satisfaction of the Administration.
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ComplexityComplexity

Expected number of ships Expected number of ships 
requiring applicationrequiring application

LOWLOW HIGHHIGH

LARGELARGE SMALLSMALL

ConservativenessConservativenessHIGHHIGH LOWLOW

Vulnerability criteriaVulnerability criteria

Majority of work Majority of work 
and discussion so and discussion so 

farfar

Presently gaining Presently gaining 
more attention more attention 

(particularly, for (particularly, for 
the moment, the moment, 

DSA)DSA)
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WEAK POINTS…
Particular concerns were raised by the fact that, 
when dynamical criteria are introduced together with 
statical stability criteria, the usual concept of 
“minimum stability” is partially lost. 
Indeed, the introduction of criteria based on ship 
dynamics can introduce limitations on loading 
conditions also in terms of maximum GM. 
Even the possibility of ending up with “intervals of 
acceptable stability” cannot be ruled out. Presently, 
maximum GM indications are typically associated with 
guidelines in the Cargo Securing Manual…
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THE NEW SCENARIO

Although still in a quite simplified way, the complexity 
of the ship dynamics at sea, calls for a comprehensive 
approach based on:
1.Criteria, to be applied at the design stage;
AND
2. Ship-Specific Operational Guidance (Limitations?), 
to be applied in operation.
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DESIGN VERSUS OPERATIONAL LIMITATIONS
It is recognised that for some types of ships and/or 
for certain loading conditions it is not possible to 
completely avoid some dangerous phenomena only at 
design stage, unless the ship design is modified to an 
unacceptable extent.
In such cases it is expected that risk can be 
controlled by a judicious combination of design 
countermeasures and ship-specific operational 
guidance/limitations. 
In the SGISC framework "direct stability assessment" 
and "issuing of ship-specific operational guidance" are 
linked. 
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FUNDAMENTAL INGREDIENTS FOR EFFECTIVE 
SHIP-SPECIFIC OPERATIONAL GUIDANCE

-A simulation tool embedding a proper mathematical 
model able to address nonlinear ship motions and 
manoeuvring in wind and waves;

-A proper realistic representation of the environmental 
conditions (wind & waves)

Note: in some cases danger warnings could be issued 
on the basis of simplified tools tailored for specific 
failure modes (e.g. parametric roll, pure loss of 
stability).
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POTENTIAL SUITABILITY OF DIFFERENT TYPES 
OF TOOLS FOR APPLICATION AT DIRECT 

ASSESSMENT / OPERATIONAL GUIDANCE LEVELS
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Some accidents where ship-specific information to the 
master regarding nonlinear ship motions in waves could 
have made the difference:
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APL China, 1998, Container

Parametric roll

Estimated overall loss: $100 
million
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Some accidents where ship-specific information to the 
master regarding nonlinear ship motions in waves could 
have made the difference:
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Aratere, 2006, Ro-Pax

Large heel in following 
waves

Cargo shift & damage to 
cargo
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Some accidents where ship-specific information to the 
master regarding nonlinear ship motions in waves could 
have made the difference:
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CCNI GUAYAS, 2009, 
Container

Large accelerations on 
bridge

Fatal accident
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Some accidents where ship-specific information to the 
master regarding nonlinear ship motions in waves could 
have made the difference:
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Ariake, 2009, Ro-Cargo

Large heel in following waves ->   
   -> cargo shift -> permanent 
list

Vessel grounded and capsized
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CONCLUSIONS
•Second Generation Intact stability Criteria: efforts 
are being spent a t IMO level in order to try 
embedding ships dynamics in waves within intact 
stability regulations
•In certain cases, when risk control options at design 
level are not enough, risk can be controlled by issuing 
ship-specif ic operational guidance based on 
appropriate simulation tools
•For a proper risk assessment, particularly when this 
i s d one du r i n g sh i p in operation, a correct 
representation of the actual environment conditions 
(wind & waves) is fundamental
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WEATHER Criterion
versus

WHETHER Criterion?
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Main Main 
characteristics of characteristics of 
the simulation the simulation 
tools which are tools which are 
expected to be expected to be 
used for DSA/OG used for DSA/OG 
 ( (SLF52/WP.1 – 
Annex 2, 2010))
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SHIXDOF ("nonlinear SHIp motion simulation program 
with siX Degrees Of Freedom")
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- 6-DOF time domain hybrid code;

-Exact nonlinear rigid body dynamics; 
-Manoeuvring in wind and waves;
-In line with IMO SGISC requirements for tools to be employed 
at DSA/OG level.
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Conceptual example case on the importance of correct 
spectral characterization: applying a directional 
perturbation to long-crested irregular head waves
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Loading condition:

Representative of full load

GM=2m ; T=12.2m ; Trim=0m

Speed in c.w.: 22knots

Simulations with constant RPM 
and proportional autopilot.

Note: vessel not very prone to PR in 
the considered loading condition.
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Spreading-like effect - Procedure:
-Start from a specific realization of long crested irregular waves 
with Nh=100 harmonic components;

-Consider a set of standard deviations for the perturbation to 
the direction: dir,i

-Generate a series of Nrnd=6 (SEED 1 to 6) unitary gaussian Nh-
dimensional vectors of perturbation for the direction of each 
harmonic component – distribution: N(0,1): 1,dir,jRNh  j=1,…, Nrnd

-For each standard deviation, simulate motions for each SEED 
using a perturbation on the direction equal to

dir,i,j= dir,i×1,dir,j

Scope: check the influence of sea directionality on ship motions 
(parametric roll) with a simple model with reduced random 
sampling uncertainty.  



Gabriele BULIAN & Alberto FRANCESCUTTO - DIA – University of Trieste

COSMEMOS Workshop – Livorno, 23 October 2013

Results:

Long-crested

Interesting example 
short-crested

Introduction of 
directional spreading 
through perturbation 
of a long-crested 
sea train, in the 
tested conditions, 
tends to promote 
the inception of 
larger roll events.
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Results:

Most significant parametric 
roll event in this realization
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Results:

Maximum roll for this realization: 
11.6deg to starboard
at t=1948.5s



Gabriele BULIAN & Alberto FRANCESCUTTO - DIA – University of Trieste

Acknowledgements:

Reported SHIXDOF simulations have been carried out within the 
project

"Direct intact stability assessment and operational guidance to 
the master in the framework of International Maritime 
Organization Second Generation Intact Stability Criteria: 
development of tools and procedures for safety assessment with 
particular attention to cargo securing "
financed by "Università degli Studi di Trieste - Finanziamento 
per Ricercatori di Ateneo (FRA 2011)".

The help of Prof. Ferruccio Bresciani (University of Trieste) for 
the preparation of the hull form is acknowledged. 

COSMEMOS Workshop – Livorno, 23 October 2013


	DANGEROUS PHENOMENA IN ADVERSE WEATHER AND SEA CONDITIONS: When Stability Criteria Need to be Supplemented by Recommendations to the Master Gabriele BULIAN & Alberto FRANCESCUTTO francesc@units.it - (DIA – University of Trieste)
	PowerPoint Presentation
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30

