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SUMMARY 
 
Provisions concerning intact ship stability have been introduced at a later stage in international regulations of ship safety. 
The General Stability Criteria based on righting arm characteristics was adopted in 1968 and the Weather Criterion was 
adopted in 1985. 
Both criteria were based on ideas, concepts and ship typologies/dimensions, existing long before their adoption, so that 
the need of their upgrading and of implementing the important developments of ship dynamics, with particular emphasis 
on nonlinear aspects, assumed an increasing importance. The revision of the Intact Stability Code, IMO Res. A.749, was 
started in 2001 and the first step, consisting in an important structural reorganization and in the development of an 
alternative way on experimental basis to fulfil the requirements of Weather Criterion for ships having parameters outside 
the original range, was completed in 2007. In this paper, the present state of the art of revision of Intact Stability Code is 
presented in detail, together with the indication of the short term expected developments and of the general guidelines 
which will be adopted to drive the long term developments. 
 
1. INTRODUCTION 
 
Provisions concerning intact ship stability have been 
introduced at a later stage in international regulations of 
ship safety. The need of intact stability rules at IMO was 
indeed uncertain until SOLAS’48, where it was stated, in 
the Recommendations contained in Annex D: 
“The Conference examined the need and the practical 
possibility of adopting rules relative to the intact ship 
stability. Considering that the rules adopted relatively to 
the damage stability have an influence on the intact 
stability of the ship, the Conference believes that, before 
establishing additional rules concerning intact stability, 
further experience to establish the extent to which such 
rules are necessary is needed. The Conference 
recommends therefore to the Administrations to examine 
in more detail the intact ship stability and to exchange 
information on such subject.”. 
We have not to forget that the adopted rules for damage 
stability practically consisted in the requirement 
GM>0…  
The first international intact ship stability rule was 
originated by a recommendation contained in the 
conclusions of SOLAS’60. “The Conference, having 
considered proposals made by certain governments to 
adopt as part of the present Convention regulations for 
intact stability, concluded that further study should be 
given to these proposals and to any other relevant 
material which may be submitted by international 
Governments. 
The Conference therefore recommends that the 
Organization should, at a convenient opportunity, initiate 
studies on the basis of the information referred to above, 
of: 

a) intact stability of passenger ships; 
b) intact stability of cargo ships; 
c) intact stability of fishing vessels, and 
d) standards of stability information…” 

As a result, the General Stability Criteria based on 
righting arm characteristics was adopted in 1968. 

The Weather Criterion was adopted in 1985. Again, this 
rule originated as an answer to a recommendation given 
in the conclusions of SOLAS’74: 
“(IMO) Recommends that steps be taken to formulate 
improved international standards on intact stability of 
ships taking into account, inter alia, external forces 
affecting ships in a seaway which may lead to capsizing 
or to unacceptable angles of heel”. 
Weather Criteria were already enforced in several 
countries including Japan and Australia. We just mention 
here [1] that present weather criterion was obtained 
merging the Japanese standard, which still constitutes the 
“backbone”, with the Russian standard especially for the 
evaluation of roll-back angle and the effect of 
appendages on roll damping. 
Both criteria were based on ideas, concepts and ship 
typologies/dimensions, existing long before their 
adoption, so that the need of their upgrading and of 
implementing the important developments of ship 
dynamics, with particular emphasis on nonlinear aspects, 
assumed an increasing importance. 
The revision of the Intact Stability Code (ISC [2]) was 
started in 2001 and the first step, consisting in an 
important structural reorganization and in the 
development of an alternative way on experimental basis 
to fulfil the requirements of Weather Criterion for ships 
having parameters outside the original range, was 
completed in 2006. 
The second step consisting in the development of new, 
performance-based, criteria is in progress with the aid of 
external bodies like ITTC and in the frame of large 
research projects manly funded by EU. 
In this paper, the present state of the art of revision of 
Intact Stability Code is presented in detail, together with 
the indication of the short term expected developments 
and of the general guidelines which will be adopted to 
drive the long term developments. 
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2. INTACT SHIP STABILITY ASSESSMENT IN 
THE INTERNATIONAL STANDARDS 
 
2.1. THE REVISION OF THE INTACT STABILITY 
CODE 
 
This subject refers to IMO regulations which are covered 
by different instruments depending on ship typologies: 
high speed craft, fishing vessels, oil and product tankers, 
floating structures, offshore supply vessels and 
conventional cargo and passenger ships. The first are 
covered by High Speed Craft Code (HSC Code [3]), the 
second by Torremolinos Convention, the third essentially 
by MARPOL, the other by Intact Stability Code [2] 
which, being a comprehensive document, contains more 
of less extended reference to the other ship typologies 
too. Attention will be mostly devoted in the following to 
the ISC, and in particular to its parts devoted to 
conventional passenger and cargo ships, as this is the one 
that underwent the deepest revision process in the last 
five years. 
ISC contains design criteria and other recommendations 
which have to be verified in a specified range of loading 
conditions. The revision process started in 2001 with a 
critical analysis submitted by the Italian delegation to 
IMO [4] concerning the need of updating and tuning 
some coefficients of the Weather Criterion in view of its 
excessive weight in determining the limiting KG for 
ships with large values of B/d as in Fig 1.  
 

 
Fig. 1. GM limiting curve as a function of ship 
draught for a large passenger ship [5]. 

A series of experiments [5-7] was critical in particular 
concerning the evaluation of the so called roll-back 
angle: 

srXXk ⋅⋅⋅⋅⋅= 211 109φ   (1) 
to make it more adapt for the application with some 
modern ship typologies and sizes. 
As known, the terms k, X1 and X2 represent damping, 
whereas r is the effective wave slope coefficients, s the 
regular wave steepness at resonance frequency and 109 is 
an adjusting coefficient appropriately tuned and taking 
into account of a 30% stationary roll amplitude reduction 
to account for the irregularity of the actual sea waves 

(stochasticity factor). The experience gained in recent 
years (see for example [5] and [8]), in particular through 
the development of parameter identification procedures 
(PIT, see [9]), using all the features of the roll response 
curve and not only the peak value, allowed to show that 
all terms in Eq. 1 were incorrectly estimated at the time 
the original Weather Criterion was formulated. We will 
come back later on this point. 
This was considered a good opportunity to “shake” the 
ISC foundations putting them on a more physical basis 
through the development of new performance based 
criteria (PBC) originally intended to replace the old 
ones. These last were indeed identified as a source of 
difficulties due to their partly or totally empirical 
character which originated a non uniform distribution of 
safety among different ship typologies. At the same time, 
their structure rendered these criteria quite difficult to 
modify without a possible significant loss of safety level 
of covering of present world fleet. These points were 
already discussed long ago [10, 11]. 
In spite of the substantial gaps in the simulation codes for 
large amplitude rolling and capsizing identified in the 
course of the comparative experiment launched by the 
Specialist Committee on Stability in Waves of the ITTC 
[12], it was suggested that the time needed to develop 
performance based criteria could be in the range of five 
years. This was indeed the completion time for this task 
assigned to the “ad hoc Working Group for the revision 
of the ISC” newly constituted in the frame of the work 
programme of the IMO SLF SubCommittee at its 45th 
Session in 2002. 
As explained in [1] this was not the first attempt to move 
forward from the unsatisfactory state of the art in terms 
of stability criteria. The need to find a way out of General 
Criteria for Offshore Supply Vessels (OSV), the 
development of Weather Criterion and other urgent 
needs, however, absorbed all the time available. This 
time again the work of the Working Group was absorbed 
in solving a number of problems connected with: 
- finding an alternative way for the assessment of 

compliance with Weather Criterion; 
- restructuring ISC making part of it mandatory; 
- polishing and minor modifications to ISC; 
- revision of MSC Circ. 707 [13]; 
- other urgent issues; 
so that there was no time to attack the development of 
new criteria. 
 
2.2. ALTERNATIVE WAY OF ASSESSMENT OF 
WEATHER CRITERION ON EXPERIMENTAL 
BASIS 
 
At the time [1] was written, a modification to the wave 
steepness table used in the conventional assessment of 
Weather Criterion, making the required steepness to 
continue decreasing for ships having natural roll period T 
beyond 20 s so as to land smoothly at a 1/50 level at 30 s 
as in Fig. 2, was under discussion together with a unitary 
upper limit to the effective wave slope coefficient r as in 
Fig. 3. 
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Also some way of equivalence for future was discussed, 
based on the statement previously introduced in the HSC 
Code: 
“Other means of demonstrating compliance with the 
requirements of any part of this Chapter [Buoyancy, 
Stability and Subdivision] may be accepted, provided 
that the method chosen can be shown to provide an 
equivalent level of safety. Such methods may include: 
 

 
 
Fig. 2. Wave steepness s as a function of roll 
natural period T as in present Weather 
Criterion and as proposed in [14] and adopted 
in the alternative way [15]. 
 

 
 
Fig. 3. Effective wave slope factor r as a 
function of OG/d as in present Weather 
Criterion and as proposed in [14]. Points 
represent the experimental results [5]. 
 

.1 mathematical simulation of dynamic behaviour; 

.2  scale model testing; and 

.3  full-scale trials.” 
These changes, although agreed inside the Working 
Group at SLF45 [14], and other proposed for the factor 
X1 (Fig. 4) never became effective in the ISC. This 

choice was made in view of the semiempirical nature of 
many adjusting factors introduced in the original 
formulation of Weather Criterion, making it a kind of 
“black-box” that is impossible to change in any detail to 
avoid unpredictable losses of guaranteed safety on 
account of phenomena different from the dead-ship 
condition for which this criterion was originally 
introduced. On the contrary a statement was made that 
the design criteria shall be left as they were for the time 
being, in the wait of the new performance based criteria. 
The original limits of ship parameters used for the set-up 
of the Weather Criterion were identified as: 
 
B/d smaller than 3.5; 
OG/d between -0.3 and 0.5; 
T smaller than 20 s; 
 
and the development of an alternative way of assessment 
for ships with parameter values outside the range, later 
on extended to all ships with the authorization of the 
Administration, was given high priority. 
 

 
 
Fig. 4. Roll amplitude reduction factor X1 as a 
function of B/d as in the present Weather 
Criterion and as proposed in [8]. 
 

This task was accomplished starting from the studies 
separately and jointly conducted by the Italian and the 
Japanese delegations [15-18]. The result, an interim 
guideline for the alternative assessment of compliance 
with Weather Criterion on experimental basis, is 
contained in [19], whereas the explanatory notes are 
given in [20]. It allows the evaluation of the roll-back 
angle φ1 by means of experiments conducted on a scale 
model of the ship tested in regular beam waves having 
the steepness table corrected in the low frequency range 
that, as reported above, was discussed but not 
incorporated in the basic Weather Criterion contained in 
[2] (see Fig. 2). In the case of large rolling periods, say 
greater than 20 s, it is in general not possible in present 
wave basins to test models of reasonably large size at the 
nominal wave steepness requested even if reduced as 
shown in Fig. 2. This implied the development of a 
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procedure for the evaluation of the maximum roll 
amplitude in large amplitude waves starting from the 
experimental results in low amplitude waves. This 
extrapolation is a delicate part of the procedure; two 
different methodologies were developed, and can be 
accepted: the first substantially reproducing the 
procedure used in the original development of Weather 
Criterion [21], while the second is based on the 
parameter identification technique. 
At the same time it is also possible to evaluate the wind 
parameters (constant wind and gust levers) through 
combined experiments. First of all the above-water part 
is tested in wind tunnel to measure the resultant wind 
force and the height of its point of application. Once this 
is known, the under-water part is tested in towing tank 
(drift tests) searching the drift speed giving a 
hydrodynamic reaction equal to wind force and 
identifying the depth of its point of application. 
Simplified tests are possible as far as the dependence on 
transversal inclination and the assumption of half draft 
(present value) for the position of hydrodynamic 
reaction. 
The interim guidelines allow any combination of partial 
procedures wind/rolling. The results of the worked 
example reported in the Explanatory Notes [20] seem to 
indicate that the maximum allowable KG values are 
spread in a range which is not so negligible when 
transformed in GM minimum values. The variability of 
the marginally complying value of metacentric height is 
principally connected with the different results in terms 
of the wind lever due to the fact that the drift tests 
analysis gives a very high position of the centre of 
hydrodynamic reaction (around waterline and eventually 
above waterline, a results that is waiting for thorough 
confirmation, see [22, 24]). On the contrary, it seems 
there is “little to gain” from the execution of rolling tests, 
unless the roll period or the ratio B/d are very high. This 
fact indicates that, simply speaking, the original 
formulation was reasonably able to reproduce the 
resonant rolling angle for conventional ships with not too 
large values of B/d although all partial results used in the 
Eq. 1 were wrong. This can be explained by the poor 
ability of approaches based on separate evaluation of roll 
damping and effective wave slope coefficient to 
efficiently separate damping and excitation when 
compared with procedures like PIT, that can handle 
complex mathematical models of ship rolling. 
In the frame of making the choice of the way to follow 
more cost/effective, procedures for a preliminary eva-
luation of roll peak given form coefficients for similar 
ships are underway [25]. 
We just remark that these alternative assessment ways, 
either on experimental basis or through the application of 
numerical codes, did not exist in international regulations 
until say year 2000, with the exception of MODUs [2]. 
Then the new HSC opened a breach in the wall. The 
possibility of assessment through experiments for 
passenger and conventional cargo ships and the decision 
to proceed to the development of new performance based 
codes is slowly changing the pattern. 

2.3. RESTRUCTURING ISC MAKING SOME PARTS 
MANDATORY 
 
Although presently being a recommendation, relevant 
parts of ISC were already de-facto mandatory in many 
instances. Their particular status allowed however some 
alternatives presently included in the rules adopted by 
several Administrations. At SLF46 [26] the German 
delegation, basing on a formal safety assessment study, 
proposed the restructuring of the code in three parts: 
- part A, containing “design criteria applicable to all 

types of ships” to become mandatory; 
- part B, containing recommendations for certain types 

of ships; 
- part C containing symbols and terminology and 

explanatory notes. 
This task took a significant part of the time of the 
Working Group and was accomplished at SLF50 in 2007 
with the proposal to make part A mandatory both under 
SOLAS and ILLC. This decision was made with the 
intention to cover the maximum number of ship 
types/sizes and to accelerate the entering into force. This, 
in turn, accelerated the development of ways out for 
Weather Criterion, as described in previous sub-section, 
and of other provisions that will be described later. 
 
2.4. POLISHING AND MINOR MODIFICATIONS TO 
ISC 
 
Other changes have been made to different aspects of 
ISC: 
- the request to take into account trim effect in 

stability calculations in view of the quite large 
variations of waterplane with trim and/or waves. The 
fixed-trim calculations accepted up to now were not 
on the side of safety with respect to the more 
realistic calculations; 

- the cancellation of the method based on the use of 
factor k and relative table for the evaluation of the 
correction to the righting arm due to the presence of 
liquids with free surface on board. We just note that 
as typical of stability, here also three methods were 
adopted for the free surface correction, respectively 
based on the wall-sided formula (the oldest, now 
canceled), on the metacentric approximation and on 
exact calculations. 

- the clarification of the wind criterion implicitly 
included in Weather Criterion; 

- the clarification of the numerical factor of the 
formula used for the calculation of the inclineng 
moment in the heeling during turning criterion for 
passenger ships, which implicitly assumes a steady 
turning radius, at speed, equal to 5 ship lengths. We 
just observe that this value roughly underestimates 
the turning ability of modern ships and is in partial 
conflict with the recommended standards for ship 
manoeuvrability as set out in [27]; 

- the simplification of the regulation requiring that the 
(first?) maximum of the righting arm should be at an 
angle preferably greater than 30 deg, but in any case 
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not less than 25 deg, which, following the common 
practice of many Administrations, now simply 
requires that the angle should be not less than 25 
deg. 

- a warning was added to the alternative assessment of 
stability for containerships greater than 100 m 
through present regulation 4.9 of ISC. Since the 
regulation was obtained empirically using data from 
ships not greater than 200 m, it is advised to apply 
this criterion with special care to ships outside this 
range; 

- an historical appendix, explaining the origin of the 
two design criteria, General (actually renamed: 
Criteria regarding righting lever curve properties) 
and Weather Criterion, and a Table of Nomenclature 
were originally prepared as Part C of the restructured 
Code. Presently was revised to be issued as an MSC 
Circular under the title “Explanatory Notes” [28] 

- development of guidelines for the approval of 
stability instruments, defining the acceptable 
tolerances [29]. 

 
2.5. THE DEPENDENCE OF CRITERIA ON SHIP 
LENGTH AND OTHER ISSUES FROM PAST 
HISTORY   
 
Strangely enough, the General Criterion of Stability, 
which is the oldest and more empirical one, was not 
under attack, except for minor aspects. On the contrary, 
Weather Criterion, which is more recent and is based on 
a physical approach, although a bit rough and dated, was 
heavily criticized and an alternative way was found. 
Looking from present observatory, Weather Criterion 
could easily be classified as a simplified PBC. Note, in 
addition, that in the original formulation the Weather 
Criterion was intended to supplement the “more stringent 
criteria of Res. A. 167 [30]”. A look to Fig. 1 is 
significative in this context. Furthermore: “Admini-
strations are invited to adopt, in conjunction with other 
appropriate criteria, the Weather Criterion … unless 
satisfied that experience justifies departures therefrom”. 
We have to recall that the General Criterion [30] was 
originated by the study published by Rahola in 1939 with 
the deletion of consideration of the righting lever range 
(represented by the angle of vanishing stability). It was 
originally issued for ships under 100 m in length. 
Successively, the need of finding a way out for Offshore 
Supply Vessels (OSV) which could not comply with the 
provisions of chapter 3.1.2.3 of ISC (position of the 
maximum of the righting lever curve), was created with 
[31]. Following the scheme adopted in Res. A.167, from 
which it was derived, the maximum length of OSV was 
kept to 100 m, the extension to longer vessels being left 
“to the satisfaction of the Administration”. 
With the adoption of res. A.749, which incorporated Res. 
A.167 together with the newly developed Weather 
Criterion [32], the upper limitation in ship length was 
lost apparently without prejudice and both criteria were 
considered for ships of 24 m in length and over. The 

OSV Guidelines, however, not being subject to revision, 
maintained their upper limit of application.  
 
2.6. PRESENT SITUATION  
 
There were still some other pending issues, connected 
with the possible consequences of a mandatory ISC 
making impossible the adoption of some alternatives 
currently used by Administrations. The most important is 
connected again with the required minimum value for the 
angle of maximum righting lever. One of the terms of 
reference given by the Sub-Committee to the 
Correspondence Group in 2006 was “to consider the 
problem that some ships, especially those with wide 
beam and small depth, have difficulties in complying 
with the criterion of the minimum angle of 25 deg of the 
maximum GZ value and to recommend an appropriate 
solution” ([33] paragraph 5.24.3). This standard was 
ambiguous since its very beginning [34] as it is evident 
from the sentence expressing it. It was already modified 
for OSVs to allow compensation of reduced angle of 
maximum (down to 15 deg) with an increase in the area 
up to the maximum itself (dynamic stability lever). This 
relaxation of the standard by compensation was already 
in adoption by many Administrations and it is becoming 
more and more necessary also in view of the results of 
the application of the new subdivision and damage 
stability rules to large passenger and other ship 
typologies. During the discussion made at SLF50, the 
application of the OSVs rule was considered to be a 
viable alternative mostly for conventional ships. The 
extension of the upper limitation length doesn’t appear to 
constitute a strong difficulty, as clarified in previous sub-
section. It was decided that the new provision was better 
included in the Explanatory Notes, which assume thus a 
role closer to the name, adding some flexibility to the 
standard included in Part A of ISC. 
Again in the course of discussion, the problem of the 
equivalent level of safety was raised. 
The problem of multihull craft will be considered again 
in future. For example, a slow catamaran could hardly 
fulfil this standard. Now it is hard to believe that if a 
catamaran satisfies the HSC Code Annex 7 – multihull 
craft, it becomes unsafe just because its maximum speed 
was reduced… 
 
2.7. THE EQUIVALENT LEVEL OF SAFETY 
 
This expression was mentioned several times in this 
paper, however it is still a big open problem. It is indeed 
typical to open the way to alternatives by stating that an 
“equivalent level of safety” has to be guaranteed, as a 
minimum, by any alternative assessment. Statements like 
this are often used to try to avoid excessive relaxation of 
safety standards, but in fact are much less meaningful 
than they could appear. 
Of course, ship safety at sea was greatly improved by the 
development and implementation of present stability 
criteria, as contained in ISC, and other measures (for 
example the assignment of freeboard), although being 
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these measures recommendatory in nature or not so 
widely adopted. 
The safety level guaranteed to the ships by the 
compliance with stability criteria, however, is in general 
unknown. In addition it is clear that it is unequally 
distributed among different ship typologies and, even 
inside a given ship typology, it appears to be strongly 
dependent on ship size. This is particularly true for the 
General Criterion, which is the result of a global “a 
posteriori” (re-active) approach. It mixes indeed in the 
same pan good and bad designs in a set of standards most 
of which not having a clear physical relation with the 
phenomena they are trying to avoid. Also the present 
version of Weather Criterion, due to its relatively poor, 
although physical, modelling spreads unevenly the safety 
level among ship types. 
A study conducted in Japan [35] on the capsizing 
probability in beam waves of a sample of 29 passenger 
and 46 cargo ships marginally complying with both 
provisions of Intact Stability Code revealed that this 
quantity is spread in a wide interval covering many 
orders of magnitude. The results also indicate that the 
safety level is generally higher for ships with length 
higher than 100 m. 
A previous example of this procedure of guaranteeing an 
equivalent of safety is constituted by the development of 
the “probabilistic” subdivision and damage stability 
assessment concluded with the IMO Res.A.265 in 1974  
[36] as an “equivalent and totally alternative” to SOLAS 
provisions based on the factorial subdivision.  
 

 
Fig. 5: Comparison of the required 
subdivision index R following Res. A.265 with 
the calculated values of the attained 
subdivision index A of a specimen of existing 
ships which comply with Chapter II of the 
1960 SOLAS Convention 
 

The poor level of equivalence, if any, is clearly shown in 
Fig. 5, where a comparison of the obtained subdivision 
index A for a specimen of ships complying with the 
requirements of SOLAS’60 and the adopted line for the 
minimum required index R for the new regulation A.265 
is shown. As known, this, together with the greater 
calculation complexity and the lack of design experience, 
delayed extensive application of the probabilistic 
regulation. The implementation of mandatory provisions 

based on probabilistic subdivision is coming more than 
30 years later. 
Along the same line, a black box is constituted by the 
sentence “to the satisfaction of the Administration” that 
often accompanies these alternative measures. Actually 
these sentences should be accompanied by some 
guidelines or codes of practice. 
 
3. OPERATIONAL GUIDELINES TO AVOID 
DANGEROUS PHENOMENA IN FOLLOWING 
AND QUARTERING WAVES 
 
Parallel to the recommendations of intact stability criteria 
discussed in previous paragraph, IMO has developed an 
operational guidance for avoiding dangerous phenomena 
in following and quartering waves [13], with particular 
regard to parametric rolling, surf-riding and broaching. 
There was some discussion on the need of a specific 
guidance instead of enforcing some additional item in the 
design criteria of ISC. The general opinion was that it is 
not reasonably possible to avoid the possibility of these 
phenomena, for example parametric rolling or broaching 
entirely with design or loading prescriptions, since this 
would lead in many cases to unacceptable ship stability 
conditions.  
The revision of the MSC Circular was put in the work 
programme of the Sub-Committee at its 47th Session 
[37]. A strong debate took place during the examination 
of this item. Some delegations required the development 
of ship-dependent guidelines containing specific 
examples fully calculated to be available on board, 
whereas other delegations (the majority) required a new 
MSC Circular to be ship-independent and of qualitative 
nature as previous one. This last approach was followed 
with the two main changes with respect to the MSC 
Circ.707: 
- simplification, to avoid excessive and partly 

immotivate warnings for dangerous situations to be 
delivered to the master; 

- the inclusion of the consideration of parametric 
rolling in head waves, following the international 
debate consequent to a serious accident occurred to a 
containership [38] and likely to represent a problem 
for many modern ship forms; 

resulting in [39]. 
The possible development of ship-specific guidance was 
left as a possibility for future, after the development of 
PBCs. 
 
4. A RETURN TO THE FUTURE: THE DEVELOP-
MENT OF PERFORMANCE-BASED CRITERIA 
 
After several years of hard work in restructuring Intact 
Stability Code and providing ways out to some problems, 
at SLF50 the International Intact Stability Code was 
licensed by the Sub-Committee and the need for the 
development of new criteria based on more realistic 
physical approaches was stressed. Following important 
submissions by several delegations and in particular by 
Japan, the Netherlands and the USA and relevant 
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comments by Italy, an updated plan of action was made. 
This doesn’t merely constitute a return to the original 
scope of the revision of the Intact Stability Code, since in 
the meantime the levels of knowledge and consciousness 
of the possibilities and limits of simulation procedures 
have greatly improved. This is also due to the second 
“cooperative experiment” launched by ITTC [40] calling 
for comparison of predicted basic quantities (forces, 
moments, …) with high quality experimental results. 
This action was motivated by the substantial failure in 
the capability of simulation codes to quantitatively 
simulate the global extreme behavior of ships in rough 
weather evidenced during previous cooperative 
experiment [12]. Contemporarily ITTC is proceeding to 
the development/revision of the procedures for testing 
and simulation, which are expected to play a major role 
in future development of PBCs. 
 
4.1. NOMENCLATURE – A SUBSTANTIAL 
PROBLEM 
 
In the frame of the discussions that took place at IMO in 
the period 2002-2007 (SLF44-SLF50), the term “Intact 
stability criterion performance-based” initially given for 
known was several times required to be clarified, any 
time apparently for the first time. Finally, a request made 
during SLF49 set the problem, which was thoroughly 
addressed by a document jointly submitted by the 
delegations of Netherlands, Japan and the USA to SLF50 
[41]. In this very important document, the following 
distinctions are made regarding the level of stability 
problem. 
In relation to the consequences: 
- partial stability failure 
- total stability failure 
In relation to the modes: 
- restoring arm variations problems, like parametric 

rolling and pure loss of stability 
- stability under dead ship conditions 
- manoeuvring-related problems in waves like 

broaching 
In relation to the implementation: 
- probabilistic versus deterministic POC 
- probabilistic versus deterministic parametric 

criterion 
The Italian delegation added a contribution [42] on the 
need to include, in addition to the following activities: 
- development of guidelines for the development, use, 

and benchmarking of direct simulation tools; 
- development of guidelines for alternative model 

testing, in a way similar to that already followed in 
the case of Weather Criterion [19, 20]; 

also the development of simplified physically 
soundsemi-analytical models addressing, separately, 
particular phenomena, would be beneficial for 
implementation in future regulations. Administrations 
and Classification Societies exhibited great interest 
towards simplified approaches as they fit well the need of 
having reliable fast procedures for preliminary checking 
without the need of performing high level computing. 

4.2. THE UPDATED PLAN OF ACTION 
 
The important aspects and issues to be addressed in 
dealing with the different approaches, long/short term, 
rarity, benchmarking, are considered, together with a 
possible plan of action. 
While it was acknowledged that the terminology perhaps 
needs some further clarification, at SLF50 a rational 
updated plan of action was decided, consisting in the 
following main items: 
- develop vulnerability criteria to identify the possible 

susceptibility of a ship to partial (excessive roll 
angles/accelerations) or total (capsizing) stability 
failures for each mode 

- develop procedures for direct assessment of: 
.1 stability failures under dead ship conditions;  
.2 stability failures in following seas associated 

with matters related to stability variation in 
waves, in particular reduced righting levers of a 
ship situated on a wave crest; 

.3 stability failures caused by parametric 
resonance, including consideration of matters 
related to large accelerations and loads on cargo 
and stability variation in waves; and  

.4 stability failures caused by broaching including 
consideration of matters related to 
manoeuvrability and course keeping ability as 
they affect stability; 

- develop: 
.1 standard requirements for on-board guidance; 
.2 criteria for certain types of ships; and 
.3 implementation plan for new generation intact 

stability criteria into the IS Code as well as 
parametric (simplified) criteria). 

 
4.3. THE APPLICABILITY OF NEWLY TO BE 
DEVELOPED CRITERIA  
 
The idea of vulnerability criteria is of paramount 
importance in the frame of developing criteria to improve 
ship safety, or making safety improvement more “cost-
effective” against modes of failure not covered by 
present criteria. It could avoid the need of an 
indiscriminate generalized application of heavy 
computational  or experimental procedures. 
The new generation criteria once developed, could 
indeed be applied to certain ships that, due to their 
typology and/or size, could be more susceptible to 
hazards not or insufficiently covered by the existing 
criteria, as assessed by way of “vulnerability criteria”. In 
so doing, the new generation criteria would be 
considered, for the time being, as a supplement or as part 
of an alternative to the existing criteria.   
 
4.4. DYNAMICAL VERSUS HYDRODYNAMICAL 
NUMERICAL CODES 
 
The development of assessment methodologies based on 
numerical codes rests, of course, on the development of 
reliable numerical codes able to simulate extreme 
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motions and capsizing. As it is evident from the 
comparative studies conducted during previous two 
terms by the ITTC Specialist Committee on Ship 
Stability in Waves [12, 40], however, the progress in the 
development of “dynamical” part, i.e. by assuming the 
physical model characteristics from other sources, 
progressed faster than that of “hydrodynamic” codes, i.e. 
where all or most of the physical model characteristics 
are calculated “en-suite”. Actually, the “dynamic” 
procedures combine numerical and experimental items. 
This is particularly evident when one considers, for 
example, roll damping, which is expected to play a 
relevant roll in all stability criteria. The development of 
the alternative way to assess Weather Criterion on 
experimental basis revealed that this is a still open 
problem with great difficulties both in CFD codes and in 
scale model testing. 
 
4.5. EXPERIMENT BASED ASSESSMENT 
PROCEDURES 
 
The development of assessment procedures based on 
experiments rests, of course, on the development of 
reliable procedures for simulation of large amplitude 
motions and capsizing or at least for the evaluation of 
relevant quantities connected to conventional 
(prescriptive or not – taking into account that at some 
level every regulation becomes prescriptive…) 
assessment rules. 
These procedures should be standardized following the 
guidelines indicated by ITTC. 
 
4.6. PROGRESS IN THE DEVELOPMENT OF 
NUMERICAL PROCEDURES 
 
No PCB procedure is presently adopted for the 
assessment of intact stability as an alternative to existing 
prescriptive rules. There are however notable 
submissions and much more is expected to fulfil the 
requirement to develop performance based criteria in 
near future [43]. There are several lines of research 
developments which mostly follow the separation 
between phenomena in beam sea and in longitudinal or 
quartering waves. The literature reviewed in the follo-
wing refers not to developments of numerical codes in 
general, but to specific documents presenting finalized to 
obtaining a quantity directly relevant to an assessment, 
i.e. a probability of capsizing, an index of merit of 
resistance to capsizing, a capsizing index, the probability 
of exceeding some heeling angle or roll motion amplitu-
de or acceleration, etc. 
 
4.7. BEAM SEA CASE (DEAD-SHIP CONDITION) 
 
The introduction of a capsize index and the evaluation of 
the probability of capsizing is done in [15, 18, 44-46], 
where a correct physical modelling of the action of 
stochastic beam wind and waves is presented. The 
approach constitutes a stochastic generalization of 
present Weather Criterion with improved physical basis. 

Different approaches are presently under comparison 
since they give quite different evaluations of survival 
probability. 
 
4.8. LONGITUDINAL/QUARTERING WAVES 
 
In [47] an attempt for validating numerical simulation of 
parametric rolling is presented. It is suggested that 
further validation efforts of numerical modelling are 
required for realizing direct assessment as an alternative 
means to the prescriptive criteria in the Intact Stability 
Code. 
In [48, 49] a  probabilistic  intact  stability  criterion  for  
parametric rolling and pure loss phenomena is presented. 
It is based on the definition of a Capsizing Index by a 
procedure based on the fact that the significant wave 
height should allow that the residual area under the still 
water righting lever curve from the maximum angle to 
the point of vanishing stability during one simulation 
exceeds three times the standard deviation of that area 
obtained from several simulations. Following the 
authors, it  can  be  stated  that  the  actual  capsizing  
index  based  on  numerical simulations is a good tool to 
compare ships on a qualitative level. This approach, 
addressed parametric rolling and pure loss of stability 
phenomena as a first step towards several dynamic 
stability criteria and presenting a benchmark study 
connected with the proposed criterion. In the course of 
the discussion, the view was expressed  that, although the 
presented proposal had some merit, it was not possible its 
use as a performance-oriented criterion in its present 
form. A later submission [50] presented an improved 
approach. 
Considering in general parametric rolling, it is now clear 
that the predictions of threshold and amplitude above 
threshold are of acceptable accuracy when regular waves 
are considered [47, 51]. Procedures for the prediction of 
its occurrence and, with less reliability, for its magnitude 
have already been established by ITTC [52] and ABS 
[53]. 
On the other hand, the present state of the art is not 
satisfactory as far as the irregular waves case is 
concerned. In this case, indeed, a consistent overestimate 
of the amplitude is given by the available methods are 
applied. 
The state of the art methodology of direct assessment for 
capsizing due to broaching was presented in [54, 55]. 
The document suggests that captive model tests for each 
subject ship are indispensable for realizing direct 
assessment as an alternative means to the prescriptive 
criteria in the Intact Stability Code. 
 
4.9. PROGRESS IN THE DEVELOPMENT OF 
EXPERIMENTAL PROCEDURES 
 
A notable example of progress in this direction is the 
development of the experimental procedure for the 
alternative assessment of Weather Criterion, although, as 
mentioned, roll damping is still an open problem, both in 
prediction and in model/full scale transfer. It was 
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developed by following as much as possible the ITTC 
Guidelines for model testing for intact stability. As 
mentioned, this procedure is already accepted by IMO 
and operational. Feedback is expected to improve the 
procedure. 
The problems connected with ergodicity in order to 
develop either a numerical or an experimental procedure 
for the assessment of Parametric Rolling have been 
discussed in [56, 57]. 
 
5. CONCLUSIONS 
 
The recent developments, open problems and hints for 
future developments in the field of Intact Stability have 
been presented in this paper. The Code has been 
restructured in two parts, one of which designed to 
become mandatory, and it will be adopted under SOLAS 
and ILLC Conventions. Several problems, also 
connected with the future restrictions connected with the 
Code becoming mandatory have been solved. It appears 
that the methodologies on which Performance-based 
procedures and subsequent criteria could be based are not 
yet ready. A rational updated plan of action has however 
been prepared within a time range of five years. It will 
consider prioritary the development of vulnerability 
criteria able to distinguish ships sensible to additional 
dangerous phenomena (to the present stability criteria), 
so that full calculations/testing can be limited to these 
ships. 
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