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ABSTRACT 

The IMO Second Generation Intact Stability Criteria, and verification and validation (V&V) are introduced.  Then the application of 

V&V to the Level 1, Level 2 and direct assessment stages of the Second Generation Intact Stability Criteria are discussed.  From the 

perspective of Level 1 and Level 2 verification and validation, the user’s only responsibility is to verify that the algorithms for as-

sessing vulnerability to stability failure contained in IMO documentation are implemented correctly.  For direct assessment using 

ship dynamics software for predicting motions in extreme seas, existing well established and documented V&V processes apply.  The 

developers of the algorithms for the Level 1 and Level 2 vulnerability assessments need to validate that their algorithms are con-

sistent across a large range of vessel types and sizes. 

The one significant note is that even though, in general, the Level 1 vulnerability assessment can be performed “on the back of 

an envelope” using a hand calculator, those calculations need to be performed using a spreadsheet program on a personal computer or 

reliable and consistent verification will be virtually impossible. 
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1. INTRODUCTION 

For commercial vessels, the classical intact stability 
criteria is based on the work of Rahola (1939) and 
is incorporated in the International Code on Intact 
Stability, the 2008 IS Code (MSC 85/26/Add.11).  
Similar criteria for naval vessels is provide by 
Sarchin & Goldberg (1962) and codified in the 
NATO Naval Ship Code (NATO, 2007a,b) and by 
a US Navy Design Data Sheet (NAVSEA, 2016).  
These criteria are prescriptive—that is they are a set 
of criteria, defined based on empirical data, which 
are assumed to ensure that a vessel meeting the 
criteria will have adequate static stability.  The 
history of development and the background of the 
IMO criteria are described by Kobylinski & Kast-
ner (2003); a summary of the origin of these criteria 
is also available in chapter 3 of the Explanatory 
Notes to the International Code on Intact Stability 
(MSC.1/Circ.1281). 

                                                      
1 References to IMO documents such as “MSC 
85/26/Add.1” appear in the list of references 
with an “IMO” prefix, i.e., as: IMO MSC 
85/26/Add.1.  As there is no ambiguity in the 
names of the IMO citations, the year will be 
omitted from the citations. 

Beginning in the early 2000’s efforts were ini-
tiated to develop performance based stability crite-
ria for commercial vessels with the reestablishment 
of the intact-stability working group by IMO's 
Subcommittee on Stability and Load Lines and on 
Fishing Vessels Safety (SLF) (cf., Francescutto, 
2004, 2007).  Over time, the terminology to 
describe the new intact stability criteria evolved 
from “performance based” to “next generation” to 
“2nd generation,” the terminology in use today.  
This entire evolution is described in the in-
troduction to Peters, et al. (2011). 

The SLF Working Group decided that the se-
cond-generation intact stability criteria should be 
performance-based and address three modes of sta-
bility failure (SLF 48/21, paragraph 4.18): 

• Restoring arm variation problems, such as 
parametric roll and pure loss of stability; 

• Stability under dead ship condition, as de-
fined by SOLAS regulation II-1/3-8; and 

• Maneuvering related problems in waves, 
such as surf-riding and broaching-to. 

Ultimately, a fourth mode of stability failure 
was added: 

• Excessive accelerations. 

The deliberations of the Working Group led to 
the formulation of the framework for the second-
generation intact stability criteria, which is de-
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scribed in SLF 50/4/4 and was discussed at the 50th 
session of SLF in May 2007.  The key elements of 
this framework were the distinction between para-
metric criteria (the 2008 IS Code) and performance-
based criteria, and between probabilistic and deter-
ministic criteria. 

As the second-generation intact stability criteria 
are more extensive (deal with multiple stability 
failure modes) and more complex than the older 
prescriptive approach to stability, it will be neces-
sary to insure that the algorithms supporting the 
assessment are consistent and implemented cor-
rectly.  It is the objective of this paper to provide 
some insights on these latter two issues. 

The paper will begin with a description of the 
second-generation intact stability criteria process 
and a definition of Verification, and Validation 
(V&V). The paper will then discuss V&V for the 
various levels of the process from both the user’s 
and the algorithm developer’s perspective. 

2. IMO SECOND GENERATION INTACT 
STABILITY CRITERIA 

The second-generation intact-stability criteria are 
based on a multi-tiered assessment approach: for a 
given ship design, each stability-failure mode is 
evaluated using multiple levels of vulnerability as-
sessment, as necessary.  The first two tiers or levels 
of vulnerability assessment criteria are character-
ized by different levels of accuracy and computa-
tional effort, with the first level being simpler and 
more conservative than the second. 

A ship, which fails to comply with the Level 1 
criteria is assessed using the Level 2 criteria.  In a 
case of unacceptable results at the second level, the 
vessel must then be examined by means of a direct 
assessment procedure based on tools and method-
ologies corresponding to the best state-of-the-art 
prediction methods in the field of ship-capsizing 
prediction.  This third-level methodology should 
capture the physics of capsizing as practically pos-
sible. 

The three levels of assessment are intended to 
be of increasing complexity with the Level 1 as-
sessment being a simple “back of the envelope” 
calculation that should be simple enough that it can 
be completed for all stability failure modes in a 
day.  The Level 2 assessment is more complex, and 
might require as much as a week’s effort to assess 

all stability failure modes, and require the use of 
computational algorithm implemented in a program 
such as Excel or MathCad—here after referred to as 
a spreadsheet.  The third level direct assessment 
will require the use of serious computing resources 
and could take a month or more’s effort. 

The specific IMO rules and regulations are still 
under development, but the following publications 
document the current state of the envisioned pro-
cess for Level 1 and Level 2 of each of the stability 
failure modes: 

• Pure loss of stability:  SDC 2WP.4, An-
nex 1; SDC 3WP.5, Annex 3; SDC 4/5/1/ 
Add.5; SDC 4/5/6 

• Parametric Roll:  SDC 2WP.4, Annex 2; 
SDC 3WP.5, Annex 4; SDC 4/5/1/Add.1; 
SDC 4/5/1/Add.5, SDC 4/5/6 

• Dead ship condition:  SDC 3WP.5; SDC 
3WP.5, Annex 6; SDC 4/5/1/Add.3; SDC 
4/5/1/Add.5; SDC 4/5/6 

• Surf riding/broaching:  SDC 2WP.4, An-
nex 3; SDC 3WP.5, Annex 5; SDC 4/5/1/ 
Add.2, SDC 4/5/1/Add.5, SDC 4/5/6 

• Excessive Acceleration:  SDC 3WP.5, An-
nex 2; SDC 3WP.5, Annex 7; SDC 4/5/1/ 
Add.4; SDC 4/5/6 

The procedure for performing direct assessment 
is described in: SDC 4/WP.4, Annex 1. 

3. VERIFICATION AND VALIDATION 

Software that is being used for engineering com-
putations, upon which design decisions will be 
based needs to be correct.  The processes by which 
software is assessed as to it correctness and being 
adequate for the job is called verification and vali-
dation (V&V)—verification assesses correctness 
and validation assesses the degree to which it is 
adequate for the task.  Papers and reports by Beck, 
et al. (1996), AIAA (1998), DoD (1998, 2003, 
2007, 2012), McCue, et al. (2008), ASME (2009), 
Reed (2009) and Reed & Zuzick (2015) provide 
different, although consistent, definitions of V&V.  
The U.S. DoD definitions for these terms are pro-
vided below, each followed by a practical com-
mentary relevant to computational tools for pre-
dicting dynamic stability. 

1. Verification—the process of determining 
that a model or simulation implementation accu-
rately represents the developer's conceptual descrip-
tion and specification, i.e., does the code accurately 
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implement the theory that is proposed to model the 
problem at hand? 

2. Validation—the process of determining the 
degree to which a model or simulation is an accu-
rate representation of the real world from the per-
spective of the intended uses of the model or simu-
lation, i.e., does the theory and the code that im-
plements the theory accurately model the relevant 
physical problem of interest? 

4. V&V FROM THE USER’S PERSPECTIVE  

For the Second Generation Intact Stability Criteria, 
the question of V&V has to cover a broad range of 
computations/computational tools—from the “back 
of an envelope” assessment to sophisticated ship 
dynamics computational tools.  As each of the lev-
els of assessment has its own issues, they will be 
discussed separately, beginning with Direct As-
sessment, where the computational tools that are 
traditionally put through the V&V process would 
be employed. 

Direct Assessment 
As just stated, the hydrodynamic computational 
tools for predicting ship dynamics are the types of 
software for which the V&V processes have been 
developed.  So while these are the most complex 
software tools that must be put through the V&V 
process, and the tools for which the most effort will 
have to be expended, they are the tools for which 
the process is the most mature.  As stated previ-
ously, there is an abundance of literature on the 
subject of formal V&V of software (cf., AIAA 
1998; DoD 1998, 2003, 2007, 2012; ASME 2009).  
Reed & Zuzick (2015) provide a survey of the for-
mal V&V process tailored for the ship stability 
community. 

From the users perspective, it is unlikely that a 
user will be developing a computational tool for 
assessing dynamic stability performance in extreme 
seas; the user will most likely be employing soft-
ware developed by a third party.  Thus, the user 
will not be responsible for verification of the soft-
ware, he will have to assume that the software 
vender has performed that function, and the user 
will only be responsible for performing validation 
to assure that the software tool is adequate for pre-
dicting the stability failure mode(s) of concern.  
The Flag Administration, responsible for the vessel 

being assessed, should have defined the process for 
formal validation. 

Level 2 Criteria 
For Level 2, the Second Generation Intact Stability 
Criteria will explicitly provide the user with the 
algorithm for use in assessing the vulnerability of a 
ship to each particular stability failure mode.  Thus, 
there should be no requirement for the user to per-
form validation of a spreadsheet that is used to per-
form the vulnerability calculations.  However, it 
will be necessary to perform verification to insure 
that the calculations are performed correctly. 

The issue then becomes one of how best to per-
form this verification.  It would appear that the 
ideal situation would be to have a series of bench-
mark cases for each stability failure mode.  For 
each failure mode there would be pairs of cases, 
one of the pairs being a case that passes the vulner-
ability test for that mode and one that fails the vul-
nerability test.  For Level 2 algorithms where there 
are binary decision points within the algorithm, 
there should be a pair of benchmark cases that will 
test each branch of the decision tree. 

Under these conditions, the user would be re-
quired to enter each pair of benchmark data into his 
spreadsheet and show that the results of each case 
agree with the expected answer within a specified 
accuracy, say 2-percent.  When a user has per-
formed and passed this level of validation for all 
five stability failure modes, he could be “certified” 
by a Flag Administration to use his spreadsheet to 
assess the vulnerability of his design to stability 
failure. 

Level 1 Criteria 
In principle, the Level 1 V&V should be similar in 
complexity to the Level 2 problem, and have the 
same approach.  However, there is one complica-
tion at Level 1.  Level 1 vulnerability assessment 
has been characterized as an assessment that can be 
carried out on the “back of an envelope” using a 
hand calculator, but this opens the Level 1 assess-
ment up to a lack of repeatability due to simple cal-
culation errors. 

Therefore, it is proposed that, even at Level 1, 
it be required that the vulnerability assessment for 
each mode of stability failure be implemented in a 
spreadsheet.  This will vastly reduce the possibility 
of inadvertent errors due to “hitting the wrong key” 
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on a calculator, and will greatly facilitate verifica-
tion using he same benchmarking process proposed 
for Level 2. 

5. V&V FROM THE CRITERIA DEVEL-
OPER’S PERSPECTIVE  

The developers of the Level 1 and Level 2 intact 
stability vulnerability criteria are not developing 
software, so they do not have any responsibility for 
V&V in the traditional sense.  However, they do 
have responsibility for ensuring that the algorithms 
that they are developing are consistent—this is a 
validation function. 

What is meant by consistency of algorithms?  If 
the Level 1 and Level 2 algorithms are developed 
from the same theoretical basis, then the validation 
can be performed largely at the theory/algorithm 
basis, but if not, then extensive computational test-
ing is required.  A hypothetical example of a theo-
retically consistent Level 1 and Level 2 vulnerabil-
ity assessment would be where the Mathieu equa-
tion is used to evaluate the sensitivity to parametric 
roll, with the Level 1 algorithm using the Mathieu 
equation without the roll damping term and the 
Level 2 algorithm using the Mathieu equation with 
a roll damping term. 

In the absence of such a consistent theoretical 
basis, the validation of the Level 1 and Level 2 al-
gorithms consists of two steps.  First, the algo-
rithms must be rational, that is they should not be 
based on the use of logically inconsistent infor-
mation and second they must undergo an extensive 
computational consistency check.  To give a ludi-
crous example of a rationality check, a stability 
failure algorithm based, among other things, on the 
distance from the earth to the moon would be 
highly suspect.  Someone other than the developer 
of the algorithm should conduct the rationality step 
of the validation. 

The second step, the computational validation, 
will involve evaluating a large number of vessels of 
various types and sizes using both the Level 1 and 
Level 2 algorithms for each mode of stability fail-
ure.  The metric here is two-fold, first that a vessel 
in a given loading condition that passes the Level 1 
vulnerability test should not fail the Level 2 vulner-
ability check.  And secondly, for those vessels that 
pass both the Level 1 and Level 2 vulnerability 
check, the margin at Level 2 should not be smaller 
than the margin at Level 1—if a vessel passes the 

Level 1 check by a large margin, it should not pass 
the Level 2 check by only a small margin, this is 
admittedly somewhat subjective. 

6. CONCLUSIONS 

From the perspective of Level 1 and Level 2 verifi-
cation and validation, the user’s only responsibility 
is to verify that the algorithms for assessing vulner-
ability to stability failure contained in IMO docu-
mentation are implemented correctly.  To facilitate 
this, there needs to be a comprehensive set of 
benchmark cases that both meet and fail to meet the 
vulnerability criteria, covering each of the stability 
failure modes.  For direct assessment using ship 
dynamics software for predicting motions in ex-
treme seas, the well established and documented 
V&V process of AIAA 1998; DoD 1998, 2003, 
2007, 2012; and ASME 2009, etc. apply.  The de-
veloper of the algorithms for the Level 1 and 
Level 2 vulnerability assessments need to validate 
that their algorithms are consistent across a large 
range of vessel types and sizes. 

The one significant note is that even though, in 
general, the Level 1 vulnerability assessment can be 
performed “on the back of an envelope” using a 
hand calculator, those calculations need to be per-
formed using a spreadsheet program on a personal 
computer or reliable and consistent verification will 
be virtually impossible. 
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