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ABSTRACT

IMO’s implementation of the Second Generation Intact Stability Criteria has put in place a multitiered pro-
cess by which the adequacy of a vessel’s stability can be assessed. The most stringent criteria is Direct
Assessment where by a vessel is assessed using a physics-based simulation tool. To be applied to stabil-
ity assessment, these tools should undergo a formal Verification, Validation and Accreditation (VV&A) to
assure that they perform adequately. Before the VV&A can be performed, the problem for which the simu-
lation tool is to be assessed must be defined. This use—the objectives of the simulation are defined by the
establishment of Specific Intended Uses (SIUs). SIUs will be characterized, and the way in which they are

used will be defined.
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1 INTRODUCTION

Beginning in the early 2000’s efforts were initi-
ated to develop performance based stability criteria
for commercial vessels with the re-establishment of
the intact-stability working group by IMO’s Sub-
committee on Stability and Load Lines and on
Fishing Vessels Safety (SLF) (cf. Francescutto,
2004, 2007). Over time, the terminology to de-
scribe 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 introduction to
Peters, et al. (2011).

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

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

o Stability under dead ship condition, as defined
by SOLAS regulation II-1/3-8; and

e Maneuvering related problems in waves, such

as surf-riding and broaching-to.

Ultimately, a fourth mode of stability failure was
added:

e FExcessive accelerations.

The criteria and processes were first intro-
duced in Belenky, et al. (2008). The state-of-the-
art in the assessment of vulnerability is presented
in detail in Peters, et al. (2011) and further summa-
rized in Reed & Zuzick (2015)

The deliberations of the Working Group led
to the formulation of the framework for the sec-
ond generation intact stability criteria, which is de-
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. Special attention was paid to prob-
abilistic criteria; the existence of the problem of rar-
ity was recognized for the first time and a defini-
tion was offered. Also, due to the rarity of stability
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failures, the evaluation of the probability of failure
with numerical tools was recognized as a significant
challenge.

The “Second-generation intact-stability crite-
ria” are based on a two-tiered assessment approach:
for a given ship design, each stability-failure mode
is evaluated using two levels of vulnerability assess-
ment in the first tier. A vessel that fails to comply
with the first- and second-level criteria of the first
tier must progress to the second tier where it is ex-
amined by means of a direct assessment procedure
based on tools and methodologies corresponding
to the best state-of-the-art physics-based prediction
methods in the field of ship-stability failure predic-
tion.

If decisions regarding the adequacy of a vessel
stability-wise, are going to be made based on the
predictions of a Modeling and Simulation (M&S)
tool, there must be a reasonable assurance that the
tool provides acceptably accurate results. The pro-
cess by which a tool may be determined to be suffi-
ciently accurate is known as Verification, Validation
and Accreditation (VV&A).

Reed & Zuzick (2015) quoted “Verification,
Validation, and Accreditation are three interrelated
but distinct processes that gather and evaluate evi-
dence to determine, based on the M&S’s intended
use, the M&S’s capabilities, limitations, and per-
formance relative to the real-world objects it sim-
ulates.” Definitions for these three terms are pro-
vided below, each followed by a practical commen-
tary relevant to computational tools for predicting
dynamic stability.

1. Verification—the process of determining
that a M&S’s implementation accurately represents
the developer’s conceptual description and speci-
fication, i.e., does the code accurately implement
the theory that is proposed to model the problem at
hand?

2. Validation—the process of determining the
degree to which an M&S is an accurate representa-
tion of the real world from the perspective of the
intended uses of the M&S, i.e., does the theory
and the code that implements the theory accurately
model the relevant physical problem of interest?

3. Accreditation—the official determination

that an M&S, . . . is acceptable for use for a specific
purpose, i.e., is the theory and the code that imple-
ments it adequate for modeling the physics relevant
to a specific platform? In other words, are the the-
ory and code relevant to the type of vessel and fail-
ure mode for which it is being accredited?

In the process leading to accreditation by a
Flag Administration, VV&A must be a formal pro-
cess with structure that is prescribed. This structure
includes the identification of an Accreditation Au-
thority (AA) and the establishment of accreditation
panels; and is described in Reed & Zuzick (2015).

The process of accreditation requires Spe-
cific Intended Uses (SIUs)—the objectives against
which accreditation occurs, the subject of this pa-
per.

2 ROLE OF SIUS IN ACCREDITATION

As just described, accreditation is the process by
which a computational tool is certified as being suf-
ficiently accurate and thus acceptable for use in a
particular case for a particular vessel or class of ves-
sels. In the IMO context, this would be a vessel of
a particular size and proportions, which will have a
particular mode of operation. In practice this would
also be tied to a particular mode of stability failure,
and would be defined as a particular SIU.

SIUs are the statements that define the scope
of the problem or simulation that is to be mod-
eled, and for which the M&S will be accredited.
In the context of direct assessment under second-
generation intact stability, this will need to include
a definition of the type of vessel for which the M&S
tool is to be accredited—accreditation for small
fishing vessels may well not apply to a container
carrier; as well as the mode of stability failure that
is anticipated to be an issue. There can, and in fact
would likely be multiple SIUs for the same VV&A
activity.

2.1 Example of an SIU

As stated earlier, the SIU effectively defines
the objective of the accreditation. As such, the SIU
needs to answer the questions “what” and “why.”
The “what” part of the answer will in the case of ac-
creditation have two parts, one part pertaining to the
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type of vessel, and the other pertaining to the mode
of stability failure. An example of this would be
the accreditation of a code for predicting parametric
roll of a container carrier—container carrier would
be the type of vessel and parametric roll would be
the mode of stability failure.

The “why” question relates to the way in
which the predictions from the code will be used.
Will the code be used to determine whether a ves-
sel is susceptible to parametric roll in head seas at
24 kt in a particular sea state, or will it be used to
derive a speed polar plots for susceptibility to para-
metric roll in a series of sea states. The answer to
the “why” question serves to define the scope of the
effort required in the accreditation process.

To clarify, an example of an SIU is: “The XYZ
simulation tool will be used to generate operator
guidance polar plots for all applicable speeds and
headings against pure loss of stability for RO/PAX
vessels in the 11,000-13,000 t displacement range,
lengths of 130-150 m, and with beam-to-draft ra-
tios of 4.5 to 5.5. These polar plots will enable the
vessel operators to avoid situations where pure loss
of stability could be an intact stability issue. The
information used to generate the operator guidance
polar plots will be developed using numerical data
generated by the XYZ simulation tool.”

In the example SIU, the answers to the “what”
question are RO/PAX vessels in a particular size
range with the stability failure mode being pure loss
of stability. The answer to the “why”” question is to
generate operator guidance polar plots for all appli-
cable speeds and headings.

2.2 Requirements Flow-Down Table

The answers to the “what” and “why” ques-
tions within the SIU are used to determine what
needs to be characterized and analyzed from the
perspective of the V&V process. This is accom-
plished by the development of a Requirements
Flow-Down Table. In the Requirements Flow-
Down Table, each SIU is decomposed in to several
high level requirements (HLRs), which characterize
important aspects of the SIU. The HLRs are each
further mapped into several detailed-functional re-
quirements (DFRs). A comparison metric and an
acceptance criterion are identified for each DFR.

Additional clarification is provided by the definition
of the comparison metrics and their associated ac-
ceptance criteria. HLRs reflect the technical speci-
fications provided by SME-opinion. DFRs provide
additional specifications as necessary to more fully-
describe each HLR. Requirements Flow-Down Ta-
bles are useful tools in high-level assessment of the
appropriateness of the proposed accreditation crite-
ria as well as required components of the Accredi-
tation Plan (DoD, 2012).

An example of a Requirements Flow-Down
Table, Table 1, is provided for the example SIU
given above.

3 SUMMARY

With the advent of the second-generation intact
stability criteria, IMO has initiated a two-tier
performance-based stability assessment process for
unconventional hulls with a risk of intact stability
failure. If the design fails the first and second level
tests of the first tier, it then progresses to the sec-
ond tier and direct assessment, which requires an
accredited physics-based simulation tool.

Accreditation requires that a set of Specific In-
tended Uses (SIUs) defining the objectives of the
accreditation be defined. These SIUs must define
what the M&S is to be accredited for (type of vessel
and mode of stability failure) and why (the product
to be produced by the M&S).

Additionally, the Requirements Flow-Down
Table which is used to define comparison metrics
and acceptance criteria based on the SIUs are de-
scribed, and an example is provided.
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