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Abstract— Intact stability of a tuna fishing vessel was analyzed
with the second generation stability criteria of the International
Maritime Organization (IMO). Those criteria are being under
development, and it was desired to compare these results with those
from other references where numerical simulations were developed
for the same vessel. Ship analyzed is a 44 m in length overall,
which used to operate from Ecuadorian ports in Eastern Pacific
Ocean. Unlike the current stability criteria, the new one considers
ship response to the dynamic action of waves, in four capsizing
modes, and consider several levels of vulnerability. If the
calculations show that in a failure mode the ship is not vulnerable,
the procedure continues to consider the next mode; but, if the ship
does not satisfy the criterion, it must be checked at the next level of
vulnerability. The fishing vessel was analyzed in two loading
conditions, and it was found that according to this second
generation stability criteria, it is not prone to capsize in Pure loss of
stability, Parametric roll and Deadship condition. But it is
vulnerable in the first two vulnerability criteria to Surfriding,
Pphenomenon which likely will conduct to a sudden change in
heading which would make the ship to capsize. These findings are
consistent with the numerical simulations developed for the ship in
two other references.
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I. INTRODUCTION

Possibility of fishing wvessel capsizing takes this
professional activity to be considered of high risk for its
operators. Then for its operation at present the stability of a
ship must be evaluated with the criteria established by the
International Maritime Organization, agency dedicated to
insure safe maritime transportation. However, in spite of these
regulations, accidents occur like the Ecuadorian fishing vessel
that in year 2014 sank at about 180 miles from the Galapagos
islands, involving human losses, [1]. After two years of that
accident another fishing vessel was affected around 220 miles
from the port of Manta, Ecuador, [2]. It must be mentioned
that the present IMO regulations consider only quasi-static
calculations to evaluate stability.

In the Second Generation of Intact Stability Criteria
(2GISC) IMO [3], is considering dynamics wave effects on the
ship that may take her to capsize; in these regulations four
capsizing or failure modes are analyzed. Two of them Pure
loss of stability and Parametric roll are the result of reduction
in metacentric height and to roll motion resonance, when the

ship navigates in waves from bow or stern. Ship surfriding
followed by an involuntary change in course may likely end in
ship capsizing. Finally in the situation of Deadship, main
power is lost which causes the ship to receive waves and wind
from the beam, and, to reduce roll damping, all of which
increase the possibility of capsizing.

For the stability evaluation being developed by IMO,
different levels of analysis are developed, and for each one of
the failure modes mentioned in the above paragraph. If it is
determined that a mode is not likely to occur, then you have to
proceed to analyze the next mode of failure, see Fig. 1. These
criteria do not yet reach the category of mandatory by the
international maritime community, but they have to contribute
by testing this safety tool.
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Fig. 1 Evaluation according to the Second Generation of stability
criteria, [8].

There are several studies about the applicability of the
2GISC in fishing vessels. In Spain it was analyzed the
applicability of those criteria, [4], but with exception of
surfriding, it was concluded that criteria at level 1 were
acceptable, but disagreeing in the applicability of level 2 for
parametric balance and deadship. In the same country with a
similar fishing fleet, it was analyzed the use of criteria for loss
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ship so they start impacting from the side, with maximum
excitation moment in roll. The evaluation of this mode of
failure coincides with the meteorological criterion of IMO, in
the calculation of a parameter s that depends on the natural
period of roll.

Meteorological criterion considers quasi-static action of
the wind which produces a heel angle . After the ship

receives a wind gust, it is supposed that a wave train acts in the
opposite direction, which produces a heel angle of ; in the

ship. In this inclined situation the vessel has potential energy
to heel the ship, which corresponds to area a in Fig. 9. The
criterion compares this with the area below the righting arm
curve area b, which opposes the capsizing. If the second area
is larger than a, the ship is considered not vulnerable in this
mode of failure.

Fig. 9 Evaluation of meteorological criterion, [9]

For the integrations of area below righting arm curve, a
fifth order polynomial is developed, see Fig. 10. To estimate
the metacentric height, the slope at the origin is calculated with
values of righting arm GZ for heel angles below 10°.
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Fig. 10 Fifth order polynomial approximation of righting arm curve, [13]

Following in Table VI, results of this evaluation are
shown for loading condition 1, which are similar to those in
the second one.

TABLE VI
EVALUATION OF DEADSHIP CONDITION
Loading condition: port departure 1
w1 0.08 m
Iw 0.13m
9o 10.5[°]
k 0.7
X1 0.75
X2 0.915
Va-V/Aw(D-d)<1 r 0.661
7.951 sec.
S 0.093
01 13.0[]
02 50.0 []
Area a 0.023 m-rad
Areab 0.044 m-rad
Not vuInErabIe if Not vulnerable
area b >=areaa

F. Summary of results at level I of vulnerability

Applying IMO second generation stability criteria this
ship is not vulnerable to capsizing modes: Pure loss of
stability, Parametric roll, and, Deadship. But since the Froude
number of the ship is greater than 0.30, it is vulnerable to
Surfriding and Broaching, and must be checked in more detail
at level 11 of vulnerability.

IV. EVALUATION OF SURFRIDING AT VULNERABILITY LEVEL Il

A. Introduction

Following the scheme proposed by IMO Fig. 1, if a ship
fails to satisfy evaluation at first level of vulnerability, it must
be checked at level Il of that mode of failure. In this case this
ship must be evaluated in Surfriding. References employed for
this calculation from the Subcommittee on Ship Design and
Construction (SDC) of IMO are:

» Regulations for vulnerability level 1l of Surfriding: Annex
3, SDC 2/WP.4, 2015 [12]

» Corrections of wvulnerability level I
General, SDC 3/WP.5, 2016 [10]

» Explanatory notes for vulnerability level Il of surfriding:
Annex 5, SDC 3/WP.5, 2016 [10]

of Surfriding:

To evaluate the possibility of capsizing at level Il in the
surfriding mode, it is necessary to evaluate certain factors
named Cyij. In the pertinent IMO regulations these calculations
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(about 50 cm), the ship rides on the wave train in load
condition 1. In the second loading condition, there are also
possibilities that the ship may be captured by waves, but these
combinations are reduced compared with the first condition.

Fig. 17 Combinations of wave amplitude and length, and velocity that
can produce ship surfriding, [7]

F. Sensitivity of results

In [13] it was investigated the sensitivity of the previous
results, considering that the main variable is the velocity of the
ship. In table VIII, results for different speeds are shown for
both loading conditions. It looks that a small reduction in
velocity can take the ship from Vulnerable to Safe operation to
ride on the waves.

TABLE VIl
SURF RIDING SUMMARY RESULT

Load cond. Port departure Port arrival
Ship vel. [knots] C Result C Result
10 0.00066 Safe 0.00014 Safe
11 0.00322 Safe 0.00287 Safe
12 0.0054 | Vulnerable | 0.00478 Safe
13 0.0077 | Vulnerable | 0.00692 | Vulnerable

CONCLUSIONS AND RECOMMENDATIONS
The tuna fishing vessel analyzed in this work is not
expected to fail in the modes Pure loss of stability, Parametric
Roll and Deadship condition, since satisfies the requirements
at the first level of vulnerability of the new IMO intact stability
criteria. Also according to the present results, the ship did not

satisfy the requirement at the two levels of vulnerability of the
Surfriding, in the first load condition so she is prone to this
mode of failure; in the second load condition even though the
evaluation says that there is not failure, the coefficient is very
close to the limit. These findings are consistent with numerical
integrations from references [6] and [7], which concluded that
the ship is not expected to roll with large amplitudes in
parametric resonance, but if she receives waves from the stern,
they can capture the ship and obligates her to advance at the
wave celerity, in one of the loading condition, being close to
the failure in the second one. This is particularly dangerous,
since ship surfriding may be followed by broaching and
eventually to capsize. This confirms the usefulness of the
stability evaluation procedure in development by IMO.

It would be useful to perform numerical integrations of the
other two modes of failures, Pure loss of stability and
Deadship, with this vessel. To confirm that in those modes
results are also consistent with the evaluations at first level of
vulnerability of this new criteria, which establish that this ship
is not prone to those forms of capsizing.
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