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Abstract This study evaluates the stability of a 4.99-ton small coastal fishing boat using data interpreted according to the
second-generation intact stability criteria of the International Maritime Organization (IMO). The focus is on the ship's behavior under
surfriding/broaching conditions during sea navigation, ensuring compliance with international standards. The data processing procedures
presented apply stricter criteria than the first-generation intact stability standards to assess the ship's intact stability in waves. However,
if the vessel deviates from its standard condition, a separate intact stability assessment based on actual loading conditions is necessary.
The surfriding/broaching data processing procedures utilized a program developed by the Shipbuilding and Ocean Equipment Research
Center at Kunsan National University. The results were analyzed and compared in detail according to the conditions, parameters, and
criteria used for the calculations. Additionally, the study presents the results of Level 1 and Level 2 assessments according to IMO
regulations, providing a parametric analysis of the small coastal fishing boat's stability. This allows for the evaluation of intact stability
in hydrodynamic motion scenarios.tract.
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[ . Introduction

The International Maritime Organization (IMO) is
actively developing second-generation intact stability
criteria to address various stability failure modes,
including pure loss of stability, parametric roll,
surfriding/broaching, dead ship conditions, and
excessive accelerations. These criteria aim to enhance
the safety of ships navigating challenging wave
conditions, ensuring a higher level of maritime safety
[1-21.

The second-generation intact stability criteria are
structured into two tiers of vulnerability assessments,
utilizing both straightforward physical models and
advanced numerical simulation methods for direct
stability evaluation. Surfriding, a phenomenon where a
ship is caught by a wave from the stern and forced
to move with the wave’s speed, introduces significant
instability and can lead to uncontrollable turning,
known as broaching. Broaching is particularly
dangerous for high-speed vessels, such as destroyers
and fishing ships, especially in following and
stern-quartering waves.

During the 3rd session of the Sub-committee on
Ship Design and Construction (SDC), the vulnerability
criteria for surfriding/broaching at Levels 1 and 2
were established [1-2]. Surfriding is often seen as a
precursor to broaching; thus, the likelihood of
surfriding is used as a vulnerability criterion instead
of broaching. The Level 1 criterion involves a
straightforward assessment based on ship speed and
length, while the Level 2 criterion incorporates a
formula derived using the Melnikov method, stochastic
wave theory, and wave statistics, with the calculated
value compared against a safety threshold of 0.005.

An essential component of the Level 2 criterion
involves  estimating surfriding thresholds. Recent
advancements include several approximate formulas
based on Melnikov’ s method for predicting surfriding
thresholds in following regular waves [3-7, 8-111.
Additionally, researchers [8-9]1 have proposed an
analytical formula using a continuous piecewise linear

approximation, offering greater transparency compared
to Melnikov” s method.

Transitioning to numerical simulations in irregular
waves presents the challenge of identifying
surfriding/broaching phenomena. Belenky et al. [5]
proposed a method for detecting surfriding in irregular
waves based on wave celerity. This method involves
computing the point of maximum wave steepness on
the downslope of the wave nearest to the ship,
providing a robust framework for analyzing ship
stability in irregular wave conditions [12].

Fig. 1 A snapshot of surfriding(upper)/oroachinglower) in the
free running experiment (7).

This  study evaluating  the
surfriding/broaching mode among states vulnerable to

focuses  on

stability issues based on the most recent criteria of
the  second-generation  intact  stability.  The
International Organization’s (IMO)
second-generation intact stability criteria involve a

Maritime

structured assessment procedure using Level 1 and
Level 2 formulas. If a vessel meets the standard
Level 1 criteria, further evaluation steps are deemed
unnecessary. However, if the Level 1 criteria are not
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satisfied, a more detailed Level 2 assessment is
required. If the Level 2 evaluation also falls short, a
Direct Stability Assessment (DSA), corresponding to
Level 3, must be conducted The DSA can be
performed experimentally or through advanced
simulations.

This paper presents a detailed hydrodynamic model
ling and calculation procedure for a Level 2
assessment, following the latest draft defined by the
IMO Sub-committee on Ship Design and Construction
(SDC). This approach is employed in cases where
Level 1 criteria are not met, necessitating a more
rigorous evaluation. Specifically, the paper provides a
comprehensive presentation and calculation of Level 2
criteria, focusing on dynamic stability against waves.
The study utilizes the design data of a 4.99-ton
fishing boat, with the calculations implemented
through an in-house developed code. This detailed
assessment ensures a robust evaluation of the fishing
boat’s stability, particularly in surfriding/broaching
conditions, thereby contributing to enhanced maritime

safety.

II. Evaluation Procedures and Results

2.1 Level 1 Evaluation Procedure

The criteria for Level 1 vulnerability assessment
are determined by a boat’s length (LBP) and Froude
number (Fn). If the following conditions in Equation
(D) are met, the ship is considered not vulnerable to
surfriding/broaching.

Lgp = 200m or Fn < 0.3
v (1)

v 9Lgp

Fn=

where, Lgp : Ship length (m)
V : Ship speed (m/s)

g : Gravity acceleration (m/s?)

In Level 1 criteria, the Froude number guideline
takes into account that surfriding is likely to occur
when the ship’s speed (V) meets the conditions
outlined in Equation (2).

> - v -
Viknot) 2 cos(180—a)

Here, a represents the angle of the wave incident
on the bow. When « is 0 degree, it constitutes a
head wave. Assuming ¢ is 180 degrees (following
wave), the Froude number, Fn is transformed
according to Equation (3).

1.8 X 0.5144

Vg

Fn > =0.296 = 0.3 (3)

Equation (3) is considered the minimum threshold
defining the ship’s stability state transitioning into a
surfriding condition.

2.2 Level 2 Evaluation Procedure

The Level 2 vulnerability assessment determines
that the ship is not susceptible to surfriding/broaching
if the following Equation (4) is satisfied.

C= Rsp (4)
where, Kgp = 0.005
c=L)
Hs T,
W2(Hg, T,) : Weight factor of short-term
sea state (Table 1)

Nx Na
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where, v=10.425, 7, =1.0867,
s;+ Wave steepness
7, :wavelength to boat length ratio

N;
@=3
i=0j

1 ianZan(rj,si)
i o ifFn < P, (rjrs;)

=

wUCZ,j
0

where, Fn : critical Froude number

Table 1. Wave scatter diagram

Tz(s) —> Hsim) 55 7.5 95 115 135

05 86 634 37 1 0
15 96 7738 2376 161 5
25 198 6230 4860 645 34
35 3B 327 5099 1114 84
45 6 13 3858 1275 131
55 1 498 2373 1126 151
65 167 1258 826 141

0
75 0 52 594 525 112
85 0 15 256 297 78
95 0 4 102 152 48

2.3 Level 2 Evaluation Procedure

In the case of this fishing boat, the length, L is
less than 200m. Therefore, it is clear that it does not
satisfy  the
surfriding/broaching.

Considering  the  evaluation
surfriding/broaching, the Froude number, Fn for this
boat has been computed and presented in Fig. 2.
According to IMO second-generation intact stability
criteria, it is apparent that this boat does not meet
the vulnerability standards for surfriding/broaching
when navigating at speeds exceeding approximately
6.35 knots (Fn=0.3).

criteria - for  vulnerability  to

criteria for

2.4 Evaluation Results of Surfriding/Broaching Mode
in Level 2 Vulnerability Criteria

In the context of the Level 2 vulnerability
assessment, a comprehensive analysis was undertaken

to calculate and assess the resistance values,
specifically the total resistance (RT). This rigorous
evaluation aligns with the stringent regulations
stipulated by the International Maritime Organization
(IMO), particularly concerning the potential failure
modes of surfriding/broaching.

o e o o
S N o o =

Froude number (Fn)
e o o Qo
— N w - w

Ship speed (knots)

Fig. 2. The Froude number, Fn of a 4.99-ton fishing
boat. Level 1 Vulnerability of boat length = 12.10m.

Table 2. Specification of a 4.99-ton fishing boat

Parameters
) alue Remark
(Unit)
LBP }
) 12.10 Length between perpendiculars
m
Midship
location 0.0 Midship position at longitudinal-axis
(m)
Displaceme )
256 Displacement
nt (ton)
D_prop ;
0.96 Propeller diameter
(m)
Vs )
15.0 Ship speed
(knots)
We (-) 0.15 Approximate wake fraction

tp () 0.15 Approximate thrust deduction factor
Number of Single-axle : 1,

propeller Twin-axle : 2
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The  determination  of  resistance  values,
encapsulated in the fotal resistance parameters, is a
pivotal component in understanding the ship’s
response to hydrodynamic forces and environmental
conditions. The findings and calculations, presented in
a detailed and comprehensive manner in Fig. 3,
contribute to a nuanced comprehension of the ship’s
performance characteristics and its compliance with

the established safety standards outlined by the IMO.

Table 3. Sectional area variable of a 4.99-ton fishing boat

Sectional Area
X Area d_x X Area d_x

(m) (m?) (m) (m) (m?) (m)

-6.450 1783 0429 0000 2387 1.002
-6.050 182 0443 0605 2344 0951
-5445 1892 0465 1210 2295  0.899
-4.840 2155 0499 1815 2305  0.847
-4235 2387 0548 2420 2203 079
-3630 2500 1.312 3025 1967 0744
3025 2560 1.261 3630 1635 0692
2420 2583 1.209 4235 1311 0.64
-1815 2567 1.157 4840 08%2 0589
-1210 2534 1.106 5445 0478  0.566
-0605 2447 1.054 6050 0256 0545

6.550 0.140  0.526

where,

x(m) : Sectional position at longitudinal-axis based
on midship

Areas(m2) : Sectional area of submerged portion at
each x position

d_x(m) : Local draught at each x position

25000
20000
15000 //
10000

5000

Total Resistance (N)

046 055 064 073 082 091
Froude number (Fn)

Fig. 3. The total resistance, Rr of a 4.99-ton
fishing boat.

In conducting the Level 2 vulnerability assessment,

- 90

a accurate computation of the propeller thrust
coefficient for the current boat was undertaken and
provided in Fig. 4. This assessment aligns with the
stringent regulations outlined by the International
Maritime Organization (IMO), particularly in the
context of surfriding/broaching failure mode. The
propeller thrust coefficient serves as a pivotal
parameter in evaluating the boat’s propulsion

efficlency, a critical factor in determining its

susceptibility ~ to  potential  surfriding/broaching
scenarios.
04
o Y
0.3 ‘\%“'\w
= S
v 0.2 «-A,Nu\
0.1 A S,
Sac

02 03 04 05 06 07 08 09 1
J

Fig. 4. The propeller thrust coefficient, KT against the
propeller advanced ratio, J of a 4.99-ton fishing
boat.

Utilizing the IMO’s Level 2 calculation formula, the
results for the coefficient (C) relative to Froude
number (Fn) have been compiled and are visually
represented in Fig. 5 The complicated analysis
reveals that under the condition of Fn < 0.8617 (Vs <
18.25 knots), the vulnerability criteria are deemed
satisfied. Conversely, when Fn = 0.8617 (Vs = 18.25
knots), the vulnerability criteria are not met. Given
the boat’s operational speed of 15.0 knots, it is
discerned that the criteria for vulnerability are
deemed satisfied.

0.02

0.015
v Unsatisfied

0.01

i e e e e & I S

0&r-O-0-0-L=
0.83 0.84 0.85 0.86 0.87 0.88 0.89 09
Fn

Fig. 5. The Level 2 calculation results for a 4.99-ton
fishing boat.
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Tables 4 and 5 present the results of this

assessment,  offering insights into the ship’s
susceptibility to these critical failure modes across
various conditions. By aligning with IMO regulations,
this  evaluation  contributes to a  thorough
understanding of the boat’s operational characteristics,
ensuring compliance with international safety standards
and enhancing overall maritime safety during its

operational life.

Table 4. The Level 1 vulnerability assessment results
for a 4.99-ton fishing boat

Level 1 criteria  Principal dimension  Result

L > 200m L =121.0m Vulnerability

Vs < 6.35 knots
(Fn < 03

Vs = 15,0 knots

Vulnerability
Fn =071 (> 0.3

Table 5. The Level 2 vulnerability assessment results
for a 4.99-ton fishing boat

Level 2 assessment Boat speed Result

Vs < 18.25 knots

(Fn < 0.8617) 15.0 knots

Vs > 18.25 knots (Fn = 0.71)

Vulnerability
(Fn > 0.8617)

III. Conclusions

Implementing the elaborate regulatory framework
delineated by the International Maritime Organization
(IMO) for the restoration of capabilities, an exhaustive
and detailed assessment was conducted to evaluate
the surfriding /broaching vulnerability of the 4.99-ton
fishing ship. This comprehensive examination spanned
across both Level 1 and Level 2 evaluations,
incorporating a multifaceted array of parameters
aligned with the precise stipulations set forth by IMO
second generation intact stability. The objective was
to quantify the boat’s resilience or to potential
surfriding/broaching failure mode.

Within the Level 1 vulnerability assessment, a
profound exploration was undertaken, centering around
the boat’s length and Froude number. These key
parameters, recognized as fundamental in gauging a
boat’s susceptibility to
phenomenon, were analyzed and cross-referenced.

surfriding/broaching

The intricate results, documented and presented in
Table 4, incontrovertibly prove the boat’s vulnerability
to these failure mode under diverse operational
conditions. ~ This  comprehensive  interpretation
underscores the significance of a holistic examination,
one that takes into account not only the physical
dimensions of the boat but also its nuanced
hydrodynamic response to varying environmental
conditions.

Transitioning to the Level 2 assessment, the
investigation ~ extended to  more  complicated
parameters, such as the boat’s resistance and thrust
coefficients, attuned to the intricate standards
stipulated by IMO regulations. This phase of the
evaluation sought to delve into the nuanced
hydrodynamics governing the boat’s propulsion and
resistance  characteristics,  pivotal  elements in
determining its vulnerability to surfriding/broaching
mode. The outcomes of this analysis are methodically
summarized in the exhaustive details presented in
Table 5. These results provide a comprehensive on
the boat’s vulnerability, factoring in the intricacies of
its operational speed and its consequential impact on
surfriding/broaching mode.

In granular terms, the Level 2 findings bring to
light a dynamic categorization: the boat is deemed
vulnerable to surfriding /broaching mode when its
operational speed surpasses the specified threshold of
18.25 knots. Conversely, the boat is considered secure
from these modes when navigating below this
stipulated speed. The actual cruising speed of the
ship, gauged at 15.0 knots, aligns commendably with
the Level 2 assessment criteria, offering a robust
adherence to IMO standards and attesting conclusively
to the boat’s safety from potential surfriding/broaching

phenomenon.
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