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Abstract

This study assesses the risk of parametric roll in large container ships and examines the feasibility of
applying a cloud-based ship safety operation service based on that assessment. Actual accident cases were
analyzed to confirm the potentially severe consequences of parametric roll. We then derived approximate
probabilities of occurrence by analyzing the relationship between the vessel’s natural roll frequency and the
wave encounter frequency. To evaluate the accuracy of these approximate calculations, the results were
validated against previously reported Computational Fluid Dynamics (CFD) simulations and additional CFD
simulations performed for the KRISO Container Ship (KCS) hull form. For risk assessment, we propose
four indices: (1) Roll Motion Amplification Index (RMAI), (2) Probability of Occurrence (PI), (3)
Exceedance Probability (P_exceed) relative to safety limits, and (4) an integrated Risk Level Index (RLI).
In particular, RMAI is referenced to the +25° safety limit specified in the International Maritime
Organization (IMO)’s second-generation intact stability guidance. Based on these metrics, we propose a
method to compare live ship environmental data with a CFD result database in the cloud to evaluate
parametric-roll risk in real time. The proposed service architecture comprises three layers - data collection,
risk analysis, and user service - enabling operators to monitor parametric-roll risk intuitively via a
dashboard and alarm system. Finally, we discuss how integrating the proposed framework with Artificial
Intelligence (Al)-based predictive analysis could extend the functionality and practical utility of cloud-based
safe-navigation services.

Key words : Cloud service, Ship safe navigation service, Predictive analysis, Parametric roll, IMO’s
second-generation intact stability guidance
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<Table 1> Major Container Ship Accidents Related to

oI5t Mut ol 25 MH|A Tt o7
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CMA CGM G. Washington

Category (2018, MAIB) ONE Apus (2020, JTSB) Maersk Essen (2021, DMAIB)
Date & - Jan 20, 2018 - Nov 30-Dec 1, 2020 - Jan 16, 2021
Location - North Pacific Ocean - NW of Hawaii - Pacific Ocean, near Hawaii
. - Severe roll up to ~20° - Severe roll >20° - Severe roll 26°-30°
Accident . . . .
Summa - Collapse of several container - Chain collapse of container - Collapse of container stacks
v bays stacks Causes (Reported / Probable)
- Para@etrlc roll (suspected / - ParametTlc roll (exposure / - Parametric roll (resonance /
Causes possible) uncertain)
. . confirmed)
(Reported / - Cargo weight errors - Risky course & swell .
. L. - Stability loss at wave crests
Probable) - Weak lashing & poor system  direction . .
. o - Lashing design exceeded
use - Nighttime, poor visibility
Container - 137 lost - 1,841 lost - ~689 lost
Damage / Loss - 85 damaged - ~983 damaged - ~258 damaged
Notable - Small-scale but multi-factor - Record container loss - Occurred under non-extreme
Features accident - Major disruption sea states
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<Table 2> Main particulars of the KCS
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<Table 3> Calculation Conditions for Predicting
Parametric Rolling

4.115
°) 180, 0

115, 161, 230, 276,
345, 391, 460, 506

Ship speed (m/s)

Encounter angle (x,

Wave Length (A, m)

0.5, 0.7, 1.0, 1.2,
A/LBP 1.5, 1.7, 2.0, 2.2
Wave Height (m) 23
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Main particulars Full Scale <Table 4> Detuning Analysis for Parametric Roll in
LBP (m) 2300 Following Seas
Breadth (m) 32.2 A k a) @®e detuning T Te
Draft (m) 10.8 (m) (I/m) (rad/s) (rad/s) (%) (s) (s)
Displacement (m3) 52,030 115 0.05464 0.7320 0.5072 +40.12% 8.58 12.39
KG (m) 14.34 161 0.03903 0.6186 0.4580 +26.56% 10.16 13.72
Kxx/B 0.45 230 0.02732 0.5177 0.4547 +11.95% 12.14 13.82
Kyy/LBP 0.25 276 0.02276 0.4727 03788 +4.66% 1330 16.58
Roll period (s) 34.72
345 0.01821 04226 03477 -3.94% 14.87 18.07
Choi et al.(2025)9] <ATolX & KCSE e 391 0.01607 0.3970 0.3303 -8.59% 15.83 19.02
P ] }_7_] 2 slol Zo X8k 7]o] 9] n
= Advsh 2elA she) dejsh Adup deje] v 460 0.01366 0.3660 0.3098 -14.41% 17.17 20.28
o1 A/BP7} 05, 0.7, 1.0, 1.2, 1.5, 1.7, 2.0, 22
506 0.01242 0.3490 0.2979 -17.70% 18.01 21.09
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<Table 5> Detuning Analysis for Parametric Roll in

Head Seas
A k 7} we detuning T Te
(m) (I/m) (rad/s) (rad/s) (%) (s) (s)
115 0.05464 0.732 0957 +1644 858 6.57
161 0.03903 0.619 0.779 +115.3 10.15 8.06
230 0.02732 0.518 0.630 +74.1 12.14 9.97
276 0.02276 0473 0566 +56.5 13.30 11.10
345 0.01821 0.423 0498 +37.5 14.87 12.63
391 0.01607 0.397 0463 +28.0 15.83 13.57
460 0.01366 0366 0422 +16.7 17.16 14.88
506 0.01242 0.349 0400 +10.5 18.00 15.0
598 0.01051 0.321 0364 +0.6 19.57 17.25
690 0.00911 0.299 0336 -7.1 21.03 18.68
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<Table 6> Overview of the simulation conditions
used in the CFD model

Wave AL Wave period (s) @, / @,
1.7 15.74 2.56
22 17.93 221
Head sea
2.6 19.55 2.01
3.0 21.01 1.86
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[Fig. 3] Mesh configuration and boundary
conditions of the CFD model (adopted
from Choi et al., 2025).
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[Fig. 4] Time series response of roll angle under each case.

Time (s)
aFQlth oF 50% o]Felle FAg FFHo] WA
sl HFEHOZ +18°(peak-to-peak SF 36°)°l ©]

2 o9 Z AZ2] parametric roll #AFo] el
Hedth ol 2§ Furot af T3] vt
20182 27 z7o] A5}, Z& %7] 9|go]
A& o7 FEE= HYZHQl parametric roll 7]
TS HoFE

Case 494 % %7]
=27 ﬂ@gao@
(peak-to-peak SF 1.39°)2 A|THZ <l =0
ok ol &% Fuk W7F 1860 ¥
A "oy glol, 7] Al dedxE &
parametric roll®] LAYSEA] ¢k Z1 o7 A FH ),

N

+200] gk o] % &2 wf
AA SHS £1.5°
|

Fgatd, 2 Aveld FAE ul 7 o
zdel Wt o AEdeld A 27 o
£2°0] A B9 FHET} RoHgeE BT
skl & =A% AR W Afels BE &
wol WA et gl ZEe fA8kA

Be 3 Foe v

3 M A 27
4 Z1-9] parametric roll
= i 3 Sto] BRHY
o} olelst A= parametric rolle] WA o -7}
%27] ZARYE gy Asxgo] Fus B
Joll ojall A= AS

A el SRl A A3

=
HolFm, Abd &

AFHAG A A



Metel parametric roll gM IS

o]

o) (<3}

H

o

KN =
=] o

gt

A2 S F parametric roll A 7HsAd ol
k= AlAl A3el CFD AlE#E oA AdE
Sl <Table 7>3 Zth

n

<Table 7> Comparison between Detuning Estimate
and CFD Results

Wave A(m) detuning (%) CFD results
230 +11.95% Yes
Following 276 +4.66% Yes
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<Table 8> Detuning Analysis for Parametric Roll
in Following & Head Seas

detunin, RMAI
Wave A (m) %) J %) RLI
230 +11.95 120 High
Following ~ 276 +4.66 110 High
sca 345 -3.94 85 Moderate
391 -8.59 60 Moderate
Head sea 598 - 75 Moderate
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[Fig. 6] User Interface for Ship Safe Navigation Service.
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