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Extreme value prediction of ship roll motion response and
capsizing probability evaluation under combined effect of
wind and waves
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Abstract: A single-degree-of-freedom model was established to describe the roll motion of ships under
combined effect of wind and wave, then the accuracy of the numerical model was verified by model tests. The
time history of roll motion responses in various sea conditions was calculated by the numerical method. The
Gumbel method and average conditional exceedance rate (ACER) method were used to predict the extreme
value of ship roll motion response. Then based on the extreme value prediction theory, an efficient method for
evaluating the ship capsizing probabilities was established. The Monte Carlo method and Level 2
vulnerability criteria for dead ship stability were employed to validate the feasibility of the evaluation method.
The research demonstrates the suitability of both the Gumbel method and the average conditional exceedance
rate method in predicting the extreme value distribution of ship roll motion in various sea condition, while the

average conditional exceedance rate method has a higher accuracy. Compared to the traditional Monte Carlo
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method, the ship capsizing probability evaluation method proposed in this paper could ensure the accuracy
and improve the calculation efficiency. The research in this work could provide references for the dead ship
stability evaluation as well as for the safety of ships at seas.
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Fig.3 PDF of roll motion response amplitude in random beam wave (Case 2)

3 RETHRHAR

3.1 Gumbel FERETR

ST YRS R, AR A o) P A (AR v e i 1 A 3] A R S B B 2R SRS L
% T AR SR, 8 R DS 5 S R LA " T
BIPRS00 5 ® 4 AERALERSH
W32 4 Fis, &0 T RREC, 50 Tk, PRV Tab.4 Sea state parameters in numerical

S 3600 5. 4 R LR A5 S simulations
g B S PN i TR RN T et o — U ——

=X SR A E EWRGE B
S {85 149 55 o 7 Gumbel 9 6140 o i 3k B/ T i msh g
SRR N L, BUBMEE A =001, LK 3 9.00 3.50 1395 5%

WA I B . egEsEe) b S0 S0 1eso o

3 M I ILA RO S AEAS T IE 4 PR

TER] 4 rh, SR SEAT I Bk B R 8RR 4 = 0.01 FIEXl 7 (A, H 59004 B 2R 10 38 5 B dsd g (1)
R AR AR A T B REFE AR A, 1200 A 39.34°,  F BT RTAL, FEAAZE BEALER XURE TR T A RS 372 Sl 1 A (B
7£ Gumbel HER EI 4L BENSHAS BT LA R, (A R &R X IR LA SR RS A KA. B Gumbel J7
2 n] T PR A IR EAZ Sl N AR AE 5

it —2LBIE Gumbel J5 i B AR R SR AR A A ] S, X HSHEA TR 2 BE 43T . ARPE Gumbel HER
FI 4R R LA A5 0 EL A S0 o R B S8 w, MRS EOA 28085 TR (E 19 95% A7 X (1], 95%
A5 DX BT 4 5 B 5 Ak T TR AEL ) AL R S AN 2

K 5 on T BEALRE XU FP AR AAZE 1 3 250 F, N 10" DS BOREA 34519 Gumbel HE R %5
PR, BTN 95% BEAR XM L FRR. B ERTAL %550 T Ir iR AR SR AE A 39.34°0F, HOXG R Y
95% BAZ X 6] K (37.63°, 41.41°), WIARHHEEH 9.61%.,

st 04 — % PDF
- T - - &4 PDF
L RO -t * BAFIXE
\ ""Mnﬁ‘?{ﬁ . ,,’ 03}
Sl s o
= 2 =f 0.2
= g
T o
/,,l’ ’ 0.1
of A
s 0 :' s '
L 36 38 40/(0) 2 44
32 34 36 38 40 ) ! A o
) Pl 5 240 A 26459 19 Gumbel PDF (25 %R 95% {5
[l 4 Gumbel i HRHERAT (3E613) XML TR)

Fig.4 Predicted extreme value of roll motion by Gumbel Fig.5 Parametrically bootstrapped Gumbel PDF (stars indicate

method (Case 3) the upper and lower limits of 95% confidence interval)



%13 REMEAE . WURIRS A T AR BE me AR (AT - 7

3.2 ACER HiERETR
ST 2] T 0L T Y 50 4K EEE 5
M) 7 FsF 7, ) P AR 2 s (1 85080 22 ol 22 35 ACER
pREL, B 6 BT AR N 25 M LT R [ B Y 42 5
ACER pR%L. AT AL SRR AR AR, A
[F] i () 22 46 ACER PRESCZ [A] A i 22 57, R W
R S Z AT — 8 BRI . Y k= 3 B, &
5 ACER PRESTE B /55 3 Bl N AS PR & )38

15 20 25 30 35

T 7 £ 5. 85 25 e RO I B A0 5 T o
BWEARTE, PRI, 85I B T PR K6 55 ACER 5L (55613)
ACER3( TR KJ/I\%&&, N ID) PR R A T AR A A A Fig.6 Empirical ACER functions (Case 3)

{ELo EAh, MBI Ra] DU, fEAR (E 5w
PRI, 22550 ACER pREC ML T2k, MisEPs I Gumbel 4377 7E ACER BRES ] ik Xof iy — 4% L
£k, KW Gumbel 73 A7 BB AT B HA AR (E A o

IR LR B 2 = 0.01, 455 30(13) BRI E TR . % 5 P BEPURE KU Fh a4 3 21
T AE BT ACER pRE LA [A] RV XU Al 3 SRR AEL, 770 BV R FE B DX S B L, ] AR Sl S e P
FEa A Hd HEUE .

&5 AR k0 ny B ACER FFiEHURIEERE (HEHI3)
Tab.5 Predicted extreme value of roll motion by ACER method with different k and 1, (Case 3)

Wik o= 15° o= 16° no=17° no=18° o= 19° 7o = 20°
1 40.38° 39.72° 40.13° 40.03° 39.79° 39.42°
2 39.37° 39.23° 39.31° 39.74° 39.27° 39.17°
3 39.39° 39.24° 39.13° 39.30° 39.16° 39.15°
4 39.38° 39.25° 39.14° 39.11° 39.46° 39.09°
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Tab.6 Results of extreme value prediction of roll motion response of ship in different sea conditions
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Tab.7 Capsizing probability under different combined effects of wind and wave
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4 9.00 4.50 16.50 78.24% 79.50% 79.00%
5 11.00 3.50 13.95 0.22% 0.05% 0.08%
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