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(Gurley et al., 1997).
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K2 (1424 +6h,7) =1
K (8, +108h,” +36hh, + 6k, ) = a,
o[ 60R," +3348h,* + 223242,

K A A A R n R =
+60h,” +252h,” +1296h,” + 576, h, +24h, +3 )

2l 225 HIAEYE dY w2 o]y uEo
T3l7] gk mEkA A FHQA WHS 53«9}

5™, Yang et al. (2013)2 k3, hy o gk ZAEE

(2.25)

A A AT 2 226004 A Al pl~pl2E Table 2.100] A 2= o

ATH.

hy = plxa, + p2x a,a, + p3xay + p4xa,a,’
+pSxaa, + poxasa,’ + pTxa;’ + p8xa’a,’ + pIxaa,’

h, = pl+ p2xa, + p3xay + pAxa,’ + pSxala, + poxa,’

+pTxa + p8xaa + pIxa,' + plOxa'a, + plixa’a,’

Table 2.1 Coefficient for Eq. 2.26

5

+pl2xa,

(2.26)

Coeeficients For /3 For A4
pl 1.967e-1 -7.210e-2
p2 -1.646¢-2 3.176e-2
p3 1.809¢-2 -2.942¢-2
p4 7.438e-4 -1.790e-3
P> -9.209¢-4 2.348e-3
po -1.366¢-5 5.965¢e-5
p7 1.527¢-4 -6.282¢-4
p8 1.070e-5 -6.355e-5
P9 8.823e-5 -9.692¢-7
pl0 1.497e-5
pll 5.457e-7
pl2 6.049¢-9
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dfado] TJhsdeouw, 9 WHE Adigae uHAE AHE7HA
2357 WEol F540l Uehd Ao g ol & 4 U
2 AFoNAE uot 48 ALSELUETST (joint probability
E__ﬂ]

of da" FA

1 1,
_272.0_. exp —E u +F (228)

U»Z :J‘OwSu. (a))da)zj‘:a)ZSu (a))da):}/nu’2 (229)
2 22800 M gi= 49 BEHAE |, 2] 22904 S (w)=

ue 2HEHS ou 3t} g= 2 2298 EIHFHE 49 23

BEHE m,,E ol&std AT 4 JOom, Winterstein

(2.30)
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Ou  Ou
. O(u,u NG . P :
P(157) = B ( ,u)%zg(u’u) a?; 87;
o, on,
1 B |
& (&7 (me 2.33
:pl(u,d)g(g (m)) &"(¢7" (n)) 033
0 : 1
g(g (”R))

ﬁ(u,zk)

—— = AFFH|QF (Jacobian) P Y
a(ﬂR,UR)

T

Al 23300 A

AuEtd, 'S gwe IFFE gud. IFF =3 2
22302 RE £x2o 7 T 4 9o, Yang et al. (2013)S tHS-3}
2ol A5 AR

= =

u=g" ()= [NE@Drerém)| -[NE@ore-cmy| ~a @39

Moyl e p1-aty (2.35)

U 3
) =15b(a+-2)—a’, a=
! K 3, 3,
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22 E Ao I 9= Y
221 4% A4 29 g5 44

a8 g A Aot A MY 35, F AR =0l

3 ot} wEbA iy A
(wave crest)d] EEZE F3l, FAo] A Ho|EG Eold FES
o] g3t I Ay U FES 4HFSIA T Forristall (2000)0 A1 <]
el AHoJe= AF FH  (upcrossing) Al FHare] HUGo=
AoHm, WA Ao EExEE H AF T HIE  (average
upcrossing rate)2} FH ¥ FI HIE  (zero-upcrossing rate)e]
H&2AH E3E 4 9t} (Winterstein, 1988). 9 o] wE 1149

Exe Oe 2o yed 4 At

+

Pr(wave crest > z) = j;i =exp {—%[g“ (Z)T} (2.36)

0

f2= [ i = [ P(201 )i, 135>0 (237)
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_‘f;’:.ﬁR _ P(aoaﬁR)ﬁR
Jor [T P(ays i ) e

) (2.40)

(1995)0] At mwgl o] AlZF WHEFS F3 AAFo|y Cuomo

20079 A =AL o3l T F gou, gw Y5 B
=

S

9oz A5 A7 5o slAle) @

i,
1>
o

(slamming coefficient)E ©]-8-3F DNV (2010) 7}o] = Al A A
ARESEATE DNV (2010)= 54 Al ddi&Ed3 54 g dAlE

thest 2e 4 ol gatel AL

1 . 2
P, =§PCV 71kl =a, ] (241)

where C, =5.0 for head wave, 10.0 for 45° oblique wave

2l 241904 PE 54 4, O €9 ASFE uidd. ¢
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P(P)

Fig. 2.3 Slamming pressure distribution

(2.44)

Px”N = pCVO'uZ |:g'(g7l (ao )):Iz In N

P(P)dP,

0
1/N
5
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©
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Fig. 3.1 Geometry (left) and panels for computations (right) of offshore

platform

Table 3.1 Principal dimension of offshore platforms

Parameter TLP Semi-submersible
Column diameter [m] 19.52 29.00
Pontoon length [m] 41.48 43.50
Draft [m] 31.42 40.00
Displacement [ton] 35290 150000
Number of tendons (lines) 12 20
Total length of tendons (lines) [m] 1800 4267.14
Pre-tension [kN] 10960 1258
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Fig. 3.4 RAO (Response amplitude operator) of 7z for TLP (left) and semi-
submersible (right)
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(b) Semi-submersible platform

Fig. 3.5 QTF (Quadratic transfer function) of #z on P4
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\
1 A 2 . \ .
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Wave crest

(b) Semi-submersible platform

Fig. 3.8 PDF (Probability density function) of #z (left) and exceedance

probability of wave crest (right) on P4

Table 3.2 Statistical moments of probability distribution of 7z

Parameter TLP Semi-submersible
Sampled | Present Sampled | Present
Mean 0.19 0.20 0.27 0.28
Standard deviation 4.05 4.08 4.17 4.18
Skewness 0.48 0.52 0.41 043
Kurtosis 3.47 3.96 3.50 3.77
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Fig. 3.11 Conditional probability distribution of 7z given that 7z over Sm (left)
and 10m (right) on P4 for TLP

Table 3.3 Statistical moments for conditional probability distribution of 7z

Parameter Sampled data Present method
g >5m nr >10m nr>5Sm nr>10m
Mean -0.29 -0.52 0.00 0.00
Standard Deviation 3.72 4.33 3.50 4.26
Skewness -0.40 -0.29 0.00 0.00
kurtosis 3.61 3.30 3.23 3.14

FEEX AF5HJY Fig 3.102 AU&de =1 SEFE I
22 HolHES JAAE HYF o, Fig 3119 AEH
dolE el A4 2dg T3 FEEXO vyl yely Ao Fig
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(b) Semi-submersible platform

Fig. 4.4 Exceedance probability distribution of deck slamming occurrence in

3-hour without (left) and with (right) platform motion
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Abstract

Stochastic Approach on the
Prediction of Deck Slamming
Occurrence and Impact Pressure
for Offshore Structures

Hyunseung Nam
Department of Naval Architecture & Ocean Engineering
College of Engineering

Seoul National University

As the offshore structures operate in the harsh environments for oil
development, many studies have been conducted on the deck slamming
phenomenon. Deck slamming can cause a large impact on platform, thus the
prediction of this phenomenon is one of the crucial considerations in the
design stage of offshore structures. Therefore, many classification societies
recommend the rule and guidance regarding the deck slamming occurrence
and impact load for offshore structure. However, due to the nonlinearity of
wave elevation and platform motion, deck slamming is hard to predict based
on the conventional linear theory. From these reasons, model test and CFD
(Computational Fluid Dynamics) simulation are usually used to analyze the
deck slamming phenomenon. However, since these methods are time-
consuming and expensive, there have been some studies to predict the deck
slamming efficiently using statistical techniques.

In this study, a stochastic method is proposed to predict the deck
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slamming phenomenon, considering the nonlinearity of wave elevation and
platform motion. By using the statistical modeling for nonlinear relative wave
elevation, deck slamming occurrence and slamming pressure are estimated.
The nonlinear relative wave elevation is assumed as two-term Volterra series
based on the potential theory. By applying the Hermite-moment method to
nonlinear relative wave elevation, the statistical modeling for relative wave
elevation and velocity are conducted. The probability distribution of relative
wave elevation and velocity are derived from these statistical models and are
verified by comparing the time series of two-term Volterra series. Finally,
using the above probability distribution, the deck slamming occurrence and
impact pressure are estimated under the certain sea states.

The proposed statistical method is applied for TLP (tension leg platform)
and semi-submersible platform, and the total of 5 locations under the deck are
selected for the estimation of deck slamming occurrence and slamming
pressure. An analysis for the effect of the 2" order components of nonlinear
relative wave elevation on the deck slamming phenomenon is conducted. The
effects of platform motion on the deck slamming phenomenon are also
investigated through the comparison between results for TLP and semi-

submersible platform.

Keywords : Stochastic approach, Nonlinear relative wave elevation, Deck
slamming occurrence, Slamming pressure
Student Number : 2016-21131
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