APPLICATION OF SEMI-EMPIRICAL PROBABILITY
DISTRIBUTIONS IN WAVE-STRUCTURE INTERACTION
PROBLEMS

Authors:

Amir lzadparast
Research Engineer, Research and Development Group, SOFEC Inc.

Prof. John Niedzwecki

Wofford Cain '13 Senior Chair of Engineering in Offshore Technology,
Department Head, Civil Engineering Department, Texas A&M University

ASME FLUIDSENCINEERI
2012 S MER R :

2012 Puerto Rico, USA =




Wave-Structure Interaction

Extreme
Environment E:>

Benign
Environment

Www.renewan

SOr-ecC

-

www.offshore-mag.com

www.sincerelysustainable.com



Wave Structure Interaction
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Parametric Probability Distributions

e Structural Form

e Parameters

Example:

3-parameter Weibull Distribution

o x—7/5_1
Probability Density Function (PDF): f(x)==|—=| exp| -

o
Cumulative distribution Function (CDF):  F(x) =1—9Xp[—(x_7/j }

Quantile function: X(u)=7/+’f[—|”(1_’“‘)}]/(S
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Probability Distribution Estimation Approaches

SO

Gleoretical Approach

Structural form:

model.
Parameters:

Qodel.

Obtained from a mathematical :> <:

Obtained from a mathematical
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émpirical Approach

Structural form:

Selected from standard
probability distributions.
Parameters:

Estimated from sample data

s\tatistics.

~

/

Structural form:

model.
Parameters:

Qtatistics.

Gemi-Empirical Approach\

Obtained from a mathematical

Estimated from sample data
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Weakly Non-linear Random Variable
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Quadratic Rayleigh: Model Development

Probability distribution of crests in a linear narrow-banded
random process (Rayleigh)

fg(x)z%exp[—gj, x>0

2

S, =y+al+p¢° a>0
! Random variable transformation rule

xa | (x-a)
fr (x)= 2'BR;(exp SR j x>y
F, (x)_l—exp(—(;élggz) J ;(z(az +4,B(x—7/))]/2

x, (u)=y 28R In(1-u)+a (-2RIn(1-u))".
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Quadratic Rayleigh: Extreme Analysis

Theory of ordered statistics:

¢, Mmaximum in N crests &,

Asymptotic form:

N—>w
N

fen (X)=NF, (X)[
(x)=| F,

| (x)} N-1

lim [an (x)]N =F, x;aNj For large number of waves

J Gumbel distribution

F, (x)= exp[—exp(— x;aN

N

with dy =X, (l——
parameters :>

a, =y +2BRIN(N)+a(2RIn(N))

by =2pR+a(R)"(2In(N))



Quadratic Rayleigh: Distributions
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Quadratic Rayleigh: Empirical Parameter Estimation

Method of Moments Method of L-moments
Equating the first three distribution Equating the first three distribution L-
moments with their corresponding moments with their corresponding
sample moments. sample L-moments.

Distribution Moments: Distribution L-Moments:
1 1 . N .
1 (X) =j0x(u)du n=1 ﬂn(X)zjox(u)ﬂ_l(u)du, P (u)zan,kuk
k=0
1 : . () (n+k)!
X)=|(x(u)- du n>1 =
Sample Moments: Sample L-Moments:
- 1 & LN
,u1(X) = Nzxi Zn+1(X) = an,kluPW,Z,k (X)
i=1 k=0
. 1Y Y A (N-1Y X (-1
ﬂn(X):_Z(xi_/Jl) IUPW,Z,n(X):N ' Z XN
N3 n IETAL



Quadratic Rayleigh: Empirical Parameter Estimation

Method of Moments Method of L-moments
1, () =y +2BR+a(2R)"T(3/2), (&) =7 +2BR+a(2R)*T(3/2),
1,(¢,) = 4R +a B(2R)° T (3/2) AA¢,)= BR+a(R)" (2 ~1)T(3/2),

+2a’R(1-7/4),

u(£,)=168°R+9(2) " af R T(3/2)+  A{¢,)=a(R)*(2 ~3+(8/3)"|r(3/2)
12a° BR* (1-T7%(3/2)) BR

+a3(2R)3/2(21“3(3/2)—%1“(3/2)]. ’
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Example 1: Weakly Non-linear Wave Crests

Quadratic Rayleigh model justification:

Second-order stokes theory for Narrow-banded waves:

Surface elevation:
2

1(x,t)=a cos(kyx—awyt + &)+ koza C0S2(kyx — ot + )

Wave

:/llearn.uci.edu crests: k -
o ek () =smol-rfe) — TRR

Semi-empirical models:
§,=r+al+pg”

L /(x)=(/R)exp(~*/2R) —> Quadatic
Rayleigh

http:}/W;/vw.istockphoto.com
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Example 1: Model Test Data

Draft 28.50 m
Column Diameter 8.75m
Column Spacing 28.50 m
Pontoon Height 6.25m
Pontoon Width 6.25m
H T
. . S p

Design Storm Description ) () s

S, 100 yr West Africa 4.0 16.0 2.0

SOr-ecC

Courtesy of OTRC

13



Example 1. Sample Results
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Example 2: Wave Power Resources

I U.S. Offshore Wave Energy Resources

Background:
° Iong term mean wave power |
5 e a5 R
D ,Og PE 2 ~ o EREN .
P = 0 4rf nn(f) f__ﬂ I H . _._fﬂ?&'ﬁf. | %}:
E> E:ZE,SF(S) | | <
Empirical model: EPRI Repor

e Based on an empirical joint probability distribution of wave height and

period (Myrhaug et. al.).
Theoretical model:

e Based on the theoretical joint probability distribution of wave height and

period and linear wave theory (Izadparast and Niedzwecki).

SOr-ecC 15



Example 2: Wave Power Resources

Quadratic Rayleigh model justification:

Instantaneous Mean Normalized
Wave power Wave power Wave power
2 2
_ P
Deep water: B,='Og TH® = prg T\H! = p,===p¢°
327 64 g
3/2 _ 3/2
Shallow water: P :,OgTd]/sz = P ='OfG dH} = p, :521342
Semi-Empirical  =y+ BL7
Model: )
fr(x)= (x/R)eXp(—x /ZR)
R=40
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Example 2: Wave Power Resources
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Concluding Remarks

Semi-empirical models are introduced as a data analysis tool for estimation of
probability distribution of non-linear random variables.

Semi-empirical models could:

- Improve the flexibility of theoretical model in capturing the probability distribution of
data,

- Provide some insight about the physical process.

Development of Quadratic Rayleigh distribution is discussed:
« Model structure development,

« Extreme statistics,

« Parameter estimation.

As examples, the application of Quadratic Rayleigh distribution on probability
distribution estimation of two random variables, i.e. weakly non-linear wave crests,
and wave power, were studied.
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Weakly Non-linear Random Variable

Perturbation expansion of weakly non-linear variable:

=9 1MWy 1. — Stokes Expansion

2

§, =66, +&6,{+E 5+

Vs

(=r+al+pSt a=0, A0 a

&

Random variable o £ (X)Zf;(ng(gn)’éVn :x) —(G((n),gn :x)

transformation rule
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