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Second order surface correction(%�)is calculated by equation 1
[1]
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(1) 

The second order kinematic is determined by differentiating the 

2
nd

 order potential velocity (G�): 
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The 1

st
 order kinematics along z-coordinate are determined by 

   

constant stretching (left), Wheeler stretching (middle) and 

linear extrapolation (right)
[2]

, while for 2
nd

 order wave 

kinematics, only Wheeler and linear extrapolation are used. A 

cut-off frequency (ωcut) is introduced when Wheeler 

(ωcut=4ωp)
[3]

 and linear extrapolation (ωcut =�2H/PE)
[4]

 are 

applied to 2
nd

 order kinematics. 

 
The irregular seas are established from JONSWAP wave 

spectrum. Significant wave height (Hs) and spectral peak period 

(Tp) are taken from metocean analysis. In equation 1 and 2, 

Establishing 2
nd

 order irregular wave requires the harmonic 

component from 1
st

 order irregular wave. For 1
st

 order irregular 

wave, the harmonic amplitudes (%)*) are determined randomly 

utilizing Rayleigh distribution with σi
2
 = s(ωi) Δω

[5]
. Harmonic 

frequency(�) is established by equidistance interval 

whileharmonic phase is determined by a random number which 

is uniformly distributed between 0 and 2π. 

Dividing a 3-hour simulations is into 9 20-minutes simulations 

increases the freqeuncy interval. As a result, the required 

components decrease from 10,800 to 1,200 for 3-hour 

simulation with ∆� = 0.50. Futhermore introducing ωcut 

decreases the required number component from 1,200 to 220. 
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First Order Part - σζ
2 = 8.92

Second Order Part - σζ
2 = 0.12

ωcut = √(2g/Hs)

FEM Jack-Up CJ62 

Legs are represented by detail 

finite element model. For 1
st

 

order sea: 

• Cd=1.15 and Cm=1.2 for z≤ 2m 

• Cd=1.15 and Cm=1.6 for z>2m 

While for 2
st

 order sea: 

• Cd=1.05 and Cm=1.2 for z≤ 2m 

• Cd=0.65 and Cm=1.6 for z>2m 

Constant Wheeler Linear Ext. 

Objectives  

� Compare the empirical distribution of sea surface from 2
nd

 

order irregular wave with Forristal wave crest distribution 

� Compare the 2
nd

 order irregular wave kinematics with Stokes 

5
th

 wave kinematics 

� Compare the quasistatic response of 2
nd

 order irregular wave 

with Stokes 5
th

 wave response 

� Analyze the dynamic response of 2
nd

 order irregular wave  

� Observe several strategies to reduce the computational time: 

spool-to-extreme method, linear-to-extreme method, 

combination 1
st

 order and 2
st

 order kinematics along the z-

coordinate, calculating the wave kinematics on coarser grid. 

 

Introduction 

For time-domain simulation, simulating 2
nd

 order irregular wave 

produces better accuracy than 1
nd

 order irregular wave though 

it requires larger computational time. Therefore, strategies to 

reduce computational time is analyzed. However, the second 

order model is firstly compared to Forristal distribution and 5
th 

Stokes wave to verify the model.
 



 
Simulation  

 The simulation is based on flowchart: 

 

For verification purposes, Hs=14.9m and Tp=15.8s, which is the 

seastate on previous thesis by Evardsen
[6]

. The result of second order 

surface: 

 

The local maximums and global maximums are gathered and sorted to 

create the empirical CDF. The empirical CDF is compared with Forristal 

crest distribution
[7]

. High frequency components induce deviation in 

the lower tail (left figure). However,introducing a ωcut changes the sea 

surface process from broadbanded into narrowbanded (right figure) 

and significantly decreases the lower tail deviation.  
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The comparisson of horizontal velocity is presented as: 

 
The linear extrapolation on 2

nd
 order wave produces the kinematics 

that agree well with 5
th

 Stokes. However, linear extrapolation on 1
st

 

order wave greatly overestimates the result. The comparisson of 

quasistatic baseshear (left) and overturning moment (right) on sinlge 

cylinder are presented as: 

 

It seems applying Wheeler stretching on 2
nd

 order wave will 

underestimates the static baseshear and overturning moment. In 

addition, the linear extrapolation on 1
st

 order wave greatly 

overestimates the result. The analyisis will be continued with Jack-up 

model.From metocean analysis, it found that the H100 = 24.8m, C100 = 

15.5m, Tmean = 14.6s.  
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(Current) Conclussion  

� Below sea surface, 2
nd

 order horizontal velocity 

from is smaller than 1
st

 order’s due to 2
nd

 order 

difference term 

� Introducing the ωcut changes sea surface process 

from broadbanded to narrowbanded which 

decreases the deviation on lower tail CDF 

� Linear extrapolation on 1
st

 order kinematics 

greatly overestimates the horizontal velocity 

while Wheeler stretching on 2
nd

 order kinematics 

underestimates the result. 

� For baseshear and overturning moment, 

Wheeler stretching on 2
nd

 order kinematics 

underestimates the result while linear 

extrapolation on 2
nd

order kinematics produces 

result close to 5
th

 Stokes result. 


