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e Exceedance probability distributions of the free surface p
elevation and force signal

* Average shape of measured inline forces
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The New Force model
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The New Force model — 2" order K .
contribution

FUH)=4F) +F, (2)

1.5
0 0 0
Mew For
Fﬁ) =onR*Cy f(ugz) + u(l}ug) + w(l)ugl))dz + pRCp fu(l)|u(l)|dz 1 _FS‘;(g‘]’ ce
ew rorce
—h —-h
0 0
=
2 1 1 2 1 | i)
+pnR*(Cyy — l)f(u( )wg Ndz + pnR Cngvfcuf ), LE
“h o
Second order wave kinematics based on -1 . . , , .
-15 -10 -5 0 5 10 15
second order wave theory of Sharma and Dean t(s)
(1981)

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures




K &~ Innovation Fund Denmark
Model teStS \-._.-« RESEARCH, TECHNOLOGY & GROWTH
E 1:50
1o}
5 o  ocp wetor ronking it
> T Wave absorber :E,,‘*Le’j‘;':ﬁf’b’“"’"g o
= |
7.3 1o |

—
-3

Stokes' 5 or
stream function 3

H=T-=
5 p
7.8m, 11.85 |4
0O 74m,126s |

98m,11.8s
O 92m,151s

10.3m, 15.1 s|]
4 B1m,122s |7

6.1m,12.6s
a4 71m,124s 3
A 70m 147s |
A& 76m, 14.7s
4 B1m,89s

breaking limit

Sﬁaf.lo'v{\w‘at‘er‘"

Stream function
[ A

h=20m and 33m 10 Ly

[
L

I

F

0.001

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures




/4 .
Exceedance probability distributions ofk & Innovation Fund Denmark
o

. . RESEARCH, TECHNOLOGY & GROWTH
the free surface elevation and force signal

Deep water ing limit
] r HL = 0.14
10°
o
- g%E
=£a Stokes' 5 or
%E g stream function 3
Tw  BAF T o
[l : == H
.__3 167 - 7.6m,11.8s |
i T s 74m, 1265
T 58m, 11.85
e S 92m 151s
103m, 151
61m, 1225
M 61m,126s
= 10 7Am, 1245
B 7.0m, 1475
- - i T6m 1475
0.4 0.45 05 61m, 89s
L 1 B n T S R Y
0.001 02
. HS=' T!): q
7.8m 11.8s |
~7.4m 126s
98m, 118s
. 92m, 151s |
103 m, 151s ]
61m 122s |
681m, 126s
71m 124s |
~70m, 147s
——76m, 147s |
61m 89s |
—
10‘3? ..... : .\“II'
" L
------ i L 1
0 05 1 2 25 3

£/(pghR?)

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures




Exceedance probability distributions Ofk
the free surface elevation and force s

10°4 =
107 s =
= i, N
[a T i k9
+%
_._4,\ *T
1073 "
0 0.05 0.1 0.15 0.2 0.25 0.3
+ | +

F/(pghR?

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures

*

RESEARCH,TECHN

Innovation Fund Denmark

OLOGY & GROWTH

Stokes' 5 or
stream function 3

Hid = 0.78

T Shalow water

! hreaking limit

0.45 0.5

H=, Tp= U
7.8m, 1185 K
74m 126s
98m, 118s
92m,151s
103m, 1515
61m, 1225
61m, 126s
7im, 124s {
70m, 14.7s
76m, 147s
6.1m, 89s

02

p F; < F 3 H, h
pghR = pghte) =/ g2’ gT?

% =A (1 —exp (—1.53’1’%))

- [Goda et al. 1976]

2.5 3




i J,a’ Z. :
Exceedance probability distributions ofk & Innovation Fund Denmark
\\-._.-"

. . g RESEARCH, TECHNOLOGY & GROWTH
the free surface elevation and force signal
F/(pghR?)=0.8 F/(pghR?)=1.0

sl

10 b

HIL, (-)

10

HIL, ()

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures




—

= Innovation Fund Denmark

RESEARCH, TECHNOLOGY & GROWTH

—F)/F

max

-15 -10 -5 0 5 10 15

DeRisk — De-risking of ULS wave loads on offshore wind turbine structures




The average force shape
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Conclusion

For the considered sea states

* The probability distributions of the force peaks are function of F/{pghR?),
H/(gT7?), h/(gT,?) > possible to estimate the probability distributions of the
force peaks from stocastic variables of the sea states.

 The normalised force shapes are function of F/(pghR?), h/(gT ?), t/T,.

* For moderate nonlinear waves The New Force model of second order predicts
the shapes of well.

Planned future work

* To predict force shapes of more nonlinear waves, more advanced wave

models should be used together with the New Force model.
* Include multidirectional waves in the analysis
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