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ABSTRACT
Breaking wave impacts on a monopile at 20 m depth are
computed with a VOF (Molume Of Fluid) method. The impacting
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the Danish Horns Reef 1 wind farm, the subsequent impact fror
these vertical flows lead to severe damage on the horizontal i
spection platforms (Damsgaard et al [1]). The platforms)-co

waves are generated by the second-order focused wave groupstructed from gratings, were placed 9.0 m above the mean w

technique, to obtain waves that break at the position of the
monopile. The subsequent impact from the vertical run-up flo
on a horizontal inspection platform is computed for fiveadéht
platform levels.

The computational results show details of monopile impact
such as slamming pressures from the overturning wave fiot a
the formation of run-up flow. The results show that vertidat{

form impacts can occur at 20 m water depth. The dependence

of the vertical platform load to the platform level is dissad.
Attention is given to the significant downward force thatuwcc
after the upward force associated with the vertical impaite
effect of the numerical resolution on the results is assksEke
position of wave overturning is found to be influenced by tiee g
resolution. For the lowest platform levels, the verticapmat is
found to contribute to the peak values of in-line force anérov
turning moment.

INTRODUCTION

The majority of todays offshore wind turbine farms are
placed on monopile foundations. The foundations are stibjec
to the harsh environment at sea, including violent impacish f
breaking and near-breaking waves. Such impacts are alee ass
ciated with strong run-up along the sides of the monopile. At

1

ter level and were either blown away from their support frame
or the entire support framework was blown away (Frigaard et a
[2]).

The unexpected loads on the platforms have motivated
number of laboratory studies on the run-up on monopiles{1) 3
and the associated vertical loads [2,5, 6]. Gravesen [7kde\a
design procedure based on the run-up heights.

CFD computation of wave impacts on monopiles have beel
undertaken by several authors, with a main focus on then-li
force and overturning moment. Christensen et al [8] presknt
results for regular wave forcing of a monopile on a sloping se
bed. Bredmose et al [9] conducted a numerical reproduction ¢
two extreme events from a physical test of wave impacts on :
gravity base wind turbine foundation. One of the events tead
a wave-in-deck type impact on the inspection platform, wher
the interaction with the structure caused the body of thenmai
wave to impact on the platform. This lead to a strong oventigrn
moment, associated with the strong pressure that occuritbe i
corner between the vertical pile wall and the horizontatfptan.

While the average depth at Horns Reef 1 is up to 14 m, the
installation depth for many newer offshore wind farms in the
North Sea is 20-30 m. This motivates an investigation in® th
possibility for similar violent platform impacts at thesarder
depths. For example, the shape of breaking wave frontsds dif
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ferent in shallow and intermediate depth. While in shallow-co
ditions, the height of the overturning crest can span a laeye
tion of the total depth, the breaking in deeper water is Ugwal
more local 'white-capping’ phenomenon at the front of theveva
crest. For design purposes, the magnitude of the vertigahan
force and its dependence on the vertical level of the platfisr
important.

In the present paper, 3D CFD computations of breaking
wave impacts, run-up and subsequent platform impact are pre
sented at a depth of 20 m. The study is a continuation from
Bredmose & Jacobsen [10] who studied breaking wave impacts
from focused wave groups on a monopile with a diameter of 5 m.
In the new study, the incident wave description is extendeoh f
linear theory to second order, to achieve a more steadymise i
crest height up to the focus point. Computations of wave thpa
run-up and subsequent platform impact are undertaken fdr 5 d
ferent platform levels. At the highest level, the platfosbarely
reached by the run-up flow, while at the lowest level, the ichpa
is of the wave-in-deck type, where the main body of the wave
touches the platform. Results for vertical force on thefptat
as function of platform level are presented. Further, the-co
tribution from the platform-impact to the global in-lineré@ and
overturning moment is discussed. The grid dependence oéthe

FIGURE 1. The physical domain. Only the right half of the domain
is shown due to symmetry. The platform is positioned 10 m above the
mean water level and marked by red colour.

sults is assessed in terms of a reference computation omadefi The physical domain is shown in figure 1. Only half of the
grid. The results indicate that the position of wave ovening is domain is shown due to symmetry in the lateral direction. The
influenced by the grid resolution. monopile has a diameter @ = 5.0 m. The inspection plat-

Despite this influence from the numerical grid, the results form is placed 10 m above the mean water level with an oute
for the present wave impacts show that at a depth of 20 m, the diameter of 8.0 m. In the present study, the platform is @bnsi
vertical impact force varies strongly with the platformééviFor ered to be fully impermeable and five different platform levaf

levels that exceed 9 m, the computed vertical peak forcesfare 7, — (6.04,7.08,8.96,10.0,12.08) m, measured upwards from
magnitude 51 kN or smaller. For a platform level of 7.09 m, a the still water level are chosen for computation.

vertical peak force of 95 kN is found, while at a platform leek
6.04 m, the vertical force is 380 kN. For this platform leve t
pressures from the vertical impact contribute significatdlthe
peak in-line force and overturning moment.

Second-order focused wave groups

A JONSWAP spectrum with a peak periodf= 13 s was
chosen. The impacting waves were achieved in terms of focuse
wave groups, where all the linear components of the digereti

PHYSICAL TEST CASE AND WAVE CLIMATE spectrum are phase-tuned to have a wave crest at the fo@us loc
Newer offshore wind farms in the North Sea are typically t'r?n xolat the focus t'meﬁ' IIZ_or the free surfgce elevationand
placed in less shallow conditions than at Horns Reef 1. Fier th (e velocity potentiap, the linear part can thereby be written

reason a depth of 20 m is chosen for the present study. While a
sloping sea bed in shallow water is known to induce wave break N

ing, we here choose a horizontal bed. Hereby, the only mech- n®xt) = Z apcos(kp(X—Xo) — wp(t —to)) 1)
anism to make the waves break is the focusing process, where p=1
a number of irregular wave crests coincide at one locati@h an x 2t) % coshky(h+2)
forms a large-amplitude nonlinear wave. O Costioh coshkph

We note that this method may not generate the most severe
breaking events. On the other hand, by studying events ithat o x sin(kp(x—xo) — wp(t ~to)) @)
break due to the focus effect, we remove one parameter from
the definition of the physical test cases. Further it is gdéng where (ap,bp) are the spectral amplitudes at radian frequency
to find out if the focusing effect alone can lead to impacthwit  wy, k; is the associated linear wave number &hig the number
severe vertical loads. of frequencies. The vertical coordinaandn are measured up-
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wards from the still water level arfdis the still water depth. The
spectral amplitudesay, bp) are connected through the relation
by, = gay/wp whereg is the acceleration of gravity.

Bredmose & Jacobsen [10] used the focused wave group
technique to generate breaking wave impacts on a monopile
foundation. The first-order wave field (1) was enforced atsa di
tance from the monopile and propagated into the domain under
influence of wave nonlinearity. As discussed by numerous au-
thors (e.g. [11], [12]), the enforcement of only the lineaave
spectrum leads to generation of spurious second-ordersastve
the sum- and difference frequencies of the linear companent
While the true second-order solution consists of wave compo-
nents at these frequencies that are phase-locked (bourid to
linear waves, enforcement of only the linear spectrum wield
a second-order wave field of both bound and free waves. In
this situation, the low-frequency components may causmexti
dependent modulation of the mean water level through the do-
main which can potentially disturb the focusing effect bgiun-
tion of premature breaking. Such premature breaking was ob-
served by Bredmose & Jacobsen [10], leading to a hon-smooth
transition towards a fully breaking wave.

To overcome the problem of spurious long waves, second-
order focused wave groups were applied in the present study.
The second-order solution is given by Sharma & Dean [13]. For
the first-order field (1), the solution for the free surfacevation
reads

@) 1 N N

n (Xat) _Zi;;]_[
Ti aiaj cos( (ki —kj)(x—xo) — (@ — @) (t —to))
+Ti aaj cos((ki +Kj) (Xx—Xo) — (& + w))(t —to)) ]

3

where the kernel functiong;", T;;" depend on the wave numbers
and radian frequencies for componentnd j and are given in
Sharma & Dean [13]. A similar solution for the second-order
velocity potential can be found in this paper too.

The spectral amplitudes, applied in the present computa-
tions are shown in figure 2. The plot shows the linear as well as
the second-order amplitudes of the free surface elevafiaut-
off frequency of 0.20 Hz was applied. Further, the linear evav
spectrum was discretized with only 16 components, to reduce
the computational effort for the double summation in (3).r-Fu
ther, the symmetry ifi, j) was utilised to reduce the summation
range by a factor of two.

Due to the special choice of phases for the components of the
focused wave group, see (1), all the spectral amplitudeseaie
Figure 2 further illustrates that the second-order surgtfeacy
components have positive amplitudes, while the difference
frequency components have negative amplitudes. Thus tige lo
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FIGURE 2. Spectral amplitudes of the incident wave field. Linear and
second-order components.

trough in the focus point, while the linear spectrum and tipes
harmonic bound waves have a crest.

COMPUTATIONAL MODEL

The numerical model is a Navier-Stokes solver for the
incompressible two-phase flow of water and air in a three-
dimensional domain. The solver is part of the open source CFI
toolbox OpenFOANMR) released by OpenCFD L@&], version
1.5. The interface between water and air is representedghro
the VOF (Volume Of Fluid) technique (Hirt&Nichols) [14] tha
allows computation of wave overturning, wave breaking amd r
up. A special toolbox for wave generation has been develaped
allow numerical generation of a range of wave theories. iBeta
on this toolbox and its validation on standard test casesean
found in Jacobsen [15]

The computational domain is identical to the physical do-
main of figure 1 and was discretized with a grid of 691000 cells
in 22 blocks. A global coordinate system was defined withiorig
at the still water crossing with the monopile centre and \thih
x-axis pointing in the direction of wave propagation. Thedgri
is shown in figure 3 and was gradually refined from the offshore
boundary towards the monopile. In the vertical directioquie
coarse grid spacing was applied close to the sea bed, wiile t
region fromz= —5 m to the upper boundary a&= 15 m was dis-
cretized with uniform spacing at a finer resolution. In ti@gion
the computational cells at the face of the monopile had adfize
approximately d x rdf x dz= (0.12x 0.18 x 0.21) m®. Alter-

bound waves associated with the focused wave group has a wavenate grids for different platform levels were obtained bstHer

3

Copyright (© 2011 by ASME



n [m]
LI\I)OI\JLCDOO
T |

FIGURE 3. Numerical grid forzy = 10 m. Top left: Top view of

full grid. Top right: Side view of the monopile and platform with ver-

tical discretization. Bottom: Close-up on monopile and platform. The

platform is marked by red colour.

addition of an internal wall boundary between two layersedfsc
at the platform level and with a horizontal extent equal te th

platform geometry. Hereby the grids for all platform levedsre

identical except for the placement of the platform. This weéy
grid construction is the reason for the odd values of platfor

level of (12.08,10.0,8.96,7.08,6.04) m. Slip-wall conditions
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FIGURE 4. Incident wave field. Comparison of CFD solution and
second-order theory.

were applied at the sea bed, the lateral boundaries, thepileno
wall and the under-side of the platform. At the top boundary a
outlet condition that allows water and air to leave the cotapu
tional domain was applied.

The incident waves were generated inside a relaxation zon
that stretches fronx = —3125 mto x = —1725 m, which is
about one wave length. Within this zone, the incident waud fie
(1)—(3) was enforced after each numerical time step accodi
the update formula

'-,Uupdated: a ‘I’target"‘ (1 - a)‘pcomputed (4)

where represents the velocity and voids ratio fields ghgget

is the desired incident wave field. The coefficients varied
smoothly from unity at the offshore end of the relaxationeon
to zero at the inner end of the zone. Behind the monopile, fron
x =525 m to the downstream boundary»at 1525, a similar
relaxation zone with a target solution of still water was lagap
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FIGURE 5. Snapshots of free surface and pressure field at cylinder
wall and deck during impact far, = 12.08 m. The colours show the
pressure in [Pa].

to absorb the waves.

RESULTS
Incident wave field

Prior to the 3D computations, 2D computations of the inci-
dent wave field were carried out. With the present discrétina
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FIGURE 6. Time series for vertical force on platform (upper panel),

in-line force (middle panel) and overturning moment (lower panel).
zp = 12.08 m. Time instants for snapshots in figure 5 are marked by
vertical dotted lines.

of the spectrum, a focus point &= 0 m att = 60 s was cho-
sen and the amplitude of the linear signal was adjusted tinetil
second-order boundary condition lead to a wave that ovestur
and initiated wave breaking at the position of the monofilme
series of the resulting wave field are shown in figure 4 for fife d
ferent positions in the domain. The plots also show the sicon
order prediction of the wave field offered by (1)-(3). The two
first positions ak = (—300, —170) m are placed at the upstream
end of the offshore relaxation zone and just outside theatilan
zone, respectively. For both positions a good match betwheen
second-order signal and the computational wave field is.seel
Further into the domain, at= (—100 —50) m, a good match

is observed for the smaller waves and for the main crest of th
wave group. At these locations, however, the troughs of fie C
results are less deep than for the second-order solutiaseltib-

Copyright (© 2011 by ASME



FIGURE 7. Upper panel: Wave shape and centre-plane air flow ve-
locities prior to impact fozp = 8.96 m. The colours show the air speed
in [m/s]. Middle and lower panel: Pressure field at two instants during
the impact. The colours show the pressure in [Pa].

servations also apply for the focus positionxgE 0 m. Further,

at this position and at= —50 m the second-order time series is
seen to contain some high-frequency components which are no
present in the CFD solution. This difference in high-freaue
content might explain the difference in the trough elevatnd
may be due to insufficient spatial resolution of the shoktestes.

]
1

N
T

Fvertical [N]
N

0
_2 L
55 60 65
t[s]

60
t[s]

65

6‘0
t[s]

65

FIGURE 8. Time series for vertical force on platform (upper panel),
in-line force (middle panel) and overturning moment (lower panel).
zp = 8.96 m. Time instants for snapshots in figure 8 are marked by
vertical dotted lines.

However, for the main focused wave crest elevatior -at0 m,

a fine match between the second-order theory and the nurneric
solution is observed. The 2D incident wave field was chosen fo
all the 3D impact computations of the present paper.

Platform level of 12.08 m

Figure 5 shows four snapshots of the wave impact for a plat
form level of 12.08 m. Time series for the vertical force oa th
platform, the global in-line force and the global overtmgimo-
ment are shown in figure 6, where the time instants of the fou
shapshots are marked by vertical dotted lines.

The frame ot = 58.8 s shows the wave front prior to impact
at an early stage of overturning. At 589 s, the overturning
crest has impacted on the monopile front and generated a pr
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4r
p
z 2
g
§ 0
Lo
_2,
55 60 65

t[s]

55 60 65
t[s]

55 60 65
t[s]

FIGURE 10. Time series for in-line force (upper panel), overturning

moment (middle panel) and vertical force on platform (lower panel).
zp = 6.04 m. Time instants for snapshots in figure 9 are marked by
vertical dotted lines.

are likely to be grid-dependent, as violent wave impacturess
are generally strongly sensitive to grid spacing. For tlse ken-
sitive integrated measure of in-line force, Bredmose & baco
FIGURE 9. Upper panel: Wave shape and centre-plane air flow ve- sen [10] demonstrated that the present grid resolutionffs su
locities prior to impact foz, = 6.04 m. The colours show the air speed ~ cient for grid-independence. For the platform level of 820,
in [m/s]. Middle and lower panel: Pressure field at two instants during the platform is only reached by minor amounts of water. The
the impact. The colours show the pressure in [Pal. vertical force is small, with a magnitude for the maximumueal
of 27 kN, see figure 6. An example of run-up water in touch with
the platform is visible in the fourth frame frotn= 59.6 s.
nounced slamming pressure on the cylinder face. The maximum From the time series of figure 6, the maximum in-line force
in-line force is reached dt= 59.0 s. At this instant the run-up  is 2.1 MN. A significant rise in the in-line force, from 1.7 MN
process has been initiated, visible as a thin sheet of wathr w  to 2.1 MN is associated with the arrival of the overturning
no significant pressure situated above the region of stropgct For the overturning moment, a similar rise from 23 MNm to the
pressure. In the numerical solution, the pressure has aitadgn maximum value of 34 MNm is seen. This highlights the signifi-
of 100 kPa. Note, however, that the numerical pressuresrshow cant forces associated with breaking wave impacts.

7 Copyright (© 2011 by ASME



Platform level of 8.96 m

For the smaller platform height af, = 8.96 m, snapshots
of the flow and time series of the vertical platform forcelime
force and overturning moment are shown in figure 7-8. This
platform level is lower than the run-up height of the impautl a
a vertical impact on the deck is obtained. As the incidentanav
identical for all the three cases of platform height, théahim-
pact with the monopile is identical to the casezgf= 12.08 m.
Hence the snapshots for the present case are chosen tathust
the flow associated with the platform impact.tAt 59.2 the first
run-up water has reached the platform level and lead to #alini
rise in vertical deck load. The maximum vertical load of 51 kN
occur between = 59.4 s andt = 59.5 s and is associated with
significant pressures in the corner region between the nilenop
front and horizontal deck. The frame of B% shows the impact

at a more evolved state where the main wave has moved away

from the structure. The vertical deck force is close to zato,
though the sheet of run-up water is still present at the mib@mop
front. This is also the case for= 60.2 s. Further, at this instant
the vertical force on the platform is negative-{20 kN). This
downward force is associated with the exit flow of water after
contact with the platform and is a normal feature for wave-in
deck impacts, see e.g. Kendon et al [16].

Platform level of 6.04 m

Computational results for the platform levelzf= 6.04 m
are presented in figures 9—10. This level is very close tortst ¢
elevation of the incident wave and the impact obtained isethe
fore almost a wave-in-deck type impact. Alreadyt at 59.0 s,
the time of maximum in-line force, significant pressuresuwan
the platform, caused by the run-up of water. The region ofpre

2% 10
zp=12.08 m
z =10m
= 2f P
Z z =8.96 m
= p
£ zp—7.08m
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FIGURE 11. Comparison of vertical platform impact force (upper

sure exposition becomes larger as the impact evolves, as see panel), in-line force (middle panel) and overturning moment (lower

fort =59.1 s. The overturning moment and vertical force are
maximum att = 59.2 s. At this instance a strong pressure is

seen underneath the platform. The magnitude is about 85 kPa,

which is about 40% of the still water hydrostatic pressurthat
sea bed. The vertical force on the platform is significarghgér
than for the previous cases with a maximum of 380 kN. The co-
incidence of time for the peak values of overturning momeut a
vertical force indicates that the platform impact leadsnadra
crease in the the overturning moment. As for the previous,cas
a strong downward force on the platform occur after thedhiti
upward load. At = 59.8 s, the downward force is at its maxi-
mum of — 200 kN. The corresponding frame shows that there is
widespread contact between the fluid and the platform.

Comparison of impacts, forces and moments

Comparative plots of the vertical platform force, global in
line force and global overturning moment are shown in figure 1
Results from two additional computationszyf= (7.08,10.0) m
are included.

panel) for the five different platform levels.

As expected, the vertical impact force is largest for the
lowest platform levels. Fogz, = (6.04,7.08) m, the com-
puted vertical peak forces ar€380,95) kN. These values
make out (18%,5%) of the typical peak in-line force of the
middle panel, respectively. For the platform levels zf=
(8.96,10.0,12.08) m, the maximum vertical force is 51 kN or
smaller for the present computations. Subsequent to the ma
positive vertical impact force, allimpacts show a downwfarde
that decays slowly towards zero. This downward force is@sso
ated with the exit flow away from the platform.

Time series for in-line force are compared in the middle
panel. Until the impact with the platform, the in-line forbés-
tory is identical for all the computations. Fag = 6.04 m, the
vertical impact at the platform leads to a slight increaséhi
in-line force from 213 MN to 219 MN. The additional in-line
force is due to the horizontal action of the pressure in thaeo
between the platform and the monopile front caused by the vel

Copyright (© 2011 by ASME



tical impact. Further, from the time series plot, the dunatdf
the maximum in-line force is increased. This leads to areiase
in the impulse load on the monopile. Similar, though less sig
nificant behaviour is seen for the casezpt= 7.08 m, while the
higher platform levels do not lead to changes of the in-lored.

The dependence of the maximum overturning moment to the
platform level is similar to that of the in-line force. Theffdr-
ences due to the platform impacts, however, are amplified due
to the long moment arm for the horizontally acting pressimes
the corner between the monopile and the platform. Thus for
Zp = 6.04 m, the platform impact leads to an increase in over-
turning moment from 32 MNm to 37.4 MN with associated
extension of its duration. The same effects applyzfoe 7.08 m,
although less pronounced due to the weaker vertical impast p
sures.

Assesment of grid effects

Bredmose & Jacobsen [10] found that a grid with a cell
size of d x rd@ x dz= (0.18 x 0.18 x 0.31) m? on the face
of the monopile was sufficient for practical convergencehef t
inline force from breaking wave impacts. The present grid of
691000 cells is a refined version of this grid with a cell site o
0.12x 0.18 x 0.21 n? on the monopile face. Grid-independency
of the results has been assessed by reproduction of thearase f
a deck level of 8.96 m on a further refined grid where all cell
sizes where reduced by a factor of 1.4 in all three directions
The resulting grid consists of 1924000 cells with a cell sfe
0.087x 0.13x 0.15 n? at the face of the structure. On that grid
a maximum inline force of #1 MN and a maximum overturn-
ing moment of 39 MNm were found. However, at this refined
grid, the point of wave overturning occur at a position down-
stream of the monopile, as illustrated on figure 12. Hereby th
two numerical grids lead to two different wave impacts andt a d
rect comparison of the subsequent platform impacts hagelimi
value. While on the fine grid, a set of computations with an-over
turning wave of similar nature as those of the coarse gricbean
obtained by adjustment of the incident wave amplitudesp@ro
grid convergence requires identical boundary conditi@ngtie
different grids. A clarification of the grid-sensitivity tfie point
of overturning and the achievement of fully grid-indepemtde-
sults is thus left for future work. We note that although grid
convergence for the present computations has not beemettai
the results do provide a consistent data set for the studgrtif v
cal platform impact from an overturning wave and the infleenc
of the platform level.

SUMMARY AND DISCUSSION

A numerical investigation into monopile wave impacts with
subsequent vertical impact on inspection platforms has bae
ried out for a depth of 20 m. The impacting waves have been
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FIGURE 12. Solution for a platform level ot, = 8.96 m obtained
on a refined numerical grid. The wave overturns at a point dowmstrea
from the structure.

obtained by application of second-order focused wave group
Two-dimensional test computations of the incident wavegha
been undertaken to decide on the final linear amplitudesinFhe
cident wave was chosen such that an overturning impact woul
occur at the front of the monopile. A comparison of the numeri
cally generated waves to the second-order wave generégioal s
has shown a good match for the crest elevation of the main wav
in the focus point.

For the impact on the monopile, a maximum in-line force of
2.1 MN and a maximum overturning moment of 34 MNm have
been found prior to the vertical deck impact. A sharp risestas
the maximum loads occur at the arrival of the overturningaevav
front. For the conducted computations, the subsequentampa
with the horizontal platform leads to vertical forces of magde
51 kN or smaller, for platform levels that exceed 9 m aboue sti
water level. Larger forces with notable contributions te th-
line force and overturning moment have been found for lowel
platform levels. For a platform level of 7.08 m above stilltera
level, a vertical peak force of 95 kN has been found. This @iab
5% of the maximum in-line force for that particular impacarF
the smaller platform elevation of 6.04 m, an almost waveleck
type impact occur with a maximum vertical force of 380 kN and
with significant contribution to the overturning moment bét
structure.

It should be noted that the present computations have bee
carried out on a grid that resolves the region around the pitano
with cells of size d x rd@ x dz= (0.12x 0.18x 0.21) m3. While
Bredmose & Jacobsen [10] found that the in-line force was con
verged at slightly coarser resolution, a dependency to thie g
resolution for the position of wave overturning has beemtbu
Grid-convergence for the shape of the impacting wave and th
results for inline force, overturning moment and verticatkl
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loads has therefore not been demonstrated on the presént gri “Extreme wave forces and run-up on offshore wind turbine
and is left for future work. foundations”. In Proc. Copenhagen Offshore Wind.

While the wave impacts of the present study are overturning, [9] Bredmose, H., Skourup, J., Hansen, E. A., Christenser
it should also be noted that more violent wave impacts might E. D., Pedersen, L. M., and Mitzlaff, A., 2006. “Numerical
occur for other phase combinations of the linear wave compo- reproduction of extreme wave loads on a gravity wind tur-
nents than applied here to obtain a crest-focused wave.i-Mult bine foundation”. In Proc. 25th Int. Conf. Offshore Mech.
directional waves or special topography may lead to the emer Arctic Engng., ASME.
gence of impacts of larger violence and thus larger loaddient  [10] Bredmose, H., and Jacobsen, N. G., 2010. “Breaking wav
monopile and the inspection platform. impacts on offshore wind turbine foundations: Focused

Despite these notions, the present computations illgstinat wave groups and cfd”. In Proc. 29th Int. Conf. Ocean Off-
potential of CFD calculation of violent wave loads. While sim shore Arctic Engng., ASME.
pler methods such as the Morison equation [17] often givalgoo 111 Hunt, A., T?ylor, P., Borthwick, A., Stansby, P., andhge
estimates of the forces on monopiles from non-breaking safie T 2_004' Phas.e Inversion anq the.|dent|f|ca.t|on of”har-
moderate amplitude, impact loads of the present type carot monic structure in Coastal Engmeenng_ experiments”. In
estimated with this approach, as the vertical load-geimgyélow Proc. 29th Int. Conf. Coast. Engng., Lisbon 2004, B. L.
is a result of wave-structure interaction. Further, as twical Edge, ed., ASCE, pp. 1047-1059.
impact loads are of short duration and generate shortidorat ~ [12] Bredmose, H., Hunt-Raby, A., Jayaratne, R., and Biloc
contributions to the overturning moment and in-line fortteg G. N., 2010. _The_ |deal_fl|p7thr“ough Impact: experimen-
vertical impacts may be able to excite structural ringingrax- tal and numerical investigation”J. Engng. Maths., 67,
pected high frequencies. An accurate prediction of suctsiis pp. 115-136. Special commemmorative volume for How-

therefore important for practical design. ell Peregrine. o
[13] Sharma, J., and Dean, R., 1981. “Second-order dineatio

seas and associated wave forceSacity of Petrolium En-
gineers Journalpp. 129-140.
[14] Hirt, C. W., and Nichols, B. D., 1981. “Volume of fluid
[1] Damsgaard, M., Gravesen, H., and Andersen, T. L., 2007. (vof) method for the dynamics of free boundariesd.
“Design loads on platforms on offshore wind turbine foun- Comp. Phys. 39.
dations with respect to vertical run-up”. European Offghor  [15] Jacobsen, N. G., 2011. “A full hydro- and morphodynamic
Wind, Berlin, Germany, EWEA. description of breaker bar development”. PhD thesis, DTU
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