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Introduction and Motivations

¢ Offshore wind energy appears to be promising
for alternative energy.

® The design of offshore wind turbine foundations
Is a challenge for the engineering community.

® Ascour hole gives considerable effect on the
dynamic behaviour and the stability of the wind
turbine.

Wind turbine foundation
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Objectives
* To provide a practical approach by which the scour depth

around a vertical pile exposed to long-crested (2D) and

short-crested (3D) nonlinear random waves plus a current
can be derived.

This is achieved by using

* the scour depth formula presented by Sumer and Fredsge (2002)

combined with

* the wave crest height distribution based on second order theory
by Forristall (2000)
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Scour in Regular Waves plus a Current

Scour depth formula (Sumer and Fredsge, 2002) for random waves plus current

S

5 =C(l-exp[-q(KC, . —T1)]) for KC_ . =>Tr

q - 003+ O75U<:2W?’ms r= GeXp(_4'7UCWFmS) Ucwrms = Uc /(Uc +Urms)

KCrms = UrmsTp /D Waves

6

T, : the spectral peak period

U.: RMS value of the undisturbed near-bed orbital o =
velocity amplitude. i | P
U. : the current velocity
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Assuming that the equations above are also valid for regular waves
if KC,, and U, are replaced by KC and U.
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Scour in Non-linear Random Waves

® For Stokes second-order waves, the nonlinearity is primarily caused by the
larger velocity under the wave crest (crest velocity).

Assumptions
® The wave motion is a stationary narrow-band random process.
® The scour depth formula for regular waves is valid for irregular waves.

® The sea-state has lasted long enough to develop the equilibrium scour
depth.

® The highest wave crests are responsible for the scour process.
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Stochastic Method

The expected (mean) scour characteristics for the (1/n)" highest
wave crests:

c

E[Y (W)W, >w,, |= an (W, —w,,,, )dw,

Y represents the scour variable, S and P(W,) is the probability density
function (pdf) of the non-dimensional non-linear crest height (W,).
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Example Calculation

Flow Conditions

Significant wave height, H, = 3m

Mean wave period, T, =7.9s, corresponding to w, =0.795rad/s

Water depth, h =10 m

Current speed, U, =0.2m/s

Median grain diameter (coarse sand according to Soulsby, 1997, Fig. 4), d;, = 1mm
s = 2.65 (as for quartz sand)

Pile diameter, D=1.0m
Ucwrms, = Uc/ (Uc+Urms) =0.196
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Scour depth (waves alone) (m)

Sinear 0.250

Sop 0.303

S3p 0.322
Scour depth (waves plus current) (m)

Siinear 0.335

S.p 0.377

Ssp 0.393

® The effect of the current is to increase the scour depth.

® For waves alone and for waves plus current the effect of nonlinearity is to
increase the scour depth

® For the waves plus current, the nonlinear to linear ratios for 2D and 3D
waves are 1.13 and 1.17, respectively.

® Short-crested waves (3D) give slightly larger values than long-crested
waves (2D) due to the smaller wave setdown effects for 3D than for 2D
waves in finite water depth.
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Conclusions

® A practical stochastic approach for estimating the maximum scour
depth around circular vertical piles due to long-crested (2D) and short-
crested (3D) nonlinear random waves plus a current has been given.

® An example of calculation demonstrates that the effects of current and
wave nonlinearity are important.

® The scour depth is only slightly larger beneath 3D nonlinear waves
than beneath 2D nonlinear waves due to the smaller wave setdown
effects for 3D than for 2D waves in finite water depth.

® The present approach should be useful as a first approximation.
Comparisons with data are required before a conclusion regarding the
validity of this approach can be given.
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Deep water: Finite water depth: 7 N

Total 2D waves
—— — — Total 3D waves
—4—¢— 2D difference frequency effects

——&— 3D difference frequency effects

Sketch of difference-frequency effects and total height of wave crest
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Forristall (2000) Parametric Crest Height
Distribution

A two-parameter Weibull distribution with the cumulative
distribution function ( cdf ) of the form

P(w,) =1—exp{—(\%¢ajﬂ} ;w, >0

The Weibull parameters « and g were estimated from
the fit to the simulated data.

o,y =0.3536+0.2892S, +0.1060U , o7 H
2D Waves ; 5, =" s
B, =2—2.1597S, +0.0968U 2 g T,
o, =0.3536 +0.2568S, +0.0800U U. — H.
3D Waves ; R =773
Pyp =2—-1.7912S, —0.5302U , +0.284U; 1
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Shields Parameter

0 ‘m 0 Tms
m =

~ pg(s—1)dy, ™ " g (s—1)dy

7., . the maximum bottom shear stress under the wave crest for individual random waves.

T.ms - the rms value of bottom shear stress for individual random waves.

/
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Stochastic Method

E| 6, (W,)|w, >W,, |= n(ﬁa)z_d F(1+ % In nj
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s (M) 1.06
k, (rad/m) 0.09
S 0.031
Ur 0.370
aop. Pop 0.4018. 1.9468
a:p. Pp 0.3911. 1.7874
AJTH.‘:T 1{}33
L:;'IH.‘:T {}83:
cwrms 0.196
L:;ma-'x( erma+ ["Tc} 0.804
AJTHS"IEE:I' 12390
c.d 0.112. 0.25
KCims 6.5
B 0.22
&nnaﬂﬁn,_’ﬂ ‘ 0.807
grrrm:-rzi.r'n,ﬁﬂ 0.850
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