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ABSTRACT

WindFloat concept is a recent innovation that appears beside the main categories of offshore wind turbine. The structur-
al design of such structure is not explicitly given in the classification societies rules. This paper gives a methodology to
calculate the scantlings of thefloating foundation of the WindFloat using a combination of the available guidelines and
rules for wind turbines. A computer program has been developed to calculate the scantlings of the floating foundation
according to DNV rules taking into account the hydrostatic pressure only. A 3D Finite Element Analysis is performed
for two loading conditions to check the adequacy of the calculated scantlings taking into account allenvironmental loads
in the Red Sea, axial force and tower weight.Environmental loads: wave, wind, current and sea level are calculated by
using a developed program. To check the significance of the environmental loads in Red Sea, Finite Element Analysis
is repeated for each load individually. The results showed that the hydrostatic pressure gives the highest stresses on the
columns which justifies why it is the only load considered in the DNV rules.The results obtained for both loading con-
ditions considered have been used to identify the critical areas in the column supporting the tower, and hence determine
the structural enhancement required to avoid any undesirable response.
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fa Axial flow induction factor - Vhub 10-min. mean wind speed at hub height m/s
g Acceleration of gravity m/sec? W Frequency sec?t
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Gjg Equivalent design stress for global in-
plane membrane stress

Gy Minimum yield strength N/mm?

(S] Angle between stringers degree

LIST OF ABBREVIATIONS

ABS American Bureau of Shipping
API American Petroleum Institute
DNV  Det Norske Veritas
FEA Finite Element Analysis
FEM Finite Element Modeling
MW Mega Watt
SEQV Von Mises Equivalent stress
TLP Tension Leg platform
WEP  Water Entrapment Plate

1. INTRODUCTION

Wind energy is a renewable and clean source of power
that may provide electricity from other types of power
plants and thus reducegreenhouse gases which produce
global warming. There are two types of wind turbines:
onshore and offshore.Offshore wind turbines usually
generate more energy than onshore turbines because
coastal wind energy is usually much more reliable and of
greater force than inland wind energy due to the open
spaces increasing the ability to use wind. Offshore wind
turbines are gaining attention for their ability to capture
the immense wind resources available over coastal wa-
ters. There are two types of offshore wind turbines:
Fixed and floating offshore turbines.The former are lim-
ited in water depth to approximately 30~50m and the
latter are extended in water depth to approximately
60~900 m [1].

There is a good opportunity in Egypt to install floating
offshore wind turbines in the Red Sea, precisely in the
Gulf of Suez, since the wind speed there can reach 30
m/sec at 50 m height above the sea level; in this region
the average water depth is about 490 m. Therearea num-
ber of offshore wind turbine floating foundation concepts
in various stages of development.They fall into the main
categories shown in Fig.1 which represent (A) the Spars
concept, (B) tension leg platform (TLP) and (C) the Hy-
brid spar/TLP (single tendon).

Figure 1, Floating wind turbine concepts

165

In 2009, a new concept was developed by Marine Inno-
vation & Technology called WindFloat. The WindFloat
foundation is a semisubmersible attached with 4-6 moor-
ing lines, and can withstand up to 10 MW wind turbine.
Waves and wind induced motions are not the only para-
meters to consider in the floater type. Economics play a
significant role [2]. WindFloat is completely installed
onshore and towed out to its position fully commis-
sioned. It has simplicity in the design when compared to
other concepts. WindFloat is a floating foundation for
large wind turbines based on a small column-stabilized
semi- submersible platform with one column supporting
the tower for a large wind turbine and the other two sta-
bilized column are spread out so as to form an equilateral
triangle between the three column centers. These col-
umns are connected to each other with a truss structure
composed of main horizontal members connecting col-
umns and bracings as shown in Fig.2[3].

Turbine

Main horizontal

Column A

P

Viooring line

Figure 2Main components of the WindFloat

A horizontal water entrapment plate (WEP) is located at
the base of each column to provide additional hydrody-
namic inertia to the structure due to the large amount of
water displaced as the platform moves.Permanent water
ballast, inside the bottom of the columns is used to lower
the platform to its target operational draft. An active bal-
last system, which is located in the upper half of each
column, moves water from column to column to com-
pensate for the mean wind loading on the turbine. This
movable ballast compensates for significant changes in
wind speed and directions. It aims at keeping the mast
vertical to improve the turbine performance. Up to 200
ton of ballast water can be transferred in approximately
30 min using two independent flow paths with redundant
pumping capability [3]. Table 1 shows the advantages
and disadvantages of each concept mentioned above [1].
The objective of this paper is to review different codes
used to find the structure scantlings of the WindFloat



which can withstand the extreme Red Sea conditions. In
these codes the hydrostatic pressure is the only environ-
mental load that is taken into account and there aren't any
formulae given in these codes for calculating the stiffen-
ers of the WEP. A program was developed to design a
WindFloat according to DNV guidelines by using the
commercial software called MATLAB. It was necessary
to develop a Finite Element (FE) modelto check the
rule-based design by finite element analysis (FEA) and
take into account the other environmental loads such as:
wave, current, wind, sea level and axial force on the rotor
blades. For this purpose a computer program was devel-
oped to calculate the different environmental loads which
will be used in the finite element analysis.

Table 1 Advantages and disadvantages of different types
of floating wind turbine

Advantages Disadvantages
¢ Good heave perfor- | e Bad pitch and roll motion
_ | manceduetoitsdeep |due to the reduced water
§ draft. plane area.
¢ Reduced vertical
wave existing force.
¢ High cost of mooring in-
stallation.
¢ The change in tendon ten-
?5 e No heave and angu- | Sion due to the change in the
£ | lar motion occurs. environmental effects.
e Structural frequency coupl-
ing between the mast and the
mooring system.
e Good stability in e Bad heave performance due
< % | operational and transit | to its shallow draft.
S & | conditions.
I § e Cheaper to tow out,
install and commission.
e Minimized ocean floor
& environmental impacts
e Lower installation &
insurance costs.
eStatic and  dynamic %
stability provides suffi- c
ciently low pitch perfor- =
§ mance. a
i | elts design and size allow 2
_E for onshore assembly. €
= e Its shallow draft allows g
for depth independent g
siting and wet tow (fully 5
assembled and commis- o
sioned) to sites not visible zZ
from shore.[4]
o Simplicity in design

166

2. ENVIRONMENTAL LOADS

The design of an offshore wind turbine is based on the
environmental conditions to be expected at a proposed
site over the project’s lifetime (typically 20 or more
years). The main environmental conditions for offshore
wind turbines which may contribute to structural dam-
ages are mainly waves, wind, current, ship and ice im-
pact, earthquakes, temperature, tides, and wake turbu-
lence as shown in Fig.3. They also include the variation
in hydrostatic pressure and buoyancy on members
caused by changes in water level due to waves and tides.
In this paper the environmental loads which are taken
into account are: wave, current, hydrostatic pressure and
wind.
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Figure 3Loads acting on offshore wind turbine

2.1.Wave loads

There are two types of waves: regular and irregular
waves. Regular waves may be described by deterministic
waves which are idealistic. The corresponding theo-
riesinclude Airy wave theory, second-order stokes wave
theory, fifth-order stokes wave theory and the stream
function theory. Irregular wave theories are described by
energy density spectra, (e.g. JONSWAP and Pierson-
Moskowitz spectra)[5]. The first step to calculate the
wave loads is to convert the spectrum back into individ-
ual sinusoids. The sinusoids have amplitude and fre-
guency that can be derived from the energy density given
by the spectrum [6].

Airy wave theory is applicable to define the wave kine-

matics parameters for deep and transitional water waves
[7].Semi empirical formulae such as Morison’s equation
is used only for determining the horizontal wave loads
actingon a vertical cylinder having a diameter less than
20% of the wave length [8, 9]:

T[.DCZ
4g "’

)

DC
F= CD- Pwater E |u|-u + CM- Pwater -

For vertical cylinders which have diameters greater than
20% of the wavelengths the incident flow field, diffrac-



tion forces and the hydrodynamic interaction of struc-
tural members are to be accounted for in the design.

Linear wave theory is valid only up to the still water
level,then the water particle velocity (u) and acceleration
(a) are computed by using the formulae of linear wave
theory corrected with the Wheeler stretching formulation
as follows [6]:

cosh.k(z + d)

u(x,z;t) = Hnw Sinhik. d) os(k.x
— 2mtwt) 2)
a(x,z;t)
_ ,cosh.k(z+d)
= 2H(1tw) bk d) sin(k. x
— 2mtwt) 3)

Fig.4 shows the flowchart that is used to calculate the
wave loads and hydrostatic pressure loads.

Input: Diameter, Depth (d). p. v. H.
Z. Intrinsic wave period of the wave
(T;). surface roughness (k). Current
speed (U). g

y

Calculate the wave length (1), wave frequency (f),
wave number (k), Reynold’s and keulegan-
carpenter numbers (Re, KC)

v

‘ Calculate the hydrostatic pressure ‘

y

Calculate the wave particle velocity and the wave
particle acceleration from the formulas

v

‘ Calculate the drag and mertia coefficient ‘

L -

YES

Diffraction forces and
the hydrodynamics
interaction of structural
members to  be
accounted the
calculation of the total

are
in

forces.

Calculate the drag force FD and inertia force

FM as function of x and t by using Morison
equation.

Calculate the total wave force

PR

END

Figure 4Flowchart to calculate the wave loads and hydrostatic pres-
sure

2.2.Current loads

Currents are very important in the design of offshore
structures because they affect the forces acting on the
structure. Several categories of current are described [7],
but the main category is the wind generated current. The
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current speed varies with depth of water and the current
profile can be obtained by[7]:

d
U.(2) = U (“5°) @
The current load is given by:
D
Fo@ = Co-ap (. () (5)

where

Op (z)Design sea current pressure at elevation (z), m

Pwater

2.02(2) N/m?

qp(2) =

2.3.Hydrostatic pressure

Hydrostatic loads act in a direction normal to the con-
tact surface; they may be external due to the surrounding
water or internal due to the ballast waterwhichis located
into each column as shown in Fig.5. Each column is di-
vided into 4 separate tanks by one horizontal and one
vertical bulkhead; the lowest tank is a static ballast tank
and the upper one is to maintain the WindFloat in a sta-
ble condition to withstand any loading condition during
the installation, operation and maintenance.

.« Maximum wave height

Ballast tank

T

Figure 5Ballast tanks in the column

The design hydrostatic pressure to be used is calculated
by[7]:

Pd
= Pwater - Hy (6)
H
2

H,

(coshi?[zk(d - D)]) o

cosh. kd

2.4.Wind load

Wind speed varies with time. It also varies with the
height above the sea surface. For these reasons, the aver-
age time for wind speed and the reference height must
always be specified.The wind shear (the increase of
mean windspeed with height) and wind turbulence inten-
sity (fluctuations in wind speed on a relatively fast time-
scale) are dependent on the wind turbine class and the



design wind condition.The wind shear profile is calcu-
lated by[8]:

- h
V(h) = Vi ( /hhub )* ®
The wind acts on three main areas as follows:
1-  On the air gap of the WindFloat columns.
2-  On the mast of the wind turbine along its height
above the sea level.

Wind load on both areas defined above is given by [8]:

_ Pair

F
w 2g

.C,. A V(h)? ©)

3- The axial force acting on the turbine blades is

given by [10]:
Faxial = ZAd Pair sza(l - fa) (10)

A sub-program was developed to evaluate the wind force
acting on the subjected area and the rotor blades as men-
tioned above. The flowchart of the sub-program is shown
in Fig.6.

Input: py; Vi. Z,. C.. Wind class,
wind condition. Depth and draft of
the floating structure. Zy,. Ci.
Rotor diameter (Dg)

L

Determine the wind Class used in the
design procedures.

J

Determine the wind condition used in
the design procedures.

|

Calculating the wind speed profile for
z= (depth-Draft): Zys

Calculating the wind force acting on
the projected area

v

Calculating the axial force acting on
the rotor blades (Fx)

Calculating the Bending moment
acting on the top of the column and
the gyroscopic moment

v

END

Figure 6Flowchart of wind loads calculation

3. STRUCTURAL DESIGN CODES

168

The structural design of WindFloat structure is not
given directly in the classification societies rules. This
section demonstrates the rules and the guides which may
be used to determine the minimum required section
modulus of the floating structure of the WindFloat, as
follows:

-DNV-0S-J101, Design of Offshore Wind Turbine.
(Det Norske Veritas)

This guide is applicable to the design of complete
structures, including substructures and foundations, ex-
cluding wind turbine components such as nacelles and
rotors. It gives the impact of environmental effects on
offshore wind turbine and how to calculate the loads
generated from these effects. Formulae for calculation of
the required section modulus of different components are
given [9].

- DNV, Buckling strength of shells - Recommended
practice for planning, designing and constructing floating
production system [11]. This guide reports the different
buckling modes for stiffened cylindrical shell, and the
required geometry of the stiffeners and their proportions.

- ABS Guide for buckling and ultimate strength as-
sessment for offshore structure [12](American Bureau of
Shipping).This guide gives the criteria for calculating the
buckling limit state of orthogonally stiffened cylindrical
shell subjected to axial loading, bending moment, radial
pressure or a combination of these loads. It also gives the
geometry and the scantlings proportions required for
designing a cylindrical shell after calculating the mini-
mum required moment of inertia | which is based on the
axial and circumferential load acting on shell.

-APIl Recommended Practice for planning, designing
and constructing fixed offshore platforms [13] (Ameri-
can Petroleum Institute). This gives the allowable
stresses for cylindrical members and the sequence for
calculating the circumferential ring size as well the effec-
tive width of the shell.

4. RULE-BASED STRUCTURAL DESIGN
OF WINDFLOAT

The design basis for the WindFloat and the requirements
that must be addressed by design teams in this new tech-
nology is explained by (D. Roddier et al. 2009) [2]. Stif-
fened cylindrical shells are used in the fabrication of the
floating structure for WindFloat as shown in Fig.7.The
columns are orthogonally stiffened by a ring frame as
shown in Fig. 8 and stringer stiffeners as shown in
Fig.9[14]. The geometry of the ring frame and stringer
are as shown below to prevent the local instability [12].
According to the codes mentioned abovefor calculating
the minimum required section modulus, only the hydros-
tatic pressure is considered[9].
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Figure 7 Orthogonally stiffened cylinder[12]
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Figure 9Ring stiffened shell

A MATLAB Program has been developed to calculate
the structural scantlings of the floating foundation ac-
cording to the rules and guidelines available. The proce-
dure is explained in the flowchart shown in Fig.10.
The equations used in this procedure are as follows:

1-

Calculate the hydrostatic pressure (P4) acting on
the column perpendicular to its axis [7] from
equation 6.

The frame spacing between stringers is chosen
to satisfy the continuity with the hexagonal
WEP

Calculate the thickness of the main horizontal
members and bracing to satisfy the buckling re-
quirements[11]:
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4-

5-

10-

D
—r <300 (11)
thn

Calculate the column shell thickness according
to DNV-0S-J101 as given by [9]:

158K, K, s\/Py

(12)
VOpa1Kpp

tshen =

where

61 Design bending stress, N/mm?
= 1.3*(6yd- 6jd)

6,4 Design yield stress, N/mm?

Calculate the minimum required section mod-

ulus of the stringers according to DNV as given

by[9]:

12 PdS

=———.10°
Km Gde Kps

Zs (13)

where

Gpez  Design bending stress, N/mm?
= (Gya- Gja)

6,4 Design yield stress, N/mm?

Calculate the section modulus of the ring frames
as given by [9]:

52 Pdl

= ———.10°
8 chdeKps

(14)

Assume a web depth (hye,) for the flanged stif-
feners that satisfy the buckling requirements by
using the formulae given by[11]:

E
h, < 135 twj: (15)
Oy

Assume a flange width (by) for the flanged stif-
feners that satisfy the buckling requirements by
using the formulae given by[11]:

(16)
y

Calculate the effective breadth (bes) and the ef-
fective length (L) described in Fig.8&9.
Assume the scantlings of the WEP and the
closed plates of the column as shown in Figs.11
and 12 respectively, sincethe structural design
of these components has to be carried out nu-
merically as design codes do not provide specif-
ic guidelines for such components[15].

b<04tE
R



Input:

-Column Diameter (D)

-Angle between stringers (8)

-Distance between Rings frames (1)

- Design Yield stress (F g

-Material properties (E. Poisson's ratio)

!

I Calculate the hydrostatic pressure (Pd) from eq.6 |

| Calculate the shell thickness (tshell) from eq.12 |

v

Determine the effective length and
breadth from DNV [7]

v

| Calculate Zmin for the stiffeners from eq.13 & 14 |

v

| Assume tws< tshell twr = tshell [7] |

Assume a flange width (bf) to satisfy the
buckling requirements from eq.16

v

) Assume a web depth (hweb) that satisfies
the buckling requirements from eq.15

Calculate the section modulus of the
NO assumed stiffeners (Zcal)

S

YES

Figure 10Flowchart for the developed program for scantlings calcu-
lation

Figure 11 Construction of WEP

Figure 12 Bottom and top plate construction

5. CASE STUDY

The application is performed on an existing WindFloat
that can withstand up to 10 MW wind turbine[16]. The
developedprograms have been applied to carry out the
structural design of thefloating foundation of WindFloat
in Red Sea. The main dimensions of the floating founda-
tionare summarized in table 2[16]. The input given in
table 3 defines the average sea state for a 100 year return
period[17].1t is to be noted that the operating draft given
in table 2 corresponds to 2917 tonnes light weight plus
4134 tonnes of ballast distributed in all columns of
WindFloat;this condition is defined as 100% ballast con-
dition.

Table 2: Main Dimensions of the floating foundation of the
WindFloat[16]

Items Dimensions
(m)

Column diameter 10.7
Pontoon diameter 1.8

Bracing diameter 1.2

Length of heave plate edge 13.7
Column center to center 56.4
Operating draft 22.6
Air gap 10.7
| (distance between rings) 3.36

Table 3: Average sea state for a 100 year return periodfor
Red Sea[17]

Average Depth (m) 490
Current speed (m/sec) 15
Wind speed at 10 m above sea level (m/sec) 10.7
Peak period (T) (sec.) 15
Significant wave height (H) 5
Tide range (m) +1

The relation between the shell thickness (i), effective
breadth (ber) and the angle between stringers (©) is plot-
ted in Fig.13 using the developed program at constant
hydrostatic pressure and constant diameter. To have an
effective breadth (be) of the stringer of not more than 1
m as conventionally adopted is ship structures as shown
in step 1 in Fig.13, an angle of 10 degrees is selected as
shown in step 2 in Fig.13. Consequently, the thickness of
the shell is 23 mm as shown in step 3 in the same figure.

Table 4 summarizes the results obtained from eq.11
&12 that are used to calculate the thicknesses of the main
components of the floating structure of the WindFloat
which are shown in Fig.2, and the results of the section
modulus (Z) obtained from eq.13 & 14.

The thicknesses of the web and flange of the ring and
stringer are assumed to be as shown in table 5 and by
taking into account that the thickness of the ring web is
greater than the shell thickness (tsnen)[9]-
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Figure 13Shell thickness vs. angle between stringers

Table 4:Scantlings of the main components of the floating
foundation

Items Outputs
Column thickness 23 mm
Horizontal membersthickness 10 mm
Bracing thickness 8 mm
Heave plate thickness 20 mm
required section modulus for ring frame | 6.4E+5mm®
Required section modulus for stringer 2.3E+6mm°

Table 5: Assumed thicknesses for ring frame and stringer

Ring Stringer
Web Thickness (mm) 24 17
Flange Thickness (mm) | 20 20

The depth of each stiffener is then determined accord-
ing to buckling requirements[11]giving the maximum
value of the web depth.

The scantlings of the ring frame and stringer are calcu-
lated using the developed program; the results are sum-
marized in table 6. The effective length of the stringer
(Lefr) is calculated according to the DNV and API rec-
ommendations. The effective breadth of the ring frame
(bef) is assumed to be equal to the frame spacing (s) ac-
cording to the same recommendations. The depth of the
ring frame and stringer (h,,) are calculated to give mini-
mum section modulus.

Table 6 shows the ratio between the section modulus
calculated (Z.y) according to the selected dimensions,
and the section modulus required (Z.q) by the rules. If
this ratio equals to 1, this means that the corresponding
dimensions are the minimum dimensions that can be
used.

Table 6: Stiffener dimensions (mm) for tg,,;=23mm

Items Stringer Ring frame

Legt - 1500
bett =S 934 -

Web depth (h) 326 326
Web thickness 17 24
Flange thickness 20 20
Flange width (b) 276 95

b2 234 46
Ratio (Zcad//Zreq) 1 2.2
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It is clear from the results given in table 6 that the ratio
between the calculated section modulus and the required
section modulus is equal to 1 for the stringer and equal to
2.2 for the ring frame. The ratio of 2.2 for ring frame is
due to considering the depth of the ring frame equal to
the depth of the stringer web to facilitate the construction
and welding process. However this high ratio is required
for ring frames since they represent the main structure
member in the column.

6. FINITE ELEMENT ANALYSIS

A static strength assessment is performed by means of
3D FEM for the floating structure of WindFloat usingthe
commercial software ANSYS version 13.0.The model
geometry is shown in Fig.14

Figure 14WindFloat model geometry

The element SHELL281 is adopted. It consists of eight
nodes as shown in Fig.15. Element COMBIN14 is used
for modeling the springs that are used circumferentially
under each column to simulate the boundary conditions
under the column that represent the water effect, this
element is a spring damper element that has no mass and
is an uniaxial tension-compression element with up to
three degrees of freedom at each node.Zero linear motion
in X, y, and z directions were applied as boundary condi-
tions circumferentially at each node in the end of the
spring element.Normal tensile strength steel with yield
strength equal to 235 MPa, modulus of elasticity (E)
equal to 210000 MPa and Poisson's ratio 0.3 is used.A
static analysis was performed to calculate the von Mises
equivalent stress (SEQV) at each point.SEQV stress al-
lows any arbitrary three dimensional stress state to be
represented by a single positive stress value.

D

0
K10
P
b ®
2 i »
L)

Figure 15Element shell281



6.1.

All loads previously presented acting on the WindFloat
are applied to perform the FEA for the two loading con-
ditions shown in table 7, where the loading condition 1
(LC 1) representsthe installation condition of the
WindFloat with 25% ballast water in the columns;this
generates a draft equal to 14.3m. Loading condition 2
(LC 2) representsthe operating condition of the
WindFloat with 100% ballast water in the columns
which generates a draft equal to 22.6m.

Loading conditions

Table 7: Loading conditions
8 Height of
Loa(_Jl_ng Zel- ballast water DrEL Turbine status
condition last (m) (m)
LC1 25% 4.48 14.3 | Installation
LC?2 100% 17.94 22.6 | Operating

For each loading conditionthe different environmental
loads are applied.These loads are used in the FEA as
well as the weight of the tower and rotor as shown in
table 8 appointed 854 tonnes[2] acting on the top of one
column, namely column A as shown in Fig.2

Table 8:Loads acting on columns

6.2.1. Effect of each load acting individually on
WindFloat

FEA was performed for each load acting individually on
the WindFloat to estimate the predominant load acting
on the WindFloat. Table 9 shows the maximum value
and position of SEQV for each load individually.

Table 9: Maximum value and position of SEQV for
each load individually

Hydrostatic Waves & Axial Tower

pressure Wind Force Weight

Path Omax Yy | Omax Yy | Omax y | Omax y
MPa | (m) || MPa | (m) | MPa | (m) | MPa | (m)

1A |61 [17 ] 09 [0 [32 [336[465 [32
<l2a 1271 [17 | 6 [16 |31 |32 [682 [32
E[3A 1647 17 | 13 |0 |35 336|467 |32
S [4A 939 [17 | 07 [16 [145 [33.6 [485 [32
O 5A 1237 [17 [ 2 [18 |88 [336] 68 [32
o | 1B [ 61 [17 ] 07 #134]02 [0 J13 |0
c | 2B 939 [17 | 02 [6.7 |7E-2 13409 [0
E[3B |645 [17 | 17 [0 03 [32 | 1 |o
S [4B [1248 [17 | 56 [16 [14 [17 | 4 [16
5B [123.7 [1.7 | 21 [16 |03 [32 |14 |32
1IC 666 (1.7 | 2 B36]|11 [15 [16 [0

O [2Cc 897 [17 | 08 [20 |01 [0 [o06 [17
£ 13C 634 [1.7 ] 06 |0 02 [0 11 [O
2[4c [897 [17 | 14 #3407 [01[11 }134
O [5C [1237 |17 | 39 [16 | 3 [16 | 4 |16
6C 124817 | 35 |16 |05 [235]14 [32

Columns | Vertical load components LC1 LC2
Tower weight (MPa) 0.094 0.094
A Hydrostatic pressureon 0.104 0.048
WEP (MPa)
Tower weight (MPa) - -
B&C Hydrostatic pressure on 0.104 0.048
WEP (MPa)

As the ballast is increased, the hydrostatic pressure at the
base of all the columns decreases from 0.104MPa in LC
1t00.048MPain LC 2.

6.2. Results and discussion

FEA was performed and five vertical paths on each col-
umn were specified to calculate the SEQV on the
WindFloat as shown in Fig.16.

Figure 16Sketch for all paths
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The response of each of the applied loads has been stu-
died individually to examine the importance of each. The
most significant load is found to be the hydrostatic pres-
sure since it results in SEQV equal to 127.1 MPa at a
position between the WEP and the lower horizontal
member in the path aligned with connection between the
bracings, horizontal members and columns (path 2A).
The stress due to the wind axial force and moment due to
operation of the wind turbine does not exceed 6% of the
resultant stress in column A. The stress due to the weight
of the tower and blades results in 21% of the resultant
stress in column A. it has been noticed that columns B
and C are not significantly affected by the tower weight;
the effect is only seen around the connection of the brac-
ing and horizontal members.

6.2.2. Effect of simultaneous action of different
loads on WindFloat

FEA was performed for all loads acting simultaneous on
the WindFloat in the installation condition (LC 1) and
the operating condition (LC 2). The results obtained for
the Von- mises stress in LC 1 and LC 2 are not realistic
as shown in Fig.17, since the values obtained are be-
tween 230 and 666MPa in LC 1 and between 230 and
645 which exceeds the ultimate strength of the steel.




Figure 17SEQYV for the WindFloat in LC 2

Critical areas showing unacceptable stress values re-
quire structural enhancement to withstand the load
conditions under consideration; these are the top plate
of column A, the top plate's stiffeners of column A,
outer shell of the top part of column A, the stiffeners
located in the middle area of column A and the joint
between the lower horizontal member and the bracing
of column A respectively. No critical areas have been
detected in the other two columns B and C. The pro-
posed enhancement consists of increasing thethick-
ness of the top plate and the upper part of column A
supporting the tower from 23 to 46 mm, increasing
thickness of the brackets and stiffeners from 20 mm
to 25mm and increasing thickness in the middle area
of the column supporting the tower from 23 to 46
mm. The range of Von-Mises stress has greatly im-
proved after enhancement as shown in Fig.18.

SEP 14 2012
16:52:23

36.9591 73.8615
9 55.4103

110.764 147.666
.507 92.3127 129.215 166.117

truc gn Of Floating cf}shore Wind Turbine
Figure 18 SEQV in the top plate of column A in LC 2 after rein-
forcement

st

Table 10 shows the maximum value and position of
SEQV for both loading conditions after enhancement.
Table 10: Maximum value and position of SEQV for
both loading conditions after enhancement

LC1 LC2
Path | sy |9 ™| imgy | ¥ @
1A 13245 | 1.7 | 244 | 33
2A | 341 | 33 | 353 33
3A 13234 | 1.7 | 203 33

< | 4A | 484 | 17 | 245 33

S| 5A |304 | 33 |316 33

EN

S|sE
%3 100 | 336 | 110 | 33.6
©£
1B | 273 | 1.7 |121 | 17

© 128|502 | 1.7 | 233 | 17

E| 3 [318 | 17 15 1.7

Sl 126 | 17 11 45
58 | 185 | 1.7 13 135
1C | 30 17 177 | 17

o| 2c | 49 17 218 | 17

€[ 3c | 295 | 17 [134 | 17

3 [ac | 486 | 17 211 | 17

O[sC [192 | 1.7 | 136 | 135
6C | 195 | 1.7 | 176 | 135

7. CONCLUSION
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This paper studied the structural design of a Floating
Foundation for Offshore Wind Turbine in Red Sea.

The scantlings of the structure are calculated to
comply with the DNV rules and satisfy the buckling
requirements. A computer program was developed to
carry out the structural design of a WindFloat and
making the necessary buckling checking. A 3D FEM
is developed using ANSYS to perform a FEA for the
static strength assessment of the structure in the in-
stallation and operation conditions. From the analysis
given in this paper the following conclusions can be
reached:

e The range of stresses in the column supporting
the tower (column A) is higher than the ranges
in the other columns in both studied loading
conditions.

e The hydrostatic pressure is the predominant
load that generates a high stress level in the
WindFloat.This is a good argument support the
formulae given by the DNV rules which takes
into account he hydrostatic pressure only in the
calculation of minimum section modulus of stif-
feners.



The weight of the tower results in 21% of the
resultant stress in the column supporting the
tower.

The wind axial force and the weight of the
tower subjected to the column supporting the
tower have a very small effect on the stress lev-
el in the other column.

The top part of the column supporting the tower
is subjected to unacceptable SEQV in both op-
erating conditions, whereas the two other col-
umns are safe.

The middle part of the column supporting the
tower is a critical area in the operating condi-
tion.

A structural enhancement consisting of an in-
creased thickness in the top plate of the column
supporting the tower and in its stiffeners is pro-
posed to obtain acceptable stress values.

The ranges and distribution obtained of Von-
Muises stress in the identified paths in both load-
ing conditions are approximately similar.

The suitability of the WindFloat in the Red Sea
should be studied from the economical point of
view.
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