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KCI Company profile

. Founded in 1987

* Main markets are
- Oil & Gas
— Renewables
— Equipment
—  Wheels
. ISO 9001 certified
 FPAL registered no. 10049367

«  Part of Oceanteam group

“It’s our drive to create the best solutions
for our customers assets”
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Our Market Segments

Renewables / Offshore Wind

Substations (topsides & foundations)
WTG foundations
Cable lay solutions

Oil & Gas

Field development
Platforms, foundations & pipelines

Equipment

Specialized equipment design for lifting, pipe & cable lay
Transport & Installation Engineering

« Transport and lay analyses

* Procedures

Wheels

Design & engineering of observation wheels
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General Project Info




General Project Info — Introduction (i((“

Key Figures:
*  Approx. 250m Top Elevation

* 137.5m Spindle Elevation

+ 238m Rim Diameter

* 48 Capsules (40p. Capacity Each)
192 Spoke Cables

* 4 Towers with Drive & Guide Units
+ Total Mass approx. 11,000mton
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WEIGHS 1,805 TONNES 4
AS MUCH AS FOUR A380
AIRPLANES
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Specific Engineering & Design Topics (K\c'

. Static Analyses - Wind Load

. Dynamic Wind Response
. ANSYS Post-Processing Routines
. Static Wind Tunnel Tests

. Dynamic Wind Tunnel Tests

. Spectral Seismic Analyses

. Seismic Time-History Analyses
. Various Fatigue Analyses
. Various Detailed Analyses

. SCF Calculations

. Capsule Design

. Evacuation Strategy

. Guide/Drive Unit Design

. Storm Lock Design

. Collector Gear Design

. Temperature Effects

. Rim Pushover Analyses

. A-Frame Pushover Analyses
. A-Frame Footing Design
. Imperfections

THE ENGINEERS

Installation Analyses

Bearing Design

Spoke Cable Design

Cable Socket Design

Bent Limiter Design

Cable Damper Design

Vortex Induced Vibrations
Tuned Mass Dampers
Bearing Replacement
Bearing Pad Exchange
Bearing Tests

Foundation Stiffness Variation
Various Sensitivity Studies
Restraint Tower Stiffness
Hub-Drive Design

Boarding Platform Gap Analyses
Cable Replacement Analyses
Accidental Spoke Cable Snap
... Many More




Static Analyses




Static Analyses — Wind Load ﬁ(ﬂl
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—  Operational Wind Speed Limit : 20m/s (3s gust)
—  Extreme Wind Speed Limit : 45m/s (3s gust) Transverse
— 5 Wind Directions Storm

— 3 Wind Gust Distributions (SLS)

o — —
200 1 T T
H | i
£ { /.
% 120 T T T T + 1
2 i 4 ! 4 {
P
oo - !
o — I
40f T 1 T T
—————
— e
0 025 05 0rs 1 125 15 175 2 225 25 275
Peak veiocty prassure [m2]
s0seg s0seg
Odeg. 0Odeg
oo s
100% 100% 60% 60%
Tioass Tiowss

i
‘ *\.-. _1

Scaled 50x




Static Analyses — Monitored Parameters (R(“
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Monitored Results with User- w0 on
Defined ANSYS routines: ot I I o e e v e = %
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Dynamic Wind Response QCI

* Wind Response 1o e e
+  Time History Analysis - TR e T
- DAF-factor AR ”

* Human Comfort ::
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Applied codes
* Fatigue loadings
* Applied methods

+ Calculation examples

e Conclusions




Fatigue Analyses — Applied codes %l
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» Eurocode 3 - BS EN 1993-1-9:2005
* International Institute of Welding IIW - document 1IW-1823-07

+ DG-8-CIDECT - Design guide for circular and rectangular hollow sections welded joints under
fatigue loading

*  Several papers

BRITISH STANDARD BSEN

1993-1-9:2005
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Fatigue Analyses — Fatigue loadings (R(H
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Fatigue Analyses — Applied methods

*  Nominal stress method

*  Hot spot stress method

*  Notch stress method

*  Fracture mechanics approach

Hot spot stress
Structural

Nominal

| stress region | stress region
I

LTI

(xci
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Motch stress (non-linear stress peak)




Fatigue Analyses — Calculation examples ﬁ(cl

WALLTHICKNESS 40 THE ENGINEERS
Real 5466

WALLTHICKNESS 35
Real 39-53

WALLTHICKNESS 40
Real 34-38

WALLTHICKNESS 45
Real 30-33

*  Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
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* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments
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Fatigue Analyses — Calculation examp

T
SF)
’/ /

* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments

* Hot spot stress method

— Rim chord tubular joints (SCF functions
CIDECT)

— Rim chord tubular joints (hot spot stress _ \ N
according to CIDECT) \ /I e e e S

— Local details in rim (hot spot stress i P -
according W)

—  Weld details in A-frame and Brace

Local Cylindrical CS
w.r.t. Horizontal Brace




Fatigue Analyses — Calculation examples

Force or Moment (N o khen]
PO

Weld details in A-frame and Brace

Fatigue due to a seismic event (time domain analysis)
Member loads are calculated (beam model)

Hot spot stress signal over time

Rainflow counting applied on the stress signal

Miner rule for damage accumulation
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STRESS SPECTRUM IN WELD 2

Result of rainflow couting of principal stress inleg?  Result of rainflow couting of principal stress in leg2
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Fatigue Analyses — Calculation examples N ﬁ(ﬂl

* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments

* Hot spot stress method

— Rim chord tubular joints (SCF functions
CIDECT)

— Rim chord tubular joints (hot spot stress
according to CIDECT)

— Local details in rim (hot spot stress
according W)

— Weld details in A-frame and Brace
— All welds in the rotating hubs

——HS3_SPK1_0mm wesr gap
~——HS3_SPK1_5 mm wear gap

——HS3_SPK1_ 10 mm wear gap

& o [MPa)
5L 588888388




Fatigue Analyses — Calculation examples (K(“
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* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments

* Hot spot stress method

— Rim chord tubular joints (SCF functions
CIDECT)

— Rim chord tubular joints (hot spot stress
according to CIDECT)

— Local details in rim (hot spot stress
according W)

— Weld details in A-frame and Brace
— All welds in the rotating hubsnubs

. Notch stress method
— Conical spoke to rim joint




KCI

THE ENGINEERS




Fatigue Analyses — Calculation examples (RCI
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Conical spoke to rim joint

: NCDAL SOLUTION
STEP-1 Y 8245070
2. Solid sub-model SUB =1 PLOT NO. 1
TIME=1
SEQV (AVG)
DVX =.018735
w | SRR
NODAL SOLUTION N 200 SMX =.319E+
STEP=1 16:49:
SUB =1 PLOT NO. 1
TIME=1
SEQV (AVG)
DMK =.018735
= 132E307
SVK =.319E+09

. .
0 .438E+08 .875E+08 .131E+09 . 175E+09
= 2100 R esenios TP ygomas P sameas TR omeos .219E+08 .656E+08 .109E+09 .153E+09
RIM JOINT—Static Structural 2 RIM JOINT—Static Structural 2
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Fatigue Analyses — Calculation examples (RCI
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Conical spoke to rim joint

3. Solid sub-sub-model

« Grinded weld is modeled (R=35mm),
FAT 112 is used NODAL SOLUTION v

NOV 16 2016

. . . 16:50:52
* Principal stress is used Fe] POT . 1
SR B0

SMX =.158E+09

.290E+07 .373E+08 .T16E+08 .106E+09 .140E+09
. T .201E+08 .544E+08 .888E+08 .123E+09 . 158E+09
File: Rim joint type below alt 4a 2014-07-25 surface
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* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments

* Hot spot stress method

— Rim chord tubular joints (SCF functions
CIDECT)

— Rim chord tubular joints (hot spot stress
according to CIDECT)

— Local details in rim (hot spot stress
according W)

— Weld details in A-frame and Brace
— All welds in the rotating hubsnubs

* Notch stress method
— Conical spoke to rim joint
— Weld details in rotating hubs
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Weld details in rotating hubs
1. Shell model
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Weld details in rotating hubs
2. Solid sub-model

RESS EXTRAPOLATION




Fatigue Analyses — Calculation examples (RCI
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Weld details in rotating hubs

3. Solid sub-sub-model
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Weld details in rotating hubs

4. Solid sub-sub-sub-model
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Extrapolated stresses (pad thickness 25mm)

Weld details in rotating hubs e

5. Fatigue calculation N /\/\\
« Result of 2 typical weld details (as-welded) o

. Result of 2 typical weld details (grinded) |~ el =
«  Which outcome is correct? R

"Notch stress" , pad thickness 25mm, seam 4

Stress [MPa]




Fatigue Analyses — Calculation examples (K(“
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* Nominal stress method
— Rim chord cross section
— A-frame leg and spindle welds
— Secondary steel attachments

* Hot spot stress method

— Rim chord tubular joints (SCF functions
CIDECT)

— Rim chord tubular joints (hot spot stress A Toughness
according to CIDECT)

— Local details in rim (hot spot stress
according [IW)

— Weld details in A-frame and Brace
— All welds in the rotating hub

* Notch stress method
— Conical spoke to rim joint
— Weld details in rotating hubs

* Fracture mechanics approach K
—  Currently under consideration
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* Nominal stress approach
— Easy to use in beam/tubular structures

— Relative quick lifetime estimation for standard weld
details

* Hot spot stress approach
— Predict fatigue in geometric complex structures

— Fatigue predictions in (relative) thin walled
structures

— Be carrefull while using this method in very thick
walled structures

* Notch stress approach
— Can be used at machined weld details
— Can be used for non-categorized weld details
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