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Challenges of geotechnical analysis and design of offshore foundations

Agenda
1. Analysis and design: Why? What? How?

2. Challenges in site specific soil assessment
* Quantitative Ground modelling
* Design parameters
* Assessment of cyclic soil properties
3. Challenges in foundation analysis and design
* Soil modelling
*  Foundation modelling
* Interaction modelling
4. Closing remarks
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1. Analysis and design: Why? What? N (:' I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
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1. Analysis and design: Why?

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
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1. Analysis and design: What? N (‘:' I %
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v' Design Basis
v" Structural data

v' Geometry
v’ Loads O Soil Parameters Assessment
v’ Sl reports* O Layering*
v Requirements, constraints U Index properties*
Vo O Density
O lp,w,Pl, ..
O Permeability O Foundation Behavior Assessment
O Compressibility parameters* (Monotonic & Cyclic)
O Drainage conditions L Penetration
O Monotonic parameters O Capacity
Q Cyclic parameters O Stiffness
Q . O Damping
O Interaction
Q..
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1. Analysis and design: N ‘ I %
Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
vV H

M

/i\ Andersen (2015)
—>

O Soil Parameters Assessment o . W
[ Seismic inversion

O layering O | 1
L Lab tests R RVl AWAR

O Index properties
DSS 0 0 -
O Ip, w, PI / O Atterberg limits,.. Triax comp. PSS

O Density
O Permeability \‘ P g ggsgmce(f)rbcclzj é)(iS),UCE((,:)UC, C(AJUE,..
O Compressibility parameters > ) ) jeos
‘lv'

O Drainage conditions ,/',,/) .EI Bender elements, resonant col.,...
O Monotonic parameters .é'{-:; | 1 Field tests
O Cyclic parameters —_— U Databases
0 . O Empirical correlations
O Analytical solutions
[
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1. Analysis and design: N ‘ I %
Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Bearing pressure Q/A, kPa
0 100 200 300 400 500 €00 Onset of punch-
through failure

1 Foundation Behavior Assessment O Empirical correlations i
(Monotonic & Cyclic) §

O Penetration / ~, Analytical solutions

Full base contact

02
0.4

Super fine
silica sand

06

Normalised base penetration, d/D

’— EI Finite element analyses 2 °°
Q Settlement y E \Q\\ G
D CapaC|ty / 4 w— Contrifuge Half_SP2 (Teh 2007)
16 == CEL FE-model {Khoa 2013
Q Stiffness — L
2 Container base gy ——  SPLAT (load sprBEd}.I\:=3

O Damping
) Interaction

O Installation effects, set-up effects,...
Q..

Zhang et al. (2015)

Engin et al. (2019)
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2. Challenges in site specific soil assessment — Quantitative Ground modelling N ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Challenges: i.e. OWF

O Turbine relocation common

L More fast-track projects

L Need to obtain quantitative soil parameters
L (Changing) metocean conditions

O Sl optimization*

Solutions:
O Planning, Acquisition, Processing
L Use geophysical data to guide interpolation of 1D
geotechnical data (e.g. CPT, ...)
» Quantitative Ground modelling

Sauvin et al. (2019)

* useful for spudcan penetration assessment for the wind farm installation jackups,
which typically has no site specific SI

Challenges of Offshore Geotechnical Engineering
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Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

2. Challenges in site specific soil assessment — Quantitative Ground modelling N ‘ "' I %

Quantitative Ground Models Sauvin et al. (2019)
Geological Model (2D, 3D):
stratigraphy
Geotechnical Model (1D):
CPTU, Lab data
% % Challenges
& &l O Inversion
L Quantification
L Uncertainties
C Integration level = basic overlaying );::z
g & g
8 Maps (GIS) 8
Qualitative descriptions and zonations
Uncertainty not addressed

. . Challenges of Offshore Geotechnical Engineering
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Q..

Challenges in estimating s,;:
L Assess in-situ / undisturbed state:
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2. Challenges in site specific soil assessment — Design parameters ‘
Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN) I
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O Sample disturbance
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Cyclic and average

shear stresses

Cyclic, average and
permanent pore

pressure generation
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Cyclic, average and
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Andersen (2015)
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Sturm et al. (2012)
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
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Sturm et al. (2012)
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

N cycles

T

Sturm et al. (2012)
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Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

2. Challenges in site specific soil assessment — Assessment of cyclic soinropertiesN‘ - I %

Andersen (2015)

The behaviour of the soil under cyclic loading can be described by
Contour diagrams, which relate: oa
. % 0.35-
Q Cyclic shear stress, 1, 5
. . 5 03+
[ Cyclic shear strain, Vey 2 025
O Average shear stress, 1, g 02+
(&)
O Average shear strain, 7y, 3 06115\
O Number of cycles, N £ 0.05-
O Accumulated pore pressure, u, “ 0-

Normalized average shear stress

1.0

Toy/S,0S8

o 7
o o 4
4
05 E Z
7\ 7
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2. Challenges in site specific soil assessment — Assessment of cyclic soil propertiesN ‘ - I %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Engin et al. (2019)
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2. Challenges in site specific soil assessment — Assessment of cyclic soinropertiesN‘ - I %

Engin et al. (2019)

14
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208
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= 06
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0
0 5 10 15 20
Shear strain v (%)
Average component = Cyclic component Total = average + cyclic

Y
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3. Challenges in foundation analysis and design N C' I jE

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGIN)

General design approach (Sturm, 2017)

Design Basis: Soil layers and properties, Loads, etc.
(Assume) fourt\tion dimensions

Assess (cyclic) soil design proD
Calculate foundation capacity

Check installation

- -

SouljdDSIp 194J0 GJiA UOIEId]]

-

Assess serviceability

2

Calculate foundation stiffness and soil reactions

Geotechnical Foundation Design

Challenges of Offshore Geotechnical Engineering
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3. Challenges in foundation analysis and design — Soil modelling

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
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3. Challenges in foundation analysis and design — Soil modelling

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGIN)

NG| 5

(Gv'ch)lz, Txy

Soil modelling

P
=]
L,

NGI-ADPSoft

G Triaxial compression (TXC)
0 — —— Direct Simple Shear (DSS)
g A reeeer Triaxial extension (TXE)

Grimstad et al. (2012), D’Ignazio et al.(2017)

O Semi-empirical approach: Using cyclic contour
diagrams
Implemented in FE:
U UnDrained Cyclic Accumulation Model (UDCAM)
O UDCAM- Simplified (implemented in Plaxis)

O Partially Drained Cyclic Accumulation
Model (PDCAM)

High Cyclic Accumulation Model (HCAM)

Sturm (2019)

ntour diagrams for DSS test

' D'lgnazio (2018)
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3. Challenges in foundation analysis and design — Foundation modelling N (:'
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Pile analysis under lateral loading
API/Matlock curves
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3. Challenges in foundation analysis and design — Foundation modelling

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGIN)

NG| 5

Pile analysis under lateral loading

v /D =0.2% y /D =31%

P
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scoop failure surface with
a flat base shear plane
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e,

External

_ Zhang & Andersen (2019)
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3. Challenges in foundation analysis and design — Foundation modelling N (:'
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A computation procedure to analyse pile response after a cyclic load history Zhang et al (2019)
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3. Challenges in foundation analysis and design — Foundation modelling N (:'
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Engin et al. (2019)
FEM INFIDEL

0 Overshoot (undrained FEAs)
1 Mesh dependency

O Simplifications

O Limitations

Q..

<

near-field - far-field

Shin et al. (2018) =
' =65

Penetration depth=2.0 m
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3. Challenges in foundation analysis and design — Foundation modelling N (:' I é %

Challenges Skau et al (2018)
U nonlinear response The REDWIN models
O hysteretic behavior Modelling approach

Q effect of multidirectional loading
[ iterative procedure (soil-structure interaction)

Foundation and substructre Model applicable Loading regime

The REDWIN models o

model to be
1 lied to any
Bucket foundations y_ Ri)
w Redwin model 2
\ - Eﬁ = B HM-loading
[l

T T 1 ol
| | Macro-element
E> models

Foundation — structure

/ interface

| Foundation - structure. VHM-loading
intertace

| Foundation
I model

Includes the effect of the vertical load Challenges of Offshore Geotechnical Engineering
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3. Challenges in foundation analysis and design — Foundation modelling N (:' I g %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Verification The REDWIN models
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3. Challenges in foundation analysis and design — Foundation modelling
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Experimental data from:

Byrne, B., et al. (2017), PISA:
new design methods for offshore
wind turbine monopiles, in
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Underwater Technology
Offshore Site Investigation and
Geotechnics'.
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3. Challenges in foundation analysis and desigh — Foundation modelling
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3. Challenges in foundation analysis and design — Foundation modelling N (:' I g %
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Capacity Engin et al. (2018)

Expansion of capacity envelope — geometrical effects

Challenges of Offshore Geotechnical Engineering
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3. Challenges in foundation analysis and design — Foundation modelling N (:' I é %
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Stiffness

U Loads and cy/a ratio depend on stiffnesses
O Load reference point

A T Actual . B
1/ preload Model
A B
) ATl \;1:11221 ........
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>
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Engin et al (2018)

Jostad et al (2015)

Spudcan geometry
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3. Challenges in foundation analysis and design — Foundation modelling

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

r I SIMSG ﬂ ISSMGE
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3. Challenges in foundation analysis and design — Foundation modelling (:' I é %

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)

Foundation stiffness — considering large deformation effects

Lo

Small Strain FEA

b P
b
b 4

Small Strain FEA

0:5

1.0

0.5

Engin et al (2019)

Updated Lagrangian FEA
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3. Challenges in foundation analysis and design — Foundation modelling

Challenges of geotechnical analysis and design of offshore foundations (Harun Kiirsat ENGiN)
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5. Closing remarks
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