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What is a ground model?

Eurocode 7 ground model: site specific outline of the disposition and
character of the ground and groundwater based on results from ground
investigations and other available data

The development of advanced /-..=a
engineering ground models for
offshore applications
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What is a ground model?

Eurocode 7 ground model: site specific outline of the disposition and
character of the ground and groundwater based on results from ground
investigations and other available data

#is not equal to #

Eurocode 7 geotechnical design model: conceptual representation of the
site derived from the ground model for the verification of each
appropriate design situation and limit state
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Start with the end in mind ...

+ Scope and constraints

Advanced engineering ground model

+ Scope and constraints

YOO - Siting and general structure characteristics SRSl - siting and general structure characteristics
+ Legacy data and public domain/ proprietary knowledge + Legacy data and public domain/ proprietary knowledge
LSRR - Geophysical investigation data A‘;‘“"'“”” [l - Geophysical investigation data
s + Geotechnical investigation data EUEER +  Geotechnical investigation data

geodata

Integration of geophysical, geological and geotechnical data
Definition of geological units
Geotechnical classification of units

« Integration of geophysical, geological and geotechnical data
« Definition of geological units
* Geotechnical classification of units

Data integr

Data integration
&unitisation

& unitisation

PNL - Soil province mapping PIICUEI - Soil province mapping

+ Data pairing - geophysical and geotechnical attributes

Data pairing — geophysical and geotechnical attributes
Enhanced ' i Enhanced pairing — geophy: & i

i *  Geostatistics and machine learning sonat Geostatistics and machine learning

zonation + Synthetic profiles EEIEEED Synthetic profiles

+ Characteristic values P Characteristic values.

« Limit states e it imit states

+ Calculation models (D Calculation models
—

Geotechnical
parameterisation

Geotechi

al Geotechnical
design

design

Geotechnical parameters Ground model for HKW windfarm

se Kust (west) Wind Farm Zone

Dutch Offshore Wind Farm Zones e
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Acquisition of Calculation

Model

Design Situation

Results/Analysis -

Derived values

Measured values Characteristic

values

Design values

Source HKW data:
english.rvo.nl/topics/sustainability
/offshore-wind-energy/hollandse-
kust-west-wind-farm-zone
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Geotechnical parameter G

Geotechnical parameter G,

Calculation model and limit state

Reference method for calculation model: SCPT

Site-specific CPT-based correlation:
Grax = (1+ 4+ By) - YSR® - 1,634 (q)°%5 - (519)°37%

Integration of multiple data sources

Soil unit-specific factoring

L Design Profile Gqx k
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Source:
Peuchen & Gomez Meyer (2021),
http://iscé.org/i ikkek

5i0ns/15C2020-521 pdf
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Geotechnical parameter G, ,,

ii. Reference method for calculation
model: SCPT

[—

iv. Integration of multiple data sources

Geotechnical parameter G, ,,

015
®
zooio
3
£ o005 ol &
j A |
0000 ! Ol T
1 100 200 300 A0 500 600
Vi SCPT [mis)
»
0015
oo
z
s ] 8
— v derved from SCPT H 9t
~—— s derived from CPT 1 0005 [F
— v, decived from PSSL \
= i - y il N
“ = == L 100 200 00 400 500 €00
0o 200 0 500 s PSSLImis]

30
walmvs)



Geotechniekdag 2021

Geotechnical parameter G
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Calculation model and limit state
ii Reference method for calculation model: SCPT "
jii. Site-specific CPT-based correlation = 7
H
i
[
Integration of multiple data sources 1
& w
v. Soil unit-specific factoring .

Design Profile G qx k
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Seismostratigraphic model

Ground model — features
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3D visualisation

SOIL PROVINCES. ’

Sail Proince 1
SailProvince 2
SailProvince 3
et province &
Soil rowince
Sl Provinge

Sl Povinge 7

Potential geohazards Soil units — geostatistics

. P
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Geological Feature/ Hazard Occurrence Area . - l i ;
£ - .
Pile Jack-up Gravity Base Suction Cables I = u ‘I i NNy } H
Foundations  Platforms Foundations Caisson i e - [ .
Foundations N - o to.
Bedforms Entire HKW WFZ NIN] LIN] HIN] LN LIN] .
Mobile seabed sediments Entire HKW WFZ HIL LN HIN HIU HIN] “ i
Loose to medium dense sand o silt Locally Unit A & B HIN] LIN] HIN] LIN] LIN] - T
Alternation of sand and clay/ silt Infill of (paleo)channels NN LIN] NIN] LN NIN] T
Very dense sand Entire HKW WFZ LIN] NN] N[N] L L[N] R -
Peat, organic clay/ shallow gas Locally in Units A, B, C1,D, F&G N [N] N[N] LIN] LIN] N[N] . 1 - -
Gravel, cobbles and/or boulders Locally all units except Unit A LINI NIN] NIN] L LIN] . | b 195
Glaciotectonic deformation feature  Locally in Units F & G LIN N[N NN NN N[N i - [:; A1 i = -
Regional subsidence Entire HKW WFZ LIN] NN LIN] LIN] NN 1 - s
Existing structures (e.g. cables) Refer reports HIN] HIN] HIN] HIN] HIU i - i 1 T
uxo Entire HKW WFZ LIN] NN LIN] LIN] NN ) = =3 /
Future structures (e.g. wind farm) Entire HKW WFZ LN NIN] LIN] LIN] LIN] - -
- Negligible (N); Low (1) ; High (H) °
- Descriptor between brackets refers to hazard probability after consideration of mitigation measures L
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Ground model enhancement /
. + Scope and constraints l‘
y + Siting and general structure characteristics a
+  Legacy data and public domain/ proprietary knowledge

R synthetic CPTs for offshore windfarm

Integration of geophysical, geological and geotechnical data L
Definition of geological units
Geotechnical classification of units

Characteristic values
Limit states
Calculation models.

Geotechni
desi

Geotechr
parametet

Ground model enhancement Ground model enhancement
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Synthetic CPT prediction

Machine Learning Model

122 CPTs
" q,
162 UHR MCS lines:

= Multiple seismic
reflection attributes

Information from ground model:
= Soil units

= Depth ‘

Predicted CPT parameter q,,*
at all CDPs

Prediction results

[~ on"target —— an*pred.  90% confidence interval|

Seismic reflection attributes
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Concluding on geodata acquisition Acquisition of HKW data points

+ Scope and constraints.
+ Siting and general structure characteristics
+ Legacy data and public domain/ proprietary knowledge

Number of test locations Number of data points
al investigation data

ical investigation data

SAMPLING SAMPLING
« Integration of geophysical, geological and geotechnical data
«  Definition of geological units

*  Geotechnical classification of units

« Soil province mapping

SYNTHETIC CPT SYNTHETIC CPT 720 000 000
+ Data pairing - geophysical and geotechnical attributes
*  Geostatistics and machine learning

+  Synthetic profiles SEISMIC REFLECTION 1500 000 SEISMIC REFLECTION 300 000 000

* Characteristic values
Limit states
« Calculation models

hni

Not to scale

Acquisition of geodata Spin-off: robotic system for onshore

= Fugro Deep Drive CPT
= Coiler for push rod

= Reduction of rod friction
by mud injection

= >50 m penetration
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