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1971
DESIGN AND INSTALLATION OF EKOFISK TANK IN

NORTH SEA

In 1971, NGI won its first contract associated with offshore work: the verification of the Ekofisk tank foundation for
Det Norske Veritas. NGI gradually became involved in the design of offshore structures in the North Sea and
abroad. NGI played a key role in the developement and acceptance of the gravity platforms made of concrete and
with embedded foundation skirts, as a reliable alternative to piled structures in harsh environments. NGI was
starting in a facsinating new field that would influence its entire future development.



1973 - 1978
INSTALLATION OF X CONDEEP PLATFORMS

Installation of X Condeep platforms with skirts ranging from ?m to 362m in soils ranging from soft normally
consolidated clays to very dense sand in ?m to 330m water.

A novel concrete GBS foundation concept with development started soon after the installation of the Ekofisk Tank.




1974
JIP ON CYCLIC LOADING OF SOILS

Large JIP with laboratory testing on clays in both triaxial and DSS tests.

First establishment of cyclic contour diagrams that could be used for evaluation of cyclic behaviour of offshore
structure. Pattern presented by Knut H. Andersen, NGI, that has later been further developed.




1978
BRENT B INSTRUMENTATION PROJECT

Instrumentation, observations and interpretation of the Brent B Condeep GBS.

Observations during installation and several years of operation, incuding winter seasons with heavy storms
provided valuable feedback on GBS prototype behaviour under realistic full scale conditions and data to validate

and calibrate design methods.




1983
FIRST OSIF (OFFSHORE SOIL INVESTIGATION

)

The first Offshore Soil Investigation Forum was comprised of oil & gas companies, SI contractors and consultants.
They met in Oslo to discuss issues of common interest including; standardization of equipment and procedures for
in situ and sampling, contracts etc.

This was the first meeting of its kind and has since become an informal yearly event. The organization of the

meeting has rotated between participants with some initiatives transferred to OSIG/SUT including Guideline for
Pipeline soil investigations. There were no meetings in 2021 and 2022 due to COVID 19.



1985
GULLFAKS CPENETRATION TEST

The largest offshore soil penetration test ever undertaken was successfully carried out in 1985 in the Gullfaks Field,
North Sea. At water depths of more than 200m - a large scale test structure successfully penetrated 22m into the
seabed to importantly inform the design of the Gullfaks C fixed concrete platform which was installed in 1989.

The test showed that it was fully feasible to install deep skirts through clay and into a sand layer at 20m.



NORSOK STANDARD G-001

Rev. 2, October 2004

Marine soil investigations 1986

NORSOK STANDARD

NORSOK Standard for Marine Soil Investigation.

First International Standard covering all aspects of offshore soil investigation: planning, deployment, drilling,
sampling, lab testing, in situ testing and reporting.

This NORSOK standard is developed with broad petroleum industry participation by interested parties in the
MNorwegian petroleum industry and is owned by the Norwegian petroleum industry represented by The Norwegian
Qil Industry Association (OLF) and Federation of Norwegian Manufacturing Industries (TBL). Please note that whilst
every effort has been made to ensure the accuracy of this NORSOK standard, neither OLF nor TBL or any of their
members will assume liability for any use thereof. Standards Norway is responsible for the administration and
publication of this NORSOK standard.

Standards Morway Telephone: + 47 67 83 86 00
Strandveien 18, P.O. Box 242,
N-1326 Lysaker



https://htc.issmge.org/uploads/contributions/NORSOK_G_001 (1).pdf

1993
SNORRE TENSION LEG PLATFORM ONSHORE

MODEL TESTS

Large onshore 1 g field suction anchor model tests in soft clay.

The measured behaviour was in excellent agreement with Class A predictions and verified foundation design
methods for suction anchors and TLPs under static and cyclic loading in clay. It provided confidence that suction
anchors for anchoring of TLPs and other floating structures was a feasible concept.



HYDRAULIC FRAGTURE AS A CRITERION FOR CONDUCTOR SETTING DEPTH IN CLAY

Knut H., Andersen Norwegian Geotechnical Institute, Osle, Neorway
Tom A. Lunne Norwegian Geotechnical Institute, Oslo, Norway
Colin G. Rawlings Norwegian Geotechnical Institute, Oslo, Norway

Trond H. By Norwegian Geotechnical Institute, Oslo, Norway

ABSTRACT

For offshore drilling, and in particular when d.]:‘il]_.i'rl_‘r!_1 from fixed platforms
in deep waters, the mud pressure will be high compared to the hydraulic fracture
pressure (i.e. the formation strength) close to the seafloor. The first casing
or the conductor will therefore have to be installed to a depth where the forma-
tion strength is suffieient to withstand the pressure from the drilling mud.
Otherwise a hydraulic fracture will take place and the mud will flow into the
formations.

The concequenses of a hydraulic fracture could be loss of circulatien which
will slow down the drilling. In cases where large quantities of mud are lest
inte the formations beneath the platform, this may even threaten the integrity
of the foundat soi d ¢ Ly prob
with too deep cond ting depths will, on the d, lead to high
necessary costs. =fo impertant te have
sound eriteria for the allowable mud pressure when drilling out below the first
conductor.

- presents a rational approach to establish the maximum allowable
sure in eclay formations, and recommends use of partial safety
coefficients which are dependent n the consequences of hyds ie £
curring and the quality of the soil data. The highest g
text is considered to be eial in situ hydraulie fr
part of the soil 1 ion and special true triaxial laboratory
which simulate the str tions in the soil adjac

appro:
proach consi o important factors which are generall
ories found in the literature: nen-linearity of the str
sure changes in the secil due to changes in total

The proposed calculation approach has been verified against a series
laboratery model hydraulic fracture tests and in situ hydraulic fracture tests
carried out at numerous offshore sites.

1993
JIP ON CONDUCTOR SETTING DEPTH IN CLAYS

A study to evaluate the existing method for conductor setting depth in clay. It was based on field and laboratory
tests and analyses of all data from which a new method using SuDSS was developed.

Practical criteria for hydraulic fracture in sand was developed including a recommendation on partial factors.


https://htc.issmge.org/uploads/contributions/KHA_TLu_HydraulicFracture..._Can.Mar.Geot.Conf..pdf

1993
INSTALLATION OF SNORRE TLP PLATFORM

First TLP platform with suction anchor foundation.
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ABSTRACT

The Europipe jacket with bucket foundations

ing pi was installed in July 1995 in 70
metres water depth in the central part of the North
Sea. The bucket foundations offer a new and
economically  attract alternative to piled
foundations and consist of circular mudmats with
6 metre deep skirts around the circumferenc
under each jacket leg, Fig. 1. They have the abili
to both tensile and compressive
Inut.illatinn is provided by means of a suction
system that enables the skirts to be fully
penetrated into the sea bed.

The use of suction to install the Europipe bucket
foundations i ahsolutely ential.  The
geotechnical aspects of this installation method
are discussed in the paper and results from
installation are provided.

INTRODUCTION

It is possible to use suction as an installation
technique fi ction piles, concrete skirt piles
and model cai s (see Refl 1) It is also possible
el structures without using piles as the
foundation, e.g. the Maureen platform,
but never before the Europipe jacket had bucket
foundations n used as the only permanent
tnundalmn with suction providing the primary

References and figures at end of paper

foundation installation system.
penetrate steel skirts 6 m into v
also goes beyond any expe

obtained,

Due to the novel foundation method
installation

responsibility

Consequently Iht:. operation was planned and
carried out b atoil personnel. This detailed
planning process together with the actual
{ and observed installation results are
briefly presented and discussed in this paper,

INSTALLATION ASPECTS

The installation of  bucket ndations,
(penetration of steel skirts into the seabottom) can
be conveniently divided into three phases:

Touch down and self weight
penetration phase:  Jacket lowering
from the point where the skirt tip is
approximately 10 m above seabottom to
where the skirts have penetrated under
the jacket ht, i.etouch down
followed by the self weight penc:tmuun
of the jacket. This penetr
uncontrolled compared to the h_rllowmg
penetration phases.

Ballast = weight penetration.  The
penetration of skirts into the seabottom

1994
EUROPIPE STEEL JACKET FOUNDATIONS

Successful installation of suction backet foundations in dense sand.

First example of bucket foundations being used as permanent foundations for a steel jacket structure, where
suction was used as the primary installation system.

Documented example of caisson foundations in dense sand.


https://htc.issmge.org/uploads/contributions/otc-7795-ms.pdf

1994
GBS MODEL TESTS IN SAND

Execution of centrifuge model testing to support understanding of GBS performance in sand.
Example of high quality model tests, with Class A prediction.

Waiting for content.googleapis.com...



Effects of
soft marine Norv
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1995 — 1998
JIP ON EFFECT OF SAMPLE DISTURBANCE ON

SOFT CLAY

Criteria developed for quantification of sample quality in terms of change in void ratio when a sample is
consolidated back to same stresses it had in the field.

The criteria was adopted in IS019901:8:14 on Marine soil investigation.



https://htc.issmge.org/uploads/contributions/Lunneetaloedometer.pdf

2002
VALHALL WATER INJECTION PLATFORM

Failure of jacket piles during installation - associated with pile tip collapse.
The failure provided improved industry understanding of this critical issue, with implications for installation and
design.




@

2013 - 2016
PISA JIP

Pile Soil Analysis (PISA) Project - Improved design methods for laterally loaded piles.

Development of design methods for offshore wind monopile foundations in clay and sand seabed conditions,
supported by field and numerical studies.
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2014
RANKINE LECTURE - GUY HOULSBY

Interactions in offshore foundations design.
The lecture covered several examples of design problems for offshore foundations from the jack up and the wind
turbine industry.


https://htc.issmge.org/uploads/contributions/jgeot.15.rl.001.pdf
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Petroleum and natural gas industries — Specific
requirements for offshore structures — Part 8: Marine
soil investigations
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2014
ISO STANDARD

ISO Standard for Marine Soil Investigation.

First edition of standard covering all aspects of offshore soil investigation: planning, deployment, drilling,
sampling, lab testing, in situ testing and reporting.
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2014 - 2015
DEVELOPMENT OF ADVANCED FE CODES

Development of advanced FE codes with soil models that can handle cyclic shear strain and pore pressure
accumulation and dissipation in the integration points as well as redistribution of average and cyclic stresses under

variable external cyclic loads.

These advanced FE codes enabled more accurate prediction of strains and displacements during cyclic loading and
accounted for stress redistribution and potential progressive failure during cyclic loading.


https://htc.issmge.org/uploads/contributions/63-72-Jostad-et-al-SEAGS-E-Journal-2014-121.pdf
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3" ISSMGE McClelland Lecture

Cyclic soil parameters for
offshore foundation design

Knut H. Andersen
Norwegian Geotechnical Institute

2015
MCCLELLAND LECTURE - KNUT H. ANDERSEN
C ycllc SOll p aralneters for Key lecture at the 3rd International Symposium on Frontiers in Offshore Geotechnics (ISFOG) 2015 hosted by NGI
o . . . in Oslo, Norway.
Oti Sllor C tO u nd atl on d C Slgll First establishment of cyclic contour diagrams that could be used for evaluation of cyclic behaviour of offshore

structure. Pattern presented by Knut H. Andersen, NGI, that has been further developed since.
Main goals
9 Cyclic contour diagram framework

9 Data base with contour diagrams and
correlations of required parameters

Presentation

“ When do we need cyclic soil parameters?



https://htc.issmge.org/uploads/contributions/The-Third-McClelland-Lecture-Knut-H-Andersen-presentation.pdf

Jardine, R. L (2020). Géorechnigue 70, No

Geotechnics, energy and climate change: the 56th Rankine Lecture

RICHARD 1. JARDINE®

that can affect deeper water
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RANKIN LECTURE - RICHARD JARDINE

GEOTECHNICS AND ENERGY kine (1850) that led. with his later publications. to lasting
Geotechnics has developed over the last centu international recognition. For example, the process employ - 5 -
discipline that engages thousands of Nz alists In steam-oj Geotechnics and Energy
worldwide. The first two conferences of : the *Rank
Society for Soil Mechanics and ati ing,  Pasten & arinz present co Covered a range of topics relevant to offshore geotechnics (Part 1 considers design of driven piles supporting
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https://htc.issmge.org/uploads/contributions/jgeot.18.rl.001 (1).pdf
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