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Subsea structure

Pazfloor, Angola.

Image courtesy of Subsea 7
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B=5m,L=10m
d=1m

V ~ 500 - 600 kN
Ideally small and light enough to
be installed by pipe-laying vessel
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Subsea foundation - VH2M2T

e Subsea mudmats subjected to loading in 6 dof

e Self-weight, biaxial horizontal loads (from thermal expansion of
pipelines)

e Vertical and horizontal eccentricity of loads = biaxial moments and
torsion

T T
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The geotechnical design issue
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e C(Classical bearing capacity theory

Ay = (7 + 2)s, x lots of reduction factors, e.g. s, d,, i, B, L, F, ¥

c’

VHM, no torsion, and HM poorly predicted
Output = single allowable vertical load or bearing pressure

No indication of effect of different load components on proximity to failure.

Conventional design method
e Too large for pipelaying
vessel to install.
« Require second vessel on

site = $$S ®

Optimized design method
« Small enough for
pipelaying vessel to install.

- ©
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1. Alternative design method

e Failure envelope design method

MM, (6, = 30°)

MNormalised moment, m
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— Explicitly account for effect of applied loads, V, H,, H, M, M, T

— Explicitly account for effect of geometry, B/L, d/B

— Explicitly account for shear strength profile, kB/s,, , surface crust

— Determine how individual variables affect the design outcome.

— Indicate displacements at failure.

1.2-

TIT,, = 0, 0-25,
05, 0-75, 0-9

D

N

10 -08 06 -04 -02 0 02 04 06 08
Normalised horizontal load, h = H/H (6 = 60°)

o FE results

—— Estimation

I
1-0

Feng et al., 2014, Géotechnique

Susan.Gourvenec@uwa.edu.au www.cofs.uwa.edu.au




ELEEH THE UNIVERSITY OF
'Y WESTERN AUSTRALIA

Caveats

« Be wary of oversimplification.

» Choice of appropriate s, is central to calculation —
affected by various conditions, inc. cyclic loading.

e Assumptions of undrained load response.

But ...

* Neat tool for preliminary sizing.

 Indicates influence of design input independent variables.

e Augment with more detailed analysis for detailed design.

 Tool demonstrates how improved site investigation data
can have significant impact on design.

Susan.Gourvenec@uwa.edu.au www.cofs.uwa.edu.au



Industry impact

Groundbreaking geotechnics

In 2011, Subsea 7 commenced
accelerated development in the

field of Geotechnics in two areas of
great significance for aur clisnts’
deepwater operations, how seabed
soils and pipelines interact, and how
an enhanced appreciation of soil
bahaviour and failure machanisma
can optimise foundation design,
particularly for very soft deepwater
clays.

Pipelines

Subsea T actively participates in the
Saiebuck senes of JIPs - currently n s
thid phase - but we have akso internally
tunded work mvestigating the dynamic
embedment jand hence friction and
stability) of pipes laid on soft clays which

ane typically found at the despwator sites =

Foundations

In our subsea constmction businass,

e 15 constant prossan o opbimese

foundation degign to ba as efficient as

possible n tenms ol mstallabon without
q i ¥

where we work

Areother key challenge being addressed
s an improved understanding of the
behaviour of carbonate sediments which
ane o I SO denvelopandg ol

Subséa 7 has produced (ecent reseach)|

at ther highly nespacted Centre for
Orfishore Foundation Sysiems at the
University uﬂ«-; n Australia mlo an
that has.

and gas-rich regions such as Australia

Carbonate-nch soils exhibit different
o

by nod\.llusl»g a geotechnical
cantrifuge

The results of this study are counter-
intuitive 1o those predicted by classical

nics, and the work represents
it shep forward n evohang a
tutive madel to describe the
behaviour of carbonate soils.

Iedwmepossablty of reducing the sz

Leoking to the future...

Emerging challenges in the

of shallow foundations such as PLET gectechnical industry am liely to
yacdriats by 0%, or alematnocly abie AL
to wathstand larger jumper loads ping
rrmel Iul

The geolechnecal engaieer s always
interested in finding the most critical
Tasharee mechansm of a foundalon.

Subsca 7 has teamed up with the
university to develop a new 3D analysis
tool which could polentially hebve the

Wbomlesodsandwpﬂmg
il to founcdateon and prpedae

design

* how to quantify the degrading
ellects of sobd bydiate and
r-,duu.-_ diessociEtion on soil

2 WOLITS Spant designing
foundations under comples loading.

*+ furthes optamisation of
foundabon designs as large
and heavy processing faciities
are moved subsea

* developing design methods
Ton ultra-deepwates soils whene
soil strength s mone dormimated
bry viscous betaviow than
wraditional shesas strength

* finching novel and effectve
wys o prolect subsea
infrastiucture n the Arctic or
IR PIONE Ieghons.
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possible in terms of installation without
compromising functionality.

Subsea 7 has produced recent research
at the highly respected Centre for
Offshore Foundation Systems at the
University of Western Australa into an

optimised design methodology that has
led to the possibility of reducing the size
of shallow foundations such as PLET
mudmats by 20%, or alternatively able
to withstand larger jumper loads.

Susan.Gourvenec@uwa.edu.au www.cofs.uwa.edu.au
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2. Hybrid subsea foundation gy e

e Mudmat with corner pin piles

— Increase in 6 dof load capacity over mat alone, in particular lateral and

torsional resistance.

— Smaller footprint sizes.

Gaudin et al., 2011, SUT London
Dimmock et al., 2013, ASCE JGGE

Resultant moment, M, g (KNM)
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11 @ Design- mudmat
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Resultant horizontal load, H, 4. (KN)
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2. Hybrid subsea foundation
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e Mudmat with corner pin piles

Resultant moment, M, 4ma (KNm)
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Resultant moment, M,j; ¢ (KNm)

Gaudin et al., 2011, SUT London
Dimmock et al., 2013, ASCE JGGE
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Resultant horizontal load, Hy;.s (KN)

V (mudmat) = S30kN
\‘\
1| ——Zero torque N
4| =——T =39.3 kNm \
<1 & Design - mudmat \
L 2
0 20 40 60 80
Resultant horizontal load, H, 4. (KN)
V (piles) = 130kN
|| =—T=0 \\
| =T =190 kNm \
| ¢ Design - piles \ \
* \
0 100 200 300 400
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Internal skirt spacing

e Failure envelopes & failure mechanisms

Increasing # skirts

Susan.Gourvenec@uwa.edu.au www.cofs.uwa.edu.au

Moment, My xy/ABsyg
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Internal skirt spacing

e Design charts
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Feng & Gourvenec, OMAE, 2013
Mana et al., ASCE JGGGE, 2012
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4. Consolidated shear strength ~ J& "o

e Increase inin situ shear strength under foundation and structure self-
weight prior to in-service loading.
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Consolidated shear strength s B
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e Gain can be scaled linearly as a function of the degree of consolidation qg
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Gourvenec et al, Géotechnique, 2014
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e Federal funding for a 3 year project to develop a geotechnical design

framework for mobile foundations.

@ INNOVATION
TIL 6 &S ALISTRALI

Industry needs underpin pioneering PZISSIIZEIS
ome SPE.......

research

EY LAUREN BARRETT

ARMED with federal funding and
industry Intevest, a team of engineers
from the University of Western Australia
is looking to challenge traditional
thinking that foundations for desp-sea
oil and gas pipeline infrastructure must
be stationary.

The research could inprove the
international competitiveness of Australias
COEFEY SACI0F, with ]h.lp-..'s it will make the hard
rask of unlocking stranded reserves cheaper

The research project. headed by Professor
Susan Gourvenec, will take place at U'WAs
Centre for Offshore Foundation Systems.

The project |5 ainuing o prove that it is
pessible to desipn mobile foundations as
& safe and efficient way to sapport seabed
infrastructure instead of the traditiona
stationary foundations

While the idea may deaw it fair share of
sceptics, the advantages mohile foundations
can deliver the ol and gas sector are too
promndsing s lgnore,

L — s W Lol A abaalla e Bhe

4 AND COMMENTARY
NEW |

AUSTRALASIA
Australla, New Zealand and PNG

INDUSTRY NEWS m YOUNG PROFESSIONALS VIEW FROM THE TOP TECHNOLOGY PRODUCTS ml

Going mobile with offshore foundations (Fage 107 3)
By Martin Kovacs, 20 Jan 2014

Foundations are traditionally thought of as stationary, providing support for structures
such as homes and office buildings from underneath. In the offshore oil and gas industry
they are used to support offshore facilities and subsea infrastructure from manifolds
through to pipelines. However, new research from the University of Western Australia’s
(UWA) Centre for Offshore Foundation Systems (COFS) is challenging this paradigm.

Having recently secured federal funding for the research, COFS Professor Susan
Gourvenec is seeking to create a design framework for mobile foundations to support
deep-water subsea infrastructure.
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Toolbox for optimized design 2/
1. 6 dof failure envelope design methodology and calculation spreadsheet
2. Pin piles — ‘hybrid subsea foundation’

3. Skirt spacing
4. Consolidated shear strength ”IMJ
5. Mobile foundations .

0 int. skirts
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Colleagues at COFS, in particular Mark Randolph, Christophe
Gaudin, Xiaowei Feng, Divya Mana, Cristina Vulpe and
Michael Cocjin

Australian Research Council

Our industry partners, in particular Subsea 7
EMI for sponsoring this evening

SUT for the invitation to talk

hank you for your attention!

Please feel free to contact me:
Susan.Gourvenec@uwa.edu.au
www.cofs.uwa.edu.au, www.emi.uwa.edu.au



