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e Part1l-Why High costs of maintenance in complex (marine)
monitoring? environment:

Key issues: logistic governs the costs and marine conditions
governs the feasibility (storms)

- Increase quality control during manufacturing (traceability) >>
NDT (intrusive for manufacturing process) or SHM (intrusive
but used during operation too) >> added value to be quantify

- Optimize maintenance by selected the good maintenance time
and action (preventive) >> added value of SHM

TOveraII maintenance cost R&D
SHM (reliability, optimization, risk oriented)

with short life-time SHM
with long life-time |

NDTonly SHMonly SHMonly SHMonly NDT+SHM >tratesy
D
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« Part1l-Why High costs of maintenance in complex (marine)
monitoring? environment:

Key issues: logistic governs the costs and marine conditions
governs the feasibility (storms)

- Increase quality control during manufacturing (traceability) >>
NDT (intrusive for manufacturing process) or SHM (intrusive
but used during operation too) >> added value to be quantify

- Optimize maintenance by selected the good maintenance time
and action (preventive) >> added value of SHM

- Get a feedback for the next design (reported depreciation)

Quantify the added value of SHM (COST action 1402):
- Compute the benefit // NDT based maintenance

- Include all the costs: sensor, implementation, data processing
(soft and hardware), maintenance (non infinite lifetime)
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Overall maintenance cost

 Part1-Why

monitoring?

Concrete: multi-physics

SHM only

ﬂea\

NDT+SHM

Concrete: large uncertainties:

lab-tests in the loop

1. WT simulation models => patents 2. Prediction of fatigue accumulation 3. Smart monitoring, inspection
— : _ : s ~  and maintenance
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e Part2 - Needs for a better

deSIgn/malntenance Zi: Loreto et al,, SPIE, 2011 /
o/
Concrete in the sea e,
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Fatigue (not usual for RC on pH \
concrete design) i

Cracks
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 Part 3 - technologies Feedback from O&G
and the needs

1973 : the first offshore platform in Concret (DORIS) >>
1997 : the biggest (DORIS) >> Hibernia

BUT
> financial context (O&G <> MRE) >> over-sizing in O&G

= Only a few feedback:
few dozen in various sites // 8000 steel structures

> New challenges: mooring and anchoring systems: still an issue

dynamic and cyclic loading on the anchoring system
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* Part 4 - technologies SHM is technology specific
and the needs

t

()

Sea level
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Mooring Concrete slab Transition plece

» Grouting eracks farmatian + Ancharing interface, cancrete + Early concrete termperature + Grousting eracks farmation
S B £ Arire presre

= Damage
> [P Source Neopolia
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« Part 3 - technologies 1. GROUTING
and the needs

(3)

i [ oA A

Dramage
» Crack formations Source Neopolia
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« Part 3 - technologies GROUTING
and the needs

Brackets for temporary support
of tower before grouting

Gap after

-
installation of tower %
and grouting :
between pile and l_
transition piece g /

< i :
PY < Transition piece
f1 1

iy
e Grout
I

Monopile

VYV Mud level
IASY/AN Y /AT AT/ AN

wse

5

’

t\- Grout confiner
#

I
’
| Monopile
#

OWT with a monopile substructure and OWT with a tripod / jacket substructure and detail of
detail of a grouted joint (DNYV, 2014) a grouted joint (Schaumann et al., 2013)

Significant sliding damages of grouted connections have
been reported in 2009-2010
» 600 of the 988 monopile OWTs in the North Sea

> Cylindrical with shear keys + conical design recommended (DNVOS- J101 (2014), DNV-0OS-C502 (2012),
DNVGL-ST-0126 (2016))
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 Part 3 - technologies GROUTING
and the needs ITN OCEANET (UN., U Hannovre, Franhaufer, Wholfel)

+ SHM-OWT-Grout (UN, IFSTTAR, Keops, Charier)

ACERO et al., OMAE, 2017

IRM Offshore
and

Marine
Engineers
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Monitoring of the appearance of nonlinearities and selection of a

Amplitude [dB] Amplitude [dB]

Amplitude [dB]

Damage Indicator DI
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Total change of ESD harmonic amplitudes |
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North-West Eurogg

European Regional Development Fund

GROUTING

External detection

—> Total change of subharmonics
in the normalized ESD spectrum

N
DI = Z (Hj,damaged o Hj,healthy)
=

with H; being the peak amplitude
of the subharmonic j, and N the
total number of subharmonics

- Cyclic creep curve

Z Fraunhofer

IWES
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* Part 3 - technologies 2. Concrete Slab
and the needs
& ; ; A
-~ 9 ” ‘a (4) ; -!‘ Sea level

i [ oA A

@

Foundation Mooring Concrete slab Transition piece

+ Grouting eracks formatian « Ancharing interface, carrete + Early concrate termperature + Growting eracks fermation
under RN & marine pressure

= Dammage
» Crack formations Source Neopolia
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Tests on site (monitoring)

Potentiel d'armatures n°2
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Damage and Chloride Ingress

Accelerated hybrid tests
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Chloride Ingress: chloride content at the rebar

\\Potenﬁef d'armatures n°1

Chlordetect. Université de Nantes
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of corrosion

Capleur chlorure n°4

initiation Time-scale factor: BN [Tra

/.Bastidas, Schoefs 2016]
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Figure 16 5% and 95 percentiles of chloride
content at depth x=31.5mm
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Part 4 - technologies and

the needs
-—

Damage and Chloride Ingress

— Resistivity (2.m) CI =0 g/L
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Figure 5.2 — Lestrois étapes de la fabrication du capteur,

Resistivity (Q.m)
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a) Experimental and fitted distributions of
resistivity at 28 days
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Part 3 - technologies and Damage and Chloride Ingress

the needs
Reduce time of onshore and maritime opérations
(prefabrication of systems)
.......... l_ = :"-;‘;
Fﬁ TN
A \

agQo
X

|
I

Extensomeétre

AR ) | s s eisrseeares 2, s MY
AR A T AN e |




@IUML WORKSHOP "Challenges and Solutions for Improved Interreg -

FRONRS 3478 Durability of Materials" North-West Europe

NIVERSITE DE NANTES

European Regional Development Fund

Part 3 - technologies and
the needs

Damage and Chloride Ingress
3D mmtormg of stresses (patent Sentilel)

atent Sentinel
iversité de Nantes
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* Part 3 - technologies Concrete slabs / Harbours
and the needs
O 5
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Cruay Jacket Floating structure Concrete structure Buoy
@ Foundation @ Moaoring Concrete slab @ Transition plece
« Grouting eracks farmation + Ancharing interface, soncrete + Early concrate termperature + Growting eracks fermation

undier BEnsion & marine pressure = Damage
» Crack formations Source Neopolia
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COST Action TU1402 - Quantifying the Value of Structural
— Health Monitoring

AN RAzAE Existing video on youtube:
RT https://www.youtube.com/watch?v=h9u6l0aT9Ys
220 views (6 months)

NIVERSITE DE NANTES

Offshore
Wlnd

g
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https://www.youtube.com/watch?v=h9u6l0aT9Ys
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Part 3 - technologies and Stresses
the needs 3D monitoring of stresses
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Part 4 - Models and Methods

State of the Art
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=] Part4 Models and Methods

_\Web State of the Art

And

Maintenance & Repair

Transport Infrastructures

Technical Guide
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http://www.durati.netmust.eu/
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Expected annual cost
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* Part 3 - technologies Concrete slabs / Harbours
Added value od SHM Ist,
Ssuy,
700 ceoo by e e by oy v b by vy b by by g ts
7 —-= Inspection —-- Repair ---- Corrosion initiation — Total u
600 Wet shotcrete —
7] 5cm C
500 —
— — -
w003 T )‘_ - 18%
s - With SHM
300 — B
N C
200 O o
| \ B
. ~, Tl -
100 N e -
0 _ T 1 T I T Y | I | | I | | -I_-I_;_I-_I-_l-_l-l_-l_-l_-l_-l_l-_l-_l-_l-l_-l_-l T -
0 5 10 15 20 25 30 35 40

Inspection interval (yr)



@IUML WORKSHOP "Challenges and Solutions for Improved 8=

FR CNRS 3473 ope T
NI s SN Durability of Materials

Conclusion

A lot of progresses since the early 90’s:

- Understanding of physical and mechanisms
- Stochastic modelling of chloride ingress

- Monitoring

Resilient challenges

- Fatigue

- Redundant monitoring for chloride ingress + corrosion threshold> SmartCore and
Regional Project in Nantes

- Spatial variability (PhD defense in january 2021)

- Biofouling of concrete (reef effect)

= EffeCt Of C||mate Cha nge (https://WWW.researchgate.net/project/CIimate—change-effects-and-adaptation-of-civil-infrastructure-and-buildings)

More information
https:/www.researchgate.net/project/ DURATINET
https:/www.researchgate.net/project/Universite-de-Nantes-in-EC-COST-Action-TU1402-Quantifying-Value-of-SHM
https:/www.researchgate.net/project/Structural-Health-Monitoring-of-Coastal-and-Offshore-Structures
https:/www.researchgate.net/project/Probabilistic-modeling-of-degradation-processes
https:/www.researchgate.net/project/Behavior-inspection-monitoring-and-maintenance-of-structures-
special-focus-on-structures-in-marine-environneint
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