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R5 cha in cha llenges
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Cha in

5’’ (127mm) R4
Ra mnä s 20 0 8

?

~4.0 0 0 ’ / ~1.20 0 m

– a nd brea ka ge

Cha in       

Tita n mooring line
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Broken link brought to deck
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The  broken link

• Crown brea ka ge. Typica l for fa tigue  a nd hydrogen a ssisted cra cking
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Cha in surfa ce  condition (a ll 7 links)

• Cra ck-like  surfa ce  grooves 
on crown sides. Also on top 
of crown on some links.

• Pittings with pa ttern known 
from ba cteria l corrosion 
(Sulpha te  Reducing 
Ba cteria  -  SRB)

7  |  MOP Conferernce



Open 17 April 20 24

SRB indica tions
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Genera l inspection findings

Grey stuff

Rusticles
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In the  Eye  of the  Storm Ida
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11 yea rs with rusticles...
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Fra cture  surfa ce
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Cra ck initia tion

13  |  MOP Conferernce



Open 17 April 20 24

Top of crown
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Yie ld 971 MPa
Tensile 10 0 2 MPa

Ra tio = 0 ,97

= R5

Ra tio = 0 ,92

987 MPa

450 ' ma ximum va lues
Length No yie ld tensile ra tio

38 90 4 984 0 ,92
39 90 4 984 0 ,92
40 90 4 984 0 ,92
41 90 4 984 0 ,92
42 90 4 984 0 ,92
43 891 976 0 ,91
44 878 960 0 ,92
45 878 960 0 ,92
46 923 999 0 ,92
47 923 999 0 ,92
48 923 999 0 ,92
49 923 999 0 ,92

Yie ld va lue  ma y ha ve 
been a ffected by the  
pla stic deforma tion

Broken line
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• Mecha nica l testing results [....] sa tisfy the  requirements for ABS 
Gra de  R4 links (identica l to Gra de  RQ4). However, it wa s noted tha t 
the  yie ld strength wa s on the  high end for typica l Gra de  R4 cha in, 
a nd the  yie ld to tensile  ra tio in the  non‐welded side  wa s 0 .97 versus 
a  specified a im va lue  of 0 .92 ma ximum.

• The ha rdness a nd tensile  da ta  demonstra te  tha t insufficient ma teria l 
strength wa s not a  ca use  for the  fa ilure , but the  ha rdness va lues a re  
borderline  for resista nce  to hydrogen‐a ssisted cra cking if a  source  
of hydrogen is present.

Ha rdness a nd forensics comments
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Ta ke-a wa ys to the  industry

R4 cha ins with high strength ca n 
be  susceptible  to Hydrogen

Rusticles seems to / ma y 
ca use  pitting corrosion

Pitting corrosion (from ba cteria ) 
produce  Hydrogen

Surfa ce  issues ca n sta rt a  
Hydrogen a ssisted cra ck
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Floa ting Offshore  Wind
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One  FTW pa rk    =    Ma ny FWTs    =    Very ma ny mooring lines...

Typical (upcoming) park:
• 50 FWTs
• 200 mooring lines
• ( + power substa tion ) 

Current Equinor FWT flee t:
• 16 FWTs
• 48 mooring lines

All Equinor O&G a sse ts:
• 20  a sse ts
• 270  mooring lines
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Mooring line  brea ka ges – a ccepta nce  leve l for FWTs ???

Mooring brea ka ges
O&G sta tistics

Mooring brea ka ges
Equinor O&G sta tistics

<1 brea ka ges / 10 0 0  line  yea rs
Too ma ny repa irs
Life  extension repla cements

redunda nt mooring systems – typica lly 12-16 lines per insta lla tion

2,5 brea ka ges / 10 0 0  line  yea rs
Unknown repa irs

Mooring brea ka ges
FWT ta rget

?
Accidenta l fa ilures only!
• No overloa d fa ilures
• No design error fa ilures
• No ma nufa cture  ca used fa ilures
• No insta lla tion ca used fa ilures
• No wea r fa ilures
• No repla cements within design lifeDesign errors

Component se lection / wea r
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Idea l mooring
eliminate buoys & clump weights
softer fiber, clean & taut mooring
reduce/eliminate splices
minimize chain & connectors
allow touch down
allow slack lines
eliminate pre-stretching
new tensioner design
anchors for hard soil/rock
efficient marine operations
optimal cost-risk level
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FWT mooring line  – possible  components

/ hull connector
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Dyna mics, component colla pse  a nd wea r

• Hull connections
• Hea vy weight items
• Buoya ncy e lements

Sna p loa ds

Difficult to predict dyna mics

Non-inspecta ble  wrt wea r

Difficult to predict wea r

Pin design

complica tes insta lla tion

A KISS is ha rd to get!
(keep it simple  a nd sma rt)

Complica tes dis/re-connect FWT

O&G: Dyna mics ca use  wea r a nd fa ilures!

/ hull connector
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Clump weights
   on cha in?  

Fa lls off

Not insta lla tion friendly

Increa se  inspection need

Ca use  cha in wea r

Non-inspecta ble  cha in

NO KISS !!!

Require  repla cements
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Dyna mics: 
Wea r, lost pins a nd missing buoys 

Avoid

TQ

Robust
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Ropes designed for sea bed conta ct 

• Limits number of ropes
• Removes clump weights a nd buoys with la rge  dyna mics
• Reduces size  of buoy

Sea bed conta ct certifica tion
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Rope  insta lla tion – securing the  rope  on deck

Cha in ta il (5-10 m) on winch drum
Additiona l weight
Additiona l cost

REMOVE
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pa tented
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Buoy insta lla tion cha llenges

• Buoy size  a nd sha pe  vs deck ha ndling
• Cha in below buoy shorter tha n wa ter depth
• Pre- insta lled mooring line  dyna mics
• Insta lla tion efficiency
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Mooring line  with buoy pre-insta lla tion options

J ust pre- insta ll it

Pre- insta ll with tempora ry weight 

Pre- insta ll without buoy

! Connect to a nchor
! Buoy a nd rope  movements
! Rope wea r a t connection

! Loa d-out with weight
! Remove weight a fter hook-up

! Insta ll buoy a fter hook-up

Vessel 
requirements

New solutions

Efficiency

disconnect/ 
reconnect!
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Insta ll buoy a fte r hook-up principles

Ba la nce  buoy with weights Pull buoy down to connector

New technology is needed!
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Tensioners

• Propeller thrust 
towa rds tensioner

• Cha in OPB
• cha in ta il dyna mics
• Complica ted 

hook-up

Fa irlea d cha instopper

Inline  tensioner (ILT)

• Increa sed 
a nchor size

• Sha red 
a nchors?

Sea bed tensioner

Anchor tensioner

• Limited to 
Ca tena ry 
systems only

Opera tion complexity

Pre-stre tch need

Ma intena nce

disconnect / reconnect

The perfect solution
is ye t to be  designed (?)

• Introduce  “clump 
weight” with 
dyna mics

• Cha in OPB
• cha in ta il dyna mics

Wea r

Cha in segments a re  needed
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Mooring Inspection
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Cha in de ta iled inspection – subsea  3D sca nning 

• High requirements to a ccura cy a nd resolution 
• Subsea  la ser sca nning is a va ila ble

• Deta ils OK for 3D sca n post processing

Sea Vision
offshore
3D sca n

la b
3D sca n

Sea Vision by 
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On-shore  post processing of 3D sca ns – roughness ma ps
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On-shore  post processing of 3D sca ns – corrosion loss
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Cha in clea ning – a ccess for inspection/3D sca nning
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