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Ba ckground of study

• Multiple  mooring line  brea ka ge  incidents in mobile  offshore  mooring systems used for Equinor over the  pa st yea rs.
• R5 gra de  84 mm stud cha in
• Incidents ha ve  occurred during a nchor pre la y, recovery a nd MOU in opera tion 
• All incidents a re  re la ted to the  bottom chain segments

• Bottom cha in segments a re  subject to rough ha ndling a nd high loa ds during life time:
• Onshore  ha ndling – Mobiliza tion / Demobiliza tion
• Anchor pre la y (up to 10 0 -yea r ULS loa d)
• Hook-up  in opera tion  disconnection
• Anchor recovery (high loa ds a nd dura tion in cha llenging soil conditions)

• No class requirements for fa tigue  a na lysis of mobile  mooring cha in  cha in subject to onshore  inspection a nd renewa l 
surveys

• Prelay: cha in being pulled up to 45%-50 % of MBL where  the  dyna mic loa ds ra nge  a bove
• Recovery: loa ds up to or a bove 65% of MBL due to short cha in segments a nd high sea  sta tes

Cycle  repea ted typ. 2-3 times a  yea r 
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Description of study – Fa tigue  a ssessment – Anchor ha ndling opera tions
Scope Of Work

Investiga te  the  impa ct of a nchor ha ndling opera tions to the  overa ll fa tigue  life  of bottom cha in segments for mobile  offshore
units. 

• Hydrodyna mic modelling of a nchor ha ndling vesse l
• Coupled time doma in a na lysis

• Anchor pre la y
• Anchor recovery

• Fa tigue  da ma ge ca lcula tion for 84 mm stud cha in

Verification of study

• Two independent studies
• Different vesse ls / modelling a ssumptions 
• Simila r env. pa ra meters a nd loca tion deta ils
• Equinor (Orca flex)
• Delma r (SIMA)

The two reports a re  openly a va ila ble
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Description of study – Fa tigue  a ssessment – Vesse ls

Vessel (Equinor) Value
Length in wa terline 10 7 m

Brea dth 24 m

Dra ught 6.6 m

Displa cement 10 70 0  Te

• Model ma de in Multisurf
• Diffra ction a na lysis in Orca wa ve
• Coupled time doma in a na lysis in Orca flex
• Wind / Current excluded in a na lysis model.
• Delmar vessel model 

• Inhouse  developed
• displa cement ~1250 0 Te  otherwise  simila r cha ra cteristics
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Description of study – Fa tigue  a ssessment – S-N curves

Recent low frequency high tension a mplitude  fa tigue  testing of 84 mm 
R5  stud cha in indica tes tha t (more  extensive  testing required to 
conclude):

• Mea n loa d > 30 % MBL (257 Te) expected cycles to fa ilure  follows 
the  DNV design curve

• Mea n loa d < 30 % MBL (257 Te) expected cycles to fa ilure  is a bove 
the  DNV design curve

The fa tigue  ca pa city presented in the  reports a re  ba sed on

• DNV-OS-E301 design curve
• No design fatigue factor

Miner’s sum of 1.0  equa ls expected fa tigue  ca pa city of cha in.

Sa fe ty fa ctors considers uncerta inties in loa ds, ma teria l va ria bility, 
environmenta l va ria bility, fa tigue  beha vior, a ging a nd wea r.
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Effects of a nchor cha in on ste rn rolle r a nd wea r & corrosion

Cha in on stern roller

Wea r

SCF = 1.15   66% of fa tigue  ca pa city

Area  reduction of 10 % (a pprox. 5% nom. dia meter  73% of fa tigue  ca pa city

Picture  borrowed from DNV report 20 22-10 60  
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Fatigue capacity ma y be  significa ntly reduced due  to:

• Cha in on stern roller / a nchor ha ndling winch in combina tion 
with high loa ds

• Area  reduction due  to wea r ma rks / corrosion
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Description of study – Fa tigue  a ssessment – Ana lysis

Pre- and post -processing of results
• Tota l loa d ca ses: 336
• Use of Ra inflow counting a nd DNV S-N design curves
• Ca lcula tion of cumula tive  fa tigue  da ma ge a nd da ma ge pr.hr
• Quite  good a greement be tween a na lysis results a nd a ctua l 

tension logs!

Recovery
Cha in from stern roller 1.3 to 1.5 x Wa ter depth

Bolla rd pull 150  Te to 20 0  Te

Simula tion length 1 hr

Prelay
Length of wire  from stern roller 390  m

Bolla rd pull 30 7 Te – 350  Te

Simula tion length 15 min build-up + 15 min 
tension test

Environmental data
Wa ter depth 315 m

Hs ra nge 1.5 m to 4.0  m

Tp ra nge 6 s to 13 s

Wa ve hea dings 0  deg to 180  deg

Wa ve Spectrum J ONSWAP, short crested
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Pre la y opera tions
Observations
• High mea n loa d
• Low fa tigue  da ma ge a ccumula tion from a nchor pre la y

• Short dura tion of tension test (Typ. 15 min + 15 min)
• Low loa d va ria tions due  to geometric stiffness of ca tena ry
• In Hs = 4 m, > 270 0  pre la ys before  fa tigue  ca pa city is rea ched

Conclusion: Prela y opera tions ha ve  negligible  impa ct on fa tigue  ca pa city of cha in
Note: Anchor pre la y is still a n importa nt contributor to mooring line  fa ilure  due  to high mea n tension which ma y lea d to 
propa ga tion of a n existing cra ck, especia lly in combina tion with HISC

Simulation vs tension log ~ Hs 2.5 m
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Recovery opera tions

1 hr simulations
Actua l dura tion of a nchor recovery is 
va rying. Typ. <<1hr up to severa l hrs in 
cha llenging soil conditions.  

Note: 
It is rea sona ble  to a ssume tha t the  
AHV ma ster a da pts to the  
environmenta l loa ds by reducing 
Bolla rd Pull or increa sing the  length of 
cha in/wire  from stern roller to reduce  
the  pea k loa ds.

Example: 1.5x WD, BP 150 Te,  Hs 3.5 m, Tp 8 s, Wave Direction 60 deg off stern

Mea n loa d: 2240  kN STD: 675 kN  Sign loa d a pprox. 230 Te ± 140  Te MPM ~471Te  37 hrs fa tigue  ca pa city
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Recovery opera tions - Loa ds
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Significant load ~ Mean ± 2 x STD

• High mea n loa d a nd pea k loa ds a bove 65% of MBL
• High loa d va ria tions  significa nt fa tigue  da ma ge
• Significa nt loa d reduction going from 1.3xWD to 1.5xWD

 

 MOST PROBABLE MAXIMUM STANDARD DEVIATION 
Length 1.3 x WD 1.5 x WD 1.3 x WD 1.5 x WD 

BP 150 BP200 BP150 BP200 BP150 BP200 BP150 BP200 
Mean 264 Te 343 Te 230 Te 297 Te 264 Te 343 Te 230 Te 297 Te 
Hs [m] [Te] [Te] [Te] [Te] [Te] [Te] [Te] [Te] 

1.5 388 486 323 396 36 42 26 28 
2.0 440 541 359 436 51 59 37 40 
2.5 485 586 394 473 65 72 47 50 
3.0 540 636 435 515 82 86 59 62 
3.5 585 707 471 556 93 108 69 74 
4.0 632 738 504 597 106 116 79 86 
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Recovery opera tions – Fa tigue  da ma ge  (hrs to fa ilure )
Note: DNV design curve, Miner’s sum = 1.0, WD 315 m

Observations:
Significa nt fa tigue  da ma ge from a nchor recovery!
Exa mple : 
• 3 hr dura tion
• Cha in length 1.3 x WD @ BP 150  Te
• Hs ~ 3.0  m = 29 hrs fa tigue  ca pa city
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~10 % of fa tigue  ca pa city used for one  recovery opera tion!
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Recovery opera tions – Delma r study

Wave dir
Line length
BP [Te] 150 200 150 200

1.5 510 324 1562 1323
2 186 135 576 459

2.5 90 62 232 191
3 47 37 135 108

3.5 30 23 74 60
4 18 15 48 37

0 deg (Following sea)
1.3 x WD 1.5 x WD

Wave dir
Line length
BP [Te] 150 200 150 200

1.5 1221 722 5321 3244
2 471 287 1829 1209

2.5 212 154 756 544
3 116 83 404 267

3.5 63 49 229 157
4 42 30 144 90

150 deg (30 deg off bow)
1.3 x WD 1.5 x WD

Wave dir
Line length
BP [Te] 150 200 150 200

1.5 289 227 660 562
2 101 86 246 203

2.5 53 44 122 103
3 29 24 61 51

3.5 18 15 37 30
4 12 9 27 21

60 deg (60 deg off stern)
1.3 x WD 1.5 x WD

• Despite  of different:
• Vessel models
• Wa ve sprea ding
• Ana lysis softwa re
• Ana lysis a ssumptions
• ++

• Compa ra ble  results!
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Exa mple  - Postprocessing of Anchorha ndling tension logs
Postprocess AHV tension logs to de termine  the  fa tigue  da ma ge. Exa mples a ssuming 84 mm stud cha in a nd DNV S-N curves:

.

~10  hr opera tion  7.4% of fa tigue  ca pa city

~2.0  hr opera tion  0 .6% of fa tigue  ca pa city

10 0 0 s:
STD: 391 kN
Mea n: 2240  kN

50 0 0 s Sta tistics:
STD: 515 kN
Mea n: 2445 kN
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Conclusion a nd recommenda tions for further work
1. Fa tigue  da ma ge contribution from a nchor pre la y opera tions is negligible
2. Anchor recovery ma y be  one  of the  underlying ca uses for line  brea ka ge  incidents considering

• Number of opera tions (historica l)
• Ha rsh conditions
• Dura tion of recovery in cha llenging soil conditions
• Fa tigue  ca pa city reduction due  to cha in on stern roller / wea r / corrosion

Recommenda tions for further work
1. Increa se  number of wa ve seeds / simula tions to va lida te  sta tistics a nd increa se  confidence  in results. Pa ra metrica l study 

of wa ter depth, length of cha in a nd environmenta l loa ds. 
2. Eva lua te  the  a pplica tion of DNV design S-N curve  vs results from fa tigue  testing.
3. Post-processing of AHV tension logs to de termine  the  a ccumula ted fa tigue  da ma ge for ea ch opera tion.
4. FLS a na lysis of a  MOU in opera tion for a ssessment of overa ll fa tigue  life  of mobile  offshore  cha in. 
5. Eva lua te  opera tiona l mea sures to minimize  fa tigue  da ma ge / pea k loa ds. 

• I.e cha nge of methodology for recovery of a nchors (where  a pplica ble)
• a nchor type
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