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TIPOS DE SISTEMA DE AMARRAÇÃO



FPSO Cidade de Ilhabela

https://www.google.com.br/imgres?imgurl=http://petrobras.com.br/data/files/6A/15/0D/FF/F960A4100855F494E05501A8/ilhabela.jpg&imgrefurl=http://www.petrobras.com.br/en/news/fpso-cidade-de-ilhabela-goes-into-operation-in-the-sapinhoa-field-in-the-santos-basin-pre-salt-cluster.htm&docid=wLB5V3HMuGJxSM&tbnid=yVSsF21pK1AieM:&vet=10ahUKEwinyaH977LbAhVKGZAKHVreCTMQMwg3KAAwAA..i&w=640&h=411&bih=561&biw=1350&q=fpso cidade de ilhabela&ved=0ahUKEwinyaH977LbAhVKGZAKHVreCTMQMwg3KAAwAA&iact=mrc&uact=8


Loyds Standards

https://www.slideshare.net/IQPCsingapore/alastair-jones


Spread Mooring Systems - FPSOs

Bluewater Marintech

https://www.google.com.br/imgres?imgurl=http://www.bluewater.com/wp-content/uploads/2013/03/3.2.1-spread-mooring-blo-omiaft.jpg&imgrefurl=http://www.bluewater.com/products-technology/mooring-systems/turret-mooring-systems/&docid=e9eX7EfnEwW52M&tbnid=J8t5C3wlYAJD5M:&vet=10ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwg1KAAwAA..i&w=1024&h=740&bih=561&biw=1350&q=images spread mooring&ved=0ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwg1KAAwAA&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=http://fukymarintech.weebly.com/uploads/2/8/8/9/28896207/8957783.jpg?504&imgrefurl=http://fukymarintech.weebly.com/permanent-mooring.html&docid=NbrM4SW_8KUtQM&tbnid=LT1AZUIjvEWSPM:&vet=10ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwg2KAEwAQ..i&w=504&h=245&bih=561&biw=1350&q=images spread mooring&ved=0ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwg2KAEwAQ&iact=mrc&uact=8


Spread Mooring Systems - FPSOs



Spread Mooring Systems - FPSOs

FPSO Bertam
Detalhe do fairlead

NYK
Riser balcony

https://www.google.com.br/imgres?imgurl=http://www.longitude-engineering.com/wp-content/uploads/2017/04/BERTAM-FPSO.jpg&imgrefurl=http://www.longitude-engineering.com/case-study/bertam-fpso-mooring-design-upgrade-engineering/&docid=YWUUwac07Jw_DM&tbnid=XYBsDL2gzrhDlM:&vet=10ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwiaAShbMFs..i&w=560&h=315&bih=561&biw=1350&q=images spread mooring&ved=0ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwiaAShbMFs&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=http://www.nyk.com/english/release/dbps_data/_material_/NYKCOM_ENGLISH/FPSO_image.jpg&imgrefurl=http://www.nyk.com/english/release/1414/NE_110715_2.html&docid=F590B_8O3sBDVM&tbnid=SLq5DkS7qCocJM:&vet=10ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwh2KDcwNw..i&w=400&h=230&bih=561&biw=1350&q=images spread mooring&ved=0ahUKEwjXvqzw6bLbAhWEfpAKHSW5AgYQMwh2KDcwNw&iact=mrc&uact=8


Spread Mooring Systems Equipment & Handling

detalhe do fairlead Royal IHC
Linear chain tensioner

https://www.youtube.com/watch?v=3dGufmGcvOg

https://www.youtube.com/watch?v=a8KwJ0v-
tKE

http://phe.com.sg/product/fpso-spread-mooring-system/
https://www.royalihc.com/en/products/offshore/fpso-equipment/linear-chain-tensioners
https://www.youtube.com/watch?v=3dGufmGcvOg
https://www.youtube.com/watch?v=a8KwJ0v-tKE


Spread MooringSystems 
–Semi-Subs

https://www.offshoreenergytoday.com/bardex-to-supply-mooring-system-for-ichthys-platform/


Spread Mooring Systems –Semi-Subs

Semi-sub
Offshore 
Magazine

https://www.offshore-mag.com/articles/print/volume-69/issue-10/engineering_-construction/polyester-rope-mooring.html


Turret Mooring - FPSOs

Turret Mooring
Sofec

Internal Turret
2B1st Consulting

Internal Turret and Bow-thruster
SBM

Turret com desconecção
Bluewater

https://www.google.com.br/imgres?imgurl=x-raw-image:///bfe5dd632dce21def74deed61c6f042bdb2f76d9a3ce0dc3e828371a646a92ca&imgrefurl=http://www.sofec.com/whitePapers/2006 OWA Spread Moored or Turret Moored FPSO%E2%80%99s for Deepwater Field Developments(1).pdf&docid=qp9RAi3-eJCv8M&tbnid=3iHOLWPd5b-XbM:&vet=10ahUKEwit1Z_8jbPbAhWMGpAKHbeBC_8QMwhfKB8wHw..i&w=587&h=939&bih=561&biw=1350&q=images spread mooring&ved=0ahUKEwit1Z_8jbPbAhWMGpAKHbeBC_8QMwhfKB8wHw&iact=mrc&uact=8
https://www.2b1stconsulting.com/turret/
https://www.sbmoffshore.com/?news=sbm-offshore-wins-otc-spotlight-new-technology-award-innovative-fpso-turritella-turret-mooring-system-tms
https://www.youtube.com/watch?v=Qn1TyKMrkX4
http://www.bluewater.com/products-technology/mooring-systems/subsea-mooring-and-offloading-point-smop/disconnectable-internal-turreet-mooring-systems/


Turret Mooring - FPSOs

External Turret
Ratu Songkhla

External Turret

https://www.offshore-mag.com/articles/print/volume-70/issue-4/engineering_-construction/harsh-environments-riser-arrays-drive-turret-design-evolution.html
http://docplayer.net/50671307-Turret-mooring-system.html


Single Point Mooring - FPSOs

https://www.google.com.br/imgres?imgurl=https://www.marineinsight.com/wp-content/uploads/2013/06/SPM.jpg&imgrefurl=https://www.marineinsight.com/offshore/how-single-point-mooring-spm-offshore-operation-works/&docid=T23olneRLe_8hM&tbnid=4onbl9u2NmfVzM:&vet=10ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwg7KAAwAA..i&w=800&h=550&bih=561&biw=1350&q=single point mooring system&ved=0ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwg7KAAwAA&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=https://www.marineinsight.com/wp-content/uploads/2013/06/spm-system.jpg&imgrefurl=https://www.marineinsight.com/offshore/how-single-point-mooring-spm-offshore-operation-works/&docid=T23olneRLe_8hM&tbnid=Y1mFouYSV95WNM:&vet=10ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwg-KAMwAw..i&w=470&h=333&bih=561&biw=1350&q=single point mooring system&ved=0ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwg-KAMwAw&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=http://gcaptain.com/wp-content/uploads/2012/03/newMinx__SP2__3_2012_267_large.jpg&imgrefurl=http://gcaptain.com/leighton-offshore-single-point/&docid=BRp7Jz8qQ_ID5M&tbnid=LUyccRWdjXko2M:&vet=10ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwhIKA0wDQ..i&w=600&h=262&bih=561&biw=1350&q=single point mooring system&ved=0ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwhIKA0wDQ&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=https://www.cultofsea.com/wp-content/uploads/2017/06/SPM-with-Markings-1024x638.jpg&imgrefurl=https://www.cultofsea.com/tanker/spm-single-point-mooring/&docid=r7uFlEttG5Z71M&tbnid=CyZM8ZEfMKznZM:&vet=10ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwhAKAUwBQ..i&w=1024&h=638&bih=561&biw=1350&q=single point mooring system&ved=0ahUKEwjrgLK0nLPbAhVEjpAKHbqgBWoQMwhAKAUwBQ&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=http://www.oceantechsys.com/brochure/Petro/Image30.gif&imgrefurl=http://www.oceantechsys.com/brochure/Petro/index.htm&docid=IR09Om5k4faStM&tbnid=9eTD-ot8qlUWNM:&vet=12ahUKEwi47vSknrPbAhWGIZAKHTiYBrg4ZBAzKAcwB3oECAEQCA..i&w=350&h=220&bih=561&biw=1350&q=single point mooring system&ved=2ahUKEwi47vSknrPbAhWGIZAKHTiYBrg4ZBAzKAcwB3oECAEQCA&iact=mrc&uact=8


Taut-Leg Mooring

http://slideplayer.com/slide/7960264/


Taut-Leg Mooring

https://www.google.com.br/imgres?imgurl=http://images.pennwellnet.com/ogj/images/off2/1198moor1.gif&imgrefurl=https://www.offshore-mag.com/articles/print/volume-58/issue-11/departments/technology-focus/installation-and-handling-of-steel-permanent-mooring-cables.html&docid=cetWGxlUsr6NGM&tbnid=MDXokr_SzSirXM:&vet=10ahUKEwjh95HHn7PbAhVHOZAKHa61AwAQMwg9KAUwBQ..i&w=321&h=189&bih=561&biw=1350&q=taut leg mooring system images&ved=0ahUKEwjh95HHn7PbAhVHOZAKHa61AwAQMwg9KAUwBQ&iact=mrc&uact=8
https://www.researchgate.net/figure/Figura-1-Sistemas-de-ancoragem-tipo-Taut-Leg_fig1_319247168
https://www.google.com.br/imgres?imgurl=http://www.esru.strath.ac.uk/EandE/Web_sites/11-12/MORE/mooring/img/1.jpg&imgrefurl=http://www.esru.strath.ac.uk/EandE/Web_sites/11-12/MORE/mooring/types.html&docid=7c1e4kGl1N4nVM&tbnid=AJwLvDWj4n3d_M:&vet=10ahUKEwjh95HHn7PbAhVHOZAKHa61AwAQMwg6KAIwAg..i&w=220&h=265&bih=561&biw=1350&q=taut leg mooring system images&ved=0ahUKEwjh95HHn7PbAhVHOZAKHa61AwAQMwg6KAIwAg&iact=mrc&uact=8


Spars - Mooring

https://www.google.com.br/imgres?imgurl=https://ars.els-cdn.com/content/image/1-s2.0-S0029801815007088-gr10.jpg&imgrefurl=https://www.sciencedirect.com/science/article/pii/S0029801815007088&docid=vXv6R6ULdeyW2M&tbnid=4mSHw8n1849e3M:&vet=12ahUKEwi3ob21p7PbAhUKjJAKHUW7Bow4ZBAzKCkwKXoECAEQKg..i&w=386&h=355&bih=561&biw=1350&q=Spars mooring images&ved=2ahUKEwi3ob21p7PbAhUKjJAKHUW7Bow4ZBAzKCkwKXoECAEQKg&iact=mrc&uact=8
https://www.google.com.br/imgres?imgurl=http://www.technip.com/sites/default/files/technip/illustrations/press/2005-02-09.jpg&imgrefurl=http://www.technip.com/en/press/technip-awarded-first-spar-platform-malaysia-kikeh-field&docid=H2FFMXuihOSkFM&tbnid=dLswKOEYucQdTM:&vet=10ahUKEwjEgtWip7PbAhVBPJAKHea3BKIQMwhMKA4wDg..i&w=157&h=293&bih=561&biw=1350&q=Spars mooring images&ved=0ahUKEwjEgtWip7PbAhVBPJAKHea3BKIQMwhMKA4wDg&iact=mrc&uact=8
https://www.offshore-mag.com/articles/print/volume-58/issue-4/news/general-interest/us-gulf39s-diana-and-king-next-for-spar-floater-production-line.html


Floating Offshore Wind Turbines (FOWT) - Mooring

https://www.youtube.com/watch?v=fJqDyg7aua4

https://www.google.com.br/imgres?imgurl=https://www.dnvgl.com/Images/2020-2030-1200x800_tcm8-13540.jpg&imgrefurl=http://lifes50plus.eu/wp-content/uploads/2015/11/GA_640741_LIFES50_D7.5.pdf&docid=YavfD78z84TzEM&tbnid=TorXTHgwX8-_OM:&vet=10ahUKEwiBy6-MpbPbAhVIQpAKHb2QC54QMwhvKCcwJw..i&w=1200&h=800&bih=561&biw=1350&q=FOWT mooring images&ved=0ahUKEwiBy6-MpbPbAhVIQpAKHb2QC54QMwhvKCcwJw&iact=mrc&uact=8
https://www.offshorewind.biz/2017/06/13/bureau-veritas-to-certify-groix-floating-wind-array/
https://www.youtube.com/watch?v=fJqDyg7aua4


Amarras e cabos de amarração

http://www.dsm.com/products/dyneema/pt_BR/aplicacoes/cabos-inhas-e-estropos/ropes-lines-and-slings-cases/estudo-de-caso-amarracao-da-fpso-cidade-de-santos.html


Amarras e cabos de amarração



Amarras e cabos de amarração

Cabos de Amarração - CSL

http://www.csl.com.br/home/aplicacao-marine


Âncoras

• Convencionais

• Sucção

• Torpedo



Âncoras offshore convencionais

https://www.youtube.com/watch?v=OeGiaBK0Cas

https://www.youtube.com/watch?v=OeGiaBK0Cas


Âncoras de sucção



Estaca Torpedo
Torpedo Anchor

https://www.youtube.com/watch?v=0Bwz71QFPGY
https://www.youtube.com/watch?v=YDn4yuP7huw


AMARRAÇÃO EM CATENÁRIA



Geometria da catenária



Princípio da amarração em catenária

Aumento do peso 
submerso

Redução do peso 
submerso



A equação da catenária



Dimensionamento da amarração

• O dimensionamento do sistema de ancoragem (número de 
linhas,  tipo e peso das linhas, pré-tensão) é balizado por: 

• Máximo offset devido às forças ambientais: estático + dinâmico

• Estático: correnteza + vento + deriva media em ondas

• Dinâmico: deriva-lenta em ondas

• Verificação de tração dinâmica máxima nas linhas (T<0.5MBL) 
considerando condições extremas de mar (movimentos de 1a 
ordem +movimentos de 2a ordem em ondas)

• Verificação de fadiga baseada em vida útil de projeto



As forças de deriva em ondas

• Sistemas ancorados sujeitos a ondas irregulares:

mean drift

TN,1



As forças de deriva em ondas

• Exemplo de simulação:


