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Aim of the paper
Joint effort from four consulting engineering professionalsFrom different companies specialized in Mooring Analysis
Differences between Static / Dynamic mooring analysis (SMA/DMA)Dynamic amplification Factor (DAF)
Dynamic response moored shipResults real projects (ship moored in wind only)
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Aim of the paper
The paper contains two examples:
§ SuezMax Tanker moored at a jetty
§ A Post New-Panamax container ship moored at a quay
This presentation shows the example for the SuezMax Tanker
Mooring analysis of a ship moored to a quay in wind
To determine mooring safety (mooring equipment)Mooring lines / Bollards / Fenders
i.e. limiting wind speeds / downtime



Difference between Static & Dynamic Mooring Analysis
§ Show that a SMA for large ships in wind yields optimistic results
§ Show results mooring analysis for one caseSuezMax to be moored AfraMax Terminal
§ DMA: Hourly mean wind speeds
§ SMA: 10-minute mean and 30-seconds gust wind speeds
§ Dynamic Amplification Factor (DAF):Ratio maximum mooring line force based on DMA / SMA



Theoretical background
§ Moored ship in wind = forced mass-spring system in 6 degrees of freedom
§ Excited in 6 degrees of freedom - Focus motions horizontal plane
§ Force = wind (waves, current, passing ships, …)
§ Ship = mass
§ Spring = lines & fenders (non-linear)



Theoretical background
§ Theoretical approach showed for a simplified 1 DoF
§ DAF depends on the dynamic characteristics of the system

§ ratios for mass, spring characteristics and damping
§ governing the natural frequencies of the system

§ For the response of a moored ship:
§ Additional coupling effects between the 6 DoF



Methodology
§ The difference between Static & Dynamic Mooring Analysis
§ Show results mooring analysis for the moored SuezMax Tanker
§ Applied software for both SMA & DMA:
§ Ship-Moorings: To solve equations of motion in time domainArcadis (Alkyon)
§ Diffrac: To include added mass and damping ship in waterMarin (www.marin.nl)



Methodology
§ Main particulars
§ Ballast condition (high windage area)
§ 8 double drum winches
§ 16 mooring wires (Minimum Breaking Load MBL 83.3t)
§ with nylon tails (MBL 110t, WLL 55t)
§ Working Load Limit (WLL 45.8t) - 55% MBL (OCIMF)

Design ship Suezmax tankerCargo capacity DWT 158,000 tLength over all LOA 274.0 mBeam B 48.0 mDraught T 7.6 mDisplacement Δ 78,500 tTransverse windage area Awt 1,330 m2
Longitudinal wind area Awl 5,530 m2



Methodology
§ Wind conditions:

§ Average wind speed – 1-hour averaged wind speed U3600
§ Static Analysis

§ 30-s averaged wind speed U30
§ Dynamic Analysis

§ API spectrum
§ 30-s gust wind speed
§ API (gust factor of 1.265)
§ The variation in the wind direction Udir
§ Simiu & Scanlan (1986)
§ 10 realizations

Udir [°N] U3600 [kn] U30 [kn]0-330 in 30° steps 25, 30, 35, 40, 45, 50, 55 32, 38, 44, 51, 57, 63, 70



Results
§ Maximum Line Loads

SMA based on U30

Off-Shore winds Shore winds

270º DMA = 1022 kN SMA = 372 kN DAF = 2.790º DMA = 125 kN SMA = 81 kN DAF = 1.6



Results
Maximum Line Loads Limiting wind speed



Results
Maximum Line Loads time series – Containership project
Peak loads – Dynamic response of the ship



Conclusions
§ There is a significant difference between the maximum line (and bollard) forcedetermined by a SMA and DMA

§ SMA safe conditions / DMA non-safe conditions
§ Other Containerships, RoRo, Cruise ships, …

§ A SMA for large moored container ships in wind yields optimistic results:
§ Moored ship responds dynamically to gusting wind
§ Resulting in large peak loads in the lines
§ Large peak loads not modelled in a SMA

§ Dynamic response depends on various parameters, basically:
§ Wind force (varying in time), mass and spring, e.g.:

§ Displacement, mooring configuration, line specifications, etc.



Conclusions
§ Shore winds / Offshore winds (Fenders!)
§ Applying 30s gust wind in combination with a DAF helps but it is not an accuratedescription of the physics
§ For considered mooring case is the DAF is equal to 0.8 to 2.7 (2.0 to 2.5 othercase):

§ DAF: Ratio maximum mooring line force based on DMA / SMA (wind angle /speed)
§ Safety factor = 3.0! (ROM 0.2-90 dynamic factor 2.0)

§ Important when doing a SMA:
§ In general, what value for the DAF will you apply? How do you know?
§ And last but not least, what do you win by doing a SMA including DAF compared toa DMA?



Conclusions
§ Large difference between SMA and DMA for a ship in wind also visible for:

§ Long lines
§ (Far) from ideal mooring arrangement
§ Basically, in case of a soft spring

27k m3LNG carrier (180m) to a jetty that was designed forlarger LNG carriers

§ Further developments: Apply DAF to any kind of time-varying loads
§ Waves, current, passing ship effect, …


