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n Section 1 
Introduction

1.1 General

1.1.1 This procedure provides class requirements for the positional mooring system of nearshore or inshore floating
installations. The requirements apply to the following categories of units:

• Floating Liquefied Natural Gas (FLNG) export terminals;

• Floating Storage and Regasification Units (FSRUs)/Floating Storage Units (FSUs);

• Floating renewable facilities;

• Floating power generation facilities.

1.1.2 In general, these units are moored to a nearshore or inshore terminal facility, such as a jetty or a quay that is equipped
with fender system for the purpose of long-term operations. Therefore, these Guidance Notes are intended for ‘dry mooring
system’, and not for the mooring system anchored to seabed or other types of the station-keeping system.

1.1.3 The procedure describes the method of dynamic analysis with the purpose of evaluating strength and fatigue
performance of the mooring systems. In cases where other vessels or installations are moored alongside these installations
whether permanently or occasionally, the dynamic mooring analysis should cover the whole system that is moored to the main
installation.

1.1.4 This procedure can be used as a design basis for granting of Lloyd’s Register’s (LR’s) LTMOOR notation as defined in 
Pt 3, Ch 10, 1.2 Class notations of the Rules and Regulations for the Classification of Offshore Units, July 2019.

1.1.5 Marine facilities such as a jetty should be designed in accordance with relevant international guidelines, for instance, BS
6349-2 Maritime works - Code of practice for the design of quay walls, jetties and dolphins. Such marine facilities should be able
to withstand the loads from the mooring system. In general, the Owner is responsible for the design of the jetty structure. Covering
the jetty by this notation should be discussed with LR.

1.2 Abbreviations

1.2.1 The below abbreviations are used in this procedure:

API American Petroleum Institute

BSI British Standards Institute

CFD Computational Fluid Dynamics

FEM Finite Element Method

FDA Fatigue Design Assessment

HAT high astronomical tide
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HMSF High Modulus Synthetic Fibre

ISO International Organization for Standardization

ITTC International Towing Tank Conference

LAT lowest astronomical tide

LNG Liquefied Natural Gas

LR Lloyd’s Register

MBS Minimum Breaking Strength

NPD Norwegian Petroleum Directorate

OCIMF Oil Companies International Marine Forum

POT Peaks Over Threshold

RBA Response Based Analysis

ROU Rules and Regulation for Classification for Offshore Units

QTF Quadratic Transfer Function

RAO Response Amplitude Operator

SIGTTO Society of International Gas Tanker & Terminal Operators

1.2.2 For the general definitions, refer to Pt 1, Ch 2, 2.1 General definitions of Rules and Regulations for the Classification of
Offshore Units, July 2019.

n Section 2 
Environmental load

2.1 Metocean

2.1.1 The Owner/Operator or designer is to specify the environmental criteria for which the unit is to be considered. The
extreme environmental conditions applicable to the location or operating areas are to be specified, together with all operating
environmental limits. Detailed specialist environmental reports are to be submitted, with sufficient supporting information to
demonstrate the validity of the limiting criteria. The following data normally should be included in the Metocean report:

• 100, 10 and 1-year return period values for wind speed, wave height and current speed.

• Directional data for wind, waves and current.

• Wave height/period joint frequency distribution (wave scatter diagram).

• Wave spectral parameters.

• Wind/wave/current angular separation data.

• Current speed and/or directional variation over the water depth.

• Long-term wave statistics by direction.

• Squall time series data where relevant.

• Water depth range in the defined return period, local bathymetry, tidal variations and storm surges.

More details can be found in the Pt 3, Ch 10, 3 Environmental conditions of the Rules and Regulations for the Classification of
Offshore Units, July 2019.

2.1.2 The detailed design combinations of return periods can be found in the Pt 3, Ch 10, 4.3 Design combinations of return
periods of environmental parameters of the Rules and Regulations for the Classification of Offshore Units, July 2019. The following
design environmental combinations of return periods are to be considered:

(a) 100-year sea state + 100-year wind + 10-year current.

(b) 100-year sea state + 10-year wind + 100-year current.
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(c) In locations subject to squalls:

100-year squall + 1-year sea-state + 1-year current.

100-year squall + no other environment.

2.1.3 For disconnectable systems, the return period in the above design combinations may be limited to the reduced value
according to Ch 1, 2.2 Return period.

2.1.4 The detailed guidance of the directional combinations of environmental parameters can be found in Pt 3, Ch 10, 4.4
Design directional combinations of environmental parameters of the Rules and Regulations for the Classification of Offshore Units,
July 2019. In general, the following are the minimum required combinations to be investigated.

(a) Wave, wind and current collinear;

(b) Wind and current at 30˚ to waves;

(c) Wind at 30˚ to waves, and current at 90˚ to waves.

2.1.5 Wave headings of all the possible angles should be considered unless limited heading angles are defined in the
specialist environmental report. When specialist environmental reports provide strong correlation between the environmental
parameters, the above design environmental conditions may be amended.

2.2 Return period

2.2.1 The return period is an important design criterion in evaluating the strength of the mooring system. A 100-year return
period should be used for a permanent mooring system as extreme environmental conditions unless the design life of the system
is substantially lower than 20 years.

2.2.2 If the system permits planned disconnection and is able to escape to a safe location in case of extreme weather, survival
capability may not be required for the design conditions. For such a disconnectable system, return period for the design condition
can be reduced.

2.2.3 If the disconnectable system is expected to operate in the vicinity of other structures, return period should be at least 10
years. This is applicable, for instance, to a FSRU of planned disconnection that is operating in the vicinity of other structures
operating at another jetty in the same harbour.

2.3 Environmental conditions

2.3.1 Water depth

(a) Water level can play an important role for shallow water mooring system design. Minimum and maximum water levels are to
be determined taking account of the tidal range – the lowest astronomical tide (LAT) and the highest astronomical tide (HAT),
sea bed subsidence, wind, pressure surge effects, etc. Shallow water can amplify motion response of both first order and
second order effects by increasing wave steepness and wave set-down. Maximum water level should also be accounted for
as a water level rise may increase vertical angle of the mooring lines.

(b) Deep water level may change line tensions by increasing the vertical angle of the mooring lines. Shorter lines are prone to be
affected by the water level rise. A maximum water level may be considered in connection with the lowest operational draught
(e.g. ballast condition) of the vessels/floating structures that can be the worst scenario in terms of the line angles. Figure 1.2.1
Effect of line angle from loaded condition in the LAT to ballast condition in the HAT illustrates a change in a line angle due to
the water level rise.
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Figure 1.2.1 Effect of line angle from loaded condition in the LAT to ballast condition in the HAT

(c) Low water level increases shallow water effects that could significantly increase floater motion responses and the current
load. A minimum water level may be considered in connection with the full load condition of the vessels/floating structures
that is likely to be the worst scenario in terms of under-keel clearance and shallow water effect.

2.3.2 Wave

(a) The site-specific Metocean report should describe waves as representing characteristics of sea state. Although many
terminals are protected from harsh sea states, waves can be a dominant parameter for the mooring systems in many cases.
Therefore, a study of wave transformation due to breakwaters or any other topographical protections should be carried out in
the specialist environmental report. Waves in shallow water and nearshore can also be different from waves estimated from
offshore due to refraction, reflection, diffraction, shoaling, etc. The specialist environmental report should include the following
with regards to wave:

• Significant wave heights at various return period;

• Peak periods or zero-upcrossing periods;

• Wave direction, if available;

• Swell and infragravity waves, if applicable, and the combination with wind driven waves;

• Wave spectrum or several wave spectra, and associated parameters;

• Probability of occurrence of significant wave height and peak period.

(b) In the location where swell prevails together with wind driven waves, a two-peak spectrum shall be used to describe both
wind driven wave and swell by a sum of two different components.

(c) Infragravity waves are normally small on the open ocean but can grow large in shallow water. In the location where relatively
large infragravity waves can be generated, they may have a large impact on a moored facility.

(d) Short-crested waves may lead to larger response of motions and mooring loads than long-crested waves. Therefore, the
specialist report on wave characteristics should contain a study to indicate the directional distribution of the waves unless
waves are likely to be long-crested, especially in the confined area with breakwater. Short-crested waves are described by
the directional spreading function available in the Metocean report.

2.3.3 Wind

(a) The wind is to be modelled as one-hour wind speed adding time-varying component using wind gust spectrum. The wind
gust spectra formulations can be adopted from;

• API RP 2A;

• NPD/ISO;

• Other published spectra formulations may be accepted. See Pt 12, Ch 1, Recognised Codes and Standards of Rules and
Regulations for the Classification of Offshore Units, July 2019, for wave contour development.

(b) If a suitable wind spectrum is not available, constant wind speeds of one-minute average may be used. The wind speed with
the different average time from one minute, such as 10-minute average wind speed or hourly wind speed, may be converted
to the one-minute average wind speed using an empirical wind speed profile.

(c) Wind estimates are to be used with reference to 10 m above still water level.
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(d) Squalls are sudden strong wind that changes the mean wind speed. The site-specific Metocean report shall indicate whether
or not the site is subject to squalls. In the location where squalls may occur, it should be modelled and scaling techniques
should be documented.

2.3.4 Current

(a) If current exists at the operational site, current force should be calculated with current coefficients. Current may be modelled
as a constant speed based on the chosen return period. Water depth and under-keel clearance also affect the current force.
Current coefficients should be used in accordance with the under-keel clearance.

(b) Tidal current (flood or ebb) could take place depending on the operational site. As the direction of the tidal current may
reverse in short period of time, the worst scenario of current should be taken into account based on the site-specific
Metocean study.

2.3.5 Wind and current force coefficients can be obtained from model tests or CFD (computational fluid dynamics) analysis for
the specific hullform, superstructure, draughts and under-keel clearances. The longitudinal and transverse force coefficients and
yaw moment are formulated as follows:

FX = 1
2ρCXATV

2

FX = 1
2ρCYALV

2

MXY = 1
2ρCXYALLBPV

2

where  

FX, FY = wind/current force (N)

MXY = yaw moment (Nm)

ρ = air/water density (kg/m3

CX, CY, CXY = wind/current force coefficients as function of wind/current angle of attack with respect to FX, FY and MXY,
respectively

AT, AL = transverse and longitudinal projected area (m2) of the vessel, respectively (the above and under water area to
be considered for wind and current force calculation accordingly)

LBP = length between perpendiculars (m)

V = wind/current velocity (m/s)

2.3.6 For vessels of conventional shapes and sizes referred to in OCIMF and SIGTTO such as tankers and gas carriers in
terms of the shapes above water, the coefficients from their guidelines may be used for wind and current load calculations. The
coefficients of different draught, water depth ratio, length-breadth ratio (L/B), etc. should be applied in accordance to the
guidance.

2.3.7 Sea bed bathymetry may vary considerably around the floater in case the floating system is moored near the shoreline.
Such a change in bathymetry may affect waves and currents. The current load can be even higher in the under-keel clearance of
the floater. This should be investigated in the environmental specialist report and taken into account for the analysis.

2.3.8 Tsunami can have a significant effect on nearshore or inshore installations. The specialist environmental report should
include likelihood of tsunami and its effect, if applicable.

2.3.9 In the location where snow or ice can be accreting, the effect should be considered in the design and analysis.

n Section 3 
Mooring system design considerations

3.1 Mooring system layouts

3.1.1 Mooring system should be designed to avoid and minimise rope abrasion, friction or any kind of interference with other
components. Contact between floating vessels and jetty structure or pier should be checked and avoided in consideration of the
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various loading conditions and the range of the vessel motions. The variation of the line angle and contact point between the hull
and fenders due to the range of water draught, tidal effect and the motion of the vessel should be taken into consideration.

3.1.2 The diameter ratio of the line bend divided by the mooring line should be as large as possible for mooring fittings design
to maximise line performance. A small ratio that leads to the excessive bending of the line may reduce the strength of the line. The
recommended ratio is at least 15 according to OCIMF Mooring Equipment Guidelines 4, 5.2.3 D/d and deck equipment impact on
line performance.

3.1.3 It is recommended to refer to OCIMF Mooring Equipment Guidelines for the practical design aspect of mooring system
such as arrangements, layouts, fittings, etc.

3.2 Design conditions

3.2.1 The mooring system is to be designed for the operational, survival and accidental conditions. The return period and
criteria for each condition should be documented.

3.2.2 Operational condition

The mooring system integrity is to be evaluated for the operational conditions. In general, strength and fatigue of the mooring
system are assessed for all the possible operational conditions. Onerous scenarios during normal operation should be evaluated
for strength assessment under the defined environmental loads. Any loading and offloading carriers should be included in the
assessment.

3.2.3 Survival condition

This condition is to ensure the survival capability under the extreme environmental condition such as storm or hurricane. In general,
loading/off loading units will not be attached to the main vessel for the assessment. If the system is disconnectable and able to
escape to a safe location when extreme weather is expected, the analysis for the survival condition may not be required. In this
case, limiting environmental parameters for the installation to suspend the operations and to escape should be studied and
proposed.

3.2.4 Accidental condition

The design consideration should be made for possible accidental loads on the mooring system. At least, single line damaged
condition should be included as described in Ch 1, 6.2 Strength assessment 6.2.4. When high transient dynamic effect is
expected from the single line failure, transient failure case is to be evaluated.

3.3 Model tests

3.3.1 It is highly recommended to carry out model tests for the calibration and the validation purpose of the numerical models.
The scale factors used for the model test including the factors for the mooring line property and the fenders should be specified in
the report. Ideally the model test may be set up with the whole mooring system including site-specific model facilities such as jetty,
bathymetry and breakwater. Special care is to be taken for the scale effect of the model tests in shallow water and spurious wave
that can be induced by the wave maker or the basin shape of the test facility.

3.3.2 If the whole mooring system with site-specific facilities cannot be evaluated by the model test, hydrodynamic
parameters should be validated and calibrated by model tests. First order motions can be validated with motion response
amplitude operators (RAOs) and second order wave forces based on the full matrix of quadratic transfer functions (QTFs). Roll
damping can be estimated from roll motion decay tests. Wind and current coefficients can be determined at wind tunnel tests
using actual project models. The shielding effect from the ship/structure in close proximity can be accounted for in the tests, if
applicable.

3.4 Plans and data to be submitted

3.4.1 The positional mooring system will be subject to review and approval. The following information and plans are to be
submitted in an agreed electronic format, to cover the design review and class approval of the positional mooring system referred
to in Pt 3, Ch 10, 1.4 Plans and data submission of the Rules and Regulations for the Classification of Offshore Units, July 2019:

• General arrangement of the unit (including hull and topsides general arrangements).

• Layout and arrangement of deck mooring equipment and support structures.

• Structural arrangement of mooring equipment, support structure and attachment point to the main structure/hull.

• Jetty/pier layout and mooring equipment arrangement.

• Mooring layout.

• Fairleads/bending shoes, including associated mechanism, articulation or stopper.

• Cable (i.e. mooring line, steel wire or fibre rope or chain) stoppers or connectors.
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• Winches, windlasses or tensioners.

• Deck equipment used in support of the mooring line failure response plan.

• General arrangement showing moorings for tandem and side-by-side offloading. This is to include the maximum and
minimum dimensions and main particulars for the range of shuttle tankers that are permitted to attend. For each mooring line,
the breaking load and the maximum and minimum angles (horizontal and vertical) between the line and the floating structure
are to be stated.

• Location of control stations.

• Plans of control, alarm and safety systems.

3.4.2 The following supporting plans, data, calculations or documents are to be submitted in an agreed electronic format:

(a) General:

• Mooring design premise or basis of design.

• Moored unit details (dimensions and main particulars).

• Corrosion protection strategy and/or corrosion rates.

(b) Specifications:

• Materials.

• Mooring line components, mooring equipment and fittings.

• Model testing.

(c) Data reports:

• Environmental criteria (covering extreme as well as ambient conditions and all applicable operating environmental limits) and
in addition for floating installations at a fixed location:

• Detailed specialist environmental reports.

• Sea bed bathymetry data.

(d) Design reports and calculations:

• Hydrodynamic/motion analysis.

• Mooring analysis.

• Model test report with results.

• Design load report.

• Strength (intact/damage).

• Fatigue.

• Equipment/ancillaries data including the associated equipment, stoppers and fairleads: strength and fatigue.

• Corrosion protection and/or corrosion allowance, if mooring lines are susceptible to corrosion.

(e) Other information and operations manual requirements are to be referred to in Pt 3, Ch 10, 1.4 Plans and submission 1.4.2
(e) and Pt 3, Ch 10, 1.4 Plans and submission 1.4.3 of the Rules and Regulations for the Classification of Offshore Units, July
2019.

n Section 4 
Hydrodynamic analysis

4.1 General

4.1.1 The vessel responses due to wave loads are generally obtained before carrying out mooring analysis with other
environmental loads. In general, diffraction analysis in frequency domain is carried out to obtain motion responses in the form of
transfer functions, i.e. RAOs and QTFs. This Section addresses important considerations in the hydrodynamic analysis.

4.2 Motion response

4.2.1 Wave frequency motions should be calculated with the following details:

(a) The RAOs in the six degrees of freedom should be determined. An inshore or nearshore mooring system is subject to larger
effects from vertical motions in wave frequency compared to offshore mooring.
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(b) The range and the increment of wave frequency should be sufficient to cover the range of wave spectra and the peak around
the natural periods. Refer to Table 1.4.1 RAO parameters for the guidance about the RAO parameters. When the responses
have sharp peaks around the natural periods, the peak value of the response may not be captured with the normal
increment. Great care is to be paid around the natural periods of roll motions.

Table 1.4.1 RAO parameters

From To Increment Notes

Frequency (rad/s) 0,1* 1,5 ≤ 0,05

Refinement around natural periods to be

considered.

*In the location where infragravity waves can be

significant, the frequency range should be

extended in consideration of the long period of

infragravity waves.

Heading (degrees) –180 180 ≤10
Linear interpolation. Refining around singular

headings to be considered.

Loading condition Fully loaded Ballasted
At least one

intermediate

4.2.2 The effect of wave drift force in low frequencies is to be taken into account. The wave drift force is proportional to the
wave amplitude square. Therefore, QTFs for slow drift wave load are calculated for difference frequencies of bichromatic waves to
be used in time domain analysis. The full QTF matrix should be solved in case of shallow water as a simplified method such as
Newman’s approximation may not be accurate in case of shallow water.

4.2.3 In case of multi-body operation, the RAOs and QTFs are to be obtained whilst the multi-bodies are located with the
actual gap distance. This is to capture the interactions between the ships/structures in close proximity by solving coupled motions
of multi-body, where applicable. Piers can also generate high standing waves due to the wave reflection between the pier and the
moored structure. Any pier in close proximity to the moored structure should be modelled and the hydrodynamic interaction
between the moored structure and the pier should be taken into account in the analysis. Jetty structures consisting of vertical piles
that do not reflect waves significantly may be ignored for the hydrodynamic interaction.

4.2.4 If the visiting LNG carrier will not be directly moored to the main vessel/floating structure, it may be modelled as a
structure without motions that reflect waves. If the visiting LNG carrier is directly moored to the main vessel/floating structure, the
motions of the visiting vessel affect the offset and the line tensions of the main vessel/floating structure. In this case, therefore, the
motion of the visiting LNG carrier should be modelled taking the hydrodynamic interactions with other structure into account.
When the visiting LNG carrier varies in size, one of the biggest sizes should be chosen to be used for the analysis.

4.3 Damping

4.3.1 There are additional damping components to be considered in the diffraction analysis. In many cases, neglecting this
damping may lead to significant over-prediction of the results.

4.3.2 Wave drift damping is caused by surface wave effects in slow drift speed of the vessel and can be significant for large
volume structures in the low frequency motion. This damping normally depends on wave drift force in the slow drift speed and can
be calculated by well-established software.

4.3.3 Viscous reaction force due to skin friction, vortices, etc. also plays an important role in the damping of drift motions. This
can be enlarged with small gap between the ships/structures that cause large interaction when they are moored side by side.
Since diffraction analysis neglects viscosity, additional damping can be accounted for in the hydrodynamic analysis.

4.3.4 During side-by-side operations, viscous damping predominates over the damping due to the wave radiation in the gap
between the vessels. Therefore, hydrodynamic interaction of partially trapped water between the vessels should be added in the
analysis model. As the inviscid assumption of diffraction analysis leads to resonance behaviour of free surface elevation in the gap
between the structures, an artificial damping is normally applied on the free surface in the gap to avoid excessive free surface
elevation, as shown in Figure 1.4.1 Example of gap response and amount of viscous damping (μrad: radiation damping, μvisc:
viscous damping). The amount of viscous damping increases when the gap width between the vessels becomes smaller.
Depending on the methodology and the formulation used in the diffraction software, the damping coefficient to be used can be
different and the size of the panel in the gap modelling may also affect the results. The same methodology is applied to ships
adjacent to piers or other structures.
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Figure 1.4.1 Example of gap response and amount of viscous damping (μrad: radiation damping, μvisc: viscous
damping)

4.3.5 Viscous roll damping is a typical issue for motion analysis of ship-shaped structures. It is common to apply additional roll
damping due to the viscous damping components and bilge keel contribution in the diffraction analysis. The detailed guidance of
International Towing Tank Conference (ITTC 7.5-02-07-04.5), Recommended Procedures: Numerical Estimation of Roll Damping
may be used to estimate the roll damping coefficient.

4.3.6 The methodology and the calculation of the additional damping applied should be documented.

4.3.7 The above mentioned damping components should be validated by either model test or proven CFD analysis unless the
designer has sufficient database from similar structures. The damping may be validated at least from a similar size and type of ship
to be used for the hydrodynamic analyses.

n Section 5 
Mooring system dynamic analysis

5.1 Dynamic analysis modelling

5.1.1 The mooring system analysis investigates the forces applied to the system under the conditions expected during the
service life so that the suitability of the designed system and the equipment can be ensured. As the moored structure as a rigid
mass moves under the environmental loads, the mooring lines bear the motions whereas the fender system counteracts the
motions from line tensions. This is further complicated when multiple vessels are moored together. The analysis should involve six
degrees of freedom motion responses including slow drift motions. Other environmental effects discussed in Ch 1, 2
Environmental load, such as wind, current, etc., are to be added in the mooring system analysis.

5.1.2 The motion responses and hydrodynamic coefficients obtained from hydrodynamic analysis are reconstructed in time
domain to be used for dynamic analysis of the mooring system under complex environmental conditions and other effects.
Coupled dynamic analysis in time domain should be performed to evaluate the mooring system. Uncoupled or frequency domain
analyses may be inaccurate for capturing the extreme line tensions of the nonlinear behaviours.

5.1.3 Mooring lines are to be modelled based on the actual physical properties of the lines determined by physical
experiments. The line stiffness (or elasticity) is an important parameter for the mooring system as it determines how the system
can absorb the dynamic loads and also distribute them into several mooring lines. It may be modelled as linear coefficients.
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However, if the mooring lines have obvious nonlinear or asymptotic characteristics of the elastic elongation, it should be captured
in the line stiffness model. Pre-tensions of the mooring lines should be provided by the Operator to be modelled in the simulation.

5.1.4 Fender reaction force is highly nonlinear against compression length. Such a nonlinear behaviour of fender reaction force
is to be modelled as accurately as possible. Floating fenders can move along the waves, hence the contact points of the fenders
on the vessel are not constant during the simulations. It is ideal to model this in the dynamic simulations; however, generally one
side on the fender can be fixed on one of the vessels in the model.

5.1.5 In the general configurations of shallow water mooring systems, both the mooring lines and the fenders are in tension
and compression, respectively, at most times. As a simulation starts, the fender reaction forces according to the initial
compression length of the fenders and the mooring line tensions will find equilibrium positions of the vessels by balancing the
forces. Unless the equilibrium is automated by the software before the simulation starts, this may cause initial transient effect with
large tensions in the mooring lines, hence may be excluded from the evaluation.

5.1.6 If any other loads such as tug load that affect the mooring system can arise, it should be modelled.

5.2 Identification of critical cases

5.2.1 If a large number of load cases is to be evaluated, for instance, specific directional combination data of environmental
condition do not exist, a screening study may be carried out with simpler methods such as frequency domain analysis or weakly-
coupled analysis to identify the critical combinations of load cases. When low frequency and wave frequency analyses are
conducted separately by the simpler methods, the tensions should be combined in accordance with Pt 3, Ch 10, 5.5 Combination
of low and high frequency components - Design Values of the Rules and Regulations for the Classification of Offshore Units, July
2019. Alternatively, time domain analyses with shorter durations may be used only for the screening process. The duration of the
time domain simulations may be reduced but not less than 30 min after reaching equilibrium position. All the combinations of
environmental conditions, vessel loading conditions, water level, etc. should be screened and the interval of wave periods near the
resonance frequency of the motions should be small enough to identify the critical combinations.

5.2.2 A sufficient number of combinations of environmental parameters in connection with the loading conditions are to be
investigated to identify the critical cases. When side-by-side operations take place, operational procedures should be taken into
account for the combinations of loading conditions.

5.2.3 For the investigation of the critical cases, the number of possible combinations of loading conditions may be reduced if
the motion responses (i.e. RAOs) are lower in all the frequencies and headings for particular loading conditions than others.
However, full load condition at the HAT and ballast condition at the LAT must be included.

5.2.4 When simpler methods are used for the screening purpose, stricter criteria or safety factors are to be used to identify
the critical cases as larger tensions may appear with time domain dynamic analysis for 3 hours.

5.2.5 The final set of the critical load cases must be evaluated by time domain and coupled dynamic analysis. The duration of
the simulations for the critical load cases should not be less than 3 hours. The time duration of initial transient effects should not be
counted for the required duration of the simulations.

5.3 Multi-body effect

5.3.1 There are additional considerations to be made when ships/structures are in the close proximity during the operations.

5.3.2 For side-by-side operations, gap free surface elevation between the vessels should be estimated with viscous damping.
Normally this effect is accounted for at the hydrodynamic analysis stage when the motion response is determined in accordance
with Ch 1, 4.3 Damping 4.3.4.

5.3.3 Wind shielding effect may be considered when ships/structures are in a side-by-side configuration. Wind load
coefficients may be reduced due to the shielding effect based on wind tunnel experiment data or CFD results. If reduction is made
by any empirical method or other estimation-based method, it should be taken conservatively. This is also applicable to current
shielding effect.

5.3.4 The submerged area of jetty structures consisting of vertical piles do not need to be modelled. However, if such jetty
structures in locations with high current velocities may slow down the high velocity flows under the berth, hence raise the water
level, it may form water slope generating stand-off forces which increase tension in the mooring lines. See BS 6349-4:2010
Maritime works - Code of practice for the design of quay walls, jetties and dolphins for more details. The mooring system where
such an effect might occur should be assessed by CFD analysis or model tests.

5.3.5 Passing vessels can significantly increase line tension of a moored structure. The effect can be complex as it is related
to many parameters, such as the size of passing vessel, the speed of passing vessel, the distance from the moored ships/
structures, open waterway or confined waterway, under-keel clearance of the ships/structure, etc. This effect is known to be
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proportional to the ship’s velocity squared. If the location is exposed to passing vessels, such a scenario with this effect should be
assessed to the most critical case among the intact line cases. The largest possible size of the passing vessel and regulatory
speed limit, if available, are to be used for the analysis. It is highly recommended to use reliable simulation software such as CFD
or model test to estimate the effect. Otherwise recognised empirical formulae may be used to calculate the forces and moment
from passing ship effect.

n Section 6 
Evaluation of mooring system

6.1 General

6.1.1 This Section addresses evaluation of the mooring system by strength and fatigue assessments. The strength
assessment is to ensure the mooring system can withstand the onerous scenarios during operation during the service life. Fatigue
assessment verifies the fatigue life of the main components of the mooring system.

6.1.2 The mooring lines may not have consistent performance during the service life. The mooring components may
experience degradation due to wear, abrasion, UV degradation, creep, corrosion, etc. This should be taken into account for the
assessment.

6.1.3 Load-elongation properties of the fibre ropes have nonlinear properties or load rate dependent elongation. The load-
elongation and creep elongation properties based on the rope test data should be provided in the rope specification. It is
recommended to consult with the rope manufacturer about the risk of creep rupture and determine the amount of irrecoverable
creep elongation. The load history including the rope construction and installation should be taken into account for the risk of
creep rupture. The information about using fibre rope properties for the analysis can be referred to in 6.4 Mooring Analysis, API
Recommended Practice 2SM, Design and Analysis of Stationkeeping Systems for Floating Structures for the mooring analysis.

6.1.4 Axial cyclic load and low twist can create kink which is a Z-shaped sharp bend in a fibre or a yarn. These kink bands
can cause failures at the locations where kinks are formed for fibre ropes due to the axial compression. As the manufacturing
process of the ropes can affect the creation of kinks significantly, the likelihood of kink band formations should be examined with
the rope manufacturer and such kink formations should be prevented if fibre ropes, especially in jacketed product, are used for the
mooring system.

6.2 Strength assessment

6.2.1 Strength of the mooring lines should be assessed for the environmental loads of the chosen return period to avoid
overload situation. In general, the critical load cases are to be identified from the initial study of all the environmental parameters
and loading conditions prior to the strength assessment of the critical cases. The safety factor should be satisfactory in terms of
the ratio of the design load and the minimum breaking strength (MBS). The safety factors of the strength assessment are given in 
Table 1.6.1 Factor of safety for strength assessment.

Table 1.6.1 Factor of safety for strength assessment

Design case
Factor of safety, see Note 1.

Intact Damaged Transient (if required)

Extreme storm or maximum environment,

with floating unit attached.
1,67 1,25 1,0

NOTES

Note 1. Factor of safety can be defined as

Factor of safety = Mooring line MBS
Maximum tension

Note 2. Mooring line MBS is to be documented.

Note 3. Maximum tension is to be based on the assessment by time domain dynamic analyses as defined in Ch 1, 6.2 Strength

assessment 6.2.5.
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6.2.2 Synthetic fibre ropes have characteristics that vary with time and loading history. Therefore, factors of safety are to be a
minimum of 20 per cent higher than the level given in Table 1.6.1 Factor of safety for strength assessment. A reduction factor will
require to be applied to the standard designated MBS, where the test database for the rope type is statistically small. This may not
generally apply to the polyester fibre ropes for which sufficient test data, manufacturing and service experience can be
documented.

6.2.3 The MBS to be used for the analyses should take the actual rope termination, such as splice, into account.

6.2.4 The principle of the strength design should be such that fittings should have higher strength than the mooring lines, and
the hull structure or the supporting foundation than the fittings. This means that the failure should occur on the mooring line before
the failure of other components at any overload situation whilst the mooring fittings and their supporting structures are designed to
withstand the maximum mooring load. Moreover, the failure of the fittings should not affect the structure of the unit. The resultant
force due to the angle of attached mooring line is to be applied as the design load on the fittings, see Figure 1.6.1 Design load
applied to fittings.

Figure 1.6.1 Design load applied to fittings

6.2.5 Maximum fender force due to the offset of the vessel for each critical case should be documented in the report. The hull
structure in contact with fenders should be able to withstand the maximum fender force.

6.2.6 Design evaluation conditions are as follows:

(a) Intact case:

The mooring system is to be evaluated with all the lines and components in effective conditions.

(b) Damaged case:

The mooring system is to have redundancy at least for single line failure. To evaluate the damage case, the simulation case
and the lines to be damaged can be chosen from the results of the intact cases considering the critical conditions.

(c) Transient failure case:

This case investigates transient dynamic effect when a single line is damaged. In general, transient failure case is not required
for typical jetty mooring system where the line tension of the one line failure can be well distributed to other lines. When high
transient dynamic effect is expected from the single line failure, transient failure case is to be evaluated. The critical cases of a
specific random seed and the line that should fail are to be chosen from the results of the intact and the damaged cases. A
few simulations of the same transient failure case should be carried out to identify the worst scenario by changing the failure
point at different times before the moment the maximum tension is occurring.

(d) Passing vessel effect and other effects, if applicable, should be included with onerous load case among the possible
environmental conditions, e.g. ambient extreme case, for the strength assessment and it is to be documented in the report.

(e) If tsunami can occur at the site of operation, the tsunami load should be taken into account.

6.2.7 Since the analyses are to be carried out in time domain, uncertainty lies for the strength assessment in time domain due
to the effect from random phase in irregular waves. Therefore, the effect from the different random seeds should be minimised for
the critical cases identified. First of all, the duration of each time domain simulation should be at least 3 hours to capture the
maximum response from sufficiently long time record of irregular waves. In addition, repeating simulations with different random
seeds and applying statistical analysis methods to obtain extreme values can enhance the confidence level. However, a simple
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average of repeated simulations may not yield conservative results – half of the cases would exceed the design tension at the
extreme environmental state. Therefore, design maximum tension is to be calculated as follows:

• An average of extreme tensions from several wave realisations whilst maintaining confidence level – see Ch 1, 6.2 Strength
assessment 6.2.7.(a) below for a recommendation.

• A most probable extreme from an unbiased statistical method – see Ch 1, 6.2 Strength assessment 6.2.7.(b) below.

(a) An average of extreme (maximum) tensions from a small number of wave realisations may not represent the extreme
response of an environmental combination with a good confidence level. Therefore, at least 20 simulations of wave
realisations are recommended to get the design tension of an environmental combination by averaging the maximum
tensions. Otherwise, a possible procedure is to carry out several 3-hour simulations of an environmental combination with
different random seeds and take an average of the maximum tensions less the two lowest maximum tensions. For instance, if
ten (10) simulations with difference random seeds are run, the averaged value of eight (8) maximum tensions by dropping the
lowest two of them can be used for the design maximum tension. The number of simulations can be decided by the
designer; however, the more number of simulations is likely to lead to a lower design tension as well as higher confidence
level. An example of calculating a design tension from ten runs is demonstrated as follows and in Figure 1.6.2 Averaging
maximum tensions without the lowest two (#1 and #4):

Maximum line tensions (kN) of 3-hour simulations with different random seeds (10 runs):

1) 797.0 (excluded for the average)

2) 1039.7

3) 920.3

4) 795.6 (excluded for the average)

5) 816.4

6) 1046.6

7) 892.1

8) 891.1

9) 942.0

10) 812.7

Average of the eight highest values: 920.1 kN

Figure 1.6.2 Averaging maximum tensions without the lowest two (#1 and #4)

(b) The most probable maximum in short term sea states or long-term period can be predicted by statistical techniques. A
statistical model such as Weibull, Gumbel distribution or peaks over threshold (POT) method can be fitted to extreme
responses to predict most probable maximum. In this case, the variance of maximum value across the random seeds
becomes smaller, allthough, some extent of bias still remains. Therefore, repetitions of the simulations with different random
seeds are still desired with a refinement that can minimise the bias across realisations. To predict most probable maximum in
long term period, response based analysis (RBA) is also acceptable. The detailed methodology of the statistical technique
and the procedure are to be documented and agreed with LR.
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6.3 Fatigue assessment

6.3.1 The fatigue assessment is to prove that the system can resist cyclic load during the design service life of the installation.
The fatigue should be evaluated for the components under cyclic loads except for the consumable and replaceable components
with the period up to two years. In general, mooring lines, mooring components, foundation of fittings and hull structure should be
assessed for the fatigue.

6.3.2 Time domain dynamic analysis is known to be most accurate for the fatigue analysis due to the nonlinearity of the
mooring line tensions. In this case, the duration of the simulation should be long enough for each environmental state to contain
low frequency effect in the tension range. The rainflow counting method used to obtain the number of tension cycles and the
tension range from time histories is to be documented. If frequency domain analysis is used for the fatigue calculation, low
frequency fatigue and wave frequency fatigue damage should be combined and the methodology should be documented. Refer to
API RP 2SK - Design and Analysis of Stationkeeping Systems for Floating Structures, 6.3.2 Methods for Combining Low and
Wave Frequency Fatigue Damage.

6.3.3 The long-term fatigue is evaluated by the summation of the fatigue damage in a number of discrete environmental
conditions. The environmental conditions represented by number of bins consist of a combination of environmental parameters,
such as sea state, wind condition, current condition, directional combinations, etc. Each environmental bin has specified
probability of occurrence that is multiplied to estimate the accumulated long-term fatigue damage by summation. The Miner’s
summation is used for cumulative fatigue damage calculation D,

D = ∑
ni
N i

where  

ni = actual number of cycles for tension range i

Ni = corresponding number of cycles to failure obtained from the relevant T-N curve or S-N curve

After calculating the fatigue damage for each environmental block, they can be accumulated with the probability of occurrence at
each environmental block to estimate the annual fatigue damage based on the 1 year (assumed as 365,25 days) in seconds:

Dannual = ∑
j = 1

k
3, 15576 × 107 pjDj

T j

where  

pj = probability of occurrence of the environmental block j (∑pj = 1)

Dj = cumulative fatigue damage of the environmental block j

Tj = time duration in second of the simulation of the environmental block j

k = total number of the discretised environmental blocks

The environmental blocks have different probability of occurrence. Therefore, the fatigue calculation results can be sensitive to the
number of environmental blocks, therefore, the number should be sufficient.

6.3.4 Unlike the mooring system to seabed, temperature response on the fibre ropes can highly influence the fatigue breaking
load of ‘dry’ mooring ropes. Therefore, it is recommended to calculate the fatigue cycles to failure (Ni) in the function of fibre
temperature as well as tension cycles. In this case, the required fatigue endurance curve should be prepared in the function of
tension cycle and fibre temperature.

6.3.5 Fatigue capacity of mooring lines and components (tension–tension fatigue)

Typical line component is under tension–tension fatigue endurance. An appropriate fatigue endurance curve (known as a T-N
curve) is to be used for the assessment. The T-N curve approach determines the number of cycles to cause fatigue failure at a
ratio of tension range to the reference breaking strength and can be defined as follows:

NRm = K

where  

N = number of permissible cycles

R = ratio of tension range (to be taken as double amplitude) to reference breaking strength
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where  

m = inverse slope of the T-N curve

K = constant for particular T-N curve

The T-N curve based on the experimental results is to be used for the fatigue analysis unless fatigue data exists for the rope types
to use. This formula may be replaced with a fibre-specific model to better represent damage accumulation in fibre rope, for
instance, to include temperature effects in the fatigue damage. In the initial stage of the design, the parameters in Table 3, m and K
values, of API RP 2SK can be referred to for preliminary evaluation.

6.3.6 Fatigue capacity of foundations and hull structure (tension–stress fatigue)

The hot spot locations and stress transfer functions are to be determined by structural analyses using techniques such as the finite
element method (FEM). Local modelling of hull structure is acceptable for identification of the hot spots and stress transfer
functions. The local model is to cover all potential hot spot locations and to have sufficient model extent with all the boundaries
away from hot spot locations. For more guidance on FE modelling, refer to ShipRight Procedure FDA Level 3 assessment, Ch 6, 3
Structural Detail Local Zoom Finite Element Models. As for the mooring load applied in the structural analysis, a conservative
resultant force due to the angle of attached mooring line (see Ch 1, 6.2 Strength assessment 6.2.2 and Figure 1.6.1 Design load
applied to fittings) is to be used to determine the hot spot stresses. An appropriate S-N curve of the foundation or the hull
structure can be selected from Pt 4, Ch 12, 2 Fatigue design S-N curve and Pt 4, Ch 12, 3 Fatigue joint classification of the Rules
and Regulations for the Classification of Offshore Units, July 2019.

6.3.7 In case the ropes used for the mooring system are susceptible to axial compression fatigue, such an axial fatigue
assessment should be addressed. Normally axial compression fatigue is known to be a problem for aramid ropes whilst HMPE is
resistant to it. However, axial compression fatigue damage has also been identified for HMPE ropes on several occasions. Kink
bands which are associated with axial compression can be formed in all types of fibre ropes and can lead to damage.

6.3.8 In case the ropes used for the mooring system have cumulative and irrecoverable elongation properties, creep failure
analysis should be carried out. Refer to 6.4.4 Creep Failure Analysis, API Recommended Practice 2SM, Design and Analysis of
Stationkeeping Systems for Floating Structures.

6.3.9 The fatigue life is calculated as

Fatigue life = 1
Dannual

The safety factor is defined as the ratio of the service life of the installation over the calculated fatigue life. In case of ‘dry’ mooring
lines that are inspectable and replaceable, the fatigue life factor of safety shall be greater than 3. More detailed information can be
found in Pt 4, Ch 5, Table 5.5.2 Fatigue life factors of safety for anchor line and tether components of the Rules and Regulations
for the Classification of Offshore Units, July 2019.
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