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2. Proposed amendments: 
(New text indicated by shading and deletions by strikethrough) 

 
Chapter 1  
Long-term Nearshore Positional Mooring System 
 
■ Section 1 
 Introduction 
1.1 General 
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 a fender system for the purpose of long-term operations. Therefore, these Guidance Notes arethis procedure 
is intended for ‘dry mooring systems’, e.g. those above water, and not for the mooring systems anchored to the seabed or 
other types of the station-keeping system. 
 
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 2021. 
In cases where redundancy due to two line damage is requested by the owner/operator, LTMOOR(HR) will be assigned. 
The requirement for two line damage is defined in Ch 1, 6.2 Strength assessment 6.2.6 (b). 
 
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.  
 

1.2 Abbreviations 

1.2.1 The below abbreviations are used in this procedure: 
 
(Part only shown) 
 

HAT highest astronomical tide 
 
 

■ Section 2 
Environmental load 

2.2 Return period 
2.2.2 If the system permits planned disconnection and the unit 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, reduction of 
the return period for the design condition can be reducedmay be considered.  

 

2.3 Environmental conditions 
(Part only shown) 
 
2.3.1 Water depth 
 
(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 results incan be the worst 
scenario in terms of the line angles. Storm surge should be taken into account for the maximum water level, if 
applicable. Figure 1.2.1 Effect of line angle from loaded condition in the LAT to ballast condition in the HAT 
illustrates athe change in a line angle due to the water level rise. 
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Figure 1.2.1 is to be replaced with the figure below 
 

  
Figure 1.2.1 Effect of line angle from loaded condition in the LAT to ballast condition in the HAT 

 
 

 
(Part only shown) 
 
2.3.2 Wave 
 
(c) Infragravity waves are normally small inon the open ocean but can grow large in shallow water. In the locations 

where relatively large infragravity waves can be generated, they may have a largesignificant impact on a moored 
facility. It is recommended that the quantity of infragravity waves, both bound and free waves, is determined. 

 
(Part only shown) 
 
2.3.3 Wind 
 
(d) Squalls are sudden strong winds that changes the mean wind speed. The site-specific Metocean report shall 

indicate whether or not the site is subject to squalls. In a location where squalls may occur, itthey should be 
modelled and scaling techniques should be documented. 

 
2.3.9 In the locations wheresubject to snow or ice can be accreting, their effect should be considered in the design and 
analysis. 
 

■ Section 3 
Mooring system design considerations 

3.1 Mooring system layouts 
3.1.1 Mooring systems should be designed to avoid and minimise rope abrasion, friction or any kind of interference with 
other components. Contact between floating vessels and jetty structures or piers should be checked and avoided in 
consideration ofconsidering the various loading conditions and the range of the vessel motions. The variation of the line 
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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 aspects of mooring 
systems such as arrangements, layouts, fittings, etc. 
 
3.1.4 Accidental fire or blast can cause serious consequences, especially when it leads to multiple mooring line failures. 
For safety measures and emergency release procedures in such accidental events, reference can be made to OCIMF 
International Safety Guide for Oil Tankers and Terminals.   
 

3.2 Design conditions 
 
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 to be assessed for all the possible operational conditions. The most Oonerous scenarios during normal 
operation should be evaluatedidentified for strength assessment under the defined environmental loads.  
 
(Part only shown) 
 
3.2.3 Survival condition 
 
This condition is to ensure the survival capability under the extreme environmental condition such as storm or 
hurricanetropical cyclone.  
 
3.2.4 Accidental condition 
 
The design consideration should be made for possible accidental loads on the mooring system. As a minimumAt 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, the transient failure case is to be evaluated.  
 

3.3 Model tests 
(Part only shown) 
 
3.3.1 It is highly recommended to carry out model tests for the calibration and the validation purposes of the numerical 
models. The scale factors used for the model test, including the factors for the mooring line propertiesy and the fenders, 
should be specified in the report.  
 

■ Section 4 
Hydrodynamic analysis 

4.1 General 
4.1.2 The hydrodynamic coefficients and responses can be significantly affected by varying water depth due to the 
bathymetry. Sloping sea beds can be particularly difficult to model accurately in the diffraction analysis. As applying the 
average water depth under the vessel may not necessarily yield conservative results, it is highly recommended to carry 
out model tests when the sloping sea bed is located in shallow water adjacent to the unit/vessel. If such an analysis is to 
be carried out where the effects from varying water depth are expected to be prominent, a validated numerical model and 
methodology for bathymetry effect shall be used. Details of the software and the methodology are to be submitted to LR.  

4.2 Motion response 
4.2.2 The effect of wave drift force in the low frequencyies range is to be taken into account. The wave drift force is 
proportional to the wave amplitude squared. 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 the case of 
shallow water as a simplified method such as Newman’s approximation may not be accurate in the case of shallow water.  
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4.2.3 In the case of multi-body operation, the hydrodynamic coefficients such as added mass, damping, 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 and 
breakwater can also generate wave reflection or high standing waves due to the wave reflection between the 
pier/breakwater and the moored structure. Any pier or breakwater 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.  
 

4.3 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 the slow drift speed of the vessel and can be significant 
for large volume structures in theunder 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 withbecome increasingly significant where there is a small gap between the ships/structures that 
cause large interaction when they are moored side by side. Since diffraction analysis neglects viscosity, additional damping 
canshould be accounted for in the hydrodynamic analysis. 
 
(Part only shown) 
 
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).  
 
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. 
 
 

■ 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 as a rigid body under the environmental loads, the mooring lines extend in tensionbear the motions 
whereas with the fender system resisting and compressingcounteracts 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 in all six degrees of freedom including slow drift motions.  
 
5.1.2 The motion responses and hydrodynamic coefficients obtained from hydrodynamic analysis are reconstructed in 
the time domain to be used for dynamic analysis of the mooring system under complex environmental conditions and other 
effects. Coupled dynamic analysis in the time domain should be performed to evaluate the mooring system. Uncoupled or 
frequency domain analyses may be insufficiently inaccurate forto captureing the extreme line tensions of the non-linear 
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 a linear 
coefficients. However, if the mooring lines have obvious non-linear 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 versus compression length is highly non-linear against compression length. Such a non-
linear behaviour of fender reaction force is to be modelled as accurately as possible. Floating fenders can move alongdue 
to the waves;, hence, the contact points of the fenders on the vessel are not constant during the simulations. It is ideal 
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toIdeally this should be modelled 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 fenders are generally in 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 an initial transient effect with large tensions in the mooring lines, hence, may be and typically needs to be 
excluded from the evaluation. 

5.2 Identification of critical cases 

(Part only shown) 
 
5.2.1 If a large number of load cases areis to be evaluated, for instance, specific directional combination data of 
environmental conditions 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. 

5.3 Multi-body effect 
(Part only shown) 
 
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 
raiseraising the water level, it may form a water slope generating stand-off forces which increase tension in the mooring 
lines.  
 
5.3.5 Passing vessels can significantly increase the line tension of a moored structure. The effect can be complex as it 
is related to many parameters, such as the size of the passing vessel, the speed of the passing vessel, the distance from 
the moored ships/structures, open waterway or confined waterway, under-keel clearance of the ships/structures, etc. This 
effect is known to be proportional to the ship’s velocity squared. If the location is exposed to passing vessels, such a 
scenario with this effect should be assessed toin conjunction with 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 testing to estimate the effect in the case of 
a complex scenario such as a confined terminal or small separation distance from the passing vessel. It is known that 
potential flow codes give good accuracy for the vessels passing at zero drift angle. Otherwise recognisedValidated 
empirical formulae may be used on a conservative basis to calculate the forces and moment from passing ship effect. 
 
 

■ 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 onerousall scenarios during operation duringthroughout 
the service life. Fatigue assessment verifies the ability to resist cyclic loadsfatigue life of the main components of the 
mooring system.  
 
6.1.3 Load-elongation properties of the fibre ropes havemay be non-linear properties or have 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 
taken fromreferred to 6.4 Mooring Analysis, API Recommended Practice 2SM, Design and Analysis of Stationkeeping 
Systems for Floating Structures for the mooring analysis. 
 
(Part only shown) 
 
6.1.4 Axial cyclic load and low twist can create kinks which is Z-shaped sharp bend in a fibre or a yarn.  
 

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 factors shouldare to 
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be satisfactory in terms of 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. 
 
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 requireis 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 exists and where 
manufacturing and service experience can be documented. 
 
6.2.3 The MBS to be used for the analyses should take the actual rope termination detail, such as splice. into account. 
 
(Part only shown) 
 
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 higher strength than the fittings. This hierarchy of failure 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.  
 
(Part only shown) 
 
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. Two line failure cases are to be investigated for the most loaded line and the adjacent line at 
the most onerous load conditions to grant LTMOOR(HR) notation. For this, a safety factor of one is to be applied 
to the line MBS. Unless the safety factor is sufficient, transient failure is to be investigated for the two line failure 
scenario. The higher factor of safety of 20 per cent still applies for synthetic fibre ropes.    

 
(d) Passing vessel effect and other effects, if applicable, should be includedcombined with the most onerous load 

case among the possible environmental conditions, e.g. ambient extreme case, for the strength assessment. This 
and it is to be documented in the report.  

 
(e) If tsunami or tidal bore can occur at the site of operation, the tsunami loadeffect should be taken into account. 
 
(Part only shown) 
 
6.2.7 Since the analyses are to be carried out in the time domain, there is uncertainty lies forin 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 3three hours to capture the maximum response from sufficiently long time records 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 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) and see Ch 1, 6.2 Strength assessment 6.2.7  (b) below for a recommendation. 

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

 
(b) The most probable maximumexpected extreme tension in short-term sea states or long-term period can be 
predicted by statistical techniques. A statistical model such as Rayleigh, Log-normal, Weibull, Gumbel distribution or peaks 
over threshold (POT) method can be fitted to extreme responses the local peaks of short term responses in time series to 
predict most probable maximumthe expected extreme. It is recommended to select local peaks between mean up crossings 
in time series. In this case, the variance of maximum values across the random seeds becomes smaller;, allthough 
however, some extent of bias still remains. Therefore, repetitions of the simulations with different random seeds are still 
desired with a refinement that canrequired to minimise the bias across realisations., thus the recommended number of 
simulations is at least ten to determine the design maximum tension. To predict the most probable maximum tension in 
long-term period, rResponse bBased aAnalysis (RBA) is also acceptable. The detailed methodology of the statistical 
technique and the procedure are to be documentedraised at the earliest opportunity and agreed with LR.  
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(c) The extreme tensions or the expected extremes from several short-term analyses with different random seeds 
can be fitted to an extreme value distribution, such as the Gumbel probability density function, to predict the most probable 
maximum (MPM) tension instead of taking an average. As the Gumbel MPM corresponds to the 37th percentile value, the 
MPM can be also chosen simply from the 37th percentile of the maxima. After the extreme values from N number of 
simulations are sorted in ascending order and linear regression is fitted, the rank order corresponding to 0.37/(N+1) from 
the bottom is to be taken for the 37th percentile value. In this case, the number of simulations, N, is to be at least ten. The 
uncertainty in the number of simulations that can be quantified as 1/N1/2 times the standard deviation is to be added for the 
design maximum tension: Design tension = MPM tension + standard deviation of the maxima x 1/N1/2. 
 
6.3 Fatigue assessment 
 
6.3.1 The fatigue assessment is to prove that the system can resist cyclic loads 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  less than two years design life. In general, mooring lines, mooring components, foundation 
of fittings and hull structure integration should be assessed for the fatigue.  
 
(Part only shown) 
 
6.3.2 Time domain dynamic analysis is known to be the most accurate for the fatigue analysis due to the non-linearity 
of the mooring line tensions. 
 
(Part only shown) 
 
6.3.4 Unlike the mooring systems connecting to the seabed, temperature response ofn the fibre ropes can highly 
influence the fatigue breaking load of ‘dry’ mooring ropes. 
 
(Part only shown) 
 
6.3.5  
 
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.  
 
 

■ Section 7 
References 
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(Part only shown) 
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