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Competency Unit Module MARN008

Perform seamanship operations onboard a vessel

Module Syllabus

Ç Mooring Skills

Ç Ropes, Knots and Splices

Ç Lifting Equipment and Hydraulics

Ç Anchor Systems

Ç Refuelling

Ç Pollution

Ç Stability

MOORING SKILLS
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Mooring Skills

On completing this session

You will

V Know how to care for mooring lines.

V Describe the safe use of mooring lines.

V Be able to name the most common mooring lines.

V Explain the purpose of the more common mooring lines.

V Describe how you could use the various lines to secure your vessel.

V Outline the purpose of, and how to, ñDip The Eyeò

V Explain how to safely connect shore based power leads and other 

umbilicals.

Mooring Skills

Recommended Study Reference

Small Ships Training and Operational Manual ïEdition 6

Maritime Safety Queensland

Chapter 23 ïMooring lines & fittings (pg 360)

Chapter 23 ïBerthing & unberthing (pg 361)

Chapter 25 ïRopework (pg 386)

Australian Boating Manual

Capt. Dick Gandy

Chapter 8 ïBerthing (or mooring) lines (pg 170)

Chapter 4 ïSize of mooring ropes (pg 78)

Online Resources

Mooring - https://en.wikipedia.org/wiki/Mooring

https://mfame.guru/fatal-injury-crew-member-due-mooring-equipment-failure/
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Mooring Skills

Mooring Lines

Å Check condition before using.

Å Store in a well ventilated, dry place out of sunlight.

Å Do not stand near a rope that is under stress.

Å Always keep mooring area clear of loose ropes, wires and debris.

Å Never stand in the bight of a rope.

Å Beware of safe working loads  (S.W.L)

Mooring Skills

Mooring Lines

Å Consider large tidal ranges when mooring for long periods.

Å Do not lead over sharp corners, especially if under strain.

Å Use only three turns around a warping head.

Å Always use correct knots.

Å Never place hands or fingers between lines and bollards or cleats.

Å Ensure mooring area is kept free of loose ropes, wires and debris.

Å Retrieve mooring lines that drop into the water as soon as possible to 
avoid the line fouling the propeller

Å Be aware of rope ñsnap backò zones and always stay clear of that area
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Mooring Lines

Dock

Head Line

Forward Spring Line

Aft Spring Line

Stern Line

Forward Breast Line

Aft Breast Line

Mooring Lines

Dock

Forward Breast Line Aft Breast Line

Vessel moves up and down with 

tidal range

Static Dock (not floating)

Note angle and scope of head line
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Mooring Lines

Dock

Lets take a look at the six most

common mooring lines used to

secure your vessel to the Dock

Mooring Lines

Dock

Head Line

ÅUsed to keep the bow (or head) 

of the vessel against the dock

(Usually attached to the outer 

quarter of the vessel)
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Mooring Lines

Dock

Forward Spring Line

ÅUsed to prevent the vessel 

moving in a forward direction 

along the dock

Mooring Lines

Dock

Aft Spring Line

ÅUsed to prevent the vessel 

moving in a backward (or aft) 

direction along the dock
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Mooring Lines

Dock

Stern Line

ÅUsed to keep the stern of the 

vessel against the dock

(Usually attached to the 

outer quarter of the vessel)

Mooring Lines

Dock

Aft Breast Line

ÅUsed to keep the stern of the 

vessel ñup tightò against the dock 

on arrival and when embarking / 

disembarking passengers or 

loading / unloading cargo

(Usually attached to the inner 

quarter of the vessel)
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Mooring Lines

Dock

Forward Breast Line

ÅUsed to keep the Bow of the vessel 

ñup tightò against the dock on 

arrival and when embarking / 

disembarking passengers or 

loading / unloading cargo

(Usually attached to the inner 

quarter of the vessel)

Mooring Lines

Dock

Now lets look at the order in which 

these lines are typically secured when 

arriving to berth

15

16



12/06/2020

9

Mooring Lines

Dock

The vessel approaches the dock with 

the view to berth Port Side too

Mooring Lines

Dock

The vessel slows as it approaches the 

dock and keeps ñbow in / stern outò 

presenting on an angle to the dock
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Mooring Lines

Dock

As the vessel nears the dock, the first 

line attached is the forward spring

Mooring Lines

Dock

As the vessel ñpulls upò on the forward 

spring, the next line attached is the 

forward breast line. With the vessel 

still moving forward slowly, the effect 

is to start bringing the stern towards 

the dock
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Mooring Lines

Dock

While the vessel is in this position, the 

head line is secured

Mooring Lines

Dock

With the vessel ñpushing upô against 

the forward lines (either by momentum 

or under power) the stern is brought in 

and the aft breast line is secured
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Mooring Lines

Dock

With the vessel still pushing up on the 

forward lines, the aft spring line is 

attached ñtight upò thus preventing 

movement fore and aft (due to both 

spring lines now being under tension)

Mooring Lines

Dock

Finally, the stern line is secured to the 

vessel
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Mooring Lines

Dock

If the vessel is to remain on the dock 

throughout tidal ranges, let off the aft 

and forward breast lines and give 

plenty of scope, this allows the vessel 

to órideò the tidal differences

Dipping The Eye

Line from another vessel

Line from your 

vessel
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Dipping The Eye

Power Leads and other Umbilical's

Once the vessel is secured to the wharf or dock, it is very common 

practice to connect shore based leads or other umbilicals to provide 

services to the vessel. These can include:

Å Shore power leads

Å Water hoses

Å Data cabling

Å Fuel hoses

Å Sullage pump out hoses

With any connection between shore and vessel, it is essential that 

there is sufficient scope on leads etc to allow for vessel and tidal 

movement. Tension on shore power leads and other umbilicals should 

be monitored.
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Power Leads and other Umbilical's

Generally speaking, shore-power leads tend to be left connected and 

the vessel often unattended, introducing many inherent dangers. Good 

practice includes;

Å Inspect shore-power leads for general condition.

Å Lead should be tested and tagged.

Å Check that the shore power board is protected by an RCD.

Å Make sure there is sufficient scope on the lead so it can move 

up and down with tidal range.

Å Leads are positioned to avoid the risk of mechanical damage 

from dock operations and vessel movement.

Å Ensure the lead isnôt a trip hazard or in a traffic area.

Å Electrical loads onboard are minimised

Å Check polarity

Study Note

üYou should be able to explain the what the following terms are;

Å Snap back zone

Å Bight of a rope

ü What dangers are associated with these areas? What could occur if 

something went wrong? 
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Thankyou

ROPES, KNOTS AND SPLICES
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Ropes, Knots and Splices

On completing this session

You will

V Understand basic rope construction

V Be able to identify different types of rope

V Describe simple rope terminology

V Be able to determine safe working loads of ropes and chains

V Explain how to determine breaking strains of ropes and chains

V Identify various rope knots and how to tie these knots

V Explain common uses and applications of various knots

V Be able to demonstrate how to splice common rope splices

Ropes, Knots and Splices

Recommended Study Reference

Small Ships Training and Operational Manual ïEdition 6

Maritime Safety Queensland

Chapter 25 ïRopework (pg 386)

Australian Boating Manual

Capt. Dick Gandy

Chapter 4 ïRopes, knots, splices & safety

Online Resources

Ropes - https:// en.wikipedia.org/wiki/Rope

Wire Ropes - https://www.steelwirerope.com/WireRopes
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Rope Construction

Right Hand lay 

ROPE

Left Hand lay 

STRAND

Right Hand lay 

YARN

Rope Construction

RightïHand Laid Rope

(ñZò) Twist

LeftïHand Laid Rope

(ñSò) Twist

In a Right-Hand lay, the direction of the twist of the strands is clock-wise or Z shaped.

In a Left-Hand lay, the direction of the twist of the strands is anti-clock-wise or S shaped.

- Note that it does not alter if you were to turn the illustration around.

How to distinguish the difference between Right-Hand & Left Hand Laid Ropes
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Rope Construction

Differently Constructed Ropes

üHawser Laid Ropes (also called three strand rope)

ÅThese are by far the most common type of rope. Easy to work with and to 

splice. These ropes are right-hand laid with three strands, and are 

manufactured in three levels of stiffness;

o Soft Lay ïvery soft, has a silky feel but kinks easily

o Medium Lay ïmost suitable for boats

o Hard Lay ïdifficult to work with on a boat

üSquare Ropes

ÅPlaiting four left-hand strands into four right-hand strands make a square rope. 

This rope is tough, kink resistant and flexible and is commonly used for towing 

and berthing lines.

üCable Laid Ropes

ÅCable laid ropes are made by twisting three Hawser laid ropes into one, and 

offers good elasticity for towing lines.

Rope Construction

Differently Constructed Ropes

üBraided Ropes 

ÅConsist of the following general types;

o Single (or solid) braided ropes, usually in 12 or 18 strand

o Plaited braided ropes, commonly used for flag halyards

o Double plaited braided ropes, they have a braided core inside a braided 

jacket, very common on boats.

üJacketed Parallel-Core Ropes

ÅConsists of a number of ropes running parallel to each other inside a thin 

jacket. A set of seven ropes inside a jacket is common.

üShroud Laid (four strand) Ropes

ÅIs made of 4 strands laid around a fibre core strand. It is around 11% weaker 

than three strand rope and is not often seen these days.
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Rope Construction

Hawser Laid 3 strands

(most common)

Shroud Laid

4 strands over central core

Cable Laid

3 x 3 RH strand laid up left hand

Types Of Ropes

When selecting a rope, consider the fibre and construction of a rope to 

determine if it is appropriate to the environment in which it will be used. Also 

consider all the possible sources of degradation during use.

Essentially, there are three types of fibre ropes:

1) Natural Fibres

Natural fibres produce a hard wearing, low stretch and general 

purpose rope. They are made from vegetable fibres such as manila 

and sisal in short staples.

üManila rope

üSisal rope

üHemp rope

Manila rope
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Types Of Ropes

2) Synthetic Fibres

There is a range of synthetic fibre ropes and each has particular 

characteristicôs suited to specific purposes. We will look at each in 

greater detail, rope types include;

üNylon

üPolypropylene

üPolyethylene

üPolyester

3) Exotic Fibres

A small group of synthetic manufactured ropes (the HMPE and 

aramids) that have extremely high strength, similar to steel wire. The 

most common are;

üKevlar (aramid)

üTwaron (aramid)

üSpectra (HMPE)

üDyneema (HMPE) 

Nylon Rope

Dyneema

ÅManila is made from natural fibers. 

ÅAt one time, it was the best rope fibre available. 

ÅManila must be handled and stored with care as dampness will cause 

it to rot.

Manila

Types Of Ropes (Natural Fibre)
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Specifically, Manila rope is

ÅDurable, flexible, and resistant to salt water damage

ÅShrinks when it becomes wet

ÅKnots become difficult to untie if the rope and knot gets wet

ÅRope will rot after a period of time when exposed to saltwater

ÅUsed for hawsers, ships lines, fishing nets

Manila

Types Of Ropes (Natural Fibre)

ÅNylon is a high strength rope

ÅBreaking stress = 2.25 that of natural fibre rope

ÅShrinks when wet 

ÅMay lose up to 15% strength when wet

Å It has very good resistance to abrasion and will last four to five times 

longer than natural fibre ropes. 

Nylon

Types Of Ropes (Synthetic) 
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Specifically, Nylon rope is

ÅConstructed using continuous polyamide fibres

ÅVery strong

ÅHigh stretch

ÅGood energy absorption from shock loads

ÅDoes not burn but may melt

ÅSensitive to acids and prolonged sunlight

ÅResists solvents and salts

ÅDoes not float

ÅUsed for slings, safety lines, tow ropes, anchor ropes and mooring lines

ÅMost dangerous synthetic rope and can break without warning

Nylon

Types Of Ropes (Synthetic) 

Å Lightweight and strong. 

ÅBreaking stress = 1.6 times that of natural fibre. 

ÅHas about 60% of the strength of nylon and polyester rope.

ÅPolypropylene rope is available in monofilament fiber, which is 

smooth surfaced, or multifilament fibre, which has a somewhat 

velvety appearance and feel.

Polypropylene

Types Of Ropes (Synthetic)

45

46



12/06/2020

24

Specifically, Polypropylene rope is

ÅNot as strong as Polyester

ÅMelts readily and may burn

ÅSensitive to solvents and sunlight

Å Floats

ÅUsed for slings, nets, tarpaulin ties and control ropes

Polypropylene

Types Of Ropes (Synthetic) 

Polyethylene

(Also known as Silver Rope)

ÅBreaking stress = 1.16 times that of natural fibre rope

ÅA floating rope somewhat like polypropylene but slightly 

heavier. 

ÅPolyethylene's handling characteristics are a little different 

than polypropylene. 

Types Of Ropes (Synthetic)
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Specifically, Polyethylene rope is

ÅGood stretch and energy absorption

ÅGood abrasion resistance

ÅMelts readily and may burn rapidly

ÅResistant to most chemicals (not strong acids)

ÅSensitive to prolonged sunlight and heat

Å Floats

ÅUsed for slings, nets, tarpaulin ties and control ropes

Polyethylene

Types Of Ropes (Synthetic) 

Polyester

ÅA very strong synthetic rope with excellent abrasion resistance.

ÅBreaking stress = 2.00 times that of natural fibre rope

ÅPolyester does not have the stretch and elasticity of nylon. 

ÅPolyester is superior to nylon with respect to cycle loading and 

abrasion.

Types Of Ropes (Synthetic)
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Specifically, Polyester rope is

ÅStrong

ÅGood stretch and shock resistance

ÅMelts

ÅSensitive to concentrated acids and alkalis

ÅSensitive to prolonged sunlight

ÅSinks

ÅUsed for halyards, safety lines, slings and hoist ropes

Polyester

Types Of Ropes (Synthetic) 

Square Rope

4 Left Hand & 4 Right Hand strands 

result in a tough, kink resistant rope 

(towing and mooring lines on larger 

vessels)

Types Of Ropes (Synthetic)
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Braided Cords

Available in several configurations Solid, 
Hollow, Double Braid

Types Of Ropes (Synthetic)

Braided Cords

Types Of Ropes (Synthetic)

Specifically, Braided Cord rope is

Å Flexible

ÅResistant to abrasions (wear is distributed over many strands)

ÅCoils easily

ÅKink-free

ÅGenerally more difficult to splice

ÅNylon jacketed type braid is commonly used for berthing lines

ÅPolyester jacketed type braid is common for sheets and halyards on 

sailing vessels
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Dyneema and Spectra

Types Of Ropes (Exotic)

Dyneema

Spectra

High-Modulus Polyethylene (HMPE)

ÅVery high strength

ÅBreaking stress = 6 times that of natural fibre

ÅVery low stretch

ÅLight weight

Specifically, these ropes

ÅExcellent abrasion resistance

ÅExcellent weather resistance

ÅMelts (low resistance to heat) melting point 165 C̄

ÅDecompose at very high temperatures

ÅDoes not shrink when wet

ÅAbsorbs very little water when wet, so remains lightweight when wet

Å Floats

Dyneemaand Spectra

Types Of Ropes (Exotic) 

High-Modulus Polyethylene (HMPE)
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Kevlar and Twaron

Types Of Ropes (Exotic)

Kevlar

Aramid

Twaron

ÅVery high strength

ÅVery stretchy

Kevlar and Twaron

Types Of Ropes (Exotic)

Aramid

Specifically, these ropes

ÅVery high strength

ÅPoor UV resistance (sensitive to sunlight)

ÅPoor abrasion resistance

ÅMelts (medium resistance to heat) melting point 500 C̄

ÅPoor knot strength

ÅDoes not float
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Care and Storage of Rope
What Damages Fibre Ropes?

Various factors and situations can cause damage to ropes, the following 

are among the more common;

ÅAbrasion or cutting on sharp objects

ÅExcessive stress

ÅSudden shock loads

ÅOverloading

ÅHeat

ÅChemicals

ÅMoisture

ÅSalt deposits

ÅPoor stowage

ÅUnnecessary or prolonged exposure to sunlight

Care and Storage of Rope
Care of Fibre Ropes

The following practices will help prolong the strength and life of a fibre 

rope;

ÅKeep ropes clean (hose down and dry)

ÅKeep ropes clear of chemicals and oils

ÅAvoid excessive heat (including from friction and drums)

ÅStow in a dry, well ventilated position (avoid risk of mildew)

ÅStow out of weather and sunlight

ÅAvoid overloading and shock loads

ÅAvoid abrasion and running lines over sharp edges

ÅAvoid kinks and remove knots

ÅAvoid mismatched running gear

ÅDonôt drag ropes over rough ground
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Care and Storage of Rope
Inspecting Fibre Ropes

Inspect ropes regularly for abrasion, cuts, discolouration, distortion, burns, 

rot, mildew, broken fibres and powdery fibres. Any of these conditions 

signify a loss of strength.

ü If the rope is suspect in one spot, the damaged section should be cut 

out and the ends joined by splicing. Always include one metre either 

side from the damaged section.

üDamaged rope intended for use in life rescue or other critical 

operations must be condemned if there is any sign of damage.

ü If there is any doubt whether a rope has been damaged, it should be 

condemned

Fibre Rope Load Forces
Load Terminology

ü Strength of fibre ropes essentially depend on;

Å The material from which it is constructed

Å Its size (diameter in mm)

Å Its condition

ü Minimum Breaking Force (MBF)

Is the minimum breaking strength of a rope as supplied by the 

supplier and is usually the optimum strength achieved under 

laboratory conditions. In real applications involving various forces and 

factors the rope will likely fail at a much reduced load. Therefore, the 

safe working load of any rope is much lower than its nominal strength.

ü Working Load Limit (WLL)

Is the maximum load that should ever be applied to the rope under 

any condition. The WLL is based on a load being uniformly applied in 

a straight line pull, thus how the load is slung will affect the WLL.
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Fibre Rope Load Forces
Load Terminology

ü Safety Factor (SF)

It is irresponsible and extremely dangerous to load lines anywhere 

near the breaking strength. Depending upon application, a safety 

factor is applied to set the limit to which a rope should be loaded. For 

general applications around vessels, the safety factor is taken as 6:1 

(meaning ropes, as a general rule, should only be loaded up to one 

sixth of their breaking strength)

Essentially, there are two types of safety factors that can apply to ropes 

and lifting, being;

Å Legal safety factors

Where a safety factor is prescribed by law, that factor should be 

used in calculating SWL for rope

ÅSafety factors dependant on conditions of use

Fibre Rope Load Forces
Load Terminology

ü Safety Factor (SF)

Å Safety factors dependant on conditions of use

Where no safety factor is prescribed by law, safety factors no lower than 

those shown below should be used. Higher safety factors can be used.

Safety Factors 
Conditions under which rope is to be used

SF

Ropes not subject to flexing or twisting, for example standing rigging, 

ropes secured at both ends to non-rotating mounts
5

Ropes subject to occasional flexing or twisting, for example ropes in 

mad up articles such as slings, tow ropes
6

Ropes used to support persons either directly or indirectly, foe 

example gantlines securing bosun's chairs or stages, lizards, life 

rescue ropes

8

Ropes in arduous or continuous use, where the load frequently closely 

approaches the SWL, or where the rope is continuously exposed to 

flexing or twisting, for example ropes used to move railway trucks by 

heaving on a capstan, ropes used in endless belts to drive machinery

9

From AS4142.1.1993
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Fibre Rope Load Forces
Load Terminology

ü Safe Working Load

By Definition, Safe Working Load (SWL) sometimes stated as Normal Working Load (NWL)

Is the maximum safe force that a piece of lifting equipment, lifting device 

or accessory can exert to lift, suspend, or lower, a given mass without 

fear of breaking. Usually marked on the equipment by the manufacturer. 

It is a calculation of the Minimum Breaking Force (MBF) aka Minimum 

Breaking Load (MBL) divided by a safety factor, usually ranging from 4 

to 6 on lifting equipment. The factor can be as high as or 10 to 1, if the 

equipment poses a risk to a person's life.

A simple definition, and one easy to remember when working with ropes is;

The Safe Working Load of a rope while being used in continuous 

operation.

Fibre Rope Load Forces
Minimum breaking force (MBF) requirements for Three-Strand Hawser-Laid Ropes to AS 4142.2

*NOTE - The minimum breaking force (MBF) must in no way be construed as the safe working load of the rope

Rope Types Manila & Sisal

Polyamide Rope 

(Nylon)                       

(from filament fibre)

Polyester Rope 

(filament fibre)
Polypropylene Rope

Polyethylene Rope 

(staple fibre)

Polyethylene Rope 

(monofilament fibre)

Kilo    

newton

Kilo    

gram

Kilo    

newton

Kilo           

gram

Kilo    

newton

Kilo          

gram

Kilo    

newton

Kilo              

gram

Kilo    

newton

Kilo          

gram

Kilo    

newton

Kilo            

gram

Rope Dia 

(mm)

MBF           

kN

MBF           

kG

MBF         

kN

MBF              

kG

MBF         

kN

MBF             

kG

MBF          

kN

MBF                    

kG

MBF          

kN

MBF           

kG

MBF          

kN

MBF               

kG

3 N/A N/A N/A N/A N/A N/A N/A N/A 1.07 109.11 N/A N/A

4 N/A N/A 3.15 321.21 2.90 295.71 2.10 214.14 2.04 208.02 1.96 199.86

5 N/A N/A N/A N/A N/A N/A N/A N/A 2.63 268.18 N/A N/A

6 2.55 260.02 7.35 749.48 5.54 564.91 4.48 456.83 3.69 376.27 3.92 399.72

7 N/A N/A N/A N/A N/A N/A N/A N/A 4.85 494.55 N/A N/A

8 4.73 482.32 13.20 1,346.00 10.00 1,019.70 10.40 1,060.49 6.10 622.02 6.86 699.51

9 N/A N/A N/A N/A N/A N/A N/A N/A 7.57 771.91 N/A N/A

10 6.22 634.25 20.40 2,080.19 15.60 1,590.73 15.30 1,560.14 9.26 944.24 10.70 1,091.08

12 9.36 954.44 29.40 2,997.92 22.30 2,273.93 21.70 2,212.75 12.40 1,264.43 15.10 1,539.75

14 12.60 1,284.82 40.20 4,099.19 31.20 3,181.46 29.90 3,048.90 14.10 1,437.78 20.50 2,090.39

16 17.70 1,804.87 52.00 5,302.44 39.80 4,058.41 37.00 3,772.89 20.80 2,120.98 27.50 2,804.18

18 21.00 2,141.37 65.70 6,699.43 49.80 5,078.11 47.20 4,812.98 25.40 2,590.04 34.00 3,466.98

20 27.90 2,844.96 81.40 8,300.36 62.30 6,352.73 56.90 5,802.09 31.00 3,161.07 41.90 4,272.54

22 33.40 3,405.80 98.00 9,993.06 74.70 7,617.16 68.20 6,954.35 36.80 3,752.50 49.80 5,078.11

24 39.90 4,068.60 118.00 12,032.46 89.60 9,136.51 79.70 8,127.01 43.10 4,394.91 59.80 6,097.81

28 52.20 5,322.83 155.00 15,805.35 120.00 12,236.40 105.00 10,706.85 58.30 5,944.85 80.50 8,208.59

32 67.30 6,862.58 196.00 19,986.12 154.00 15,703.38 132.00 13,460.04 76.20 7,770.11 105.00 10,706.85

36 85.30 8,698.04 244.00 24,880.68 190.00 19,374.30 166.00 16,927.02 96.30 9,819.71 132.00 13,460.04

40 103.00 10,502.91 294.00 29,979.18 235.00 23,962.95 201.00 20,495.97 119.00 12,134.43 160.00 16,315.20

48 145.00 14,785.65 412.00 42,011.64 329.00 33,548.13 280.00 28,551.60 168.00 17,130.96 224.00 22,841.28

56 195.00 19,884.15 549.00 55,981.53 439.00 44,764.83 371.00 37,830.87 229.00 23,351.13 298.00 30,387.06

64 252.00 25,696.44 706.00 71,990.82 568.00 57,918.96 480.00 48,945.60 299.00 30,489.03 383.00 39,054.51

72 321.00 32,732.37 882.00 89,937.54 707.00 72,092.79 603.00 61,487.91 379.00 38,646.63 481.00 49,047.57

80 380.00 38,748.60 1,078.00 109,923.66 867.00 88,407.99 741.00 75,559.77 468.00 47,721.96 592.00 60,366.24
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Fibre Rope Load Forces
Calculating Safe Working Load

ü The relationship between Safe Working Load and Minimum Breaking 

Force (often referred to as the ñrule of thumbò relationship)

The relationship between Safe Working Load (SWL), Minimum Breaking 

Force (MBF) and Safety Factor (SF) can be defined as follows;

A ropes safe working load is equal to its minimum breaking force 

divided by a safety factor

SWL =
BF

SF

BF = the Breaking Force (minimum breaking force)

SF = a Safety Factor
Same thing, put another way is

SWL = BF ÷ SF 

Put simply, to calculate Safe Working Load (SWL) we must first establish the 

Minimum Breaking Force (MBF) of the rope to be used, then apply a Safety 

Factor (SF) which is divided from the Breaking Force.

Fibre Rope Load Forces
Calculating Safe Working Load

To calculate Safe Working Load (SWL) we must first establish the Minimum Breaking Force (MBF) of 

the rope to be used, then apply a Safety Factor (SF) which is divided from the Breaking Force.

SWL =
BF

SF

Now lets take a look at this in practice

We will use the following as examples;
ü We want to calculate the safe working load of a rope we have on our 

vessel. We know it is a Polypropylene rope with a diameter of 14mm, and 

we have access to our MBF chart.

We plan to use it as a sling. What is the SWL?

First, go to our MBF chart and look down in the Polypropylene column and across 

from our 14mm rope dia. We can see that the MBF for this rope is 3,048.90 Kg 

(call it 3,048) {always round down} Then apply our formula:

SWL =
3048

6

(3048 BF taken from MBF chart)

(6 SF taken from SF chart)
SWL for this rope in this application

SWL = 508 Kg
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Fibre Rope Load Forces
Calculating Safe Working Load

To calculate Safe Working Load (SWL) we must first establish the Minimum Breaking Force (MBF) of 

the rope to be used, then apply a Safety Factor (SF) which is divided from the Breaking Force.

SWL =
BF

SF

Now lets take a look at this in practice

We will use the following as examples;
ü We plan to hoist a crew member up a mast in a bosunôschair and we only 

have an 8mm Manila rope. The crew member, including equipment 

weighs 140 Kg. We have access to our MBF chart.

Can we use this rope? What is the SWL?

First, go to our MBF chart and look down in the Manila column and across from 

our 8mm rope dia. We can see that the MBF for this rope is 482.32 Kg (call it 482) 

{always round down} Then apply our formula:

SWL =
482

8

(482 BF taken from MBF chart)

(8 SF taken from SF chart)
SWL for this rope in this application

SWL = 60.25 Kg (cannot use this rope)

Fibre Rope Load Forces
Calculating Safe Working Load

To calculate Safe Working Load (SWL) we must first establish the Minimum Breaking Force (MBF) of 

the rope to be used, then apply a Safety Factor (SF) which is divided from the Breaking Force.

SWL =
BF

SF

Now lets take a look at this in practice

Using the same example;
ü We plan to hoist a crew member up a mast in a bosunôschair and we only 

have an 8mm Manila rope. The crew member, including equipment 

weighs 140 Kg. We have access to our MBF chart.

What rope can we use?

Letôs work the other way. We have 140 Kg and in this case a SF of 8

140 x 8 = 1120 Kg

Now using our MBF chart, find suitable ropes with this breaking force.

Manila needs to be 14mm, Nylon could be 8mm, Polyethylene needs to be 12mm

SWL =
1284

8

(1284BF taken from MBF chart) {for manila}

(8 SF taken from SF chart)
SWL for this rope in this application

SWL = 160.5 Kg
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Fibre Rope Load Forces
Calculating Safe Working Load

ü How do we calculate SWL if we donôt have access to a MBF chart?

You could be at sea, no MBF chart and you need to select a suitable 

rope for a task.

Another way to calculate SWL (although not as accurate as using an MBF 

chart as shown previously) is to multiply the diameter of the rope squared 

then multiply by a rope type factor. Thus, SWL = D2 x F

The applicable rope factors are as follows;

Å Manila & Sisal and Silver ropes = 1 (applies to all natural fibres)

Å Polyamide (Nylon) rope > 50mm = 2.5

Å Polyamide (Nylon) rope < 50mm = 3

Å Polyester rope = 2

Å Polypropylene rope = 1.5

Å Polyethylene (staple fibre) rope = 1.2

Å Polyethylene (mono fibre) rope = 1.8

Fibre Rope Load Forces
Calculating Safe Working Load

ü How do we calculate SWL if we donôt have access to a MBF chart?

Examples

Å We have a 12mm manila rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 12{dia} x 12{dia} x 1{rope factor}

SWL = 144 Kg

Å We have a 18mm polyester rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 18{dia} x 18{dia} x 2{rope factor}

SWL = 648 Kg

Å We have a 22mm nylon rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 22{dia} x 22{dia} x 3{rope factor}

SWL = 1452 Kg
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Fibre Rope Load Forces
Calculating Safe Working Load

ü How do we calculate Minimum Breaking Force if we donôt have access to 

a MBF chart? Simply calculate the SWL, then multiply by 6 (SWL x 6)

Using the same examples

Å We have a 12mm manila rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 12{dia} x 12{dia} x 1{rope factor}

SWL = 144 Kg  To calculate MBF (SWL x 6) 144 x 6 = 864Kg

Å We have a 18mm polyester rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 18{dia} x 18{dia} x 2{rope factor}

SWL = 648 Kg To calculate MBF (SWL x 6) 648 x 6 = 3888Kg

Å We have a 22mm nylon rope, no MBF information. What is the SWL?

SWL = D2 x F

SWL = 22{dia} x 22{dia} x 3{rope factor}

SWL = 1452 Kg To calculate MBF (SWL x 6) 1452 x 6 = 8712Kg

Fibre Rope Load Forces
Calculating Safe Working Load

ü As an exercise, we should compare our manually calculated SWL to that 

of the method using the MBF chart

Using the same examples
Å 12mm manila rope 

No MBF information SWL = 144 Kg  and MBF = 864Kg

Using MBF information SWL = 159 Kg  and MBF = 954.44Kg (SF used was 6)

Å 18mm polyester rope

No MBF information. SWL = 648 Kg and MBF = 3,888Kg

Using MBF information SWL = 846.3 Kg  and MBF = 5,078.11Kg (SF used was 6)

Å 22mm nylon rope 

No MBF information SWL = 1452 Kg and MBF = 8,712Kg

Using MBF information SWL = 1,665.5 Kg  and MBF = 9,993.06Kg (SF used was 6)

As you can see, using the manufactures MBF charts provided for more accurate and 

increased capacity. This could result in savings and a greater scope of safety. 

However, using the manual calculation does give a greater safety margin for a given 

size and type of rope.
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Fibre Rope Load Forces

ÅHard eye splice 10%loss

ÅSoft eye splice 20%loss

ÅBowline, Clove Hitch & Sheet Bend 40%loss

ÅFishermanôs Bend, Round Turn and Timber Hitch 30 % loss

ÅReef Knot 55%

Knots & Slices lower the MBF and SWL of ropes

Types Of Knots
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Reef Knot

For joining 2 ropes 

of EQUAL diameter

REEF KNOT

Figure Of Eight Knot

Used as a stopper to 

prevent line from running 

through a block
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Bowline

ÅFor making a temporary eye

ÅEasily untied

Bowline On The 
Bight

For making a temporary 

BosunôsChair
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Sheep Shank

For Shortening a Rope

Sheet Bend

For joining 2 ropes of 

DIFFERENT diameter

Single Sheet Bend

Double Sheet Bend
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Clove Hitch

ÅSecures end of line   

under tension

ÅNot for high loads - will 

not come undone

Round Turn And Two 
Half Hitches

For securing to a 

bollard, spar or ring
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Fishermanôs Bend

Joining 2 lines that must 

pass through a narrow 

opening

Rolling Hitch

Similar to CLOVE hitch ïUsed to Secure Fenders
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Rope Terminology

Standing 

End

Tail

Bight

Round Turn

Round turn & two 

half hitches

Types Of Splices
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Eye Splice

Front
Front Front Rear Rear

Splice Ends Together

Unlay seven turns at end of each 

rope and place ends together

Each strand between two strands 

of the opposite end

Cross and tuck each strand at 

nearly right angles

Divide each strand into two parts and take two or more tucks with each half strand

Cut off all loose ends and roll on hard surface

Make first tuck under nearest 

strand
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Splice Ends Together

CUT SPLICE

Back Splice
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Whipping The End Of A Rope

Study Note

ü Make a list of things that damages rope, and describe how you would store rope.

ü Can you describe the different ways to prevent ropes fraying apart at the ends?

ü Can you describe what a whipping is? Why do we do this {a number of reasons}

93

94



12/06/2020

48

Thankyou

LIFTING EQUIPMENT AND 
HYDRAULICS
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Lifting Equipment And Hydraulics

On completing this session

You will

V Understand the use of Purchase and Tackle systems

V Be able to describe Mechanical Advantage

V Understand OH&S and Legislation as it applies to lifting equipment

V Be able to explain how simple hydraulic systems operate

V Be able to describe hydraulic pumps and switchboard control

V Have a knowledge of hydraulic hazards

V Have a stronger understanding of winches, cranes and derricks

V Describe maintenance requirements of winches and cranes

V Understand precautions to be taken around deck machinery operations

V Have knowledge of the survey requirements for lifting equipment

Lifting Equipment And Hydraulics

Recommended Study Reference

Small Ships Training and Operational Manual ïEdition 6

Maritime Safety Queensland

Chapter 25 ïPurchases and Tackles (pg 399)

Chapter 25 ïCargo Handling (pg 402)

Chapter 18 ïDeck Machinery (pg 299)

Australian Boating Manual

Capt. Dick Gandy

Chapter 9 ïLifting Equipment, Winches & Safety

Chapter 4 ïCode of safe working practices (pg 87)

Online Resources

Hydraulics - https://en.wikipedia.org/wiki/Hydraulic_machinery

Lifting Principles - https://www.worksafeconnect.com/guide-for-doggers.pdf
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Purchase And Tackles

Weight = 100 Kg

Standing Block

Moving Block

Hauling Part

Standing Part

P = 50 Kg

Mechanical Advantage = 2

Mechanical Advantage

Types Of Purchases Or Pulley Systems

The aim of rigging purchase arrangements is to reduce the final effort on a 

person or winch when lifting or hauling loads. The ratio of load over final effort 

required is known as mechanical advantage. Some common types of pulley 

arrangements are shown below
Å Single Whip ïa single block that does not 

offer any mechanical advantage.

Å Gun Tackle ïa one fold purchase.

Å Luff Tackle ïconsist of unequal number of 

sheaves in the two blocks, luff shown is 2 

and 1, double luff shown is 3 and 2, and so 

on.

Å Two Fold purchase ïconsists of two x 2 

sheave blocks

Å Three Fold purchase ïconsists of two x 3 

sheave blocks

Å A Four Fold purchase ïconsists of two x 4 

sheave blocks, and so on
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Mechanical Advantage

Hauling from 

moving block

Moving 

Block

ñtwoò 

supporting 

lines

Hauling from 

standing block

How to determine Mechanical Advantage

To calculate the mechanical advantage of a purchase, count the number of 

lines (or falls) that support the moving block. In this example, the moving block 

is supported by ñtwoò lines in both cases, so we have MA of 2 in both instances.

Next, we must then determine if you are rigged to either 

ñAdvantageò or ñDisadvantageò

Lets look at that next

ñtwoò 

supporting 

lines

Mechanical Advantage

Hauling from 

moving block

Moving 

Block

Fixed block

How to determine Mechanical Advantage

Every purchase can be rigged in two ways, with either the hauling line coming 

out of the fixed block or the hauling line coming out of the moving block 

Hauling from 

fixed block

Purchase A Purchase B

When the hauling line is coming out of the moving block, the purchase is 

said to be ñrove to advantageò as the hauling line is assisting in the lift. 

The purchase is thus given an additional one (1) to add to the mechanical 

advantage.
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Mechanical Advantage

Purchase A is rigged to ñAdvantageò

(Number of supporting lines = 2) +1 {as line 

hauling from moving block} thus MA = 3

Purchase B is rigged to ñDisadvantageò

(Number of supporting lines = 2){as line 

hauling from standing block} thus MA = 2

Hauling from 

moving block

Moving 

Block

Moving 

Block

Hauling from 

standing block

Purchase A Purchase B

Mechanical Advantage

Another method of calculating mechanical advantage

üAnother method of calculating mechanical advantage (and maybe 

simpler to understand) follows;

ÅWhen rigged to disadvantage, M.A. equals the number of sheaves 

in both the blocks

ÅWhen rigged to advantage, M.A. equals the number of sheaves in 

both the blocks  + 1

Three sheaves in 

each block ïrove 

to disadvantage

= MA of 6

Three sheaves in 

each block ïrove to 

advantage

= MA of 7

Hauling from moving 

block

Hauling from 

standing block
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Mechanical Advantage

Both systems rove to disadvantage

(hauling from standing block)

Two fold purchase (4 ropes  supporting 

moving block) or 4 sheaves in both blocks

= MA of 4

Gyn Tackle (4 ropes  supporting moving 

block) but 5 sheaves in both blocks

= MA of 5

2 x sheaves

Moving block

2 x sheaves

Standing block

3 x sheaves

Standing block

Mechanical Advantage
üExercise

Å Test yourself! Can you name each pulley type, the mechanical 

advantage gained and indicate if rove to advantage or 

disadvantage, 1 through 12
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Mechanical Advantage

Some Additional Notes

üMost purchases are rigged to disadvantage simply because it is easier 

to physically pull a line downwards rather than upward. The load can 

also be lifted to a greater height

üMost importantly, the SWL of Blocks, Hooks and Shackles must 

be equal to the entire load. They do not gain from the mechanical 

advantage of the purchase.

OH&S And Legislation

ÅAny vessel using slings, shackles, chain for lifting or securing cargo must 

have a lifting equipment register

ÅAll Slings and Chain used for lifting must be tested every 12 months and a 

certificate issued by an approved person/company

ÅAll Slings, Shackles and Chain used for lifting must be visually inspected

and tagged every 3 months and logged by a competent person onboard

ÅEvery crane and lifting boom/ Derrick must have a SWL marked on it and 

be tested every 5 years.

ÅMarine Orders Part 32 covers all cargo lifting and securing equipment
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OH&S And Legislation

A little about the Regulation, Marine Orders Part 32

ÅAll cargo handling gear, including cranes, must comply with 

Commonwealth regulations contained in Marine Orders Part 32.

ÅAll fixed gear, such as cranes and derricks, must be periodically tested 

and maintained as per manufactureôs instructions.

ÅCordage (fibre ropes) in constant use should be examined every 6 

months.

ÅWire ropes in constant use should be examined every 3 months.

ÅAll lifting gear should be opened up and examined annually.

ÅVessels crew must inspect and maintain the gear.

ÅYou must keep an accurate record of these inspections and maintenance.

ÅCommercial vessels fitted with cargo lifting gear

must maintain an AMSA approved inspection

and maintenance register for lifting gear,

commonly known as the Chain Register.

OH&S And Legislation
A little about the Regulation, Marine Orders Part 32

Main points for us to remember.

üMarine Orders Part 32 covers lifting and securing work on a vessel.

üAll Slings and Chain used for lifting must be tested every 12 months.

üAll Slings, Shackles and Chain used for lifting must be visually inspected

and tagged every 3 months.

üCranes, lifting booms and derricks must be inspected and tested every 5 

years.

üThese regulations also apply to all cargo lashing equipment including 

straps and fittings.

üThe SWL is to be marked on all lifting and lashing gear.

üAn AMSA approved inspection and maintenance register for lifting gear 

(Chain Register)  must be kept on the vessel.
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OH&S And Legislation

ÅAlways conduct pre start checks before using any deck equipment 

and check for faults.

ÅAlways use the correct PPE, and carry out a risk assessment before 

starting the work.

ÅDonôt operate deck equipment if you are not trained to use it
ÅAlways perform a dry run without a load before lifting any weight

ÅAlways check stability before lifting any weight with an on board 

lifting device

ÅNever pass loads over personal

OH&S And Legislation

ÅNever leave loads suspended and the controls unattended

ÅAlways be aware of sudden failure of hydraulics and electrics

ÅMake sure that maintenance is carried out according to the planned 

maintenance regime and recorded

ÅTag out and isolate any equipment found faulty.

ÅAlways test mechanical lifting devices with a load after repair before 

putting it back into service

ÅAny lifting gear found to be defective should always be isolated and 

reported to Master, Engineer or other responsible person per 

operational procedures.
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When working with any deck equipment including winches, cranes 

and derricks, always use correct PPE

ÅGloves, 

ÅHard Hat

ÅStrong shoes, possible steel toe caps

ÅGlasses

Å Face shield

Å Lock out tags

ÅMSDS sheet for hydraulic oil in use

ÅSpill kit

PPE

From the ñCode Of Safe Working Practices For Australian 

Seafarersò (AMSA)

When working over the side

Å Should wear a safety harness

Å Have restraints appropriate to conditions

Å Safety nets rigged where necessary

Å Should wear a life jacket or other 
floatation device

Å Have a lookout on deck

Å Lifebuoy and line readily available

Å Tools not carried in pockets

Å Tools secured with a lanyard

Å Gantline {line used to hoist persons} inspected

Working Aloft Or Over The Side 

AMSA has certain provisions that apply to working aloft or over the side of a 

vessel, and these guidelines should be included in a vessels SMS. 

Procedures should include, but not limited to the following:

Å Rope ladders should be in good 
condition and properly secured

Å Ropes, stages and bosunôschairs 
to be stored in a special locker not 
used for any other purpose

Å Ships whistle, funnel, radio aerials 
and radar scanners to be isolated

Additionally, when aloft:

ÅInspect all lines and fittings

ÅLoad test to 4 to 5 times the load

ÅWear a safety harness
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General procedures and precautions to be taken

Working Aloft Or Over The Side 

Å Consult the vessels SMS which should include details regarding 

working aloft or over the side of the vessel.

Å Clear the area of any non essential equipment, loose lines and debris.

Å Always carefully inspect lifting equipment and any stages etc. before 

use.

Å Use safety equipment and PPE as prescribed. Always test for 

functional operation before use.

Å Use portable ladders with caution, they can become unstable with 

vessel movement. Never over-reach on portable ladders.

Å Carry out specific tasks as detailed in the procedures section of the 

vessels SMS

Å After use, inspect all equipment, carry out any required maintenance 

and correctly store away per the code of practice.

Simple Hydraulic Systems

Simple Overview

The purpose of a specific hydraulic system may vary, but all hydraulic systems work 

through the same basic concept. Defined simply, hydraulic systems function and 

perform tasks through using a fluid that is pressurized. Another way to put this is 

the pressurized fluid makes things work.

The power of liquid fuel in hydraulics is significant and as a result, hydraulic are 

commonly used in heavy equipment. In a hydraulic system, pressure, applied to a 

contained fluid at any point, is transmitted undiminished. That pressurized fluid acts 

upon every part of the section of a containing vessel and creates force or power. 

Due to the use of this force, and depending on how itôs applied, operators can lift 

heavy loads, and precise repetitive tasks can be easily done.
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Simple Hydraulic Systems

The principle of hydraulics is simple

Å The amount of flow gives speed

Å The amount of pressure gives force

Å A pump gives both the flow and the pressure therefore selecting too 

small a pump wonôt give the flow required nor the pressure expected.

Å If the pressure in the system is to great the components will fail, so 

donôt tighten down the pressure relief valve to make the system work 

faster or do more things.

Å If in doubt call in the experts

Å When it fails itôs sudden and often with no warning

Simple Hydraulic Systems

Transporting liquid through a set of interconnected discrete components, a 

hydraulic circuit is a system that can control where fluid flows, as well as control 

fluid pressure.

The system of a hydraulic circuit works similar to electric circuit theory, using 

linear and discrete elements. Hydraulic circuits are often applied in chemical 

processing (flow systems).

Mechanical power is converted into hydraulic energy using the flow and 

pressure of a hydraulic pump. Hydraulic pumps operate by creating a vacuum 

at a pump inlet, forcing liquid from a reservoir into an inlet line, and to the pump. 

Mechanical action sends the liquid to the pump outlet, and as it does, forces it 

into the hydraulic system.

Hydraulic Circuits
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Simple Hydraulic Systems

Hydraulic Pumps
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Hydraulic Pumps

Hydraulic pumps supply fluid to the components in the system. Pressure 

in the system develops in reaction to the load. Hence, a pump rated for 

5,000 psi is capable of maintaining flow against a load of 5,000 psi.

Pumps have a power density about ten times greater than an electric 

motor (by volume). They are powered by an electric motor or an engine, 

connected through gears, belts, or a flexible elastomeric coupling to 

reduce vibration.

Common types of hydraulic pumps to hydraulic machinery applications 

are;

Gear pump: cheap, durable (especially in g-rotor form), simple. Less 

efficient, because they are constant (fixed) displacement, and mainly 

suitable for pressures below 20 MPa (3000 psi).

Vane pump: cheap and simple, reliable. Good for higher-flow low-

pressure output.

Hydraulic Pumps

Axial piston pump: many designed with a variable displacement 

mechanism, to vary output flow for automatic control of pressure. There 

are various axial piston pump designs, including swashplate (sometimes 

referred to as a valveplate pump) and checkball (sometimes referred to 

as a wobble plate pump). The most common is the swashplate pump. A 

variable-angle swashplate causes the pistons to reciprocate a greater or 

lesser distance per rotation, allowing output flow rate and pressure to be 

varied (greater displacement angle causes higher flow rate, lower 

pressure, and vice versa).

Radial piston pump: normally used for very high pressure at small flows.

Piston pumps are more expensive than gear or vane pumps, but provide 

longer life operating at higher pressure, with difficult fluids and longer 

continuous duty cycles. Piston pumps make up one half of a hydrostatic 

transmission.
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Switchboard Control

Hazards Of Hydraulics

Hydraulic oil is pumped under very high pressure and becomes 

extremely hot and dangerous.

ÅKeep a constant check on all fittings and hoses

ÅNever touch a pressurised hose (risk of injection injury)

ÅLook for bulges in hoses and around terminations

ÅSpray oil from a failed hose is very hot and will burn on contact

ÅHoses will whip under high pressure following a rupture

ÅSlip hazard from leaking hydraulic fluid on decks and floor spaces 

ÅBe aware of pollution risks from oil leaks within the system

ÅNever adjust the pressure relief valve outside of manufactures 

recommendations
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Hazards Of Hydraulics
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Study Note

ü Describe what a Bosunôschair and a gantline is. When would you use these? How 

should they be stored?

ü You have been given a task that involves working over the side of your vessel. 

Where might you find information on how you should prepare for your work?

Winches

We previously discussed anchor windlasses and capstans in the Anchor 

Systems module, in this module we will look specifically at winches used 

for handling weights such as cargo and fishing gear.

These winches can be classified as Conventional Drum Winches or 

Traction Winches.
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Winches

ÅUsed to haul wires or ropes

ÅElectric, Hydraulic or PTO driven

ÅExposed to harsh environment

Winches
Depending on the type of vessel, small cargo vessels are likely to be fitted with 

swinging derricks that may be controlled by luffing and head winches or in more 

recent times hydraulic cranes. Some form of winch is a major component of most 

fishing operations.

Winch Components (very similar to windlasses)

Drive Motor

Winding Drum

Brake Band

Brake Handle

ÅWinding drum (winch barrel) fixed to a 

shaft, usually between two bearings.

ÅBrake drum secured to the winding 

drum, with brake band

ÅBrake handle controls brake band 

tension.

ÅElectric or hydraulic motor coupled to 

one end of the shaft (usually with a 

solenoid operated brake)

ÅUsually includes a remote control unit 

to enable operation at the winch. 
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Winches

WEEKLY

ÅGrease fittings

ÅOperate clutch through full travel

ÅOperate windlass

ÅCheck oil levels

ÅCheck emergency stops

ÅCheck Brake operation

6 MONTHLY

ÅInspect clutch plates for wear/corrosion

ÅInspect mechanical brake for wear

ÅInspect winch base/mountings for corrosion

Routine Maintenance

Winches
Safety Precautions

All gear used for cargo handling on commercial vessels is subject to safety 

legislation in relation to inspection and testing schedules and stamping of working 

load limits (WLL). Cargo is not to be lifted by defective gear or dragged, lifted or in 

any way moved if there is a risk that the WLL of any component could be exceeded.

Warping Drum and Winch safety measures may include:

ÅMaintain gear in good condition

ÅTesting winch controls prior to use

ÅKnowing the position of the emergency stop

ÅNormally passing only three turns around a warping drum

ÅTailing at least half a meter back from the drum

ÅSurging (non-synthetic lines only) in a controlled manner

ÅKeeping area clear of unnecessary persons

ÅWearing safety footwear

ÅEnsuring unobstructed view and good lighting
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Winches
Safety Precautions

Warping Drum and Winch safety measures may include:

ÅAvoiding riding turns

ÅAvoiding manual barring (fit proper warp guides)

ÅIf barring is required, ensuring a second operator on the controls

ÅAvoiding greasing a warp being heaved under loads (keep clear)

ÅAvoiding loose clothing and loose hair

ÅLeaving a minimum of two turns on the drum

ÅProviding winch guards wherever possible

ÅOperating winches smoothly

ÅAvoiding leaving loads suspended

ÅSecuring wires to winch drums by some means other than a fibre tail

ÅEnsure that the wire (runner) on the winding drum is securely fastened to the drum

Cranes And Derricks

Å Lifting

ÅSlewing (turning)

o The rotary motion of the crane, boom or load in a 

horizontal plane

Å Luffing (raising or lowering jib boom)

o Means changing the elevation angle of the crane 

boom/jib

Some cranes allow 3 motions:
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Crane And Winch Maintenance

Weekly

ÅCheck winch brake for correct operation

Å Inspect brake lining for wear and grease deposits

ÅOperate davit boom through its operating arc by manual 

slewing

ÅOperate winch with a dummy load

Crane And Winch Maintenance

Monthly

Å Lubricate/Grease all points on the crane

Å Inspect brake lining for wear and grease deposits

ÅCheck oil levels

ÅClean all wire ropes

ÅOil linkages that donôt have grease points

ÅExamine wire ropes for broken strands

and kinks and lubricate running gear
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Crane And Winch Maintenance

Six Monthly

ÅCheck manual lifting clutch, brake assembly and 

gearbox clutch for damage, wear and oil contamination

ÅExamine every part for corrosion, distortion, cracks or 

any other defects

ÅCheck slewing gear for backlash

ÅCheck cranes certificates are current

ÅCheck SWL rating plate is legible  

Precautions In Deck Machinery 
Operations

ÅCheck Vessel Stability before any lift 

ÅEnsure controls are clearly marked

ÅEnsure operators are properly trained

ÅOnly operate equipment per manufactures 

instructions

ÅNever exceed the rated SWL

ÅDo not operate with faulty brake or clutch or 

damaged parts

ÅMoving parts (gear wheels) to be covered at  

all times

ÅAll guards correctly fitted and in place
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Precautions In Deck Machinery 
Operations

ÅKeep work area free from oils and grease

ÅDo no operate if load cannot be seen if 

working without a dogman

ÅKnow how to stop in an emergency

ÅKnow where the emergency stops are located

ÅAlways carry out inspections at appropriate 

intervals

ÅUse appropriate PPE

Precautions In Deck Machinery 
Operations

ÅOperators trained and instructed in use 

ÅMachinery not to be operated beyond SWL

ÅOperating controls clearly marked

ÅGuards in place, Emergency stops working

ÅCheck operation before lifting load (dry run)

ÅCheck all blocks, shackles and wire rope

ÅWork area free from oil/grease

ÅDonôt pass loads over personal

ÅDonôt leave loads suspended and unattended

ÅIf found faulty donôt use tag out, defect report, fix if possible.

ÅRegular maintenance, grease, oil, check fixings, check for leaks and 

damaged hoses

Overview
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Precautions In Deck Machinery 
Operations

ÅSecure the load

ÅSecure the area

Å If fitted with emergency lowering device slowly lower the load back to 

the deck

ÅDepending on the fault, for example a problem with the slew function of 

the crane, lowering might be possible if there is no risk of the load 

crashing to the deck.

Å Lock out and tag out.

If Winch or Crane fails with a suspended load

Safety Precautions Using Lifting 
Gear

When using lifting gear around a vessel, the following precautions should be 

taken to maximise safety;

ÅCarefully examine all gear immediately before use:

o Ensure safety chains for overhead gear is provided

o Ensure wire guides are provided where required

ÅService and renew gear as necessary

Å Trim the vessel on an even keel.

ÅEnsure the vesselôs vertical stability remembering that the use of 
cranes will raise the vesselôs centre of gravity.

ÅMinimise free surface effect

ÅEnsure fore and aft lines are tight and that breast lines are 

slackened to allow some free heel.
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Safety Precautions Using Lifting 
Gear

When using lifting gear around a vessel, the following precautions should be 

taken to maximise safety;

ÅRig load control lines and guys

ÅEnsure trained and competent operators

ÅLift slowly and smoothly

ÅEnsure adequate lighting

ÅProvide fences to open hatches and access areas

ÅAvoid leaving loads suspended

ÅAdhere to SWL guidelines (including when slinging)

ÅEnsure personnel are outfitted with personal protective equipment

Safety Precautions Using Lifting 
Gear

Exercise

As the officer on watch, you have been assigned the task of overseeing 

the loading of stores onto your vessel. You will be using the ships crane.

What will be your procedures and checks?

ÅConsult the vessel SMS for procedure information.

ÅCheck the chain register for latest details on lifting gear

ÅDetermine the weights of items to be lifted

ÅCheck crane SWL and the SWL of all equipment, slings, chains and shackles

ÅComplete a visual inspection of slings, chains shackles for damage

ÅComplete a risk assessment

ÅComplete a pre-start check of crane

ÅPerform a dry run before lifting using all motions

ÅCheck vessel stability
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Å The operator must not pass a loaded boom over personnel.

ÅAll motion with heavy weights should be slow to avoid creating momentum.

ÅHeavy weights should never be allowed to drop no matter what the 

distance.

ÅNever keep a load in the air any longer than necessary.

ÅAvoid swinging the load. If you're lifting something off a wharf, be sure it is 

positioned directly under the head of the crane or boom before lifting.

ÅAttach steady lines to all loads.

ÅAvoid sudden shocks or strains, and be aware of side pulls. These put 

great stress on a boom or crane.

General Lifting Precautions

ÅStay out from under booms and cranes while lifting operations are in 

progress.

ÅDon't stand between a load in the air and a rail, stanchion, hatch coaming 

or any solid object against which you could be crushed.

ÅNever use running gear as a handhold.

Å Listen for changes of sound in a wire, rope or block. Wire or cordage 

normally hums under strain. If it starts to squeak or squeal, watch out. A 

faulty block may give warning by squeaking or groaning

General Lifting Precautions
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Signals

Code of Signals For Working Cranes or Derricks

ÅWhenever signals are needed to guide a crane driver, those in the 

diagram over page should be used.

ÅOnly one person signals a driver at a time, however the driver should 

obey anyone who gives the 'STOP' signal as this may indicate an 

emergency.

ÅHigh visibility gloves or armbands may be worn by the signaler to show 

his/her authority and to make the signals clear.

Recommended Crane Signals
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Survey Requirements

ÅCranes and Derricks are load tested and thoroughly 

examined every 5 years and certified with SWL limits 

ÅOperators responsibility to ensure equipment is 

operated within safe limits, never exceeding SWLôs 

ÅSlings, chains and shackles tested yearly and certified 

ÅSlings, chains and shackles inspected every 3 months 

and tagged

ÅDeck mountings, fittings, deck plating and anchor 

points inspected annually for corrosion, fatigue and 

distortion.

NOTE

Any gear used for handling cargo must comply with 

Commonwealth Regulations contained in Marine Orders 32 

(Cargo and Cargo Handling ïEquipment Safety Measures)

Use and maintain deck machinery 
and equipment records

ÅAll Deck Machinery must have pre start checks before use (OH&S) and 

records kept (Check Lists)

ÅRegular Planed Maintenance (monthly Checks)

ÅAnnual inspection at Survey

ÅSWL test and certificate every 5 Years (Cranes)

Å Lifting equipment Register 12 monthly certificates on slings, shackles, 

chains etc.

Å 3 Monthly visual inspection and tag items, everything used for lifting 

operations, Slings, Shackles, Chains, Wire Strops
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Study Note

üYour vessel has a crane, lifting equipment, and cargo securing devices 

and lashing equipment on board. What records would you maintain and 

where would you keep these records?

üDo you need to arrange for your lifting equipment to be inspected and or 

tested? If so, how often would you arrange this?
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Thankyou

ANCHOR SYSTEMS
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ANCHOR SYSTEMS

On completing this session

You will

V Understand the difference between a Windlass and a Capstan

V Explain the component parts of a windlass

V Describe Windlass Maintenance

V Be able to choose a safe anchorage

V Be able to determine the best type of anchor to use in different situations

V Describe how to deploy an anchor

V Understand how a sea anchor is deployed

V Explain what anchor scope is and how to determine correct scope

V Demonstrate how to set multiple anchors

ANCHOR SYSTEMS
Common Terms used in this session

A windlass ïIs a mechanism for controlling an anchor rode as it is let out or hauled in

Anchor aweigh ïThe anchor is aweigh immediately it is broken out of the ground.

Bitts ïAre deck fixtures comprised of strong uprights (usually metal) to which an anchor rode could be 

secured.

Bitter end ïThe bitter end is the part of the cable aft of the bitts.

Bow roller ïThe bow roller is a device over which the anchor rope or chain rolls freely.

Brought up ïWhen the cable is taut between vessel and anchor.

Catenary ïThe curve formed by a uniform chain hanging freely from two points not in one vertical line.

Chain stopper ïA devise, usually permanently fitted in place, used to take the strain off the windlass (for 

example, a devils claw)

Clear anchor ïWhen the anchor is unencumbered and has not picked up its own cable, chain or wire. 

Otherwise, the anchor is foul.

Devilôs claw ïSee chain stopper.

Foul anchor ïThe anchor has fouled on an obstruction.
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ANCHOR SYSTEMS
Common Terms used in this session

Hawse ïThe part of a vesselôs bow where the hawse holes and the hawse pipes are situated.

Hawse hole ïIs a well faired opening in a bulwark through which a rode (or hawser) may pass.

Hawse pipe ïThese are cast steel pipes near the bow of a vessel, between upper deck or forecastle and the 

vesselôs side through which a cable passes and into which the shank of an anchor may be drawn.

Hawser ïA heavy line or cable used for towing, mooring or anchoring a large vessel.

Rode ïThe anchor line or cable between the attachment on the vessel and the anchor.

Scope ïThe ratio of the cable out to the depth of water when vessel rides at anchor.

Short or long stay ïThe cable is at a short stay if it leads steeply downwards from the hawse pipe and at long 

stay if it leads well away and less steeply.

Snub ïTo break sharply.

Spurling pipe ïA deck fitting through which the chain or rope passes into the locker.

Veer ïTo use power in paying out the cable and not let it run free.

Weigh anchor ïTo heave in cable until the anchor is broken out of the ground and clear of the water.

ANCHOR SYSTEMS

Recommended Study Reference

Small Ships Training and Operational Manual ïEdition 6

Maritime Safety Queensland

Chapter 26 ïAnchoring

Australian Boating Manual

Capt. Dick Gandy

Chapter 7 ïAnchoring Systems

https://www.youtube.com/watch?v=hMytHt1D1go

Grab a coffee and go online and check out the 

following, entitled ñTop 5 Anchor Drop Failuresò.

The clip is around 10 minutes and apart from the 

failures, you do get a good look at chains and 

markings etc. Enjoy!
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Anchor Windlass

Å For handling anchor chain

Å Usually located in exposed position, well forward on bow

Å Many moving parts enclosed

Å Requires routine maintenance (grease) check oil in gearbox, check brake 

bands and clutch 

Å Check fixings, check hydraulic hoses for leaks and chafe, check electric 

motors for water ingress

Brake

Anchor Windlass
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