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INTRODUCTION
Although this book has been written and illustrated specifically with the boating fraternity in mind, the content is nevertheless applicable to a much wider readership.
The book is structured around three main steps in knotting and ropework; the first, “Learning the Ropes”, provides for those beginning to learn about rope, knots and handling lines, with chapters on rope materials and construction, its care and use, the terminology used and the tools of the trade, culminating in a brief on belays, blocks and tackles. Then, for the beginner learning to tie knots, there is a gradual progression from elementary knot structures through to learning to tie the most essential knots used afloat.
The next part is devoted to a selection of knots, bends, hitches, loops and splicing, which have many and varied uses afloat, aimed at revising and enhancing the reader’s knowledge of useful knots with a comprehensive chapter on Splicing, Seizing and Serving.
The final part of the book can be classed as “Advanced Knotting” featuring the Turk’s Head, Star Knot, and ‘how to make’ some of those practical projects in rope and line that you wished you knew how to do, including lanyards, rope mats, fenders, a boat lead line and a selection of decorative and traditional boat ropework.
Watch out for the “Bosun” too. He has many a worthwhile tip to help you on your way.
ACKNOWLEDGEMENTS
No book on knots, splicing and ropework is the work of one person, and although my name appears on the cover, this book is compiled using the knowledge and help gleaned from many other authors and fellow members of the International Guild of Knot Tyers from around the world. 
My right-hand man, without whom this book would not have been written, is RYA Yachtmaster and fellow IGKT Member Steve Judkins, who should rightly share in any credit, particularly for the enthusiasm, practical knowledge and facilities he was able to provide. The illustrators, Steve Lucas and Pete Galvin, who have produced some stunning illustrations to add to your pleasure of owning and using this book.
My thanks also go to Ken Nelson, for his Narrowboat ropework contribution, and to Jenny and her horse-drawn narrowboat ‘IONA’; to Master Rigger Brion Toss of Port Townsend, USA for his contributions of the Brummel Splice and the St Mary’s Hitching. Finally, we have Marlow Ropes Ltd for providing the rope with which most of the knots and splices in the illustrations were tied. 

CHAPTER 1:
LEARNING THE ROPES
To master the practical aspects of knotting and ropework, it is important to learn a little about the materials, tools and terminology used. By taking time to study this chapter first, you will achieve a better understanding of the text and subsequently be able to converse with others about knots and rope with confidence. Starting with brief notes on the materials used for making both natural and man-made fibre ropes, the chapter goes on to explain how stranded, braided and plaited ropes, shock cord and tape, are made up and marked. 
The care and maintenance of rope is covered next, including the different methods of spooling, coiling and hanking rope and twine, tips on handling new line and a table of Dos and Don’ts.
The chapter concludes with a comprehensively illustrated section devoted to the tools and terminology used in explaining knots, splicing and marlinespike ropework, which, in order to understand the subject, is a ‘must read’.
[image: A sailor wearing a hat, sitting on a barrel, surrounded by three children, another adult, and a dog, demonstrating how to tie a knot using green rope]
Rope Construction – Materials 
NATURAL FIBRES
Cotton: From the seed boll of Gossypium. White/off-white in colour. Nice to handle but very little strength.
[image: An off-white rope made of cotton. ]
Coir/bass: From the fibre enveloping the coconut, fruit of Cocos nucifera. Dark tan colour. 
This rope will float until it becomes waterlogged.
[image: A dark tan rope made of coir/bass. ]
Jute: From bast fibres of Corchorus capsularis or olitorius. Used to make small woven ropes (sash cord) or garden twine.
[image: A rope made of jute. ]
Flax: From bast fibres of Linum usitatissimum. Used mainly for textiles – much of the old canvas was a mixture of cotton and flax. Now used mainly to make a ‘hemp like’ rope and some small stuff, like household string.
Hemp: From bast fibres of Cannabis sativa. Almost all rope, until about 100 years ago, was hemp. Pale in colour, with good handling qualities.
[image: A pale rope made of hemp. ]
Sisal: From the leaf fibres of the cactus-like plant – Agave sisalana – with a pale golden colour. 
General purpose ropes and binder twine.
[image: A pale golden rope made of sisal. ]
Manila: From the leaf fibres of the Abaca (wild banana) plant. Straw coloured. A general purpose rope, which has largely replaced hemp. The quality of manila rope today varies considerably, from good quality smooth rope with regular fibres, to rough rope made from fibres which vary in thickness. Take care handling this rope as you are likely to get splinters from it.
[image: A straw coloured rope made of manila. ]
MAN-MADE FIBRES
Polyamide (PA) (Nylon)
Discovered in the 1930s by the Du Pont company. A very strong, smooth white rope that has the ability to stretch. Prone to going hard with age, Nylon ropes need UV protection and lose a little strength when wet. Uses: mooring lines, safety lines etc.
[image: A white rope made of polyamide (PA) (nylon). ]
Polyester (PES/PET) (Dacron™, Terylene™, Vectran™)
White fibres, retains its strength when wet and does not stretch like Nylon – particularly if pre-stretched. Hard wearing. Uses: halyards, static lines, control lines, general purpose.
[image: A white rope made of Polyester (PES/PET) (Dacron TM, Terylene TM, Vectran TM). ]
Polypropylene (PP) (Hardy Hemp™ – Marstron™)
Used to make inexpensive ropes, and to make mock natural fibre ropes! Also made up from split-film (blue). It floats and can be brightly coloured. Uses: water ski-ropes and lifelines.
[image: A mock natural fibre rope and a bright yellow rope made of Polypropylene (PP) (Hardy Hemp TM – Marstron TM). ]
Polyethylene (PE)
Made from white or coloured coarse fibres. Also floats. Polythene development has also resulted in ropes being manufactured from High Modulus Polyethylene (HMPE), which is size for size as strong as steel wire rope. Light weight, water resistant and low stretch properties make it popular for use in sailing dinghies and high performance yachts, but beware, HMPE is weakened considerably by knots!
[image: A white and a coloured coarse rope made of Polyethylene (PE). ]
Polybenzoxazole (PBO) – (Zylon™) 
PBO has an extremely high tensile strength and can be used for standing rigging. Like HMPE, knots reduce the strength considerably, resulting in the need to terminate the ends in either swages or around deadeyes.
Rope Construction – Stranded 
[image: A standard stranded rope. Labels include right hand (z) laid rope, crowns, left hand laid strands, right hand laid yarns, and fibres. ]
VARIATIONS 
Left Hand Laid 
The strands are laid twisting to the left, sometimes referred to as ‘S’ laid. 
Hard Laid 
The strands are wound very tightly together, making the rope very stiff.
Soft Laid 
The strands are wound loosely together, making the rope soft and supple.
4 Strand Rope 
Sometimes referred to as shroud laid rope, more common on the Continent than in the UK. Has 4 strands and a single small strand core.
Cable Laid Rope 
9 strands made up of 3 x 3 strand ropes and can be either right or left hand laid.
Multiplait rope (8 or 12 strand) consists of 2 or 3 pairs of right hand laid strands, plaited with 2 or 3 pairs of left hand laid strands. Sometimes referred to as 8 plait, but not to be confused with 8 plait hollow braid ropes. 
[image: A multiplait rope, with "marked strands right hand laid" and "unmarked strands left hand laid" labelled. ]
Rope Construction – Braided
[image: A lime green braided rope with loosely twisted core. ]
Braid with loosely twisted core
[image: An orange matt braided rope with 3 strand core. ]
Matt braid with 3 strand core
[image: A yellow braid on braid rope. ]
Braid on braid
[image: A green braided rope with Dyneema TM core. ]
Braid with Dyneema™ core 
Understanding the Strength of Ropes
When purchased, most ropes will come with an indication from the manufacturer as to their strength. This may be measured in a variety of ways but it is important that the end user understands what that strength is in order to determine whether the rope is suitable for its intended use.
A rope’s strength, often expressed as breaking strain, tensile strength, or minimum breaking strength, refers to the minimum amount of force required to break it. In terms of rope this is often expressed in tonnes.
Safe Working Load
The safe working load (SWL) (also known as normal working load – NWL) is the maximum load that can be applied to the rope without fear of it breaking. This will be a factor of the minimum breaking strength of the rope and will be determined by the manufacturer. The SWL will be anywhere from one-tenth to a quarter of the minimum breaking strength. Some rope manufacturers also specify the Working Load Limit (WLL). This is often used interchangeably with SWL, but it should be remembered that it is not the same thing, as it is not necessarily the maximum load in a specific application. 
In simple terms, when selecting a rope you will need one with a breaking strain that is many times greater than the maximum load the rope is likely to encounter.
OTHER FACTORS TO CONSIDER
The breaking strain, or strength of the rope, relates to the rope being in new condition and without any other weakening factors having been applied. The following factors can all have a negative impact on both the breaking strain and the safe working load of any given rope. 
Knots and Splices
Knotting or splicing a rope will have the effect of reducing its strength, in some cases by more than 50 per cent. Therefore, in selecting a rope, it is essential to ensure that the need to knot or splice is taken into account when calculating the necessary strength that will be required. As a general rule, a properly constructed splice will not reduce the strength of a rope to the same extent as a knot might, but it will still have the effect of weakening the rope.
Ultraviolet Light
Ultraviolet light will, over time, reduce the strength of a rope. Ensuring there is a protective covering on lines such as HMPE will certainly delay the impact of UV but it will not prevent its weakening effect completely. There is no foolproof way of calculating the extent of the impact of the UV on the strength of a rope.
Shock Loading
Subjecting a rope to shock loading (for example, a preventer line that is subjected to the boom slamming during an uncontrolled gybe) will result in weakening of that line. The weakening effect will be enhanced in a static line (one that has little stretch capability), whereas a dynamic rope (one that is able to stretch) will be less impacted by shock loading.
Ageing
The simple fact that a rope has been used, has encountered some loading, and has been exposed to the elements will have the effect of weakening it from the manufacturer’s original recommended breaking strain. 
D/d Ratio
When the end of a rope is secured around a fixing point it is essential that the latter is of sufficient diameter so as not to weaken the rope. When a rope is attached around a fixing point which is narrower than the rope’s diameter, once the rope is loaded the fixing point begins to act as a type of blade due to the fibres of the rope being bent around it at a sharp angle. The more force that is applied to the rope, the more acutely the fibres will bend around the fixing point, eventually causing the rope to fail.
The diameter of the fixing point is known as (D), while the diameter of the rope is known as (d) – this is the D/d ratio.
Using HMPE as an example, most manufacturers will recommend a D/d ratio of between 8:1 and 10:1 in order to avoid weakening the rope. The lower that ratio becomes, the weaker it will make the rope. The illustrations below, showing ropes attached to the fixing points, give examples of both good and bad practice regarding ratios. 
The diagram on the left shows the minimum bend in the fibres of the rope, while the illustration on the right shows the small diameter of the attachment point acting in a knife-like fashion as load is applied to the rope. 
[image: The minimum bend in the fibres of a rope and an attachment point acting in a knife-like fashion. ]
Rope Markings 
Rogue’s Yarn 
The Rogue’s Yarn is rarely seen these days. The Admiralty used a single coloured thread in one strand of their ropes as an identification mark: the ropemasters at Chatham still use a yellow yarn. Commercial rope makers used black, which is now used by Marlow Ropes Ltd. Rope identification today is quite complex, with each manufacturer having their own system of markings, details of which can be found on the Internet or their brochures.
Standard Material Markers
Man-made fibre ropes have an ISO and British Standards colour code for identification, similar to the Rogue’s Yarn. These (when used) consist of a single yarn in a strand or woven into the braid. 
Green – Polyamide (Nylon) (PA)
Blue – Polyester (PES/PET)
Red – Polypropylene (PP)
Orange – Polyethylene (PE) and (HMPE)
Unfortunately, some manufacturers use the same colours to identify their brand, so care should be taken when using these yarns to identify material.
Another, more reliable method of identifying some ropes is the ‘Identification Tape’; unfortunately, the rope has to be pulled apart to find it. This is a thin film tape buried in one strand or the core, which gives the manufacturer’s name, material (Specification Number) and year of manufacture.
CE Marking of ropes and splices is becoming increasingly more common and essential for Personal Protection Equipment ropes and lines. The CE Mark will be around the outer cover of the rope, covered with a transparent shrink-wrap.
Shock (Bungee) Cord and Tape
Shock or ‘bungee’ cord consists of a bundle of rubber strips packed tightly together inside a flexible cover. Most shock cord is designed to be used at a maximum stretch of one third its natural length. 
[image: A yellow and black striped shock cord. ]
Shock cord
[image: Pale green webbing tape. ]
Webbing tape
Care & Maintenance 
HANDLING COILS AND INSPECTING ROPES
Care & Maintenance of Cordage
New rope, cord and line is carefully coiled, hanked, spooled or made into a ball appropriate to its type and construction. When you buy new cordage it will come in one of the following forms, so here are a few pointers on how best to handle them.
Hanks
A hank of rope is no more than a coil held by turns around its girth – these range from a few to a complete ‘typical clothes line hank’. To keep rope, especially natural fibre ropes, entrapped like this for a long period of time is not good for the rope, as the turns ‘settle’ and make future use quite difficult. Hanks should be a temporary measure and unwound, coiled naturally and left to settle before use.
[image: A hank of natural coloured rope. ]
Ball
Small stuff can be rolled into a ball, especially if you are sorting out a ‘birds nest’ of line that has tied itself in all sorts of tangles. Once formed it should be placed in a cloth or net bag which is tied at the neck with the end of the line protruding from it. Pull the line from the bag and, as the ball gets smaller, reduce the size of the bag by moving the neck tie down a little. This also applies to the hollow balls, often used with garden twine – except that you should take the twine from the centre of the ball, as you would a coil of rope.
[image: A ball of thin blue rope. ]
Spool or Bobbin
Another popular method of supplying small stuff is the spool or bobbin. These are intricately wound on a hollow tube while it is spinning; the line should be taken off the same way, by spinning the tube and not taken off the end as this is likely to cause kinking. Spools like this are best used suspended on a horizontal rod.
[image: A spool or bobbin of thin green cord. ]
Reels or Drums
Reels or drums are a convenient way of transporting and dispensing rope – no doubt you have seen the rows of reel racks in your local chandlery. Smaller reels are commonly used for small line like whipping twine and cord up to about 3mm (0.0098ft). The rope or line is again wound on a rotating reel. Therefore, the correct way to take rope off is to rotate the reel and pull the rope off the way it went on. You may not have a rack like the chandler, but a broom handle or boat hook through the reel will do the same job. With the reels, hold the centre each side between your thumb and forefinger then pull the line off.
[image: A reel or drum of blue and yellow striped rope. ]
[image: A rotating reel of blue whipping twine or cord. ]
Coil
Ropes that do not come on a reel are usually coiled. The coils are wound on a collapsible spool arrangement which rotates to wind the rope onto it. When the coil is complete it is tied with pre-positioned stops, then removed from the spool and is sometimes bagged. Removing rope from a coil can be done in two ways. Either suspend the coil on a turntable which will rotate and allow you to pull the rope from the outside of the coil, or, better still, pull the end of the rope from the centre of the coil. However, there is a right way and a wrong way to do this, so place the coil on its edge, untie the stops and pull the end of the rope out. If it kinks, put it back and turn the coil over and take the end from the other side. When you have removed sufficient rope, re-tie the stops.
[image: A coil of natural rope. ]
Rope Care
Ropes and lines will serve you well, provided they are properly cared for; not just when they are being used but before and after use too. Someone’s life, your boat and equipment, to say nothing of your personal pride all depend on how well you care for the ropes you use.
The following list of Dos and Don’ts are here as a reminder. Most are common sense and the list is not exhaustive.
Do:
	Use the right rope for the job

	Check for damage regularly

	Remove kinks and tangles before use

	Remove rope from new reels or coils with care

	Keep rope clean

	Remove knots when not in use

	End for end ropes subjected to wear at one point

	Stow dry or hang wet ropes properly coiled

Don’t:
	Subject ropes to chemicals, sand, grit or oil

	Subject ropes to excessive friction on fittings or winches

	Overload ropes – especially shock-cord

	Stand on ropes

	Leave untreated man-made fibre ropes exposed to UV too long

Inspecting Rope
Rope should be inspected at every stage of its life and at every opportunity (especially halyards and rigging that are out of sight or above eye level). Inspect new rope before use, regularly check pinch points around deck fittings and sheaves, and check sheets or gantlines at the first available opportunity if they have had an excessive jerk. Above all, if a person’s life depends on the support of a rope it MUST be inspected before use and if in regular support use, like a designated gantline, it should be CE marked.
Stranded Rope – Make a visual check for:
	Kinks

	Permanent splices, whipping or seizings showing signs of movement

	Surface wear or friction burns that have broken any yarns

	Chemical, oil or grit damage

	UV deterioration (fibres breaking and lifting from the yarns)

Open the lay and check for friction damage and stretch which will be shiny, or rot which will show as powder in natural fibre rope.
Braided Ropes – Checks:
	Visual – damaged cover – abrasion or strands that have been caught and lifted. (Both of these need consideration as to how much of the strength of the safe working load will be affected)

	Visual – chemical, oil or grit damage

	By feel – run the rope through the hand, feeling for:

	Hard spots (possible friction damage)

	Reduction in core diameter – (possible break or damage from pinching)

	Core and cover balanced – (cut the sealed/whipped end off and milk the cover from the other end. Occasionally cut both together and reseal/whip).

Hand Coiling Stranded Rope 
Coil with the lay of the rope, twisting the line a little by turning the right fist towards the left palm. Near the end, pass a bight through the coil under the left hand, back over the top of the coil down to the turns, then pull on the end to tighten. Suspend by the end or on a peg or hook.
[image: 1. A pair of hands coiling natural coloured rope. 2. A pair of hands passing a bight through a coil of natural rope, under the left hand, over the top of the coil and down to the turns. The right hand is pulling the end. 3. Hand coiled natural stranded rope suspended on a peg. ]
Hand Coiling Braid on Braid
Because braid cores have no ‘lay’, to avoid kinks the rope must be coiled in a figure eight pattern. Hold the coil over the palm of one hand, extend the other hand allowing the rope to pass through the fist, then bring the fist back to the other hand palm to palm – the rope will form figure eight loops quite naturally. Near the end, take a few turns around the coil, pass a bight through the coil, over the top and back to the turns. Suspend by the end.
[image: 1. A hand holding a coil of blue braid core rope in a figure of eight pattern. 2. A hand holding a coil of blue braid core rope, with a second hand forming figure of eight loops. 3. A coil of blue braid core rope suspended by its end. ]
Stowing Stiff or Awkward Ropes – Chain Shortening Hank
Some ropes, no matter how hard you try, will not coil neatly. One way to overcome this is to lay the rope out doubled, double that again, then put a slipped overhand in the end with the two bights, then bring all four parts through the knot as a bight, forming chain shortening. Pull the end through the last bight and suspend by the two bights. 
[image: A blue rope formed into a chain shortening hank. ]
Deck Coiling Ropes
Rope that is too long or too large to coil in the hand is coiled on the deck. Use a clockwise circular motion for right hand laid stranded ropes, or braid with a right hand twist or parallel core, or an anti-clockwise circular motion for left hand laid stranded ropes. Braid on braid ropes can be coiled either way, or coiled
TIP FROM THE BOSUN’S LOCKER
Terminology
Tools 
SAILMAKER’S TOOLS
SPLICING TOOLS
GENERAL PURPOSE TOOLS
SEAMING PALM AND NEEDLE IN USE
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