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SYNOPSIS: A tug boat with good design, powerful engines and propulsion units, paint work and top class crew
is, without a towrope, just a ‘pushy’ boat! In presenting this paper, the objective is to address and raise
awareness of the issues of the use, care, maintenance and inspection of tow ropes. It is designed to be an
easily utilised reference for not only tug crews but also their owners and operators to ensure that the basic rope
handling and seamanship skills and knowledge can be constantly available for ongoing training to maximise the
life of the investment in tow ropes. An additional, more practical intention of this paper is to set some simple
guidelines that can become simple ‘Before Use’ and ‘After Use’ routines for the towage industry.

ROPE: COMMODITY OR TOOL?

In a lot of ways, rope has become an accepted commodity in
today’s society, even within the maritime industry. Added to
this we have a situation in society where we are expecting
less people to do more work. What is the cost in regard to
tugs and rope? Knowledge and experience!!

With the access that most of us have to information, there
is no end of resources available that can help us in
understanding almost anything. We just have to learn to ask
the right questions.

With regard to rope care and maintenance guidelines,
there are several sources of information on this topic: most
manufacturers have their own internal guidelines; there is
any number of Seamanship Manuals; and most mariners will
have copious notes and lecture papers from their respective
training institutes. The trick to getting the application of this
knowledge right is to be able to reference this information
quickly and as easily as you need it. This is not strictly a
challenge for tug crews, but extends to all aspects of
maritime activities where rope in one form or another is in
common use.

ROPE TODAY

Adding to the complexity of this topic today there are a vast
number of ropes available and they are a lot more complex
than those available in the not so distant past. I am sure that
many of you reading this paper were taught to tie knots and
form bends, as well as splice, on three strand manila or sisal
ropes. Can you remember the splinters?

Today’s ropes are made from many different man-made
fibres, the most common of which are polyester, nylon,
polypropylene and high modulus polyethylene (HMPE).
These fibres are used separately and in combinations to
form ropes. Manufacturers also have a wide range of
construction methods that they can use such as three
strand, eight strand, twelve strand, 12 x 12 strand, double
braid and parallel core rope to mention the more common
types. Already the simple rope we are talking about has
become quite a complex beast.

Commonly, most tug operators will use a range of ropes

that have been proven by experience on the “what we’ve
always used” theory to become the “rope we use”. For
instance, a lot of the towage industry uses various qualities
of polypropylene in eight strand construction. This rope has
been the staple within the industry for many years and
continues to be, but today a twelve strand polypropylene
rope can offer similar characteristics, with perhaps a slight
increase in strength with no weight increase. Most
importantly, though, being twelve strand it presents a round
profile which will offer advantages in the wear characteristic,
that alone offers the user longer life. This can be increased
even further when a combination of polyester and
polypropylene are used.

To be able to deal with all these various ropes, users
should be encouraged to develop habits of standard routine
and undertake ongoing training to ensure that a suitable
amount of knowledge and understanding is achieved.
‘Users’ includes all tug crew, meaning the master/coxswain,
the engineer and the deckhands/integrated ratings.

As I am preparing this paper I am consulting on a tanker in
Bass Strait, Southern Australia, and the crew spent
yesterday undertaking a fortnightly ‘Safety Audit’. Very
commendable, but I wonder if they ever include ropes in
this?

The care and maintenance of man-made fibre ropes
should be an important part of the maritime industry, but
often this aspect is taken for granted. Ropes undertake very
critical work often without a second thought, until the
situation goes pear shaped! It should always be remembered
that a rope’s primary function is to transmit tensile force or
energy. It is a tool, but a tool that can cause severe injury or
even death when not operated correctly.

HANDLING AND CARING FOR YOUR ROPE

This comprehensive list of topics, if followed, will give the
mariner an awareness of some of the techniques and
processes involved in looking after their ropes. Identifying
different types of rope damage, may also assist the crew in
determining the equipment and/or procedures that caused
the damage, thereby allowing them to correct the problem.
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ULTRA-VIOLET DEGRADATION

Although earlier experience of deterioration through
exposure to sunlight, especially with polypropylene, has
been mainly overcome by the use of inhibitors in the
manufacturing process, man-made fibre ropes should not be
exposed unnecessarily to sunlight. Generally speaking, large
diameter ropes are virtually unaffected by prolonged
exposure to sunlight, but smaller lines could still lose a
significant percentage of their strength to UV exposure over
time.

MOULD & MILDEW

Man-made fibre ropes are resistant to bacteriological attack,
so they can be stowed for long periods without deterioration
and may be stowed wet; however, when coiled, man-made
fibre ropes should be stowed on raised boards to allow free
circulation of air beneath as well as around the rope.

WEAR

The presence of fibre nap or whiskering fuzz distributed
uniformly on strand surfaces is an indication of normal wear.
Some disarrangement or breaking of the outside fibres is
normally unavoidable and, if it is not extensive, is harmless.
In extreme cases the strands become so worn that their
outer faces are flattened and yarns are torn or severely
abraded. There may also be fusion damage present.

FUSION

Fusion is indicated by the presence of a hard layer of melted
fibres, usually black in colour, on the surface of the rope. The
cause is friction generating heat near to, or above, the
melting point of the fibre when a rope is surged under heavy
load. It may also be caused by contact with an extremely hot
surface such as an engine exhaust pipe.

CUTTING

Cutting is recognised by the protrusion of severed yarns
along the line of the cut. Severed yarns may be identified by
the blunt squared-off ends of the fibre. The damaged
section of rope should be cut out and the rope joined with a
short splice. This should only be done if it is acceptable to
the determining authority. Generally this would not be
recommended for a commercial application. If cut rope
cannot be utilised at a shorter length, it should be destroyed.

COILING ROPE 

Three-strand ropes may become kinked and damaged if
they are taken from the coil the wrong way. If this happens,
replace the rope that has been withdrawn back into the
centre of the coil. Then turn the coil over, reach into the
centre and draw the rope upwards. The rope should then run
correctly from the coil without kinking. Do not try to remove
the kink by pulling it out under tension.

Braided and plaited ropes cannot be hockled or crows-
footed but they can have excessive twist imparted into them
by improper handling. Ideally these ropes will be stowed in a
‘Figure of eight’ fashion. This avoids putting twist into the line
and will ensure that the line runs freely when being
deployed.

If the rope is supplied on a reel this must be allowed to
freely rotate on a central pin or pipe so that the rope can be
drawn off directly from the top layer. Never take rope from a
reel lying on its side unless it is placed in a turntable.

CROWS FOOTING

Localised distortion of a strand by a back twist is known as
‘crows footing’ or ‘hockling’. It occurs when the tension in a
hawser-laid (three Strand) rope is suddenly released and the
balance of the twist does not recover in time, or when kinks
are forced out of the line by pulling on the rope. The
distortion is often so great that the strand is unable to return
to its original lay, thereby weakening the rope. If the hockled
strand cannot be worked back into shape by hand, the
section of rope must be cut out and the rope joined with a
short splice, if acceptable. (See the section on ‘Cutting’
above).

CHAFING

Chafing appears as a longitudinal line of heavy wear along
the rope’s surface and can be recognized by the tufted
appearance of the surface yarns. This type of damage can
be quite uneven on square laid ropes (eight-strand) and as
such can lead to an imbalance in the rope leading to
premature or unbalanced weakness.

STRETCHING

The resistance of man-made fibre rope to repeated loading
is good, but localised temporary elongation may occur.
Measurement of the distance between regular-spaced
indelible marks will indicate temporary elongation, and
reduction in diameter may be observed after loading. It is
important that these ropes are allowed to recover their form,
which may take up to six hours, before they are reeled up or
stowed.

RUST

Rope that has been in contact with corroding steel shows
stains of yellow or brownish black. Nylon fibre can be
adversely affected by prolonged contact with rust. Other
fibres are not directly affected but the material may become
contaminated with rust particles that could damage the rope.
Stains that can be removed with soapy water have no
adverse effect and those that persist only detract from the
rope’s appearance.

HEAT

Ropes must not be stowed where there is excessive heat, for
example, near steam pipes.

ICING

Although man-made fibre ropes are virtually unaffected by
very low temperatures (-80°C for Nylon (polyamide) and
polyester), when a rope is iced it must be thawed carefully at
a moderate temperature before stowing.

DIRT

Dirt and grit can cause internal fibre abrasion in ropes that
are in use. Most ropes can be forced open for internal
inspection. Oil and grease generally will not damage most
rope material; they will, however, trap foreign material in the
fibre. This may be removed by scrubbing with a mild solution
of soap and water, followed by thorough rinsing in cold
water; strong detergent should not be used.

ROPE STOWAGE

The following conditions should be observed when storing
rope for any period of time:
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• The area should be clean, dry and cool;

• There should be adequate ventilation;

• The rope should be stored off the ground;

• Away from metal walls or steam valves; and

• Away from exposures to sunlight, even filtered sunlight
such as through skylights.

CHEMICAL EXPOSURE

Ropes may be damaged from direct contact with, or fumes
from, numerous chemicals. To ensure that you receive only
the best performance, operators should try to avoid any
acids, alkalis, solvents, paints, etc., coming into contact with
the rope. Most manufacturers will provide tables that cover
the effects of various substances on their products.

The table below is provided to show the effect on rope
strength when short-term chemical exposure occurs on the
material used in our products.

All of the items listed above are relevant and all rope users
should be encouraged to refresh themselves with this
information. In the case of chemical exposure, the rope
should immediately be cleaned with any type of mild
detergent and then rinsed completely with water. A more
detailed guide to assist in the inspection of ropes can be
found in such publications as the Cordage Institute
International Guidelines CI 2001-04 Fibre Rope Inspection
and Retirement Criteria.

BEFORE USE ROUTINE

• Regular inspections are a must! When setting up the tow
lines, before passing the tow rope to the vessel, the deck
crew should check the rope on the winch to establish if
there are any riding turns or buried bights.

• As the grommet or end of the tow rope is laid out on deck
for easy deployment it should be checked for any
damage. The seizing, if it is a grommet, should be
checked. Make sure that the seizings are not too tight, but
are unable to slip along the rope.

• Ensure the condition of the messenger; particularly where
it is connected to the tow rope is okay. Three strand rope
should not be used for the messenger. It will induce twists
into the grommet and mother line.

• Ensure there are no snags evident in the work area that
could damage the rope as it is being deployed.

As the rope is being passed up to the vessel, the Master
and the Winch Operator should keep an eye on the body of
the tow rope and ensure that any abnormality in the
diameter of this rope is identified and, if necessary, stop the
winch and inspect the rope.

IMPORTANT NOTE: IF A DOUBT EXISTS AS TO THE
INTEGRITY OF A ROPE IT SHOULD BE REPLACED,
IMMEDIATELY.

AFTER USE ROUTINE

On completion of a tow, when recovering the tow rope, the
reverse procedure should apply. Inspection of the tow rope
as it is being stored and any unusual characteristic should
be either carefully inspected or marked for later inspection
before the next tow job. A log should be maintained to record
all events related to the rope usage such as shock loads,
cuts and severe abrasions. Because of the rotation of
personnel and the 24/7 nature of tug work, a log may be the
only way that an adverse event that occurs with a rope may
be relayed to the next crew.

Chemical Plasma® Spectra® Nylon Polyester Co-Polymer

Common Acids Excellent Excellent Good Good Very Good  

Alkali Excellent Excellent Excellent Very Good Excellent

Common Solvents Excellent Excellent Good to Very Good Good to Very Good Good 

Clorox Very Good Very Good Excellent Excellent Fair

Gasoline Excellent Excellent Very Good Very Good Good

Kerosene Excellent Excellent Very Good Very Good Fair, Moderate Effect 

Hydraulic Fluids Excellent Excellent Very Good Very Good Fair, Moderate Effect

Figures 1 and 2 – Twist induced in grommet by Three-strand

Messenger
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Such a record can also assist in establishing the reason
for a rope failure and subsequently assist in ensuring the
circumstances leading to the critical event are minimised in
the future. Crews should be encouraged to utilise such a
record with the fullest of description as possible. One-word
reports are not very helpful, even if they can be completed
quite quickly!

NOTE: These suggestions are just a guide. You are
encouraged to develop your own routine procedures.

TOWROPE SYSTEMS IN USE IN AUSTRALIA

The other topic that is relevant, and that I will touch on here,
is the tow rope systems in use in Australia. I would also like
to also explain some of the specific techniques used to join
different types of rope together.

The systems in use in our region are generally a mother or
main towrope and that varies in length from 90m to 110m.
This rope varies in size from 96mm twelve or eight-strand
mixed fibre rope, to 80mm or smaller double braid or parallel
cored polyester. This mother line will then have a Plasma or
HMPE grommet of between 11m and 22m secured to the
outboard end of the mother line.

Experience has shown in our region that 44mm Plasma
12x12 is an acceptable size and strength rope for gommets.
Initially we tried smaller sizes, but these did not give the
return in length of service that the cost demanded. This size
rope is large enough for ships crews and pilots to accept on
sight. It is also big enough not to jam under roller fairleads.
There are still the occasional ship’s crews that try to heave
the grommet in, like a messenger up on deck, but this is now
the exception. This size of Plasma will give a calculated
strength of 242 tonnes.

There are also still “Lash-up” tugs in service in Australia.
They generally use eight-strand polypropylene ropes
although a few are moving to twelve-strand
polypropylene/polyester mixed fibre ropes which enable
them to have a lighter rope with out comprising on strength.

We are just starting to see the introduction of indirect
towing as a routine in ports in Australia and as such no
specific tow rope systems have been introduced. (Most of
this work is currently of the passive escort type.)

I am aware that in the US, many tugs are fitted with either
all HMPE main hawsers and tails or a combination of HMPE
and nylon or polyester ropes. These tugs will often be fitted
with the Render/Retrieve type winches particularly the more
modern and recent builds.

As we are currently having a phase of new builds of tugs
coming into service in Australia where the average bollard
pull of these new vessels is in the region of 65 tonnes to 70+
tonnes. Hence there is an increased market for Plasma
(HMPE) type tow ropes to be used as the total tow rope, but
no tug companies have yet embraced the concept of
Render/Retrieve winches so there are some challenges in
dealing with the lack of elongation that is a characteristic of
this type of rope. (This will need to be addressed in the near
future!)

We have found in Australia, by undertaking trials, a few
simple methods of connecting the smaller diameter HMPE
lines to the Mother lines that may be of interest, so I will
explain these to you.

CONNECTIONS BETWEEN GROMMETS AND
MOTHER LINES

The connection between the grommet and the main line is
generally with a “Strop Bend” often referred to as a “Cow
Hitch”. Some times a “Double Strop Bend” is also used. This
distributes the load between the two sides of the eye on the
Mother Line in a more even manner.

NOTE:It is important when forming the Strop Bend to ensure
that it does not roll into an actual Cow Hitch. If this does
occur the bend should be reformed before the incorrect
bend is allowed to have weight applied, as it is not only an
unsatisfactory connection because of its tendency to present
a very proud surface that is prone to abrasion, but the bend
in this form is very difficult to pull apart.

Of course, it is quite easy to form these bends, but after
one or two jobs with the tug applying its full power to the
bend, the greatest challenge facing the tug crew is to undo
this join! Naturally, all rope salesmen prefer the ‘knife’
method, but owners sometime frown if a rope that has
undertaken less that the minimum expected work is cut and
destroyed!

A Strop Bend that has to be released can be done so very
simply by placing the eye of the mother line over a convent
bollard and heaved in. This action will force the sides of the
eye of the mother line apart and thus break the bond of the
Strop Bend. The HMPE rope can then be worked free. Some
tugs may not be able to exert sufficient force with there
winch and in such cases the eye of the mother line should
be placed onto a shore bollard and the tug’s own power in
conjunction with the winch break should be utilised.

Figure 3 Strop Bend (often incorrectly called a Cow Hitch)

Figure 4 Double Strop Bend

Figure 5 Cow or Rolling Hitch
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EMERGENCY TOW LINES

In Australia, we have developed various types of Emergency
Tow procedures in collaboration with the towage operators.
We have a couple of systems that are used in Australia, but
their effectiveness is only as good as the ability of the tug
crew’s capacity to deploy them.

At sea the most fearsome situation we can confront is
FIRE. As such, all ships’ crews will practice their fire-fighting
routines on a regular basis. This is often a mandatory
requirement. But, we should also encourage tug crews to
practice the various techniques of setting an emergency tow
line in the event of a failure of the main tow rope because a
tow line failure can lead to significant loss and damage.

THE FIRST SYSTEM – NO EYE SPLICE!

The first system we developed is one that enables a
grommet to be secured to a damaged main tow line without
the need for a pre-spliced eye. We called this the TN system,
after the tug master that came to us with the concept. It
involves securing the spare grommet to the main tow line
with a bend known as a “Simon Bend”.

This Simon Bend is formed in a generous bight of the
damaged tow rope, and heaved tight with the tow winch.
Once this is done the tail of the temporary eye that has been
formed in the main tow rope should be secured to the body
of the main tow rope to minimise further damage to the tow
line and to make the recovery of the tow rope easier.

This system will not necessarily enable the Pilot to utilise
the full power of the tug, but with practice it should enable
the tug to apply effective assistance to the berthing or sailing
manoeuvre reasonably quickly.

THE SECOND SYSTEM – PLASMA EMERGENCY

TOW ROPE

The second method we have been working on with one of
the major towage operators is an emergency tow rope
system comprised of a length of 44mm Plasma 12 x12
(HMPE Rope) with two metre soft eyes in each end. This
size Plasma rope is suitable for tugs up to 55-tonnes BP but,
of course, a larger HMPE would be used for more powerful
tugs.

The length is determined by the general operation in a

specific port, but the idea is that this rope is stored with
instant access to the forecastle in the event of a tow rope
breaking. If needed, this emergency towrope can have one
eye quickly fitted to the forward bollards and the other
passed up to the vessel. With practice, this deployment
should only take a few minutes and the tug should be in a
position to continue to assist with the vessel movement.

The key to the success of these emergency tow systems
is PRACTICE, but the benefit is the ability to turn what could
be a disaster into a successful evolution with a minimum of
disruption. These systems, of course, should be practiced
and used in consultation with the Pilots.

FURTHER CARE AND MAINTENANCE

In the relationship of ‘Care and Maintenance’ the major
partner really is CARE. It is the one variable that really can
be the difference between being faced with many thousands
of dollars of unnecessary replacement costs. The only
investment care requires is time.

CARE IN HANDLING ROPE

This one saves the most money, time, and consternation. I
can’t count the number of occasions where I have seen
instances in which the simple lack of care in getting a rope
from one place to another has caused damage. The worst
case ruined a pristine new rope on its first day out!

CARE WHEN RECOVERING TOW ROPE.

Too often, for any number of reasons, when ropes are being
recovered, especially when they have been allowed to fall
between the tug and the ship side by the Ship’s crew, the tow
rope or more often the grommet gets snagged on fitting or
fenders either resulting in damage to the rope, or the
fenders, or both. This can be difficult to prevent, but one way
of overcoming it is to minimise the ‘snag hazards’ in this
area.

One of the most common hazards is shackle pins, or the
lugs on the shackle pins. This can be minimised by welding
the pins of these shackles when they are in position and
then grinding the lugs off. More often that not, these
shackles are cut off when any maintenance is undertaken
anyway.

Now, you can also obtain ‘Flush Pin Shackles’.

Figure 6 Simon Bend lashed

Figure 7 Simon Bend front

Figure 8 Snags
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CARE WHEN LAYING ROPES ON DECK.

In modern tugs the decks are painted with heavy duty non-
slip paint,. This is great and necessary for crew safety, but
very abrasive on ropes. Crews need to raise their awareness
of this and take it into consideration if they have to work
ropes on the deck, such as transferring a rope from forward
to aft.

Because of the reduced number of personnel available,
consideration should be given to working with another crew
or getting assistance to do this sort of work. Yes, it may be
inconvenient, but the mishandling of a tow rope for the want
of one or two extra people for a half an hour’s work could
ruin a $15,000 rope. Is it worth it?

CARE WITH FAIRLEADS AND WINCHES

During my travel around tug fleets, I have come across some
very silly situations where ropes have been damaged or
ruined because they are being worked through tug or ships’
fairleads that have nicks or tears in them. They just rip ropes
apart. Finding this situation on a tug’s fairlead is really
unacceptable.

I have also come across situations where there is rust
build-up on the outboard edges of fairleads that is difficult to
see from onboard on the tug. However, the worst case I have
come across is where there has been rust build-up on the
cheeks and lips of winch drums, every time the rope passed
over these areas it would be cut to ribbons.

AND SO…

As is evident from what you have just read, although rope is
a very small word, there is an extensive complexity to it and I
trust that this paper will assist to raise your awareness of its
importance. I encourage you to pass this attitude onto
others. Remember – without this stuff your tug is just a
Pretty Pushy Boat... and sometimes, not even that.
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Figure 9 Flush pin shackles Figures 12 and 13 Damage caused by poorly maintained

Fairleads

Figure 10 Snags

Figure 11 No snags


