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Chapter 1

OPERATIONS OVERVIEW

1-1  Introduction to Navy Towing

Modern Navy towing, as we perceive it to-
day, began at the beginning of World War II.
Prior to WWII, the Navy owned few salvage
ships of its own and depended heavily on
contracted assets to perform the duties of
towing and salvage. Merritt-Chapman and
Scott was one of the premier towing and sal-
vage contractors of the day and maintained an
inventory of assets. They held a contract with
the Navy to perform ship salvage on an as-
needed, no cure-no pay basis. As the US
watched the war in Europe develop, the need
for specialized vessels and a dedicated ser-
vice became apparent. The Royal Navy of
Great Britain was forced into performing
these tasks as German U-boats inflicted dam-
age throughout the military and commercial
fleet. Performing towing and salvage services
on damaged vessels was most often a faster
and cheaper way of putting the necessary ton-
nage back into service.

In October of 1941, Congress pressed
through legislation that gave the Navy the
contracting authority to obtain the salvage re-
sources, public or private, necessary to per-
form operations that were deemed in the best
interest of the country. On December 7, 1941,
the Japanese bombed Pearl Harbor and four
days later the Navy signed a contract with
Merritt-Chapman and Scott establishing the
Navy Salvage Service. This service was re-
sponsible for performing offshore salvage on
east and west coasts, the Caribbean, Alaska,
and Panama. To do this, it utilized leased
commercial assets including tugs. The re-
sponsibility for towing distressed or disabled
ships into port, however, did not lie with the
Navy Salvage Service. This duty was the re-

sponsibility of the tugs attached to the naval
districts.

This arrangement made it difficult to muster a
large quantity of tugs to respond to large
groups of casualties that often resulted from
German U-boat attacks. These casualties in-
cluded not only fleet vessels but merchant
ships, which were logistically critical to the
war effort. The US knew the value of keeping
a strong logistical force operating. To help
rectify these shortfalls and to better utilize the
available assets, the Navy formed the Navy
Rescue Towing Service. This service fell un-
der the command of Commander, Eastern Sea
Frontier, and operated exclusively on the At-
lantic Coast. All available tugs were orga-
nized under this service, which was headed
by Edmond Moran of Moran Towing. Ed-
mond Moran understood the towing industry
and was enrolled in the Naval Reserve to per-
form this duty. This organization for the most
part alleviated the problems of asset alloca-
tion and allowed the rescue of many tons of
ships and cargo.

The Navy operated tugs in support of their lo-
gistic requirements for many years, but as the
war in Europe wore on, the need became ap-
parent for more capable, sea-going tugs. The
Navy designed a fleet tug (ATF) for the 1939
shipbuilding program. The NAVAJO (ATF
64) was the first of a fleet of 3,000 shaft
horsepower, diesel-electric ocean-going tugs
equipped with an automatic tensioning tow-
ing engine. Almost seventy of these vessels
were constructed before the end of the war.
These ships would serve the Navy well for
nearly fifty years. Their towing winches
proved very successful in taking disabled
ships under tow. Their long range and sea-
worthiness also made them very suitable for
combat operations.

The Navy also built many Auxiliary tugs
(ATA) to be used in support of the fleet tugs.
They were also diesel driven (relatively new
technology for tugs) but carried about half the

1-1



U.S. Navy Towing Manual

horsepower of the fleet tugs. They had con-
siderable endurance and were well suited to
perform operations just outside the combat
zone. They would often relieve a fleet tug of a
disabled vessel and continue the tow into
port. This allowed the fleet tugs to return to
the combat zone where they also performed
some fire-fighting and salvage assistance.
Rescue tugs (ATR) were wooden-hulled, used
in submarine infested waters, and provided
excellent fire-fighting support. Their range
was limited, and although they were not con-
sidered the best vessels for long distance tow-
ing, they were excellent in coastal areas.

The early designs of the salvage ships were
not particularly well suited for towing. This
changed with the steel-hulled BOLSTER
class (ARS 38) which were built as salvage
ships but were of similar horsepower to the
fleet tugs (ATF). They were originally
equipped with a powered reel for towing, but
it was soon discovered that they performed
towing duties almost interchangeably with
the fleet tugs. Automatic towing winches
were diverted from the ATA program and in-
stalled on these six vessels. These ships were
of excellent design and operated until the last
one was decommissioned in the mid-1990's.

The primary mission of the Navy's towing
and salvage ships today is not very different
from the early days of these vessels. They
provide support to distressed or disabled
ships in the combat zone. However, during
peacetime, the daily operation of these ships
differs tremendously. The Navy now operates
only a few open ocean towing ships. At the
time of this writing, the Navy had four ARS
50 class salvage ships and the Military Sealift
Command (MSC) had five T-ATF class ves-
sels operating for the Navy. T-ATFs are
manned by civilian crews and do not carry the
extensive salvage equipment of the ARS class
but are extremely capable towing platforms.
In recent years, efforts to reduce military ex-
penditures have resulted in not only decreases
in the number of tow ships available but also
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an increase in the number of all ships being
decommissioned. This has placed a high de-
mand on the Navy's few towing assets and
has increased the amount of work being sent
to commercial firms.

U.S. Navy towing and salvage ships also pro-
vide battle damage control as an adjunct duty
to their primary role as towing and salvage
platforms. Fleet battle damage control is ren-
dered in the combat zone to a battle-damaged
ship casualty, often under direct enemy fire.
The assistance can take the form of off-ship
fire-fighting from a salvage tug’s fire-fighting
monitors or of a damage control team from
the salvage ship boarding the casualty.

Towing can vary from routine, well-planned
activities to time-critical emergencies such as
rescue or salvage towing. Routine Navy tow-
ing includes a wide variety of activities such
as harbor work and offshore or open ocean
towing. Navy emergency towing consists al-
most entirely of escort, rescue, and salvage
missions. The types of vessels that may re-
quire towing include Navy ships ranging
from small patrol boats to large aircraft carri-
ers; non-combatant vessels, including tar-
gets, large fleet oilers, and supply ships; and
vessels such as barges and floating dry docks.

The Navy recognizes several distinct types
of towing:

* Harbor towing

* Point-to-point towing

* Rescue and emergency towing

» Salvage towing

» Special ocean engineering projects

» Tow-and-be-towed by Naval vessels
1-2 Harbor Towing

Harbor towing is limited to protected waters.
Harbor towing and base support includes
docking/undocking, standby duty, and safety
escort duty. These services are the province of
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vard tugs. These vessels are incapable of sus-
taining long-distance, open ocean towing due
to design limitations. Harbor tugs do not have
the range, crew size, berthing and messing ca-
pacity, and, in some cases, the structural or
hydrodynamic design needed to support open
ocean towing. Their moderate horsepower,
limited seakeeping characteristics, and mini-
mal towing machinery also makes these ves-
sels unsuitable for the open sea. The U.S. Na-
vy currently operates three classifications of
yard tugs: the YTL, the YTM, and the YTB.

1-3  Point-to-Point Towing

Point-to-point towing can be defined as tow-
ing a vessel from one harbor to another.
Point-to-point towing and “open ocean” tow-
ing are largely synonymous. Open ocean tow-
ing was a natural outgrowth of harbor towing.
If vessels could be moved from one end of a
harbor to the other end, the next step was to
move them from one harbor to another.

Until the 1960°s, Navy ATAs or similar ves-
sels, were generally home-ported in each na-
val district in the continental United States,
Alaska, Hawaii, and at selected overseas
bases. The tugs were used for coastwise tow-
ing of floating equipment, such as barges,
pile drivers, and dredges. Since the 1960’s,
the Navy’s towing fleet has declined in num-
bers, with whole classes of towing vessels
being decommissioned. The ATF 76, ARS 6,
ATS 1, and all ATAs have been decommis-
sioned, and, in FY94, the last WWII vintage
ARS 38 class salvage ships were also retired.
Consequently, Navy point-to-point towing is
currently performed by ARS 50 and the
MSC-operated T-ATF class vessels, with an
increasingly large percentage of tows con-
tracted to commercial firms.

1-3.1 Inland Towing

Inland towing is point-to-point towing per-
formed on inland waterways such as rivers,
bays, canals, or intercoastal waterways. In-

land towing in the United States largely origi-
nated on the Mississippi and Ohio River sys-
tems. This type of towing was also done on
the Erie Canal and other inland man-made
navigational systems managed by the Army
Corps of Engineers, such as the St. Lawrence
Seaway and East Coast Intercoastal Water-
way. The Navy does very little inland towing.

1-3.2 Ocean Towing

Ocean towing is point-to-point towing where
there are few, if any, places of refuge enroute.
Open ocean towing was a natural evolution-
ary step from harbor towing. The demand for
open ocean tows led to more advanced tug
designs that could accommodate more diffi-
cult towing missions.

After harbor towing, open ocean towing is the
most widely practiced form of Navy towing.
Because of the unforgiving conditions faced
on the open ocean; it demands the most prep-
aration; the most robustly designed and con-
structed equipment; and a higher level of op-
erator knowledge.

1-3.3 Defueled Nuclear Powered Ships

The Navy has devoted a considerable effort in
developing guidelines for towing Unmanned
Defueled Nuclear Powered Ships. The unique
considerations of towing a nuclear vessel that
is unmanned have led to the development of
specific instructions that deal with this specif-
ic situation. NAVSEA has published a series
of instructions to specifically deal with un-
manned towing of nuclear vessels (including
submarines, cruisers, and moored training
ships). The information contained in those
documents will not be repeated in this manu-
al.

1-4 Rescue and Emergency Towing

The mission of rescue towing encompasses
saving a stricken ship at sea and towing to a
safe refuge. The vessel may be adrift at sea,
or near a shore or harbor. In the latter case, a
connection must be made quickly to prevent
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the disabled ship from going aground. On
high value tows, the Navy may assign a tug to
escort duty, to provide emergency towing ser-
vices without the delay of mobilization.

1-4.1 Naval Task Force Standby Duty

Navy salvage ships routinely deploy to the
Mediterranean and to the Western Pacific to
provide salvage and towing support to the
5th, 6th, and 7th Fleets. Aside from partici-
pating in salvage exercises with foreign
navies, the salvage ships perform any salvage
or towing mission tasked by the Fleet Com-
mander for the deployed Carrier Battle
Group, Surface Action Group, or any auxilia-
ry ships requiring salvage or towing assis-
tance.

1-5 Salvage Towing

Salvage towing generally follows immediate-
ly after a salvage operation. Immediately af-
ter salvage services are rendered, prepara-
tions are made to tow the stricken vessel. The
vessel may be towed to a safe haven for tem-
porary repairs, or to a port or facility where
complete industrial-level repairs are possi-
ble. The vessel may also be towed to a dis-
posal site for sinking. In either case, tow
preparations usually entail more than the nor-
mal tow system installation. The added mea-
sures include reinforcing weakened sections
of the ship, either through shoring or tempo-
rary structural reinforcement, or possible spe-
cial rigging to release the tow for sinking in a
safe, controlled manner.

1-5.1 Combat Salvage and Towing

Ships involved in combat salvage and towing
missions often escort amphibious landing
forces and battle groups in hostile areas.
Their job is to provide towing and salvage
services to ships or landing craft that are dam-
aged, afire, disabled, or stranded. They are al-
so prepared to tow transport and supply ships
laying off the beachhead. During amphibious
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landings, these rescue tugs and salvage ships
can be subject to enemy fire.

1-6 Special Ocean Engineering
Projects

Navy tugs often become involved with un-
usual projects, such as target services, sub-
mersible towing, array movements, deep
ocean search and recovery, and classified op-
erations.

Many of the attributes that make salvage
ships good salvage and towing platforms also
make them good platforms for performing
these ocean engineering operations. Specifi-
cally, tugs that can perform open ocean tows
are often equipped with heavy lift cranes,
have large expanses of deck area for tempo-
rary installation of specialized equipment,
and are designed to keep station or moor over
a site of interest. Navy tugs can also serve as
diving platforms and perform a variety of
deepwater tasks, including the support and re-
covery of remotely operated vehicles.

1-7 Tow-and-Be-Towed By Naval
Vessels

Although most towing is performed by ships
that have been specifically designed and built
for towing, emergency towing is sometimes
accomplished by ships other than tugs. This
concept is referred to as “tow-and-be-towed”
or “emergency ship-to-ship towing.” In an
emergency, any ship can tow another in its
own or similar class, with each ship providing
half the towline. Ships not specifically
equipped for towing can fashion a temporary
towline from anchor chains, wire straps,
mooring lines, or combinations of these
items.

NAVSEA General Specifications require that
every class of U.S. Navy ship (except aircraft
carriers and submarines) be able to tow-and-
be-towed in an emergency. Definitive tech-
nical instructions for U.S. Navy tow-and-be-
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towed operations can be found in Naval
Ship’s Technical Manual (NSTM) S9086-
TW-STM-010, Chapter 582, Mooring and
Towing (Ref. A). This topic is also covered in
Section 6-6 of this manual. In the event of a
conflict between NSTM Chapter 582 and this
manual regarding tow-and-be-towed opera-

tions, NSTM Chapter 582 shall take prece-
dence. In all other towing matters, with the
exception of nuclear tows, this manual is the
governing document. Tow-and-be-towed op-
erations for NATO navies are covered in Al-
lied Tactical Publication (ATP)-43(A) (NA-
VY), Ship-to-ship Towing (Ref. B).
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Chapter 2

OVERVIEW OF TOWING SHIPS

NOTE

Although ocean-going tow ships are
significantly different from harbor
tugs, the term “tug” will be used to de-
scribe all tow ships in this manual to
avoid confusion between “tow ship”
and “towed ship.”

2-1 Introduction

This chapter contains a brief description of
some typical design features found on ocean-
going tugs. It also presents a good overview
of the latest generation of the US Navy’s
ocean towing ships. Modern harbor tugs uti-
lize recent advances in propulsion and syn-
thetic line, but ocean going tugs remain large-
ly unchanged from earlier versions.

2-2 Requirements Placed on Towing
Ships

The degree of service that the tug may be re-
quired to furnish to its tow depends upon the
circumstances and principal missions of the
Navy at the particular time and can cover a
wide spectrum of needs. The primary require-
ment placed on a tug is to provide power that
the tow does not have due to its construction,
its service condition (i.e., decommissioned), a
casualty, or a failure of its main power plant.
Secondary requirements include:

» Steering for maneuverability
» Navigation

* Communications

» Security

» Damage control

* Fire protection

For long ocean tows, the tug can be called up-
on to provide complete logistic support for
the tow and the riding crew. The tug may also
be required to serve as a supply base and shop
for repairs, rigging, and damage control dur-
ing rescue salvage towing operations. Addi-
tionally, the tug may have to supply all the
rigging for the towing system.

2-3 Design Characteristics

Most U.S. Navy ships can tow in an emergen-
cy, but only properly designed and outfitted
tugs make good towing ships. The specific
items to be considered in the design of an
ocean tug are dependent upon the missions
and services that it will be called upon to per-
form. Characteristically, a tug’s superstruc-
ture is set forward, allowing a clear fantail so
the towing point can be close to the ship’s
pivot point. The towline, secured well for-
ward of the rudder and propellers, is allowed
to sweep the rail without limiting the maneu-
verability of the tug. In addition to a clear
fantail area, characteristics of a good tug may
include the following:

* High horsepower

» Slow speed maneuverability
» Large diameter propellers

» Large area rudders

* Towing machinery

* Power capstans

* Towing points

* Bow thrusters

* Deck crane

In general, a Navy ocean tug is a very versa-
tile ship, but its design involves many com-
promises. Appendix K provides data on fea-
tures of some commercial tugs. The design of
a Navy tug will differ from a commercial tug
because a commercial tug must make a profit.
This influences manpower, automation, sec-
ondary missions, and a host of other charac-
teristics.
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Figure 2-1. ARS 50 Bulwark Forward Limits.

2-3.1 Stern Arrangement

The stern of the tug is designed to minimize
chafing and damage to both the tug structure
and the hawser. Caprail radius is generous
and free from unintended obstructions to the
hawser’s sweep from side to side as the tug
maneuvers in restricted waters. Most tugs
have a system to restrain the tow hawser
sweep, such as vertical stern rollers or Nor-
man pins, while towing under steady-state
conditions at sea. To reduce wear on both
the hawser and the tug’s structure, chafing
gear is often used where the towline crosses
the stern.

On most Navy towing and salvage vessels,
the bulwark and the caprail are gently curved
upward and faired into the deck above the
towing deck (see Figure 2-1.). This ship’s
structure restricts the tow wire from leading
forward of the beam at the tug’s tow point
just aft of the tow winch.

2-2

2-3.2 Tug Powering and Bollard Pull

The design of the main propulsion plant is a
compromise among wide-ranging require-
ments. The tug must have high free-running
speeds for reaching the scene of a casualty
quickly. It also needs good economy with
high towline pull for long-distance tows at
reasonable towing speeds. High bollard pull
is required for holding a distressed ship to
prevent it from grounding and for refloating
stranded ships. It is also required for along-
side operations (docking, maneuvering) and
other high power/near zero speed evolutions.

In the absence of a good automatic towing
machine or other accurate means of
measuring the towline tension, a knowledge
of the tug’s available towline pull and bollard
pull is required for controlling the tension.
Appendix K presents the methodology for
estimating towline pull and bollard pull.

As of 7/23/02
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2-3.3 Fenders

Fenders are energy absorbing materials or
devices that protect both the tug and the tow
(see Figures 2-2 and 2-3). Modern fendering
is an important part of towing operations when
alongside evolutions are required. Tugs work-
ing alongside submarines should have subsur-
face fenders. Small tugs working with large
ships should have fendering to protect the
deckhouse from being damaged during large
rolls (see the wing fenders in Figure 2-2).

Three types of standard fenders are currently
in use:

* Rubber
* Pneumatic
— High-pressure (5 to 7 psi)
— Low-pressure (1 psi)
* Closed-cell foam covered with urethane
elastomer

2-3.3.1 Features and Characteristics of
Fenders

The most significant features of fenders are:

* Energy absorption
Durability

L]

Handling characteristics

» Ease of storage aboard ship

* Ease of maintenance when not in use
* Required support equipment

Other important characteristics include:

» Standoff distance
* End fittings

* Time required for deployment and
recovery

» Capability of being used if damaged.
2-3.3.2 Operating Considerations

The following items should be considered
when using fenders:

* Energy Absorption vs. Deployment.
Rubber fenders, as seen in Figure 2-2,
are an integral part of a tug’s structure.

These take no time to deploy but pro-
vide little energy absorption beyond
simply eliminating steel-to-steel con-
tact. Foam and pneumatic fenders re-
quire rigging and handling but are far
superior in their absorbing capability.

Large truck tires are very effective from
the standpoint of energy absorption and
are inexpensive. They can be rapidly
deployed and are particularly useful
during salvage where unusual condi-
tions may exist. Some tires should be
kept on board for emergency fendering.

Size vs. Capacity. Low-pressure and
high-pressure pneumatic fenders have
similar characteristics. Because they
are filled with air, however, they must
be larger than foam-filled fenders to
absorb the same amount of energy. On
the other hand, equal capacity and
quality foam-filled fenders will likely
be more expensive and heavier than
pneumatic fenders.

Pneumatic Fender Maintenance. In
addition to the larger size of pneumatic
fenders, other attending disadvantages
are the extra equipment needed to
pressurize them and to check the
internal pressure. Patch kits and special
slings to support the fender’s
midsection when being deployed and
retrieved are also necessary for the low
pressure types.

Pressure Loss. All pneumatic fenders
have safety valves. When these valves
relieve under high fender loads, the
fenders lose nearly all their energy ab-
sorption capability.

Fender Displacement. A major oper-
ating problem can arise when either the
tug or the tow has a low freeboard rela-
tive to the other ship. When the heav-
ing or rolling motions of the two ships

2-3
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Figure 2-2. Typical Rubber Fenders.
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Relief Valve
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Foam Fender

Figure 2-3. Pneumatic and Foam Fenders.
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get out of step, the fender can be rolled
upward between the two ships and pop
out onto the deck of the one with the
lower freeboard.

* Friction Damage. When the tug and
the tow have nearly equal freeboard,
the out-of-step motions of the two ships
can create a great deal of frictional
heating on the surfaces of the fenders.
Spraying seawater onto the rubbing sur-
faces helps lubricate them and keep
them cool.

* Ship Shell Plating Damage. Care must
be exercised in the fore and aft place-
ment of the fenders to ensure that they
do not bear against relatively large
areas of side plating that are not well
supported by internal framing and lon-
gitudinal structural members. This is
especially important in quartering seas
when swells will cause the two ships to
pivot about the bow or stern and then
slam the sides together at the other end.

2-4 Yard or Harbor Tugs

The design of harbor tugs and the equipment
they employ varies. The typical Navy harbor
tug is a single-screw, deep-draft vessel
equipped with a capstan aft, H-bitts forward
and aft, towing hawsers, and additional lines
for handling ships or barges in restricted wa-
ters. Harbor tugs may also be equipped with
fenders, limited fire-fighting equipment, and
deck equipment to support harbor operations.
Twin-screw harbor tugs have greater maneu-
verability and ship control.

Harbor tugs are classified by shaft horsepow-
er (shp). The U.S. Navy operates three classes
of harbor tugs that are used primarily in har-
bors and sheltered waters. As these vessels
age, the Navy relies more and more on con-
tracted vessels to perform harbor operations.
This allows the Navy to take advantage of the

latest tug designs, but at the same time dimin-
ishes its fleet.

2-4.1 YTL Class

Yard tugs having 400 shp and under belong to
the YTL class. The primary mission of the
YTL class is moving small craft and unload-
ed barges from one berth to another within a
harbor. YTLs can also assist in moving larger
vessels because they are small enough to
maneuver in tight, confined areas between
the large vessel and obstructions. Characteris-
tics of this class are small size, maneuverabil-
ity, and less robust construction than larger
harbor tugs. The term YTL is used to cover
an entire spectrum of harbor “pusher boats.”
Very few of the vessels are constructed to the
same class specifications, and a large number
are custom built by the naval base using
them. The YTLs are still in service, but liter-
ally hundreds have been retired as their use-
ful life has ended (most were built during
WWII).

2-42 YTB Class

The largest tugs, with 1,000 to 2,000 shp, be-
long to the YTB class. The larger YTBs cur-
rently have as much as 2,000 shaft horsepow-
er and are similar to commercial harbor tugs.
YTBs can be used in open-ocean towing, but
only for short distances under the most opti-
mal weather conditions. YTBs are mostly
confined to harbor operations with occasional
point-to-point towing performed on inland
waters or on coastwise towing routes. YTBs
configured for servicing submarines have a
specially designed fender system. YTBs are
widely used in all Navy ports, especially
overseas bases, but may also face retirement
in the near future.

2-5 Ocean Tugs
The Navy’s ocean tugs are far more versatile

than harbor tugs in terms of horsepower and
range capabilities, as well as in terms of the

As of 7/23/02
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services they can provide to their tows. Ocean
tugs and salvage/rescue type ships are the
only U.S. Navy ocean-going ships whose pri-
mary mission includes towing. Thus, they are
the only types considered to be specifically
built for towing and for which towing activi-
ties have significantly influenced the design.

Most of the ocean tugs used by the Navy to-
day are carryovers and replacements or suc-
cessors to similar ships used or developed
during WWII. Some of the differences be-
tween the WWII vintage and the more mod-
ern ships lie in increased horsepower and bol-
lard or towline pull, hawser size, provisions
for use of synthetic fiber hawsers, and, of
major importance, vastly improved onboard
equipment and accommodations.

In addition to their power, range, and endur-
ance capabilities, the ocean tugs can work
and survive in heavy weather independently
of other auxiliary or support ships. They are
also used in stranding and other salvage oper-
ations. Ocean tugs should have automatic
towing machines and load sensing systems to
reduce dynamic loads and, if necessary, rap-
idly release the towline.

The following section contains a brief de-
scription of modern U.S. Navy towing and
salvage ships. Due to shrinking budgets,
some of these vessels are no longer in service.
Their characteristics are presented here for
both historic and comparative purposes. For
more detailed information, refer to the opera-
tions manual of each vessel.

2-5.1 ARS 50 Class

The four ships of the ARS 50 Class (see Fig-
ure 2-4) are replacements for the ARS 38
Class. Each ship carries a crew of over 100
and equipment sufficient to handle ocean
towing, independent salvage, diving, damage
control, and fire-fighting capabilities in times
of war.

The automatic towing machine (ATM) on
board the ARS 50 Class is a Series 322 winch
built by Almon A. Johnson, Inc. (see Figure
L-2). This double-drum ATM stores two
3,000-foot, 2Y-inch diameter towing haw-
sers. The ARS 50 Class also has a Series 400
traction winch for handling synthetic line up
to 14 inches in circumference. The traction
winch is also useful for mooring and ocean
engineering operations. These vessels are ex-
tremely versatile. They are capable of sup-
porting a wide range of missions and are ex-
cellent towing platforms as well as fully
capable salvage ships.

2-5.2 T-ATF 166 Class

The T-ATF Class is a multipurpose, long-
range, high-horsepower, seaworthy tug (see
Figure 2-5). It can conduct long-distance tows
and, when augmented with additional crew
and equipment, operate in support of fire-
fighting, diving, and salvage missions. These
seven vessels were designed for and are oper-
ated by the Military Sealift Command (MSC).
They carry approximately 20 crew members,
and 18 transients.

This ship was conceived and specified to re-
place the Auxiliary Ocean Tugs (ATA) and
Fleet Tugs (ATF) for routine towing. Because
it also was designed to serve as a salvage ten-
der, it has a large afterdeck, similar to an oft-
shore supply vessel. Although not normally
carried, various suites of special equipment
can be installed on board the T-ATF to sup-
port air and mixed gas diving, beach-gear op-
erations, off-ship fire-fighting, search and re-
covery operations, and oil spill recovery. This
class is capable in rescue towing applications,
but has limited salvage capabilities on its
own. With its large fantail area, it can be aug-
mented to perform salvage, but carries little
of its own equipment.

This 7,200 horsepower tug class carries a
2,500-foot, 2 1/4-inch wire rope tow hawser.
The T-ATF is equipped with a traction winch

2-7
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These ships replaced the ARS 6 and ARS 38 Class and have modernized salvage
and towing capability. They are also equipped with off-ship fire-fighting improvements.

Length (ft): 255 Shaft Horsepower: 4200
Beam (ft): 52 Cruising Range (nm): 8,000 @ 8 kt
Draft (ft): 17.5 Fuel Consumption 2 engine: 2100
(Gal/day): 4 engines: 4200
Displacement, 3282
Full Load (LT): Complement: 94 crew
16 transients
Propulsion, Main: 4 diesel
2 screws Towing Machine: Almon A. Johnson, Inc.

. . Automatic towing ma-
Maximum Sustained 15 chine, Series 322 (double-
Speed (kts): drum) 2 1/4-wire, 3000 ft.

(will accept 2 1/2-inch
wire) and 14-inch traction
winch, Series 400
Bow Thruster: 1 @ 500 HP
O
1a)
d
T ————
\

Figure 2-4. ARS 50 Class Salvage Ship.
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This class of tug has replaced the ATF 76 Class. These ships have a large working
space aft for VERTREP (replenishment by helicopter) and can be readily outfitted for
specialized salvage and ocean engineering missions.

Length (ft):
Beam (ft):
Draft (ft):

Displacement,
Full Load (LT):

Propulsion, Main:

Maximum Sustained
Speed (kts):

240
42
15.5
2260

2 diesel, 2 screws
Controllable,
reversible pitch in Kort
nozzles

15

Shaft Horsepower:
Cruising Range (nm):

Fuel Consumption
(Gal/day):

Complement:

Towing Machine:

Bow Thruster:

7200
10,000 @ 13 kt

1 engine: 4149
2 engines: 8300

16 crew
4 Navy communicators
18 transients

SMATCO* 2500 ft.
2 1/4-inch wire winch
(15-inch Lake Shore,
Inc. traction winch)

1@ 300 HP

* Some vessels of this class have been refitted
with Almon A.Johnson automatic machines.

Figure 2-5. T-ATF 166 Class Fleet Tug.
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that can handle synthetic hawsers up to 15
inches in circumference. The class was origi-
nally equipped with a single-drum, diesel
driven, non-automatic SMATCO towing
winch relatively common to the offshore oil

2-10

industry (see Figure L-3). Some members of
this class have been refitted with an (Almon
A. Johnson) electrohydraulic automatic tow-
ing machine (see Figure L-4).

As of 7/23/02
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Chapter 3

TOWING SYSTEM DESIGN

3-1 Introduction

This chapter provides guidance on the steps
to take when preparing to perform a tow. It
contains information for the planner in choos-
ing a tug and for predicting tow speed.

3-2 Designing a Towing System

Tow system design is often an iterative pro-
cess. Each iteration has three core stages:

1. Calculate steady towline tension. Start-
ing with the ship to be towed:

* Select the desired towing speed and cal-
culate the steady state tension that the
towline will encounter at that speed
(see Section 3-4 and (Ref. G)).

» Select representative tow speeds above
and below the desired speed and calcu-
late the corresponding steady towline
tensions. The calculated tensions
should be either plotted or arranged in a
table to allow interpolation later.

» Repeat this process for representative
wind/sea combinations anticipated dur-
ing the tow.

2. Select the tug and design a rig.

» Compare the predicted towline tension
to the capabilities of available tugs and
select the tug best suited for the task.

* Once a tug is selected, design an initial
towing rig. Select the towing connec-
tion elements (such as bridles and chain
pendants), determine a recommended
hawser length, and check the catenary.
Account for the effects of weather, type
of towline, and dynamic load mitiga-

tion. Use the appropriate safety factors
for the materials and equipment
involved, anticipated weather, and
other conditions of the particular tow-
ing mission (see Section 3-4.1 and (Ref.
M).

3. Make necessary adjustments.

* Recheck the refined calculations against
the tug’s capabilities.

* If calculated requirements for power or
towline strength exceed capacities of
available equipment, another iteration
is required. Options may include:

— Selecting a slower towing speed

— Using additional or more powerful
tugs

— Decreasing resistance by changing
the tow’s characteristics, routing,
and/or schedule.

3-2.1 Tug and Tow Configuration

The design of a towing system is dependent
on the type of towing performed, the
configuration of the tow, and the number of
vessels being towed. For examples of the
types of tow configurations used for open
ocean towing for single and multiple tows,
see (Ref. I).

3-3 System Design Considerations

When planning a tow and designing the tow
system, important considerations are:

» Tow size, type, and condition
* Expected or required towing speed

* Capabilities of available tugs (bollard
pull, range, equipment, and crew)

* Towing hawser system specifications
(type, diameter, expected maximum
tension, scope and configuration)

» Towline tension as determined by the
total resistance of the tow and re-
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spective seakeeping motions of the tug
and tow

* Maximum practical towline length, as
determined by navigational and hydro-
graphic restrictions on towline catena-
ry depth

* Operational considerations
* Proposed season and route

» Unique characteristics of the anticipat-
ed tow

» Stability characteristics of the tug

These factors are interdependent. For exam-
ple, in theory, the desired towing speed would
largely determine the required tow hawser
size. But, in practice, there is little choice of
tow hawser for a given tug class. Hawser
choice is governed by the ship which is avail-
able for the towing assignment. For large
tows using the full propulsion power of the
tug, the tug determines the potential speed of
the tow. In other cases, tow speed may be
limited by weather or by the condition of the
tow. Given the tug and the resulting speed of
the tow, the tow hawser size can be checked
and an initial towing rig designed.

All of these factors must be considered to de-
termine which ones will dictate the design of
the system. The system must then be exam-
ined as a whole to ensure that the best config-
uration has been achieved.

3-4 System Design Methodology

3-4.1 Calculating Total Towline Tension

Total towline tension has two major
components: steady tension and dynamic
tension. Steady (or static) towline tension can
be predicted with a fairly high degree of
accuracy. Static towline tension has three
components:

» Resistance of the ship to be towed (see
3-4.1.1)

3-2

» Resistance of the tow hawser (see
3-4.1.2)

» Vertical component of wire catenary
(which contributes to the total tension
of the towline itself but not to tug pro-
pulsion requirements) (see 3-4.1.3)

Dynamic towline tension, on the other hand,
is caused by the random motions of the sea
and the ships and is difficult to predict with
absolute precision over time. Statistics, how-
ever, allow prediction of dynamic tension ex-
tremes within probability limits set by the in-
vestigating engineer (see (Ref. M)). Dynamic
tension has two components:

* Slow dynamic loads caused by the
tow’s yawing, sheering, and surging
(see 3-4.1.4)

* More rapid dynamic loads caused by
the effect of waves on the relative
seakeeping motions of tug and tow (see
3-4.1.4)

3-4.1.1 Calculating Steady Resistance of the
Towed Vessel

Steady resistance (Ry) of the towed vessel
may be estimated using the following
approximation:

Rp = Ry +Rp+ Ry, + Ry

where:

Ry = Hydrodynamic hull resistance of
the tow

Rp = Hydrodynamic resistance of the
tow’s locked propellers

Ry = Wind resistance of the tow

Rg = Additional tow resistance due to

sea state

(Ref. G) provides methods and a convenient
worksheet for predicting each of these com-
ponents. Effort can be saved by computing
the resistance for two or three different
speeds for later comparison to tug capabili-
ties. (Refer to the towing speed limitations
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Table 3-1. Hydrodynamic Resistance of the Towline.

Added Resistance (Ibs)

Added Resistance (Ibs)

Wire Wire Chain Chain 10,000 Ib. Tension 20,000 Ib. Tension
Size Scope Size Scope
(in) (ft) (in) (ft) 4 kts 8 kts 12 kts 4 kts 8 kts 12 kts
15/8 3000 -- -- 1000 4000 7200 1000 3000 5800
15/8 2000 - -- 900 3500 4100 700 2500 3300
2 2000 -- -- 2000 2200 6000 1500 2200 4000
2 2000 21/4 90 2500 5100 12000 1900 3900 7900
2 2000 21/4 270 3100 10000 19300 2000 7200 15000
2 2000 43/4 270 3700 12000 24500 2700 8900 17600
21/4 2000 21/4 90 1500 5200 11500 1300 3800 8000
21/4 2000 21/4 270 3000 8000 18500 1600 6500 14500
2 1/4 2000 43/4 270 5000 14100 25500 4500 12900 23000
21/4 3000 21/4 90 1900 8300 17500 1600 5700 13100
21/4 3000 2 1/4 270 3100 12000 24800 2500 8700 20100
21/4 3000 43/4 270 5500 14400 27800 5000 13300 26000
Added Resistance (Ibs) Added Resistance (Ibs)
Wire Wire Chain Chain 40,000 Ib. Tension 60,000 Ib. Tension
Size Scope Size Scope
(in) (ft) (in) (ft) 4 kts 8 kts 12 kts 4 kts 8 kts 12 kts
15/8 3000 - -- 600 2200 5000 500 1900 4200
15/8 2000 -- -- 500 2000 3300 250 1000 2500
2 2000 - -- 1000 1700 3500 300 1200 3000
2 2000 2 1/4 90 1200 3200 6500 1000 2500 5100
2 2000 21/4 270 1500 5100 10900 1300 4200 8800
2 2000 43/4 270 2500 6900 14600 2000 6800 13200
21/4 2000 21/4 90 1200 3500 6500 1100 3100 5000
2 1/4 2000 21/4 270 1400 5100 11500 1200 3700 8500
21/4 2000 43/4 270 3600 9300 18100 2900 5700 13200
2 1/4 3000 21/4 90 1400 4100 9500 1200 2500 5900
21/4 3000 21/4 270 1900 6500 15500 1300 4200 10900
21/4 3000 43/4 270 3500 10500 21500 2000 7700 17000

USE OF TABLE: Towline resistance can be selected for the case closest to the actual towline
configuration. The figures can be interpolated as required if additional accuracy is desired.

 For towline scopes less than shown, make a proportional reduction from the scopes

listed.

* For tension greater than 60,000 pounds, extrapolate assuming a resistance curve be-
tween 40,000 and 60,000 pounds in a straight line.

3-3
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cited in Section 6-4.2) Likewise, wind and
sea state resistances should be computed for
best and worst expectations as well as for the
most probable conditions of each assumed
tow speed.

3-4.1.2 Calculating Steady Towline
Resistance

In addition to the tensions calculated in Ap-
pendix G, the hydrodynamic resistance of the
towline must be included, and this can be sig-
nificant for a typical wire hawser tow rig. The
resistance is dependent upon the size, length,
and catenary of the towline, which in turn are
dependent upon characteristics of the selected
tug and towing speed. When using a synthetic
hawser, the added resistance of the towline is
negligible and can be ignored in these calcu-
lations.

If a particular tug has not yet been selected,
estimate the hawser resistance (R;,.) to be 10
percent of the tow resistance (Ry). Experi-
ence has shown that when R ;. is significant-
ly more than 10 percent of Ry, the catenary is
very deep and tension is, therefore, out of the
range of concern for towline strength. If a
particular towline configuration is being eval-
uated, Table 3-1 provides a more refined esti-
mate of the hydrodynamic resistance.

3-4.1.3 Calculating Steady Towline Tension

Normal wire rope towline arrangements will
assume a sag or catenary, as depicted in
Figure 3-1. The total towline stress at any
point is the vector sum of the horizontal and
vertical components of the stress at that point.
Figure 3-1 includes a vector diagram of the
towline forces acting immediately astern of
the tug. Maximum stress occurs near the stern
because the hydrodynamic resistance of the
entire towline is added to the resistance of the
tow, whereas no hydrodynamic resistance is
added at the bow of the tow. Because stress is
highest near the stern of the tug, this is the
point of interest to towing planners.
Computing the total steady-state towline

3-4

tension at the tow, even with as much as 270
feet of chain pendant, shows that the total
tension is less than at the tug.

The steady-state towline tension at the stern
of the tug is expressed by the formula:

2, 2
T = A/(RT + Rwire) + TV
where:
Rt = Tow resistance (Section 3-4.1.1
and (Ref. G))
Ryire = Towline resistance (3-4.1.2 and
Table 3-1)
Ty = Vertical component of the towline
tension

Ty is the weight of the towline forward of the
catenary low point, less the slight upward
component of hydrodynamic drag on the for-
ward half of the catenary. Location of the
catenary low point and the vertical compo-
nent of the hydrodynamic drag are beyond
the scope of this manual. Errors will tend to
cancel out, however, if Ty, is assumed to be
the weight (in water) of one-half the scope of
the wire towline. (See Table B-2 in (Ref. B)
for dry weights and methods for calculating
weights in water.) Do not include the weight
of any chain pendant at the tow in this
computation.

For example, assume that an ARS 50 is tow-
ing a ship that provides a steady tow
resistance of 60,000 pounds at 8 knots. The
towline consists of 2,000 feet of 2 Ys-inch
IWRC tow hawser and 270 feet of 2 Y-inch
chain pendant at the tow. Table 3-2 provides
a towline resistance estimate of 3,700 pounds.
According to Table B-2, 1,000 feet of wire
towline (one-half of the scope) weighs 8,143
pounds in water. Therefore:

T = Total Towline Tension
Rr = 60,000 Ibs.
R = 3,700 Ibs.
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Figure 3-1. Towline

Forces at Stern of Tow.

Ty 8,143 Ibs.

Solving the vector diagram provides a maxi-
mum steady-state tension:

T
T

J(60.000 +3,700)* + 8,143
64,218 Ibs

This example supports a rule of thumb that
total steady-state tension can be estimated by
adding 10 percent to the predicted steady tow
resistance (Ry). This method is reasonable
and accounts for both the wire resistance and
the vertical component of the catenary. In the
previous example, adding 10 percent to pre-
dicted steady tow resistance of 60,000 pounds
would yield a total tension of 66,000 pounds,
a conservative estimate when compared to the
64,218 pounds seen above.

In Figure 3-1, the tug must supply excess
thrust only equal to the horizontal component
of the tension, that is, Rt + R,;,.. While the

tug must support the weight of the towline, it
does not require forward thrust to do this.

3-4.1.4 Dynamic Loads on the Towline

While towing at constant tug speed in a sea-
way, the towline tension is not steady, but
varies over time (see Figure 3-2). In addition
to steady horizontal resistance (T), the tow-
line is also subject to stress from yawing
movements (Ty,,) and from the wave-in-
duced motions of the tug and tow (Ty,,.), al-
so known as dynamic tensions.

Yawing, also referred to as sheering, is the
slow swinging of the towed vessel from one
side of the course line to the other. T, also
includes surge - the slow change of span be-
tween the tug and towed vessel. Sheering ten-
sion fluctuates in such a way that the average
value is zero. Because each swing takes sev-
eral minutes, sheering tension also takes sev-
eral minutes to vary from its maximum to its
minimum and is sometimes called a “quasi-
steady” tension.

3-5
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Figure 3-2. Towline Tension vs. Time.

Wave-induced tension is caused by the effect
waves have on both tug and tow and is a ran-
dom process with typical half-periods (the
time taken to vary from maximum to mini-
mum) of 1 to 8 seconds. Like sheering ten-
sion, wave-induced tension has an average
value of zero. Dynamic tension is the accu-
mulation of the complex dynamic responses
of tug, tow, and towline to time-varying forc-
es. While both the components of dynamic
tension have an average value of zero, at any
instant in time, dynamic tension can have a
significant, if not catastrophic, effect on the
towing system. Specifically, these damaging
effects occur when the cumulative tensions
from yawing and waves are additive to the
steady-state tension in the towing system.
The effects manifest themselves in peak load-
ing that can destroy the towing system by
pure overload or by metallurgical fatigue in-
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duced in the system components after repeat-
ed cyclic loading.

Extreme towline tension occurs when yawing
tension and wave induced tension are addi-
tive. The total towline tension or extreme ten-
sion (T,), can be expressed as:

T, = T+Ty,+T

wave
where:
T, = Extreme Tension
T = Steady towline tension
(Rr + Ryyire)
Tysw = Time-varying tension due to yaw-
ing of the towed vessel
Tyave = Time-varying tension due to wave

action on the ship and on the tow.

In Figure 3-2, for example, T is 20,000
pounds. T,, varies between -3,000 and
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+3,000 pounds. T,,,. varies between -5,000
and +5,000 pounds. T, in this example, is ap-
proximately 28,000 pounds.

The example shown in Figure 3-2 assumes
constant speed and could apply to a tow that
is small compared to the size and power of
the tug. For large tows, where slow swings
can take 10 minutes or more, and for the typi-
cal situation where the tug’s power setting is
constant, the tug and tow both slow down to
accommodate the increased tow resistance.
This is especially true when the tow sheers off
to one side. A poorly behaved tow, therefore,
cannot be expected to attain the speed predict-
ed by (Ref. G) without a significant increase
in tug power and hawser tension, neither of
which may be possible or wise.

A badly sheering tow can apply a significant
additional tension peak when it “fetches up”
at the end of each excursion to the side. This
may dictate a further, deliberate slowing to
protect the towing gear, especially if the tow-
ing machine is not in its automatic mode.

Determination of maximum values for the
three components of towline tension is desir-
able in the planning or design of a tow, as
well as in the actual towing operation. During
a tow operation, precise determination of
towline tension requires precision instrumen-
tation. Normally tugs are not equipped with
instrumentation sufficiently accurate to mea-
sure T, ... Most tugs, however, are equipped
with towing machine tension meters suffi-
ciently accurate for determining steady and
quasi-steady tension. T,,,,. must be treated as
discussed in the following sections.

3-4.1.5 Factors of Safety

Tow planners and operators have traditionally
dealt with unpredictable dynamic tensions by
applying large safety factors to steady ten-
sions when sizing components. Recommend-
ed factors of safety for various components
are presented in Table 3-2. To use this ap-
proach, multiply the calculated steady-state
tension by the appropriate factor of safety and

compare this number to the new breaking
strength of the component. Safety factors also
account for many other effects such as tow-
line fatigue, corrosion, and wear.

This approach is suitable when the operators
have a great deal of experience with the tow-
ing system under consideration. Unless it is
known that dynamic loads will increase the
steady-state tensions by more than 100 per-
cent, apply these safety factors to the calcu-
lated steady-state tension to determine the re-
quired hawser strength. The safety factor
shall be increased appropriately if the tow is
unfamiliar or there is significant uncertainty
about the degree of dynamic loads or the con-
dition of the hawser. Judgement is required
when assessing the situation. If technical as-
sistance is required, contact NAVSEA 00C.

3-4.1.6 Predicting Dynamic Tensions

Until recently, the use of safety factors was
the only way to offset unpredictable dynamic
loads. Difficulties occur with this approach,
however, when using a new towing system or
towing a ship or structure with which there is
no previous experience. Sometimes this
happens when the standard design or material
for a towing system has been changed. The
more effects that are combined into one factor
of safety, the greater the uncertainty.

A new statistical approach is emerging for
predicting the impact of ship motion on tow-
line tension in a given sea condition. This ap-
proach estimates the extreme dynamic ten-
sion level that the towline is likely to
encounter under certain conditions. This in-
formation can be used by the tow planner if
sea conditions are known. More importantly,
the data can be used to predict acceptable
risks of extreme dynamic towline loadings,
rather than relying solely on traditional fac-
tors of safety that are based on steady-state
tensions. (Ref. M) describes this approach in
detail.

When using these new statistical techniques,
multiply the “extreme tension” that is calcu-
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Table 3-2. Safety Factors for Good Towing Practice.

Minimum Factors of Safety*

Shackles
wok and
Towing Mode for Tug Wire Wire Chain Synthetic ~ Detach- Bitts,
Rope Rope Pendant Line able Padeyes
Hawser Pendant  or Bridle Polyester  (Other) Links etc.

Note 1 1 1 2 2,3 4 5
Long-Scope Wire Rope
Hawser
On automatic tension control 3 (4)*** 4 4 - - 3 3
On the brake 5 6 6 - - 5 5
On the pawl (dog) 7 8 8 - - 7 7
On the hook (bitt, pad, etc.) 7 8 8 - - 7 7
On the hook or brake with chain
pendant 4 5 6 - - 4 4
On the hook or brake with syn-
thetic spring 4 5 5 6 - 4 4
Long-Scope Synthetic
Hawser with Wire Rope Pendant
On automatic tension control - 4 4 4 10 3 3
On the brake - 6 6 6 12 4 4
On the pawl (dog) - 8 8 8 12 4 4
On the hook (bitt, pad, etc.) - 8 8 8 12 4 4

NOTES:

1. Based on Minimum Breaking Strength.

2. Based on Minimum New Dry Breaking Strength. These figures are for 8” circumference and larger. For
smaller lines, increase safety factor by 2. (See 4-2.2)

3. For Nylon: Breaking strength is reduced by 15% when wet.

4. Based on minimum breaking strength for links and proof load for shackles.

5. Based on Material Yield Strength.

* “Minimum” applies only to new components, good weather, short duration, or emergency conditions.
Old components, possible heavy weather, long-duration use, etc., may impose uncertainties which require
use of safety factors greater than the listed minimum safety factors.

** When pendant is used as a deliberate “fuse” (i.e., safety link), use the same factor of safety as for the haw-
ser but applied to the breaking strength of the pendant.

*** See 4-3.1 For Details.
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lated by a safety factor of 1.5. This does not
supersede the traditional safety factor ap-
proach described in the previous section.
Both should be checked, since either may
control for a specific set of circumstances.
The more severe criterion shall be considered
the limit until significant quantitative experi-
ence is gained with the dynamic theory.

Removal of the uncertainty caused by the dy-
namic effects may eventually permit reduc-
tion in traditional towing system safety fac-
tors. As confidence in the dynamic loading
approach develops, the use of factors of safe-
ty may no longer be required.

3-4.2 Calculating Towline Catenary

When wire rope is used as a towing hawser,
the catenary is the primary means of relieving
the peak dynamic tensions. The weight of a
wire rope towing hawser, either alone or in
combination with a short segment of chain at
the tow end of the towline, causes a catenary,
or sag, in the towline between the tug and the
tow. Variations in the towline tension tend to
smooth out in the catenary. Temporary de-
crease of the distance between tug and tow, or
a decrease in tension, is absorbed by a deep-
ening catenary depth. An increase in the sepa-
ration between tug and tow causes the catena-
ry to decrease in depth and the hawser tension
to increase. Thus, the wire catenary tends to
act as a spring, softening the tug-tow interac-
tion.

Due to the hydrodynamic drag of the wire
during the rising of the catenary, the spring
effect is not immediate. For load increases of
a sharp or sudden nature, the catenary cannot
be expected to absorb the accompanying in-
creases in towline tension completely. Using
an automatic towing machine or a synthetic
spring (see Section 4-6.5) in conjunction with
the catenary will help provide an effective re-
lief of changing loads over the full range of
conditions.

To avoid dragging or fouling the towline on
the bottom, while maintaining a sufficient
catenary depth to absorb changes in tug-tow
separation, it is necessary to estimate the cat-
enary depth of the towline. A number of
methods have been used for estimating tow-
line catenary.

To estimate catenary depth, it is necessary to
have the following data available:

* Steady tension in the towline
* Lengths of the towline components

* The weight per unit length in water of
each component

The steady tension in the towline may be esti-
mated by using the tension meter on the tow-
ing machine, by the estimating procedure in
(Ref. G), or by using the chart in Figure 3-3,
which presents the calculated tug pull avail-
able versus speed through the water. The
composition and total length of the towline
should be known. Table B-2 and Tables D-1
through D-9 provide the weight per unit
length for various towline components. When
weight in water of steel components is not
given, multiply weight in air by 0.87 to obtain
weight in salt water.

An initial estimate of the catenary depth of
the towline may be determined using the fol-
lowing formula:

C = T/W-T/Wi1-(WS/2T)>

where:

C = Catenary or sag (ft)

T = Steady tension (Ibs force)

W = Weight in water per unit length
(Ibs/ft)

S = Total scope (ft) (total of all com-
ponents)

Total weight in water per unit length (W) is
computed as the sum of the weights of the in-
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dividual towline components divided by the
total towline scope.

This formula applies to single component
wires hanging under their own weight. For
calculating, scope (S) and weight (W), when
the towline includes a bridle, the total weight
of the bridle should be used, but the scope is
estimated as a single leg of the pendant. This
formula provides an acceptable estimate of
towline catenary for towline configurations
where the ratio of towline scope (S) to catena-
ry (C) is greater than 8:1. When the ratio is
less than 8:1, the catenary depth predicted by
this formula does not provide an accurate es-
timate of the towline catenary.

Based on this formula, Figures 3-4 through
3-12 show the calculated catenary for various
common compositions and lengths of tow-
line. These curves may be used for towing
speeds up to 12 knots. To decrease catenary,
towline scope may be shortened or the towing
speed increased.

These graphs assume the chain is attached at
the bullnose. If additional chain is used after a
wire pendant (i.e., closer to the middle of the
tow configuration) a deeper catenary will re-
sult. These figures provide estimates and care
should be taken when there is a risk of bottom
contact.

To quantify effects of changes in tension, a
ship can draw its own curve, representing the
scope actually used, and proceed along that
curve to different tensions to find the new cat-
enary. For example, a ship using a 2-inch
hawser and no chain would refer to Figure
3-7. For a scope of 1,500 feet, a new curve
could be plotted in between the existing
curves for 1,000 and 2,000 feet. This new
curve would show that increasing tension
from 20,000 pounds to 30,000 pounds would
decrease the catenary depth from about 100
feet to about 65 feet. Slowing down to a ten-
sion of 10,000 pounds will almost double the
catenary to about 190 feet.
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Likewise, a ship could plot curves of catenary
versus tension for several tension figures to
provide a graphical representation of the
effect of change in hawser scope. When water
depth is limited, the ship can start with the
required catenary depth and work backwards
to determine the required scope/tension
combination. In addition, some towing
machine technical manuals include tables or
curves to assist in solving scope/catenary/
tension questions.

It should be noted that catenary depth will
change with varying tensions. If catenary
depth is a concern (e.g., bottom contact), ex-
pected minimum tensions should be used.

3-4.3 Reducing Anticipated Towline
Peak Loads

Several aspects of the towline design can sig-
nificantly affect the peak towline tensions.
Some are adjustable during the tow; some are
not, but nonetheless should be considered
during the tow planning phase. These mea-
sures include:

* Increasing towline scope

* Increasing length of chain pendant or
bridle

* Inserting a synthetic spring into the
towline system.

The towline scope used during a tow depends
primarily on four factors:

* Type of towing rig employed
» Water depth

» Catenary required to absorb changes in
towline tension

» Scope required to keep the tug and tow
“in step”

To estimate the towline scope required, it is
first necessary to estimate the steady towline
tension required to maintain the desired tow-
ing speed. Calculating total tow resistance is
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Figure 3-3. Available Tension vs. Ship’s Speed for U.S. Navy Towing Ships.
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Figure 3-4. Catenary vs. Tension; 1 5/8-Inch Wire, No Chain.
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Figure 3-5. Catenary vs. Tension; 1 5/8-Inch Wire, 90 Feet of 2 1/4-Inch Chain.
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Figure 3-6. Catenary vs. Tension; 1 5/8-Inch Wire, 270 Feet of 2 1/4-Inch Chain.
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Figure 3-7. Catenary vs. Tension; 2-Inch Wire, No Chain.
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Figure 3-8. Catenary vs. Tension; 2-Inch Wire, 90 Feet of 2 1/4-Inch Chain.
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Figure 3-9. Catenary vs. Tension; 2-Inch Wire, 270 Feet of 2 1/4-Inch Chain.
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Figure 3-10. Catenary vs. Tension; 2 1/4-Inch Wire, No Chain.
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Figure 3-11. Catenary vs. Tension; 2 1/4-Inch Wire, 90 Feet of 2 1/4-Inch Chain.
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Figure 3-12. Catenary vs. Tension; 2 1/4-Inch Wire, 270 Feet of 2 1/4-Inch Chain.
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described in detail in Section 3-4 and (Ref.
G).

Having an estimate of the total towline resis-
tance, it is then possible to compute the cate-
nary that will be associated with a chosen
towline scope and towline rig. Section 3-4.2
presents a simple formula for estimating the
catenary. For hawser scopes greater than or
equal to 1000 feet, Figures 3-4 through 3-12
will provide catenary depth directly, given
hawser tension.

The following explores the ability of a wire
catenary to absorb ship movements by includ-
ing “stretch” of the wire.

If the effects of hydrodynamic drag are ig-
nored, catenary theory estimates the separa-
tion between tug and tow as:

D = S(1-WC/3T)

where:

D = Horizontal distance between the
tug stern and the bow of the tow
(ft)

S = Total scope of the hawser (ft)

Y = Weight in water per unit length of
the hawser (1bs/ft)

C = Catenary or sag (ft)

T = Steady tension in the towline (Ibs
force)

See Figure 3-1 for a graphical representation
of these values.

To quantify the effect on the hawser tension
for a given change in distance between tug in
tow, it is necessary to develop a table or
curve of distance (D) vs. tension (T) for
various hawser scopes. The computation is
fairly direct if tension (T) is assumed for a
given scope (S) of hawser; catenary depth
(C) is computed, then horizontal distance (D)
of the catenary.

Figure 3-13 shows a comparison between an
1800 foot hawser and a 1000 foot hawser. For

instance, from an initial tension of 20,000
pounds, the 1,000-foot hawser can absorb
about 19 feet of additional separation be-
tween the tug and tow before it reaches
200,000 pounds tension; the 1,800-foot haw-
ser will not reach that tension until separation
is increased by almost 36 feet. Similarly, a 20
foot stretch of the 1,800-foot hawser increas-
es its tension to only about 75,000 pounds.
The longer hawser significantly reduces the
peak tensions caused by the same ship move-
ments. A similar trend would be seen with
IWRC wire. Ships with different hawsers can
prepare a family of curves showing the
change in tension as the separation between
the ships changes.

The quantitative data shown in Figure 3-13
are based on slow changes in distance or ten-
sion. Classic catenary is limited in its ability
to absorb tug and tow motions, even where
there is a relatively modest average hawser
tension. Effectiveness of the classic catenary
in reducing dynamic loads has limitations.
This is because the hydrodynamic resistance
normal to the tow wire significantly impedes
it’s rise and fall at typical frequencies of dy-
namic seakeeping loads. Therefore, the wire
towline does not always have time to fully re-
sume its former deep catenary when the next
surge in tension occurs. So, Figure 3-13
should be used for qualitative comparisons of
different towline configurations acting under
dynamic loading.

A similar analysis of the advantages of add-
ing chain to the towline can be prepared using
the methodology shown in Table 3-4. Plot
curves showing the effect of adding one or
two shots of chain pendant to a given hawser
length. The calculation process is identical,
except that the comparison will be between
hawsers of the same length but with different
total length and unit weights, because the
weight of the chain is distributed throughout
the hawser length. The analysis will demon-
strate that adding only one shot of 2Y-inch
chain provides a considerably softer system
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Table 3-3. Section Modulus for Wire Rope.

Wire Diameter
Wire Type Load Percentage 1 5/8 inches 2 inches 2 1/4 inches
0-20% 16.4 24.8 314
6 x 37 IWRC
21-65% 18.2 27.6 34.9
multiply all values by 10°
Table 3-4. Elongation of 1,500 Feet of 6x37, 2 Y4-Inch IWRC EIPS Wire Rope.
. Section 5 3 Catenary Distance
Tension Modulus! Se Scope (f)* (f)’

0 31.4x 10° 0 1500 -- --

10,000 31.4x10° 0.5 1500.5 257.9 1395.5
25,000 31.4x10° 1.2 1501.2 184.3 1471.2
50,000 31.4x10° 2.4 1502.4 43.1 1498.8
75,000 31.4x10° 3.6 1503.6 313 1501.9
88,000 31.4x10° 4.2 1504.2 26.3 1503.0
100,000 34.9x 10° 43 1504.3 22.0 1503.4
125,000 34.9x 10° 5.4 1505.4 18.5 1504.8
150,000 34.9x 10° 6.4 1506.4 15.5 1505.9
175,000 34.9x 10° 7.5 1507.5 13.2 1507.2
200,000 34.9x 10° 8.6 1508.6 11.6 1508.4
250,000 34.9x 10° 10.7 1510.7 9.3 1510.5
275,000 34.9x 10° 11.8 1511.8 8.5 1511.6
288,000 34.9x 10° 12.4 1512.4 8.1 1512.3

Note: Assume constructional stretch has been accomplished through previous loadings.

1. Section Modulus (Area x Modulus of Elasticity) for 2 1/4-inch IWRC hawser is 31.4 x 10° through 20% strength
of the wire; 34.9 x 10° over 20% load.

2. Change in scope due to wire elasticity. (ft)

Total scope of hawser after stretch. (ft)

4. Catenary depth per formula:

C=T/W-T/Wil-(WS/2T)*

5. Distance between tug and tow per formula:
D = S(1-WC/3T)

w

Source: Wire Rope Users Manual, 3rd Edition, Table 17
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that develops lower peak tensions for the
same change in separation between tug and
tow.

Two components of wire “stretch” must also
be included when determining the distance
between tug and tow: constructional stretch
and elastic stretch. The Wire Rope Users
Manual (Ref. C) estimates constructional
stretch as 0.5 to 0.75 percent for 6-strand, fi-
ber-core (FC) wire and 0.25 to 0.5 percent for
6-strand, independent wire rope core (IWRC)
wire. Constructional stretch is caused by a
virgin rope’s helical strands constricting the
core during initial loading. The constricted
core is compressed and lengthened by the
pressure exerted by the helical strands. For fi-
ber core ropes, constructional stretch is pro-
nounced due to the high compressibility of fi-
ber when compared to an IWRC. Construc-
tional stretch properties fade from wire rope
early in its life, especially for IWRC ropes.
Shortly after a wire rope has been repeatedly
loaded, the constructional stretch characteris-
tic is no longer exhibited. Fiber core ropes,
however, will retain this property longer, es-
pecially if subjected to only light loads.

The elastic stretch of hawsers likewise varies
with load. For convenience, elasticity is as-
sumed to be constant through 20 percent
loading, with a different figure applying be-
yond 20 percent loading. For common Navy
hawsers, the figures in Table 3-3 can be used
where Section Modulus (which incorporates
compactness factors and variance of elastic
modulus) is expressed as the effective area of
the steel in the wire multiplied by the modu-
lus of elasticity of the steel (Section Modulus
(Ib) = area (in?) x Elasticity (pounds per
square inch)).

For example, a 1,500-foot, 2 1/4-inch IWRC
wire with a 25,000-pound load will elastically
stretch:

load(1b) X length (ft)
Section Modulus (1b)

Change in length (ft) =

25000 x 1500

31.4 x 106

= 1.2 ft.

This formula assumes that constructional
stretch has already occurred. Table 3-4 has
been developed for a 1,500-foot, 2 1/4-inch
IWRC extra improved plow steel (EIPS) wire
hawser.

3-4.3.1 Using an Automatic Towing Machine

The automatic payout and reclaim feature of
the towing machines installed in most tugs is
a very effective means of reducing peak tow-
line tensions. Table 3-5 provides the range of
automatic settings available on various tugs.
Generally used when water depth precluded
an adequate catenary, the towing machine
was often taken off “automatic” after suffi-
cient towline catenary had been established in
deeper water. Now, however, with questions
concerning real effectiveness of a wire cate-
nary in reducing peak tensions, it appears that
the automatic feature is equally as important
in deep water. Operation in the automatic
mode is generally preferred; this, however, is
not intended to conflict with the manufac-
turer’s approved operating procedures. For
example, in calm seas, the manufacturer’s
recommended standard operating mode will
probably be manual.

Additional information on towing machines
and winches appears in 4-5.1 and in (Ref. L).

3-4.3.2 Using Synthetic Towlines

Using synthetic towlines is one of the best
means of absorbing dynamic towing loads.
The characteristic elasticity of synthetics has
many advantages over the other means of re-
ducing dynamic loads. Those advantages in-
clude, but are not limited to, the following:

* Speed of response. When compared to
an automatic towing machine (ATM),
synthetic lines are capable of instanta-
neous response. If the dynamic load has
a low acceleration, both the ATM and
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synthetic line absorb the dynamic load
comparably. If the load has a high ac-
celeration, however, the ATM may not
be able to respond fast enough before a
tension spike impacts the towing sys-
tem.

* Passive system. Once deployed, the
synthetic line requires no operator and
is non-mechanical. Its shock-absorbing
action requires no active input or main-
tenance by the operator.

* Maintenance. An ATM is a complex
machine and while it is not a common
occurrence, is subject to mechanical
failure. Proper care and diligent mainte-
nance is necessary to ensure depend-
able operation. Synthetic line is affect-
ed by other factors including abrasion,
heat, and UV light. By limiting expo-
sure to these factors, a synthetic tow
hawser should have a long service life.

Synthetic towlines take two forms: a com-
plete synthetic tow hawser and a “spring”
synthetic line inserted in the towing system.
The synthetic spring consists of a length of
synthetic line placed in the towing system be-
tween the steel towing hawser and the chafing
chain extending from the tow. A spring works
in combination with the catenary produced by
the heavier steel components. It can assist in
absorbing rapid acceleration peak loads while
the catenary adjusts to loads applied more
slowly. A synthetic spring should be sized to
a comparable breaking strength of the re-
mainder of the towing system. Important re-
strictions on the use of synthetic tow hawsers
and springs found in Section 4-3.2, Section
4-6.5, and (Ref. C). Consult and incorporate
these restrictions in any towing system design
that involves synthetic line.

3-4.4 Tug and Equipment Selection
3-4.4.1 Tug Selection

Much too often tug assignments have been
based almost completely on availability. A
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tug must have many other special attributes.
It must be staffed with competent personnel
and have adequate power for the tow, proper
towing gear to connect the tow to the tug, and
sufficient endurance to complete the tow.

The principal measure of a tug’s power is its
ability to exert tensile force on the towline.
The maximum force a tug can exert on the
towline is defined as the tug’s maximum pro-
pulsion power delivered at zero tug speed. In
the jargon of the towing industry, this maxi-
mum tug power/zero tug speed condition de-
livers a force referred to as “bollard pull.”
The tug’s available propulsion power and hy-
drodynamic properties of the tug and tow de-
termine the speed of the tow and, therefore,
steady forces on the towline. Generally, a
tug’s power plant and propeller are designed
to deliver maximum power and optimum effi-
ciency at a designated towing speed. The
greatest thrust (bollard pull) is produced at
zero speed, with the towline pulling force di-
minishing as the towing speed increases.
When the tug reaches its maximum free route
speed, all its horsepower is used in propelling
it. At this point, the available towline pulling
force is essentially zero.

Each class of ship should have its own
unique set of available tow tension curves
that depend upon engine power setting, ship
speed, propeller rpm, and propeller pitch (for
ships with controllable pitch propeller [CPP]
systems). For tow planning, the maximum
available tow speed is the figure of interest.
Figure 3-3 shows the available tow tension
versus ship’s speed for U.S. Navy ocean
tugs. Comparing a curve to a horizontal re-
sistance value (as calculated in 3-4.1.3)
provides the approximate maximum tow
speed for an assumed condition. If the maxi-
mum speed available does not coincide with
the assumed tow speed conditions, additional
resistance computations should be performed
to achieve a balance between tension re-
quired and tension available. A more direct
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These curves plot the hawser tension vs. tug/
tow separation. They demonstrate the much
“softer” nature of the longer scope for the same
change in separation.

Figure 3-13. Distance Between Vessels vs. Hawser Tension for
1,000 and 1,800 Feet of 6x37 FC Wire.
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Table 3-5. Operating Range for Automatic Towing Machines of Various Types of Ships.

Types of Ships

Operating Range (lbs.)

Salvage Ship (ARS 50)

20,000 - 110,000

Fleet Ocean Tug (T-ATF)

30,000 - 110,000

method is to plot a curve of horizontal resis-
tance directly onto a copy of Figure 3-3. The
tug and tow curves will intersect at the maxi-
mum speed attainable with each tug for
assumed tow conditions.

If the available tow speed exceeds the amount
needed (usually for small or non-ship tows),
the tug will require less than maximum con-
tinuous engine power. In this situation, a less
powerful tug can be considered. Conversely,
if available tow speed is less than required, a
more powerful tug or multiple tugs must be
selected. In the latter case, there will be two
or more towlines, so towline hydrodynamic
resistance must be calculated appropriately.
Otherwise, the available towline tension of
the tugs is additive.

When the available tug is underpowered for
the desired tow speed, the most important
consideration is whether it has sufficient
power to keep the tow out of danger under
the most severe wind and sea conditions that
can be reasonably expected. For instance, it
may be acceptable that a given tug is unable
to make headway over the ground, while
towing a large ship in a sudden gale in the
open sea. The same tug, however, may be
considered inadequate for towing the same
ship under the same conditions near a lee
shore. In the case of a planned tow of a large
ship, adjustment to tow dates and careful
weather routing are essential. For more se-
vere cases, adjustment of the assignments
and schedules of other tugs also may be re-
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quired to provide the required towing
capability.

For emergency or unplanned towing require-
ments, the tow will be initiated by the first
available tug. Procedures outlined herein are
useful in determining whether additional tow-
ing assets should be diverted to escort or take
over the tow. (Ref. K) contains data useful in
estimating the power of commercial tugs that
may be needed in an emergency.

3-4.4.2 Towing Gear Selection Factors

Once the tow vessel has been optimally sized
to fit operational requirements, towing
hardware, including the “jewelry” connecting
system components, shall be sized to
accommodate the anticipated forces for those
operational requirements. The mechanical
properties of typical components of towing
systems are covered in the Appendices of this
manual. Examples include wire rope and wire
rope terminations ((Ref. B)), synthetic fiber
lines ((Ref. C)), chain, shackles and links
((Ref. D)), and line stoppers ((Ref. E)).
Engineering design factors of safety for all
system components are dis-cussed in 3-4.1.5.
Towing gear is discussed at length in (Ref. 4).

Hawser size is generally fixed for a given tug.
If a specific size hawser is required by the
type of tow, that fact, rather than the avail-
ability of tugs, may determine tug selection.

The calculated steady towline tension values
are multiplied by the safety factor to obtain
the required minimum breaking strength of
the wire rope hawser. With the minimum
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breaking strength known, (Ref. B) may be be reversed to find the maximum allowable
used to evaluate the wire hawsers carried by steady tension.

candidate tugs. If there is no good match, the

assumed tow speed can be adjusted until a

match between required hawser strength and

available tugs is achieved. For a particular

tug, with a specific hawser, the problem may
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Chapter 4

TOWLINE SYSTEM
COMPONENTS

4-1 Introduction

This chapter presents guidance on the use of
the wide variety of components available for
use in towing. Tow planners and tow ships
should carefully consider relative advantages
and disadvantages of each component when
designing a tow rig. Consideration should be
given to durability, availability, ease of han-
dling, and other pertinent factors.

4-2 Towline System Components

The towline system is made up of many com-
ponents. A tow hawser often called the tow-
line or towline connection, is only one com-
ponent of the towline system. Figure 4-1
illustrates a complete towline system. A tow-
line system includes attachment points, rope
terminations, and tension components such as
chain pendants, wire rope pendants, and
spring pendants. These elements are joined
by shackles, links, or other connecting hard-
ware.

A towline system is the tension-carrying link
between tug and tow and must be able to
withstand steady loads, as well as dynamic
peak loads, often called shock loads. The pri-
mary materials used in tension members are
wire rope, synthetic fiber lines, and chain.

All items must be sized for the towing loads
with an appropriate factor of safety (see Table
3-2). Size and compatibility are key consider-
ations.

The following is a list of factors that influ-
ence selection of the components of a towing
system:

» Strength (static loads, dynamic loads,
fatigue)

* Ability to nondestructively inspect

* Elasticity (stretch vs. load over a full
range of loads and over the lifetime of
material, set or permanent stretch)

* Predictability (strength and compliance)
» External abrasion resistance

* Internal abrasion resistance (related to
fatigue life)

» Weight and specific gravity

* Survivability in a specific environment
(effects of corrosion, ultraviolet light,
sea water, acids, temperature, moisture)

* Ease of handling (surface characteris-
tics: slippery, sticky, pliable, minimum
bend radius)

» Stowage (volume shrinkage upon dry-
ing, flexibility)

 Adaptability to fittings and terminations
» Compatibility of fittings and terminations

In various towing applications, one or more
of these factors may have a predominant in-
fluence on the choice of material. Chain, for
example, often is selected as a chafing pen-
dant or bridle because of its abrasion resis-
tance and survivability. When used as a lead-
er chain (see Figure 4-1), provides elasticity
through catenary action rather than through
material stretching. Likewise, polyester may
be suitable for a tow hawser or spring, but
would not be selected as a chafing pendant.
Wire rope is generally favored for use as a
tow hawser on ocean tugs because of its
strength and reasonably high abrasion resis-
tance, with its flexibility, stowability, and
ease of handling also being important.

4-1
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Deck Edge
Fairlead

Connection
Jewelry

Tow Chafing Lead Chain  Optional Chafing To Tug
Attachment Chain or Wire Synthetic Gear Attachment
Point or Bridle Pendant Spring Point

T

Stern Roller

Tug’s Towing i
and Caprail H-Bitts

Hawser

Figure 4-1. Typical Towline Connection Components.

4-3 Main Towing Hawser

The tow hawser is the primary tension ele-
ment of the towline system. Tow hawsers are
normally wire rope or a synthetic line. The
end of the hawser that extends to the tow is
usually equipped with an end fitting such as a
socket, thimble, or spliced eye; if the tug
doesn’t have a towing machine or winch,
both ends of the hawser may have fittings.
When the tow hawser is part of a tug’s equip-
ment, it is stowed on the drum of the towing
machine, or in the case of synthetic line, in a
bin below deck. When the tow hawser is part
of the towed vessel’s equipment, it may be
stowed on a storage drum, reel, or brackets,
or faked down in a tub, ready for use.

4-3.1 Wire Rope Hawser

Before the development of wire rope in the
19th century, the primary material used for
tow hawsers was natural fiber line made from
manila, sisal, and hemp. As ships became
larger, the diameter of natural fiber lines in-
creased to the point where handling and stor-
age became difficult. Because of its superior
abrasion resistance and strength-to-weight
and strength-to-size ratios, wire rope rapidly
replaced natural fiber lines for towing haw-
sers. Wire rope was accepted for towing de-
spite being far less elastic than natural fiber
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lines. At first, elasticity loss was countered by
using long spans of hawser, where the weight
of the wire rope formed a catenary in the wire
and provided a measure of effective elastici-
ty. Later, tow ships often used manila spring
pendants, or “springs,” in conjunction with
wire rope to provide the needed elasticity.
Today, synthetic fiber springs perform this
function and are common in commercial
practice.

For wire rope in new or very good condition
and used in conjunction with an automatic
towing machine, a minimum safety factor of
3 is appropriate for routine ocean tows in good
weather (see Table 3-2). To be on the conser-
vative side and allow for unforeseen occur-
rences, a safety factor of 4 is recommended
for routine tows. Other conditions require
higher factors, as noted in the table.

4-3.2 Synthetic Hawser

When synthetic fiber line was developed for
commercial applications, it began to replace
manila rope for towing springs and hawsers
on small tugs. Synthetics also gained
acceptance as open-ocean towing hawsers,
often replacing wire rope. The elasticity of
synthetic hawsers easily absorbs tension
caused by motion.
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One of the first synthetic materials to be used
in towing was nylon. The Navy began to
experience problems, however, when using
nylon line as the peak load mitigation system.
Some of the problems were due to nylon
being weaker when wet than when dry.
Additionally, the safe working load (SWL)
and factors of safety for nylon in the marine
environment had not been adequately
defined.

A better understanding of the strength, ser-
vice life, degradation, and elasticity of syn-
thetic line has led to limitations in nylon’s use
as the main towing hawser. Nylon line is only
approved for:

* Open-ocean towing of craft with less
than 600 long tons displacement or in
tow-and-be-towed or emergency
towing operations

* Unique or special tows approved by
NAVSEA on a case-by-case basis.

NOTE

Appendix C provides the breaking
strength values for synthetic line.
Manufacturer’s tables usually
quote values for dry nylon. Break-
ing strength for wet nylon line is
about 15 percent less than for dry
line and, thus, the manufacturer’s
values generally must be de-
creased by 15 percent for towing or
other “wet” uses. Wet strength re-
ductions do not apply to synthetics
other than nylon.

A material that is better suited for towing ap-
plications is polyester. NAVSEA’s continu-
ing investigation into using improved and
composite designs of synthetic hawsers has
led to the approval for general use of single
and double braided polyester lines in all rou-
tine and emergency towing applications, ex-
cept where otherwise dictated. The
specifications of the approved polyester lines

are provided in (Ref. C). Existing nylon tow-
ing hawsers shall be replaced with the ap-
proved polyester lines on a size-for-size ba-
sis. Synthetic springs are discussed in Section
4-6.5.

Table 3-2 provides factors of safety for syn-
thetic lines being used as a main towing haw-
ser. The steady towline tension value calcu-
lated in Section 3-4 shall therefore be
multiplied by the safety factor listed in this ta-
ble to obtain a required minimum strength.
Note that the safety factor depends on the tug
attachment point and the degree of tension
control. (Ref. C) provides data for use in eval-
uating one or more candidate synthetic lines.

Smaller lines (less than 8 inches cir-
cumference), with a greater portion of their
fibers exposed to abrasion and the effects of
ultraviolet light and other chemical attack,
require higher factors of safety. Increase the
factors listed in Table 3-2 by adding a value
of 2.

4-4 Secondary Towline

A secondary towline shall be rigged on all
tows. The secondary towline is intended for
emergency, short-term use. It may be of less-
er strength than the primary towline (although
it does not need to be) and is often made up
with synthetic line. Rigging methods will
vary, depending on whether the tow is
manned or unmanned. A secondary hawser is
placed on the tow and is generally led down
one side of the deck edge, rigged with a
heavy messenger led outboard of the ship’s
structure, and terminated by a lighter floating
pendant with a marker buoy trailing astern of
the tow (see Figure 4-2). This system is
rigged so that the tug merely recovers a trail-
ing messenger and heaves aboard the second-
ary towline for connection to the hawser. A
secondary tow system can be rigged to tow
from either the bow or stern.

4-3



U.S. Navy Towing Manual

(dfy) sdiio
Kemy=-)yeaig

JabBuassay ypm
juepuad moj Aiepuodag

1abuassay

lobuassay

aul [eAsl}ay
(Bunyeoly) auajdoadAjog

Aong
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For small tows a primary pendant is rigged
using the ship’s anchor chain a secondary
pendant is rigged from a stern tow pad using
the ship’s emergency towing hawser with a
200-foot floating messenger and small trail-
ing buoy. When rigging an emergency tow
hawser aft, chafing chain should be connect-
ed to the tow pad with a safety shackle. Peli-
can hooks should not be used. For large
tows or ships that will not tow well from the
stern, a secondary tow hawser should be
rigged from the bow and fairled down the
sides, stopped off in bights, to the messenger.

CAUTION

Bights of wire hanging can be dam-
aged or loosened if the tow goes
alongside a tug or a dock.

Secondary wire can be secured with a piece
of 3/8-inch round bar. The round bar is tack
welded to the deck edge and bent up and
around the wire. This allows the wire to be
pulled out easily if needed. These clips
should be spaced about 5 feet apart. A similar
method can be employed when securing
chain. (see Figure 4-3) .

All stops should be strong enough to hold in
heavy weather but accessible to allow cutting
and light enough to be broken without dam-
age to the towing pendant or tow. It must be
rigged outboard of all existing structure, in-
cluding bitts and handrails, and should fall
free without turns that will cause kinking as
they pull out.

In all cases, a secondary towline will already
be connected to an appropriate hard point on
the tow and provided with necessary chafing
protection. As a minimum for vessels above
600 L-ton displacement, the secondary
towing pendant should be 1 5/8-inch wire
rope with the necessary chafing gear.

4-5 Attachment Points

This section discusses various types of attach-
ment points on tows and describes the loading
various types of attachments may be subject-
ed to. Every possible effort should be made to
ensure that an attachment point is subjected to
only one type of load in a known direction.
Horizontal and vertical padeyes, for example,
should be subjected to a force only perpendic-
ular to the axis of the pin. See Section 4-5.3
for more information.

The attachment points on tugs and tows trans-
mit the towing load from the towline to the
vessel. Attaching the towline system is of vi-
tal importance and must be given careful con-
sideration with regard to seamanship, rigging,
and basic engineering mechanics.

Towline attachment points on U.S. Navy tugs
are the towing machine or traction winch.

Attachment to the tow may be at a hard point
specifically intended for towing, such as a
deck padeye, chain stopper, or specialized
towing bracket, although many ships do not
have an attachment point specifically de-
signed and fitted for towing. Some commer-
cial ships are not designed to be towed, or the
tow attachment is located somewhere other
than originally designed. Often attachments
require use of fittings or gear intended for
other purposes, such as single point mooring
(SPM) fittings, bitts, anchor chain holding fit-
tings, or the tow’s anchor chain. Sometimes,
for planned tows, a new attachment point will
be installed. The attachment point shall be in-
spected for planned tows. Non destinctive
testing (NDT) shall include visual inspection
of the attachment point and surrounding area
and a dye-penetrant test of the padeye or bitt
attachment points is recommended. If there is
any doubt about the strength of the padeye or
attachment point, further testing and repairs
are required.
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For an emergency tow, a makeshift connec-
tion, such as a heavy chain wrapped around a
strong foundation, may be used. In every
case, the material condition of the fittings and
structures should be carefully inspected.

For deck fittings designed specifically for
towing, operators may assume that the appro-
priate engineering was performed, if these fit-
tings pass the NDT inspection. If the attach-
ment point is inadequate or does not exist, it
must be designed, fabricated, and installed.
Activity preparing a tow must arrange for en-
gineering analysis to ensure a safe connec-
tion.

An important factor when locating and in-
stalling an attachment point is the need for an
integrated attachment point and fairlead sys-
tem. A fairlead ensures that the tow load is
applied in the designed direction, i.e., no side
loading. Therefore, attention should be paid
to both the attachment point and the fairlead.
A common failure of the attachment system
involves gross structural failure of either the
attachment point or fairlead. This problem is
especially relevant when towing minecraft,
non-oceangoing craft, and wooden, alumi-
num, or fiberglass vessels. Fairleads on these
types of vessels may not be strong enough to
withstand towing loads.

Safety factors for attachment points should be
designed and built in accordance with the
General Specifications for Overhaul of Su-
face (GSO) Ships, U.S. Navy, Sections 582
and 077, Naval Sea Systems Command,
S9AA0-AB-GOS-010/GSO (Ref. D). The
cri-terion generally applied is that the break-
ing strength of the line should not exceed
35% of the padeye’s bitt, or cleats yield
strength.

4-5.1 Winches and Towing Machines

Although wire rope is somewhat easier to
handle than wet manila line of equal strength,
it cannot be faked out on deck when hauled
in. Powered winches and towing machines

were a natural evolution, providing the in-
haul and storage features for wire rope haw-
sers, while eliminating the use of bitts and
hooks.

All U.S. Navy tugs have automatic towing
machines, except for the MSC-operated
T-ATFs, which use SMATCO winches. MSC
has backfitted automatic towing machines on
selected T-ATFs. Each T-ATF requires a ship
check for applicability.

The principal functions of towing machines
are:

* Acts as a hard point or attachment point
for securing the towline to the tug.

* Pays out and heaves in the towline dur-
ing towing operations.

 Transports or stows the towline as it is
heaved in.

» Acts as a quick-release device for dis-
connecting a towline if necessary dur-
ing an emergency.

* Acts as an automatic tension control de-
vice to limit or relieve peak dynamic
loads in a towline system, thereby en-
hancing the life and utility of the equip-
ment, increasing maximum speed, and
increasing safety.

* Monitors and displays tow hawser con-
ditions such as tension and scope.

A towing machine has a power-driven drum
that serves as an attachment point and stores
unused portions of the wire rope towing haw-
ser. The powered drum is used to control the
length of wire towline. Most U.S. Navy tow-
ing machines have an automatic control sys-
tem that automatically pays out line when
tension exceeds a set value. More sophisticat-
ed machines also have an automatic reclaim
capacity, which hauls back the hawser when
tension decreases. Towing machines have a
free-spooling feature that serves as a quick
disconnect system for the towing hawser.
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As synthetic fiber line towing hawsers were
being introduced in Navy towing, the multi-
sheave traction winch was developed (see
Figure L-1). In addition to providing a hard
point for attachment, the winch has payout
and heave-in features for adjusting the tow-
line scope. Because reel-type storage is not
practical for synthetic line, the hawser is
fairled into a stowage bin located below
decks as it comes off the traction winch.
Some traction winches are now equipped
with automatic controls, that pay out hawser
to relieve high towline tensions. This control
generally does not provide automatic reclaim
on the traction winches. Periodic heave-in,
under manual control, may be required to
maintain the desired towline scope. Traction
winches for wire hawsers are often found on
larger commercial ships.

Most towing machines and winches have a
“dog” system that positively holds the drum
against towing loads. A dog is a pawl or
ratchet type system that cannot be released
against tension. When towing “on the dog,” a
towing machine must be started up, engaged
and the hawser heaved in slightly to release
the dog. Therefore, when towing on the dog,
there is no quick-release capability.

Refer to (Ref. L) for a more complete discus-
sion of U.S. Navy towing machines and
winches.

4-5.2 Bitts

A bitt is a strong post used for belaying, fas-
tening, and working ropes, hawsers and
mooring lines. Bitts usually appear in pairs
and are named according to their use.

NOTE

Unless specifically designed, bitts
are generally not suited as towing
attachment points and are not in
the proper position to be used as
towing fairleads.
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The term bollard is occasionally applied to a
bitt, but more commonly is applied to a de-
vice on a pier for securing mooring lines.

Bitts on U.S. Navy ships are designed to
withstand a load equal to at least three times
the breaking strength of the line they were
designed to hold. See Section 6-2.6.2 for the
safe working loads of specific design
strengths of U.S. Navy bitts.

Towing or H-bitts are heavy steel castings or
weldments secured to the ship’s structure (see
Figure 4-4) . Generally located near the tug’s
pivot point, they provide the hard point that
sustains athwartship loads imposed by a tow-
line when it sweeps the fantail. In tugs fitted
with towing machines, the H-bitts are used to
fairlead the main tow hawser to the drum to
prevent transverse strain on the level wind
mechanism and are used to stop off the tow
wire when necessary. On the ARS 50, the
function of the H-bitts is integrated into the
deckhouse structure.

Under normal towing conditions, using the
H-bitts for holding the hawser is not recom-
mended; such use is usually restricted to de-
beaching operations or other instances when
isolating the towing machinery from hawser
tension is necessary.

4-5.3 Padeyes

The most frequent means of attaching a tow-
line to the towed vessel is by means of a pad-
eye. Three distinct types of devices collec-
tively are referred to as padeyes. Personnel
rigging the connection must understand de-
sign features. The three types of padeyes
found in towing are:

* Horizontal padeye

* Vertical free-standing padeye

» Towing bracket
Figure 4-5 shows two different styles of hor-
izontal padeyes. Their distinctive feature is
that the pin has a vertical axis. The towline,

therefore, is free to sweep in the horizontal
plane, while constrained in the vertical plane.
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Deck Plate
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Penetration Stiffener
Welds
Longitudinal )
Integral-Pin Padeye
Deck Plate
Full
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Chain Stopper Padeye

CAUTION

Chain stoppers are designed to bear
only 60% of the breaking strength of
the chain. Chain stopper pad eyes
should, therefore, not be used as a
single attachment point for pendants
or bridles. They should be used only
as attachments for chain stoppers.

Figure 4-5. Horizontal Padeyes.
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There are two types of horizontal padeyes in
use today.

* The integral-pin type comes with its
own pin, with the female threads locat-
ed in the base plate of the padeye (see
Figure 4-5, upper sketch). A locking
device prevents pin rotation. This style
padeye has a lower profile, so the mo-
ment arm of the towing load is corre-
spondingly lower to the deck. This al-
lows for lower loading moments and
eases the design of the structure. Addi-
tionally, the integral-pin padeye allows
the open or end link of a chafing chain
to be pinned directly to the padeye, re-
quiring no additional connecting jewel-

ry.

» The shackle-style padeye is located on
the forecastle of most U.S. Navy ves-
sels (see Figure 4-5, lower sketch). It is
the standard fitting for the attachment
of chain stoppers to the forecastle deck.
When using horizontal padeyes, there is
often insufficient space to accommo-
date the bolt of a safety shackle due to
the padeye’s low profile. Therefore,
U.S. Navy chain stoppers are provided
with a specially forged, screw pin
shackle that is appropriate for use in a
towing rig. Chain stoppers and their as-
sociated padeyes are nominally de-
signed for only 60 percent of the anchor
chain’s breaking strength. The strength
of chain stoppers and their associated
padeyes must be considered when using

them as components in a towing sys-
tem.

CAUTION

Chain stoppers are designed to
bear only 60% of the breaking
strength of the chain. Chain stop-
per padeyes should, therefore, not
be used as a single attachment
point for pendants or bridles. They
should be used only as attach-
ments for chain stoppers.

The vertical free-standing padeye comes in
two basic designs as shown in Figure 4-6
The difference is in the shape of the eyehole.
The eye of a shackle-pin type padeye is a cy-
lindrical hole through the plate designed to
accept the pin of a connecting shackle. In the
dipped-shackle type padeye, the hole is elon-
gated and the bearing area of the hole is
rounded so that the bow of the shackle can
properly bear against the end of the slot. In
this case, the shackle’s pin is presented to the
chafing pendant.

The vertical free-standing padeye is less resis-
tant to lateral loads than the horizontal pad-
eye. The free-standing padeye must be used
with a towing fairlead strong enough to with-
stand the lateral loads of the towline, to mini-
mize the risk of tripping the padeye. The
width of the shackle-pin type padeye plate
should occupy 75 to 80 percent of the jaw
width of the shackle, to prevent it from rack-
ing and creating loads that tend to open the
jaw of the shackle.
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Figure 4-6. Vertical Free-Standing Padeyes.
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The vertical free-standing padeye may have a
higher attachment point than the horizontal
padeye. This makes for larger loading mo-
ments on the structure itself and on the attach-
ment system to the ship deck or frame struc-
ture. This in itself is not a disadvantage if the
design is proper and those who rig the system
understand it.

CAUTION

If time and the situation permit, a
detailed analysis of the padeye and
connection should be made to
avoid unexpected failure of either.

4-5.4 Padeye Design

Figure 4-7 provides an acceptable padeye de-
sign for situations where no suitable connec-
tion point exists. Given the predicted towline
tension and a specific plate thickness, the
chart provides the minimum hole diameter
and the minimum distance from the hole to
the edge of the plate. Given the same predict-
ed tension and a specific thickness for the
continuous fillet weld, the chart also deter-
mines how long the padeye must be.

To design a padeye using this chart, follow
these steps:

a. Estimate the towline tension that the pad-
eye will meet. In this case, use the ap-
proximate towline tension as determined
from the results of the calculations in Ap-
pendix G. In Figure 4-7, this number is
called the load or force (F). Locate this
level using the numbers on the far right-
hand side of the chart.

b. Choose a particular plate thickness (t).
Each thickness is represented by a solid
diagonal line. These lines are labeled in
the lower left-hand side of the chart. Find
the point where the plate thickness (t) in-
tersects with the predicted load (F).

c. To find the minimum hole diameter (d),
draw an imaginary line from the intersec-
tion point straight up to the top of the
chart. The diameter measurements are
displayed across the very top of the chart.

d. To find the minimum length from the hole
to the edge of the plate, find the point
where the diameter measurement (d) in-
tersects with the broken diagonal line that
appears in the upper left-hand portion of
the chart. Look on the right-hand side of
the chart to find the minimum distance to
the edge (L). This minimum distance ap-
plies in all directions around the hole, in-
cluding above and below.

e. To determine the minimum length for the
padeye, choose a particular thickness for
the continuous fillet weld (T). Each thick-
ness is represented by a dashed diagonal
line. These four lines are labeled on the
bottom of the chart on the right-hand side.
Find the point where the thickness (T) in-
tersects with the predicted load (F). To
find the padeye length (1), draw an imagi-
nary line from the intersection point
straight up to the top of the chart. The
length measurements are displayed across
the very top of the chart and are expressed
in inches.

For example you are tasked with planning a
tow using an automatic tow machine with a
new towing hawser. Per calculations you esti-
mate the towline tension (F) to be 80,000
pounds and the maximum plate thickness
available to fabricate a towing padeye is 1 1/2
inches thick (t). Determine the diameter of
the hole (d) required and the distance (L) the
hole must be from the leading edge of the
plate. By using Figure 4-7 we can determine
the diameter of the hole (d) required. Entering
the left side of Figure 4-7 find the line corre-
sponding to the plate thickness (t). Trace the
line upward until it intersects with the esti-
mated towline tension of 80,000 pounds from
the right side of Figure 4-7. Draw a line verti-
cally from this intersection to the top of Fig-
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ure 4-7. Where this line intersects the top of
Figure 4-7 determines the minimum hole di-
ameter (d). In this case, a minimum hole di-
ameter (d) of 2 3/4 inches is required. We can
also determine the minimum distance from
the leading edge of the hole to the edge of the
plate (L) by using the vertical line previously
drawn and determining where it intersects
with the dashed diagonal line crossing the top
of Figure 4-7. Going right from this intersec-
tion to the right of Figure 4-7 determines the
minimum distance to the edge of the plate
(L). In this case the minimum distance (L) to
the edge of the plate is 4 inches. Assuming
the fillet welds are 1/2 inch thick (T), what
length (I) padeye is required? We can deter-
mine the length of the padeye by finding the
line on the bottom of Figure 4-7 that corre-
sponds to the weld thickness (T). Trace this
line upward to the left until it intersects with
the estimated towline tension from the right
of the figure. Draw a vertical line from the in-
tersection to the top of Figure 4-7. Where this
vertical line intersects the top of the figure de-
termines the minimum distance to the edge of
the plate (I). In this case the minimum dis-
tance to the edge of the plate (I) is 16 inches.

The example is satisfactory for 80,000
pounds of tension. To verify that the hole is
of sufficient size, check the size of the shack-
le required. If an automatic tow machine is
used, Table 3-2 shows a factor of safety of 3
is required or a 240,000-pound proof-load
shackle (2 1/4-inch Grade B shackle). The pin
for this shackle is 2 1/2-inches thick and will
just fit the hole in the padeye. If the tow were
to be performed without an automatic towing
machine, but with a chain pendant, Table 3-2
would require a shackle factor of safety of 4.
(Ref. D) and Tables D-7 through D-9 show
that the minimum required Grade B shackle
size is 3 inches, with a 3 1/4-inch pin. The 1
1/2-inch available plate can be used with a
larger hole, taking care to maintain the mini-

mum distance to the edge of the padeye (L)
required by the load and plate thickness.

CAUTION

This method yields a design with a
minimum factor of safety of 3 for all
failure modes. For a stronger pad-
eye, use a higher assumed load.
For instance, if a padeye with a fail-
ure load of 300,000 pounds is de-
sired, use 100,000 pounds as the
design load. The below-deck struc-
ture must be checked or altered to
transmit towing stresses to the
ship’s structural members. Simply
welding the padeye to the deck
plating is not enough.

4-5.5 Deck Structure

When designing and locating padeyes, it is
extremely important to examine the below-
deck structure. Towing padeyes produce
large local loads that cannot be supported by
deck plating alone. It is necessary to locate
padeyes atop both longitudinal and trans-
verse members to adequately distribute load-
ing to the surrounding structure, particularly
if the padeye is likely to be subject to side
loads. The longitudinal member should be
aligned directly under the main plate of the
padeye. The transverse member location is
somewhat less critical but should be located
as close to the padeye as possible, preferably
directly underneath.

4-5.6 Smit Towing Bracket

The Smit Towing Bracket consists of two
vertical plates, similar to a pair of free-stand-
ing padeyes, with an elliptical pin fitted be-
tween them (see Figure 4-8) . The pin is fit-
ted with a keeper key or locking pin and can
be released in an emergency. The principal
advantage of the Smit Towing Bracket is the
ease of breaking the tow connection, even un-
der significant load. This is accomplished by
removing the locking pin and driving the
striking bar to port with a sledge, allowing the
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Figure 4-8. Smit Towing Bracket.
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main pin to slide out of the pear-shaped link.
The design uses no shackle. This style of tow-
ing attachment, like the vertical free-standing
padeye, is susceptible to tripping loads and is
dependent upon the fairlead chock.

The standard Smit Bracket design is manu-
factured in two sizes. The larger size will ac-
cept the standard end link of a 3-inch chain.
Smaller chains will require a large safety an-
chor shackle or a pear-shape link. This link
may possibly be found aboard the ship outfit-
ted with such a towing bracket.

CAUTION

The large and small Smit Brackets
are designed to accept the stan-
dard end link of 3-inch and 2-inch
chains, respectively. They will di-
rectly accept the common link of
considerably larger chains. Check
dimensions carefully in designing
the tow connection.

The smaller standard size Smit Bracket is de-
signed to accept the end link of 2-inch chain,
or the common link of 2 3/4-inch chain.

Sometimes the Smit Bracket design is adapt-
ed to other dimensions. In all cases, the di-
mensions must be checked carefully to ensure
that properly sized jewelry is available to
make the connection.

4-5.7 Towing Hooks

Towing hooks rarely are seen in the United
States, but may be found on foreign tugs, es-
pecially European tugs. They are heavy steel
hooks mounted on vertical pins that allow
them to swing. Each hook is shock-mounted
by using a heavy compression spring and fit-
ted with a quick-release device that trips the
hook, much like a chain stopper. The com-
pression spring provides a small amount of
dynamic load relief for the towline system.

4-5.8 Chocks

Most tows make the towline connection on
deck. Whether using a bridle arrangement or
a single point connection, the selection of the
point where the towline (or bridle legs)
crosses the deck edge is critical to protect
both the towline and the towed ship’s
structure. These robust points include
bullnoses, closed chocks, and roller chocks
with a generous radius (see Figure 4-9).
Planned tows often will involve installation
of a special fairlead, because the radii of
chocks and other fittings designed for
mooring are generally not sufficient for
towing. Emergency tows generally must
make do with whatever is available,
remembering that towline chafing and
structural damage to the tow are probable. In
this case, the towline component crossing the
deck edge will usually be a chain, heavier in
size than otherwise would be required for
strength alone.

4-5.9 Fairleads

Fairleads are used to lead mooring lines
around obstructions and align them properly
with winches or capstans. Fairleads are locat-
ed to accommodate lines from both sides of
the ship. Fairleads usually have rollers to re-
duce line wear.

4-6 Connecting Hardware (Jewelry)

Connecting hardware or towing jewelry used
to rig the tow system include a variety of
shackles, chain detachable links, special fit-
tings such as flounder plates, splices and end
terminations for wire and synthetic line. This
hardware is used to connect the various por-
tions of the towline system to each other and
to the tow (see Figures 4-10 through 4-14).
Components of different sizes are connected
by using offset plate shackles and pear-
shaped detachable links.
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Figure 4-9. Types of Chocks.

4-6.1 Shackles

General purpose Navy shackles are described
in detail in RR-C-271D, Amendment 1, Fed-
eral Specification, Chain and Attachments,
Welded and Weldless (Ref. E) and in (Ref.
D). There are two types, two grades, and
three classes of shackles. Of these twelve cat-

egories, only four can be used as towline con-
nectors. These are as follows:

* Type I Anchor Shackles
Grade A - Regular
Class 3 - Safety Bolt and Nut
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* Type I Anchor Shackles
Grade B - High Strength
Class 3 - Safety Bolt and Nut

* Type II Chain Shackles
Grade A - Regular
Class 3 - Safety Bolt and Nut

* Type II Chain Shackles
Grade B - High Strength
Class 3 - Safety Bolt and Nut

Examples of chain and anchor shackles are
shown in Figure 4-10.

CAUTION

Special forged shackles, when
used with chain stoppers and car-
penter stoppers, use carefully ma-
chined screw pins and are permis-
sible in towing. Such pins must
remain accessible for inspection
and service while in use.

Navy shackles are permanently and legibly
marked in raised or indented lettering on the
shackle’s body identifying the manufacturer’s
name, trademark, shackle size, and
recommended Safe Working Load (SWL).
SWL of both Grade A and Grade B Navy
safety shackles is suitable for sizing hardware
for lifting purposes. However, SWL cannot
be used in towing. Proof loads for a shackle
must be used vice SWL. Recommended
factors of safety listed in Table 3-2 and
Section D-14 describe appropriate methods
for sizing shackles for towing.

CAUTION

Screw-pin shackles, other than the
special forged shackles for stop-
pers, must never be used for con-
nections in towing rigs. The pin
could back out due to the constant
vibration set up by the hydrody-
namic actions on the towline.

Although screw-pin shackles are a commonly
used type of marine shackle and afford a
quick and simple means of connecting and
disconnecting, the screw pin shackle should
not be used for connections in a towing rig.
Due to the cyclic loading associated with
towing, it is possible that the pin could back
out. Excessive vibration or alternate athwart-
ship movement coupled with the surging of
the towline may cause screw pin shackles to
come undone.

CAUTION

Shackles and other fittings fre-
quently come with cotter keys or
pins. Cotter keys are not used in
towing. Replace cotter keys with
locking bolts with two jam nuts. The
head of the locking bolt and the jam
nuts shall be appropiately sized to
ensure the head of the locking
bolts and the Jam nuts are in con-
tact with the nut of the safety
shackle.The locking bolt can be
peened over if desired.

CAUTION

Never weld on forged steel shack-
les. The welding process can
weaken the shackle.

Navy shackles are made of forged steel;
welding to forged steel shackles can reduce
the strength of the shackle by as much as 30
percent. Shackles should never be welded on,
nor should pins be secured by welding. The
nuts on safety shackle pins are secured by a
small locking bolt, with two jam nuts to se-
cure the pin nut. The locking bolt can be
peened over if desired. This belt shall be ap-
propriately sized to ensure the head of the
locking bolt and the jam nuts are in contact
with the nut of the safety shackle. This belt
should not exhibit looseness of play. If
change out or breaking the shackle connec-
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Figure 4-10. Shackles.
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tion are anticipated during the tow it is good
practice to procure additional properly sized
locking bolts prior to getting underway. Cot-
ter keys should not be used in towing.

4-6.2 Other Connecting Links

It is often difficult to pass a safety shackle
through the opening in a link of chain. Alter-
native connecting devices when rigging chain
and wire pendants, bridles, include:

* Plate shackles (see Figure 4-10)

* Detachable links (Navy and Kenter
type)

* Detachable anchor connecting links
(pear-shaped or detachable end link)

Plate shackles shown in (Ref. I) (Figure I-16
through Figure I-18) are commonly used to
make connections to the flounder plate and
to connect chain and wire pendants.

Detachable links are similar in shape to chain
links, but can be disassembled into several
pieces (see Figures D-1 through D-3). This
allows the link to be used as a connection be-
tween chain and other components. Pear-
shaped links have one end that is smaller than
the other; they are used to attach components
of different sizes.

CAUTION

Never weld detachable links. The
welding process can weaken the
links.

NOTE

When inspecting chain, inspect the
detachable links to determine
whether they have been properly
assembled. The key slot must be in
the proper place and the match
marks must be identical and
matched. This is necessary be-
cause detachable links are hand-
fitted to ensure proper assembly
and full strength. All assembled
links should be visually inspected
and sounded.

The practice of welding detachable links
closed to assure security of the towing rig is
one that continually plagues towing com-
mands. This practice should never be
permitted. It is much safer and more cost-ef-
fective to use a hairpin to secure the tapered
pin in the link. This ensures that the link will
not come apart and simplifies the eventual
disassembly and re-use of the link. Details for
modifying detachable links for use with hair-
pins are contained in (Ref. D).

Detachable links should not be used in in-
stances where they might be subjected to
bending or twisting.

4-6.3 Wire Rope Terminations

Three types of wire rope terminations are
normally used in Navy towing applications:
swaged, spliced, and socketed (see Figure
4-11)

The wire rope swaging process attaches fit-
tings to wire rope by means of cold plastic
flow of metal under extremely high pressures.
The process uses hydraulic presses in con-
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Figure 4-11. Types of Wire Rope Terminations.

junction with suitable dies. The swaged fit-
tings are usually made of special alloy steels.
An advantage of this process is low cost and
high efficiency.

Swaged eyes are more common than spliced
eyes. Existing swaging technology is so high-
ly advanced that virtually all types of wire
rope terminations can be made. Properly
made swaged eyes develop 85 percent of the
strength of the wire. Swaged terminations are
applied only to wire rope with wire rope
cores. A fiber rope core wire can be swaged
by replacing the fiber core at the termination
with a strand of wire.

The second type of wire rope termination, the
hand-spliced eye, has less strength than the
breaking strength of the wire. For instance, 1
5/8-inch to 2-inch hand-spliced eyes have 75
percent of the breaking strength of the wire,
while 2 1/4-inch and larger wires have an ef-
ficiency of 70 percent. (See Table B-3 for
more details.) Nonetheless, hand-splicing en-
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joys continued popularity because of field re-
pair capability.

A subset of a wire splice is the use of wire
clips. This is the preferred over the hand-
splice because it can withstand 80 percent of
the wire’s breaking strength if completed
properly. Both the hand-splice and the wire
clip termination have less strength than the
breaking strength of the wire and should be
used only in an emergency (such as damage
to or loss of the normal end fitting). See Table
4-1 and Naval Ship’s Technical Manual
(NSTM) S9086-UU-STM-010, Chapter 613,
Wire and Fiber Rope and Rigging (Ref. F) for
the proper placement and number of wire
clips.

The third type of termination, the poured zinc
or Spelter socket, is very common and is pre-
pared in accordance with NSTM, Chapter
613 (Ref. F). This termination will withstand
100% of the rope’s breaking strength if pre-
pared properly. The end of the rope is seized
and the strands are unlayed all the way to the
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Figure 4-12. Towline Termination.

individual wires. This broomed end is insert-
ed into the socket and secured in place with
the poured zinc. Epoxy-type poured sockets
are not suitable for towing purposes.

CAUTION

Whenever a poured socket is in-
stalled on a wire rope, the condition
of the lubricant in the portion of the
rope near the socket should be
checked and new lubricant applied
to dry areas.

Sockets are of two types, open and closed
(see Figure B-8). The open socket is fitted
with a locking bolt and secured by a locking
bolt with two jam nuts. Frequently used. on
towing hawsers, the closed socket forms an
eye with a solid bail (see Figure 4-12). Figure
4-13 demonstrates using a safety shackle and
three standard pear-shaped detachables to

connect the standard hawser termination to a
wide range of chain sizes.

4-6.4 Synthetic Line Terminations

In general, the same methods are used for
splicing synthetic lines as for natural fiber
line. When splicing a synthetic fiber line,
however, exercise care to maintain the strand-
ed form. If this is not done, the strand will
collapse and form a bundle of tangled yarns.
Also, since the felting action (tendency to mat
together) of synthetic fiber is considerably
less than that of natural fibers, more tucks are
needed to produce a safe splice. This is gener-
ally true for lines of plaited construction. For
guidance in splicing single or double braided
lines, consult the manufacturer’s recommen-
dation or contact NAVSEA 00C.

The traditional standard end fitting for manila
was a tear drop wire rope thimble. With the
advent of high-strength synthetics, however,
the eye of the line could stretch sufficiently to
allow the thimble to capsize out of the eye. In
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NOTE

Three different pear-shaped de-
tachable links will satisfy all normal
chain connection requirements.

Figure 4-13. Pear-Shaped Detachable Links.
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addition, the higher strength of the synthetic
line caused thimbles to crush and fail. To re-
solve these problems, a variety of solid thim-
bles have been developed and have become
the standard end fittings used on synthetic
line. Figure 4-14 shows the approved Navy
standard thimbles.

4-6.5 Synthetic Spring

A spring is a line made of material exhibiting
elastic behavior. In towing, a spring absorbs
shocks due to dynamic loading of the towing
system; this is one reason that the ocean tow-
ing industry first became interested in nylon
and other synthetic fiber lines. Nylon re-
placed manila in hawsers and spring pendants
because of its superior elasticity and because
it is smaller, lighter, and easier to handle than
manila of similar strength. Polyester has re-
placed nylon (see Section 4-3.2) in most syn-
thetic line towing applications. (Ref. C) con-
tains more information on synthetic springs
and specifications for lines made of polyester
fiber that are approved for use as tow hawsers
and springs.

A synthetic spring is sometimes inserted be-
tween the towing pendant and the tug’s haw-
ser for dynamic load mitigation. Seen most
frequently in commercial towing, the spring
usually is a length of synthetic fiber rope,
spliced together, arranged into a grommet
(see Figure 4-15).

A grommet is fabricated by splicing a line to
form one continuous loop. The two sides of
the loop are pulled together around two thim-
bles, and seized with small stuff to form the
grommet or strap shown in Figure 4-15. The
line used to make the grommet must be sized
so the assembled grommet will have a total
safe working load that is equal to or greater
than the design load for the towing system.

Although the line is doubled in the grommet,
its strength is not twice that of a single line.
There are losses in strength in the splices, so
that the assembled grommet is only 0.9 times

as strong as twice the original breaking
strength. For this reason, the line used for the
grommet must have a basic breaking strength
equal to at least 5/9 of a single line spring in
order to have the same total strength when
fabricated into a grommet.

An alternative to the grommet arrangement
is the synthetic spring consisting of a length
of line with a standard eye splice in each end.
Each of these eyes will normally employ a
thimble. Since the spring is not doubled, the
line diameter must be greater than that used
in the grommet, but should be easier to han-
dle.

At present, there is no agreement on the
method to calculate the proper length of a
synthetic towing spring. Commercial opera-
tors generally use a spring of 200 to 400 feet
in length. For additional guidance on sizing a
synthetic spring, contact NAVSEA 00C.

For a 2-inch IPS fiber core hawser towing on
the brake a grommet made from 10-inch
circumference double-braided polyester
would be required. This would be determined
by applying the required factor of safety for
wire from table 3-2 which i1s 4, when used
with synthetic spring. Therefore the
maximum steady working load is 288,000 + 4
or 72,000 pounds. For a synthetic spring
(polyester), the factor of safety is 6. Thus a
single polyester spring, capable of handling
72,000 x 6 or 432,000 pounds is required.
Use in a grommet configuration will require a
strength of 432,000 x 5/9 or 240,000 pounds.
So, a 10-inch circumference double-braid
polyester line, with a specified breaking
strength of 277,000 pounds, will be required
for this grommet. The grommet’s weight per
foot in air is approximately equal to that of
the wire (6.74 vs. 6.72 1bs/ft), however, the
grommet will be far more bulky

4-6.6 Bridles

If the tow has a configurational, operational,
or directional stability problem that makes a
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Thimble with End Link Closed Thimble

Lock With Machine Bolt Secured
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Pins)

Synthetic Rope Thimble v Nylite Thimble

Figure 4-14. Synthetic Line End Fittings.
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Figure 4-15. Synthetic Line Grommet.

Pendant or Single Leg Rig

Bridle Rig (Wire/Chain)

Figure 4-16. Towing Rigs.

single pendant inadequate, a bridle should be
rigged (see Figure 4-16 and Figure 4-18).
Barges with square bows are rigged with
bridles because of the stabilizing effect
produced by pulling from both legs of the
bridle. Some barges have a hull form and/or
appendages that increase the directional
stability of the barge; these barges may be
rigged with a pendant, rather than a bridle,
attached on centerline. Chain is the preferred
material for bridles in deep ocean towing and
often complements or substitutes for the wire
pendant. Chain’s advantage over wire comes
from its greater weight per foot, which
deepens the catenary, and from its superior
resistance to chafing. As a rule of thumb, the
size of the chain to use for bridles and
pendants should be at least equal to the size of
chain used to anchor the tow. An exception is

for larger ships, where the 2 1/4-inch beach
gear chain carried by Navy towing/salvage
ships is appropriately sized for the power and
hawser size of these tugs.

The flounder plate, or fish plate, is a
component of a typical towing bridle. A
flounder plate is designed to distribute the
towing force of a tug’s hawser to the separate
legs of a bridle. The deployment of flounder
plates on typical towing rigs is described in
detail in (Ref. I). Flounder plate design is
detailed in Figures I-15.

For service craft up to 500 tons, the bridle
must be equal in size to the ship’s anchor
chain, but not less than 1 1/4-inch. For craft
greater than 500 tons, a minimum of 1 5/8-
inch chain shall be used. Ships do not need
chain larger than 2 1/4 inches when towed by
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NOTE

See (Ref. A) for additional examples
of bridle sizes of components.

Figure 4-17. Chain Bridles Using Plate Shackles and Safety Shackles.
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U.S. Navy tugs. More powerful commercial
tugs will require larger chain bridles. Non-
magnetic chain and attaching hardware shall
not be used for towing bridles. The length of
each leg of the bridle from the towing
attachment point to the flounder plate after
rigging is completed must be equal to or
greater than the horizontal distance between
the attachment points. The bridle apex angle,
defined as the angle between the two bridle
legs as measured from the flounder plate
vertex, shall be less than 100 degrees, with an
optimal angle between 30 and 60 degrees (see
Figures I-1, I-2, I-3 for an illustration).

All towing bridles, when rigged correctly,
must have a backup securing system. This is
normally accomplished by using wire rope of
appropriate size (able to lace through chain
links) and taking sufficient bights of wire from
a second securing point (bitts, heavy cleats,
etc.) and lacing the wire rope through the after
end of links in the chain bridle (no less than
four bights). Size and number of bights of wire
should equal the strength of the chain used in
the bridle. If a towing pad is used to connect
the bridle to the tow, the backup wires must be
laced through the portion of the chain that is
forward of the towing pads. The securing point
should be aft of the towing pad to prevent
snap-loading. If a set of mooring bitts is used
as a securing point for the bridle on the tow,
the wire should be laced thorough the chain
links that remain astern of the bitts after the
three or more “figure eights” are secured on
the bitts. There must be a sufficient number of
wire clips (see Table 4-1) on each bitter end of
the backup wire, aligned in the same direction
(See (Ref. I) and (Ref. J) for tow rig design
plans.)

It may not always be possible or practical to
rig a backup system (i.e., submarine towing).
In these cases, additional analysis of the main
towing attachment may reduce the risk. Where
possible, the attachment should be designed

to a breaking strength well in excess of the
other components.

On some ships with large bows (e.g., CV, AD,
AOR, or AFS) it may be necessary to rig a
one- or two-shot chain pendant between the
bridle flounder plate and the towing hawser.
Both bridle legs should be the same size and
length and should be checked by counting the
links when rigging is complete. All detachable
links in the bridle legs and chain pendant must
be locked with a hairpin (see Section 4-6.2).

Because chain and wire bridles and pendants
are often subjected to wear and abrasion dur-
ing towing, it is recommended practice to
“over design” to allow for wear, particularly
for long tows. Tables in (Ref. B) and (Ref. D)
provide the breaking strength and weight per
foot of various types of wire and chain. These
tables can be used together with the calculat-
ed towline tensions and factors of safety ob-
tained from Table 3-2 to determine whether
the available selected wire or chain is suffi-
ciently strong.

Sometimes a heavy wire is used as a bridle
for short tows or emergency situations, but
special care is required to minimize chafing
of the wire and damage to the structure from
the wire’s extremely hard material. If the hard
point is a considerable distance from the fair-
lead, a fairly short length of chain, sufficient
to ride in the fairlead, may be used to save
weight and sometimes to simplify the final
connection to the tow, such as when using
bitts as the hard point.

4-6.7 Pendants

A pendant is often used between the tow and
towing hawser to facilitate the rigging problem
of connecting heavy components. This is
called a “lead” or “reaching” pendant. The
lead pendant usually is wire rope and should
have the same breaking strength as the main
hawser unless it is intended to be the safety
link, in which case it will be of lower strength
(see Section 4-7 for information on the “safety
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link” concept). The pendant may be up to 300
feet long to permit connection/disconnection
on board the tug, while maintaining a safe
standoff under heavy weather conditions. Of-
ten, the arrangement of the tension member
that extends outboard of the bow of the tow is
such that chafing could occur. If a wire rope
pendant is used in this case, it must be care-
fully protected from chafing, or a portion of it
must be replaced with chain to provide chafing
protection.

Chain pendants frequently are employed
when using a single-leg attachment between
the hawser and tow. This attachment general-
ly runs through a centerline bullnose, chock,
or fairlead near the tow’s centerline. A chain
extending forward from the apex of a towing
bridle is also called a lead chain. The purpose
of the lead chain is to add weight to the end of
the towline system. This improves the spring
in the system by increasing the towline’s cat-
enary. Sometimes the chafing/lead chain is
the tow’s anchor chain, which can be veered
to the desired total length. During emergency
tows of merchant ships, the tow’s anchor
chain is frequently used as a tow pendant.

A wire lead or reaching pendant is frequently
used with a chain pendant to simplify con-
necting up the tow.

4-6.8 Retrieval Pendant

A retrieval pendant is a wire rope leading
from the deck of the tow to the end of the
towing pendant or flounder plate. The retriev-
al pendant facilitates bringing the tow gear
back onto the foredeck of the tow so it will
not drag the seafloor or foul the ship’s ap-
pendages when the tow is disconnected. The
retrieval pendant often is handled on the deck
of the tow by a hand-powered winch or a
deck capstan. It must be capable of being
handled by the riding crew or by a boarding
party put aboard the tow. The wire must be
strong enough to lift the flounder plate, bri-
dle, and/or pendant, but it is not intended to
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be exposed to towing loads. Examples of re-
trieval pendant rigging are shown in Figures
4-16 and 4-18 and throughout (Ref. I).

To size a bridle retrieval pendant, use a 4:1
safety factor for lifting bridle weight but no
less than 5/8-inch wire rope.

4-6.9 Chain Stoppers, Carpenter Stop-
pers, and Pelican Hooks

The term “stopper,” as used in seamanship,
describes a device or rigging arrangement
that is used to temporarily hold a part of run-
ning rigging or ground tackle that may come
under tension. There are many types of stop-
pers and methods of attaching them to the
tension members. Most stoppers cannot be re-
leased under load and require the held line to
be heaved in to slack the stopper and allow its
removal. Some stoppers, however, such as
the pelican hook and carpenter stopper, can
be released when under load.

In towing applications, the stopper is usually
connected to the deck pad by means of chain
shackles. It is used to hold a towing pendant
on deck during the hookup and breaking of a
tow. A chain stopper is sometimes employed
as a quick-release device (see Figure 4-18).
Stoppers are nominally rated to hold a mini-
mum of 60 percent of the breaking strength of
the chain or wire for which they have been
designed. This must be considered in their
use. It is important not to confuse chain stop-
pers with pelican hooks. Pelican hooks are
significantly weaker than chain stoppers of
the same nominal size and are unable to grasp
the chain in the desired manner.

Pelican hooks can be used to grasp chain
through a long link attached to the bitter end
of a chain. They cannot grasp a chain in the
middle like a chain stopper can (see Figure
4-18). They can be used as quick release de-
vices, although they do not have the holding
strength of chain stoppers.

Carpenter stoppers are used when it is neces-
sary to develop a grip on a wire rope and hold
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Table 4-1. U-Bolt Clips.

§_R SSIE

WRONG WAY CLIPS REVERSED

Recommended Method of Applying U-Bolt Clips to Get Maximum Holding Power of the Clip. The following
is based on the use of proper size U-Bolt clips on new rope.

1. Refer to the Table 4-1 (part 2) in following these instructions. Turn back specified amount of rope from
thimble or loop. Apply first clip one base width from dead end of rope. Apply U-Bolt over dead end of
wire rope with live end resting in saddle. Tighten nuts evenly, alternating form one nut to the other until
reaching the recommended torque.

2. When two clips are required, apply the second clip as near the loop or thimble as possible. Tighten nuts
evenly, alternating until reaching the recommended torque. When more than two clips are required, apply
the second clip as near the loop or thimble as possible, turn nuts on second clip firmly, but do not tighten.
Proceed to Step 3.

3. When three or more clips are required, space additional clips equally between first two - take up rope
slack - tighten nuts on each U-Bolt evenly, alternating form one nut to the other until reaching recom-
mended torque.

4. Prior to use, apply a load to test the assembly. This load should be of equal or greater weight than loads
expected in use. Next, check and retighten nuts to recommended torque.

In accordance with good rigging and maintenance practices, the wire rope and termination should be inspected
periodically for wear, abuse, and general adequacy.

Inspect periodically and retighten to recommended torque.

A termination made in accordance with the above instructions, and using the number of clips shown in part 2
of this table, has an approximate 80% efficiency rating. This rating is based upon the nominal strength of wire
rope. If a pulley is used in place of a thimble for turning back the rope, add one additional clip.

The number of clips shown in part 2 of this table is based upon using right regular or lang lay wire rope, 6 x 19
classification or 6 x 37 classification, fiber core or IWRC, IPS or EIPS. If Seale construction or similar large
outer wire type construction in the 6 x 19 classification is to be used for sizes 1 inch and larger, add one addi-
tional clip.
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Table 4-2. Applying U-Bolt Clips.

Clip Size Minimum Amount of Torque Weight
Number of Rope to Ft./Lbs. (Lbs. per
Clips Turn Back 100)
(Inches)
1/8 2 31/4 4.5 6
3/16 2 33/4 7.5 10
1/4 2 43/4 15 20
5/16 2 51/4 30 30
3/8 2 61/2 45 47
7116 2 7 65 76
1/2 3 11 1/2 65 80
9/16 3 12 95 104
5/8 3 12 95 106
3/4 4 18 130 150
7/8 4 19 225 212
1 5 26 225 260
11/8 6 34 225 290
11/4 7 44 360 430
13/8 7 44 360 460
11/2 8 54 360 540
15/8 8 58 430 700
13/4 8 61 590 925
2 8 71 750 1300
21/4 8 73 750 1600
21/2 9 84 750 1900
23/4 10 100 750 2300
3 10 106 1200 3100
31/2 12 149 1200 4000

If a pulley (sheave) is used for turning back the wire rope, add one additional clip.

If a greater number of clips are used than shown in the table, the amount of turnback should be increased

proportionally.

The tightening torque values shown are based upon the threads being clean, dry, and free of lubrica-

tion.

Above values do not apply to plastic coated wire rope.
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it to the breaking strength of the wire (see Fig-
ure 4-19). Advantages of the carpenter stopper
include its quick application and release, abili-
ty to develop full tension without damage to
the wire, and low maintenance requirements.

WARNING

Old-style carpenter stoppers
with smooth covers are con-
demned and should not be used.
These old models are made of
cast metal and are subject to ex-
plosive brittle fracture upon im-
pact. Serious injury to personnel
may result from flying frag-
ments.

CAUTION

A carpenter stopper should not be
used unless it is specially designed
for the lay, helix, number of
strands, and diameter of the specif-
ic wire rope. The stopper and the
wire should both be clean and free
from sand or other abrasives.

Three types of carpenter stoppers have been
used in the U.S. Navy:

* The “old WWII” style
* The “improved 1948 style
* The “modified-improved 1968 style

Only the last style listed is approved. It can be
identified by four heavy ribs on the hinged
cover and will have a Boston Naval Shipyard
test date of 1968 to 1973 or be manufactured
by Baldt after 1973.

Refer to (Ref. E) for more information on the
use of stoppers.

4-6.10 Chafing Gear

Chafing gear is usually used to reduce wear
on both the hawser and the tug’s structure.
Chafing gear includes materials such as mats,
battens, strips of leather, canvas, grease,

worming, parcelling, roundings, and serving
(see Figure 4-20). Material specifically man-
ufactured for chafing gear is also available
and works very well. These materials lessen
or prevent towline chafing and are applied at
the point where the towline crosses the stern
rail or other structure.

Another method to control chafing is to peri-
odically adjust the scope of the wire to reduce
the wear on any one point. The amount of
time between adjustments will depend on the
behavior of the tow and the sea state. This is
called “nipping” the wire or “freshening the
nip.”

4-7 Fuse or Safety Link Concept

A safety link, sometimes called a fuse pen-
dant, is the point or component in every tow-
ing rig most likely to fail at a predicted load.
A safety link is analogous to a safety valve or
a circuit breaker. The safety link’s primary
characteristic is its predictability; it ensures a
known location and mode of towing system
failure in event of an overload. The safety
link should not fail under the anticipated ten-
sions of a planned tow. Tow preparing activi-
ties should identify the safety link of the sys-
tem and provide that information to the
officer responsible for the tow so that design
limits are not exceeded.

Since every rig will have a weakest point, it is
often prudent to intentionally incorporate a
safety link to protect a critical portion of the
tow system, usually the hawser, from a possi-
ble overload. A wire rope pendant is usually
selected as the safety link, and is sized to
have a 10 to 15 percent lower breaking
strength than the main tow hawser. If a tow-
ing system overload occurs, the failure will
not damage the tow hawser and it can be re-
connected.

The breaking strength considers the hydrody-
namic resistance of the towline, which creates
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WARNING

Do not confuse pelican
hook with chain stopper.

Figure 4-18. Pelican Hook and Chain Stopper.
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Note Ribs
on Cover

Figure 4-19. Carpenter Stopper.
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a higher tension at the tug end of the hawser.
Such pendants should never be subjected to
chafing or other unusual service.

CAUTION

Since the safely link is the weakest
point in the tow system, this will de-
termine the safe working load. Tow
planners must ensure the safety
link is capable of withstanding all
expected loads.

4-8 Line Handling Devices

WARNING

Motions of the tug and tow can
cause the towline to change po-
sitions rapidly and without warn-
ing. Personnel must be aware of
the potential danger of a sweep-
ing towline and remain clear of
all areas that may be within this
sweep.

Towing requires extensive manipulation of
line. Virtually all of the line used in towing
operations is far too heavy to be handled by
anything other than machines and unique de-
vices that have evolved in towing practice.
The following sections detail the function of
line handling devices used in towing.

4-8.1 Caprails

CAUTION

Whenever the surface of a caprail
becomes rough, steps should be
taken to repair or replace it to pro-
tect the hawser. Caprails should be
kept free of any nicks or burrs.

The caprail is the riding surface on top of the
bulwark (see Figure 4-21). The tow hawser
bears on the stern caprail as it passes astern of
the tug and enters the water. Caprails are in-
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stalled in several configurations. They can be
fabricated from pipe or plate. On newer tugs,
they have large radius surfaces contoured to
the tug’s deck layout. It is important to keep
the caprail smooth and free of nicks and burrs
that damage both synthetic and wire hawsers.
In current design practice, the bearing surface
of the caprail is hardened to a minimum
Rockwell C hardness of 40 to 50.

4-8.2 Towing Bows

Towing bows are transversely installed
beams or pipe that bridge the caprails on the
afterdeck of the tug (see Figure 4-22). Their
function is to keep the towline clear of all
deck fittings and to furnish a protected area
below the sweeping tow hawser where per-
sonnel can pass safely.

4-8.3 Horizontal Stern Rollers

Horizontal stern rollers minimize chafing
during heave-in and payout (see Figure 4-20).
A stern roller is a large-diameter roller, set in
the stern bulwarks on the centerline and
faired to the caprail. The roller rotates with
the movement of the wire, constantly chang-
ing the contact point. This movement spreads
the wear from the wire. Because it is also
hardened, it resists scoring and thus provides
a smooth surface on which the wire rides. The
ARS 50 Class is not equipped with horizontal
stern rollers. Instead they have a large-radius,
hardened steel transom that minimizes wear
on the hawser.

Chafing gear should be used even if stern
rollers are available. When towing with a
constant towing scope, chafing comes from
port/starboard movement of the wire. Hori-
zontal stern rollers do not reduce chafing in
this manner.

4-8.4 Capstans and Gypsy Heads

Capstans rotate on vertical shafts and are used
for line handling, but not as towing machines
(see Figure 4-23). The prime mover of a cap-
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Figure 4-20. Chafing Gear and Stern Rollers.
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Figure 4-21. Caprails.
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Figure 4-22. Towing Bows.
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stan is often located below deck. This permits
the capstan to be mounted so that the line
travels relatively close to deck level. A gypsy
head, which is similar to a capstan, rotates on
a horizontal shaft and is usually powered as
an auxiliary of a winch. Gypsy heads, like
capstans, are used for line handling, but not
for towing.

4-9 Sweep Limiting Devices

Sweep limiting devices restrict the horizontal
sweeping of the wire across the fantail.

WARNING

The vertical stern rollers and
Norman pins onboard the ARS
50 Class ships will drop when a
load of 50,000 pounds or more is
applied to mid-barrel height. The
resulting uncontrolled sweeping
of the towline may injure person-
nel or damage equipment.

4-9.1 Vertical Stern Rollers

Vertical stern rollers tend the towline during
heave-in and payout, and during long-dis-
tance straight towing by preventing the wire
from sweeping across the deck and rail. On
newer ships, the stern rollers or pins are nor-
mally operated hydraulically from a remote
location (see Figures 4-24 and 4-25). On-
board the T-ATFs, the hook-shaped items on
either side (just outboard of each vertical roll-
er) are hydraulically operated “capture
hooks,” often used instead of the vertical roll-
ers to provide lateral restraint for the towline.
On the ARS 50 Class, the vertical stern roll-

ers drop when the side force at mid-barrel
height exceeds 50,000 pounds.

CAUTION

Using vertical rollers may put the
tug “in irons,” seriously limiting the
tug’s maneuverability.

The presence of the towline in the stern roll-
ers limits the maneuverability of the tug be-
cause it moves the tow point from the H-bitts
back to the caprail.

NOTE

Stern rollers should be properly
maintained and lubricated to en-
sure rotation and smooth surface
conditions. Rollers can become fro-
zen and their surface areas
grooved and scored from towline
wear. Such conditions directly con-
tribute to the abnormal wear of the
towline.

Vertical stern rollers act as a fairlead for the
towing machine. The long distance between
the stern rollers and the towing machine en-
ables the tow hawser to naturally reel itself on
to the drum and the level wind performs only
light duty. The stern rollers are normally used
to capture the hawser and to assist when pick-
ing up or disconnecting a tow. The vertical
rollers may limit the amount of lateral move-
ment that the tow hawser receives as the tow
yaws from port to starboard.

Vertical stern rollers are designed only as a
fairlead device and cannot structurally with-
stand loads of the magnitude of which the H-
bitts is capable. Strong side loads commonly
seen in towing situations could very easily
carry the assembly away. On the ARS Class,
the rollers will fold down to their stowed po-
sition at the lateral load of 50,000 pounds ap-
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Figure 4-23. Capstans and Gypsy Head.
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Figure 4-24. Stern of T-ATF 166 Class.
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Figure 4-25. Stern Rollers (ARS 50 Class).

plied at mid-roller height. The towline is usu-
ally restrained in a stern roller assembly only
under light sea conditions. The vertical stern
rollers should always be dropped when ma-
neuvering in restricted waters or rough seas.

When the towline rides against a vertical
stern roller, it is being bent over a small radi-
us. This causes towline fatigue and possible
failure at a lower load. Chafing gear is re-
quired on the towline when it is scheduled for
long periods in the stern roller. Slacking off a
few inches, or “freshening the nip” regularly,
is a good practice to reduce wear on the wire.
Wire grease is often used to reduce chafing at
these hard points. This is especially true when
using a capture hook (as on a T-ATF) because
there is little room for chafing gear.
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4-9.2 Norman Pins

The primary function of Norman pins is to
limit the arc of sweep across the stern (see
Figures 4-26 and 4-27). Norman pins also
help keep the hawser out of the propellers
during slack wire conditions. Ocean tugs gen-
erally are provided with sockets along their
aft bulwarks into which Norman pins are fit-
ted. Some tugs have two sets of Norman pins,
with one set that may be inserted into the
stern caprail.

Retractable or movable Norman pins have
various designs, ranging from simple, remov-
able round stock or pipe to remote controlled,
hydraulically operated devices. On older
ships, the round pins could be removed from
any socket and moved to another location.
This necessitated personnel moving about on
the fantail and thus being subject to hazards;
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Figure 4-26. Norman Pins.
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with remote control, the procedures are now
safer. Newer tugs and salvage ships, such as
the ARS 50 class, have remote controlled, hy-
draulically operated Norman pins in fixed lo-
cations. On board the ARS 50 class, the Nor-
man pins are set to drop when the lateral force
at mid-barrel height exceeds 50,000 pounds.
The hazard potential is formidable. When the
pins start inclining toward the horizontal, the
wire (with 25 tons force propelling it) can
jump the pin and sweep forward.

Current design practice requires that the wire
bearing surface of the Norman pins be hard-
ened to a minimum Rockwell C hardness of
40 to 50.

4-9.3 Hogging Strap

CAUTION

A hogging strap may be necessary
to prevent the towline from jumping
the stern rollers when towing a
high-bowed ship at short stay. A
hogging strap may be subject to
excessive vertical loads. Care
should be taken not to part the
strap. Failure of a hogging strap
may result in the loss of tug control
or ranging up by the tow.

The hogging strap limits the relative move-
ment between the towline and the stern in
both vertical and horizontal planes (see Fig-
ure 4-28). Movement in the vertical plane is
caused by the stern of the tug dropping faster
than the towline or by a tow ranging up. A
hogging strap can be attached to the towline
with a shackle or a special saddle-like fitting.
The limitation of the shackle is the high con-
centration of load it imposes on the hawser to
which it is attached. Saddle-like fittings are
preferred because they have larger radii; this
increases the area of contact and distributes
the load over a wider arc.
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Because the hogging strap transfers the tow
point aft from the H-bitt, it can cause reduced
maneuverability.

4-9.4 Lateral Control Wire

A lateral control wire is similar in
configuration to the hogging strap, but it has
the added feature of variable scope. Instead of
a fixed-length strap holding the towline to the
deck, a snatch block is secured to the deck
and the lateral control wire is led through it to
a deck winch, lateral control winch, or
capstan. In this manner, the line can be fully
slacked to let the towline sweep free or can be
taken in to give either partial or full snugging
like a hogging strap. The lateral control wire
is helpful in keeping the towline out of the
propellers during slack wire conditions.

A dedicated lateral control winch, limited to
approximately 2,000 pounds straight line
pull, is available on the ARS 50 Class ships.

Like the hogging strap, the lateral control
wire moves the tow point aft and can limit
maneuverability.

4-10 Cutting Gear

Most Naval ships are equipped with oxy-acet-
ylene cutting equipment. Additionally, some
tugs and most salvage ships are equipped
with hydraulic cutters.

WARNING

Wire rope stretches far less un-
der load then most natural and
synthetic fiber lines. If it fails un-
der high loads, wire rope has a
smaller zone of danger to by-
standers if loose ends “snap
back.” The elongation under
load is sufficient, nonetheless,
to be dangerous. The recoil can
be extremely violent and all per-
sonnel should stay well away
from any potential recoil path.
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Figure 4-27. Norman Pin Use.

For cutting chain, the oxyacetylene or exo-
thermic cutting equipment is most suitable;
hydraulic cable cutters may be better for cut-
ting wire. Personnel safety is paramount
when cutting any member of the tow assem-
bly; therefore, every effort should be made to
reduce the tension. This is particularly true
when cutting wire and synthetic lines. The
greater the distance between the person doing
the cutting and the cutting point, the greater

the safety factor. Securing the cutting torch to
a boat hook is a good practice. Seizing a wire
hawser on both sides of the intended cut is al-
so a prudent measure. Cutting a synthetic line
with an axe is hazardous and should not be
done under tension. The use of stoppers to
control snap-back decreases the hazards in-
volved when cutting any chain, wire or syn-
thetic line.
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Chapter 5

TOW PLANNING AND
PREPARATION

5-1 Introduction

Because each tow is unique, the planning,
preparation, and execution have to be careful-
ly worked out each time. Tow preparations
must be meticulous, uncompromising, and
farsighted. Fleet Admiral Nimitz provided a
valuable guide for any ship operation when
he said:

“The time for taking all measures for a ship's

safety is while still able to do so. Nothing is
more dangerous than for a seaman to be
grudging in taking precautions lest they turn
out to be unnecessary. Safety at sea for two
thousand years has depended on exactly the
opposite philosophy.”

Incidents involving loss of tows have demon-
strated an absolute need for a thoroughly
professional approach to towing. Tows have
been damaged and lost by inattention to the
basic principles of proper planning and prepa-
ration. The plan must cover all aspects of
the tow and anticipate worst case scenarios.
Planning a tow includes training personnel,
practicing basic procedures, and devising safe
evolutions.

This chapter discusses tow planning and pre-
paration in general terms.

5-2 Lessons Learned

As Naval towing has evolved, several obvi-
ous lessons have been learned. A list of these
lessons first appeared in the first Navy towing
document, COMINCH P-03, and are as valid
and meaningful today as they were in 1944
when the document was published. The docu-
ment noted that in the planning and task

analysis for towing operations, avoid the fol-
lowing situations when possible:

» Keeping tugs waiting while tows are
being prepared or disposed of after the
mission has been accomplished. In this
connection, when the draft of the tow-
ing tug is too great for the depth of the
water at either terminal, advance ar-
rangements should be made to deliver
or to take over the tow before the arriv-
al of the deep sea tug.

* Employing large tugs to do work that
available smaller and less powerful or
less seaworthy tugs can do.

* Employing small tugs to undertake
work beyond their capacity.

* Employing tugs designed or especially
suited for combat zone duty in rear ar-
eas. Large salvage tugs are well suited
for combat towing and for emergency
salvage or fire fighting in combat areas.

* Employing tugs that cannot survive
moderate damage in forward combat
areas. Survival factors include stability,
reserve buoyancy, and subdivision, as
well as being armed to ward off attacks
by enemy planes.

* Routing tugs with large tows over areas
where the water is too shallow for the
hawser’s catenary. Arrangements
should be provided for shortening the
towline where necessary. Tows are fre-
quently lost or involved in difficulties
due to the towline fouling on sub-
merged objects.

* Unnecessarily employing tugs for
standby duty on salvage or rescue oper-
ations. Tugs should not be ordered to
stand by unless there is a definite possi-
bility that their services may be needed
and they are capable of rendering the
service likely to be required.
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* Diverting rescue tugs from areas where
tugs equipped with rescue facilities,
such as salvage or fire fighting, may be
required.

* Employing tugs for tows that could be
undertaken by other craft scheduled to
make the same passage, or by a ship
that could be more easily made avail-
able than a tug.

5-3 Staff Planning

The underlying issue of staff planning is se-
quencing all the required aspects of preparing
the tow. Orchestrating preliminary, opera-
tional, and post mission requirements is a
fleet or group staff planner’s mission. Care
must be taken in planning a tow to select the
proper gear and deciding on a route and de-
parture date. In doing so, a tug may avoid ad-
verse weather conditions that might subject
the towing systems to loads that exceed its
safe working load.

5-3.1 Towing Ship Selection

In an ideal world, the staff planner would be
able to match tug characteristics to the type of
tow to perform the tow in a cost effective
manner. Because the fleet has been reduced
in size, planning appears to be easier because
the potential combinations of choices is fewer
with fewer towing assets. In reality, planning
is more difficult because the staff planner of-
ten cannot properly match the size and resis-
tance properties of the towed vessel to the
horsepower and bollard pull of the towing
vessel. Fleet planners are sometimes forced to
improperly size the ocean tug to the tow.
Consequently, the only vessel available to
tow a small, low resistance hull may be the
largest and most powerful ocean going tug in
the fleet. In many cases, routine tows not re-
quiring the capabilities and manning of a fleet
salvage tug can be contracted through MSC.
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This reserves the fleet salvage tug for opera-
tions for which it is best suited.

5-3.2 Operational Considerations
5-3.2.1 Support

The staff planner must determine what sup-
port will be required for the tow at the point
of origin, en route, and at the point of debar-
kation. Included in support considerations are
industrial support required for preparing the
towing rig, temporary berthing and messing
for riding crews, refueling, provisioning, re-
turn of any special issue equipment, tasking
orders, and the logistics of tug assist for get-
ting underway and disconnecting. Many of
these functions may be passed to the towing
ship Commanding Officer.

5-3.2.2 Manned Tows

The tow sponsor is responsible for providing
riding crews for the towed vessel. While di-
rect financial support for riding crew trans-
portation, messing, and berthing also resides
with the tow sponsor, there are aspects of a
riding crew that have to be integrated into the
planning process for the towing ship. Staff
planners will determine:

+ Ifthere is a need for joint training of the
riding crew with the towing ship’s crew
for a special tow

* If the riding crew will be berthed on the
towing vessel

* How long before the tow departure the
riding crew will have to be temporarily
assigned to the towing ship.

5-3.2.3 Tug Selection

When selecting a tow ship and support crew,
consideration must be given to any anticipat-
ed complications of the tow. For instance, if
damage control or salvage may be required,
(towing a rescued vessel) experienced sal-
vage personnel are essential. A fleet salvage
vessel should be selected or a similar vessel
supplemented with a salvage crew. Commer-
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cial tow ships have limited manning, and al-
though capable, may be insufficient in num-
ber to perform all required tasks without
additional personnel.

5-3.2.4 Unsuitable Tows

Many ships are unsuitable to be towed in the
open ocean. Table 5-1 lists vessels that are
not recommended for open ocean towing,
along with supporting rationale as to why
they do not qualify. Of course, any vessel can
be towed, but the vessels listed in Table 5-1
cannot be towed without serious risk. These
craft can be made safer by correcting the dis-
qualifying condition, but in their normal op-
erational configuration, they should not be
towed in the open ocean.

5-3.3 Selecting the Navigation Track

The transit course should be determined using
pilot charts as an aid. Locations along or near
the track where a lee can be found should be
noted. These can be utilized, when practica-
ble, to effect inspection, repair the tow, or
take shelter in heavy weather. Routine navi-
gational issues must be reviewed in the con-
text of having a vessel in tow. Pilot charts,
navigational charts and Fleet guides must be
consulted for any restrictions for towing in
general, as well as the particular tow. The
Navigator shall be familiar with charts of all
areas to be crossed, including potential safe
havens. He shall account for geographic fea-
tures such as lees of headlands, effects of riv-
er outflows, and tidal currents to determine
the relative safety of a particular haven.
When entering a safe haven, the Navigator
shall be aware of water depths where the tow
wire may snag, and stand ready to recom-
mend shortening the towline as required.

An early consideration in selecting the
navigation track is the predicted weather en
route. Frequent contact should be made with
the Naval Meteorogical and Oceanographical
Center (NMOC) to maintain an up-to-date
weather picture, and adjusted track

accordingly. Anticipated heavy weather
could require selecting a larger, more
powerful towing asset. The towing command
will use the Optimum Track Ship Routing
System (OTSR) to predict the weather along
the planned navigational track and make any
changes to the track that adverse weather
dictates. A longer course on a favorable
weather track should be selected in favor of a
shorter one with unfavorable weather. Little
time is gained by taking a shorter track
through bad weather.

Once the navigation track has been selected,
calculate total distance and estimate fuel re-
quired for the type of tow. If refueling is re-
quired either at the tow termination or en
route, contingencies must be formulated early
in the planning process.

It should be clearly understood in advance by
any vessels taking the towed vessel into its
berth how close to shore the ocean tug ex-
pects to remain connected. The towing vessel
must hand off the tow to harbor tugs and pi-
lots and pilot’s vessels at some point before
mooring. If there is confusion, an accident
may occur. Conversely, it should be under-
stood how far from shore the harbor tugs are
prepared to retain charge of the tow. Both
parties should advise of any weather and sea
condition limitations on their abilities. If pos-
sible, a meeting of all vessel captains in-
volved (tow ships and harbor tugs) should be
conducted prior to getting underway. All
transfer procedures and special requirements
can be worked out at this time.

5-4 Towing Responsibilities

Primary commands involved in a towing op-
eration are the tow sponsor and the towing
command. Frequently the sponsor will task
and fund an assisting command to perform
some of the tow preparations. This section
details the definitions, interrelationships, and
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Table 5-1. U.S. Navy Craft Not Recommended for Open-Ocean Tows.

CRAFT
CLASSIFICATION

REASONS FOR
NON-RECOMMENDATION

LCU, YCU Landing Craft
LCMS8, LCM6 Landing Craft
YFU, UFB, LWT

Low freeboard. Light construction of bow
door locking mechanism. Structure can be
strengthened to reduce risk.

YFNG, YFNX Lighter,
YNG Gate Craft,
YSR Sludge Removal Craft

All have deck-mounted equipment which
requires installing special protection before
towing.

YPD Pile Driver,
YD Crane
LSMR

All tend to be top-heavy (have high center
of gravity) and may also have poor water-
tight integrity. Topside high weights may
require removal and stowage prior to open-
ocean towing to attain adequate stability.
All require special preparations.

YSD (formerly
Seaplane Derrick),
YM Dredge

Low freeboard and high weights reduce
sea-keeping ability. Weights may require
removal and stowage to improve stability at
sea.

YTL Small Harbor Tug
PTF Patrol Boat

Hulls considered too small for open-ocean
tows. Should be transported as deck cargo.

Mini-ATC, LCPL
MK2, MK3, MK4, MK5
personnel boats

Low freeboard. Light construction with
poor watertight compartment and weak to
no attachment points for towing.

MK1, MK2 65’ utility
boats, MK4 50’ utility
boat, MK3, MK4 40°
utility boats

Low freeboard. Deck mounted equipment.
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specific responsibilities of the parties in-
volved in a towing operation.

5-4.1 Sponsoring Command Responsi-
bilities

The sponsoring command is the command
requiring a tow, and is responsible for prepar-
ing the tow for sea. Basic responsibilities of
the sponsoring command include:

» Reviewing applicable Type Command-
er and Fleet CINC numbered instruc-
tions and operational orders

* Preparing the tow
+ Assembling towing rig

* Completing Certificate of Seaworthiness
(see Appendix H)

* Determining when there is a riding
crew requirement

* Designating a receiving activity

* Returning all towing equipment, in-
cluding towing bridle, to preparing ac-
tivity or tow originator once the tow has
been completed.

* Towing machine/towing winch certifi-
cation

* Tow hawser certification

» Commercial vessels (U.S. Coast Guard
Inspected) - Master’s Towing Certifi-
cate

5-4.2 Towing Command Responsibilities

The towing command is the command that
performs the tow. The Commanding Officer
or Master is responsible for:

* Determining sailing date and time
* Determining the transit route

* Selecting towing rig and determining
trim conditions

* Inspecting and accepting the tow

* Maintaining and protecting the tow dur-
ing transit

* Delivering the tow and obtaining a re-
ceipt from a receiving activity

5-4.3 Assisting Command
Responsibilities

An assisting command is often a naval ship-
yard, private shipyard (through the cognizant
Supervisor of Shipbuilding, Conversion &
Repair, SUPSHIP) or Naval Station. Assist-
ing command responsibilities may include:

* Designing a towing hawser system

* Installing temporary towing hard points
on the tow

* Installing temporary alarms or electri-
cal systems on the tow

* Supplying a riding crew

* Providing temporary messing and ber-
thing for a riding crew at ports of em-
barkation and debarkation

5-5 Review Instructions and
Operational Orders

An important preliminary step in any tow is a
review of pertinent instructions that govern
the type of towing to be performed. Fleet and
Type Commander instructions are provided
for general towing procedures and periodic
reporting procedures to be followed during
the tow. Specific guidance may also be pro-
vided for a particular type of tow, such as
NAVSEAINST 4740.9 (Series) for towing
defueled, nuclear powered submarines. Oper-
ational tasking, such as a Letter of Instruction
sent via naval message, will also be provided
to any vessel performing a tow. All governing
instructions should be reviewed for applica-
bility to the unique tow being performed.

5-6 Riding Crew Requirements

A riding crew can add immeasurably to the
general safety of the tow. The Navy com-
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mand requesting a tow should make a recom-
mendation after considering personnel safety
and the value of the tow. Safety consider-
ations must be based on the crew’s influence
on tow safety rather than the tow’s influence
on crew convenience. Value of the tow can be
either its replacement cost; value of its safe
and timely delivery; or cost of consequences
of loss from a tactical, strategic, or public re-
lations standpoint.

Rescue tows should have personnel on
board, if possible, to make the tow connec-
tion and to respond to changes in the tow’s
material condition. A riding crew can also re-
spond to emergencies such as fire, flooding,
hawser or bridle chafing, and towline loss.
The tow must be adequately supplied and
equipped to support a riding crew. Crew ac-
commodations should include berthing,
messing, and sanitary facilities, all of which
must be properly ventilated.

Under normal conditions, most planned
point-to-point tows are undertaken without a
riding crew. All tows can be unmanned if
properly planned.

Riding crews shall be limited to personnel re-
quired for maintenance and security during
the voyage.

Approval to assign a riding crew must come
from the Fleet Commanders-in-Chief
(CINCs) in accordance with existing direc-
tives. Factors governing a decision to assign a
riding crew include:

+ Safety of the riding crew

» Reduction of risk of towed ship loss by
assigning a riding crew

» Material condition of the tow

* Flooding alarms and other monitoring
devices installed on board

See section 5-7.1 for more considerations.

5-7 Preparing the Tow

A tow’s hull design may require taking nu-
merous steps in preparing to tow. Examples
include cranes, pile drivers, dredges, dump
scows or other equipment designed for oper-
ation in sheltered waters. Preparing the tow
may include removing high weights, secur-
ing booms, dredge ladders, and other deck
structures; adding or removing ballast or ad-
justing trim; stiffening the hull and perform-
ing other functions. Heavy welded brackets
must be used to secure heavy movable ob-
jects and a tow should always be secured for
the worst sea conditions. Expect large angles
of roll and pitch and secure all heavy objects
accordingly.

Hulls not considered seaworthy for open-
ocean tows should be transported as deck car-
go or on board a floating dry dock, semi-sub-
mersible vessel, or LSD type ships.

5-7.1 Installing Flooding Alarms, Draft
Indicators, and Other Alarms

All unmanned tows shall be equipped with
flooding alarms. Flooding alarms indicate to
the towing ship that there is a problem with
the tow, allowing corrective action to be tak-
en before the tow sinks. The tow preparing
activity is responsible for installing flooding
alarms. Unmanned tows must be equipped
with high and low alarms rigged with multi-
ple bulbs, and independently wired flooding
alarm lights in all major compartments clos-
est to the keel.

A schematic diagram of an acceptable flood-
ing alarm is shown in Figure 5-1. No attempt
has been made to provide detailed specifica-
tions or installation instructions because these
vary with the type and size of the tow. The
number and location of the electrode blocks
or alarm switches to be installed in an un-
manned tow are determined by the activity
preparing the tow and agreed to by the towing
command. Installation should be sufficient to



U.S. Navy Towing Manual

Flashing Light —————— |(Q)
Assembly

Flasher Lights
Road Construction Type
Visible 360°
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Flooding Alarm

Contact Marker Smashproof Wire

Assembly STK No. G-6145-191-1962
|
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NOTE

This sample diagram is not intended
to restrict or limit the number of alarms
considered necessary to provide
adequate protection to all important
watertight spaces.

Figure 5-1. Example of a Flooding Alarm Schematic.
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provide coverage of major hull subdivisions.

Alarms should be securely rigged and proper-

ly serviced to ensure performance and reli-

ability.

5-7.1.1 Flooding Alarm Sensor Mounting
Requirements

There are a variety of alarm types. An elec-
trical contact alarm that closes its circuit
when water makes contact is a workable
alarm most of the time. If used in the engine
room, however, oil in the bilge may coat the
wires as flooding progresses and render the
alarm useless. Carefully consider the practi-
cality of each proposed alarm location. Inno-
vation is advisable.

Refer to the following guidelines when in-
stalling flooding alarm sensors:

* Installing flooding alarms may require
piercing watertight decks and bulk-
heads. Penetrations should be as high as
possible. Every attempt should be made
to use watertight penetrations, or to
minimize the size of the penetration.

* Low level alarm sensors shall be in-
stalled one foot from the lowest point
in the compartment, assuming that the
ship is in a bow up position while
waterborne.

* High level alarm sensors shall be
located three feet above the low level
alarm sensors.

* Float type switches are recommended.
However, if using sensing probes for
flooding alarm sensors, they shall be
securely mounted on a suitable noncon-
ductive, nonporous material such as
Melamine. Plywood is not a suitable
material; C-clamps are not suitable se-
curing devices.

» Areas where flooding alarms are to be
installed shall be certified gas-free to
prevent explosion and fire from electri-
cal contact sparking.
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* When placing alarms in a wide flat-bot-
tomed compartment. It may be benefi-
cial to place an alarm both port and
starboard.

5-7.1.2 Wiring and Power Supply
Requirements

* Wire the flood alarms so that any low
level alarm will activate the low level
lights and that any high level alarm will
activate the high level lights. Existing
ships wiring may be used to support
this installation.

* Batteries should be sized to support all
flood alarms for continuous 24-hour
operation. Sufficient electrical power
shall be provided for all lights and
alarms for the duration of the tow so
there is no need to board the towed ship
to change power supplies. Power for
the flooding alarm system should be
separate from the power source for the
navigation lights.

* Secure and protect all wiring from any
chafing, and protect all topside wiring
from weather damage.

* Where practical, install a wiring board
to act as a compartment indicator. It
must be wired so that a low level alarm
in a given compartment will activate an
indicator that identifies the flooding
compartment.

* NAVSEA has developed a towing
alarm system that utilizes a radio link
from the towed ship to a console on the
tug. This system allows the tow ship to
determine the location of the flooding
without boarding the tow. Indications
of low battery power and ground faults
from alarm wires are also indicated.
This system has been packaged for at
sea use and includes all power sources,
lights, alarms, and wiring. This system
is available for issue from the ESSM
warehouse.
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5-7.1.3 Alarm Lighting Requirements

+ At least two high alarm and two low
alarm lights shall be installed. The high
level alarm lights shall be positioned
four feet above the low level alarm
lights. The alarm lights shall be mount-
ed topside to be visible from the ships
in company.

* The high level alarm strobe lights shall
have an amber lens.

* The low level alarm strobe lights shall
have a white lens.

* Flooding alarm lights should be checked
to ensure their visibility during daylight
hours. The lights shall be visible from
360° and at a minimum distance of
2,000 yards during bright daylight.

5-7.1.4 Audible Alarm

An audible alarm can be used to provide noti-
fication during fog or heavy rain. This alarm
must be loud enough to be heard by ship’s
personnel while underway. Items such as fog
horns can be a considerable power drain. It is
recommended that these be rigged for inter-
mittent operation (a few seconds of sound;
every few minutes) to avoid needing exces-
sive batteries.

5-7.1.5 Requirements for Other Alarms

Depending upon the tow, its equipment and
cargo, other alarms such as fire, radiological,
or combustible gas may also be required.
Specifications will be provided to the activi-
ty preparing the tow. Wiring and powering
requirements should apply to all additional
alarms.

5-7.1.6 Draft Indicator Requirements

The tow should have large, special waterline
marks to allow a towing ship to check trim of
the tow visually by day and by searchlights at
night. Marks should be painted on the bow,
stern, and midships on both sides, in highly
visible paint. These marks need not be paint-

ed below the waterline, but they must give the
tow ship a clear indication of a change in the
tow’s trim. See Figure 5-2 for samples of wa-
terline marks.

5-7.1.7 Towed Vessel Propeller Preparation

A towed vessel’s propellers can be a valuable
tool or an unpleasant obstacle during a tow.
In either case, they require special attention.
Tow planners must decide whether to remove
propellers, lock them in place, or allow them
to free-wheel. The procedure of free-wheel-
ing propellers is not recommended, but can-
not always be avoided.

5-7.1.8 Removing Propellers

For long-distance tows, fixed-pitch propellers
may be removed to decrease towing resis-
tance. For some hull forms, however, the add-
ed drag of locked propellers may be desirable
for better directional stability. Tow planners
must also consider the economic feasibility of
removing the propellers.

It is helpful to consider the vessel’s future
when determining disposition of it’s propel-
lers. If the vessel is being transferred, but not
decommissioned or drydocked, it will proba-
bly be best not to remove the propellers, as
there would likely be considerable cost for
re-installation. This high cost may offset any
fuel savings gained by the reduced resis-
tance.

If the vessel is being prepared for tow at a site
that may find use for a propeller destined for
scrap (spares for sister vessels) it may be ben-
eficial to remove propeller prior to towing.

A propeller creates considerable resistance in
either a locked or freewheel configuration.
This resistance adds a large contribution to
the directional stability of the tow, particular-
ly in the absence of rudder control. If the pro-
peller is removed, the directional stability of
the tow should be examined. A water brake or
similar device may be added if stability is ex-
pected to be a problem.
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Controllable pitch propellers may be left in-
stalled if set in “maximum forward” pitch,
where they offer the least resistance to tow-
ing. They may also be set in a “zero pitch”
condition for added drag if desired.

5-7.1.9 Locking Propellers

When propellers remain in place and are not
allowed to free-wheel, lock the shafts by an
installed shaft-locking device or by another
suitable method as illustrated in Figure 5-3.

5-7.1.10 Allowing Propellers to Free-Wheel

If any type of propeller must be allowed to
free-wheel due to the condition of the towed
vessel’s propulsion train, propulsion machin-
ery must be disconnected from the shafts or
adequate lubrication provided.

CAUTION

Do not allow main reduction gears
to rotate unless they are properly
lubricated. This requires full lube oil
pressure.

A means for lubricating the shaft bearings
must be provided. The stern gland on the
shaft will normally be water-lubricated. Pro-
vision for this must be made while at the
same time ensuring that the water does not
flood the space.

5-7.1.11 Stern Tube

There should be no leakoff at the stern tube.
Equip the tow with extra packing for the
stern gland to allow emergency repair during
transit. The gland should be tightened so
there is no leakage with at least two inches of
room before its tightest position. Use lock-
nuts to prevent backing off.

5-7.2 Ballasting or Loading for Proper
Trim

Proper trim is important because it can affect
stability, towing characteristics, and speed.

Shifting ballast, fuel, cargo, or equipment on
board can bring about desired trim.

Follow these guidelines when adjusting the
tow’s trim:

* Trimming by the stern has proven to be
a stable and directionally true towed
ship load condition. A trim of one foot
by the stern for each 100 feet of the
tow’s length has proven a good trim-
ming rule; deep draft tows use some-
what less than one foot per 100 feet.

* Completely fill all tanks or leave them
empty to ensure there is no adverse
free-surface effect.

* Ensure all normally dry compartments
are dry to avoid adverse stability effects
of free surface areas and to provide
greater reserve buoyancy.

* Ensure bilges are free of oil and water
to ensure that bilge flooding alarms are
not tripped by sloshing water. Oil in the
bilge is a fire hazard and could foul
alarm electrical contacts.

* Close all sluice valves to prevent
liquids from flowing between ad-
joining tanks.

 Ballast landing craft or craft with blunt
or raked bows to prevent heavy pound-
ing. Pounding can be very destructive
to the vessel’s bottom and other struc-
tural members. Preventing or reducing
pounding also reduces shock loads on
the towing rig.

* Ensure the tow has zero list.

5-7.3 Ballasting for Proper Stability

Stability of the tow, in the case of an unmodi-
fied or undamaged Navy commissioned ship,
can be determined by reviewing Chapter I1(a)
of the ship’s Damage Control Book. Similar
information for commercial ships should be
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Figure 5-2. Special Draft Markings.
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Shaft

~Welded or Bolted

A. Heavy plate, 3/4" to 1" cut to
accommodate two (2) of the
coupling bolts.

B. Intermediate, horizontal plate
cut to accommodate and weld-
ed to "A" and "C" with full fillet.

C. Deep channel or angle beam,
welded to the nearest hull
frames with full penetration fillet
weld.

Figure 5-3. Securing the Propeller Shaft.
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available in the ship’s Trim and Stability
Booklet, as well as in the Deadweight Survey.
When formal documentation of the ship’s sta-
bility is not available, stability may be ap-
proximated by timing the ship’s roll period.
This method is reasonably accurate and is
used by the U.S. Navy, U.S. Coast Guard, and
regulatory bodies to confirm the accuracy of
inclining experiments and other similar sta-
bility determinations. For small craft, timing
roll period is the approved method for deter-
mining stability.

The roll period can be estimated accurately
enough even in fairly calm water by watching
the masthead. Time several successive rolls
(from extreme port to starboard back to ex-
treme port is one period), then divide the total
time by the number of rolls observed to ob-
tain a good estimate. To determine the ade-
quacy of the roll stability, compare the time
period with the value calculated from the fol-
lowing formula:

T = 2./Beam(ft)

where:
T=Time in seconds.

For adequate stability, the time in seconds for
a ship to roll from port to starboard and back
to port must be equal to or less than the calcu-
lated time (T) in seconds. For example, for a
ship with a beam of 100 feet, the time ob-
served for the ship to complete a roll period
must be less than the 20 seconds calculated. If
the observed time is longer than the calculat-
ed value, stability generally is considered in-
adequate. Equally important is frequent
checking for a change in the tow’s roll period.
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