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CHAPTER ONE

Introduction

An experienced and careful master mariner who
never made a call upon underwriters for any loss.
—Epitaph of Captain Augustus N. Littlefield who died in 1878,

aged 75. Located in the Common Burying Ground, Newport, Rhode
Island*

There is no aspect of boating that is less glamorous or more critical to the
well-being of a boat and crew than anchoring. It requires an inordinate
amount of work, heavy gear, some hazard to crew, and it usually is a wet
and dirty job. Furthermore, anchoring is the last event in a passage, and
the crew is eager to get ashore. As a result there is a sense of urgency that
may result in carelessness.

To minimize potential problems under these circumstances, it is
important for your boat to be properly equipped with good ground tackle
and for the crew to know how to use it. Then, and only then, can you toast
a successful day at sea and sleep well at anchor.

You may expect a book on anchoring to begin with anchors and
immediately launch into a debate on which is the best anchor. I have
chosen not to do that because the anchor is no more important than any
other component of the ground tackle system.

Some months after the Tahiti hurricanes of 1982 and 1983, I had the
opportunity to have a round table talk with four skippers who had
survived one or more of these storms—three whose boats finally went on
the beach, but were later salvaged, and one whose boat survived at anchor.
All four skippers emphasized that anchors were not the problem—all
anchors of adequate size did their jobs. What failed were rodes, bow
rollers, windlasses, and people. The fetish of concentrating solely on the

*Quoted in Robert Hendrickson, The Ocean Almanac. (Garden City, N. Y.: Doubleday & Co..
1984).
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anchor obscures the real issues, which are the total ground tackle system
and how to use it.

This Complete Book of Anchoring and Mooring addresses the needs of
recreational and workboats in the 12- to 80-foot range. It covers mono-
hulls, multihulls, light displacement sailboats, cruisers, sportfishers, pas-
sagemakers, and workboats. For the convenience of the reader it is di-
vided into three parts:

Part I—The Technology of Ground Tackle utilizes a systems approach to
determine loads at anchor and translate them into ground tackle design
criteria. What was formerly considered strength through size (big anchors
and heavy rodes) has been refined in order to reduce weight and loads on
the boat, and to ease the difficulties the crew has in handling the total
ground tackle system.

Part I1—The Art of Anchoring brings into play the human factors
which not only help design the ground tackle but determine its limitations
and application. Techniques are presented that make use of your head
rather than your back to make the most of an anchoring situation.

Part 111—Permanent Moorings is a treatise of its own on how to design
and fabricate permanent moorings for harbors and other sheltered areas.
Available mooring space (including local political restrictions) and your
mode of use of the boat are critical to the decision to put in a mooring and
what kind to use.

But, before you can delve into the principles of modern day anchor-
ing and mooring, everyone must speak the same language. The jargon of
the sea has always been a puzzle to landlubbers. You'll find in The Ingoldsby
Legends the statement: “It's very odd that Sailor-men should talk so very
queer.” But it really isn’t so odd when you consider that sea transportation
evolved during a period of history when education was a rarity—schools
for sailors did not exist, and seamen, in general, were a polyglot of the
lowest classes of society. Officers came from “midships” or bought a
commission with money gained from land-bound enterprises. Those who
served on ships found it necessary to create their own language (actually it
evolved) because that of the land did not fit their needs.

Today, those of you who take to the sea like to think you are following
the venerable traditions of the sea right down to the salty terms employed
around boats. At least in the ground tackle department, you can improve
your salty talk by using nautical terminology correctly.

THE JARGON OF GROUND TACKLE

Anchoring, mooring, and docking are distinctly different ac-
tions. A boat is “anchored” when it “rides” or “lays” to a single anchor
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“rode,” although it is conceivable to have two anchors in tandem on that
rode. A boat is “moored” after it “picks up a mooring buoy” or has set a
multiple-anchor moor of its own. “Docking” means to “tie up to a dock,”
which is a land-bound structure. If the boat is simply “docked,” then itis in
“drydock”—a subtle but traditionally important difference.

You speak of the anchors of a boat as “hooks,” the hook being a
colloquial expression based on the desired action of the anchor. In today’s

A stone anchor, used by the early Polynesians in the Cook Islands, is
on display at the Cook Islands Museum on the island of Rarotonga. The
rode is made of sennit, & product of the fibrous husk of the coconut.
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boating world there are lunch hooks, working anchors, and storm an-
chors, which haven’t always been known by those names.

In the seventeenth century, Captain John Smith described “proper
tearmes” [sic] for anchors in his A Sea Grammar, published in 1627, as
follows:

The proper tearmes belonging to Anchors are many. The least are
called Kedgers, to use in calms weather in a slow streame, or to kedge
up and downe a narrow River, which is when they feare the winde or
tide may drive them on shore. They row by her with an Anchor in a
boat, and in the middest of the streame or where they finde most fit
(drop anchor] if the Ship come too neere the shore, and so by a
Hawser winde her head about, then weigh it againe till the like
occasion; and this is kedging.

There is also a streame Anchor, not much bigger, to stemme an easie
streame or tide. Then there is the first, second, and third Anchor, yet all
such as a Ship in faire weather may ride by, and are called bow Anchors.

The greatest is the sheat Anchor, and never used but in great
necessity.

Carrying a vaniety of anchor types and sizes has been general practice
since the days of Caesar when extensive seafaring covered the Mediter-
ranean Sea and the eastern Atlantic Ocean. For routine anchoring off-
shore, Caesar’s galleys carried several anchors ready, fore and aft. One of
these would be larger than the rest, and in a severe blow the captain of the
galley would give the order to “lower the last anchor,” the “sacred one,” as
seafarers called it. The sacred anchor later came to be known in mer-
chantmen and men-of-war as the sheet anchor.

Some traditional anchor terms are still used, for example, the bow
anchor (or bower) is found in the hawsepipes of practically every ship and
is used for all anchoring pr'rposes. Most ships today do not carry a sheet
anchor depending instead on two bow anchors and propulsion to handle
severe weather at anchor. Sailing vessels that lack propulsion-assist may
still carry the “greatest” of all anchors—the “sacred one.”

The much misinterpreted kedge anchor is also standard gear on
sailing vessels and small boats. Many persons call the old-fashioned (also
known as the Admiralty pattern, fisherman, and yachtsman) anchor a
kedge anchor. This is incorrect unless an old-fashioned anchor is, indeed,
being used in the act of kedging. Any anchor that you take out from your
vessel for the purpose of kedging is really a kedge anchor while serving in
that role. In comparison to today’s patent lightweight anchors, an old-
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fashioned anchor would be unneccesarily awkward and heavy to handle
as a kedge.

Small boat anchor terminology has departed somewhat from Captain
John Smith’s Sea Grammar. What was the sheat Anchor is now the storm
anchor. His bow Anchor has become the working anchor. His streame Anchor
is now known as the stern anchor. And, as for the modern lunch hook,
traditional sailors knew better than to risk their boats to an undersized
piece of gear. But the kedge Anchor remains the same—any small anchor
that is used for kedging.

The word anchor comes from the Latin word anchora meaning bend
or bent which certainly suggests the shape of an anchor. But you also
“bend a line” to the anchor “ring” which then becomes the “anchor line”
or “rode.” At the other end of that line you “make fast” or “belay” it to a
“Samson post” (named after an Israelite judge of great strength) using a
“hitch.” If the line is not long enough, you “bend” two lines together.

The tail of the line beyond the Samson post is called the “bitter end.”
The meaning of this term is varied, and you can take your choice. It is the
end of the anchor line that sees the least wear; therefore, it is the “better
end.” Or, it is the end of the anchor line that is made fast to foredeck
“bitts” and is, therefore, the “bitter end.” But the meaning that will stay
with you the longest comes from the “bitter” feeling you get after having
“let go the anchor” only to see the tail of the anchor line follow the anchor
itself into the briny deep. More than one boater has suffered the embar-
rassment of losing an anchor and line this way.

You speak of “line” on a boat, such as an “anchor line,” to dif-
ferentiate it from plain rope which is the bulk material from which any
number of lines can be made for the boat. There are only a few legitimate
“ropes” on a boat such as the “bell rope,” “bolt rope,” and “tiller rope,”
among others. To “know the ropes” is a landlubberly expression since it
identifies only with the few ropes aboard a sailing vessel—nine, in fact, on
a square-rigger—and does not address the dozens of “lines” that consti-
tute the working gear of boats or ships.

Even the general term “anchor line” has its variations. Traditionally,
it was called a “cable,” and it was 120 fathoms (720 feet) long. Ships
continue to use the term “anchor cable,” but the length is no longer a
unique 120 fathoms. A ship’s small boats—cutters, launches, pinnaces,
etc.—ride at anchor to a line called a “rode,” a term commonly used in the
United States. In European boating circles, the term “cable” is still used.

You would “take out a line” when the line is transported away from
the boat by dinghy as in kedging. You “haul in” a line hand over hand or
by a windlass. “Slack off*' means to ease up or let out a line. “Set the
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An old-fashioned anchor of the admiralty pattern found in the
lagoon at Abemama atoll in the Gilbert Islands (now Kiribati).

anchor” means to snub up gradually on the rode so that the anchor bill
digs into the seabed.

Anchor terminology has carried over into the everyday jargon of the
sailor. A ship is said to “slip her cable” when the “Old Man” orders that the
cable be cut and the anchor abandoned. Seamen have adopted the phrase,
“He slipped his cable,” to explain a death. If a wife or mistress has run off
with someone else, it is said, “She slipped her cable.” A sailor who has
permanently left the sea is said to have “swallowed the anchor.”

Although the romance and superstitions of sailing days of yore have
been replaced with more scientific and technical nomenclature, there is
every reason to retain the jargon of the sea as it pertains to anchoring.
This is a language used in all parts of the world, and it is an important
facet of the anchoring game.

SETTING A REAL ANCHOR TO WINDWARD

Long ago [ lost track of the number of times [ anchored a boat,
completing yet another day of boating or another blue water passage. I
have anchored in good anchorages and in bad, in anchorages surrounded
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by vicious coral reefs and volcanic bluffs, in bottoms that “shoaled” to 15
fathoms, in seabeds of slippery mud, and with winds up to 50 knots. In all
of these anchorages (and I am very generous to call some of them anchor-
ages at all) a good set of the anchor provided the kind of satisfaction that is
the equal of the finest after-dinner cigar.

Good ground tackle is the unheralded security blanket for a boat.
Anchors throughout history have been the symbol of steadfastness and an
emblem of hope. When things seemingly are at their worst, a firmly
embedded anchor offers a ray of hope.

Anchoring is such an integral part of boating that it is often taken for
granted—if you can make a boat go, you can also make it stop. Wrong.
Watching “anchor drills” in a harbor can be a source of great amusement
at someone else’s expense until someone anchors too close and then your
amusement turns to dismay.

With the increasing numbers of recreational and commercial boats
on the water, competition for anchorages is becoming more severe. It can
only get worse since the number of natural harbors and bights suitable for
anchoring is virtually fixed for eternity, while the boating population
continues to grow. There is no choice but to make better use of good
anchorages and safer use of less desirable anchorages. You can grouse
about it all you want, but it will be better for all if everyone learns more
about proper anchoring to get along in our gregarious and ever-increas-
ing boating society.

Recreational and working boats should have nothing less than com-
plete ground tackle on board, and the crew should know how to use it.
Being able to hold a boat relatively still and off the rocks while a clogged fuel
filter is replaced or a torn sail is changed is a far better mark of seamanship
than being able to call a proper Mayday on the radiotelephone.

When the winds begin to howl through the anchorage, it is too late to
shop for ground tackle and train your crew. The die is cast and you have
to place the security of your boat on whatever ground tackle sits on the
foredeck and whatever knowledge your crew has. Before that happens,
however, you can design a proper ground tackle system and train your
crew in the proper art of anchoring. Then you will be ready to stake the
safety of your boat on its anchor system in any weather.

In making a passage at sea, it matters little if you violate some of the
fundamental precepts of steering or sailing. If your passage takes a little
longer than planned, so be it. But at the end of the passage, setting your
anchor must be done in a proper manner for your boat is now near its
mortal enemy—Iland.

Most of my blue wager cruising has been done without conventional
marine hull insurance because of the prohibitively high cost of premiums.
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Among the later developments of the old-fashioned anchor was the
Trotman anchor (about 1846) which embodied a contemporary stock and
upper shank but had a pivoting arm and flukes to minimize the chances of
the lazy arm fouling the rode. There was a tripping palm on the backside
of the arm which positioned the lower fluke to bite into the bottom. The
Trotman shown here was reportedly carried by the U. S. battleship Maine
when it was blown up in Havana harbor in 1898. The anchor was re-
covered from the bottorn in 1912 and taken up the Atlantic coast where it
and many other relics were lost in a winter storm of 1912 in Ipswich Bay
just north of Gloucester, Massachusetts. The anchor was resalvaged in
1975 and is now on display at the Seven Seas Restaurant Wharf in
Gloucester. Photo: Jim McNitt.
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Since most serious boating casualties occur in the vicinity of land, I have
paid particular attention to the adequacy of my ground tackle and the
process of setting the anchor. I know of no better insurance for a boat
than a properly set anchor and a reliable anchor watch.

Nowhere in boating is the old saw “a chain is only as strong as its
weakest link” more appropriate than in the boat-anchoring game. Few
boaters realize how many links there are in the chain of equipment and
events that constitute successful anchoring. The way to insure your boat is
to provide capable links in the anchor system.

There is an interesting trade-off that you can make with insurance
premiums. On the one hand, you can buy a paper policy that will reim-
burse your heirs for the price of the boat. On the other, you can make a
similar investment in the boat to make it more seaworthy and your crew
more capable. In the latter case, the payoff is the successful completion of
your voyage. Further, not only has the boat survived, but your personal
belongings aboard and maybe even your life have been spared to sail
another day. Don't skimp on ground tackle and expect paper insurance to

The Bay of Islands, Suva, Fiji, has good holding ground and sufh-
cient room for visiting cruising boats to anchor with a single kook. This is
not a hurricane anchorage.
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make up for it. Remember, a boat afloat is far more valuable to you than

one on the rocks covered by paper insurance.

There is no moral to this story, only hard personal choices. If your
budget can stand blue water insurance as well as good ground tackle, go
for both. But remember, budget your own safety ahead of insurance.

For reader and author alike, it is now time to get on with the vital

business of boat security at anchor.
Ancuoamc INSURANCE
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PART 1

THE TECHNOLOGY OF GROUND TACKLE

A comprehensive guide to requirements for ground tackle on
boats and technical advice on the proper design, installation, and use of it.
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CHAPTER TWO

Loads at Anchor

Good seamanship calls for anchoring your boat in an area sheltered from
wind and seas and with a seabed that will provide adequate holding
power. But neither the elements nor the seabed are always found in
suitable combinations to implement idealized seamanship. You must in-
stead make the most of the situation which calls for equipping your boat
with ground tackle that can take the fury of the wind and seas and survive.
To do that, you first need to have some idea what the loads are that your
boat will have to face.

All boats should be designed and equipped with ground tackle to
survive winds of 30 knots (Beaufort 7) (see Fig. 2-1) with some shelter
from the seas. There are many boats that by virtue of their use in fishing,
cruising, or chartering, may find it necessary to anchor in much heavier
winds. Any boat of substance can ride out 60 knots of wind (Beaufort 11)
on the high seas and away from land and rocky shorelines. But it takes a
well-equipped boat and an experienced crew to ride out the same winds
and accompanying seas at anchor. The loads on a boat from a wind of 60
knots are four times as great as those from a wind of 30 knots and the seas
have changed from rough to mountainous.

Wind by itself is not your principal adversary when anchoring, but it
sets the stage for it. Actually, the sea is your adversary. Most ground tackle
can handle a steady tug from the wind on the boat well. But throw into the
fray simultaneous pitching, surging, and yawing of the boat, and you have
every reason to be concerned about the integrity of your ground tackle
system.

A boat in a seaway is considered to have “six degrees of freedom” or
movement—three in linear motion and three in rotational motion (Fig.
2-2). These six motions are never seen or felt independently, generally
they occur simultaneously although one or two of them may appear to be
the dominant motion at a particular moment. A good example of thisin a
boat at anchor is the apparent dominance of pitch and heave when there is
any wave motion.
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Beas- | Wisd Estimating wind speed Tam snd Ses
lort | speed | Seaman's height of state
aumber | knots tarm Effects ebsarved at 222 weve - ft. "T code
0 |undert]| Caim Sea like mirror. Caim,
1 1-3 | Lightair | Ripples with appearance of scales; no "'5“" 0
foam crests.
- 2 4-6 Light | Smail wavelets; crests of glassy appear-| Rippled, 1
2 breeze ance, not breaking. 01
g 3 7-10 | Gentle | Large wavelels; crests begin to break;| Wavelets, 2
) breezs scattered whitecaps. 1-2
:E 4 11-18 |Moderate | Small waves, becoming longer; numerous Slight, 3
é: bresze whitecaps. 24
5 17-21 | Fresh | Moderate waves, taking longer form; many{ Moderats, 4
breeze whitecaps; some spray. 48
6 22-27 | Strong | Larger waves forming; whitecaps svery- Rough, 5
breezs whers; more spray. 8-13
7 28-33 [Moderats | Sea heaps up; white foam from breaking
gale waves begins to be blown in streaks.
8 34-40 [Fresh pale| Moderately high waves of greater length;
edges of crests begin to break into spin- Very
drift; foam is blown in well-marked rough, -]
streaks. 13-20
- 9 41-47 | Strong | High waves; sea begins to rall; denss
_8 gale streaks of foam; spray may reduce visi-
8 bility.
© 10 | 48-55 | Whole | Very high waves with overhanging crests;
E gale sea takes white appearance as foam is High, 7
2 biown in very dense streaks; rolling is|  20-30
» heavy and visibility reduced.
" 56-83 | Storm | Exceptionally high waves; sea covered Very
with white foam patches; visibility still high, 8
more reduced. 3045

12 64-71 |Hurricane| Air filled with foam; sea completely white
with driving spray. visibility greatly re-
duced.

Phenomenasl, 9
over 45

Fig. 2-1. Wind speed by the Beaufort scale with corresponding sea
states, reproduced from American Practical Navigator (Bowditch).

The three linear motions—surging, swaying, and heaving—are non-
oscillatory, and the boat does not return to its original position of equilib-
rium unless the directions of the applied forces are reversed. The three
rotational motions—yawing, rolling, and pitching—are all oscillatory, and
the boat will tend to return to its equilibrium position when the disturbing
forces are removed.

All six motions are experienced by a boat at anchor. The wind tends
to create yawing and swaying. The waves tend to create pitching and
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surge V
heave

Surge—motion forward and backward in the direction of boat travel along the
longitudinal axis.

Sway—athwartship motion of the boat along the transverse axis.
Heave—motion up and down in the vertical axis.

Roli—angular motion about the longitudinal axis. When the boat rolls, it lists al-
ternately from starboard to port and back again.

Pitch—angular motion about the transverse axis. When the boat pitches, it trims
alternately by the bow and stem.

Yaw—angular motion about the vertical axis. When the boat yaws, the bow and
stern swing from side to side.

Fig. 2-2. The six degrees of freedom of a boat, derived from the
Mariners Weather Log. Courtesy: National Oceanic and Atmospheric
Administration.

heaving while the anchor restraint is involved with surging depending on
its elasticity. Wind and wave combine to create roll but that is the least
important of the six motions of the boat at anchor. A properly designed
and set anchor system under normal circumstances is able to react to all of
these motions without undue attention by the crew. In storm conditions,
however, the unpredictability of wind and wave loadings and the possible
wear and failure of ground tackle elements require constant vigilance on
the part of the crew.
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AMERICAN BOAT AND YACHT COUNCIL
GROUND TACKLE DESIGN LOADS

The American Boat and Yacht Council (ABYC) has prepared
a table of Typical Design Horizontal Loads (see Table 2-1) for use of
designers and builders of boats and boat hardware. The table applies to
both power and sail monohull boats and is simplified in that discrete boat
lengths and beams are used assuming more or less conventional designs.
Ground tackle loads are given for “working” and “storm™ anchoring
conditions as well as for “lunch” hooks. The anchored boat is assumed to
have freedom to oscillate and to have moderate shelter from seas propor-
tionate to its hull size.

To use the ABYC table, enter with your boat’s length (LOA) and
beam (separate columns for power and sail) using that parameter which
gives you the larger load. The horizontal loads on the boat’s ground tackle
are then taken from the succeeding three columns identified as “Lunch
hook,” “Working anchor,” or “Storm anchor.” The approximate wind
speeds that go with these three columns are 15 knots, 30 knots, and 42
knots, respectively.

If you ever expect to anchor in force 9 winds or greater, you should
design your ground tackle for 60 knots of wind. The ABYC table can be

Table 2-1. Typical Ground Tackle Design Horizontal Loads

Critical dimension? Honzontal load on boat—lbsb
LOA Beam—ft Lunch  Working  Storm
feet power sail hook anchor anchor
10 I} 4 40 160 320
15 6 5 60 250 500
20 8 7 90 360 720
25 9 8 125 490 980
30 11 9 175 700 1,400
33 13 10 225 900 1,800
40 14 I 300 1,200 2.400
30 16 13 400 1,600 3,200
60 18 15 500 2,000 4,000
g0 20 17 675 2700 5400

80 22 19 900 3,600 7.200

Source: American Boat and Yacht Council (ABYC), Inc.. P. O. Box 806, Amitville. NY 11701
21" se LOA or beam of your boat. whichever produces the larger load. Houseboats should use the load for
Lhe next larger powerboat size
Assumes freedom to oscillate, and moderate shelter from seas proportionate to hull size.
CExtrapolated by author.
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adjusted to 60 knots by multiplying the loads given in the Working anchor
column by 4.

As an example of how to use the ABYC table, consider finding the
ground tackle horizontal loads for a Uniflite Coastal Cruiser with a flying
bridge (Table 2-2). The values for ground tackle loads are simply in-
terpolated on the basis of LOA or beam and the larger set are the ones
used. In this case they are seen to be quite close in magnitude which is
what you would expect for a conventionally proportioned boat.

The general run of sportfishing and cruising power boats should
have ground tackle designed to withstand 42 knots of wind which is a
common gale condition on either coast of the United States as well as in
the Great Lakes. Powerboats that are based in hurricane-prone areas,
such as the Caribbean, should be designed to withstand 60-knot wind
speeds.

The ABYC table can be adjusted to 60-knot wind conditions by
multiplying the loads given in the “Working anchor” column by four. In
the case of the Uniflite Coastal Cruiser, 60 knots of wind would produce
horizontal ground tackle loads of approximately 4,240 pounds
(4 x 1,060).

CALCULATING GROUND TACKLE LOADS

If your boat is atypical, that is, if it is beamier, has higher or
lower freeboard, has more rigging, or is a multihull, you must take time to
calculate the wind loads making suitable corrections for surge loading at
the same time.

The aerodynamicist has given us various tools to estimate the wind
loads on a boat at anchor. One method is to measure them in a wind
tunnel, which few of us can afford to do. Another way is to estimate wind
loads mathematically based on test data for other boats, for other vehicles,

Table 2-2. Example of Ground Tackle Design Horizontal Loads by
American Boat and Yacht Council Method

Boat: Uniflite Coastal Cruiser

LOA: 37ft9in Ground tackle design
Beam: 12ft9in horizontal loads—Ibs
Lunch  Working Storm
hook anchor anchor
Equivalent steady state wind speed—knots 15 30 42
Loadsas a function of length (265 1.060° 2,120  Use )
1

Loads as a function of beam 29() 880 ,760
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such as automobiles and airplanes, and on a whole variety of components
which make up a vehicle. The latter method will be described here as it can
be done for most boat shapes using a simple hand calculator and the
drawings of the boat.

In addition to the static aerodynamic drag loads on a boat at anchor,
there are also dynamic loads caused by the surging of the boat in the seas
and, sometimes. there may also be current drag loads. These are all
factored into the final answer.

The equation for the aerodynamic drag of an object in a wind stream
Is:

d =q-G-A [Equation 2-1)
where d = drag force—lIbs

q = dynamic pressure—Ib per ft*

Cq = drag cofficient—dimensionless

A = charateristic area—ft?

The dynamic pressure, q, is determined from the equation:

q=£2-Vv

where p = .002378slugs per ft? at standard sea level
conditions
V = wind speed in ft per second

Values of dynamic pressure, q, for a range of wind speeds atsea levelare:

Beaufort (q)
V—knots number lbs per fi2
10 3 0.33
20 5 1.3
30 7 3
40 8 5
50 10 8
60 11 12
70 12 17
80 13 22
90 15 28
100 16 34

Be sure to note one very important characteristic of the dynamic
pressure which is that it increases as the square of the wind speed. The
dvnamic pressure acting against a boat at wind speeds of 60 knots is four
times that acting against a boat at 30 knots.

The drag coefficient, C4, comes from wind tunnel test data and is
applicable to similar body shapes at different wind speeds as long as the
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flow is incompressible which is the case for wind speeds of interest here
(Table 2-3). These drag coefficients are for a 0° angle of attack and a 0°
angle of yaw. The drag coefficients for boats include a nominal allowance
for rigging, lifelines, and antennas.

The author calculated a number of additional drag coefficients for
monohull sailboats of differing displacement-length ratios.

D — displacement (long tons) (Equation 2-2)
L (.01LwL)
where LWL = water line length—ft

These correlated well with the displacement-length ratio of the hulls (Fig.
2-3).

The characteristic area, A, is the area of the body measured perpen-
dicular to the wind. The drag of a body, d, is proportional to the area of
the body allowing scaling of drag forces for bodies of different size but the
same shape. Boats, however, have been observed to veer as much as 30°
from side to side when at anchor. Therefore, the characteristic area to be
used for wind drag load calculations is the yawed area presented to the
wind when the angle of yaw reaches 30° (Fig. 2-4). One could also make a
correction for the drag coefficient at an angle of attack but this becomes of
secondary importance if the characteristic yawed area has been used.

Table 2-3. Typical Vehicle Wind Drag Coefficients

Cq
Vehicle with wind ahead

Angular tramp steamer 1.2
Cabin cruiser 1.0
Long liner 0.9
Oil tanker 0.85
Modern ocean liner 0.7
Cruising trimaran 0.6
Cruising catamaran 0.55
Modern automobile (sedan) 0.52
Racing trimaran 0.45
Modern automobile (fastback) 0.34
Ultrastreamlined plavboat 0.2
Racing automobile 0.17
Airplane 0.09

Source: T. Baumeister. ed. Mark’s Standard Handbook for Mechanical Engineers, 8th ed. (New York:
McGraw-Hill Co.. 1978) and William F. Durand. ed.. Aerodvnamic Theory. Vol. 4 (Gloucester, Mass.: Peter
Smith, 1976).
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Fig. 2-3. Monohull sailboat wind drag coefficients.

The wind drag load on a boat yawed at 30° to the wind becomes:

d=q Cq: Agplbs [Equation 2-3]

CURRENT DRAG LOAD

Current drag load is not a major contributor to ground tackle
loads. Test data on a 40-foot boat showed that current drag amounts only
to about 300 pounds in a 5-knot stream. For a 60-foot boat, the equivalent
current would add only 750 pounds of drag. Currents of 5 knots rarely
occur in an anchorage, generally they are found in rivers, streams, and
passes. Wind-driven ocean currents are of even lesser importance. Data in
Bowditch indicate that the maximum surface current expected from a
60-knot wind with an unlimited fetch is 1.2 knots.

SURGE LOADING

Reports from boats that have faced whole gale to hurricane
winds at anchor say that it is not the winds that break anchor gear and
upset anchors, but the accompanying wave action which causes the boats
to pitch, surge, heave, and yaw. Surge is the worst of these motions as the
boat rides over the waves alternately stretching and relaxing the anchor
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Fig. 2-4. Projected areas of boats yawed 30° to the wind.

rode like a horizontal yo-yo. But one cannot separate surge from the other
motions so what is said here relative to surge takes into account the other
motions as well.

There is neither theoretical nor experimental data available on the
subject of surge Ioading on anchor rodes; therefore, we have to resort to
Jjudgment and experience. There are many qualitative accounts in the
literature of boats ndmg out storms of various levels while at anchor. The
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common denominator seemed to be that surging of the boat sometimes as
much as “doubled” the loads felt from wind drag alone. Van Dorn, in his
fine book, Oceanography and Seamanship (see Bibliography), calculated
storm loads on a small boat’s elastic anchoring system, and although his
approach was different, the end result appeared to confirm that surge
could as much as double the wind loading on the boat.

You can rationalize that the total loading on an anchor rode is made
up of the wind drag and some factor representing the dynamics of the
wind-induced surge motion:

Ground tackle load = d - SF lbs (Equation 2-4]
where SF = surge factor

Using your intuition, you can quantify the surge factor, SF. Quite
obvious is the fact that it should be proportional to the weight (displace-
ment) of the boat. Heavy boats have higher surge forces than lighter
boats. This fact was clearly brought home to me when my medium
displacement fiberglass ketch replaced a heavy displacement wood
schooner at a San Pedro, California, marina dock. Whereas the manage-
ment had to replace dock cleats regularly for the schooner because of the
unwelcome surge in the harbor, no dock cleats were ever loosened by my
lighter boat. The same would appear to hold true for boats at anchor;
therefore, the surge factor can be proportioned to the boat’s displacement.

Likewise, you would expect the surge factor to be related to the
length of the boat. A long boat has a lower pitch-up angle for a given wave
height, and, therefore, exerts a smaller transient pitching load on the
ground tackle.

Using displacement and length as arguments, you have the familiar
displacement-length ratio as the dominant parameter to describe the
surge factor for monohull boats at anchor (Fig. 2-5).

Multihull boats, on the other hand, are faced with an additional
phenomenon, and that is the increased “wing” area presented to both
wind and wave crest as the boat is pitched to a high angle of attack when
riding over the crest of the wave. It is estimated that the added frontal
impact forces of wind and water can result in a surge factor for multihull
boats from 15 to 20 percent higher than for monohulls.

GROUND TACKLE LOAD CALCULATIONS

The author has calculated ground tackle loads for four
popular recreational boats using Equation 2-3. The characteristic yawed
drag area, Ay, was calculated for each component of the boat—hull(s),
cabin, other superstructure, masts, lifelines, life raft, rigging, etc. This
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Fig. 2-5. Surge factor approximations.
Table 2-4. Examples of Calculated Ground Tackle Loads
Morgan  Polynesian Brown Uniflite
Ol41 Concept Searunner  Coastal
monohull catamaran  tnimaran  Cruiser
LOA—ft 41.3 355 373 37.7
Displacement-length ratio 305 100 100 200
Drag coefficient Cq4 0.9 0.55 0.6 1.0
Dynamic pressure q (psf) 3 3 3 3
Characteristic area
Agpef0 237 302 255 226
Wind drag at 30 knots b 640 450 460 680
Surge factor 1.8 1.5 1.5 1.5
Total ground tackle load:
30-knot wind—Ib 1,150 675 690 1,020
60-knot wind—Ib 4,610 2,700 2.760 4,080

Sources: Earl Hinz, “Morgan Qut Island 41 Sea Trial.” Sea, January, 1981; Buddy Ebsen. Polynesian
Concept (Englewood Cliffs, N. ].: Prentice-Hall, Inc.. [1972); Jim Brown, Searunner Trimarans (P. O Box 14,
North, VA 23128: author’s publication, 1973); and Earl Hinz, “Uniflite Coastal Cruiser Sea Trial,” Sea,

April, 1979.
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was the most laborious part of the exercise. Once done, however, the
remaining work was trivial. Drag coefficients, C4, dynamic pressure, q,
and surge factors were taken from appropriate tables. The results are
reproduced in Table 2-4.

It is interesting to note that even the light displacement multihulls
can generate substantial ground tackle loads. These boats, without deep
steadying keels and heavy ballast, are much livelier at anchor than com-
parable size monohulls. An owner of a trimaran that rode out Hurricane
Iwa in Hawaii in November 1982 stated that it felt like the boat was flying
through wave crests as it was partially airborne most of the time.

For boats that are of a nominal design, such as the Uniflite Coastal
Cruiser, the calculated ground tackle loads are comparable to those
determined by using the ABYC table. For instance, the 30-knot wind load
as just calculated is 1,020 pounds. This compares with a value of 1,060
derived by the ABYC method (Table 2-2).
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The author’s Morgan Out Island 41 ketch, Horizon, at anchor in
Tarawa lagoon. Forty years earlier the atoll had been racked by days of
ship and airplane bombardment prior to being captured from the Japa-
nese in a violent 72-hour battle by the U. S. Marines. The bottom is good
holding ground of coral sand, but you first have to get inside the barrier
reef to enjoy it.



CHAPTER THREE

Deck Gear for Anchors

Several years ago I read a magazine article entitled “Anchoning ‘How Do
Porcupines Make Love?’” by Larry Haupt (in The Ensign, January 1979).
The answer to the amorous porcupine question is, of course, “very care-
fully,” and Haupt artfully applied the same answer to the problems of
anchor handling, pointing out that there simply is no easy way. Good
equipment and care are essential. Taking an anchor aboard and stowing it
is, at best, hard work and, at worst, a dangerous task.

It is necessary that an anchor be stowed properly, for if it gets loose at
sea, it is a lethal weapon. And, if it is stored anyplace but in the bilge, it
seems to have an affinity for fouling sheets and dock lines at the worst
possible times. As attractive as the bilge is, though, an anchor stored there
is not a ready anchor, and every boat should have a ready anchor. During
boat races sailors may want to remove their anchors temporarily from the
bow and stow them below, but when they approach land, whether racing
or not, anchors should be made ready.

When square-rigged ships made their multimonth-long passages,
they often removed the heavy old-fashioned anchor from the cathead and
put it inside the bulwarks on the deck where there was less chance of
losing it to wild seas. Some blue water cruisers still do this but mostly for
weight distribution. The trend today is for cruising and working boats to
stow their bow anchor on a multipurpose bow roller leaving the anchor
ready all of the time. It may appear to be a lazy approach to the problem,
but it is usually shallow water and land that get boats into trouble and not
the high seas. My own boat, which has seen many blue water miles, carries
two CQR anchors ready on the bow, one semiready Danforth on the aft
cabin top, and a fourth Luke old-fashioned take-apart anchor in a cabin
locker. Readiness and flexibility of ground tackle is the key to survival
when in the vicinity of land.

STEMHEAD ANCHOR ROLLER

The most useful anchoring accessory to come forth in recent
years is the stemhead anchor roller which not only forms a good stowage
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place for the anchor but makes the whole job of anchoring simple, safe,
and nondamaging to the boat hull. The concept is simplicity itself, but the
implementation of it is not so simple because of differences in bow
designs, types of anchors, and the high loads encountered in storm
anchoring.

The roller is the key to the stemhead anchor fitting (Fig. 3-1), and it
should be made as large in diameter as is practical but never less than
about three inches diameter at its center. The roller should have a concave
surface to center the rode as it rolls back and forth. The center of the
roller should be grooved to support a rope rode or slotted to accept
alternate chain links edgewise. If the chain can be prevented from turn-
ing, it will be less apt to kink in the chain locker.

Roller material can be metal or hard plastic. Marine aluminum or
brass are very good materials, but tough plastics like Delrin or Teflon
work equally well and provide a measure of quiet when bringing in the
chain. The roller axle should be a loose fitting, stainless steel bolt that will
help hold the sides of the trough together under extreme side loads.
Either a safety lock nut or a substantial cotter pin should be used to secure
the nut on the bolt.

The trough of the roller should be viewed as a major structural
element of the boat and should be fabricated to take extreme loads
encountered in storm anchoring. The trough cannot be built too strong
nor attached too securely. In Sail magazine (June 1983) Lin and Larry
Pardey, writing on the disaster at Cabo San Lucas, noted:

Without a doubt, bow rollers were one of the weakest links in the
anchoring systems, not only of the boats that hit the beach but also of
those that escaped to sea or were actually able to ride out the gale at
anchor. A few minutes after we arrived at Cabo, we saw a man
walking toward town carrying a stainless steel bow roller fabrication
that had been twisted almost 180 degrees.

One thinks of the anchor rode as pulling forward on the boat which is
an idealized situation. Actually, when the boat pitches there is also a
vertical or downward loading put on the trough. The angle of pull can
reach 45° in heavy seas resulting in adownward loading, F,, of 70 percent
of the load in the anchor rode. The total fulcrum load at the very stem is,
then, F, + F,.

Side loads on the bow roller trough can be just as easily visualized
coming from the sheering of the boat and/or steady side loads from wind
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F ig. 3-1. Stemhead anchor roller installation loads.

or current if the boat is anchored bow and stern. At 30° of sheer the side
load, F,, on the trough is approximately 50 percent of the load in the
anchor rode. The side load, F;,, creates a significant horizontal torque, Ty,
which must be countered with substantial through-bolting.

Chafe is the number one enemy of nylon rodes and can be especially
critical in a bow roller installation when sheering of the boat takes place.
There should be no sharp edges on the trough to cause chafe. Generously
flare the cheeks of the trough to make a smooth, rounded surface for the
nylon rope to rub against. Even then, chafing protection should be added
to the rope anchor line.

Lastly, the bow roller trough should be fitted with a bail or keeper pin
to prevent the rode from jumping out of the trough when the bow of the
boat pitches down (Fig. 3-2). A removable bail is recommended in case

you have to change your anchor rode configuration.
‘~
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keeper-pin

A keeper-pin or bail prevents this

Fig. 3-2. How to prevent anchor rode from jumping out of trough.

The heavy-duty bow roller on the author's Morgan Out Island 41 has
been fitted with a keeper-pin to restrain the anchor rode from jumping
out of the trough when the boat pitches down. The small radius cheeks
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ANCHOR PLATFORMS

A natural extension of the stemhead anchor storage is the
installation of an anchor platform on the bow. The platform can serve a
variety of purposes: making dock line handling easier; allowing for a
lookout spot when in bad weather, or in areas of reefs; and providing fora
locatton to stow two anchors as well as a structure to support the anchor
roller. Anchor platforms are very popular on powerboats. some being
molded into the foredeck structure.

A good anchor platform is one that extends far enough forward to
assure that the anchor will not strike the hull if it should swing during
weighing. Another valuable feature is to have substantial braces under the
platform to enable it to take the vertical and side loads from the anchor
rode during storm anchoring. Remember, of course, that the longer the
platform is, the greater the side loads are.

An anchor platform and bow roller have been integrated into the
deck mold on this Ocean 40 powerboat. Factory attention to the needs of
ground tackle on a boat can be an attractive feature to the potential buyer.

can cause excessive wear when a rope rode is used: so a short length of
chain is used as a riding stopper through the bow roller trough (see Fig.
5-23.). -
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All of the platforms I have seen or used were admirably smooth with
well-rounded corners on the upper side but loaded with sharp edges
underneath and to the sides where the rode would ride when the vessel
sheers. Out of sight is not out of mind as far as anchoring is concerned,
and maximum protection should be given the nylon rode on the under-
side of the anchor platform.

BOWSPRIT ANCHOR STOWAGE

Sailboats with bowsprits have a natural mounting location for
anchors keeping them away from the hull and allowing two anchors to be
comfortably carried. Rollers can be installed on both sides of the bowsprit,
and the anchors either two-blocked on the roller or lashed to the huli
below the sprit. The latter, however, creates the danger of a loose anchor
banging the hull in a seaway.

Square-rigged ships would hoist their anchors to the catheads and
then lash them in place across the rail much to the detriment of the rail,

A stainless steel tubing bowsprit makes an excellent mounting for a
bow anchor roller trough. The cheeks of the trough are well flared, and a
bail is welded to the cheeks. The long trough takes up chain wear on the
sprit deck. Note how the chain passes through a small fairlead in the
bulwark preventing shackling on additional lengths.
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topsides, and bulwark cosmetics. This method of stowing an anchor is,
however, far better than to hook the anchor flukes around the bobstay as
is so commonly done.

While the preferred way to stow an anchor on the bowsprit is with the
use of a roller, there are some necessary design features to be considered.
Besides all of the problems of a stemhead roller, the bowsprit also has to
handle unsymmetrical loads (Fig. 3-3). The vertical rode load, F,, pro-
duces two torques which must be counteracted—T, which tends to bend
the anchor roller axle and T, which tends to twist the sprit.

If the axle bends, there is binding in the roller’s bearing, and it will
not operate freely. If the sprit twists (assuming that it is strong enough not
to twist off), the lead of the anchor rode will be at an angle to the side such
that it will want to run off the outboard side of the roller.

What it gets down to is making a very simple engineering load and
stress analysis of the design before anything is built. The techniques for
analysis are covered in elementary mechanics books and could well save
an expensive boat from going on the rocks.

THE CATAMARAN BOW ROLLER

Cruising catamarans generally utilize a spreader tube between
hull stems to support an anchor rode bow roller (Fig. 3-4). Chain is rarely,
if ever, used as an anchor rode for a multihull boat so adequate size plastic
rollers can be used in the fairlead. These must have some kind of a balil
over them to prevent the rode from jumping out of the rollers when the
boat pitches down. i
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An all-too-common sight—an anchor wedged against the bobstay for
stowage. The anchor not only mars the bobstay cable, hastening its fatigue
failure, but the lateral shaking of the anchor in a seaway will loosen the
bobstay assembly.

The spreader tube must be of sufficient cross section to withstand
vertical bending loads occurring when the bow pitches up over a wave.
These loads. as noted previously, can amount to 70 percent of the anchor
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Fig. 3-4. A modest-size bow roller mounted on the forward hull
spreader tube of a catamaran. The spreader tube must have adequate
bending strength to resist the vertical load applied by the anchor rode
when the boat is pitching.

rode loading. Similarly, side loads on the rollers can amount to 50 percent
of the anchor rode loading. The rode is not belayed to the spreader tube
but is led aft to conventional deck gear.

Racing catamarans often do not have a spreader tube between the
bows of the hulls; so they must use a bridled anchor rode as discussed later
(Chapter 9).

ON-DECK STOWAGE

Anchors need to be stowed where they are readily available,
partly because they are heavy and awkward to handle and also because
they may be needed quickly, and should be ready. The most important
criterion for stowing an anchor on deck is to make it so secure, it cannot
break loose in the most severe storm. A heavy anchor can become a lethal
weapon if allowed to get loose in a seaway. Heavy anchors are difficult
enough to handle under normal conditions, but trying to corral a loose
anchor on the foredeck while the boat is pitching and rolling on a storm-
tossed sea is tantamount to suicide.
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An anchor that stows well on the deck is the Danforth lightweight. In
this anchor the stock and flukes are essentially parallel allowing the
anchor to lie flat on the deck. The trick is to cover all ends of the anchor to
prevent lines from catching on them, as well as to avoid skinned ankles
should you carelessly step near one.

There are two versions of brackets or chocks for the lightweight
anchor shown in Fig. 3-5. One consists of cast brass fittings which can be
purchased from chandleries, and the other is a homemade set of saddles.
When using the cast brackets there is the ever-present danger of a crew
person skinning his ankle on the tips of the stock. This can be prevented to
an extent by removing the extended ends of the stock as shown in (B) of
the illustration.

The plow anchor is difficult to stow on deck and the Bruce is impossi-
ble. They should be carried on a bow roller if at all feasible. On Horizon |
have carried my 60-pound CQR bow anchor on a roller and a smaller
CQR bower over the edge of the foredeck always ready (Fig. 3-6). A teak
chafing strip at deck edge and a small saddle block protect the gelcoat.

Another way to carry a CQR anchor on deck is to lay it on its side in
specially carved chocks (Fig. 3-7). This installation seen on a powerboat
looked very practical for a moderate size CQR.

The versatile old-fashioned anchor with a removable stock can also
be deck-mounted using wood saddles (Fig. 3-8). The blocks have to be
properly notched to fit the anchor and must be well secured in place.

A very well designed mounting for twin Danforth anchors on the
house of a Hinckley SW-50 sailboat.
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Fig. 3-5. On-deck stowage of lightweight anchor.
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Fig. 3-6. The forward ground tackle of the authar’'s Morgan Out
Island 41: a 60-pound CQR on the bow roller with %-inch chain and a
Simpson-Lawrence two-speed manual horizontal windlass (covered); a
35-pound CQR stowed over the toe rail on a billboard to prevent damage
to the hiberglass hull and attached to 3%s-inch chain and %-inch nylon rope;
and bow cleats located at the sheer line eliminating need for chocks.

Fig. 3-7. Custom-carved mounting pads restrain a CQR anchor on
the stern deck of a harbor tuglet.
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’ a arm saddle
@ hole for lashing
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Fig. 3-8. On-deck stowage of old-fashioned anchor.

HANGING LIGHTWEIGHT ANCHORS

It is entirely practical to hang lightweight anchors on pulpits
using special brackets purchased from the chandlery (Fig. 3-9). The
brackets are clamp-on devices requiring no drilling of the pulpits. How-
ever, in both cases the anchors should also be lashed in place assuring no
damage to the boat should extra heavy seas release them from their
brackets.

ANCHOR WELLS

The advent of fiberglass boat construction made practical the
consideration of stowing anchor and other ground tackle in a well molded
into the foredeck. Such a concept, however, involves a preselection of
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Fig. 3-9. Above, the Danforth anchor can be neatly carried on brackets
suspended from a pulpit. Recommended only for local cruising. Facing
page, another way to carry the Danforth anchor for local cruising is on a
bracket which grasps the tripping palm of the anchor. Note on this
installation the angled stern roller trough.
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anchor so that the well can be tailored to fit it. The very successful Cal-39
sloop has an anchor well molded into its foredeck for a Danforth light-
weight anchor (Fig. 3-10). A Simpson-Lawrence manual windlass is also
contained in the well, and a metal bolster is placed at the forward end of
the well to prevent chain chafe to the fiberglass deck edge. The windlass is
mounted on the reinforced aft bulkhead of the well, and the chain and
rope rode drops randomly into the bottom of the well. The Danforth
lightweight anchor simply lies on top of the windlass and rode.

While the concept is great, the implementation of the foredeck well is
difficult. The foul lead of the chain offers increased loading on the
windlass. The hatch is vulnerable to being knocked off its hinges if it
should accidentally come open in a seaway. Keeping water out of the well
1s not attempted, hence a drain is placed at the lowest point leading to the
outside—usually through the stem. Plugging this drain will trap a large
weight of water in the,bow which is highly undesirable. Lastly, if the top
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An old-fashioned anchor with Nicholson Alukes mounted on saddles
on the Dutch aluminum around-the-world motor cruiser Bylgia.

fits properly, the well has almost zero ventilation, and the contents of the
anchor well will be exposed to constant moisture, producing rust, corro-
sion, and general deterioration of the ground tackle.

A variation to the foredeck anchor well is the side deck anchor well
built into the J-36 light displacement sailboat (Fig. 3-11). The well has
room for the chain lead but not the nylon rode. The philosophy of the side
deck installation is to get the weight out of the bow and amidships where it
belongs.

THE DISASSEMBLED ANCHOR

Obvious problems with stowing an old-fashioned anchor have
led to the development of a take-apart anchor by Paul Luke. This anchor
can be taken apart into three pieces which can be easily stowed below
decks. A dry bilge is a favorite place to store the disassembled anchor. The
bottom of a deep locker can also be used as long as other gear is not piled
on top, making it inaccessible when needed in a hurry. The parts of the
anchor should be secured in place in such a way that they cannot get loose
in case of a knockdown or other disastrous movement of the vessel at sea.
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Fig. 3-10. Many fberglass boats come with an anchor well molded
into the foredeck. Shown is the Cal-39 whose anchor well contains a
manual windlass and stows both rode and Danforth anchor. A metal
bolster at the forward edge of the well acts as a fairlead over the hump to
the bow roller. Anchor wells must have drain holes which are usually
located in the stem just above the waterline. The lightly secured lid to the
well may be vulnerable to waves breaking over the bow. Courtesy: Sea
magazine.

Although not a take-apart anchor, the folding KB Ultralight anchor
collapses into a small, easily stowable package, and, because of its light
weight and portability, is an excellent candidate for light displacement
monohulls and all multihulis.

RODE STOWAGE

Like the anchor itself, the rode for the anchor must be stowed
out of the way when not in use so that there is no interference with the
operation of the boat under power or sail. Atleast one set of ground tackle

~
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Fig. 3-11. A side deck anchor well on the light displacement J-36
provides stowage for a Danforth anchor and a chain lead. Anchor wells
generally limit the owner to anchor designs and sizes selected by the
manufacturer. Courtesy: Sea magazine.

should be made up at all times when you are operating your boat near
land.

Anchor rodes also need protection from the elements. Even though
chain looks almost indestructible and the rope on your rode is hefty, salt
water and sunlight can play havoc with them. Even galvanized chain rusts
after a period of use and nylon rope absorbs ultraviolet rays from the sun
which deteriorate its fibers. Both should be stowed under cover to be out
of the way and to preserve them.

Several proven concepts for anchor rode stowage have developed
over the years. Small vessels usually stow their rodes below decks on reels,
in coils, or in baskets. Larger boats will use the same technique for their
stern or kedge anchors. Light displacement monohulls and multihulls
prefer to stow their anchors in the bilges and the rodes below decks in coils
or baskets or on reels. Large vessels, cruising boats in particular, like to
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leave their bow anchor rode attached to the anchor in place and ready for
use. In this case the forepeak is designed as a chain locker, and chain and
rope rodes are led through a foredeck navel pipe into the locker when the
anchor is weighed.

REEL RODE STOWAGE

A simple way to stow a rope anchor rode is to rewind it on the
original reel (spool). Usually these reels are durable enough to withstand
many years of use, and the price is right. An axle and stand can be made
out of wood to support the reel on the foredeck when in use. For very
small boats (under 25 feet LOA) it is possible simply to put a mop handle
through the reel center and have a crew member hold it while the rode is
being deployed or retrieved.

For larger boats where the weight of the rode becomes significant, a
free-standing reel should be employed (Fig. 3-12). Itis low to the deck for
stability, can be made large enough to accommodate 400 feet of %-inch
nylon, and can be carried below decks for enroute stowage.

Fig. 3-12. A portable reel for carrying about 300 feet of %-inch nylon
rope for the stern anchor rode of a 56-foot ketch.
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To coil a rope anchor rode, fake it down in a large figure eight
pattern and tie it with short pieces of small stuff to hold its shape as shown
above. Then double one of the loops over the other and tie the two
together with the bitter end of the rode as indicated below.
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COILED RODE STOWAGE

Rope anchor rodes up to about Y2 inch in diameter can be
coiled up when not in use making a simple package to stow below in the
bottom of a locker or under sails, but never the bilge. To prevent kinks
forming in the line, coil the line in a figure 8 when the anchor is being
weighed, wash it off, and then let it dry in this position. When dry, secure
the cotls tightly with short lengths of marline and then fold one part of the
hgure 8 coil back on the other for compactness and take it below decks for
enroute stowage. The marline ties will hold the coils together even if the
whole coil becomes a pillow for a tired crew member.

The new ventilated milk bottle carriers made of sturdy plastic are
ideal baskets for stowing rope anchor rodes. The bitter end of the rode
should be tied to the basket and to the boat so the whole assembly is not
lost overboard while deploying or weighing the anchor. A standard milk
bottle -basket can conveniently take up to 250 feet of Y2-inch diameter
nylon rope. Of all rode stowage methods, this one probably ventilates and
dries the rope the best and gives it the most protection without sacrificing

Two hundred and fifty feet of one-half-inch diameter nylon line can
be conveniently stowed in a plastic milk bottle carrier. The first thing todo
when getting ready to use the basket line is to secure the bitter end to the
boat by bringing it out near the bottom of the basket.
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portability. Other types of baskets can be used, but avoid metal or wooden
ones with iron fasteners.

CHAIN LOCKERS

In a general sense, a chain locker is simply a space set aside in
the boat, usually in the bow, where the anchor rode(s), whether chain or
rope, can be permanently stowed and kept separate from other gear.
Although the bow is not a good place for needless weight, a proper anchor
system cannot be called needless, and properly designed cruising boats
have adequate bow buoyancy to support the system. Designers should not
minimize the possible weight of essential anchor gear that needs to be
carried in the bow. On a 40-foot boat this could mean about 50 pounds of
anchor, 450 pounds of chain, 75 pounds of windlass plus miscellaneous
fittings. This adds up to 600 pounds or more.

Although one is constrained in the nature of a forepeak anchor
locker to the shape of the hull, there are some guidelines in designing a
chain locker that should be kept in mind. The locker should be deep and
narrow so that gravity can play its part in automatically “faking down” the
chain or rope as the anchor is weighed. Hull sides should be provided with
ceiling strips to keep the chain and metal rode fittings off of the hull and
well ventilated. A grate should be installed at the bottom of the locker to
allow drainage and ventilation. Generous limbers should be made in the
bulkheads fore and aft of the locker. Access doors need to be made into
the locker so that rode snags can be quickly cleared. A visual inspection of
the chain locker interior before anchoring will ascertain that the rode is
free to run, which may save embarrassment during an anchoring exercise.

The location of a single chain locker in the forepeak is relatively
simple. It should be along the centerline, as deep as possible, but not at the
expense of taking up good berthing space in the forecastle. Two chain
lockers can be fitted into the bow of a boat (Fig. 3-13). Narrow lockers, as
opposed to wide ones, present less possibility of the chain or rope tipping
over when the boat heels thereby upsetting the natural faking arrange-
ment of the rode. An upset pile could very well lead to snags when
deploying an anchor.

Chain lockers should not be made too small, and they should be
designed for rope or chain because there is about a 2 to 1 difference in
volume requirements (Table 3-1).

ANCHOR CHAIN CHUTE

Occasionally a boat owner will want to shift the center of gravity
of the stowed anchor chain as far aft as possible to save forecastle room and
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Fig. 3-13. Dual side-by-side chain locker.
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Table 3-1. Minimum Chain Locker Volume

Proof Coil chain Twisted 3-strand nylon rope
size—  volume per 100 diameter— volume per 100
in feer—ft> in feet—ft>
5/16 1.5 1/2 3
3/8 2 5/8 4
7/16 2.7 3/4 5
1/2 3.5 7/8 7
5/8 5.5 1 1

to improve weight distribution. This can be done with an angled chain pipe
or chute (Fig. 3-14). The pipe has to be well supported in all directions.

The size of any navel pipe—angled or straight—needs to be large
enough to accommodate the anchor shackle of a chain rode or the thimbled
eye splice of a rope rode in a vertical pipe (Table 3-2). Smaller sizes than
these will only lead to frustrating hang-ups when deploying or retrieving
the anchor rodes (unless shackles are removed).

DECK PIPES

If you stow your rode in a chain locker, it becomes necessary to
put one more hole (the navel) in the foredeck and fit it with a deck pipe to
absorb chain wear on the deck, to help keep water out of your chain
locker, and to hang the end of the chain on when not in use.

Deck pipes come in a variety of styles, being made for rope rodes with
large thimbled eye splices and all-chain rodes where shackles are removed
and only the chain enters the deck pipe (Fig. 3-15). Both hinged and

Table 3-2. Minimum Deck Pipe Sizes (in inches)

Proof Coil chain with Chain attached to thimbled
anchor shackle eye splice in twisted
3-strand nylon rope

Chain Recommended  Rope  Recommended

size [. D. of pipe size I. D. of pipe
5/16 2-1/2 1/2 3-3/4
3/8 3 5/8 4-1/2
7/16 3-1/2 3/4 5-1/4
1/2 4 7/8 6

5/8 5 l 7-1/2
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deck pipe

45° minimum

navel pipe

See Table 3-2
for diameter needs.

generous flare
2-ft minimum
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locker bottom grate

Fig. 3-14. Critical chain chute dimensions.

free-cap models are available, but if vou get the free-cap model, replace
the delicate ball-chain lanyard with a heavier chain or a cable lanyard.
Deck pipes should have extensions (spigots) that protrude through the
deck. If there are no extensions, epoxy the edges of the deck cutout to
protect them.

To overcome the problem of persistent water leakage through the
deck pipe. Abeking and Rasmussen (boat builders in Bremerhaven, West
Germany) have designed a screw-in concept which uses a threaded plug to
fill the pipe when not in use.

The importance of having leak-proof deck pipes cannot be overem-
phasized. On a presumed short 200-mile passage between Palmyra and
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(C) Screw-in cover chain deck pipe
(Abeking and Rasmussen)

Fig. 3-15. Anchor rode deck pipes.

Fanning islands in the Line group, I elected to leave the anchors and
rodes assembled, leading them through the deck pipes to the chain
lockers. The 2-day passage turned into a 4-day thrash to weather with the
bow of the boat looking more like a submarine than a sailboat. Things

were a sorry, wet mess in the forecastle by the time we arrived at Fanning
Island.
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A bolt-on bitt makes an excellent dock line and stern anchor rode
attachment for a powerboat. Note the generous use of rub strakes to
minimize line wear and deck-edge damage.

An excellent dual bow anchor installation on a Hans Christian 43.
The twin bitts are fitted with a common Norman pin. Note the horned
hawsepipes in the bulwarks for dock lines.
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7-4———— Norman pin

deck pipe entry

(A) Bolt-on hollow
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Fig. 3-16. Bitts and Samson post.
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Norman pin

deck partner

butt thwarts
glassed in

(C) Samson post in fiberglass hull

OTHER DECK GEAR

The variety of deck gear put on boats is only limited by the
imagination of the designers of boats and gear. But when you really get
down to it, there are only a few fundamental pieces required to anchor,
moor, or dock your boat. Needed is a place to secure the lines on deck,
guides which can lead the lines over the deck edge in a fair manner, and
some specialized pieces of gear to help in handling chain. And then there
is the ever-present problem of handling chafe regardless of the hardware
you choose to use. The latter is more dependent on the ingenuity of the
user than that of the builder.

Deck gear, like all ground tackle, must be strong, functional, and
resistant to corrosion. Most attempts to make deck fittings look pretty
have failed in the hard operating environment of ground tackle. Diecast
fittings wearing a shiny coat of chrome pose a latent danger to the boat.

Deck fittings need to be installed when the boat is built to get the
proper location and the necessary backup strength. Many builders, how-
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ever, try to keep the base price of the boat low so that necessary deck
fittings are either omitted or included in options to be put on later. The
valuable Samson post is very difficult to add, and deck-edge cleats are
almost impossible to add after the boat is built. The buyer of a new boat
must, when he places his order with the yard, specify the essential deck
gear so that it can be put on as the boat is assembled.

BITTS AND SAMSON POSTS

The terms bitt, bollard, and Samson post are used inter-
changeably in many instances when, indeed, they are quite different. A
bitt is a short, sturdy metal or wooden post located on the foredeck on
which to belay an anchor rode, mooring, or dock line. A bollard is a short,
sturdy metal or wooden post located on a wharf or pier on which to belay
dock lines from a vessel. A Samson post is the upper end of atimber on the
foredeck of a vessel which is used in the same manner as a bitt. The lower
end of the Samson post attaches to the stempiece of the hull. What may
appear to be a pair of Samson posts, that is, two paralle! posts that
penetrate the deck down to the stempiece of the hull, are actually knight-
heads, but in small boats they are simply referred to as twin bitts (Fig.
3-16B).

Boats with bowsprits are naturals for twin bitts. The sprit, deck
beams, and longitudinals are all bolted together to make a very strong
installation. Whether bitt or Samson post, the tops of these timbers should
be covered with a brass or copper cap well bedded and tacked in place to
prevent weather splitting of the wood.

When mounting metal bitts, reinforce the deck underneath with
hardwood plus a metal plate with a predrilled bolt pattern identical with
the bitt base.

Since cosmetics and the desire for a clear foredeck seem to be the real
reason for not having bitts or Samson posts on modern boats, how about
making a disappearing bittas in Fig. 3-17A or a disappearing Samson post
as in Fig. 3-18A? These would be natural choices on steel or aluminum
boats. and with proper support fittings. they would serve equally well on
fiberglass boats.

A combined bitt and chain stopper (Fig. 3-17B) was first seen on an
English boat and it could also be used as a bitt for rope provided that the
corners were generously rounded.

Foredeck bitts and Samson posts are sometimes referred to as towing
posts. which is a tribute to their sturdiness. But lacking either (as most
modern boats do!) a useful substitute can be made on sailboats with
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(A) Disappearing bitt

to anchor
(B) Bitt with chain stopper

Fig. 3-17. Special metal bitts.
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Fig. 3-18. Alternate Samson post concepts.
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keel-stepped masts (Fig. 3-18B). You should also look to your keel-
stepped mast as a supplementary attachment point for securing multiple
mooring lines should you have to ride out a hurricane at anchor (Chapter

12).

DECK CLEATS

Cleats are the primary means of securing anchor rodes and
dock and mooring lines on modern boats. They range in style from the
substantial hollow base horn cleat to the less substantial, but aesthetically
more pleasing, Herreshoff cleat to the small, artfully formed cleats used
on runabouts. The sole function of acleat is to belay a line and not to stub
toes which may appear to be the caseat least for landlubbers aboard.

Cleats take a significant load when in use. The surging of the boat
brings up the line in short jerks, wanting to tear them from their mount-
ings. For that reason, cleats must be through-bolted with backing plates to
a reinforced portion of the deck.

Proper deck cleats are made of bronze or stainless steel and provided
with a broad, four-bolt base to prevent tipping when under side load.
Unlike running rigging cleats which get loaded from one end only, deck
cleats can getloaded from any directon. You should not depend on cleats
made of die castings for ground tackle use as they have little strength.

The Herreshoff cleat with its widely spaced feet has one real ad-
vantage to its design (besides being cosmetically more attractive) and that
is the ease with which you can lock a dock line to it (Fig. 3-20). It is,
however, not as sturdy as a horn cleat and its smaller diameter parts cause
more wear on lines. It is not recommended for ground tackle use.

There is a proper way to belay aline to a horn cleat and that is shown
in Fig. 3-21. The procedure is one round turn, one crossover turn, and
then one locking turn. A good seaman will learn to do that in the dark.

Cleats must be of a proper size to fit the lines they are to hold (Table
3-3). Inadequate size cleats not only are weaker, but they will crowd the
line so much that it is not possible toget a proper hitch put on them. From
my observation [ would say that most boats have deck cleats too small for
their intended use.

[t is common practice to belay rope anchor rodes to deck cleats since
few boats have bitts or Samson posts. Unfortunately, the deck cleats of
most contemporary boats follow the “traditional” method of placement,
and they end up well inboard of the gunwale requiring a fairlead (chock)
at the toe rail. This is not only a needless piece of hardware but causes
unnecessary wear on the rode or dock line passing through the chock.
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(A) Twin bitt hitch

bitter end

to anchor

e To belay a line to a twin bitt, take a turn around the nearest bitt and follow that with a
series of figure 8 turns between the bitts. End the hitch with a half-hitch around one
of the bitts.

(B) Pinned Samson post hitch

to anchor

° To belay aline to a single bitt or a Samson post, take two tums around the post and
then end with consecutive half-hitches around opposite ends of the Norman pin.

Fig. 3-19. Hitches for bitts and Samson posts above and on facing page.
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(C) Plain Samson post hitch

first locking loop

bitter end

to anchor

second locking loop

to anchor

¢ To belay a line to a Samson post without a Norman pin, take two tums around the
post first. Then take a bight of line from the inboard part, pass itunder the standing
part ahead of the post and bring it over the top of the post. Take another bight ofthe
inboard part and pass it under the standing part in the opposite direction to the first
and likewise drop it over the post. Draw up on the bitter end to remove the slack.
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to dock cleat or bollard
Fig. 3-20. Herreshoff cleat for dock line.

one round tum one crossover turn

to load
-—

standing part

e Do notloadthe cleat horns with the excess line. If the boat is to be left unattended,
drop a second locking turn over the opposite hom and then neatly coil the excess
line and lay it to the side.

e Never put a locking hitch on the standing parnt of any anchor or dock line as
attractive as it may be to quickly tauten up the line.

Fig. 3-21. Horn cleat hitch.
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Rub strakes have done nothing to prevent serious damage to this
dock line by the fairlead chock. A horn cleat mounted in its place at the
shear line could have prevented the line damage. Such a condition would
be catastrophic if it were the anchor rode being abraded.

Tuble 3-3. Recommended Hom Cleat Sizes (in inches)

Rope diameter  Horn cleat length

3/8 6
7/16 7
1/2 8
5/8 10
3/4 12
7/8 14
1 16

The use of chocks and inboard cleats is justified on wooden boats
because it is impractical to through-bolt a cleat at the deck edge. But on
fiberglass. steel, and aluminum boats. this is not true. Bv putting the cleats
right at the deck edge. vou eliminate the need for chocks as well as the
wear on the line running through the throat of the chock (Fig. 3-22).

DECK CHAIN STOPPERS

All chain anchor rodes must have some means of stopping off
the chain on deck tn order to hold it while the crew prepares the anchor
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(A) Traditional method
(wooden boats)

(B) Improved method
(fiberglass and metal
boats)

A substanual quarter horn cleat mounting on a Tartan 33 sailboat.
Mounting the cleat right at the sheer line eliminates the need for a
fairlead. The aluminum corner casting could do with a larger outer radius
to further minimize line wear.
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windlass or adds another shot of chain. This chain stopper also acts as a
backup to the windlass brake and secures the anchor in the bow roller or
hawsepipe.

The most common type of chain stopper is the pawl (Fig. 3-23A). The
simple, gravity-activated pawl drops down on the chain between vertical
links and stops the chain run. The chain trough is designed with a slot in

lanyard

unlatching eye

chain trough

deck

base — N\ N—\\—
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(A) Pawl chain stopper backing plate

operating
handle

friction braking full stop

cam shoe
reversed as

deck

(B) Cam brake chain stopper

——» to Samson post or cleat

chain hook and rope alternate to wildcat
petican hook and turnbuckle

pelican hook

(C) Housing chain stopper navel

Fig. 3-23. Deck chair‘fstoppers.
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its base so that alternate links stand upright in the trough. Care should be
exercised in releasing the pawl because the chain will rattle out very fast
and may be hard to stop again.

To slow the movement of the exiting chain, a special cam-brake chain
stopper can be used (Fig. 3-23B). The reversible cam-shoe stops the chain
in one direction and eases it out in the other. When changing from the
full-stop position to the friction-braking position, it is necessary to tempo-
rarily belay the chain with a line while reversing the operating handle.

The housing chain stopper (Fig. 3-23C) is used to secure the chain
and anchor when the vessel is underway. The anchor is drawn snug into
the bow roller or hawsepipe and the pelican hook secured across a link of
chain. The turnbuckle is then drawn up tightly bringing the anchor
securely into its mount. As an alternative to the turnbuckle-pelican hook
arrangement, you can use a chain grab hook with line secured to another
deck fitting.

Great care must be used when employing a deck chain stopper. A
sudden release can result in a wild deployment of the chain eventually
coming up hard on the bitter end attachment. Dropping the pawl down
on the chain when it is running wild can snap the chain, break the stopper,
or damage chain links. Hands and feet should be kept a judicious distance
from chain and stopper when handling this gear.

The ground tackle setup on the 52-foot passagemaker, Teka I/ from
Coos Bay, Oregon. The windlass has two wildcats and two warping
drums. Note the substantial bitts.
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The anchor windlass installation on the Dutch aluminum around-
the-world motor cruiser Bylgia. Note the housing chain stopper with a
turnbuckle and the slotted hawsepipe cover to hold the chain and take the
load off of the windlass wildcat.

HAWSEPIPES

The problem of stowing the old-fashioned anchor with its
awkward stock and arms led to the development of the stockless anchor
and hawsepipe stowage. This allowed the anchor to be weighed and
stowed without so much as one sailor having to manually work the anchor
in place. Today many boats 50 feet and over in length use hawsepipes to
stow either the Navy stockless or the Danforth lightweight anchor (Fig.
3-24).

The length of the hawsepipe has to be sufficient to contain the entire
length of the anchor shank to give a proper lead of the chain through the
deck flange and over the bolster. The hawsepipe must be securely fas-
tened to hull and deck so that no water can enter under any conditions.

Normally, a stockless anchor is carried in the hawsepipe at all times,
but should it be removed for any reason, a hawse plug must be inserted
into the hawse eye to reduce the chances of taking on water. The hawse
plug is inserted from the outside but a pendant is run through the pipe to
snug up on the plug after insertion.
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A stockless Hall anchor stowed in a centerline hawse pipe.
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When the anchor is snugged up against the hull, there is considerable
opportunity for it to chafe the surface of the hull. To prevent this,
billboards are affixed to the hull covering the area where the anchor will
contact it when stowed. Billboards attached to a wood hull must be well
bedded in a rot-preventing compound and removed every few years to
ascertain whether any hull rot is developing. Metal boards can be welded
on metal hulls, but if stainless steel boards are put on carbon steel hulls,
they must be insulated to eliminate galvanic action. Billboards on fiber-
glass hulls can be screwed or bolted in place and should also be bedded.

ANCHOR DAVIT

Most recreational boats have anchors light enough to handle
by hand or at least they can be drawn into a bow roller with a windlass. But
boats over 50 feet in length—both workboats and recreational boats—will
have anchors of such weight that they will need special handling to hoist

A Forfjord anchor is nestled in the hawsepipe of a steel-hulled vessel.
Small individual billboards have been provided to save the hull plating
from abrasion by the anchor bills.
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aboard (if they are not stockless hawsepipe-stowed anchors). An anchor
davit is the prescribed piece of equipment for this job (Fig. 3-25).

An anchor davit is essentially a small crane that can be extended over
the side of the deck to hoist the anchor out of the water and swing it onto
the deck without marring topsides, bulwarks, and handrails. Depending
on the weight of the anchor to be hoisted, a multiple purchase block and
tackle may be used to allow one person to hoist the anchor. The davitarm
pivots in the deck support socket allowing the anchor to be swung inboard
and lowered, preferably, right into its chocks. When not in use, the davit is
removed from its socket and lashed to the deck out of the way.

The anchor davit can be used in many ways on a large boat. For
example, it can be used for hoisting provisions and gear aboard; with

davit arm

shackle

Use guy wire for /é .
heav% lZJads / multiple purchase
iy block and tackle
/
/
/7
/
// chain hook
7/
cleat -8
deck support socket

Fig. 3-25. An anchor davit.
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The ground tackle deck of the very elegant power cruiser Taurus
from Opyster Harbor, New York. The anchor davit is mounted on the
centerline of the king plank so that it can handle both Danforth anchors.

Note that each anchor has been equipped with a balancing band and eye
for hoisting.

other support sockets, it can be used to lift heavy gear in other parts of the
vessel; and it can be employed in hoisting heavy dinghies and outboard
motors aboard. For extremely heavy loads, guy wires or braces may be
needed to keep the strain on the deck socket at a reasonable level.



CHAPTER FOUR

Anchor Windlass

The first time you haul up an all-chain anchor rode without the services of
an anchor windlass, you will realize the value of this piece of foredeck
machinery. If you have a small boat with rope rodes you don’t need to
worry about it. But when the boat length exceeds 40 feet or so, the
advantages of an anchor windlass become apparent even for a rope rode
with a proper chain lead. Handling chain by hand, exclusive of its weight,
can be very damaging to the hands and should be avoided.

Anchor windlasses driven by manual means are adequate for boats
up to about 45 feet in length using up to 60-pound anchors and 3/8-inch
chain. Larger boats and heavier anchoring gear require not only the
mechanical advantage of a windlass but an energy source that will not
wear down quite as easily as that of an individual’s. Electricity is currently
favored, but hydraulic power is becoming very popular.

Once you experience the ease of hauling anchors with power, you
probably will not do without a powered anchor windlass again. While the
convenience of the powered anchor windlass cannot be overstated, the
horrors of having one fail cannot be overstated either. The chances of
powered anchor windlass failure are, unfortunately, high because it re-
sides in the worst of locations—on the foredeck—and it is designed only
for intermittent service which is usually ignored when the departure
schedule says go and the hook stays hooked.

Anchor windlasses properly installed as a system and operated and
maintained according to manufacturer’s instruction should perform sat-
isfactorily for many years.

CAPSTAN OR WINDLASS?

Before chain found its way into ground tackle, rope rodes were
used, and large ships were equipped with a mechanical device called a
capstan to assist in weighing anchors. Initially, the capstan was manually
operated by sailors pushing on the capstan bars (Fig. 4-1). With the arrival
of steam, the sailors were, I am certain, happily replaced by the steam



Anchor Windlass 73

I"— vertical drum axis

i drumhead
a

> capstan
bars

drum

annular ratchet brake

mounting base

N
Lo
" ~
I
>
7¥
L’.
-y

]

e S
BN A3

A

A steam-driven horizontal windlass from a four-masted lumber
schooner of 867 tons builtin 1918 in Portland, Oregon. In the mid-1930s,
the ship was renamed the Seth Parker and used by Phillips Lord in produc-
ing live radio brogdcasts as the ship sailed to many foreign ports. On
exhibit at the Hawaii Maritime Center, Honolulu.
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engine. But the vertical capstan was retained as a means of handling all
sorts of lines on the ship.

The windlass had its origin on land as a hoisting device for the castle
portcullis, as a bucket lift in wells, and in general hoisting by rope in
construction work. The feature of the windlass that sets it apart from the
capstan is the use of a horizontal rather than a vertical drum.

Windlasses and capstans are both used on today’s recreational craft to
haul rope anchor rodes. They may be manually, electrically, or hydrauli-
cally powered, but they have one thing in common and that isthe use of a
warping drum (formerly called a gypsy) to handle the rope. Technically,
they are not anchor windlasses but capstans and plain windlasses. Cap-
stans and windlasses become anchor windlasses with the addition of
wildcats to handle chain.

There are advantages and disadvantages to both types. The vertical
windlass warping drum can be used omnidirectionally which is an ad-
vantage for general deck work. When electrically powered, the motorand
most of the mechanism can be conveniently placed below the deck out of
the elements. Placing the bulk of the anchor-weighing device below the
deck leaves the foredeck much cleaner and lowers the center of gravity of
the device. The big disadvantage of the vertical anchor windlass is that the
hand crank (when fitted) is operated in a horizontal plane closeto the deck
which is very awkward at best.

It is probably that latter disadvantage of the vertical anchor windlass
that has made the horizontal anchor windlass the more popular for
handling anchor rodes. With the horizontal orientation of the wildcat and
warping drum, it is simple to manually actuate it through a set of gears
using a vertical rocking lever that can be operated by a crew member from
the standing position.

COMMON DESIGN FEATURES OF ANCHOR
WINDLASSES

Whether it be a vertical or a horizontal anchor windlass and
regardless of how powered, there are several common design features
that set the anchor windlass apart from other applications of the same
principals (Fig. 4-2). One is the warping drum. It has a concave surface to
keep the turns of rope centered and it usually is smooth although some
have whelps and others are roughened by knurling or sandblasting. The
drum is “engaged” by taking a couple of turns of rope around itand then
snubbing up on the bitter end.
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[f the anchor windlass is to handle chain, a special sprocket fitted with
link pockets to grasp the chain links is used. This sprocket is called a
wildcat and it is fitted to the same shaft as the warping drum. The positive
grip of the wildcat on the chain, however, prevents it from letting the
chain run out unless a freeing clutch is provided so that the wildcat can
spin backwards. This clutch is usually a cone or band brake that can be
tightened to haul in on the chain or can be loosened to let the chain run
freely.

The wildcat is appropriately named because, if carelessly tended, it
can behave like one. For instance, if you inadvertently release the brake
with a heavy weight of anchor and chain over the bow roller, the wildcat
will start unwinding letting the chain run out in a blur of untamed links.
The chain may even jump out of the wildcat and create havoc to chain
pipe, deck, and human limbs. Conversely, when taking in on the chain
rode, the chain can wedge in the pockets and the anchor windlass will
come to a snarling halt. To avoid this, every wildcat on an anchor windlass
must be fitted with a chain stripper to forcibly separate the chain from the
sprocket and lead it smoothly into the chain pipe’

It is important that the wildcat be matched to the chain it is to drive.
Small differences in chain link diameter, width, length, or shape need to
be taken into account in the shape of the wildcat pockets. Failure to do this
will cause links to jump pockets or wedge in them so tightly that even the
chain stripper cannot separate them.

Although the anchor windlass has the power to haul on an anchor
rode with hundreds or even thousands of pounds of force, it is not
intended to break the anchor loose nor to carry constant anchor loads on
the warping drum or wildcat while the boat is at anchor. Anchor loads
and, especially, breakout loads should be taken by a deck chain stopper
(Fig. 3-23) instead of carrying them through the complex of gears and
levers that make up an anchor windlass. (see Breaking Out the Stubborn
Anchor in Chapter 10 for techniques that neither damage the windlass
nor strain a back.)

A proper anchor windlass installation will incorporate metal beams
under the deck to transfer the windlass loads over a wide expanse of deck
and into bulkheads and hull. Fiberglass decks also need a wood base
under the anchor windlass to prevent crushing the fiberglass composite.
Wood decks need substantial underdeck reinforcing with metal plates or
angles. Metal decks will distort under load if load-spreading angles are
not incorporated. In the Cabo San Lucas (Baja California, Mexico) an-
choring disaster of 1982, at least two vertical anchor windlasses pulled
right through the deck because of inadequate deck reinforcement.
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Fig. 4-2. Nomenclature for electric anchor windlasses: (A) Plath
model 3GW vertical anchor windlass; (B) Plath model 4 horizontal anchor
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(C) The ABI model 1000

Positioning of the anchor windlass on the foredeck requires consid-
eration of the underdeck structure, the location of the chain locker, and
the angle of rode lead from the bow roller (Fig. 4-3). Cosmetically, the
anchor windlass should be centered on the king plank (centerline) of the
foredeck. But if the anchor windlass is quite wide, which most horizontal
models are, both the warping drum and the wildcat will end up with a bad
rode lead from the bow roller. It is best to pick the warping drum or the
wildcat as your primary drive and center that on the king plank. Or else,
move the anchor windlass aft as far as is possible so that the lead angle to
the bow roller from both drum and wildcat is made a tolerable minimum.

MANUAL ANCHOR WINDLASSES

When the chips are really down, the mechanical anchor win |-
lass driven by muscle and determination is unsurpassed for reliabilitv. [tis
simple. dependable. and with a good hand at the lever can take in chain as
fast as an electric motor but. unfortunatelv, the drive gets tired.

windlass; and, in (C), abogc, the ABI model 1000 manual anchor windlass
for boats to about 40 feet in length.
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(A) Capstan provides omnidirec- (B) Foul lead of anchor rode caused
tional line pull for anchoring, by centering windlass on king
warping, and hoisting. plank too close to eyes of vessel.
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(C) Oftset windlass provides a fair- (D) Anchor windlass placed suffi-
lead for bow anchor rode. ciently far aft of eyes of vessel

allows space for chain stopper.
Sacrifical wood strip protects
deck.

Fig. 4-3. Criteria for positioning an anchor windlass.

The manual anchor windlass may be operated with either a lever ora
crank. The lever is, bv far, the easier to operate because the crew member
can stand up and rock it back and forth whereas with either a horizontal or
vertical crank, the crew member must bend over in an awkward stance.
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The lever has the additional advantage of greater leverage for a given
internal gear ratio. [t should be remembered. though. that the speed at
which the rode is hauled in is the reciprocal of the line pull for a given
force applied to lever or crank. Therefore. if vou want to make a hard
pull. vou need a high gear ratio which vields a strong line pull but at a low
hauling speed. Conversely, if you want to get vour anchor up fast (and the
load 1s not too great). then vou want a low gear ratio. Most small anchor
windlasses (boats 30 to 35 feet overall) use only a single gear ratio whereas
larger anchor windlasses will incorporate two sets of gears for high speed
and low power or low speed and high power.

There are still some old anchor windlasses in use that have a single-
acting lever which tends to be unnecessarily slow in hauling. New models
are usually double-acting, that is, you haul in on the rode with both fore
and aft strokes of the lever. The length of an anchor windlass handle is
proportioned to the strength of an average person pushing (or pulling)
with 30 to 50 pounds of force. Two persons can double the force and by
putting on an extension lever you can get just about anv force you want.
But you must remember that the total anchor windlass structure has
design limits of its own and exceeding the design line pull on it may result
in breakage while still not bringing home your anchor.

A cursory examination of manual windlass performance figures in
Table 4-1 shows that they fall into two approximate classes—one for boats
30 to 35 feet LOA with a line pull of about 500 pounds and the other for
larger boats to 45 feet LOA with a line pull of about 1.100 pounds. Chain
sizes for the former run between Y% inch and % inch in diameter and for
the latter from % to % inch in diameter.

ELECTRIC ANCHOR WINDLASSES

Electricity has become the servant of sailor and landlubber
alike because it has a greater flexibility of use than any other known power
source. An electric windlass in place of a manual windlass can be a real
blessing in cruising but may not be quite as attractive for racing boats
because of the added weight and bulk. (Electric windlasses weigh up to
twice as much as an equal line pull manual windlass.)

Basically. the electric windlass has the same mechanism in its gear
case as the manual windlass. The difference comes in the substitution of
an electric motor for the manual lever or crank. The performance then
becornes less operator dependent and can be quantified for analysis.

Fig. 4-1 illustrates the performance of a typical electric anchor wind-
lass. The first conclusion that you draw from this curve is that the hauling



Table 4-1. Manual Anchor Windlass Performance

Manufacturer and model Chain Unit Handle Mechanical Line pull For boat sizes—
size weight type advanuage ths to approximate ft
in 1bs
Plath 7 1/4—3/8 45 Lever NAa NA 35
Plath | 1/4—1/2 80 Crank 24:1 400 40
Finderwinch Handy 1/4-—5/16 20 Lever NA 550 30
Finderwinch Maxi-Handy  5/16—1/2 66 Lever NA 1,350 45
(2 speed)
Ideal HWCM 1/4—5/16 42 Lever 10:1 NA 30
Simpson-Lawrence 1/4—3/8 21 Lever 12:1 550 35
Hyspeed
Simpson-Lawrence 555 3/8—1/2 42 Lever 14:1 1,100 45
(2 speed) 40:1
Nilsson H400m 1/4—3/8 31 Lever 7:1 600 35
(2 speed) 20:1
Nilsson H700m 3/8—1/2 94 Crank 5:1 1,000 45
(2 speed) 15:1

4 NA = Notavailable.
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S0 — Performance curve points of interest:
A—No load hauling speed
A B—Nominal line pull
C—Peak operating efficiency
40 |- D—Maximum service load
E—Maximum pull (not to be used except momentarily)
B Curve for Simpson-Lawrence
Seawolf 520/20 windlass
'i 30 (manutacturer's data)
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Fig. 4-4. Electric anchor windlass performance.

speed of the line is the inverse of the pull on the line. That is, a fast hauling
speed is attained only at the sacrifice of line pull. The drop-off in hauling
speed is almost linear with the buildup in line pull until some point D is
reached where the maximum line pull begins to stall the motor.

The maximum efficiency of the windlass (line pull times hauling
speed divided by current draw) occurs somewhere in the middle of the
performance curve (peoint C), and it is here that the windlass should
normally be operated. If the windlass continuously operates between
points D and E, it is too small and should be replaced.

Operation of the windlass at point E should be avoided at all times.
Sometimes, though, the anchor rode will snub up hard when the anchor is
near breakout and this could stall the motor. If it does, shut off the
windlass power, put a stopper on the chain, and break out the anchor
using one of the techniques which will be described later.

Laboratory tests of a number of anchor windlasses were sponsored by

Motor Boating & Sailing rgagazine which measured the performance of the
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The Ideal, model ACW, vertical electric anchor windlass installed on
a Gulfstar 50 sailboat. Note the location of the foot switch close behind the
windlass, and the deck pipe forward and to the side of the windlass to
accept the chain just ahead of the chain stripper. This windlass is properly
mounted on a wood pad; button snaps are visible for attaching a fabric
cover when not in use.

windlasses in terms of line pull, hauling speed, and current draw (Table
4-2).

These data point out one distinct feature and that is the high current
draw that can occur as the line pull is increased on the windlass. The data
from manufacturers often do not show the high current draw which can
lead first-time buyers into thinking that they will have no trouble in
meeting the electric power requirements of the prospective windlass.
Motor burnouts, blown fuses, and burned-up wiring can all result from
overloading an inadequate anchor windlass electrical system.

There are a number of ways to prevent overloading an electric
windlass. If you are using a rope anchor rode around a warping drum,
you can simply slack off on the tension that you are holding on the rope’s
tail which will allow the rope to slip enough to unload the drum and keep
the motor running at an acceptable speed. This simple technique does not
work for a chain and wildcat so something else has to be done.

Some windlasses are equipped with shear pins that will shear at a
predetermined maximum acceptable line pull. For this concept to be
acceptable, the shear pin has to be immediately accessible and easily
replaceable.
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Table 4.2. Electric Anchor Windlass Performance

Performance curve point ——3— A B C Db E
Manufacturer and madel No load 170-1b line Peak operatin§ Line pult at 20 Maximug\ line
- pull efficiency load fpm hauling pull
Q speed—lhs
£
% E e E e £ E o o,
g2 & B & £ 1 &2 E I
s 2L 5] ELE] & El §] a §]
88 Y E: 3B E: ¢ 3% L ty 5P
Galley Maid AACW R/C 58 78 42 108 235 389 114 482 850 342
Ideal A R 58 48 40 84 370w 300 108to 737 1,350 360
550 24 132
Nilsson M80OC R 133 54 68 120 370 513 168 850 450
Nilsson V 1000C RIC 9 48 45 114 350 28 198 745 850 462
Wilcraft R 46 36 36 66 370 31 78 550 210
Benson A 35 R 30 24 31 54 235 27 60 331 550 102
Denouden Vetus Tiger R/IC 85 48 47 90 370 39 120 1,044 1,350 390
Good Automatic R 63 I8 24 42 235 20 48 238 370 60
Powerwinch 412 R 29 18 26 29 370to 23t0 36to 582 1,350 114
550 21 48
Powerwinch 612 R 45 12 33 36 370 26 48 370 54
Powerwinch 2000 RIC 59 72 45 96 550 35 120 1,123 1,350 330
Simpson-Lawrence Seawolf 520 RIC 36 6 28 24 235 28 24 481 850 102
Simpson-Lawrence Seawolf 520/20 R/C 41 12 38 24 370 26 36 529 850 84
Simpson-Lawrence Sealion 526 R/C 33 12 29 18 550 23 42 1,015 1,650¢ 114
Superwinch R 40 30 33 54 235t0 33t0 60to 550 108
370 © 29 84

Source: Mator Boating & Sailing, August 1981. 3Efticiency is line pull times hauling speed divided by current draw. b[)cadweight start. SCapable of higher load.
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The Simpson-Lawrence Seawolf horizontal electric anchor windlass
installed on an Albin 50 trawler. Note the molded plastic cover to protect
the windlass from the elements. There is no wood pad between windlass
and deck, but one is highly recommended to keep the bedplate from
being continually wet due to water flowing across the deck. The foot
switch is not in a good location either because it is too easy to accidentally
step on it.

Most common of the overload devices is a fuselike arrangement that
automatically cuts the power off when the motor stalls. But a simple
cartridge fuse is not the way to go. Instead, a slow-blow thermal cutout
device is preferred which will allow a second or two of overload without
breaking the circuit. That might just be enough of a hard pull to break the
anchor loose. If you blow the overload protection device, you will have to
wait until it cools down before resetting it, that is, unless vou have one of
the dual (parallel) overload protection devices that will allow you im-
mediately to set the second and continue weighing your anchor. Avoid
blowing the second one, however, because your windlass motor 1s now
heating up and forcing it beyond its limits will be destructive.

Electric motors for windlass drives up to 1,000 pounds of line pull
have a % to 1% HP rating. They are intended for intermittent service only
since cooling is not adequate for continuous duty. While they can be run
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for “minutes” at low line pulls, they should not be run for long periods
when the line pull is high and not for more than one or two seconds if the
motor is stalled. All the while you are using your electric windlass, your
engine should be running to help maintain the battery charge.

Most recreational boats are equipped with a 12-volt DC electrical
system which is not the most desirable voltage for operating a remotely
located motor. The distance a motor is from the energy source dictates the
size of wiring to be used (Table 4-3). The sizes of wire may amaze you but
take a look at the size of wires connected to the electric starter on your
engine and you will realize that 12-volt motors do require heavy wiring for
proper operation. The goal is to minimize voltage drop along the supply
wire, and it takes large wires to do that.

There is a way to use smaller wire sizes and that is to raise the
operating voltage of the motor. You may want to consider a higher
voltage system in your boat for both engine starting and electric windlass
operation (Table 4-4). Larger workboats may already be equipped with
32-volt DC systems which would be very helpful for electric windlass

Table 4-3. Recommended Wire Sizes for Electric Windlasses

Distance from power American Wire Gauge Size
source to windlass—ft Current draw—amps
50 100 150 200
0—10 No.8 No.4 No.2 No.0
10—20 6 2 0 0C
20—30 4 0 00 000
30—40 2 00 000 0000

Notes: Assume a 12-volt direct current; a 3 percent line voltage drop at motor; and a fuse rating of 125
percent of current draw.

Table 4-4. Voltage Impact on Wire Size for Plath 3GW Vertical

Anchor Windlass
Motorsize  Supply Current Recommended Wire
HP voltage  draw—amps fuse—amps size—AWG
34 12 DC 35 60 No. 2
| 24 DC 33 60 4
l 32DC 23 40 6
I 115 AC 20 30 12

Source: Manutacturer’s datw.
Notes: Assume distance from power source to windlass = 25 10 35 ft: hauling speed = 37 fpm: and

intermittent operation. ‘n
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operation. Higher voltage motors not only use smaller electric wires but
they also operate more efficiently than lower voltage motors.

Availability of other voltage motors for windlasses is quite limited,
Plath being a notable exception. If you have a choice, you should consider
the following operating voltages for the electric motor drive of your
anchor windlass:

12-volt DC for line pulls to 1,000 pounds
32-volt DC or 115-volt AC for line pulls to 2,500 pounds
220-volt or 440-volt AC for line pulls above 2,500 pounds

Many boats have 115-volt AC electricity available for lights, radar, tools,
microwave ovens, and similar uses, and this same power could be used for
the anchor windlass. The benefits would be numerous.

Another option for decreasing the power lost in transmission of 12
volt DC current is to locate a separate battery very close to the anchor
windlass motor so that the length of heavy cable is kept to a minimum.
This battery can then be connected to the engine charging system with
much smaller wire, say No. 10 or 12, because the charging amperage
would be much less than the draw by the windlass motor. The placing of
this separate battery close to the windlass adds more weight forward, but
as long as it is not right in the bow and kept low, it can be tolerated on
cruising boats, either sail or power.

Wiring of the electric windlass should be done with care and in accord-
ance with the American Boat and Yacht Council’s recommendations.*

Control of the electric anchor windlass can be accomplished with a
foot switch located near the windlass on the foredeck. This is a momen-
tary switch which must be stepped on with a irm foot to engage, and to
hold it engaged. In its simplest form, this switch is a two-position switch
that is wired directly into the power supply circuit, and when the foot
pressure is released, the switch contacts immediately snap open.

A second version of the foot switch is one that operates through a
solenoid in a manner similar to your engine starter solenoid. In this
system the foot switch carries only a minimal amperage and the solenoid
that it operates is normally located inside the motor housing of the
windlass. With a solenoid available, it is now possible to add a remote
switch also, placing it in parallel with the foot switch. The latest in high
technology electronics provides a cordless remote control switch that can

*American Boat and Yacht Council, Standard E-9 “Direct Current (DC) Electrical Systems
for Boats,” paper available upon request (P. O. Box 806, Amityville, NY 11701).



Anchor Windlass 87

operate as far as 40 feet from the receiver unit and gets rid of the trailing
cord of the roving switch that is always hanging up on some piece of deck
gear.

A reversible motor on an electric anchor windlass allows you both to
weigh anchor and to let go the anchor with positive control. This is
particularly important if you intend to do your anchoring from the
comfort of a wheelhouse on a larger vessel. The reversing switch is a
3-position joystick type that is normally in the center (off) position. Mov-
ing the stick to one side or the other energizes the motor in one direction
or the other, as chosen.

All electric anchor windlass switches should be of the momentary
make ar break variety so that the operator cannot energize the circuit and
walk off and leave it running. For absolute certainty, any switch on the
foredeck that requires the presence of a crew member in the close vicinity
of the anchor windlass and rode should be a momentary make or break
variety so that if the operator is thrown off balance by a wave, the windlass
immediately shuts down.

Electric windlasses which do not have a reversing feature on the
motor depend on the operator to manually release the wildcat and op-
erate a clutch much the same as a manual anchor windlass.

There is another switch required in the circuit of an electric windlass
and that is a disconnect switch that isolates the entire electric circuit of the
anchor windlass from the power supply. When the windlass is not in use,
there is no need to keep power in the system, and safety is enhanced if the
system is totally deenergized.

Schematic wiring diagrams for electric windlasses are shown in Fig.
4-5. Manufacturers will provide their own recommendations which you
must integrate into your boat’s circuits, but whatever you do, be certain
that the basic safety elements indicated in Fig. 4-5 are also incorporated.

Most electric anchor windlasses include a chain run indicator to tell
the operator how much chain has been let out. The indicator is not
intended for use with rope since rope slips on the warping drum and a
positive indication is not possible. Rope rodes should be marked as will be
described in Chapter 5.

Mounting an electric windlass requires the same substantial deck
reinforcements as any other windlass. Anchor windlasses that have an
electric motor below the deck (all vertical windlasses and some horizontal
windlasses) require special reinforcement of the deck where the cutout is
made for the vertical drive shaft. One such vertical windlass on the market
requires a hole in the deck that is 50 percent of the diameter of the
bedplate and that congtitutes a serious weakening of the deck. Such an
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installation definitely requires the use of metal reinforcement under the
deck as well as a good-sized wood pad on top.

There usually are four to six mounting holes, a main gear box hole
for underdeck motors, an electrical lead hole for above deck motors, a
chain pipe for all windlasses, and a deck switch hole. Structural strength
of the deck and its ability to keep water out after being penetrated in so
many places will be compromised unless you make a first-class design and
installation.

All powered windlasses must be backed up with a manual drive
option in case of power failure. Although this poses an unwelcome
amount of exercise for the crew, it is still better than having to slip the
anchor and abandon it and the chain rode.

[t is possible to have a windlass, manual or powered, freeze up
completely and refuse to turn over no matter what leverage you apply.
This is usually due to salt water getting inside which corrodes gears,
jackshafts, and bearings. The only solution is to abandon the windlass and
get your chain rode and anchor up by other means. One way of doing this
on a sailboat is to use a chain grabber on a long pendant which will reach
from bow roller to mast winch. With this rig shown in Fig. 4-6, the anchor
can be raised one long bite at a time. It will be necessary to use your
regular deck chain stopper to hold the anchor rode while you take
another bite on it. On a power boat without a winch, it becomes more
laborious since a member of the crew will physically have to haul on the
chain grabber pendant and belay it while setting the deck chain stopper.
Do not attempt to break out the anchor with this rig. Use one of the
techniques discussed later.

HYDRAULIC ANCHOR WINDLASSES

Hydraulically-powered windlasses and line-handling gear
have been commonplace on workboats for years and are now finding their
way onto the larger recreational boats. The hydraulic windlass offers
more power than an electric windlass, and it is safer and easier to transmit
hydraulic power than high amperage electric power. Hydraulic compo-
nents are a well-developed state of the art being used on heavy construc-
tion equipment and machine tools. They cost somewhat more than an
electric drive because of the need for precision machining of pumps,
valves. and motors which operate at high pressures. But workboats look to
increased reliability and durability as justification for the increased cost.
Large recreational boats can take advantage of the same benefits.

Hydraulic anchor windlasses start at rather large sizes because there
is 2 minimum practical size for hvdraulic hardware. The Plath model 4H
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The Hydra-Cap, model 1500M 1, vertical hydraulic anchor windlass
provides 1,500 pounds of line pull at a hauling speed of 20 to 30 fpm
continuous duty. Total weight of the system including an integrated
pump and reservoir (not shown) is only 83 pounds. All above-deck parts
are stainless steel. Courtesy: Hydra-Cap Systems, [nc.

with a line pull of 800 pounds is about the smallest made. Most hydraulic
anchor windlasses are above 2,000 pounds of line pull which few mod-
erate size recreational boats need. The hydraulic windlass weighs about
25 percent less than an electric windlass of comparable capability. It can
also have a constant hauling speed in contrast to the electric drive where
increasing line pull causes the hauling speed to decrease. Stalling of the
hydraulic drive does no damage to the system.

The basic elements of a hyvdraulically powered anchor windlass are
shown schematically in Fig. 4-7. The pump is usually driven by belts off
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Fig. 4-6. What can be done if your windlass freezes up completely.
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Fig. 4-7. Hydraulic anchor windlass plumbing schematic.
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the engine and furnishes high pressure oil to the control valve. The
control valve modulates the Aow governing the speed of the motor in the
windlass. A crossover valve can also be used that switches the direction of
oil flow to the mator causing it to reverse itself. The pump drive can be
disengaged when hydraulic power is not needed to operate the windlass.

Hydraulic power is not stored like electricity; therefore, a prime
mover or auxiliary engine must be running when hydraulic power is
desired. Typically, a hydraulic windlass developing a line pull of 2,200
pounds at a hauling speed of 40 fpm will require an input power to the
pump of about 8 HP. This is not a great requirement even for a sailboat
auxiliary engine much less a prime propulsion engine.

A comparison of hydraulic windlasses will serve to show some of the
performance features (Table 4-5). One, the Plath model 8H, is a design
for fishing boat use and features a cable drum instead of a wildcat so thata
boat can anchor in very deep water using a cable rode.

Like a diesel engine, the secret to successful operation of any hy-
draulic device is very clean oil and tight plumbing. The high operating
pressure of the hydraulic system requires steel tubing or steel-reinforced
hose and machined steel connectors. The design and installation of a
hydraulic windlass system are best left to a qualified hydraulics shop.

CARE OF THE WINDLASS

As rugged as an anchor windlass is, it still needs some protec-
tion from the elements. Because of cost and weight, most anchor wind-
lasses are made with aluminum alloy cases although shafts, gears, etc., are
still made of steel or bronze. Manufacturers use the best marine grade
aluminum alloy and coat it with durable epoxy paint, but sitting on the
foredeck in the wash of green water and occasionally bashed by anchor
and chain, the case can have corrosion problems. Likewise, any steel used
in the exposed components of the windlass, even though initially galva-
nized, will eventually rust.

An anchor windlass should be fitted with a cover that encompasses
warping drums, pawls, levers, handwheels, etc., to give some protection
from rain and seawater. The cover can be made of sail cover fabric or it
can be a soft molded plastic cover which adds a nice cosmetic touch. The
latter will also help save bare toes and ankles. The cover should not be
airtight but allowed to breathe and to drain water which may be forced up
under it. If the cover is form fitted around the drum and wildcat, it will
probably not be blown off in heavy winds or torn off by a large wave, but a
drawstring tie-down may still be a good idea.



Table 4-5. Hydraulic Anchor Windlass Performance

Capability Performance For boat sizesP
Manufacturer and model Rode size Hauling speed Line pull Operating  Flow rate Power input
r in fpm Ibs __pressure—psi _gpm HP2
Hydra-Cap model 1500  3%-in BBB 20-30 1,500 NA NA NA 3510 50 ft LOA
chain or rope
Plath model 8H 2242 ft of Y- 20 (nom) 2,000 900 9 7 anchors to 500 b
in steel cable 83 (max)
Simpson-Lawrence to 3%-in BBB 40 (max) 2,240 1,750 4% 8 1075t LOA
model 523 chain or rope
Nilsson model H3000 1o 3-in chain 65 (max) 3,000 2,000 6 10 to 72 ft LOA
or rope
Lighthouse model 3002  to 3%-in chain 21 (nom) 3,500 2,400¢ 6 7Y% to 45 tons

or l-in rope

aSpmﬁcaliom Jor Pumps, Valves, and Power Unuts (Savage, MN 55378: Continental Hydraulics, a company brochure),
Manufaciurer’s recommendations.
€Axial piston pump.
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A hydraulic winch for hauling in the rope anchor rode of a sailing
catamaran. Note the smallsize of the hydraulic motor and the flow control
valve. Although mounted in a location vulnerable to saltwater spray, the
hydraulic components are quite resistant to corrosion. Nevertheless, a
spray cover over the unit could add years to its life.

After a windlass has been used for weighing anchor, it should be
dried, and the bare metal parts sprayed with a corrosion inhibitor such as
WD-40. Tender loving care will make the windlass last the lifetime of the
boat.

In general, windlasses need to have the gear case oil checked every
one or two years and gear oil added if it is low. (Look for oil leaks around
shaft ends if oil hes to be added.) A heavy gear oil is usually recom-
mended—SAE 50 1o SAE 150. Most gear cases will get along well with an
SAE 90 gear oil wkich sticks to the teeth and can take high gear tooth
loads. Do not use engine lubricating oil.

The cone clutch of a wildcat gets its gripping power from the wedg-
ing action of a cone in a mating socket. It can easily become frozen in place
if any corrosion develops. To counter this, a very light film of grease
should be applied to the conical surface to keep it from jamming but not
enough to cause it to slip. Do not put any grease on a band type brake for
this is a different gripping action.
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Because clutch cones also have to slide back and forth a small distance
on the shaft while engaging and disengaging, a grease fitting is usually
provided on the end of the shaft for lubrication. Use only saltwater-
compatible grease in this fitting. Such grease is available from boat trailer
supply stores where it is sold for trailer wheel bearing lubrication.

If you have an electric windlass, you have some vital additional
maintenance to do. Electrical faults are the source of many boat fires and
the high current draw over an extended period of time by an electric
windlass makes it a prime candidate as an arson bug if itis not kept in good
condition. Power supply cables should be initially run high and dry
through the vessel so that they have a minimum chance of becoming wet
and corroding. Terminals should be soldered and any exposed wire
between the terminal and the insulation should be sealed with shrink-on
tubing or a plastic coating. Corroded wires and terminals increase the
electrical resistance of the circuit and undue heating occurs which can
cause a fire. Your routine inspection of the boat should include a check on
the power supply cables between battery and windlass motor.,

Major maintenance of hydraulic windlasses should be left to the
hydraulic specialists. Careful torquing of a leaking joint or replacing an
O-ring in a connector or changing filters and adding fluid is about the
extent of general maintenance that a boat crew should think of doing.
There are, however, a number of early clues to potential problems which
will tell you whether or not you need a specialist’s help. The senses of
sight, hearing, touch, and smell can be of great help here:*

Sight: Look for wet hoses or lines, oil stains or low reservoir
level.

Heanng: Listen for water hammer in the lines or gurgling
sounds in the pump.

Touch: Feel for vibrating or hot lines.

Smell: Any odor of hot oil indicates a problem.

*]. F. Briggs. Trouble Shooting Hydraulic Systems, Bulletin 5215 (Van Wert, OH 45891:
Aeroquip Industrial Division, 1983).



CHAPTER FIVE

Anchor Rodes

You would not expect to use an anchor without a means of connectingitto
your boat. The means of connecting the anchor to a boat is called the
anchor rode, and it consists of rope and/or chain and a variety of con-
nectors. Sometimes the fiber rope portion of the rode is called a “warp” or
a “hawser.”

Whatever the name, the rode must be made of materials that will
withstand the physical environment in which it will operate. It has to have
the strength to hold the boat against wind and wave up to the full holding
power of the anchor. It has to be elastic to absorb the shock loads imposed
on it by the surging of the boat. It has to be resistant to the marine
environment including chemical corrosion and biological action. It has to
have good resistance to abrasion as it drags across the sea bottom or chafes
against corners of the deck gear. It has to be easily handled by the crew,
preferably without special equipment or gloves.

The demands on the anchor rode are many and the candidates for it
are few. Steel chain and fiber rope are the prime candidates and these
come in an endless array of construction and materials. Oldest and still the
most popular rode material is fiber rope. At one time only vegetable fibers
were available and ropes made of them when made up as anchor rodes
lasted only a year or two. Now with synthetic fiber rope lifetimes are
measured in tens of years.

The second most popular anchor rode is chain which solves the
abrasion problem and provides a modest elasticity effect as its weight
forms a catenary sag in the rode.

THE NEED FOR PROPER SCOPE

The holding power of an anchor is the horizontal resisting
force it develops as it digs into the seabed. If there is a significant vertical



Anchor Rodes 97

load on the anchor, the horizontal force will be compromised, and the
resulting efficiency of the anchor reduced. The relationship of the hold-
ing power to the rode lead angle, 8, is illustrated in Fig. 5-1. When the
anchor is set in mud, the lead angle is not as critical as when set in a sand
bed, but by the time a lead angle of 12° is reached. anchor holding power
has been reduced a significant amount.*

In general, anchors for small boats are designed for a lead angle of
not more than 8°, and the user should see to it that the lead angle is much
less so that the anchor flukes can dig in with a will.

To get a-proper lead angle for the anchor, you must have the proper
combination of “scope” and rode material. Simply put, scope is the ratio of
anchor rode length, L, to the distance of the bow roller above the sea
bottom (D + d) (Fig. 5-2).

Scope is the ultimate secret to successful anchoring, and it is highly
dependent on the materials with which the rode is made. Anall-rope rode
at short scope seriously impairs an anchor’s holding power (Fig. 5-3). Not

g N mud
(@]
£
2 o5
L
o
2
5
[ 1]
o
0 | | |
0 4 8° 12

Rode lead angle (6)
Fig. 5-1. Anchor lead angle effects.

*R. ]J. Taylor, Interaction of Anchors with Soil and Anchor Design (Washington. D. C.: U. S. Navy
Technical Note CEL N-1627, April 1932).
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Fig. 5-3. Effect of scope on anchor holding power for the all-rope
rode.

until the scope reaches 10 to 1 is the all-rope rode anchor able to realize a
significant part of its holding power.

To correct this problem, rope rodes are fitted with short lengths of
chain between rope and anchor to hold the anchor lead angle closer to the
horizontal than is possible with bare rope alone. The amount of chain
needed to make an effective lead on a working anchor rode is quite short,
still leaving the rode principally rope. The chain lead, however, is suffi-
ciently long also to keep the rope off the sea bottom, thereby minimizing
abrasion problems.

Anchoring with all chain is surely the best way to get maximum
efficiency out of your anchor, but it has its drawbacks. Not only is chain
heavy, but it weighs.down the bow of your boat and tests your resolve in
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weighing anchor. In addition, chain that is lying on the bottom adds
nothing to the shock absorbing capability of the catenary. Furthermore,
once that chain is stretched taut, as it may be in a storm, it has no further
shock absorbing capabilities and is easily broken. The simple message is
that more chain is not necessarily better than less chain.

Experience has given us some rule of thumb methods for the proper
scope to lay out based on the type of anchor rode used. For the working
anchor with winds no greater than 30 knots and some protection from the
seas, the following values have proven adequate in a good holding ground:

Type of Rode Minimum Scope
All rope 10101
Rope plus chain lead 7wl
(combination rode)
All chain 4101

No single length of rode is suitable for all anchoring situations, but
there are some minimums that make sense. Typically, a boat should be
able to anchor in water depths equal to its length overall (LOA) as a
minimum and should be able to deploy rode scopes of at least 7 to 1 for a
combination rode and 4 to 1 for an all-chain rode (Table 5-1).

Boats that operate generally in shallow waters, as on the East Coast of
the United States or on inland lakes, may get by with shorter rade lengths.
Boats that operate in the deeper waters along the Pacific coast of North
America and all those that are oceangoing should consider even longer
rode lengths.

As Van Dorn (see Bibliography) points out, in very deep water you
can reduce the scope of an all-chain rode, and it has been proven many

Table 5-1. Anchor Rode Lengths (in feet)

Minimum rode length?

LOA Compatible Nylon wit All chain
anchoring depth—D  chainlead
lessthan 20 20 160 90
20 to 30 30 240 135
30t0 40 40 310 180
4010 50 50 390 225
50 to 60 60 480 275
60 t0 80 70 560 320

3Minimun 1o vield 7 to | scope for nylon rode with chain lead and 4 to I for an all chain rode. [ncludes
nominal bow height—d.
blncludes length of chain lead.
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times. One of the reasons for this is that the wave heightbecomes a smaller
proportion of the total scope allowing the boat to ride easier over the
waves.

ANCHOR CHAIN

There is a plethora of chain constructions available, and you
should be advised to be certain of the type of chain you buy for your
anchor rode. Only two types of chain are in common use for boat anchor
rodes and they are Proof Coil and BBB. For many years BBB was the
standard in the marine industry with the result that many wildcats were
designed to fit that particular link configuration. In recent years BBB has
been losing out to Proof Coil which has a broader industrial usage and is
superior to BBB with a greater flexibility and less tendency to bind. The
fewer number of links per foot also makes it less costly to manufacture.

Proof Coil chain is designated by the National Association of Chain
Manufacturers (NACM) as Grade 28 chain. It is frequently called “com-
mon chain” and is of utility grade for such uses as log chain, tow chain,
guard rail chain, anchor chain, stump pulling chain, etc. Proof Coil chain
is not recommended for overhead lifting.

BBB chain was popular because of its greater unit weight which
improved the catenary effect and the slightly greater strength offered by
the more compact links which distort less under load. BBB chain is still
being manufactured because there are a lot of windlass wildcats around
that require it. If you are thinking of making an initial purchase of anchor
chain, BBB with all of its fringe benefits may give you a problem in regard
to its future availability.

Both Proof Coil and BBB chain are made from basic open-hearth low
carbon steel with a tensile strength of 55,000 psi. They come in a variety of
surface finishes but only the hot-dip galvanized finish should be con-
sidered for an anchor rode.

Ship anchor chains are usually made with the stud link design which
has as much as a 20 percent higher proof load strength than open link
chain. The additional strength is gained from a crosspiece (stud) that
prevents the deformation of the link under load. Stud link design chain
starts at the 3%-inch size and goes up to 4 inches in diameter with a
breaking strength in excess of 400 tons.

Because chain is so heavy, it comes in discrete lengths for conve-
nience of handling. You will find itin “shots” of 90 feet (15 fathoms) in the
larger (38 inch and over) sizes. The smaller chain, more commonly used
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on recreational boats, comes in buckets of about 600 pounds for the small
buyer or in large barrels from which you can buy any length. True anchor
chain comes with oversize links at both ends which permit the insertion of
a single chain shackle for joining two lengths together.

The strength of a chain is determined from extensive test samples of
a given construction loaded to the breaking point on a standard test
machine. The minimum breaking load so determined is defined as the
breaking load for that chain construction.

The proof load is a tensile loading applied to the chain during or
subsequent to the manufacturing process for the sole purpose of detect-
ing defects in the material or manufacture. For Proof Coil and BBB chain
the proofload is 50 percent of the breaking load of the chain.

The working load is 50 percent of the proof load. Hence, the working
load is one-fourth of the breaking strength of the chain (Table 5-2). Chain
from reputable manufacturers is proof load tested before shipment.
Other chain constructions may have different proof load and working
load ratios.

Chains are not considered to be elastic in the same sense that rope is
elastic. Proof Coil chain is, however, required to have a 15-percent elonga-
tion at the breaking load in order to withstand shock or impact loading
without suffering a brittle failure. This much elongation, however, is not
elastic and the chain will have suffered permanent deformation. It must
be replaced and not put back into use.

The strength of a chain can be seriously compromised if it is sub-
jected to twisting, to bending over a sharp corner, or to any other form of

True anchor chain comes with an oversize link at each end to accept a
chain or anchor shackle. If using a bulk length of chain, a chain shackle
must first be added to replace the missing oversize link. Courtesy: Camp-

bell Chain Co.
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Table 5-2. Physical Characteristics of Anchor Chain

Proof Coil chain (grade 28)
Trade Number Weightper  Feet Working Proof  Breaking

size—in of links 100 feet per loa load load

per ft ibs? bucket Ibs lbs € Ibs
3/16 12-1/2 42 1,000 750 1,500 3,000
1/4 12 76 800 1,250 2,500 5,000
5/16 10-3/4 115 550 1,900 3,800 7,600
3/8 9-3/4 166 400 2,650 5300 10,600
7/16 8-3/4 225 300 3.500 7,000 14,000
1/2 8 289 200 4,500 9,000 18,000
5/8 6-3/8 425 150 6,900 13,800 27,600

Stud link chain (grade 1)

5/8 3-1/4 406 d 8.310 16,620 23,745
BBB chain
3/16 15-1/2 15 1,000 775 1,550 3,100
1/4 14 81 800 1,325 2.650 5,300
5/16 12 120 550 1,950 3,900 7.800
3/8 11 173 400 2,750 5,500 11,000
7/16 9-3/4 231 300 3,625 7.250 14,500
1/2 9 296 200 4,750 9,500 19,000

3Weight before hot-dip galvanizing.

bOne half of proof load.

“One half of breaking load {except for stud link chain).
Supplied in 153-fathom shots.

longitudinal disfigurement. Strong men in circuses and carnivals amaze
the spectators with their feats of breaking chain using only their bare
hands. They do it not by a steadv pull on the chain but by twisting the
chain until adjacent links are levered against one another and failure
occurs in bending and not in tension. A fine trick for the showplace but
not one to be followed in anchoring.

HIGH STRENGTH CHAIN

Chain can be made out of most metals giving a wide range of
strength and weightfactors. Steel has been the most popular because it is
cheap, very workable, and can be alloyed to make it very strong. Common
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Stud link chain used with an old-fashioned anchor having the early
Admiralty pattern flukes. Note the becket on the back of one arm which is
used in catting the anchor. Stud link chain sizes start ac 3-inch diameter—
too large for boat anchor rodes but suitable for large moorings.

chain (Proof Coil) is a low carbon, unheat-treated steel made in vast
quantities. Higher strength chain is made using higher carbon content
steel, alloying it with other metals, and then heat-treating it (Table 5-3).
High Test chain (grade 43) is fabricated from high carbon steel and
heat-treated to develop good ductility and a high tensile strength of
85,000 psi. Binding chain (grade 70) is also made from high carbon steel
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Table 5-3. Physical Characteristics of High Strength Chain

Grade 43—High Test chain

Trade Working Weight per

size—in  load®—lbs 100 fi—Ibs
1/4 2,600 84
5/16 3.900 120
3/8 5,400 176
7/16 7,200 230
1/2 9,200 300

Grade 70—Binding chain

Trade Working Weight per

size—in  loadP—lbs 100 ft—Ilbs
1/4 3,150 84
5/16 4,700 120
3/8 6.600 176
7/16 8,750 230
1/2 11,300 300

Grade 80—Alloy Steel chain

Trade Working Weight per

size—in  load®—lbs 100 fi—Ibs
7/32 2,500 50
9/32 4,100 84
5/16 5,100 120
3/8 7,300 176
1/2 13,000 300

105

3proof load = 1.7 times working load. breaking load = 3 times working load.
Proof [oad = 2 times working load. breaking load = 4 times working load.
“Proofload = 2 times working load. breaking load = 3.5 times working load.

heat-treated to a tensile strength of approximately 120,000 psi. Alloy
Steel chain (grade 80) is fabricated from special alloy steel which is
heat-treated and tempered or drawn for optimum strength and ductility.
This chain has a tensile strength of 180,000 psi, does not work-harden,
and does not require periodic annealing to relieve brittleness.

High strength chains get their strength through higher hardness
which also makes it difficult to cut the chain except with a torch or



106 The Complete Book of Anchoring and Mooring

grinding wheel. Self-colored or bright finish is normally supplied, neither
of which is useful in a saltwater environment. High strength chain can be
hot-dip galvanized but at a loss in strength of the following approximate
amounts:

Grade43 10 percent
Grade 70 20 percent
Grade 80 30 percent

There is little to be gained through the use of high strength chain in
an anchor rode. Chain weight is needed to hold the lead angle of the
anchor below 8° and to provide a modest amount of shock-absorbing
catenary sag. Using smaller size but higher strength chain only means that
you will need a longer length to produce the same weight of chain lead.
For the all-chain rode the loss of catenary is serious, and you will certainly
need a longer riding stopper to provide needed shock-absorbing capability.

ANCHOR CHAIN CONNECTING ELEMENTS

There are sundry elements to the anchor rode which fall into
the category of connecting elements—connecting anchor to rode, con-
necting chatin lead to rope rode, connecting shots of chain, as well as the
all-important matter of securing the bitter end of the rode to the boat.
These are called splicing links and shackles. Three popular splicing links
are illustrated in Fig. 5-4. The riveted joining link forms an integral part
of the chain and, when carefully installed, looks and works like any other
link. The quick connect link, purely temporary. is about 60 percent longer
than a standard link of chain of the same nominal size. The double jaw
midlink is the most utilitarian because it may be used for temporary or
permanent installation, and it is about the same size as a standard link of
chain.

Shackles come in a variety of styles shown in Fig. 3-5. Chain shackles
are used to connect the ends of chain to anchor shackles or the ring on the
anchor shank. Anchor shackles usually connect rope eye splices to chain
or the anchor ring. The bow in the anchor shackle is intended to give
more freedom of movement than the chain shackle which behaves more
like a chain link.

The oval pin chain shackle is an excellent connection between shots
of chain or for use with chain stoppers because it can be released so
quickly and under load. This is done with a mallet, first driving the taper
pin out and then the oval pin itself. Unfortunately, it is available only in
larger sizes from ship chandleries.
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rivet pins (4)
D D
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(A) Riveted joining link
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/ thread
nut U
cotter pins clevis pins
(B) Quick connect link (C) Double jaw midlink
(temporary) (replaceable)

Fig. 5-4. Chain-splicing links.

Both anchor and chain shackles come with a choice of screw pin,
round pin, or bolt and nut closures. Although the screw pin is somewhat
more convenient to use, faulty safety wiring of it has been the cause of
many lost anchors. The round pin, on the other hand, is more easily
safetied with a cotter pin, and it is a little neater in use avoiding the meat
hook characteristic of safety wire.

If you anchor only for short periods of time and do not expect the
boat to swing in circles, you can use a chain shackle to connect the last link
of the chain with the anchor ring (Fig. 5-6 A). If you are leaving your boat
on the hook for a long period of time and there is a chance it will swing in
circles, then you must insert a swivel between anchor ring and the last link
of the chain to prevent twisting the chain (Fig. 5-6 B). Do not connect the
Jjaw fitting of a swivel directly to the anchor shank because the swivel will
then be putinto a ben’ding position if the boat veers (Fig. 5-7).
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taper pin drives out

screw pin
(B) Anchor shackles

How to mouse a screw pin shackle
¢ double turns of seizing wire

in a figure 8 pattern

e frapping turns with
both ends of seizing
wire (bury ends)

(C) Screw pin chain shackle (can also
be had in round pin or bolt, nut,
and cotter pin)

Fig. 5-5. Ground tackle shackles.

Swivels in an anchor chain can be a source of concern because like all
moving parts under stress, they can fail if not properly designed and
manufactured. A proper swivel is one that is drop forged—not screwed,
riveted, or welded together. In a drop forging the grain of the material is
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anchor shank chain shackle

anchor shackle (or anchor ring)
(A) No swivel

jaw and eye swivel
(small eye)

(B) With swivel
Fig. 5-6. Bending the chain rode to the anchor.

Fig. 5-7. If you elect to use a swivel at the anchor end of a chain rode,
do not put it on this way. The jaw end of the swivel, as installed here, will
most likely break, or at least, bend the swivel pin when the boat sheers at
anchor. The swivel should be installed end for end with an anchor shackle
between the swivel eye and the anchor shank.
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carefully oriented to give not only maximum strength but to relieve the
stresses at the corners. Other fabrication processes concentrate stresses or
weaken the swivel through welding.

In selecting a swivel, I would use the largest size that fits the chain link
without binding.

Many sailors are wary of the strength of chain connecting elements
but manufacturers have designed them to be similar in strength to Proof
Coil chain to which they are attached (Table 5-4). This is accomplished by
forging them out of higher grade steel and, in some instances, making the
sections a little larger than standard chain link wire diameter. As an
example, anchor and chain shackle pins are 1/16-inch larger in diameter
than the chain wire. That is, a 3/8-inch shackle has a 7/16-inch diameter
pin that will fit into a 3/8-inch chain link. Using connectors of the proper
size will prevent overkill and unnecessary weight.

When you secure the bitter end of an all-chain rode to the boat, do so
with multiple turns of tarred nylon lashing which will be easier to sever
than a heavier rope (Fig. 5-8). There should be ready accesss to the lashing
so that it can be cut free to slip the anchor or to add more chain or rope as
the situation may demand.

THE ALL-CHAIN ANCHOR RODE

The principal argument raised for the all-chain anchor rode is
that chain can give a shock-absorbing effect to the anchor rode. This

Table 5-4. Strength of Connecting Elements

Nominal Safe working load limit®—lbs
size—in Proof Coll Riveted Anchor or
chain Midlink joining  chain shackles? Swivels®
link

1/4 1,250 (use 5/16) 1,325 1,000 900
5/16 1,900 3,250 1,950 1,500 1,300
3/8 2,650 4,500 2,750 2,000 2,450
7/16 3,500 {use 1/2) 3,625 3,000 (use 1/2)
1/2 4,500 7,000 4,750 4,000 3,950
5/8 6,900 9,750 7,250 6,500 5,850

30ne-fourth of breaking strength.
Applies to screw pin or round pin closures.
Use at least one size larger to give chain-matching strength.
Note that the tabulations in last two columns are from John H. Mvers. ed., Handbook of Ocean and
Underwater Engineening (New York: McGraw-Hill, 1969).
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: multiple lashing
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strong bulkhead
or other
structural member

Note: See also Figure 5-21 for another method.

forged eyebolt

RN

Fig. 5-8. Securing the bitter end of the chain rode to the boat.

comes about through the chain catenary which is, simply, the sag in the
chain due to its own weight. It is at a maximum when the chain is
horizontal and a minimum when it is vertical. A high end loading on the
chain tends to remove the catenary, and a light loading allows greater sag.
Heavy chain produces more of a cantenary than light chain.

A boat when anchored with chain in light winds has much of its
deployed chain lying on the bottom (Fig. 5-9A). As the boat moves about,
the chain is alternately lifted off the bottom and lowered giving a shock-
absorbing feature to the rode. This is not a catenary effect, but it acts like
one.

As the wind load on the boat further increases, the chain is lifted
completely off the bottom providing a true catenary with its shock-absorb-
ing capability as shown at position B on the same figure. As the wind load
increases even further, the catenary tends to disappear as in position C,
virtually eliminating the shock-absorbing feature claimed for chain and
also increasing the lead angle of the anchor shank. At this point, a sudden
gust of wind or a large wave would cause the boat to jerk hard against the
taut anchor chain resulting either in upsetting the anchor or breaking
part of the ground tackle.

At what point does the catenary disappear? Table 5-5 gives an answer
in the form of ground tackle loads as experienced by a hypothetical
powerboat. The calculation has been somewhat simplified by assuming
that the chain is stretched horizontally rather than on a slope and that the
weight of the chain in water is the same as in air. Both of these assump-
tions make the catenary look better than itactually will be. The calculation
was also made for a 100-foot length of chain for simplicity. Since the
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powerboat is equipped with a 200-foot chain rode, it conceivably could all
be deployed, and the sag and extension would then be double the values
given in the table.

The significant factors to look at in Table 5-5 are the sag of the chain,
As, and the potential extension, A¢. The sag represents the “cushion” in
the chain while the extension represents the distance the boat can surge
aft before the chain assumes a straight line from anchor ring to bow roller.

Table 5-5. Example of the Disappearing Catenary

(1) Simplified catenary geometry?:

— Af
— Fh
(2) Example boat: ABYC hypothetical powcrboatb:
LOA = 45 ft,beam = 15 ft
anchor rode = 200 ft of %-in Proof Coil chain
(3) Catenary characteristics of hypothetical boat at anchor:
Wind speed—knots 10 15 20 30 40
Horizontal ground tackle 155 350 620 1,400 2,490
load Fp(1b)
F, as percent of chain break- 1.5 33 58 13.2 235
ing strength
Catenary sag (As) per 100 ftof 15 6 3 1 0
chain ft
Extension (A¢) left per 100 ft 2.8 1.0 04 0.1 0
of chain ft

AT. Baumeister, Mark's Standard Handbook for Mechanical Engineers, 8th ed. (New York: McGraw-Hill Co.,
1978).

‘o
bI"rom Table 2-1.
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At 10 knots of wind the anchored boat is in good shape with the
all-chain rode having a 15-foot sag for shock absorption and a possible
surge distance of almost 3 feet. But as the wind increases, the catenary is
seen to flatten very quickly and by the time 20 knots of wind are reached,
there is virtually no extension left in the chain and at 30 knots the sag for
all practical purposes has also disappeared. At 40 knots of wind the chain
is ramrod straight, and all transient surging forces caused by wind gusts or

g

The Coast Guard cutter General Greene set out on a rescue mission in
the winter of 1960 in what has been described as the worst snowstorm in
New England history. During the rescue, General Greene’s towline became
entangled in her propellcrs and she was obliged to save herself by
anchoring. Two anchors were set, but at the time of the photograph, the
starboard chain anchor rode had already parted and the port anchor was
being dragged by a rode taut as a fiddle string and totally unyielding to the
seas. The General Greene went aground but was later refloated.

Under storm conditions such as this, there is no catenary leftin a chain
rode to absorb surge loads. To survive, a chain anchor rode must have
give to it, which is easily done in small vessels with a nylon rope riding
stopper. Courtesy: U. S. Coast Guard.
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waves are transmitted directly to the anchor and deck gear as shown in
position C of Fig. 5-9.

The surprising aspect of this analysis is how quickly the catenary
disappears at loads which are only a fraction of the chain's breaking
strength, less than the working load. What becomes obvious, then, is that
the catenary which we talk so glibly about as being such a good shock
absorber in an anchor rode, just isn’t there when the wind pipes up and it
is needed most.

Hank Halstead in his Boat Handling column (Motor Boating & Sailing,
February 1985) had this to say about the role of chain in the November
1984 hurricane Klaus disaster in the U. S. Virgin Islands:

Interestingly enough, chain proved to be far less effective as a means
of securing anchorages than did the nylon anchor rode. Chain does
not stretch and therefore when a boat would surge back sharply on a
large wave, there was no cushion between the vessel and the anchor.
Consequently, the anchor would pull free.

In an extreme case, I saw a Solaris catamaran on which the anchor
must have held fast, but when the chain came taut, it generated
enough force to rip the windlass right out of the deck.

So if the chain catenary cannot provide “elasticity” when the winds
howl, why is it used? Mostly because of its durability under moderate
conditions. Chain is an all-around good material for the anchor rode if
you can afford the weight in the bow of your boat and have a means of
wrestling it to the surface after use. But to use an all-chain anchor rode in
a heavy blow, you must include an elastic riding stopper in the rode
assembly to cushion the blows of wind gusts and wave impacts when the
chain is stretched taut.

CHAIN RIDING STOPPERS

The chain anchor rode has great merit from the standpoint of
connecting anchor to boat, but it also has some serious demerits that need
to be corrected. The greatest of these is the lack of elasticity when the
chain is drawn taut as in a heavy wind. Chain also produces ominous
rumbling sounds as it shifts position on the bow roller with each swing or
dip of the bow disturbing persons trying to get a sound sleep in the
forecastle.

The above problems can be easily corrected by the addition of an
elastic riding stopper. This is a length of suitably strong 3-strand nylon
rope that is attached between the Samson post or other strong fitting and
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‘
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A chain grab hook on a rope lanyard is a convenient way to make a
stopper for a chain, but it is not recommended as a permanent riding
stopper. As the picture shows, the grab hook adds an eccentric loading to
the chain.

A
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to Samson post

lazy loop
of chain

(A) Common grab hook \ '
(not recommended) A

(B) A temporary rolling

i ‘ to deck edge cleats
hitch chain stopper / b e oo
lazy f chain /
to anchor azy loop of chai
/ Yjon spring fine twin nylon
spring lines
lazy loop
of chain bridled
shackle
: grabber
excellent devil's claw

(C) Devil's claw hooks

active chain

active chain

(D) Bridled grabber
/ / chain stopper

to anchor to anchor

Fig. 5-10. Chain-riding stoppers.

the chain forward of the bow, essentially bypassing the section of chain
that runs over the bow roller. The attachment to the anchor chain is made
by a hook-on device such as the devil's claw, grab hook, bridled grabber,
or, in an emergency, a rolling hitch directly on the anchor chain (Fig.
5-10). It should be noted that the common grab hook weakens the chainto

Facing page, below, a preferred riding chain stopper is the slotted steel
plate which evenly loads the chain links. Twin bridles tend to dampen the
sheering of the boat at anchor.
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about 80 percent of its normal strength because of the eccentric grasp it
takes on the chain. Therefore, it is not recommended.

The use of nylon rope as a spring brings back the old problem of
chafe. Before belaying the spring line(s) to the Samson post or cleats, slipa
length of corded rubber hose over the end to take the wear where the rope
contacts the deck or deck fittings. One consolation in using an anchor
rode spring line is that if the line parts you will still have the lazy loop of
chain to take the load directly.

Boats with bowsprits have a particular problem when using a chain
anchor rode. If the rode leads from a bow roller at the deck not only will
the noise be present but the chain will rub on the bobstay. On the other
hand, if the chain s led through a roller near the end of the sprit, there isa
very real chance of breaking the sprit when the boat pitches violently in
high waves especially if the sprit is long.

The solution to this problem is to provide a riding stopper between
hull and anchor chain as shown in Fig. 5-11. The riding stopper not only
takes the load off the bowsprit and the rumble out of the roller, but it
provides a lower point of attachment. All boats could use this technique by
providing a sturdy stem eyebolt at the boot topping.

CHAIN MARKERS

Marking the all-chain rode in order to determine the amount
deployed is a problem that has not been satisfactorily solved to my knowl-
edge. Paint gives the most flexibility in marking and can easily be re-
furbished every year. I use the following sequence of marks which is easily
remembered:

Length in fathoms  Color of link and number painted

5 1red
10 1 white
15 1 blue
20 2 red
25 2 white
30 2 blue
40 3 red
50 3 white
60 3 blue

One difhculty with the painted-link technique is the ease with which a
colored link obscured with mud can pass your eye and not be seen. To
remedy this, add a nylon electric wire tie to each painted link. These are
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anchor roller
hawsehole

lazy loop of chain

N

substantial bobstay fitting

nylon rope riding stopper
= devil's claw
to anchor
Fig. 5-11. Riding stopper for a bowsprit boat.

durable, easily seen, and easy to attach. Do not cut them off; the long
whipping end is part of the eye-catcher (Fig. 5-12).

Regardless of the scheme that you select to mark your chain, you will
want to mark the bitter end even though you are absolutely certain that it
is securely fastened in the forepeak. About four fathoms from the bitter
end paint a dozen or so links a bright yellow color as a warning that you are
coming to the end of the chain in the locker.

CARE OF THE CHAIN RODE

One tends to think of chain as being indestructible, but it does
have a certain vulnerability to misuse. Here are some suggestions on
taking care of your chain anchor rode to prolong its life:

Keep the chain dry and clean.
Do not drag the chain over abrasive surfaces such as concrete.

Eliminate twists before using.
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Fig. 5-12. A combination of painted links and nylon ties become chain
length markers. Here, two pairs of links are painted red indicating that 20
fathoms of chain have been deployed. Nylon electric wire ties are fastened
to the chain at the painted links as eye-catchers when the chain is deployed.

Never knot a chain or insert bolts or spikes to shorten it.
Avoid bending chain links around any sharp corner.

Turn the chain end for end at least annually to distribute the
wear on the galvanizing.

Regalvanize the chain before flakes of rust develop. (Regalva-
nize only twice.)

Avoid the use of dissimilar metals in contact with the chain.

Be certain that end fittings can move freely within the attach-
ing links.

Inspect chain links periodically and after severe strains have
been placed upon it (Fig. 5-13).
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arc bum nicks
Danger signs
Wear (A )points Freeze points
Stress (@) points of deformed link
Twisted link Bentlink

Fig. 5-13. Chaininspection guide.

Clean up each shackle or swivel. Be certain to seize the screw
pins with wires before putting back into service.

Examine the bitter end attachment to assure its integrity.

Examine rode length markings for legibility. If any are ob-
scured or missing, put new ones on.

ROPE FOR THE ANCHOR RODE

Rope is a general term applied to both fiber and wire products
but as used here willapply only to fiber products. One also hears the term
cordage, which applies not only to fiber ropes but also to small stuff like
varns, string, marline, and seizing. There is actually very little rope
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aboard a boat for once it has been fashioned into a specific form, namely,
halyard, dock line, anchor rode, etc., it becomes a line.

Manufacturers of cordage have developed rope fibers and rope
construction so extensively that you no longer simply buy a piece of rope.
Now it is important to match the rope characteristics to the job. Strength,
elongation, aging, weight, and cost all enter into your consideration when
selecting a rope for a specific use.

Fiber types are conveniently divided into the natural fibers derived
from vegetable sources and synthetic fibers which are the prod-
ucts of test tubes. The history of natural fibers is an ancient one, and there
is evidence that hemp was used as a rope fiber asearly as 500 B. C. Without
rope, civilization would have stayed land bound and the age of discovery
would not have occurred.

Synthetic fibers, however, have almost totally displaced natural fibers
in nautical uses. The reasons are obvious—strength, durability, softness,
and the controllability of their mechanical properties. Synthetic rope
hbers are continuous filaments of very long molecular-chain polymers.
These filaments may be either extruded or spun, and are termed mono-
filament (large single filaments) or multifilament (smaller multiple fila-
ments). The chemical characteristics of the polymer material are many
and varied giving rise to a vast array of synthetic fibers having interesting
possibilities for marine rope. For anchor rode use, only a few are of
interest and are listed in Table 5-6.

Nylon

The most interesting property of nylon rope is its elasticity. Nylon is the
most elastic and the strongest of the common synthetic fibers. It is highly
resistant to mildew, can be stored wet, and even sea grass can grow on it
without weakening the fibers. It does not float and its wet strength is 10 to
I5 percent less than its dry strength. While it has excellent resistance to
aging in general, exposure to sunlight for long periods of time will
damage it.

Polyester
These fibers are known under an assortment of trade names such as
Dacron, Fortrel, Kodel, and Terylene. The use of polyester in marine
rope is of great interest because of low stretch and good resistance to
abrasion. Polyester has almost the same strength as nylon but without the
wet-strength loss. Recent formulations and constructions have made
some polyester ropes almost as stretch-resistant as wire cable. Like nylon,
polyester is resistant to deterioration by biological organisms and most



Table 5-6. Characteristics of Rope Fibers

Sapoy LoyIuy

Specttic gravity
Water absorption (percent of dry weight)
Abrasion resistance

Resistance to rot

Resistance to sunlight

Shock load absorption ability

Strength wet compared to strength dry

Elongation at recommended working load?

Fiber Type
Manila Nylon Polyester  Polypropylenc Aramid
1.38 1.14 1.38 91 1.44
up to 100%. 9% 1% nil nil
good very good  excellent good or
poor excellent  excellent excellent excellent
good good excellent goudb poor
poor excellent good very good poor
upto 120% 85-90% 100% 100% 95%
Recommended working load (percent of breaking test)? 20% 11% 1% 17% 1%
12% 23% 15% 18% 14%
19% 42% 20% 37% 21%

Flongation at 75 percent of breaking test4

Twisted 3-strand construction.
I black color.

66l
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petroleums and solvents found aboard boats. Its resistance to sunlight
and very low stretch have made it attractive for the running rigging of
boats.

Polypropylene
This is the lightest of the common synthetic ropes and it floats making it

valuable for towlines and nets. It is only about 75 percent as strong as
nylon and even less resistant to sunlight unless it is in the black color. Its
low cost makes it very attractive for general-purpose use, and it is com-
monly used in the fishing industry.

Aramid
This is a modern test-tube miracle fiber having extreme strength-to-
weight properties and low elongation. It is used in bulletproof vests,
automobile tires, and ropes where very low elongation is important. Du
Pont markets one brand under the name Kevlar.

ROPE CONSTRUCTION

Equally as important as the fiber in selecting rope for a particu-
lar marine purpose is its manner of construction. The cordage man-
ufacturers have given us a variety of constructions for different purposes.
Only two of those, however, are important in today’s boating world and
they are known as twisted or braided constructions. They are also re-
ferred to as rotating or nonrotating, respectively, for the obvious reason
that a twisted rope tends to rotate (unwind) when a load is applied,
whereas a braided rope with symmetrical right and left hand-laid strands
does not rotate. But even the inherent rotation of twisted ropes has now
been reasonably quelled.

Braided rope is not one but a whole family of constructions. There
may be hollow braid, parallel-core braid, solid braid, double braid, or
braid that is plaited. Size for size, double-braided rope is about 20 to 30
percent stronger than twisted rope but is less elastic making it less suitable
for an anchor rode. Braided rope is not easily spliced by the novice
further rendering it unattractive for anchor rode use.

Some marine chandleries are offering a flat strap form of “rope”
construction for anchor rodes which is the worst of all worlds. First, the
material is a polyester material which has limited elongation properties.
Second, a flat strap construction is even less elastic than any of the round
braid constructions. Third, strap construction is susceptible to failure at
loads well below its ultimate strength when subjected to sharp jerks.
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Three common fiber rope constructions are shown. From top to
bottom: 3-strand twisted, double braid (braid on braid), and plaited. Only
the 3-strand twisted construction provides sufficient elasticity to make a
good anchor rode.

Finally, there are, of course, the inevitable stitching failures from abrasion
and age that most certainly will occur in later life. There are no attributes
of strap construction that make it attractive to anchor rode use.

Twisted 3-strand rope construction using nylon fibers has become
the overwhelming favorite for anchor rodes. It is easily spliced by the
novice although the soft-laid ropes do not hold their form well when
unlaying during the splicing process. Twisted ropes with their high elas-
ticity can develop hockles when subjected to high loadings followed by a
quick release. Once a hockle has developed, the rope has been unaccept-
ably weakened in that spot.

Although practically all wwisted rope is of 3-strand construction,
there are subtle differences in construction that separate quality twisted
rope from cheaply made rope. The major difference is in the number of
stages used in forming the rope. In three-stage construction, fibers are
twisted into thick yarns and the yarns into strands and, finally, the strands
into rope. This type of construction is unbalanced. that is, two elements
are twisted in one direction, and only one element is twisted in the other
direction. Three-stage construction rope is cheaper to make, it is softer,

and, in use, tends to stiffen early and develop hockles.
‘o
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Four-stage rope has two elements twisted in one direction and two
elements twisted in the opposite direction giving it a balanced twist. The
additional element is an intermediate “mini-strand” of three-plied yarns.
Fibers are first twisted into yarns of smaller diameter than those used in
the three-stage rope. Three smaller yarns are then plied together to form
the mini-strands which in turn are twisted together to form full strands as
in three-stage construction. Three strands are then twisted together to
form the final rope (Fig. 5-14).

Four-stage construction rope is much easier to splice because of its
firmness of shape, the plied mini-strands actually holding their shape
much better than the thick yarns of three-stage rope. In selecting rope for
the all-critical anchor rode, it only makes good sense to get the better
four-stage construction in your nylon rope.

Selection of the size of rope for the anchor rode (Table 5-7) is
determined by the holding power of the anchor and the drag load of the
boat. There is a minimum size for handling ease which is %-inch diameter
and, if the rope will get hard use, it should be replaced often rather than
going to a larger size which would reduce the elasticity.

Twisted 3-strand nylon rope can undergo considerable stretch under
working loads as is seen by the graph in Fig. 5-15. For normal day in, day
out use, it should not be subjected to loads greater than 11 percent of its
breaking strength according to the recommendations of the Cordage
Institute. Under these conditions the rope will never wear out from
loading although careless use may limit its life.

Working anchors, however, should be able to take anchor loads
associated with a moderate gale of 30 knots of wind. There should be no

strand

fibers yarn
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Fig. 5-14. Twisted 3-strand, 4-stage rope construction.
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Table 5-7. Strength of Twisted 3-Strand Nylon Rope

Diameter of rope "Weight  Average breaking Recommended
inches  millimeters?  Ibs/100 ft test—lbs workin&loadb—lbs
3/8 9 3.5 3,700 410
7/16 10 5.0 5,000 550
1/2 12 6.5 6,400 700
9/16 14 8.3 8,000 880
5/8 16 10.5 10,400 1,140
3/4 18 14.5 14,200 1,560
7/8 22 20.0 20,000 2,200
1 25 26.0 25,000 2,750

AClosest metric rope size.
by percent of breaking strength.
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Fig. 5-15. El(;?lgation of twisted 3-strand nylon rope.
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need to change anchors or anchor rodes when this occurs since a well-
cared-for nylon rope can take an occasional loading to 25 percent of its
breaking strength without harm. Chafing becomes the big factor at this
point and the line must be carefully protected from wear. Unattended
boats lying at anchor during a blow are particularly susceptible to rope
failure through wear.

By allowing the nylon anchor line to be stressed to 25 percent of its
breaking strength, you get the use of the inherent elasticity of nylon. A
nylon rode loaded to 25 percent of its breaking strength will stretch
anywhere from 18 to 32 percent of its length giving a shock-relieving
feature to your anchor system.

There is a third load limit for the once-in-a-lifetime challenge for
your boat to ride out a force 11 storm at anchor. The upper limit of
loading on twisted 3-strand nylon rope is 50 percent of the breaking
strength of the rope. Itis used to gain additional elasticity in the rode and
provide further cushioning of surge loads on both anchor and deck gear.
This loading reduces the safety factor of the rode to 2 which in a new rope
is still enough to account for unknowns of manufacturing variability,
aging, moisture content, splicing efficiency, etc.

Although the Cordage Institute does not recommend working nylon
beyond 11 percent of the breaking load, it is necessary to do so in order to
get the elasticity out of the rope that will prevent shock loads on the
anchor system. Putting larger rope on the anchor rode to retain a high
safety factor can be self-defeating since the resulting lower elongation will
only increase the sharpness of the loads applied to anchor and deck gear.
It is better to have the rope stretching than to be pulling deck cleats off or
upsetting the anchor.

But this does not mean that your working anchor rode should also be
your storm anchor rode even though it is calculated to be the same
nominal size. Your storm anchor rode should include new, unused,
quality rope kept in reserve for just such an emergency. In use it must be
well protected against chafe. After use you should carefully inspect it and
if any signs of wear are apparent, convert it to a working anchor rode, and
get a new rope for your storm anchor rode.

THE CHAIN LEAD

An essential part of a rope anchor rode is the chain lead
between the anchor and rope. It serves three functions—it makes setting
the anchor easier, it absorbs the abrasion of the sea bed, and it results ina
smaller anchor lead angle. The size of the chain lead must match the
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breaking strength of the rope used. Recommended combinations of chain
and rope for combination rodes are shown in Table 5-8.

There is no need to guess at the length of the chain lead if you use a
little common sense. You know that anchor weight has something to do
with it, so the larger the anchor, the longer the lead. It does not seem to
have anything to do with the depth of the water (if the proper scope is
deployed) and certainly does not have anything to do with the boat’s
waterline length except through anchor size.

Simply put, the chain lead should weigh at least as much as the anchor
whose weight it is supplementing. For a given chain size from Table 5-8,
the minimum length of the chain lead is determined from the formula:

bc = — {Equation 5-1)

where ¢¢ = length of chain lead, ft (minimum)
W3 = weight of anchor, Ib
wc = unit weight of chain, Ib/ft

As an example, for a 20H Danforth Hi-Tensile anchor with a Y4-inch
twisted 3-strand nylon rode, you would use at least 17 feet of 5/16-inch
Proof Coil chain weighing 1.15 pounds per foot.

The only exception to the foregoing rule is in the use of aluminum
anchors. Then, rather than using the aluminum anchor’s weight, you
would use the weight of an equivalent size steel anchor to determine the

Table 5-8. Matching Combination Rode Components

Rode loading limits

Chain lead Rope rode Recommended Working Storm
Galvanized Proof Cotl  twisted 3-strand nvlon working anchor  anchor
size breaking diameter  breaking load load limit load limit

in load—Ibs in load—lbs lbs? Ibs® Ibs€

1/4d 5,000 3/8 3.700 410 925 1,850
1/4 5,000 7/16 5.000 550 1,250 2,500
5/16 7,600 1/2 6,400 700 1,600 3,200
3.8 10,600 5/8 10,400 1,140 2,600 5,200
716 14,000 3/4 14,200 1,560 3.500 7,000
12 18.000 7/8 20,000 2,250 4,500 9,000
58 27,600 i 25.000 2.750 6.250 12,500

211 percent of breaking load of rope.
25 percent of breaking load of rope or chain whichever is smaller.

€530 percent of breaking load of rope or proof load of chain whichever is smaller
Minimum recommended ghaiu size.
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length of the chain lead. The lead cannot be made shorter simply because
of lighter anchor materials.

COMBINATION RODE CONNECTIONS

The rope-chain connection in a combination rode can be made
with the tamiliar eye splice over a thimble in conjunction with a bow
shackle (Fig. 5-16). This is a bulky connection but it is simple to make and
is easily refurbished.

A proper eye splice for the anchor rode is made with a minimum of
six tucks and the last tucks are seized to the standing part of the splice. A
simple way to taper this splice is to tuck one strand two more times and one
strand one more time beyond the sixth full tuck. The thimble should be
tightly seized with the eye under tension to prevent it from popping out
when the eye stretches under load.

One technique to tighten a nylon rope eye splice over a thimble is to
boil the entire splice in water including the thimble. The nylon rope will
shrink onto the thimble making a professional-looking splice. No harm
will be done since nylon can withstand water at 250 degrees fahrenheit for
10 hours of immersion without any damaging effect.

[tis also possible to splice the rope portion of the combination anchor
rode directly to the chain lead (Fig. 5-17). This eliminates the bulky eye
splice and anchor shackle allowing the joint to pass smoothly through the
navel pipe and around the windlass warping drum. The rope-chain splice
efficiency is approximately 85 to 90 percent, the same as a long splice. It
does have one point of concern, though, and that is the eventual break-
down of the zinc galvanizing on the chain link and subsequent rusting.
Since rust is the enemy of nylon, when you see it starting, cut off the
original end link and make a new splice.

The common, open, teardrop-shaped thimble (Fig. 3-16) is a poor
design (o consider for your storm anchor rode. Under heavy load the
rope eye will stretch and the thimble will tip allowing the sharp ends of it

anchor shackle
safety wire

seized under tension

e il o

y Bl
h,’ ”[v.l!l'

z NN

seizing over last full tucks seizing

Fig. 5-16. The thimbled eye splice rope to chain connection.
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(A) Lay back 1 strand (# 1) for 12 tums and the other 2 strands for 6 turns. Insert the

paired strands (#2 and #3) in the end link of the chain as far as they have been
unlaid.

taper & tuck

(B) Lay strand #2 in place of strand #1. Strands #1 and #2 are then knotted
together with an overhand knot as in the long splice. The ends are then tapered by

cutting away one-half the fibers and then tucking each across the lay of the rope 2 or
3 times.

(C) Strand #3, which was left standing at the end link, is now tucked against the fay
until it reaches the crossover of strands #1 and #2. It can be either cut there or
tapered as the cthers and further tucked against the lay for neatness.

Fig. 5-17. Steps in making the rope to chain splice.

to contact and, possibly, sever the rode. Figure 3-18 shows three thimbles
all superior to the common teardrop thimble for use on a storm anchor

rode. The Van Dorn thimble can be made. but the others must be
purchased.

)
-~
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turned PVC th:mb_’] r—
s

3d

| B

section AA
(A) Van Dorn thimble (see Bibliography)

A
bored to fit shackle pin

seized under tension

—- A

galvanized closed
oval thimble

section AA seized under tension
—A  seizing

(B) Oval thimble

section BB
B

seized under tension
(C) Closed ear thimble (Newco)

Fig. 5-18. Preferred thimbles for rope storm anchor rodes.

The obvious shortcomings of metal thimbles are overcome tn the
Samson Nvlite Connector shown in Fig. 5-19. This connector uses a spool
made ot a high strength composite nylon with a flexible shield of tough
urethane. and a special high strength shackle to transfer the rope load to
the chain lead.
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Fig. 5-19. The Samson Nylite Connector is a 3-part assembly—a
spool, a shield, and a special shackle. It can be used with either braided or
twisted synthetic rope. This is a major advance in the technology of
ground tackle. Courtesy: Samson Ocean Systems, Inc.

The connector spool is pushed into a small premade eye in the rope.
The shield is pressed over the spool by hand and the special shackle is
inserted into the bore of the spool and safetied in place. The urethane
shield prevents the rope eye from coming out of the spool's groove and
also protects the rope from abrasion. The lubricant in the spool allows it to
move freely under high loads.

The Samson Nylite Connector has been approved for use by the U.S.
Coast Guard and the U. S. Navy for use on towing hawsers.*

Rarely should a rope be bent directly to the anchor without the use of
a chain lead. However, there are times when it is expedient to do so as
in using a grapnel which does not depend on weight to do its job. Also.
there may be times when you put out a kedge anchor from a dinghy and
would rather not wrestle with chain for a temporary situation. In such
cases it is perfectly proper to bend the rope rode directly to the anchor
ring. but it should not be done haphazardly.

*G. P. Foster. "No Longer the Weakest Link.” Sea Technology, September 1985.
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A common tear drop rope thimble is shown on the left. Under
extreme load, as in storm anchoring, it tends to tip in the eye splice, and
the pointed end digs into the rope and damages the fibers, possibly
causing the rope to fail. The oval thimble to the nght is a far superior
thimble for use in practically all eye splices. Unfortunately, it costs more to
make and cost-conscious buyers, ignoring the safety aspect, settle for the
cheaper, but less safe, tear drop thimble.

Bending the rope rode directly to the anchor ring can be done with
common knots which are quick to tie. do not slip. provide some resistance
to chafe. and can be untied when the exercise is over. The anchor bowline
and the fisherman’s bend (sometimes called the anchor bend) are two of
these (Fig. 5-20). Note that they both use an extra turn around the anchor
ring which minimizes the motion of the rope against the ring therebv
helping to prevent chafe. Note also that the isherman’s bend has the first
half-hitch of the bitter end passed inside the round turn to prevent
loosening of the knot.

From a strength standpoint an eve splice is always preferred to a knot
as can be seen from a comparison of their efhciencies:

Bowline 60 percent of rope strength
Anchor bend over a %-inch
diameter ring 75 percent of rope strength

Evye splice with thimble 90-95 percentof rope strength
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anchor shank

anchor ring

*
)

(A) Anchor bowline

seizing
/
) ) =
-

(B) Fisherman'’s bend

P

A
F-

anchor shackle safety-wired
(C) Eye splice and shackle

Fig. 5-20. Bending the all-rope rode to the anchor.

The last connection to be made with a rope rode is to secure the bitter
end to the structure of the boat. This can be done down in the chain locker
(Fig. 5-21). Make the knot accessible, though, so that in time of need it can
be untied rather than having to sever the rope rode above deck. The bitter
end attachment should never be depended on to carry the ground tackle
loads on the boat. [t is there only for the purpose of preventing loss of
ground tackle should Murphy’s Law prevail.

A rope anchor rode like the chain rode must be marked to tell when
an adequate length has been deploved to yield the proper scope. These
markings are readily available at chandleries as colorfast yellow vinyl
strips marked for 30, 50, 70, 90, 110, 120, and 150 feet. The strips are
easily woven between the strands of the rope and their locations must

include the length of the chain lead used (Fig. 3-22).
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structural member of boat

to navel pipe

r rode or chain bitter end pendant
ope pe figure 8 knot

Note:

e This can also be used to secure the end of a long pendant on a chain rode to allow the

bitter end of the chain to come above deck for severing.

e Keep a serrated-edge knife handy for severing a bitter end attachment. A serrated blade

is far better than even a razor-sharp, smooth blade.

Fig. 5-21. Securing the bitter end of a rope rode.

Fig. 5-22. Excellent depth markers for rope rodes are made of yellow
vinyl strips with a waterfast printing. These are inserted between the
strands of the rope and will last for years.
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CHAFING PROTECTION

A rope anchor rode must be given adequate chafing protection
if you are to get real security while at anchor. At the anchor end of the
rode, a proper chain lead will absorb the abrasion of the sea bed. Butat the
other end of the rode you must look for wear on the rode where it passes
over the bow roller and also where it may contact the cheeks of the bow
roller trough.

If wear over the bow roller (or chock, if used) seems to be a persistent
problem, then consider the use of a chain riding stopper as illustrated in
Fig. 5-23. This stopper allows a length of chain to take all of the wear of
the bow roller (or chock) and is completely adjustable for any length of
rode deployed. The rope pendant can be made of either nylon or polyes-
ter material. I prefer a polyester twisted 3-strand rope with a soft finish to
give the best possible grip on the anchor rode. The pendant should,
obviously, be of the same strength as the rode rope. Braided rope should

bow chock or roller

anchor rode /

Fig. 5-23. Chain riding stopper for a nylon rode.
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be avoided because it does not have the gripping quality of twisted rope.
By carefully working the rolling hitch tightly into place on the anchor
rode, a secure grip can be assured.

Wear on an anchor rode due to contact with items of deck gear can be
minimized by taking a fresh nip on the rope rode every day or two to
distribute the wear on the outer whiskerlike fibers of the rope. Once these
wear away, the inner rope fibers become exposed to wear, and there is
subsequent loss of strength in the rope.

Leather sewn in place on the line itself is the best possible chafng
protection. Barring that, canvas or leather sheet can be wrapped around
the critical area and tied in place. Possibly the best “portable” chafing
protection is a length of corded hose with holes punched in the ends so
that it can be securely tied in place. The rope must not slide inside the hose
or it will again wear itself, which you want to avoid.

Chafing protection is a must, especially on the anchor rode to which
you trust the security of your boat. You must do whatever is necessary to
preserve that line. A weakened rode can part at loads much lower than
your anchor system was designed for and that would certainly spoil your
whole day.

CARE OF THE ROPE RODE

While synthetic fibers have made ropes almost indestructible
by chemical and biological action, it is still up to the boatowner to prevent
mechanical damage to the rope. At least once a year the rope rode should
be stretched out on land and examined foot by foot for damage. Take the
following steps to assure the longevity of your rope anchor rode:

Wash sand, grit, and salt out of your nylon rode with a low
pressure water hose or slosh itin fresh water in a loose coil.

Turn a nylon rode end for end every year to equalize wear.

Inspect the nylon rope for chafing or hockles. If they are
present, either replace the whole rope or cut out the
affected section and short splice the line back together. Do
not use it for a storm rode after splicing.

Examine the nylon rope internally for broken or frayed fibers
or fibers that appear to be fused together due to excessive
heat caused by high loadings.

Check the thimbled eye splices in the rope for looseness or
rusting of thimbles.
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Replace your nylon rope with new rope and use the old rope
for making dock lines if it shows signs of undue wear or
aging.

Clean each shackle or swivel in the rode. Safety the shackle
screw pin with new wire.

Examine the bitter end attachment to assure its integrity. Be
certain to reattach it when you are through with the
Inspection.

Examine the rode length markers for legibility. Replace if
necessary.

Inspect the chain lead as previously described for the all-chain
rode.



CHAPTER SIX

Anchor Options

An anchor can be described as a metal forging, casting, or weldment
consisting of one or more flukes to grasp the seabed; a stock to properly
position the flukes for digging in; and a shank connecting the flukes and
stock assembly to the ring which is attached to the anchor rode.

An anchor is not simply a weight, it is a carefully formed metal claw or
scoop that grips the bottom. Mooring sinkers, often erroneously called
anchors, will drag across the surface of the seabed but a properly set
anchor can hold to the breaking strength of the weakest part of the
ground tackle system.

Arguments for and against certain anchor designs arise principally
from the compatibility of the anchor used with the seabed in which it is
placed. You must remember that an anchor is a blind fastening to an
undefined seabed. If you are lucky, the anchor sets with ease. Otherwise,
you try a different location or a different anchor until you find a combina-
tion on which you are willing to stake the safety of your boat.

It is convenient, if not rigorous, to classify anchor designs as being
either burying or hooking types. The lack of rigor comes from the nature
of the seabed itself. If the seabed is soft mud. all anchors will bury
themselves. If the seabed consists of numerous coral heads, all anchors
will hook themselves. Nevertheless, each anchor has a primary holding
mode which can be described as burying or hooking.

Although the variety of anchors is great, the terminology is essen-
tially the same. The flukes provide the gripping power, the stock provides
roll stability, the shank carries the fluke loads, and the ring connects the
anchor to the anchor rode. Interestingly, the old-fashioned anchor dis-
plays most of the components of both early and modern-day anchors (Fig.
6-1). The only component of some modern anchors that is missing is
a pivot or hinge between flukes and shank.

BURYING ANCHORS

Burying anchors have broad flukes angled in such a manner
that they are drawn into the seabed as a horizontal load is applied by the
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moveable stock
key on chain (lockpin or forelock) ( )
shank f \ ring or shackle
A\ A
balancing band head
L) ball
fluke\{ palm
¢/
throat / i
bill or pee
blade

crown

Fig. 6-1. Anchor nomenclature.

anchor rode. If the seabed is not extremely hard. they wiil bury them-
selves in a short distance along with some part of the anchor rode.
Burying anchors depend mostly on driving their pointed flukes into the
seabed to get penetration while itis the area of those flukes that eventually
provides the holding power. Weight by itself is less important in modern
anchor design, although that is not true of the Navy stockless anchor
which is an old design.

Burving anchors are popular because most of the continental shelf
seabeds are composed of sediment covering underlying rock and that is
where our anchoring is primarily done. (A discourse on seabeds and
anchor compatibility is presented in Chapter 7.)
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plowshare flukes

The CQR (Plow) Anchor
The CQR is a stockless anchor whose Siamese twin flukes are shaped like a
pair of plowshares back to back. The anchor lies on its side when lowered
to the bottom and tips upright when a horizontal pull is applied to it and
the bill digs into the seabed. Although no unique fluke angle can be
attributed to this design, it works equally well in sand and stiff mud with
some capability in weeds because of a fair-sized throat.

The particular merit of the CQR anchor is that it is virtually nonfoul-
ing and will adjust its set as tide or wind shifts the boat’s position. The
shank of the anchor is hinged allowing 75° of sideways motion (each side).
As the shank swings. it also lowers itself because of the angular displace-
ment of the pivot pin tending to keep the flukes dug in during rotation. If
the boat swings more than 75° the sideways leverage of the shank causes
the Hukes to rotate while still imbedded until the anchor aligns itself with
the new direction of pull.

The CQR anchor is made of three steel drop forgings—the shank,
the horn including shoe and pivot pin, and the wings forming the flukes.
The wings are welded to the horn with a spreader tube welded between
the wings. The entire anchor is hot-dip galvanized.

Although the origin of this design dates back to 1933, it is very
popular today with cruising and hshing boats because of its efficiency.
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The Bruce Anchor

The Bruce anchor is a one-piece heat-treated steel casting, hot-dip galva-
nized for corrosion protection. It is U-shaped, and the upper leg is the
shank and the lower leg is a single large fluke made in the shape of a
three-palmed scoop. When deployed., it lies first on its side with one outer
palm in contact with the seabed. As a horizontal pull is exerted on it, that
one palm digs into the seabed causing the anchor to swing upright so that
the center palm and, finally, the other outer palm digs into the seabed.

The holding power comes from the large size of the fluke and, once
set, it is claimed that the scope can be reduced to as little as 2 to 1 while still
retaining 50 percent of the holding power. The breakout force of the
Bruce anchor is low because the fluke is placed far down the shank which
gives the shank good leverage to tilt the anchor up when the pull is in a
vertical direction. It is especially efficient in small sizes.

A further claim for this anchor is a full 360° veering capability. Witha
nonfouling design, its simplicity of construction is a real merit. Further-
more, since it has no moving parts, it is easier to handle (but not stow) on
deck.

The Bruce anchor, the “new boy on the block,” was introduced to the
boating scene in the late 1970s, and it caught on rapidly. [tis a refinement
of the immense Bruce anchors that have moored North Sea oil rigs for
many years.

trip line eye

outer palm

single fluke

center palm
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The Stock-Stabilized, Prvoted-Fluke Anchor

This anchor has the same pivoting fluke arrangement and hawsepipe
stowability as the Navy stockless anchor, but there the similarity ends. Its
unique features are: (a) large-area, pivoted flukes positioned close to the
shank; (b) an inward-sloping crown plate (tripping palm) that lifts the rear
of the flukes to force the bills into the seabed; (c) a stock that positions the
flukes horizontally for symmetrical penetration of the seabed; and (d)
lightweight, strong flukes with sharpened edges to aid in penetration.

Originally developed in 1939 by R. S. Danforth, it became known as
the Danforth LWT (lightweight) anchor, and saw extensive service on
World War II landing barges. The U. S. Navy Mark II LWT anchor is
another one of its versions.

Danforth anchors are composed of four basic parts—a pair of flukes,
a stock, a crown assembly, and a shank. The parts are made of steel and
hot-dip galvanized. The Danforth Hi-Tensile model has flukes made of
heat-treated, forged steel while the Danforth Standard LWT model has
rolled sheet steel lukes. The Standard LWT is neither as efficient nor as
strong as the Hi-Tensile model. Both anchors, whose names are regis-
tered trademarks, are intended for recreational use and are manufac-
tured by a private company established by Danforth.

The Danforth LWT anchor has its flukes set at an optimum angle for
sand (32°) making its holding power excellent in sand and other hard
bottoms it can penetrate. Even so, the anchor is quite good in mud because
of its large fluke area.

Fouling a Danforth LWT anchor is possible when it is only partially
buried in sand. Fouling by other means is also possible should the flukes
engage any seaweed or trap a rock (or even a beer can) between them.
Then the chances are that the anchor will not set.

The new Danforth Deepset anchor (Fig. 6-2) is said to have an
Anchor Efficency Index between 175 and 190 for the Hi-Tensile version.
This is twice as good as the more conventional Danforth Hi-Tensile
anchor. The reason for this is said to be the thin shank which minimizes
the vertical drag of the shank as the flukes pull downward in setting the
anchor. The very flexible spring steel shank can bend sideways up to 80°if
the boat shears to one side. In bending, the shank pulls the anchor around
in its set thereby reducing the tendency of the anchor to roll out of its set.

Danforth has also replaced the angled tripping palm of the original
design with a drag claw much like the Navy Mk I versions of the anchor.
This claw also contributes to the drag of the anchor.
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The Deepset anchor is new to the boating market and has no track
record such as the other anchors have. Only time will tell whether it can
develop a reputation as a hook on which you are willing to stake the safety
of your boat.

On the expiration of certain of the Danforth patents in the 1970s,
another interesting version of the stock-stabilized, pivoted-fluke anchor
appeared in the marketplace and that was the Viking aluminum anchor.
Size for size it weighs about 40 percent of the steel Danforth and has
similar holding properties and behavior in the seabed because of similar
geometry. The Viking is made of marine-grade aluminum alloy and is
bolted together with stainless steel bolts. The latter feature makes it of
interest for light displacement monohull and multihull boats whose own-
ers like to take their a