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I can only say here that much comes to one in practice, and that, with such as love sailing, mother-wit is the best teacher, after experience.

—Joshua Slocum, Sailing Alone Around the World



No matter how many hundreds of times in your life you have sailed, each trip is a brand new adventure and there’s something new to learn. The wind and the water always help make it so.

—Cornelius Shields



Foreword

The Seamanship Ethos

“The art of sailing, maneuvering, and preserving a ship or a boat in all positions and under all reasonable circumstances.”

This classic definition of “seamanship” (to which I would add “and some unreasonable conditions”) has guided the preparation of this book for 30 years through four editions. Much has changed in boats, sails, and electronics, but that definition is as valid and essential today as it was in 1983. In these pages my concern is with you, the sailor, and what you should know and do in order to enjoy this extraordinary pastime as you engage with boats and the craft of handling them ably and safely on the sea, on lakes, on rivers, or wherever else you sail.

For all the technology of sailing, for all its theories and skills and high-tech equipment, for all its dreams of glory, what sustains this sport that is much more than a sport—this pastime—is the depth of feeling that men and women sailors share for the water and for boats. Admiral Robert W. McNitt wrote in his history of sailing at the U.S. Naval Academy that for all the time he had spent in naval vessels, the true meaning of the sea—and the source of his passion for it—first became clear to him in a sailboat race, when as a young ensign he raced to Bermuda. “Like human attachments, this romance cannot be taught or forced,” he affirmed. “It comes gently during a midwatch in the soft warm moonlight of the Gulf Stream, in the crashing roar of a sudden squall, and in the dawn of a new day at sea. It comes most easily and naturally under sail.”

The fact that you’re reading this book indicates that you don’t have to be told about the lure of wind, water, and boats. You may, like me, have a vivid memory of stepping into a boat for the first time. In my case it was at the age of eight, at a summer camp on the Kennebec River in Maine. Perhaps you, also like me, were enchanted and also a little dismayed by how strange it all seemed, with the unfamiliar equipment and the curious language (what, exactly, is the difference between a “jib” and a “jibe,” between “leeway” and a “leeboard”?).

As I began to love that strangeness and the challenges that came with boats and the water, I realized that I wasn’t alone. My father was a lifelong sailor. The beatific look on his face in the photograph on page 162 indicates how much he adored all this, the multitude of joys and challenges rolled into the one magnetic, enchanting object that is the boat. That intense, spiritual commitment was shared by a friend and sometime competitor of my dad’s, Cornelius Shields. Corny Shields’s conversion to sailing occurred when he was first handed the tiller. He was transformed, he later wrote: “It didn’t take 20 seconds before I was hit by a welling-up of emotion so strong it’s almost indescribable. It was like a theater curtain going up. Suddenly, I was tremendously happy. . . . Never, before or since, has anything opened up to me so spectacularly.”

The great mariner and writer Joseph Conrad called the community of sailors “our fellowship in the craft and mystery of the sea.” We all know what that “mystery” is: it’s the entrancing, even addictive experience behind my father’s smile and Corny Shields’s exuberance. E. B. White put his finger on that mystery when he wrote, “I cannot not sail.” As for the “craft” that Conrad referred to—that is seamanship. It’s an ever-expanding set of skills, and much more. Seamanship is an attitude, a hope, an ethos. It’s a quest that guides us, if we are willing—sometimes pulling, sometimes pushing—in the right direction. In other words, seamanship is both a technical discipline that you will never stop mastering and a caring, alert state of mind we must never cease developing and improving.

Long ago a pioneer cruising sailor, Richard T. McMullen, compared the mixed joys and discomforts of sailing a boat to picking roses off a thorny bush. There is the occasional bloody finger, yes, indeed there is. Our calling as sailors is to attempt to master the skills and attitudes of seamanship that help identify those thorns and avoid them—in other words to be sailors who are better, safer, and also happier because we know the thorns are there, alongside the roses.

After a series of serious sailing accidents in 2011 and 2012, a sailor asked this question in Scuttlebutt, a sailors’ blog: “How does the average sailor get enough experience to be safe at sea?” In reply, my friend Brad Avery, who is director of the Orange Coast College Sailing and Seamanship Program in Newport Beach, California, said that the premise that there can be “enough” seamanship is mistaken. “We are never safe at sea, whether we are professionals or amateurs. We are always one bad decision away from disaster. My goal is to sail error-free on each cruise or race, but I know this is impossible to achieve. The quest for a voyage free of mistakes goes on. Time on the water, training, humility, and constant vigilance are the keys to being ‘safer.’ ”

Avery concluded with these wise words: “Knowing you’re never safe also helps.” Thoughts like this run throughout maritime history. Conrad expressed the idea a little differently: “A seaman laboring under an undue sense of security becomes at once worth hardly half his salt.” Herman Melville wrote in Moby-Dick that the good mariner “feels just enough of trepidation to sharpen all his faculties.” Complacency is foreign to seamanship. Every time an effort has met with success, we should humbly decline to claim too much credit. Circumstance, luck, and other factors far beyond our control inevitably play a part. Absence of failure is not, in itself, a proof of absolute success.

The best sailors I know are deeply concerned about seamanship and safety. To quote an able seaman with whom I have sailed many miles, Howard Lapsley, “Safety and performance are not mutually exclusive.”

Let me end by repeating the wish I extended 30 years ago on the first page of the first edition of The Annapolis Book of Seamanship: “May your days and nights afloat be as happy and interesting as mine have been, and may you never make the mistake of believing that you know all there is about sailing. Nobody knows it all. Nobody can know it all, but here (I hope) you will learn at least a little.”
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    JOHN ROUSMANIERE

    September 1, 2013



Note: Unless otherwise specified, all miles are nautical miles, all boat lengths are overall lengths, and all degrees are magnetic degrees.



New in This Edition

The 4th edition of The Annapolis Book of Seamanship is an extensive update and development of its predecessors. One-third of the text is new, and so are many photos (almost all of Mark Smith’s brilliant drawings remain). Through all this, the book’s mission has not changed. The aim for 30 years has been to advise you the sailor on essential gear, skills, and attitudes that will enhance your pleasure and safety wherever you sail, in whichever boat you sail.

Among the things that have not changed are that Chapters 1 and 2 continue to provide basic knowledge to help you get started, with much more detail in subsequent chapters. There are more “Hands On” sections with their tips and checklists. A continuing theme is that while modern equipment is a fine thing to have and use, many traditional skills and methods remain important.

Equipment updates run throughout the book. The chapters on the boat, sails, rigging, and heavy weather include many new developments in gear and methods. The sections that have undergone the most change are the ones on electronic instruments and on safety. The early twenty-first century has seen the introduction of three GPS-enabled systems: locator beacons, the Automatic Identification System (AIS), and Digital Selective Calling (DSC), which is the backbone of the U.S. Coast Guard’s Rescue 21 system. These systems have transformed the ways in which we communicate on the water.

The chapters on health, safety, heavy weather, and emergencies have been completely overhauled to take account of new knowledge about seasickness, hypothermia, fatigue, and other crucial health issues, along with new developments in planning for and managing emergencies and calling for assistance.

This edition features a considerable amount of knowledge acquired during many years of sailing boats of all types and, recently, from four sources with which I have been intensively engaged for many years.

1. On-water tests. The Crew Overboard Rescue Symposium, held on San Francisco Bay in 2005, tested a vast range of equipment and methods used in monohulls, multihulls, and powerboats. Tests of methods of small-boat and sailor retrieval, capsize recovery, and entrapment were held on Long Island Sound in 2012.

2. Hanson Medal reports. Nearly 200 sailors have been awarded the Arthur B. Hanson Rescue Medal by the Safety-at-Sea Committee of the U.S. Sailing Association (U.S. Sailing). Each announcement contains a detailed report on the accident. I have served as coordinator of the Hanson Medal program and as a member of the Safety-at-Sea Committee for many years.

3. Safety seminars. Since speaking at the first large safety seminar, held at the U.S. Naval Academy in January 1980 (my subject was lessons learned from the 1979 Fastnet Race storm), I have moderated or spoken at more than 100 of these events, ranging across the country as well as in Canada and England. They include Safety-at-Sea seminars sponsored by U.S. Sailing, Cruising and Seamanship seminars sponsored by North U (the educational arm of North Sails), and Suddenly Alone and other yacht club safety training events.

4. Inquiries into incidents. I sailed in the stormy 1979 Fastnet Race and wrote a book, Fastnet, Force 10, about it. My later storm book, After the Storm, concerns accidents and their consequences in maritime history. More recently there have been highly detailed reports of inquiries into seven accidents: the fatal grounding of PriceWaterhouseCoopers off Australia (2009); the fatal capsize of a 420 dinghy at Annapolis, Maryland (2011); the fatal capsize of WingNuts in a race on Lake Michigan (2011); the capsize of Rambler 100 off Ireland (2011); the fatal grounding of Low Speed Chase off San Francisco (2012); the fatal grounding of Aegean off San Diego (2012); and the evacuation of a sailor from Seabiscuit during the Newport Bermuda Race (2012). I wrote or coauthored the reports on the dinghy, WingNuts, and Newport Bermuda Race incidents.

All this should not be read to mean that there are more accidents today than in past maritime history. Rather, many sailors are working harder to learn from accidents—which is a good sign that the future may be healthier and safer for all of us who go to sea for pleasure and challenge.

John Rousmaniere



CHAPTER 1 The Boat


The idea of sailing a boat upon the sea can seduce even the happiest farmer or mountain climber. There is something about boat and water that sends romance churning in our hearts, and simply the sight of a boat can inspire a reverie. She may be a 15-foot dinghy tied on the roof of a car or a handy cruiser or an America’s Cup racer leaping off the cover of a boating magazine. Whatever she is, the boat gleams in our eye, and we find ourselves dreaming, “What if . . .”

Limitless in her poetry, a sailboat is still restricted by the realities of wind and sea. No matter how graceful her lines, tall her mast, strong her rigging, and snug her cabin, a sailboat is tied down (as poetry is not) by her environment. There is no way to avoid the wind’s variability, the water’s friction, the wave’s slap. Many novices have been disappointed, frightened, seasick, or even injured aboard sailboats because they did not accept and learn about these realities and restrictions. Preferring to relax in their dreams, they suffered afloat, and while their souls gloried in their boats’ beauty, their bodies ached because they neglected hard practicalities. This book is about those practicalities.

Later in this chapter we’ll look at some of those realities, at how wind and sea affect a boat and at how a well-handled boat responds. But first, we will build a foundation by describing the parts of the boat—the wood, fiberglass, metal, cloth, and (increasingly) cutting-edge materials like carbon fiber that, working together, make a boat what she is. As a great seaman, John MacGregor, observed, “The perfection of a yacht’s beauty is that nothing should be there for only beauty’s sake.”

A Note on Terminology. Traditionally, pleasure boats have been grouped in two families: “yachts” are often considered to be longer than about 35 feet, while “boats” are smaller. Some people (including the writer) have enjoyed applying “yacht” as a term of approval to any especially able pleasure boat regardless of its size. But since “yacht” unfortunately has taken on the heavy baggage of social snobbery, in this book “boat” generally will be used to refer to any vessel whose aim is not commercial.


The Parts of a Boat

Each item or part of a boat has a purpose, as we will see in three examples. Our first is the daysailer with a fin keel. Between 18 and 25 feet in length overall (from bow to stern), and weighing between about 1,500 and 3,000 pounds, keel daysailers are available in a number of one-design classes, in which the boats are exactly alike (for example, the Sonar, J-22, Rhodes 19, and Soling). In general appearance keel daysailers are pretty similar, and the example here is a crossbreed of several classes. These boats are found everywhere in America. They race over short courses, go out on daysails (short sails in daylight), and are used by many sailing schools. These classes also have been used by the pioneering generation of disabled sailors who participate in the Para Olympics.
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The hull of the typical daysailer is made of fiberglass, though occasionally you’ll come across a wooden boat. The front is the bow, the back is the stern, the top is the deck, the sides are the topsides, and the part below the water is the underbody. There may be a cuddy—a small cabin (room in a boat) offering shelter for the crew (sailors) and their personal gear. The crew sits in or next to the cockpit, a recessed area in the deck. In very small daysailers, the cockpit is only a small foot well. Many cockpits are self-bailing, meaning that water automatically drains out because the sole (floor) is above water level.

The rig consists of the spars and the standing and running rigging. Spars include the mast, which supports the luff (front) of the mainsail, and the boom, which extends the mainsail’s foot (bottom) from the mast. The standing rigging consists of wire stays and spreaders (metal struts) that restrain the mast from falling and bending far. The headstay runs from the mast to the bow, the shrouds are stays running to the side decks, and the backstay runs to the stern. Stays and shrouds are usually attached to the boat with turnbuckles, devices with opposed threaded rods that are used to adjust tension in a shroud or stay. The mast is usually aluminum and the stays are usually stainless steel wire. (A few boats have stayless masts that are allowed to bend.) The running rigging includes the halyards that pull up the sails; the sheets, boom vang, traveler, and other lines that shape them; and the blocks (pulleys) that all those lines run through. A line is a length of rope or wire used for a particular purpose in a boat. On many boats, the lines have various colors in order to make identification easier.

The sails are the boat’s engine. The jib and the mainsail are the sails found on most boats, although many boats also carry other, more specialized sails. The jib is carried on the headstay. This jib is a working jib; it simply fills the foretriangle, the area between the headstay and the mast. Small boats usually carry only one size jib, but larger boats may carry a working jib plus one or more genoa jibs, which overlap the mast. Most sails are constructed of synthetic Dacron cloth. The exception is the spinnaker, a large, colorful nylon balloon- or parachute-shaped sail carried when the wind is aft or abeam (from behind or over the side).

The helm is the tiller (a horizontal rod or pole) or steering wheel with which the helmsman, or steerer, steers the boat.

Appendages. Rudders, keels, and centerboards are appended to the hull, not part of it. They may be nicknamed “blades” for a long, narrow profile, or “foils” for a cross-sectional airfoil shape that enables them, like wings in air, to create a lifting force by reorienting the water.

The rudder steers the boat. In smaller boats, rudders are usually hung off the transom on pintles (metal pins) fitting into gudgeons (metal supports). Larger boats’ rudders usually hang under the stern. When turned by the helm (tiller or steering wheel), the rudder swings the stern in one direction and the bow in the other. If the rudder is turned too far too rapidly, the water flow may separate from the rudder, making it act like a brake that slows or stops the boat.

A keel is a heavy foil-shaped appendage under the hull. It usually has fixed ballast (a chunk of lead or iron down low) providing stability (resistance to capsize). The typical keel’s size and airfoil shape resist leeway (downwind side-slippage). On a few racing boats, the keel can be canted to the windward side to improve stability, with a daggerboard (see below) to resist leeway.

A centerboard is an unballasted appendage raised and lowered in a slot in the bottom of the boat. Stability is provided in these boats by the crew’s weight. When the boat sails downwind (either reaching or running), side forces are less and the centerboard may be raised partly or wholly to reduce wetted surface (area exposed to the water) and increase speed. Most centerboards are lifted and dropped in their trunks (slots) using a hinge called the centerboard pin. Another type of centerboard is the daggerboard lifted vertically in its trunk. If there are two centerboards, they’re off to the sides and called leeboards, with the leeward (downwind) leeboard lowered and the windward one raised.

The Sail-Appendage Team. Like an airplane’s engine and wings, sails and appendages team up to make a boat sail effectively on a close-hauled course (at an angle close to the wind). As air flows over a wing or a sail, its molecules move faster over the longer top or leeward surface than over the shorter inner surface. This speed difference creates a pressure differential, producing a force called lift that’s directed forward and up on the wing, and forward and downwind on the sail. What prevents the boat from making extreme leeway (sliding rapidly downwind) is the keel or centerboard. This is due in part to the appendage’s size, in part to its foil-like cross-sectional shape. Because a boat is always making some leeway, the water flows over the appendage slightly from its leeward side, and then moves faster over the longer windward side of the keel or centerboard than on the leeward side. The resulting pressure differential creates forward and upwind lift that counters the downwind press on the sail.

None of this happens if there’s little or no flow of air and water over the sails and appendages. The faster you sail, the more lift is generated. It may seem paradoxical, but to improve pointing ability, head off slightly to speed up and make the sails and appendages more effective.

The Dinghy. A dinghy is a small, lightweight boat more lively and responsive than a keel boat and costing less, too. Dinghies range in size from about 8 to 16 feet and weigh between 80 and 250 pounds. Examples include the Optimist, the Vanguard 15, and the Laser, which is one of the world’s most popular dinghy classes, numbering over 210,000 boats built. Only 14 feet long and weighing 130 pounds, she is used for sailing instruction, daysailing, and racing at levels as high as the Olympics. While the Laser can support two adults, the boat is primarily sailed as a singlehander, meaning that only one person is on board.
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Instead of a heavy metal keel she has a retractable unballasted centerboard, weighing just a few pounds, that stops sideslipping. This means that she’s light enough to be hauled out of the water by two people and placed on a car’s roof rack. With a sail area of 76 square feet in her mainsail (she has a cat rig, meaning that there is no jib), the Laser is capable of speeds as high as 15 knots in strong winds under capable sailors. (Since 1 knot is a speed of 1 nautical mile an hour, or 1.15 statute miles per hour, this is the equivalent of about 17 MPH.) With no heavy keel as a counterweight, she can capsize (tip over) quickly if not handled well. Since her fiberglass hull is airtight and also contains blocks of foam, the Laser has great buoyancy. She not only will float when capsized but will quickly get sailing again as water drains from her small cockpit. Most keel daysailers also have buoyancy tanks, and so will float after taking large amounts of water aboard. But in their case, the water usually must be laboriously pumped out or bailed out with a bucket.
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New or old, a good boat always rewards good sailing and seamanship. This 24-foot Class A has been sailing fast in Fishers Island Sound, Conn., for nearly 100 years.



The Laser’s self-bailing foot well is designed not to sit in but to hold the skipper’s legs and feet. When the wind pipes up and the boat begins to heel (tip), the skipper hooks his feet under a nylon strap in the cockpit called a hiking strap and hikes out, or leans backward to windward (toward the wind), using his weight to lever the boat back upright. Like almost all boats, the Laser sails fastest and most comfortably when she sails flat, with little or no heel. The window in the sail allows the sailor to see other boats when he is hiked out.

The Laser’s two appendages are the centerboard and the rudder. The centerboard slides up and down through a slot in the hull, the centerboard trunk. The Laser’s centerboard is a version known as a daggerboard. It retracts like a dagger in a sheath. When sailing across or with the wind on the points of sail called the reach and the run, the skipper retracts the centerboard in order to minimize the boat’s resistance against the water. Keels cannot be retracted.

Sailing toward the wind’s eye on a beat (close-hauled), the sailor leaves the centerboard fully lowered so that its whole area works effectively to resist sideslipping. The other appendage, the rudder, is hooked onto the transom at the stern with pin and socket fittings called pintles and gudgeons. The sailor steers with a tiller. A connecting rod called a hiking stick (or tiller extension) allows him to adjust the tiller even when he is hiking way out.

The Laser’s rig is simple. This mast is one of the few that are freestanding, without stays. Unlike most boats, the Laser does not have a halyard for the sail. Instead, a long sock sewn into the sail’s luff, or forward (front) edge, is pulled over the mast. The lower forward corner of the sail (the tack) is held down by a short line called the Cunningham, a piece of running rigging (named for its inventor) that is tightened to make a sail flat in fresh winds and loosened to make it full or baggy in light winds. The Laser’s Cunningham also keeps the mast in its step (base) if the boat capsizes. Before the mast is stepped, plastic strips called battens are put in slots in the leech (after or back edge) of the sail to keep the leech from flapping.

Once the mast is stepped and the Cunningham is rigged (set up and installed), the sail’s clew (after corner) is tied to the boom with a line called the outhaul. Another short line holds the clew close to the boom. Like the Cunningham, the outhaul is tightened in fresh winds and loosened in light winds. The Cunningham and outhaul are sail controls found on almost all boats. So is the boom vang, a tackle (an assembly of rope and blocks, or pulleys, that allow a powerful pull) that runs between the bottom of the mast and the boom. When tightened, the vang flattens the sail and keeps the boom from lifting.

The main sheet is a long line that runs in a tackle from the boom’s end to a block on a sideways-running rope traveler, back to the boom, and then forward to the sailor through two other blocks. The second of these blocks is a ratchet block, which has a mechanism that takes some of the load off the sailor’s hands.

The Cruiser-Racer. There probably are more cruiser-racers around 30 feet in length than any other type of auxiliaries (sailboats with inboard engines). Almost every builder of cruising boats offers a model in the 28–32-foot range that sleeps four or five people, has a galley (kitchen), and is safe for sailing in protected waters (in lakes, bays, and sounds) or on the ocean near shore. In the right hands and properly equipped, such a boat could take a short offshore overnight passage on an ocean or large lake. The one shown here is a generic boat of moderate displacement (weight) popular on the used-boat market. Weighing about 6,000 pounds and with a sail area of over 425 square feet, she has a large, comfortable cabin in which several people can live for days at a time while cruising, yet she is fast and lively enough to be raced successfully or taken out on pleasurable daysails. While the cruiser-racer may be sailed singlehanded by a talented and agile sailor, she should go out with a crew of two or more.
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To counterbalance her large sail area, the cruiser-racer has a deep, heavy, fixed fin keel. Like the keel, her rudder is also permanently installed. It is controlled by a long tiller or steering wheel in the comfortable cockpit. The cockpit will drain automatically through drain holes in its sole (floor). The tall aluminum mast is permanently stepped in (secured on) a fitting in or on the cabin and supported by stays and spreaders. This boat has a masthead rig, since the jib is hoisted through a block at the masthead, or very top of the mast.

This boat’s running rigging is more complicated than the Laser’s. Because the crew of this boat can choose from several different-size jibs, the blocks through which the jib sheets pass on deck are adjustable so that the jib lead (the angle the sheet makes to the sail) can be optimized. The strong pull of the sheets is too much for a single crew member. Since a tackle like the one on the Laser’s main sheet would be too awkward to use on a jib sheet, the sheet is led to a winch. (A winch is a geared drum that is turned by a handle. The combined power of the gears and the handle greatly increases the sailor’s pull.) The boat is equipped with winches for the jib sheets and also for the halyards. The main sheet may be a powerful tackle or it may be led to its own winch.
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Accommodations vary with boat size, type, and purpose. In this small cruiser-racer, the cabin is open. Aft are the galley and head. The vertical strut supports the mast, which is stepped on deck. In most boats, the mast passes through the deck and is stepped on the boat’s bottom.
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In this 40-footer, there’s enough room for full separate cabins and plenty of storage space in lockers. Notice the grab holes in the post and the ports that let light below. The galley (foreground) has two sinks and faucets for both fresh and sea water.



Most of the other important parts of the cruiser-racer are like the Laser’s and keel daysailer’s. They all have a system for holding up the sail, sheets, an outhaul, a Cunningham, a traveler, and a boom vang for adjusting sail shape. The difference lies in the heft of the gear. Because the boom in the cruiser-racer is heavy, it must be held up when the mainsail is not set; otherwise the boom will drop and injure the crew. Our cruiser-racers solve this dangerous problem with a boom vang that has an integral spring-loaded rod that holds the boom up. Alternatively, the boat would have a topping lift—a line from the top of the mast to the end of the boom. By contrast, the daysailer’s and dinghy’s booms are so light and easy to handle by an individual crew member that they do not require special gear to support them.


Bending on Sails

Bending on the Mainsail. The mainsail on a cruiser-racer usually is left furled (rolled) on the boom, under a cover that protects it from the sun’s ultraviolet rays, which degrade Dacron fibers. But we’ll show how a mainsail is bent on (rigged). First, make sure that the deck is clean so no grime gets on the sail. This may require hosing or swabbing (mopping) the deck and scrubbing the bottom of your shoes. Now pull the folded mainsail out of its bag and unfold it. There are three corners with cringles (steel rings): the tack, which is where two corners make a right angle; the clew, where the angle is about 60°; and the head, where the angle is very narrow. First find the tack, the forward lower corner, and the only one where the two edges meet at a right angle. The tack usually is near the sailmaker’s label. Next find the foot of the sail, which is the shorter of the two sides that meet at the tack. At the far end of the foot is the clew, which, like the tack, has a cringle. Along the foot you will find a rope sewed to the sail, called the boltrope, and may find a dozen or more plastic cylinders (called slugs) or metal slides. Starting with the slug or slide nearest the clew, insert them one by one into the groove or onto the track at the top of the boom, being careful that they are not twisted. If there are no slugs or slides, the boltrope itself is slid into a groove in the boom.
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The parts of a mainsail.




When all the slugs are inserted, pull the clew to near the end of the boom. Loosen the outhaul, the line that adjusts the foot of the sail. After inspecting for twists, attach the clew in the outhaul shackle and the tack in the gooseneck fitting at the forward end of the boom using clevis pins (metal pins). The clevis pins are retained by cotter pins (short lengths of wire) or automatic locks. Insert clevis pins from right to left on your boat so you’ll be able to quickly unrig sails in an emergency without fumbling around.
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A typical outhaul is connected to a small block and tackle adjusted at the forward end of the boom.
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The mainsail’s luff is connected to the mast by inserting slugs or the boltrope into the slot, or by putting slides on a track.
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The tack is secured at the gooseneck. Insert the tack pin and other clevis pins from right to left.



Return to the mast and, starting from the tack, work up the luff, making sure it’s not twisted. At the head (the top corner), insert the top slug in the groove or the top slide on the track. Insert the other slugs or slides, one by one, then close off the slot with the pin or gate provided in order to keep them from falling off. Inspect the luff to make sure that there are no twisted slugs. The sail is now secure on both boom and mast. If the sail does not have slides or slugs, insert the top of the boltrope in the groove, attach the halyard, and pull the sail up a few inches. Insert the battens in their correct pockets—some are longer than others—and loosely furl the sail on the boom to keep it from blowing around as you finish bending on the sails.
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Her sails furled and secured with sail ties, and her jib halyard connected but kept tight with another tie led to the pulpit, this cruiser-racer can be got under way in minutes. Some boats have roller-furling in the boom or mast or on the headstay.



Bending on the Jib. If the jib is not already rigged on a roller-furler, find the jib you want below or in a locker and take it onto the foredeck. Smaller jibs are better on windy days. Pull the sail out of the bag. Like the mainsail it has three corners. Since they may all have approximately the same angle, be careful when rigging. (It helps to mark corners with an indelible pen.) Find the tack, which usually has a small cringle and is near the sailmaker’s label. Carry it to the bow, and, facing forward, pull the tack and the luff of the sail through your legs to the headstay. Shackle the tack at the bottom of the headstay. The luff (front edge) may have snaps or hanks that hook onto the headstay. If so, working up the luff from bottom to top, snap them on. They should all go on from the same side. If they face in different directions, the sail is twisted.

On some boats the jibs are not hanked on. Instead, the boltrope on the luff is fed into a groove on the headstay that is much like the groove in the mast. In this case, attach the halyard, insert the boltrope in the groove, and pull the sail up a few inches. (In racing boats there are two grooves and two halyards to allow quick jib changes—one jib goes up while the other is set, then the old sail is lowered.)

When the jib’s forward edge is secure, walk aft pulling the clew with you. Locate the jib sheets and lead (pass) them through the appropriate blocks on deck. The proper lead for each jib should be marked with pieces of tape or indelible markings. Tie the ends of the sheets into the jib clew using the bowline knot, described in chapter 5. (The shaking of the jib clew may open a shackle or, worse, cause damage to the boat or injury to a crew member.)


HANDS ON:

Furling the Smart Way

1. Before furling a sail, first take the precaution of closing all the hatches on the cabin roof so you don’t fall through. Serious injuries have resulted from such falls. The famous principle “One hand for yourself and one for the ship” means that you should be careful as you do ship’s work.

2. Flop the whole mainsail over to one side (preferably the leeward, or downwind, side). Working with another crew member, grab the leech in several places and pull it aft as far as possible.

3. Pull the sail away from the boom and shake it so it lies naturally on deck. Starting near the foot, drape the sail over the boom in small folds called “flakes.”

4. Take several sail ties or stops (lengths of webbing) and loop them tightly around the sail and boom, securing them with bow knots, like the ones tied in shoelaces, so they can be quickly untied.

5. If you’re alone you can do the forward part of the sail first, then move aft and go through the procedure again with the after part. When furling, be sure that the battens lie parallel to the boom and not at an angle, for otherwise they’ll break and tear the sail.




How Boats Work

Now your boat’s rigged and you’re ready to cast off and go sailing. Or are you?

It’s a seafaring mistake to head out before you know anything about how or why a sailboat works the way she does. Generations of new sailors have figured that since they’re perfectly sound, safe drivers despite their ignorance of automotive engineering, there’s no reason to understand how a sail works or a boat is steered. The difference is that out at sea there’s no state police or AAA to tow neophytes in when they get into trouble. They also are prisoners of the misguided belief that anybody can tame nature with a few modern gadgets.
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Representative of traditional heavy hulls that are ancestors of the modern cruiser-racer, the curragh is slow and cumbersome but an excellent, seaworthy load-carrier. It is built of leather stretched over ash frames and has relatively primitive square sails.

An offset rudder (1) steers the boat and a leeboard (2)—a hinged appendage like a centerboard but fastened to the boat’s side—resists sideslipping.



The fact is that if you want to enjoy sailing and survive any rough weather you stumble into, you must grasp some important, relatively simple principles. We’re covering theory this early because it’s important. If you’d prefer to start with some hands-on practicalities, skip to chapter 2 and then come back, but you’ll need this information about how boats work. Some of our discussion will, of necessity, be cut to the bare bones. At times we will use some extreme examples and hands-on teaching aids that might help you visualize the forces at play when a boat sails.

Four Factors and Four Principles. “Every boat is a compromise of four basic factors: seaworthiness, comfort, performance, and cost,” writes the designer Ted Brewer in his fine introduction to a book about small boat naval architecture, Understanding Boat Design. We will not go into cost, which usually is a function of the other factors (the most expensive boats for their size tend to be either especially heavy, comfortable, seaworthy cruisers or unusually light, intricately built racers). Seaworthiness, comfort, and speed involve several trade-offs in a boat’s size and shape in four areas, each involving a technical principle. They are floatation, stability, propulsion, and balance. We have looked generally at the dinghy, keel daysailer, and cruiser-racer. Now let’s be more analytical, starting with two very different boats, the lightweight sailboard and the bulky medieval curragh.

The Curragh and the Sailboard. By far the older of these two types of boat is the bulky and surprisingly seaworthy sailing basket known in Ireland as the curragh (or currach), descended from the ancient coracle. An early form of this sailing vessel appeared in ancient Mesopotamia some 5,000 years ago, making the curragh one of the oldest types of small seafaring vessels known. Because it is fairly easy to build, similar vessels have been used in many cultures. The type is most famous for its appearance in medieval Ireland. According to legend, the Irish monk St. Brendan sailed to America in a curragh in the seventh century. The possibility of such a voyage was proved in 1977 when a crew of five, headed by the explorer Tim Severin, sailed a curragh from Ireland to Newfoundland. The trip was agonizingly slow. Brendan, their curragh, rarely sailed faster than about 4 knots, or about 5 MPH. But the tubby boat kept her crew and their gear and food secure and reasonably dry through many icy storms.
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Where the curragh provided relative comfort on long voyages, the sailboard supplies thrills on short outings. The quick, light sailboard was built to carry a single athletic crew at high speeds. The sail is a version of the fore-and-aft rig.

A daggerboard (1) (like a Laser’s) and a skeg (2) provide lateral resistance. But there’s no rudder because the boat is steered by tilting the sail fore and aft on a universal joint.



Brendan was 36 feet in length overall, from bow to stern. She displaced, or weighed, 4 tons, and she was propelled by oars and about 400 square feet of sail. Cumbersome as she was, she was a superb load-carrier and seaworthy hull.

Where the curragh is ancient, bulky, and slow, the sailboard is modern, slim, and fast. Windsurfing, as this sport is called, was invented in the late 1960s in California by surfers. In fact, a sailboard is a surfboard with a sail and a daggerboard. Ten to 16 feet long, with hulls and rigs weighing well under 100 pounds soaking wet (which they usually are), sailboards are built of plastic and foam and are sailed singlehanded (with a one-person crew). Sailboards can make over 20 knots (23 MPH) and can sail rings around a curragh.

Despite their dissimilarities, the two boats have much in common. They both are buoyant, resist capsize, move forward under sail, and are steered. But they also have great differences. The older boat’s sails are hung from horizontal spars, called yards, secured to two vertical masts. The sailboard’s sail is pulled over the mast like a sock and then held out by a split boom called a wishbone. Both boats have appendages that stick down from the hull into the water. On the curragh these are a steering oar in the stern and a hinged leeboard on the side, which creates some side resistance. The sailboard has a daggerboard and another appendage, a small fin called a skeg, that helps keep her on course. Her single crew steers her not with a rudder but by tilting the 70-square-foot sail fore and aft (toward the bow and the stern).

Compared with the boats we looked at earlier, the curragh is a tubbier version of the cruiser-racer and the sailboard is a tippier version of the Laser.

Flotation: Buoyancy and Displacement. Obviously, an important characteristic that these boats share is that they float. The most basic principle of boat and design is flotation: a boat isn’t a boat unless she floats. If an object is less dense than the fluid it sits in, it will float. In water, any object will float so long as its total volume (including hull, rig, equipment, crew, and the air between them all) weighs, on average, less than 64 pounds per cubic foot if the water is saline, and less than 62.2 pounds per cubic foot if it’s fresh. If an object with a density of 32 pounds per cubic foot is put in salt water, it will float half in, half out of the water. If its density is 65 pounds per cubic foot, it will be suspended entirely below the water surface.
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Displacement = 8,960 pounds (4 long tons)
Volume of water displaced = 140 cubic feet

The curragh must be big and buoyant if it is to safely carry sailors and supplies. Brendan, which displaces 4 tons when loaded, floats half in, half out of the water.

“Displacement” is the volume of water that the hull shoves aside. Brendan displaces 140 cubic feet of water. Since salt water weighs 64 pounds per cubic foot, that’s 8,960 pounds—which is her weight.



The weight of a boat is called displacement because when she floats she displaces (pushes aside) a volume of water equal in weight to her own weight. As Archimedes discovered more than 2,200 years ago, an object is buoyed up by a force equal to the weight of the water it displaces. The curragh Brendan displaces 4 tons, which means both that the boat weighs 4 tons and that when she is slid into the water she displaces 4 tons of water. Because long tons of 2,240 pounds are used in calculating displacement, Brendan displaces (or weighs) 8,960 pounds. She is quite heavy for her size and length, floating about half in and half out of the water. The sailboard, on the other hand, has an extremely light displacement for her length and sits on the water like a leaf. When her sailor comes aboard, she sinks down a few inches. But add the same weight to Brendan and she seems not to notice it. The heavy, round curragh, therefore, is a terrific boat for carrying loads.

The curragh is built of materials less dense than water. Wood is the classic material for boatbuilding because it’s strong, easy to work, and found everywhere—and because wood floats. (To be exact, almost all woods float. For example, lignum vitae will sink because its density is 78 pounds per cubic foot. It’s hard enough to be used in propeller shaft bearings.) Brendan was built with frames of ash weighing 41 pounds per cubic foot and sides of leather whose density was 59 pounds per cubic foot. So unless she is overloaded with gear or crew, Brendan should float even when swamped (full of water). Other materials also float. The foam in a sailboard weighs less than 2 pounds per cubic foot, but it is quite weak unless it is encapsulated in a plastic shell. A key to a material’s usefulness in boatbuilding is its strength per pound. Wood is strong for its weight, and the big load-carrier Brendan needs to be strong. Foam usually is much less strong.
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Displacement = 200 pounds (0.09 long ton)
Volume of water displaced = 3 cubic feet

Complete with rig and crew, a sailboard displaces about 200 pounds as she skims across the water like a leaf. That’s only 3 cubic feet of water spread out along a long, thin underbody.



The vast majority of boats today are constructed of nonbuoyant materials like fiberglass and aluminum. The reason why a boat constructed of these heavier-than-water materials does not sink is that they make up only a small portion of her volume. Because all boats (except sailboards) are vessels that contain the people or objects they carry, they have quantities of empty space, or air, between the sides, deck, and bottom. What counts for buoyancy is the boat’s total density, or the average weight per cubic foot of her total volume. Keep it less than 64 pounds per cubic foot, and the boat floats.

Aluminum sheets weigh 165 pounds per cubic foot and so are 2.5 times denser than salt water. Steel, weighing about 490 pounds per cubic foot, is even denser. Both are used to create strong, expensive, custom-built yachts for individual customers. But the best material for building many versions of the same design (stock, or production, boats) is fiberglass, a tough substance composed of glass fibers laid in hardened plastic. The chemical industry calls fiberglass “glass reinforced plastic” or “fiber reinforced plastic,” both of which terms neatly summarize what the material is.

Like most plastics, fiberglass can be easily shaped around molds and therefore is an excellent material for mass production. In some boats, fiberglass is combined with light, exceptionally strong materials such as Kevlar and carbon fiber. Like metal, fiberglass is nonbuoyant, at about 96 pounds per cubic foot weighing half again more than water. Therefore the Laser and other capsizable fiberglass boats must have watertight buoyancy compartments and built-in foam to keep them from sinking.

Buoyancy, Shape, and Purpose. “The design in its entirety should be a frank, vigorous declaration of the use to which the boat is to be put.” Those words, written by Norman L. Skene in his classic manual Elements of Yacht Design, summarize boat architecture in a nutshell. Just looking at our examples, we can quickly determine what their use is. The tubby, sturdy curragh Brendan says “seaworthy.” She was built to carry sailors and their equipment long distances, not so much rapidly as safely. St. Brendan was not racing other monks to the New World. He simply wanted to stay dry while he explored the great ocean to the west. The light, flat sailboard and Laser, on the other hand, offer no protection at all for their one-person crew—but they do offer thrilling, fast sailing. While Brendan could possibly be taken out in the harbor for an afternoon spin or the sailboard might be sailed out into the ocean, most smart people would not buy either boat with those uses in mind.
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Even though a piece of its plastic shell (A) is more dense than water and will sink, a bottle, like a hull, floats as long as its total density, including the air in it, is less than that of water.
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The buoyancy of the ends of a floating object depends on volume. The fine end of an oblong bottle (or boat) is less buoyant (1)—and will submerge deeper under the same downward pressure—than the full end of a round bottle (or boat) (2).



Many hulls are derived from one of the three shapes we have been looking at. One is very light and flat-bottomed (like the dinghy and sailboard) for fast, short sails in protected waters. Another is moderate in displacement and wedge-bottomed (like the keel daysailer and the cruiser-racer) for somewhat more seaworthiness. And the third is heavy and round-bottomed (like Brendan) for long expeditions. A visit to a boatyard when boats are hauled out will give you an idea of these different shapes.


HANDS ON:

Bathtub Naval Architecture

The following crude experiment illustrates types of hull shape. In a full bathtub or sink, float two empty bottles, one oblong and the other round. Leave their caps on. First compare the buoyancy of the two bottles. Press down in the middle until you find the spot that, when depressed, pulls the ends down equally. This is the bottle’s center of buoyancy. Push down on the ends. The fine-ended oblong bottle, which has less volume at its end than in its middle, will pitch (bob) more readily than the full-ended round bottle. Notice how much more resistant and buoyant the center of the oblong bottle is than its ends. The oblong bottle behaves like a sailboard or Laser hull. It has little buoyancy in its end (or bow) because the sailor rarely goes that far forward. The designer makes the bow just buoyant enough so it doesn’t dive under in waves. The middle is much more buoyant because that’s where the sailor stands or sits. The round bottle is like the curragh Brendan and to some extent the cruiser-racer, which require considerable buoyancy in their bows to support the crew, anchors, and other equipment located forward.

Next try to spin the bottles: the flat bottle is more stable and rolls less readily than the round one. Fill the bottles halfway and try to spin them again. The round one should be harder to spin, indicating that heavy boats tip less easily than light ones. The wide, flat-bottomed hull is stable in its way; it resists heeling at an early stage better than the round-bottomed one, but when you push hard on the flat bottle’s edge, its initial stability disappears and it will flip over very quickly. While it may have good initial stability (at low angles of heel), it has poor latent stability (at large angles of heel). Once capsized, it will stay that way, while the round boat comes back upright with little effort. The flat-bottomed boat’s tendency is to remain upside down—not a good thing when lives are at stake.

With moderate downward pressure, slide the empty oblong bottle sideways across the water surface on its flat side. Then fill it halfway, turn it on its edge, and slide it sideways again. On its side it provides very little grip on the water, behaving just like a sailboard or Laser with the centerboard retracted. But on its edge the flat bottle is like a deep keel boat, with a large lateral surface that resists sideslipping. The lateral plane below the waterline resists the wind’s side forces in the sails. The larger the lateral plane and the more efficiently it is shaped, the greater the resistance will be. As we’ll see later on, resistance to side forces is greatest when the boat is moving fast so that the appendage’s airfoil shape is best exploited.
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1. The empty oblong bottle is like a boat with light displacement and wide beam. The heavier she is, the more is underwater (blue shading). A centerboard or keel sticks down from the hull to resist leeway (side-slippage). 2. Half-full of water and edge-down, the oblong bottle is deep, relatively stable, and V-shaped, like many heavy keel boats. 3. Half-filled, the round bottle has the same full shape, low resistance, and slow motion as a traditional heavy-displacement cruising boat.



Stability: Pitching, Heeling, and Yawing. Stability is a boat’s resistance to forces that threaten to throw her into motion, whether it’s up and down (pitching), or side to side (rolling), or tipping her on her side (heeling), or forcing her off course (yawing). Some boats, heavy and designed for going offshore, are stable in all ways. They have full, bulbous bows that don’t pitch and long, heavy keels that lever them upright and work like railroad tracks to prevent yawing and keep them on course. While these are good features to have in a boat in some situations, such as sailing very long distances with a small crew who care little about reaching a destination quickly, such extreme stability may be counterproductive. Fast boats that are fun to sail are usually unstable in all ways—sometimes violently. The challenge is to match these instabilities to the boat’s and the crew’s purpose.
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        Each good boat serves at least one purpose. A roomy 14-foot centerboard catboat pleases grandkids and Grandpa in shoal waters. The 23-foot Sonar races in lakes and bays. The 48-foot Carina has circumnavigated the globe and won many ocean races.

    

As we saw in our improvised bathtub experiments, the round-bottomed shape is more stable than the flat-bottomed one in this way: it is more buoyant in the ends and hence pitches less (although it may roll more). Modern wedge-shaped cruiser-racers generally lie somewhere between the extremes of the dinghy and the curragh. Some relatively heavy-displacement boats may be full-ended in order to accommodate a large forward cabin. Light-displacement boats may be so fine-ended that their bows dig deep into waves. Very heavy boats with bluff bows, on the other hand, may be stopped by waves that a finer bow slices through.

Stability and Capsize. Wide, beamy hulls have a few advantages over narrow ones. There’s more space on deck and in the cabin, the crew can shift their weight outboard (toward the rail) to serve as movable ballast to resist heeling, and a beamy boat has good initial stability, meaning it heels less when the wind is light. But at high angles of heel, many beamy boats don’t resist capsize as ably as narrow boats. And when capsized, a beamy boat tends to stay upside down longer than a narrow one.
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The relationship between the center of buoyancy (CB, the locus of forces keeping the boat afloat) and the center of gravity (CG, the locus of weights) determines the righting arm that produces stability. The farther apart they are, the longer and more effective is the righting arm. The Limit of Positive Stability is the heel angle when the two centers are aligned. The boat may capsize at a heel slightly over that angle.



If the boat is knocked down by a gust until the leeward rail is underwater but she still doesn’t capsize, she’s probably stable enough. Boat designers calculate stability scientifically, as does the Offshore Racing Rule (ORR), a measurement system used to allow boats of different types and sizes to compete against each other. The rule produces two numbers that are stability indicators for monohulls. One is the Limit of Positive Stability (LPS, sometimes called the limit of vanishing stability). An LPS of 100° means the boat can go right over and capsize at a heel of 101°. The other number, the Stability Index (SI), adjusts the LPS by taking into consideration the boat’s size and beam. Big boats resist capsize better than lighter boats, and wide, beamy boats tend to stay inverted (turtled) longer than narrow boats. Many authorities recommend an SI of at least 110° for sailing offshore in the ocean or a big lake, with at least 115° preferred.

If these indicators aren’t available, compare the boat’s dimensions with those of other boats the same size. Is the beam big or the displacement small? Is the keel heavier or lighter? Internet searches and talks with owners of sister ships should be helpful.

When selecting a boat, carefully consider the weather of the areas where you’ll sail. If you sail on the Great Lakes, for example, be prepared for summer squalls. In the 2011 Chicago Yacht Club race on Lake Michigan, from Chicago to Mackinac Island, an unusually light, beamy boat called WingNuts capsized and inverted in a hurricane-strength squall, with the loss of two lives—a rare sailing tragedy. The review panel appointed by the U.S. Sailing Association (U.S. Sailing), and chaired by Chuck Hawley, determined that this was the wrong boat to be sailing out there. “WingNuts was a highly inappropriate boat for a race of this duration, overnight, without safety boats, and in an area known to have frequent violent thunderstorms. Her capable crew and preparation could not make up for the fact that she had too little stability, which led to her being ‘blown over’ by a severe gust.” The Chicago Yacht Club did not have a minimum stability requirement for this race, but subsequently it imposed a 103° minimum and made other changes to the race rules.
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The righting arm between the CB and CG lengthens as the boat heels but quickly shrinks when she goes over on her side. This Laser will soon capsize.
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A bulb or wing keel (above) not only puts ballast lower, but also is formed in a shape that improves water flow over the end of the keel.
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A keel prevents capsize, resists leeway, and is a snapshot of a boat’s design. The long, full keel on the 15-foot Doughdish (above left) indicates heavy displacement, modest speed, and easy motion. The 31-foot Etchells, with her foil-shaped keel, is light, fast, and quick.
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This 24-foot trimaran doesn’t have a keel. Her side floats (amas) provide stability to a point, but she can capsize. She is the lightest, fastest, most exciting, and least stable of the three boats.



Stability and the Rig. If one way to increase stability is to increase the ballast deep in the keel, another—very different but having the same effect—is to decrease the weight up high, in the rigging. If the rigging is lightened (while not being weakened), stability will increase. For this reason, many boats have very lightweight masts manufactured of carbon fiber, which is stronger for its weight than aluminum. The high cost of carbon fiber keeps this from becoming a broad trend until mass production techniques are developed.
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Directional stability depends mainly on the size of the lateral area exposed to the water. A long-keel cruiser will stay on course better than a dinghy.
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With her wing sail and curved leeboards, the 25-foot C-Class catamaran racing at Newport, R.I., is one of the fastest and most high-tech boats.



Yawing. When a boat is unstable directionally, she yaws, or wanders off course. Flat-bottomed, light boats like the sailboard are most prone to yawing and have poor directional stability. They constantly change course in response to the slap of waves or puffs of wind, and the skipper must pay careful attention to the course. The skeg and centerboard provide some directional stability, but the other forces are greater. A deep, heavy hull like the curragh’s may cut through the water more steadily. A considerable side force is needed to push her off course. The larger the lateral plane exposed by the underbody, the better the directional stability. (It helps if the keel and rudder are designed and built to good airfoil shapes.) Boats with good directional stability track well and require less attention from the steerer. The trade-off is that when you want to alter course, the tiller or wheel must be turned forcefully and the course alteration may be slow. Turning a boat that yaws slightly is like steering a truck, while turning a boat with poor directional stability is like driving a sports car.
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Multihulls, like this trimaran, are some of the fastest sailboats. Their narrow hulls make little resistance and their exceptionally wide beam provides a stable platform for a large sail plan. But because they do not have deep ballasted keels, their center of gravity is high and they have poor latent stability at extreme angles of heel.



Propulsion from Sails. When the wind is from behind on a run or broad reach, it works on the sails simply by pushing them. The hull follows along. This is how the old-fashioned square rig on the curragh Brendan works. But when the wind is from ahead, square sails work very poorly compared with the fore-and-aft sails like the one on the sailboard and other modern boats. While Brendan could sail no closer to the wind than about 70° (and very slowly at that), a modern boat can sail fast at an angle of attack to the wind of less than 40°.
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1. When the wind is blowing from over the side or forward part of the boat, it flows over both sides of the sail and is redirected by the curved shape of the sail. The resulting lifting force pulls the boat forward. 2. When the wind is blowing from behind the boat (above), it pushes against one side of the sail and moves the boat forward.



As the wind approaches the boat, it is redirected by the sail and then passes over it, being converted into aerodynamic force forward and to the side (some wind is lost to friction on the sail). One force is a forward driving force parallel to the course sailed. The other is a larger perpendicular force that attempts to push the rig and the boat to the side in both heeling and leeway (side-slippage). Much of this combination of aerodynamic forces is created by suction near the sail’s leading edge (luff).

The forward driving force is further developed by two features. One is a well-shaped jib forward of the mast. It and the mainsail function as a single foil, with each enhancing the other, though the jib exerts much more force for its size than the mainsail. The other feature is even air flow across the mainsail from luff to leech, which also requires that the sail be trimmed well. This is why two important indicators when trimming sails are telltales on the jib’s luff and the mainsail’s leech. These telltales should stream aft most of the time, which means there is even air flow over both sides of the sail.

The heeling and leeway side forces are addressed and largely handled by the hull and its appendages. “The sailing craft must be considered as a complex system consisting of two interdependent parts—aerodynamic and hydrodynamic,” writes C. A. Marchaj in Sail Performance, a standard manual of sailing theory. In other words, the sails and hull work together to convert the wind into forward force. The boat’s stability (in hull shape and ballast) resists heeling forces, while the shape of her appendages resists leeway. A boat sailing without an appendage will slide mainly to leeward, but if equipped with a well-shaped appendage, she will sail mainly forward while sliding slightly to leeward. As Tom Whidden neatly summarizes the problem in his book The Art and Science of Sails, “Without a keel or centerboard, sailboats would be unable to sail above a broad reach.”
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Most of the force generated by a sail is just a bit forward of sideways. Well-shaped appendages—keel, centerboard, skeg, and rudder—convert that side force into forward thrust.



Think of the sail’s side force acting on a well-shaped centerboard, keel, or rudder as like a thumb pushing down on an orange seed: when pressure is applied to the side, the seed squirts forward. A well-shaped appendage has a fairly round leading (forward) edge and its widest point is about one-third of the way back before the appendage tapers to a sharp trailing (back) edge.

This shape is something like the seed’s, but what it is most like is that of an airfoil, such as a sail or wing. Like a sail, the appendage develops forward push best when the fluid that surrounds it is moving over its surface rapidly and smoothly. This is why it takes so long to get most boats moving fast after they have tacked or made another sharp course alteration. Not until clean, smooth water flow builds along the side of the centerboard or keel does an appendage work efficiently to resist leeway (side-slippage).

The appendages, therefore, transform the side force created by the wind in the sails into a force that both resists side-slippage and makes the boat go forward. This transformation is not perfect. Even at high speed a boat with the wind on her side makes leeway of about 4°. So a beat to windward is a sailing version of a crab’s progress across the sand: aim one way, move the other.

The crew’s job is to trim the sails so the forward force is maximized and the side force is minimized (so the keel or centerboard doesn’t have to do all the work). If they trim (pull in) the sheets too far, the boat will heel and make little or no forward progress. If they ease (let out) the sheets too far, the sails won’t catch enough wind to create any force. As the wind increases, the shape of the sail itself may have to be changed, because a baggy, full sail, while creating more forward force than a flat sail, also creates considerable heeling force that cannot be counterbalanced by the keel or by the hiking crew. (We’ll look more closely at sail trim in chapter 3.)

Balance. After flotation, stability, and propulsion, balance is the fourth of the basic principles. The degree to which the boat is in tune with wind and water, balance is usually measured by how well she sails herself with only a modest helping hand from the person steering. A well-balanced boat steers more easily, sails faster and more comfortably, and is more seaworthy than a poorly balanced boat. Like driving a car with weak shock absorbers or a misaligned front end, sailing a poorly balanced boat is tiring and potentially dangerous.

Unfortunately for their owners, some boats are unbalanced from the moment their designers set pencil to paper. Only major reconstruction can balance their helms and make them competent, seaworthy vessels. But the vast majority of boats are unbalanced only because their crews don’t know any better and sail them that way.


[image: images]

Think of the centerboard or keel as a pivot under a balance beam where the mainsail and jib push in opposite directions. When the sails are trimmed right and the hull is heeled just enough, a well-balanced boat should almost sail herself, with about 3° of weather helm.



The Helm and Rudder. The helm is the tiller or steering wheel that turns the rudder and so changes the boat’s course. The helm also corrects imbalances in the boat and her rig. As a rule, if a hull’s or a rig’s symmetry is destroyed, a boat in motion will tend to swerve from her straight-line course. Just as an automobile’s driver first notices an underinflated tire by feeling the tug of the steering wheel, a boat’s steerer first senses that the sails are incorrectly trimmed through the hard pull of the tiller. Knowing how the car or boat should feel when everything is in balance, the driver or steerer can quickly sense when something’s awry. He can temporarily correct the imbalance by oversteering against the pull, but soon he’ll have to attack the cause of the problem.

As the designer drew and the builder constructed her, the boat should be symmetrical. The starboard side has the same shape as the port side, she sits level in the water without a permanent list, and the water moves around her hull and appendages the same way on both sides. If for some reason there is a built-in asymmetry, then the water will move around one side faster than it does around the other. Sometimes, for example, one side of a keel or centerboard may be flatter than the other side because the fiberglass shell was not carefully shaped. The side with the best airfoil shape will generate more forward thrust than the flat side, so the boat may make less leeway on one tack than on another. Another asymmetry results when the designer and builder miscalculate the weights of gear and fittings and the boat does not float on her lines evenly.

A list, or a heel, immerses one side and raises the other. (When a boat is sailing, the leeward side drops as the windward side lifts.) A level boat will steer straight with the rudder centered, but a heeled boat will tend to head in the direction of the windward, or raised, side. A boat heeled to port will head to starboard unless the helm is adjusted to compensate, and vice versa. Sailors often speak of “cranky” boats that “want” to head one way or the other. Like a wild horse with a bit in its mouth, a sailboat with powerful weather (windward) helm—the tendency to head toward the wind—can be a handful for a steerer. Adjusting the helm only compensates for the asymmetry. It doesn’t fix it. Feeling the hard tug, the steerer pulls on the helm to compensate, as though making a turn.

The flaplike rudder impedes the flow of water going past, slowing the boat. If he is simply compensating for an imbalance, the steerer will pull the helm until the asymmetry of the swung rudder balances the asymmetry caused by the imbalance and the boat holds her course. If the steerer wants to alter course, he will hold the helm down or up until the bow has swung onto the new heading. As the stern swings one way, the bow swings the other. To stop the swing, the steerer brings the helm back to center. Heavy boats and boats with long keels will have greater directional stability than light boats with short keels, meaning that turns will be slow to start and stop. A large rudder turns a boat more efficiently than a small rudder, but because it blocks more water, it can slow the boat, too, unless the boat is well balanced, with little or no weather helm.

Helm, Rake, and Heel. Weather helm is the boat’s tendency to head up and point her bow into the wind or to windward (also called “to weather”). Lee helm is the tendency to bear off and point the bow away from the wind or to leeward. Lee helm usually makes a boat slow and unpredictable, but a slight amount of weather helm improves water flow over the rudder and encourages the steerer to keep sailing closer to the wind. As a rule of thumb, there should be a slight tug of weather helm on the tiller or steering wheel. The rudder should be cocked about 3°, an angle that helps the rudder work at peak efficiency. With the right amount of weather helm, when you let go of the tiller or wheel the boat will fairly quickly swing her bow toward the wind. With too much helm, she will swing up violently; with too little, hardly at all.

The 3° rule, like all general rules around boats, should be observed with discretion. Because heavy boats turn more slowly than light ones, the same amount of helm will evidence itself differently from boat to boat. And rudder size is important. Boats with relatively small rudders often efficiently carry slightly more weather helm because their rudders make little resistance. Boats with large rudders should carry a little less, since it can serve as a brake. If you look over the stern and see a lot of turbulence or even waves behind the rudder, there’s too much helm. But if you see no turbulence, there’s probably too little.

Much more weather helm is a reliable indication that something is wrong. The sails may be trimmed in too far (especially the mainsail, which tends to twist the boat toward the wind). Or the boat may be heeling too far. Weather helm increases as the boat heels to leeward, partly because of the increased asymmetry of the hull in the water and partly because the sails tilted to leeward twist the rig and boat upwind. If the boat is allowed to heel too far, weather helm will exceed the optimum.

Those are temporary problems readily solved by letting the mainsail traveler down a few inches, by easing sheets, or by reefing. But there may be more serious imbalances that may be fixed by moving the mast. When the mast is raked (tilted) aft (toward the stern), weather helm is induced and the boat tends to head up. When it’s raked forward, lee helm is induced. Weather helm usually can be decreased by letting off tension on the backstay and tightening the headstay’s turnbuckle three or four turns. Do the opposite to increase weather helm. The helm may also be adjusted by moving the mast in its step (the fitting that secures the bottom of the mast). Move the mast aft to increase weather helm and forward to decrease weather helm. (See chapter 17 for a detailed guide to adjusting mast rake.)

Steerageway. A rudder is useless if there is no water flowing over it. Before trying to steer, build up a couple of knots of speed. Once you have steerageway (enough speed to steer with), you can alter course. While waiting for steerageway to build up, keep the helm and rudder centered. Otherwise the rudder will grab the water and act like a brake to slow the boat further and eventually pull her to a halt. Attempt to alter course only when the boat has built up sufficient speed for the rudder to work.

Self-Steering Devices. When the boat is reasonably well balanced so that she’ll stay on a straight course with a tug of weather helm, you may rig a self-steering system. The simplest is made by connecting the jib sheet to the tiller or steering wheel through a series of blocks, sometimes using shock cord to hold the helm.

Another kind of self-steerer is the electric automatic pilot, which runs off the batteries and is connected to the steering wheel or tiller with a cable, belt, or rod. The desired heading is set on the instrument, which has an internal compass that keeps the boat on or near course. Because these self-steerers depend on the boat’s electrical power, the battery must be charged periodically by running the engine or generator, or by using a trickle charger powered by solar panels, a windmill, or a propeller towed astern. Some automatic pilots may be connected to the GPS electronic navigation system.
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Keep no more than a tug on the helm by sailing flat.
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To slow down or stop, heave-to. It saves wear on the jib.



A third kind of self-steerer, the wind vane, does not need electricity. It orients the boat to the wind, not the compass. A small sail-like vane on a post over the stern is adjusted to the desired wind angle. It’s connected to a flap (called a trim tab) on the trailing edge of the rudder or a small separate rudder. When the boat swings off the desired wind angle, the vane turns the tab or rudder and brings the boat back on course.

Any crew using a self-steerer must still satisfy Rule 5 of the Navigation Rules (rules of the road): “Every vessel shall at all times maintain a proper lookout by sight and hearing.”

Hull Speed and Planing. A boat’s speed potential is not unlimited. For one thing, because a strong wind provides as much heeling force as propelling power, a point is finally reached where no amount of lead in the keel or hiking by the crew will keep her sailing fast. Second, as the wind increases, it creates ever-larger waves whose resistance will slow any boat. While an owner can improve his boat’s speed potential by giving her a smooth bottom and well-shaped appendages and sails, and by sailing her well, he will inevitably be restricted by those and other limitations.
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1. At about 1/3 hull speed, there will be three waves formed along the windward side of a displacement boat. 2. As the boat accelerates to 1/2 hull speed, the waves speed up and decrease in number to two. 3. At hull speed, the boat is creating a single wave the length of her waterline.



Heavier boats have a built-in maximum speed called hull speed. These boats are called displacement boats because as they move they are perpetually displacing a new patch of water, which spills out in waves. The opposite of a displacement boat is a planing boat, which can sail on top of the water. A curragh is a displacement boat while a sailboard is a planing boat.


[image: images]

Displacement keel boats like this classic sloop create waves that ultimately limit the top speed of the boat. Notice how the boat below is sailing in a wave trough of its own making that begins at the bow and ends at the stern. When this happens, a displacement sailboat has theoretically reached its maximum hull speed.



Displacement Boats. As a displacement boat pushes through the water, she makes waves until she reaches a point where she’s sitting in the trough between two crests of a wave that she has made, with one crest at her bow and the other at her stern. She is a prisoner of this wave, unable because of her weight to climb on top of it. Her speed, then, is limited by the wave’s speed, which is a function of the wave’s length. This maximum speed, called hull speed, is the maximum theoretical speed of a heavy displacement hull. Hull speed is computed by multiplying 1.34 times the square root of the boat’s length on the waterline (which is the length of this wave). This rule applies to our model cruiser-racer, our keel daysailer, and the curragh Brendan. They will rarely sail faster than hull speed.
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1. Planing boats behave just like displacement, nonplaning boats in light winds, creating waves they cannot escape. 2. Pushed by a wave or a wind gust, the light boat quickly accelerates and her bow lifts clear of the hull-speed wave. 3. Once her hull has broken loose of the wave, a planing boat stabilizes on her flat underbody aft and planes off.



Planing Boats. The hull speed restriction applies only to heavy keel boats. Lighter boats with powerful, large sails may be able to lift up and over the forward crest, escape the single-trough wave, and sail much faster than the hull speed. The sailboard can do this. So can the Laser, other dinghies, and the modern ultralight keel daysailers called sport boats. Many of these boats are so light that the total weight of their crews is greater than that of the hull and rig. When those sailors hike on the windward rail, their ballast exerts a large righting moment (leverage) that counters the heeling force on the sails.
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A lightweight dinghy like this Laser is able get up on top of the water and plane. Planing boats regularly exceed their theoretical hull speed.



In order to get planing, a boat must break out of her wave and skip over the crest at the bow. At low speeds, planing boats work like displacement boats, pushing though the water. Given sufficient power by a gust of wind or a following wave, they snap over the bow wave and then, freed from its confinement, speed off on a plane.

We are speaking here of monohulled boats. Multihulls (catamarans and trimarans), which are displacement boats that have many of the characteristics of planing boats, will be discussed later in this chapter.

Why Speed Is Important. Our emphasis on speed may seem surprising. Going fast in a boat may be fun, but many people would not regard it as seamanlike. Yet experienced seamen know that a good turn of speed can be an important safety ingredient. As Colin Mudie, who designed many boats (including Brendan), once wrote: “Speed is not only a sensible part of seamanship, it is to a certain extent a satisfactory substitute for some of it.” While hot-rodding speed will get you into trouble, quick acceleration and maneuverability can almost always be counted on to get you out of it. Many novice sailors mistakenly buy heavy, slow clunkers because they seem seaworthy. Not only are these boats dull to sail, but they cannot be relied on to make much progress against a strong current or a fresh wind. It’s said that a Swedish sailor once spoke of a slow boat that would “go a looooooong vay an’ take a loooooong time a-gettin’ dere, too!”


Boat Dimensions

Boats are described by length, construction material, rig, and type. The Sabre 30 cruiser-racer shown on this page is a class, or identical group, of fiberglass cruising sloops approximately 30 feet in length built by Sabre Yachts in South Casco, Maine. (Some people may refer to her as a “30-foot Sabre.”) The plans show her to be modern in appearance, with a tall rig and relatively short fin keel rather than a traditional long keel extending almost from the bow to the rudder. You then would examine her dimensions: her waterline length (which indicates her theoretical hull speed), her beam (a measure of her roominess and stability), her displacement (which suggests her hull shape, light boats being flatter than heavy boats), her ballast (yet another indicator of stability, a high ratio between ballast and displacement indicating good stability), her draft (as a measure both of the amount of water she needs and of her ultimate stability), her sail area (an indication of her relative speed and ease of handling), and her sail plan (which tells how the sail area is divided up). The Sabre 30 has these dimensions:

LOA (overall length), 30' 7"

LWL (load waterline length, or the hull’s length where it comes out of the water at each end), 25' 6"

Bm. (extreme beam, where the boat is widest), 10' 6"

Disp. (displacement or weight in pounds), 9,400#

Ballast (weight in the keel or bilge), 3,800#

Dr. (deepest draft, to the bottom of the keel or centerboard), 5' 3"

SA (sail area in the mainsail and foretriangle, the area between the mast and headstay), 462 sq. ft.

Dimensions are a boat’s vital statistics. They may be used with some simple formulas and a pocket calculator to compare boats of similar sizes. On these pages we will apply these formulas to three boats in each of two popular size ranges—around 30 feet and 36 feet LOA. Some of these boats are lightweight high performers looking like the dinghy, some are heavy cruisers in the curragh family, and others are moderate boats falling between those two extremes. Today, most boats are in the middle.

Theoretical hull speed, as we have just seen, is determined by multiplying the square root of the LWL by 1.34. The hull speed of the Sabre 30 here is 6.8 knots.

The ballast/displacement ratio (ballast/disp.), the proportion of displacement that is in ballast (weight in the keel and bilge that counters heeling), indicates the boat’s purpose. A ratio lower than about 35 percent may be found in a pure cruising boat, where much of the weight is in living accommodations. One higher than about 45 percent is found in a boat aimed for racing; such boats usually are stripped-out, with few solid bunks and a skimpy galley. In between lie the cruiser-racers like the Sabre 30, whose ratio is 40 percent.
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The published plans of a cruiser-racer or cruising boat show profile, sail plan, overhead, and cutaway views. In the accommodations plans showing the Sabre 30’s interior, you can see the cabins, berths (beds), toilet, lockers (closets), tables, engine, galley (kitchen), and other furnishings and equipment.



The displacement/length ratio (D/L) is a good indicator of a boat’s weight for her size. If her displacement (“D”) is light for her length, she’s toward the dinghy end of the spectrum—light and flat—rather than the heavy, round curragh end. She’s probably fast, bouncy, and tricky to sail, with limited directional stability. “L” in this formula is length on the waterline, LWL. Here’s the formula:
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The length is cubed to put it in the same dimensional context as displacement, which is a volume (a cubic dimension). Long tons (2,240 lb. per ton) and the constant of .01 make the final product manageable, somewhere between 30 and about 350. The higher the number, the more curragh-like the boat. Boats with a displacement/length ratio over 325 are heavy cruisers. A ratio of 200–325 indicates the boat is a light- to moderate-displacement cruiser or moderate-displacement racer. Anything less than 200 is either a very light-displacement cruiser or a racing boat. A ratio lower than 125 puts a boat in the ultra-light-displacement boat (ULDB) category. The D/L for the Sabre 30 works out as follows:
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With a ratio of 247, the Sabre 30 is in the area of light to moderate displacement.

The sail area/displacement ratio (SA/D) indicates how much sail a boat has relative to her weight. This is the equivalent of a horsepower/weight ratio in an automobile. The higher the number, the more racy the boat or the faster she sails in light wind. Conservative cruising boats have ratios of 10–15, cruiser-racers 16–20, moderate racing boats run from about 21 to 23, and high-performance racers have SA/D ratios above about 24. Here’s the formula:
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To find displacement in cubic feet, divide it by 64. To find a number to the 2/3 function, square it and then find its cube root either by trial and error on a calculator or by consulting an engineering manual. For the Sabre 30:

[image: images]

A SA/D ratio of 17 puts the Sabre 30 in the cruiser-racer range.

The comparisons with two other boats about her length on the next page indicate that the Sabre 30 is a moderate model falling midway between an extreme cruiser (the Mariner 32) and an extreme racer of the sport boat type (the Melges 30). With her relatively large sail area she will sail well and fast in light to moderate winds (assuming that her bottom is smooth and her sails are shaped well). Yet with her moderate displacement she probably would be more comfortable, if slower, than a very lightweight racing boat. This does not say anything one way or the other about seaworthiness. Very light boats sailed by competent, athletic sailors have gone long distances, and have often participated in long offshore races.

What else do these dimensions tell us? With a deep draft of 5' 3", the Sabre 30 may be a bit long-legged for shallow areas like Chesapeake Bay and Tampa Bay, but she may also have plenty of stability.
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Comparing Two 30-Footers. A comparison of two boats about the LOA of the Sabre 30 demonstrates the broad range of boats available, with the Sabre 30 in the middle. The extremely light and high-powered Melges 30, built in Wisconsin, is one of the new breed of exciting sport boats. With extremely high ratios—75 D/L, 36 SA/D, and 50 percent ballast/disp.—she’s a big dinghy with an extremely deep, heavy keel for leverage against her huge rig. She will regularly exceed her theoretical hull speed of 7.2 knots. This is a purebred racer. Her small cabin provides minimum accommodations for overnight cruising by a small crew.
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Melges 30

    

    


	 

	LOA

	LWL

	Bm.

	Dr.

	Disp.

	Ballast

	SA

	Displ./Length

	Sail Area/Displ.

	Bal./Displ.




	Melges 30

	31’10”

	28’6”

	9’10”

	7’

	3,850#

	1,750#

	643 sq. ft.

	75

	36

	45%




	Mariner 32

	31’10”

	25’8”

	10’

	3’8”

	12,400#

	4,000#

	468 sq. ft.

	315

	14

	33%



    
        	J-105

        	35’6”

        	29’6”

        	11’

        	6’6”

        	7,750#

        	3,400#

        	577 sq. ft.

        	135

        	24

        	44%

    

    
        	Pacific Seacraft 37

        	37’11”

        	27’9”

        	10’10”

        	5’6”

        	16,000#

        	6,200#

        	619 sq. ft.

        	334

        	16

        	39%

    



    

With 315 D/L and 14 SA/D, the Mariner 32 is as pure a traditional cruiser as the Melges 30 is an up-to-date racer. She has a low 33 percent ballast/displacement ratio and a long, shallow keel for cruising in shoal waters. She is not fast, but if properly handled and equipped she should be stable and comfortable in most conditions. Many similar cruisers have been built, like the one shown in the photograph here.
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Mariner 32



Comparing Two 36-Footers. The J-105 (the number is her metric length) is built in Rhode Island and used mainly for racing and cruising in coastal waters. She is a light, fast boat. A cruiser-racer, she has berths for four or five people and a galley. Her spinnaker, like the Melges 30’s, is set not on the traditional spinnaker pole on the mast but on a long retractable sprit projecting out from her bow.
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J-105



With a displacement more than twice that of the J-105 on an LWL almost 2 feet shorter, the California-built Pacific Seacraft 37 is a modern type of offshore cruiser. She is fairly heavy and with full accommodations for living aboard for months at a time, yet carries a large sail plan and considerable ballast in a keel that is a compromise between the cruiser-racer’s fin keel and the traditional long keel. A double-ender (with a pointed canoe stern), she has a traditional shippy appearance.
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Pacific Seacraft 37

    


The Lines Plan

The lines drawn by the naval architect, often with the assistance of a computer, show the boat’s shape. In these detailed scale drawings, the boat is sliced into sections across the hull, from bow to stern at the profile (showing buttocks), and from bow to stern from overhead (showing waterlines). In addition, the sail plan shows the positions of the masts, booms, and sails. The designer also draws plans showing deck and interior arrangements, rigging details, and construction. The builder proceeds with construction of either one boat or a plug that will be used to build a series of fiberglass boats.

The Morris 36 is a modern cruiser-racer with a traditional look. Her dimensions are LOA, 36' 3"; LWL, 29' 6"; Bm., 11' 7"; Disp., 16,602#; Ballast, 6,000#; Dr., 5' 6"; S.A., 627 sq. ft. Her ratios put her in the cruiser-racer range: the displacement/length is 288, the sail area/displacement is 16, and the ballast/displacement is 36 percent.
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The sail plan shows the boat from the side with all the sails she might carry. The Morris 36, designed by Chuck Paine and built in Maine, is a fast cruising boat for coastal waters. While her shape below the water is modern, with a fin keel, her appearance is traditional, with a graceful stern and gradually curving sheer (deck edge). She has a masthead double-headsail cutter rig on which two jibs can be set, one on the headstay and the other on the forestay partway back.
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1. The buttocks on the profile plan and the waterlines on the overhead plan show her shape to be quite fair and symmetrical from bow to stern. 2. The section plan, which shows how the boat would look if sliced across at regular intervals, shows the Morris 36’s deep round-bottomed hull form. The vertical lines are “stations,” or places where sections are taken. 3. The Morris 36’s traditional appearance above the water belies her modern lines, with a wide beam, a fin keel, a separate rudder, and a moderate displacement.




Boat Selection
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Popular types of smaller boats include daysailers with centerboards (1), singlehanded centerboarders (2), racing catamarans (3), and trailerable cruisers (4).
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Keel boats can be easily set up for disabled sailors, like this one with a seat for a paraplegic skipper.



Boats are successful or unsuccessful, loved or ignored, more for how well they meet the needs of their owners than for any other reason. The “different boats for different folks” rule of thumb reliably makes us tolerant of our own and others’ prejudices and needs.

Small Boats. Boats smaller than about 25 LOA feet are inexpensive, and their liveliness makes them enjoyable, excellent developers of sailing talent. A person who is happy sailing alone will like a sailboard, catamaran, or dinghy smaller than about 14 feet. If you like a little company and the water is shallow, two or three people will fit nicely into a centerboard dinghy or daysailer between 14 and 20 feet. Daysailers (both monohulls and catamarans) and small cruisers for two to five people range from 17 to more than 25 feet. Many of these boats are available in versions that are easily trailerable, meaning that they are pulled in and out of the water on trailers and towed behind automobiles between harbors and home. Although keel boats are more difficult to haul out of the water, they have one big advantage over centerboarders and small catamarans: they are difficult to capsize.
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The U.S. Naval Academy’s 52-foot Invictus hit 24 knots and finished third of 165 boats in the 2012 Newport Bermuda Race.



Most of these boats provide little or no shelter for their crews and should always be sailed on protected waters near shore, where the waves are not large and hospitable ports are close at hand.

Cruising Boats. A cruising boat, which can range from about 20 to more than 120 feet LOA, is a boat with sheltered living accommodations. Smaller, lighter boats may be quite suitable for protected waters, where some of them sail very fast, but their ability to sail comfortably and safely offshore in rough weather may be questionable. Larger, heavier boats may be slower but more seaworthy in rough weather out in deep water. This means that if you want to cruise in the ocean or a large lake with the confidence that your boat can handle the roughest weather, you will want to concentrate less on speed than on seaworthiness and seakindliness (the ability to go through big waves in relative comfort). This does not automatically mean that all fast boats are unseaworthy or all heavy boats are seaworthy.

Offshore Design Features. Size and displacement are factors in seaworthiness. A heavy 30-footer may be as seaworthy and stable as a 40-footer of moderate displacement or a light-displacement 50-footer. In addition, a relatively heavy boat will be able to carry more crew, food, fittings, and other weights with less effect on her sailing ability and trim than a relatively light boat of the same waterline length. One sensible rule of thumb is that for sailing far from shore in rough conditions, a typical moderate-displacement cruiser with a displacement/length ratio of 250–325 should have an overall length of at least 35 feet.
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Sport boats and other modern light-displacement racers look and sail like big dinghies, but with good stability.
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With her small cockpit and sturdy feel, this Fast Passage 39, designed by Bill Garden, has the characteristics of a good oceangoing boat. She is similar to the Pacific Seacraft 37 that we looked at earlier. Her large keel testifies to fairly heavy displacement and is balanced by a large sail plan in a cutter rig. Her full canoe (pointed) stern gives her a shippy appearance and adds somewhat to her seaworthiness by providing more buoyancy aft. Notice the small cockpit well, which means that less water will be taken aboard if the cockpit is filled by a breaking sea in an ocean storm. The short cockpit also permits more ample accommodations below, with three cabins. Of course, simply having these (or any other) special features does not guarantee that a boat is suitable for going to sea. Any vessel must be properly designed and built, and the rest of the boat must come together as a whole.




Keel length can be overrated in conversations about cruising boat design. This is partly because many light-displacement racing boats with very small fin keels and separate rudders have proved to be unseaworthy. However, seaworthiness is a function not only of keel length and rudder placement. A heavy-displacement, slow boat with a keel running most of the length of her hull and ending with an attached rudder is not necessarily the most seaworthy vessel. Hull shape, balance, rig, and construction may be equally important. Many seaworthy boats have the same appendage configuration as the Sabre 30, with a moderate-size fin keel and large separate rudder. Still, extremely small keels and rudders don’t belong on boats cruising offshore.

Latent (ultimate) stability, or resistance to heel and (ultimately) capsize, is an important concern in choosing a boat to sail offshore and in rough weather. A reliable indicator of a boat’s capsizability is her range of positive stability, sometimes called the angle of vanishing stability. This is the angle of heel at which the boat loses the ability to come back upright. At this heel angle, the boat may well capsize.

The stability range of a dinghy like the Laser is less than 80°. Once the deck is almost vertical, the boat will flip over. Because these boats are so light, their crews keep them upright by hiking out to windward, which moves the center of gravity upwind and to the side. When they heel about 80°, the crew is almost directly above the center of buoyancy. If they heel another degree, the center of gravity goes from the positive to the negative side. Instead of leveraging the boat upright, it hastens the capsize and the boat flips right over.

But in a keel boat, the center of gravity is deep, and the weight of the ballast in the keel sticking out to the side may raise the stability range to more than 100°, depending on the boat’s shape and design features. Very lightweight racing keel boats also depend on crew weight to resist heeling.

If capsize is a problem, so is bringing a boat back upright after she is capsized. The lower the boat’s stability range, the more likely she is to remain upside down after a capsize. As a rule of thumb, the minimum for a boat going out in rough weather in protected waters is about 100°, while the minimum for going offshore is about 115°, at which angle of heel the mast lies in the water.

Each boat has her own positive stability range, and it can be calculated by a naval architect from her dimensions, including the location of her center of gravity. Positive stability range increases as boats get heavier, narrower, and deeper, and as their center of gravity is moved lower (for example, by putting more ballast in the bottom of the keel or by adding displacement). Beam is an important factor and should not be extremely large or small. Yacht designer Olin Stephens recommends a rule of thumb involving a ratio between the widest beam on deck and the depth of the hull from the waterline to the top of the keel: “A moderate ratio of beam to hull depth seems ideal,” Stephens wrote in Adlard Coles and Peter Bruce’s Heavy Weather Sailing (4th edition). Stephens recommended the following rule of thumb: “a beam of not more than three to four times the hull body depth, with a center of gravity low enough to give a positive stability range of 125°.”

Buoyancy when capsized or holed is a consideration. Some keel monohulls have watertight bulkheads or large expanses of foam and will float when holed or flooded. While ultimate buoyancy is a definite benefit for people heading out into the ocean (where boats have been sunk by whales and floating containers lost from freighters), living space can be greatly limited. The best alternative is the multihull.

The Six S’s. Several factors are important in choosing a boat and should be balanced against each other. Take a hard look at the six S’s.

Start with strength and seaworthiness. Will the hull survive a hard knock when docking or running aground? Will the mast survive a big blow? Will she get through a rough sea without taking on water? A professional marine surveyor should help you answer these questions and also evaluate the engine and electronics. Then there is stability. A Stability Index over 100° for a cruising boat in protected waters is important—higher in open waters.

Speed makes a boat fun to sail and allows you to sail in light air when other boats are motoring. But very high speeds come with very light displacement and, very often, an absence of seakindliness, easy motion that makes a boat comfortable under sail.

And then there’s simplicity. Resist the lure of gadgets that require you to keep the engine running much of the time to charge batteries. Complicated gear breaks down. To quote sailor and boatbuilder Steve Dashew, “If you look at the percentage of people who have the dream of cruising, but don’t complete it, it almost always comes down to systems: they spend too much time fixing things.”


Multihulls

So far, we have been speaking primarily of monohulls, boats with one hull. Multihulls—unsinkable boats with two hulls (catamarans) or three (trimarans)—were invented centuries ago, probably in the Pacific, but it is only since 1970 that they have exploded in popularity around the world in a variety of big and small types. Today multihulls can be found not only sailing off beaches, but also in almost every sailing club, marina, and charter operation.

Multihulls (“multis”) have several virtues, one of which, their speed, is well known. A good multihull will outperform a comparably sized monohull in almost all conditions. This speed is the result of their light weight and outstanding initial stability. A 28-foot LOA, 2,700-pound trimaran may have the same 20-foot beam as an 80-foot, 70,000-pound ocean-cruising monohull and sail twice as fast. Beam serves the same function in a multihull as it does in a dinghy: it stands in for ballast. A multi has no ballast and no keel. The stability provided by this wide beam allows multihulls to carry much more sail than a keel monohull of comparable length can safely fly. Although technically a displacement boat because she slices through the water rather than riding on top of it, a catamaran (“cat”) or trimaran (“tri”) escapes the traditional hull speed trap because the pencil-thin hulls have very little wave-making resistance. Racing daysailing catamarans can average 20+ knots around a racecourse, while offshore racing cats and tris have set phenomenal records for long ocean passages and circumnavigations.

There are other advantages. Multihulls often heel a little. They are unsinkable if capsized, and also can be pulled or driven up on a beach once their centerboards or daggerboards are retracted. Cruising multis (as distinct from their minimalist racing cousins) are exceptionally roomy. The cabins in a good cruising catamaran’s hulls and on the broad bridge deck between them offer plenty of shelter and comfort.
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Modern America’s Cup and C-Class catamarans have awakened sailors to the exciting new wing-sail technology that produces remarkable speeds.
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The simple, nimble Hobie Cat (1,2) launched a wave of off-the-beach catamarans that brought the joy of sailing and racing to thousands of nontraditional sailors. In small cats excitement is the draw. Larger cruising cats (3) are gaining popularity due to stability, speed, and ample accommodations.



Trimarans have most of their living space in the center main hull (the “vaka,” in Polynesian terminology), while the two outriggers or floats (“amas”) have room for storage.

But no boat is perfect. Their light weight and rapid acceleration can produce a bouncy, quick motion. Because multis must be both strong and light, construction often is expensive. Adding payload has an immediate price in performance. High freeboard for larger accommodations in cruising multihulls creates a wall of windage. A multi’s high wetted surface can make her hard to tack and sluggish in light winds unless she has been specifically designed for these conditions.

Multihulls are stable to a point, even when flying the windward hull, but they do not have keels and can capsize very quickly unless the crew eases sheets at the first sign of trouble. If they invert, there may be major damage and outside assistance will be needed to right them. Multihulls can stick the leeward bow into a wave and, unless you cast off sheets immediately, stop dead and pitchpole (somersault). This abrupt experience is sometimes called “stuffing the bow” or “going down the mine.”

Once over on her side, a multi may turtle (turn completely over) and lie upside down. While this is not serious for multihull daysailers, this vulnerability is a real consideration for cruising multihulls. As the multihull designer Chris White observes in his book The Cruising Multihull, “Capsize is a fact of life. A multihull sailed offshore should be designed, constructed, and sailed to offer the greatest chance of avoiding capsize. But capsize preparation is still essential.”
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Modern folding trimarans deliver a combination of excellent performance, easy handling, and ease of transport. Their shallow draft gains them access to many shoal cruising areas inaccessible to deeper-draft keel boats. Folding the amas makes these boats narrow enough to be trailered on highways without special permits.



Multihull Types. Multihulls naturally divide into two types, catamarans and trimarans.

Catamarans make up most of the population, since most small multihulls are cats, including the ubiquitous Hobie Cats. These daysailers are lively, fun boats that hone skills and sensitivities for all types of boats. A cat reaches optimum speed when sailed at a slight angle of heel so that her windward hull is just lifting clear of the water. “Flying a hull,” as it is called, reduces the boat’s wetted surface and friction, but it demands skill and concentration on the crew’s part. Flying a hull is limited mostly to small racing cats.

Over 25 feet, there is a growing number of cruising catamarans. Because they have two big hulls, larger cruising catamarans have excellent accommodations for living aboard.

Trimarans appear at about 24 feet. With three hulls, a tri has more wetted surface than a cat of similar size and so in theory is slower if the cat can fly a hull. But with their wider beam, tris are more stable and tend to be more forgiving of mistakes. The ama to leeward provides not only buoyancy as the boat heels but also a warning to the crew. When it submerges below the water, it’s time to reduce sail. For this reason, while most large (over 35 feet) cruising multihulls are cats, most offshore racing multis, which are sailed aggressively, are trimarans.

Some production trimarans feature amas that fold up next to the hull to allow the boat to be hauled into and out of the water on a trailer. Tris tend to be oriented more toward performance than interior accommodations, in part because they have only one hull big enough to live in.

Displacement/length and sail area/displacement ratios (described earlier) are fair predictors of a catamaran’s performance. A racer may have a D/L in the 30–60 range and an SA/D greater than 30. A fast cruiser may have a D/L of 80–100 and an SA/D of 25–30. And a slow cruiser may be in the 100–130 and 15–25 range.

While some boat-handling skills are different, multihull seamanship does not vary from monohull keel boat seamanship in the essentials. Yet the high speed, low latent stability, and rapid acceleration and deceleration of multihulls demand extra vigilance.


Construction Materials

Fiberglass is by far the most popular material for building boats (spars are usually made of aluminum). Fiberglass is relatively strong for its weight. Most important, because it is easy to work around molds, it is the best material for building many hulls to the same design. A fiberglass boat starts with a plug—a wooden or plastic hull built to the designer’s lines. Plastic female molds of the hull and deck are made from the plug. Sheets of fiberglass strands are laid into the molds and saturated in a gluelike resin, with a releasing agent between the sheets and the molds. Wood or foam blocks are sometimes laid between layers of fiberglass to form a lightweight reinforcing core (fiberglass forms tend to flex and require reinforcement in large flat areas). When the resin has cured, the hull is broken from the mold. The outside layer of the hull, called the gel coat, provides a shiny, attractive surface. Water can creep under the gel coat and cause poxlike blisters than must be ground away with abrasives.
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Fiberglass cruiser-racers at different stages of construction show (left to right) stiffening with a bulkhead, a deck mold, a deck being dropped on a hull, and a two-part hull mold.



Transverse and longitudinal structural members, called bulkheads and floors, are inserted to stiffen the hull and support the mast and rig. The deck, which was made in its own mold, is then laid over the hull and attached at the rail, or clamp. The bond between the deck and hull is important. If the attachment is weak, the boat will leak at the clamp, or much worse, come apart there under the strain of rough weather. The bond must be reinforced with bolts. Other points to be attentive to when inspecting a fiberglass boat include the way the engine is secured, the strength of the joints between bulkheads and the hull, and the general appearance of fiberglassed areas (if extra resin or loose strands are lying about, the hull may not have been built with care). If you are considering buying a boat, you should retain a professional marine surveyor. A satisfactory survey may also be required by an insurance company before it issues a policy on a boat. Names of surveyors may be found in the telephone directory and on the Internet.

While most boats are built of fiber glass, some large custom yachts (built for individual customers) are aluminum or steel, and many small powerboats are built of aluminum, which can be shaped in molds. Both metals require special preparation for use in salt water. Racing and other high-performance boats are built of highly sophisticated, expensive materials such as carbon fiber and Kevlar.
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Standard fiberglass construction consists of layers of different types of material chosen for strength and compatibility with resin: (left to right) mat, cloth, woven roving, cloth, and mat. They are laid up in resin one layer at a time under a protective layer called a gel coat. Balsa wood or foam is sometimes used as a core to provide lightweight stiffening for fiberglass. Foam and honeycombs also are used in cored construction. Builders may use exotic materials such as carbon fiber and Kevlar to achieve high strength-to-weight ratios.
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Aluminum construction consists of shaped and welded plates reinforced by frames (here shown with lightening holes that save weight without affecting strength). Molded plywood and light frames are used in many different types of boats, and many home-built boats are constructed with plywood sheets. Traditional wood construction, with planks fastened to wooden or metal frames and seams filled with caulking, is heavy but strong.




The Rig

Besides their dimensions, boats are distinguished from one another by rig, the arrangements of sails and masts. The main components of a rig are the mast (supporting the halyards and the front edge of the mainsail), the boom (supporting the bottom edge of the mainsail), the stays (supporting the mast and the jibs), and the sails themselves. There are six rigs for sailboats, each with its own special characteristics.

[image: images]

The sloop is by far the most popular rig. A sloop has one mast, a boom, one jib (or sometimes two), plus a mainsail. If the jib is hoisted from the top of the mast—and this is the case in most cruising boats—the rig is called masthead. However, if the jib is hoisted from anywhere below the top of the mast, the rig is called fractional. Most daysailers and some cruising boats have fractional rigs. On many masthead rigs, the jibs are large overlapping genoas, trimmed far aft and in square footage usually larger than the mainsails.

The cutter is a single-masted boat whose mast is stepped almost at the center of the boat. Cutters often carry two relatively small jibs rather than one big one. This is called the cutter rig. The small sails are easier to handle than a genoa. The outer jib is set on the headstay and called the jib. The inner one is set on the forestay and called the forestaysail (or staysail).

The yawl is a divided rig—or a rig with two masts. Divided rigs are used on larger boats to break up the sail plan into small, manageable components. The largest sail that can be handled alone by a normal sailor contains 500–600 square feet of cloth. In the yawl rig, a jib and a mainsail are set on the larger, forward mast, called the mainmast, and a small sail, the mizzen, is set on a small mast stepped way aft, the mizzenmast. The mizzenmast in a yawl is stepped aft of the rudder post (the rod on which the rudder hangs). Large light sails called mizzen staysails may be hoisted on the mizzenmast to increase the sail area under certain conditions. A yawl (or any other divided rig, for that matter) may have a masthead or a fractional rig, and also a cutter rig.
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