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Introduction





  THE object of this book is to place at the disposal of builders of wood ships some much needed information about construction and equipment. Each principal part of a vessel’s construction is explained, the information being arranged in such a manner that the reader can either use the book for reference purposes and quickly obtain from it desired information about any selected part of hull or equipment, or he can read the book as one continuous story covering the construction and equipment of a vessel.




  If it is desired to make use of the book for reference purposes, turn to indexed name of part or piece you desire information about. (The headings are arranged alphabetically.)









   

  Chapter I




  Classification and Insurance




  In almost every instance kinds and dimensions of materials to use for constructing a ship are determined by the designer, or builder, in accordance with rules laid down by the classification society that will classify the vessel for insurance purposes.




  1a. CLASSIFICATION FOR INSURANCE EXPLAINED





  Seagoing vessels are classified for insurance because unless this is done insurance rates for vessel and for cargo carried cannot be fixed with any degree of certainty.




  When a ship owner contracts with a builder for a new vessel he generally stipulates that the vessel shall be built to conform with the classification rules of a known classification society, and selects the class he desires vessel to enter; and the builder, knowing these things, obtains a copy of building rules and dimensions of material tables issued by the named classification society and constructs the vessel to conform to the rules.




  These rules stipulate the kinds and dimensions of materials that must be used for each principal part of hull and equipment, and also the manner in which the parts should be put together; and as the rules are based upon results of actual tests made by practical shipbuilders and owners all over the world, it is evident that both builder and owner have every reason to adhere to them.




  The Classification Societies’ rules most generally used are:




  Lloyd’s rules and regulations for the classification and construction of vessels. (British.)




  American Lloyd’s (Bureau of American Shipping) rules for classification and construction.




  Bureau Veritas (French) rules for construction and classification.




  British Corporation rules.




  Though methods of measuring and determining necessary dimensions of material to use are not alike, somewhat similar results are obtained by the four classification societies’ rules mentioned, therefore a vessel built to conform to a certain class in one society will be granted a corresponding classification in any other society.




  As I have mentioned classification of vessels for insurance, perhaps I had better explain its meaning a little more fully. The majority of seagoing vessels are insured by their owners, and the cargo carried is also separately insured by its owners. The amount of “risk” or danger of vessel and cargo being lost or damaged depends very largely upon strength and seaworthiness of vessel and her equipment, therefore it is imperative that people who insure, and people who desire to ship cargo, have some ready means for determining (a) the condition of the vessel and her equipment, and (b) the proper amount of risk involved by shipping cargo. If a vessel is sound and has proper equipment the risk is necessarily very much less than if a vessel is old, or badly constructed, or poorly equipped, and of course the smaller the risk of loss or damage the lower the premium will be for both vessel and cargo carried.




  You can therefore readily understand that a well-found, properly constructed vessel will seldom have to wait for cargo. The means employed for determining condition of a vessel and for letting all shippers of cargo know her condition is to have a vessel classified by a known and competent authority and to have this classification done while vessel is being constructed and at certain periods after launching.




  The classification is done by skilled surveyors, employed by classification society, who designates the class that vessel’s construction and equipment entitles her to receive. Under Lloyd’s rules a vessel will be classed “A” provided it is found to be in a fit and efficient condition for its contemplated employment. If a vessel is being built for any particular trade, there will be affixed to the letter the name of trade, such as “A” for coast service only.




  If vessel is built properly and in accordance with material and dimension rules, the number 100 will be pre fixed to the letter, thus: A 100; and if the equipment, such as anchor, chains, rigging, etc., is as specified in tables, the figure (1) is placed immediately after the letter designating class. Thus a vessel classed as 100 A 1 is known to be in fit condition, to be built of materials that are proper in strength and put together in a proper manner, and to have equipment, rigging, etc., that is proper in amount, dimensions and quality. If a vessel’s construction is not quite up to the standard called for by rules, the numeral 100 is replaced by one of lesser value (95 or 90).




  In the American Lloyd’s (Bureau of American Shipping) classification the character assigned to vessels is expressed by number from 1 to 3, A 1 standing for highest class and A 3 for lowest. Intermediate numbers (1½, 1¾, 2, 2½) being assigned to vessels that, while not as good as A 1, are superior to A 3.




  In general new wooden ships built in accordance with Lloyd’s building rules can obtain classification in Class A for a designated number of years, and can have this classification continued on the termination of the named period if, after survey, the ship is found to be in proper condition for a continuation of the classification.




  Class A ships are entitled to carry all kinds of cargoes in any waters.




  Ships that have passed out of Class A and are not in condition to be continued in it and ships not built in accordance with rule are generally classed in Class A, in red.




  Ships which are found on survey fit for carrying dry and perishable cargoes on short voyages are classed AE, and ships which are not safe for carrying perishable cargoes but perfectly safe for carrying cargoes not likely to be damaged by salt water are classed E.




  These classification rules are mentioned because it is necessary that you have some knowledge of the underlying principles of the rules for classifying vessels.




  To get a class, or get a vessel classified, a written application must be made to a properly authorized agent, or surveyor, of the classification society, and the established fee paid. It is usual to apply for classification before work on a vessel is commenced, because the rules of classification societies stipulate that their surveyor shall inspect hull during construction and specify the stages of construction when each inspection shall be made.




  Inspections are usually made :




  1st.—When keel is laid and frames are up.




  2d.—When planking is being wrought.




  3d.—When planking is completed and caulked, but before deck is laid.




  4th.—When decks and ceiling are laid and vessel is ready for launching.




  5th.—When vessel is completed, outfitted and ready for sea.




  When a class is assigned to a vessel it is assigned for a certain stated number of years and upon the condition that vessel is to be kept in good repair and properly equipped during the whole of named period; and it is also stipulated that whenever a vessel is being repaired, or whenever she is damaged, a surveyor must be notified and vessel be inspected. In addition to this all vessels must be submitted for resurvey at the expiration of a named number of years. These rules not only insure that a vessel shall be properly built, but they also insure that all classified vessels shall be kept in good repair under penalty of withdrawal of certificate or lowering of class. Having thus briefly explained the meaning of classification and the reason for classifying vessels, I will tell you about the kinds of materials used in ship-building and the proper dimensions of materials to use in each principal part of a vessel’s construction.











  Chapter II




  Information About Woods




  The substance named wood is, for the most part, elastic, tenacious, durable, and easily fashioned. The part that is characterized as timber is obtained from the body of trees, or that part of those which grow with a thick stem, rising high, and little encumbered with branches or leaves, which is called the trunk. The head of the tree consists of the branches, which are adorned with leaves; these attain their full development in the Summer, and then, in the great majority of species, fall in the Autumn.




  In ship carpentry, the wood of the trunk and largest branches alone is used; and only that of the commoner species of trees.




  Some of the timber trees attain an immense size when they are allowed to come to full maturity of growth. Oaks and beeches are found to attain the height of 120 feet; the larch, the pine, the fir grow to the height of 135 feet. Other kinds, as the elm, the maple, the walnut, the poplar, and the cypress, reach sometimes a great elevation.




  Botanists classify trees according to their physiological and structural peculiarities; and in this way trees are divided into two great classes,—Monocotyledonous, or Endogenous, and Dicotyledonous, or Exogenous trees.




  The terms Monocotyledonous and Dicotyledonous, belong to the Jussieuan system of nomenclature, and are descriptive of the organization of the seeds. Endogenous and Exogenous are the terms used by modern botanists, and are descriptive of the manner of growth or development of the woody matter of the tree, which is, in the endogens, from the outside inwards towards the interior, and in the exogens, outwards to the exterior.




  The monocotyledonous or endogenous trees have no branches: their stems, nearly cylindrical, rise to a surprising height, and are crowned by a vast bunch of leaves, in the midst of which grow their flowers and fruits. In this class are the palm trees, growing only in tropical climes, where they are of paramount importance, yielding to the people of those countries meat, drink, and raiment, and timber for the construction of their habitations.




  The palm tree will serve as a type of the endogenous structure. Dicotyledonous or exogenous trees, which form the second class, are in much greater variety, and much more widely spread over the globe, than trees of the first class. The form of their trunks is generally conical, tapering from the root to the summit: the summit or head of the tree is formed by the prolongation of the trunk, which divides into sundry primary branches; these again ramify into innumerable secondary branches; and these throw out small twigs, to which the leaves are attached by foot-stalks, larger or smaller. At first sight it appears as if the leaves grew by chance, but an order, regular and constant in each species, presides in their distribution.




  On making a transverse section of a dicotyledonous tree, we see that it is composed of three parts, easily distinguished—the bark which envelops, the pith which forms the core or center, and the woody substance which lies between the bark and the pith.




  In the woody substance we distinguish two thicknesses: the one which envelops the pith is the greatest, and is of a harder nature than that which adjoins the bark. The former is termed perfect wood, the latter alburnum. The inner layer of bark next the alburnum is called the liber, a name given from its being used to form the books (libri) of the ancients. Between the liber and the alburnum there is a substance partaking of the qualities of both, and called cambium. This is developed in the Spring and Autumn, when its internal portion changes insensibly into alburnum, and the exterior into liber. The liber never becomes wood: it is expanded continually by the process of growth in the tree, and forms the bark, which rends and exfoliates externally, because of its drying; and the layer of liber, in growing old, cannot extend in proportion to the augmentation in the circumference of the tree.




  Duhamel and Buffon long since proved that alburnum, in process of time, became perfect wood; and there is now no doubt in regard to the manner in which the tree grows and produces its wood.




  Exogens, or outward growers, are so called because, as long as they continue to grow, they add new wood to the outside of that formed in the previous year; in which respect they differ essentially from endogens.




  The only respects in which the growth of exogens corresponds with that of endogens are, that in both classes the woody matter is connected with the leaves, and in both, a cellular substance is the foundation of the whole structure.




  As new layers of alburnum are produced, they form concentric circles, which can be easily seen on cutting through the tree; and by the number of these circles one can determine the age of the tree. Some authors assert that this is not so, since a tree may produce in one year several concentric layers of alburnum, and in another year only one. Nevertheless, the commonly received opinion is, that the number of concentric circles in the cross section of the wood, called annual layers, indicates the time it has taken to reach its size. Although a layer of alburnum is deposited each year, the process of transformation of it into perfect wood, otherwise heart-wood, is slow, and, consequently, the alburnum, or sap-wood, comprehends many annual layers.




  The annual layers become more dense as the tree grows aged ; and when there is a great number in a tree of small diameter, the wood is heavy, and generally hard also. In wood which is either remarkably hard or remarkably soft, the annual layers can scarcely be distinguished. They cannot, for example, be distinguished in ebony, and other tropical woods, nor in the poplar, and other soft white woods of our climate. In the case of the softer woods in our climate, the layers are frequently thinner and more dense on the Northern side than on the opposite. In a transverse section of a box tree, about 7 inches diameter, we reckoned one hundred and forty annual layers.




  The roots of a tree, although buried in the soil, have, as we have seen, an organization resembling that of the trunk and branches. The roots of several trees are employed in the arts and in ship-building, but as these are fully described in another chapter I need not dilate on the subject: I shall only remark, that as the branches of a tree divide into smaller branches and twigs, expanding to form a head, so the roots divide also into branches, which expand in every direction in the ground, and these branches again divide, their ultimate division being into filaments, commonly called fibres, which appear to be to the roots what the leaves are to the branches.




  It has been remarked that there is a sympathy between the branches and the roots in their development. Thus, when several considerable branches of a tree are lopped off, the corresponding roots suffer, and often perish.




  2a. CULTIVATION OF TREES





  Trees are the produce of forests, planted spontaneously, and consequently very ancient, or of forests and plantations created by man since he has engaged in this kind of culture.




  The reproduction of trees, their culture, and the felling of timber, belong more to the management of forests; but I shall remark briefly on some qualities which are derived from growth.




  The size and fine growth of a tree is not an infallible sign of goodness of quality in the wood. The connection of the age of a tree with its development, and the nature of the soil in which it grew, ought to be inquired into to enable a judgment to be formed of the quality of the wood.




  In general, boggy or swampy grounds bear only trees of which the wood is free and spongy, compared with the wood of trees of the same species grown in good soil at greater elevations. The water, too abundant in low-lying argillaceous land, where the roots are nearly always drowned, does not give to the natural juices of the tree the qualities essential to the production of good wood. The oak, for example, raised in a humid soil, is more proper for the works of the cabinet-maker than for those of the ship-carpenter; because it is less strong and stiff, and is softer and more easy to work than the same wood raised in a dry soil and elevated situation : it is also less liable to cleave and split. Its strength, compared with that raised in a drier soil, is about as 4 to 5, and its specific gravity as 5 to 7.




  Wet lands are only proper for alders, poplars, cypress, and willows. Several other species incline to land which is moist or wholly wet; but the oak, the chestnut, the elm, thrive only in dry situations, where the soil is good, and where the water does not stagnate after rain, but is retained only in sufficient quantity to enable the ground to furnish aliment for the vegetation. Resinous trees, too, do not always thrive in the soils and situations proper to the other kinds of timber, and especially in marshy soils : sandy soils are in general the best for their production ; and several species affect the neighborhood of the sea, such as the maritime pine, not less useful for its resin than for its timber.




  In fine, trees which grow in poor and stony soils, and generally in all such soils as oppose the spreading of their roots, and do not furnish a supply of their proper sap, are slow and stunted in their growth, and produce wood often knotty and difficult to work, and which is mostly used as veneers for ornamenting furniture.




  The surest tokens of good wood are the beauty, dearness, and firmness of the bark, and the small quantity of alburnum.




  It has been remarked that timber on the margin of a wood is larger, more healthy, and of better quality than that which grows in the interior, the effect of the action of the sun and air being less obstructed.




  2b. TIMBER FOR SHIP-BUILDING





  The qualities which fit woods for use by shipbuilders are durability, uniformity of substance, straightness of fibre, strength and elasticity. The good quality of a wood is known by uniformity and depth of color peculiar to its species. When color varies much from heart to circumference it is safe to assume that the tree from which the timber was cut was affected by disease.




  Knotty and cross-grained wood is difficult to work and should be rejected especially for use in pieces subjected to great strains. The knots are always a source of weakness because the straightness of fibres which gives strength is interrupted.




  Knots are the prolongation of branches across the perfect wood of the trunk of the tree. If the branches have grown with the tree to the time it was cut down the knots will be perfect wood and the fibres of the trunk will only be slightly turned from their straightness, but if the branch forming the knot ceased to grow before tree was cut down the knot will be “dead” and will not only greatly weaken the timber but may have caused some of the surrounding wood to decay. In all woods of a given species the heavier the specimens are the stronger and more durable. Timber cut from the butt of a tree is always the heaviest and strongest, and for this reason all pieces of timber that have to be steam bent should be cut from butt ends of logs.




  Among resinous woods those which have the least resin in their pores, and among non-resinous woods those which have the least sap, or gum, in them are generally the strongest and most durable.




  The tenacity of wood when strained along the grain depends on the tenacity of the fibres, and tenacity when strained across the grain depends upon the adhesion of the fibres to each other.




  Timber used for ship-building should be free from cracks radiating from the center (called “clefts”), from cracks which partially separate the layers (called shakes), and from sap-wood (the light-colored wood nearest the bark), and should be properly and thoroughly air seasoned.




 2c. CARE OF TIMBER



 

  If timber be exposed to great changes of temperature, to alternations of wetness and drought, to a humid and hot atmosphere, it will inevitably suffer a deterioration of those qualities which render it serviceable for the ship-carpenter.




  Timber, when too suddenly dried, is liable to split: when exposed to too high a temperature in a close atmosphere, its juices are liable to fermentation, followed by a loss of tenacity and a tendency to rot and become worm-eaten. The greater the quantity of timber thus kept together, the more rapidly is it impaired, which is made sensible to the smell by a peculiar odor emitted from it.




  When timber is exposed to injury from the weather, and lying long exposed on a damp soil, it is attacked by wet rot. The alternations, too, of drought and rain, of frosts and of heat, disorganize the woody fibre, which breaks, and a species of rottenness ensues resembling the decay of growing timber. The means of defending the timber from these various causes of waste, and preserving it in a state fit and proper to be used in construction, we now propose to describe.




  When the timber is squared and cut up, care must be bestowed on it; not alone on the ground that it is then so much the more valuable by the labor which it has cost, but because, by its being divided, it is more easily affected by deteriorating causes; and by its surface being augmented, these causes have also a larger field to operate on.




  Timber of the same scantling should be piled together; and there should not be mingled in one pile wood of different species.




  The first layer of the pile should be elevated above the soil on sleepers, the higher the better, as securing a freer circulation of air, and preventing the growth of fungi. The most perfect security, however, is obtained by paving the site of the pile, and building dwarf walls or piers, with strong girders, to form the foundation for the first tier.




  Where the space will admit of it, and the timbers are square, they should be laid in tiers crossing each other alternately at right angles, and at least their own width apart. This method will not do for thin planks, because it would not allow a sufficient circulation of air. These are better when piled so that in the alternate tiers there are only planks sufficient to keep the other tiers from bending. Where space can be afforded, it is well to pile square timber in this way. The diagram (Fig. 1) will best explain this mode.
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  Fig. 1




  After timber is erected as part of a ship it will rapidly deteriorate unless protected against the causes of decay, which are principally: (a) imperfect seasoning, (b) improper ventilation and presence of impure air in holds of a ship, (c) changes in temperature and presence of moisture in holds and around joints of the ship’s structure, (d) dirt in holds and around the framing.




  In the present day very little shipbuilding timber is properly seasoned and for this reason it is expedient to close up every rend, shake, and opening, and the surfaces of joints that cannot be reached after the pieces are assembled, with some substance that will act as a preservative by resisting the action of water and prevent moisture getting into the pores of the wood. The ventilation of holds and circulation of air around the timbers of the frame should be properly planned because it is in the hold of a ship, more than in any other part, that decay starts; here the greatest degree of moisture collects and the greatest amount of impure air accumulates, especially if holds are not properly cleaned when a cargo is removed, or if through some damage to ceiling of a hold dirt or decaying refuse from cargo is allowed to accumulate around the frames and in places where it cannot be readily removed from.




  Timbers that are found to be decayed at the lower part of the extremities of a ship, and in which the decay proceeds from the center, will usually be found upon examination to have some surface defect, such as a shake or fissure, through which air and moisture have been admitted to the heart, and in the case of joints that have decayed it will generally be found that air and moisture has had access to the center of joint through some defect or opening in joint.




  Without air and moisture decay in timber cannot begin. Decay in timber is a fungus that requires air to stimulate its growth, as can be easily proved by admitting moist air to the heart of timbers that are apparently sound. With the admission of air and moisture the growth of fungus of decay is almost immediately started.




  2d. OF THE BENDING OF TIMBER





  Curved forms require that the ship-carpenter should obtain the timber naturally curved, or should possess the power of bending it. Trees which yield timber naturally curved are generally used for the constructions of the naval architect. If, where curved timber is required, it should be attempted to be formed by hewing it out of straight timber, two evils would ensue : the first, a loss of wood; the second, and greater, the destruction of its strength by the necessary cross-cutting of its fibres. Hence, to maintain the fibres parallel among themselves, and to the curve, recourse is had to curving or bending the timber artificially. This process may be performed on the timber after it is squared or cut up.




  The process of bending timber artificially is founded on the property which water and heat have of penetrating into the woody substance, rendering it supple and soft, and fitting it to receive forms which it retains after cooling.




  Bending timber is effected in the five following ways:




  1. By using the heat of a naked fire.




  2. By the softening influence of boiling water.




  3. By softening it by vapor.




  4. By softening it in heated sand.




 5. By vapor under high pressure.




  The first method of operation is only applicable to timbers of small scantling.




  In the second method, the timber is immersed in water, which is heated until it boils, and is kept boiling until the timber is wholly saturated and softened. The timber being then withdrawn, is immediately forced to assume the required curvature, and is secured by nails or bolts. This proceeding has the defect of weakening the timber, and lessening its durability. It should, therefore, be used only in such cases as do not require the qualities of strength and durability.




  In the third process, the timber is submitted to the action of the steam of boiling water. For this purpose it is in closed in a box made perfectly air-tight. The box has a series of grated horizontal partitions or shelves on which the timbers are laid. From a steam boiler conveniently situated, a pipe is carried to the box. The steam acts on the timber, and in time softens it and renders it pliant. The time allowed for the action of the steam to produce this effect is generally one hour for every inch of thickness in the planks.




  The fourth method of preparing the wood for bending, is by applying heat and moisture to it through the medium of the sand bath. The apparatus for this purpose is a furnace with flues, traversing the stone on which the sand is laid, in the manner of hothouse flues. There is also provided a boiler in which water is heated. On the stone a couch of sand is laid: in this the timbers are immersed, being set edgeways on a bed of sand about 6 inches thick, and having a layer of sand of the same thickness separating them, and being also covered over with sand. The fire is then lighted in the furnace, and after a time, the sand is thoroughly moistened with boiling water from the boiler before mentioned. This watering is kept up all the time that the timber is in the stove. Thin planks require, as in the preceding case, an hour for each inch of thickness; but for thick scantlings the time requires to be increased ; for instance, a 6-inch timber should remain in the stove eight hours.




  The fifth mode, by means of high-pressure steam, only differs from the third process described in this, that the apparatus requires to be more perfect. The box, therefore, is generally made of cast-iron, and all its parts are strengthened to resist the pressure to be employed. When the steam has a pressure of several atmospheres, the softening of the wood is very rapid ; and it is very effectually done by this method.
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  Fig. 2




  After the timber is properly softened and rendered pliable, it is bent on a mould having a contour of the form which the timber is required to assume.




  The simplest method of doing this is shown in outline in Fig. 2. A series of stout posts, a a a, are driven into the ground, on a line representing the desired curve. The piece of wood m n, when softened, is inserted between two posts at the point where the curvature is to begin, as at a b, and by means of a tackle, applied near that point, it is brought up to the next post, a, where it is fixed by driving a picket, c, on the opposite side. The tackle is shifted successively from point to point; and the pickets, c, d, e, are driven in as the timber is brought up to the posts. It is left in this condition until it is cold and dried; and then it is removed to make way for another piece. But if the balk is required to be more accurately bent, and out of winding in its breadth, squared sleepers, a a a (Fig. 3, Nos. 1 and 2), are laid truly level across the line of curvature, and the posts b b are also accurately squared on the side next the balk. An iron strap c, which is made to slide freely, is used for attaching the tackle, and as the balk is brought up to the curve, it is secured to the posts b, b by two iron straps, e e, e e (seen better in the vertical section, No. 2), which embrace the pieces f, on the opposite side, and are wedged up tight by the wedges h h.
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  Fig. 3




  In operating in either of the ways described, only one piece of timber can be bent at a time. By the following method several pieces may be bent together:




  Fig. 4 is a vertical projection, and a transverse vertical section, of the apparatus. It consists of the horizontal pieces a a, arranged with their upper surface in the contour of the curve. They are sustained by strong framing b b, c c, d d. The timber is laid with its center on the middle of the frame, and by means of purchases applied at both sides of the center, and carried successively along to different points towards each end, it is curved, and secured by iron straps and wedges as before. The frame may be made wide enough to serve for the bending of other pieces, as m, n; or for a greater number, by increasing the length of the pieces a a, and supporting them properly.
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  Fig. 4




  These methods are not quite perfect; for in place of the timber assuming a regular curvature, it will obviously be rather a portion of a polygonal contour. To insure perfect regularity in the curve, it is necessary to make a continuous template, in place of the several pieces a a a a.




  Care must be taken that the curvature given to the timber is such as will not too greatly extend, and, perhaps, rupture the fibres of the convex side, and so render it useless.
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  Fig. 5




  The process of bending timber which we have described, is, as will be seen, restricted to very narrow limits. The effect, when the curve is small, is to cripple the fibres of the inner circumference, and to extend those of the exterior, and the result is, of course, a weakening of the timber. Bending, effected by end pressure, is not only not attended with injurious effects, but on the contrary, gives to the timber qualities which it did not before possess.
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  Fig. 6


     

  Wood can be more easily compressed than expanded; therefore, it is plain that a process which induces a greater closeness in the component parts of the piece under operation—which, as it were, locks up the whole mass by knitting the fibres together—must augment the degree of hardness and power of resistance.




  Another of the good results of this method is, that the wood is seasoned by the same process as affects the bending. The seasoning of wood is simply the drying of the juices and the reduction of the mass to the minimum size before it is employed, so that there should be no future warping. But, as the compression resorted to in the system at once expels the sap, a few hours are sufficient to convert green timber into thoroughly seasoned wood.
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  Fig. 7




  Fig. 5 shows the form of the machine for timbers under 6 inches square. Figs. 6 and 7 show the machine for heavy timbers above that scantling.




  The principle, as has been stated, is the application of end pressure; but another characteristic feature is, that the timber, during the process, is subjected to pressure on all sides, by which its fibres are prevented from bursting or from being crippled; and, in short, the timber is prevented from altering its form in any other than the desired manner, The set imparted to it becomes permanent after a few hours, during which time it is kept to its form by an enveloping band and a holding bolt, as shown in Fig. 8.
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  Fig. 8




  2e. SEASONING OF TIMBER, AND THE MEANS EMPLOYED TO INCREASE ITS DURABILITY





  Seasoning timber consists in expelling, or drying up as far as possible, the moisture (sap) which is contained in the pores. Air, or natural, seasoning is best and consists in simply exposing the timber freely to air in a dry place sheltered from sunshine and rain. Air seasoning of hard wood cannot be completed in less than two years. To immerse the logs in water for a few weeks before they are sawed into plank will hasten the seasoning because the water expels the sap.




  Timber can be artificially seasoned by placing it in a tight chamber, called a dry kiln, and exposing it to a current of hot air which is forced into the compartment by fans. The temperature of the air should vary with kind of wood :


  

[image: chpt_fig_009]




  The current of air being freely circulated around the planks, which should be piled, with spaces between them, for not over 12 hours a day.




  The drying should be gradual; for if the moisture be carried off too rapidly the fibres of the wood will collapse or lose their power of adhering to one another and the timber will split along the grain. One reason why kiln-dried timber is not advocated for use in ships is the tendency of kiln-dried timber to imbibe moisture from the atmosphere and thus induce decay.




  An attempt to fix a time for air seasoning timber would be utterly useless because time required to season timber will vary with kind and quality, and also with conditions of climate, piling, etc.




  In general it can be said that timber for ship-building should not be used sooner than three years after felling. If timber is squared, cut to scantling, and placed in a situation where air can pass freely over each piece, pieces 6 inches square will season sufficiently to be usable in six months; pieces 12 inches square will require from twelve to fifteen months; and pieces over 12 inches square will require from twenty to twenty-four months. But this period of seasoning will not thoroughly dry the timber; it will only put it into condition to be used for parts that do not require thoroughly air-dried timber.




  Timber in seasoning loses from 6 to 40% in weight, and from 2 to 8% in transverse measurement (through shrinkage).




  Immersion in hot water effects the same purpose much more rapidly; but as the wood has to be submitted to the action of the water for ten or twelve days, the expense is prohibitory of the process, unless in cases where the condensing water of a steam engine in constant operation can be made available. As we have before remarked, when speaking of the bending of timber, the action of the hot water impairs its strength, and should not be used where strength is an object.




  Immersion in salt water is a means of adding to the durability of timber. It increases its weight, and adds greatly to its hardness. It is attended, however, by the grave inconvenience of increasing its capacity for moisture, which renders this kind of seasoning inapplicable for timber t0 be employed in the ordinary practice of the carpenter.




  The water seasoning of which we have been speaking has many objectors; but numerous experiments prove, beyond contradiction, that timber immersed in water immediately after being felled and squared, is less subject to cleave and to decay, and that it dries more quickly and more completely; which proves that the water evaporates more readily than the sap, of which it has taken the place. The immersion, however, impairs, to some extent, the strength of the timber ; and this consideration indicates the applicability or non-applicability of the process. When the timber is required for purposes for which dryness and easiness of working are essential, then the water seasoning may be employed with advantage; but when for purposes in which strength alone is the great requisite, it should not be used.




  2f. LOSS OF WEIGHT AND SHRINKAGE OF TIMBER IN SEASONING





  While seasoning timber will lose a considerable portion of its original (green) weight and it will also shrink in width and in thickness. The amount of loss of weight and dimensions in seasoning varies considerably, being much greater in some kinds of timber than in others. On the accompanying Table 1 (page 17) I give figures obtained by carefully weighing and measuring a number of experimental pieces of timber. The figures are for thorough seasoning during a period of over three years. You will note that there is some variation in shrinkage between butt and top planks of same timber.




  Among the insects whose attacks are most fatally injurious to the wood are the white ant, the Teredo navalis, a kind of Pholas, and the Limnoria terebrans.




  The white ant devours the heart of the timber, reducing it to powder, while the surface remains unbroken, and affords no indication of the ravages beneath.




  The teredo and pholas attack wood when submerged in the sea. The teredo, its head armed with a casque or shell in the shape of an auger, insinuates itself into the wood through an almost imperceptible hole ; it then in its boring operations follows the line of the fibre of the wood, the hole enlarging as the worm increases in size. It forms thus a tube, extending from the lowest part of the timber to the level of the surface of the water, which it lines with a calcareous secretion. A piece of timber, such as a pile in a marine structure, may be perforated from the ground to the water level by a multitude of these creatures, and yet no indications of their destructive work appear on the exterior.




  The pholas does not attack timber so frequently as the teredo; and its ravages are more slowly carried on. Its presence in the wood, therefore, though very dangerous, is not so pernicious as the other.




  For the protection of timber from disease, decay, and the ravages of insects, various means are employed. These may be classed as internal and external applications.




  I. Preservation of Wood by impregnating it with Chemical Solutions.




  The chemicals usually employed in solution are the deutochloride of mercury (corrosive sublimate), the protoxide of iron, the chloride of zinc, the pyrolignite of iron, arsenic, muriate of lime, and creosote. They are either used as baths, in which the timber is steeped, or they are injected into the wood by mechanical means ; or the air is exhausted from the cells of the wood, and the solutions being then admitted, fill completely every vacuum.




  All of these processes are advantageous under certain circumstances; but it cannot be said that any of them is infallible.




  But it is to be feared that against the attacks of the marine pests—the teredo, the pholas, and the Limnoria terebrans—the protection these processes afford is at the best doubtful. An exception to this may probably be taken in favor of the creosote process. The soluble salts are supposed to act as preservatives of the timber, by coagulating its albumen; thus the very quality of combining with the albumen destroys the activity of the salts as poisons, and hence although preservatives against decay, they may, when thus combined, be eaten by an insect with impunity. With creosote, however, the case is different. It fills the vessels of the wood, and its smell is so nauseous that no animal or insect can bear it. It is also insoluble in water, and cannot be washed out. It is thus a protection to the wood against the ravages of insects, and also a preservative from decay. The base of many of the marine preservative and, so-called, anti-fouling bottom paints is creosote.




  Previous to the application of any of these substances, however, and as a preparative for it, it is essential that the timber be thoroughly deprived of its moisture.




  II. Preservation by Paints and other Surface Applications.




  Timber, when wrought, and either before it is framed, or when in its place, is coated with various preparations, the object of which is to prevent the access of humidity to its pores. In the application of such surface coatings, it is essential that the timber be thoroughly dry; for if it is not, the coating, in place of preserving it, will hasten its destruction, as any moisture contained in it will be prevented from being evaporated, and will engender internal decay. This result will be more speedily developed as the color of the coating is more or less absorbent of heat.




  One of the most common applications to timber constructions of large size is a mixture of tar, pitch, and tallow. The mixture is made in a pot over a fire, and applied boiling hot.




  But the most universally applicable protective coating is good oil paint. It is necessary that the oil should be good, the paint insoluble in water, and thoroughly ground with the oil, and that in its application it should be well brushed with the end, and not with the side of the brush. Such a coating has not the disadvantage of weight, like the painting with sand; nor does it, like it, alter the form of the object to which it is applied.




  The timber to be painted in oil should be planed smooth; and it is essentially requisite that it be dry. It is usual to submit it to the action of the air for some time before painting, and then to take advantage of a dry season to apply the paint.




  To render effectual any of the surface coatings we have mentioned, it is necessary to take care that the joints of framing are also coated before the work is put together. If this be neglected, it will happen that although any water which may fall on the work will evaporate from the surface, some small portions may insinuate themselves into the joints, and these remaining, will be absorbed by the pores of the wood, and become the cause of rot. The joints of all exposed work should, therefore, be well coated with the protective covering before it is put together.




  Besides these fluid compositions, timber exposed to the action of marine insects is often covered with a sheathing of metal, usually copper.




  I will now give a brief description of each kind of wood used by shipbuilders in the U. S. A., the average weights of each, and the strength compared with that of oak.




  2g. DESCRIPTION OF WOODS—HARD WOODS





  Oak.—The oak is one of the strongest and most durable of shipbuilding woods that grow in the U. S. A., but all of the oaks are not equally durable and valuable.




  The most durable and valuable of the oaks is the live oak. This is a fine-grained, compact and heavy wood obtained from trees that only grow near the seacoast of some of the Southern States. The trees are rarely found more than 15 miles from the coast and are most abundant along the shores of creeks and bays. It is the most durable and strongest of the oaks that grow in the U. S. A., but is difficult to procure in large quantities because the trees seldom attain large dimensions and are never found in forests.




  Next in value to the live oak is the white oak. This is a light-colored, hard and durable species of oak that grows in great abundance in the Eastern half of the U. S. A. The wood is very durable both in and out of water and possesses great strength. Experiments on samples of white oak gave these results:
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  Red oaks and other varieties of common oaks, of which there are several, are less durable and do not possess the strength of white oak and for these reasons should not be used when white oak can be obtained. For interior finish the red oak is preferable to the white because it is a softer wood and has a much finer grain, or figure, when quarter-sawed.




  Chestnut is a soft coarse-grained wood, somewhat similar in color to white oak. It is found in the Eastern part of the U. S. A., and while not nearly as strong as oak its lasting qualities are excellent. For this reason a certain percentage of chestnut can be used in the frames of vessels without loss of class. The average cohesive force of chestnut is about 9,700.




  Its stiffness to that of oak is as 54 to 100.




  Its strength to that of oak is as 48 to 100.




  Its toughness to that of oak is as 85 to 100.




  Rock Elm.—The elm is a large tree, common in the U. S. A. There are about fifteen species, of which the rock elm is the most valuable for ship-building. Its wood is ruddy brown, very fibrous and flexible, subject to warp, tough, and difficult to work. It is not liable to split and bears the driving of nails or bolts better than any other wood. When kept constantly wet it is exceedingly durable, and is, therefore, much used for keels of vessels and in wet places.




  The weight of a cubic foot when green is about 60 lb and when dry about 43 lb.




  Its strength to that of white oak is as 82 to 100.




  Its stiffness to that of white oak is as 78 to 100.




  Its toughness to that of white oak is as 86 to 100.




  Its absolute cohesive strength is about 13,000 lb.




  Soft elm is the worst of all the species and is absolutely useless for shipbuilding use.




  Ash is an excellent wood for oars, blocks, hand-spikes, etc., because its toughness and elasticity fit it for resisting sudden and heavy shocks. It is of little use for other shipbuilding purposes because of its liability to rot when exposed to dampness or used in places where it will be alternately wet and dry.




  The weight of a cubic foot of green ash is about 60 lb and of dry wood about 49 lb. Its cohesive strength is about 17,000 lb.




  Its strength to that of white oak is as 119 to 100.




  Its stiffness to that of white oak is as 89 to 100.




  Its toughness to that of white oak is as 100 to 100.




  Teak.—While not a native U. S. wood, teak is extensively used in ship-building and is, in fact, one of, if not the most valuable of all shipbuilding woods. It is a native wood of India, and is one of the few woods that can withstand the ravages of white ants. The wood is light brown in color, is durable both in and out of water, and possesses very nearly the strength of white oak. Its tenacity is about 13,000 lb per square inch.




  Teak is largely used for deck plank in yachts, for rails, for joinerwork, and in places where great durability is desired.




  In countries where it is plentiful it is used for keels, frames, and planking of vessels, and when so used the vessels are practically indestructible through decay.




  There are two descriptions of teak used in ship-building; one of which is brought from Moulmein and the other from Malabar. The former of these is in various respects superior to the latter; in India, where the opportunities of comparing them have been more ample than in this country, it is stated to be of less specific gravity, of greater flexibility, and freer from knots and rindgalls than the teak of Malabar; it is also of a lighter color.




  It grows to an immense size in the forest, and trees are sometimes cut of 8 or 9 feet in diameter; but most of such trees are unsound ; smaller trees are therefore preferred, ranging down to 18 inches in diameter. The largest pieces of this teak run to about 85 feet in length, and are about 8 or 9 feet in girt; keel-pieces range from 38 to 50 feet in length, squaring from 15 to 24 inches.




  This timber is killed before it is felled: the trees are girdled all round through the sap about 3 feet above the ground, just before the rainy season begins, and when the sap is low. The vitality of the trees being thus destroyed, they are left in that state to season, for two or even three years before they are felled. The trees are considered to arrive at perfection in about seventy years; a transverse section of some trees exhibits the periodical rings of the stem at half an inch or even three-quarters of an inch asunder, while in other specimens of the same timber these rings can hardly be distinguished. Some butts are of a close and even texture; and the same feature of the wood extends the whole length of the log though it be 60 feet: other butts are soft for several inches round the heart.




  Maple.—Maple is a hard, heavy, strong and close-grained wood of light color. The hard maple is extensively used for launching ways and for planking of slipways. The wood is durable when fully covered with water but is not very durable when alternately wet and dry. When green it weighs about 62 lb, and when dry about 51 lb. Its tenacity is about 10,586 lb.




  Locust.—The timber of the acacia is called locust wood. In color it is yellow. It is an extremely durable wood of great strength. Experiments have shown that it is heavier, harder, stronger and more rigid than the best white oak. Its use, however, is almost entirely confined to treenails, because the trees from which the timber is cut are always very small, and for this reason locust is seldom used except for pieces that can be made out of small timbers. For treenails it is far superior to all other woods.




  Its strength compared with oak is as ................ 135 to 100.




  Its weight is about 45 lb a cu. ft. and its tenacity is lb 16,000.




  Locust wood shrinks very little indeed in seasoning.




  Birch.—There are two kinds of birch used in ship construction, the black and the yellow. The black is the most durable and is the one preferred by shipbuilders. It is moderately hard wood, weighs when green about 60 lb, and when dry about 45 lb. Its tenacity is 15,000 lb a square inch. The yellow birch is not a very durable wood.




  Mahogany.—This wood is extensively used for ship joinerwork and planking of small boats. It is a native of the West Indies and Central America. The mahogany tree is one of the most beautiful and majestic of trees. Its trunk is often 50 feet high, and 12 feet diameter. It takes probably not less than two hundred years to arrive at maturity.




  The mahogany tree abounds the most and is in greatest perfection between latitudes 11° and 213° 10′ N., including within these limits the islands of the Caribbean Sea, Cuba, St. Domingo, and Porto Rico, and in these the timber is superior in quality to that of the adjacent continent of America, owing, it is to be supposed, in some measure, to its growing at greater elevations and on poorer soils.




  Mahogany timber was used at an early period by the Spaniards in ship-building. In 1597 it was used in the repairs of Sir Walter Raleigh’s ships in the West Indies.




  The finest mahogany is obtained from St. Domingo, the next in quality from Cuba, and the next from Honduras.




  In the island of Cuba the tree is felled at the wane of the moon from October to June. The trunks are dragged by oxen to the river, and then, tied together in threes, they are floated down to the rapids. At the rapids they are separated and passed singly, then, collected in rafts, they are floated down to the wharves for shipment. It is considered essential to the preservation of the color and texture of the wood that it should be felled when the moon is in the wane.




  The Honduras mahogany is commonly called bay wood, and is that most used for the purposes of carpentry. It recommends itself for these purposes by its possessing, in an eminent degree, most of the good and few of the bad qualities of other timber. It works freely; it does not shrink; it is free from acids which act on metals; it is nearly if not altogether exempt from dry rot; and it resists changes of temperature without alteration. It holds glue well; and it does not require paint to disguise its appearance. It is less combustible than most woods. The weight of a cubic foot is 50 lb, and its tenacity is given by Barlow at 8,000 lb.




  Its strength compared with oak is as 96 to 100.




  Its stiffness compared with oak is as 93 to 100.




  Its toughness compared with oak is as 99 to 100.




  Sabicu.—The wood of a beautiful tree which grows in Cuba. It is used in the government yards for beams and planking. The weight of a cubic foot is from 57 to 65 lb.




  Greenheart (Nectandra rodiœi).—This wood is a native of Guiana, where it is in great abundance. The trees square from 18 to 24 inches, and can be procured from 6o to 70 feet long. It is a fine but not even-grained wood. Its heart-wood is deep brown in color, and the alburnum pale yellow. It is adapted for all purposes where great strength and durability are required. The weight of a cubic foot is from 51.15 to 61.13, and its specific gravity from 831 to 989.




  Poplar (Populus).—The wood of the poplar is soft, light, and generally white, or of a pale yellow. It has the property of being only indented and not splintered by a blow.




  It is adapted for purposes which require lightness and moderate strength, and when kept dry it is tolerably durable. It weighs when green 48 lb 3 oz. per cubic foot, and from 24 to 28 lb 7 oz. when dry. It shrinks and cracks in drying, and loses about a quarter of its bulk. When seasoned it does not warp, and takes fire with difficulty. Its tenacity is 6,016.




  2h. RESINOUS AND SOFT WOODS





  Of the timber of the resin-producing trees, belonging to the natural order Coniferæ, many varieties are used. The white pine of America, which is the Pinus Strobus; the yellow pine of America, Pinus variabilis; the pitch pine, Pinus resinosa; the silver fir, Pinus Picea; and the various white firs, or deals, the produce of the Pinus Abies, or spruce fir; and also the larch, are all used in almost every kind of construction.




  No other kind of tree produces timber at once so long and straight, so light, and yet so strong and stiff ; and no other timber is so much in demand for all purposes.




  From the growing trees are obtained turpentine, liquid balsam, and the common yellow and black rosin. Tar is obtained by cutting the wood and roots into small pieces, and charring them, or distilling them in a close oven, or in a heap covered with turf. The lampblack of commerce is the soot collected during this process. Fortunately, the trees of the pine and fir tribe, so useful to man, are found in great abundance in America and Europe.




  White or Northern Pine.—This wood grows in the Northern States of the U. S. A. and in Canada. It is a light, soft, straight-grained wood of a light yellowish color, and is one of the most reliable of woods for staying in place after it is fastened, because it does not warp. It is extensively used for patterns, for deck plank, for joinerwork that will be painted, and for planking of small craft of all types.
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  Georgia Pine.—Also known as pitch pine, as yellow pine, and as “longleaf pine”, is a strong, close-grained, durable wood extensively used in ship-building. This pine grows in Southern States from Virginia to Texas, and can be obtained in lengths up to at least 6o feet and dimensions up to about 14 by 14 inches. Yellow pine is largely used for planking, for decking, for a large portion of the longitudinal framework, for keels and keelsons and for spars.
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  Spruce.—There are four kinds of spruce in U. S. A., of which only two are suitable for shipbuilding use, viz., the black and the white spruce. These are tough, light woods that are fairly durable when used in wet and damp places. For this reason it is used for floors, for keelsons and for longitudinal members of vessels’ framework. Its strength is about the same as that of white pine. Bear in mind that it is the color of the bark and not the wood that gives the name to each kind. The woods cannot be distinguished after bark is removed.




  Oregon Pine.—This is a species of pine that grows on the Western Coast; its texture is somewhat like that of the Eastern white pine but the wood is slightly harder and contains more rosin. The wood is extensively used for shipbuilding purposes and rates next to yellow pine for durability and strength. It is an excellent wood for masts and spars. Oregon pine can be obtained in lengths of 100 feet and over, and some of the timbers of this length are almost clear of knots. Oregon pine is also called Douglas fir.




  White Cedar.—This is a soft, white, fine-grained wood in great demand for planking small boats and yachts. The wood is a native of Virginia, where it grows in swampy land. Species of white cedar are also found in Canada, in Michigan, in New Jersey and in Florida. The wood is exceedingly durable, is tough and is extremely light in weight, some of the Canadian cedars weighing only 15 lb per cubic foot. The weight of an average Virginian white cedar log is about 20 lb per cubic foot.




  Red Cypress.—This is another Southern wood in great demand for small boat and yacht construction work. Its color is reddish yellow and the wood is one of the most durable of woods, either in or out of water.




  Cypress has, however, this defect: it soaks up water very readily, and for this reason it must be kept well covered with paint or varnish. The wood is soft and bends readily.




  As cypress trees grow to heights of over 100 feet, the wood can be obtained in long lengths and almost free from knots and defects. The red cypress is the name given to the dark-colored wood cut from trees that grow near the coast—the lowland cypress. The upland light-colored cypress is worthless for boatbuilding purposes and is not at all durable. In color the lowland cypress is yellowish and for this reason it is called yellow cypress.




  The most valuable woods in the U. S. A. for shipbuilding purposes are teak, live oak, white oak, common oak, chestnut, elm, hackmatack, yellow pine, spruce, Douglas fir or Oregon pine, red cypress, white cedar, Washington cedar, and white pine.




  Lignum Vitœ.—This is one of the hardest and heaviest species of wood; and owing to its valuable peculiarities it is applied to uses in which the greatest strain has to be borne, and chiefly for the sheaves of blocks and lining of shaft bearings. In this use it endures a vast amount of friction, and bears the strain of enormous weights. When the wood is used for sheaves, care should be taken so to cut it that a band of the sap may be preserved all round; as this preserves the sheaves from splitting from the outside inwardly towards the center, which they would do if they consisted of the perfectly elaborated wood alone.




  TABLE 1




  TABLE OF TRANSVERSE SHRINKAGE AND LOSS OF WEIGHT IN SEASONING TIMBER
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  As the sap of this wood is so important, care should be taken to preserve it from the depredations of worms; and also to protect the wood generally from too much draught, especially when it is newly cut.




  The Havana Cedar (Cedrela odorata) belongs to the same natural order as mahogany, which it resembles, although it is much softer and of a paler color. It is imported from the island of Cuba, and is much used both in cabinet work and in boat-building.




  The New South Wales Cedar (Cedrela toona) somewhat resembles the Havana cedar, but is of a coarser grain and of a darker color. It grows in the East Indies as well as in New South Wales. Most of the cedars are used in boat-building.




  TABLE 2




  TABLE OF THE PROPERTIES OF TIMBER
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