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THE MATERIALS OF ENGINEERING,

PART I.

NON-METALLIC MATERIALS.

CHAPTER I.

STONES AND CEMENTS.

I. Use by the Designing Engineer.—The mechanical

engineer makes comparatively little use of the materials

of masonry. Their principal value to him is for use in

foundations, and in structures protecting his machinery.

Of the stones, but few are well adapted to his purpose.

Using them in foundations, he requires them to be strong

and dense, hard and durable ; and the mortars and cements

xised to bind them should be of the best possible quality.

A foundation intended to bear the shock and tremor of

moving machinery must, necessarily, be more carefully built,

and must be constructed of more carefully selected materials

than a foundation carrying a load at rest.

The civil engineer makes frequent use of all the materials

of masonry.

There is given here a summary of the most important

characteristics of these materials. For a more detailed

account of them, reference may be made to spe'cial works on

civil engineering. The mason uses for foundations natural

stones which are either silicious, calcareous, or argillaceous in

their character, and artifical stones, including the several

varieties of brick. For special construction, he sometimes

employs materials not in common use, as fire brick and fire

clay. These materials are very rarely used in structures,

to resist other than compressive stress.



2 THE NON-METALLIC MA TERIALS OF ENGINEERING.

2. Classification of Stones.—The system of Durocher

and Bunsen classifies the stones by reference to their

proportions of silica, and und^^r a geological classification

into igneous, metamorphic, sedimentary, and calcareous. The
igneous orplutonic rocks were produced by original solidifica-

tion from fusion or by later volcanic action. The metamorphic

rocks are sedimentary, but have be^n altered by heat,

pressure, chemical, and other agencies. The sedimentary

rocks are the result of the abrasion of older rocks by water,

and subsequent condensation and solidification under pres-

sure. The calcareous rocks are composed of corals, as the
" Coquina," or of the shells of marine animals which have

usually, under the pressure of superincumbent rock and soil,

become so compacted as to have lost their form, and to have
united into dense and granular masses.

3. Silicious Stones.—The granitic group of igneous

rocks is richest in silica, and its members are known as sili-

cious stones. Of this class, granite, sienite, gneiss, green-

stone, and trap, and the harder varieties of sandstone, are

most commonly used.

4. Granite is a primary rock, and underlies the stratified

rocks ; it is, itself, unstratified. It is of a compact crystalline

structure, and is composed of quartz, feldspar, and mica ; its

principal impurities are talc and hornblende. Its quartz is in

the form of colorless or gray crystals ; its feldspar is in

opaque-white or flesh-colored crystals; and the mica appears

as shining scales or grains.

Its quality varies considerably according to the propor-

tions and mode of aggregation of its constituents. The
greater the proportion of quartz, and the less the proportion

of feldspar and mica, the greater the durability and hardness

of the stone. Feldspar renders the stone lighter in color

and easier to cut, and more susceptible to decomposition by
solution of the potash contained in it ; mica renders it fria-i

ble ; and hornblende heavy and tough.

The best kinds of granite are the most valuable of all our

building stones, and it is extensively used for important

works. Under exposure to fire it is, however, less durable
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than many, in other respects, inferior stones. It is easy to

quarry, and blocks may be obtained of any size. It is diffi-

cult to work, and therefore very costly to use if the stone

must be dressed. Its specific gravity is about 2.66, and its

weight 1 66 pounds per cubic foot, or nearly 2 tons per cubic

yard (2659 kilogrammes per cubic metre).

Granite is found throughout all the Eastern States, in

Canada, in many parts of the Alleghanies and Rocky Moun-
tains, and usually wherever the later rock formations have

been removed and left the underlying beds exposed. It is

generally classified into gray and red.

Gray granite in immense quantities is found in Maine.

That from Dix Island is very hard and strong. The granite

of Hallowell has a greenish tint, and is very light-colored

when first cut ; it is fine-grained and durable, yet easily

worked. Morgan's Bay granite is very strong, easily worked,

and light-colored. Round Pond granite is fine-grained and

polishes well. Gray granite of good quality is also found at

Mt. Desert, Clark's and Fox Islands. In New Hampshire,

the "Granite State," a fine granite is found at Pelham. Much
of that found in this State is coarse, micaceous, and not very

durable. In Vermont, the Barre granite is perhaps the best

;

it is light-colored and homogeneous. In Massachusetts, the

Quincy granite has the greatest reputation. It has a dark

bluish-gray color, is very durable, and takes a fine polish. In

Rhode Island, at Westerly, is found granite of the very best

quality; it is fine-grained, containing small particles of horn-

blende and black mica. It is much used for monumental

purposes. In Connecticut, a very fine-grained granite is

quarried at Mystic Bridge. That obtained at Millstone Point

is rather dark in color, compact, with comparatively little

hornblende or mica. In New Jersey, an excellent granite is

found at Newfoundland.

Red granite of excellent quality is found along the Bay of

Fundy. It is composed of red orthoclase, bluish quartz, and

a little hornblende, with scarcely any mica. It is hard, and

takes a fine polish. Similar granite is found on Forsyth's

Island in the St. Lawrence. The Calais red granite comes
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from near the St. Croix River in Maine. Very fine red

granites are found at Lake Superior, and at many points in

the Rocky Mountains. The Scotch Peterhead red granite

is used considerably, but is not greatly superior to many of our

native stones.

Talcose Granite, or Protogine, is one in which the mica is

replaced by talc.

Sienite was first quarried at Siena or Syene in Egypt,

whence its name. It is a granular rock closely resembling

granite, and consists of feldspar and hornblende, with fre-

quently quartz and mica. It is hard, tough, rather coarse-

grained, and not susceptible of taking a polish. When the

feldspar is not too readily decomposed by the removal of its

potash when acted upon by the weather, it is the most durable

of our granitic rocks, and affords an excellent material for

rough and substantial work. Before making use of this stone,

if it is obtained from a new quarry, its quality should be care-

fully tested.

5. Gneiss and Mica Slate are similar to granite in com-

position, are metamorphic rocks, and are found stratified.

Granite, sienite, and gneiss resemble each other so closely

that they are all frequently called granite by those who are

not familiar with mineralogy.

Gneiss is less valuable than granite, as it cannot be

obtained as readily in blocks of definite size, and as it

does not as readily split in directions other than that of

stratification. It is, however, a good building material, and,

for the purposes of the engineer, answers frequently as well

as granite.

Sienitic gneiss is a stratified sienite in which hornblende

takes the place of mica.

A very slightly stratified gneiss is found at Concord, New
Hampshire, and there are quarries of dark compact gneiss at

Greenwich, Connecticut.

These stones are all much affected in quality by the pres-

ence of foreign elements. The oxides of iron are particularly

injurious, causing discoloration and serious disintegration of

the stone. Quarries of excellent granite, sienite, and gneiss
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are found throughout the mountain ranges which extend

along the coast of the United States.

6. Greenstone, Trap, and Basalt are plutonic unstra-

tified rocks, consisting of hornblende and feldspar.* In the

first named, the grains are not as coarse as in granite, and the

others hardly exhibit the granular structure to the eye. The

first two break up into blocks, and the latter into columns of

prismatic form. They are found in veins and dykes, injected

among stratified rocks of all ages. In color, they vary from

nearly white, in some varieties of greenstone, to as nearly

black in basalt, the difference of color being determined by
variations in the proportion of hornblende and feldspar, the

former being dark, the latter light, in color. The green of

these stones is due to the chromium which is present. The
" Palisades," the bluff skirting the western shore of the Hud-
son River, opposite and above New York, is composed of trap

rock. Greenstone also is found in considerable quantities in

the same locality, and in the Orange Mountain of New
Jersey. These stones make a very durable building material,

but cannot be obtained in large blocks, and are very difficult

to cut. They form excellent metalling for macadamized

roads, and the last two are especially useful for block pave-

ment.

Tke Porphyries contain from 60 to 80 per cent, silica,

10 to 20 per cent, alumina, and the remaining constituents are

iron-oxide, lime, magnesia, soda, and potash in small propor-

tions, and have some value in construction. Their specific

gravity ranges from 2.5 to 2.6. They are used principally for

ornamental purposes. A fine quality of this stone is obtained

near Boston.

7. Sedimentary Rocks.—Sandstone was formed in all of

the later geological periods ; it is a stratified rock, consisting

of grains of sand derived from the disintegration of silicious

rock, and cemented together by a natural cement composed

usually of silica, lime, and alumina. In the most durable

kinds of sandstone, this cement is found to be almost pure

* School of Mines Quarterly makes Trap the generic name for these rocks.
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silica, and in the weaker stones it consists quite largely of

alumina.

Lime, when present in this cement, renders the stone

peculiarly liable to disintegration when exposed to an impure

atmosphere, or when it is used for foundations washed by

water containing acids capable of attacking the lime. The
presence of clay (silicate of alumina) or of protoxide of iron,

is very injurious.

8. Sandstones vary in quality between very wide limits,

some being nearly as valuable as granite, and other kinds

being the most friable of our building stones. A small grain,

a minute proportion of cementing material, and a sharp, clear,

bright fracture are the characteristics of the best stone. Such

stone is usually found in thick beds, exhibiting but slight evi-

dence of stratification.

Water readily penetrates between the layers of this stone.

In foundations, care should therefore be taken to lay it on its

" natural bed," that such penetration of moisture and conse-

quent disintegration by freezing, may, as far as possible, be

prevented.

The strength and durability of good sandstone, together

with the ease with which it is cut and dressed, makes it the

most commonly used of all our building stones. It is fre-

quently denominated "free-stone," from the facility with

which it is worked, and " brownstone " when of that color.

The colors of sandstones vary greatly. The Ohio or Am-
herst and Nova Scotia sandstones are of a yellowish or cream-

color, or nearly white. Missouri furnishes a durable stone of

a fine yellowish drab color. The stones from Portland, Con-

necticut; Newark, New Jersey; and from Marquette and Bass

Islands in Lake Superior, are dark brownish red. A purplish

red stone is found along the Rappahannock and Acquia
Creek, which is, however, not of the best quality. A very

hard and durable, highly silicious, reddish sandstone is ob-

tained at Potsdam, New York. A dark brownish stone is

found at Hummelstown, Pennsylvania.

9. Soapstone, the silicate of magnesia, is a very widely

distributed stone in the United States, and is very valuable
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where a stone capable of resisting high temperatures is re-

quired.

10. Calcareous Stones consist largely of lime ; lime-

stones and marbles are familiar examples.

Limestones—carbonates of lime—effervesce freely when
attacked by acids which are capable of displacing carbonic

acid from its combinations. The carbonic acid may also be

expelled by high temperature. In the former case, new lime

salts are formed by the union of the lime with the attacking

acid ; in the latter case, caustic lime, " quick-lime," is left un-

combined. The limestones vary greatly in their qualities as

building materials. While some are as strong and hard as

granite, others are as soft and friable as the weakest sand-

stone. They are, usually, easily worked. There are two
sorts : the granular and the compact ; both of which classes

yield excellent stones.

Those limestones which take a smooth surface and a fine

polish are usually called marble ; the coarser kinds are known
as common limestone. The granular varieties are generally

superior in quality, for building purposes, to the compact.

The impure carbonates of lime are sometimes of great value.

The magnesian limestones, or dolomites, are frequently found

to be exceptionally excellent.

Chalk is a soft limestone in which pressure has not usu-

ally wholly destroyed the organic texture of the minute

shells of which it is composed. It is generally too soft

for constructive purposes, and can only be used for making
lime.

All the varieties of calcareous stone are found in the

United States, one of the most extensive deposits being that

which follows a line parallel to the Atlanticc oast, and near

the deposit of primary rocks already referred to ; another un-

derlies the Middle States. The marbles are mostly confined

to mountainous districts ; the common limestones are often

found in immense strata as deposited on the bed of the

ancient ocean.

11. Marbles are usually classified into white and colored,

or variegated.
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White marble is found in the Laurentian rocks of Canada,

Most of the white marble used in the Northern Atlantic

States comes from the Green Mountain range extending

through Vermont, western Massachusetts, western Connecti-

cut, and south-eastern New York. Valuable quarries exist

in Vermont, at Brandon, Rutland, Danby, Dorset, and

Manchester ; in Massachusetts, at Lanesborough, Lee, Stock-

bridge, Great Barrington, and Sheffield ; in Connecticut, at

Canaan ; and in New York at Pleasantville and Tuckahoe.

Lee marble was used for the extension of the Capitol at

Washington, and for the City Hall at Philadelphia. Pleasant-

ville and Tuckahoe marbles were used for the St. Patrick

Cathedral, New York. The Pleasantville quarries supply the

" Snowflake " marble. A fine quality of statuary marble is

found at Rutland, Vermont, which is almost equal to the

Italian marble of Europe. The marbles become coarser,

harder, and more suitable for building purposes as we proceed

south from Rutland. In south-eastern New York they are of

a dolomitic character. In Delaware is found a coarse dolo-

mitic marble which resembles the Tuckahoe.

Colored marbles.—In Vermont, on the shore of Lake
Champlain, is found a brecciated marble, and a dove-colored

marble with greenish streaks is quarried at Rutland. Shore-

ham, Connecticut, supplies a black marble, and a fine marble

of the same color is obtained at Williamsport, Pennsylvania.

The black Trenton limestone is found at Glen Falls, New
York. The Warwick marble from Orange Co., New York, is

very beautifully colored with carmine in different shades,

veined with white. The Knoxville marble is of a reddish

hue, with lines of blue. The Tennessee so-called marble is

mottled with chocolate and white.

Of foreign marbles, the best known are—the Brodliglio of

Italy, in gray, shaded with black ; the Sunna of Spain, a pale

yellow; the Lisbon of Portugal, a pale reddish color; and'

the Belgian black of Belgium. Verde Antique is composed
of bands of Serpentine and white marble.

The limestones are also of special interest in furnishing,

by calcination, the several varieties of lime and cements.
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12. Common Lime is obtained from the limestones of the

middle and western States, from Maine and other States of

New England ; hydraulic lime is made in the State of New
York ; and many other localities furnish excellent lime or

cement.

The limestones are indispensable to the iron-maker, also,

as affording him an alkaline base, which, uniting chemically

with the silica and alumina, and other impurities of the ores,

allow the metal to separate in a state approximating pu-

rity ; the silica and lime form the slag, which is also useful

as a protecting covering over the molten iron, while it re-

mains in the blast furnace. For such purposes a limestone

free from magnsia or other impurity is generally most val-

uable.

13. Gypsum, Alabaster, or " Plaster of Paris " is a

sulphate of lime, containing some water of crystallization. It

takes the latter name from the fact that large deposits of this

stone, of excellent quality, underlie the City of Paris and its

environs.

When pure it contains, lime, 32.6; sulphuric acid, 46.5 ;

water, 20.9. It is translucent and colorless. Its specific

gravity is 2.6 to 2.8.

When raised to a high temperature, it loses its water of

crystallization, and, if then finely powdered and made into a

thin paste with water, it may be readily moulded and worked

into any desired form. It then quickly " sets " or hardens.

It is thus beautifully adapted for use in making casts and

ornaments, and has recently been largely used in special

branches of pattern making. It also makes an excellent

cement for many purposes. The engineer uses it in making

models and patterns, and for moulds which are not to be sub-

jected to great heat.

This stone is found in many parts of our country. Con-

siderable quantities are quarried in the State of New York.

14. Argillaceous Stones are of little value, as a rule, for

the masons' work ; they are generally weak, soft, and readily

decomposed by the action of the weather.

Clay slate is a sedimentary, argillaceous rock, of fine-
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grained, compact, and laminated structure, and is usually of

dark shades of purple, blue, and green.

The best varieties of clay slate, or roofing slate, and of

grauwacke-slate are used for roofing and flagging.

The former are obtained of remarkably fine quality

in the State of Vermont ; the latter, on the banks of the

Hudson.

15. " Fire-Stones " are those capable of resisting the

action of great heat, neither fusing, exfoliating, nor cracking.

Lime and magnesia, except where existing as silicates, ar«'

injurious in fire-stones.

Potash is very injurious, increasing the fusibility of the

stone, and, melting, causing the formation of a fusible glass.

Quartz and mica, alone or in combination, make stones of

great infusibility.

Mica-slate and gneiss are examples of excellent combina-

tions, the latter, more particularly, when containing a con-

siderable proportion of arenaceous quartz.

Limestones do not usually withstand the effect of heat

well. The heat of the fire calcines it deeply where exposed,

and thus destroys walls built of it. In the midst of great

conflagrations, as at Chicago in 1871, the carbonic acid with

which the lime is combined has been expelled so rapidly as

to produce violent and explosive disruption. Magnesian

limestones are little if any better than the pure limestones.

Oleiferous limestones, containing silica and alumina, some-

times, however, resist fire moderately well.

Granite, gneiss,*sienite, quartz, mica-slate, and other pri-

mary rocks usually contain some water; when exposed to fire,

they crack and even explode. Walls constructed of these

stones are apt to crumble rapidly in a hot fire.

Sandstones free from feldspar, somewhat porous and un-

crystallized, are the most refractory of common building

stones. Brick, especially when approximating to fire-brick i«

composition, is an excellent fire-resisting material, perhaps

the best now known.

Concrete and b^ton, even when well made and completely

set, and artificial stones consisting principally of silicates of
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lime and alumina, are not generally very good heat-resisting

materials.

Thin walls of any known building material will rapidly

crunible in the midst of a large fire. The natural stones are

less generally used where refractory materials are required,

than are fire-brick, the characteristics of which latter will be
described hereafter.

• i6. The Hardness of Stones is measured by comparison
with some well-known stone of which the hardness is taken

as a standard. The mineralogist's scale of hardness is the

following, the softest being i, and the hardest lo, on the

scale.

TABLE I.

HARDNESS OF MINERALS.

Diamond lo

Ruby 9

Cymophane 8.5

Topaz 8

Spinell 8

Emerald 8

Garnet 7.5

Zircon 7

Quartz 7

Tourmaline 7

Opal 6

Turquois 6

Lapis lazuli 6

Feldspar 6

Amphibole 5.5

Phosphorite 5

Fluor-spar 4

Coclestine 3.5

Barytes 3.5

Carbonate of lime 3

Mica :i.5

Gypsum 2

Chlorite 1.5

Talc I

The comparative resistance of stones to abrasion is as

follows* :

TABLE II.

RESISTANCE OI' STONES TO ABRASION.

Statuary marble 100.

Bath Stone 12.

Stock brick 34-

Roman cement stone 69

.

Old Portland cement stone. . 79.

Kilkenny black marble iio.

Yorkshire paving stone.-. .. . 327.

Aberdeen granite 980.

17. The Strength of Stone to resist Crushing varies

* Journal Franklin Instiluidi Oct., 1835.
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immensely with different classes, and often very considerably

even in the same class. Gen. Q. A. Gillmore has shown that

under a maximum varying for each specimen, the resistance

varies as the cube root of the length of the side of cubes ex-

perimented on. The densest stones are usually strongest.*

For Berea sandstone, Gilmore gives y ^ a 3/~, in which

y^ crushing resistance per square inch of surface in pounds ;

X = the length of the side of the cube in inches, and a — frorh

7000 to 9500. (For metric measures : kilogrammes per square

centimetre and centimetres, a = 350 to 500).

TABLE III.

STRENGTH OF STONES UNDER COMPRESSION.

Granite and sienite :

" " *' good quality

Basalt and trap

Limestone and marble

Best sandstone, average

Conn, and New Jersey sandstone, ordinary

Slate

KILOGRAMMES PER
SQUARE METRE.

7,655,000 to 10,936,000

9,842,000

8,749,000

7,655,000

5,468,000

3,827,500

5,468,000

3,827,500 to

2,187,000 to

TONS PER
SQ. FT.

700 to ICOO

900

800

350 to 700

500

350
200 to 500

Trautwine takes the average weight of granite at 165

pounds per cubic foot (about 2643 kilogrammes per cubic

metre), and of ordinary sandstone at 145 pounds per cubic

foot (2323 kilogrammes per cubic metre), and calculates the

height of column it would stand without crushing at the base

as 8000 feet (2440 metres), and 4000 feet (1220 metres) respec-

tively, for these two kinds of stone.

The weight imposed ordinarily on foundations of struc-

tures is rarely ten tons per square foot (109,360 kilogrammes

per square metre). Stones of a soft quality usually begin to

* Journal Franklin Institute, Vol. LXV., p. 336.
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crack at not far from one-half their crushing loads. The
hardest stones yield suddenly and completely when the crush-

ing load is reached. Stones crush most easily under soft

materials, and offer most resistance between surfaces of hard

steel. Polished stones resist better than rough.

18. Transverse Strength. — Experiments made upon
building-stones by Mr. R. G. Hatfield are recorded in the

Transactions of the American Society of Civil Engineers for

\Z'J2 et seq. The formula W = S -y- is used in expressing

transverse strength. S = weight in pounds required to break

a bar one inch square and one foot long between bearings
;

L — length in feet ; b and d measure the breadth and depth

of the sample in inches.

The coefficient, 5, varies from 250.76 to 227.19 for Hudson
River blue-stone ; for Kingston it is 203.50 ; for other speci-

mens of blue-stone or grauwacke the coefficient falls as low as

122.31. Marble from East Chester gives about 150. Sand-

stone from Belleville, New Jersey, gives coefficients varying

from 76 to 88.472 ; from Portland, Connecticut, 64.7 to 94

;

from Dorchester, Nova Scotia, 63 to 67. Ohio light sand-

stones give from 32 to 62.

For weights in kilogrammes, lengths in metres, and breadth

and depth in centimetres, the values of 5 become eight one-

thousandths those above given.

'Wv^ factor of safety should never be less than ten, and a

far higher value is adopted in practice by many experienced

engineers. At the same time, it should be remembered that

the crushing strength of the mortar or cement, used as the

binding material, in many cases, rather than the strength of

the stone itself, determines this limit.

19. The Durability of Stones varies as greatly as do their

other qualities. It is determined by strength, hardness, and

porosity. Experience and careful observation are the most

reliable guides in judging of durability ; but a series of care-

fully conducted tests may be made to yield valuable aid in

estimating the values of newly opened quarries. In all im-

portant work a careful test should be made of .the stone pro-
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posed to be used. The quantity of water absorbed gives a

good comparative test, of the durability of stones of the same
class, as does also their greater or less clearness of sound when
struck with a hammer.

The following are the percentages of their own weight

absorbed by different stones :

Granite absorbs from \ per cent, to i per cent, of water.

Gneiss " " i " " " i\ " " " "

Sandstone " " li " " " 3 " " " "

Fine-grained stones absorb least water, and are usually

hardest and best.

M. Brard's method* of determining power of resisting

the action of frost, is as follows : A cubical block, containing

about 8 cubic inches (131 cubic centimetres), is sawn from a

stone to be tested. This is suspended in a boiling supersatu-

rated solution of sodic sulphate during a period of thirty

minutes. It is then taken out, suspended above the liquid,

and allowed to cool. This is repeated daily, or oftener, for at

least a week. The crystallization of the salt within the pores

of the stone disintegrates it, precisely as does the action of

frost. The weights of the specimens tested are carefully taken

before and after the test, and their comparative value is thus

learned.

The chemical composition of stones greatly affects their

durability. Potash is apt to wash out, leaving the stone

soft and friable ; clay absorbs water and thus softens stones

of which it is a constituent ; and iron, as has already been
stated, injures by discoloration, and by the disintegration

produced by changes from protoxide to peroxide.

Hatfield gives the following as the result of his examina-
tion of building-stones

:

* * Annates de Chimie et de Physique, vol. xxxviii.
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TABLE IV.

DURABILITY OF STONES.

NO.
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than any other stone tested, receiving no apparent injury up
to 1,200° F. (649° C).

21. Artificial Stones comprise brick of various kinds, con-

crete, b^ton, and artificial imitations of sandstone.

22. Bricks are made by submitting clay, which has been

prepared properly and moulded into shape, to a temperature

which converts it into a semivitrified stone.

Common brick is a most valuable substitute for stone. Its

comparative cheapness, the ease with which it is transported

and handled, and the facility with which it is worked into

structures of any desired form, are its valuable characteristics.

It is, when properly made, nearly as strong as good building-

stone ; it is but slightly affected by change of temperature,

or of humidity, is well cemented by mortars, and is also lighter

than stone.

23. Common Clays, of which the common brick is made,

consist principally of silicate of alumina ; but they also usually

contain, lime, magnesia, and oxide of iron. The latter is use-

ful, improving the product by giving it hardness and strength
;

hence, the red brick of the Eastern States is often of better

quality than the white and yellow brick made in the West.

Silicate of lime renders the clay too fusible, and causes the

bricks to soften and to become distorted in the process of

burning. Carbonate of lime is certain to become decomposed
in burning, and the caustic lime left behind absorbs moisture

and promotes disintegration.

Uncombined silica is beneficial, if not in excess, as it pre-

serves the form of'the brick at high temperatures. In excess,

it destroys cohesion, and renders the bricks brittle and weak.

Twenty or twenty-five per cent, silica makes a good propor-

tion.

Preparing the clay consists in clearing it carefully of peb-

bles, and after mixing it with about one-half its volume of

water, "tempering" it either in a " pug-mill " or by hapd
stirring.

The clay is moulded into bricks by pressing it into forms,

either by hand or by a machine, and they are then piled and
burned, after having been well dried in the open air.
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Burning occupies about two weeks. The bricks are first

subjected to a moderate heat, until all remaining moist-

ure has been expelled. The heat is then increased slowly,

until, at the end of twenty-four hours, the " arch-bricks

"

attain a white heat ; the temperature is then lowered some-

what, and a moderately high furnace heat is kept up until

the burning is complete. Finally, all openings are closed,

the fire is smothered, and the mass is then very slowly

cooled.

In the more modern processes of burning brick the prin-

cipal yards have permanent kilns built of brick, either cir-

cular or in the form of an ellipse, and made in compart-

ments, each of which has a separate entrance and indepen-

dent connection with the chimney. A down draught is se-

cured from the top, where the fuel is placed, to the chimney,

which is either built within the kilns or entirely outside,

but which has its draught invariably connected with the

bottom of the kilns. The fuel used is generally fine coal,

which falls around the bricks, and the flame and heated

gases surround and pass through all portions of the mate-

rials being burned. While some compartments are being

burned, others are being filled, and still others are being

emptied.

Bricks of three kinds are taken from the kiln. Those form-

ing the top and §ides of the " arches " in which the fire is

built are overburned and partially vitrified. They are called

" arch-bricks" are hard, brittle, and weak. Brick from the

interior of the pile are called " body-bricks" and sometimes

hard or cherry brick ; they are of the best quality. Those

brick which have formed the exterior of the mass are under-

burned, and are called soft, sanimel, ox pale brick. They are

too soft, and are of insufficient strength for use, except for

filling, in even ordinary work. Their price in the market is

about twenty per cent, less than body brick, and vari-

able.

24. Good Bricks should be of regular shape, with parallel

:surfaces, plane faces, and sharp edges and angles. They
ishould exhibit a fine, compact, uniform texture, should be
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quite hard, and should ring clearly when struck a sharp blow.

They should absorb not more than six per cent, of their

weight of water.

Brick of fair quality bears a compressive force of 3,000

pounds on the square inch (211 kilogrammes per square cen-

timetre) without completely crushing.* Very soft bricks will

yield at as low a pressure as one-eighth this amount ; while

the very best of pressed brick have been known to bear more

than double 3,000 pounds.t Good brick maybe taken to aver-

age about 2,000 pounds per square inch (141 kilogrammes per

square centimetre.) Trautwine takes a minimum crushing

strength for red brick at thirty tons per square foot (328,060

kilogrammes per square metre), and their weight at 1 12 pounds
per cubic foot (1,794 kilogrammes per cubic metre) and thus

estimates that a vertical column 600 feet (183 metres) high,

would just crush at the base under its own weight. The ex-

periments of Hatfield upon the transverse strength of brick

L W
gives a value for 5 in the formula S = —r-r-, of from 19.6 to

26.36 for Perth Amboy ; of from 24.35 to 42.74 for Hudson
River hard brick ; and of from 32.29 to 41.85 for Philadelphia

pressed brick. Paving-brick should carry 5,000 pounds and

actually attains, in some cases, 10,000 to i?,ooo.

Masses of brickwork crush under smaller loads than single

bricks ; and first quality brick, laid in first quality cement,

should not be subjected to much above ten tons per square

foot (11 kilogrammes per square centimetre) as a permanent

load.

The size and weight of bricks vary considerably. The
British legal standard is 8^ X 4^ X 2^ inches. In the

United States, 8^ X 4 X 2"^ is a usual size. Brickwork may
be estimated at an average weight of 116 pounds per cubic

foot. A good bricklayer lays from loo to 200 bricks an hour,

according to the character of the work. '

* G. S. Greene, Journal Franklin Institute, Vol. LXV.
, p. 332.

t The author has tested specimens capable of resisting more than 10,000

pounds per square inch, (703 kilogrammes per sq. cm.).
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Excellent fire-brick is made at Newark, South Amboy, and

other places in New Jersey. The most infusible known fire-

bricks are the Welsh Dinas bricks, which consist of 97 per

cent, silica and 3 per cent, alumina and other constituents. The
Mount Savage brick, of Marj'land, U. S., is also noted for its

infusibility.

In lead smelting furnaces preference is given to fire-brick

made of kaolinitic clay.

Retorts for gas manufacturers, for glass-makers, and for

other purposes, are made of fire-clay, in a similar manner to

fire-brick, but they necessarily require more care in selecting

materials, in moulding, and, particularly, in baking.

A celebrated fire-clay has the following composition :

SAMPLE.
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a few years ago, five feet below the level of the ground, was

quite similar to that found in some of the castles in Europe,

and was like a piece of solid rock. It was made of burnt

lime, fine sand, coarse sand, and gravel. It was a concrete

rather than a mortar ; the lime had become completely car-

bonated. Ancient Greek mortars from ruins in the neighbor-

hood of Athens are in very perfect condition ; they contain

no gravel. Mortars from ruined buildings in Herculaneum,

and from Rome and its vicinity, appear to have been made
from burnt lime and puzzolana, or volcanic ash.

28. Lime, as a building material, is of three principal

kinds : common or air lime, hydraulic lime, and hydraulic or

water cement.

Co7nmon lime, called also pure, rich, or fat lime, is pro-

duced by calcining limestone, which is nearly pure carbonate

of lime, and thus expelling its carbonic acid.

It " slakes " by greedily absorbing moisture, becoming

converted into a dry hydrate, if water is not used to excess.

Made into a paste with water, it hardens slowly in the air,

but not at all under water.

29. Hydraulic Limes are made from, stones containing

from 18 to 30 per cent, of silicate of alumina, of carbonate of

magnesia, or of a mixture of both. They slake more slowly

than air lime, and the paste hardens very slowly under water,

or in wet localities.

Hydraulic cements are made by calcining limestones con-

taining from 30 to 60 per cent, of clay. They do not slake,

and their pastes harden with rapidity under water. They
are, therefore, of greatest use in building foundations.

Where the proportion of silicate of alumina is greater than

60 per cent., the material is called puzzolana, and it requires

the addition of fat lime to render it useful. Natural puzzo-

lana is of volcanic origin. Brick-dust has a similar power of

rendering fat limes hydraulic, as has also trass, terras, or

blue trap-rock.

The hydraulic limes and cements are sometimes obtained

from stones which contain the desired proportion of lime-

stone and clay; in which case they are known as natural
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limes or cements. Sometimes the lime and the clay are

mixed artificially in proper proportions.

Limestones of all qualities are found in New England,

New York, and many other portions of the United States.

The English Portland cement is made by grinding together

chalk and clay. That from the gray chalk is said to be

heaviest and best. This is the strongest cement known in

the market, and it is by far the most expensive.

Roman cement is made from nodules of limestone contain-

ing clay and iron. It makes a cement which sets more quickly

than the Portland, but does not become as hard.

30. Mortars are made by mixing lime and sand with water

in such proportions as will give the desired quality, thus form-

ing a paste which may be used for uniting stone and brick-

work.

Common Mortar is made with fat lime, and clean, sharp

sands, in the proportions, usually, of i to 5 by volume.

It hardens promptly in the air, and becomes, finally, very

hard, if of good quality, and if frost, or too great dryness, or

excessive dampness does not injure it while setting.

Hydraulic mortar is made with hydraulic lime and sand.

It hardens in damp situations, and is a strong binding ma-
terial. Under water it often requires weeks to harden ; but

hydraulic mortar of fair quality requires from three or four

days to a week. Very excellent varieties harden in from one

to four days. It is often tempered with clay or lime to re-

tard its setting. The slower this action, usually, the firmer

and harder does the mortar finally become.

Hydraulic cement is a mortar made with the very hydrau-

lic lime, also termed cement, already described. Hydraulic

cements sometimes set in a few minutes after mixture, if

warm; they do not shrink much in setting, and are often

used without admixture of other material. Where even

slight shrinkage is objectionable, an addition of three times

its own volume of sand will prevent change of volume.

Hydraulic cement is generally indispensable in the construc-

tion of foundations. It should be laid in thin joints, and

should generally, if great strength is desired, be used un-
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mixed with sand ; it requires about one-third its volume of

water.

The sand used in mixing mortars should be free from clay

and perfectly clean ; it should be sharp and rather coarse.

River sand is usually found to be better than sea sand, as

it is free from salt, and is less liable to be found water

worn.

Mortars and cements are given different proportions for

different kinds of work. Mortar for stone may be made by

mixing 15 to 20 per cent, cement, 6 to 8 parts lime, and the

remainder of the lOO parts sand ; mortar of good quality for

brickwork should contain 10 per cent, less sand. Stucco is

made of two parts sand to one part cement ; to this is some-

times added a little sugar or molasses.

Plaster for inside finish is usually of several grades. Coarse

plaster is made by adding to common mortar about five per

cent, of its volume of cows' hair; " fine stuff," or putty, is a

paste of lime mixed without sand ;
" hard-finish" contains of

lime 3 or 4 volumes, of plaster of Paris i part.

31. Concrete is made by mixing gravel or broken stone

with lime and sand, using a limited amount of water. Frag-

ments of brick are often also added.

It is mixed in about the proportion of i part lime, by

volume ; 6 parts or more of sand and other solid components,

and i^ parts water. In using it, it should be thoroughly

mixed and carefully rammed in place. It swells about three

per cent, in setting. Each cubic foot (.028 cubic metre) of

gravel makes about four-fifths of a cubic foot (,022 cubic

metre) of well rammed concrete.

Used as a foundation for masonry, it should be laid in

layers of about a foot in thickness, each being carefully ram-

med before another is added. It is not well fitted for use in

damp localities.

Be'ton is the name usually applied by engineers to a con-

crete in which hydraulic lime or cement is used, instead of

fat lime. It should always be given the preference in wet, or

even in damp, situations ; and is often used on dry work also,

when strength is sought.
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Occasionally a little lime is added to retard the setting of

strong hydraulic cement concrete.

A commission reporting on the submarine work of the

New York Dock Commission states that in order to produce

good submarine masonry by depositing freshly mixed con-

crete under water, certain precautions are necessary, viz.:

The cementing material should possess the properties of

unctuousness and adhesiveness, to enable it to retain the

sand while the concrete is assuming a state of rest in the

water ; and it should be capable, as much as possible, of as-

suming that state by spreading, rather than by breaking down
and rolling off on the sides of the mass deposited.

If it be deficient in the properties last named, it should

then be quick-setting, in order that the washing out of the

sand from the cement may be arrested in a few minutes after

deposition by its prompt hardening.

If a box is used for depositing the concrete, the shape of the

box, and the method of emptying it, should be such that the

concrete will be subjected to as little wash as possible. Hence
a large box is preferable to a small one, as it will expose a

less area of surface in proportion to the volume deposited.

B6ton has been used in the following proportions on the

works named, with excellent results :

Croton Aqueduct, New York—New York cement, i part,

by volume ; sand, 3 parts ; broken stone, small enough to

pass through a ring i^ inches (3.8 centimetres) in internal

diameter, 3 parts ;—Cherbourg Breakwater, France—Port-
land cement, i part*; sand, 3 parts.

Properly made, this concrete, or beton, is found to be

strong enough to take the place of stone ; walls, chimneys,

and even bridges have been constructed of it.

The addition of a small quantity of sulphuric acid, or the

presence of a sulphate, is found to add very considerably to

the strength of mortars.

32. Beton-Coignet, as made by the French engineer, M.
F. Coignet, and which attracted much attention at the Inter-

national Exposition at Paris, in 1867, is composed of: lime,

4 parts ; hydraulic cement, i to 2 parts ; and sand, 20 parts.
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The ingredients are first thoroughly intermixed dry, by hand,

and again in a mill, moistening them very slightly with clean

water. Moulds are then filled with the mixture, and it is

compacted by ramming or hammering
Four bushels of the mixture, occupying, when dry, five

cubic feet (141.6 litres), make three cubic feet (85 litres) of

finished work, weighing 140 pounds per cubic foot (2,243

kilogrammes per cubic metre). Its peculiarities are the small

quantity of water used in its manufacture, and the thorough-

ness with which the mixing and ramming are done. It sets

quickly, is very strong, and is the best example of mixed beton.*

It may be made into blocks to be used as cut stone, or

may be built up in masses of any desired shape. The
cheapness and strength of construction of Beton-Coignet

are so remarkable as to have led to its use for even orna-

mental work. It ^s used to a considerable extent in con-

structing the walls of houses and public buildings.

33. Strength of Mortars, Cements, and Concrete.—
Mortar has a tenacity of from 6 to 34 pounds per square

inch (0.42 to 2.39 kilogrammes per square centimetre) when
six months old ; and the average, as determined by General

Totten, U. S. A., was about 15 pounds per square inch (1.05

kilogrammes per square centimetre), or nearly a ton per

square foot (10,937 kilogrammes per square metre).

The increase in strength, with age, is very variable,

amounting sometimes to twice or three times these figures,

and, at other times, to a mere fraction.

The resistance to crushing, a year and a half after setting,

is given by Rondelet as from 440 to 580 pounds per square

inch (31 to 41 kilogrammes per square centimetre) when sim-

ply laid in place ; and from 600 to 800 pounds (42 to 56 kilo-

grammes) when well rammed. These figures correspond to

about 30 and 35, 40 and 50 tons, respectively, to the square

foot (328,066 and 382,750, 437,450 and 546,800 kilogrammes

per square metre).

Its adhesion to brick or stone work is about equal to its

* See Reports U. S, Commission to Paris Exposition, 1867, and Gilmore on

Beton-Coignet.
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cohesive strength, where the work is well done ; and old mor-

tar has sometimes so great adhesion and cohesion as to allow

the brick itself to be fractured without rupturing the mortar.

Cement used at Cherbourg, after nine months, was found

to bear a compression of over lOO tons per square foot

(1,093,684 kilogrammes per square metre), and to have a

cohesive strength of 200 pounds per square inch (14 kilo-

grammes per square centimetre). Cement without sand

should acquire, in six months, a tenacity of 50 pounds per

square inch (3.50 kilogrammes per square centimetre), and a

compressive resistance of more than 100 tons per square

foot (1,093,684 kilogrammes per square metre). Made into

prisms of 8 inches in length by 2 inches square (20.3 X 5.1

centimetres), the best qualities break with a weight at the

middle of their length of about 1,000, and sometimes 1,500

pounds (454 and 682 kilogrammes), while the poorer qualities

yield under 500 pounds (227 kilogrammes).

Mr. Edmund Yardley, in experiments reported to the

American Society of Civil Engineers, in June, 1872, tested

the transverse strengths of a number of hydraulic cements of

various ages. He found the " Allen" cement, from Easton,

Pa., when made into prisms i inch (2.539 centimetres) square

and 6 inches (15.2 centimetres) long, to have a breaking

weight, at the middle, of about 40, 60, and 90 pounds

(18.2, 27.2, 40.9 kilogrammes), at i, 3, and 6 months' age, if

without sand, and nearly the same where mixed i part sand

to 2 of cement. "Rosendale" gave way with 27, 63, and 67
pounds (12.3, 28.6, 30.5 kilogrammes), at similar ages, when
used alone, and 35, 62, and no (15.9, 28.2, 50 kilogrammes),

when mixed with one-half its volume of sand. " Diamond "

bore, at the same ages, 30, 35, and 85 (13.6, 15.9, 38.6 kilo-

grammes), without sand, and 27, 55, and 91 (12.2, 25, 41.3

kilogrammes), with i part sand to 2 of cement. Sand added

in the proportion of 2 parts to i of cement gave far lees

favorable results.*

* See a paper by Maclay, Trans. Am. Soc. Civil Eng., 1877, for a very full

compendium relating to the strength of cements. Also, Scientific American,

supplement, No. 113.
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Gypsum, "Plaster of Paris," which is often used as a

cement, has a tenacity, according to Rondelet, of 70 pounds

per square inch (5 kilogrammes per square centimetre). It is

frequently mixed with lime in the manufacture of mortars,

and sometimes with concrete.

Dr. Wallace, F.R.S.E., examined the mortar of the Great

Pyramid of Egypt, and found it to contain 80 to 90 per cent,

sulphate of lime.

He gives the following analysis of one specimen :

Hydrated sulphate of lime 92.83

Carbonate of lime 4.63

Carbonate of magnesia 1.66

Alumina and traces of oxide of iron 24

Silica 88

Water (hygroscopic) 07

100.31

The following are analyses of two specimens examined a

few years earlier

:

Hydrated sulphate of lime 81.50

Carbonate of lime g.47

Carbonate of magnesia 59

Oxide of iron 25

Alumina 2.41

Silica 5.30

Water

99.52

82.89
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Paris is largely used in taking casts, and in stereotyping.

Gypsum is also employed for glazing porcelain, and, being an

excellent non-conductor of heat, with alum for filling fire-proof

safes. Made into a mortar with sand and lime, it is used for

cementing floors and vaults.

The best gypsum quarries that are worked on this con-

tinent are those of the Bay of Fundy, Nova Scotia, and Hills-

boro. New Brunswick. Over one hundred thousand tons of

the finest quality have been annually imported from these

places into the United States.

34. The Bituminous Cements are usually composed of

mixtures of bituminous substances, as asphalt, with less costly

materials. Bitumen or mineral tar, asphalt, and a bitumin-

ous limestone are thus used. The latter sometimes contains

ten or fifteen per cent, bitumen.

The mixtures are made by breaking up the materials, and

heating them in large iron kettles or boilers. The propor-

tions in mastic are usually from one to one and a half parts

bitumen to each ten of asphalt.

Coal-tar, although of far inferior value, is frequently used

instead of the natural bitumen, as is also pitch.

Fire-clay is sometimes used in place of limestone, and the

preparation so made makes excellent joints for water-pipes.

Bituminous cements mixed with broken stone to form a

bituminous concrete sometimes make a good road covering.

35. Masonry is the art of making structures of stone,

brick, or other earthy materials.

Good masonry is' built in " courses," which are usually per-

pendicular to the lines of pressure bearing upon them, with
discontinuous or " broken " joints in the lines of stress. The
stone-mason selects the heaviest stones for his lowest courses

in all foundations or structures, lays all stones on their natural

beds, and secures the most perfect union between them and
the cementing material.

The nomenclature of stone masonry has been revised by a
committee of the American Society of Civil Engineers,* and

Trans.. No. CLI., 1877.
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the specifications of the engineer are recommended to be

made in accordance with their report and as below.

Stones are classed thus :

In practice, one class merges into the next.

I. Unsquared Stones or Rubble.—-This class includes stones

used as they come from the quarry, without other preparation

than the removal of sharp angles and projections. The term
" backing," frequently applied to this class of stone, properly

designates material used in certain relative positions in the

wall ; while stones of this kind may be used in any position.

II. Squared Stones.-—This class includes stones roughly

squared and dressed on beds and joints. The dressing is

done with the face hammer or the axe, or, in soft stones, with

the tooth hammer. On gneiss, the point is sometimes used.

Where the dressing on the joints is such that the average dis-

tance between the surfaces of adjoining stones is one-half inch

or more, they properly belong to this class.

Three subdivisions of this class may be made, depending

on the character of the face of the stone.

(«.) Quarry-faced stones are left untouched as they come
from the quarry.

(b.) Pitch-faced stones have the arris clearly defined by a

line beyond which the rock is cut away so as to produce edges

approximately true.

(t.) Drafted stones have the face surrounded by a chisel

draft, the space inside the draft being left rough. Ordinarily

this is done only on stones in which the cutting of the joints

is such as to exclude them from this class.

In ordering stones the specifications should state the width

of bed and end joints, and how far the surface of the face may
project beyond the plane of the edge. In practice the pro-

jection varies between 1" and 6". It should be specified

whether the faces are to be drafted.

III. Cut Stones.—This class includes all squared stones

with smoothly dressed beds and joints. As a rule, all the

edges of cut stones are drafted, and between the drafts the

stone is smoothly dressed. The face, however, is often left

rough, when the constructions are massive.



Fig. I.

Fine-Pointed.—When a smoother

Fig. 2.
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The following are usual methods of dressing stones

:

Rough-Pointed.—When necessary to remove an inch or

more from the face of a

stone, it is done by the pick

until the projections vary

from >^" to i". The stone

is then said to be rough

pointed. This is the first

operation in dressing lime-

stone and granite (Fig. i).

finish is demanded,

rough pointing is followed by
fine pointing (Fig. 2). It is

used where the finish is to be

final, and not as a preparation

for final finish by other tools.

Crandalled.—This is a

rapid method of pointing, the

effect is the same as fine pointing, except that the marks on

the stone are more regular. The
variations of level are about J^",

and the rows are parallel. When
other rows, at right angles to the

first, are introduced, the stone is

said to be cross-crandalled (Fig. 3).

Axed or Pean Hammered, and

Patent Hammered.—These vary

only in the degree of smoothness of the surface (Fig. 4).

The number of blades in a patent hammer varies from 6

to 12 to the inch, and in specifica-

tions the number of cuts to the

inch is stated, such as 6-cut, 8-cut,

lo-cut, i2-cut. The effect of axe-

ing is to cover the surface with

chisel marks which are made par-

allel as far as practicable. Axeing
^'°' 4-

is a final finish.

Tooth-Axed.—The tooth-axe is practically a number of

Fig. 3.

I m
i
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points and it leaves tlie surface of a stone in the same con-

dition as fine pointing. It is usually a preparation for bush

hammering, and the work is then done without regard to

effect, provided the surface of the stone is sufficiently levelled.

Bush Hammered.—
The inequalities of a

stone are pounded off by

the bush hammer, and

the stone is then said to

be " bushed " (Fig. 5).

Sandstone thus treated

is very apt to scale.
Fig. 5.

Fig. 6.

In dressing limestone which is to have a bush-hammered

finish, the usual order of operations is : 1st, rough pointing
;

2d, tooth axeing; 3d, bush hammering.

Rubbed.—In dressing sandstone and marble, it is very

common to give the stone its surface

at once by the use of the stone saw.

Any inequalities left by the saw are

removed by rubbing with grit or

sandstone. These stones are used in

architecture for string courses, lin-

tels, door jambs, etc., and are well

adapted for use in localities where a stone surface is liable to

be rubbed by vessels or other moving bodies (Fig. 6).

Diamond Panels.—The space

between the margins is sunk

immediately adjoining them,

and thence rise the four planes

forming an apex at the middle

of the panel ; this makes a sunk

diamond panel. When the sur-

face of the stone rises gradually

from the inner lines of the margins to the middle of the

panel, it is called a raised diamond panel (Fig. 7).

The term stone masonry includes :

(i.) Rubble Masonry is composed of unsquared stones; it

maybe Uncoursed Rubble (Fig. 8), laid in irregular courses,

Fig. 7.
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or Coursed Rubble (Fig. 9), levelled off at specified heights.

The stone may be required to be roughly shaped with the

hammer, so as to fit fairly.

Fig. 8. Fig. 9.

(2.) Squared Stone Masonrj.—This is classified as Quarry-

faced (Fig. 10^, or as Pitch-faced (Fig. 11). If laid in regular

( I

Fig. 10. Fig. II. Fig. 12.

courses, it is Range work (Fig. 12). If laid in courses that are

not continuous throughout the length of the wall, it is Broken

Range work (Fig. 13). If not laid in courses, it is Random

I
, 1 1 \
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plain axe, or the tooth axe. This is done for doors or win-

dow-frames, and improves the general effect if used where a

corner is turned.

(3.) Ashlar Masonry—This is " cut-stone masonry," or

masonry composed of any of the kinds of cut stone. The
courses are continuous (Fig. 15), but sometimes are broken

1Z±
L I I

I
.

I
.

I I

P

^ff

.•i_. 15. Fig. 16.

by the introduction of smaller stones ; it is called Broken Ash-
lar (Fig. 16). If the stones are less than one foot in height,

the term Small Ashlar is proper. The term Rough Ashlar is

sometimes given to squared stone masonry when laid as

Range work ; but it is better to call such masonry " Squared

Range work."

Dimension stones are cut stones, whose dimensions have

been fixed. Specifications for Ashlar masonry prescribe the

dimensions to be used.

36. General Rules.—Range work is usually backed up

with Rubble masonry, which is specified as coursed Rubble.

Every specification should contain an accurate description

of the character and quality of the work desired. Samples of

cutting and masonry should be prepared beforehand.

The softer stones should have a depth equal to at least one-

third their length to prevent crossbreaking, and a breadth of

one-half their length. The hard and strong stones are allowed

a double length. A rough natural surface is of advantage when
strong adhesion of mortar is important. The thickness of joints

in Ashlar masonry is about ^ inch, and in fine work as little

as can be secured. All spaces should be completely filled. In

coursed masonry one-fourth or more of all stones should be

headers, i. e., should extend from front to back, and the re-

3
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mainder are stretchers, i. e., lie lengthwise in the wall. Com-
mon Rubble has about the strength of mortar; coursed and

fine work has nearly the strength of the stone itself. Ashlar

is usually backed with Rubble, and both should be carried up

together, and, as nearly as possible, the whole length of wall

should rise together. The top of the wall is protected by its

cope, which is a " string-course," i. e., a projecting course ; and

is made of stones long and broad enough to protect the wall

from rain, and heavy enough to be displaced with difificulty

;

they should be of good shape to shed rain. Adjacent stones in

the coping, and in engine and in lighthouse foundations, or

other places in which great strength is demanded, are

secured together by iron " cramps " or " dowels " of metal

or stone.

The joints of masonry are finished on the surface by
"pointing" with cement, plaster, or fine mortar, to give

smoothness of surface and to cause them to shed rain.

In the Measurement of Masonry, stone-work is measured

by taking openings less than 3 feet (0.9 metres) wide as solid

wall, and adding 18 inches (0.45 metres) for each jamb.

Arches are usually taken as if solid from the springing line
;

corners are measured twice, and pillars are measured by the

area of three sides multiplied by the fourth. Foundations

and dimension stones are measured by cubic measure ; water-

tables and base courses in lineal feet, and sills and lintels in

superficial feet.

37. Brickwork is laid like stone-work, with the line of

courses perpendicular to that of pressure. Broken and soft

bricks are rejected, and each brick laid should be wetted and
cleaned before laying it in place ; the joints should be as thin as

Yi, or -^^ inch (0.64 to 0.48 centimetres). About one-fifth as

much mortar as brick is generally used. The " English bond,"

in which entire courses of stretchers and headers are laid at

regular intervals as the wall rises, is considered strongest ; whea
laid one course of headers to each two courses of stretchers,

the strength is very nearly the same lengthwise and crosswise.

" Flemish bond " is laid header and stretcher alternating in

each course; it is easier to retain regularity in breaking joints
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in this bond, but it lacks strength and is not as neat in ap-

pearance as English bond.

Brickwork is measured by the thousand bricks ; with

average sizes and good work, the following are the number

of bricks laid by the superficial foot

:

4-inch (10. 16 centimetres"

9 " (22.36 "

13 " (33.02

18 " (45.72

22 " (55.88

wall. ... 7 to sq. ft., 75 to square metre.

" ...14 ' 150

" ...21 " 216
" "

"
. ..28 " 300

" "

" ••35 " 377

Corners are measured twice ; small openings are taken as

solid work ; arches are measured as solid from the springing

line, and pillars are measured on the face.

Masonry will carry safely from 2 to 10 tons per square

foot (21,875 to 109,379 kilogrammes per square metre), accord-

ing to quality ; and carefully built masses of cut and dressed

granite may carry four times the higher figure.

Masonry in damp situations is always laid in hydraulic

mortar or cement, and the lower courses of walls and founda-

tions are usually carried below the frost-line. The soil should

be carefully drained. Where new masonry abuts upon old

work, there is always danger of cracking by the settling of

the new work ; but every precaution should be taken to se-

cure a good bond between the two portions and to make the

joints of the new work thin, and of cementing material of

such consistency as will prevent excessive shrinkage.

38. The Cost of Masonry cannot be given except on the

assumption of a fixed rate of wages. Taking the wages of a

laborer at $1.50 per day, and for the mason $2.25, we may
reckon as below for times of low prices.

Where wages fluctuate, and, indeed, in all cases, if pos.si-

ble, a careful estimate should be made after ascertaining the

conditions actually affecting prices. In the estimate below

stones are assumed of moderately large size. Smaller stones

cost less to handle, but more for dressing.

Rubble masonry should cost probably one-half these fig-

ures if of good quality, and may fall to one-fourth when the

stones used are small.
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COST OF MASONRY ; ASHLAR.

Quarrying li cubic yards $3 0°

Dressing i6 sq. ft. face @ 25c 4 0°

Dressing 48 sq. ft. joint @ I2ic 6 00

Cost of stone per yard $13 °°

Haulage, variable, say i 5°

Mortar 5°

Laying one cubic yard and incidentals i 5°

Cost of placing 3 5°

Contractor's profit, 15 per cent ^ 5°

Total cost $19 00

-V4-"-VW. c^

Coursed Rubble Wall.



CHAPTER II.

TIMBER.

39. "Timber" is that portion of the woody material of

trees which is used in carpentry and joinery. Hence the

term only applies to the wood of particular kinds of trees,

which are therefore designated as " timber-trees." In some
districts of the United States, timber cut and dressed is dis-

tinctively called "lumber," the term timber being restricted

to the standing wood.

The timber-trees are nearly all of those classes known by
the botanists as exogenous, i. e., those in which growth takes

place by the formation of woody fibre on the external surface

of the sap-wood, immediately beneath the bark.

Endogenous trees, as those of the palm family, do not

furnish timber. Their growth takes place by an internal

formation of ligneous fibre, and the wood is not firm and

solid enough for the purposes of carpentry.

If the trunks of timber-bearing trees are cut, they are

found to be composed of concentric cylindrical layers, whose

cross sections form rings, separated from each other, and evi-

dently quite distinct. These layers are formed, one each

year, during the period of growth of the tree. They vary in

thickness, in density, and in color, according to the rapidity

of growth, the length of the season, and other circumstances

which may change from year to year.

The outer portion of the trunk is called the "sap-wood,"

and is usually lighter in color, and less strong and dense than

the interior portions, or heart-wood.

The circulation of the sap through the sap-wood occurs

during favorable weather. In winter it is supposed to cease,

and this period of checked circulation causes the line of de-

markation between successive annual rings.

37
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In midsummer also, in our climate, and in the height of

the dry season in tropical climates, the sap flows less freely

than either earlier or later in the season. During the month
of July, with us, it almost ceases flowing.

The heart-wood is nearly, or quite, impervious to sap, its

vessels being closed up, and the wood is dense and hard. It

is almost pure woody fibre, is free from sap, and contains

almost none of the sugar and the mucilage which are found in

sap-wood. It is usually far more durable therefore than the

latter. Different kinds of trees, and different individuals of

the same species, have different proportions of sap-wood.

The slower-growing trees usually contain least.

The complete conversion of sap-wood into heart-wood

occupies from one year, as with the softer woods like beech,

to twenty or thirty years, and even longer, as with the oak.

In the first class, slow growth, and in the second, a compara-

tively rapid growth, produces the best wood.

Decandolle gives the following as the maximum age of

timber-trees, the figures being obtained by counting the

annual rings of old trees : Elm, 335 years ; cypress, 350 ; larch,

575; cedar, 800; linden, 1,150; oak, 1,500; and the adan-

sonia, 5,000.

The longevity of various trees has been stated by others

to be, in round numbers, as follows : Baobab tree of Senegal,

5,000 years; dragon's-blood tree, 4,000 ;
yew, 3,000; cedar of

Lebanon, 3,000; olive, 2,500; oak, 1,600; orange, 1,500; ori-

ental plane, 1,200; cabbage palm, 700; lime, 600; ivy, 600;
ash, 400; cocoa-nut palm, 300; pear, 300; apple, 200 years.

These estimates are disputed, however, and are by some writers

thought greatly in excess of the correct figures, as it is found
that several rings may be sometimes formed in a single year.

The length of the life of trees seems largely dependent
upon the proportion of heart-wood, and, particularly, upon its

durability, decay usually originating and progressing, in grow- •

ing trees, only in the heart-wood. The sap-wood and bark
are peculiarly subject to the attacks of worms and insects.

At the period of maturity the heart-wood is of maximum
density and uniformity of texture.
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40. " Felling " Timber should always, if possible, be prac-

tised at the period of maturity
; if earlier, the wood will not

have acquired its greatest strength and density, and will con-

tain too great a proportion of sap-wood ; if later, the wood
will have become weakened by incipient decay.

The oak is said to reach maturity when about 100 years

of age, and it should not be felled at less than 60.

Pine timber should be cut at from 70 to loo years of age,

and ash and elm at from 50 to 100.

The season of the year best adapted for felling timber is

either midwinter or midsummer. The months of July and

August are often selected, as at those seasons the sound

trees remain green, while the unsound trees are then turning

yellow. Healthy trees then have tops in fuU foliage, and the

bark is uniform in color, while unsound trees are irregularly

covered with leaves of varying color, having a rougher, and

often a loosened, bark, and decaying limbs.

The cut should be made low, and the opposite incisions

should be so made, especially with oak, as to enable the trunk

to be cut clear of the stump while falling; otherwise the trunk

may be split. The trunk should be immediately stripped of

its bark, and, when heart-wood only is wanted, the sap-wood

removed as soon as possible. The bark is often removed

from trees in spring, and the felling deferred until autumn or

"winter. This is probably the best course to pursue, usually.

Handspikes and similar " uses " should be cut from young

straight trees, and near the butt.

41. Seasoning Timber is simply driving out the sap from

its pores by either natural or artificial means. This should

always be done as gradually as possible, otherwise the timber

is liable to crack or " check," from irregular drying.

Natural or air seasoning gives the best results. The tim-

ber should in all cases be squared as soon as cut, and all large

logs should be halved, or even quartered. It is then piled in

the seasoning yard in such a manner as to be protected as far

as possible from the sun and rain. It should be placed where

the air may circulate freely on all sides, not only of the pile,

but of each log; bad ventilation is sure to cause rot. Aftei
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remaining thus for some months, the logs may be cut into

smaller joists, if needed in such form, or into planks and boards,

and again piled for further seasoning. For heavy work, two

years, and for lighter work, four years, is sufficient time for

seasoning boards ; but timber is rarely overseasoned.

The loss of moisture in the first year of seasoning may be

taken usually as about twenty per cent. When piled for

seasoning in air, the lower sticks should be placed on supports

one to two feet high, to keep them from contact with the

damp earth. At least an inch should separate adjacent pieces.

The timber should be replied often enough to secure the de-

tection and removal of unsound pieces.

Water seasoning is accomplished by immersion in water

for a long time. It is a slow and imperfect method, but for

timber to be used in water, or in damp situations, it answers

well. The sap, in this case, is removed by solution.

In salt water there is usually some danger that the wood
may be attacked by the ship-worm, Teredo navalis, or by
the Limnoria terebrans, both of which destroy timber very

rapidly. It should therefore be carefully watched. Two or

three weeks water seasoning is sometimes found to be a good
preparation for air seasoning, by dissolving out the more
soluble salts contained in the wood.

Steaming timber is resorted to where it becomes necessary

to soften wood, in large pieces, for the purpose of bending it,

as in ship-building. An hour to each inch of thickness is the

period of time allowed. This process sometimes impairs the

strength ; but it is also a seasoning process, and preserves

from decay as well as from injury by warping or cracking.

Hot-air seasoning is resorted to where it becomes necessary

to season wood rapidly. The timber is piled in large cham-

bers or ovens. The sap is expelled by a current of hot air,

having a temperature of from ioo° Fahr. (38° Cent.), with

large logs of hard wood, to 250° to 300° Fahr. (121° to 149° ,

Cent.), with thin boards of the softer kinds, the wood losing,

in the latter class of materials, about thirty per cent, of its

weight.

The time required maybe stated to be generally one week
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for each Inch (2.54 centimetres) of least thickness, to insure

good work.

In seasoning birch sticks, one inch or one and a quarter

inch (3.2 centimetres) square, sixty hours are allowed.

The fuel used amounts to about ten per cent, of the

weight of seasoned wood.

Seasoning by passing the smoke-laden products of com-

bustion from the furnace, directly through the pile of timber,

has been found not only a good method of seasoning, but

also to have an important and useful preservative effect.

Seasoning by boiling in oil is resorted to for some purposes,

as the preparation of hickory for use in making teeth of mor-

tice gears. If carelessly done, the wood may be seriously

injured by the charring of its fibre in the overheated liquid

;

but if the temperature is carefully kept at, or somewhat under,

250"^ Fahr., the result will be most satisfactory.

The wood should be seasoned in blocks roughed out to

nearly the finishing size, and they become not only well and

uniformly seasoned, but, as shown by the experiments of Mr.

G. H. Corliss, considerably strengthened.

If well done, seasoning usually increases the strength of

timber, but the amount of this increase is very variable. Pine

gains about ten per cent., elm from ten to fifteen, oak from

five to twenty-five, and ash and beech often gain forty per

cent, or more.

The amount of water contained in green timber varies

from twenty-five or thirty per cent., in .willow and ash, to

thirty-five per cent, in oak, and forty per cent, in pine.

Large beams are best built up of small pieces, in order to

secure thorough seasoning, and to avoid risk of decay.

42. Shrinkage always occurs to a greater or less extent,

in consequence of the expulsion of moisture while seasoning

;

and some woods not only shrink, but warp badly, while others

are seriously injured by the occurrence of " seasoning cracks."

The shrinkage of timber is not usually very noticeable in

the direction of its length ; but transverse shrinkage often

occurs to a marked degree. In soft timber, as birch, it

amounts to about eight per cent.
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The tree consists of a bundle of capillary tubes, cohering

laterally, the sap-wood, when green, filled with sap, and having

the heart-wood moist, but choked with resinous matter.

These fibrous bundles, or the vascular tissue, are bound

together by a cellular tissue, the membrane which constitutes

the medullary rays, which latter form, in many woods, as in

oak, well-marked dividing planes and lines of weakness ; they

consequently determine the surfaces along which season cracks

may be developed while shrinking. The inner portion of

the tree, the heart-wood, being denser and less fully saturated

with moisture than the external or sap-wood, shrinks less,

and thus it happens that all planks, composed of portions of

both kinds of wood, or of different qualities of the same
kind, are certain to be warped or otherwise distorted while

seasoning.

Usually a log is cut into planks, when green, by gang or

circular saws, and

these planks, origin-

ally of the shape
seen in Fig. 1 7,

are likely, when
seasoned, to take the shapes seen in Fig. 18.

The shrinkage warps the outer planks and distorts the

middle one, by reducing its thick-

ness to a greater extent at the edges

than in the middle. The simple

inspection of the position of the

medullary rays and annual rings in

a piece of green wood will enable

any one to determine from what
part of the trunk it has come, and
to predict its change of form while

Fig. 17.

Fig. 18.
43. Nomenclature.—The ternf

timber is seldom applied, in the trade,

to logs cut from trees less than eight inches (20.3 centimetres)

in diameter. Smaller sizes are C3!\t.A joists.

Before felling, it is called standing timber ; when first cut,
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it is called rough timber ; and after it has been sawn, it is

caWed converted timber ; and is also known as sided timber,

joists, plank, or board, according to dimensions.

Wood is either soft or hard wood.

The first class includes the wood of all coniferous trees,

as the pines, and of a few others, as for example white birch.

The second class includes the wood of all other timber-

producing trees.

The soft woods generally contain turpentine and pitch,

and are usually of rapid growth, straight-grained, of slight

density, quite uniform in texture, and comparatively free

from knots. They have but little lateral adhesion of fibre,

and are easily worked.

The hard woods are denser, heavier, and stronger, less

easily sawn, split, or cut, and are more liable to warp and to

crack than are the soft woods. They usually excel in dura-

bility, and in some cases are very tough and elastic.

44. Characteristics of Good Timber.—Good timber has

the following characteristics : The heaviest is usually the

strongest and most durable. That which has least sap or

resin is the best.

The freshly cut surfaces are firm, and smooth, and the

shavings are translucent, and should nowhere appear chalky

or roughened, that being the first indication of decay.

The annual rings should be closely packed, and the cellu-

lar tissue of the medullary rays should be hard and dense.

The tissues should cohere firmly, and when sawn there

should be no wool-like fibre clogging the saw-teeth.

In general, the darker the color, the stronger and more
durable the wood.

Inspection of Timber.—Timber should be inspected in dry

weather, when the defects are not concealed by moisture.

The color should be bright and uniform, slowly changing

from sap-wood to heart-wood, and free from the white spots

which indicate incipient decay. Dry-rot is indicated by yel-

low stains.

Usually sap-wood should be thrown out, except in a few

cases, as in ash, lancewood, and hickory, where it is sometimes



44 THE NON-METALLIC MATERIALS OF ENGINEERING.

even better than heart-wood. The use of the centre heart-

wood of mature trees is also usually avoided as being liable

to early decay.

Brash-wood, which is old and brittle in consequence of

age, is rejected, as is also knotty timber, twisted wood, and

the timber which has been felled after having died from

natural causes, like belted timber.

The preparation and inspection of small pieces is best illus-

trated by the regulation system adopted in the national

armories with reference to securing good material for musket

and rifle stocks and butts.

The wood used is the best American or Italian walnut.

After seasoning about three years in the rough, or, if arti-

ficially dried, after being exposed to a temperature of 60° F.

(15^.5 C), slowly raised to 90° F. (32° C), and held at the

latter temperature six to eight weeks, the pieces are handed
over to the inspector.

If defective in either of the following respects, they are

rejected :
*

1. Under size. 5. Discolored wood.

2. Misshapen. 7. Knots or bines.

3. Galls.

f

8. Crooked or cross-grain.

4. Shakes. 9. Decay.

5. Rind galls.j: 10. Worm-holes.

They are also examined to determine whether they have

been soaked in salt water, the presence of which produces

rapid corrosion of the metal of barrel, lock, and mountings.

The test is made by dipping a shaving into a solution of nitrate

of silver ; the presence of salt is shown by the formation of a

white precipitate of silver chloride.

45. Influence of Climate and Soil.—These greatly affect

the value of timber. Generally the strongest varieties of

wood come from tropical climates, but the best examples of

any one variety are usually from the colder portion of the

range of country in which it abounds.

* Ordnance Notes, No. 197.

t Produced by insects depositing their eggs in the tree.

X Due to surface injuries to the sapling.
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Timber of slow growth, in situations protected from violent

winds, cut at the right time of year, and properly seasoned,

is free from " cracks " and " shakes," or " checks."

Cup-shakes are produced by the wrenching of the tree by
winds, and are cracks separating one layer from another.

Timber thus injured is sometimes called " rolled timber."

Longitudinal cracks are produced by heavy winds also,

and by top rapid seasoning ; in the latter case they are called

seasoning cracks, in the former, wind-shakes or cracks.

Frost, in cold climates, sometimes produces this kind of

injury.

Cup-shakes often injure oak, hard pine, mahogany, and

elm, but they do not as generally affect soft pine.
" Heart-shakes" which are cracks crossing the heart-wood,

sometimes single and sometimes grouped, making a " star-

shake" affect all kinds of timber.

46. Decay of Timber.—Timber decays in two quite dif-

ferent ways, the causes of decay being, however, the same in

both cases, namely, fermentation and putrefaction.

Dryness is the best preventive of decay of timber used in

general construction, and wood kept dry has been found to

last several centuries. Still, it finally becomes brittle and

weakened, and may ultimately give way under a light load.

Water seems to act as a preservative, and some kinds of

timber constantly immersed in water not in motion may
endure for an indefinite period. The first effect of water is

to dissolve out soluble matter, leaving the woody fibre or

lignine uninjured, except perhaps very slightly by oxygen in

solution in the water. This oxygen being exhausted however,

no further action occurs unless a fresh supply of air-laden

water displaces that originally in contact with the wood.

Alternation of moisture and dryness induces rapid decay.

This takes place partly by solution and removal of a portion

of the substance at each moistening, and partly by the action

of oxygen dissolved in the water, a fresh supply of dissolved

oxygen being furnished at each repetition of the moistening.

Continued dampness in a warm atmosphere is most favor-

able to fermentation, and consequently to rapid decay
._

This
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putrefaction of woody fibre is known as " rot " among those

who use timber.

The products of this decomposition are, as in cases of

rapid combustion of wood, carbonic acid and water. The
presence of water is necessary, as well as that of air, to the

rapid progress of this chemical change, although the oxygen,

which is essential, may sometimes be obtained from some

source other than the atmosphere.

Sap-wood is more perishable than heart-wood, in conse-

quence of the presence of saccharine and other matters having

a peculiar tendency to fermentation. It is in consequence of

this fact that the complete removal of the sap by seasoning

is necessary.

Lime, by its tendency to abstract carbon, which, uniting

with oxygen, combines with lime to form the carbonate,

fastens the rotting of wood wherever it is damp. Dry lime

and the carbonate do not have this effect.

47. "Wet-Rot" and "Dry-Rot" are the two forms in

which the decay of timber exhibits itself.

Wet-rot occurs in any portion of the wood, if damp, and

attacks the heart-wood of standing timber.

Dry-rot is usually produced by the want of circulation of

air, and by high temperature, where the timber has not been

well seasoned.

The most rapidly growing trees are most subject to decay,

and those growing in sheltered localities are more liable to

rot than those in exposed situations.

Of soft timbers, that containing most turpentine is least

liable to rot.

Woodwork embedded in damp plaster, and imseasoned

timber covered with a coating of paint, are subject to dry-rot,

and are apt to decay early, in consequence of the confinement

of air and moisture within their pores. Any thing which

absorbs moisture and confines it in contact with wood is likdy

to accelerate decay.

48. Marine Animals frequently attack timber immersed

in salt water, as the bottom of vessels, piles, etc.

The Teredo navdlis, commonly known as the ship-worm,
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converts the wood which it enters into a perfect honeycomb.

It enters the wood when very small, and there increases in

size, and enlarges its chambers correspondingly, until it some-

times makes borings an inch (2.54 centimetres) in diameter,

and several feet long. Soft woods are very rapidly destroyed

by it, and the hardest woods are not safe against its attacks.

The Limnoria terebrans is a smaller creature than the

Teredo, shaped somewhat like a wood louse, and is rather more

than an eighth of an inch (.3 centimetres) long. It is very

destructive, cutting out the wood along the annual rings.

There are several other marine animals which attack tim-

ber, and it is usually necessary to protect it, when immersed

in salt water, by sheathing with copper, as ships are protected,

or otherwise covering it with a coating impenetrable by these

animals.

Some kinds of timber are much less liable to this kind of

injury than others. The East Indian teak is said never to be

attacked by either of these creatures, and live oak is compara-

tively little injured by them.

49. The Varieties of Timber used in carpentry, joinery,

and pattern-making are very numerous ; and the forests of

our own country yield immense quantities of some of the

most useful kinds.

They are divided into two great classes

:

Pine Woods, or the Coniferae, are distinguished by their

spine or needle-like leaves and resinous turpentine-yield-

ing sap.

Leaf-wood comprehends all other timber-trees, and bears

leaves of the ordinary broad, thin, and irregular shapes ; its

sap is destitute of turpentine.

The latter woods are usually best where strength, dura-

bility, and hardness are demanded ; the former excel in light-

ness, elasticity, and flexibility.

The Leaf-woods are divided into two classes: (i) Those

which have their medullary rays broad and well marked

;

(2) woods in which those rays are indistinct.

These classes include each two sub-classes : {a) Those in

which the annual rings are distinctly marked, as in the oak of
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the first, and in the ash of the second class
;

{b) those in which

the rings are obscure, as in beech of the first, and walnut and

mahogany of the second class.

50. White Pine {Pinus strobus) is a native of North

America, and takes its name from the color of its wood. It

grows in all kinds of soil. The best timber is found in cool,

damp situations in the forests of the Northern United States

and Canada, between the forty-third and forty-seventh paral-

lels of north latitude. It rarely flourishes well as far south as

Virginia. It grows to a great size, reaching a height of up-

wards of 200 feet (61 metres), with a diameter of 10 feet (3.05

metres) at the height of a man's shoulder from the ground.

It is the tallest tree in our forests. It sometimes reaches the

age of 350 years. Single logs have been cut 36 inches (91

centimetres) square and 60 feet (18.3 metres) long. Its wood
is yellowish-white in color, light in weight, rather soft, free

from knots, straight grained, and is very easily cut. It is du-

rable only in dry air. It contains very little resin. Its leaves

are very slender, and are pale green in color ; its cones are

nearly cylindrical, and four or five inches (10 to 12.7 centi-

metres) long.

Its specific gravity is about 0.70 green, and 0.50 seasoned,

its weight being quoted at 44 and 30 pounds per cubic foot

respectively (705 and 480 kilogrammes per cubic metre).

It is used for light carpenters' and joiners' work, and is

remarkably well adapted to pattern-makers' use. It has

been employed to a considerable extent in building wooden
bridges.

'

It is not a very strong wood, and swells or shrinks seri-

ously when the hygrometric state of the atmosphere changes

considerably. For many purposes its softness is a serious

objection.

51. The Canadian Red Pine (Pinus resinosd) is found

growing on the poorer soils of the northern portion of tl»e

United States, and in Canada, reaching a height of 80

feet (24.4 metres), and attaining a diameter of 2 feet (.6

metres). It is wrongly called, in various localities, " Norway
Pine" and "Yellow Pine."
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The leaves are in pairs, and five or six inches long (12 to

15 centimetres).

The wood is fine-grained and white, with a reddish tinge,

somewhat soft, but quite strong

and durable. It is so soft and

flexible, and so readily worked,

as to be a favorite timber for

light work. It makes excellent

planking and spars for ships.

52. The American Yellow

Pine, " Spruce Pine" or Short-

leaved Pine (Pinus mitis, Pinus

variabilis), is found throughout

the country, in dry sandy soils,

from New England to Georgia. F'°- 19-Pine.

It attains a height of 60 feet (18.3 metres), and a diameter

of 18 inches (45.6 centimetres). The trunk is straight and
slender. Its cones are small, its leaves are in groups of

threes, and from 3 to 5 inches (7^ to 12}^ centimetres)

long.

The heart-wood is fine-grained, moderately resinous, strong

and durable. The sap-wood is poor in quality, and decays

rapidly.

It is much used in carpentry, and for framing and floor-

ing, and in ship-building ; it is also used for the masts and

yards of large vessels.

53. The Southern Pine, "Long-leaved Pine" {Pinus

australis, Pinus palustris), is distributed along the Atlantic

coast from Maryland southward, on sandy, light soil. It is

probably the most generally useful of our woods, and im-

mense quantities are brought into market.

Its name is very commonly confused with that of the

pitch pine, and both kinds of wood are known in the Eastern

-States as hard pitie.

Both the yellow pine and the pitch pine are extensively

used, by Atlantic ship-builders, for planking, beams, keelsons,

etc., but seldom for any part of the frames.

The yellow pine sometimes attains a height of 150 feet

4
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(45.7 metres), and a diameter of 4 feet (12. i metres) ;
but the

pitch pine seldom exceeds two-thirds this size. The former

is principally obtained from the States of Virginia, North

Carolina, and Georgia, while the latter is abundant in all the

Atlantic States south of Chesapeake Bay. The yellow pine

required for navy-yard use is described as long-leaved, fine-

grained. Southern yellow pine.

Its leaves are rigid, and 8 to 11 inches (20.3 to 27.9 centi-

metres) long ; they are dark green in color. The cones are

6 to 8 inches (15.2 to 20.3 centimetres) long.

It has but little sap-wood, and the heart-wood is of very

uniform quality, its resinous matter being very regularly dis-

tributed. Its grain is fine and close, and it has greater

strength, durability, and hardness than any other species of

pine.

Though not so tough and elastic as white oak, the yellow

pine, especially that from Georgia, successfully rivals it in

stiffness. If a beam of each kind of timber, equal in dimen-

sions, be supported at the ends, the oak beam will depart

most from its " mould," but will break under about the same

load. Pine thus excels iron, weight for weight.

In dry situations the pine is extremely durable, and where

the properties of lightness and solidity are required in com-

bination, it is to be preferred to oak.

Experiments upon the shrinkage of various woods, by
Mr. James Jarvis, at the U. S. Navy-yard, Norfolk, Va., indi-

cate that yellow pine should be cut in summer.

54. The Pitch Pine [Pinus rigida), is common throughout

our country, frequenting sandy or lean rocky soils. The best

qualities come from Florida. It is distinguished by peculiarly

rough, dark bark, and by the abundance of its resin. Its

leaves are in groups of three, 3 to 5 inches long (7.6 to 12.7

centimetres).

The wood is close-grained, heavy, free from knots, elastic,^

quite strong, and very durable. It is more dense than yellow

pine ; which latter has the preference for all work to be cov-

ered by paint. Pitch pine is very stiff, and moderately fine-

grained.
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—

Red Fir.

In using yellow and pitch pines, the best timber for

strength and durability is not necessarily that of the greatest

density. The timber of greatest weight is often heavy simply

because of the presence of a surplus of turpentine in its vessels.

55. The Foreign Northern Pine, Yellow Fir, Red Fir,

or Scotch Fir {Pinus sylvesiris), is

found in all parts of Northern

Europe, including Great Britain,

where the forests are largely com-

posed of it.

It is very much used in Europe,

and is obtained in Great Britain,

Norway, Sweden, and Russia, and

from the Prussian ports of Memel,

Dantzic, and Stettin. The logs are

sometimes as large as 80 feet (24.4

metres) long and 26 inches {66 centi-

metres) square. The yellow deals from Christiania are most
durable, but a large waste occurs in working them, in conse-

quence of their large proportion of sap-wood.

The durability of the better quality of this timber is con-

sidered by some engineers to equal that of oak.

Like the American white pine,

it is excellently adapted for fram-

ing, and for light carpenters', join-

ers', and pattern-makers' work.

In Great Britain, the American
white pine is, however, consider-

ably used instead of the native fir.

56. The Cypress {Cupressus

disticha, Taxodium distichmn), or

deciduous cypress, is a tree of the

pine family, having a trunk some-

times 10 or even 12 feet (3.05 to

3.66 metres) in diameter, and at-

taining the height of from 120 to

Fig. 21.—Southern Cypress. 130 feet (36.58 to 39.63 metres).

Its foliage is a delicate light green in color, the leaves linear,
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awl-shaped, and spreading, and borne upwards on slender

branchlets.

The tree is found from the Hudson to the Gulf of Mexico,

and flourishes best in southern latitudes, attaining greatest

size in the swamps of the South, where the soil is a deep,

rich, black, and wet mud. The roots of old trees are often

partly exposed and singularly contorted. The lower portion

of the trunk is frequently hollow.

The wood is considered excellent for many purposes. It

is soft, light, straight-grained, and easily worked, and is im-

perishable where covered with water. It is extensively used

in those localities throughout which it is most abundantly

distributed, and sometimes as a substitute for oak.

57. The Qualities of Pine Timber are readily determined

by a practised observer. Good wood has a close grain, and

its slow growth should be evidenced by the thinness of the

annual rings, which should not exceed a tenth of an inch

(0.25 centimetre).

The trunk, and consequently its rings, should be sym-

metrical.

The best timber is charged with resin, and this preserves

it from decay, and gives it strength and elasticity ; its pres-

ence is indicated by strong odor. The color of the wood
should be a clear tint of yellow and red, alternating, and the

texture should be very uniform, as well as the colors.

The working of the timber gives a reliable indication of its

quality. It should offer considerable resistance to splitting

along the grain ; it should be strong and free from wooliness,

and the cut of the saw and of the plane or chisel should

leave smooth surfaces. The shavings and chips should be

strong and elastic, and the former capable of being twisted

about the fingers without breaking.

58. The Firs are closely related to the pines, and furnish

a large quantity of excellent timber to the markets of Europe

and of America.

59. The White Fir, Norway Spruce, or White Deal {Abies

excelsa), grows in the mountainous portions of Northern

Europe. It is tall and straight, excelling all its congeners in
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these respects. It reaches the height of loO feet (30.5 metres)

and attains a diameter of 3 feet (.91 metre). Its cones are

cylindrical, 5 to 7 inches long (12.7 to 17.7 centimetres). It

is used in Great Britain largely, being imported principally

from Christiania and other Northern European ports. It is

now frequently met with in North America.

This wood adheres well to glue, and is quite durable and
strong, but it is not equal to the best varieties of pine.

It takes a fine polish, and is largely used for flooring and

panelling, and is well
adapted for spar-making.

Burgundy pitch is ob-

tained from this tree.

The American Black
Spruce Fir {Abies nigra)

is so called from the dark

color of its leaves. It is

found in the rougher por-

tions of the North Ameri-

can forest-covered country,

and grows to a height of 80

feet (24.3 metres). Its cones

are but i or 2 inches long

(2.5 or 5.2 centimetres). It

is quite similar in quality to

the Norway spruce fir, and

excels it in toughness. It is

rather less durable and is

less dense ; it is also more
liable to warp in seasoning.

60. Hemlock Spruce
Fir {Abies Canadensis) is

found in the same range of

climate as the black spruce,

but it prefers a more hilly

country. It forms extensive forests in Lower Canada. It

attains a height of 70 feet (20.73 metres), and occasionally

even icx> (30.5 metres), and reaches a diameter of 2 feet (0.61

Fig. 22.

—

"Spruce.'
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mdtre). The leaves are dark and stiff, four-sided, and needle-

shaped. The cones are 'i^ or i inch (1.9 or 2.5 centimetres)

long. The wood resembles that of the white spruce, and

is generally more highly valued. Its strength, durability,

lightness, and elasticity form a combination of good qualities

that makes it, for some purposes, the best wood in our

markets. For fine work it is too liable to " shakes."

61. The Red Spruce Fir {Abies rubra), or Newfoundland
Red Pine, as it is also called, grows in the north-east por-

tions of North America, and affords an excellent material,

perhaps hardly excelled by the black spruce. Its size is

about the same as that of the black variety. It is especially

prized for yards and spars of ships. Fir timber has a specific

gravity of from 0.6 to 0.8, weighing from 36 pounds dry to

48 pounds green per cubic foot (577 to 769 kilogrammes
per cubic metre).

62. The Larches {Larix Europcea, Larix Americana) are

natives respectively of

Europe and America. Their

wood is hard and strong.

Their leaves are very slen-

der, light green in color, and
short. Their cones are about

one inch long. This wood
has not the lightness nor the

elasticity of white pine, but

is tougher and more close-

grained, and is far less in-

flammable than are woods
generally.

Larch is hardly excelled

by any other wood in dura-

bility. The European larch

was celebrated for this
quality from a very early

period. Even when exposed
Fig. 23.-LARCH.

J.Q alternately wet and dry

weather, it is quite durable, lasting sometimes thirty years
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under most unfavorable conditions. The American variety

of larch, known as Hackmatack, is highly prized by our ship-

builders. It attains a height of loo feet (30.5 metres), and a

diameter of 3 feet (.91 metre). It is found from Virginia to

Canada.

63. The Linden, Basswood, Lime {Tilia Americana, T.

Europcea, etc.), is found ,. j^

throughout a wide
range of climate in

both the United States

and Europe, and has

many varieties. The
useful varieties are
trees of moderate size,

bearing large, smooth,

heart-shaped leaves
alternating on the
stem, and having fra-

grant flowers which are

favorites with the bees.

The foliage is dense,

and the tree is an ex-

cellent shade tree, but very subject to the attacks of insects.

The wood is yellowish-white, soft, and light, but moder.

ately close-grained and tough. It is used largely for furniture,

coarse carvers' work, and to some extent in carpentry. The
inner bark, or "bast," is used for making coarse matting,

baskets, etc.

64. The Cedars and Junipers are woods of less general

application than the pines ; but have, nevertheless, great

value in construction.

The White Cedar (Cupressus thyoides) is found on

the Atlantic coast of the United States from New York to

Georgia, wherever the soil is wet. It is the principal inhabi-

tant of the interior swamps of New Jersey and of Virginia,

and trunks are often found of large size, sound and merchant-

able, lying far below the surface, embedded in mud and

peat.

Fig- 24.

—

Basswood,
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It grows to a height of 8o feet (24.4 metres), and to 3 feet

(.91 metre) in diameter, with a straight stem and branches

up to within 30 feet (9.1 metres) of the top.

Its resin is yellow, slightly odorous, and small in quantity.

The cones are small, greenish in color, becoming bluish at

the end of the season.

The wood is odorous, soft, fine-grained, light, and easy-

working, taking a red tint, and often a decided color, when
seasoned.

It resists the weather remarkably well, and is, therefore,

used very extensively for shingles.

The wood makes the best of railroad ties for light traffic,

but is too soft for general use ; it makes excellent fencing

and telegraph poles, and domestic utensils are often made of

this wood. It is cut at all seasons, but best when the sap

flows most slowly.

The Virginia " Red Cedar " {Junipems Virginiand) is

found in nearly all parts of the United States and Canada.

It is, when fully grown, from 30 to 50 feet (9.1 to 15.2 metres)

high, and sometimes 12 inches (.3 metre) in diameter. It is

found on dry, sterile, rough country.

The wood is light in weight, weighing 32 pounds green, and

28 pounds seasoned, per cubic

foot (512 and 448 kilogrammes

per cubic metre). The color of

the heart-wood is red, while

that of the sap-wood is white.

It is brittle, compact, and dura-

ble, and has a strong charac-

teristic odor and a bitter taste,

which preserves it from the at-

tack of insects.

It is especially valuable for

drawers, chests, boxes, andt

some kinds of furniture. When
well-seasoned it makes excel-

It is extensively used for covering

Fig. 25.

—

Cedar.

lent rulers and T-squares

lead-pencils, and is sometimes called Pencil Cedar.
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The Bermuda Juniper {yuniperus Bermudiand), or

Bermuda Cedar, is a native of the West Indies. It is harder

and heavier than the pencil cedar, and has a similar odor and

appearance. It is very durable when well seasoned and free

from sap-wood, and has been considerably used by ship-build-

ers for planking.

These cedars, or more properly junipers, are largely used

for drawers, wardrobes, and church furniture. The California

" Cedars " grow to enormous size.

65. Tar, Pitch, and Turpentine are obtained from the

naore resinous trees of the pine family.

Tar is obtained by a rude distillation of the heart-wood of

pine. It is viscous and semifluid at ordinary temperature,

solid when cold, and quite liquid when heated. It is brown-

ish-red in color, becoming black with age or by the presence

of impurities, or by overheating when made.

It is used for preserving cordage, and the oakum which is

1

y- .V X -I

in
Fig. 26.

—

Tapping the Pine.

used in calking the seams of vessels, and as a binding mate-
rial in artificial fuels, and in some kinds of cement.
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Pitch is made by boiling tar until its consistency is consid-

erably increased. It is hard at ordinary or low temperatures,

but is softened by the heat of the hand. It is used as a

cementing and preservative material. Rosin, or colophony, is a

pitch obtained by distilling turpentine. The best is lightest

in color.

Turpentine is the sap of the pine. The tree is tapped an-

nually when the sap is flowing most freely. White, or " vir-

gin " turpentine, is obtained from the tree the first season
;

during succeeding seasons the product becomes gradually

darker, and is known as " yellow-dip." Trees are tapped

twelve or fifteen years in succession. A large part of the tur-

pentine in the market comes from North Carolina.

The following description of the process of distillation

may explain further :
*

A fifteen-barrel copper still, the barrel weighing 220 lbs.

(100 kilogrammes), is charged early in the morning. Heat
is applied until the mass attains a uniform temperature of

from 212° to 316° Fahr. (100° to 158° Cent.). This is contin-

ued until the water contained in the crude turpentine as it

comes from the forest has been driven off.

The first product distilled over contains pyroligneous acid,

formic acid, ether, and methylic alcohol, with water. This is

known as low-wine.

All the water having been distilled off, a small stream of

cold water is now let in, so that

the heat is kept at or below
316° Fahr. (158° Cent.), the

boiling point of oil of turpen-

tine. The oil of turpentine

and water now come over, and
the mixture is caught in a

wooden tub. This tub is con-

structed as follows

:

•

The distillate is caught at

A from the still, and separates

into water and oil. At BFig. 27.

—

Separator.

* Scientific American.
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there is an overflow spout, which discharges into the tub D.

The water is kept low enough in the lower part of the tub to

prevent its overflowing through the cock B into the recep-

tacle D. From this receptacle it is put into oak casks, well

secured with iron hoops, and thoroughly glued inside.

The distiller tests the quality of the flow from time to time

in a proof glass. The distillation is continued until the pro

portion of fluid coming over is nine of water to one of oil of

turpentine. At this stage the heat is withdrawn, the still-cap

is taken off, and the hot rosin, which remains in a fluid state

in the still, is drawn off by a valve or cock at the side of the

still near the bottom.

The yield of oil of turpentine from " virgin dip " is about

6 gallons (27 litres) to the barrel.

The yield of oil of turpentine from " yellow dip " is about

4 gallons (18 litres) to the barrel.

p!^l'"'lMll ""T?' 3^'--- '^^

-'A'U

Fig. 28.

—

Turpentine Still.

Venice turpentine is that obtained from the larch. It is

sometimes imitated by mixing rosin and spirits of turpentine.
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Spirits of turpentine is the essential oil of turpentine, and is

obtained by distillation.

66. The Oaks form a most valuable class of timber-trees,

and a large number of species are known and used. Of more
than sixty species known to botanists, over forty are natives

of North America, and several produce very excellent timber.

The best kinds of oaks are, if properly prepared for use,

the hardest and most durable of woods. Kept either under

water or perfectly dry, oak has been known to last several

centuries. It is strong, tough, and moderately stiff. There
are, however, varieties of oak which yield inferior timber, and
trees of the same species may yield either superior or inferior

timber, according to the nature of the soil and the climate in

.-.,."-'^ ^•...,^.~

Fig. 29.

—

Oaks.

which they have grown. The texture is alternately dense

and porous.

The wood has a peculiar odor and taste, the latter being

due to the presence of gallic acid, which, by contact with
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iron, produces an ink which blackens the wood and corrodes

the metal.

The oaks grow on a great variety of soil, preferring a

clayey subsoil overlaid with rich loam.

67. The Live Oak [Quercus virens) is one of the best

known ship-timber trees. It is evergreen, and grows on the

sea-coast from Maryland to the Gulf of Mexico and the Mis-

sissippi, and is now so scarce and so valuable that the govern-

ment has reserved all of the Florida live-oak forests for naval

purposes.

The tree grows to a height of 60 feet (18.3 metres), and to

a diameter of 4 feet (1.22 metres), but is usually 40 or 45 feet

(12 to 13.7 metres) high, and 12 to 18 inches (30.5 to 46 centi-

metres) in diameter. The sap-wood is whitish in color. It is

free from the glutinous matter which fills the capillary vessels

of the denser heart-wood. Unlike other varieties of oak in

our country, it is free from acid.

This timber is used almost exclusively for the purposes of

ship-building, and is the most costly ship timber in the

market. It is heavy, compact, fine-grained, yellowish in

color, and is the strongest and most durable of all American

woods.*

It is not well adapted to the reception of spike fastenings,

as the grain refuses to receive the point in the cutting direc-

tion, and permits splitting of the wood. There is no diffi-

culty, however, in fastening with bolts and treenails.

Live oak, if exposed long in the open air, in the rays of

the sun, or to winter winds, will check badly. It does not re-

quire many months of air seasoning, however, to fit it for its

ordinary uses.

68. The White Oak {Quercus alba) is a more common
and a very valuable variety of oak. It is especially valuable

for ship-building, for which its trunk furnishes the heavier

beams, and its large roots and branches yield the compass
timber.

* The Author possesses a live-oak cane, taken in 1865 from the keel oi the

frigate United States, a naval vessel built very early in the present century. It

is as perfectly sound, apparently, as yi\\sxi first cut.
'
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It is used for water-wheel shafts and steps, and other

millwrights' works, and for artillery carriages. The wood
from the roots makes beautiful furniture. The cost and the

difficulties of working it preclude its extensive use. The bark

is rich in tannin, and is of great value for tanning leather.

This tree is found

from Canada to the

Carolinas, and is most

abundant in the Mid-

dle States, forming

large forests west of

the Alleghany range of

mountains. It reaches

a height of 8o feet

(24.3 metres) and

more, and its trunk is

sometimes 6 or 7 feet

(1.8 or 2.1 metres) in

diameter. It is one of

the few trees which

retain any of their

leaves throughout the

winter. The leaf is deeply indented, long and narrow. Its

bark is of a light grayish-white color, giving it its name ; the

wood is light straw-colored, with a tinge of red, and is very

tough, strong, durable, elastic, and pliable, with strong lateral

cohesion. It is very liable to shrink, warp, and crack in

seasoning, and is therefore of little value for boards. The
shrinkage amounts to about one thirty-second.

The wood of trees 60 to 100 years of age is much tougher,

particularly on high lands, than that of older trees. No cer-

tain data exist for comparing the properties of white oak

grown in various districts, but it is generally, supposed that

the best timber for durability is that grown near the Atlantic

seaboard, or along the borders of the great lakes. Generally

the strongest timber is grown on wet lands. The experi-

ments of Jarvis prove, first, that there is ten per cent, in one

year, and five per cent, in four years, more shrinkage in

Fig 30 —White Oak
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weight of the squared timber which is cut in the warm sea-

son, than in that cut during the cold season ; secondly, that

in the case of round logs, in bark, there is eight per cent, in

one year, and seventeen per cent, in four years, more loss by
evaporation if cut in the summer season.

It has a specific gravity of from .7 to i.i, weighing from

44 pounds, dry, to 70 pounds, green, per cubic foot (705 to

1,121 kilogrammes per cubic metre).

69. The Post Oak [Quercus obtusiloba), or Iron Oak, is

common in Maryland, and eastof theAlleghanies in Virginia,

where it is also called the Box White Oak. It is occasionally

found as far north as New York and New England.

It produces excellent timber, but seldom exceeds a foot

or 15 inches in diameter, and a height of 50 feet (15.24 metres).

The wood is of a yellowish hue, close-grained, and is often

superior to the white oak in durability and strength. It is

also finer grained. It is a most excellent wood for construc-

tive purposes where of sufificient size, and is used for knees

in ship-building, and for staves.

t'lG. 31.

—

Swamp Oak.

The Swamp Post Oak is found in the Carolinas and in

Georgia, in swampy and often inaccessible districts. It is
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larger than the preceding species, and is an excellent timber-

tree.

70. The Red Oak {Qiiercus rubra) is a Canadian tree,

which grows with considerably greater rapidity than either of

the preceding. It is usually smaller, but attains a height of

100 feet (30.5 metres). Its leaves change to a red color

before falling, in autumn, and this fact gives the tree its name.

The wood is easy to work, light and spongy, and lacks the

durability of the better kinds. It is coarse-grained, and is

only used to any considerable extent for staves.

71. The Rock Chestnut Oak {Quercus primus monti-

cold) grows in the Middle States, and as far north as Nfew

England. It is most plentiful among the Alleghanies, and is

more durable, and is, in other respects, nearly as valuable as

the white oak, but its scarcity prevents its equally extensive

use.

72. The Chestnut White Oak {Quercusprimus) is found

in the Southern Atlantic States.

It produces a strong and durable wood, although not

equal to the white or the post oak. It is used to some extent

in wheelwrights' work, and is considered nearly equal to white

oak for ships' frames.

73- The British Oak {Quercus pedunculatd) is found all

over Europe, and is most common in England and France.

It grows to a height of from 70 to 100 feet (20.7 to 30.5 me-

tres), and attains a diameter of 6 feet (1.8 metres).

The wood has a light brown or reddish tinge, with numer-

ous large medullary rays. It is tough and strong, quite hard,

straight-grained, free from knots, splitting freely, and is said

to be one of the best kinds of oak for joists, or where a stiff

timber is desired.

It bears changes from wet to dry, and the reverse, well,

and is almost unalterable when protected from the action of

oxidizing agents, when in air or under water. '

74. The Sessile Fruited Oak {Quercus scssiliflord) is

another very valuable European timber-tree, which is most

common in the German forests.

The wood is rather dark, of uniform color and grain.
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heavy, hard, and quite elastic, resembling chestnut slightly

in appearance. Like other varieties of oak, it is liable to

warp and crack in seasoning. Its durability is equal to that

of the preceding sort. It is somewhat more difificult to work.

75. The Beech {Fagus sylvaticd) is a native of Great

Britain and of Northern Europe.

Its closeness and uniformity of texture make it valuable

for tool-makers and furniture manufacturers, a large propor-

tion of ordinary English furniture being made of it. It is

used in dry situations by millwrights for the cogs of mortice

gears. The lighter-colored wood is best.

• The American Beeches (Fagus sylvestra and Fagus ferru-

ginea), the white and the red, are of somewhat less value,

although similar in general characteristics.

It generally congregates in great quantities wherever the

soil is most favorable ; hundreds of acres are sometimes cov-

ered with this alone. Such tracts are familiarly called beech-

woods.

Beech is used for furniture, gearing, submerged water-

wheel bearings, tool handles, plane stocks, saddle-trees, wallets,

chair-making, etc.

76. The Chestnut (Castanea vescd) is a native both of

Europe and America. It attains a height of 70 feet (20.7

metres), and a diameter in our Middle States of 6 feet (1.8

metres); its average size is about 45 feet (13.7 metres) high,

and 2 feet (.6 metre) diameter.

It is a very long-lived tree, and has been known to attain

the age of 1000 years. When of great age, it is invariably

hollow, and valueless for timber.

It is very similar in color to white oak, although exhibit-

ing a stronger contrast between sap and heart-wood than the

latter. It is distinguished from oak very readily by the lack

of marked medullary rays, and by its lightness.

The wood is of great value. It is extremely durable, last-

ing under water even longer than oak or elm. It is hard and

compact, and, when young, tough and flexible ; but it acquires

brittleness with age. Breaking transversely, it first bends

considerably, and then fractures suddenly.
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Fig. 32.—The Great Chestnut of Mount Etna.
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77- The Ash {Fraxinus excelsior) of Europe, and the

White Ash {Fraxi7tus Americana) of America, are very valu-

able timber-trees. They grow to a height of 60 feet (18.3

metres), and acquire a diameter of 20 inches (50.8 centi-

metres) in rich, moist, loamy soils. They have no observa-

ble sap-wood.

Their woods have many useful applications. Ash is quite

similar in color to oak, and in texture to chestnut. It is

straight-grained, remarkably tough and elastic, excelling in

these qualities all other common woods, and answers admi-

rably for handspikes, heavy oars, ship blocks, tool handles,

the wooden portion and framing of machinery, and for wheel

carriages and agricultural implements. It is durable under

cover, but decays rapidly if exposed to the weather.

78. The Common Him {JJlmus Americana) is a native of

New England, where it attains a height of 100 feet (30.5 me-

tres), and a diameter of 6 feet (1.83 metres) or more. It grows

along river-banks and in rich soil, and is a noble, ornamental

tree.

The heart-wood is brown, and the sap-wood is nearly

white. The wood is porous and cross-grained, and does not

split when nails are driven into it. It is most valued for its

great durability in situations where it is constantly wet. It

is used for piles under wet foundations, framing and sheath-

ing around wheel pits in mills, for pumps, water-ways, the

keels of ships, planking, and for flumes and water conduits.

It is used also by wheelwrights.

The European Elm {Ulmus campestris and several

other species) is said to be even harder and more durable

than the American, and is applied to similar uses.

It is hard, flexible, and tough, but difficult to work. The
wood is used for wheel naves and rims, and for wheelwrights'

use generally.

Wych Elm is the best variety.

The Canada Elm, or Mountain Elm {Ulmus race-

mosa), is a less valuable tree.

Its wood is close and fine-grained, flexible and tough, but

it shrinks, twists, and cracks in seasoning.
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79. The Locust, or Common Acacia {Robinia pseuda-

acacid), is a flowering tree found in the mountainous and hilly

portions of the country from Canada to the Southern States.

It grows rapidly, and reaches a height of 70 feet (20.7 me-

tres), with a diameter of 4 feet (1.21 metres) ; but it is usually

considered full-grown if 40 feet (12.1 metres) high, and a foot

(.305 metre) in diameter. It is a fine ornamental tree.

The wood has a peculiar greenish-yellow color, slightly

resembling boxwood. The structure is alternately very com-

pact and quite porous ; its annual rings are thus very distinctly

marked.

It exhibits no medullary rays, and the wood has neither

taste nor odor. It is a very valuable timber, especially, for

fence-posts and rails, or boarding, but is seldom found of suf-

ficient size and quantity to be used in the latter form. It

turns well in the lathe, but otherwise is difficult to cut and

work. It has great torsional strength and resilience, excelling

all other common woods in this quality.

80. The Hickory, or White Walnut (Carya alba), is a

tall, handsome, American timber-tree, having great value for

many purposes. It is common throughout the northern and

eastern portions of the United States. It grows to the height

of 50 or 60 feet (15.2 or 18.3 metres), and reaches a diameter

of 3 feet (.9 metre).

The wood is alternately very dense and somewhat porous,

and it is one of the heaviest of our woods. It is very strong

and stiff, yet elastic and tough.

The wood, when freshly cut, has a slightly bitter taste

and a mild odor ; it is then almost white in color, but by ex-

posure becomes gradually darker. Its heart-wood contains

brownish-colored pores.

It makes excellent cogs for mortice gears, and is well

adapted for handspikes, although rather heavy, and for axles,

shafts, spokes, and other wheelwrights' work.

81. The Black Walnut {Juglans nigra) is found
throughout our Middle and Western States, and as far south

as the Gulf of Mexico. The tree presents a fine appearance,

attains considerable size, and yields a much-prized timber.
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The wood varies considerably in quality. It is of a brown

color, approaching red in some specimens, and of a dark

chocolate color in -

others. The sap-wood

is frequently quite light

in color. The best wood
has a fine grain and a

dense structure,
although usually ex-

celled in both particu-

lars by good mahogany.
It is nearly as strong as

mahogany, and is

tougher. It is durable,

and easily worked.

It is more generally

used in the United

States for furniture and

for ornamental purposes Fig. 33—Black Walnut.

than any other wood, and immense quantities of it are annu-

ally worked up.

82. The Cherry and Plum
(Prunus) are found both in

Europe and America. The wood
is excellent, quite hard, of a

pale pinkish brown, or yellow

color, and of close grain. It

makes very neat furniture, and
is used for handles of tools. As
its price is about that of panel

pine, it is very extensively used

for hard patterns.

83. The Holly (Ilex opacd) is

an American wood, found from
Fig. 34—Cherry.

j^^j^^ ^^ Pennsylvania. The
tree attains a height of 30 or 40 feet (9.1 to 12.1 metres),

is distinguished by the bright red of its berries, and by its

glossy leaves.
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The wood is white in color, close in texture, with a beauti-

fully fine grain. It requires to be carefully and thoroughly

seasoned, and then is

found most excellent

for "T-squares,"
painted wooden wares,

cabinet work, blocks

for calico-printers, and
for turned work.

84. The Maple
{Acer) is another
American wood. It is

remarkable for the

beautiful variety of its

grain. It is very

largely used in joiners'
Fig. 35.-H0LLY. ^oj-k, and in cabinet-

making. It has been used, with good results, as a packing
in pump-buckets.

The Sugar Maple, or Bird's-Eye Maple {Acer saccharinmti)

produces a sap ^"^^^SA,
charged with sugar, ~ " "^

and the tree is there-

fore called the Sugar
Maple. This wood is

full of small knots

which give it its name,
and which make it

the most beautiful of

our light -colored
woods.

85. The Dogwood
{Cornus Florida) is a

small deciduous tree

attaining a height of

30 feet (9.1 metres),

and bearing beautiful large white flowers.

Massachusetts to Florida, in moist, rich soil.

Fig. 36.—Maple.

It grows from
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The wood is hard, fine, and close-grained, rather difficult

to work, and can be given a fine polish ; it is used in making

tool handles, mallets, drifts, toys, harrow-teeth, hames for

harnesses, and for small articles of turned work.

86. Mahogany (Swietenia mahogani) is a West Indian and

Central American tree, growing in greatest size and perfection

in the fertile regions of Honduras, and in the valleys of Cuba.

The tree is remarkable for its beauty of form and rapidity

of growth, as well as for its noble size. Specimens measuring

20 feet (6.1 metres) in circumference are often found.

Mahogany is of various shades of brownish red, quite uni-

form in its tints in the same piece, but varying greatly in dif-

ferent specimens. The texture is very uniform, and its

medullary rays and annual rings are not usually very well

marked. The pores are quite noticeable, and, in mahogany
from the West Indian islands, are filled with a white sub-

stance which distinguishes this

variety, called also Spanish Mahog-
any, from the Honduras wood.

It has no perceptible taste, and

but slight odor. In seasoning, it

is less subject to cracking or dis-

tortion than almost any known
wood, which fact, and its excep-

tional beauty, make it a much
sought and highly prized wood for

°.
, r

Fig. 37.

—

Mahogany.
fine furniture, and for many special

uses, among which those of the pattern-maker are not the

least important.

The Honduras wood, often called Baywood, holds glue re-

markably well.

The Spanish mahogany is imported in logs measuring,

often, 2 feet (.61 metre) square, and 10 feet (3.05 metres)

long. The Honduras mahogany comes in logs 14 or 15 feet

(4.6 metres) long, and from 2 to 4 feet (.6 to 1.2 metres)

square. The former is harder, of closer grain, and darker in

color than the latter, which is comparatively porous, of irreg-

ular color, and is rather a weaker wood.
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Mahogany is also found in the East Indies and in Africa.

It is of excellent quality, but less beautiful than the American
woods. Its specific gravity is .8.

87. Lignum-ViteB (Guaiacum officinale) is obtained from

the West Indies in logs of small size, and 3 to 12 feet (.9 to

3.6 metres) long. It is the hardest and heaviest wood gener-

ally used in the arts, its specific gravity being about 1.5. The
wood is dark brown in the heart, and light yellow in the sap-

wOod. Its immense strength and hardness make it very

valuable for sheaves of pulleys, and ships' blocks, or wher-

ever great weight and friction are to be sustained. In making

sheaves, care is usually taken to turn them so as to leave a

ring of sap-wood on the outside, and the heart-wood within.

The sheave is thus rendered less liable to crack.

Lignum-VitcB is used for steps of water-wheels, for the

stern or outboard bearings of the screw shafts of steam-

vessels, and, occasionally, for other kinds of machinery bear-

ings. Thus used, it bears an immense pressure under water,

without wear or heating, and is better in such positions than

any metal. It is necessary to secure efficient lubrication with

water, as, although the friction is greater than if lubricated

with oil, the latter lubricant does not effectively carry away
the heat developed. The " end grain " should take the wear,

if possible.

88. The Spanish Cedar (Cedrela odoratd) is a West
Indian wood, red in color, soft, light in weight, brittle, and
odorous.

It is best known as the material of which cigar-boxes are

made.

89. The Teak
(
Tectonia grandis) is an extremely valuable

East Indian wood. It is also called Indian oak. Although
comparatively little known in this country, it is very exten-

sively used in Great Britain by ship-builders. The finest

qualities come from the forests of Burmah, Ceylon, Malabar,

'

and Java, where it grows to the height of 150 feet (45.7

metres), with wide-spreading branches, and a straight, grace-

ful trunk which is sometimes 9 feet (2.75 metres) in diameter.

The wood is said by British ship-builders to be the best in
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the world for their purposes as well as for general ship-car-

pentry. It has some resemblance to oak in its color, but it is

rather lighter, and is more uniform in density and in com-

pactness of grain. Its specific gravity, seasoned, is about .6.

It is light, strong, and durable, and is easily worked. It

seasons quickly, requiring comparatively little drying. It is

somewhat liable to check.

It is less frequently attacked by insects than other

woods, its peculiar oily, odorous, and perhaps poisonous, sap

generally preserving it from even the white ant and from the

teredo. The acidity of the sap of the common oak forbids

the use of iron fastenings ; but the teak, to the other good
qualities of oak, adds that of preserving iron embedded in it,

by its oily sap.

90. Camphor Wood (Guttiferd) is also a valuable East

Indian wood. It grows to a large size.

The wood is very strong, durable, and easily worked.

It weighs about 70 pounds per cubic foot (1,121 kilo-

grammes per cubic metre). It has a powerful odor which

preserves it from the attacks of insects and of marine animals.

91. Boxwood (Buxus Balearicus) is usually of South

European and Asiatic growth, but it is found also in America.

The tree is low, and the imported logs are seldom over a

foot (.305 metre) in diameter.

The wood is yellow, brighter in color than our locust, with

thin bark and numerous small knots, and is often twisted and

somewhat unsound. It is extraordinarily smooth and com-

pact in texture. It is used principally for small work. The
engraver uses it almost exclusively, and it is largely used for

rulers and scales, and for small turned work.

92. Ebony (Diospyros) is found in nearly all tropical

countries. The best {D. ebenus) comes from Mauritius. It

is black (sometimes jet black), extremely hard and heavy,

with a fine, close grain. It is chiefly applied to ornamental

purposes, and is used by the engineer for some kinds of model

work.

A green ebony, so called {Americanus ebenus), is found in

the West Indies.
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93. Lancewood {^Uvaria lanceolata) is brought from the

West Indies. It is lighter in color than boxwood, splits

easily, but is very tough, strong, and elastic. It is, therefore,

well adapted for pole-springs, and is useful wherever an elastic

and strong wood may be needed.

94. Greenheart [Nectandra Rodicei) is brought from

the West Indies and the north-east coast of South America

in logs from 30 to 50 feet (9.1 to 15.2 metres) long, and from

I to 2 feet (.61 metre) square in section.

The wood is dark green varying to dark chestnut in color,

sound, straight-grained, strong, elastic, and tough. It is very

heavy, having a specific gravity of about 1.15. When broken,

it yields suddenly and completely. It is also very durable,

resisting both weather-wear and the attacks of insects re-

markably well.

It is used for ship-work, engine-keelsons, beams, and piles.

95. Rosewood [Amyris balsaniiferd) is a native of tropi-

cal America, the best wood coming from Brazil.

It is the most beautiful and highly prized of the dark or-

namental woods. Its color is a very dark brown, or nearly

black, shading off in spots into a deep, rich, brownish red, and
presenting a beautiful variety of color and of patterns in its

grain. It is hard and heavy, rather difficult to work, and takes

a beautiful polish. It is largely used in the form of veneers.

96. Timber is measured, when bought in market, either by
the cubic foot or by board measure. The unit of the latter

is the square foot of one inch thickness, and is denoted by
the abbreviation B.M.

Sawed or hewed timber is often measured by the cubic

foot. Round timber is measured by multiplying the length

by the square of one-fourth its mean girth to obtain the cubic

contents. (Ordnance Manual)

If Z = the length in feet, and C the mean circumference

of the log, i. e., the half sum of the girth at the ends, al3D

measured in feet, the volume in cubic feet.

4^ 13
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Where the length is in feet and the girth in inches, find

the value as above, and divide by 144 to obtain the number
of cubic feet.

Oak timber should measure in the shortest logs one foot

or more in length for each inch in diameter. Timber sup-

plied for general purposes is usually cut to a standard length

for convenience of measurement.

CUPRESSUS Sempervirens.



CHAPTER III.

STRENGTH OF TIMBER

;

Its Special Adaptations and its Preservation.

97. The woods vary immensely in strength, and even in

the same kind there may be a great variation among several

specimens, arising from differences of age, and of climate,

soil, exposure, seasoning, any circumstances, in fact, which

may differently affect each individual tree. Wherever a

definite statement of strength is hereafter given, it will be

understood that it applies to well-preserved and well-seasoned

mature specimens of the kind referred to.

As a general rule, the heart-wood of the tree is strongest

and most uniform in character. If the tree has begun to

decay while standing, however, the heart-wood is first affected.

A tree, sound when felled, decays externally first, the sap-

wood usually rotting away much sooner than the heart.

The pines are rich in resin, which is an excellent preserva-

tive, and as it abounds principally in the heart-wood, knotty

portions of these trees are almost indestructible by exposure

to the atmosphere. It is evident that experience and excel-

lent judgment are required to determine when the tree has

arrived at just the proper age to yield the best and strongest

timber. After the tree has been felled, the strength of its

wood is largely influenced by the method of seasoning. If

this be done gradually and thoroughly, the seasoned wood is

far stronger than the green ; sometimes it is of double strength.

If seasoned in oil, as described in the section (§41) on sea-

soning, the strength of hickory has been found by Mr. Geo.

H. Corliss, who first made the most successful experiments,*

to be upwards of fifteen per cent, greater than good speci-

mens seasoned in the usual manner. This is confirmed by
Him, who found a gain due to this process of from ten to

twenty per cent, with various woods.

76
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Different portions of the same timber may vary consider-

ably in strength in consequence of the existence of defects,

as knots or shakes, or spots where decay has commenced.

A comparison of the results obtained with the best of tim-

ber, as given by experiments, will serve, however, as a toler-

ably reliable guide in estimating the value of the material

which it may be proposed to use. (See Appendix, page 296.)

98. Limit of Elasticity.—All materials of construction,

when forcibly distorted, will yield in a degree which is within

a certain limit, very nearly proportional to the forces exerted

upon them. This limit can usually be taken as that at which

the ratio of the amount of distortion to that of the distorting

force suddenly changes, the rate of distortion largely increas-

ing ; it is not always well defined.

It is, as a rule, reached earlier with brittle than with elas-

tic materials. With timber. Barlow found it to be reached

in tension when about one-third of the breaking weight was

applied ; Kirkaldy, in experiments on good wrought iron,

found this limit to be at about one-half the ultimate strength

of that metal.

The experience of the author, and of other experimenters,

indicates this elastic limit to occur at no constant value, but to

vary with every material, and with almost every variation of

quality in the same material. In hard and brittle materials

fracture often takes place before the elastic limit is reached
;

in soft and ductile substances frequently no elasticity is ob-

servable, and in most cases this change occurs so gradually

that the limit is not accurately determinable. Wrought iron

and " low " steels are the only metals which exhibit it plainly.

In the former the limit is usually found at about one-third the

ultimate resistance.

The writer has proposed to call this point the apparent

elastic limit, since it has been found that a slight set takes

place under every load, and that, therefore, there is no real

elastic limit in the strictest sense in which that term has been

used.

Beyond this limit, distortion becomes more rapid, and

finally a point is reached at which the body is torn asunder
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whatever its ductility, the resistance becoming less and less

until rupture is complete.

99. A Permanent Set takes place if the material is strained

beyond the elastic limit, and it occurs at a point which is

reached much earlier with some materials than with others.

Materials strained to this extent are not necessarily weak-

ened by the stress. It is, however, always considered advis-

able not to subject them to stresses which are likely to pro-

duce set.

The observable set apparently occurs with some materials

as a consequence of the application of loads which are so

light as to make it appear certain that this set may, in such

cases, be produced without permanent injury to the mate-

rials.

The author has shown that permanent set, even approach-

ing the limit of resistance to rupture, does not in some cases

—usually in iron and steel—injure the capacity of the mate-

rial to bear dead loads.*

It is supposed by some authorities to be not improbable

that in many instances the sets might be reduced after some

time, were the material left unstrained, and therefore that

such are not properly permanent sets.

100. The Coefificient or Modulus of Elasticity is the

ratio of that force which would be required to produce a cer-

tain change of form, to the amount of that distortion, whether

produced by compression or extension, the distortion in all

cases being within the elastic limit.

Were elasticity perfect, this quantity would be the quantity

of force required to shorten or to lengthen a piece of the

given material an amount equal to its original length, its

original cross-section having an unit of area.

Let

K = section of a bar of prismatic form,

/ = its length,

A = the total elongation or compression,

* Trans. Am. Soc. C. E., vol. III. st seq.\ Journal Franklin Insi., 1874;

VanNostrand's Eng. Mag., 1874 I
Meta/liirgical Iieview,Vos. i, 2, 3, 1877, etc.
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P=i the total force producing that elongation or com-

pression :

Then,

j^ = force exerted on a unit of section,

— = the change of length per unit of length,

and, from our own definition, we will have

:

^ P X PI , .

^=k^J = kT ('^-

Where British units are used, it represents the number of

pounds per square inch of section required to elongate or

compress a bar one inch for each inch in length ; or, recipro-

cally, -^ represents the fractional part of an inch which each

inch in length is elongated or compressed by a force of one
pound per square inch of section within the elastic limit.

By the use of this formula the coefficient of elasticity for

any material can be readily determined from the results of

experiment.

lOl. The most extended and accurate experiments upon
the woods were made by MM. Chevandier and Wertheim,

on timber grown in the department of Vosges, France.

Their conclusions were substantially as follows :

Age affects very slightly the density of timber.

Age and exposure have a marked influence on cohesion.

Age diminishes the coefficient of elasticity after the tree

has passed maturity.

The nature of the soil, and the locality in which the tree

is grown, affect this coefficient. Trees grown on dry soils in

northern, north-eastern, and north-western exposures furnish

timber which has the highest coefficient. Muddy or wet soils

with southern exposure give the lowest.

The season in which the tree is cut has no apparent effect

upon the coefficient.
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In fir, the thinner the annual layers, the greater the coef-

ficient of elasticity. In other woods, no difference was de-

tected, arising from this cause.

Timber has no defined limit of elasticity. One is taken

by some writers, assuming as a limit in extension that point at

which the set becomes jj^'f^ ofthe original length (.00,005 0-

It may be taken, for purposes of estimation, at one-third or

one-fourth of the breaking weight.

102. The following values of E are given by various ex-

perimenters :

TABLE V.

COEFFICIENTS OF ELASTICITY.

Ash
Box
Chestnut, dry
Elm ,

Fir, Baltic

Fir, New England.
Larch
Lignum-Vitse
Mahogany
Oak, English
Pine, Pitch ,

" Red
'

' Yellow
" White

Teak, Indian
Willow

Lbs. on Sq. In.

1,600,000
1,800,000

1,250,000
1,500,000
1,800,000
1,200,000

1,400,000
1,000,000
1,400,000
1,700,000
1,900,000
1,800,000
1,600,000
1,000,000
2,100,000
1,400,000

Kg. on Sq. Centim,

112,480

126,540

91,250
105,450
126,540

84,360

98,420
70,300
98,420
119,510
133.570
126,540
112,400
70,380

147,030
98,420

103. The Resistance of Materials to Distortion and
Rupture is thus classified :

(i.) Longitudinal

:

a. Tensile, resisting pulling apairt

;

b. Compressive, resisting crushing.

(2.) Transverse :

a. Bending, resisting cross-breaking

;
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b. Shearing, resisting shearing or cutting
;

c. Torsional, resisting twisting.

The ^^factor of safety" is the ratio by which the ultimate

resistance to fracture exceeds the proposed load ; for timber

it may, under ordinary conditions, be taken as a minimum,
under:

Static, or " dead " load 5

Moving, or " live " load 10

Impact, or shock 10 to 20

The latter, in important work, should always, however, be

made a subject of examination after calculation of resili-

ence, and must sometimes depend on the method of strain.

The proof load, or that to which the timber in a structure

is tested, should usually be below the elastic limit.

104. The Tensile Strength of timber has been very

carefully determined for all useful varieties.

The Modulus of Strength, or of Tenacity, for any material,

is the amount of tensile force, in pounds or kilogrammes, re-

quired to pull apart a bar having a cross-sectional area at the

point of fracture of one square inch or square centimetre.

Let

K = the section of the bar,

T = the modulus of tenacity, and

P = the force required to pull it asunder.

Then

P=TK . . (2); K=^ . . (3); r= J . . (4);

from which any one quantity may be found, where the others

are already known.

105. The following values for T' have been collated from

different authorities, the pull being always with the grain.

The maximum figures are for mature heart-wood, well sea-

soned and well preserved.

6
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TABLE VI.

CO-EFFICIENTS OF TENSILE RESISTANCE.

Ash
Birch, Black
Beech
Box •.

California Spruce
Cedar, Bermuda

" Guadaloupe
Chestnut

" Horse
Cypress
Elm
Fir (New England Spruce).
" Riga

Greenheart
Holly ,

HTickory, American
Lancewood
Larch
Lignum-Vitae
Locust
Mahogany, Honduras

" best Spanish. .

,

Maple
Oak, American Live
" •' White
'

' English
" best English

Oregon Pine
Pear
Pine, Pitch
" Red
" White ,

" Yellow
Plum
Poplar
Spruce
Teak
Walnut, Black
Willow

BRITISH.
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For large timber the tenacity as given in the table, should

be reduced 25 or 30 per cent.

In bridge work it is usual to assume the value of T at

10,000 pounds (703 kilogrammes per square centimetre), and

to use a factor of safety from 8 to 10. In roofs, or other

structures sustaining loads not subject to vibration, six may
be adopted, thus making the actual stress in bridge work
from 1,000 to 1,250 (70 to 88 kilogrammes per square centi-

metre); and, in roofs, about 1,700 lbs. per sq. inch (120 kilo-

grammes per square centimetre) of cross-section, where most
severely strained. Yellow pine is generally used.

106. The Resistance to Crushing Force is, with tirh

ber, largely dependent also upon the conditions of its growth,

seasoning, and preservation ; and upon the part of the tree

from which it is obtained, as well as upon the form and pro-

portion of the specimen.

Where the pieces tested are blocks, having a height that

is not very many times their diameter or least thickness,

wood yields to compressive force by simple crushing.

Where long columns are acted upon, they yield by bending
and cross-breaking. Pillars of intermediate height give way
by combined crushing and cross-breaking.

Where true crushing occurs, it is assumed that the resist-

ance is the same as that to extension, within the limit of

elasticity, although this is known not to be strictly true. This

resistance also varies as the area of the cross-section.

Let P = the crushing force,

K= the area of cross-section, and

C = the crushing stress for a unit of section,

we shall have
P=CK (5).

In this case C represents the Modulus, or Coefficient of

CrushingResistance, and its value is found to be approximately

constant where the length of the piece is less than ten, and

sometimes less than twenty or thirty, times its least dimension.

107. The Modulus, or Co-efficient of Stress, is, then,

C=J (6),
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when the force P does not crush the piece. It measures the

stress on a unit of cross-section.

The following Moduli of Crushing Strength are deduced

from experiments upon pieces one inch (2.54 centimetres) in

diameter, and two inches (5.08 centimetres) long.

Hodgkinson found the compressive strength of wet wood

to be frequently less than half that of dry.

TABLE VII.

COEFFICIENTS OF RESISTANCE TO CRUSHING.

[In direction, parallel with fibres.]

Alder
Ash
Beech
Birch

'

' English
Box
Cedar
Cherry
Chestnut
Elm
Greenheart
Hickory
Larch
Locust
Lignum-Vitse
Maple
Mahogany, Spanish
Oak, English

'

' Live
" White

Pear
Pine, Red
" White
'

' Yellow
Spruce
Teak
Walnut, Black

White . . .

.

Willow

Lbs. per Sq. In.

6,000 to 7,000
4,600 " 8,000
8,000

'

6,000 '

5,000

4,000
'

5,000
4,000

'

8,000
'

10,000
'

8,000

3,000

7,500
8,000

5,000
7,000
6,500

'

8,000

5,500

6,000

3,000

6,500

4.500
6,000
5,600

7,500
3,000

g,ooo
10,000

6,500
8,000 " 10,000

6,500
6,500
4,800
10,000

14,000
g,8oo

5,500

9,500
9,600
6,000
8,000

10,000
10,000

8,000

7,500
7,500
6,000
10,000

6,000
10,000

7,000

9,000
6,000

Kg. per Sq. Cm.

422 to 492
323
562
422
352
562
281

352
281

562

703
562
211

527
562

352
492
457
562

587

537
422
211

457
316
422

394
527
211

562

633
703

457
703

457
457
337
703

984
689
387
668

675
422
562

703
703
562

527
422
703
422

7P3
492
633
42%

In many cases it will be noticed that the tensile strength

of wood is double its resistance to crushing, even in short

pieces.
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In tests hereinafter referred to the author has found the

following coefficients of compression, material tested dry :
*

COEFFICIENTS OF RESISTANCE TO CRUSHING.

California Spruce.
Oregon Pine

BRITISH.

g,2ooto 12,800

9,200 " 11,500

METRIC.

647 to goo

647 " 808

Across the grain, the resistance to crushing is from i ,000

lbs. per square inch (703 kilogrammes per square centimetre)

upward, with various ordinary woods, but very few experi-

ments have been made to determine it.

A pressure of 1,000 pounds per square inch (703 kilo-

grammes per square centimetre) indents white pine .1 inch

(.25 centimetre)
;
yellow pine, .004 (.01 centimetre) ; and

the hard woods to an extent which is too slight to be de-

tected.

108. Long Pillars yield by bending. A long series of

experiments were made by Hodgkinson, and his principal

deductions were the following

:

Flat-ended pillars, of considerable length in proportion

to their diameter, offer about three times the resistance of

similar pillars with rounded ends.

One end being rounded and the other flat, the pillar has

a strength which is the arithmetical mean between the pre-

vious two cases.

Both ends being fixed in one case, and both rounded in

another, the cross-section being equal, a pillar of a given

length in the second case has no more strength than one of

double that length and of the first form.

The strength of a pillar may be increased one-seventh by

enlarging it in the middle.

109. Hodgkinson's Formulas ; Gordon's.—Hodgkinson

* Some of the best experimental work on the strength of American woods has

been done by Mr. R. G. Hatfield, and the results are published in the Ametican

House Carpenter, John Wiley & Son's, publishers.
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deduced from experiment, for the formula of Euler, for square,

flat-ended, oak timber

:

P = 10.95 -^2- (7).

and for red pine,

/'=7.8i^ (8),

in which
P = crushing weight in gross tons,

d = thickness of the pillar in inches,

L = length of pillar in feet.

Where the pillar is less than thirty, and more than four

or five diameters in length,

W= —^ (q),P+Y^CK ^^''

where
W = strength of the column in gross tons.

P = the strength given by the preceding formulas (7

or 8).

C = the modulus of crushing resistance given in the

table.

K = the area of cross-section in square inches.

A more usual formula is, in form, that of Gordon, some-

times called Rankine's. Rankine's modification of the latter

is the following ; the crushing weight in pounds

:

in which S is the sectional area in square inches, a and/ con-

stants, and / and d the length and diameter in inches. He
gives for the value of a and /, for timber, 188 and 7,2Cxd

respectively. The experiments of C. S. Smith give, for well-

seasoned yellow pine, /= 5,000, a = 250. ,

Morin adopts Euler's rule

:

/" = ^ y, ,

in which P' is the load in kilogrammes, d the diameter in cen-
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timetres, and / the length in decimetres. A is taken for pine

timber at 160 for a safe load. This value of A varies with the

modulus of resistance to compression.

It is a good practice invariably to limit the load on col-

umns and other struts, to that which fails to cause perceptible

flexure, and never to exceed that which causes deflection to

a degree beyond which a great increase may be expected to

occur with comparatively little additional load. This latter

point is reached with from one-third to one-half the breaking

load.

In making struts of timber, Laslett states that his experi-

ments indicate that the ratio of area of cross-section in square

inches to length of inches, should not be less than from about

0.8 to i.o (using metric measures, cross-section in square

centimetres = 2 length in metres), and that a resistance to

crushing may then be anticipated of nearly the maximum
obtained with cubic specimen, which conclusion is also

reached by later experimenters. The relative values of timber

and iron for columns are not far from the ratio of i to 10.

It is sometimes necessary, in very long columns, to secure

stiffness, as well as strength. The following formulas are

given in Tredgold's Carpentry, for pillars above thirty diam-

eters long

:

(/*W — A -yy fo"" square pillars .... (lo).

d t^W — A —'y^— for rectangular, and
L

d*W = A j^ for cylindrical pillars,

where

W = safe load in pounds,

^, t, and d = the breadth, thickness, or diameter in inches,

L = the length in feet.

The value of the coefficient A is about 1,500 for beech,

chestnut, elm, and white pine; 2,000 for ash and mahogany;

2,500 for teak and Dantzic oak, and 2,200 for red pine.
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110. Columns for Mills.—During the year 1881, Prof.

Lanza,* of the Massachusetts Institute of Technology, con-

ducted a series of experiments on full-sized wooden columns,

for the purpose of determining what shape and proportions

were best adapted for the support of mill flooring.

Two series of tests were made, also, to determine the

actual crushing strength of the wood used, with the following

results

:

RESISTANCE TO CRUSHING.

Average crushing strength of Yellow Pine.

White Oak.,
" " " Whitewood .

KG. PR. SQ. CM.

307.5
232.6
210.6

These figures are deduced from the tests of unselected

material, and therefore fall considerably below those ordin-

arily given.

For comparison with the above the following tables, of re-

sults obtained at the Watertown Arsenal, will be found in-

teresting :

TABLE VIII.

CRUSHING STRENGTH OF YELLOW PINE,

Very Straight Grained, Twenty Years' Seasoning.
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TABLE IX.

CRUSHING STRENGTH OF YELLOW PINE.

Very slow growth.

ARSENAL
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Thus we have the following average values for crushing

strength of yellow pine :
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lus may be greatly reduced. Where, for example, the sec-

tion is long and narrow, it will yield far more readily when
attacked at the narrow, than when the shearing begins on the

wider side.

The following values of the Modulus of Shearing, are given

by R. G. Hatfield for cases where the force acts along the

grain, and parallel with the fibres :

TABLE XIII.

COEFFICIENT OF DETRUSIVE SHEARING.

Chestnut.
Hemlock.
Locust. .

.

Oak

BRITISH.
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TABLE XV.

RESISTANCE TO TRANSVERSE SHEARING.

Ash
Beech
Birch
Cedar, White.

" C. Am.
Cherry
Chestnut
Dogwood
Ebony
Gum '. . .

.

Hemlock

LBS PER
SQ. INCH.

KGS. PER
SQ. CM.

6,280

5.223

5,595
1,372 to 1,519
3,410

2,945

1,535
6,510

7,750
5,890
2,750

440
1 366
.392

96 to 107

239
206
108

456

543
413
193

Hickory
Locust
Maple
Oak, White. .

.

'

' Live ....

Pine, White .

.

" Yellow.
Poplar
Spruce
Walnut, Black
Walnut, White

LBS. PER
SQ. INCH.

6,045 to 7,285

7,176

6,355
4,425
8,480
2,480

4,340 to 5,735
4,418

3,255

4,725
2,830

KGS. PER
SQ. CM.

2310511
503

445
310

595
174
304 to 402
310
228

331

199

Fairbairn found that the resistance offered to forcing a

ball three inches (7.62 centimetres) in diameter, through three-

inch (7.62 centimetres) oak plank, was about the same as

with quarter-inch (.63 centimetre) boiler plate, 17,000 pounds

(7,727 kilogrammes).

112. Rupture by Cross-breaking more frequently occurs

with timber than any other kind of rupture, owing to the

fact that it is more usually subjected to cross strains in situ-

ations where it is generally applied.

The relation between the stress and the character of the

molecular change which it produces, has been made a subject

of frequent mathematical investigation from the time of Ga-
lileo, who seems to have been the first to attack the problem
analytically. " The strength of a beam at the elastic limit is

equal to the strength of the material in compression."*

113. Formulas for Cross-breaking.—The following for-

mulas have been derived for solid beams of rectangular sec-

tion

:

In these expressions i? = a constant coefHcient, and rep-

resents the stress on the fibre most distant from the neutral

axis on that side which first gives way; /= the length, and b

and d= the breadth and depth of the beam in question. W
represents the distributed load on the beam, and P a single

force applied at a given point.

B. E. Fernow : Proc. Am. Inst. Arch., 18
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; For a beam firmly fixed at one end, and loaded at the free

'.extremity

:

\

"-^ (')•

Same beam uniformly loaded,

W= ^^f (12).

Beam supported at both ends, loaded in the middle.

Same beam uniformly loaded,

W=^ (14).

Same beam uniformly loaded, and also loaded in the

middle,

2P + W=^^^f (15).
3/

p^2RM^_W
3/2

W = ^-^-2l> (17).

Beam fixed at both ends, loaded at the middle,

/'=*f^ (.3).

Same beam uniformly loaded,

„. 2,Rbd^
, ,^=^7- ('9).

Same beam with uniform load ; at end section,

12 6
Wl = -^— (20).
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Same beam, same load ; at middle section,

— IVl = ^— (21).
24 6 ^ ':

It is seen that in such beams the strength is proportional

to their breadths, and to the square of their depths, and is

inversely as their lengths.

Where this beam is fixed at both ends, it is found in all

actual cases that the formula gives it credit for more strength

than it really has, and that it is more liable to break in the

middle than at either end, although the analysis w^hich deter-

mines the formula indicates that this liability is the same at

each of the three points. Barlow has therefore recommended
for the special case that formula (18) read

:

I '

as more nearly approaching the conditions of eveiy-day
practice.

The discrepancy probably arises from the fact, that in

practice the beam is not perfectly " fixed " in the sense in

which that word is used above.

114. The Neutral Axis of a beam is that line of particles

which, under the given transverse stress, is not subjected to
either tensile or compressive longitudinal strain.

115. The Modulus of Rupture is a quantity which is rep-

resented in the formulas by R, and is determined for each
material by experiment.

It represents the stress upon a unit of area of cross-section

of the fibre farthest from the neutral axis on the side which
gives way, and at the instant of breaking under transverse
stress. Although it would seem that it should be equal to

the tenacity of the material where rupture occurs on the ex-

tended side, and to the compressive strength of the material
where the beam yields by crushing, it is found by experi-
ment to be intermediate between the two values in all cases.

Thus, with oak having a tenacity of 17,000 pounds per square
inch (1,190 kilogrammes per square centimetre), and a
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strength to resist crushing of 9,500 pounds (665 kilogrammes

per square centimetre), the value of R has been found to be

about 10,000. With ash, the same quantities are respectively

17,000, 9,000, and 12,000 pounds per square inch.

116. The following values of R, the modulus of rupture, in

(11) to (21), have been determined by various authorities, and

are given as close approximations for timber in good condi-

tion. The units are pounds and inches, kilogrammes and

centimetres.

TABLE XVI.

MODULI OF RUPTURE OF WOODS.

Ash
Beech
Birch, American
Box
Cedar, West Indian. .

.

United States..

Chestnut
Ebony, West Indian. .

.

Elm
Fir, New England ....

" Riga
'

' Norway
" American Spruce.

.

Greenheart
Lancewood
Larch, European

" American

BRITISH.
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Beams of the same material vary greatly in strength, and

they sometimes break under one-fourth the load correspond-

ing to their coefficients as above given, even when apparently

sound. A large factor of safety is hence advisable.

Il8. A solid cylinder varies in strength as the cube of its

diameter. The formula for this case becomes, where fixed at

one end and loaded at the other,

(22),
1.7 X 6 X /

and if uniformly loaded this value P is doubled. Supported

at the ends and loaded in the middle, P becomes quadrupled
;

supported at both ends and uniformly loaded, it is eight

times as great.

A beam supported at one end, fixed at the other, and

loaded uniformly, has the same strength as the last case, as

has also a beam fixed at both ends, and loaded in the middle.

When fixed at both ends and uniformly loaded, the value of

/'is twelve times as great as in the first of the preceding

cases. The latter statement of the relative strength of beams
differently placed is correct for all solid beams.

A wooden beam of triangular section, supported at both

ends, is about one-sixth stronger with its base upward than

with its base downward.

The strongest beam of rectangular section that can be cut

from a round log, has a breadth proportioned to its depth,

as -y/a is to i, or nearly as 7 to 5. Such a beam is ten per

cent, stronger than the beam of square section that might be

cut from the same log. The most resilient beam has its

breadth and depth equal. Placing the beam with its annual

layers in the plane in which the load acts increases its resist-

ance in the proportion of 8 to 7 nearly.

The following, in British measures, are the dimensions

and safe distributed loads of sound pine beams, for each inch

of thickness, as used in ordinary work.

In metric measures the loads are approximately metric

'^tonnes" of 1,000 kilogrammes, for depths in centimetres as

given, and per ]^ decimetre width.
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TABLE XVIII.

LOADS ON YELLOW PINE BEAMS.
SAFE UNIFORMLY DISTRIBUTED LOADS IN TONS OF 2,000 LBS. FOR RECTANGU-

LAR BEAMS ONE INCH IN THICKNESS.

s
H
Z
O

2
>!!

en
Id

M
o
2
z

K
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119. The Stiffness of Beams varies as their breadths,

and as the cube of their depths.

As the strength only varies as the square of the depth, it

follows that large beams will be found to bend less, before

breaking, than will small beams. From this fact, also, it

happens that it becomes necessary, with flexible wood of

comparatively small scantling, to proportion them to bear a

given load with a certain limited deflection, rather than with

reference to their absolute strength. In using any material

the necessity frequently arises for employing formulas, ex-

pressing stiffness rather than strength, in order to secure the

requisite rigidity of parts.

The stiffest beam which can be cut from a round log has

its breadth and depth proportioned as i is to V 3 , or nearly

as I to 1.732 = -577+ to i.
,

120. Formula for Flexure.—The following formula rep-

resents the flexure of beams of rectangular section, lying on

two supports, and loaded in the middle :

Let D = the deflection, in inches or centimetres,

L = the length between bearings, in feet or metres,

P = the weight, in pounds or kilogrammes,

b and d = the breadth and depth, in inches or centimetres

:

r, CPD , .

^ = -7^ ^^3).

C is a constant determined by experiment for each mate-

rial. On page 99 are its values as given by the best authori-

ties. In metric measure C^ = C V. 8000, nearly.

It is generally assumed that timber should not be loaded

to a deflection greater than -j^tj'" its length. In such cases,

3oZ> = Z, and, substituting this value, we get from (23),

British measures

:

^ bd^ J 7> bd"" , '

and P = —Y^z=. . . . (24).

Where beams are fixed at one end and loaded at the

other, they deflect 16 times as much as when supported at
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both ends, and loaded in the middle.* Hence, for this case,

the values of C above given must be increased in this pro-

portion ; the formula then becoming

D^ \6PDC
(25)-

TABLE XIX.

COEFFICIENTS OF DEFLECTION.

Ash
Beech
Birch
Cedar
Cherry
Chestnut

'

' Spanish
Elm
Fir, Am. Spruce .

" Norway
Larch

0.00030
o . 00030
0.0C030
0.00030
0.00040
0.00025
0.00050
0.00030
0.00025
0.00025
0.00030

2-5
2.5

^•5
2.5

30
2.0

3-5
2.5
2.0
2.0
2.5

Maple
Mahogany, Spanish .

'

'

Honduras
Oak, minimum. . .

.

" maximum. .

.

" mean value.

.

Pine, White
" Pitch

Teak
Walnut
Willow

o . 00040
o . 00030
0.00025
0.00025
0.00050
o . 00040
0.00025
o . 00030
o . 00030
0.00025
0.00060

3-0

2.5

2.0

2.0

4.0

3.0
2.0

3.5

2.5

2.0

5-0

If, in this latter case, the load should be uniformly dis-

tributed, the formula becomes

:

D = 0.625 CPP
. . (26)

;

D =.
12PPC
bd""

(27)-

The formulas just given for the deflection of beams are

those most generally used. A less simple, but possibly more
accurate formula has been proposed by Prof. W. A. Norton,

and is well supported by the experiments from which he de-

duces it. A = the deflection of a piece supported at the

ends, loaded at the middle (/, b, d are in inches):

^ = PP ^H
AEbd^ bd'

(28).

C is given at 0.0,000,094; E = 1,427,965 pounds for pine.

* Trautwine gives 24 for beams as fixed in practice.
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121. Beams should be made as deep as possible, pro-

vided they are not made of such depth as to be liable to over-

turn and break sideways. A formula to determine the proper

proportions of section is the following, which is given for use

in general practice

:

^ = 0.6—^ ^^^^

The stiffest rectangular beam that can be cut from any
cylindrical log has its thickness equal to one-half the diam-

eter of the log. Beams of square section are equally stiff in

whatever direction they may be bent. A beam fixed at both
ends has twice as great stiffness as one merely supported.

In framing, therefore, the joists should be made of as great

length as possible, in order that they may extend over the

greatest number of supports ; and they should invariably be
notched over the latter, where possible.

122. Working Loads for Floor-beams.—C. J. H. Wood-
bury, of Boston, Mass.,* gives the following formulas, deduced
from experiments on beams used in mill floors. The meas-
ures, as will be seen, are all British

:

Let h = depth of beam, inches.

b = breadth of beam, inches.

d — deflection, inches.

/ = span, feet.

s = width of load, feet.

w = distributed load per square foot of floor, includ-

ing its own weight, lbs.

u = weight of floor per square foot, lbs.

w' = distributed load upon square foot of floor, not

including weight of floor, in lbs.

W = concentrated load on floor, lbs.

R = modulus of rupture, lbs. per square inch.

*See a paper read before the American Society of Mechanical Engineers

(l88l), and Eire ProtecHon of Mills, by C. J. H. Woodbury ; N. Y., J. Wiley &
Sons, 1882.
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E = modulus of elasticity, lbs. per square inch.

/ = factor of safety, in units.

Assuming the following data

:

SOUTHERN PINE. SPRUCE.

E = 2,ocx),ocx), 1,200,000;

R = 12,960, io,o8o.

That in storehouse floors,

/ — 6, for fixed loads ; 2/ = 12, for live loads.

The limit of d in mill floors, .075 inch per 8 feet, say

fjTT span. For 25 feet beams, same curvature = about .75

inch = j^ span.

We find : In a beam loaded at centre and supported at

ends.

„ _ iSW/+gwP _ 432 WP
(30).

w=

Strength of beams. Load uniformly distributed

:

Strength of floor plank Load in bulk (as grain):

^fp V zwf V aR

Strength of floor plank. Load in case or bale

:

^-
12// ''-y ^f{4w'+uy

(32).

h= . hfi\Aw' + «) .... (33>
4R



I02 THE NON-METALLIC MA TERIALS OF ENGINEERING.

Then in a storehouse, with floors of spruce plank ; beams

of Southern yellow pine, 8 feet between centres, and height

of beam = twice breadth.

The strength of beams :

Strength of floor plank

:

4 V 4w + « V 35
^^^'

Deflection of beams :

, 27owj/* Ebl^d
, ^ y 2yowsl*

, ^.

Deflection of floor plank one bay in length—a form of con-

struction not advised :

45w/^ 2Edh^
,

^ A^wl^ , .

Deflection of floor plank two bays in length :

, 2%wl' },Edh^
,

y28W*
, „,

123. Torsional Strains rarely occur with timber, and but

little has been definitely known, until recently, of the value

of the different woods to resist this kind of stress.
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Rupture by torsion will take place by shearing the fibres,

if the planes in which the opposing couples producing rupture

act are identical in position, or nearly approach each other.

If these planes are more widely separated, the beam will be

broken by combined shearing and tension of the fibres, or

even, in extreme cases, by tensional stress alone.

The angle of torsion is that angle through which a fibre

will be turned by the twisting force where the fibre is a unit

in length, and is situated at a unit's distance from the axis.

The total angle of torsion is the angle which measures the

relative angular motion of the torsional and resisting lever

arms.

The coefficient of elastic resistance to torsion is the force re-

quired to turn a hollow shaft of the given material, a unit

of area in section, and a unit in length, through an angle,

unity, mean radius = unity.

Let a = total angle through which a radius is twisted,

c^

^ = the angle of torsion, = —

,

I = the length of the part twisted,

a = the lever arm of the twisting force P,

r = the radius of the cylinder,

2
^ = a coefficient used in (39) and equal to —^ ,

G — the coefficient of elastic resistance.

Then
„ a 2Pa vPo- , \

From these equations we get

„ 2Pa 2Pal , ,

and hence by experiment we can determine G and /.
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The following values were determined in British measure

by the Author, who used a machine designed for the purpose

which recorded its own action by pencilling a curve whose

abscissas represented twisting moments, and whose ordinates

represented the corresponding values of ^.*

TABLE XX.

COEFFICIENTS OF TORSION.

Ash...... ....

Cedar, Red. .

.

Chestnut
Hickory
Locust
Mahogany.. .

.

Oak
Pine, Spruce. .

.

" Yellow..
•• White...

Walnut, Black,

ft

410,000
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The following values for A have been determined by the
Author by experiments with recording apparatus, and for the
simplified equations

'-^^ (42), and P = -j- (43).

TABLE XXI.

COEFFICIENTS OF TORSION.

Ash
Cedar, Red
Chestnut
Hickory
Locust
Oak
Mahogany, Spanish.

S

.328

,244

,296

,644
.648

.424

•524

41.0
30.5
37-0
80.5
81.0

53-0
65-5

Black Spruce. .

.

Heart
Sap
Pine, Spruce . .

.

" White...
" Yellow. .

.

Walnut, Black.

.216

.264

.316

.185

.412

27.0
33-0
39-5

23.1

51-5

Cauchy makes C about four-fifths the value of the coeffi-

cient of transverse rupture ; but this relation must probably

be variable.

125. Resilience^ as the term is here used, measures the

power of resisting shock. It is the amount of work per-

formed, or of energy expended, in producing distortion

or rupture, whether by steadily applied stress or by im-

pact.

Resilience is measured by the sum of the products of all

resistances into the distance through which those resistances

act. Its value depends—in tension, upon tenacity, elasticity,

and ductility ; in compression, upon compressive resistance,

elasticity, and plasticity ; in shearing, upon shearing resist-

ance and elasticity ; in transverse distortion, upon transverse

resistance and flexibility; and in torsion, upon torsional re-

sistance, elasticity, and, to a certain extent, ductility.
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Resilience is frequently expressed graphically by curves,

Fig. 38, whose ordinates, x, are proportioned to the distor-

tions, and whose abscissas, y, are pro-

portioned to the loads. As, up to the

limits of elasticity, the amounts of re-

sistance and distortion may be consid-

ered, practically, to increase uniformly,

and maintain a constant ratio to each

other, the plotted results will show,

Fig. 38. Ad — distortion, ad = load at elastic

limit, and, because of the constant ratio

between distortion and load, Aa will be a straight line. The
elastic resilience will be represented by the area of the triangle

Aad, which area is one-half the product of the load, y,

into the distortion, x.

Elastic resilience is measured by one-half the product of

the load at the elastic limit, in pounds or kilogrammes, into

the distortion due to that load, in inches or metres ; the

result is in inch-pounds or kilogramme-metres.

Beyond the elastic limit, the behavior of the bar depends

upon its peculiar properties, and therefore no general law can

express resilience for all materials. Care must be taken in

applying coefficients, rules, and formulas, to ascertain how far

they are applicable to specific cases. Any one coefficient,

rule, or formula for ultimate resilience can apply only to ma-

terials having similar properties.

The resilience which is expressed by half the product of

the maximum resistafice into the maximum distortion, applies

only to non-ductile materials in which the elastic limit co-

incides with the point of rupture. It gives the resilience of
timber with a fair degree of accuracy. For some very ductile

materials the ultimate resilience will approximate the product

of the maximum load and maximum distortion.

Calling R the resilience at the elastic limit ; /'the load at >

the elastic limit ; and D the distortion under the load,

^= ^r (44).
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If using coefficients of distortion, C, where the actual dis-

tortion is PC,

If the coefficient is the coefficient of elasticity, E, the dis-

p
tortion is ^^, and the formula becomes,E

pi
^ = ^ (46).

The torsional resilience at the elastic limit is one-half the

product of the moment of resistance into the corresponding

angle of torsion. Pa = force x leverage = moment of resist-

ance, a — total angle of torsion (page 103) in degrees, then

j^ Pax a , .

^ = ^— (47).

126. No material is capable of resisting successfully the

shock of a freely moving body, unless possessing resilience

equal in amount to the stored energy of the moving mass.

Elasticity, combined with a wide range of flexibility and with

great strength, gives maximum shock-resisting power. The
resilience of timber makes it valuable as backing for armor-

plate exposed to the impact of heavy shot.

Shapes such as permit distortion to occur throughout the

greatest possible extent of material are best. Bolts and tie-

rods exposed to shock should be given great length, and their

minimum cross-section should extend throughout as much of

their length as possible. Beams of uniform resistance to

cross-breaking should be used if possible when impact is to

be resisted. These are : if fixed at one end and loaded at

the other, either of constant depth and triangular horizontal

section, or of uniform thickness laterally, and of parabolic
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form in the vertical plane ; if uniformly loaded they are in

the vertical plane, a pair of parabolas having a common vertex,

and of uniform thickness, or they are triangular in horizontal

section and of constant depth.

Beams of uniform strength are, if supported at the ends

and loaded in the middle, in plan, a pair of triangles with

common base at the loaded point and of uniform depth, or

they are a pair of parabolas in vertical projection with uni.

form thickness. If uniformly loaded, they are, when of uniform

depth, parabolic in plan, and when of uniform breadth are

ellipses in the vertical plane.

The following table represents the relative amount of work

required to twist off pieces of

the material named, each piece

having been turned down to a

Fig. 3g. diameter of ^^ inch (2.2 centi-

metres) as shown in Fig. 39.

The values given indicate the relative power of resistance to

torsional rupture by shock.

White pine, taken as a standard, is represented by unity.

TABLE XXII.

RELATIVE TORSIONAL RESILIENCE.

NAME.



STRENGTH OF TIMBER. IO9

Spanish mahogany, has great resilience, and is well fitted to

resist shocks.

127. Strain Diagrams of Woods.—The accompanying

diagrams exhibit graphically all the mechanical properties of

the more important woods, as obtained by the use of the

machine producing strain-diagrams automatically (Fig. 40).

It represents the results of average experiments made
upon a considerable number of varieties of wood, the test-

pieces of the form shown in Fig. 39 being used. The diame-

ter of the neck of each piece was 'l/^ of an inch (2.2 centi-

metres).

This size is convenient in consequence of the fact that the

coefficient of ultimate strength for the standard diameter of

one inch (2.54 centimetres) is obtained, with a close approxi-

mation to exactness, by simply multiplying the twisting mo-

ment for each piece by 1.5.

These curves exhibit the relative stiffness, strength, and

resilience of the woods tested. The inclination from the ver-

tical of the straight line, forming the first portion of each

diagram, is a measure of stiffness ; the height of the maxi-

mum ordinate indicates the ultimate strength ; the point at

which deviation from this straight line commences deter-

mines the limit of elasticity, and the area included within

each diagram is proportional to the torsional resilience of

the test-piece.

The fact that the commencement is, in each case, almost a

perfectly straight line, as is well exhibited in the curve a, a, a,

of locust, where the horizontal scale is purposely magnified,

justifies the usual assumption that, up to the limit of elastic-

ity, Hooke's law is correct, and that the angle of torsion is

proportional to the twisting moment.

In most cases the torsional resistance increases with the

total angle of torsion up to a maximum, then, passing the

limit of elasticity, it drops off more or less rapidly, returning

finally to zero. In the brittle woods the fall takes place sud-

denly, while in the tougher and more elastic varieties the re-

sistance decreases very slowly, in some cases vanishing only

after the test-piece has been twisted through a very large angle.
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In the case of black walnut, 6,6,6; locust, ii, ii, ii ; and

in a still more remarkable manner, in that of hickory, lo, lo,

lO, a striking peculiarity is exhibited. In these curves the

resistance increases with the amount of torsion until a maxi-

mum is reached ; the line then drops to a point considerably

below, and thence again rises and passes another maximum,
which, in the case of hickory, is only reached after a torsion

of 75°. The resisting moment then becomes considerably

greater than at the limit of elasticity.

This is due to the fact that in those woods in which it is

noticed, the lateral cohesion is much less in proportion to the

longitudinal strength than in other varieties. In these ex-

amples the first maximum was passed at the instant when,

the lateral cohesion of the fibres being overcome, they slipped

upon each other, and the bundle of, then, loose fibres readily

yielding the curve dropped until, by lateral crowding, further

movement was checked and the resistance again rose until

the second maximum was reached. Here yielding again com-
menced, this time by the breaking of the fibres under longi-

tudinal stress—under that component of torsional stress which

takes a direction parallel with that of the fibres in their new
positions. In these cases rupture never occurs by true shear-

ing in the transverse plane. The fibres part one after another,

the exterior ones breaking first under a tensile stress.

128. Characteristics of Strain Diagrams.—The follow-

ing varieties of wood were subjected to torsional fracture,

and the curves obtained are shown in the plate (Fig. 40)

:

1. White Pine {Pinus strobus)
;

2. Yellow Pine {Pinus australis), sap-wood
;

3. " " " " heart-wood ,

4. Black Spruce {Abies nigra)
;

5. Ash {Fraxinus Americana);

6. Black Walnut {Juglans nigra)
;

7. Red Cedar {Juniperis Virginianus)
;

8. Spanish Mahogany {Swietenia mahogant) ;

9. White Oak {Quercus alba)
;

10. Hickory {Juglans alba)
;
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Locust (Robinia pseudacacid)
;

12. Chestnut [Castanea vesca).

The curves exhibit the relative values of the materials

tested, for the various purposes to which they may be applied.

White pine, i, i, i, yields quite rapidly as the torsional

moment increases, and the considerable inclination of the

line from the vertical indicates its deficiency in stiffness. It

soon reaches the limit of elasticity, and the diagram exhibits

the maximum strength of the test-piece, 15^ foot-pounds

(2.2 kilogrammme-metres). Passing the limit of elasticity and

the maximum moment of resistance almost simultaneously,

its resisting power decreases rapidly, and with tolerable uni-

formity, until, at "a total angle of torsion" of 130'^, it is

twisted completely off. The area comprised within the curve

is comparatively small and it is thus shown to have little re-

silience.

Yellow pine is found by an examination of its curve, 2, 2, 2 ;

3) 3> 3> to have much greater stiffness, strength, and resil-

ience. The sap-wood, 2, 2, 2, is equally stiff in the examples

tested, with the heart-wood, 3, 3, 3 ; but sooner passes its limit

of elasticity.

Spruce, 4, 4, 4, 4, is less stiff than white pine, but pos-

sesses greater strength and resilience ; its moment of resist-

ance reaching 18 foot-pounds (2.5 kilogramme-metres), and
twisting through a total angle of torsion of 200°.

Ash, 5, 5, 5, 5, seems to be weaker and less tough than is

generally supposed ; it is possible that the specimens tested

were over-seasoned. Its most striking peculiarity is its rapid

loss of strength after passing its limit of elasticity.

Black walnut, 6, 6, 6, 6, of the excellent quality and good
condition as regards seasoning, of the samples tried, is very

stiff, strong, a::d resilient, and is but little inferior to oak.

Its resisting moment reaches 35 foot-pounds (4.84 kilogramme- <

metres), and one specimen reaches a total angle of torsion of

220°.

Red cedar, 7, 7, 7, 7, is stiff, but brittle, and loses all power
of resistance after twisting through an angle of 92°. A tor-
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sional moment of 20 foot-pounds only produces a total angle

of torsion of 5° (2.76 kilogramme-metres).

Spanish mahogany, 8, 8, 8, 8, is very stiff and strong. It

is deficient in toughness and resilience, losing its power of re-

sistance very rapidly after passing the limit of elasticity.

White oak, 9,9,9, 9, has less torsional strength than either

good mahogany, locust, or hickory ; but is remarkable for its

great toughness. It passes its limit of elasticity at 15°, but

loses its resisting power very slowly indeed ; we find the lat-

ter almost unimpaired until it has been subjected to a torsion

of 70° ; it only yielded completely at 253°.

Hickory, 10, 10, 10, 10, exhibits in its curve the pair of

maxima already referred to, and has the highest ultimate tor-

sional strength, combined with unusual stiffness and consid-

erable resilience. Its moment of resistance to torsion reaches

a maximum of 58 foot-pounds (8. kilogramme-metres).

Locust, II, II, II, II, has greater stiffness than any other

wood in the list, and stands next to hickory in strength ; it is,

also, very resilient. Three diagrams are given, each of which

possesses its own peculiarities. One specimen is twisted, only

through a total angle of torsion of 4°, by a torsional moment
of 48 foot-pounds (6.63 kilogramme-metres).

When more than one curve is given for the same wood,

the stiffness and ultimate strength are usually very nearly

equal, and the difference between the several specimens be-

comes marked, if at all, in their degree of toughness.

Determining relative stiffness by obtaining values of the

ratio of twisting moment to the total angle of torsion, we ob-

tain the following

:

TABLE XXIII.

RELATIVE STIFFNESS OF WOODS.

1. White Pine x.oo

2. Yellow Pine, sap 2 . 25

3.
" " heart 2.25

4. Spruce 0.67

5. Ash 1.87

6. Black Walnut 2.63

7.- Red Cedar 4.00

8. Spanish Mahogany 3.00

9. Oak 2 . 53
10. Hickory 4-15

11. Locust 5 50

12. Chestnut 1 . 60

129. Wertheim on the Effects of Torsion.—The most
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extended and delicate researches upon the laws of resistance

to torsion were made by M. G. Wertheim.*

His most important conclusions were the following:

(i.) The torsion angle consists of two parts, one of which

is temporary, the other permanent. The latter increases con-

tinually, but not regularly.

(2.) The temporary part increases more rapidly than the

applied moment, up to the limit of elastic resistance, and, in

some cases, beyond.

(3.) The temporary part does not precisely vary with the

length twisted. The shorter the piece, the greater this dis-

proportionality.

(4.) Torsion causes a diminution of volume in homoge-

neous substances, the density increasing from the centre to

the circumference. The diminution is proportional to the

product of the length of the piece, and the square of the angle

of torsion.

These conclusions are deduced from experiments upon

small angles of torsion.

130. Effect of Prolonged Stress upon the Strength

and Elasticity of Pine Timber.f—Experiments made by

Mr. Herman Haupt showed that timber may be injured by a

prolonged stress far within that which leaves the material un-

injured when the test is made in the usual way and occupies

a few minutes only.J An extended series of experiments

made intermittently in the Mechanical Laboratory of the

Stevens Institute of Technology, Department of Engineer-

ing, included an examination of this subject, and the result has

confirmed Haupt's earlier work, and has given a tolerably

good idea of the effect of prolonged stress in modifying the

primitive relation of stress and strain where the wood is good

Southern yellow pine.

A selected yellow pine 'plank was obtained for test, the

_, . *

"^ Annales de Chemie et de Physique, vol. xxiii., ist series, vol. 1., 3d

series.

f From the Proceedings of the American Association for the Advancement of

Science, vol. xxx., Cincinnati Meeting, August, i83i. R. H. Thurston.

% Bridge Construction, N. Y., 1871, p. 61.
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history of which was known. The stick was cut at Jackson-

ville, Florida, in October, 1879, ^^^ received early in the fol-

lowing year, and was piled in the yard, air-seasoning, until

taken for test in the spring of 1880. The plank measured 4
inches X 12 inches X 24 feet (10.16 x 30.48 x 731.52 centi-

metres). When tested, it had been seasoning six months, the

latter part of the time indoors.

From the' middle of this plank a stick was first cut 3

inches x 3 inches X 24 feet (7.62 X 7.62 x 731-5 centimetres)

and from this was cut a set of ten pieces from 40 to 54 inches

long(ioi.6to 137.2 centimetres), and from ij^ to 3 inches

square in cross-section (3.16 to 7.62 centimetres) square.

These latter pieces were tested under various conditions, as

reported, to determine the values of their moduli of elasticity

and rupture.

The moduli of rupture were usually 11,000 to 12,000 for

the expression R = •% (in metric measure, 773.3 to 843.6),

and the moduli of elasticity ranged up to two and a quarter

millions (in metric measure, 10' X 1406 to 1 58175 + 10*). In

specific gravity the wood ranged from 0.75 to i.oo, usually

about 0.85 • When kiln-dried to a moderate extent, the den-

sity was but little altered, if at all, but the modulus of elas-

ticity rose to two and a half millions pounds, nearly, and the

modulus of rupture was increased about 20 per cent.

From the previously unused part of the plank a set of three

test pieces was cut about one inch (2.54 centimetres) square

in section, and tested on supports 40 inches (101.6 centi-

metres) apart, to determine their breaking loads. The result

will be hereafter shown in detail. In these specimens the

annual rings were in the cross-section of each piece, indi-

cated by lines making angles of 45° with the edges. These
pieces broke at 345, 380, and 410 pounds respectively. The
weakest piece broke by splintering, and had it been as sound

as the others would probably also have sustained a somewhat
heavier load. As will be seen by comparison with the other

and with subsequent tests, the deflection of the strongest

piece in the set is exceptionally small, and the piece probably
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exceptionally strong and stiff. We may, therefore, take 375
pounds (170 kilogrammes), or a trifle over, as a good average

for loads breaking pieces of this size.

Nine other pieces were cut and dressed to the same size,

and were mounted on supports 40 inches apart, in a frame

arranged for the purpose in the workshop of the Institute, in

three sets of three each. These sets were loaded thus

:

1st set 250 pounds (113.6 kilogrammes)

;

2d set 300 pounds (136.4 kilogrammes)

;

3d set 350 pounds (158.1 kilogrammes)

;

or to about 60, 80, and 95 per cent, of their probable

maximum strength, as indicated by ordinary test of the com-

panion lot above described. Their deflections were measured

when set, and at intervals subsequently, by means of an ac-

curate micrometer reading to ten-thousandths of an inch.

131. Results of Tests.—The whole set of bars, loaded

most heavily as above, broke within two days ; one bar yield-

ing at the end of a period included between observations

taken at 4^ and 135^ hours from the beginning, the second

breaking at some time between 27 and 30^ hours, and the

third giving way at the end of 43 hours. A load of 95 per

cent, the maximum obtained by usual methods of tests, is

thus shown to be capable of breaking the piece under the con-

ditions here described, and an apparent " factor of safety " of

1.05 is evidently not a factor of safety at all when time is

given for the piece to yield.

The second set, loaded with 0.80 the maximum momentary
weight, all broke, one at the end of about 3^ days, another

after 5 days, and the third at the end of a little more than a

month. It is probable that these differences of time are due
to differences of strength more than to variations of the effect

of time of stress. A " factor of safety "of 1.25 is evidently

not a real factor of safety for wood in such cases as this.

The third and last set of test pieces were loaded with 60

per cent, of the average breaking weight under ordinary test.

Left under this load, the deflection, in every instance, slowly

and steadily increased from about one inch (2.54 centimetres)
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to some considerably larger amount at the end of the period

of investigation. Fortunately, as is indicated by a compari-

son of these initial deflections with those observed under the

same weights when testing the first set, and by their close ac-

cordance with each other, these pieces are all good samples

of a good quality of yellow pine.

The increase of deflection was almost precisely the same
for all for several months, a fact which is of importance^ as

showing not only the gradual progress and steadiness of yield-

ing, but also that no accident produced the final rupture.

Finally, after several months (about 6,000 hours ; the exact

time is uncertain), the piece which had at the beginning

shown most pliability broke completely down. The next

piece to break was that which was intermediate in stiffness

between the two others ; it broke at the end of about 9,000

hours—precisely one year from the date on which the load

was imposed. The last piece of this set still carried its load

of 60 per cent, of the maximum under ordinary test at the

last date, but it was still very slowly but unmistakably yield-

ing, its deflection having increased nearly 0.4 inch (1.016

centimetres) during the preceding five months. It finally

broke July 31, 1 88 1 , about 11, \oo hours after it received its load

(15 months'), which load was, it will be noted, but about 60

per cent, of its estimated—and probably practically correct

—

original breaking weight.*

An inspection of the broken bars gave no indication of re-

duction of strength by decay; the pieces were perfectly sound

and strong, and the fractures showed excellent material.f

132. Comparison of Results.—Comparing the ultimate

deflections attained by the several sets of bars, it was found

that the average under ordinary test was about 1.8 inches

(4.6 centimetres). Under a load of 0.95, that then carried, the

rods broke at a deflection of 2.4 inches (6 centimetres) ; loaded

to .80, the maximum, the deflection became, at the end, 3

inches (7.62 centimetres) as a maximum, and the ultimate de-

* Investigation conducted by J. E. Denton ; observer, A. R. Riesenberger.

t Subsequent tests (1882) by the author, of several pieces of the broken bars

confirmed this conclusion fully.
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flection of the most lightly loaded pieces (70 per cent, the

maximum load) was something less.

The last set being compared with the first, it is concluded

that a load of 60 per cent, the maximum given by the usual

form of test, is for such pieces unsafe, although it would seem

tViat a slightly smaller load might have been carried indefin-

itely, or until decay should weaken the timber. A factor of

safety of two would possibly have permitted indefinite endur-

ance under static load.

Taking the probable breaking load under unintermitted

stress as 50 per cent, that sustained as a maximum under

usual tests, and then applying a factor of safety of two, we
obtain a safe factor, based on the ordinary test, 4.

133- Conclusions.—In brief, the conclusions to be drawn

from the research here described, are evidently that small

sections of yellow pine timber yield steadily over long periods

of time under loads exceeding 60 per cent, the maximum ob-

tained by ordinary tests of their transverse strength, and

finally break after a period, which with the lighter loads may
exceed a year ; that deflections half the maximum reached

under test may be unsafe for long periods of time, and that a

factor of safety of at least 4 should be used for permanent
static loads when the character of the material is known.

The author would, in the light of what is now known,
always use a factor of safety of at least 5 under absolutely

static loads, and when the uncertainties of ordinary practice as

to the exact character of material, and especially where shake

and the impact of live loads were to be considered, would
make the factor not less than 8, and for much of our ordinary

work 10.

134. Conclusions relative to the application of Wood
in Engineering Construction.—From what has been already

learned, and by comparison with that which is hereafter

stated concerning other materials used in engineering, some
conclusions may now be deduced, relative to the value of

wood to resist the various kinds of stress which the engineer

is compelled to meet in his constructions, and for special

applications.
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For pattern-making a light wood is generally desired, ca-

pable of seasoning without checking, and of being easily

worked. For large patterns, white pine or cherry is generally

used ; and for small patterns, where weight is less objection-

able, and where strength, smoothness of grain, and firmness

of texture are more essential, mahogany is taken. For ex-

tremely small patterns, boxwood and ebony are much used.

For turned work, alder, beech, birch, and white pine are

used when an easily worked wood is desired ; for a tough and

fine-grained, clean and smooth-working material, holly is

unexcelled ; it requires, however, great care in seasoning.

Apple, maple, pear, locust, boxwood, ebony, oak, and elm

are all valuable for lathe work.

Black walnut, mahogany, and rosewood are used for orna-

mental purposes, and work well in the lathe as well as at the

bench.

For ordinary joiner's work, the pines are principally used,

and for finer work, maple, black walnut, and mahogany are in

request.

Rosewood and some other tropical woods are generally

used only for expensive work, such as is never necessary for

the engineer to construct.

Where extreme lightness is desired, white pine is gener-

ally used; for purposes requiring a wood both light and

strong, yellow pine is most called for.

135. Woods of Commercial Value in connection with

properties usual or peculiar as named at their heads respect-

ively, are as follows

:

Elasticity.—Ash, hickory, hazel, lancewood, chestnut

(small), yew, snakewood.

Elasticity and Toughness.—Oak, beech, elm, lignum-vitae,

walnut, hornbeam.

Even Grain (for carving and engraving).—Pear, pine, box,

lime-tree.

Durability (in dry works).—Cedar, oak, poplar, yellow

pine, chestnut.

Wet Construction (as piles, foundations, flumes, etc.).

—

Elm, alder, beech, oak, plane tree, white cedar.
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Ship-building.— Cedar, pines (deals), firs, larches, elms,

oaks, locust, teak.

House-building.—Fines, oak, white wood, chestnut, ash,

spruce, sycamore.

Furniture.—Common : beech, birch, cedars, cherry, pines,

white wood. Best furniture : amboyna, black ebony, mahog-

any, cherry, maple, walnut, oak, rosewood, satinwood, sandal-

wood, chestnut, cedar, tulipwood, zebra wood, ebony.

Machinery and Mill-work.—Frames : ash, beech, birch,

pine, elm, oak. Rollers, etc. : box, lignum-vitae, mahogany.

Teeth of wheels : crab-tree, hornbeam, locust, hickory, and

maple. Foundry patterns : alder, pine, mahogany, cherry.

Of the above-named varieties, those that chiefly enter

into commerce in this country are oak, hickory, ash, elm,

pines, black walnut, maple, cherry, butternut, white wood,

etc. No approximate figures even can be given of the

amount annually used in this country.

In parts requiring great strength and toughness, white

oak, hickory, and locust are used.

The first named is used for water-wheel shafts, for places

where lignum-vitae cannot be used, for subaqueous bearings

—as for steps for turbine wheels—and for any position in

which it will be kept constantly wet.

Hickory and white oak are particularly well adapted for

teeth of mortice-gear wheels, as are also maple and beech •

and the former for any dry situations in which their great

strength and toughness are likely to be found requisite.

Locust is selected wfiere strength and toughness are desired,

and where large pieces are not necessary. The last five

woods, and maple and the pines, are those most frequently

used by the mechanical engineer.

In the drawing ofifice, boxwood, holly, and red cedar are

used for the blades of T'-squares, and for rulers, and scales.

Some of the ornamental woods are used for the heads of

/-squares.

Pearwood is found to be well adapted for model work,

and maple for general light work requiring a good surface.

The latter makes good teeth for mortice wheels which are



STRENGTH OF TIMBER. 121

not subjected to very heavy stress. Sour applewood is even

better for the latter purpose, and is much sought by wheel-

wrights for gearing used in dry situations. In presence of

moisture, white oak is the best of all woods for this work.

When wood is required in carpentry, for floor-joists and raft-

ers, the stiff woods are selected ; for carriage-shafts and poles,

builders select the toughest woods, while for tie-beams, those

woods having greatest lateral cohesion and tensile strength

are taken. In building railroad cars, where lightness and

strength should be well combined, pine is preferred above all

other woods.

Tough and cross-grained woods are most difficult, and
therefore most expensive to work ; the most brittle woods are

usually easily worked, the fine-grained woods take the smooth-

est polish, and the surface is best preserved by the harder

varieties.

136. The Figure ofthe Markings ofWood depends more
upon the particular directions of the fibres than upon any dif-

ference of color. If a tree were formed of cylindrical layers,

the horizontal section would exhibit concentric circles, the

vertical section giving parallel straight lines ; and the oblique

section, ellipses. But few trees are to be found exactly straight,

and, therefore, although the three sections have a general

tendency to exhibit the figures described, every bend and
twist in the tree disturbs the regularity of its fibre, and adds

to the variety of grain and ornamentation of the wood. A
perpendicular cut through the heart of the tree exhibits the

most diversified surface, because in it occurs the most profuse

mixture of the fibre, the oldest and newest being presented

in the same plank.

Curls are formed by the confused filling in of the space

between the forks of the branches. The figures thus produced

cause a log to be valuable in proportion to the number of

curls it contains.

Figures are also produced in the following manner. The
germs of the primary branches are set at an early period of

the growth of the parent stem, and thus give rise to knots.

But many fail to penetrate to the exterior, and are covered
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over by later annual rings. When the germ forces its way to

the surface, the fibres of the trunk bend aside when they en-

counter the knot, and in the soft woods do not unite with it.

The hardness of knots is due to the close grouping of the

fibres, and to their compression by the surrounding wood,

which itself is allowed to expand by the yielding of the bark.

The same operation goes on in the roots of trees, and fur-

niture veneers are often obtained from them. The bird's-eye

maple has points or spines on the inside of the bark, which

penetrate the wood and make irregular indentations. These

cause that peculiar appearance from which the wood takes its

name.

In woods, the figure of which resembles the ripple-marks

of the sea on fine sand, such as satinwood, sycamore, mahog-
any, and ash, the figure is produced by the serpentine form of

the grain. The fibres of all such pieces are wavy in planes at

right angles to that on which the ripple is observed, if not on

both, those parts of the wood which receive the light being

brightest.

Woods having silver grain, or marked medullary rays,

exhibit a dappled appearance similar to that produced on

silk by threads crossing one another. English oak, Riga and
Dutch wainscot logs, Austrian wainscot, etc., have this pecu-

liarity. In the oak plank the principal lines are the edges of

the annual rings, which show parallel lines.

Damask pencillings, or broad, curly veins and stripes, are

caused by groups of the medullary rays which undulate from

the surface to the centre of the tree, and creep in betwixt

the longitudinal fibres. Were the fibres of trees arranged

with the uniformity and exactitude of a piece of plain cloth,

they would show an even, uninterrupted color ; but being

arranged in irregular, curved lines, every section partly re-

moves some and exposes others, thus producing a great

variety of figure. •

137. Coloring of Woods.—Some woods are nearly uni-

form in color, and some have several shades of the same hue
or of several colors. In the transverse section of such woods
the tree seems to have clothed itself with different coats of
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various colors. Tulipwood, kingwood, zebrawood, and rose-

wood illustrate this case. In ordinary planks these markings
are drawn out into stripes, bands, and patches, or wavy fig-

ures of beautiful or grotesque form.

Woods variegated both in grain and color are generally

employed for objects with smooth surfaces, as in cabinet-

work. Such are Amboyna, kingwood, mahogany, maple,

partridge, rose, satin, snake, tulip, and zebrawood. Speci-

mens of marquetry often beautifully illustrate the use of such

wood for the purpose of ornamentation. The same style of

work in mouldings has an inferior effect.

The colors of " fancy woods " are not usually liable to

fade by exposure to light, tulipwood being one exception
;

but age darkens them and mellows the general effect. Only
the whitest of varnishes should be laid over them, for the

natural tint will easily be spoiled. The rich greenish brow.i

of walnut is esteemed for piano-forte cases, for which work,

however, rosewood has hitherto been more generally used.

The rich, deep orange of Spanish mahogany makes beautiful

tables and counter-tops, and the size of the timber adapts it

to either use. Honduras mahogany, of a brownish tint, is

used for all kinds of superior cabinet-work, while oak is prin.

cipally employed where durability is a necessity. Pitch-pine

is pleasing in color and figure. Rosewood has very rich tints,

and is much used.

138. Carpentry is the art of construction in wood, and

properly includes several divisions as joinery, cabinet-making,

pattern-making, and ship-construction. The engineer will

find special treatises on each subject which will give full in-

formation relating to trade methods. In this place only the

simplest principles involved in all wood-working can be given.

The fashioning of wood is often done by machinery, and

hand labor is only employed in fitting and in forming special

shapes or in making constructions which are not called for in

such quantities as to justify the building of special machinery

for their manufacture.

In constructions of wood the parts are usually straight

and simply formed pieces, and stresses are almost invariably
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taken either as transverse loads or by compression ; wood is

unfitted for sustaining tensile forces, as it is extremely diffi-

cult to obtain such a secure hold upon the material as to

permit the tenacity of the piece to be fully brought into play

before fracture occurs by detrusion.

In uniting timber it is advisable to be exceedingly careful

to reduce the loss of section by cutting for the joints and
fastening to a minimum ; to take advantage of peculiarities

in the " lay " of the grain wherever possible ; to make sur-

faces exposed to pressure of such shape, and to place them
in such a position that the lines of pressure shall be normal
to them ; to give ample area of bearing surface to insure

safety against injury by the maximum stress anticipated ; to

fit abutting parts perfectly and unite them securely, and to

insure, wherever possible, equal strength in the pieces and
their fastenings, except in places where it is found advisable

to make some one point somewhat weaker than the others

in order that, in case of accidental rupture, the most costly

piece shall be saved at the expense of one that can be better

spared. Precaution is necessary to prevent the use of such
fastenings, or so locating them that they shall either cut

through the wood or crush their bearings. The joints should
be simple in form and carefully designed for each case.

139- Joints receiving compressive stresses are usually

made by cutting squarely across the line of pressure ; but
those made to resist either transverse or tensile forces are

less simple.

Scarfing is the most usual method, and practiced in several

ways, as is seen in the accompanying sketches :
*

Fig. 41. Fig. 42.

In the examples. Figs. 41 and 42, the pieces to be joined

* See Appletons' Cyclopsedia of Applied Mechanics.
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are cut diagonally at the abutting ends and a stepped surface

formed on each side in such a manner that, being fitted and

bolted together as shown, the joint becomes nearly as strong

as the solid wood ; to obtain still greater strength of joint the

upper and lower surfaces of the scarf are sometimes covered by

a pair of " fish-plates " of boiler-iron extending some distance

each way beyond the joint and bolted on by through-bolts

having their heads bearing on one plate and their nuts on the

other.

Fig. 43. Fig. 44.

In other cases joints are made as in Figs. 43, 44, above,

and the lap observed in the second sketch is brought to a

bearing by a key of hard wood driven into

place after the parts are fitted together, as

is also seen in Fig. 41.

Pieces brought together at right angles

\ are often dovetailed as in Fig. 45.

For other cases, tenons, or the end of one

piece fitting into mortices, cut through the

bearing surface as in the sketches below, are

adopted, and when the tenon enters at such an inclination as

Fig. 45.

w
3 i

Fig. 46. Fig. 47. Fig. 48.

to give rise to danger of slipping under the load or splitting

out, the use of a bolt or a strap, as shown, will give security.

King-posts are united with diagonal, as with rafters
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(Fig. 49), with braces and tie-beams (Fig. 50), as here shown,

and straps or bolts ' are often added for greater safety.

The vertical and one diagonal may be united as in Fig. 51.

Fig. 49. Fig. 50.

The bridge-work timber verticals and diagonals often rest on

cast-iron shoes which have a broad bearing on the chords,

and thus give security against crushing ; this is also practised

in the construction of heavy wooden roof-frames.

Timbers crossing each other are often halved together or

are lapped when simply abutting. The length of scarf or

other joints must be such that the total resistance to detrusion

shall be at least equal to the resistance to transverse rupture ;

the hard woods, as oak, hickory, ash, elm, locust, are usually

scarfed to a length equal to six times their depth
;
pine and

other soft woods are given twice as long a scarf.

Wooden girders should have good bearings at the ends,

and should rest on the solid wall and have a bearing on stone

or iron, with ample space for circulation of air.

140. Pins used in securing parts of timber-work are often

made of wood and are called " treenails "; their diameter is usu-

ally about one-third the thickness of the planks which they

unite ; they are best made of oak or locust, and may be taken

as having a strength of 3,000 to 4,000 pounds per square inch

(210 to 280 kilogrammes per square centimetre) of cross-

section.

Nails are used in small and spikes in large sections of

wood-work, and are given a length of from two to three times

the thickness of the thinner of the two parts united by them.

The following table from Bevan's experiments shows the rela-

tive value of several standard sizes :*

* Tredgold : Carpentry.
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TABLE XXIV.

HOLDING POWER OF NAILS.

Brads
Brads
Brads
Fivepenny.
Sixpenny.

.

Sixpenny .

.

Sixpenny..

LENGTH.
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Wellington* found the resistance of railroad spikes driven

into various woods to be :

Beech
Ash...
Elm..
Maple

DRIVING IN.
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TABLE XXV.

HOLDING POWER OF SCREWS.

LENGTH.
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It is customary to use from one-sixth to one-tenth of the

above values to calculate the resistance which surfaces joined

with glue can permanently sustain with safety. A little pow-

dered chalk strengthens glue.

Marine Glue.—India-rubber, i part ; coal-tar naphtha, 8 to

12 parts; shellac, 15 to 20 parts; melted together. Use hot.

Glue dissolved in skimmed milk will resist the action of

moisture ; also glue softened with boiled oil or resin, and one-

fourth its weight of iron oxide added.

Water-proof Glue.—Boil eight parts of common glue with

about thirty parts of water, until a strong solution is obtained

;

add four and a half parts of boiled linseed-oil, and let the

mixture boil two or three minutes, stirring it constantly.

142. Preservation of Timber.—The causes of decay in

timber have already been stated (Art. 46), and the process of

decay has been described.

As has been seen, timber should be protected against the

deleterious effects of moisture and oxidation, and the attacks

of insects. Timber lasts longest either in perfectly dry and
well-ventilated places, or where it is kept constantly im-

mersed in water. The problem of preserving timber from

decay is fully stated when it is said that the object to be

attained is the prevention of oxidation.

Timber which has been thoroughly seasoned by the

methods already described, and which is perfectly dry, may
be preserved by external applications. Under other circum-

stances, internal application of various solutions must be re-

sorted to.

143. Paints and Varnishes are used for the protection

and preservation of timber by external treatment. They
form a coating upon the surface, which resists the wearing

action of the weather, and prevents the entrance into the

pores of the wood of either moisture or corroding gases.

Should the wood not have been previously well seasoned,

however, paint only hastens decay by confining the moisture

and hastening the fermentation of the putrescible matter re-

maining in the wood.

The following are among the best of this class of preserva-
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tive compositions ; many of them are recommended in the

U. S. Army Ordnance Manual.

The proportions are given for 100 parts by weight of pre-

pared colors, when not otherwise designated.

One gallon (3. 79 litres) of linseed oil weighs . . 7.5 pounds 3.41 kgms.
" " "

spirits of turpentine . . 7.25 " 3.3 "
" " "

Japan varnish 7.
"

3.18 "
" " " sperm oil 7.12 " 3.23
" " "

neat's-foot oil 7.63 " 3.45

BOILED OIL.

Raw linseed oil 103.

Copperas 3.15

Litharge 6.3

Suspend the copperas and litharge in a cloth bag in the

middle of the kettle of oil. Boil 4^ hours with a slow

steady, fire.

DRYER OR DRYING.

Copperas and litharge from the boiled oil 60

Spirits of turpentine 56

Boiled oil 2

The mixture from the boiled oil to be ground and

thoroughly mixed with the turpentine and oil.

PUTTY. (for filling CRACKS.)

Spanish whiting, ground 81.6

Boiled oil 20.4

Make into a stiff paste. If not intended for immediate use,

raw oil should be used
;
putty made with boiled oil hardens

quickly.

Also, mix finely .sifted oak or other sawdust with linseed

oil which has been boiled until it has become glutinous.

WHITE PAINT.

For inside work. For outside work.

White lead in oil 80.0 80.

Boiled oil 14. 5 9.

Raw oil 0.0 9.

Spirits turpentine 8.0 4-

Grind the lead in the oil, then add the spirits of turpentine.
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For woodwork use i pound to the square yard for three

coats (2.75 kilogrammes per square metre).

LEAD COLOR.

White lead in oil 75.O

Lampblack i.o

Boiled linseed oil 23.0

Litharge o. 5

Japan varnish o. 5

Spirits turpentine 2.5

Grind the lampblack and litharge separately in oil, then

stir into the white lead and oil. Turpentine and varnish are

added as the paint is required for use, or when packed in

kegs for transportation.

BLACK PAINT.

Boiled linseed oil 73.

Lampblack 28.

Litharge i.

Japan varnish : i.

Spirits turpentine i.

Grind the lampblack in oil ; mix it with the other oil, then

grind the litharge in oil and add it, stirring well. The varnish

and turpentine are added last. This paint can be used for

iron work.

GRAY OR STONE COLOR, FOR BUILDINGS.

ist Coat. 2d Coat.

White lead in oil 78.0 100.

Boiled oil 9.5 20.

Raw oil g.5 20.

Spirits turpentine 3.0 o.

Turkey umber o. 5 o.

Lampblack 0.25 0.25

Yellow ochre 0.00 3.

Mix like the lead color.

A square yard of new brickwork requires, for two coats,

\yi lbs.; for three coats i)^ lbs. In metric measures, one

square metre requires for two coats .61 kilogrammes ; for

three coats .81 kilogrammes.
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CREAM COLOR, FOR BUILDINGS.

ist Coat. id Coat.

White lead, in oil 66.66 70.00

French yellow 3.33 3.33

Japan varnish 1.33 1.33

Raw oil 28. 00 24.

5

Spirits turpentine 2.25 2.25

A square yard of new brickwork requires for first coat ^ ;

for second ^ pounds ; in metric measures, one square metre

requires for first coat .4 ; for second .2 kilogrammes.

BLACK STAIN, FOR WOOD.

Copperas i lb. .67 kgm.

Nutgalls I " .67 "

Sal ammoniac 25 " .17 "

Vinegar i gall. 3. 79 litres.

Stir occasionally, and it becomes ready for use in a few

hours.

Clean and smooth the surface, filling the cracks with black

putty, allowing it to harden. Apply the stain two or three

times, then leave it a day or two to dry ; finally rub with

boiled oil until polished.

JAPAN VARNISH.

Litharge 4 lbs.

Boiled oil ..88 "
40.

Spirits turpentine 2
"

Red lead 6 "

Umber i
"

Gum shellac 8
"

Sugar of lead 2
"

White vitriol i
"

8 kgms.

o "

9
"

7
"

45
"

6 "

9
"

45
"

Boil over a slow charcoal fire five hours, mixing all the

ingredients except the turpentine and a small portion of the

oil ; the latter is added as required to check ebullition. The
mixture must be continually stirred with a wooden spatula,

and great care is required to prevent it taking fire.

The turpentine is added when the varnish is nearly cool,

and should be well stirred in. The varnish must be put in

close cans and kept tightly corked.
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Japan varnish may be purchased.

Paraffin Paint.—Mix together good asphalt and paraffin

in equal parts, melt, and stir well together. Add a small

quantity of finely ground caustic lime, constantly stirring.

Apply with a large brush. When this first coat has cooled,

put on another coating of pure melted paraffin applied

quickly and evenly.

Brown mineral (iron oxide) paints, as sold ready for mix-

ing with oil, a paint of " red lead " and oil, or of " zinc

white," are all used extensively on iron and for outside work.

Wood work exposed to the weather is repainted, in our

climate, at intervals of four or five years.

The woodwork supporting the floors of bridges, and

timber in damp situations as in wheel-pits, is sometimes

coated with coal-tar prepared for use by boiling, and by the

addition of a small quantity of chalk to give it body. This

is also an excellent application for water-pipes, for smoke-

stacks of iron, and other out-of-door ironwork. As a pre-

servative against decay it is also excellent on woodwork, but

is often seriously objectionable because of its inflammability.

Boiling linseed oil, pitch and vegetable tar, applied hot, are

not unfrequently used as external applications, and are found

to be very effective preservatives. The soot from bituminous

coal, mixed with oil or with coal tar, is a very durable and

excellent preservative, shedding water well, and protecting

efficiently against oxidation. Fish-oil may also be used in

some cases for a similar purpose. Sulphate of iron, in oil,

has also been found to make a useful paint.

The materials which enter into the composition of paint

frequently exert a decisive effect upon its preservative qual-

ities. Adulterated and impure paints may not only lack

preservative qualities, but may, by their adulterations, actu-

ally hasten decay. The most important constituent of paint

is White Lead, which should be of good quality, and unmixed

with any substances which impair its brightness. Its usual

adulterations are chalk and the sulphates of lead and baryta

;

the latter is the least objectionable.

Zinc White is more expensive, and forms a better basis
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than white lead ; it, however, works dry under the brush and
takes longer in drying ; it does not have the covering proper-

ties of white lead, but forms, however, a more dense coating,

which resists the action of the weather and retains its color

better than lead paint. It is frequently adulterated with sul-

phate of baryta.

Red Lead makes a very durable paint and dries well.

Linseed Oil is one of the most important constituents of

paint ; it improves greatly by age, and ought to be kept at

least six months before using. It can be made a "dryer" by
boiling, or by the addition of foreign substances. It dries

better than any other oil, has a heavy body, and it is owing

to this fact that it is capable of resisting the action of the

weather. Pure linseed oil is of a pale, transparent, amber

color, very limpid, and has little odor, is comparatively sweet

to the taste, and when exposed to the light and air grows

lighter in color. In adulterated linseed oil the opposite effect

takes place.

Nut Oil and Poppy Oil are inferior in quality to linseed

oil, and are used to adulterate the latter.

Of the colors, yellow ochre is used as a body color more
extensively than any other—the best is very durable in color.

Amber, Vandyke, and metallic browns are derived from the

iron salts, and are also very durable ; they adhere to iron

better, and are less affected by the air than the red lead.

The real value of any paint depends upon the quality of

materials used in composition, and upon the care used in its

mixing and preparation.

144. Charring the surface of well-seasoned timber is found

to considerably increase its durability, and this is the method

most frequently adopted for the preservation of those por-

tions of fence posts which are buried in the ground.

An external application of silicate of sodium, has been

advised by Abel, for seasoned timber. It is said to form a

hard and very durable coating upon the surface, and to act

effectively as a preservative against fire, as well as against

decay. The solution is laid on with alternate coats of lime

wash. Two or three applications of the silicate of sodium
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are required to form each coat.- Sulphates of iron and of

copper, the chloride of mercury, common salt, and other

solutions, are occasionally used for external washes.

The common oil paints are, by far, the most usually ap-

plied. Their durability is increased by sprinkling liberally

with sand, where circumstances permit.

In timber protected by external treatment, special care is

required to fill cracks.

145. The Saturation of Timber, either seasoned or un-

seasoned, with antiseptic materials has become a matter of

such great importance as to have attracted much attention.

Many processes have been tried and recommended, but none

are generally used in this country, and very few are practiced

at all.

A few seem to be effective, but costly ; many are of tem

porary benefit ; others, while seeming to be useful at first,

are actually injurious, ultimately destroying the timber which

they are intended to preserve.

The external applications above described are of no value

in defending the timber against the attacks of wood-boring

insects. Sheathing the timber in metal, and one or two meth-

ods of saturation, are apparently the only reliable expedients.

Of the processes of preservation of wood by saturation,

Kyan's consists in the injection of the bichloride of mercury

(corrosive sublimate) ; Burnett used the chloride of zinc ;

Boucherie employed the pyrolignite of iron ; Margery used

the sulphate of copper ; Bethell saturated his timber with creo-

sote, or " dead oil," from gas works ; Beer used a solution of

borax.

The metallic salts owe their antiseptic property to the fact

that they produce coagulation of the albumen, which is the

fermentable and perishable part of timber.

Ammonium phosphate or chloride, water-glass, calcium

chloride, etc., are useful in effectively fire-proofing wood.

146. "Kyanizing" was suggested by Sir Humphry Davy,

some ten years before the process was patented by Sir R. H.

Kyan, in England, in 1832.
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The solution used consisted of one pound of the bichlo-

ride of mercury in four gallons (i kilogramme to 33^ litres) of

water. Timber thoroughly impregnated with the salt has

great durability, but the general adoption of this process is

precluded by the cost of materials. A hundred parts of

timber absorbed one and a half parts of corrosive sublimate.

Where it is brought in contact with iron it produces corro-

sion, and its application is thus rendered still less frequently

permissible.

Kyanized timber was used to some extent in Great Britain

and the United States when first proposed.

Among other constructions of timber thus prepared may
be mentioned the aqueduct of the Alexandria Canal, crossing

the Potomac River at Georgetown.

147. " Burnettizing " was proposed by Sir Wm. Burnett,

in 1838, and has been quite largely practiced for special pur-

poses.

The chloride of zinc, in the proportion of one part dis-

solved in ten parts of water, is forced into the pores of

the wood under a pressure of from one hundred to one hun-

dred and twenty-five pounds to the square inch (7 to 8.75

kilogrammes per square centimetre). Burnett's method

was, originally, simple immersion in the solution two or three

weeks.

An establishment was organized at Lowell, Mass., in 1856,

in which burnettizing under pressure was practiced. Subse-

quently several railroad companies adopted this method and

process, and erected burnettizing works.

The cost of preserving timber by this method, including

interest on capital and all other expenses, ranged from five to

seven dollars per thousand feet, board measure.

The process is not, however, believed to afford as perfect

protection as the more expensive method of kyanizing.

148. The Bethel! Process was also patented in England

in 1838, and its cheapness and effectiveness have given it a

considerable commercial success, both in Europe and the

United States. It consists in the saturation of the wood with

bituminous substances obtained by the distillation of coal tar.
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Like the metallic salts, these substances produce coagulation

of the albumen, and thus destroy the tendency to fermen-

tation. Timber thus prepared is rendered very durable, and the

process is comparatively inexpensive. Its use has, however,

been given up, in some instances after extended trials, on the

ground that the increase in durability was not sufficient to

compensate for the expense.

Each cubic foot of timber, under a pressure of 150 pounds

per square inch (10.5 kilogrammes per square centimetre),

absorbs, in twelve hours, from eight to twelve pounds (1.55

to 0.23 kilogrammes to the cubic decimetre) of the creosote or

dead oil.

The smaller amount is the allowance advised for railroad

cross-ties. Hard woods absorb least. The strength of tim-

ber preserved by this method is unimpaired, and it requires

no painting, although, with dry timber, a superficial coating

of coal tar is sometimes added. This process has special

advantages where the timber is exposed to alternations of

dryness and moisture, and is therefore liable to wet rot. The
dead oil fills the pores completely, coagulates all albumen,

and absorbs all oxygen that may exist free in the wood, and,

by its poisonous qualities, it acts as a protection against the

attacks of insects. It does not, however, afford perfect pro-

tection against the ravages of the white ant of tropical coun-

tries. Even marine insects usually avoid creosoted timber,

and wood so prepared is therefore used to a considerable

extent in submarine work.

The antiseptic element of dead oil is supposed to be the

carbolic acid, which is estimated by Prof. Letherby at from

one and one half to six per cent, of the whole.

The cost of creosoting 1,000 cubic feet (37.9 cubic metres),

board measure, of oak or spruce fir, has been given at from

five to eight dollars.

149. The Seely, the Robbins, the Leuchs, and the

Hayford Processes are American modifications of the Bethell

process.

The Seely Process consists in subjecting the wood to a

temperature between 212° and 250° Fahr. (100° and 12 1° Centi-
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grade) in a bath of creosote oil, for a sufficient length of time

to expel all moisture. When all water is thus expelled the

pores contain only steam. The hot oil is then quickly

replaced by a bath of cold dead oil. The steam in the pores

of the wood is thus condensed, and a vacuum is formed, into

which the oil is forced by atmospheric pressure and by capil-

lary attraction.

From six to twelve pounds of creosote oil to the cubic

foot (0.7 to 1.4 kilogrammes per cubic decimetre) of wood is

expended in this process. The amount is dependent upon

the use to which the wood is to be put. For piles or other

timber exposed to the depredations of worms, twelve pounds

is used. An impregnation of ten pounds to the cubic foot

<;osts twenty-five cents. For work in wheel-pits and under

foundations, at least ten pounds per cubic foot (1.118 kilo-

grammes per cubic decimetre) should be used. For piles the

usual charge is thirty cents per cubic foot.

The ROBBINS Process consists in treating wood with

coal tar or oleaginous substances in the form of vapor.

The wood is placed in an air-tight iron chamber, connected

with which is a still or retort, heated by a furnace. When
heat is applied, the vapor of naphtha is generated at a tem-

perature of 250° to 300° Fahr. (121" to 149° Centigrade), the

creosote oil vapor at 360° to 400° (182° to 204° Centigrade),

and the heavier tar oils at 500° to 600° Fahr. (260° to 316°

Centigrade). The wood is thus exposed from six to twelve

hours.

By this process it would seem impossible to charge the

Tvood with more than a fraction of the amount of carbolic

acid and of other component parts of coal tar expended in

the Seely process. The latter process is decidedly an im-

provement on the process of Bethell.

The cost of creosoting 1,000 cubic feet, board measure, of

oak or of spruce fir, has been given as from five to eight

dollars.

The Leuchs Process, as perfected by Hock, is applied

to cross-ties in the following manner

:

The ties are introduced into an iron cylinder or reservoir
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heated on the outside by a steam jacket. The wood, already

as dry as possible, is raised to the highest degree of desicca-

tion by the introduction of steam into the jacket, and when

no more vapor escapes from it, a solution of parafifin is forced

into the cylinder through a tube, by compressed air. This

cylinder has a refrigerating coil which discharges into a closed

receiver. Then steam is let into the jacket again. The
water boiling and the vapor of petroleum not being able to

escape, the pressure inside the cylinder rises to 75 or 100 lbs.

per square inch (5.25 or 7 kilogrammes per square centime-

tre), at which pressure the wood is completely impregnated

with the liquid.

When this operation has been prolonged sufficiently, heat-

ing is stopped, and the operator waits until the pressure has

fallen, and the excess of parafifin can be drawn off into the

reservoir. The wood is again heated. When all remaining

vapor of petroleum has been absorbed, air is blown into the

cylinder to drive out gas, which might incommode workmen
while removing the wood.

The parafifin remains distributed among the ligneous

fibres, enveloping them with a thin coating, at the same time

filling the pores and cellular spaces. The wood is thus well

protected against moisture. Nails driven into wood so treated,

do not rust as in wood impregnated with metallic salts, and
the preserved wood retains its value as fuel.

The Hayford Process is one in which the wood is

placed in a cylindrical boiler, into which steam is admitted

and atmospheric air forced, until there is attained a pressure of

30 to 40 pounds per square inch (2.1 to 2.8 kilogrammes per

square centimetre), and a temperature of 250° to 270° Fahr.

(121" to 132° Centigrade), which pressure and temperature

suffice to evaporate the sap of boards and two-inch (5.08

centimetre) plank in four or five hours—ten or twelve hours

being required for heavy timber. After this, the vaporized

sap and steam condensations are drawn out by air pumps.

A vacuum is then produced which completely withdraws the

vaporized sap from the very heart of the wood. The oil is

admitted to the wood through perforated pipes arranged
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around the interior of the cylinder, under pressure such as,

with the partial vacuum within the cylinder, is equivalent to

about 75 pounds to the square inch (5.25 kilogrammes per

square centimetre). This is sufficient to cause the oil to

penetrate the more porous woods. For those which are more
dense, a further pressure of 60 to 150 pounds (4.2 to 10.5
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kilogrammes per square centimetre) is required for a certain

length of time.

The illustration on the preceding page exhibits the con-

dition of timber thus creosoted, and uncreosoted, exposed

in sea water at Wilmington, N. C. Creosoting is at present

considered the most valuable process of protecting wood
against the teredo.

M. Paulet considers that the petroleum products con-

taining phenic acid are preferable to metallic salts for treat-

ing wood exposed to the action of sea water, because

naphthaline, and especially phenic acid, have an antiseptic

power, coagulate the albumen, and thus check the circulation

of the sap, and also of the blood of parasites ; that the vola-

tility and the solubility of these preservative agents would
render their antiseptic action temporary only, if the more
fixed and thicker oils which accompany them did not enclose

and retain those substances, at the same time obstructing

all the pores of the wood, and rendering difficult the access

of dissolving liquids and destructive gases ; but that grave

objections have been raised, based upon restricted produc-

tion of these oils, and on the fact that the wood thus im-

pregnated is inflammable, while on the contrary, all the metal-

lic salts render wood uninflammable.

150. Boucherie's Process, patented in 1839, is an ingenious

and inexpensive method of saturation.

This process attracted much attention, and was practiced

with considerable success. The timber, freshly cut, and with

its terminal foliage still remaining, was set either vertically

or horizontally, with the foot immersed in a vat containing

the antiseptic solution. The circulation continuing in the

trunk of the tree, the sap becomes ejected, and its place is

taken by the preservative solution, which is thus thoroughly

distributed throughout the fibre.

Growing trees were also treated by the injection of the

liquid into their trunks. Where logs, deprived of their foliage

and branches, were to be saturated, they were placed on end,

and a waterproof bag, or a tank, containing the solution used,

was mounted above it, the liquid being thus forced down-
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ward through the stick by hydrostatic pressure, driving the

sap before it and out of the lower end.

The antiseptic proposed by Dr. Boucherie was crude py-

rolignite of iron. His process of saturation was largely used

with other preservatives also, and his invention of the satu-

rating process seems to have been more generally appreciated

than his introduction of a cheap antiseptic. Where it can be

conveniently applied, it is exceedingly efficient.

Numerous and elaborate experiments were tried by Dr.

Boucherie, in which the action of pyrolignite of iron was

carefully noted. He found that one-fiftieth of the weight of

the green wood was a sufficiently large proportion of the

antiseptic to insure preservation. The hardness of the wood
was stated to be doubled by the use of the pyrolignite.

151. Solutions of deliquescent salts were applied by Dr.

Boucherie in the way described, and were found, in the case

of chloride of lime and some others, to increase the flexibility

of timber. He therefore proposed the use of such solutions,

with the addition of one-fifth their quantity of pyrolignite of

iron, when it was desired that the wood should retain its

moisture, and its flexibility and elasticity. The same inventor

proposed, as a cheap substitute for these solutions, the stag-

nant water of salt marshes. Such preparation, it was claimed

also, prevented the warping and splitting of wood, which is a

frequent consequence of rapid drying, and yet seasoning was

said to be expedited by its use. In this case, the solutions

were weak, and the wood could be afterward painted over

without difficulty. The process was applied by the inventor

to the saturation of timber with earthy chlorides, as a protec-

tion against fire. These salts, fusing upon the surface of the

wood on the application of heat, rendered it quite incom-

bustible.

Wood was dyed with both mineral and vegetable colors

by Dr. Boucherie, and the application of the usual method

of producing " fast " colors, by the introduction of dye and

mordant successively, was thus made practicable. Wood was

treated with odorous solutions to give it fragrance, and with

resinous matters to make it water-proof.
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The French Government, after receiving favorable reports

from the Commission of Engineers appointed to examine into

the merits of the process, finally conferred upon the inventor

the great gold medal of honor. Subsequently a money
award was made him, and he surrendered his patent, which

thus became public property. This is still considered one of

the best processes yet devised.

152. "Beerizing" consists in the saturation of the timber

by any convenient process, with a solution of borax. This is

claimed to dissolve the albumen, and the solution may be

allowed to remain, the borax having antiseptic properties, or

it may be washed out, and the wood then dried is stated to

become more thoroughly seasoned and durable than it can be

made by the ordinary process of seasoning.

153. Folacci's Process of securing incombustibility and

impermeability of woods consists in their impregnation with

a composition consisting of

:

Sulphate of zinc 25 parts.

Potassa lo parts.

Alum 20 parts.

Oxide of manganese 10 parts.

Sulphuric acid at 60° B lo parts.

Water 25 parts.

100 parts.

These chemicals are mixed and heated without the sul-

phuric acid to a temperature of 45"* Centigrade (113° Fahr.),

and the acid is then added gradually until solution is com-

pletely effected.

It may be applied by Boucherie's or by any other con-

venient method.

154. Margery's Process of saturation with sulphate of

copper has been found very efTective in some instances.

It was applied by the Boucherie method to telegraph*

poles and to railroad cross-ties many years ago in France,

with perfect success as a preservative against decay. When
thus prepared telegraph posts last from fifteen to twenty

years. They are subjected to the process in the forest di-
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rectly after cutting, and while yet full of sap ; the expense of

thus treating them is usually from one to one and a half dollars

per post. The wood is more rapidly and perfectly protected

in proportion as it is porous and rich in sap. After under-

going the preservative process the timber is seasoned and
becomes very light and portable. Nearly all the posts of the

French, German, and Belgian telegraph service are now
treated by this process.

The salt used is poisonous to vegetable and animal para-

sites which appear at the beginning of all organic decompo-
sition. The quantity of the salts of copper should be increased

when the wood is intended to be immersed in water or buried

in a moist soil, as water dissolves this salt slowly.

There is in wood impregnated with the salts of copper a

portion of the sulphate closely united with the ligneous tissue,

and another portion in excess remaining free ; this latter por-

tion dissolves first, and, carried off by the exterior fluids, only

retards the loss of the metallic salt combined with the wood

;

but this combination itself, although more stable, does not

escape removal, which is accelerated or retarded according to

the rapidity and ease with which the dissolving liquid is re-

newed. The quantity of metallic salt should be small in wood
intended for constructions in the open air, in order to pre-

vent mechanical injury due to crystallization. Major Sankey

found this process equally efficient in India, more recently, as

a protection against the attacks of the white ant and other

insects. He used a solution of one pound of the salt in four

gallons (i kilogramme to 33^ litres) of water. The timber

was steeped in the solution two or two and a half days for

each inch (2.54 centimetres) in thickness.

A simple coating of boiled linseed oil thickened with

powdered charcoal, has in some cases been found a very eco-

nomical and efficient preservative of timber.

155. Statistics of railroad construction have given the fol-

lowing data :

Of unprotected oak cross-ties on European roads, 25 per

cent, were renewed in 12 years, and 50 per cent, in 17 years.

When impregnated with chloride of zinc, 3^ per cent, were

10
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renewed in 7 years, and 20 per cent, in 1 7 years ; when pro-

tected by "dead-oil," o.i per cent, were replaced in 6
years.

Of pine cross-ties impregnated with chloride of zinc, 4^
per cent, were renewed in 7 years, and 31 per cent, in 21

years.

Of ties of beech, protected by creosote, 45 per cent, were

replaced in 22 years.

On the railroad from Hanover and Cologne to Minden, of

pine ties injected with zinc, 21 per cent, were renewed after

21 years; of beech ties injected with creosote, 46 per cent,

after 21 years; oak not injected, 49 per cent, after 17 years;

oak ties injected with chloride of zinc, 20.7 per cent, after 17

years. The ties not renewed appeared perfectly sound.

In all these cases the ties were laid in favorable situa-

tions.

It was reported to the German Railway Union, in 1881,

that, on the railways of Europe, chloride of zinc was most

generally used for preserving timber, and creosoting next,

while the use of sulphate of copper was declining. Preserva-

tion with chloride of zinc cost less than one half as much as

creosoting. Seasoning was considered desirable before creo-

soting, but not when using the salts of zinc.

156. The importance of the preservation of timber is

daily increasing, not only as a matter of ordinary economi-

cal policy, but because the rapid destruction of forests is

continually rendering timber more scarce and more costly.

It will become a matter of such vital necessity to preserve

our forest trees, that legislation will soon inevitably aid in

increasing the market value of timber by forbidding its whole-

sale destruction.

The substitution of iron for wood, in construction, is pro-

ceeding so rapidly, that it will afford some relief ; but the

preservation of timber will nevertheless remain a matter of

exceptional importance.

H. W. Lewis, writing in 1866, says :
" Allowing only 2,000

sleepers to a mile (1.6 kilometres), at a cost of fifty cents

each ; and admitting the average life of American sleepers.
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(cross-ties) to be only seven years, and that it costs ten cents

to treat each tie in some way so as to make it last fourteen

years, then the saving at the end of seven years is $6oo per

mile."

There are in the United States (1899) about 20C,000 miles

(320,000 kilometres) of railroad ; and hence, if the above con-

ditions could be realized on all of them, the actual saving

would be over $120,000,000.

Our railroads are still rapidly extending, and the other

uses to which timber is put, which allow of the application

of preservative processes, are many and important. The value

to the country, and to the world, of effective and cheap pro-

cesses of preservation, cannot be estimated.

157. Comparison of Processes.—The following tabular

statement of experimental results obtained by various pro-

cesses was given in a report to the Board of Public Works of

the District of Columbia, as derived from an examination of

those methods, by Drs. B. F. Craig and W. C. Tilden, of the

U. S. Army, in the laboratory of the Surgeon General's

OflSce, at Washington. These data may be supplemented by
those from Boudin and Downy for the Belgian government

(1887).
" From this report we find that while untreated wood took

fire under the conditions of the experiment at the end of one

and three-quarters minutes, wood treated with water-glass or

lime, or with ammonium phosphate, or various ammonium
salts, resisted inflammation for thirty to forty minutes; the

ammonium phosphate being the most efificient, acting by the

production of a non-combustible vapor.

" It must not be forgotten that in the absence of encour-

agement cheaper methods and materials are slow in being

brought forward. There are even now cheap antipyreses to

be had, like calcium chloride and ammonium chloride, which,

though less effective, would greatly decrease the liability to

conflagration.

" Application of silicious compositions to all exposed wood-

work has been so effective in reducing fire-danger in England

as to cause a decrease of 50 per cent, in the insurance rates

on houses thus treated."
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TABLE XXVII.

MINERAL AND METALLIC PROCESSES.

NAME AND NUMBER. BRIEF OF CLAIM.

Burnettized Spruce.

Two specimens. Nos. z and

9. (No. 2 is a piece of railroad

tie, said to- have been burled

sixteen years.)

" The Burnettizing process consists in placing the wood
in large wrought-iron cylinders

;
then extracting the air and

sap contained in the pores of the wood by a vacuum. The
solution of chloride of zinc is then allowed to run in, and a

pressure of from 150 to 160 lbs. per square inch applied to

force the zinc into the pores."

Perfect coagulation of albumen and entire indestructibility

by wet or dry rot are claimed.

A. B. Tripler's Arsenic

Process.

One specimen. No. 14.

Saturation of blocks composing a wooden pavement with

chloride of arsenic, or arsenic and chloride of sodium, and
coating them on their upper surface with a resinous or tarry

waterproof composition. Also, the interposition of an anti-

septic compound between the blocks and the earth, by either

soaking the foundation planks or mixing the antiseptic with

the sand.

The Samuel's Process.

Nos. 8 and 5 (?).

" Injecting into the pores of the wood, first, a solution of

sulphate of iron, and afterwards a solution of common burnt

lime, to render the wood in a high degree impervious to the

influence of wet and dry rot, and the attacks of worms and
other insects."

Thilmany's Process.

One specimen. No. 16.

Saturation with sulphate of copper, followed by muriate of

barytes, to form insoluble sulphate of barytes in the wood.

Process ofWirt and Hurdle.

Specimens 18(a) and i8(bj.

Charring the wood and covering the whole block with ;

phaltum.

Tait's Process.

One specimen said to have

been sent, marked No. 5. An-
alysis, however, places this

block with No. 8, as a sample

of the Samuel's process.

" Charging or saturating the pores of the wood with a con-

centrated solution of bi-sulphite of lime or baryta, the same
being rendered soluble by excess of sulphuric acid gas, under
pressure or by refrigeration, and being made insoluble as a
neutral sulphate when the pressure or excess of gas is re-

moved."

Thomas Taylor's Process.

Two specimens. Nos. 19 & 20.

Uses a solution of sulphide of calcium in pyroligneous acid

for the impregnation of the wood : or, uses sulphide of cal-

cium firet, and follows it with pyroligneous acid.

Claims a deposit of pure sulphur through whole block.

Thompson & Co.'s Process.

(Arsenic.)

No. 17.

No description or explanation of process furnished.

Claims ^'' indestructibility " and " non-inflammability.*
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TABLE yj^W.—{Continued.)

MINERAL AND METALLIC PROCESSES.

Fibre of blocks weak and brittle ; color grayish.

Absorptive power greater than that of natural wood. All of the zinc easily removed by

acidulated water. Evidences of the partial decomposition of the zinc chloride observed.

Uneven character of impregnation shown both by microscopic examination and by unequal

percentage of mineral matters removed by acidulated water from the centre and near surface.

(See Columns 3 and 4 of Experimental Results.)

Size of specimen very small, yet the impregnation uneven. (See columns 3 and 4.) Quan-

tities of soluble salts very large. No arsenic found, though its use is claimed. The resinous

covering designed to protect the top of each block is worthless for the purpose, for obvious

reasons, chiefly its brittleness.

Absorptive power high.

Absorptive power too high for representation on the chart. Wood brittle and readily

splintered. Impregnation very unequal. The water used for experiment No. i (absorptive),

was filled with threads of fungi after standing forty-eight hours, showing that it is doubtful

if even dry rot can be prevented by this process.

Saturation very uneven. Absorptive power high.

Block contains soluble salts of copper removable by washing.

Process inapplicable to unseasoned timber. The asphalt covering melts and flows at 60** to

70" F. When cold and brittle, the wear of the pavement will remove it, leaving each block as

a porous cup for the reception of water which cannot drain through it. Process not consid-

ered worth particular investigation.

It is doubtful if any specimen was received. No. 5 resembles the " ironized " blocks. If

claimed as a sample of the Tait process, the same memoranda are made upon it as upon No. 8.

The claims of this process are not substantiated.

No sulphur uncombined found in any part of the blocks submitted.

About nine-tenths the whole bulk of each block possessed every property of seasoned white

pine untreated by any method whatever.

Between three and four per cent, sulphate of lime found in superficial portions.

Arsenic process. Absorption power high. Sjiecimen is cottonwood.

Saturation extremely uneven. Solubility of saline ingredients complete.
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TABLE Y.y.^\\.—{Continued.)

CREOSOTE, OIL, AND RESIN PROCESSES.

NAME AND NUMBER.

V^aterbury's Pro-

cess.

One Specimen.

No. 1.

Thomas's Process.

Two Specimens.

Nos. 3 and 13.

Seely's Process.

Five Specimens.

Pelton's Appara'

tus for applying

Seely Process.

Nos. 4, 6, 7, 12, 22.

BRIEF OF CLAIM.

Treats wood in closed cylinder

with steam to vaporize sap; then

introduces a solution of common

salt^ followed by dead oil^ creosote

oil or equivalent. Claims com-

plete impregnation by both sub-

stances.

REMARKS.

Two small blocks, 2x6x1 and

4 X 5 X 3 in., were sent without ex-

planation or name ; the substance

used for impregnation is " resin

oil."

Immersion of wood in a bath

of creosote oil or other suitable

material, heated to about 250** F.,

until it is evident that air and

moisture are eliminated ; then sub-

stituting for the hot bath, one at

as low a temperature as allows

perfect fluidity, the liquor being

also dead oil. Claims that the

pores of the wood are in a vacuous

condition as it cools, and that the

impregnating material readily fills

them by capillary action and at-

mospheric pressure.

Robbins* Process.

Two Specimens.

Nos. 10 and 20.

Claims to impregnate wood with

light and heavy oils o/tar^ by ex-

posure in a chamber connected

with a retort or still in which the

oils are vaporized: states that

naphtha and other solid hydro-

carbon bodies are distilled over

into the wood and condensed in

its pores ; also that all moisture is

driven out and the albumen co-

agulated.

Absorption figures high. Satu-

ration by solution of common salt

is only partial. Columns 3 and 4

show a very uneven penetration

by ""^ dead oilP Water dissolves

out all the salt used. Columns 5

and 6 show the uneven distribu-

tion of mineral matters.

Absorption power low. Physical

condition of specimens very bad.

Saturating material easily soluble

in alkaline fluids. The strength of

wood in these samples stands at a

minimum, especially its transverse

and crushing strength.

Average absorption power very

low. Saturation thorough and very

uniform. (See Columns 3, 4,9, and

10.) Solid hydrocarbons present

within the cells. Condition of fibre

uninjured.

Absorption power very high.

Percentage of liquid hydrocarbons

very low in all portions of block

except the outer. No solid hydro-

carbons observed, even on surface.

Condition of wood shows injury

from heat. Specimens are evidently

suited for exposure to dry air only,

under which circumstances the pro-

tection is sufficient.

Detwiler and Van
Gilder Process.

No. II.

Impregnation of wood by resin

dissolved in naphtha^ under press-

ure, and at high temperature.

U. S. Antiseptic

Wood Co.*s Pro-

cess.

Constant and Smith

Patents.

No. 15.

Dries or seasons wood by hot a ir;

preserves it (when desired), by
generating " smoky vapors " in a

retort, the same being allowed to

penetrate the wood and to con-

dense within its pores.

Saturation uneven. (Columns 3

and 4, also 9 and ic.) Absorption

power quite high.

The same remarks made under

Nos. 10 and 20 (Robbins* process),

apply to this specimen, with the

difference that the experimental

results Show the Robbins process

to be very much superior to this,

which presents identical claims.
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TABLE -yiyMll.—{Continued.)

EXPERIMENTAL RESULTS.
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158. Special Adaptations of the Various Woods are

exhibited in the following table. (See also §135, et seq.)
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CHAPTER IV.

FUELS.

159. The Fuels used in Metallurgy and Engineering are

anthracite and bituminous coals, coke, wood, charcoal, peat,

and combustible gases obtained by the distillation of the solid

kinds of fuel.

The oils—animal, vegetable, and mineral—and the solid

hydrocarbons, of which bitumen is a type, are occasionally

used also. All consist of either pure carbon or of combi-

nations of carbon, hydrogen, and non-combustible substances.

Wherever metals are to be worked, and the fuel brought

into direct contact with them, it is usually advisable to select

fuel which is most free from sulphur and phosphorus, these

elements being usually most injurious to the product. In

making a selection the engineer is aided greatly by a knowl-

edge of the origin and general characteristics of those fuels

from which he may be called upon to select the one best

adapted to any given case.

160. The Heating Power of any fuel is determined by

calculating its total heat of combustion. This quantity is the

sum of the amounts of heat generated by the combustion of

the unoxidized carbon and hydrogen contained in the fuel,

less the heat required in the evaporation and volatilization of

constituents which become gaseous at the temperature result-

ing from the combustion of the first named elements.

A thermal unit is the quantity of heat necessary to raise a

unit weight of water, at temperature of maximum density, one

degree of temperature. The British thermal unit is the quan-

tity of heat required to raise a pound of water from the tem-

perature 39°. I to 40°.i Fahr The metric unit or calorie is

the quantity of heat required to raise one kilogramme of

water (2.20462 15 pounds) from 3°.94 to 4°.94 Centigrade.

154
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One metric or centigrade unit is equal to 3.96832 British

units, and a British unit is equal to 0.251996 metric unit.

An approximate estimate of the number of thermal units

developed by the combustion of a pound or kilogramme of

any dry fuel, of which the chemical composition is known,

may be obtained by the use of the following formula

:

h = 14,500 C + 62,000 [H— -^

¥ = 8,080 C + 34.462 ( i7 _ ^)

,

(0-

where k is the number of British thermal units representing

the total heat of combustion of one pound of the fuel ; /i' is

the number of metric units per kilogramme of fuel ; C repre-

sents the percentage of carbon ; H that of hydrogen ; and O
that of oxygen.

Thus an anthracite coal has been found to have the fol-

lowing composition

:

COMPOSITION OF ANTHRACITE COAL.
Per cent.

Carbon 8i . 34

Hydrogen, uncombined 3-45

Hydrogen, in combinaiion 0.74

Oxygen and Nitrogen 5 . 89

Sulphur o. 64

Water 2 . 00

Ash 5-94

Total.. 100.00

One pound or kilogramme of coal, of which the above is

an analysis, can evaporate theoretically 14.4 pounds or kilo-

grammes of water from and at 100° Centigrade, or 212° Fahr.

The value of h or of li ranges between 5,500 British or

1,386 metric units for dry wood, and 16,000 or 4,032 for the

best known coals. The equation given is deduced from the

experiments of MM. Favre and Silbermann, who deter-

mined the total heat of combustion of one pound of pure

carbon to be 14,500 British or 3,654 metric thermal units, and
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of one pound of hydrogen to be 62,000 British units, or 15,624

calories. The combustion of one kilogramme of each would

develop 31,967 British or 8,080 metric units, and 136,686

British or 34,462 metric units respectively.

The combustion of the several kinds of carbon produces

the development per unit of weight of

:

BRITISH UNITS. METRIC UNITS. MATERIAL.

13,986 7,770 Diamond.

I3,g68 7,760 Iron Graphite.

14,040 7,800 Natural Graphite.

14,490 8,050 Gas Carbon.

14, 500 8,080 Wood Charcoal.

Where the chemical composition of the fuel is unknown
and cannot be readily ascertained, its heating effect rhay be

determined experimentally by burning a known weight and

passing the products of combustion through a calorimeter of

such area of heating surface as to reduce their temperature

very nearly to that of the atmosphere before discharging

them.

The table given hereafter exhibits the total heating

effect of various fuels as estimated from analyses of good
specimens.

Where the heat produced is not so thoroughly utilized as

to cause the condensation of vapors which may pass off with

the permanent gases resulting from combustion, there is nec-

essarily a greater loss of the heat of combustion of hydrogen
than of that of carbon, and the relative heating efiSciency of

carbon is considerably increased by the facts that it must be
raised to red heat as a solid before combustion can occur, and
that the specific heat of carbonic acid (0.216) is only about

one half that of aqueous vapor (0.475).

161. The Temperature of the Fire depends, not solely

on the amount of heat generated by combustion, but also on
the quantity and nature of the resulting products of com-

bustion.

The total heat generated by the combustion of fuel is all

communicated to the products of combustion, which are usu-
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ally gaseous, giving them a temperature which is determined,

partly by the calorific power of the fuel, and partly by their

nature. Thus, carbon requires for its combustion to carbonic

acid, 2.67 times its weight of oxygen, producing 3.67 times

its weight of carbonic acid.

The heat generated by combustion of carbon is capable

of raising 8,080 times its weight of water from 4° to 5° C, and

would raise the temperature of water equal in weight to the

carbonic acid produced, about 2,202° C*

—

i. e. : 8,080 x 1° =
2,201^.63 X 3.67.

But the specific heat, or capacity for heat, of water is

greater than that of carbonic acid ; the increase of tempera-

ture in the carbonic acid produced is correspondingly greater

than the rise in temperature that would be produced in a

quantity of water equal to 3.67 times the weight of carbon

burnt. The quantities of heat necessary to produce equal in-

crease of temperature in equal weights of carbonic acid and

of water being in the proportion of 0.2164: i.oooo, the amount
of heat needed to raise the temperature of 3.67 parts water

and 3.67 parts carbonic acid one degree, are as

3.67 _ 3.67

3.67 X 0.2164 0.794'

Hence the rise in temperature of the 3.67 parts of car-

bonic acid, to which the heat of combustion of i part carbon

is transferred, may be calculated by dividing the given num-

ber of heat units by the amount of heat required to raise the

temperature of the 3.67 parts carbonic acid one degree, or

^=io,i74''C.- 18,345" F.J080
o

The heat of combustion of hydrogen is sufficient to raise

the temperature of 34,462 times its weight of water, 4° to 5°

Cent., but it requires for its combustion 8 times its weight of oxy-

gen, and produces 9 times its weight of vapor. The products

of combustion weigh nearly 2 j4 times as much as those of the

* Watts' Dictionary of Chemistry.
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combustion of an equal weight of carbon. Some of the heat

produced by the combustion of hydrogen becomes latent

and does not increase the temperature of the gases.

The latent heat of water, or that needed to convert i

part of water at 100° C. into steam, is 537 times as much as

is needed to raise the temperature of an equal weight of

water from 4° to 5° C, and 966.1 times the quantity which

will raise the temperature of one part from 39°.! to 40°.!

Fahrenheit. The quantity of heat latent in the 9 parts

vapor produced by the combustion of hydrogen will there-

fore be 4,833 metric heat units; this must be taken from the

total amount of heat generated in calculating the quantity of

heat producing rise in temperature.

Metric British
Parts by weight Heat Heat
of water vapor, units. units.

Total heat of combustion of i part hy-

drogen 34)462 62,000.0
Latent heat of water in heat units. . . . 9 x 537 =^ 4,833. .9 x 966.1 = 8,694.9

Available heat. 29,629 53,305-1

The specific heat of water vapor is 0.475, the heat raising

the temperature of 9 parts water and 9 parts water vapor

have the proportion,

9 X I ^ _9_
9 X 0-475 4-275'

and the rise in temperature will be

^•= 6930°.7 C. = i2,47S°-3 F.

Thus the heating and the calorific power are not neces-

sarily the same. The heating effect depends only partly

upon the calorific power of the fuel burnt.

RECAPITULATION.
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In these examples combustion takes place in oxygen, and
with no more than is theoretically needed. In all actual cases

of combustion, atmospheric air supplies the oxygen supporting

the combustion. Nitrogen, of which it contains TJ per cent.,

dilutes the products of combustion and reduces the tempera-

ture. In the case of combustion of carbon in air, the nitrogen

in air containing 2.67 parts of oxygen amounts to 8.94 by
weight.

The specific heat of nitrogen is 0.244, and the quantity of

heat needed to raise the temperature of the nitrogen from 4°

to 5° C. is :

8.94 X 0.244 = 2. 181 units.

Adding to this the heat needed to raise the temperature

of the carbonic acid produced, the amount of heat needed to

raise the temperature of ail the products of combustion in

air from 4° to 5" C. will be

:

2. 181 + 0.794 — 2.975 units.

And the elevation of temperature will be

8080

2.975
= 2715" C. = 4887° F.

Burning hydrogen in air, the nitrogen in air containing 8

parts of oxygen, is, by weight, 26.78 parts, and the amount
of heat needed to raise its temperature from 4° to 5° C. is

:

26.78 X 0.244 = 6.534 units,

and the consequent rise in temperature will be

29629

4.275 +6.534
= 2741^ C. -4934°F.

The difference between the temperatures attainable by
the combustion of carbon and hydrogen in oxygen and in air

is much the greatest with carbon, as the quantity of heat pro-

duced by its combustion is much less than that generated by

burning hydrogen, thus:
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RECAPITULATION.
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Combustion of hydrogen

:

34.78 X 0.2377 = 8.2672,

and , ^
"9,629 ^ oc.

8.2672 + 10.8093 ^^•^

It is evidently always desirable to secure perfect combus-

tion, and with the least possible air supply. With the forced

draught produced by a fan or blast-pipe, fuel may be burnt

with less air than with a chimney draught, and can be util-

ized with greater economy of heat. This economy is greater

with fuel containing but little volatilizable matter.

The general formulas, as given by Watts, for ascertaining

the thermal effect of any fuel of a known composition are as

follows :

For combustion in oxygen :

s.i.67C + gH+s'w'' ^'

For combustion in air:

cC+ c'H - IW
s.-^AjC +9II+ s'W+ s"N + s"'A.

(3)

Here T = increase of temperature produced by combus-

tion
;

C and H = quantities of carbon and hydrogen available in

I part by weight of the fuel

;

W= total quantity of water yielded by i part by
weight of the fuel

;

/ = latent heat of water
;

s, s', s", s'" = specific heat of carbonic acid, water-vapor,

nitrogen, and air

;

c and c' = calorific power of carbon and hydrogen

;

JV= quantity of nitrogen in air necessary for con-

verting combustible constituents of I part by

weight of fuel into carbonic acid and water;

A = extra quantity of air supplied for combustion.

II
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These formulas assume perfect combustion of the fuel

into carbonic acid and water ; and express the highest pos-

sible results when burnt under the most favorable conditions.

In all ordinary cases, the effect actually obtained is much
less than is indicated by this calculation, and may amount to

but a small fraction of the calculated calorific effect.

162. The Mean Value of any Fuel may be estimated at

about two-thirds those given hereafter for good qualities.

As indicated in Equation (i), where oxygen exists in a

compound, it will be found that only the excess of hydrogen

over that required to unite with oxygen, will be found to-

yield heat by combustion.

It is evidently essential to the fullest utilization of the heating-

power of any substance, that the combustion shall be complete.

Carbon burned with an insufficient supply of oxygen, passes

off in carbonic oxide, having taken up but one-half the proper

proportion of oxygen, and yields but about two-thirds as

great a quantity of heat as is due to complete combustion

resulting in the formation of carbonic acid.

With small air supply, at a proper temperature, carbonic

acid combines with a further quantity of carbon equal to

that which it already contains. This combination resembles

in its effects the vaporization of ice by superheated steam.

Instead of producing heat, there is a loss of heat, which may
be considerable.

Thus, for example, as given by Watts

:

HEAT UNITS.
• CENT. FAHR.

The heat generated by the combustion of one part

of carbon to carbonic acid is 8,080 14,500

While the heat generated by the combustion of

carbon only to carbonic oxide is 4,946 8,800

Loss of heat by production of carbonic oxide 3.134 5, 700

This action takes place when fuel is burnt on a " heavy
fire," and when it is burnt rapidly with imperfectly <fis-

tributed air supply.

Hydrocarbons, under similar conditions, burn with the

smoky flame which indicates the loss by unconsumed carbon.

The production of soot and smoke in the burning fuel con-
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taining the volatile hydrocarbons increases with increase in

proportion of volatile matter, and in proportion to the quan-

tity of carbon in the vapor. In soft bituminous coals the

proportion of carbon in the gas is two or three times as great

as in gases from wood.

This evolution of soot and smoke produces loss of heat,

and hence a sufficient supply of air for perfect combustion

must be provided by special means.

This air is often brought in through the furnace door or

at the bridge wall, back of the fire, and is usually heated

before it mingles with the products of combustion.

Watts illustrates the possible waste of heat resulting from
the presence of volatilizable combustible substance in fuel by
comparing the calorific power of Newcastle bituminous coal

with that of its fixed carbon. Newcastle coal contains 60 per

cent, of fixed carbon, and if only this portion of it is effective

in generating heat, its calorific power may be taken as 0.60

that of carbon.

But the coal contains, then, 82.12 per cent, total carbon

and 4.60 per cent, available hydrogen ; its calorific power is,

therefore, hydrogen having 4.265 the value of carbon,

0.8212 + (.046 X 4.265) = 1.01 7,

and if the volatile matter were not burnt, the loss of heat

would amount to 40 per cent., and if only the volatile carbon

were left unburnt, the loss would be nearly 25 per cent.

The following table shows how great may be this waste of

heat

:

TABLE XXIX.

CARBON AND HYDROGEN IN FUELS.

Average wood
Peat

{soft
medium..

Semi-anthracite

TOTAL CARBON.

40.36
60.00

77.90
79-68
78.53
82.12

83.78

AMOUNT OF CARBON
VOLATILIZED.

18.53
19 00
22.56
23.01

28.34
25.22
1509.

AMOUNT OF HYDRO-
GEN AVAILABLE.

U.83
1. 00
4-13
3-68
4.40
4.60
4.27
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Non-combustible substances in the fuel, and especially

moisture, check combustion and produce a loss of heat.

Sulphur adds practically nothing to the calorific power of

any fuel in which it may exist, and it is usually exceedingly

injurious in metallurgical work.

The ash which is left after the combustion of those con-

stituents of fuel capable of combining with oxygen, retards

combustion by preventing the access of air to the combustible,

and frequently where fusible by forming " clinkers " upon the

grate bars, and thus choking the draught.

163. In metallurgical operations in which the fuel comes

in contact with the materials which it is intended by its heat

of combustion to reduce, it is not always essential, or pos-

sible, or even advisable, to secure the conditions of perfect

combustion.

Carbonic oxide is a most valuable reducing agent, and it is,

therefore, frequently necessary to provide for imperfect com-

bustion, or for subsequent decomposition of the carbonic acid

formed, in order to carry on reduction successfully.

The ash of the fuel is often valuable as a flux also, and it is,

therefore, sometimes advantageous to use a fuel which would,

on account of the amount of its ash, be rejected, were the

object simply to obtain heat.

In the practice of metallurgy, the chemical composition

of the fuel is often a matter of more consequence than its

heating efficiency; and it should be determined with all the

accuracy that circumstances will permit.

Where an analysis cannot be obtained, an assay of the

ores proposed to be worked may be made, using in the assay

samples of the proposed fuels, and the character of the fuel

may be judged with some accuracy by the result of this assay.

The effect, for good or evil, of the more commonly recurring

impurities will be stated in detail in a succeeding article. ,

164. The minimum Quantity of Air required for the

perfect combustion of any kind of fuel may be readily calcu-

lated from its known chemical constitution.

Calling the weight of air W, and denoting the weights of

carbon, hydrogen, and oxygen, C, H, and 0,
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W=i2C+i6{H-^\ .... (4).

The value of W ranges from 6, for dry wood, to 12, for

anthracite and good bituminous coal. Charcoal and the

softer bituminous coals require about 1 1 parts by weight of

air per i part of fuel.

These values can only be approximated, in practice, with

extremely slow and carefully managed combustion. A per-

fect intermixture of the combustible with the supporter of

combustion can only be secured by the admission of some
excess of air to the furnace. Probably about double the esti-

mated amount of air is usually provided, although, in some
cases, where a forced draught produces exceptionally com-

plete intermixture of the gases, the quantity may be brought

as low as 18 pounds of air per pound of coal.

In one instance, in which a furnace burning wet fuel was
tested by the author, to determine its economic efficiency,

the quantity of air supplied was very little in excess of that

dictated by theory. This was, however, an exceptional case.

As the excess of air must be heated to the temperature of the

chimney, and then thrown away, it causes a notable waste of

heat.

The weight of a cubic foot of air at mean atmospheric

temperature being 0.076391 pound, the volume of air required

for perfect combustion, in any case, may be determined by
the equation

:

F=i57C + 47i(^--#) • • (5).

Eighteen and twenty-four pounds of air, required, as stated

above for combustion, in the case mentioned, of one pound

of coal, would measure, respectively, 236 and 314 cubic feet.

The weight of a cubic metre of air is 1.224 kilogrammes.

The volume, in metric measures, required in any case is

therefore

:

r=9.8C+29(/f--^) (6).

When eighteen and twenty-four times the weight of fuel
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are required respectively, the volumes in the case taken would

be IS and 19 cubic metres.

165. The Temperature of the Products of Combus-
tion may be calculated, as has been shown, with approxima-

tion to accuracy, from the known weight of the fuel and of

the products of combustion, the heat-generating power of the

former, and the specific heat of the latter.

The specific heat of the products of combustion are, at

constant pressure, and for equal weights :

TABLE XXX.
SPECIFIC HEATS OF PRODUCTS OF COMBUSTION.—(REGNAULT.)

( Water = I. Pressure constant.)

Air o . 2374

Oxygen 0.2175

Nitrogen 0.2438

Steam 0.4805

Carbonic acid o . 2164

The proportions in which these substances occur in the

products of combustion being known, the mean specific heat

of all may be determined ; and the total heat of combustion

of one pound of fuel being divided by the product of this

weight by this mean specific heat, the quotient is the rise in

temperature of the furnace gases.

Rankine gives the result of this calculation, in cases where

carbon alone is burned with undiluted air, and diluted with one-

half and with equal weight of additional air respectively, 4,580°,

3,2
1
5", and 2,440° Fahr., equal to 2,627°, 1,824°, and 1,338° Cent.

Olefiant gas, similarly treated, should give temperatures

of 5,050°, 3>5i5°, and 2,710° Fahr.; or, 2,788°, 1,953°, and

1,488° Cent.

The mean specific heat of the products of combustion is

practically equal to the specific heat of air.

The following are the specific heats given by Rankine

:

SPECIFIC HEAT UNDER CONSTANT PRESSURE :

Carbonic acid gas 0.217

Steam 0.475

Nitrogen, probably o 245

Air 0.238

Ashes, probably about o. 200
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By using these data, the above results are thus obtained for

the two extrenae cases of pure carbon and olefiant gas, burned

respectively in air ; British units are used :

OLEFIANT
CARBON.

GAS.

Total heat of combustion per pound i4>50O 21,300

"Weight of products of combustion in air, undiluted 13 lbs. ^6.43 lbs-

Their mean specific heat 0.237 0-257

Specific heat ^ weight 3 . 08 4.22

Elevation of temperature, if undiluted 4,580" 5,050"

If diluted with air = Y2 air for combustion.

Weight per lb. of fuel ig. 24.2

Mean specific heat o. 237 o. 25

Specific heat x weight 4-51 6.06

Elevation of temperature 3,215° 3.515°

If diluted with air = air for combustion.

Weight per lb. fu^l 25

.

31 . 86

Mean specific heat 0.238 0.248

Specific heat x weight 5-94 7-9

Elevation of temperature 2,440° 2,710°

For wet fuel, like sawdust, or spent tan from the leach, the

Author has made the following estimation in one actual case

where the fuel consists of 45 per cent, woody fibre, and 55

per cent, of water.

Taking the available heat per pound of the dry portion at

6,480 British thermal units, each pound of wet fuel yields

2,916 units of heat. Of this, S31.6 are absorbed in the evap.

oration of the 55 per cent, of w^ter, leaving 2,384.4 units to

raise the temperature of the pfeducts of combustion. Of
these there are, as a minimum, 3.7 pbunds, having a mean spe-

cific heat of about 0.287. \ X.
The elevation of temperature is tlT!erefor?S^,24§-.-^ Fahr.,

and adding the mean temperature of t'h|: atmo^pherfe'^. 74°,

the mean temperature of furnace, assuming no dilutl^ with

unused air, and no losses, would have been ' §bout 2,^^°,

Fahr. (1,271° Cent.). Losing 2^ per cent, by radiation aif4...

•conduction, etc., the actual temperature was 2,260° Fahr.

{1,238° Cent.). '•>
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The temperature of chimney flue was found by experi-

ment to have been 544°. The furnace gases were therefore

cooled 2260° — 544° = 1716° Fahr. (937° Cent.) by the loss:

of the heat given up to the boiler. This is equivalent to

1716 X 0.287 = 492.5 British heat units per pound of gas,

and to 4,049.4 units per pound of ligneous material in the fuel.

The " equivalent evaporation," from and at 212°, is

4049.4 -T- 966.6 = 4.18 pounds of water. The actual evap-

oration was equivalent to 4.24 pounds, and the difference

—

less than one per cent, of the total—represents losses and

errors of calculation.

The actual existing temperature of furnace can be also

thus estimated. The available heat per pound of fuel, in-

cluding water, has been given at 2,916 British thermal units.

Of this
' = 0.182 passed off with vapor, and was not

2916
^

useful in raising the temperature of either the furnace or the

chimney. Hence, of all heat liberated, i.oo — 0.182 = 0.818

was efficient in elevating the temperature of furnace, and

0.37 — 0.182 = 0.188 was effective in producing the observed

temperature, 544° Fahr., of chimney. Then, since the same

quantity of gas passes at both places, the temperature of

furnace was (
'

„„ x 470) + 74° = 2119° Fahr. To this
\0.i88 /

is to be added the slight loss of temperature en route between

furnace and chimney by conduction and radiation, which may
make the figure very nearly 2,260° Fahr. as above.

166. The Rate of Combustion is determined principally

by the quantity of air supplied. The amount of coal burned

per square foot of grate with chimney draught varies very

nearly with the square root of the height of the chimney,

and has been found by the Authof ordinarily to be very

nearly, as a maximum,

W=2 VH- I, or W = 17 VlP - 0.5,

where W and W are weights of fuel burned per hour per

square foot of grate, and on the square metre, in pounds and
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kilogrammes, and H and H' are the heights of chimney in

feet and metres.

A chimney 64 feet or 19^ metres high, will, for example,

under favorable conditions, usually support combustion of 15

pounds of coal per square foot of grate, or of 73 kilogrammes

per square metre. The weight of combustible which may
be burned in any unit of time may be calculated approxi-

mately by dividing the weight of air which can be supplied

in that time, by its proportion to weight of fuel, as deter-

mined in the preceding paragraphs. In exceptional cases

there is sometimes a large excess of air, and sometimes a

considerable deficiency. In such instances, direct experi-

ment only can determine the amount of fuel burned.

167. The Efficiency of the Furnace, considered as a heat-

utilizing apparatus, is determined by the temperature of fur-

nace gases, by the thoroughness with which complete com-

bustion is secured, and with which losses of fuel and of heat

are prevented. It is measured by the ratio of the amount of

the total available heat of the fuel to that of the heat actu-

ally utilized. This efficiency is rarely so high as 80 per cent.,

and frequently falls to 50 per cent.

In all cases, efficiency is to be studied, in applications of

heat, in two parts : (i) the efficiency of the heat-generat-

ing and absorbing apparatus, i. e., the furnace
; (2) the effi-

ciency of the heat-utilizing apparatus and methods, as the

steam boiler, the heating chamber of the reverberatory

furnace, or such other heat-absorbing arrangement as may be

adopted.

(i.) The efficiency of the furnace is represented by

E =

in which E is the ratio of the heat rendered available to heat

developed ; T^, T^, T^, are the temperatures of furnace, of

chimney, and of external air. For examples, in two actual

cases, 7;, T^, T^, were, 2,118° F., 544° F., and 74° F., or 1,176°,

302°, and 23° C. for the first case, and 919°, 452°, 86.5° F.,
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or 510°, 251°, and 48° C. for the second case. The values of

the efficiencies of the two kinds of apparatus were

2118° - 544° „„ 1 919° - 452° ,^^^^:y— = 0.77 ; and ^^—^ ^^— = o.^o:
2118 - 74

"'
919° - 86.5° ^ '

or for Centigrade degrees,

1176° - 302" „ , 510° -251" ^
1/76°- 41— °-^^' '"'^ 510°- 48— °-S^'

the first being nearly 40 per cent, higher than the second. A
certain change of fuel would have given the first a maximum
temperature of 2,644° F., 1,451° C, and would have raised its

efficiency to

2644° — 544'' „

2644 - 74°

or

145 L°
-_279°

1451° - 23°
= 0.81.

(2.) The efiSciency of the heat-absorbing apparatus is de-

pendent upon its character and proportion, and is not treated

here. The highest efficiency in heat production is secured

by perfect combustion with the least practicable air supply,

thus obtaining the highest possible resulting temperature.

A large part of the heat produced by combustion of fuel

is expended in producing chimney draught. This is not

available for producing any other useful effects.

The amount of heat thus expended varies with the nature

of the products of combustion, and the use to which the heat

is to be applied. In all cases the heat thus discharged is

wasted.

The temperature of the products of combustion cannot

usually be reduced much below about 600° F., or 315° C.

Watts gives the loss in two typical cases of combustion of
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carbon and of hydrogen in twice as much air as is necessary

for their conversion into carbonic acid and water vapor :

Parts by weight,
products of
combustion.
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The mineral oils, and liquid fuels generally, promise ex-

cellent results when satisfactory methods shall have been

found to secure the conditions of perfect combustion.

169. Each form of fuel, solid, liquid, and gaseous, is

specially adapted to particular purposes ; and, in selection,

the engineer and metallurgist should carefully examine all of

the circumstances of the case under consideration, in order

to determine from which of these classes the fuel required

should be selected ; and, this choice having been made, he

will next select that quality which best fulfills the require-

ments of the case.

TABLE XXXI.

COMPOSITION OF COMBUSTIBLES, CARBON TAKEN AS lOO.

Wood
Peat
Lignite

Bituminous Coal
Anthracite Coal.

CARBON.
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its invariable ultimate constituents, carbon, hydrogen, and
oxygen, which come from the retort as solid carbon, or coke,

liquid tar, gaseous ammonia, benzole, naphtha, paraffine,

illuminating gas, sulphurous acid, and other substances, in

various proportions. The inorganic portion is left as an ash

when the fuel is burned. It consists usually of silicates in

varying proportions.

171. The various fossil fuels having had a common origin,

and being all more or less decomposed and mechanically

altered vegetable matter, are found to exist in all states inter-

mediate between that of recent vegetation and that of com-

pletely mineralized graphitic anthracite.

Their classification is, therefore, an arbitrary one, and it

frequently happens that a particular species of coal lies so

exactly between two classes, as to make it difficult to deter-

mine to which it should be assigned.

The anthracites are found among the older carboniferous

strata ; the bituminous coals come from the secondary ; and

the softest and least altered varieties from the tertiary forma-

tions.

The following, representing approximately the gradual

change of composition as fossilization effects the alteration

of woody fibre, is given by Dr. Wagner

:

TABLE XXXII.

CHANGE OF COMPOSITION OF FOSSIL FUELS.
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stances, and is usually free from hydrocarbons. Some varie-

ties are thoroughly mineralized and have become graphitic.

The ordinary varieties of good anthracite are hard, compact,

lustrous, and sometimes iridescent. The color is interme-

diate between jet black and that of plumbago.

It is amorphous and somewhat vitreous in structure, the

hardest varieties falling to pieces when suddenly heated, and

sometimes breaking up into very small fragments, thus caus-

ing considerable loss even when carefully " fired." It some-

times gives out a ringing sound when struck. It is a strong,

dense coal, its specific gravity ranging from 1.4 to 1.6. It

has a high calorific value.

It burns without smoke and without flame unless contain-

ing moisture, the vapor of which produces a yellow flame of

comparatively low temperature. It kindles slowly and with

difficulty ; and, once kindled, requires to be carefully and

skilfully managed to secure economic efficiency.

A representative variety has a specific gravity i-SS, and

contains, exclusive of ash, carbon, 94 per cent., hydrogen and

oxygen (moisture) 6 per cent. Of the latter, 2}^ per cent, is

hygroscopic, but is held with great tenacity.

The percentage of ash varies greatly, even in the same

variety, and in specimens from the same bed. It may be

estimated, as an average, at above ten per cent., while the

total loss in ash, fine coal, and clinker will be likely sometimes

to reach double that proportion in ordinary furnaces. When
selecting anthracite it is necessary to keep this fact carefully in

mind. Twenty-four samples of anthracite from Pennsylvania,

analyzed by Britton, gave as a mean

Carbon 91 -OS

Volatile matter 3 45

Moisture i . 34

Ash 4.16

100.00

There was included in the above, sulphur, 0.240, phos-

phorus, 0.013.
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A variety of this class of coals, similar in composition, but
differing from the typical anthracite above described in

structure, has been sometimes called semi-anthracite.

It does not exhibit the conchoidal fracture of the latter,

but is somewhat lamellar, and is marked by fine joints or

planes of cleavage. It crumbles readily, and has less density

than the preceding.

One method of distinguishing good examples of the two
varieties is found in the fact that the latter, when just frac-

tured, soils the hand, while the former does not. The latter

variety kindles quite readily and burns freely.

An example of this coal contained, in one hundred parts,

carbon, 90; hydrogen and oxygen, 1. 5 ; ash, 8.5.

173. The Bituminous Coals are sometimes divided into

three classes.

Dry Bituminous Coal contains about 75 per cent, of car-

bon, 5 per cent, hydrogen, and 4 per cent, oxygen. That

part of the hydrogen which is combined with carbon is

capable of adding to the heat-giving power of the coal. This

coal is lighter than anthracite, its specific gravity being about

1.3. Its color is black or nearly black, and its lustre resin-

ous ; it is moderately hard, and burns freely. Its structure is

weak, brittle and splintery, fine-grained, and of uneven sur-

face. It kindles with less difficulty than any variety of

anthracite, but less readily than the bituminous coal to be

described. It burns with a moderate flame, and gives off

little or no smoke.

Bituminous Caking Coal contains sometimes as little as 60

per cent, of free carbon, and the maximum proportion is, per-

haps, 70 per cent. It contains 5 or 6 per cent, each, of oxygen

and hydrogen, and the remaining portion, amounting some-

times to 30 per cent., is incombustible. Its specific gravity is

about 1.25. It is moderately compact ; its fracture is uneven,

but not splintery ; its color is a less decided black than the pre-

ceding, and its lustre is more resinous. When heated it breaks

into small fragments if the proportion of bitumen is insufficient

to cause it to cohere before becoming thoroughly softened, but

afterward, as it becomes more highly heated, the pieces become
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pasty and adherent, and the whole mass becomes compact

and hard as the gaseous constituents are expelled by heat.

This coal, ignited in air, burns with a yellowish flame and

very irregularly unless kept continually stirred to prevent

agglomeration and consequent checking of the draught. It

cannot be successfully used, therefore, when great heat is

required. It is valuable for the manufacture of gas and of

coke, and can be used in small grates where but moderate

heat is obtained.

Long Flaming Bituminous Coal is quite similar to the pre-

ceding, differing chemically in composition and containing a

larger proportion of oxygen. It burns with a long flame,

and has a strong tendency to produce smoke. Some varie-

ties cake like the preceding, others do not ; but all ignite

readily and burn freely, consuming rapidly.

There are many varieties of coal in each of the above-

named classes, the gradation being sometimes marked and

sometimes barely distinguishable.

174. American Anthracites have been found, by experi-

ments made under the direction of the United States Navy
Department, to have a mean evaporative efficiency, in marine

boilers, of 8.9 pounds of water evaporated from 212° Fahr.

(100° Cent.) per pound of coal. The bituminous coals of

the United States were found to evaporate an average of 9.9

pounds of water per pound of fuel, under similar conditions.

The average efficiency of British coals is given by Bourne at

about 8.7. American anthracites evaporated 10.69 pounds of

water per pound of combustible matter contained in the

fuels, and the bituminous coals 10.84, from 212° Fahr.*

These results are practically identical for the two kinds of

coal ; but the average of the best known varieties gives a dif-

ference which is, with such good varieties, in favor of anthra-

cite.

I75' Lignite, or Brown Coal, is of more recent and of

more incomplete formation than the bituminous coals, and

occupies a position intermediate between the true coals and

* See American Institute Reports ; Tests of Steam Boilers, 1874.
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peat. It contains from 30 to 60 per cent, of carbon, 5 or 8

per cent, of hydrogen, and 20 to 25 per cent, of oxygen. It

is very light when pure, having, according to Regnault, a spe-

cific gravity of from i.io to 1.25. The heavier varieties con-

tain much compact earthy matter.

Lignite is found in tertiary geological formations. It is

brown in color, has the woody structure well defined, and is

usually lustreless. Where it approaches the bituminous coals

in age, it also approximates to them in structure and other

'

characteristics. It frequently contains considerable moisture,

which can only be removed by high temperature or by long

seasoning, and the lignite, once dried, must be carefully pre-

served in dry situations if not used at once, as it re-absorbs

moisture with great avidity.

When thoroughly dry it kindles readily, burns freely, and

is consumed rapidly. It is not usually considered a valuable

kind of fuel. It occupies considerably more space, weight

for weight, than the true coals, burns, as an average, a

third more rapidly, and its evaporation of water, per pound
of fuel, is about 25 per cent. less. To obtain maximum
evaporative efficiency a slow rate of combustion is found

most effective.

176. Peat, sometimes called Turf, is obtained from bogs

and swampy places. It consists of the interlaced and slightly

decayed roots of vegetation, which, although buried under a

superincumbent mass of similar material and mingled with

some earthy matter, retains its ligneous structure and nearly

all the chemical characteristics of unaltered vegetable matter.

Submitted to the great pressure and the warmth which have

for ages acted upon the coal beds, it would also probably

become coal.

Dried in the air, it, like the lignites, retains moisture per-

sistently, and is usually found to contain 30 per cent, after

drying. After completely removing all water, an average

specimen would contain about 60 per cent, of carbon, 5 to 10

per cent, hydrogen, and 30 or 40 per cent, of oxygen. The

ash varies very greatly, sometimes being as little as 5, and, in

other cases, as high as 25 per cent.

12
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A pound of wood charcoal has nearly the same value as a

fuel as 1.66 pounds of peat of average quality.

Peat is frequently used in large quantities for heating pur-

poses, and attempts have been made, with encouraging re-

sults, to use it in metallurgical operations.

When to be thus used, it is cut from the bog with sharp

spades, ground up in a machine specially designed for the

purpose, and dried by spreading it where it can have full

exposure to the sun and air.

It is frequently compressed by machinery until its density

approaches that of the lighter coals, and it is used in blocks

of such size as are found best suited to the particular purpose

for which it is prepared.

Its charcoal makes excellent fuel for use in working steel

and welding iron. It is frequently found to be a very excel-

lent fuel for other purposes, and is extensively used in some
localities. Its specific gravity is usually about 0.5.

177- W'ood, thoroughly seasoned, still contains about 20
per cent, of moisture.

The moisture being completely driven off by high tem-
perature, there is left about 50 per cent, carbon, and com-
bined oxygen and hydrogen compose the remainder, in very

nearly the proportions which form water. The pines and firs

contain turpentine, and other woods contain frequently

a minute proportion of hydrocarbons peculiar to them-
selves.

The proportion of ash varies from about 0.5 per cent, to 5

per cent. The woods all evaporate very nearly the same
weight of water per pound of fuel. The lighter woods take

fire most readily and burn most rapidly ; the denser varieties

give the most steady heat and burn longest.

Where radiated heat is desired the hard woods are much
the most efficient.

The seasoning of wood has been described in that part of

this work which treats of timber.

Thorough seasoning in the open air requires from six

months to a year, and is the only method generally adopted
for wood intended to be used as fuel. One cord of hard
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wood, such as is used on the Northern lakes of the United
States, is said to be equal in calorific power to one ton of

anthracite coal of medium quality. One cord of soft wood,
such as is used by steamers on Western rivers, is equal in

heating power to 960 lbs. (436 kilogrammes) or 12 bushels

(423 cubic decimetres) of Pittsburgh coal. One cord of

well seasoned yellow pine is equivalent to y^ ton (500 kilo-

grammes) of good coal.

178. Coke is made from bituminous coal by subjecting it

to such high temperature as to deprive it of its volatile con-

stituents.

The presence of moisture in some of the coals largely

reduces their heating power. The bituminous matter causes

them to fuse and to form a coherent mass, and, by thus

preventing the passage of air, destroys their efficiency for

many purposes. The presence of sulphur and of deleterious

volatile substances in many coals also precludes their appli-

cation to the reduction of iron ores, and destroys their

value for other metallurgical purposes. All of these vola-

tile materials being driven off by heat, a mass of fixed

carbon containing only earthy impurities remains, which
" coke " constitutes the fuel with which some of the most

extensive and important metallurgical industries are con-

ducted. These volatile matters are sometimes utilized,

but are generally wasted, except where the coke is con-

sidered a secondary product, as in the manufacture of illu-

minating gas.

Coking is carried on by either of three methods—in open

heaps, in coke ovens, or in retorts.

The first method is extremely wasteful and is rarely prac-

ticed ; the second is more economical ; and the third is the best

where gas is manufactured, and is the only one practiced in

that case. The second method is that generally adopted

where the coke is the primary product, as, although not as

economical as the last, it produces a strong coke which is much
better adapted for use in furnaces than that afforded by the last

method, which, although allowing of the complete separation

and collection of the liquid and gaseous products of distilla-
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tion, yields a coke which has too little density and strength

to make it a valuable fuel.

Coke made in ovens is usually of a dark gray color, porous,

hard, and brittle. The best gives out a slight ringing sound

when struck, and has something of the metallic lustre. It

makes an intense, clear fire, and it should not be forced so as

to injure either the boiler or the grate by burning the iron.

Where the coals contain sulphur but are free from moisture,

provision should be made for the passage of a supply of steam

through the oven. This will give up its oxygen to the metal

with which the sulphur is combined, and the hydrogen, unit-

ing with the latter, forms sulphuretted hydrogen. The coke

is thus left comparatively free from the noxious ingredient,

and as this is usually the only constituent of bituminous coal

which injuriously affects iron, the coke is a better fuel than

the coal from which it is made.

Various coals yield from 33 per cent, to 90 per cent,

of their weight in coke. The latter containing all the ash,

the percentage of ash" in coke will be higher than in the

coal from which it is prepared. Coke has a strong tendency

to absorb moisture, and may, when unprotected from damp-
ness, condense 15 or 20 per cent, of its own weight within its

pores.

Coke should be carefully washed when it has been made
from an earthy or pyritous coal. This process is practiced

with French cokes, and is found greatly to improve them.

The expense of subsequent drying is, however, considerable.

Calvert's process for the removal of sulphur compounds
consists in the addition of salt to the coal in the coking fur-

nace, which, by double decomposition, produces volatile com-

pounds of sulphur and chlorine. Coke supplied to British

iron makers contains frequently from i to 1.50 per cent, sul-

phur.

American coals are generally less contaminated with this

seriously injurious element than are the British. Many cokes

contain 15 per cent, ash and i or even 2 per cent, sulphur;

while others contain but 3 to 5 per cent, ash and -^ per cent,

sulphur. This is the principal fuel used in metallurgy.
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An average of forty-nine samples of Connellsville coke

analyzed by Britton contained :

Carbon 87.456

Moisture 0.490

Ash 11.332

Sulphur u. 693

Phosphorus 0.013

Loss 0.016

100.00

Its ash contained

:

Silica 47 . 90

Alumina 47 7^
Oxide of iron i . 43

Lime j . 48

Magnesia 0.53

Sulphur trace

Phosphorus o. 09

Alkalies o . 49
Loss o . 32

100.00

179. Charcoal has the same relation to wood that coke

has to bituminous coals.

It is made from all kinds of wood, hard wood charcoal

being the best for fuel. Wood of about twenty years of age

is preferred, and should be charred before decay has com-

menced. The methods of preparation are substantially

the same, and the chemical constitution of the product is

very similar, although its physical characteristics are quite

different.

Charcoal prepared by charring in heaps seldom amounts

to more than 20 per cent, of the total weight of wood used

;

carelessness in conducting the process may reduce the weight

of product far below even that figure. A considerable loss

is unavoidable, since the charring of one portion must be

effected by the heat obtained from the combustion of another

part of the wood. Sound wood is selected, cut in billets four

or five feet in length, and, when large, split into sticks of

from three to six inches in thickness. It is best to assort the
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wood, placing each kind in piles by itself. In making up the

heap the ground is cleared, a stake is set at the centre of the

cleared space, and a layer of wood is put down with all the

sticks laid radially, and the interstices filled with smaller

sticks. On this layer the rest of the wood is piled on end,

beginning by leaning sticks against the centre stake. The
whole is finally covered with another closely packed layer,

which, in turn, is completely covered with sods.

A central hole is left and also an uncovered ring around

the base five or six inches high, for the air supply. One or

two horizontal passages left in the pile conduct the gases to

the centre, where they rise, passing out at the hole made by

pulling out the centre stake before firing the pile.

The fire being started and actively burning, all openings

are closed, and combustion is perfectly controlled by altering

their number and position. The condition of the fire is indi-

cated by the color of the smoke, which should be black and

thick ; when it is light and bluish the draft should be more

completely checked. The work is finished when the wood at

the exterior of the pile is found charred. All openings are

then closed, and the fire is thus extinguished. The pile can

be usually opened on the following day, and the removal of

charcoal begun. So crude a process is very liable to excess-

ive losses from the difficulty experienced in adjusting the

supply of air, and in conducting the heated products of com-

bustion to precisely the right points, and in precisely the

right proportions to secure maximum efficiency.

The presence of moisture in wood is productive of loss

by giving rise to the formation of carbonic oxide and of

new hydrocarbons. They carry off carbon which would

otherwise have been left in the solid state as so much char-

coal.

Dry wood, charred in a retort, yields as a maximum about

30 per cent, of its weight in charcoal. Of the carbon origi-

nally contained in wood, therefore, by the first method of

charring, not above one-half may be expected to be obtained

as charcoal, while, by the last method, three-quarters may be

obtained by skilful management. The latter process requires
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the expenditure of about one-eighth of the weight of wood
charred, for the production of the heat demanded by that

process. It, therefore, yields a net amount in charcoal, of

about thirty per cent, of the total weight of wood used. The
wood which is used for fuel, however, may be of less value

than that charged into the retort. Peat charcoal is some-

times made by similar methods, but is little used.

Charcoal has been successfully prepared by the action of

highly superheated steam upon wood, as proposed by M.

Violette.

Karsten, Stolze, Winkler, and others, have found that the

quantity and quality of charcoal are largely influenced by the

temperature of distillation.

Wood heated to 300° Fahr. (150° Cent.) for a con-

siderable length of time, loses 60 per cent, or more of its

weight. If heated only to slightly above 212° Fahr. (100°

Cent.), the loss is but from 50 to 55 per cent. The resi-

due resembles charcoal, but, in each case, it retains some
volatile matter which may be driven off by higher tempera-

tures. Karsten found that, by rapid charring at high tem-

peratures, he obtained, as an average, about 1 5 per cent, char-

coal in one series of experiments ; while, by slowly charring

the same woods at a low temperature, the percentage ob-

tained averaged about 25 per cent.

In making charcoal in retorts, on a large scale, the follow-

ing is given as the character and distribution of the carbon

of the product

:

Charcoal 30.00

Carbon in acetic acid 0.50
" "tar 6.00

" " hydrocarbons and oxides 3-50
" used as fuel in the process 5-oo

Total carbon in 100 parts wood 45 .00

The combustibility of charcoal is greater when prepared at

a low, than when prepared at a high temperature, as is shown

by the following approximate .tabular statement

:
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Charcoal absorbs gases and vapors with great avidity, and
should be carefully enclosed, when intended to be kept some
time before using, in order to prevent serious injury from

this cause. The lower the temperature at which carboniza-

tion is effected, the greater the power exhibited by the char-

coal, of absorbing gases and vapors. This is exhibited by
the following tabular statement of results deduced from M.
Violette's experiments

:

TABLE XXXIV.

ABSORPTIVE POWER OF CHARCOAL.

Temperature ofpreparation. Percentage of vapor absorbed.

2.254

4-450

4.700

4.900

5-500

6.836

9- 750

20 . 860

The Density of Charcoal depends largely upon the nature

of the wood from which it is made. Its specific gravity is

given by Hassenfratz, as follows :

TABLE XXXV.

SPECIFIC GRAVITY OP CHARCOAL.

Birch o. 203

Ash 0.200

Beech 0.183

Elm 0.180

Red Pine o. 176

Maple o . 164

Oak U155
Pear 0.152

Alder o. 134

The apparent density of the mass is, however, far less

than the real density, as determined by Violette, after expel-

ling the air from its pores. Violette found the true density

of charcoal of black alder to vary from 1.5 to 2.0; the former

2,732°
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being that of charcoal prepared at 300° Fahr. (150" Cent.),

and the latter at above 3,000° Fahr. (1,650° Cent.)

Good charcoal is black, with a high lustre, and has a con-

choidal fracture. It is quite strong, and the best qualities

ring when struck, although less than good coke. It burns

without flame or smoke, and radiates heat strongly. It should

not soil the hands.

Charcoal and coke both make an intense, clear fire, and

with a forced draught, giving a small air supply, afford an

extremely high temperature which is liable to injure the grates

or anything metallic which may be subjected to its action.

180. Pulverized Fuel, or Dust-Fuel, is sometimes used in

special metallurgical processes.

In the use of this form of fuel, special arrangements be-

come necessary to secure thorough intei:mixture of the fuel

with the supporter of combustion, in order to effect complete

oxidation. The fuel itself is sometimes prepared by pulveriz-

ing coal, or other combustibles ; and sometimes it is obtained

from the large deposits of " slack," " breeze," or coal dust

which are found wherever coal in large quantities is subjected

to attrition. It is sometimes burned on a very fine grate, the

requisite supply of air being secured by the use of a blast

beneath the grate.

One of the most successful methods is that pursued by
Whelpley and Storer, and by Crampton. In this process a

stream of mingled dust-fuel and air is driven into the furnace

where combustion ^akes place, the quantity of fuel and of air

being capable of adjustment in such a manner as to secure

the most perfect combustion. This method has been applied

successfully, not only in the production of heat simply, but

also in the reduction of metals from their ores. The facility

with which an oxidizing, or a reducing flame, may be pro-

duced at will is the great mferit of the process in the latter

application. Its advantage for heating purposes lies in the

power which it gives of utilizing a fuel which would have

otherwise no value. In making " muck-bar," an eco.iomy

over that attained with coal, of above 20 per cent, has been

reported to have been effected by the use of this process
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and fuel. The saving occurred in reduction of waste of

metal, as well as in simple economy of fuel. At the United
States Armory, at Springfield, Massachusetts, 6.6 pounds or

kilogrammes of fuel were consumed per pound or kilo-

gramme of iron heated to the welding heat, where 16 had
been required by the old process.*

181. Liquid Fuels have been used to a limited extent.

The liquids best adapted for use as fuel are the mineral oils.

They yield an intense heat ; the products of combustion, as

well as the fuels themselves, are comparatively free from del-

eterious elements, and the temperatures obtained by their

use are generally easily regulated, when they are burned in

manageable quantities. Their tendency is to give off com-

bustible gases, which may cause serious explosions ; and this

fact, but especially the difificulty met with in uniformly dis-

tributing the oil, and in properly supplying it with air for its

combustion, have hitherto prevented the general use of these

fuels, even where their comparatively high cost would not

be a serious objection to their application.

Crude petroleum, on distillation, breaks up into a large

number of hydrocarbon compounds, having boiling points

varying from 32° Fahr. (0° Cent.) to 700° Fahr. (371" Cent.) as

given by Van der Weyde. Its density is variable, but usually

about 45" Beaum^, corresponding to a specific gravity of

about 0.8, the gallon weighing 6.67 pounds, and the litre weigh-

ing 0.8 kilogramme. It contains by analysis : carbon, 84 ; hy-

drogen, 14 ; oxygen, 2. The latent heat of its vapor is about

one-fifth that of steam, and its volume 25 cubic feet to the

gallon of oil, or 0.2 cubic metre per litre.

The " creosote," or " dead oil," produced in gas making,

is sometimes used as fuel. In experiments on board the Brit-

ish steamer Retriever, in 1868, where creosote was used for

the generation of steam by what is called the Dorsett system,

the evaporation was about 14 pounds or kilogrammes of

water from a boiling point per pound or kilogramme of liquid

fuel used, or nearly double the average obtained where coal

was used in the same boiler.

* Report Lieut. H. Metcalf to Major Burton, Oct. 31st, 1873.
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Dr. Pauli reporting these results, gives the theoretic evap-

orative power of the constituents of this fuel, in units in

weight of water per unit of fuel, as follows : phenol, 12.25 !

cressol, 13.01 ; napthaline, 15.46; xylol, 16.59; cumol, 16.78;

cymol, 16.94.

Capt. Selwyn, R. N., reported an evaporative power from

boiling point of 16.77 parts water per part by weight of a

liquid fuel which had a theoretical efficiency of 17.52 parts.

In another instance, he gives the evaporation of 14.98 from

the boiling point, by a fuel having a theoretical evaporative

power of 17.5. Deville found oil from Oil Creek, Pennsylva-

nia, to have a calorific value of 10,000 " calories," equivalent

to the evaporation of 16.17 parts of water for one part by
weight of oil. Of this 13^ per cent, was lost by the chimney,

and by conduction and radiation. Some other oils give

slightly higher figures.

Using this fuel, Eames has attained temperatures in the

reverberatory heating furnace, according to Wurtz,* exceeding

3,300° Fahr. (1,816° Cent.). Iron plate made with this fuel

from mixed scrap had a density (sp. gr.) of "j."], a tenacity of

50,000 lbs. per square inch, or 3,500 kilogrammes per square

centimetre of original area, and extended from 5 to 15 per

cent., as tested by the Author ; the iron was very hard, fine,

and even in grain.

The furnace was heated in 45 minutes, with 225^ gallons

(85.5 litres) of oil, and the piles of iron were well heated in

about a half hour more. Eight tons (8,128 kilogrammes) of

iron per day were heated and rolled from one furnace, and
with a consumption of one-eighth its weight of oil.

Iron puddled by the Eames process was, according to

Dr. Channing, of excellent quality ; it was subject to slight

loss by oxidation, and its cost was less than when made with

coal.

Experiments made with liquid fuel in heating armor and
ship plates, at Chatham Dockyard, in May, 1869, gave better

results, where 705 pounds (320 kilogrammes) of oil were used

* Engineering and Mining yournnl, Aug. 7, 1875, p. 124.



FUELS. 189

in heating a number of plates, preparatory to bending them,

than where 3,300 pounds (1,500 kilogrammes) of coal was used

for a similar lot.

This fuel was reported to require 34 cubic feet (0.963 cu.

m.) of storage capacity per ton ; while British coals, used in

competing trials, required 43 cubic feet (1.228 cu. m.). The
economy in storage thus amounted to above twenty per cent.

According to Wurtz, a barrel of crude petroleum has su-

perior heating power to 1,280 pounds (580 kilogrammes) of

the best bituminous coal, as applied to heating iron.

Experiments made by Engineer-in-Chief B. F. Isherwood,

U. S. N., under the direction of the U. S. Navy Department,

upon various systems of utilization of petroleum as a fuel,

gave a maximum economy, over the use of anthracite, of 68

per cent, by Fisher's method of burning oil, and 38 per cent,

by Foote's process of burning liquid and solid fuel together

;

he reports the failure of another method, in consequence of

the obstruction of the tubes by deposition of solid carbon.

Vabie of Liquid Fuels.—Isherwood states the advantages

attending the use of the mineral oils, which were the subject

of his experiments, as follows

:

(i.) A reduction of weight of fuel amounting to 40^ per

cent.

(2.) A reduction in bulk of 36)^ per cent.

(3.) A reduction in the number of firemen (" stokers ") in

the proportion of 4 to i.

(4.) Prompt kindling of fires, and consequently the early

attainment of the maximum temperature of furnaces.

(5.) The fire can, at any moment, be instantaneously ex-

tinguished.

Other advantages, unmentioned by him, are the uniform-

ity of combustion and heating attainable, and the small pro-

portion of ash. The disadvantages are given as follows

:

(i.) Danger of explosions occurring by the taking fire of

the vapors which are liable to arise from the fuel, and to

escape from the tanks.
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(2.) Loss of fuel by evaporation.

(3.) The unpleasant odors which distinguish these vapors.

(4.) The comparatively high price, which price would be

rapidly augmented by any general introduction of the pro-

posed application of the oils.*

Many other inventors, in the United States and in other

countries, including Wyse, Field, Deville, and Blyth, have

attempted the use of liquid fuels, but no permanent success

seems to have attended their efforts. Where petroleums are

obtainable at low prices, they are used to a limited extent as

fuel ; and their ultimate successful introduction may not be

improbable.

182. Gaseous Fuels are used with marked success in

some branches of metallurgical work, as well as in the genera-

tion of heat for ordinary purposes.

The advantages possessed by gaseous fuels are :

(i.) Convenience of management of temperature.

(2.) Freedom from liability to injure material with which
the products of combustion may come in contact, and conse-

quently, also, allowing the use of fuel of inferior quality as a

source of the gas.

(3.) The facility with which thorough combustion may be
secured.

(4.) The readiness with which the flame may be given

either an oxidizing or a deoxidizing character.

(5.) In many cases, economy in expense of operation.

The disadvantages are

:

(i.) Danger of explosions, when carelessly or unskilfully

handled.

(2.) Expense of plant.

There have been many attempts to use gas as a fuel, upon

* This may be questioned, since recent explorations of oil deposits, especially

of the United States, indicate an immense supply as immeasurable and probably

nearly r.s inexhiuistible as the coal fields.
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a large scale, the most successful method being that adopted

in the " Regenerative Gas Furnace."

In this furnace an effective method of generating com-

bustible gases, and of obtaining their thorough intermixture

with the supporter of combustion is secured ; and the heat-

generating apparatus is what is known among engineers as a

regenerator, in which heat that would otherwise be carried to

the chimney by the escaping gases, and wasted, is rendered

available by transfer to the air and to the gaseous fuel, as

they are about entering the furnace, where they are to com-

bine. According to Dr. C. W. Siemens, taking the specific heat

of iron at 0.114, and the welding heat at 2,700° Fahr. (1,482''

Cent.), it would require 0.114 X 2,700 = 308 British heat units

{yj calories) to heat i lb. (0.45 kilogramme) of iron. A pound

of pure carbon develops 14,500 British heat units (3,625 calo-

ries), a pound (0.45 kilogramme) of common coal 12,000(3,000

calories) ; and therefore i ton (1,016 kilogrammes) of coal

should bring 39 tons (39,624 kilogrammes) of iron up to the

welding point.

In an ordinary reheating furnace, a ton or a kilogramme

of coal heats only i^ tons or kilogrammes of iron, and there-

fore produces only one twenty-third of the maximum theo-

retical effect. In melting one ton or a kilogramme of steel

in pots, 2^/2 tons or kilogrammes, of coke are consumed
;

and taking the melting point of steel at 3,600° Fahr. (1,982"

Cent.), the specific heat at 0.119, it takes 0.119 X 3,600 = 428

British heat units (107 calories) to melt a pound (0.45 kilo-

gramme) of steel; and taking the heat-producing power of

common coke also at 12,000 British units (300 calories), a

ton or a kilogramme of coke ought to be able to melt 28

tons or kilogrammes of steel.

The Sheffield pot steel-melting furnace therefore only

utilizes one-seventieth of the theoretical heat developed in

combustion.

183. The Siemens Furnace consists of three parts : the

gas producer, the furnace proper, and the regenerator.

The Gas Producer (Fig. 54) is a chamber, E H, lined with

fire-brick, with one side, B, inclined 45° to 60°, and of sufficient
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capacity to contain a large mass of coal or other gas-produc-

ing fuel. The grate C, at the foot of the incline, is of com-

paratively small area, and in consequence of the limited

supply of air which can pass through the bars, the fire is of

Fig. 54.

—

Siemens' Gas Producer.

small extent, and is simply sufficient to distil the coal ; while

the carbon not carried off in the hydrocarbon products of

distillation is not completely oxidized, but passes off with

the combustible gases to the furnace, as carbonic oxide.

The Wilson Gas-Producer (Fig. 55) may be described as

follows: It is about 8 feet external diameter, and 10 feet

high, consisting of an iron casing lined with brick-work,

without any grate bars. A box runs across the centre of the

hearth, having tuyeres in its sides, and two doors are pro-

vided, one at each side the central tuyere, for removing ashes

and clinkers.

The air is forced in by two small steam jets, each blowing

down a taper pipe outside, as shown. The upper portion of

the producer forms a kind of retort, with an annular flue

communicating with a branch pipe, through which the gas
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escapes. At the top there is a bell and hopper for charging

the fuel.

The action of the producer is as follows : The interior is

nearly full from top to bottom, of coal which rests on the

Fig. 55.

—

The Wilson Gas Producer.

solid hearth. Into the centre of this mass of fuel, near the

hearth and as far as possible from the side walls, air and

steam are injected from each side of the central tuyere, which

communicates with the steam jet blowers outside.

13



194 THE NON-METALLIC MATERIALS OF ENGINEERING.

A rapid combustion takes place in the vicinity of the

tuyere, where the carbon is decomposed into carbonic oxide

at a bright red heat, and with the hydrogen also decomposed

from the steam passes upward and escapes by the outlet

ports into the annular flue, surrounding the top portion of the

chamber.

The coal is charged from time to time, as every half-hour,

through the bell and hopper at the top, and the hydrocar-

bons are for the most part distilled in the retort portion,^

which is above the ports, and have to pass downward to

escape, along with the carbonic oxide and hydrogen from the

bottom. The top portion of the fuel is comparatively cool,

because the hot gases from the bottom do not pass through

it, and hence the distillation of the hydrocarbons is gradual

and uniform—no eruptions of gas occurring just at the mo-
ment of charging. This conduces to regularity in the pro-

duction of gas, and has the further advantage of causing a

decomposition of the tar-laden gases in their passage down-
ward, through a hot layer of fuel, so that they do not after-

ward readily deposit the tar. This producer consumes about

double the fuel usually burned in producers having natural

draught—about 25 or 30 pounds per square foot of grate.

Bituminous coal is generally used in the gas producers,

and the composition of the gas obtained is given by Siemens,

in one instance, as follows

:

VOLUMES.

Carbonic oxide 24 .

2

Hydrogen 8.2

Carburetted hydrogen 2.2

Carbonic acid 4.2

Nitrogen 6l . 2

100.

o

In some instances, anthracite coal has been used success-

fully, the gas producer yielding only carbonic oxide as the

combustible constituent of its products.

The gas passes from the gas producers through cooling

tubes, in which any moisture present may condense, to the

regenerators and to the furnace, which it enters through a
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number of openings, meeting the air which is similarly intro-

duced, and combining with it over the bed of the furnace.

The size and number of openings for the entrance of the

gas are determined by the character of the work to be done
by the furnace, a large number of small openings causing

prompt mixture of gases, rapid combustion, and a short flame

of high temperature ; while a small number of large openings

gives less rapid combustion, and a longer and less intense

flame.

The gases leaving the furnace are invariably of high tem-

perature, but to save this heat, they are conducted through

the regenerators on their way to the chimney.

The Regenerators (Fig. 56) are chambers lined with fire-

bricks, and filled up with loosely stacked fire-bricks, so piled

as to expose as much surface as possible to the gases which

are led among them. These regenerators are worked in pairs.

The hot gases, streamhig through the mass of brick-work,

give up their heat, and reach the chimney comparatively cool.

When the temperature of one pair has been sufficiently ele-

vated, by the passage through it of the products of combus-

tion, the current of hot gas is turned through the second pair

of regenerators, which are heated in turn.

The gases coming from the gas producer, and the air

entering the furnace, both pass, in separate streams, through

these heated masses of brick-work, and are thus raised to such

a temperature that they enter into combination as soon as

they meet and mingle in the furnace.

The escaping gases of combustion having heated the

second pair of regenerators, and the entering gases having, at

the same time, cooled the first pair, the currents are again

changed ; the hot gases passing through the first and again

heating them, while the uncombined gases now pass separately

through the second pair of regenerator chambers, and become

highly heated while cooling the brick-work.

This alternation of currents takes place three or four times

each hour ; and the economical value of the regenerative

process is found to be very great, where the refrigeration of

the products of combustion is thoroughly performed. Where
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Fig. 56. — Siemens' Regenerator.
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these furnaces are well designed, the products of combustion

are sometimes reduced in temperature as low as 300'' Fahr.

(149° Cent.).

A special advantage of the gas furnace which is here de-

scribed, arises from the circumstance that the most intense

heat may be obtained without the strong draught needed in

more common forms of furnace. The gases coming in con-

tact with the metal upon the bed of the furnace are therefore

free from the dust almost invariably carried over from the fuel

in the latter, and which cuts away the brick-work, either by

fluxing it, or by mechanical wear. The flame of the gas fur-

nace is so pure that, unless fluxed or actually melted, the lin-

ing of the furnace may last an indefinite length of time.

The advantages also offered of being able to adjust the

flame to any desired degree of length, intensity of heat, or of

oxidizing or deoxidizing power, are frequently of greater im-

portance than that just stated, or even that of economy of fuel.

The maximum temperature attainable in the gas furnace, or

in the furnace using pulverized fuel, where properly propor-

tioned, is usually practically limited by the heat-resisting

power of the furnace walls. The theoretical limit is at or

near the temperature of 4,500° Fahr. (2,482° Cent.), at which

point, the " point of dissociation," as it is called by Deville, is

reached, and the action of chemical aflnnity is stopped by the

intensity of heat repulsion.

184. Artificial Fuels, other than charcoal, coke, and gases,

are occasionally used in the production of high temperatures.

They are prepared principally from refuse of natural

fuels, which has but little value in its usual condition, but

which, by special processes, is simply mixed with a small pro-

portion of fuel of better quality, or of more manageable form,

and is compressed by machinery into conveniently shaped

blocks, called briquettes. This refuse is found in large quan-

tities in the neighborhood of coal mines, and wherever coal is

handled in considerable quantities.

The total loss in this form in mining and transportation

amounts to from one-third to one-half. It is called, as has

been before stated, slack-coal.
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In the manufacture and transportation of coke and of

charcoal, large quantities of refuse, called " breeze," accumu-

late ; which, although very rich in combustible matter, can-

not be utilized in the condition in which it is found, except

by special contrivances. The sawdust which accumulates

about saw-mills is another variety of combustible belonging

to the same class ; as is also spent tan-bark, from tanneries,

and " bagasse," or refuse crushed sugar-cane.

These varieties of refuse combustible material usually

have the character of the fuel already referred to as pulver-

ized fuel, and may frequently be utilized by the methods
described in Article 180.

Many methods have been devised, however, by which to

fit them for use in furnaces which have been designed for

more common, but more expensive, kinds of fuel.

They are most frequently mixed with some cohesive, and at

the same time combustible substance, as coal tar. In districts

abounding in mineral hydrocarbons, as in the neighborhood

of the Caspian Sea, it has long been customary to mix them
with clay, and thus to form a coherent and manageable fuel.

The Norwegians have also long practiced their method of

utilizing sawdust by mixing it with clay and vegetable tar,

and moulding it into bricks of such size and shape as to be

conveniently handled, and, at the same time, to burn freely

and without waste. It has been often urged, and with some
reason apparently, that for many purposes, a fuel made by
careful mixture of dust-fuel with pitch or other combustible

cementing material, is preferable to ordinary coal, in conse-

quence of the greater convenience with which it can be stowed

and handled.

A French method of utilizing waste fuels consists in thor-

oughly mixing, by grinding, charcoal dust from the kilns with

charred peat, spent tan-bark and the proper proportion of

tar or pitch to make a pasty, adhesive mass. This is moulded
by machinery, and dried in the open air, and then finally

baked in closed retorts at a low heat.

By an English process, dust coal and pitch have been

made into a good fuel in quite a similar manner to that just
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described. The proportion of tar or pitch required is from 5

to 16 per cent, of the total mass of fuel. In most cases, the

volatile constituents of the manufactured fuel, as the naphthas,

are driven off by kiln-drying, or by heating strongly in

retorts.

There have been many varieties of grinding, moulding,

and compressing machines designed and used in the manu-

facture of artificial fuels, but none require description here.

Dehaynin's compressed fuel is made by compacting the

material in cylindrical pipes, resistance being secured by the

friction encountered within the proper length of pipe ; and it

emerges as a cylindrical bar which is quite strong and solid,

and is then broken into short lengths for the market. Ten
tons (10,160 kilogrammes) per hour are reported to be made
with 80 horse-power. The product is slightly heavier than

coal, and is claimed to be its equal in calorific power. Two
hundred thousand tons (203,200,000 kilogrammes) per year

has been made by the inventor of this process.

185. Economy in Combustion of Fuels, where they are

used simply in the production of high temperature, is so im-

portant a matter, except in those favored localities where the

proximity of coal, or of peat beds, or of forests, renders its

-waste less objectionable, that the engineer should omit no
precaution in the endeavor to secure their perfect utilization.

To secure the greatest economy, it is necessary to adopt a

form of grate, which, while allowing a sufficient supply of air

to pass through it to insure complete combustion, has such

narrow air spaces as to prevent waste of small fragments, by
falling through them.

The narrower the grate bars and the air spaces, the more
readily can losses from this cause, and from obstruction of

draught, be avoided. With a hot fire, however, the difficul-

ties arising from the warping of the bars, become so great,

that it is only by peculiar devices for interlocking and bracing

them that their thickness can be reduced below about % of

an inch at the top. Many such devices are now in use. In

furnaces burning wet fuel, with an ash pit fire, fire-brick grate

bars are used.
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A certain amount of air must usually be allowed to

enter the furnace above the grate, to fconsume those com-

bustible gases which do not obtain the requisite supply

of oxygen from below. The carbon, probably, in such cases,

usually obtains its oxygen from below the grate, while the

gaseous constituents of the fuel are consumed by the oxygen

coming in above.

Chas. Wye Williams, who made most extended and care-

ful experiments on combustion of fuel, recommended, for

ordinary cases, where bituminous coal was burned, a cross

area of passage, admitting air above the grate, of one square

inch for each 900 pounds of coal burned per hour, or about

one square centimetre for each 63 kilogrammes of fuel. This

area should be made larger, proportionally, as the thickness

of the bed of the fuel is increased, and as the proportion of

hydrocarbons becomes greater.

Chilling the gases, before combustion is complete, should be

carefully prevented ; and comparatively cold surfaces, as those

of a steam boiler, should not be placed too near the burning

fuel. A large combustion chamber should, where possible, be

provided, and more complete combustion may be expected

in furnaces of large size, lined with fire-brick, and with arches

of the same material, than in a furnace of small size where
the fire is surrounded by chilling surfaces, as in a " fire-box

steam boiler."

Finally, the greatest possible amount of heat being devel-

oped in combustion, careful provision should be made for

completely utilizing that heat.

In a steam boiler this is accomplished by having large

heating surfaces, and by so arranging the distribution of the

adjacent currents of water and of hot gases that their differ-

ence of temperature shall be the greatest possible. The gases
should enter the flues at that part of theboiler where the tem-
perature is highest, and leave them at the point of lowest tem-
perature. The feed water should enter as near as possible to

the point where the gases pass off to the chimney, and should
gradually circulate until evaporation is completed at, as
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nearly as possible, that part of the boiler nearest to the point

of entrance of the heated gases.

Where a small combustion chamber is unavoidably em-
ployed, as in locomotives, various expedients have been

devised with the object of producing complete intermixture

of gases before entering the tubes. The most common and
most successful is a bridge-wall, sometimes depending from

the crown sheet, but sometimes rising from the grate, and

which, by the production of eddies in the passing current,

causes a more thorough commingling of the combustible

gases with the accompanying air. None of these devices

seem yet to have given such good results as to induce their

general adoption.

In the furnaces of steam boilers it is usually considered

advisable to allow the gaseous products of combustion to

enter the chimney at a temperature of about 600° Fahr. (315°

Cent.), or about 2.08 times the absolute temperature of the

external air, where natural draught is employed. Rankine

has stated that the best temperature of chimney for natural

draught is that at which the gases have a density equal to

about one half that of the external air. Thus, the tempera-

ture of the external air being 60° Fahr. (i5".5 Cent.), its abso-

lute temperature is 521°.2 (261'^. 75 Cent.), and the required

absolute temperature of the gases in the chimney will be this

temperature multiplied by 2^^, i.e., 521^.2 X 2^ = io8s°.8, and

the corresponding temperature on the ordinary scale is 624°.6

Fahr. (339°.2 Cent.).

With forced draught, a considerable economy may be

effected by the reduction of the temperature of escaping

gases approximately to that of the boiler itself at the point

of discharge of the gases.

In heating furnaces, especially in the usual form of rever-

berating furnaces, the waste of heat is very great, the gaseous

products of combustion passing off at exceedingly high tem-

peratures. The total waste amounts in these furnaces to 95

per cent., a ton of coal heating no more than two tons of iron

to a welding heat, while its maximum effect should be twenty

times that amount in the best cases.
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In puddling furnaces, the temperature is necessarily kept

at about 3,000° Fahr. (1,649° Cent.), and it is probable that, as

a mean, not one fifth of the whole amount of available heat is

utilized. In steel melting furnaces a ton of coke should melt

twenty-five tons of steel. It actually melts, in average practice,

less than a half ton. This waste may be reduced by increasing

the temperature of the furnace, but the difficulty experienced

in obtaining sufficiently refractory materials of which to con-

struct it, practically places an early limit upon the efficiency

secured by that method.

Prideau states that if a furnace where a welding heat is

required is maintained at a temperature of nearly 4,000°

Fahr. (2,220° Cent.), a four-fold increase of economy is se-

cured by an increase of temperature to the extent of one

fourth.

High temperatures secured by methods of which the

regenerative furnace affords an illustration, give the most

practical and effective means of obtaining economy. Where
the combustion of fuel is necessary in the reduction of ores,

or in producing other chemical changes, it is not always

essential to economy to secure perfect combustion in the

furnace. It is in some such cases advisable to estimate the

amount of oxygen to be obtained from the ores by the proc-

ess of deoxidation, and to provide as nearly as possible the

quantity of air required to give the additional amount neces-

sary to consume the fuel.

The same care is to be observed in such cases as in the
more common one just considered, to obtain exact pro-

portions.

Gruner states that in the wind furnace, which is a most
imperfect apparatus, there is utilized, in the fusion of steel,

but 1.7 to 3 per cent, of the total calorific power of the fuel.

In the reverberatory furnace, melting steel in crucibles, the

useful effect is from 2 to 3 per cent. In the Siemens' crucible

furnace, 3 to 3.5 per cent. In Siemens' glass furnaces, 5.50 to

6 per cent. In ordinary glass furnaces, 3 per cent. In the

fusion of glass upon the open hearth of a reverberatory fur-

nace, 7 per cent. ; in the fusion of iron, 8 per cent. In Sie-



FUELS. 203

mens' and Ponsard furnaces, 15 to 20 per cent, of the total

heat is utilized.

The caloric effect is much greater when the fuel is mixed
with the material to be melted. In the old cupolas, 29 to 30
per cent. ; in the modern cupolas upward of 50 per cent., is

realized. Large iron blast furnaces utilize 70 to 80 per cent,

of the heat actually generated.

186. Weather Waste.—When coal is exposed to atmos-

pheric influences, a "weather waste" occurs. Oxygen is

absorbed, and a slow combustion injures the fuel. Berthelot

found, also, that at temperatures not exceeding 530° Fahr.

(277" Cent.) hydrogen may be absorbed, and succeeded in

converting two thirds of the bituminous coal experimented

with into liquid hydrocarbons. Coals freshly mined give

out gaseous hydrocarbons, and even anthracite mines, where

deep, are not free from danger by the explosion of such gases.

The absorption of oxygen, and this loss of hydrogen and

carbon, is injurious to the fuel. According to Mursiller, coals

containing " fire damp " give it up at or below 626° Fahr.

(330° Cent.), and lose their coking property. Coals usually

absorb carbonic acid freely. Weather-waste is said to be

preventable by keeping the coal wet.

The " soft " coals are liable to spontaneous combustion

when damp, if they contain sulphur. Such coal should be

stored under open sheds. Good ventilation is an insurance

against this action. Anthracites are practically unalterable.

Richter gives the following as the order of liability to

spontaneous combustion

:



204 THE NON-METALLIC MATERIALS OF ENGINEERING.

TABLE XXXVI.

COALS ARRANGED ACCORDING TO DEGREE OF SELF-INFLAMMABILITY.
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TABLE XXXVIII.

COMPOSITION OF VARIOUS FUELS OF THE UNITED STATES.
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TABLE XXXIX.
COMPOSITION OF FOREIGN COALS.

H. N. ASH.
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TABLE yX..—(Continued:)

207

Gas from Wood. . .

.

'

' Charcoal

.

Peat
Oil

Lignite
Bituminous coal*.

CARS.
ACID.

CARB.
OXIDE.

II.

6

0.8
14.0
0.6
2.0
4.1

34-5
34.1
22.4
0.5
40.0
23-7

H.

0-7
0.2

0.5
16.8

42.4
8.0

N.

53-2
64.9
63.1
80.6
3-2

61.5

HYDRO-
CARBON,

AUTHORITY.

Ebelmen.

Siemens.

188. The Heating Effects, or calorific power of good speci-

mens of the various kinds of fuel, is given in the following

table, expressed in British thermal units

:

TABLE XLI.

CALORIFIC VALUE OF FUELS.

Carbon, pure
Hydrogen
Marsh gas
defiant gas
Coal, Anthracite
Coal, Bituminous
Coal, Lignite, dry

Peat, kiln dried

Peat, air dried

Wood, kiln dried

Wood, air dried

Charcoal
Coke
Petroleum, heavy, West

Virginia

Petroleum, light. West
Virginia

Petroleum, light, Penn-
sylvania

Petroleum, heavy, Ohio
Petroleum, Asia
Petroleum, Europe ....

Shale Oil, France
(crude)

Animal fat

CALORIFIC POWER.

1. 000
4.280
1. 816
1.466
1.020
1. 017
0.7
0.7
0.526
0.551
0.439
0.930
0.940

1.250

1.260

1.240
1.270
1.240
1.240

1.240
0.650

14,500
62,500
26,415
21,328

14.833

14,796
10,150
10,150

7,650
8,029

6,385
13,500
13,620

18,200

18,350

18,050

18,450
18,000
18,000

18,000

9,000

II ~ t^
« J H g
2g£°

(A

f*! O O t! t3w H " ^ SH B z •< <
S s ^ P, h

15.00
62.75
26.68
21.54
14.98
14.95
10.35
10.25

7.73
8.10
6.45
14.00
14.00

18.75

18.90

18.60

19.05
18.60
18.60

18.60

9.30

p o

a H z

"^ > °- P fc J
"-^

E-. fti O
cy S o u

40 to 45
42 to 48
42
81

75

56 to 100

56 to 75

45

S ^
S o
z p
g " d
? " w
f^ S! t-

t: P o
S " H
5 Bi

"
O H to

H 0. <

49 to 56

47 to 53
53
25

30

22 to 40

30 to 40

50

* Burned in Siemens gas producers.
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The difference between theoretical and effective heating

power for various kinds of fuel is exhibited in the following

table, which gives the number of pounds of water evaporated

by one pound of fuel, according to European authorities

:

TABLE XLII.

Petroleum
Anthracite
Bituminous Coal.

Charcoal
Coke
Lignite

Peat
Wood
Straw

HEATING POWER.

THEORETICAL.

16.30
12.45
II. 51

10.77

9 to 10.8

7-7
5.5 to 7.4
4.3 to 5.6
3-0

STEAM BOILERS. OPEN BOILERS.

10. o to 14.0

7 to II.

o

5 . 2 to 8 .

o

6.0 to 6

5.0 to 8

2.5 to 5

2.5 to 5

2-5 103.75
1.86 to 1.92

7.5

o

5

5-2

3-7

^•5 to 2.3
1.7 t02.3
1.85 to 2.1

TABLE XLIII.

RELATIVE VALUE OF VARIOUS WOODS.

-

-OVERMAN.*

Hickory, shell bark . .

.

Oak, chestnut
'

' white

Ash, "
Dogwood
Oak, black

'

' red

Beech, white

Walnut, black

Maple, hard (sugar). .

.

Cedar, red

Magnolia
Maple, soft

Pine, yellow
Sycamore
Butternut

Pine, New Jersey . . .

.

" pitch
" white

Poplar, Lombardy
Chestnut
Poplar, yellow

M <

1. 000
0.885
0.885

0.772
0.815
0.728

0.728

0.724
0.681

0.644

0.565
0.605

0.597
0-551

0.535
0.567

0.478
0.426

0.418

0.397
0.552
0.563

4,469

3,955
3,821

3,450
3,643

3,254

3-254
3.236

3,044
2,878

2,525

2,704
2,668

2,463

2,391

2,534

2,137

1,904
1.868

t.774

2,333
2,516

2 o

<A O

26.22

22.75
21.62

25-74
21.00

23.80

22.43
ig.62

22.56

21.43
24.72

21-59
20.04

23-73
23.60

20.79
24.88

26.76

24.35
25.00

25.29
21.81

0.625
0.481
0.401

0447
0.550
0.387
0.400
0.518
0.418

0.431
0.238

0.406

0.370

0-333
0.274

0.237

0385
0.298

0.293

0.245
"-379
0-383

32.89

25-31
21.10

28.78

2994
20.36
21.05

27.26
22 00
22.68

12.52

21.36

19-47

17-52

19.68

12.47
20.26

15.68

15-42
12.85

19-74
20.15

1. 00
0.86
0.81

0-77
0-75
0.71
0.69
0.65
0.65
0.60
0.56
0.56
0-54
0-54
o-sfe

0-51
0.48
0.43
0.42
0.40
0.52
0.52

* Metallurgy. N. Y., D. Appleton & Co., 1864.
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ORDINARY CALORIFIC VALUES AS COMPARED WITH GOOD BITUMINOUS COAL.

Lbs. Coal.

I cord (3.62 cubic metres) of seasoned hickory or hard maple . . . 2,000

I " " " " " white oak i>750

I " " " " " beech, red or black oak. . . 1,500

1 " " " " " poplar, chestnut, orelm. .. 1,000

I " " " " " soft pine g6o

189. Analyses of Ash.—The following analyses repre-

sent the character of ashes of anthracite and bituminous

coals.

They may be taken as examples, simply, since the ash

of coal intended for metallurgical purposes should invari-

ably be examined before taking the fuel for any important

work.
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(i.) A certain amount of carbon is required to heat the

whole mass to the temperature of the furnace. Of this a

large part is lost. It follows, therefore, that a coal contain-

ing a certain small quantity of combustible would have no

calorific value, and, consequently, would be worthless in the

market.

(2.) The presence of a high percentage of ash in a fuel

checks combustion by its mechanical mixture with the com-

bustible portion of the coal. A coal will, hence, have no

commercial value when the proportion of refuse reaches a

limit at which combustion becomes impossible in consequence

of this action.

(3.) The cost of transportation of ash being as great as

that of transporting the combustible, the consumer paying

for ash at the same rate as for the carbon, and also being

compelled to go to additional expense for the removal of ash
;

these facts also determine a limit beyond which an increased

proportion of ash renders the fuel valueless.

(4.) The determination of the financial losses due to in-

creased wear and tear of furnaces and boilers, of incidental

losses due to inequality or insufficiency of heat-supply, and

to the many other direct and indirect charges to be made
against a poor fuel, also indicate a limit which has a different

value for each case, but which, in most cases, is difficult of

even approximate determination. The determination of

the minimum proportion of combustible, under the first

case, is made as follows, assuming this heat to be entirely

wasted :

((2.) The specific heat of ash is usually nearly 0.20. Let

X represent the percentage of ash which is sufficient to render

the coal valueless. Then, since each pound of carbon has a

heating power of 14,500 British thermal units (3,625 calories),

14,500 (100 — X) = A, represents the available heat of a unit

in weight of the fuel ; 100 X 0.20 X 3,000° = B, represents the

heat required to raise this same amount of coal to a tempera-

ture equal to that of the furnace, which is here assumed at

3,000° Fahr. (1,633° Cent.) above the surrounding atmos-

phere.
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Since these quantities ^ and ^are equal: 14,500 (100 — X)
— 100 X 0.2 X 3,000°, and Jf= 96 per cent.

The minimum quantity of fuel permissible is, therefore,

four per cent., where the first consideration only is taken into

the account.

{b.') The influence of the second condition is at present

not determinable in the absence of experiment.

(c.) The cost of transportation of ash to the consumer, as

a part of the fuel, is not taken in the determination of its

value to him. The removal of ash is a tax upon the con-

sumer which may be considered as the equivalent of the loss

of a certain weight of combustible received. Since this cost

fluctuates with the market value of coal, and since its amount

is determined by the same causes, it is easy to make the

statement in that form. This cost is about ten per cent, of

the value of coal, weight for weight, and is therefore assumed

at ten per cent, of the proportion of ash found in the coal.

(</.) The losses, direct and indirect, coming under the

fourth head, vary greatly, and are sometimes very serious.

An approximate estimate for an average example is taken,

and is considered to be equal, at least, to a percentage of the

total value of coal, in utilizable carbon, which equals one-half

the percentage of ash. Comparing two anthracites, which

we will suppose to contain, respectively, fifteen and twenty-

five per cent, ash, eighty-five and seventy-five per cent, carbon,

the first being a well known standard coal, selling in the mar-

ket at six dollars per ton (1,016 kilogrammes), we may, using

this system of charging losses against equivalent values in

combustible carbon, determine the proper commercial value

of the second kind.

First Example.—From the 85 per cent, carbon :

Deduct for heating to furnace temperature o . 040

" " transportation of refuse 10 per cent, of 15 0.015

" " other losses 50 per cent. of. 15 0.075

Total o. 130

leaving valuable and available carbon 85 — 13 = 72 per cent.
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Second Example.—From the 75 per cent, carbon

:

Deduct for heating to furnace temperature o . 040

" " removal of ash 10 per cent, of 25 0.025

" " sundry losses 50 per cent, of 25 o. 125

Total o. igo

leaving valuable available carbon 75 — 19 = 56 per cent.

Finally, if $6.00 is paid for 72 per cent, available combus-

tible, for 56 per cent, we should pay ~ = $4.66^.
72

Third Example.—Taking a third example, in which the

fuel contains the exceptionally large proportion of 30 per

cent, ash, we should, by similar method, proceed as follows,

deducting from the seventy per cent, carbon as before the

estimated charges against it.

Deduct for heating 0.040
" " removal of ash ID per cent, of 30 0.030
" " sundry expenses 50 per cent, of 30 0.150

Total o . 220

leaving available Qarbon, 70 — 22 = 48 per cent, which would

, 48 X 6
be worth = $4.00.

72

Had the first coal had a market value of seven dollars per

ton, the second and third would have been worth, respec-

tively, $S.44>^ and $4.66^.
Expressing this operation by symbols, if V represents the

value of the fuel in percentage of pure carbon, and A equal

the percentage of ash, V= 0.96 — 1.60^.

This method is evidently largely empirical, and its re-

sults are but approximate. It is however simple and easily

applied, and will often be found of use in the absence of more
precise means of determination.

191. Products of Distillation.—The following is given as

the constitution of an average quality of bituminous coal, and

of pine wood as determined by fractional distillation.
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COMPOSITION OF BITUMINOUS COAL.

Nitrogen 0.035

Ammonia 0.211

Hydrogen 0.49^
Sulph. hydrogen o. 549
defiant gas o. 753
Carbonic oxide 1 .035

Carbonic acid 1 .073

Light carb. hydrogen 7.021

Water , 7 . 569

Tar 12 . 230

Coke 68.925

PRODUCTS OF DISTILLATION OF PITCH PINE, I.OOO LBS. (454 KILOGRAMMES.)

Illuminating gas 400 cub. ft. 1138 litres.

Charcoal 260 lbs. 118 kilog.

Tar 460 "
209 "

Pitch 120" 54.5 "

Pyroligneous acid 320 "
145-5 "

Spirits of turpentine 60" 27.2 "

Mr. Beatty gives the following relative costs

:

RELATIVE COST OF FLUID AND SOLID FUELS.

New York
Chicago
New Orleans

.

San Francisco
London
Port Natal . .

.

Sydney
Valparaiso

1. 00
1. 00
1. 00
1. 00
1. 00
1. 00
1. 00
1. 00

1.08

71
59
64
61

90

34
44

1. 71

1.50
1.56
1.50
2.05
1. 21

1-39
1.03

14.92
8.72

17.90
8.75
7.16

22.90
18.30
15-30
9.40
17.70

8.70
7.00
5.80
3-50
6.30



CHAPTER V.

LUBRICANTS-.*

192. Friction is a resistance which is always met when

two bodies or particles, whether solid, liquid, or gaseous, are

compelled to move, one upon another. There are three kinds

of friction, so called : rolling, and sliding with solids, and fluid

friction with liquids and gases. These are all governed by
different laws, and with each the statements of those laws, as

usually given by authorities, probably require some modi-

fication.

193- Journal Friction.—In all ordinary cases, as of jour-

nals in well-lubricated bearings, the friction probably combines

both the sliding of solids and fluid friction, and, consequently,

the laws of friction, as determined by experiment upon jour-

nals and as affecting journals are quite different from the laws

of friction of solids which, only, are almost universally enun-

ciated in hand-books.

In fact, as will be presently seen, the resistance of jour-

nals revolving in their bearings not only follows a law which

is widely different from that given in earlier works, but, at

usual speeds and pressures, the amount of that resistance may
be found to differ immensely from that indicated in engineer-

ing and mechanical hand-books which have hitherto appeared.

Combining, as is probable, both forms of frictional resist-

ance, it would therefore seem evident that the laws of friction

of journals include both methods of variation of resistance,

and reconcile wide variations of the facts ascertained by ex-

periment from those predicted by the commonly asserted,

but as here applied erroneous, so-called laws of friction.

194. Fluid Friction is found to vary with the square of

* Abridged from Friction and Lost Work, R. H. Thurston ; N. Y., J. Wiley

& Sons, 1885.

214
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the velocity, and is proportional to the area of rubbing sur-

face, and is probably independent of the pressure. In hun-

dreds of experiments, with pressures varying from 5 to 2,000

pounds to the square inch, the writer has found the friction

of well lubricated journals to vary in such a manner as to

prove that the law which governs such cases is quite different

from that which applies with dry solids, and has thus found

the deduction above given confirmed. When a lubricant is

interposed between the rubbing surfaces of a revolving jour-

nal and its bearing, or between a sliding plane surface and its

support, if acting effectively, it forms a fluid cushion separat-

ing the surfaces more or less perfectly as it is more or less

viscous, and as capillarity is greater or less, thus giving the

resistance to motion more or less of the character of fluid fric-

tion. Thus the same surfaces lubricated with the same ma-
terial may, under light pressure, exhibit a resistance varying

approximately according to the law of fluid resistance, and

under comparatively heavy loads, it may be governed more
nearly by the laws of friction of solids, under intermediate

pressures its behavior being of intermediate character.

195. The Coefficient of Sliding Friction as ordinarily

stated, or t/ie ratio offrictional resistance to the total pressure

holding two sliding solids in contact, which is the usual

measure of friction, varies directly as some function of the

pressure, and is nearly independent of the velocity of motion

and of- the area of the surfaces in contact.

The " friction of quiescence," or the resistance to start-

ing the two bodies into relative motion, is greater than the
^' friction of motion ;

" but it is subject to the same laws.

The law just stated is subject to limitation. It becomes un-

true when the pressure is so great as to produce a depression

in, or to abrade the rubbing surfaces.

The friction becomes greater than is indicated by the

stated law when the pressure becomes so low, also, that the

resistance is principally due to the viscosity of the interposed

liquid ; and it then follows an entirely new law. Between

these limits the resistance due to friction between solid lubri-

cated surfaces is of a mixed nature.
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There are two usual ways of measuring friction, and ot

determining the coefficients for solids, which are described in

text-books :

(i.) Place the two bodies in such a position that the

rubbing surface shall be horizontal ; load the upper one to

the proposed extent and then apply a measureable force to

produce motion, either by means of a weight or a spring

balance. The weight of the uppermost piece with its load

makes up the quantity W, and the applied force is F. The
" coefficient " of friction is the ratio of these quantities, and we

F
havey^= -Tj^. This valued" may be less than one per cent., or

it may be over fifty per cent., according to the nature of the

materials and their condition as respects lubrication.

(2.) The other method is equally easy of application. Lay
the one solid on the other and tilt them up until the upper

will slide on the lower. The tangent of the angle is the co-

efficient of friction, and we simply measure the height of a

point in the surface on which sliding occurs, and the hori-

zontal distance of the vertical from a point in the same sur-

face which lies on a level with that to which this height was

measured, and the division of the former by the latter meas-

urement gives the value of the coefficient of friction.

Under ordinary conditions, the engineer or the physicist

calculates the resistance due to sliding friction as he does

that of rolling friction, by multiplying the total sliding weight

by a " coefficient" or factor, the value of which has been de-

termined for certain general cases, by experiment.

In illustration of the use of the coefficient of friction, it

need only be said that the multiplication of the measure of

load on pressure in any case by the coefficient, gives the

measure of the force resisting sliding; the division of the

measure of the latter, when known, by the coefficient,

gives the measure of the magnitude of the pressure or the

load.

That the tangent of the inclination of a plane on which a

body free to move will just start into motion, and that the

tangent of the angle at which sliding occurs at a uniform vc
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locity, measure respectively the values of the coefficients for

rest and for motion, is thus shown :

Let a = the angle.

W = the weight carried.

R = the normal pressure between the two surfaces.

/ = the value of the coefficient.

Then the resistance of friction measured parallel with the

surface of the inclined plane will he/R, and we shall have :

/R — Wsin a = o,

R — IV cos a = o.

Whence

:

/"cos a — sin a = o, and/"= tan a. . , (i).

The two following propositions will illustrate the mathe-

matical application of the principles of friction :

(i.) To determine the limiting ratios oi P to W, friction

acting up or down the plane, when P represents the effort

exerted on the sliding body, W is its weight, and R is the

reaction of the plane.

Since there exists an equilibrium of forces, where W acts

vertically downward, R acts perpendicularly to the surface of

the inclined plane, and P acts in any given direction, making
an angle /3 with the surface of the plane, we shall have for

the maximum

:

Pcos fi
- fR - PTsin « = o,

f sin yS + 7? — W co% a = o.

Whence

:

p _ W (sin a + / cos a) , .

cos /^ + / sm /? ^ '

(2.) For a minimum value, we get

:

P cos /3 + fR — Wsin a = o,

P sin /3 + R — W cos a = O.

And
p _ W (sin a — f cos a)

cos /3 — fsin p
(3).



2 1 8 THE NON-METALLIC MA TERIALS OF ENGINEERING.

196. Experiments in this important field were first made

by Amontons, who pubhshed, in 1699, in the memoirs of the

old Academy of Sciences, values which gave a coefficient of

about 0.33, or one-third, when the rubbing surfaces are coated

with lard, a value which is far too high for ordinary work.

Coulomb, a French officer of engineers, and a member of the

Institute, reported experiments* in 1781, which were more

complete and more accurate, and in which he determined

both the friction of rest and that of motion. He states that

the friction is proportional to the pressure, and independent

of the extent of surface and of the velocity of rubbing, and

proves that the friction of rest is greater than that of motion.

The most complete series of experiments ever made were,

however, those of General Morin. Although made from

1 83 1 to 1834, they are still quoted as standard, by nearly all

text-books and works on engineering.f The apparatus con-

sisted of a box, which could be loaded at pleasure, sliding on

a bed and moved by a weighted cord passing over a pulley

at the end of bed. The pull was measured and registered by

a recording dynamometer, attaching the cord to the box, which

furnished graphic representations of all the variations of

frictional resistance. The curves thus described were parabo-

las, proving, for the small pressures and for the speeds adopted,

that the friction was constant and independent of the ve-

locity. It was found proportional to the pressure and inde-

pendent also of the area of surfaces. The same law, as respects

pressure and area, of surface, held in the determinations of

the friction of rest.

The slightest jar was found often sufficient to reduce the

friction of rest to that of motion. Fatty unguents were found

to diminish the amount of friction without changing the law •

water proved to have no value as a lubricant. Friction dur-

ing shock was, so far as could be determined, subject to the

same laws. The pressures adopted in these experiments

were usually low, and therefore gave exceedingly high values

of the coefficient of friction—values which are rarely attained

in engineering practice.

* Vide " Recueil des Savants Etrangers," Vols. IV and V.

\ " Morin's Mechanics ; " p. 261, D. Appleton & Co., New York, i860.
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197. The "Angle of Friction," the "angle of repose,
"

or the " limiting angle of friction," as it is variously termed,

is that angle of which the tangent is the coefficient of

friction. It measures the inclination from the horizontal

at which the sliding body would just start on a smooth plane,

or would just retain motion once acquired, according as the

coefficient is that of rest or of motion.

198. Coefificient of Friction.—The following table gives

the value of the coefficients as given hitherto by standard

authorities, usually by Morin

:

TABLE XLIV.

COEFFICIENTS OF FRICTION.

MATERIAL. CONDITION OF SURFACES- /•
FRICTION
ANGLE.

Brick on limestone . .

.

Cast iron on cast iron

.

" on oak
Copper on oak

Dry
Slightly greased.

Wet

Greased

.

Leather on cast iron.

Leather on oak .

Oak on oak

Oak on pine
'

' limestone
'

' hempen cord

Pine on pine
" oak

Smooth granite on rough granite

.

Stone on dry clay
" wet clay

Wrought iron on oak

Wet
Oiled
Fibres parallel

" crossed

Fibres parallel, dry
" crossed, dry
" parallel, soaped. . .

.

" crossed, wet
" end to side, diy. . .

.

" parallel, greased . .

.

Heavily loaded and greased
Fibres parallel

" on end
" parallel

Wet.
" " on wrought iron.
" " on cast iron
" " on limestone ...

.

Wood on metal
Wood oii smooth stone

" " earth

Greased.
Dry

0.67
o. 16

0.65
0.17
O.II
0.28
0.38
0.12

0.74
0.47
0.62

0.54
0.44
0.71
0-43
0.07
0.15
0.67
0.63
0.80
0.56
0.53
0.66
0.51
0.34
0.62
0.65
0.28
0.19
0.49
O.IO
0.58
0.33

33 50
9" 6'

33 2'

9° 38
6° 17'

"5° 39'

20° 49
6° 51'

36° 30'

25° 11'

31° 48'

28° 22'

23° 45'

35° 23'

23° 16'

4° 6'

8° 45'

33° 50'

32° 15'

38° 40'

29° 15'

27° 56'

33" 26'

27° 2'

18° 47'

31-48'

33° 2'

15° 39
10° 46'

26° 7'

6°o
30° 7'

18° 16'
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199. The Friction of Pump-pistons has been determined

by d'Aubuisson, and found to be directly proportional to the

diameter of the pump and to the pressure.

The friction of hydraulic-press plungers has been found

by Hicks to be very nearly, when well designed and in good

order, twenty per cent, divided by their diameter in inches

;

a four-inch plunger offering a resistance of five per cent., and

a twenty-inch press one per cent, of the total load.

200. The Friction of Journals has been studied by

Rennie and by Morin, and recently by many engineers. The
following are the figures given by Morin.

TABLE XLV.

FRICTION OF JOURNALS IN MOTION. MORIN.
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They are to be compared with those to be presently given

as derived from later, experiments, and may be taken as

representing maximum values for new journals and com-

paratively small loads. The journals were from two to four

inches in diameter, and loaded with from 330 pounds to 2

tons.

As early as 1831, Nicholas Wood determined the coef-

ficient of friction on old well-worn axles, under conditions

not fully specified, to be about 0.02. Later German experi-

ments, with pressures of 200 to 250 pounds per square inch,

gave, at 230 revolutions,y= 0.00891 to/^ O.013, and it was

concluded that these values could be reduced. Still later

experiments showed an increased resistance in higher ratio

than an increase of load, and an increase with increase of

velocity, while experiments at Hanover led to the conclusions

that, under loads of from 320 to 1,250 pounds on the journal,

the coefficient for iron axles lubricated with rape-seed oil and

running in white metal bearings is 0.009 to 0.0009 ; that with

gun-bronze bearings the figures became 0.014 ; that the value

is independent of the weight of load within usual limits ; that

the area of the journal does not affect the resistance ; that

resistance is independent of the velocity of rubbing ; that

grease gives a higher figure than oil for light loads, but the

same under heavy loads.*

201. The Frictional Resistance of Mill-shafting has

been determined by the very numerous and extended experi-

ments of Mr. Samuel Webber. The pressures are here not

very high, and Webber's values for the coefficient of friction

average very nearly the same as the figures obtained by

Morin. They are, for intermittent lubrication, 0.066, and for

continuous oiling, 0.044. Morin obtained 0.075 and 0.042.

Clark obtains formulas for the work of friction for one

revolution and the horse-power absorbed by shafting, using

f— 0.070 and/= 0.043.

Work — U= 0.0182 Wd, for ordinary oiling. . (4).

Work = U— 0.0112 Wd, for continuous oiling. . (5).

*W. R. Browne, Railroad Gazette, August l6, 1878.
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„„ 0.0182 WdR WdR r ,. ,. ,..HP= — —^ for ordinary oiling, . . (o).

33,000 1,800,000

0.01 12 WdR WdR , ^. ... , ,= = for continuous oiling, . . (7).
33,000 2,950,000

in which W^= the total load, ^= diameter of journals,

R = revolutions per minute.*

The coefficient determined by Webber varies from 0.033

to 0.055, o*" from one-thirtieth to one-twentieth, with con-

tinuous lubrication, and from 0.052 to 0.114, or from one-

twentieth to one-ninth for ordinary lubrication.

202. Lubricants.—From what has been stated it is seen

that the amount of frictional resistance to the motion of

machinery is determined by the character of the lubricating

material. It thus happens that all recent experiments in this

field have been made in investigations of the value of lubri-

cants, which investigations include very much more than a

single measure of the coefficient of friction ; and the later

determination of the friction of lubricated surfaces at the

various pressures and speeds which are commonly met with

in modern machinery will therefore be given after discussing

the nature of lubricating materials and the standard or other

methods of ascertaining their value. The tables to be here-

after given will serve the mechanic, the engineer, or the

designer of machinery as data by means of which to estimate

the probable losses of power by friction, under almost every

set of conditions met with in practice.

The value of a lubricant as a lubricant is entirely inde-

pendent of the market price except so far as the demand of

consumers of unguents affects the market. Some of these

materials which would be most useful in reducing friction,

could they be so applied, are entirely unknown to consumers

of lubricating substances because of their monopoly for other

purposes, for which they are in such demand as to entirely

remove them from a market in which other unguents can be

obtained at such comparatively low price as to throw the

* " Manual,'' p. 763.
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former quite out of competition in the oil market. The best

known lubricant for general purposes—sperm oil—is far less

used than the less excellent but cheaper lard oil, which, in

turn, is less generally used than the mineral and mixed oils

with which the market is always largely supplied.

The effect of friction—rolling as well as sliding—is to

wear and abrade solids, and, with fluids as well as with solids,

to generate heat to an amount which is the exact equivalent

of the work of friction, and which, could it be all collected

and measured, would be found to be a precise measure of the

power wasted and lost in consequence of the friction. The
amount of heat thus produced is equal to one British " ther-

mal unit " * for each 772 foot-pounds of work expended in

overcoming friction. This figure is that known as Joule's

"mechanical equivalent of heat." Where the work is meas-

ured by the metric system, this corresponds to the develop-

ment of one " calorie" \ of heat for each 424 kilogrammetres

of work done in overcoming frictional resistance.

This evolution of heat has a serious ill effect in several

ways: it reduces the viscosity of lubricants, thus rendering

them more liable to exude from between the rubbing surfaces

at high pressures ; it is cumulative, and causes danger to become
more and more imminent as it progresses beyond the limit

within which conduction and radiation may dispose of it to sur-

rounding objects as fast as generated ; it causes serious injury

to the surfaces in contact, cracking, distorting, and abrading

them, and thus increasing the friction while destroying jour-

nals and bearings ; it often even ignites the lubricant, over-

heating, softening, and weakening the abrading metals, and

endangering all combustible material in its neighborhood.

The journals of machinery are often actually welded into

their bearings. The burning of mills and of steam vessels,

and the breakage of car axles, and consequent destruction of

trains loaded with passengers, sometimes result from the use

* A British thermal unit is the quantity of heat required to raise the temper-

ature of a pound of water, from 39°. i to 40°.! Fahrenheit.

f The metric "calotie " is the heat required to raise the temperature of a kilo-

gramme of water, from 3°.9 to 4°.9 Centigrade.
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of improper lubricants or of badly proportioned rubbing

parts.

203. Lubrication has for its objects, therefore, both the

reduction of friction and the prevention of excessive develop-

ment of heat, and the engineer resorts to the expedient of

interposing between the rubbing surfaces a substance having

the lowest possible coefficient of friction and the greatest

capacity for preventing or reducing the development of heat.

It is evident that in order that any substance may be efficient

as a lubricating material, it must possess the following char-

acteristics :

(i.) Enough " body," or combined capillarity and vis-

cosity, to keep the surfaces between which it is interposed

from coming in contact under maximum pressure.

(2.) The greatest fluidity consistent with the preceding

requirements, i. e., the least fluid-friction allowable.

(3.) The lowest possible coefficient of friction under the

conditions of actual use, i. e., the sum of the two components,

solid and fluid friction, should be a minimum.

(4.) A maximum capacity for receiving, transmitting,

storing, and carrying away heat.

(5.) Freedom from tendency to decompose or to change

in composition by gumming or otherwise, on exposure to the

air or while in use.

(6.) Entire absence of acid or other properties liable to

produce injury of materials or metals with which they may be

brought in contact,

(7.) A high temperature of vaporization and of decom-

position, and a low temperature of solidification.

(8.) Special adaptation to the conditions as to speed and

pressure of rubbing surfaces under which the unguent, is to

be used.

(9.) It must be free from grit and from all foreign

matter.

204. The Value of a Lubricant to the consumer, as is seen

from what has been just stated, depends on its cost in the

market, its efficiency in reducing friction, its durability under

wear, its freedom from liability to " gum," its freedom from
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acid. and from grit, and its permanence of composition and of

physical condition when subjected to changes of temperature,

and also, frequently, its capacity for carrying away heat from

journals already heated.

Thus, sperm oil is known by all experienced mechanics

and by all dealers in oil to be one of the very best of known
lubricants ; but its high price precludes its use, except for

special purposes. Some other oils are cheap, but have little

lubricating power ; still others are good reducers of friction,

but do not wear well, or frequently cannot be retained on the

journals ; others, as linseed and the drying oils generally,

although sometimes excellent otherwise, gum so seriously

that they cannot be used for lubrication ; while a good deal

of the tallow in the market, and some other lubricants, con-

tain acids of decomposition, or acids which have been used in

their clarification, which have not been so completely removed
as to prevent injury by their action on the metals. Some
lubricants cannot be used at low temperatures because they

are liable to congeal, and others cannot be used in steam

cylinders or where high temperature is liable to be met with,

because they decompose or vaporize under such circum-

stances.

Every dealer in oils and every consumer of lubricants who
desires to know with certainty whether he has, in any case,

precisely that lubricant and that quality which is nominally

given him, must resort to some method of identification of

the material. Every user of such a material who desires to

know whether it is well adapted to a specific purpose, or who
wishes to find out what are its peculiar characteristics, must

find some method of testing it, and of thus ascertaining

whether, under the conditions arising in his practice, it will

serve his purpose. He must know whether it will bear the

pressure, and will run without heating his journal, at the

speed to which he must subject it.

Many different conditions must therefore be studied, and

the behavior of the lubricant determined with reference to

each before it can be known, with any degree of certainty,

what is its real value for any specified purpose, and it is

15
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equally evident that the conditions under which the behavior

of an oil or other lubricating material is to be determined,

should always be those approximating with the greatest pos-

sible exactness to the conditions proposed in its actual use.

205. In form, lubricants are sometimes solid, but usually

liquid, and of the liquid unguents there are many varieties in

the market which differ in their viscosity and cohesiveness as

widely as they do in nearly every other quality, and range

from the most liquid and water-like watch-oils to those

" heavy-bodied " and densest of all the oils—castor oil and

rosin oil. We have semi-solid lubricants, of which tallow,

soap, and wax are illustrations, and still others are perfectly

hard and solid, as graphite and soapstone.

The engineer also uses what are known as " anti-friction

metals," one of the oldest and best known of which is the so-

called " Babbitt-metal." These are permanently fixed in the

bearings in the form of linings, and their peculiar use is to

present to the journal, instead of the hard, unyielding, and

resistant surface of the metal itself, a material which more
readily and perfectly adapts itself to the form of the journal

which it supports. Lead has been introduced by Mr. Hop-
kins to act thus temporarily

;
gradually, as it wears, letting

the journal down to a good bearing on the brass of the boxes.

Metalline and some other anti-friction metals are used

without lubricants, and are, therefore, themselves, as truly

lubricants as are plumbago and similar solid materials which
are usually finely ground and interposed between rubbing

surfaces.

In some cases no lubricant will suffice to keep a journal

from heating and even "cutting;" in such an event the
" brasses " are sometimes made hollow and a stream of water

is made to circulate through them, thus effectually keeping

them cool.

In the " Palier glissant " of Girard, and the " Water-bear-

ings " of Shaw, the journal is supported upon a cushion of

water which is forced into a space in the journal beneath it

by a pump, and at such a pressure that the journal is per-

fectly " water-borne " and revolves on the liquid cushion.
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Shaw has applied this plan successfully in supporting vertical

shafts.

The most generally applied fluid lubricants are the better

known and cheaper kinds of animal, fish, vegetable, and min-

eral oils ; of these, sperm stands admittedly at the head of

the list ; lard, neats'-foot, whale,* tallow, seal, and horse oils are

all largely used, either alone or mixed. The vegetable oils in

use are olive, which is by far most generally used in some
countries, and cotton-seed oil in the United States. Palm,

rape-seed, oleine, colza, poppy, peanut, rosin, cocoanut, and

castor oilsf are all more or less employed in lubrication. Of
the fish oils, porpoise, cod, and menhaden oils are most used.

The mineral oils are of two general classes : the shale oils, ob-

tained from certain shales, and the petroleums, which come
from extensive oil lakes, situated usually far beneath the

surface of the earth, and which are principally obtained from

oil wells in Pennsylvania and other of the United States.

Of these oils, sperm is still largely used, notwithstanding

its high price, since it excels nearly all others in its power of

reducing friction, and immensely excels them in endurance.

Rape-seed is, in some districts, now displacing olive oil as a

lubricant ; but the mineral oils, pure or mixed, are rapidly

taking the leading place in all markets.

206. The Petroleums are found in China, India, Italy,

and other parts of the world. The island of Trinidad

contains a lake of petroleum—" Pitch Lake "—the shores of

which are composed of bitumen, produced by its evapora-

tion and oxidation. But the greater part of the petroleum

of the world is produced in Pennsylvania, West Virginia, and
Ohio. According to Spon,

(i.) A mineral oil flashing below 300" Fahr. (150° Cent.),

is unsafe.

(2.) A mineral oil losing more than 5 per cent, in ten hours

at 60° to 70° Fahr. (15° to 20° Cent.), is inadmissible, as the

evaporation creates a gum, or leaves the bearing dry.

* The whale is not a fish, but an animal classed among the mammals.

\ Linseed oil is a good reducer of friction, but dries and " gums" too rapidly

to permit its use as a lubricant.
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(3.) The most fluid oil that will remain in its place, fulfill-

ing other conditions, is the best for all light bearings at high

speeds.

(4.) The best oil is that which has the greatest adhesion to

metallic surfaces, and the least cohesion in its own particles;

in this respect fine mineral oils stand 1st, sperm oil 2d, neats'-

foot oil 3d, and lard oil 4th ; consequently the finest mineral

oils are best for light bearings and high velocities ; the best

animal oil to give body to fine mineral oils is sperm oil ; lard

and neats'-foot oils may replace sperm oil when greater te-

nacity is required.

(5.) The best mineral oil for steam cylinders is one having

a density of 0.893, '^"d a flashing point of 680° Fahr. (360°

Cent.).

(6.) The best mineral oil for heavy machinery has a density

of 0.880, and a flashing point of 520° Fahr. (269° Cent.).

(7.) The best mineral oil for light bearings and high ve-

locities has a density of 0.871, and a flashing point of 500°

Fahr. (262° Cent.).

(8.) Mineral oils alone are not suited for very heavy ma-

chinery, on account of their want of body, but well purified

animal oils are applicable to the heaviest machinery.

(9.) Olive oil stands first among vegetable oils, as it can be

purified without the aid of mineral acids. The other vege-

table oils, which, though far inferior to olive oil, are admis-

sible as lubricants, are, in their order of merit, sesam^, earth-

nut, rape and colza, and cotton-seed oils.

(10.) No oil is admissible which has been purified by means
of mineral acids.

Pure natural West Virginia oil, 29° gravity Baum6, is suit-

able for all kinds of heavy machinery, and will remain limpid

in the coldest climates. It is preferred by many consumers

to sperm or lard oils.

Oil of heavy body, and a fire test of from 330° to 350° Fahr.

(165°. 5 to 177° Cent.), is often used for railroad car axles,

heavy machinery, locomotives, or for any purpose where great

heat is to be provided against, and for bearings where heavy

weight is sustained. It has excellent wearing properties,
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and will lubricate and keep car journals and heavy bearings

cool when oils of a lower fire-test would volatilize. It can be

used during all seasons of the year. Properly refined, it is

entirely free from sand, tar, and still-bottom impurities. For

factory use, high speed, with both heavy and light bearings,

and wherever the lubricator is fed to bearings by capillary

attraction, it is a good lubricant.

All vegetable and animal oils are compounds of glycerine,

with fatty acids. When they become old, decomposition

takes place and acid is set free, by which action, as is com-

monly said, the oils become rancid. This rancid oil, or acid,

will attack and injure the machinery. Again, all animal oils

contain more or less gummy matter, which accumulates when
exposed to the action of the atmosphere, and will conse-

quently retard the motion of the machinery.

Mineral oil does not absorb oxygen, whether alone or in

contact with cotton wool, and cannot therefore take fire

spontaneously, as animal and vegetable oils do.

The consumption of petroleums, or mineral lubricating

oils, is largely increasing ; they are used on all kinds of ma-

chinery ; they are the safest and cheapest lubricators, and supe-

rior to animal and vegetable oils and greases ; they are safer,

on account of their non-oxidizing properties and their high fire

test, and the heat they will resist before vaporizing; they are

cheaper in price, and more economical, saving both machinery

and fuel ; they are more reliable, because they are entirely pure

and always uniform in quality ; they last longer and work

cleaner ; they are perfectly free from acids and every impurity ;

they neither gum, stain machinery nor the manufacturers'

products.

207. The Greases, or semi-fluid lubricants, are sometimes

used in their natural state, as tallow, lard, and other similar

substances, and sometimes are made up artificially, e. g.,

the various kinds of soap. Mixtures of tallow and black-lead,

white-lead and oil, and other mixtures containing sulphur,

are often used.

For some special purposes, certain mixtures are used, as,

for cooling hot journals, mixtures of oil and of white or black
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lead, oil a"nd sulphur, or greases composed of oil to which some

alkaline water has been added. The author has, with very

large and troublesome marine engines, found sulphur and oil

on the journal, with the application—very cautiously—of cold

water externally, to work best.

For a railroad grease, a mixture of equal parts of tallow

and palm oil, with water to which one-eighth of its weight

of caustic soda has been added, is a good one, mixing them

quite warm. Two parts parafifine, one of lard and three of

lime-water is said to be a good grease, especially for heavy,

slow-moving journals.

A mixture of eight parts of bayberry wax with one of

graphite is very good, also.

Grease is usually employed in lubricating axle-journals in

Great Britain, and is generally of palm oil. The following

are said to be good compositions* for that climate

:

RAILROAD AXLE GREASE.

For Summer. For Winter.

Tallow 504 parts. 420 parts.

Palm Oil 280 " 280 "

Sperm Oil 22 " 35 "

Caustic Soda 120 " 126 "

Water 1,37° " 1.524 "

On German railroads the following composition is used

:

Parts.

Tallow 24.60

Palm Oil .*. 9 . 80

Rape-seed Oil i • 10

Soda 5-20

Water 59-3°

100.00

The following is Austrian :

Tallow.

For Winter 100

For Spring and Autumn. . 100

For Summer 100

Olive Oil.
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208. The Solid Lubricants are often found to work well

when no fluid will answer at all. Some of them sustain immense

pressures without injury. Those in general use are certain me-

tallic compositions, mixtures of metallic with non-metallic ele-

ments—graphite, sulphur, soapstone, asbestos, lampblack, and

white lead (carbonate of lead). In some cases they are perma-

nently and solidly fixed, as already stated, and sometimes are ap-

plied, at intervals, between the rubbing surfaces, as are the oils.

The most widely known of the former class is " metalline,"

a material of a composition which is variable, and is deter-

mined by the conditions to which it is to be subjected. It is

made, usually, by grinding the various ingredients to an im-

palpable powder, mixing them according to certain definite

formulae, which are the direct result of experiment, and sub-

jecting the mass to great hydraulic pressure in chilled

steel molds. From these last the metalline emerges in the

form of a short rod or plug, from one-eighth to five-sixteenths

inch in diameter, in condition sometimes soft enough to be

readily indented by the nail, sometimes so hard as to require

a knife to cut it ; and in all intermediate stages. It looks like

black-lead, but is more unctuous, and somewhat lighter in

color. To insert it, the box or gib, for example, is bored

with shallow holes, these being made with a square-ended bit,

in order to leave a flat bottom. Their depth is about three-

sixteenths of an inch. Into these the metalline is inserted,

the diameter of the plugs being sufficient to insure a tight

fit, and the surface is smoothly reamed off. Such a prepara-

tion often reduces friction, and prevents serious heating or

abrasion, while presenting, in some cases, the very great ad-

vantage of freedom from the objections which are peculiar

to, and inseparable from, the use of oil or any grease.*

Plumbago is used generally by interposition, although

sometimes forming an ingredient in the composition of anti-

friction and "anti-attrition" compounds of the first class. It

should always be absolutely pure and free from grit, and

should be ground to the condition of a flaky powder.f Some
* Iron Age.

\ American Machinist, November, 1877, p. 3.
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engineers express a preference for soapstone powder, in the

form of dust, as a lubricant for the journals of machinery.

For this purpose, it is first reduced to a very fine powder, then

washed to remove all gritty particles, then steeped for a short

period in dilute muriatic acid, in which it is stirred until all

particles of iron which it contains are dissolved. The powder
is then washed in pure water again to remove all traces of

acid, after which it is dried, and is the purified steatite pow-
der used for lubrication. It is not generally used alone, but

is mixed with oils and fats in the proportion of about 35 per

cent, of the powder added to paraffine, rape, or other oil ; or

the powder may be mixed with any of the soapy compounds
employed in the lubrication of heavy machinery.

209. Purifying Oils.—Oils which have been once used

should be carefully cleansed before being again applied to

bearings. The following is a good method of purifying lubri-

cating oil : A tub holding 16 gallons (73 litres) has a tap in-

serted close to the bottom, and another about 4 inches (10.16

centimetres) higher. In this receptacle are placed 7 quarts

(7.94 litres) boiling water, 3)^ ounces (0.09 kilogrammes) car-

bonate of soda, 3^ ounces (0.09 kilogrammes) chloride of

calcium, and 9 ounces (0.23 kilogrammes) common salt. When
all these are in solution, 45 quarts (S i litres) of the oil to be

purified are let in and well stirred for five or ten minutes

;

the whole is then left for a week in a warm place, at the ex-

piration of which time the clear pure oil can be drawn off

through the upper tap without disturbing the bottom.

Dr. Dotch communicates to the Scientific American the

following method and proportions for refining crude cotton-

seed oil : 100 gallons (454 litres) of the crude oil are placed

in a tank, and 3 gallons (13.6 litres) of caustic potash lye, of

45° Baum6, are gradually added and well stirred for several

hours ; or the same quantity of oil is treated with about 6
gallons (27.2 litres) of soda lye, of 25" or 30° Baum^, and
heated for an hour or more to about 200° or 240° Fahr. (93°

to 115° C.) under constant stirring, and left to settle. The
clear yellow oil is then separated from the brown soap stock,

and this dark soap sediment is placed in bags, where the re-
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mainder of the oil will drain off, as the sediment has a small

market value to soap-makers. The potash-lye must be made
in iron pots, but the oil and lye may be mixed in wooden tanks.

210. The Pressure zvkich may be permitted upon rubbing

surfaces is determined by the velocity of rubbing, the charac-

ter of the lubricant, and the nature of the surfaces themselves.

The two surfaces should usually differ—the one being hard

enough to bear the maximum pressure without change of

form, and the other being less hard, in order that it may not

abrade the first. With such an arrangement, the surfaces, if

properly cared for, take a fine, smooth, mirror-like polish, and

give a minimum frictional resistance. Cast-iron surfaces,

unless very large, are less satisfactory than good wrought-iron,

and moderately hard steel is much better still. A pressure

of 800 pounds to the square inch (56 kilogrammes per square

centimetre) can rarely be attained on wrought-iron at even

low speeds, while 1,200 pounds (84 kilogrammes) is not infre-

quently adopted on the steel crank-pins of steamboat engines

;

7,000 to g,ooo pounds pressure per inch (492 to 633 kilogram-

mes per square centimetre) has been reached on the slow-

working and rarely moved pivots of swing bridges. In the

Author's practice higher pressures than 600 and 1,000 pounds

per square inch (42 to 70 kilogrammes per square inch) on

iron and on steel are avoided, and, for general practice, the

pressure is less as the speed is greater, since the amount of

heat developed is directly a measure of the amount of work

done in overcoming friction, and is proportional to the speed

as well as to the pressure.

211. Size of Journals.—By a comparison of the behavior

of the journals of the engines of naval steamers in 1862, the

author determined the following formula for the size of jour-

nals for such engines and for stationary steam engines

:

-5 <«'•

in which ^ is a coefificient—about 60,000 in British measures,

1,300 nearly, in metric—/ is the length of the journal in inches,

or centimetres, P the load in pounds, or kilogrammes, and
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Fthe velocity of rubbing in feet, or metres, per minute; d
is the diameter in inches or centimetres. Rankine published,

in 1865, the following as applicable to locomotive practice:

'-'-'^ <^)-

in which a and b are about 44,800 and 20 in British, or about

1,000 and 6 in metric measures. These are intended fot

iron journals ; those of steel may sometimes work well if of

one-half the length given by the formulas.

The length being known, the pressure per square inch

admissible is

:

P^-TT (Author), .... (10).

or,

p=^—^ (Rankine). . . (11).

Where journals are exposed to dust or severe usage, as in

locomotives, it is advisable to make them of greater length

than in ordinary practice. This difference is observed in the

two formulas just given. The best makers of mill-shafting

make the journals about four diameters long.

212. Oiling Journals.— It is evident that the method of

supplying the lubricant has an important influence on the

economy of its use. A perfectly uniform supply of the mini-

mum safe quantity enables an economy to be attained which

is surprising to one who has not measured the quantity of oil

used. Some years ago a distinguished firm of tool builders

found that the hangers of their line shafting were working

perfectly with but 34 drops of oil each per week.

The Author has often used a wire bent into syphon shape

and loosely wound with lamp wick in the old fashioned oil

cups. A little experimenting determines just how many
strands of wick should be used, and just how low the oil can

be permitted to run down in the cup, and the minimum
expenditure is thus reached. The syphons were always re-

moved when the engine was stopped for any length of time,

to prevent expenditure of oil when it was not needed.
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Another good arrangement for very large and important

journals is an oil-pump taking oil from a reservoir into which

it returns from the journal. Self-oiling boxes are still another

and a more familiar device. The " oil-bath" is best.

From what has already been said it is seen that what is a

good lubricant for one purpose is not necessarily good for

another. Water is valuable on the lignum vitse sheath in the

stern-bearing of the screw-shaft of a steamer, or on the wooden
step of a turbine water-wheel, and answers an excellent pur-

pose in the "palter glissant ,
" and it is the best substance

known to absorb and convey away heat ; but it is not a true

unguent, and could not be used as such on ordinary journals.

Plumbago, tallow, and castor oil have the " body" needed

for extremely high pressures ; and sperm oil is the best known
lubricant for general purposes ; but only an oil having the

purity and limpidity of watch oil will answer for watch work.

The heavy oil would produce too great resistance by its vis-

cosity to be suitable for light work, and the watch oil would
be unable to sustain the pressure in heavy work.

With oils of little " body " the greatest care should be

taken to secure perfect regularity of supply and to feed the

least amount consistent with safety. Heavier oils should be

fed more rapidly, and tallow and the greases are usually sup-

plied as fast as the journal will take them.

213. The Modern Methods of Testing Oils are directed

to the determination of a number of independent facts.

These objects are

:

(i.) Their identification and the detection of adulteration.

(2.) The measurement of density.

(3.) The determination of their viscosity.

(4.) The detection of tendency to gum.

(5.) The determination of temperatures of decomposition,

vaporization, and ignition.

(6.) The detection of acidity.

(7.) The measurement of the coefificient of friction.

(8.) The determination of their endurance, and their

power of keeping the surfaces cool.



236 THE NON-METALLIC MATERIALS OF ENGINEERING.

214. Identification.—Tt is sometimes sufficient for the

user of an oil to identify it and to be able to detect adultera-

tions. Sperm and lard oils, for example, are standard lubri-

cants ; and if the consumer or dealer can assure himself that

the oil which he has in hand is pure sperm or pure lard, that

is often enough, since long experience may have taught him

that this oil, and no other, is likely to fully answer his pur-

pose. Cases sometimes occur in which the purchaser of an

oil does not care to try if other less well known oils may not

meet his wants quite as well and at lower cost.

The tests for identification are chemical and physicaL

The chemist can, sometimes, by applying " re-agents " which

have peculiar effect on an oil, determine whether that oil is

sperm, or lard, or other, and detect adulterations. This is in

some cases quite easy to do and tolerably certain, since there

are usually very few oils of which the cost would be low

enough to permit their use as adulterants. For example, the

chemist would look for cotton-seed oil, perhaps, in his tests

of so-called pure lard oil, since that, in the usual condition

of the market, is about as likely to be used as an adulterant

of lard as any other oil. This kind of test would rarely be

used except by an expert chemist, and it is enough to

describe a few of the best known.

215. Chemical Methods.—Professors Grace-Calvert, Cail-

letet. Chateau, Waltz, and many other chemists, have syste-

matically studied the reactions of oils with various chemicals,

with a view to their identification and the detection of adul-

teration.

MM. Chevreul and Braconnot (181 3) were probably the

first to determine with satisfactory accuracy the composition"

of fatty substances. They found them to be thus composed

:

ANIMAL. VEGETABLE.

Margarine Oleine. Margarine. Oleine.

Mutton tallow 80 20 Colza oil 46 54

Beef tallow 80 30 Olive oil 28 72

Lard 38 62 Almond oil 24 76

Chevreul and T. de Saussure determined the elementciry

composition of several of these bodies thus

:
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TABLE XLVI.

COMPOSITION OF OILS.

CARBON.

Sheep's fat 79.0

Lard 79.0

Human fat .'.. 79-0

Nut oil 77.0

Almond oil 77-4

Linseed oil 76.0

Olive oil 77.2

DROGEN.
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in a tank lined with lead, and dissolved so much of the lead

that its value as a luminant was destroyed. The action of the

oil on tin, copper, and iron was so slight that its luminant

properties were not much diminished. Zinc, however, was

freely dissolved, and the oil was consequently rendered nearly

as useless for illuminating purposes by it as by lead. Dr.

Macadam therefore suggests that, while the vessels for the

retention of parafifine oil may be safely constructed of or be

lined with tin, copper, or iron, it would be preferable to use

cisterns lined with enamel, for storing oil. William Watson,

in a paper recently read before the British Association, de-

scribes the results of his experiments on the above subject.

He finds that of all the oils examined, paraffine and castor

oil have the least action on copper, and linseed and olive oil

the greatest ; sperm and seal oil have but a very slight action.

The tendency of an oil to act on metals varies with the

proportion of free acid and kind of oil, and also with the

nature of the metal. Nearly all fatty oils act more rapidly

on copper than on iron. The following table shows results

obtained by Mr. Watson :

TABLE XLVII.

SOLVENT ACTION OF OILS.
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the acid from the oil, add ammonia to the former ; if copper

is present the reaction will give a blue color by the formation

of an ammoniacal solution of that metal.

To detect lead, add to a portion of the oil, contained in a

test-tube, a small quantity of sulphuric acid, of carbonate of

soda, or of caustic soda ; if lead is present, the solution will

become white and will yield a precipitate of similar color ; to

insure certainty, add to the solution caustic soda until the

acid, if used, is neutralized, or of acid, if soda has been used,

a few drops of sulphur solution, the presence of lead will be in-

dicated by a dark brown precipitate ; with bichromate of potas-

sium or the iodide of potassium, a yellow precipitate is found.

To test lubricating oil for acid, dissolve a crystallized piece

of carbonate of soda about as large as a walnut in an equal

bulk of water, and place the solution in a flask with some of

the oil. If, on settling after thorough agitation, a large quan-

tity of precipitate forms, the oil should be rejected as impure.

218. Adulterations.—Good oils are adulterated by the ad-

dition of cheaper oils. These adulterations are detected by
changes of density, or of freezing point, by differences pro-

duced in temperature on the addition of concentrated sul-

phuric acid, and by the reaction produced by the addition to

the oil of various chemical re-agents, and, finally, by the senses

of touch, taste, and smell.

The latter method presupposes great familiarity with and

experience in the use of oils, and can be practiced with satis-

factory results, usually, only by experts. Some oils are,

however, so characteristic in taste and odor that a novice

may readily recognize them. It is always best to compare

the suspected oil with a sample of known purity. The char-

acteristic odor of an oil can be brought out more strongly by

warming it. The taste, odor, and feeling of the oil are some-

times considerably modified by the locality whence it is

obtained, by the season during which it is prepared, and by

the method of manufacture.

219. Oleometry.—The first of the physical tests, which

tests may precede chemical analysis, is the determination of

density. This is, perhaps, the simplest and easiest method of
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identifying a standard oil, although by no means a certain

one. This may be done by carefully weighing an exactly

measured volume of the lubricant, and comparing its weight

with the standard volume of a standard substance, or by the

use of the " densimeter," or oleometer. This little instru-

ment, generally known as the hydrometer, takes its name
from the application for which it has been designed, as, for

example, lactometer when used to determine the density of

milk, alcoholometer when used to measure that of alcohol.

It is a glass cylinder, about ^ or ^ inch in diameter and

4 or 5 inches long, having at one end a bulb loaded with shot,

and at the other a small cylindrical stem suitably graduated.

Placing this instrument in a liquid, it floats upright, with

the loaded end downward, and sinks to such a depth that the

figure on the stem reads the density or the specific gravity

of the liquid.

In using this instrument the liquid must usually have the

standard temperature, say 60° Fahr. (15°. 5 Cent.), as its den-

sity is considerably affected by heat or cold. Another form of

hydrometer has athermometer attached to thelower end. This

is intended to assist in making corrections for a temperature

above or below 60° ; when the thermometer indicates a tem-

perature above 60°, which is shown by the figure on the right

side, the corresponding number opposite must be added to the

indications on the scale above. If the thermometer stands be-

low 60°, the corresponding number opposite must be deducted.

220. Specific Gravity of Oil.—The specific gravity of any
substance is proportional to its density, and is the ratio of the

weight of a given volume of the substance to that of an equal

volume of water, both being taken at the temperature of maxi-

mum density of the latter. The density may also be meas-
ured by any other standard. These oleometers are often—in

fact, usually—graduated by the system of Beaum6, in which

\^^ = specific gravity, and—^°
130 = B°, the read-

130 -I- B o
^ sp.gr.

ing of Beaumd.

The more accurate method of determining specific gravity

by weighing on the chemist's balance, has been frequently
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TABLE XLVIII.

SPECIFIC GRAVITY OF OILS.—STILLWELL.

Coef, of exp. = .00063 for 1° Cent.
= .00035 for 1° Fahr.

15" CENT.

S9° FAHR.

Sperm, bleached, winter
'

' natural, winter

Elaine

Red, saponified

Palm

Tallow

Neats'-foot

Rape-seed, white, winter

Olive, light greenish yellow

Olive, dark green

Peanut

Olive, virgin, very light yellow.

.

Rape-seed, dark yellow

Olive, virgin, dark clear yellow.

Lard, winter

Sea elephant

Tanners' (cod)

Cotton-seed, raw

Cotton-seed, refined, yellow

Salad (cotton-seed)

Labrador (cod)

Poppy

Seal, natural

Cocoanut

Whale, natural, winter

" bleached, winter

Cod-liver, pure

Seal, racked

Cotton-seed, white, winter

Straits (cod)

Menhaden, dark

Linseed, raw

Bank (cod)

Menhaden, light

Porgy

Linseed, boiled

Castor, pure cold-pressed

Rosin, third run

16

.8813

.8813

.9011

.goi6

.9046

9137
.9142

9144
.9144

9145

.9154

.9163

.9168

.9169

9175

.9199

.9205

.9224

.9230

.9231

9237
.9244

.9246

.9250

.9254

.9258

.9270

.9286

.9288

.9290

.9292

.9299

.9320

•9325

9332
•941

1

.9667

.9887
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adopted. A standard temperature is usually taken, and

all results reduced to standard by first determining the coef-

ficient of expansion, which, for pure olive oil, has been deter-

mined by Mr. C. M. Stillwell to be 0.00063 for i" Cent., or

0.00035 per degree Fahr. Oils often differ considerably in

density, although nominally the same. The preceding table

contains Stillwell's determinations.

Now, determining the gravity of an oil, sperm, for ex-

ample, and finding it to be 0.8750, or 30° Beaum6, it would

be at once concluded to be impure ; because sperm should

give about 0.8810 or 0.8815, corresponding to 29° B.

There are many forms of the oleometer, nearly all, how-

ever, having the same general character.

221. The Mineral Oils are usually lighter than those of

animal or vegetable origin. Crude Pennsylvania petroleum

has a composition :
*

Carbon 84

Hydrogen ^4

Oxygen ^

100

The average density of petroleum is about 45° B., and it is

composed of a considerable number of compounds which va-

porize at temperatures varying from 32° to 700° Fahr. (0° ta

370° Cent.). The following are the densities of these oils :

TABLE XLIX.

DENSITY OF MINERAL OILS, 59° FAHR., 15° CENT.

Rhigoline.

Benzine. .

.

Naphtha.

.

Illuminating oil

Lubricating oil (heaviest)

.

FarafHne wax

S. G.
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friction, the latter increasing in much the higher ratio. It

has a specific gravity at the standard temperature of from

0.86 to 0.90, according to the degree of concentration pro-

duced in distillation.

222. Beaume's Scale.—The following table gives degrees

of Beaum^ and the corresponding specific gravities in parallel

columns, together with the weights of one gallon and one
litre :

*

TABLE L.
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223. Conductivity.—Rousseau has shown that the oils,

with the exception of olive oil, which has nearly ^¥0 the con-

ductivity of other oils, are good conductors of electricity, and

has devised an instrument to detect adulterations of olive oil

which is called the diagometer. The test is made by measur-

ing their conductivity. The instruments used are simply a

galvanometer and a small voltaic battery, the current of which

is passed through a small drop of the oil to be tested, and its

intensity is then measured by the galvanometer. A com-

parison with known oils gives the evidence sought.

224. The Effect of Heat upon oils furnishes another

means of determining their character and of detecting falsifi-

cations.

The temperature of distillation of petroleum products

varies from 80° to 250° Fahr. (27" to 120° Cent.), for the

naphthas, 250° to 600° Fahr. (120° to 315° Cent.) for illumi-

nating oils, or 600° to 800° Fahr. (315° to 425° Cent.) for the

heavy lubricating oils. The very best oils of the latter class

have no bad odor, and only vaporize at 600° Fahr. (315°

Cent.), or higher. Their density is about 27° or 28° B. (0.890

Sp. Gr.). They are rarely used unmixed with lighter oils.

225. Fire-Test.—The temperature of decomposition of

the mineral oils is a good gauge of their values. An oil

should not generally be used which takes fire at so low a

temperature as 150° Fahr. (120° Cent.). Some of the best

oils do not burn, or even give off much vapor at a tempera-

ture of 300° (150° Cent.) or more. This " fire-test " is usually

made with a small piece of apparatus made especially for the

purpose. It consists of a little tank, in which the oil to be

tested is poured. This is placed in another larger cup, and
the space between is filled with water for ordinary tests. A
lamp beneath supplies the heat, and a thermometer, set in

the cup, with its bulb in the oil, shows the temperature.

As the oil becomes heated, the observer occasionally ap-

plies a lighted match or taper to the opening of the cup.

After a time a flash is seen when the match is applied, and
the flame disappears as suddenly as it has appeared. This
shows that vapor has been produced in sufificient quantity to
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mix with the air above the oil, and produce an explosive

mixture. The t.emperature now observed is called the " flash-

ing point." At some higher temperature, if the cap is moved
to one side and a match is applied, the oil takes fire and

burns. This is the so-called " burning point." It may be 20

degrees or more above the flashing point.

In the Bailey fire-test apparatus the oil is heated in a

small copper tank through which rises the flue within which

is the flame of the lamp or gas-burner.

This vessel is filled only about three-fourths full of oil.

The vapor formed rises at the centre, passing the bulb of a

thermometer set at the top of the central vapor-flue, and is-

sues laterally, and is ignited at a jet. The animal and vegeta-

ble oils do not vaporize, but decompose at high temperature.

The following are the results obtained with the first of the

two kinds of apparatus described ; others will be given later :

TABLE LI.

FIRE TESTS OF OILS.
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pressure. The good mineral oils do not congeal at any

ordinarily low temperatures, the heavier oils freezing at 20°

Fahr. (— 7° Cent.) and the lighter remaining liquid at the

freezing point. Summer sperm thickens at about 65° Fahr.,

freezing at about 50°, winter sperm at about 50° and 35°
,

and lard oil begins to harden at 40°, solidifying at 25" Fahr.

226. Oleography.—Still another, and a very beautiful,

although rarely practiced, method of identifying oils of vari-

ous kinds, is that introduced many years ago by Professor

Tomlinson, who first applied it to the exhibition of the char-

acteristic differences between the essential oils, and termed the

peculiar and beautiful forms thus produced" cohesion figures."

It was again brought forward by Dr. Moffat,* and by him

applied to the identification of the commercial oils and the

detection of adulteration. The process, as perfected by Dr.

Moffat, is now familiar under the name of " oleograph tests."

We proceed thus : Wash out a' large basin very carefully with

water and alkali until it is chemically free from foreign mat-

ter, and fill with perfectly clean water. When the surface

has become quiet, drop upon it a single drop of the oil to be

examined. The oil at once spreads rapidly over the surface

of the water in an exceedingly thin film. Presently the film

commences breaking up, small openings appearing through

it, which gradually enlarge and group themselves into

peculiar lace-like patterns. These lace-patterns continue

changing, and finally the surface is covered with detached

and very minute particles of oil. Each oil, under the same
set of standard conditions, exhibits a peculiar behavior which

is always characteristic of the oil, and which can therefore be
made of use in identifying it. Each oil spreads at a certain

rate, and each, at a given instant during the process of change,

forms a peculiar and characteristic lace. A comparison of

the pattern produced in testing the several oils, and of the

times of observation enables the experimenter to judge, by
comparison with his standards, whether the oils tested in this

way are pure or adulterated.

* Chemical News, vol. XVIII, p. 299.
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In doing this work, it is important to be able to secure

copies of the patterns thus obtained. This is done by a very

simple and neat process : Provide another basin containing

"water rather strongly colored with ink, and a quantity of white

blotting-paper cut into pieces of such size and shape that they

can be laid upon the surface of the water in the testing basin.

The observer stands, watch in hand, noting the changes

progressing in the film of oil. At the proper moment—

a

half-minute, a minute, or two minutes, whichever may have

been found a proper standard time, measured from the falling

of the drop—he carefully and quickly lays a piece of his

blotting-paper down on the film ; then as quickly and care-

fully transfers it to the surface of the ink solution. At the

first contact every point in the surface transfers to the paper

a particle of water or a particle of oil, and the lace-pattern is

now present on the paper in oil and water. On placing the

blotting-paper on the colored water, all parts of the surface

unprotected by oil are stained, while the rest remains un-

colored, and the beautiful lace-pattern appears in black and

white in permanent and preservable form. The sheet is next

marked with the name of the oil, the date of the test, and

the time allowed for the formation of the pattern. It still

remains to be determined by further experiment how far the

method may be made practically valuable and reliable.

The special precautions to be observed in practicing this

method of test are to secure an absolutely perfect cleanliness

of the vessels used, and to note with care that oleographic

figure which is most thoroughly characteristic of the oil under

test ; this is found to occur at one instant during the unin-

terrupted process of change of each film of oil, and the pat-

terns which precede and which succeed it are comparatively

valueless.

The vessels should be cleaned perfectly with a solution of

caustic potash or soda after each experiment. The oil should

be let fall in a single drop upon the exact centre of the sur-

face of water from a glass rod, and in such a manner that no

disturbance is produced. These rods, when not in use, should

be kept in a solution of caustic potash, and, when used
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should be drawn through clear water and wiped upon a clean

cloth before dipping them in the oil.

Occasionally, when the vessels have been some time in

use, it will be necessary to wash them and the rods in strong

sulphuric acid ;
* they should then be thoroughly rinsed.

The symmetry of the figures produced, as well as their

characteristic form, is injured or destroyed by adulteration,

and sometimes by physical changes occurring under exposure

to air, and with age. Solid carbolic acid and camphor treated

in this manner yield curiously active spots and figures.

The time at which the distinctive figure is formed is an

absolutely essential element, as already stated, and it is

therefore always advisable to first prepare a set of standards

by obtaining oils of known purity and taking off oleographs,

at intervals of ten seconds or of one minute, according to the

rapidity of change, and this series should be preserved for

comparison with the results of test of suspected oils.

Dr. Moffat thus made up an oleograph album of stand-

ards. In the series for each oil, the most thoroughly charac-

teristic figure should be given some distinguishing mark, or

otherwise identified. The oleographs may be given any de-

sired color by using, instead of ink, a solution of the color

desired. They may be readily photographed, or they may
be transferred to stone.

•1.

227. Gumming and Drying.—Still another special phys-

ical test determines the degree to which the oil is liable to

injury by gumming. The usual method is that of Nasmyth,
who uses this very* simple mode of determining the viscosity

and the rate of " gumming " of oils : He places a drop at

the top of an inclined plane, and notes the time required for

it to run down the plane. Of oils which do not gum, the

least viscous reach the bottom first ; drying and gumming oils

are retarded in proportion to the rate of drying or of gum-
ming. He uses a plate of iron, 4 inches (10.2 cm.) by 6 feet

(1.8 metres) on the upper surface of which six equal-sized

grooves are planed. This plate is placed in an inclined posi-

* Chemical News, vol. XIV., p. 46.
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tion, falling one inch in six feet. The mode of testing is as

follows : Assume that there are six varieties of oil to test,

and it is desired to know which of them will, for the longest

time, retain its fluidity when in contact with iron and exposed

to the action of air ; the investigator pours out simultaneously,

at the upper end of each inclined groove, an equal quantity

of each of the oils under examination. This is very con-

veniently and correctly done by means of a row of small

brass tubes. The six oils then make a start together ; some

get ahead the first day, and some keep ahead the second and

third day, but on the fourth or fifth day the bad oils, what-

ever good progress they may have made at the outset, come

to a standstill by their gradual coagulation, while the good

oil holds on its course ; and at the end of eight or ten days

there is no doubt left as to which is the best. Linseed oil,

which flows rapidly the first day, is set fast after having trav-

eled 18 inches, while second-class sperm passes first-class

sperm 14 inches in nine days, having traversed in that time

5 feet 8 inches down the hill. The following table shows the

state of the oils after a nine days' run :*

TABLE LII.

FLUIDITY OF OILS.

DESCRIPTION OF OIL.

Best sperm oil

Common sperm oil.

Gallipoli oil

Lard oil

Rape oil

Linseed oil

ft. in

7

loi

2

5i

ft. in

4.2

3-9

o.oi

1.6V
i.6

ft. in,

4-5l
4.6I

6

loj

7

6J

ft. in.

4.6
4. II

l.6i
o.ioj

i-7i
i.6|

ft. in

4.6

S-li
1-74
o.ii;

i.7i
t 6i

ft. in,

4.6
5-4

1.8J
Stat.

1-7^
i.6i

ft. in.

aM
5-61

1.9

i.7i
i.6i

ft. in

Stat.

5.7i
i.gi

ft. in.

5.8

l-9i

i-7i
Stat.

A modified apparatus is described by Mr. W. H. Bailey.f

It consists of a piece of plate-glass set with considerable

* Appleton's Dictionary of Mechanics, vol. II. \ Ftiction and Lub> icntion, p. 88.
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inclination, and heated, by means of a vessel of boiling water,

to about 200° Fahr. (93° Cent.), and held at a uniform tem-

perature, as indicated by the thermometer attached. A drop

of oil placed at the top will flow down a few inches, as in

Nasmith's test, and, if permitted to remain upon the glass

some days, will give evidence of any tendency to gum. A
scale on the side of the box affords a convenient means of

measuring the track of the flowing drop. Watch oil is tested

in Switzerland somewhat similarly. If the oil is found to

become decidedly resinous after two or three days' exposure

to heat, it is condemned.
Still another method is that in which the oils, at a stand

ard temperature, are allowed to flow from a vessel, kept filled

to a uniform depth, through an orifice of standard size. . The
amount discharged will be greater the more fluid the oil ; or

the vessel may be of any convenient capacity, or may have

any standard volume of oil put into it, and the time required

to empty it may be observed. The most accurate work is

done, probably, by enclosing a pipette in a water jacket, and

thus keeping the temperature under control by circulating

water through this jacket at any desired temperature. In

Woodbury's experiments,* the capacity of the pipette was

25 cubic centimetres, the orifice measuring .039 inch (o.i cen-

timetre) in diameter. At low temperatures, the fluidity in-

creased faster than the coefficients of friction decreased, be-

came nearly proportional at, and a little above, usual atmos-

pheric temperature, and increased less rapidly at high tem-

peratures. The pipette became empty, as follows : lard oil,

at 70° Fahr. (21° Cent.) in 682 seconds; sperm, 266 to 280

seconds ; neats'-foot, 840 seconds; heavy mineral oil, 554 sec-

onds; light oil, 250 seconds. Coleman found that while

sperm flowed through a funnel in 5 minutes, a mineral oil

required but 3 minutes, and lard took 7 minutes ; a mix-

ture of mineral oil and lard in equal parts, ran through at the

same rate as sperm ; rape required 8 minutes, seal oil 6j^, and

neats'-foot 8)^ minutes.

228. Chemical Methods of Test have been proposed in

* Trans. Am. Soc. Mech. Eng'rs, 1880.
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great variety. In general the chemist first compares the den-

sity of the oil to be examined with that of the standard pure

oil of the same denomination as given in the printed tables.

Animal and vegetable oils are distinguished by the fact

that chlorine turns animal oils brown and vegetable oils

white.* Some special tests are quite reliable for certain adul-

terations, and chemists have devoted much time to their dis-

covery and to perfecting methods.f

Among the most common mixtures are the adulteration

of sperm with blackfish or with whale oil ; the mixture of cot-

ton seed with otherwise good lard ; the introduction of pea-

nut (ground nut or earth nut) oil with olive ; and the addition

of an alkali with water, or of plaster to tallow. Probably the

greater proportion of the lubricating oils now in use are mix-

tures, and the most usual is an acknowledged mixture of min-

eral with animal oils.

229. Machines for Testing Lubricants.—The most im-

portant of all the tests to be applied to determine the precise

value of a lubricating material, and that which most com-

pletely and satisfactorily reveals that value, is applied by
using some form of apparatus or machine specially con-

structed for the purpose.

In order to determine precisely what oils are adapted to

any special purpose, or to ascertain for what uses any oil is

best fitted, it is always necessary to make an examination of

the lubricant working under the specified conditions. That

is to say, the oil should be put upon a journal of the charac-

ter of that on which it is proposed to use it, and, subjecting

it to the maximum pressure proposed, running it at the maxi-

mum speed that the journal is ever expected to attain ; its

behavior will then show conclusively its adaptability to such

an application. While running, it is necessary to be able to

measure the friction produced, and to determine its coef-

ficient, which, as we have seen, is its measure, and to be able to

note its durability and the rise in temperature of the bearing.

* Moniteur des Produits Chimiques, 1875.

f See Trtatise on Friction and Lost Work (N. Y., 1898), for a more com-

plete account.
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These qualities being determined and recorded, all is known
of the oil that is needed to determine its lubricating power.

As already stated, lubricants are tested to determine their

value by placing them as nearly as possible under the con-

ditions of actual work in machines designed for this pur-

pose. A considerable number have been invented, although

but two or three are in use.

A machine which has been well known abroad for many
years, and has recently been introduced to some extent in the

United States, is that of Messrs. Ingham & Stapfer. It con-

sists of a shaft running in two bearings and carrying a third

journal between them. This latter has adjustable bearings,

which are set up to any desired pressure by weighted levers.

A thermometer in the top brass enables the heating of the

bearing to be observed. In this machine the friction cannot

be measured ; but the durability of an oil and its effectiveness

in keeping a bearing cool can be observed. The machine has

been extensively used in Europe, where Messrs. Bailey & Co.,

of Salford, have been building it many years. A somewhat
similar but much larger machine has long been used at the

Brooklyn Navy Yard, and an elaborate investigation was

made there by Messrs. King, Stivers, and Price, of the

United States Navy Engineer Corps.

The work done on the Ingham & Stapfer machine is some-

times plotted as in the accompanying diagram

:

HBV. 5000 10000 16000 50000 S6000 30000 3S0OO 400OO 45000 50000 isOOO 60000 65000 lOi

Fig. 57.—Oil Test. Heat and Work.

The two dotted lines show the behavior of two different

samples of oil under test. The line of large dots shows an
excellent quality of prepared and purified sperm, that, start-
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ing at a temperature of 67° Fahr. (ig'-S Cent.), has, with

70,000 revolutions, only attained 176" (80° Cent.); while the

other, an indifferent mixed oil, attains 200° (93". 3 Cent.), with

only 19,000 revolutions. By means of such a diagram a per-

manent record of all tests can be kept for future guidance.

230. Thurston's Oil-Testing Machines.—The construc-

tion of a machine devised by the Au-

thor is best shown in Figs. 58 and 59,

below.

At F is the journal on which the

lubricating material is to be placed for

test. This journal is on the overhung

extremity of shaft A, which is carried

in bearings, BE , on a standard, DD

,

mounted on a base plate, EE '. The
shaft is driven by a pulley, C, at any

desired speed. A counter is placed at

the rear end of the shaft to indicate

the number of revolutions. Usually,

the shaft is driven at a fixed speed, cor-

responding to the velocity of rubbing

surfaces ap- ^'°- 5^-

proximating that of journals on

which it is proposed to use the oil.

The testing journal, F, is grasped

by bearings of bronze, GG', and

with a pressure which is adjusted

by the compression of a helical

spring, y. This spring is carefully

regulated, and the total pressure on

the journal and the pressure per

square inch are both shown on the

index plate, NN', by a pointer, M.
Above the journal is a thermometer,

QQ, of which the bulb enters a

cavity in the top " brass," and which

indicates the rise in temperature as

Fig. 59. wear progresses.

^e.^t-<cv..^^..



254 THE NON-METALLIC MATERIALS OF ENGINEERING.

The " brasses," thermometer and spring are carried in a

pendulum, H, to which the ball, /, is fitted ; and the weights

are nicely adjusted in such a manner, that the maximum
friction of a dry but smooth bearing shall just swing it out

into the horizontal line. The stem, KK' , of the screw, which

compresses the spring, projects from the lower end of the

pendulum, and can be turned by a wrench. A pointer, O,

traverses an arc, PP' , and indicates the angle assumed by the

pendulum at any moment. This angle is large with great

friction, and very small with good lubricating materials. This

arc is carefully laid off in such divisions, that dividing the

reading by the pressure shown on the index, NN', gives the

corresponding coefficient of friction.

The figures on the arc are the measure of the actual re-

sistance of friction on the surface of the journal in pounds-

Dividing this frictional resistance by the total load gives, as

by the definition originally given, the exact value of the co.

efficient. As there is no intermediate mechanism, this meas-

ure is obtained without possible error, and, as the resisting

moment changes very rapidly at low angles, great precision

of measurement is obtained, as will be seen when the results

of experiment are stated. The machine can also be arranged

to give readings of this coefficient directly.

231. The Theory of the Machine is as follows :

Let R = radius to centre of gravity of pendulum ;

F = effort due to weight of arm
;

r = radius of journal

;

/ = length of journal

;

w — weight of pendulum complete
;

P — total pressure on journal (top and bottom)
;

/ = pressure per square inch of longitudinal sec-

tion
;

T = tension on spring
;

& — angle between arm and a perpendicular through

axis

;

/ — coefficient of friction
;

Q = total friction.
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When is equal to 90°,

FR = Qr (12).

And when any other angle,

FR sm@ = Qr (13).

Solving equation (13) with respect to Q,

^ FR sin © , ,

Q =—-— (14).

The coefficient of friction is

, FR sin , .

. The pressure per square inch is

P 2T + w , ,,
/ = -r =

J
.... (16).

From this last equation the graduations on the right-hand

side of the index-plate are deduced.

From the equation

N — 4plr (17).

the numbers on the left-hand side are determined.

By substituting in equation (12) the value of Q, in terms

of the coefificient and total pressure, from (15) and (16), it be-

comes
FR^ f{^plr)r (18).

Solving with respect to f, equation (18) becomes

FR

^=ww ^"^^-

From the numerator of the second number of equation (ig)

the graduations on the arc are deduced.
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In applying the foregoing equations to the machine seen

in figures 58 and 59, and the following numerical values may
be given to the respective symbols :

F = 2.5 lbs. ; R = 10 in. ; r = 0.625 in. ; / = 1.5 in.
;
4/r =

3.75 sq. in.; w = 6 lbs. Also, a compression of i^ inches

of the spring corresponds to a tension of lOO pounds ; hence,

for each pound's tension the spring will be compressed

0.01375 of an inch.

The graduations on the right-hand side of the scale are

obtained from equation (16) :

2 T + w , ,

^ = -~w- ^'°^-

The first graduation will naturally be that value of/ when
Tis equal to O, which value is 1.6.

The speed of the machine, when the belt is upon the

largest pulley of the cone, C, should be that which will give

at the surface of the testing journal the least speed of rub-

bing, which is usually to be adopted.

The figures on the arc PP, traversed by the pointer O,

attached to the pendulum, are such that the quotient of the

reading on the arc PP, by the total pressure read from the

front of the pendulum at MN, gives the " coefficients of fric-

tion." A printed table, furnished with each machine, gives

these coefficients for a wide range of pressures and arc-read-

ings.

232. To determine Lubricating Quality, the pendulum,

HH, is removed from the testing journal GG' ; the machine is

adjusted to run at the desired pressure, by turning the screw-

head K, projecting from the lower end of the pendulum,

until the index M above shows the right pressure, and to

run at the required speed by placing the belt on the right

pulley C.

The bearings are then spread apart by means of the two
little cams on the head of the pendulum H, in the small ma-
chine, or by setting down the brass nut immediately under

the head in the large machine, and the pendulum is placed
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upon the testing journal GG\ seeing that no scratching of

journal or brasses takes place. Then the journal is oiled

through the oil cups or the oil holes, and the machine set in

motion, running it a moment until the oil is well distributed

over the journal.

Next the machine is stopped ; the nuts or the cams which

confine the spring are loosened, and, when it is fairly in con-

tact and bearing on the lower brass with full pressure, are

turned fairly out of contact, so that the spring may not be

jammed by their shaking back while working. The machine

is started again and run until the behavior of the oil is de-

termined, keeping up a free feed throughout the experi-

ment.

At intervals of one or more minutes, as may prove most

satisfactory, observations and records are made of the tem-

perature given by the thermometer, QQ, and the reading in-

dicated on the arc P,o{ the machine, by the pointer O. When
both readings have ceased to vary, the experiment may be

terminated. The pendulum is then removed, the pressure

of the spring being first relieved, and the journal and brasses

cleaned with exceedingly great care from every sign of

grease ; special care is taken to have no particle of lint on

either surface, or any grease in the oil cups or oil passages.

A comparison of the results thus obtained with several oils

will show their relative values as reducers of friction. If the

lubricant is to be used at high temperatures, a correspond-

ing temperature is given to the bearings by means of a Bun-

sen flame.

233. Steam-Cylinder Lubricants are tested upon bearings

heated to a temperature corresponding to any desired steam

pressure. When the maximum temperature has been at-

tained, the flame is removed, and the behavior of the oil

noted as the temperature falls to the boiling point, which

corresponds to atmospheric pressure or to zero on the steam

gauge. Any effervescence or excessive friction at higher

temperatures condemns the lubricant. For comparison, it

it customary to take the average of the coefficients of friction

for temperatures ranging from 340° Fahr. (171" C.)—corre-
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spending to a gauge pressure of 7 atmospheres—to 212° Fahr.

(100° C)
Results are recorded in tables furnished on blanks—of

which a copy is given below—which are sent with the

machine, thus :

(i.) The pressure and speed of rubbing at each trial
; (2.)

The observed temperatures
; (3.) The readings on the arc of

the machine
; (4.) The calculated coefficients of friction.

Laboratory No.

record of tests of lubricants.

- Original Mark.—. Source-

Composition.

Investigation

.

Coefficient of Friction :

Friction in Pounds
Total Pressure.

No. of Test
Pressure on Journal, lbs. per

sq. inch
Total Pressure on Journal,

lbs
Amount of Oil used on Jour-

nal, n^
Average Coefficient of Fric-

tion
Minimum Coefficient of Fric-

tion. ,

Total No. of Revolutions—
Total No. of Feet Raveled by

rubbing surface
Elevation of Temperature,
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removed, placed under a glass receiver which excludes the

dust yet permits the entrance of air, and are left there for

any desired length of time. At the end of that time the

bearings are replaced in the machine, and the latter is run

until the temperature of the bearings is the same as at the

previous trial ; the friction is then again noted. Any increase

of friction above that previously observed must be due to

the gumming of the lubricant. For the machine described,

the standard quantity of the lubricant is 1 6 milligrammes, which

is ample to afford perfect lubrication of the bearing surfaces

during the trials. The number of revolutions at the first

trial is 5,000 ; it may, however, vary considerably without

affecting the results so long as it is too small to affect the

wearing qualities of the lubricant, as within this limit the

friction remains constant, with a constant temperature.

Changes in temperature and friction always accompany each

other ; it is for this reason that great care is taken to obtain

the same temperature of bearing at each trial.

235- To determine Durability, proceed as in determin-

ing the friction, except that the lubricant should not be

continuously supplied, but should be fed to the bearing a

small and definite portion at a time—say a drop for each two

inches length of journal. Extreme care .should be taken that

each portion actually reaches the journal and is not lost,

either in the oil-hole or by being wiped off the journal, and

that the portions applied are exactly equal.

When the friction, as shown by the pointer O, has passed

a minimum and begins to rise, the machine should be care-

fully watched, and should be stopped either at the instant

that the friction has reached double the minimum, or when

the thermometer indicates 212° Fahr. (100° C); or else another

portion of the lubricant should be then applied to the journal.

This operation should be repeated until the duration of

each trial becomes nearly the same ; an average may then be

taken either of the time, of the number of revolutions, or of

the distance rubbed over by the bearing, which average will

measure the durability of that lubricant. Next carefully

clean the testing-journal, and proceed as before with the next
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oil to be tested. In making comparisons, the observer al-

ways tests the standard as well as the competing oils on

the same journal and wnA&x precisely the same conditions.

When testing an oil to ascertain its '• durability " or Endur-

ance, a certain quantity, which is determined by experiment,

is placed upon the journal, in all cases, and the test is con-

tinued until a limit is reached which is considered by the

experimenter to be that of the valuable or safe use of that

quantity of the lubricant under the conditions of the trial.

Until the Author began his investigations it was the uni-

versal custom to continue the trial until the temperature of

the bearing, as indicated by the thermometer, attained a cer-

tain point, as 120° or 200° Fahr. (49° to 93° Cent.), and to take

the number of revolutions of the journal, or the number of

feet traversed up to that point as a measure of endurance.

The real endurance, however, of the lubricating material

bears no definite proportion to the range of temperature thus

observed.

A better method is probably that adopted by the boards

of U. S. Naval Engineers, sometimes appointed to test oils at

the navy yards. By this method the quantity of oil required

to keep down the temperature of journal to a certain figure,

as 110° or 115° Fahr., during a definite period, as one hour,

five hours, or twenty-four hours, is measured, and the endur-

ance is taken as inversely proportional to these amounts.

The Author's method is quite a different one. It considers

the endurance of a, lubricant to be measured by the length of

time that it will continue to cover and lubricate the journal,

and prevent abrasion. When an oil is placed upon a journal

and there subjected to wear without renewal, it gradually

assumes a pasty or gummy condition, slowly losing its lubricat-

ing power, and finally either increases friction to an objection-

able extent, or oftener becomes so far expended as to permit

the two rubbing surfaces to come in contact. It has been
his custom to run until this occurs, and then to take the

length of the run as a measure of the endurance of the oil.

It is extremely difficult to obtain successive measures of

similar value by this method ; but by taking an average of
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several—or many, if necessary-—successive trials, the true

measure of the endurance of lubricants can be obtained with

any desired or necessary accuracy. This method, it should

be observed, involves far more risk of injury to the journal

than the other, and this necessitates, sometimes, considerable

loss of time in bringing the rubbing surfaces back into good

condition again before going on to make other tests. The
determination of the real value of the lubricant is usually of

sufificient importance to justify whatever time, trouble, and

expense may be thus incurred.

The observer is compelled to be exceedingly careful of the

testing journal. A scratch will alter the condition, some-

times, to a measurable degree. For nice work the size of the

drops is very carefully preserved constant. It is sometimes

weighed on a chemist's balance. For rough work a dropper,

such as is used for medicine, with careful handling, will do

very well. Very good work is done by dropping the oil from

a No. 8 wire, filed smoothly to rather a blunt point. Dipping

it into the oil, the first drops, when held vertical, are variable,

1 ut they very soon become uniform. Use the drop that falls

after the expiration of three-fourths of a minute. The wire

yields drops of sperm, at that instant, weighing eight milli-

grammes. The operator is always careful to see that the

testing journal has a little end-play in its bearings, and to

keep it moving, during the test, in order to keep the oil dis-

tributed. Check-tests should always be made.

236. Railroad Machine.—The small machine gave such

results as to encourage the Author to design a large one

specially fitted for railroad work.

The journal is of standard car-axle size, 3^ inches diame-

ter and 7 inches long (8.3 X 17.8 cm.). The speed is intended

to be adjusted to speeds varying from that of a 26 inch

(yd cm.) engine-truck wheel at 60 miles (96 kilometres) an

hour, down to that of a 42 inch (116.6 cm.) wheel running 15

miles (24 kilometres) an hour. The pressures are adjustable

from a few pounds total pressure up to 400 pounds per square

inch (28 kilogs per sq. cm.), or a load of nearly 10,000 pounds

(4,536 kilogs.) on the journal.
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Fig. 60 is a side elevation of the larger machine, with the

journal and pendulum in section, and Fig. 61 a front eleva-

tion. It consists of a shaft, A B, which is driven by a cone

pulley, C, the whole mounted on a' cast-iron stand, D, termi-

nating in a forked end at the top, with two bearings, E and

F, in which the shaft runs. The shaft projects beyond the

journal F, and the projecting part, A, is provided with a

Fig. 60. Fig. 61.

sleeve or bushing, mm, the outside of which forms a journal

on which the tests of oil are made. A pendulum, .(4G, is sus-

pended from this journal with suitable bearings, aa, which

work on the journal mm ; a heavy weight, G, may be at-

tached to the lower end of the pendulum, although often

unnecessary. It is evident that the friction on the journal
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mm will have a tendency to move the pendulum in the direc-

tion of the revolution of the shaft, and that the greater the

friction on the journal, the farther will the pendulum swing.

A scale or dial, HI, is attached to the stand, and the distance

the pendulum swings may be read off on this scale, which

thus indicates the coefficient of friction of the lubricant on

the journal.

In order to get any desired pressure of the bearings on the

journal, the pendulum is constructed as follows : A wrought-

iron pipe, J, which is represented in Fig. 60 by solid black

shading, is screwed into the head K, which embraces the

journal and holds the bearings aa in their place. In this

pipe a loose piece, b, is fitted, which bears against the under

journal-bearing, a' . Into the lower end of the pipe a piece>

cc, is screwed with a hole drilled in the centre, through

which a rod, J, passes, the upper end of which is screwed

into a cap, d' \ between this cap and the lower piece, cc, a

spiral spring, shown in section in Fig. 60, is placed. The
upper end of the rod has a cap, e, in which it turns, and
which bears against the piece b, which, in turn, bears against

the bearing a'

.

If the rod is turned with a wrench applied to the square

liead at f, it is obvious that the cap d will be either drawn

down on the spiral spring, which will thus be compressed,

or it will be moved upward, and the spring will thus be

released, according to the direction in which the rod is

turned. If the spring is compressed, its lower end will bear

against the under cap and on the piece cc, by which the press-

ure will be transmitted to the pipe J, and thence to the

head K, and from that on the upper journal-bearing a;

while, at the same time, the upper end of the spring bears

against the cap d, which, being screwed on the rod f, trans-

mits its pressure upward to the cap e, and from that to the

loose piece b, and from that to the upper journal-bearing, a.

It will thus be seen that any desired pressure within the

limits of the elasticity of the spiral spring may be brought

upon the journal and bearings by turning the rod/. The

piece b has a key, /, which passes through it and the pipe
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J. This key bears against a nut, o, which is screwed on the

pipe, its object being to provide a ready means of relieving

the journal of pressure by simply turning the nut o when it is

desired to do so. An index, i, is attached to the helical

spring so as to show the position of the latter. The oil is fed

to the journal by means of oil-cups, LL. On the top of the

head K, a thermometer, T, is attached between the two

cups, and from it the rise in temperature is observed. A
cord, s, is attached to the pendulum to prevent its being

thrown beyond the limits provided for it.

The machine represented by Figs. 60 and 61 is the largest

size yet built, and is the one which is usually adopted in

testing oil for railroads.

Some slight modifications have been made here, as in

the cone pulley and in the substitution of a large relieving

nut under the head of the pendulum for the two cams used

to remove the load in the smaller machine : the bearings are

also sometimes cast hollow, and a current of water is sent

through them to secure absolute uniformity of temperature.

237. Experiments and Researches.—It will be presently

seen that the friction is modified by all differences in the

material of the journal and its bearings, as well as by press-

ure, speed of rubbing, temperature and freedom, and uni-

formity of lubrication, and we can therefore readily appre-

ciate the necessity of testing the lubricant under the actual

conditions proposed in its use.

The tests made by the Author, and of which some of the

results are to be given, have been principally made on the

smaller of the testing machines here described. They in-

clude tests of every kind of lubricant known to the engineer

or the mechanic, and of very many which are not familiar,

as well as of many that will never be used for this f)urpose.

238. Friction of Cast-iron Journals.—The following ex-

tended table exhibits the results of tests of some of thesft

unguents. In making these tests, a cast-iron journal in good

condition was used, the speed of rubbing was maintained at

750 feet (230 metres) per minute, and the same quantity of

oil (32 milligrammes) was used at each trial. The results of
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TABLE LIII.

COEFFICIENTS OF FRICTION ON CAST-IRON JOURNALS.
AVERAGE AND MINIMUM TEMPERATURE, 70'' F. (21° C); FEED INTERMITTENT.

NAME or OIL.

Natural Summer Sperm
Natural Winter Sperm
Bleached Winter Sperm
Bleached Summer Whale
Natural Summer Whale
Natural Winter Whale
Bleached Winter Whale
Winter Lard Oil
Extra Neat's-foot Oil
Tallow Oil
Refined Seal Oil
Bleached Winter Elephant Oil

GROUP 11.

Olive Oil
Cotton Seed Salad Oil
Palm Oil
Rape Seed Oil
Elaine Oil
Linseed Oi! . , . ,

Peanut Oil
Refined Cotton Seed Oil
Rosin Oil
Cocoanut Oil
Cold Pressed Castor Oil

GROUP III.

Labrador Cod Oil
Tanner's Cod Oil
Menhaden Oil

GROUP IV. t

Mineral Sperm Oil
Deod. White Lubricating
Bleached Deod. Lubricating. .

.

Unbleached Deod. Lubricating.
Kerosene ...

Crude Lubricating
Paraffine

POUNDS PRESSURE PER SQUARE INCH.

KILOGRAMMES PER SQUARE CENTIMETRE.

GROUP I.

Natural Winter Sperm. .

.

Bleached Winter Sperm.
Natural Winter Whale .

.

Bleached Winter Whale

.

Winter Lard
Extra Neat's-foot

Olive Oil
Refined Rape Seed (Yellow)
Winter Pressed Cotton Seed

(White)
Winter Pressed Cotton Seed

(White)

GROUP III.

Menhaden Oil

0.56

.1720
2505
.19Z0
.1866
.1986

.3296

.1979

.2386

.2242

.1840

1585
.1928

.1668

.2156

.2826
• 1817

• 2597
.1598
.igio

.2125

.2765

.1750

• 237s

2475
.2776

• 253°

.1875

.1537
1833

• 2550
.2330
.1272
.2607

• 1330
.i5°o

• 1583

1333
.1500

•1833

•1333
.1666

.1500

.iScx)

•1333
1333

I

• 1333
• 1577
.1666

• 1333
.zooo

• 1333
.1500
.1666
.2650

• 1333
.1916

.1500

.2166

.1660

.1333

.15°°

• 1333
.1500
.2165
.1100
.2000

,1627
.1410
.1600

.1383

.1482

.1902

.1916

•1575
.1621

.1460
•1378
• 1650

IS75

• 1757
.2041

• 1567
.1842

.1215

.1688

.1401

• 2452
.1066
.1380

.1488

.1666

.1238

.1604

• 1583
2333
.2067
.1729
•1453

.1777

.J083

.1000

• 1330
.09166
0916
125

• 1333
.1166

.1000

.1000

.1083

.1083

.1000

.1250

.1250
,1250
.1500

.0833
• 1333
.1249
.1500
.0916
.1125

.1250

.15CO

.1000

,1416
.1500
.1500
.1500
.14x6
.1000

• 1333

3 SERIES

32

2.2

,Z02

.0958

.1172

.1109

.1316

.0925

.1086

.1405

.1166

•0935
.1190
.0862

.1444

.1116

.1187

.1277

.1347
,ICX>52

.1166

.1170

.1062

.1026

.1016

.0970

,0861

.1277

.1250
• 127s
.1250

.1777

.1343

48

3-4

0833
.0875
.0916

.0874

.1086

.0750

.1000

.1000

.0916

.0750

.0916

.0791

.1000

.1083

.0584

• 0833
.0833
.0750
.0792
.1000

•°833
.0791
.0708

.0666

•0833
.0917

.0791

.1125

.1166

.1250

.1250

.1500
• I 125

.1180

.0813

.09907

.0881

•0951

.1444

.0993

.1005

.1138

.1166

.0986

.0766

.0930

.0996

.1013
• 1063

• 1305
.0962
•0833
.1100
.1028

.0794'

.0944

.0805

.0880

.0944

.1277

.1222

• 1555
.1770
.1500
.2222

.2072

175s
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two series of tests are here given. The rubbing surfaces

were in fair condition, and it is uncertain how much gain

would result from their further improvement.

Experiments made by Mr. C. J. H. Woodbury, in the

lubrication of spindle frames, for the Manufacturers' Mutual

Fire Insurance Company, have supplied very complete data

exhibiting the behavior of oils in ordinary mill work under

very light pressures.*

The following are some of the more interesting and useful

figures

:

TABLE LIV.

QUALITIES OF LUBRICATING OILS.

Sperm, Winter Bleached.

Sperm, Winter Bleached.

Sperm, Winter Bleached.

Sperm, Winter Bleached.

Sperm, Winter Bleached.

Sperm, Winter Bleached.

Sperm, Unbleached ....

Sperm, Unbleached . . .

.

Lard Oil

Lard (No. i) Oil

Lard (No. 2) Oil

Lard (Leaf) Oil

Neat's-foot Oil

Neat's-foot Oil

Seal Oil

Castor Oil

Mineral Oil .*.

Mineral Oil

Mineral Oil

Mineral Oil

Mineral Oil

Mineral Oil

Mineral Oil

5 Mineral Oil, I Sperm.
5 Mineral Oil, i Sperm

.

COEFFI-
CIENT AT

loo'>F.,38''c.

0.096
0.II9
0.II8
0.107
0.122
0.II7
0.II5

0.140
0.218
.185

.187

205

.194

243
.161

0.380
0.076
0.074
O III

.113

.JI9

.123

• 173
.119
.180

FLASHING
POINTS.

374
304
440

400
430

418

440
486

284
300
314
318

338
342

350
322
266

PER CENT.
LOSS BV

EVAP. 12 HR.

190'

227

204
221

213
227

252

129

149
157

159
170
172

177
161

130

2.25

0.47
0.23

0.03

0.35

0.32

1.25

0.75

0.37
0.80
i.40

5-50

3.48

2.70

1.92

1.30

0.95
1.22

2.90

5-35

SPEC. G.

AT lOO** F.

0.884
0.887
0.883

u.88i
U.880

0.919
0.918
0.918
0.920
0.917
0.923
0.926
0.966
0.868
o 869
0.892
0.891
0.895
0.896
o.go8
0.861
0.862

gals,

lbs.

litre-

kgr,.

0.884

0.887
0.883

0.881

0.880

0.884
O.8S9

0.919
0.918
0.918
0.920

0.917
0.923
0.926
0.966
0868
0.869
0.892
O.89T

0.895
0.896
0.908
0.861

0.862

The spindles were driven at 7,600 revolutions per minute,

with a band tension of 4 pounds (1.8 kilogs.)

A change of temperature from 50° to 75° F. (10° to 24° C.)

* Reported to American Society of Mechanical Engineers, Vide Trans. 1881.
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reduced the friction over 40 per cent. ; a change of band

tension from i to 5 pounds (0.45 to 2.2 kilogs.), increased

friction 229 per cent.

239. Friction with Varying Pressure.—On examination

of the tables given in article 238, we are at once impressed with

the immense difference which occurs with variation of press-

ure. It is seen that, at a pressure of 48 pounds per square

inch (3.3 kilogs. per square centimetre), the values are not

far from those quoted by accepted authorities, but at the

lower pressures, where the resistance is more due to viscosity

than to true friction, the value of the coefficient of friction im-

mensely exceeds those familiar figures.

It is instructive to compare these figures with those ob-

tained at high pressures, with which object we give the table

below. Tested on a fine steel journal, with free lubrication,

the figures become but a fraction of those already given.

Sperm, lard, and West Virginia oil, thus tested, give

:

TABLE LV.

COEFFICIENT OF FRICTION ON FINE STEEL JOURNALS.

NAME.
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TABLE LVI.

COEFFICIENTS OF FRICTION, OF MOTION, AND OF REST.

(a.)—CAST-IRON JOURNALS AND STEEL BOXES.

.g
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to find its way between the rubbing surfaces, and its expul-

sion is not then fully effected before the succeeding relief of

pressure again permits its renewal. A somewhat similar

action is consequent upon the rise and fall of a locomotive or

of a railway carriage on its springs as it rapidly traverses even

a smooth track.

Where, as in the testing-machine, under a fly wheel-shaft,

or in other machinery, this relief cannot take place, the limit

of pressure is earlier met.

Referring again to the last table, it is seen that between

100 and 750 pounds (7 and 10.5 kilogrammes) the value of the

coefficient may be obtained approximately by the expression

(21).

in which a is a constant quantity and P is the pressure in

pounds per square inch ; for sperm oil a — 0.080 ; for the

best crude heavy mineral oil a = 0.150, and for lard oil a =
0.125.* It will presently be seen that, the law is modified

by temperature and speed.

240. Friction of Greases.—The following data were given

by trials of two excellent kinds of grease, and of sperm oil,

compared with them as standard.

TABLE LVII.

COEFFICIENTS OF FRICTION OF GREASES.

STEEL JOURNALS ; BRONZE BEARINGS- VELOCITY, 3OO FEET (91 METRES) PER MINUTE.

LUBRICANT.
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Their relative average values in reducing friction stand,

therefore: sperm, loO ; No. i, 40.8; No. 2, 37.7, which figures

would also represent their relative money values if estimated

on that basis simply.

The method of variation with pressure already noted, is

here again illustrated, although the mathematical expression

has a different set of constants, and the variation at this

speed is more nearly as the inverse ratio of the cube root of

the pressure.

241. Friction of Quiescence.—In Table LVL, Article 239,

is presented a set of figures which are both new and important.

In the columns headed "At 150 feet per minute" are given

the coefficient of friction at the several pressures as given

when the rubbing surfaces are -in motion at that relative ve-

locity. These are the common and most usually required fig-

ures. We have given in the other columns, however, values

which are seen at a glance to be immensely greater, and of

which the values vary by an entirely different law.

The first set " at starting," are the well-understood co-

efficients of friction of rest, varying with the pressure and

with the nature of the unguent from 0.07 to 0.18. These

values have never been determined before in this way, and

possess great importance, not simply intrinsically but also as

throwing some light upon the effect of motion upon the effi-

cacy of lubrication. It is seen that they increase with the

pressure, instead of diminishing as do the coefficients of fric-

tion of motion, and that at the highest pressures their values

become from ten to forty times the corresponding values of

the latter. It is thus seen that in the effort required to move
heavy machinery, vastly greater force is demanded to over-

come friction at the instant of starting than after motion has

once commenced.

The method of variation of the coefficients for rest is seen,

by reference to the table, to be such that their numerical

values may be approximately estimated for the cases here

considered by the formula

/'=«'^/^ (22).



LUBRICANTS. 2/1

in which a' = 0.02 for sperm and heavy mineral oil, and a! =
0.015 for lard oil.*

The figures in the columns headed " At instant of stop-

ping " were given while the machine was rapidly coming to a

stop, after the driving-belt had been shifted to the loose pul-

ley. They are, as would be expected, intermediate in value

between the other figures, and have apparently no practical

importance. They may be taken as constant at all pressures.

Even the figures above given are probably higher than

those sometimes reached with old journals which have been

kept in good order many months or years, and which have
worn to that remarkable mirror-like smoothness which is

familiar to every experienced mechanic. On the " railroad

machine " values have been reached for sperm, and even lard,

as low as one-fourth of one per cent., at pressures of less than

500 pounds per square inch, while cylinder-lubricants, applied

to bearings heated to the temperature of steam at 100 pounds
pressure, have given coefficients as low as one-ninth of one
per cent.

242. Friction with Varying Velocity.—It is only re-

cently that it has been found that a serious modification of

the value of the coeflficient of friction may sometimes be pro-

duced by change of velocity. Experiments made by late

investigators have shown that, for very low velocities, in the

cases studied, the frictional resistance to sliding is compara-

tively small, that it gradually and somewhat rapidly increases

to a maximum as the velocity of sliding augments, and then

at higher velocities diminishes again.

Referring to Table LVIIL, on page 272, in which the effects

of varying velocities, as well as of coincident variation of

.pressure and of temperature, are exhibited as given by ex-

periments of the Author, it is readily seen that the changes in

value of the coefficient of friction with change of velocity is

not great for machinery in which that velocity remains within

usual limits, and at the usual temperature of a cool and

properly working journal. The effect of change of velocity

* See paper by the Author, in " Proceedings of American Association for Ad-

vancement of Science," St. Louis meeting, 1878.
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varies, as is here shown, with change of temperature and of

pressure.

For cool journals in good condition, lubricated with good

sperm oil, and between the limits of 100 and 1,200 feet (30

and 365 metres) per minute, these values may be taken as

varying approximately as the fifth root of the speed of rub-

bing, i. e.

:

f=aVV. (23.)

At a constant pressure of, say, 200 pounds (14 kilogs.), we
may call a = 0.0015.

243. Friction with Varying Pressures, and Tempera-
tures.—We have in Table LIX. exceedingly interesting

data, which were obtained by heating the bearing by its own
friction to a maximum 170° F. {yy" C), well within that lia-

ble to produce alterations of the oil, and noting the friction

at successive temperatures while cooling. It should be re-

membered that these temperature readings can be taken as

only approximate.

The figures here given would indicate that the sperm oil,

used in this instance and under these conditions, including

that of exceptionally low speed, works best at lowest tem-

peratures, and that a heating journal gives rapidly increasing

friction and rapidly increasing danger. At usual tempera-

tures—90° to 110° Fahr.—the best pressure seems to have

been from lOO to 150 pounds on the square inch (7 to 10.5

kilogs. per square centimetre).

We have seen that at the low speed of 30 feet (9 metres)

per minute the coefficient increases rapidly with increase of

temperature, and that, at 200 pounds (14 kilogs.) pressure, an

increase of 50° F. (10° C.) may increase its value to nearly

10 times the minimum, the rate of increase rapidly rising as

pressures are greater.

We now find,* at speeds of 100 feet (30 metres) per min-

* These qualifying conditions were first stated in a paper by the Author, read

before the Amer. Inst. Mining Engineers, Oct., 1878. See Froc. A. J. M. E.,

and Jour. Franklin Inst., November, 1878.

18
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ute, that the friction does not vary between 90° and 150° F.

(32° and 66° C.) at pressures below 50 pounds per square inch

(3.5 kilogs. per sq'uare centimetre) ; but that it rises nearly

300 per cent, at a pressure of 200 pounds (14 kilogs.), over

100 per cent, at 150 pounds (10.5 kilogs.), and 33 per cent, at

100 pounds (7 kilogs.).

TABLE LIX.

FRICTION AND TEMPERATURE.

STEEL JOURNALS. LUBRICANT, SPERM OIL, VELOCITY, 30 FEET PER MINUTE.

PRESSURE.
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probably even higher. The author found the decrease at

1,200 feet (366 metres), per minute to continue up to 175" F.

(79° C), at which the value, at 200 pounds (14 kilogs.), press-

ure, was, in the cases determined, 0.0050. The limit of de-

crease is reached under 100 pounds (7 kilogs.), pressure, at

1
50° F. (66° C), when running at this high speed.

At 200 pounds (14 kilogs.) pressure, the temperature of
minimum friction for conditions here illustrated seems to be,

in Fahrenheit degrees, about

^=i5VK (24),

On either side this point on the thermometric scale it

may be assumed, for a narrow range, to vary as the tem-

perature departs from that point, directly or inversely, as

the case may be, as the temperature. The coefficient of

minimum friction is found usually over quite a wide range of

temperature.

Again, studying in this most instructive of our tables, the

method of variation with pressure at higher temperatures, we
find the effect of change of pressure to be much more marked
at the higher temperatures at low speeds ; and we note, as

when studying the effect of variations of friction with change

of temperature at a standard pressure as affected by vari-

ation of speed, we here find a change of law for the higher

speeds.

At a velocity of 1,200 feet (366 metres) per minute, the

coefficient remains practically uniform with Varying pressure

at 150° F. (66° C), while below that temperature the friction

coefficient diminishes with increasing pressure. At velocities

of rubbing of 250 to 500 feet (76 to 152 metres) per minute,

the temperature of the constant coefficient is about 100°

;

at 100 feet (30 metres), this peculiar condition is seen at

about 120° F. (49° C), when extreme pressures are compared,

but the value is seen to be a little over one-half as much at

50 and i5opounds(3.5 and 10.5 kilogs), and to become a min-

imum—0.0019—at 100 pounds (7 kilogs.) pressure ; a similar

behavior is noted at the lowest speed observed—30 feet (9
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metres)—at about I2S°F. (52" C), and the same fall to a min-

imum at the intermediate pressure.

It would seem that at all times there is a tendency to an

acceleration of outflow from the journal, with increasing of flu-

idity due to increasing temperature, which tends to cause an

increase of friction, while the effort of capillarity to resist this

outflow seems effectively aided by increasing the velocity of

rubbing.

A balance between these opposite influences is seen to

take place in these cases at the slowest speed when the press-

ure is somewhere below 4 pounds per square inch (1.8 kilogs.

per square centimetre) ; this occurs at a speed of 100 feet (30

metres) per minute at a pressure of 50 pounds (3.5 kilogs.),

at 250 feet (76 metres), when the pressure becomes about

150 pounds (10.5 kilogs.) probably; it happens at a speed of

5CX) feet (152 metres), at somewhere about the same point,

and at 1,200 feet (366 metres), per minute the benefit of in-

creased speed is sufficient to produce this balance when the

pressure exceeds 200 pounds per square inch (14 kilogs. per

square centimetre).

It has become evident that such a series of comparisons as

is made are needed in every case in which the real value and

the extent and the conditions of application of any single oil

or other unguent are to be learned. Such a systematic exam-

ination reveals precisely the conditions which the lubricant

best meets, and tells with certainty at what pressure and at

what speed it does its best work.

Conversely, the speed, the pressure, and other conditions

of working being known, a reference to a set of such determi-

nations for various lubricants being made, it is easy to ascer-

tain at once which is best adapted to the work in view.

Thus, having had occasion to determine the value of the

friction coefficient of a material having a very high reputation,

as a "cylinder oil"

—

i. c. an oil for use in the cylinders of

steam engines—it was found that its distinguishing peculi-

arity, as compared with oils not specially adapted for such

purpose, was a continually diminishing coefficient quite up to

the limits of temperature of locomotive steam pressure.
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Any new lubricant should always have its true value and

best adaptations thus determined. The Author has presented

the figures for a fine steel journal running in good bronze

bearings, and lubricated with sperm oil, not simply as an illus-

tration, but principally as representative of the best set of

conditions for use as a standard in making comparisons of

other unguents of less value or less known, or under less favor-

able conditions.

244. Endurance or Wearing Power of Lubricants.—
The difficulties to be encountered in attempts to determine,

with even approximate accuracy, the wearing power of lubri-

cating materials, have already been referred to ; but only

experience can enable one to fully realize the patience and

care demanded in the effort to secute reliable data.

Testing a large number of the oils* of commerce for

durability on a cast-iron journal, the Author at one time used

32 milligrammes at each application, and noted the time

required to run the jojirnal dry, with this result

:

TABLE LX.

OILS OF COMMERCE, AVERAGE ENDURANCE.

PRESSURE.
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TABLE LXI.

ENDURANCE OF LUBRICANTS ON CAST IRON.*

Summer Sperm .

.

Summer Sperm .

.

Summer Sperm .

.

Lard
Lard
Lard
Olive
Olive
Olive
Cotton Seed
Cotton Seed
Cotton Seed
Cod
Cod
Cod
Crude Mineral (?)

Crude Mineral (?)

Crude Mineral (?)

PRESSURE.

Lbs.
per sq.

inch.

16

48
8

16

16

48
8

16

16

48
8

16

48

Kilogs,

per sq.

cm.

0.6
I.I

3-3
0.6
I.I

3-3
0.6
i.i

3-3
0.6
1.

1

RUNNINGI
TIME.

minutes.

Ill

29

9
165

33

7

83

41

14

107

45
12

40
14

9
129

97
5

RISE OF TEM.

Fahr. Cent.

230
225

195
270
215
265
170

245
240
185

275
310
200

175
220

105

285
270

128°

125
108

150

149
135

94
136

135
103
132

173m
97
122

56

158
150

COEFF. /.

MEAN.

0.13
O. 10

0.08
0.13
O.II
O.IO
0.13
O.IO
0.06
0.16
0.12
0.07
0.15
0.12
U.07
u.IO
O.IO
U.IO

HEAT COEFF.

Fahr. Cent.

4».2
12.8

4.6
61.

1

15-3
2.3

48.8
16.7

S.8
57.8
16.3

3-9
20.0
8.0
4.1

122.0

340
1.8

24.5
71
2-5

33-9
8.5
1-3

27.1

9-3
3-2

32.1

9.1
2.2

II. I

4.4
2.3

67.8
1.9
1-3

Comparing a mixture of plumbago and grease with sperm

oil, the former was found to have a lower coefficient, to heat

up less rapidly and to endure several times as long. It was

also indicated that plumbago in very fine flakes was better

than in an impalpable powder—a result which was quite

unexpected.

t

Testing for durability, on a small steel journal, sperm and

lard oils gave these results :

TABLE LXII.

ENDURANCE OF SPERM AND LARD OILS.

Durability of one 8-milligramme drop : Feet or metres Run.

POUNDS PER SQ. IN.

KILOGS. PER SQ. CM.
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Others of the commercial oils found in the market, and

largely purchased by consumers who have no means of test-

ing them, endure but for a very small fraction of the time

and the distance traveled with sperm and lard, and the

author never yet found an oil which equals sperm in this

quality.

The " Railroad Machine " has given the following for

sperm and lard oils, using a much larger quantity.

ENDURANCE—DISTANCE TRAVELED.

PRESSURE ON
JOURNAL.
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feed more slowly, and will, therefore, be apparently of higher

wearing power than the more fluid lubricant ; a grease will

last longer than an oil ; the method of applying the lubricant

to the journal will determine whether it is economically or

wastefully used. These last are vastly more important facts

than they are generally supposed to be ; regular trains on

railroads have been known to use nine times as much* grease

as an experimental train on which the most rigid economy

was exercised.

It thus becomes evident that the proper method of pro-

cedure is to first determine the value of the lubricant by a

series of careful tests at the pressures, velocities, and tem-

peratures, and with the kind of rubbing surfaces proposed to

be used, then to find and adopt that method of feeding which

will insure maximum economy. As a rule, however, deter-

minations of endurance are of comparatively little value in

every-day practice, because their use is rarely, and seldom

can be, regulated by their endurance ; the same amount

would generally be used and the same quantity wasted,

whether the wearing quality be high or low. The real value

of a lubricant is, therefore, generally measured by its power

of reducing friction, as already remarked.

The following are the details of a trial reported at the

Brooklyn Navy Yard, in which a less certain but less trouble-

some method was adopted :

The oil was measured by dropping. The same quantity,

five (5) drops, was used in all the tests.

When a seemihg discrepancy appeared, or doubt arose

regarding any result, the experiment was repeated until satis-

faction was obtained.

The driving power came from the Navy Yard engine, and

the speed of the testing machine varied with the work done

by the engine. Owing to this cause it was not claimed that

the results were absolutely correct. The average speed wa§,

however, taken, which so nearly approximates uniformity,

that the data may be considered correct for all practical pur-

* Railroad Gazette, Sept. 20, 1878.
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poses of comparison. Two series of tests were made, one of

three (3) minutes runs, and another of one (i) minute each.
,

Columns b and e give the increase of heat in degrees

(Fahrenheit) of the journal, starting from a nearly constant

temperature of 78° or 80°. The unit of comparison is the

TABLE LXIII.

ONE
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assumed, but upon the value of the power saved by its use.

This value varies in every case, and is affected by every vari-

ation of working conditions.

The market value is determined, as in all commercial

operations, by that law of supply and demand which usually,

if sufficient time is allowed for its operation, brings prices

into a correct relative order, but not necessarily into a true

proportion of values. It is generally the fact that " the best

is the cheapest " to the consumer, and this rule is probably

almost always applicable in the purchase and use of lubri-

cants. It is frequently the fact that the consumer can better

afford to use the highest priced article than to take those of

lower value as a gift.

The following table shows a usual order of commercial

value of the principal fluid oils

:

1. Sperm Oil.

( Seal Oil, 1

2. \ Olive Oil, > These may change places at times.

( Lard Oil.
)

6. Other seed Oils. l??"°°/^="^>
/ Lmseed.

5. Rape seed Oil,

Other seed

7. Castor Oil.

8. FishOils,{Co<|;^^^^„

9. Whale.

10. Rosin Oil.

11. Mineral Oils.

An approximate value by which to compare the oils can

be calculated, based on the assumption that they will have a

money value proportionate to their durability and to the

inverse ratio of the value of the coefficient of friction. Thus

;

suppose two oils to run, one 10 minutes and the other 5, under
a pressure of 100 pounds per square inch, and both at the same
speed, and suppose them to give, on test for friction, the
coefficients o.io and 0.06 respectively.

Their relative values might be taken at ^ = i and

\ = 0.833. If the first is worth one dollar, the second should
be worth 83^ cents.
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In many cases, however, about the same quantity would

be appUed by the oiler, whatever oil might be used, and their

values to the consumer would be in the inverse proportion of

the values of their coefificients of friction, i. e., as 6 in the

above case is to 10, thus making the value of the second

$1.66^, and showing that it would be better to use the latter

at anything less than this price than the first at $1.

Engineers have been accustomed to use these methods of

comparison in reporting upon the values of lubricants sent in

for test, simply because they are generally considered to be

correct by dealers and users, and because there has been no

better method suggested of assigning an approximate figure

for market price. The real difference in values of any lubri-

cants to any user rnay, nevertheless, be determined in any

given case when the cost of power is exactly known, and when
the quantity of the several unguents required to do the same

work has been found, and their several coefificients of friction

given. The difference in actual value to the user when any two

unguents are compared, is measured by the cost of the dif-

ference in the amount of power expended in driving the

machinery when lubricated first with the one and then with

the other of the two materials. As power is usually much
more expensive when developed in small than when de-

manded in large amounts, the economy to be secured by
adopting a good lubricant is the greater as the magni-

tude of the work is less. In large mills, and wherever work
is done on a very large scale, the cost per horse power and per

annum may be taken often at about $50 a year, while for small

powers this figure is doubled or even trebled and quadrupled.

Every reduction of power to the extent of one horse

power by the introduction of an improved material or system

of lubrication thus effects a saving of $56 a year and upward

;

the difference between this amount and the extra cost of the

new kind of lubricant represents the annual profit made
by the change. Should it happen, as is sometimes the

fact, that the better unguent is also the cheaper, an addi-

tional profit is made which is measured by that saving in cost.

In an ordinary small mill, or in a machine shop in which 100
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horse power is used, a change in lubricant will often effect an

average saving of 5 horse power, and a consequent economy

of, probably, $500 a year. The total amount of oil used in

such a case might exceed 100 gallons, but may sometimes be

as little as 40 gallons. The consumer could, in such a case,

better afford to pay $5, or perhaps even over $10 per gallon,

for the good oil, than accept the less valuable lubricant as a

gift.

246. The best Lubricants are in general the following,

for usual conditions met with in practice

:

Under low temperatures—as in rock-drills driven by com-

pressed air

—

light petroleums.

Under very great pressures -with slow speed

—

graphite, soap-

stone, and other solid lubricants.

Under heavy pressure with slow speed, the above, and lard,

tallow, and other greases.

Heavy pressures and high speed—sperm oil, castor oil.

Light pressures and high speed—sperm, refined petroleum,

olive, rape, cotton seed.

Ordinary machinery—lard oil, tallow oil, heavy mineral

oils and the heavy vegetable oils.

Steam, cylinders—heavy mineral oils, lard, tallow.

Watches and other delicate mechanism—clarified sperm,

neat's-foot, porpoise, and olive oils.

For mixture with mineral oils, sperm is best ; lard is much
used.



CHAPTER VI.

MISCELLANEOUS MATERIALS

:

Leather; Belting- Paper, India Rubber; Gutta Percha

;

Cordage.

247. Leather ; Belts.—One of the principal uses of leather

in engineering is in its application in the form of belting, for

driving machinery. The best quality is well tanned ox-hide,

cut from the back of the animal, and very exactly trimmed,

to form perfectly straight strips of uniform thickness. These

strips, which are from 4 to 6 feet (1.2 to 1.8 m.) long, and

usually about three-sixteenths of an inch (0.48 cm.) in thick-

ness, are scarfed, spHced, and cemented end to end, to make
any desired length of belt.

"Single" belts are those made of a single thickness of

leather. Extra strong belts are made by cementing or rivet-

ing together two thicknesses of leather to form a " double

belt." Under light loads the single belt has the greatest

adhesion ; but under heavy loads the double belt is fully as

efficient. Double belts are sometimes made 6 feet (1.2 metres)

wide, and 100 to 150 feet (30 to 45 metres) long.

The inside of the hide is called the "flesh side ;" the out-

side the "grain side." The belt wears best when placed

with the flesh side next the pulley. Some engineers, how-

ever, advise the reverse position, as the belt is less liable to slip.

The weight of hard, well-tanned belt leather is about that

of water, 62^ pounds per cubic foot (1,000 kilogrammes per

cubic metre), and may be taken, at an average, as about 0.85

pounds per square foot (4 kilogrammes per square metre).

The tenacity of belt leather of good quality is about 650

pounds per inch in width (115 kilogrammes per cm. wide),

one half that amount when spliced and riveted, and one

285
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third when laced. The safe working tension is given by

some engineers as 50 pounds per inch of breadth (9 kilo-

grammes per centimetre).

Belt lacings are strips of sheepskin, about a half inch

(1.27 cm.) wide, and a yard (0.9 metre) or more in

length. In joining belt ends, the belt is pulled taut, and, if

heavy, stretched and held by " belt-clamps," cut so that the

ends just meet, and a single, or double, or even a triple row

of holes, according to its size and tightness, punched to re-

ceive the lacing. The holes should be exactly in line. The
lacing is then passed through these holes, backward and for-

ward, joining the two ends evenly and strongly. Small,

strong tempered steel hooks are often used instead of lacing.

Calfskin, well tanned, stretched wet, makes good lacings.

The firmest and best method of uniting leather belts is

to scarf the ends so as to lap a distance of not less than ten,

nor usually more than twenty, times, their thickness, adjust-

ing the length of the belt carefully by setting up well with
" belt-clamps," and then cementing the parts well, finally

securing the lap by copper rivets. The next best method is

probably that of connecting the ends by steel hooks, and the

least effective, but probably most usual, way is by lacing.

The stress allowed on a single belt may be taken at 300

pounds per inch of width (55 kilogrammes per cm.) Morin

allows 284 pounds per square inch (20 kilogrammes per

square cm.), and Claudel 355 pounds (25 kilogrammes).

Rankine takes 285 pounds per square inch of section (20 kilo-

grammes per square cm.), and assumes the usual thickness

as 0.16 inch (0.4 cm.).

In very fast-running belts, the tension given in setting up

is sometimes increased by centrifugal action to such an ex-

tent that it should be allowed for in calculating the width

required. This " centrifugal" tension " is thus measure^ :

A belt of the section j, density d, and running at the ve-

locity V, in passing from one side to the other of the pulley

exhibits energy, in one direction, measured each second by

E = sdv X — ;
(i).

2g
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this energy is first destroyed and then is reproduced in the

opposite direction on the other side of the pulley. The total

energy is thus

:

2E == sd— (2).

g

2E
The effort demanded to produce this reversal is

,

v

or.

P^2E^sd^
(3).

V g

T
The required section of belt now, instead oi s— — , in

which T is the total tension, and t is the safe working tension

per square unit of section of the material as above, becomes,

T

" g

(4)-

248. The Frictionof leather belts is relied upon to prevent

slipping. This friction is at each point of contact propor-

tional to the pressure there existing, and the total resistance

to slipping is obtained by summing the resistances through-

out the arc of contact.

The pressure at each point is equal to the tension at that

point, as is seen when it is considered that it is the same as

would exist were that tension uniform, and were there no

friction throughout the arc of contact. But this tension is

actually variable in consequence of the existence of friction,

and we have, as shown by Rankine,

dR = fTdB, ^ dT, (5),

when R = Ti ~ 7^2, the working stress, i. e., the difference

of tension at the extremities of the arc, f = the coefficient of

friction, and"^ = the arc of contact ; and

f -/p»=log,i^:=/# ... (6)
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R=T,- 7i = ri(i - e-^) = 7-2K - I), . (7).

since

Z' + T'
The mean tension is

^ —^, and

ZLLZL^je=_4+L (8).
2 aC^"- 1)

Since = 27rn, when « = arc of contact in "turns,"

e^ = io^-7288/»^ aj^(j y_ Q^^2. When this arc is expressed in

degrees,

R = Ti{i - io-°°°3-«).

The following are values * of the factors

:

When 6 = n and « = J^, as where the pulleys are of equal

size

:

TABLE
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bvHP=
; (2.54 centimetres width running 335 metres per

I 100

minute. Belts are often driven without slip, to nearly

double this power.

Nagle gives the following

:

For laced belts

—

HP—ctvw (0.55 — 0.00002157^2/') (9).

For riveted belts

—

HP— ctvw (i — 0.00002157^2/^) (10).

when
C = I — :o-°-°°°95«/>

;

e = arc of contact, degrees
;

TV = width of belt, inches.

t = thickness

;

V — velocity, feet per second.

Mprin gives the following as maximum coefficients of fric-

tion of belts

:

TABLE LXV.

FRICTION OF BELTS.

Common cases, iron pulleys o. 28

Wetbelts, " " 0.38

Common belts, wooden pulleys 0.47

New " " " 0.50

Where the arc of contact varies, the value of -^ may be
'a

altered thus (/ = 0.28) :

» = 0.2 0.3 0.4 0.5 0.6 0.8 I.O

^.
^r=i-4 1.7 2-0 2-4 2-9 4-0 5-8

Raw Hide, or untanned leather, when perfectly sound, is

much stronger than tanned leather, and is much used for

some parts of textile machinery connections, in looms, for

ship's tiller-ropes, etc. It is cut from the raw skin and dried

in the sun. Its strength may be taken as one-half greater

than that of leather ; its resistance to violent impact is very

great.

19
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The Cement used for belts may be made by melting to-

gether :* I part shellac ; 2 parts pitch ; 2 parts linseed oil

;

4 parts India-rubber ; 16 parts gutta percha, until thoroughly

incorporated. It is applied warm, in a thin coating, very

quickly, and the two parts of the belt are promptly and

firmly clamped together and left until completely set.

Leather is used for the packing of pumps, and often for

their valves.

249. Paper is principally used by the engineer in the draw-

ing-room ; but it is occasionally applied in the making of

belts, of packing and of other needed articles.

Drawing paper for nice work is made of linen rags re-

duced to a pulp, and formed into thin sheets having a smooth,

peculiarly varied surface, which takes ink and colors well,

bears erasures, and is strong and durable. The finished

drawings are sometimes coated with a solution of shellac in

alcohol (i part shellac to from 4 to 8 of alcohol), which dis-

colors the sheet, but which enables the draughtsman to wash

it when soiled, and prevents that rapid soiling which always

occurs when working drawings are handled.

Rough drawings are made on cotton paper of a cheap

grade, which comes in long rolls of considerable width.

Shop drawings are usually copies on tracing cloth, or

photographically prepared " blue prints," made by using the

tracing as a negative, and are mounted on a board to avoid

injury by rolling or bending.

The principal sizes of drawing paper are :

Medium 18 x22 inches.

Royal 19 X24 "

Imperial 2i4x2g "

Elephant 22^x27^ "

Columbia 23x33! indies.

Atlas 26x33 "

Theorem 28x34 "

Double Elephant 26x40 "

Of tracing paper we have :

Double Crown 20x30 inches.

Double D Crown 30x40 "

Double D D Crown 40x60 "

Grand Royal 18x24 inches.

Grand Aigle 27x40 "

* Molesworth.
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1

Tracing cloth comes in rolls of various widths, as does

vellum writing paper.

Blotting paper is a thick cotton paper, perfectly free from

size or greasy matters.

Lithographic paper is made by coating printing paper with

a composition of one part alum, two of gum arable, and six of

starch, dissolved in warm water, and laid on hot with a brush.

Tracing paper is made by washing printing paper with a mix-

ture of either Canada balsam and oil of turpentine, or nut oil

and turpentine, and thoroughly drying before using it.

Copying (" manifold ") paper is writing paper coated with

lard and blacklead.

Paper of considerable thickness is known as pasteboard,

and is extensively used for making boxes to contain light

materials.

Paper Belts are sometimes used. They consist of a very

hard pressed paper, have great strength and considerable

durability, but a low coefficient of friction, and are very stiff

and unmanageable. The same material makes the ex-

ceedingly light and strong boats used for racing purposes.

They are formed and compressed in moulds, and are there-

fore properly ^'papier mach^."

Calendar Rolls are made of paper formed and compacted

by the hydraulic press. This compacted paper becomes as

close in texture as hard wood, very strong, with a very fine,

smooth surface, and works like a soft metal.

250. India Rubber and Gutta Percha are used in special

forms by the engineer ; in bands for belting, in sheets for

packing, and, to a limited extent, for various minor pur-

poses. (See Science, Vol. VI., p. 758.—R. H. T.)

India-rubber, or caoutchouc, is the dried juice or sap of

several tropical trees or shrubs. The best, the " Para gum,"
is obtained from the Hevea Braziliensis, one of the Euphorbi-

acese, Ceara rubber from the Manihot glaziovii, and Pernam-

buco gum from the Hancornia speciosa. This gum is also

obtained from the East Indies, Africa, and Central Amer-
ica.

Pure rubber, if of good quality, is dry, tough, strong, and
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enormously elastic. It dissolves freely in benzole, chloro-

form, carbon disulphide, and the essential oils ; contact with

oil or grease rapidly destroys it.

All the rubber used by the engineer is " vulcanized " by

heating it and incorporating with it 20 to 30 per cent, of sul-

phur ; it then becomes less readily softened by heat or hard-

ened by cold, and makes very durable water-proof articles of

many kinds, all of which are made of woven fabrics smeared

with the vulcanized rubber. When the proportion of sulphur

reaches 30 or 40 per cent., various grades of " ebonite " are

produced—a hard, jet black, moderately elastic substance,

used by the engineer for making rulers, scales, " triangles,"

and curves, and in the arts generally, for a great variety of

purposes.

India-rubber Belts are made by weaving cotton canvas of

the required length and width, and coating it with vulcanized

rubber. These belts are made two, three, or four-ply, as

they are required to do work demanding the strength of two,

three, or four thicknesses. These belts are considerably

stronger than leather belts, are usually truer and run more
smoothly, and are perfectly impervious to water ; they have

a higher coefficient of friction, but, if overloaded, are apt to

be rapidly and seriously injured by slipping.

India-rubber Valves are largely employed in hydraulic

machines. They should be made of well vulcanized rubber,

uniform in thickness, cut precisely or moulded exactly to size

and shape, and sjjiould have just sufficient thickness to safely

sustain the pressure thrown on them. In many cases they

outlast metal valves.

Gutta Percha is the dried and hardened sap from the bark

of trees of the order SapotacecB, found plentifully in the

Malay Peninsula. When pure it is grayish white, becoming

brown and yellow with exposure or from the presence of

impurities. It is as hard as the softer woods, and can be

easily moulded or rolled into sheets having considerable

toughness and without elasticity, resembling in density and

texture hard leather, having a specific gravity of 0.98 to i.oo.

In solubility it resembles rubber, as well as in nearly all other
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properties except elasticity. It is an excellent insulator, and

is extensively used in telegraphic engineering. It is also

used for belting, the same proportions being adopted as with

leather.

251. Cordage is usually made of hemp, flax, and cotton,

and sometimes of leather, rawhide, and often of wire.

Small cordage is known as rope ; it is usually composed of

three or four strands of "yarns," laid up with a right-hand

twist, the strands being laid up with a left-hand twist. Haw-
sers are made up with three right-handed strands, and cables

with three hawsers laid up left-handed. Shrouds are made up

with a central core, surrounded by four strands.

Tarred Ropes are less subject to injury by the weather

than white cordage, but have one fourth less strength.

Cordage takes up from 20 to 30 per cent, of its weight in tar.

The larger the cordage the less its strength per unit of sec-

tion ; this loss amounts to nearly 50 per cent, in large cables.

Three-strand cordage is ten or fifteen per cent, stronger than

four-strand, if rope laid ; ten per cent, weaker in hawsers

and cables.

The working or maximum proof strength of cordage may be

calculated by multiplying the square of the girth in inches

by 200 to 300 pounds, or in centimetres by 14 or 22 kilo-

grammes.

White 2-inch (5 centimetres) hemp rope should carry about

5,000 pounds (2,275 kilogrammes), or nearly one ton weight

per pound weight per fathom (say 1,200 kilogrammes per

kilogramme weight per metre). The U. S. navy test allows

4,200 pounds on a i^-inch white hemp rope, or 1,700 pounds
per square inch (1,195 kilogrammes per square centimetre).

Manilla rope has about two-thirds the strength of good Rus-

sian (Riga) hemp.

The method of connection of ropes is usually by making
knots ; although permanent union is effected by a " splice," in

which the two ends are overlaid for a considerable distance,

and their strands mutually interwoven, making a connection

as strong as the body of the rope.

Knots cannot well be verbally described ; but the following
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engravings, selected from Molesworth, represent the principal

knots used by the engineer and the seaman. In these illus-

trations, W indicates the direction of the weight, P that of

the pull.

Fig. 62 is the "half hitch," used to secure the end of a line

to any object during

a steady pull ; Fig. 63

is a " timber hitch,"

•r, , T, ^ T- ^ ^ TT employed for the
Fig. 62. Fig. 63. Fig. 64.—Timber Hitch ^ i"- )

Half Hitch. Timber and Half Hitch. same purpose, when
'^'^""

greater security or a

more permanent hold is desired. Fig. 64 exhibits the two

hitches used together, the timber hitch backing the half

hitch; this arrangement is used at sea in towing spars. With

the " clove hitch," Fig. 65, the stick is held in position by a

pull on each side ; the " rolling hitch. Fig. 66, is a still tighter

knot than the timber hitch, as it rolls the lines over, and

binds itself as soon as the pull is given.

Fig. 65.

—

Clove Hitch. Fig. 66.—Rolling Hitch. Fig. 67.—Reef Knot.

The " square knot," or " reef knot," Fig. 6"], is the sim-

plest and best knot for uniting rope-ends ; the " sheet bend,"

Fig. 68.

—

Sheet Bend. Fig. 69.

—

Sheet Bend
WITH Toggle.

Fig. 70.

—

Bowline.

Fig. 68, is somewhat similar ; the " sheet bend and toggle,"

Fig. 69, is easily unloosed, and the " bowline," Fig. 70, fornis

a loop which can be thrown, lasso-like, over a post, to which
it is proposed to make fast.

Fig. 71 shows the method of putting a "stopper" on a

rope or cable, for the purpose of holding it in place while

shifting the end, or while fleeting it at a winch. The " black-
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Fig. 71. — Stopper on a Rope.

wall hitch, the " fisherman's bend," the " round turn and half

Jiitch," Figs. 72, 73 and 74, show how a rope may be made

Fig. 72.

—

Blackwall
Hitch.

P f* p
Fig. 73.

—

Fisherman's Fig. 74.

—

Round Turn
Bend. and Half Hitch.

fast to a hook, or to a link or deadeye, the lashing shown at

A on the last two make the line secure.

A " sling" or " strop," Fig. 75, which may be either a

rope or a chain, has many uses ; it is seen in Fig. 76, as used
in raising a stone or other heavy mass ; in Fig. "j"], as used
to give a hold for the hook of the tackle ; and, in Fig. 78, is

illustrated the attachment of stop and " guy ropes " to the

liead of a derrick.

c 2)
Fig. 75.—A Strop or Sling.

Fig. 78.—Head of a
Derrick.

Tig. 76.

—

Slinging a Case. Fig. 77.
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APPENDIX.
(Page 77.)

STRENGTH OF AMERICAN TIMBER.*

Species.

2. Long-leaf pine....

2. Cuban ** ....

3. Short-leaf " ....

4. Loblolly- "
. ..

5. White "
. .

.

6. Red
7. Spruce- *• —
8. Bald cypress
9. White cedar

xo. Douglas spruce . .

,

IX. Whiteoak ,

12. Overcup-oak
13. Post- " ,

14. Cow- " .. . .,

15. Red "
,

16. Texan "
17. Yellow *'

x8. Water- "
19. Willow- "
20. Spanish *'

21. Shagbark hickory
22. Mockernut "

23. Water- "

24. Bitternut "

25. Nutmeg- "

26. Pecan **

27. Pignut "

28. White elm ,

29. Cedar- "

30. White ash
31. Green *'

32. Sweet-gum

1230
410
330
660
130
zoo
170

655
87

Cross-bending Tests.

S

Lbs.
Sq. in.

zo,ooo
It, 100

7,800
9,200
6,400

7,700
8,400

6,600

5.800
6,400

9,600
7.500
8,400
7,600
9,200
9,400
8,100
8,800

7,400
8,600

IT,200
11,700
9,800
11,100

9.300
11,600

12,600

7,300
8,000

7,900
8,900

7,800

a

Lbs.
Sq. in.

12,600

13,600
10,100

11,300

7,900
9,100
10,000

7,900
6,300

7,900

13,100
11,300
12,300

11,500
11,400
13,100
10,800
12,400
10,400
12,000

16,000

15,200
12,500
15,000
12,500
15.300
18,700

10,300

13.500

to,8oo

11,600

Lbs.
Sq. in.

2,070,000
2,370,000
1,680,000

2,050,000
1,390,000
1,620,000

1,640,000

1,290,000
910,000

1,680,000

2,090,000
1,630,000

2,030,000
1,610,000

1,070,000
1,860,000
1,740,000
2,000,000

1,750,000
1 ,930,000

2,390,000
2,320,000
2,080,000
2,280,000
1,940,000

2,530,000
2,730,000

1,540,000
1,700,000

1,640,000

2,050,000

9,500 1,700,000 7)XOO

H
bo

Lbs.
Sq. in.

8,000

8,700
6,500
7.400
5.400
6,700

7,300

6,000
5,200

S.700

8,500

7,300
7,100
7,400
7,300
8,100
7,^oo

7,800
7,200

7,700

9.500
10,100

8,400
9,600
8,800
9,XQO

10,900

6,500
8,000

7,200
8,000

Lbs.
Sq. in.

1,260
1,200
1,050
1,150
700

1,000
Z,200

800
700
800

1,900
3,000
1,900
2,300
3,000
1,800
2,000
x,6oo
1,800

3,700
3,100
3,400
3,300
2,700
3,800

I,200
3,X0O

1,900
1,700

Lbs.
Sq in.

835
770
770
800
400
500
860^

500
400
500

x,ooo

1,000
1,100

900
1,100

900
1,100
1,100

900
900

I,ICO-

1,100

1,000
1,000
1,100
1,200
t,200

800
1,300

* U. S. Timber Tests. Values reduced to a standard moisture of 12 per cent, of the dry

weight. (Compiled from the tables in U. S. Forestry Circular, No. 15, by Johnson.)
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TABLES.

CONVERSION OF METRIC INTO BRITISH OR UNITED
STATES MEASURES, AND VICE VERSA*

MEASURES OF LENGTH, SQUARES, AND CUBIC MEASURES.

—

(TABLES A, B, AND C.) f

Since 1868 the U. S. Coast Survey Office has used a value

for the metre equal to 39.370432 inches, as determined by an

extensive series of comparisons, the results of which are pub-

lished in a volume entitled Comparisons of the Standard of

Lengths of England, France, Belgium, Prussia, Russia, India,

und Australia, made at the Ordnance Survey Office, Southamp-

ton, 1866.

The metre is standard at 0° Cent. (32° Fahr.), and the

yard at 62° F. (16° .666 Cent.), and the value above given is

that of the metre in inches of the standard yard.

Tables A, B, and C, etc., give the value of each denomi-

nation, from I to 9 inclusive. They can be applied to all num-
bers, by decimal multiplication and division, as, for example

:

Convert 760 millimetres into inches—Table A :

INCHES.

700"™ = 27.5593

60 " =: 2.36223

760™™ = 29.922

* Abstract, by permission, from tables prepared by Lieutenant Rogers Bimie,

Ordnance Corps, U. S. A. Ordnance Motes, No. 192. Published for the use

of the U. S. Army by order of Brig. Gen. S. V. Benet, Chief of Ordnance.

f Germany, Belgium, Italy, Spain, Portugal, Holland, Greece, and France,

bave adopted the metric system and use it generally, while in the United States

its use was legalized by Congress in 1866, but is not common.
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WEIGHTS.

—

(table D.)

The Standard Troy pound of the United States, at Phila-

delphia, is an exact copy of the Imperial Troy pound of

Great Britain, obtained in 1827. Elaborate comparisons,

since 1855, of this Troy pound, weighing 5,760 grains, and of

the commercial or avoirdupois pound of 7,000 grains, derived

from the former, with copies of similar weights from the stand-

ard pound of Great Britain, have shown that there is less

than YTjVff of ^ grain difference between the money standards

(Troy weights) of the two countries.* The British standard

pound avoirdupois is the weight, in the latitude of London,

of a certain piece of platinum kept in the Exchequer ofiSce.f

In the Philosophical Transactions for 1856, page 893 et seq,^

is published Prof. W. H. Miller's determination of the weight

of the kilogramme, equal to 15432.34874 grains, which is

accepted as authoritative. This value was used in the

preparation of Table D.

PRESSURE OF AN ATMOSPHERE.—(TABLE E.)

The value of the unit atmosphere (abbreviated, atmo.)

which has been adopted in the metric system and used by
Regnault in his investigations to determine the relations

between the temperature and pressure of gases, is the press-

ure of 760 millimetres (29.922 inches) of the mercurial col-

umn at 0° Cent. (32° Fahr.) at Paris; which amounts, in that

latitude, to 1.0333 kilogrammes on the square centimetre, or

14.6967 pounds on the square inch. In consulting this table

it is therefore necessary to remember that it deals with an

arbitrary unit atmosphere.

The Encyclopcedia Britannica, Vol. III., page 28, 9th ed.,

gives us an atmosphere, in the English system, the pressure

due to 29.905 inches of the mercurial column at 32° Fahr. at

London, which atmosphere thus becomes 0.99968 of thaf of

the metrical system. Under this pressure (29.905) water boils

at 212° Fahr.

* Prof. J. Hilgard, in App. 22, U. .9. Coast Swvey Report for 1876.

f Rankine's Applied Mechanics, gth ed., page l8.
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Rankine assumes as the value of an English atmo-

sphere the pressure due to 29.922 inches, which, in the

latitude of London, corresponds to a pressure of 14.704

pounds per square inch of the mercurial column at 32° Fahr.

This, it will be observed, is the height used in the metrical

system, which is thus indicated as the universal standard.

There are two ways of taking such a standard. 1st. If

the absolute pressure at Paris, due to 760 millimetres of the

mercurial column at 0° Cent, be assumed, then if we would

have the same absolute pressure, in taking readings of the

barometer iox pressures in a different latitude, allowance must

be made for a difference of height of the mercurial column,

corresponding to the difference between the latitude of the

place of observation and that of Paris.

The height of the mercurial column at 0° Cent., giving a

pressure equivalent to that of this metrical atmosphere, can

be computed in centimetres by the following expression :

(I +.00531 sin" 48° 50')

I + .ooq % I sin' /.00531

for any latitude /.* (48° 50' being the latitude of Paris.)

Thus we have for New York city, taking / = 40° 42' 43",

a value for the expression, of 76.06314 centimetres = 29.946

inches, which height of the mercurial column at 32" Fahr. at

New York city would indicate a pressure equivalent to the

metrical atmosphere of constant pressure.

2d. On the other hand, assuming the universal standard

to be the pressure due to 29.922 inches of the mercurial col-

umn at 32" Fahr., then the absolute pressure, of this unit

atmosphere at New York would equal but 14.686 pounds on

the square inch, which is 0.999272 of the metrical atmosphere

at Paris. It may be added that 29.922 inches of the mer-

curial column at 32° Fahr. corresponds to 30 inches at 57°.

8

Fahr. ; the reduction to 32" for this reading being — 0.078 of

an inch for an observed reading of the attached thermometer

of 57^.8 Fahr.

* Enc. Brit., p. 556, Vol. xi.
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BENDING-STRESS PER UNIT OF LENGTH.—(TABLE F.)

In the case of a uniformly distributed load, or of a press-

ure tending to bend a structure, this table enables us to pass

from "kilogrammes to the centimetre" to " pounds to the

inch," of length, etc., and vice versa*

STRESS PER UNIT OF SQUARE AND CUBIC MEASURES.

—

(tables G AND H.)

The first of these tables finds its application in the con-

version of expressions giving the tensile strength of materials,

wherein we change the metric expression in " kilogrammes

to the square millimetre " into " pounds to the square inch,"

otherwise stated simply as " pounds tensile strength."

The two tables apply to the conversion of values of forces of

compression ; the word stress being used to indicate a force

either of extension or compression.

UNITS OF WORK OR ENERGY.—(TABLE I.)

This table gives the equivalent values of " kilogram-

metres " in " foot-pounds," and " tonne-metres " (sometimes

written dynamodes) in " foot-tons." It will be used in the

translation of quantities of work or energy.

THERMOMETERS.—(TABLE J.)

This table presents a tabulated solution of the formula

_„ C.° X 9 R.° X 9 ,F.° = -—^ + 32 = 7—- H- 32

;

5 4

by decimal multiplication and division it can be applied to all

numbers. In passing from either Centigrade or Reaumur to

Fahrenheit, we first take out the tabular numbers and then

add 32 ; in the reverse operation we first subtract 32 from

the Fahrenheit degrees, to be converted into Centigrade or

* In other words, the bending moment is here transferred from one system to

the other.
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Reaumur, and then take out the tabular numbers correspond-

ing to this remainder, as, for example: Convert 4°.i Cent,

into Fahr.° ; from the table we have

4°. C. = f.2 F.

.1" = .18 "

4°.iC. = 7°.4 F. + 32° = 39°.4 F.

or conversely, to convert 62" Fahr. into Cent." :
62° — 32° =

30°, and from the table we have, 30 = 16.7 ; hence 62° Fahr.

= i6°.7 Cent.*

UNITS OF HEAT.—(TABLE K.)

The thermal unit, centigrade, is the amount of heat re-

quired to raise the unit mass of water from o to 1° Cent.

This table expresses the relation between the amount of

heat required to raise one kilogramme (2.2046 pounds) of water

from o to 1° Cent. (i".8 Fahr.), and the amount of heat

required to raise one pound of water 1° Fahr. (from 32°

to 33° Fahr.). The mechanical equivalents of the " unit of

heat " in the two systems bear a like relation to each other.

This mechanical equivalent, in the English system, is the

number of foot-pounds of mechanical energy which must be

expended in order to raise the temperature of one pound of

water one degree. For Fahrenheit's degree that quantity

(Joule's equivalent) is 772 foot-pounds ; for the centigrade

degree f of 772 = 1389.6 foot-pounds. If we replace the

pound by a kilogramme (2.2046 + pounds), that quantity be-

comes for the centigrade degree 2.2046 -|- of | of 772 = 3063.54

foot-pounds, which is the mechanical equivalent of the met-

rical unit of heat, and is equal to 423.55 kilogrammetres.

CONVERSION OF BAROMETRIC READINGS.

With barometers read by the metric scale, to change to

the corresponding reading in inches, we have only to change

the number of millimetres, given by the metric scale, into

* A later table gives direct conversions.
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inches, for which use Table A ; for example, a reading of 762

millimetres is given

:

700°"° = 27.5593 inches.

60 " = 2.3622 "

2 " = .0787 "

762°"° = 30.0000 inches, which is the reading in inches.

COEFFICIENT OF ELASTICITY FOR LONGITUDINAL STRESS.

This in metrical tables is usually expressed in terms of

kilogrammes per square millimetre ; to reduce to our usual

expression, which (for the weight modulus) is in terms of

pounds per square inch. Table G will be used ; and we have

only to take from that table the number of " pounds per

square inch," corresponding to the number expressing the

metrical coefficient of elasticity ; as, for example, the coeffi-

ciency of elasticity (metrical) of a certain specimen of cast-

iron is expressed by the number 15,000; from Table G we
have

:

10,000 kilogrammes to the mm—c = 14,223,087.6 pounds to the sq. inch.

5,000
" " " " " = 7.111. 539-3 " " '

15,000 = 21,334,618.

which expresses the corresponding coefficient of elasticity for

this piece of metal in our own system.

A summary of all the unit values used, with their log-

arithms, precedes the tables.
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The Metric System is founded on the metre as the unit

of length, and has four other leading units, all connected with

and dependent upon it

:

(i.) The Metre, the unit of measures of length

;

(2.) The Are, the unit of measures of surface, and the

square of ten metres

;

(3.) The Litre, the unit of measures of capacity, and the

cube of a tenth part of the metre
;

(4.) The Stere, the unit of measures of solidity, having

the capacity of a cubic metre
;

(5.) The Gramme, the unit of measures of weight, and

the weight of that quantity of distilled water, at its maximum
density, which fills the cube of the hundredth part of the metre.

Each unit has its decimal multiples and submultiples, i. e.,

weights and measures ten times larger or ten times smaller

than the principal unit. These multiples and submultiples

are indicated by prefixes to the names of the several funda-

mental units. The prefixes denoting multiples are derived

from the Greek language, and are deka, ten ; hecto, hundred
;

kilo, thousand ; and myria, ten thousand ; those denoting

submultiples are taken from the Latin, and are deci, tenth ',

tenti, hundredth ; and milli, thousandth.

The following table includes all the weights and measures

of the system :

'value'^ Length. Surface. Capacity. Solidity, Weight.

10,000 .... Myria-metre
1,000. . . .Kilo-metre Kilo-litre Kilo-gramme.
100. . . . Hecto-metre . . Hect-are Hecto-litre Hecto-gramme.
10 ... . Deka-metre Deka-litre. . . Deka-stere . . Deka-gramme.
Unit. metre. are. litre. stere. gramme.

.1. ..Deci-metre. . ..Deci-are Deci-litre . . . Deci-stere. . . Deci-gramme.

.oi..Centi-metre. . .Centi-are. . . .Centi-litre Centi-gramme.

.ooi.Milli-metre Milli-litre Milli-gramme.

The denominations of solid measure beyond the first mul-

tiple and submultiple by ten are not in use. The term stere

itself is in fact rarely employed, measures of solidity or volume

being usually expressed in cubic denominations of the linear

base. Of agrarian measures, the only derivatives of the unit

in use are the hectare, the declare, and the centiare.
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SUMMARY OF TABLES.—COMPARISON OF METRIC WITIT

A.

B.

D.

Inches in

Feet in a.

Yards in a

Mile in a

.

{Millimetre.
Centimetre
Decimetre
Metre
Decimetre.
Metre
Kilometre.
Metre
Kilometre.
Metre
Kilometre

.

(Millimetre.

Decime^tre!:

Metre

c , . . ( Decimetre..
Square feet m a square . .

-j y^^^^^
Square yards in a square metre

Cubic inches in a cube .

.

i

Millimetre.

.

Centimetre .

Decimetre...

Metre

Cubic feet in a cube .

.

( Decimetre .

.

j Metre ... .

Cubic yards in a cubic metre ,

'

Grains in a i g^f"""«
, ( Kilogramme. .

.

Ounces (avoirdupois) I Gramme
in a ( Kilogramme. .

.

Pounds (avoirdupois) \
^^^^6

•

1
Kilogramme. .

.

( Tonne (millier).

Tons (2240 pounds) ( Kilogramme. .

.

in a ; (Tonne.

f Founds to the square inch in an at-

)

< mosphere
j

( Ton to the square inch in an atmosphere.

I
Pounds to the inch in a kilogramme (

•< to the centimetre j

( Tons to the foot in a tonne to the metre

.

No.

0.039370432
0.39370432
3-9370432

39.370432
0.328086933
3.28086933

3280.86933
I. 093623 I

I

1093. 6231

I

0.000621377
0.621377

0.00155003
0.155003
15 5003

1550.03
0.10764104
10.764104
1.1960115

0.000061025
0.061025394

61 . 02539436
61025.39436

0-0353I5626
35.315626
I

. 3079861

15.43234874
15432.34874

0.035273935
35-273935
0.00220462132
2.20462132

2204.62132
0.0009842059
0.98420591

14.6967

0.006561

5.59968718

0.29998255

LOGA-
RITHM.

2.5951702
i. 5951702
0.5951702
1. 595 1 702
I. 5 159890
0.5159890
3.5159890
0.0388677
3.0388677
4-7933550
1-7933550

3.1903404
i. 1903404
I . 1903404
3.1903404
1.0319779
I. 03 19779
0.0777354

5.7855106
2.7855106
1. 7855106
4.7855106
2.5479669
1.5479669
H6603I

1884320
4. 1884320
2.5474539
i- 5474539
3-3433340
0.3433340
3-3433340
4.9930860
1.9930860

1673200
3.8169720

0.7481638

i. 4770970
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BRITISH OR UNITED STATES MEASURES, WEIGHTS, ETC.

LOGA-
RITHM.

1.4048298
|o. 4048298
11.4048298
12.4048298
O.484OIIO
I. 48401 10
4.4840210
i.9611323

4.9611323

J3.
2066450

0.2066450

2 . 8096596
0.8096596
2.8096596
'4.8096596
0.9680221
2.9680221
i. 9222646

4.2144894
I. 2144894
2.2144894
5.2144894
1.4520331
2.4520331
i. 8833969

2.8115680
5.8115680
I. 4525461
2.4525461
2.6566660
i. 6566660
4.6566660
3.0069140
0.0069140

2.8327800

2.1830280

i. 2518362

0.5229030

No.

25-399772
2.5399772
0.25399772
0.025399772
3.047972
0.3047972
0.0003047972
0.9143917
0.0009143917

1609.33
1.60933

645 . 14836
6.4514836
0.064514836
0.00064514836
9.29014
0.0929014
0.8361123

16386. 61887
16.38661887
0.01638661887
0.00001638662
28.3160784
0.0283160784
0.7645342

0.064798955
0.00006479895
28.3495454
0.0283495454

453.59263
0.45359263
0.00045359263

1016.0474
I. 0160474

0.06804245

152.4150877

0.1785814

3.33351923

in an inch.

Millimetres. . .

.

Centimetres . .

.

Decimetre
Metre
Decimetres... .

,

Metre J.
in a foot .

Kilometre
Metre ) . ,

Kilometre f
'" '

Metres
Kilometres

mile.

Millimetres carres

Centimetres carres

Decimetre carre.

.

Metre carre

Decimetres carres

Metre carre

>-in a square inch.

in a square foot .

.

Metre carre in a square yard.

Millimetres cubes
Centimetres cubes
Decimetre cube...

Metre cube
Decimetres cubes.

Metre cube
Metric cube in a cubic yard

in a cubic inch .

.

in a cubic foot

.

Gramme ) .„ ., f m a gram
Kilogramme

j

=

Grammes ) in an ounce avoir-

Kilogramme j dupois
Grammes ) . ,

„., ( m a pound avoir-
Kilogramme > , '^

T, ° I dupois
Tonne 1

'^

Kilogrammes ) in a ton (2,240

Tonne
j

pounds)

j Atmosphere in a pound to the square
|

j inch >•

Atmospheres in a ton to the square inch

)

(Kilogramme to the centimetre in al

pound to the inch j-

Tonnes to the metre in a ton to the foot

)

C.
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SUMMARY OF TABLES.—COMPARISON OF METRIC WITH

G.

H.

I.

J-

K.
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BRITISH OR UNITED STATES MEASURES, WEIGHTS, ETC.

LOGA-
RITHMS.

4.8470064
2 . 8470064

0.1972544
2.1972544

0.6886439
3.6886439

4.0388919
I. 0388919

5.4421766

I . 2046329

1.5548809

i. 1406770
1.4909250

i- 7447275

i. 6478175

J. 4013935

No.

0.00070308274
0.070308274

1.57490507
157.490507

4.88251819
0.00488251819

10936. 84131
10.93684131

0.00002768067

16.0189

35-882355

0.13825377
0.30968843

0.5555555

0.4444444

0.25199593

Kilo- f
.^3"=^^^

; millimetre,aramme \ o
to the

Square

y centimetre

.

Kilo- f
-S<1""^

in a pound to

\ the square
inch

f r
grammes \

millimetre.. ! in a ton to the

to the

Kilogrammes
Tonne

Square square inch

L centimetre. J
to the square metre in a

pound to the square

foot

Kilogrammes ( to the square metre in a

Tonnes \ ton to the square foot

( Kilogramme to the cubic millimetre in

) a pound to the cubic inch

t Kilogrammes to the cubic metre in a

) pound to the cubic foot

( Tonnes to the cubic metre in a ton to

the cubic foot

Kilogrammetres in a foot-pound.
Tonne-metres in a foot-ton

( Centigrade degree in a Fahrenheit
J

\ degree \

Reaumur degree in a Fahrenheit degree

)

Calorie in a unit of heat.

r

H.

J-

K.
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TABLE A.—

METRIC INTO BRITISH OR UNITED STATES.
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MEASURES OF LENGTH.

BRITISH OR UNITED STATES INTO METRIC.
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TABLE E.—PRESSURES in atmospheres.

3IS

METRIC INTO BRITISH OR U. S.
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TABLE H.—STRESS per unit of cubic measure.

METRIC INTO BRITISH OR U. S.
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TABLE J.—THERMOMETERS.



CONVERSION TABLES.

BRITISH OR UNITED STATES, AND METRIC

NOBLE.
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CONVERSION TABLES.—NOBLE.

321

The following tables for conversion of British and Metric meas-
ures were compiled by Captain W. H. Noble, R. A., and supplied to

the army by order of the Secretary of State for War.* The equiva-

lents are given by tenths, units, tens, and hundreds, or by thousands.
These tables or the preceding may be used indifferently, as may be
convenient.

TABLE A.—KILOGRAMMES TO POUNDS AVOIRDUPOIS.

KILOS.
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TABLE B.

POUNDS TO KILOGRAMMES.

Q

g
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TABLE D.—METRES TO FEET.

s
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TABLE F.—INCHES TO millimetres.

Inches.
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TABLE H.

CUBIC INCHES TO CUBIC CENTIMETRES.

II
1—

1
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ADDITIONAL CONVERSION TABLES.

The following Additional "Conversion Tables "will be useful in trans-

forming measures in special cases

:

TABLE A.

SIXTEENTHS OF AN INCH TO MILLIMETRES.

X

s
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TABLE A.

—

continutd,

SIXTEENTHS OF AN INCH TO MILLIMETRES.

a
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TABLE B.

THERMOMETRICAL SCALES.

Table showing the relative proportions of Fahrenheit's, Reaumur's, and the

Centigrade thermometrical scales :

—

F.
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Freezing Point.

Fahrenheit = 32°

Centigrade = 0°

Reaumur ^ 0°

Boiling Point.

Fahrenheit = 212°

Centigrade ^ 100°

Reaumur ^ 80°

5 (i?— 32)
To convert Fahrenheit into Centigrade : = Centigrade.

To convert Centigrade into Fahrenheit : [- 32 = Fahrenheit.

To convert Fahrenheit into Reaumur : = Reaumur.
9

To convert Reaumur into Fahrenheit

:

1- 32 == Fahrenheit.
4

TABLE C.

TABLE OF INCHES AND SIXTEENTHS REDUCED TO DECIMALS OF A FOOT.

INCH.



''C. G. S." SYSTEM OF UNITS.

EVERETT.





THE "C. G. S." SYSTEM OF UNITS.*

First Report of the Committee for the Selection and Nomenclature of Dynamical
and ElectricalUnits, the Committee consisting of Sir W. Thomson, F.R.S.,

Professor G. C. Foster, F.R.S., Professor J. C. Maxwell, F.R.S,, Mr. G. J.

Stoney, F.R.S.,+ Professor Fleeming Jenkin, F.K.S., Dr. Siemens, F.R.S.,

Mr. F. J. Bramwell, F.R.S., and Professor Everett (Reporter).

We consider that the most urgent portion of the task in-

trusted to us is that which concerns the selection and nomen-
clature of units of force and energy ; and under this head we
are prepared to offer a definite recommendation.

A more extensive and dififiicult part of our duty is the se-

lection and nomenclature of electrical and magnetic units.

Under this head we are prepared with a definite recommen-
dation as regards selection, but with only an interim recom-

mendation as regards nomenclature.

Up to the present time it has been necessary for every

person who wishes to specify a magnitude in what is called

" absolute " measure, to mention the three fundamental units

of mass, length and time which he has chosen as the basis of

his system. This necessity will be obviated if one definite

selection of three fundamental units be made once for all

and accepted by the general consent of scientific men. We
are strongly of opinion that such a selection ought at once to

be made, and to be so made that there will be no subsequent

necessity for amending it.

We think that, in the selection of each kind of derived

unit, all arbitrary multiplications and divisions by powers of

* See Units and Physical Constants, by J. D. Everett ; London : 1877, for ex-

tended tables of physical constants in the C.G.S. system.

t Mr. Stoney did not concur in the recommendations of this report, and is not

responsible for the C. G. S. system.

335
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ten, or other factors, must be rigorously avoided, and the

whole system of fundamental units of force, work, electro-

static, and electro-magnetic elements must be fixed at one

common level—that level, namely, which is determined by di-

rect derivation from the three fundamental units once for all

selected.

The carrying out,of this resolution involves the adoption

of some units which are excessively large or excessively small

in comparison with the magnitudes which occur in practice
;

but a remedy for this inconvenience is provided by a method
of denoting decimal multiples and submultiples, which has

already been extensively adopted, and which we desire to

recommend for general use.

On the initial question of the particular units of mass,

length, and time to be recommended as the basis of the whole

system, a protracted discussion has been carried on, the prin-

cipal point discussed being the claims of the gramme, the

metre, and the second, as against the gramme, the centimetre,

and the second,—the former combination having an advan-

tage as regards the simplicity of the name metre, while the

latter combination has the advantage of making the unit of

mass practically identical with the mass of unit-volume of

water—in other words, of making the value of the density of

water practically equal to unity. We are now all but unani-

mous in regarding this latter element of simplicity as the

more important of the two ; and in support of this view we
desire to quote the authority of Sir W. Thomson, who has

for a long time insisted very strongly upon the necessity of

employing units which conform to this condition.

We accordingly recommend the general adoption of the

Centimetre, the Gramme, and the Second, as the three funda-

mental units ; and until such time as special names shall be

appropriated to the units of electrical and magnetic magni-

tude hence derived, we recommend that they be distinguished

from " absolute " units otherwise derived, by the letters

" C.G.S." prefixed, these being the initial letters of the names
of the three fundamental units.

Special names, if short and suitable, would, in the opinion
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of a majority of us, be better than the provisional designa-

tions " C.G.S. unit of . . .
." Several lists of names have

already been suggested : and attentive consideration will be

given to any further suggestions which we may receive from

persons interested in electrical nomenclature.

The " ohm," as represented by the original standard coil,

is approximately lo' C.G.S. units of resistance ; the " volt " is

approximately lo' C.G.S. units of electromotive force ; and

the " farad " is approximately—^ of the C.G.S. unit of ca-

pacity.

For the expression of high decimal multiples and sub-

multiples, we recommend the system introduced by Mr.

Stoney, a system which has already been extensively em-
ployed fpr electrical purposes. It consists in denoting the

exponent of the power of lo, which serves as a multiplier, by
an appended cardinal number, if the exponent be positive,

and by a prefixed ordinal number if the exponent be nega-

tive.

Thus lo' grammes constitutes a gramme-nine; —r of a

gramme constitutes a. ninth-gramme ; the approximate length

of a quadrant of one of the earth's meridians is a metre-seven,

or a centimetre-nine.

For multiplication or division by a million, the prefixes

mega* and micro may conveniently be employed, according

to the present custom of electricians. Thus the megohm is a

million ohms, and the microfarad is the millionth part of a

farad. The prefix mega is equivalent to the affix six. The
prefix m.icro is equivalent to the prefix sixth.

The prefixes kilo, hecto, deca, deci, centi, milli can also be

employed in their usual senses before all new names of units.

As regards the name to be given to the C.G.S. unit of
force, we recommend that it be a derivative of the Greek
dwajAii. The form dynamy appears to be the most satisfac-

tory to etymologists. Dynam, is equally intelligible, but

* Before a vowel, either meg or megal, as euphony may suggest, may be em-

ployed instead of mega.
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awkward in sound to English ears. The shorter form, dyne.

though not fashioned according to strict rules of etymology,

will probably be generally preferred in this country. Bear-

ing in mind that it is desirable to construct a system with a

view to its becoming international, we think that the termi-

nation of the word should for the present be left an open

question. But we would earnestly request that, whichever

form of the word be employed, its meaning be strictly lim-

ited to the unit of force of the C.G.S. system—that is to say,

the force which, acting upon a gramme of matter for a second,

generates a velocity of a centimetre per second.

The C.G.S. unit of work is the work done by this force

working through a centimetre, and we propose to denote it by
some derivative of the Greek spyov. The forms ergon, ergal,

and erg have been suggested ; but the second of these has

been used in a different sense by Clausius. In this case also

we propose, for the present, to leave the termination unset-

tled ; and we request that the word ergon, or erg, be strictly

limited to the C.G.S. unit of work, or what is, for purposes

of measurement, equivalent to this, the C.G.S. unit of energy,

energy being measured by the amount of work which it rep-

resents.

The C.G.S. unit ofpower is the power of doing work at

the rate of one ergper second ; and the power of an engine,

under given conditions of working, can be specified in ergs-

per second.

For rough comparison with the vulgar (and variable) units

based on terrestrial gravitation, the following statement will

be useful

:

The weight of a gramme, at any part of the earth's sur-

face, is about 980 dynes, or rather less than a kilodyne.

The weight of a kilogramme is rather less than a megadyne,
being about qSo.cxx) dynes.

Conversely, the dyne is about i .02 times the weight'ol a

milligramme at any part of the earth's surface ; and the meg-
adyne is about 1.02 times the weight of a kilogramme.

The kilogrammetre is rather less than the ergon-eight, be-
ing about 98 million ergs.
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The gramme-centimetre is rather less than the kilerg, be-

ing about 980 ergs.

For exact comparison, the value of g (the acceleration o

a body falling in vacuo) at the station considered must of

course be known. In the above comparisons it is taken as

980 C.G.S. units of acceleration!

One horse-power is about three-quarters of an erg-ten per

second. More nearly, it is 7.46 erg-nines per second, and one

force-de-cheval is 7.36 erg-nines per second.

The mechanical equivalent of one gramme-degree (Centi-

grade) of heat is 41.6 megalergs, or 41,600,000 ergs.



TABLES FOR REDUCING OTHER MEASURES TO
C.G.S. MEASURES*

The abbreviation cm. is used for centimetre or centimetres,

gr. " gramme or grammes,

sec.
" second or seconds,

sq.
" square,

cub. " cubic.

TABLE A.

Length.

1 inch = 2. 5400 cm.
I foot = 3°-4797 "
I yard = gi.4332 "

I mile = 160933
"

I nautical mile . . . = 185230
"

More exactly, according to Captain Clarke's comparisons
of standards of length (printed in 1866), the metre is equal to

1.09362311 yard, or to 39.370432 inches, the standard metre

being taken as correct at o°C., and the standard yard as cor-

rect at i6|° C. Hence the inch is 2.5399772 centimetres.

TABLE B.

A rca.

I square inch. . . . = 6.4516 sq. cm.
I square foot . . . . = gag. 01 "

I square yard ... . = 8361.13 "

I square mile ... . = 2.59x10'° "

TABLE C.

Volume

.

1 cubic inch. . . . = 16.387 cub. cm.
I cubic foot. . . . — 28316 "

I cubicyard. . . . = 764535
"

t pint = 567.63 "

,

I gallon = 4541

*
J. D. Everett, Abstract.

340
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TABLE D.

Mass.
1 grain = .064790 gm.
I ounce avoirdupois ... . = 28.3495

"

I pound " = 453-59
"

I ton = 1.01605X10^ "

More exactly, according to the comparisons made by

Professor W. H. Miller in 1844 of the "kilogramme des

Archives," the standard of French weights, with two English

pounds of platinum, and additional weights, also of platinum,

the kilogramme is 15432.34874 grains, of which the new

standard pound contains 7000. Hence the kilogramme is

2.2046212 pounds, and the pound is 453.59265 grammes.

TABLE E.

Velocity.

I foot per second = 30.4797 cm. per sec
I statute mile per hour = 44-704

"

1 nautical mile per hour = 51-453
"

I kilometre per hour = 27. 777
"

TABLE F.

Density.

Pure water at temperature of ) ,0000 ^^b. cm.maximum density J
" '

I pound per cubic foot = .016019

TABLE G.

Force (assuming^= 981).

Weight of I grain = 63.57 dynes, nearly.

" of lounceavoirdu- ) —2.78 x 10* "
pois

poun
dupe

of I cwt = 4.98 X 10'

of I pound avoir- ) ^ ^
dupois

)
^ ^^

of I ton = 9.97 X io« "
" of I gramme = 981

"
" of I kilogramme.. = g.8l x 10° "

" of I tonne = g.Si x 10' "

TABLE H.

Work (assuming ^= 98 1).

I foot-pound = 1.356 X 10' ergs, nearly.

I foot-grain = 1.937 x 10' "

I foot-ton = 3-04 X io'" "
I milligram-millimetre = 9.81 x 10* "
I gramme-centimetre = 9.81 x 10* "
1 kilogrammetre = 9.81 x 10' "
I tonne-metre = 9-8i x 10'° "

Work in a second by one ) _ „ ^ j^g u
theoretical •' horse "

f
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I pound per square foot ....

I pound per square inch. . .

.

I kilogramme per square )

metre )

I kilogramme per square )

decimetre f

I kilogramme per square )

centimetre
)

I kilogramme per square I

millimetre
J

Pressure of 760 millimetres

of mercury at 0° C

TABLE I.

Pressure (assuming ^=981).

479 dynes per sq. cm., nearly.

6.g X 10*

qS.I

= 9.81 X 10^

= g.8i X 10"

= 9.81 X 10^

= 10.14 X 10^

TABLE J.

Heat.

I gramme-degree Centigrade =4.2 x 10' ergs = 42 million ergs.

I pound-degree " = 1.91 x 10'° ergs.

I
" Fahr = 1.06 x 10'° ergs.

Thermal Conductivity.

Thermal Conductivity is measured in " C.G.S." units by
the number of C.G.S. units of heat flowing per second along

a bar of one square centimetre section with a difference of

temperature of one degree on the opposite sides. It is the

value of k in

E = kA T —

in which E is the quantity of heat flowing, in the time t,

through a plate of the thickness x and area A, the tempera-

ture on the opfJosite forces being 7\ and T^ and constant.

The values of k are

TABLE K.

THERMAL CONDUCTIVITY.—VALUES OF k PECLET.

Density.

Copper
Iron
Zinc
Lead
Carbon from gas-retorts 1.61

Marble, fine-grained grey 2.68
' sugar-white, coarse-grained 2,77

Limestone, fine-grained 2.34 ......
" "

2.27

2.17

Conductivity.

.. .178

.081

.039
.. .0138

.0097

.0077

.0058

.0047

.0035
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THERMAL CONDUCTIVITY.

—

Continued.

Density. Conductivity.

Lias building stone, coarse-grained 2.22 0037
" "

2.24 0035
Plaster of Paris, ordinary, made up 00092

very fine,
"

for casts, very fine . .

" made up.
Alum paste, (marble-cement) "
Terra-cotta

1.25 00144

1.25 00122

1.73 00175
I.gS 00192
1.85 00142
.48 00026

.48 00047
.00029

Fir, across fibres
" along fibres

Walnut, across fibres
" along fibres 00048

Oak, across fibres 00059
Cork 22 00029
Cautchouc 00041
Gutta percha 00048
Starch paste 1.OT7 00118
Glass 2.44 0021

" 2.5s 0024
Sand, quartz 1.47 00075
Brick, pounded, coarse-grained i.o 00039

" passed through silk sieve 1.76 00046
Tine brickdust, obtained by decantation 1.55 00039
Chalk, powdered, slightly damp 92 00030

" washed and dried 85 00024
" washed, dried and compressed 1.02 00029

Potato-starch 71 00027
Wood-ashes 45 00018
Mahogany sawdust
Wood charcoal, ordinary, powdered
Bakers' breeze, in powder, passed thro' silk sieve

Ordinary wood charcoal, in powder, passed )

through silk sieve
)

Coke, powdered
Iron filings 2.05

Binoxide of manganese 1.46

Cotton-wool, of all densities

Cotton swansdown (molleton de colon) of all den-

1

sities y

Calico, new, of all densities

Wool, carded, of all densities

Woollen swansdown (molleton de laine), of all )

densities
)

Eider-down
Hempen cloth, new

old.

Writing-paper, white
Grey paper, unsized

.31 00018

.49 00022

.25

• 41

• 77

00919

.000225

.00044

.00044

.00045

.000111

.ooom

.000139

.000122

.000067

.000108

.54 000144

.58 000119

.85 000119

.48 000094

Emission of Surface Conduction.

M'Farlane has published (Proc. Roy. Soc. 1872, p. 93) the

result of experiments on the loss of heat from blackened and
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polished copper in air at atmospheric pressure. They need

no reduction, the units employed being the centimetre,

gramme, and second. The general result is expressed by the

formulae

^^=.000238+3.06 X 10-'/— 2.6 X lO"'^^

for a blackened surface, and

.r=.000168 + 1.98 X 10"'/— 1.7 X lO"'/*

for polished copper, x denoting the quantity of heat lost per

second per square centimetre of surface of the copper, per de-

gree of difference between its temperature and that of the

walls of the enclosure. These latter were blackened inter-

nally, and were kept at a nearly constant temperature of 14°

C. The air within the enclosure was kept moist by a saucer

of water. The greatest difference of temperature employed
in the experiments (in other words, the highest value of () was
50° or 60° C.

The following Table contains the value of x calculated

from the above formulae, for every fifth degree, within the

limits of the experiments.

TABLE L.
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ELECTRICAL RESISTANCE.

"The electrical resistance of a wire (or more generally of a

prism or cylinder) of given material varies directly as its

length, and inversely as its cross section. It is therefore

equal to

jg
length

section

'

where ^ is a coefficient depending only on the material. R is

called the specific resistance of the material. Its reciprocal -^

is called the specific conductivity of the material.

The values of R, as deduced from Matthiessen's experi-

ments, are thus given

:

TABLE M.

ELECTRICAL RESISTANCE.—VALUES OF R.
Percentage

Specific of variation
resistance. for a degree

at 2o» C.
Silver, annealed 1521 .377
" hard drawn 1652

Copper, annealed 1615 .388
" hard-drawn 1652

Gold, annealed 2081 .365
" hard-drawn 2ii8

Aluminium, annealed 2946
Zinc, pressed 5690 .365
Platinum, annealed 9158
Iron, annealed 9827
Nickel, annealed 12600
Tin, pressed 13360 .365
Lead, pressed 19850 .387
Antimony, pressed 35900 .389
Bismuth, pressed 132650 .354
Mercury, liquid 96190 .072

Alloy, 2 parts platinum, I parti

silver, by weight, hard or an-j- 2466 .031
nealed )

German silver, hard or annealed. . 211 70 .044
Alloy, 2 parts gold, i silver by

)

^
weight, hard or annealed

)

^"
' ^

Resistances of Conductors of Telegraphic Cables per nautical

mile, at 24° C, in electro-magnetic measure.

Red Sea 7.94 x 10'

Malta-Alexandria, mean 3.49
"

Persian Gulf, mean 6.284 "

Second Atlantic, mean 4- 272
"
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young's modulus of elasticity.

stress
As has been already stated, the quotient ——:- is called

Sir3.iri

" Young's Modulus of Elasticity," or briefly " Young's Modu-

lus."

When the stress is a shearing stress, and the strain is the

shear produced, the planes of the stress being the same as

stress
the planes of the shear, the quotient —

—

— is called the
SLr^iii

" simple rigidity," for these planes.

When the stress consists in hydrostatic pressure, and the

stress
strain is the compression produced, the quotient -—

. is

called the " elasticity of volume," or the " coefficient of vol-

ume-elasticity," just as in the case of a liquid.

The values in the following table are reduced from those

given in Prof. Everett's papers to the Royal Society (see

Phil. Trans. 1867, p. 369):

TABLE N.

young's modulus.

Glass, flint

Another specimen.
Brass, drawn
Steel

Iron, wrought ....
" cast

Copper

YOUNG S

MODULUS.

6.03 X 10"

5.74 "

1.075 X 10''

2.139 "

1.963 "

1-349 "
1.234 "

SIMPLE
RIGIDITY.

Z.40

2-35

3.66

8.19

7.69

5.32

4-47

10"

ELASTICITY OF
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DIFFERENT SPECIMENS OF GLASS (CRYSTAL).

Young's modulus 341 to 4.34, mean 3.96)
Simple rigidity 1.26 to 1.66, " 1.48 [ x 10"
Volume-elasticity 3.50 to 4.39, " 389

)

DIFFERENT SPECIMENS OF BRASS.

Young's modulus g.48 to 10.44, mean 9.86
)

Simple rigidity 3-53 to 3.90, " 3.67^x10"
Volume-elasticity 10.02 to 10.85, " io-43

)

Savart's experiments on the torsion of brass wire (Ann. de
Chim. iSag) lead to the value 3.61 x 10" for simple rigidity.

Kupffer's values of Young's modulus, for nine different

specimens of brass, range from 7.96 x 10" to 11.4 x 10", the

value generally increasing with the density.

For a specimen, of density 8.4465, the value was 10.58 x

10".

For a specimen, of density 8.4930, the value was 1 1.2 x lO*'.

The values of Young's modulus found by the same ex-

perimenter for steel, range from 20.2 x 10" to 21.4 x 10".

The following are reduced from Rankine's " Rules and

Tables," pp. 195 and 196, the mean value being adopted

where different values are given :

TABLE O.

young's modulus.

Steel bars
Iron wire
Copper wire
Brass wire
Lead, sheet

Tin, cast

Zinc
Ash
Spruce
Oak
Glass
Brick and cement

YOUNG S MODULUS.

2.45

1-745
1.172
g.8i

5-0

10"
10"

1. 10
1. 10
I..02

5-52

The proof load of a substance may be defined as the

greatest longitudinal stress that it can bear without per-

manent distortion. The quotient of the proof load by
Young's modulus will therefore be the greatest longitudinal

extension that the substance can safely bear.
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ABRIDGED TABLE.

C. W. HUNT.

Millimetres X -03937 = inches.

Millimetres t- 25.4 = inches.

Centimetres X 3937 = inches.

Centimetres -r- 2.54 = inches.

Metres X 39-37 = inches (Act Congress).
Metres X 3-281 = feet.

Metres X 1.094 = yards.
Kilometres X .621 = miles.

Kilometres -4- 1.6093 = miles.

Kilometres X 3280.7 = feet.

Square millimetres X .0155 = square inches.

Square millimetres -v- 645.1 = square inches.

Square centimetres X .155 = square inches.

Square centimetres-;- 6.451 = square inches.

Square metres X 10.764 = square feet.

Square kilometres X 247.1 = acres.

Hectare X 2.471 = acres*

Cubic centimetres -s- 16.383 = cubic inches.

Cubic centimetres -h 3.69 = fluid drachms.
Cubic centimetres -h 29.57 = fluid ounces (U. S. P.).

Cubic metres X 35.315 = cubic feet.

Cubic metres X 1.308 = cubic yards.

Cubic metres X 264.2 = gallons (231 cubic inches).

Litres X 61.022 = cubic inches (Act Congress).
Litres X 33.84 = fluid ounces (U. S. P.)
Litres X .2642 = gallons (231 cubic inches).

Litres -^ 3.78 = gallons (231 cubic inches).

Litres -5- 28.316 = cubic feet.

Hectolitres X 3.531 = cubic feet.

Hectolitres X 2.84 = bushels (2150.42 cubic inches).

Hectolitres X -131 = cubic yards.
Hectolitres -h 26.42 = gallons (231 cubic inches).

Grammes X 15-432 = grains (Act Congress).
Grammes h- 981 = degree.
Grammes (water) -H 29.57 = fluid ounces.
Grammes -^ 28.35 = ounces avoirdupois.
Grammes per cubic centimetre -;- 27.7 = pounds per cubic inch.
Joule X .7373 = foot-pounds.

Kiloerammes X 2.2046 = pounds.
Kilogrammes X 35-3 = ounces avoirdupois.
Kilogrammes -^ 1102.3 = tons (2,000 lbs.).

Kilogrammes per square centimetre X 14 223 = lbs. per square inch.
Kilogrammetres X 7-233 = foot-pounds.
Kilo per metre X .672 = pounds per foot.

Kilo per cubic metre x .026 = pounds per cubic foot.
Kilo per cheval X 2.235 = pounds per H. P.
Kilo-watts X 1.34 = horse-power.
Watts -V- 746 = horse-power.
Watts -:- .7373 = foot-pounds per second.
Calorie X 3.968 = B. T. U.
Cheval vapeur X .9863 = horse power.
(Centigrade X 1.8) -)- 32 = degree Fahrenheit.
Franc X .193 = dollars.

Gravity Paris = 980.94 centimetres per second.
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0719
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1399

1673 1703 1732

0374

0755
1106

1430

I959|i

2227 2253

24802504
2718 2742
29452967

i

3160 3181

I

33653385
35603579
37473766

I

392 7;3945
40991411b
4265'428i

442
5
'4440
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4728^4742

4871 4886

5011 5024

5145I5159
527615289
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5473549055025514:5527
5599,5611562356355647

571715729
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5944,5955

6053 6064

574057525763
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i

6075 J6085 6096

5416

5539
5658

5775
5888

5999

6107

2014
2279

2529
2765

2989

32DI

3404
3598
3784

3962
4133
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-1456

4609

4757

4900

5038
5172
5302

5428
5551
5670

5786
58')9

6010

6117

4 8

4 8

3 7

3 6

3' 6

3 6

3 5

17 21

15 19
14I17

I3!i6

33 37

3034
2831
26 29

I2'i5 18 21 24
II 14 17,2022
Il'l3;l6 18 21

7 10 12 15 17 2022

7j
9i2ii4'i6li9 2i

7I 9 11I13I16I18I20

1

i

!
!

6 8 II 13 15 17 19

8 10 12 14-16 18
o 111
8 10 12I14 15 17

911 13 15 17

4 5

4, 5

4: 5

3I5
3; 5

3! 4

3I4

9II'I2 14 16
10 12 14 15
10 II 13 15

13 14
I2!i4

12I13

10 II 13

IO|II,I2

911 12

9 10 12

9 lolii

9 loiii

8 lo'ii

8 970
8, 9110
8 910

7: 9|I<^

* Extracted from Btitish Handbook for Field Service.
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FOUR-FIGURE LOGAR ITHMS.
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INSTRUCTIONS.

To find the logarithm of a given number by the tables.

(a.1 When the number consists of less than three figures, look in the column
marked No. for the number, and immediately opposite to it will be found the

logarithm.

Example.

Log. 5 = 0.6990, log. 50 = 1.6990.

{b.) When the number consists of more than three figures, look for the first

two figures in the column marked No., and along the top row for the third ; the

number found at the intersection of the two rows will be the logarithm required.

Example.

Log. 502 = 2.7007, log. 7.21 = 0.8579.

(;:.) If there be a fourth figure, look for the number corresponding to it among
the small columns on the right of the page, and add it to the logarithm correspond-

ing to the first three figures.

Example.
Find logarithm of 1416.

log. 1410 = 3.1492

number corresponds to 6 = 18

log. 1416 = 3.1510
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UNITS OF ENERGY.
MECHANICAL.

Time = i min. or i sec, etc.

Space = 1 foot, i meter, etc.

Force = l lb., i kilogram, etc.

Work = I ft. -lb., 1 kilog.-meter, etc.

Work-rate (British) = i horse-power, 550 ft. -lbs. per sec.

Work (Metric) = ih. p., i kg.-m. = 7.233 ft.-lbs.= 9. 807 joules.

Work-rate (Metric) = i h. p. =75 kg.-m. per sec.

ELECTRIC.

Quantity = i coulomb.

Rate of flow = 1 ampere = i coulomb per sec.

Resistance = i ohm (that of i meter sq. X 1.060 mercury).

Electromotive force = 1 volt (forces i coulomb per sec. against i

ohm) = 0.9268 Daniell cell = 22,900 cal-

ories.

Energy = 1 watt = i volt-ampere — -^-^ h. p (Brit.)

= tIt h. p. (metric).

Work = I joule = I volt-coulomb. = 0.7375 ft. -lb.

Work, electrolytic = 0.000093 gn^- (decomp. water by i coulomb =
0.001118 gm. silver).

THERMAL.

Quantity = 1 calorie, r B. T. U.*
" (electric) = I joule.

CHEMICAL.

Energy = heat of formation of 0.000093 gm. water.

EQUIVALENTS.

I ft. -lb = 1.356 joules.

I watt
J

=44.231 ft.-lbs. per min. = 0.7375 per sec.

1 h. p =746 watts = 76 kgm. per sec. = 550 ft.-lbs.

per sec. = 33,000 per min. = 1,980,000

ft.-lbs. per hour.

I electric unit = 1000 watts = i kilo-watt = 1.34 h. p. =
work of depositing 1.93 lbs. copper per

hour.

I ampere deposits 1.174 gm. or 18. 116 gr. Cu. per hour = 4.0248 gm. or

62.100 gr. S. per hour. »

* Of the two metric "calories" the smaller—one centigrade-gramme— is also

called a "therm" = 4.2 "joules"; the "joule" being 0.7375 fcot-pound (the

heat-equivalent of one "watt" per second), the healing effect of one ampere-
ohm, and will be sufficient to raise one gramme of water 0.239° Cent. The
centigrade-kilo-gramme calorie is equal to 4t55 joules, or electro-thermal units.
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Cypress 56 51

Decay of timber 46 45
Deflection of beams, formula 120 98
Diagrams, strain, of wood 127 109

characteristics of 128 in
Disintegration of stones 19 13
Distillation products 191 212
Dogwood 85 70
Drying and gumming of oils 227 ' 24S

of timber 40, 156 45, 147
Dry rot 47 46

Ebony 92 73
Elasticity limit 98 77

modulus 100 7S
" values 102 8c
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ART. PAGE

Elm, American 78 67
Canadian 78 67
European 78 67

European Northern pine 55 51;

Evaporative povirer of fuels 174 176

Factor of safety 18 13
for pillars log 85

Felling of timber 40 39
Fir timber 58 52

spruce, black 60 53
red 61 54
white 59 52

Fire-brick 25 19
Fire-stones 15 10
Fire, temperature 161 156
Fire-test for oils 225 224
Floor beams ; viforking loads 122 100
Folacci's process for preserving timber 153 144
Forms of beams 118 96
Fossil fuels 171 173
Frost, resistance 19 13
Friction \See Lubricants].

angle of 197 219
coefficient 195 211

values 198 219
defined 192 214
early experiments ig6 218
of fluids 194 214
of greases 240 268
of journals 193, 200 214, 220
measurement ^See Testing-Machines].
pressure allowable 210 233

variable ; effect of 239 266
of pump pistons 199 220
of rest or starting 241 209
of shafting 201 221
temperature, variable, effect of 243 271
velocity, variable, effect of 242 270

Fuels [See Table of Contents, Chap. IV., pp. 154-212 ] 159 134
air required for combustion 164 164
analyses ... 187 204
artificial 184 197
ashes, analyses 189 209
composition of 167 172
combustion, rate of 166 168
economy of 185 199
evaporative power of 174 176
fossil 171 173
[See Furnace].
gaseous 182 190
heating power 160, 188 154, 207
lignite 175 176
liquid 181 187
pulverized 180 186
use, conditions of 163 164

in engineering and metallurgy 159 154
value 162 162
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ART. PAGE
Fuels, weather waste i86 203
Furnace \See Fuel].

efficiency of 167 169
conditions of maximum 168 171

gases, temperature 165 166

regenerative 183 191

Gaseous fuel 182 190
Gases of furnace, temperature of 165 166

Glue 141 129
Gneiss 5 4
Gordon's formula for pillars or columns 109 85
Granite 4 2

Greases \_See Lubricants] 207 229
friction of 240 268

Greenheart 94 74
Greenstone 6 5

Gumming and drying of lubricants 227 248
tests of 234 258

Gutta percha 250 290
Gypsum, or plaster of Paris I3j 34 9, 28

Hayford's process for preserving timber 148 138
Heat, conductivity of lubricants for 223 244

effect upon oils 224 244
stones 20 15

variable, effect upon friction 243 271
Heating power of fuels 160, 188 154, 207
Hickory 80 68
Hodgkinson's formulas for strength of timber pillars 109 85
Holly 83 69
Hydraulic cement 29, 30 21, 22

lime 29 21

mortar 30 22

India-rubber 250 290

Joints 139 124
Journals, friction 200 220

oiling of 212 234
sizes 211 233

Juniper, or cedar 64 55

Kyanizing timber 146 136

Lancewood 93 74
Larch 62 54
Leach's process for preserving timber 149 138
Leather 247 284
Lignite 175 176
Lignum vitas 187 72
Lime [See Beton, Cement, Concrete, Mortar] 12 9

classification 28 21
common 28 21
hydraulic 2g 21
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ART. PAGE

Limestone ii 7

Limit of elasticity 98 77
Linden, or basswood 63 55
Live oak 67 61

Locust 7g 68

Longevity of trees '39 37
Lubricants \See Tables of Contents, Chap. V., pp. 214-284].

classification 216 237
kinds 205 226
solid 208 231
\_See Testing-Machines].
uses 202 222

value ' 204 224
Lubrication, requisites for 203 224

Mahogany 86 71
Maple 84 70
Marble 11 7
Margery's process for preserving timber 154 144
Markings of woods 136 120
Marine animals ; Limnoria Tenebrans ; Teredo Navalis 48 46
Masonry, classes 35 28

cost 38 35
measurement 37 34

Mason work 35 28

Measures, British and metric 299
Metallurgy, fuels used 159 154
Metric and British measures 299
Mica 5 4
Mill columns no 88

shafting 201 221
Mineral oils

;
petroleum 206 224

Modulus of elasticity 100 78
values 102 80

crushing across the grain of wood 107 83
rupture 115 94
values 116 95

Thurston's determinations 117 95
torsion, elastic 123 102

resilience 125 107
shearing in 90
strain 107 83
tenacity 105 82

Moisture, effect upon timber 46 45
Mortar [&« Beton, Bitumen, Cement, Concrete, Gypsum, Lime]. 27 20

common 30 22

composition 30 22

hydraulic 30 22

mixing 30 23
strength 33 25

Nails 140 126

Northern pine of Europe 55 41
Neutral axis 114 94

Oak, British 73 64
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ART. PACK

Oak, chestnut, white 72 64
live 67 61

post 69 63

red 70 64
rock chestnut 7' '^4

sessile-fruited 74 ''4

timber 66 60

white 68 61

Oiling journals 212 234
Oils \See Lubricants].

adaptation of 246 283
adulterations 218 239
commercial values 245 280
drying 227, 234 248, 258
endurance of 235, 244 259, 276
fire-test 225 244
gumming 227,234 248,258
heat conductivity : 223 244

effect of 224 244
identification of 214 236
impurities 217 237
mineral 206 227
petroleum 215 236
purification 209 232
specific gravity 220 240

of mineral oils 221 242
testing, methods 213 235

chemical 215 236
machines \^See Testing].

Oleography 226 246
Oleometry 219 239

Paints 143 1 30
Paper 249 288
Peat 176 177
Petroleum 206 227
Pillars, long 108 85

factor of safety 109 85
formulas, Gordon's, Hodgkinson's, Tredgold's log 85

Pine, Northern of Europe 55 51
pitch 54 50
qualities 57 52
red 51 48
Southern 53 49
white 50 48

Pins 140 1 26
Piston friction 199 220
Pitch 65 57
Pitch pine 54 50
Plaster of Paris, or gypsum 13 9
Post oak 69 63
Preservation of timber \See Seasoning] 142 140

methods, Beach's 149 138
Beer's 152 144
Bethell's 148 137
Boucherie's 150 142

applications 151 143
Burnettizing 147 137
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ART. PAGE
Preservation of timber, methods, charring 144 135

chemical 144 135
comparison of 157 147
Folacci's 153 144
Hayford's 149 138
importance of 156 146
kyanizing 146 ] 136
Margery's 154 144
paints 143 130
Robbin's 149 138
saturation 145 136
Seely's 149 y 138
smoking 41 39
statistics 155 145
steaming 41 39
varnishes 143 130
water seasoning 41 39

Pressure allowable on surface 210 233
variable, effect upon friction 239 266

Pump piston, friction '. igg 220
Purification of oils 209 232

Railroad testing-machine 236 26r
experiments upon 237 264

Red oak 70 64
Red pine 51 48
Red spruce 61 54
Regenerative furnace 183 igi
Resistance [See Rupture, Strength]

.

abrasion 16 1

1

angle of torsion 123 102
decay [See Durability, Preservation of Timber, Sea-

soning].

deflection 123 102
detnision ill gi
frost 19 13
resilience I2g 107
shearing ill go
shock 125 107
torsion 123, 125 102, 107

Rest, or starting, friction of 241 269
Robbin's process for preserving timber 149 138
Rocks [See Stones].

Rock chestnut oak 71 64
Rosewood 95 74
Rot in timber 47 46
Rupture [See Modulus, Resistance, Strength].

forms of beams 118 96
modulus 115 94

values 116 g5
Thurston's 117 g5

torsional ; characteristics 124 104

Safety, factor of 109 85
Sandstone 9 6

artificial 26 20

Screws 140 126
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ART. PAGE
Seasoning of timber \^See Preservation of Timber] 41 39

by oil 42 41
effect upon strength gl 76

Sedimentary rocks 7 5

Sessile fruited oak 74 f'4

Set, permanen; 99 78
Shearing resistance ; modulus ill go
Shrinkage of timber ; alterations in section 42 41
Siliceous stones 3 2

Smoking timber 41 3g
Soapstone 9 6

Soil and climate, effect upon wood 45 44
Southern pine 53 49
Spanish cedar 88 72
Spruce fir, black 60 53

red 61 54
white 59 52

Steaming timber 41 39
Stiffest rectangular beam 121 100
Stiffness of beams 119 98

formulas 120 98
Stones, abrasion of 16 11

argillaceous 14 9
artificial 21, 26 16, 20
\^See Bricks].

calcareous 10 7
classification 2 2

chemical composition ig 13
disintegration ig 13
durability 19 13
frost resistance 19 13
hardness 16 11
heat, effect of 20 15
sedimentary 7 5
siliceous 3 2
strength, crushing 17 11

transverse 18 13
Strain-diagrams 127 109

characteristics of 128 iii
Strain, modulus 107 83

value crushing across the grain of wood 107 83
Strength \See Modulus, Resistance].

bricks .*. 24 17
cements and mortars 33 25
fire-brick 25 19
stones, crushing 17 11

transverse 18 13
woods 97 76

elasticity, limit 98 97
modulus 100 78

crushing 106 83
across the grain 107 ,83

detrusive no 88
oil seasoned 97 76
resilience. 126 107
set, permanent 99 78
tensile 104 81
tenacity 105 82

across grain 105 82
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ART. PAGE

Strength, woods, torsional 124 104

Thurston's experiments . 127 no
Wertheim's experiments 129 113

transverse 112 92

Tar 65 57
Teak 89 72

Temperature of fire 161 156
furnace gases 165 166

Teredo Navalis 48 46
Testing-machines for lubricants 229 251

Thurston's 230 253
" railroad " 236 261

Thurston \See Testing-Machines, Modulus of Rupture, etc., etcJ. 117 95
Timber \See Table of Contents, Chaps. II., III., pp. vi., viii.J

characteristics of good 44 43
classification 39 37
climate, effect of 45 44
cup-shakes. . , 45 44
decay 46 45
definition 39 37
dryness, effect of 46 45
felling 40 39
inspection 44 43
joints 139 124
kinds \_See Table of Contents, Chap. II.].

measurement 96 74
moisture, effect of 46 45
nomenclature 43 42

E^^
Preservation].

See Resistance].

Rot, wet and dry 47 46
\See Seasoning].
shrinkage ; alterations in section 42 41
soil, effect of 45 44
\^See Strength].

varieties 49 47
ISee Wood].

Torsion, angle of 123 102

formulas 123 102

modulus of elastic resistance 123 102

rupture by 124 104
\^See Testing-Machines].

Trap rock 5 5

Trees \^See Timber].
longevity 39 37

Varnishes 143 130

Walnut, black 81 68

Water seasoning of timber 41 39
Weather-waste of fuel 186 203

Wertheim's experiments on torsion 127 113

White oak 68 61

White pine 50 48

White spruce fir 59 52
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ART, PAGE
Wood \^See Timber].

adaptation to various purposes 158 152
classification 43 42
colors 137 122

distillation igi 212

hard 43 42
markings of 136 120

soft 43 42
values, special 135 119

Yardley's experiment 31 23
Yellovr pine 52 49
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vations and Embankments 8vo, 1 00
Kagle's Field Manual for Railroad Engineers 16mo, morocco, 3 00
Philbrick's Field Manual for Engineers 16mo, morocco, 3 00
Pratt and Alden's Street-railway Road-bed 8vo, 2 00
Searles's Field Engineering 16mo, morocco, 3 00

Railroad Spiral 16mo, morocco, 1 SO
Taylor's Prismoidal Formulce and Earthwork 8vo, 1 90
• Trautwine's Method of Calculating the Cubic Contents of Ex-

cavations and Embankments by the Aid of Dia-
grams 8vo, 2 00

• " The Field Practice of Laying Out Circular Curves
for Railroads 12mo, morocco, 2 50

• " Cross-section Sheet Paper, 26



Webb's Railroad Construction 8yo, 4 00
Wellington's Economic Theory of the Location of Railways.

.

Small 8vo, 5 00

DRAWING.
Barr'a Kinematics of Machinery 8vo, 2 60
• Bartlett's Mechanical Drawing 8vo, 3 00

Durley's Elementary Text-book of the Kinematics of Machines.
(In preparation.)

Hill's Text-book on Shades and Shadows, and Perspective.. 8vo, 2 00
Jones's Machine Design:
Part I.—Kinematics of Machinery 8vo, 1 50

Part II.—^Form, Strength and Proportions of Parts 8vo, 3 06
MacCord's Elements of Descriptive Geometry 8vo, 3 00

" Kinematics; or. Practical Mechanism 8vo, 5 00
" Mechanical Drawing 4to, 4 00
" Velocity Diagrams 8vo, 1 50

•Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50
Mahan's Industrial Drawing. (Thompson.) 8vo, 3 60
Reed's Topographical Drawing and Sketching 4to, 5 00
Reid's Course in Mechanical Drawing 8vo, 2 00

" Text-book of Mechanical Drawing and Elementary Ma-
chine Design 8vo, 3 00

Robinson's Principles of Mechanism 8vo, 3 00
Smith's Manual of Topographical Drawing. (McMillan.) .8vo, 2 50
Warren's Elements of Plane and Solid Free-hand Geometrical

Drawing 12mo, 1 00
" Drafting Instruments and Operations 12mo, 1 25
" Manual of Elementary Projection Drawing 12mo, 1 50
" Manual of Elementary Problems in the Linear Per-

spective of Form and Shadow 12mo, 1 00
" Plane Problems in Elementary Geometry 12mo, 1 25
" Primary Geometry 12mo, 75
" Elements of Descriptive Geometry, Shadows, and Per-

spective 8vo, 3 50
" General Problems of Shades and Shadows 8vo, 3 00
" Elements of Machine Construction and Drawing. .8vo, T 50
" Problems, Theorems, and Examples in Descriptive

Geometry 8vo, 2 50
Weisbach's Kinematics and the Power of Transmission. (Herr-

mann and Klein.) 8vo, 5 00
Whelpley's Practical Instruction in the Art of Letter En-

graving ; 12mo, 2 00
Wilson's Topographic Surveying 8vo, 3 5©
Wilson's Free-hand Perspective

_.
8vo, 2 56

Woolf's Elementary Course in Descriptive Geometry. .Large 8vo, 3 09

ELECTRICITY AND PHYSICS.

Anthony and Brackett's Text-book of Physics. (Magie.)
Small 8vo, 3 00

Anthony's Lecture-notes on the Theory of Electrical Measur-
ments 12mo, 1 00

Benjamin's History of Electricity 8vo, 3 00
Benjamin's Voltaic Cell 8vo, 3 00
Classen's Qantitative Chemical Analysis by Electrolysis. Her-

rick and Boltwood.) 8vo, 3 00
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Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00

Dawson's Electric Railways and Tramways..Small 4to, half mor., 12 50

Dawson's " Engineering " and Electric Traction Pocket-book.
16mo, morocco, 4 00

Flather's Dynamometers, and the Measurement of Power. . 12mo, 3 00

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50

Holman's Precision of Measurements 8vo, 2 00
" Telescopic Mirror-scale Method, Adjustments, and

Tests Large 8vo, 75

Landauer'g Spectrum Analysis. (Tingle.) 8vo, 3 00

Le Chatelier's High-temperature Measurements. (Boudouard

—

Burgess.) 12mo, 3 00

L6b's Electrolysis and Electrosynthesis of Organic Compounds.
(Lorenz.) 12mo, 1 00

Lyons's Treatise on Electromagnetic Phenomena 8vo, 6 00

•Michie. Elements of Wave Motion Relating to Sound and
Light 8vo, 4 00

Ifiaudet's Elementary Treatise on Electric Batteries (Fish-

back.) 12mo, 2 50
• Parshall and Hobart's Electric Generators..Small 4to, half mor., 10 00
Thurston's Stationary Steam-engines 8vo, 2 50
• Tillman. Elementary Lessons in Heat 8vo, 1 50

Tory and Pitcher. Manual of Laboratory Physics. .Small 8vo, 2 00

LAW.
• Davis. Elements of Law 8vo, 2 50
• " Treatise on the Military Law of United States. .8vo, 7 00
• Sheep, 7 50
Manual for Courts-martial 16mo, morocco, 1 50
Wait's Engineering and Architectural Jurisprudence 8vo, 6 00

Sheep, 6 50
" Law of Operations Preliminary to Construction in En-

gineering and Architecture 8vo, 5 00
Sheep, 5 50

" Law of Contracts 8vo, 3 00
Winthrop's Abridgment of Military Law 12mo, 2 50

MANUFACTURES.
Beaumont's Woollen and Worsted Cloth Manufacture. . . . 12mo, 1 50
Bernadou's Smokeless Powder—Nitrocellulose and Theory of

the Cellulose Molecule r2mo, 2 50
Bolknd's Iron Founder 12mo, cloth, 2 50

" " Then Iron Founder " Supplement 12mo, 2 50
" Encyclopedia of Founding and Dictionary of Foundry

Terms Used in the Practice of Moulding. . . . 12mo, 3 00
Eissler's Modem High Explosives 8vo, 4 00
Eflfront's Enzymes and their Applications. (Prescott.).. .Svo, 3 00
Fitzgerald's Boston Machinist 18mo, 1 00
Ford's Boiler Making for Boiler Makers ISrao, 1 00
Hopkins's Oil-chemists' Handbook 8vo, 3 00
Keep's Cast Iron Svo 2 50
Metcalf's Steel. A Manual for Steel-users 12mo, 2 00
Metoalf's Cost of Manufactures—And the Administration of

'

Workshops, Public and Private Svo, 5 00
Meyer's Modem Locomotive Construction 4to, 10 00
• Reisig's Guide to Piece-dyeing Svo, 25 00
Smith's Press-working of Metals Svo, 3 00

" Wire: Its Use and Manufacture Small 4to, 3 00
10



Spalding's Hydraulic Cement 12mo, 2 00
Spencer's Handbook for Chemists of Beet-sugar Houses.

16mo, morocco, 3 00
" Handbook for Sugar Manufacturers and their Chem-

ists 16mo, morocco, 2 00
Thurston's Manual of Steam-boilers, their Designs, Construc-

tion and Operation 8vo,
Walke's Lectures cm Explosives 8vo,

West's American Foundry Practice 12mo,
" Moulder's Text-book 12mo,

Wiechmann's Sugar Analysis Small 8vo,
Wolff's Windmill as a Prime Mover 8vo,

Woodbury's Fire Protection of Mills 8vo,

MATHEMATICS.
Baker's Elliptic Functions 8vo,
• Bass's Elements of Differential Calculus 12mo,
Briggs's Elements of Plane Analytic Geometry 12mo,
Chapman's Elementary Course in Theory of Equations. . .12mo,
Compton's Manual of Logarithmic Computations 12mo,
Davis's Introduction to the Logic of Algebra 8vo,

*Diekson's College Algebra Large 12mo,
Halsted's Elements of Geometry 8vo,

" Elementary Sjmthetic Geometry 8vo,

Johnson's Three-place Logarithmic Tables : Vest-pocket size, pap.,

100 copies for

Mounted on heavy cardboard, 8 X 10 inches,

10 copies for
" Elementary Treatise on the Integral Calculus,

Small 8vo,
" Curve Tracing in Cartesian Co-ordinates 12mo,
" Treatise on Ordinary and Partial Differential

Equations Small 8vo,
" Theory of Errors and the Method of Least

Squares 12mo,
• " Theoretical Mechanics , 12mo,
• Ludlow and Bass. Elements of Trigonometry and Logarith-

, mio and Other Tables 8vo,
" Trigonometry. Tables published separately. .Each,

Merriman and Woodward. Higher Mathematics 8vo,

Merriman's Method of Least Squares 8vo,

Rice and Johnson's Elementary Treatise on the Differential

Calculus Small 8vo,
" Differential and Integral Calculus. 2 vols.

in one Small 8vo,

Wood's Elements of Co-ordinate Geometry 8vo,
" Trigometry: Analytical, Plane, and Spherical. .. .12mo,

MECHANICAL ENGINEEEING.
MATERIALS OF ENGINEERING, STEAM ENGINES

AND BOILERS.

Baldwin's Steam Heating for Buildings 12mo, 2 50

Bart's Kinematics of Machinery 8vo, 2 50
• Bartlett's Mechanical Drawing 8vo, 3 00

Benjamin's Wrinkles and Recipes 12mo, 2 00

11
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Carpenter's Experimental Engineering 8vo, 6 00
" Heating and Ventilating Buildings 8vo, 3 00

Oerk's Gas and Oil Engine Small 8vo, 4 00

Cromwell's Treatise on Toothed Gearing 12mo, 1 50
" Treatise on Belts and Pulleys 12mo, 1 50

Durley's Elementary Text-book of the Kinematics of Machines.
(In preparation.)

Flather's Dynamometers, and the Measurement of Power . . 12mo, 3 00

Kope Driving 12mo, 2 00

Gill's Gas an Fuel Analysis for Engineers 12mo, 1 25
Hall's Car Lubrication 12mo, 1 00
Jones's Machine Design:
Part I.—Kinematics of Machinery Svo, 1 50
Part II.—Form, Strength and Proportions of Parts Svo, 3 Ofl

Kent's Mechanical Engineers' Pocket-book 16mo, morocco, 5 00
Kerr's Power and Power Transmission Svo, 2 00
MacCord's Kinematics ; or. Practical Mechanism Svo, 5 00

" Mechanical Drawing 4to, 4 00
" Velocity Diagrams Svo, 1 50

Mahan's Industrial Drawing. (Thompson.) Svo, 3 50
Poole's Calorific Power of Fuels Svo, 3 00
Beid's Course in Mechanical Drawing Svo, 2 00

" Text-book of Mechanical Drawing and Elementary
Machine Design Svo, 3 00

Rlchards's Compressed Air 12mo, 1 50
Kobinson's Principles of Mechanism Svo, 3 00
Smith's Press-working of Metals Svo, 3 00
Thurston's Treatise on Friction and Lost Work in Machin-

ery and Mill Work Svo, 3 00
" Animal as a Machine and Prime Motor and the

Laws of Ehiergetics 12mo, 1 00
Warren's Elements of Machine Construction and Drawing. .Svo, 7 50
Weisbach's Kinematics and the Power of Transmission. (Herr-

mann—Klein.) Svo, 5 00
" Machinery of Transmission and Governors. (Herr-

mann—Klein.) Svo, 5 00
" Hydraulics and Hydraulic Motors. (Du Bois.) .Svo, 5 00

Wolff's Windmill as a Prime Mover Svo, 3 00
Wood's Turbines Svo, 2 50

MATERIALS OF ENGINEERING.
Bovey's Strength of Materials and Theory of Structures. .Svo, T 50
Burr's Elasticity* and Eesistance of the Materials of Engineer-

ing Svo, 5 00
Church's Mechanics of Engineering Svo, 6 00
Johnson's Materials of Construction Large Svo, 6 00
Keep's Cast Iron. {In preparation.)

Lanza's Applied Mechanics Svo, 7 50
Martens's Handbook on Testing Materials. (Henning-). .. .Svo, 7 50
Merriman'a Text-book on the Mechanics of Materials. .. .Svo, 4 00

" Strength of Materials 12mo, 1 00
Metcalf's Steel. A Manual for Steel-users 12mo, 2 <00

Smith's Wire: Its Use and Manufacture Small 4to, 3 00
Thurston's Materials of Engineering 3 vols., Svo, 8 00
Part II.—Iron and Steel Svo, 3 50
Part III.—A Treatise on Brasses, Bronzes and Other Alloys

and their Constituents Svo, 2 50
Thurston's Text-book of the Materials of Construction Svo, 5 00
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Wood's Treatise on the Besistance of Materials and an Ap-
pendix on the Preservation of Timber 8vo, 2 00

" Elements of Analytical Mechanics 8vo, 3 00

STEAH ENGINES AND BOILEBS.
Camot's Reflections on the Motive Power of Heat. (Thurston.)

12mo, 1 50
Dawson's " Engineering " and Electric Traction Pocket-book.

16mo, morocco, 4 00
Ford's Boiler Making for Boiler Makers 18mo, 1 00
Hemenway's Indicator Practice and Steam-engine Economy.

12mo, 2 00
Button's Mechanical Engineering of Power Plants 8vo, 5 00

" Heat and Heat-engines 8vo, 5 00
Kent's Steam-boiler Economy 8vo, 4 00
Kneass's Practice and Theory of the Injector 8vo, 1 50
MaeCord's Slide-valves 8vo, 2 00
Meyer's Modern Locomotive Construction 4to, 10 00
Peabody's Manual of the Steam-engine Indicator 12mo, 1 50

" Tables of the Properties of Saturated Steam and
Other "Vapors 8vo, 1 00

" Thermodynamics of the Steam-engine and Other
Heat-engines 8vo, 5 00

" Valve-gears for Steam-engines 8vo, 2 50
Peabody ^and Miller. Steam-boUers 8vo, 4 00
Pray's Twenty Years with the Indicator Large 8vo, 2 50
Pupin's Thermodynamics of Reversible Cycles in Gases and

Saturated Vapors. (Osterberg.) 12mo, 1 25
Reagan's Locomotive Mechanism and Engineering 12mo, 2 00
Rontgen's Principles of Thermodynamics. (Du Bois.). .. .8vo, 5 00
Sinclair's Locomotive Engine Running and Management. . 12mo, 2 00
Smart's Handbook of Engineering Laboratory Practice. .12mo, 2 50
Snow's Steam-boiler Practice 8vo, 3 00
Spangler's Valve-gears 8vo, 2 50

" Notes on Thermodynamics 12mo, 1 00
Thurston's Handy Tables , 8vo, 1 80

" Manual of the Steam-engine 2 vols., 8vo, 10 00
Part I.—History, Structure, and Theory 8vo, 6 00
Part 11.—Design, Construction, and Operation 8vo, 6 00

Thurston's Handbook of Engine and Boiler Trials, and the Use
of the Indicator and the Prony Brake 8vo, 5 00

" Stationary Steam-engines 8vo, 2 50
" Steam-boiler Explosions in Theory and in Prac-

tice 12mo, 1 50
" Manual of Steam-boilers, Their Designs, Construc-

tion, and Operation 8vo, 5 00
Weisbach's Heat, Steam, and Steam-engines. (Du Bois.). .8vo, 5 00
Whitham's Steam-engine Design " 8vo, 5 00
Wilson's Treatise on Steam-boilers- (Mather.) 16mo, 2 50
Wood's Thermodynamics, Heat Motors, and Refrigerating

Machines 8vo, 4 00

MECHANICS AND MACHINERY.
Barr's Kinematics of Machinery 8vo, 2 50

Bovey's Strength of Materials and Theory of Structures. .8vo, 7 50
Chordal.—Extracts from Letters 12mo, 2 00
Church's Mechanics of Engineering 8vo, 6 00

" Notes and Examples in Mechanics 8vo, 2 00
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Compton's First Lessons in Metal-working 12mo, 1 50
Compton and De Groodt. The Speed Lathe 12mo, 1 50
Cromwell's Treatise on Toothed Gearing 12mo, 1 50

" Treatise on Belts and Pulleys 12mo, 1 50

Dana's Text-book of Elementary Mechanics for the Use of

Colleges and Schools 12mo, 1 50
Dingey's Machinery Pattern Making 12mo, 2 00
Dredge's Record of the Transportation Exhibits Building of the

World's Columbian Exposition of 1893 4to, half mor., 6 00
Du Bois's Elementai-y Principles of Mechanics:
Vol. I.—Kinematics 8vo, 3 50
Vol. II.—Statics 8vo, 4 00
Vol. III.—Kinetics 8vo, 3 50

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 10 00
Durley's Elementary Text-book of the Kinematics of Machines.

{In preparation.)
Fitzgerald's Boston Machinist 16mo, 1 00
Flather's Dynamometers, and the Measurement of Power . 12mo, 3 00

" Rope Driving 12mo, 2 00
Hall's Car Lubrication 12mo, 1 00
Holly's Art of Saw Filing ISmo, 75
• Johnson's Theoretical Mechanics 12mo, 3 00
Jones's Machine Design:
Part I—Kinematics of Machinery 8vo, 1 50
Part II.—^Form, Strength and Proportions of Parts. . . .8vo, 3 00

Kerr's Power and Power Transmission Svo, 2 00
Lanza's Applied Mechanics. Svo, 7 50
MacCord's Kinematics; or, Practical Mechanism Svo, 5 GO

" Velocity Diagrams Svo, 1 50
Merriman's Text-book on the Mechanics of Materials Svo, 4 00
• Michie's Elements of Analytical Mechanics Svo, 4 00
Reagan's Locomotive Mechanism and Engineering 12mo, 2 00
Reid's Course in Mechanical Drawing Svo, 2 00

" Text-book of Mechanical Drawing and Elementary
Machine Design Svo, 3 00

Richards's Compressed Air 12mo, 1 50
Robinson's Principles of Mechanism Svo, 3 00
Sinclair's Locomotive-engine Running and Management. . 12mo, 2 00
Smith's Press-working of Metals Svo, 3 00
Thurston's Treatise on Friction and Lost Work in Machin-

ery and Mill Work Svo, 3 00
" Animal as a Machine and Prime Motor, and the

Laws of Energetics 12mo, 1 00
Warren's Elements of Machine Construction and Drawing. .8vo, 7 50
Weisbaeh's Kinematics and the Power of Transmission.

(Herrman—^Klein.) Svo, 5 00
" Machinery of Transmission and Governors. (Herr-

(njan-Klein.) Svo, 5 00
Wood's Elements of Analytical Mechanics Svo, 3 00

" Principles of Elementary Mechanics 12mo, 1 25
" Turbines Svo, 2 50

The World's Columbian Exposition of 1893 4to, 1 00

METALLURGY.
Egleston's Metallurgy of Silver, Gold, and Mercury;

Vol. I.—Silver Svo, 7 50
Vol. II.—Gold and Mercury Svo, 7 60
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Keep's Cast Iron 8vo, 2 50
Kunhardt's Practice of Ore Dressing in Lurope 8vo, 1 50
Le Chatelier's High-temperature Measurements. (Boudouard

—

Burgess.) 12mo, 3 00
Metcalfs Steel. A Manual for Steel-users 12mo, 2 00
Thurston's Materials of Engineering. In Three Parts 8vo, 8 00

Part II.—Iron and Steel 8vo, 3 50
Part III.—A Treatise on Brasses, Bronzes and Other Alloys

and Their Constituents Svo, 2 50

MINERALOGY.
Barringer's Description of Minerals of Commercial Value.

Oblong, morocco, 2 50
Boyd's Resources of Southwest Virginia Svo, 3 00

" Map of Southwest Virginia Pocket-book form, 2 00
Brush's Manual of Determinative Mineralogy. (Penfield.) .8vo, 4 00
Chester's Catalogue of Minerals Svo, paper, 1 00

Cloth, 1 25
" Dictionary of the Names of Minerals Svo, 3 50

Dana's System of Ik^eralogy Large Svo, half leather, 12 50
" First Appendix to Dana's New " System of Mineralogy."

Large Svo, 1 OU
" Text-book of Mineralogy Svo, 4 00
" Minerals and How to Study Them I2mo, 1 50
" Catalogue of American Localities of Minerals. Large Svo, 1 00
" Manual of Mineralogy and Petrography I2mo, 2 00

Egleston's Catalogue of Minerals and Synonyms Svo, 2 50
Hussak's The Determination of Rock-forming Minerals.

(Smith.) SmaU Svo, 2 00
• Penfield's Notes on Determinative Mineralogy and Record of

Mineral Tests Svo, paper, 50
Rosenbusch's Microscopical Physiography of the Rock-making

Minerals. (Idding's.) Svo, 5 00
•Tillman's Text-book of Important Minerals and Rocks.. Svo, 2 00
Williams's Manual of Lithology Svo, 3 00

MINING.
Beard's Ventilation of Mines 12mo, 2 50
Boyd's Resources of Southwest Virginia Svo, 3 00

" Map of Southwest Virginia Pocket-book form, 2 00
•Drinker's Tunneling, Explosive Compounds, and Rock

Drills 4to, half morocco, 25 00
Eissler's Modern High Explosives Svo, 4 00
Goodyear's Coal-mines of the Western Coast of the United

States 12mo, 2 50
Ihlseng's Manual of Mining Svo, 4 00
Kunhardt's Practice of Ore Dressing in Europe Svo, 1 50
O'Driseoll's Notes on the Treatment of Gold Ores Svo, 2 00
Sawyer's Accidents in Mines Svo, 7 00
Walke's Lectures on Explosives Svo, 4 00
Wilson's Cyanide Processes 12mo, I 50
Wilson's CSilorination Process 12mo, 1 50

Wilson's Hydraulic and Placer Mining 12mo, 2 00
Wilson's Treatise on Practical and 'Theoretical Mine Ventila-

tion 12mo, 1 25
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