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PREFACE.

Tue present Edition of this Work, like the two
preceding, has been compiled for the use of the ca-
dets of the U. S. Military Academy, and comprises
that part of the Course of Civil Engineering taught
them which the Author deemed would prove the most
useful to pupils in other seminaries, studying for the

profession of the civil engineer.

In preparing this Edition, the Author has found it
necessary to recast and rewrite the greater portion
of the work; owing to the considerable additions
made to it, and called for by the vast accumulation
of important facts since the publication of the former
editions. A new form has also been given to the
work, in the substitution of wood-cuts in the body
of it for the plates in the former editions, as hetter
adapted to its main object as a text-book. From
these additions and changes, the Author trusts that

the work will be found to contain all of the essential
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ELEMENTARY COURSE

OF

CIVIL ENGINEERING.

BUILDING MATERIALS.

1. A kNowLEDGE of the properties of building materials is one
of the most important branches of Civil Engineering. An en-
gineer, to be enabled to make a judicious selection of materials,
and to apply them so that the ends of sound economy and skilful
workmanship shall be equally subserved, must know their or-
dinary durability under, the various circumstances in which they
are employed, and the means of increasing it when desirable;
their capacity to sustain, without injury to their physical quali-
ties, permanent strains, whether exerted to crush them, tear them
asunder, or to break them transversely ; their resistance to rup-
ture and wear, from percussion and attrition; and, finally, the
time and expense necessary to convert them to the uses for which
they may be required. S

2. The materials in general use for civil constructions may be
arranged under the three following heads :

1st. Those which constitute’ the more solid components of
structures, as Stone, Brick, Wood, and the Metals. )

2d. The cements in general, as Mortar, Mastics, Glue, &c.,
which are used to unite the more solid parts. »

3d. The various mixtures and chemical prep-.rations, as solu-
tions of Salts, Paints, Bituminous Substances, &c., employed
to coat the more solid parts, and protect them from the chemical
and mechanical action of atmospheric changes, and other causes
of destructibility.

STONE.

8. The term Stone, or Rock, is applied to any aggregation of
several mineral substances. - Stones, for the convenience of de-
scription, may be arranged under three general heads—the sili-
ctous, the argillaceous, and the calcareous.

1



2 BUILDING MATERIALS.

4. Siviciovs Stones. The stones arranged under this head
receive their appellation from silex, the principal constituent of the
minerals which compose them. They are also frequently desig-
nated, either according to the mineral found most abundantly n
them, or from the appearance of the stone, as feldspathic, quart-
zose, arenaceous, &c.

5. The silicious stones generally do not effervesce with acids,
and emit sparks when struck with a steel. They possess, in a
high degree, the properties of strength, hardness, and' durability ;
and, although presenting great diversity in the degree of these
properties, as well as in their structure, they furnish an extensive
variety of the best stone for the various purposes of the engineer
and architect.

6. Sienite, Porphyry, and Green-stone, from the abundance
of feldspar which they contain, are often designated as feldspathic
rocks. For durability, strength, and hardness, they may be placed
in the first rank of silicious stones.

7. Sienite consists of a granular aggregation of feldspar, horn-
blende, and quartz. It furnishes one of the most valuable building
stones, particularly for structures which require great strength,
or are exposed to any very active causes of destructibility, as
sea walls, lighthouses, and fortifications. Sienite occurs in exten-
sive beds, and may be obtained, from the localities where it is
quarried, in blocks of any requisite size. It does not yield easily
to the chisel, owing to its great hardness, and when coarse-
grained it cannot be wrought to a smooth surface. Like -all
stones in which feldspar is found, the durability of sienite de-
pends essentially upon the composition of this mineral, which,
owing to the potash it contains, sometimes decomposes very rap-
idly when exposed to the weather. The durability of feldspathic
rocks, however, is very variable, even where their composition is
the same ; no pains should therefore be spared to ascertain this
property in stone taken from new quarries, before using it for
important public works. .

8. Porphyry. 'This stone is usually composed of compact feld-
spar, having crystals.of the same, and sometimes those of other
minerals, scattered through the mass. Porphyry furnishes stones
of various colors and texture ; the usual color being reddish, ap
proaching to purple, from which the stone takes its name. One
of the most beautiful varieties is a brecciated porphyry, consist
ing of angalar fragments of the stone united by a cement of com
pact feldspar. Porphyry, from its rareness and extreme hardness
1s seldom applied to any other than ornamental purposes. The
best known localities ofy sienite and porphyry are in the neighbor
hood of Boston.

9. Green-stone. 'This stone is a mixture of hornblende witt
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common and compact feldspar, presenting sometimes a granular,
though usually a compact texture. Its ordinary color, when dry,
is some shade of brown; but, when wet, it becomes greenish,
from which it takes its name. Green-stone is very hard, and
one of the most durable rocks; but, occurring in small and
irregular blocks, its uses as a building stone are very restricted.
When walls of this stone are built with very white mortar, the
present a picturesque appearance, and it is on that account well
adapted to rural architecturc. Green-stone might also be “used
as a material for road-making ; large quantities of it are annuall
taken from the principal locality of this rock in the United States,
so well known as the Palisades, on the Hudson, for construct-
ing wharves, as it is found to withstand well the action of salt
water.

10. Granite and Gneiss. The constituents of these two stones
are the same ; being a granular aggregation of quartz, feldspar,
and mica, in variable proportions. 'I'hey differ only in their
structure ; gneiss being a stratified rock, the ingredients of
which occur frequently in a more or less laminated state. Gneiss,
although less valuable than granite, owing to the effect of its
structure on the size of the blocks which 1t yields, and from its
not splitting as smoothly as granite across its beds of stratifica-
tion, furnishes a building stone suitable. for most architectural
purposes. It is also a good flagging material, when it can be ob-
tained in thin slabs. :

Granité varies greatly in quality, according to its texture and
the relative proportions of its constituents. When the quartz is
in excess, it renders the stone hard and brittle, and very difficult
to be worked with the chisel. An excess of mica usually makes
the stone friable. An excess of feldspar gives the stone a white
hue, and makes it freer under the chisel. The best granites are
those with a fine grain, in which the constituents seem uniformly
disseminated through the mass. The color of granite is usually
some shade of gray; when it varies from this, it is owing to the
color of the feldspar. One of its varieties, known as Oriental
granite, has a fine reddish hue, and is chiefly used for ornamental
purposes. Granite is sometimes mistaken for sienite, when it
contains but little mica. '

The quality of granite is affected by the foreign minerals which
it may contain ; hornblende is said to render it tough, and schorl
makes it quite brittle. The protoxide and sulphurets of iron are
the most injurious in their effects on granite ; the former by con-
version into a peroxide, and the latter by decomposing, destroying
the structure of the stone, and causing it to break up and disin-
tegrate. ‘ . ‘

Granite, gneiss, and sienite, differ so little in their- essential
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qualities, as a building material, that they may be used indiffer-
ently for all structures of a solid and durable character. They
are extensively quarried in most of the New England States, in
New York, and in some of the other States intersected by the
great range of primitive rocks, where the quarries lie contiguous
to tide-water.

11. Mica Slate. The constituents of this stone are quartz and
mica ; the latter predominating. It is principally used as a flag-
ging stone, and as a fire stone, or lining for furnaces.

12. Buhr, or Mill-stone. This is a very hard, durable stone,
presenting a peculiar, honeycomb appearance. It makes a good
building material for common purposes, and is also suitable for
road coverings. :

13. Horn-stone. 'This is a highly silicious and very hard
stone. It resembles flint in its structure, and takes its name
from its translucent, horn-like appearance. It furnishes a very
good road material. ,

14. Steatite, or Soap-stone. 'This stone is a pastially indura-
ted talc. It is a very soft stone, and not suitable for ordinary
building purposes. It furnishes a good fire-stone, and is used
for the lining of fireplaces.

15. Talcose Slate. This stone resembles mica slate, being an
aggregation of quartz and talc. It is applied to the same. pur-
poses as mica slate.

16. Sand-stone. 'This stone consists of grains of silicious
sand, arising from the disintegration of silicious rocks, which are
united by some natural cement, generally of an argillaceous or a
silicious character.

The strength, hardness, and 'durability of sand-stone vary be-
tween very wide limits. Some varieties being httle inferior to
good granite, as a building stone, others being very soft, friable,
and disintegrating rapidly when exposed to the weather. The
least durable sand-stones are those which contain the most argil-
laceous matter ; those of a feldspathic character are also found
not to withstand well the action of weather.

Sand-stone is used very extensively as a building stone, for
flagging, for road materials, and some of its varicties furnish an
excellent fire-stone. Most of the varieties of sand-stone yield
readily under the chisel and saw, and split evenly, and, from
these properties, have received from workmen the name of free
stone. The colors of sand-stone present also a variety of shades,
principally of gray, brown, and red.

The formations of sand-stone in the United States are ve
extensive, and a number of quarries are worked in New England,
New York, and the Middle States. These formations, and the
character of the stone obtained from them, are minutely described
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m the Geological Reports of these States, which have been pub-
lished within the last few years. »

Most of the stone used for the public buildings in Washington,
is a sand-stone obtained from quarries on Acquia Creek and the
Rappahannock. Much of this stone is feldspathic, possesses but
little strength, and disintegrates rapidly. The red sand-stones
which are used in our large cities, are either from quarries in a
formation extending from the Hudson to North Carolina, or from
a separate deposite in the valley of the Connecticut. The most
durable and hard portions of these formations occur in the neigh-
borhood of trap dikes. The fine flagging-stone used in our cities
is mostly obtained, either from the Connecticut quarries, or from
others near the Hudson, in the Catskill group of mountains.
Many quarries, which yield an excellent building stone, are
worked in the extensive formations along the Appalachian range,
which extends through the interior, through New York and Vir-
ginia, and the intermediate States.

17. Arcirraceous Stones. The stones arranged under this
head are mostly composed of clay, in a more or less indurated
state, and presenting a laminated structure. They vary greatly
in strength, and are generally not durable, decomposing in some
cases very rapidly, from changes in the metallic sulphurets and
salts found in most of them. 'The uses of this class of stones
are restricted to roofing and flagging. :

18. Roofing Slate. This well-known stone is obtained from
a hard, indurated clay, the surfaces of the lamina having a natu-
ral polish. The best kinds split into thin, uniform, light slabs ;
are free from sulphurets of iron ; give a clear ringing sound when
struck ; and absorb but little water. Much of the roofing ‘slate
quarried in the Uniled States is of a very inferior quality, and
becomes rotten, or decomposes, after a few years’ exposure. The
durability of the best European slate is about one hundred years ;
and it is stated that the material obtained from some of the quar-
ries worked in the United States, is not apparently inferior to the
best foreign slate brought into our markets. Several quarries of
roofing slate are worked in the New England States, New York,
and Pennsylvania.

19. Graywacke Slate. 'The composition of this stone is
mostly indurated clay. It has a more earthy appearance than
argillaceous slate, and is generally distinctly arenaceous. Its
colors are usually dark gray, or red. It is quarried principally
for flagging-stone. -

20. Hornblende Slate. 'This stone, known also as green-stone
slate, properly belongs to the silicious class. It consists mostly
of hornblende having a laminated structure. It is chiefly quarried
for flagging-stone.
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21. Carcareous Stones. Lime is the principal constituent
of this class, the carbonates of which, known as lime-stone and
marble, furnish a large amount of ordinary building stone, most
of the ornamental stones, and the chief ingredient in the compo-
sition of the cements and mortars, used in stone and brick-work.
Lime-stone. effervesces copiously with acids; its texture is de-
stroyed by a strong heat, which also drives off its carbonic acid
and water, converting it into quick lime. By absorbing water,
quick-lime is converted into a hydrate, or slaked lime ; consider-
able heat is evolved during this chemical change, and the stone
increases in bulk, and gradually crumbles down into a fine
powder.

The lime-stones present great diversity in their physical prop-
erties. Some of them seem as durable as the best silicious stones,
and are but little inferior to them in strength and hardness ; others
"decompose rapidly on exposure to the weather ; and some kinds
are so soft that, when first quarried, they can be scratched with
the nail, and broken between the fingers. The lime-stones are
generally impure carbonates ; and we are indebted to these im-
purities for some of the most beautiful, as well as the most inval-
uable materials used for constructions. Those which are colored
by metallic oxides, or by the presence of other minerals, furnish
the large number of colored and variegated marbles ; while those
which contain a certain proportion of clay, or of magnesia, yield,
on calcination, those cements which, from their possessing the
property of hardening under water, have received the various
appellations of hydraulic lime, water lime, Roman cement, &c.

ime-stone is divided into two principal classes, granular
lime-stone and compact lime-stone. Each of these furnishes both
the marbles and ordinary building stone. The varieties not sus-
ceptible of receiving a polish, are sometimes called common lime-
stone.

The granular lime-stones are generally superior to the compact
for building purposes. Those which have the finest grain are the
best, both for marbles and ordinary building stone. The coarse-
grained varieties are frequently friable, and disintegrate rapidly
when exposed to the weather. ~All the varieties, both of the com-
pact and granular, work freely under the chisel and grit-saw, and
may be obtained in blocks of any suitable dimensions for the
heaviest structures.

The durability of lime-stone is very materially affected by the
foreign minerals it may contain ; the presence of clay injures the
stone, particularly when, as sometimes happens, it runs through
the bed in very minute veins : blocks of stone having this imper-
fection, soon separate along these veins on exposure to moisture.
The protoxide, the protocarbonate, and the sulphuret of iron, are
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also very destructive in their effects ; frequently causing, by their
chemical changes, rapid disintegration. i

Among the varieties of impure carbonates of lime, the magne-
stan_lime-stones, called dolomates, merit to be particularly no-
ticed. They are regarded in Europe as a superior building
waterial ; those being considered the best which are most crys-
talline, and are composed of nearly equal proportions of the
carbonates of lime and magnesia. Some of the quarries of this
stone, which have been opened in New York and Massachusetts,
have given a different result ; the stone obtained from them being,
in some cases, extremely friable.

22. Marbles. 'The term marble is now applied exclusively
to any lime-stone which will receive a polish. Owing to the cost
of preparing marble, it is restricted in-its uses to ornamental pur-
poses. The marbles present great variety, both in color and ap-
pearance, and have generally received some appropriate name
descriptive of these accidents.

23.. Statuary Marble is of the purest white, finest grain, and
free from all foreign minerals. It receives that delicate polish,
without glare, which admirably adapts it to the purposes of the
sculptor, for whose uses it is mostly reserved.

24. Conglomerate Marble. This consists of two varieties ; the
one termed pudding stone, which is composed of rounded pebbles
imbedded i compact lime-stone ; the other termed breccia, con-
sisting of angular fragments united in a similar manner. The
colors of these marbles are gencrally variegated, forming a very
handsome ornamental material.

25. Birds-eye Marble. 'The name of this stone is descriptive
of its appearance, which arises from the cross sections of a pecu-
liar fossil ( fucoides demissus) contained in the mass, made in
sawing or splitting it.

26. Lumachella Marble. This is obtained from a lime-stone
having shells imbedded in it, and takes its name from this cir-
cumstance.

27. Verd Antiqgue. This is a rare and costly variety, of a
beautiful green color, caused by veins and blotches of serpentine
diffused through the lime-stone. -

28. The terms wveined, golden, Italian, Irish, &c., given to
the marbles found in our markets, are significant of their appear-
ance, or of the localities from which they are procured.

29. Lime-stone is so extensively diffused throughout the Uni-
ted States, and is quarried, either for building stone or to furnish
lime, in so many localities, that it would be impracticable to enu-
merate all within any moderate compass. One of the most re-
markable formations of this stone extends, in an uninterrupted
bed, from Canada, through the States of Vermont, Mass., Conn.,
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New York, New Jersey, Penn., and Virg., and, in all probability,
much farther south.

Marbles are quarried in various localities in the United States.
Among the most noted are the quarries in Berkshire Co., Mass.,
which furnish both pure and variegated marbles; those on the
Potomac, from which the columns of conglomerate marbles were
obtained that are seen in the interior of the Capitol at Washing-
ton ; several in New York, which furnish white, the birds-eye, ana
other variegated kinds; and some in Conn., which, among other
varieties, furnish a verd antique of handsome quality.

Lime-stone is burned, either for building or agricultural pur-
poses, in almost every locality where deposites of the stone occur.
Thomaston, in Maine, has supplied for some years most of the
markets on the séa-board with a material which is considered as
a superior article for ordinary building purposes. One of the
greatest additions to the building resources of our country, was
made in the discovery of the hydraulic or water lime-stones of
New York. The preparation of this material, so indispensable
for all hydraulic works and heavy structures of stone, is carried
on extensively at Roundout, on the Delaware and Hudson canal,
in Madison Co., and is sent to every part of the United States,
being in great demand for all the public works carried on under
the superintendence of our civil and military engineers. A not
less valuable addition to our building materials has been made by
Prof. W. B. Rogers, who, a few years since, directed the atten-
tion of engineers to the dolomites, for their good hydraulic prop-
erties. From experiments made by Vicat, in France. who first
there observed the same properties in the dolomite, and from
those in our own country, it appears highly probable that the mag-
nesian lime-stones, containing a certamn proportion of magnesia,
will be found fully equal to the argillaceous, from which hydraulic
lime has hitherto been solely obtained.

Both of these lime-stones belong to very extensive formations.
The hydraulic lime-stones of New York occur in a deposite called
the Water-lime Group, in the Geological Survey of New York,
corresponding to formation VI. of Prof. H. B. Rogers’ arrange-
ment of the rocks of Penn. This formation is co-extensive with
the Helderberg Range as it crosses New York ; it is exposed in
many of the valleys of Penn. and Virg., west of the Great Valley.
It may be sought for just below or not far beneath the Oriskany
sand-stones of the New York Survey, which correspond to form-
ation VIL. of Rogers. This sand-stone is easily recognised, being
of a yellowish white color, granular texture, with large cavities
left by decayed shells. The lime-stone is usually an earthy,
drab-colored rock, sometimes a greenish blue, which does not
slake after being burned.
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The hydraulic magnesian lime-stones belong to the formations
[1. and \?,I of Rogers ; the first of these is the same as the Black
River, or Mohawk lime-stone of the New York Survey. It is the
oldest fossiliferous lime-stone in the United States, and occurs
throughout the whole bed, associated with the slates which occu-
py formation III. of Rogers, and are called the Hudson River
Group in the New York Survey. This extensive bed lies in the
great 1‘&7p alachian Valley, known as the Valley of Lake Cham-
gflain, alley of the Hudson, as far as the Highlands, Cumberland

alley, Valley of Virginia, and Valley of East Tennessee. The
same stone is found in the deposites of some of the western val-
leys of the mountain region of Penn. and Virginia.

The importance of hydraulic lime to the security of structures
exposed to constant moisture, renders a knowledge of the geo-
logical positions of those lime-stones from which it can be ob-
tained an object of great interest. I'rom the results of the various
geological surveys made in the United States, and in Europe,
lime-stone, possessing hydraulic properties when calcined, may
be looked for among those beds which are found in connection
with the shales, or other argillaceous deposites. The celebrated
Roman, or Parker’s cement, of England, which, from its prompt
induration in water, has become an important article of commerce,
is manufactured from nodules of a concretionary argillaceous
lime-stone, called septaria, from being traversed by veins of
sparry carbonate of lime. Nodules of this character are found
in Mass., and in some other States ; and it is probable they would
yield, if suitably calcined and ground, an article in nowise inferior
to that imported.

30. Gypsum, or Plaster of Paris. 'This stone is a sulphate of
lime, and has received its name from the extensive use made of
it at Paris, and in its neighborhood, where it is quarried and sent to
all parts of the world ; being of a superior quality, owing, it is stated,
to a certain portion of carbonate of lime whicg the stone contains.
Gypsum is a very soft stone, and is not used as a building stone.
Its chief utility is in furnishing a beautiful material for the orna-
mental casts and mouldings in the interior of edifices. For this
Eurpose it is prepared by calcining, or, as the workmen term it,

oiling the stone, until it is deprived of its water of crystallization.
In this state it is made into a thin paste, and poured into moulds to
form the cast, in which it hardens very promptly. Calcined plaster
of Paris is also used as a cement for stone; but it is eminently unfit
for this purpose ; for when exposed, in any situation, to moisture,
it absorbs it with avidity, swells, cracks, and exfoliates rapidly.

Gypsum is found in various localities in the United States.
Large quantities of it are quarried in New York, both for build-
g and agricultural purposes.
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31. DurapiLity o StoNe. The most important properties
of stone, as a building material, are its durability under the or-
dinary circumstances of exposure to weather ; its capacity to
sustain high degrees of temperature; and its resistance to the
destructive action of fresh and salt water.

The wear of stone from ordinary exposure is very variable,
depending, not only upon the texture and constituent elements of
the stone, but also upon the locality and the position it may oc-
cupy in a structure, with respect to the prevailing driving rains.
The chemist and geologist have not, thus far, laid down any in-
fallible rules to guide the engineer in the selection of a material
that may be pronounced durable for the ordinary period allotted
to the works of man. In truth, the subject admits of only gen-
cral indications ; for'stones having the same texture and chemical
composition, from causes not fully ascertained, are found to pos-
sess very different degrees of duration. This has been particu-
larly noted in feldspathic rocks. As a general rule, those stones
which are fine-grained, absorb least water, and are of greatest
specific gravity, are also most durable under ordinary exposures.
The weight of a stone, however, may arise from a large. propor-
tion of iron in the state of a protoxide, a circumstance generally
unfavorable to its durability. Besides, the various chemical com-
binations of iron, potash and clay, when found in considerable
quantities, both in the primary and. sedimentary silicious rocks,
greatly affect their durability. The potash contained in feldspar
dissolves, and carrying off a considerable proportion of the silica,
leaves nothing but aluminous matter behind. 'The clay, on the
other hand, absorbs water, becomes soft, and causes the stone to
crumble to pieces. Iron in the form of protoxide, in some cases
only, discolors the stone by its conversion into a peroxide. This
discoloration, while it greatly diminishes the value of some stones,
as in white marble, in others is not disagreeable to the eye, pro
ducing often a mottled appearance in buildings which adds to the
picturesque effect.

32. Frost, or rather the alternate actions of freezing and thaw
ing, is the most destructive agent of Nature with which the en
gineer has to contend. Its effects vary with the texture of stones;
those of a fissile nature usually splitting, while the more porous
kinds disintegrate, or exfoliate at the surface. 'When stone from
a new quarry is to be tried, the best indication of its resistance te
frost may be obtained from an examination of any rocks of the

me kind, within its vicinity, which are known to have been
exposed for a long period.  Submitting the stone fresh from the
quarry to the direct action of freezing would seem to be the most
certain test, were the stone destroyed by the expansive action
alone of frost: but besides the uncertainty of this test, it is known
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that some stones, which, when first quarried, are much affected
by frost, splitting under its action, become impervious to it after
they have lost the moisture of the quarry, as they do not re-absorb
near so large an amount as they bring from the quarry:

33. M. Brard, a French chemist, has given a process for as-
certaining the effects of frost on stone, which has met with the ap-
proval of many French architects and engineers of standing, as it
corresponds with their experience. M. Brard directs that a small
cubical block, about two inches on the edge, shall be carefully
sawed from the stone to be tested. A cold saturated solution of
sulphate of soda is prepared, placed over a fire, and brought to
the boiling point. The stone, suspended from a string, is im-
mersed in the boiling liquid, and kept there during thirty minutes ;
it is then carefully withdrawn ; the liquid is decanted free from
sediment into a flat vessel, and the stone is suspended over it in
a cool cellar. An efflorescence of the salt soon makes its appear-
ance on the stone, when it must be again dipped into the liquid.
This should be done once or more frequently during the day,
and the process be continued in this way for about a week. The
earthy sediment, found at the end of this period in the. vessel, is
weighed, and its quantity will give an indication of the like effect
of frost. This process, with the official statement of a commission
of engineers and architects, by whom it was tested, is minutely
detailed in vol. 38, Annales c;e Chimie et de Physique, and the
results are such as to commend it to the attention of engineers in
submitting new stones to trial.

34. By the absorption of water, stones become softer and more
friable. 'The materials for road coverings should be selected
from those stones which absorb least water, and are also hard
and not brittle. Granite, and its varieties, lime-stone, and com-
mon sand-stone, do not make good road materials of broken stone.
All the hornblende rocks, porphyry, compact feldspar, and the
quartzose rock associated with graywacke, furnish good, durable
road coverings. The fine-grained granites which contain but a
small proportion of mica, the fine-grained silicious sand-stones
which are free from clay, and carbonate of lime, form a durable
material when used in blocks for paving. Mica slate, talcose
slage, hornblende slate, some varieties of gneiss, some varieties
of sand-stone of a slaty structure, and graywacke slate, yicld ex-
cellent materials for flag-stone.

35. The influence of locality on the durability of stone is very
marked. Stone is observed to wear more rapidly in cities than
in the country ; and the stone in those parts of edifices exposed
to the prevailbi,ng rains and winds, soonest exhibits signs of decay.
The disintegration of the stratified stones placed in a wall, is
mainly affected by the position which the strata, or quarry-bed



-12 BUILDING MATERIALS.

receives, with respect to the exposed surface ; proceeding faster
when the faces of the strata are exposed, than in the contrary
position.

36. Stones which resist a high degree of heat without fusing
are used for lining furnaces, and are termed fire-stones. A good
fire-stone should not only be infusible, but also not liable to crack
or exfoliate from heat. Stones that contain lime, or magnesia,
except in the form of silicates, are usually unsuitable for fire-
stones. Some porous silicious lime-stones, as well as some gyp-
sous silicious rocks, resist moderate degrees of heat. Stones
that contain much potash are very fusible under high tempera-
tures, running into a glassy substance. Quartz and mica, in
various combinations, furnisﬁ’, a good fire-stone ; as, for example,
finely granular quartz with thin layers of mica, mica slate of the
same structure, and some kinds of gneiss which contain a large
proportion of arenaceous quartz. Several varieties of sand-stone
make a good lining for furnaces. They are usually those varie-
ties which are free from feldspar, somewhat porous, and are un-
crystallized in the mass. Talcose slate likewise furnishes a good
fire-stone.

37. Hardness is an essential quality in stone exposed to wear
from the attrition of hard bodies. Stones selected for paving, flag-
ging, and steps for stairs, should be hard, and of a grain suff-
ciently coarse not to admit of becoming very smooth under the
action to which they are submitted. As great hardness -adds to
the difficulty of working stone with the chisel, and to the cost of
the prepared material, builders prefer the softer or free-stones,
such as the lime-stones and sand-stones, for most building pur-
poses. The following are some of the results, on this point, ob-
tained from experiment.

Table showing the result of experiments made under the direc-
tion of Mr. Walker, on the wear of different stones in the tram-
way on the Commercial Road, London, from 27th March,
1830, to 24th August, 1831, being @ period of seventeen
months. Transactions of Civil Engineers, vol. 1.

Loss of

1 :
Name of stone. sizpf'ez;?a Original weight. w?vgel;tr.by slx‘li;}s.sf(;'z:.i 1}21;;2:’
cwt. qrs. 1bs.
Guernsey . . . [4.734 {7 1 12.7 4.50 | 0.951 | 1.000
Herme+« . . . |5250 |7 3 24.25 5.50 | 1.048 | 1.102
Budle . . . . 1633 (9 0 1575 775 | 1.223 | 1.286
Peterhead (blue) . | 8.484 [ 4 1 7.50 | 6.25 | 1.795 | 1.887
Heytor . . .|4313 |6 0 1525 | 825 | 1.915 | 2.014
Aberdeen (red) . | 5375 |7 2 11.50 | 11.50 | 2.139 | 2.249
Dartmoor . . . | 4500 [ 6 2 2500 | 12.50 | 2.778 | 2.921
Aberdeen (blue) . | 4.823 |6 2 16.00 | 14.75 | 3.058 | 3.216 |
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The Commercial Road stoneway consists of two parallel lines
of rectangular tramstones, 18 inches wide by 12 inches deep, and
jointed to each other endwise, for the wheef’s to travel on, with a
common street pavement between for the horses.

The following table gives the results of some experinents on
the wear of a fine-grained sand-stone pavement, by M. Coriolis,
during 8 years, upon the gaved road from Paris to Toulouse, the
carriage over which is about 500 tons daily, published in the
Annales des Ponts et Chausées, for March and April, 1834.

Volume of water absorbed by the
Weight of a| dry stone after one day’s im- Mean annual
cubic foot. mersion, compared to that of wear,

the stone.

158 Ibs. | Neglected as insensible. | 0.1023 inch.
“

154 “ 0.1063 “
156 « % 0.1299 ¢
150 “ | {4 in volume.. 0.2126 ¢
7T R e 0.2677 “

M. Coriolis remarks, that the weight of water absorbed affords
one of the best indications of the durability of the fine-grained
sand-sténes used in France for pavements. An equally good test
of the relative durability of stones of the same kind, M. Coriolis
states, is the more or less clearness of sound given out by striking
the stone with a hammer. '

The following results are taken from an article by Mr. James
Frost, Cw. Engineer, inserted in the Journal of the Franklin
Institute for Oct. 1835, on the resistance of various substances
to abrasion. The substances were abraded against a piece of
white statuary marble, which was taken as a standard, repre-
sented by 100, by means of fine emery and sand. 'The relative
resistance was calculated from the weight lost by each substance
during the operation.

Comparative Resistance to Abrasion.

Aberdeen granite . 5 ; i . 980
Hard Yorkshire paving stone . % 3 .37
Ttalian black marble 2 s 5 y . 260
Kilkenny black marble . . ¥ 3 . 110
Statuary Marble . d 9 5 3 . 100
Old Portland stone . 7 3 > c L]
Roman cement stone 2 ! 5 5 . 69
Fine-grained Newcastle grindstone . F . 53
Stock brick . . : 5 ! 5 S
Coarse-grained Newcastle grindstone 3 S

Bath stone . 7 . 3 % » . 12
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LIME.

38. Lime, considered as a building material, is now usually
divided into three principal classes; Common, or Air lime, Hy-
draulic lime, and Hydraulic, or Water cement.

39. Common, or air lime, is so called because the paste made
from it with water will harden only in the air.

40. Hydraulic lime and hydraulic cement both take their name
from hardening under water. The former differs from the latter
in two essential points. It slakes thoroughly, like commeon lime,
when deprived of its carbonic acid, and it does not harden
promptly under water. Hydraulic cement, on the contrary, does
not slake, and usually hardens very soon.

41. Our nomenclature, with regard to these substances, is still
quite defective for scientific arrangement. For the lime-stones
which yield hydraulic lime when completely calcined, also give
an hydraulic cement when deprived of a portion only of their
carbonic acid ; and other lime-stones yield, on calcination, a result
which can neither be termed lime nor hydraulic cement, owing
to its slaking very imperfectly, and not retaining the hardness
which it quickly takes when first placed under water.

M. Vicat, whose able researches into the properties of lime and
mortars are so well known, has proposed to apply the term cement
lime-stones (calcaires a ciment) to those stones which, when com-
pletely calcined, yield hydraulic cement, and which under no de-

ce of calcination, will give hydraulic lime. For the lime-stones
which yield hydraulic lime when completely calcined, and which,
when subjected to a degree of heat insufficient to drive off all their
carbonic acid, yield hydraulic cement, he proposes to retain the
name hydraulic lime-stones; and to call the cement obtained
from their incomplete calcination, under-burnt hydraulic cement,
(ciments d’incuits,) to distinguish it from that obtained from the
cement stone. With respect to those lime-stones which, by cal-
cination, give a result that partakes partly of the properties both
of limes and cements, he proposes for them the name of dividing
limes, (chaux limites.) -

The terms fat and meager are also applied to limes; owing to
the difference in the quality of the paste obtained from them with
the same quantity of water. The fat limes give a paste which is
unctuous both to the sight and touch. The meager limes yield
a thin paste. These names were of some importance when first
introduced, as they served to distinguish common from hydraulic
lime, thé former being always fat, the latter meager; but, later
experience having shown that all meager limes are not hydraulic,
the terms are no longer of use, except to designate qualities of
the paste of limes.
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42. Hydraulic Limes and Cements. The lime-stones which
yield these substances are either argillaceous, or magnesian, or
argilo-magnesian. 'The products of their calcination vary con-
siderably in their hydraulic properties. Some of the hydraulic
limes harden, or set very slowly under water, while others set rap-
idly. 'The hydraulic cements set in a very short time. This
diversity in the hydraulic energy of the argillaceous lime-stones,
arises from the variable proportions in which the lime and clay
enter into their composition.

43. M. Petot, a civil engineer in the French service, in an able
work entitled Recherches sur la Chauffournerie, gives the follow-
ing table, exhibiting these combinations, and the results obtained
from their calcination.

Lime.| Clay. Resulting products. Distinctive characters of the products.

100 0 | Very fat lime. Incapable of hardening in water.
90 | 10 | Lime a little hydraulic. Slakes like pure lime, when
80 | 20| do. quite hydraulic. properly calcined, and hard-
70| 30| do. do. ens under water.

60 | 40 | Plastic, or hydraulic cement. | ( Does not slake under any cir-
50 | 50 do. cumstances, and hardens un-
40| 60 do. der water with rapidity.

30 | 70 | Calcareous puzzolano (brick).| ¢ Does not slake nor harden un-
20| 80 do. do. g der water, unless mixed with
10| 90 do. do. a fat, or an hydraalic lime.

0 | 100 | Puzzolano of pure clay do. [Same as the preceding.

44. The most celebrated European hydraulic cements are ob-
tained from argillaceous lime-stones, which vary but slightly in
their constituent elements and properties. The following table
gives the results of analyses to determine the relative proportions
of lime and clay in these cements.

Table of Foreign Hydraulic Cements, showing the relative pro-
portions of Clay and Lime contained in them.

LOCALITY. Lime. | Clay.

English, (commonly known as Parker’s, or Roman cement)| 55.40 | 44.60

French, (made from Boulogne pebbles) . g . | 54.00 | 46.00
Do. (Pouilly) k 3 5 5 s o . 142.86 | 57.14
Do. do. . c 3 ¢ . < . |36.37|63.63
Do. (Baye) . : : 3 g 3 : . |21.62)78.38

Russian . 5 . 3 . . . . . | 62.00 | 38.00

The hydraulic cements used in England are obtained from
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various localities, and differ but little in the relative proportions
of lime and clay found in them. Parker’s cement, so called from
the name of the person who first introduced it, is obtained by
calcining nodules of septaria. The composition of these nodules
is the same as that of the Boulogne pebbles found on the opposite
coast of France. The stones which furnish the English and
French hydraulic cements, contain but a very small amount of
magnesia.

45. The best known hydraulic cements of the United States,
are manufactured in the State of New York. The following
analyses of some of the hydraulic lime-stones, from the most
noted localities, published in the Geological Report of the State
of New York, 1839, are given by Dr. Beck.

Analysis of the Manlius Hydraulic Lime-stone.

Carbonic acid . . . " . 39.80
Lime . . - . . 26.24
Magnesia . 5 5 c 3 . 18.80
Silica and alumina . . . .y 13350,
Oxide of iron . . . . . 125
Moisture and loss 5 5 . . L4

100.00

This stone belongs to the same bed which yields the hydraulic
cement obtained near Kingston, in Upper Canada.

Analysis of the Chittenango Hydraulic Lime-stone, before and
after calcination.

Unburnt. Burnt.
Carbonic acid . . . | 39.33 | Carbonic acid and moisture | 10.90
AT Eae Bt oo e P sy = || 2255000 [Tiime Sk e f o o ([<139:50
Magnesia . . . .| 17.83 | Magnesia . . . .| 2227
Silica’ > 00 . .. | 11.76 Siliea CuatAN e 1101656
Alumina . ¢ . .| 273 | Aluminaand oxide of iron | 10.77
Peroxide of iron . . 1.50 ‘ -
Moisture . . . - . 1.50 100.00

100.00
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Analysis of the Hydraulic Lime-stone from Ulster Co., along
the line of the Delaware and Hudson Canal, before and after
burning. )

Unburnt. | Burnt. !

|

Carbonic acid . . 5 . 3 o L ghe .| 34.20 5
Lime 3 . A o 3 5 3 . .| 25.50 | 37.60
Magnesia + 8 . . . . . .| 12.35 | 16.65
Silica | . ¢ . 5 . 0 5 o .| 15.37 | 22.75
Alumina . s 5 A 5 2 5 5 . 9.13 | 13.40
Oxide of iron . 5 o $ 5 5 : 3 2.25 3.30
Bituminous matter, moisture, and loss A a ; 1.20 1.30
100.00 | 100.00

The hydraulic cement from this last locality has become gen-
erally well known, having been successfully used for most of the
military and civil public works on the sea-board.

From the results of the analyses of all the above limestones, it
appears that the proportions of lime- and clay contained.in them
place them under the head of hydraulic cements, according to the
classification of M. Petot. They do not slake, and they all set
rapidly under water. '

46. The discovery of the hydraulic properties of certain mag-
nesian lime-stones is of recent date, and is due to M. Vicat, who
first drew attention to_the subject. M. Vicat inclines to the
opinion, that magnesia alone, without the presence of some clay,
will yield only a feeble hydraulic lime. He states, that he has
never been able to obtain any other, from proceeding synthetically
with common lime and magnesia ; and that he knows of no well-
authenticated instance in which any of the dolomites, either of
the primitive or transition formations, have yielded a good hydrau-
lic lime. The stones from these formations, he states, are devoid
of clay; being very pure crystalline carbonates, or else contain
silex only in the state of fine sand. From M. Vicat’s experi-
ments, it is rendered certain that carbonate of marnesia in combi-
nation with carbonate of lime, in the proportion of 40 parts of the
latter to from 30 to 40 of the former, will produce a feebly hy-
draulic lime, which does not appear to increase in hardness after
it has once set; but that with the same proportions, some hun-
dredths of clay are requisite to give hydraulic energy to the com-
pound. This proportion of clay M. Vicat supposes may cause
the formation of triple hydro-silicates of lime, alumina, and mag-
;}esia, having all the characteristic properties of good hydraulic

ime.

47. The hydraulic properties of the magnesian lime-stones of
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the United States were noticed by Professor W. B. Rogers, who,
in his Report of the Geological Survey of Virginia, 1838, has
given the following analyses of some of the stones from different
localities.

No. 1. No. 2. No. 3. No. 4.
Carbonate of lime . . . .| 55.80 | 53.23 | 48.20 | 55.03
Carbonate of magnesia . ’ .| 39.20 | 41.00 ["35.76 | 24.16
Alumina and oxide of iron . 3 1.50 0.80 1.20 2.60
Silica and insoluble matter . . 2.50 2.80 | 12.10{ 15.30
Water . ! B . s . 0.40 0.40 2.73 1.20
Loss . 4 v . 3 . 0.60 1.77 0.01 1.71

100.00 | 100.00 |100.00 |100.00

The lime-stone No. 1 of the above table is from Sheppardstown
on the Potomac, in Virginia ; it is extensively manufactured for
hydraulic cement. No. 2 is from the Natural Bridge, and banks
of Cedar Creek, Virginia; it makes a good hydraulic cement.
No. 3 is from New York, and is extensively burnt for cement.
No. 4 is from Louisville, Kentucky; said to make a good cement.

48. M. Vicat states, that a magnesian lime-stone of France
containing the following constituents, lime 40 parts, magnesia 21,
and silica 21, yields a good hydraulic cement ; and he gives the
following analysis of a stone which gives a good hydraulic lime.

Carbonate of lime . : g . 50.60
Carbonate of magnesia 3 5 . 42.00
Silica 4 4 Brsg oo 5 . 5.00
Alumina . : A ; A . 2.00
Oxide of iron . 3 5 s S0 00.40

. 100.00

By comparing the constituents of these two last stones with the
analyses of the cement-stones of New York, and the magnesian

. hydraulic lime-stones of Prof. Rogers, it will be seen that they
consist, respectively, of nearly the same combinations of lime,
magnesia, and silica.

49. Physical Characters and Tests of Hydraulic Lime-stones.
The simple external characters of a lime-stone, as color, texture,
fracture, and taste, are insufficient to enable a person to decide
whether it belongs to the hydraulic class; although they assist
conjecture, particularly if the rock, from which the specimen is
taken, is found in connection with the clay deposites, or if it be-
long to a stratum whose general level and characteristics are the
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same as the argilo-magnesian rocks. These rocks are generally
some shade of drab, or of gray, or of a dark grayish blue; have
a compact texture ; fracture even or conchoidal ; with a clayey or
earthy smell and taste. Although the hydraulic lime-stones are
usually colored, still it may happen that the stone may be of a pure
white, arising from the combination of lime with a pure clay.

The difficulty of pronouncing upon the class to which a lime-
stone belongs, f)r,om its physical properties alone, renders it neces-
sary to resort to a chemical analysis, and even to direct experiment,
to decide the question.

50. In making a complete chemical analysis of alime-stone, more

skill in chemical manipulations is requisite than engineers usually
Fossess; but a person who has the ordinary elementar{y know-
edge of chemistry, can readily ascertain the quantity of clay or
of magnesia contained in a lime-stone, and from these two ele-
ments can pronounce, with tolerable certainty, upon its hydraulic
properties. To arrive at this conclusion, a small portion of the
stone to be tested—about five drachms—is taken and reduced to
a powder; this is placed in a capsule, or an ordinary watch
crystal, and slightly diluted muriatic acid is poured over it until
it ceases to effervesce. 'The capsule is then gently heated, and
the liquor evaporated, until the residue in the capsule has acquired
the consistence of thin paste. This paste is thrown into a pint
of pure water and well shaken up, and the mixture is then fil-
tered. The residue left on the filtering paper is thoroughly dried,
biy bringing it 10 a red heat; this being weighed will give the
clay, or insoluble matter, contained in the stone. It is important
to ascertain the state of mechanical division of the insoluble mat-
ter thus obtained ; for if it be wholly granular, the stone will not
yield hydraulic lime. The granular portion must therefore be
carefully separated from the other before the latter is dried and
weighed.

51. If the sample tested contains magnesia, an indication of
this will be given by the slowness with which the acid acts ; if
the quantity of magnesia be but little, the solution will at first
proceed rapidly and then become more sluggish. To ascertain
the quantity of magnesia, clear lime-water must be added to the
filtered solution as long as any precipitate is formed, and this
Erecipitate must be quickly gathered on filtering paper, and then

e washed with pure water. The residue from this washing is
the magnesia. It must be thoroughly dried before being weighed,
to ascertain its proportion to the clay.

52. Having ascertained, by the preceding analysis, the proba-
ble hydraulic energy of the stone, a sample of it should also be .
submitted to direct experiment. This may be likewise done on
a small scale. A sample of the stone must be reduced to frag
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ments about the size of a walnut. A crucible, perforated with
holes for the free admission of air, is filled with these fragments,
and placed over a fire sufficiently powerful to drive off the car-
bonic acid of the stone. The time for effecting this will depend
on the intensity of the heat. When the heat has been applied
for three or four hours, a small portion of the calcined stone may
be tried with an acid, and the degree of the calcination may be
judged of by the more or less copiousness of the effervescence
that ensues. If no effervescence takes place, the operation may
be considered completed. The calcined stone should be tried
soon after it has become cold; otherwise, it should be kept in
a glass jar made as air-tight as practicable until used.

53. When the calcined stone is to be tried, it is first slaked
by placing it in a small basket, which is immersed for five or six
seconds in pure water. 'The stone is emptied from the basket so
soon as the water has drained off, and is allowed to stand until
the slaking is terminated. This process will proceed more or
less rapidly, according to the quality of the stone, and the degree
of its calcination. In some cases, it will be completed in a few
minutes ; in others, portions only of the stone will fall to powder,
the rest crumbling into lumps wKich slake very sluggishly ; while
other varieties, as the true cement stones, give no evidence of slak-
ing. If the stone slakes either completely or partially, it must be
converted into a paste of the consistence of soft putty, being ground
up thoroughly, if necessary, in an iron mortar. The paste is
made into a cake, and placed on the bottom of an ordinary tum-
bler, care being taken to make the diameter of the cake the same
as that of the tumbler, which is filled with water, and the time of
immersion noted. If the lime is only moderately hydraulic, it
will have become hard enough at the end of fifteen or twenty
days, to resist the pressure of the finger, and will continue to
harden slowly, more particularly from the sixth or eighth month
after immersion ; and at the end of a year it will have acquired
the consistency of hard soap, and wiﬁ dissolve slowly in pure
water. A fair hydraulic lime will have hardened so as to resist
the pressure of the finger, in about six or eight days after immer-
sion, and will continue to grow harder until from six to twelve
months after immersion ; it will then have acquired the hardness
of the softest calcareous stones, and will be no longer soluble in
pure water. When the stone is eminently hydraulic, it will have
become hard in from two to four days after immersion, and in one
month it will be quite hard and insoluble in pure water; after six
months, its hardness will be about equal to the more absorbent

- calcareous stones ; will splinter from a blow, presenting a slaty
fracture.

As the hydraulic cements do not slake perceptibly, the burnt
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stone must first be reduced to a fine powder before it is made
into a paste. 'The paste, when kneaded between the fingers, be-
comes warm, and will generally set in a few minutes, either in the
open air or in water. Hydraulic cement is far more sparingly
soluble in pure water than the hydraulic lime ; and the action of
pure water upon them ceases, apparenily, after a few weeks im-
mersion In 1t.

54. Calcination of Lime-stone. The effect of heat on lime-
stones varies with the constituent elements of the stone. The
pure lime-stones will stand a high degree of temperature with-
out fusing, losing only their carbonic acid and water. The im-
pure stones containing silica fuse completely under a great heat,
and become more or less vitrified when the temperature much ex-
ceeds a red heat. The action of heat on the impure lime-stones,
besides driving off their carbonic acid and water, modifies the re-
lations of their other chemical constituents. The argillaceous
stones, for example, yield an insoluble precipitate when acted on
by an acid before calcination, but are perfectly soluble afterwards,
unless the silex they contain happens ta be in the form of grains.

55. The calcination of the hydraulic lime-stones, from their
fusible nature, requires to be condycted with great care ; for, if
not pushed far enough, the under-burnt portions will not slake ;
and, if carried too far, the stonc becomes dead or sluggish ; slakes
very slowly and imperfectly at first; and, if used in this state for
masonry, may do injury by the swelling which accompanies the
after-slaking. , :

56. The more or less facility with which the impure lime-stones
can be burned, depends upon several causes ; as the compactness
of the stone ; the size of the fragments submitted to heat; and
the presence of a current of air, or of aqueous vapor. The more
compact stones yield their carbonic acid less readily than those
of an opposite texture. Stones which, when broken into very
small lumps, can be calcined under the red heat of an ordinary
fire in a few hours, will require a far greater degree of tempera-
ture, and for a much longer period, when broken into fragments
of six or eight inches in diameter. This is particularly the case
with the impure lime-stones, which, when in large lamps, vitrify
at the surface before the interior is thoroughly burnt.

57. If a current of vapor is passed over the stone afte: it has
commenced to give off its carbonic acid, the remaining portion of
the gas which, under ordinary circumstances, is expelled with
great difficulty, particularly near the end of the process of calci-
nation, will be carried off much sooner. This influence of an
aqueous current is attributed, by M. Gay-Lussac, purely to a
mechanical action, by removing the gas as it is evolved, and his
experiments go to show that a like effect is produced by an at-
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mospheric current. In burning the impure lime-stones, however,
an aqueous current produccs the farther beneficial effect of pre-
venting the vitrification of the stone, when the temperature has
become too elevated ; but as the vapor, on coming in centact
with the heated stone, carries off a large portion of the heat, this,
together with the latent ‘heat contained in it, may renderits use,
in some cases, far from economical.

58. Wood, charcoal, peat, the bituminous and anthracite coals
are used for fuel in lime-burning. M. Vicat states, that wood is
the best fuel for burning hydraulic lime-stones ; that charcoal is
inferior to bituminous coal ; and that the results from this last are
very uncertain. 'When wood is used, it should be dry and split
up, to burn quickly and give a clear blaze. The common opinion
among lime-burners, that the greener the fuel the better, and that
the lime-stone should be watered before it is placed in the kiln, is
wrong ; as a large portion of the heat is consumed in converting
the water in both cases into vapor. Coal is a more economical
fuel than wood, and is therefore generally preferred to it ; but it
requires particular care in ascertaining the proper quantity for use.

59. Lime-kilns. Great diversity is met with in the f}c;rms and
proportions of lime-kilns. Wherever attention has been paid to
economy in fuel, the cylindrical, ovoidal, or the inverted conical
form has been adopted. The two first being preferred for wood,
and the last for coal.

60. The whole of the burnt lime is either drawn from the kiln
at once, or else the burning is so regulated, that fresh stone and
fuel are added as the calcined portions are withdrawn. The lat-
ter method is usually followed when the fuel used is coal. The
stone and coal, broken into proper sizes, (Fig. 1,) and in propor-

Fig. 1 represents a vertical section through the axis and centre lines
of the entrances communicating with the interior of a kiln for
burning lime with coal, 3 e

A, solid masonry of the kiln, which is built up on the exterior like a
square tower, with two arched entrances at B, B on opposite

sides.
g, intierigr of the kiln, lined with fire-brick or stone.
ash-pit. 3 : 4
c, ’c, openings between B, B and the interior through which the burnt
lime is drawn. y

B lt‘lﬂlimllvl B

o |

tions determined by experiment, are placed in the kiln in alternate
layers; the coal is ignited at the bottom of the kiln, and fresh
strata are added at the top, as the burnt mass settles down and is
partially withdrawn at the bottom. XKilns used in this way are
called perpetual kilns; they are more economical in the con-
sumption of fuel than those in which the burning is intermitted,
and which are, on this account, termed ¢ntermitient kilns. Wood
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may also be used as fuel in perpetual kilns, but not with such
economy as coal ; it moreover presents many inconveniences, in
supplying the kiln with fresh stone, and in regulating its dis-
charge. 'The inverted conical-shaped kiln is generally adopted
for coal, and the ovoidal-shaped for wood. -

61. Some care is requisite in filling the kiln with stone when a
wood fire is used. A dome (Fig. 2) is formed of the largest blocks

J.
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Fig. 2 represents a vertical section through the
axis and centre line of the entrance of a lime-
kiln for wood.

A, solid masonry of the kiln,

B, arched entrance.

C, doerway for drawing kiln and supplying fuel.

D, iuterior of kiln.

E, lg;)me of broken stone, shown by the dotted

e.
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of the broken stone, which either rests on the bottom of the kiln or
on the ash-grate. The lower diameter of the dome is a few feet
less than that of the kiln ; and its interior is made sufficiently capa-
cious to receive the fuel which, cut into short lengths, is placed
up endwise around the dome. The stone is placed over and
around the courses which form the dome, the largest blocks in
the centre of the kiln. The ‘management of the fire is a matter
of experiment. For the first eight or ten hours it should be care-
fully regulated, in order to bring the stone gradually to a red heat.
By applying a high heat at first, or by any sudden increase of it
until the mass has reached a nearly umform temperature, the
stone is apt to shiver, and choke the kiln, by stopping the voids
between the courses of stone which form the dome. After the
stone is brought to a red heat, the supply of fuel should be uni-
form until the end of the calcination. The practice sometimes
adopted, of abating the fire towards the end, is bad, as the last
portions of carbonic acid retained by the stone, require a high de-
gree of heat for their expulsion. The indications of complete
calcination are - generally manifested by the diminution which
gradually takes place in the mass, and which, at this‘stage, is
about one sixth of the primitive volume; by the broken appear-
ance of the stone which forms the dome, the interstices between
which being also choked up by fragments of the burnt stone ; and
by the ease with which an iron bar may be forced down through
the burnt stone in the kiln. When these indications of complete
calcination are observed, the kiln should be closed for ten or
twelve hours, to confine the heat and finish the burning of the up-
per strata.

62. The form and relative dimensions of a kiln for wood can
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oe determined only by careful experiment. If too great height
be given to the mass, the lower portions may be overburned be-
fore the upper are burned enough. The proportions between the
height and mean horizontal section, will depend on the texture of
the stone ; the size of the fragments into which it is broken for
burning ; and the more or less facility with which it vitrifies. In
the memoir of M. Petot, already cited, it is stated as the results
of experiments made at Brest, that large-sized kilns are more
economical, both in the consumption of fuel and in the cost of
attendance, than small ones ; but that there is no notable econo-
my in fuel when the mean horizontal section of the kiln exceeds
sixty square feet. .

63. The circular seems the most suitable form for the horizon-
tal sections of a kiln, both for strength and for economizing the
heat. Were the section the same throughout, or the form of the
interior of the kiln cylindrical, the strata of stone, above a certain
point, would be very imperfectly burned when the lower were
cenough so, owing to the rapidity with which the inflamed gases,
arising from the combustion, are cooled by coming into contact
with the stone. To procure, therefore, a temperature throughout
the heated mass which shall be nearly uniform, the horizontal sec-
tions of the kiln should gradually decrease from the point where
the flame rises, which is near the top of the dome of broken stone,
to the top of the kiln. This contraction of the horizontal section,
from the bottom upward, should not be made too rapidly, as the
draft would be injured, and the capacity of the kiﬁ)n too much
diminished ; and in no case should the arca of the top opening be
less than about one fourth the area of the section taken near the
top of the dome. The best manner of arranging the sides of the
kiln, in the plane of the longitudinal section, 1s to connect the top
opening with the horizontal section through the top of the dome,
by an arc of a circle whose tangent at the lower point shall be
vertical.

64. Lime-kilns are constructed cither of brick, or of some of
the more refractory stones. “'The walls of the kiln should be suf-
ficiently thick to confine the heat, and, when the locality admits
of it, tﬂey’ are built into a side hill ; otherwise, it may be neces-
sary to use iron hoops, and vertical bars of iron, to strengthen the
brick-work. The interior of the kiln should be faced either with
good fire-brick or with fire-stone.

65.. M. Petot prefers kilns arranged with fire-grates, and an
ash-pit under the dome of broken stone, for the reason that they
give the'means of better regulating the heat, and of throwing the
tlame more in the axis of the kiln than can be done in kilns with-
out them. 'The action of the flame is thus more uniformly felt
through the mass of stone above the top of the dome, while that
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of the radiated heat upon the stone around the dome, is also more
uniform.

66. .M. Petot states, that the height of the mass of stone above
the top of the dome should not be greater than from ten to thir-
teen feet, dependinhg on the more or less compact texture of the
stone, and the more or less ease with which it vitrifies. He pro-
poses to use kilns with two stories, (Fig. 3,) for the purpose

Fig. 3 represents a vertical section
through the axis and centre line of

; the entrance of a lime-kiln with two

B stories for wood.

A, solid masonry of the kiln.

B, dome shown by the dotted line.

C, interior of lower story.

D, dome of upper story.

E, interior of upper story.

a, arched entrance to kiln.

b, receptacle for water to furnish a
current of agueous vapor,

¢, doorway for drawing kiln, &ec.,
closed by a fire-proof door.

d, ash-pit under fire-grate,

e, upper doorway for Erawmg kiln, &c.
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of economizing the fuel, by using the heat which passes off from
the top of the lower story, and would otherwise be lost, to heat
the stone in the upper story ; this story being arranged with a
side-door, to introduce fuel under its dome of broken, stone, and
complete the calcination when that of the stone in the lower
story is finished.

M. Petot gives the following general directions for regulating
the relative dgimensions of the parts of the kiln. The greatest
horizontal section of the kiln is placed rather below the top of the
dome of broken stone ; the diameter of this section being 1.82, the
diameter of the grate. * The height of the dome above the grate
is from 3 to 6 feet, according to the quantity of fuel to be con-
sumed hourly. The bottom of the kiln, on which the piers of the
dome rest, is from 4 to 6 inches above the top of*the grate; the
diameter of the kiln at this point being about 2 feet 9 inches
greater ‘than that of the grate. “'The diameter of the horizontal
section at top is 0.63, the diameter of the greatest horizontal sec-
tion. 'The horizontal sections of the kiln diminish from the section
near the top of the dome to the top and bottom of the kiln; the
sides of the kiln receiving the form shown in Fig. 3 : the object
of contracting the kiln towards the bottom being to allow the stone
near the bottom of the kiln to be thoroughly burned by the radiated
heat The grate is formed of cast-iron bars of .the usual form

4




26 BUILDING MATERIALS.

the area of the spaces between the bars being one fourth the total
area of the grate. The bottom of the ash-pit, which may be on
the same level as the exterior ground, is placed 18 inches below
the grate; and at the entrance to the ash-pit is placed a reservoir
for water, about 18 inches in depth, to furnish an aqueous cur-
rent. 'The draft through the grate is regulated by a lateral air-
channel to the ash-pit, which can be totally or partially shut by a
valve ; the area of the cross section of this channel is one tenth
the total area of the grate. A square opening 16 inches wide,
the bottom of which is on a level with the bottom of the kiln,
leads to the dome for the supply of the fuel. This opening is
closed with a fire-proof and air-tight door.

In arranging a kiln with two stories, M. Petot states, that the
grates of the upper story are so soon destroyed by the heat, that
1t is better to suppress them, and to place the fuel for completing
the calcination of the stone of this story, on the top of the burnt
stone of the lower story.

67. Slaking Lime. Quick-lime may be slaked in three dif-
ferent ways. By pouring sufficient water on the burnt stone to
convert the slaked lime into a thin paste, which is termed drown-
ing the lime. By placing the burnt stone in a basket, and im-
mersing it for a few seconds in water, during which time it will
imbibe enough water to cause it to fall, by slaking, into a dry
powder ; or by sprinkling the burnt stone with a sufficient quan-
tity of water to produce the same effect. By allowing the stone
to slake spontaneously, from the moisture it imbibes from the
atmosphere, which is termed air-slaking.

68. Opinion seems to be settled among engineers, that drown-
ing is the worst method of slaking lime which is to be used for
mortars. When properly done, however, it produces a finer paste
than either of the other methods ; and it may therefore be resorted
to whenever a paste of this character, or a whitewash is wanted.
Soine care, however, is requisite to produce this result. The
stone should be fresh from the kiln, otherwise it is apt to slake
into lumps or fine grit. All the water used should be poured
over the stone at once, which should be arranged in a basin or
vessel, so that the water surrounding it'may be gradually imbibed
as the slaking proceeds. If fresh water be added during the slak-
ing, it checks the process, and causes a grilty paste to form.

69. In slaking by immersion, or by sprinkling with water, the
stone should be reduced to small-sized fragments, otherwise the
slaking will not proceed uniformly. The fat limes should be in
lumps, about the size of a walnut, for immersion; and, when
withdrawn from the water, should be placed immediately in bins,
or be covered with sand, to confine the heat and vapor. If left
exposed to the air, the lime becomes chilled and separates into a
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coarse grit, which takes some time to slake thoroughly when
more water is added. Sprinkling the lime is a more convenient

rocess than immersion, and is equally good. To effect the slak-
ing in this way, the stone should be Kroken into fragments of a
suitable size, which experiment will determine, and be placed in
small heaps, surrounded by sufficient sand to cover them up when
the slaking is nearly completed. “The stone is then sprinkled

with about one fourth its bulk of water, poured through the rose -

of a watering-pot, those lumps which seem to slake most slug-
gishly receiving the most water; when the  process seems com-
pleted, the heap is carefully covered over with the sand, and
allowed to remain a day or two before it is used.

70. Slaking either by immersion or by sprinkling is considered
the best. The quantity of water imbibed by lime when slaked
by immersion, varies with the nature of the lime; 100 parts of
fat lime will take up only 18 parts of water ; and the same quan-
tity of meager lime will imbibe from 20 to 35 parts. One volume,
in powder, of the burnt stone of rich lime yiclds from 1.50 to
1.70 in volume of powder of slaked lime; while one volume
of meager lime, under like circumstances, will yield from 1.80 to
2.18 in volume of slaked lime.

71. Quick lime, when exposed to the free action of the air in
a dry locality, slakes slowly, by imbibing moisture from the at-
mosphere, with a slight disengagement of heat. Opinion secms
to be divided with regard to the effect of this method of slaking
on fat limes. Some assert, that the mortar made from them is
better than that obtained from any other process, and attribute
this result to the re-conversion of a portion of the slaked lime into
a carbonate ; others state the reverse to obtain, and assign the
same cause for it. With regard to hydraulic limes, all agree that
they are greatly injured by air-slaking.

72. Air-slaked fat limes increase two fifths in weight, and for
one volume of quick lime yield 3.52 volumes of slaked lime. The
meager limes increase one eighth in weight, and for one volume
of quick lime yield from 1.75 to 2.25 volumes of slaked lime.

73. The dry hydrates of lime, when exposed to the atmosphere,
gradually absorb carbonic acid and water. This process pro-
ceeds very slowly, and the slaked lime never regains all the car-
bonic acid which is driven off by the calcination of the lime-stone.
When converted into a thick paste, and exposed to the air, the
hydrates gradually absorb carbenic acid ; this action first takes
place on the surface, and proceeds more slowly from year to
year towards the interior of the exposed mass. The absorption
of gas proceeds more rapidly in the meager than in the fat limes.
Those hydrates which are most thoroughly slaked become hard-
est. The hydrates of the pure fat limes become in time very
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garg, while those of the hydraulic limes become only moderately
ard.

74. The fat limes, when slaked by drowning, may be pre-
served for a long period in the state of paste, if placed 1n a damp
situation and kept from contact with the air. They may also be
preserved for a long time without change, when slaked by im-
mersion to a dry powder, if placed in covered vessels. Hydraulic
limes, under similar circumstances, will harden if kept in the state
of paste, and will deteriorate when in powder, unless kept in
perfectly air-tight vessels.

75. The hydrates of fat lime, from air-slaking or immersion,
require a smaller quantity of water to reduce them to the state of
paste than the others ; but, when immersed in water, they grad-
ually imbibe their full dose of water, the paste becoming thicker,
but remaining unchanged in volume. Exposed in this way, the
water will in time dissolve out all the lime of the hydrate which
has not been re-converted into a sub-carbonate, by the absorption
of carbonic acid before immersion ; and if the water contain car-
bonic acid, it will also dissolve the carbonated portions.

76. The hydrates of hydraulic lime, when immersed in water
in the state of thin pastes, reject a })ortion of the water from the
paste, and become hard in time ; if the paste be very stiff, they
imbibe more water, set quickly, and acquire greater hardness in
time than the soft pastes. The pastes of the hydrates of hydrau-
lic lime, which have hardened in the air, will retain their hardness
when placed in water.

77. 'The pastes of the fat limes shrink very unequally in drying,
and the shrinkage increases with the purity of the lime; on this
account it is difficult to apply them alone to any building purposcs,
except in very thin layers. The pastes of the hydraulic limes
can only be used with advantage under water, or where they arc
constantly exposed to humidity ; and in these situations they arc
never used alone, as they are found to succeed as well, and to
present more economy, when mixed with a portion of sand.

78. Manner of Reducing Hydraulic Cement. ~As the cement
stones will not slake, they must be reduced to a fine powder by
some mechanical process, before they can be converted into a
hydrate. The methods usually employed for this purpose con-
sist in first breaking the burnt stone into small fragments, either
under iron cylinders, or in mills suitably formed for this pur-
pose, which are next ground between a pair of stones, or else
crushed by an iron roller. The coarser particles are separated
from the fine powder by the ordinary processes with sieves. The
powder is then carefully packed in air-tight casks, and kept for use.

79. Hydraulic cement, like hydraulic lime, deteriorates by
exposure to the air, and may in time lose all its hydraulic prop-
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erties. On this account it should be used when fresh from the
kiln ; for, however carefully packed, it cannot be well preserved
when transported to any distance.

80. The deterioration of hydraulic cements, from exposure to
the air, arises, probably, from a chemical disunion between the
constituent elements of the burnt stone, occasioned by the ab-
sorption of water and carbonic acid. When injured, their energy
can be restored by submitting them to a much slighter degree of
heat than that which is requisite to calcine the stone suitably in
the first instance. From the experiments of M. Petot, it appears
that a red heat, kept up for a short period, is sufficient to restore
damaged hydraulic cements.

81. Artificial Hydraulic Limes and Cements. The discovery
of the argillaceous character of the stones which yield hydraulic
limes and cements, connected with the fact that brick reduced to
a fine powder, as well as several substances of volcanic origin
having nearly the same constituent elements as ordinary brick,
when mixed in suitable proportions with common lime, will yield
a paste that hardens under water, has led, within a recent period,
to artificial methods of producing compounds possessing the prop-
erties of natural hydraulic lime-stones.

82. M. Vicat was the first to point out the method of forming
an artificial hydraulic lime, by mixing common lime and unburnt
clay, in suitable proportions, and then calcining them. The ex-
periments of M. Vicat have been repeated by several eminent
engineers with complete success, and among others by General
Pasley, who, in a recent work by him, Observations on Limes,
Calcareous Cements, &c., has given, with minute detail, the results
of his experiments ; from which it appears that an hydraulic ce-
ment, fully equal in quality to that obtained from natural stones,
can be made by mixing common lime, either in the state of a
carbonate or of a hydrate, with clay, and subjecting the mixture
to a suitable degree of heat. In some parts of France, where
chalk is found abundantly, the preparation of artificial hydraulic
lime has become a branch of manufacture.

83. Different methods have been pursued in preparing this
material, the main object being to secure the finest mechanical
division of the two ingredients, and their thorough mixture. For
this purpose the lime-stone, if soft like chalk or tufa, may be re-
duced in a wash-mill, or a rolling-mill, to the state of a soft pulp;
it is then incorporated with the clay, by passing them through a
pug-mill. The mixture is next moulded into small blocks, or
made up into balls between 2 and 3 inches diameter, by hand,
and well dried. The balls are placed in a kiln,—suitably calcined,
and are finally slaked, or ground down fine for use.

84. If the lime-stone be hard, it must be calcined and slaked
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in the usual manner, before it can be mixed with the clay. The
process for mixing the ingredients, their calcination, and farther
preparation for use, are the same as in the preceding case.

85. Artificial hydraulic lime, prepared from the hard lime-
stones, is more expensive than that made from the soft ; but it is
stated to be superior in quality to the latter.

86. As clays are seldom free from carbonate of lime, and as
the lime-stones which yield common or fat lime may contain some
portion of clay, the proper proportions of the two ingredients, to
groduce either an hydraulic lime or a cement, must be determined

y experiment in each case, guided by.a previous analysis of the
two ingredients to be tried.

If the lime be pure, and the clay be free from lime, then the
combinations in the proportions. given in the table of M. Petot will
give, by calcination, like results with the same proportions when
found naturally combined.

87. Puzzolana, &c. 'The practice of using brick or tile-dust,
or a volcanic substance known by the name of puzzolana, mixed
with common lime, to form an hydraulic lime, was known to the
Romans, by whom mortars composed of these materials were
extensively used in their hydraulic constructions. This practice
has been more or less followed by modern engineers, who, until
within a few years, either used the puzzolana of Italy, where it
is obtained near Mount Vesuvius, in a pulverulent state, or a ma-
terial termed T'rass, manufactured in Holland, by grinding to a fine
powder a volcanic stone obtained near Andernach on the Rhine.

Experiments by several eminent chemists have extended the
list of natural substances which, when properly burnt and reduced
to powder, have the same properties as puzzolana. They mostly
belong to the feldspathic and schistose rocks, and are either fine
sand, or clays more or less indurated.

The following Table gives the results of analyses of Puzzolana,
Trass, a Basalt, and a Schistus, which, when burnt and pow-
dered, were found to possess the properties of puzzolana.

Puzzolana., Trass. Basalt. | Schistus.
Silica . . N > . .| 0.445 | 0.570 44.50 | 46.00
Alumina . « y 5 .| 0.150 | 0.120 16.75 | 26.00
Lime . e 2 £ 2 .| 0.088 | 0.026 9.50 4.00
Magnesia . 2 = . | 0.047 | 0.010 - -
Oxide of iron 4 3 b .| 0.120 | 0.050 | 20.00| 14.00
Oxide of manganese . g . - - 2.37| 8.00
Potassa 3 % s . .| 0.014 | 0.070 - -
Soda . s ‘ = L . | 0.030 | 0.010 2.60 -
Water and loss o z .| 0.106 | 0.144 4.28 2.00
1.000 | 1.000 | 100.00 ' lO0.00J
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,88. All of these substances, when prepared artificially, are now
generally known by the name of artificial puzzolanas, in contra-
distinction to those which occur naturally.

89. General Treussart, of the French Corps of Military Engi-
neers, first attempted a systematic investigation of the properties
of artificial puzzolanas made from ordinary clay, and of the best
manner of preparing them on a large scale. It appears from the
results of his experiments, that the plastic clays used for tiles, or
pottery, which are unctuous to the touch, the alumina in them
being in the proportion of one fifth to one third of the silica, fur-
nish the best artificial puzzolanas when suitably burned. The
clays which are more meager, and harsher to the touch, yield an
inferior article, but are in some cases preferable, from the greater
case with which they can be reduced to a powder.

90. As the clays mostly contain lime, magnesia, some of the
metallic oxides, and alkaline salts, General Treussart endeavored
to ascertain the influence of these substances upon the qualities of
the artificial puzzolanas from clays in which they are found. He
states, that the carbonate of potash and the muriate of soda seem
to act beneficially ; that magnesia seems to be passive, as well
as the oxide of iron, except when the latter is found in a large
proportion, when it acts hurtfully ; and that the lime has a mate-
rial influence on the degree of heat required to convert the clay
into a good artificial puzzolana. ‘

91. The management of the heat, in the preparation of this
material, seems of the first consequence ; and General Treussart
recommends that direct experiment be resorted to, as the most
certain means of ascertaining the proper point. For this purpose,
specimens of the clay to be tried may be kneaded into balls as
large as an egg, and the balls, when dry, be submitted to different
degrees of heat in a kiln, or furnace, through which a current of
air must pass over the balls, as this last circumstance is essential
to secure a material possessing the best hydraulic qualities. Some
of the balls are withdrawn as soon as their color indicates that
they are underburnt ; others when they have the appearance of
well-burnt brick ; and others when their color shows that they
are overburnt, but before they become vitrified. The burnt balls
are reduced to an impalpable powder, and this is mixed with a
hydrate of fat lime, in the proportion of two parts of the powder
to one of lime in paste. Water is added, if necessary, to bring
the different mixtures to the consistence of a thick pulp; and they
are separately placed in glass vessels, covered with water, and
allowed to remain until they harden. The compound which
hardens most promptly will indicate the most suitable degree of
heat to-be applied.

92. As the arbonates of lime, of potash, and of soda, act as
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fluxes on silica, the presence of either one of them will modify
the degree of heat necessary to convert the clay into a good natu-
ral puzzolana. Clay, containing about one tenth of lime, should
be brought to about the state of slightly-burnt brick. The ochreous
clays require a higher degree of heat to convert them into a good
material, and should be burnt until they assume the appearance
of well-burnt brick. The more refractory clays will bear a still
higher degree of heat; but the calcination should in no case be
carried to the point of incipient vitrification.

93. The quantity of lime contained in the clay can be readily
ascertained beforehand, by treating a small portion of the clay,
diffused in water, with enough muriatic acid to dissolve out the
lime ; and this last might serve as a guide in the preliminary
stages of the experiments.

94. General Treussart states, as the results of his experiments,
that the mixture of artificial puzzolana and fat lime forms an hy-
draulic paste superior in quality to that obtained by M. Vicat’s
process for making artificial hydraulic lime. M. Curtois, a French
civil engineer, in a memoir on these artificial compounds, pub-
lished in the Annales des Ponts et Chaussées, 1834, and General
Pasley, more recently, adopt the conclusion of General Treussart.
M. Vicat’s process appears best adapted when chalk, or any very
soft lime-stone, which can be rcadily converted to a soft pulp, 1s
ased, as offering more economy, and affording an hydraulic lime
which is sufficiently strong for most building purposes. By it
General Pasley has succeeded in obtaining an artificial hydraulic
cement, which is but little, if at all, inferior to the best natural
varieties ; a result which has not been obtained from any com-
bination of fat lime with puzzolana, whether natural, or artificial.

95. All the puzzolanas possess the important property of not
deteriorating by exposure to the air, which is not the case with
any of the hydraulic limes, or cements. This property may ren-
der them very serviceable in many localities, where only common,
or feebly hydraulic lime can be obtained.

MORTAR.

96. Mortar is any mixture of lime in paste with sand. It may
be divided into two principal classes ; Hydraulic mortar, which 1s
made of hydraulic lime, and Common mortar, made of common
lime. ,

97. The term Grout is applied to any mortar in a thin or fluid
state ; and the terms Concrete and Beton, to mortars incorporated
with gravel and small fragments of stone or brick.

98. Mortar is used for various purposes in building. It serves
as a cement to unite blocks of stone, or brick. In concrete and
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beton, which may be regarded as artificial conglomerate stones,
it forms the matriz by which the gravel and broken stone are
held together ; and it is the principal material with which the ex-
terior surfaces of walls and the interior of edifices are coated.

99. The qualiti of mortars, whether used for structures ex-
posed to the weather, or for those immersed in water, will depend
upon the nature of the materials used ;—their proportion ;—the
manner in which the lime has been converted into a paste to re-
ceive the sand ;—and the mode employed to mix the ingredients.
Upon all of these points experiment is the only unerring guide for
the engineer ; for the great diversity in the constituent elements
of lime-stones, as well as in the other ingredients of mortars, must
necessarily alone give rise to diversities in results; and when, to
these causes of variation, are superadded those resulting from
different processes pursued in the manipulations of slaking the
lime and mixing the ingredients, no surprise should be felt at the
seemingly opposite conclusions at which writers, who have pur-
sued the subject experimentally, have arrived. From the great
mass of facts, however, presented on this subject within a few
years, some general rules may be laid down, which the engincer
may safely follow, in the absence of the means of making direct
experiments. 3

100. Sand. This material, which forms one’of the ingredients
of mortar, is the granular product arising from the disintegration
of rocks. It may, therefore, like the rocks from which it is de-
rived, be divided into three principal varieties—the silicious, the
calcareous, and the argillaceous.

Sand is also named from the locality where it is obtained, as
pit-sand, which is procured from excavations in alluvial, or other
deposites of disintegrated rock ; river-sand and sea-sand, which
are taken from the shores of the sea, or rivers.

Builders again classify sand according to the size of the grain.
The term coarse sand 1s applied when the grain varies between
1th and {%th of an inch in diameter; the term fine sand, when
the grain is between ';th and ;;th of an inch in diameter; and
the term mized sand is used for any mixture of the two prece-
ding kinds.

101. The silicious sands, arising from the quartzose rocks, are
the most abundant, and are usually preferred by builders. The
calcareous sands, from hard calcareous rocks, are more rare, but
form a good ingredient for mortar. Some of the argillaceous sands
possess the properties of the less energetic puzzolanas, and are
therefore very valuable, as forming, with common lime, an arti-
ficial hydraulic lime. .

102. The property which some argillaceous sands possess, of
forming with common, or slightly hydraulic lime a compound which

5
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will harden under water, has been long known in France, where
these sands are termed arénes. The sands of this nature are
usually found in hillocks along river valleys. These hillocks
sometimes rest on calcareous rocks, or argillaceous tufas, and are
frequently formed of alternate beds of the sand and pebbles. The
sand is of various colors, such as yellow, red, and green, and
seems to have been formed from the disintegration of clay in a
more or less indurated state. 'The arénes are not as energetic as
cither natural or artificial puzzolanas ; still they form, with com-
mon lime, an excellent mortar for masonry exposed either to the
open air, or to humid localities, as the foundations of edifices.

103. Pit-sand has a rougher and more angular grain than river
or sea sand ; and, on this account, is generally preferred by build-
ers for mortar used for brick, or stone-work. Whether it forms a
stronger mortar than the other two is not positively settled, al-
though some experiments would lead to the conclusion that it
does.

104. River and sea sand are by some preferred for plastering,
because they are whiter, and have a finer and more uniform gramn
than pit sand ; but as the sands from the shores of tidal waters
contain salts, they should not be used, owing to their hygrometric
properties, before the salts are dissolved out in fresh water by
careful washing.

105. Pit-sand is seldom obtained free from a mixture of dirt,
or clay; and these, when found in any notable quantity in it, give
a weak and bad mortar. Earthy sands should, therefore, be
cleansed from dirt before using them for mortar; this may be
effected by washing the sand in shallow vats, and allowing the
turbid water, in which the clay, dust, and other like impurities
are held in suspension, to run off.

106. Sand, when pure or well cleansed, may be known by not
soiling the fingers when rubbed between them.

107. Hydraulic mortar. This material may be made from
the natural hydraulic limes ; from those which are prepared by
M. Vicat’s process ; or from a mixture of common, or feebly hy-
draulic lime, with a natural or artificial puzzolana. All writers,
however, agree that it is better to use a natural than an artificial
hydraulic hme, when the former can be readily procured.

108. When the lime used is strongly hydraulic, M. Vicat is
of opinion that sand alone should be used with it, to form a good
hydraulic mortar. General Treussart has drawn the conclusion,
from his experiments, that the mortar of all hydraulic limes is
improved by an addition of a natural or artificial puzzolana. The
quantity of sand used may vary from 1} to 2 parts of the lime,
in bulk, when reduced to a thick pulp.

109. For hydraulic mortars, made of common, feeble, or or-



MORTAR. 35

dinary hydraulic limes, and artificial puzzolana, M. Vicat states
that the puzzolana should be the weaker as the lime is more
strongly hydraulic ; using, for example, a very energetic puzzo-
lana with a fat, or a feebly hydraulic lime. The proportion of
sand which can be incorporated with these ingredients, to form an
hydraulic mortar, is stated by General Treussart to be one vol-
ume to one of puzzolana, and one of lime in paste.

110. In proportioning the ingredients, the object to which the
mortar is to be applied should be regarded. hen it is to serve
to unite stone, or brick work, it is better that the hydraulic lime
should be rather in excess : when it is used as a matriz for beton,
no more lime should be used than is strictly required. No harm
will arise from an excess of good hydraulic lime, in any case ; but
an excess of common lime is injurious to the quality of the mortar.

111. Common and ordinary hydraulic limes, when made into
mortar with arénes, give a good material for hydraulic purposes.
The proportions in which these have been found to succeed well,
are one of lime to three of arénes.

112. Hydraulic cement, from the promptitude with which it
hardens, both in the air and under water, is an invaluable mate-
rial where this property is essential. Any dose of sand injures
its properties as a cement. But hydraulic cement may be added
with decided advantage to a mortar of common, or of feebly hy-
draulic lime and sand. It is in this way that it is generally used
in our public works. The French engineers give the preference
to a good hydraulic mortar over hydraulic cement, both for uniting
stone, or brick work, and for plastering. They find, from their
practice, that when used as a stucco, it does not withstand well
the effects of weather ; that it swells and cracks in time; and,
when laid on in successive coats, that they become detached from
cach other.

General Pasley, who has paid great attention to the properties
of natural and artificial hydraulic cements, does not agree with
the French engineer$ in his conclusions. .He states that, when
skilfully applied, hydraulic cement is superior to any hydraulic
mortar for masonry, but that it must be gised only in thin joints ;
and, when applied as a stucco, that it should be laid on in but one
coat; or, if it be laid on in two, the second must be added long
before the first has set, so that, in fact, the two make but one
coat. By attending to these precautions, General Pasley states
that a stucco of hydraulic cement and sand will withstand per-
fectly the effects of frost.

113. Mortars exposed to weather. The French engineers,
who have paid great attention to the subject of mortars, coincide
in the opinion, that a mortar cannot be made of fat lime and an
inert sands, like those of the silicious, or calcareous kinds, whic
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will withstand the ordinary exposure of weather ; and that, to
obtain a good mortar for this purpose, either the hydraulic limes
mixed with sand must be employed, or else common lime mixed
either with arénes, or with a puzzolana and sand.

114. Any pure sand mixed in proper proportions with hydraulic
lime, will give a good mortar for the open air; but the hardness
of the mortar will be affected by the size of the grain, Earticularly
when hydraulic lime is used. Fine sand yields the best mortar
with good hydraulic lime ; mixed sand with the feebly hydraulic
limes ; and coarse sand with fat lime.

115. The proportion which the lime should bear to the sand
seems to depend, in some measure, on the manner in which the
lime is slaked. M. Vicat states, that the strength of mortar made
of a stiff paste of fat lime, slaked in the ordinary way, increases
from 0.50 to 2.40 to one of the paste in volume; and that, when
the lime is slaked by immersion, one volume of the like paste will
give a mortar that increases in strength from 0.50 to 2.20 parts
of sand.

For one volume of a paste of hydraulic lime, slaked in the or-
dinary way, the strength of the mortar increases from 0 to 1.80
{)arts of sand ; and, when slaked by immersion, the mortar of a
ike paste increases in strength from 0 to 1.70 parts of lime. In
every case, when the dose of sand was increased beyond these
proportions, the strength of the resulting mortar was found to
decrease,

116. Manipulations of Mortar. The quality of hydraulic mor-
tar, which is to be immersed in water, 1s more agected by the
manner in which the lime is slaked, and the ingredients mixed,
than that of mortar which is to be exposed to the weather ; al-
though in both cases the increase of strength, by the best manipu-
lations, is sufficient to make a study of them a matter of some
consequence.

117. The results obtained from the ordinary method of slak-
ing, by sprinkling, or by immersion, in the case of good hydraulic
limes, are nearly the same. Spontaneous, or air-slaking, gives
invariably the worst results. For opmmon and slightly hydraulic
lime, M. Vicat states that air-slaki{g yields the best results, and
ordinary slaking the worst.

118. The ingredients of mortar are incorporated either by
manual labor, or by machinery : the latter method gives results
superior to the former. The machines commonly used for mix-
ing mortar are either the ordinary pug-mill (Fig. 4) employed by
brickmakers for tempering clay, or a grinding-mill, (Fig." 5.)
The grinding-mill is the best machine, because it not only re-
duces the lumps, which are found in the most carefully burnt
stone, after the slaking is apparently complete, but it brings the
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lime to the state of a uniform stiff paste, which it should receive
before the sand is incorporated with it. Care should be taken

Fig. 4represents a vertical section through
the axis of a pug-mill, for mixing or
tempering mortar.—This mill consists
of a hooped vessel, of the form of a co-
nical frustum, which receives the in-
gredients, and a vertical shaft, to which
arms with teeth, resembling an ordi-
nary rake, are attached, for the purpose
of mixing the ingredients.

A, A, section of sides of the vessel.

A B, vextisal shaft to which the arms C are

ed.

D, horizontal bar for giving a circular mo-
tion to the shaft B,

E, sills of timber supporting the mill.

F, wrought-iron support through which
the upper part of the shaft passes.

E N )

not to add too much water, particularly when the mortar is to be
immersed in water. 'The mortar-mill, on this account, should be
sheltered from rain ; and the quantity of water with which it is

Fig. 5 represents a part of a mill for crushing the
lime and tempering the mortar.

A, heavy wheel of timber, or cast iron. ;

B, horizontal bar passing through the wheel, which
at one extrelmtr is fixed to a vertical shaft, and
is arranged at the other (C) with the proper gear-
ing for a_horse. i X

D, a circular trough, with a trapezoidal cross sec-
tion which receives the ingredients to be mixed.

.~ The trough may be from 20 to 30 feet in diameter;

) about 18 inches wide at top, and 12 inches deep ;

and be built of hard brick, stone, or timber laid on

a firm foundation.

AT

supplied may vary with the state of the weather. Nothing seems
to be gained by carrying the process of mixing, beyond obtaining
a uniform mass of the consistence of plastic clay. Mortars of
hydraulic lime are injured by long exposure to the air, and fre-
quent turnings and mixings with a shovel or spade; those of
common lime, under like circumstances, seem to be improved.
Mortar, which has been set aside for a day or two, will become
sensibly firmer ; if not allowed to stand too long, it may be again
reduced to its clayey consistence, by simply pounding it with a
beetle, without any fresh addition of water.

119. Setting and Durability of Mortars. Mortar of common
lime, without any addition of puzzolana, will not set in humid
situations, like the foundations of edifices, until after a very long
lapse of time. They set very soon when exposed to the air, or
to an atmosphere of carbonic acid gas. 1If, after having become
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hard in the open’ air, they are placed under water, they in time
lose their cohesion and fall to pieces.

120. Common mortars, which have had time to harden, resist
the action of severe frosts very well, if they are made rather poor,
or with an excess of sand. The sand should be over 2.40 parts,
in,bulk, to one volume of the lime in paste; and coarse sand is
found to give better results than fine sand.

121. Good hydraulic mortars set equally well in damp situa-
tions, and in the open air; and those which have hardened in the
air will retain their hardness when immersed in water. They
also resist well the action of frost, if they have had-time to set
before exposure to it; but, like common mortars, they require to
be made with an excess of sand, to withstand well atmospheric
changes.

122. The surface of a mass of hydraulic mortar, whether made
of a natural hydraulic lime or otherwise, when immersed in water,
becomes more or less degraded by the action of the water upon the
lime, particularly in a current. When the water is stagnant, a
very thin crust of carbonate of lime forms on the surface of the
mass, owing to the absorption by the lime of the carbonic acid
gas in the water. 'This crust, if the water be not agitated, will
preserve the soft mortar beneath it from the farther action of the
water, until it has had time to become hard, when the water will
no longer act upon the lime in any perceptible degree.

123. Hydraulic mortars set with more or less promptness, ac-
cording to the character of the hydraulic lime, or of the puzzolana
which enters into their composition. Artificial hydraulic mortars,
with an excess of lime, set more slowly than when the lime is in
a just proportion to the other ingredients.

124. The quick-setting hydraulic limes are said to furnish a
mortar which, in time, acquires neither as much strength nor
hardness as that from the slower-setting hydraulic limes.  Ar-
tificial hydraulic mortars,” on the contrary, which set quickly,
gain, in time, more strength and hardness than those which set
slowly.

125. The time in which hydraulic mortars, immersed in water,
attain their greatest hardness, is not well ascertained. Mortars
made of strong hydraulic limes do not show any appreciable in-
crease of hardness after the second year of their immersion ; while
the best artificial hydrailic mortars .continue to harden, in a sen-
sible degree, during the third year after their immersion.

126. Theory of Mortars. 'The paste of a hydrate, either of
common or of hydraulic lime, when exposed to the air, absorbs
carbonic acid gas from it; passes to the state of sub-carbonate of
lime ; without, however, rejecting the water of the hydrate, and
gradually hardens. The time required for the complete satura-
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tion of the mass exposed, will depend on its bulk. 'The absorp-
tion of the gas commences at the surface and proceeds more
slowly towards the centre. The hardening of mortars exposed
to the atmosphere, is generally attributed to this absorption of the
gas, as no chemical action of lime upon quartzose sand, which is
the usual kind employed for mortars, has hitherto been detected
by the most careful experiments.

127. With regard to hydraulic mortars, it is difficult to account
for their hardening, except upon the effect which the silicate of
lime may have upon the. excess of simple hydrate of uncombined
lime contained in the mass. M. Petot supposes, that the parti-
cles of silicate of lime form so many centres, around which the
uncombined hydrates group themselves in a crystalline form
becoming thus sufficiently hard to resist the solvent action of
water. With respect to the action of quartzose sand in hydraulic
mortars, M. Petot thinks that the grains produce the same me-
chanical effect as the particles of the silicate of lime, in inducing
the aggregation of the uncombined hydrate.

128. Concrete. 'This term is applied, by English architects
and engineers, to a mortar of finely-pulverized quick-lime, sand,
and gravel. These materials are first thoroughly mixed in a dry
state, sufficient water is added to bring the mass to the ordinary
consistence of mortar, and it is then rapidly worked up by a
shovel, or else passed through a pug-mill. The concrete is used
immediately after the materials are well incorporated, and while
the mass is hot.

129. The materials for concrete are compounded in various
proportions. The most approved are those in which the lime
and sand are in the proper proportions to form a good mortar,
and the gravel is twice the bulk of the sand. The gravel used
should be clean, and any pebbles contained in it larger than
an egg, should be broken up before the materials are incorpo-
rated.

130. Hot water has in some cases been used in making con-
crete. It causes the mass to set more rapidly, but is not other-
wise of any advantage.

131. The bulk of a mass of concrete, when first made, is found
to be about one fifth less than the total bulk of the dry materials.
But, as the lime slakes, the mass of concrete is found to expand
about three eighths of an inch in height, for every foot of the mass
in depth.

132. The use of concrete is at present mostly restricted to
forming a solid bed, in bad soils, for the foundations of edifices.
It has also been used to form blocks of artificial stone, for the
walls of buildings and other like purposes; but experience has
shown, that it possesses neither the durability nor strength requi
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site for structures of a permanent character, when exposed to the
action of water, or of the weather.

1383. Beton. The term beton is applied, by French engineers,
to any mixture of hydraulic mortar with fragments of brick, stone,
or gravel ; and it is now also used by English engineers in the
same sense. :

134. The proportions of the ingredients used for beton are va-
riously stated by different authors. The sole object for which
the gravel, or the broken stone is used, being to obtain a more
economical material than a like mass of hydraulic mortar alone
would yield, the quantity of broken stone sﬁould be as great as
can be thoroughly united by the mortar. ‘The smallest amount of
mortar, therefore, that can be used for this purpose, will be that
which will be just equal in volume to the void spaces in any given
bulk of the broken stone, or gravel. The proportion which the
volume occupied by the void spaces bears to any bulk of a loose
material, like broken stone, or gravel, may be readily ascertained
by filling a vessel of known capacity with the loose material, and
pouring in as much water as the vessel will contain. The vol-
ume of water thus found, will be the same as that of the void
spaces.

135. Beton made of mortar and broken stone, in which the
proportions of the ingredients were ascertained by the process
Just detailed, has been found to give satisfactorfy results ; but, in
order to obviate any defect arising from imperfect manipulation,
it is usual to add an excess of mortar above that of the void
spaces.

The best and most economical beton is made of a mixture of
broken stone, or brick, in fragments not larger than a hen’s egg,
and of coarse and fine gravel mixed in suitable proportions.

1386. In making beton, the mortar is first prepared, and then
incorporated with the finer gravel ; the resulting mixture is spread
out into a cake, 4 or 6 inches in thickness, over which the coarser
gravel and broken stone are uniformly strewed and pressed down,
the whole mass being finally brought to a homogeneous state with
the hoe and shovel.

Beton is used for the same purposes as concrete, to which it
is superior in every respect, but particularly so for foundations
laid under water, or in humid localities.

137. Adherence of Mortar. The force with which mortars in
general adhere to other materials, depends on the nature of the
material, its texture, and the state of the surface to which the
mortar is applied.

138. Mortar adheres most strongly to brick ; and more feebly
to wood than to any other material. Among stones, its adhesion
to lime-stone is generally greatest; and to basalt and sand-stones,
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least. Among stones of the same class, it adheres generally bet-
ter to the porous and coarse-grained, than to the compact and
fine-grained. Among surfaces, it adheres more strongly to the
rough than to the smooth.

139. The adhesion of common mortar to brick and stone, for
the first few years, is greater than the cohesion of its own parti-
cles. The force with which hydraulic cement adheres to the same
materials, is less than that of the cohesion between its own parti-
cles; and, from some recent experiments of Colonel Pasley, on
this subject, it would seem that hydraulic cement adheres with
nearly the same force to polished surfaces of stone as to rough
surfaces.

140. From experiments made by Rondelet, on the adhesion of
common mortar to stone, it appears that it required a force vary-
ing from 15 to 30°pounds on the square inch, applied perpendicu-
lar to the plane of the joint, to separate the mortar and stone
after six months union ; whereas, only 5 pounds to the square
inch was required to separate the same surfaces, when applied
parallel to the plane of the joint.

From experiments made by Colonel Pasley, he concludes that
the adhesive force of hydraulic cement to stone, may be taken as
high as 125 pounds on the square inch, when the joint has had
time to harden throughout; but, he remarks, that as in large
joints the exterior part of the joint may have hardened while the
mterior still remains soft, it is not safe to estimate the adhesive
force, in such cases, higher than from 80 to 40 pounds on the
square inch.

MASTICS.

141. The term Mastic is generally applied to artificial or natu-
ral combinations of bituminous or resinous substances with other
ingredients. The{ are converted to various uses in constructions,
either as cements for other materials, or as coatings, to render them
impervious to water. ‘

142. DBituminous Mastic. 'The knowledge of this material
dates back to an early period; but it is only within, compara-
tively speaking, a few years that it has come into common use in
Europe and this country. The most usual form in which it is
now employed, is a combination of mineral tar and powdered
bituminous lime-stone.

143. The localities of each of these substances are very nu-
merous ; but they are chiefly brought into the market from several
places in Switzerland and France, where these minerals are found
in great abundance ; the most noted being Val-de-Travers in
Switzerland, and Seyssel in France.

144. The mineral tar is usually obtained by boiling in water a

6 .
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soft sand-stone, called by the French molasse, which is strongly
impregnated with the tar. In this process, the tar is disengaged
and rises to the surface of the water, or adheres to the sides of
the vessel, and the earthy matter remains at the bottom. An
analysis of a rich specimen of the Seyssel bituminous sand-stone
gave the following results :—

Bituminous oil . 086 i

Carbon . . . .ozo}B““me“ O ey

Quartzy grains . ~ 3 . 3 . .690

Calcareous grains . 4 3 Y . 204
1.000

145. The bituminous lime-stone which, when reduced to a
powdered state, is mixed with the mineral tar; is known at the
localities mentioned by the name of asphaltum, an appellation
which is now usually given to the mastic. This lime-stone occurs
in the secondary formations, and is found to contain various pro-
portions of bitumen, varying mostly from 3 to 15 per cent., with
the other ordinary minerals, as argile, &c., which are met with
in this formation.

146. The bituminous mastic is prepared from these two mate-
rials by heating the mineral tar in cast-iron or sheet-iron boilers,
and stirring in the proper proportion of the powdered lime-
stone. 'This operation, although very simple in its kind, requires
great attentivn and skill on the part of the workmen in managing
the fire, as the mastic may be injured by too low, or too high a
degree of heat. The best plan appears to be, to apply a brisk
fire until the boiling liquid commences to give out a thin whitish
vapor.  The fire is then moderated and kept at a uniform state,
and the powdered stone is gradually added, and mixed in with the
tar by stirring the two well together. When the temperature has
been raised too high, the heated mass gives out a yellowish or
brownish vapor. In this state it should be stirred rapidly, and be
removed at once from the fire.

147. The asphaltic stone may be reduced to powder, either by
roasting it in vessels over a fire, or by grinding 1t down in the or-
dinary mortar-mill. For roasting, the stone is first reduced to
fragments the size of an egg. 'These fragments are put into an
non vessel ; heat is applied, and the stone is reduced to powder
by. stirring it and breaking it up with an iron instrument. This
process is not only less economical than grinding, but the ma-
terial loses a portion of its tar from evaporation, besides being
liable to injury from too great a degree of heat. For grinding,
the stone is first broken as for roasting. Care should be taken,
during the process, to stir the mass frequently, otherwise it may
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form into a cake. Cold dry weather is the best season for this
operation ; the stone, however, should not be exposed to the
weather. - . :

148. Owing to the variable quantity of mineral tar in bitumi-
nous lime-stone, the best proportions of the tar and powdered stone
for bituminous mastic, cannot be assigned beforehand. Three or
four per cent. too much of tar, is said to impair both the durability
and tenacity of the mastic ; while too smaﬁ a quantity is equally
prejudicial.  Generally, from eight to ten per cent. of the tar, by
weight, has been found to yield a favorable result.

149. Mastics have been formed by mixing vegetable tar, pitch,
and other resinous substances, with litharge, powdered brick,
powdered lime-stone, &c.; but the results obtained have gener-
ally been inferior to those from bituminous mastic.

150. Mineral tar is more durable than vegetable tar, and on this
account it has been used alone as a coating for other materials,
but not with the same success as mastic. Employed in this way,
the tar in time becomes dry and peels off; whereas, in the form
of mastic, the hard matter with which it is mixed prevents the
evaporation of the oily portion of the tar, and thus promotes its
durability.

151. "f'he uses to which bituminous mastic is applied are daily
increasing. It has been used for paving in a variety of forms,
either as a cement for large blocks of stone, or as the matriz of a
concrete formed of small fragments of stone or gravel ; as a point-
ing, it is found to be more serviceable, for some purposes, than
hydraulic cement; it forms one of the best water-tight coatings
for cisterns, cellars, the cappings of arches, terraces, and other
similar roofings now in use ; and is a good preservative agent for
wood work exposed to wet or damp.

GLUE.

152. The common animal glue is seldom used as a cement for
any other purpose than for the work of the joiner. -Although of
considerable tenacity, it is weak, brittle, and readily impaired by
moisture,

153. Within a few years back, a material termed marine glue,
the invention of Mr. Jeffery of England, has attracted attention in
England and France, in both which countries its qualities as a
cement, both for stone and wood, have been tested with the most
satisfactory results. This composition is said to be made by first
dissolving caoutchouc in coal naphtha, in the proportion of one
pound of the former to five gallons of the latter ; to this solution
an equal weight of shellac 1s added, and the composition is then
placed over a fire and thoroughly mixed by stirring. 2
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154. Owing to its insolubility in water, its remarkable tenacit
and adhesion, and its powers of contraction and expansion throug
a very considerable range of temperature, without becoming either
very soft or brittle, the marine glue promises to be not only a val-
uable addition to the resources of the naval architect, but to the

civil engineer.
BRICK.

155. This material is properly an artificial stone, formed by
submitting common clay, which has undergone suitable prepara-
tion, to a temperature sufficient to convert it into a semi-vitrified
state.

156. Brick may be used for nearly all the purposes to which
stone is applicable ; for when carefully made, its strength, hard-
ness, and durability, are but little inferior to the more ordinary
kinds of building stone. It remains unchanged under the ex-
tremes of temperature ; resists the action of water; sets firmly
and promptly with mortar ; and being both cheaper and lighter
than stone, i1s preferable to it for many kinds of structures, as
arches, the walls of houses, &c.

157. The art of brick-making is a distinct branch of the useful
arts, and does not properly belong to that of the engineer. But
as the engineer is frequently obliged to prepare this material him-
self, the following outline of the process may prove of service.

158. The best brick carth is composed of a mixture of pure
clay and sand, deprived of pebbles of every kind, but particularly
of those which contain lime, and pyritous, or other metallic sub-
stances ; as these substances, when in large quantities, and in the
form of pebbles, act as fluxes, and destroy the shape of the brick,
and weaken it by causing cavities and cracks; but in small quan-
tities, and equalf; diffused throughount the earth, they assist the
vitrification, and give it a more uniform character.

159. Good brick earth is frequently found in a natural state,
and requires no other preparation for the purposes of the brick-
maker. When he'is obliged to prepare the earth by mixing the
pure clay and sand, direct experiments should, in all cases, be
made, to ascertain the proper proportions of the two. If the clay
is in excess, the temperature required to semi-vitrify it, will cause
it to warp, shrink, and crack ; and, if there is an excess of sand,
complete vitrification will ensue, under similar circumstances.

'160. The quality of the brick depends as much on the care
bestowed on its manufacture, as on the quality of the earth. The
first stage of the process is to free the earth from pebbles, which
is most effectually done by digging it out early in the antumn,
and exposing it in small heaps to the weather during the winter.
In the spring, the heaps are carefully riddled, if necessary, and
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the earth is then in a proper state to be knecaded or tempered.
The quantity of water required in tempering, will depend on the
quality of the earth; no more should be used, than will be suffi-
cient to make the earth so plastic, as to admit of its being easily
moulded by the workman. About half a cubic foot of water to
one of the earth is, in most cases, a good proportion. If too much
water be used, the brick will not only be very slow in drying, but
it will, in most cases, crack, owing to the surface becoming com-
pletely dry, before the moisture of the interior has had time to
escape ; the consequence of which will be, that the brick, when
burnt, will be either entirely unfit for use, or very. weak.

161. Machinery is now coming into very general use in mould-
ing brick : itis superior to manual labor, not only from the labor
saved, but from its yielding a better quality of brick, by giving it
great density, which adds to its strength.

162. Great attention is requisite in drying the brick before it
is burned. It should be placed, for this purpose, in a dry expo-
sure, and be sheltered from the direct action of the wind and sun,
in order that the moisture may be carried off slowly and uniformly
from the entire surface. When this precaution is not taken, the
brick will generally crack from the unequal shrinking, arising
from one part drying more rapidly than the rest. ;

163. The burning and cooling should be done with equal care.
A very moderate fire should be applied under the arches of the
kiln for about twenty-four hours, to expel any remaining moisture
from the raw brick; this is known to be completely effected,
when the smoke from the kiln is no longer black. 'The fire is
then increased until the bricks of the arches attain a white heat;
it is then allowed to abate in some degree, in order to prevent
complete vitrification ; and it is alternately raised and lowered in
this way, until the burning is complete, which may be ascer-
tained by examining the bricks at the top of the kiln. The
cooling should be slowly effected ; otherwise the bricks will not
withstand the effects of the weather. It is done by closing
the mouths of the arches, and the top and sides of the kiln in
the most effectual manner with moist clay and burnt brick, and
allowing the kiln to remain in this state until the warmth has
subsided.

164. Brick of a good quality exhibits a fine, compact, uniform
texture, when broken across ; gives a clear ringing sound, when
struck ; and is of a cherry red, or brownish color. Three varie-
ties are found in the kiln ; those which form the arches, denom-
inated arch brick, are always vitrified in part, and present a
grayish glassy appearance at one end ; they are very hard, but
brittle, of inferior strength, and set badly with mortar ; those from
the interior of the kiln, usually denominated body, hard, or cherry
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brick, are of the best quality ; those from near the top and sides, |
are generally underburnt, and are denominated soft, pale, or sam-
mel brick ; they have neither sufficient strength, nor durability,
for heavy masonry, nor the outside courses of walls, which are
exposed to the weather.

165. The quality of good brick may be improved by soaking
it for some days in water, and re-burning it. This process in-
creases both tge strength and durability, and renders the brick
more suitable for hydraulic constructions, as it is found not to
imbibe water so readily after having undergone it. '

166. The size and form of bricks present but trifling variations.
They are generally rectangular parallelopipeds, from eight to nine
inches long, from four to four and a half wide, and from two to
two and a quarter thick.. Thin brick is generally of a better
quality than thick, because it can be dried and burned more
uniformly.

167. Fire-brick. 'This material is used for the facing of fur-
naces, fireplaces, &c., where a high degree of temperature is to be
sustained. It is made of a very refractory kind of pure clay, that
remains unchanged bya degree of heat which would vitrify and com-
pletely destroy ordinary brick. A very remarkable brick of this
character has been made of agaric mineral; it remains un-
changed under the highest temperature, is one of the worst eon-
ductors of heat, and so light that it will float on water.

168. Tiles. As a roof covering, tiles are, in many respects,
superior to slate, or metallic coverings. They are strong and
durable, and are very suitable for the covering of arches, as their
great weight is not so objectionable here, as in the case of roofs
formed of frames of timber.

Tiles should be made of the best potter’s clay, and be moulded
with great care to give them the greatest density and strength.
They are of very variable form and size; the worst being the
flat square form, as, from the liability of the clay to warp in burn-
ing, they do not make a perfectly water-tight covering.

WOOD.

169. This material holds the next rank to stone, owing to its
durability and strength, and the very general use made of it in
constructions. To suit it to the purposes of the engineer, the
tree is felled after having attained its mature growth, and the
trunk, the larger branches that spring from the trunk, and the
main parts of the root, are cut into suitable dimensions, and sea-
soned, in which state, the term timber is applied to it. The
crooked, or compass timber of the branches and roots, is mostly
applied to the purposes of ship-building, for the knees and other



WOOD. 47

parts of the frame-work of vessels, requiring crooked timber.
The trunk furnishes all the straight timber.

170. The trunk of a full-grown tree presents three distinct
parts : the bark, which forms the exterior coating ; the sap-wood,
which is next to the bark ; the heart, or inner part, which is easily
distinguishable from the sap-wood by its greater firmness and
darker color.

171. The heart forms the essential part of the trunk, as a
building material. The sap-wood possesses but little strength,
and is subject to rapid decay, owing to the great quantity of ter-
mentable matter contained 1n it; and the bark is not only without
strength, but, if suffered to remain on the tree after it is felled, it
hastens the decay of the sap-wood and heart.

172. Trees should not be felled for timber until they have at-
tained their mature growth, nor after they exhibit symptoms of
decline ; otherwise, the timber will be less strong, and far less
durable. Most forest trees arrive at maturity between fifty and
one hundred years, and commence to decline after one hundred
and fifty or two hundred years. The age of the tree can, in most
cases, be ascertained either by its external appearances, or by
cutting into the centre of the trunk, and counting the rings, or
layers of the sap and heart, as a new ring is formed each year in
the process of vegetation. When the tree commences to decline,
the extremities of the old branches, and particularly the top, ex-
hibit signs of decay. ;

173. Trees should not be felled while the sap is in circulation ;
for this substance is of a peculiarly fermentable nature, and, there-
fore, very productive of destruction to. the wood. The winter
months, and July, are the seasons in which trees are felled for
timber, as the sap is generally considered as dormant during these
months ; this practice, however, is in part condemned by some
writers ; and the recent experiments of M. Boucherie, in France,
support this opinion, and indicate midsummer and autumn as the
seasons in which the sap is least active, and therefore as most
favorable for felling.

174. As the sap-wood, in most trees, forms a large portion of
the trunk, experiments have been made, for the purpose of im-
proving its strength and durability. 'These experiments have been
mostly directed towards the manner of preparing the tree, before
felling it. One method consists in gurdling, or making an in-
cision with an axe around the trunk, completely through the sap-
wood, and suffering the tree to stand in this state until it is dead ;
the other consists in barking, or stripping the entire trunk of its
bark, without wounding the sap-wood, early in the spring, and al-
lowing the tree to stand until the new leaves have put forth and
fallen, before it is felled. The sap-wood of trees, treated by both
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of these methods, was found very much improved in hardness,
strength, and durability ; the results from girdling were, however,
inferior to those from barking.

175. The seasoning of timber is of the greatest importance, not
only to its durability, but to the solidity of the structure for which
it may be used ; as a very slight shrinking of some of the pieces,
arising from the seasoning of the wood, might, in many cases,
cause material injury, if not complete destruction to the structure.
Timber is considered as sufficiently seasoned, for the purposes
of frame-work, when it has lost about one fifth of the weight
which it has in a green state. Several methods are in use for
seasoning timber : they consist either in an exposure to the air
for a certain period in a sheltered position, which is termed natu-
ral seasoning ; in immersion in water, termed water seasoning ;
or in boiling, or steaming.

176. For natural seasoning, it is usually recommended to strip
the trunk of its branches and bark, immediately upon felling, and
to remove it to some dry position, until it can be sawed into suit-
able scantling. From the experiments of M. Boucherie, just
cited, it would seem that better results would ensue, from allow-
ing the branches and bark to remain on the trunk for some days
after felling. In this state, the vital action of the tree continuing
in operation, the sap-vessels will be gradually exhausted of sap,
and filled with air, and the trunk thus better prepared for the pro-
cess of seasoning. To complete the seasoning, the sawed timber
should be piled under drying sheds, where it will be freely ex-
posed to the circulation of the air, but sheltered from the direct
action of the wind, rain, and sun. By taking these precautions,
an equable evaporation of the moisture will take place over the
entire surface, which will prevent either warping or splitting,
which necessarily ensues when one part dries more rapidly than
another. It is farther recommended, instead of piling the pieces
on each other in a horizontal position, that they be laid on cast-
iron supports properly prepared, and with a sufficient inclination
to facilitate the dripping of the sap from one end ; and that heavy
round timber be bored through the centre, to expose a greater
surface to the air, as it has been found that it cracks more in sea-
soning than square timber.

Natural seasoning is preferable to any other, as timber seasoned
in this way is both stronger and more durable than when prepared
by any artificial process. Most timber will require, on an aver-
age, about two years to become fully seasoned in the natural
way.

1y77. The process of seasoning by immersion in water, is slow
and imperfect, as it takes years to saturate heavy timber; and
the soluble matter is discharged very slowly, and chiefly from the



WOOD. 49

exterior layers of the immersed wood. The practice of keeping
timber in water, with a view to facilitate its seasoning, has been
condemned as of doubtful utility ; particularly immersion in salt
water, where the timber is liable to the inroads of those two very
destructive inhabitants of our waters, the Limnoria Terebrans,
and Teredo Navalis ; the former of which rapidly destroys the
heaviest logs, by gradually eating in between the annual rings ;
and the latter, the well-known ship-worm, by converting timber
into a perfect honeycomb state by its numerous perforations.

178. Steaming 1s mostly in use for ship-building, where it is
necessary to soften the fibres, for the purpose of bending large
pieces of timber. This is effected by placing the timber in strong
steam-tight cylinders, where it is subjected to the action of steam
long enough for the object in view ; the period usually allowed,
is one hour to each inch in thickness. Steaming slightly impairs
the strength of timber, but renders it less subject to decay, and
less liable to warp and crack.

179. When timber is used for posts partly imbedded in the
ground, it is usual to char the part imbedded, to preserve it from
decay. This method is-only serviceable when the timber has been
previously well seasoned ; but for green timber it is highly inju-
rious, as by closing the pores, it prevents the evaporation from the
surface, and thus causes fermentation and rapid decay within.

180. The most durable timber is procured from trees of a close
compact texture, which, on analysis, yield the largest quantity of
carbon. And those which grow in ‘moist and shady localities,
furnish timber which is weaker and less durable than that from
trees growing in a dry open exposure.

181. Timber is subject to defects, arising either from some
peculiarity in the growth of the tree, or from the effects of the
weather. Straight-grained timber, free from knots, is superior
in strength and quality, as a building material, to that which is
the reverse.

182. The action of high winds, or of severe frosts, injures the
tree while standing : the former separating the layers from each
other, forming what is denominated rolled timber; the latter
cracking the timber in several places, from the surface to the
centre. These defects, as well as those arising from worms, or
age, are casily seen by examining a cross section of the trunk.

183. The wet and dry rot are the most serious causes of the
decay of timber ; as all the remedies thus far proposed to prevent
them, are too expensive to admit of a very general application.
Both of these causes have the same origin, fermentation, and
consequent putrefaction. The wet rot takes place in wood ex-
posed, alternately, to moisture and dryness; and the dry rot is
occasioned by want of a free circulation of air, as in confined,

7
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warm localities, like cellars and the more confined parts of
vessels.

Trees of rapid growth, which contain a large portion of sap-
wood, and timber of every description, when used green, where
1{1ere is a want of a free circulation of air, decay very rapidly with
the rot.

.184. Numberless experiments have been made on the preser-
vation of timber, and many processes for this purpose-have been
patented. both in Europe and this country. Several of these
processes have yielded the most satisfactory results ; and nearly
all have proved more or less efficacious. The means mostly re-
* sorted to have been the saturation of the timber in the solution

of some salt with a metallic, or earthy base, thus forming an in-
soluble compound with the soluble matter of the timber. The
salts which have been most generally tried, are the sulphate of
iron, or copper, and the chloride of mercury, zinc, or calcium.
"The results obtained from the chlorides have been more satisfac-
tory than those from the sulphates ; the latter class of salts with
metallic bases possess undoubted antiseptic properties ; but it is
stated that the freed sulphuric acid, arising from the chemical
action of the salt on the wood, impairs the woody fibre, and
changes it into a substance resembling carbon.

185, The processes which have come into most general use,
are those of Mr. Kyan, and of Sir W. Burnett, called after the
patentees kyanizing and burnetizing. Kyan's process is to sat-
urate the timber with a solution of chloride of mercury ; using,
for the solution, one pound of the salt to five gallons of water.
Burnett uses a solution of chlorideof zinc, in the proportion of
one pound of the salt to ten gallons of water, for common pur-
poses ; and a more highly concentrated solution when the object
1s also to render the wood incombustible.

186. As timber under the ordinary circumstances of immer-
sion imbibes the solutions very slowly, a more expeditious, as
well as more perfect means of saturation has been used of late,
which consists in placing the wood to be prepared in strong
wrought-iron cylinders, lined with felt and boards, to protect the
iron from the action of the solution, where, first by exhausting

" the eylinders of air, and then applying a strong pressure by means
of a force-pump, the liquid is forced into the sap and air-vessels,
and penetrates to the very centre of the timber.

187. Among the patented processes in our country, that of Mr.
Earle has received most notice. This consists in boiling the
timber in a solution of the sulphates of copper and iron. Opinion
seems to be divided as to the efficacy of this method. It has been
tried for the preservation of timber for artillery carriages, but not
with satisfactory results.
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reference has been made, noticing the slowness with which
aqueous solutions were imbibed by weod, when simply im-
mersed in them, conceived the ingenious idea of rendering the
vital action of the sap-vesscls subservient to a therough impreg-
nation of every part of the trunk where there was this vitality.
To effect this, he first immersed the butt end of a freshly-felled
tree in a liquid, and found that it was diffused throughout all paxts
of the tree, in a few days, by the action in question. But, find-
ing it difficult to manage trees of some size when felled, M.
Boucherie next attempted to saturate them before felling; for
which purpose he bored an auger-hole through the trunk, and
made a saw-cut from the auger-hole outwards, on each side, to
within a few inches of the exterior, leaving enough of the fibres
untouched to support the tree. One end of the auger-hole was
- then stopped, as well as all of the saw-cut on the exterior, and
the liquid was introduced by a tube inserted into the open end of
* the auger-hole. This method was found equally efficacious with
the first, and more convenient.

189. After examining the action of the various neutral salts on
the soluble matter contained in wood, M. Boucherie was led to
try the impure pyrolignite of iron, both from its chemical compo-
sition and its cheapness. The results of this experiment were
perfectly satisfactory. The pyrolignite of iron, in the proportion
of one fiftieth in weight of the green wood, was found not only to
preserve the wood from decay, but to harden it to a very high
degree.

190. Observing that the pliability.and elasticity of wood de-
pended, in a great measure, on the moisture contamned in it, M.
Boucherie next directed his attention to the means of improving
these properties. For this purpose, he tried solutions of various
deliquescent salts, which were found to answer the end proposed.
Among these solutions, he gives the preference to that of chloride
of calcium, which-also, when concentrated, renders the wood in-
combustible. He also recommends for like purposes the mother
water of salt-marshes, as cheaper than the solution of the chloride
of calcium. Timber prepared in this way is not only improved
in elasticity and pliability, but is prevented from warping and
cracking ; the timber, however, is subject to greater variations in

. weight than when seasoned naturally.

191. M. Boucherie is of opinion that the earthy chlorides will
also act as prescrvatives, but to ensure this he recommends that
they be mixed with one fifth of pyrolignite of iron.

192. From other experiments of M. Boucherie, it appears that
the sap may be expelled from any freshly-felled timber by the
pressure of a liquid, and the timber be impregnated as thoroughly
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as by the preceding processes. To effect this, the piece to be
saturated is placed in an upright position, so that the sap may
flow readily from the lower end; a water-tight bag, containing
the liquid, 1s affixed to the upper extremity which is surmounted
by the liquid, the pressure from which expels the sap, and fills
the sap-vessels with the liquid. The process is complete when
the liquid is found to issue in a pure state from the lower end of
the stick.

193. Either of the above processes may be applied in impreg-
nating timber with coloring matter for ornamental purposes. The
plan recommended by M. Boucherie, consists in introducing sep-
arately the solutions by the chemical union of which the color is
to be formed.

194. The effect of time on the durability of timber, prepared
by any of the various chemical processes which have just been
detailed, remains to be seen ; although results of the most satis-
factory nature may be looked for, considering the severe tests to
which most of them have been submitted, by exposure in situa-
tions peculiarly favorable to the destruction of ligneous sub-
stances.

195. The durability of timber, when not prepared by any of
the above-mentioned processes, varies greatly under different cir-
cumstances of exposure. If placed in a sheltered position, and
exposed to a free circulation of air, timber will last for centuries,
without showing any sensible changes in its physical proper-
ties. An equal, if not superior, durability is observed when it
is immersed in fresh water, or embedded in thick walls, or
under ground, so as to be beyond the influence of atmospheric
changes.

196.- In salt water, however, particularly in warm climates,
timber is‘rapidly destroyed by the two animals already noticed :
the one, the limnoria terebrans, attacking, it is said, only station-
ary wood, while the attacks of the other, the teredo navalis, are
general. Various means have been tried to guard against the
ravages of these destructive agents; that of sheathing exposed
timber with copper, or with a coating of hydraulic cement, affixed
to the wood by studding it thickly over with broad-headed nails to
give a hold to the cement, has met with full success ; but the oxi-
dation of the metal, and the liability to accident of the cement,
limit their efficacy to cases where they can be renewed. The
chemical processes for preserving timber from decay, do not ap-
pear to guard them in salt water. A process, however, of pre-
serving timber by impregnating it with coal tar, patented in this
country by Professor Renwick, appears, from careful experi-
ments, also to be efficacious against the attack of the ship-worm.
A coating of Jeffery’s marine glue, when impregnated with some
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of the insoluble mineral poisons destructive to animal life, is said
to subserve the same end.

~ 197. The best seasoned timber will not withstand the effects
of exposure to the weather for a much greater period than twenty-
five years, unless it is protected by a coating of paint or pitc{;,
or ofy oil laid on hot, when the timber is partly charred over a light
blaze. These substances themselves, being of a perishable na-
ture, require to be renewed, from time to time, and will, there-
fore, be serviceable only in situations which admit of their renewal.
They are, moreover, more hurtful than serviceable, to unseasoned
timber, as by closing the pores of the exterior surface, they pre-
" vent the moisture from escaping from within, and, therefore, pro-
mote one of the chief causes of decay.

198. The forests of our own country produce a great variet
of the best timber for every purpose, and supply abundantly botﬁ
our own and foreign markets. The following genera are in most
common use.

199. Oak. About forty-four species of this tree are enumera-
ted by botanists, as found in our forests, and those of Mexico.
The most of them afford a good building material, except the
varieties of red oak, the timber of which is weak, and decays
rapidly. . .

The White Oak, (Quercus Alba,) so named from the color
of its bark, is among the most valuable of the species, and is in
very general use, but is mostly reserved for naval constructions ;
its trunk, which is large, serving for heavy frame-work, and the
roots and larger branches affording the best compass timber. The
wood is strong and durable, and of a slightly reddish tinge ; it is
not suitable for boards, as it shrinks about 4%z in seasoning, and
is very subject to warp and crack. )

This tree is found most abundantly in the Middle States. It
is seldom seen, in comparison with other forest trees, in the
Eastern and Southern States, or in the rich valleys of the West-
ern States.

Post Oak, (Quercus Obtusiloba.) This tree seldom attains a
greater diameter than about fifteen inches, and, on this account,
15 mostly used for posts, from which use it takes its name. 'The
wood has a yellowish hue, and close grain; is said to exceed
white oak in strength and durability ; and is, therefore, an excel-
lent building material for the lighter kinds of frame-work, This
tree is found most abundantly in the forests of Maryland and Vir-
ginia, and is there frequently called Box White Oak, and Iron
Oak. Tt also grows in the forests of the Southern and Western
States, but is rarely seen farther north than the mouth of the
Hudson River.

Chesnut White Oak, (Quercus Prinus Palustris.) The tim
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ber of this tree is strong and durable, but inferior to the two pre-
ceding species. The tree is abundant from North Carolina to
Florida.

Rock Chesnut Oak, (Quercus Prinus Monticola.) The timber
of this tree is mostly in use for naval constructions, for which it
1s esteemed inferior only to the white oak. The tree is found in
the Middle States, and as far north as Vermont.

Live Oak, (Quercus Virens.) The wood of this tree is of a
yellowish tinge ; it is heavy, compact, and of a fine grain; it is
stronger and more durable than any other species, and, on this
account, it is considered invaluable for the purposes of ship-
building, for which it is exclusively reserved.

The live oak-is not found farther north than the neighborhood
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty
miles from the seacoast. It is found in abuundance along the
coast south, and in the adjacent islands as far as the mouth of the
Mississippi.

200. LPine. 'This very interesting genus is considered inferior
only to the oak, from the excellent timber afforded by nearly all
of 1ts species. It is regarded as a most valuable building mate-
rial, owing to its strength and durability, the straightness of its
fibre, the ‘ease with which it is wrought, and its applicability to
all the purposes of constructions in wood.

Yellow Pine, (Pinus Mitis.) 'The heart-wood of this tree is
fine-grained, moderately resinous, strong, and durable ; but the
sap-wood is very inferior, decaying rapidly on exposure to the
weather. 'The timber is in very general use for frame-work, &e.

This tree is found throughout our country, but in the greatest
abundance in the Middle States. In the Southern States, it is
known as Spruce Pine and Short-leaved Pine.

Long-leaved Pine, or Southern Pine, (Pinus Australis.) This
tree has but little sap-wood : and the resinous matter is uniformly
distributed throughout the heart-wood, which presents a fine com-
pact grain, having more hardness, strength, and durability, than
any other species of the pine, owing to which qualities the timber
1s In very great demand. ‘ '

The tree is first met with near Norfolk, Virginia, and from this
point south, it is abundantly found.

White Pine, or Northern Pine, (Pinus Strobus.) This tree
takes its ‘name from the color of its wood, which is white, soft,
light, straight-grained, and durable. It is inferior in strength to
the species just described, and has, moreover, the defect of swell-
ing in damp weather. Its timber is, however, in great demand
as a good building material, being almost the only kind in use in
the Eastern and Northern States, for the frame-wark and joinery
of houses, &c.
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The finest specimens of this tree grow in the forests of Maine
.t is found in great abundance between the 43d and 47th paral-
tels, N. L.

201. Among the'forest trees in less general use than the oak
and pine, the Locust, the Chesnut, the Red Cedar, and the Larch,
hold the first place for hardness, strength, and durability. They
are chiefly used for the frame-work of vessels. The chesnut, the
locust, and the cedar, are preferred to all other trees for posts.

202. The Black, or Double Spruce, (Abies Nigra,) also af-
fords an excellent material, its timber being strong, durable, and
light.

°203. "The Juniper or White Cedar, and the Cypress, are very
celebrated for affording a material, which is very light, and of
great durability, when exposed to the weather ; owing to these
qualities, it is almost exclusively used for shingles and other ex-
terior coverings. These two trees are found, in great abundance,
‘in the swamps of the Southern States.

METALS.

204. The metals in most common use in constructions are
Iron, Copper, Zinc, Tin, and Lead.

IRON.

205. This metal is very extensively used for the purposes of
the engineer and architect, both in the state of Cast Iron, and
Wrought Iron.

206. Cast Iron is one of the most valuable building materials,
owing to its great strength, hardness, and durability, and the ease
with which it can be cast, or moulded, into the best forms, for
the purposes to which it is to be applied.

207. Cast iron is divided into two principal varieties, the Gray
cast iron, and White cast iron. 'There exists a very marked dif-
ference between the properties of these two varieties. There
are, besides, many intermediate varieties, which partake more or
less of the properties of these two, as they approach, in their ex-
ternal appearances, nearer to the one or the other.

208. Gray cast iron, when of a good quality, is slightly malle-
able in a cold state, and will yield readily to the action of the file,
when the hard outside coating is removed. This variety is also
sometimes termed soft gray cast iron; it is softer and tougher
than the white iron. When broken, the surface of the fracture
presents a granular structure ; the color is gray; and the lustre
1s what is termed metallic, resembling small brilliant particles of
lead strewed over the surface.

209. White cast iron is very hard gnd brittle ; when recently
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broken, the surface of the fracture presents a distinctly-marked
crystalline structure ; the color is white; and lustre vitreous, or
bearing a resemblance to the reflected light from an aggregation
of small crystals.

210. Mr. Mallet, in a very able Report made to the British
Association for the Advancement of Science, remarking on the
great want of uniformity, among manufacturers of iron, in the
terms used to describe its different varieties, proposes the follow-
ing nomenclature, as comprising every variety, with their distinc-
tive characters. '

Silvery. Least fusible ; thickens rapidly when fluid by a
spontaneous puddling ; crystals vesicular, often crystalline ; in-
capable of being cut by chisel or file ; ultimate cohesion a maxi-
mum ; elastic range a minimum.

Micaceous. Very soft; greasy feel; peculiar micaceous ap-
pearance generally owing to excess of manganese; soils the fin-
gers strongly ; crystals large ; runs very fluid ; contraction large.

Mottled.* 'Tough and hard ; filed or cut with difficulty; crys-
tals large and small mixed ; sometimes runs thick ; contraction in
cooling a maximum.

Bright Gray. 'Toughness and hardness most suitable for
working ; ultimate cohesion and elastic range generally are bal-
anced most advantageously ; crystals uniform, very minute.

Dull Gray. Less tough than the preceding ; other characters
alike ; contraction in cooling a minimum.

Dark Gray. Most fusible ; remains long fluid ; exudes graphite
in cooling ; soils the fingers ; crystals large and lamellar ; ultimate
cohesion a minimum, and elastic range a maximum.

211. The gray iron is most suitable where strength is required ;
and the white, where hardness 1s the principal requisite.

212. The color and lustre, presented by the surface of a recent
fracture, are the best indications of the quality of iron. A uni-
form dark gray color, and high metallic lustre, are indications of the
best and strongest. With the same color, but less lustre, the iron
will be found to be softer and weaker, and to crumble readily.
Iron without lustre, of a dark and mottled color, is the softest and
weakest of the gray varieties. .

Iron of a light gray color and high metallic lustre, is usually
very hard and tenacious. As the color approaches to white, and
the metallic lustre changes to vitreous, hardness and brittleness
become more marked, until the extremes of a dull, or grayish white
color, and a very high vitreous lustre, are attained, which are the
indications of the hardest and most brittle of the white variety.

213. The quality of cast iron may also be tested, by striking a
smart stroke with a hammer on the edge of a casting. 1If the
blow produces a slight indentation, without any appearance of
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fracture, 1t shows that the iron is slightly malleable, and, there-
fore, of a good quality ; if, on the contrary, the edge is broken, it
indicates brittleness i the material, and a consequent want of
strength.

214. The strength of cast iron varies with its density ;. and this
element depends upon the temperature of the metal when drawn
from the furnace ; the rate of cooling; the head of metal under
which the casting is made ; and the bulk of the casting.

215. The density of iron cast in vertical moulds increases, ac-
cording to Mr. Mallet’s experiments, very rapidly from the top
downward, to a depth of about four feet below the top ; from this
point to the bottom, the rate of increase is very nearly uniform.
All other circumstances remaining the same, the density decreases
with the bulk of the casting; hence large are proportionally
weaker than small castings.

216. From all of these causes, by which the strength of iron
may be influenced, it is very difficult to judge of the quality of a
casting by its external characters; in general, however, if the
exterior presents a uniform appearance, devoid of marked ine-
qualities of surface, it will be an indication of uniform strength.

217. The economy in the manufacture of cast iron, arising
from the use of the hot blast, has naturally directed attention to
the comparative merits between iron produced by this process
and that-from the cold blast. This subject has been ably inves-
tigated by Messrs. Fairbairn and Hodgkinson, and their results
published in the Seventh Report of the British Association.

Mr. Hodgkinson remarks on this subject, in reference to the
results of his experiments : “ It is rendered exceedingly probable
that the introduction of a heated blast into the manufacture. of
cast iron, has injured the softer irons, while it has frequently
mollified and improved those of a harder nature ; and considering
the small deterioration that” some ¢ irons have sustained, and the
apparent benefit to those of” others, ‘“together with the great saving
effected by the heated blast, there seems good reason for the pro-
cess becoming as general as it has done.”

218. From a number of specific gravities given in these Re-
ports, the mean specific gravity of cold blast iron is'nearly 7.091,
that of hot blast 7.021.

219. Mr. Fairbairn concludes his Report with these observa-
tions, as the results of the investigations of himself and Mr. Hodg-
kinson : “ The ultimatum of our inquiries, made in this way,
stands, therefore, in the ratio of strength, 1000 for the cold blast,
to 1024.8 for the hot blast ; leaving the small fractional difference
of 24.8 in favor of the hot blast.”

“'The relative powers to sustain impact, are likewise in favo
of the hot blast, being in the ratio of 1000 to 1226.3.”

8
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220. Wrought Iron. 'The color, lustre, and texture of a recent
fracture, present, also, the most certain indications of the quality
of wrought iron. The fracture submitted to examination, should
be of bars at least one inch square ; or, if of flat bars, they should
be at least half an inch thick ; otherwise, the téxture will be so
greatly changed, arising from the greater elongation of the fibres,
i bars of smaller dimensions, as to present none of those dis-
tinctive differences observable in the fracture of large bars.

221. The surface of a recent fracture of good iron, presents a
clear gray color, and high metallic lustre ; the texture is granular,
and the grains have an elongated shape, and are pointed and
slightly crooked at their ends, giving the idea of a powerful force
having been employed to produce the fracture. When a bar,
presenting these appearances, is hammered, or drawn out into
small bars, the surface of fracture of these bars will have a very
marked fibrous appearance, the filaments being of a white color
and very elongated.

222. When the texture is either laminated, or crystalline, it is
an indication of some defect in the metal, arising either from the
mixture of foreign ingredients, or else from some neglect in the
process of forging.

223. Burnt iron is of a clear gray color, with a slight shade
of blue, and of a slaty texture. It 1s soft and brittle.

224. Cold short iron, or iron that cannot be hammered when
cold without breaking, presents nearly the same appearance as
burnt iron, but its color inclines to white. It is very hard and
brittle.

225. Hot short iron, or that which breaks under the ham-
mer when heated, is of a dark color without lustre. This de-
fect is usually indicated in the bar by numerous cracks on the
edges.

%26. The fibrous texture, which is developed only in small
bars by hammering, is an inherent quality of good iron; those
varieties which are not susceptible of receiving this peculiar tex-
ture, are of an inferior quality, and should never be used for pur-
poses requiring great strength : the filaments of bad varieties are
short, and the fracture is of a deep color, between lead gray and
dark gray.

227. '%he best wrought iron presents two varieties ; the Hard
and Soft. The hard variety is very strong and ductile. It pre-
serves its granular texture a long time under the action of the
hammer, and only developes the fibrous texture when beaten, or
drawn out into small rods: its filaments then present a silver
white appearance.

228. The soft variety is weaker than the hard ; it yields easily
to the hammer; and 1t commences to exhibit, under its action,
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the fibrous texture i tolerably large bars. The color of the
fibres is between a silver white and lead gray.

229.. Iron may be naturally of a good quality, and still, from
being badly refined, not present the appearances which are re-
garded as sure indications of its excellence. Among the defects
arising from this cause are blisters, flaws, and cinder-holes.
Generally, however, if the surface of fracture presents a texture
partly crystalline and parily fibrous, or a fine granular texture, in
which some of the grains seem pointed and crosked at the points,
together with a light gray color without lustre, it will indicate
natural good qualities, which require only careful refining to be
fully developed. e

230. The strength of wrought iron is very variable, as it de-
pends not only on the natural qualities of the metal, but also upon
the care bestowed in forging, and the greater or less compres-.
sion of its fibres, 'when drawn or hammered into bars of different
sizes.

231. In the Report made by the sub-committee, Messrs. John-
son and Reeves, on the strength of Boiler Iron, (Journal of Frank-
lin Institute, vol. 20, New Series,) it is stated that the following
order of superiority obtains among the different kinds of pig
metal, with respect to the malleable iron which they furnish :—
1 Lwely gray; 2 White; 3 Mottled gray; 4 Dead gray;
5 Mixed metals.

The Report states,  So far as these experiments may be con-
sidered decisive of the question, they favor the lighter complexion
of the cast metal, in preference to the darker and mottled varie-
ties; and they place the mixture of different sorts among the
worst modifications of the material to be used, where the object
is mere tenacity.” ¥

232. These experiments also show that piling iron of different
degrees of fineness in the same plate is injurious to its quality,
owing to the consequent inequality of the welding.

233. From these experiments, the mean specific gravity of
boiler iron 1s 7.7344, and of bar iron 7.7254.

234. Durability of Iron. 'The durability of iron, under the
different circumstances of exposure to which it may be submitted,
depends on the manner in which the casting may have been made;
the bulk of the piece employed ; the more or less homogeneous-
ness of the mass; its density and hardness.

235. Among the most recent and able researches upon the ac
tion of the ordinary corrosive agents on iron, and the preservative
means to be employed against them, those of Mr. Mallet, given in
the Report already mentioned, hold the first rank. A brief re-
capitulation of the most prominent conclusions at which he has
arrived, is all that can be attempted in this place.
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236. When iron is only partly immersed in water, or wholly
immersed in water composeé) of strata of different densities, like
that of tidal rivers, a voltaic pile of one solid and two fluid bodies
is formed, which causes a more rapid corrosion than when the
liquid is of uniform density.

237. The corrosive action of the foul sea water of docks and

harbors is far more powerful than that of clear sea, or fresh water,
owing to the action of the hydro-sulphuric acid which, being dis-
engaged from the mud, impregnates the water, and acts on the
iron. :
238. In clear fresh river water, the corrosive action is less than
under any other circumstances of immersion; owing to the ab-
sence of corrosive agents, and the firm adherence of the oxide
formed, which presents a hard coat that is not washed off as in
sca water.

239. In clear sea water, the rate of corrosion of iron bars, one
inch thick, is from 3 to 4 tenths of an inch for cast iron in a cen-
tury, and about 6 tenths of an inch for wrought iron. ;

240. Wrought iron corrodes more rapidly in hot sea water than
under any other circumstances of immersion. g

241. The same iron when chill cast corrodes more rapidly than
when cast in green sand ; this arises from the chilled surface
being less uniform, and therefore forming voltaic couples of iron
of different densities, by which the rapidity of corrosion is in-
creased.

242. Castings made in dry sand and loam are more durable
under water than those made 1n green sand.

243. Thin bars of iron corrode more rapidly than those of more
bulk. This difference in the rate of corrosion is more striking in
the soft, or graphitic specimens of cast iron, than in the hard and
silvery. It 1s caused by the more rapid rate of cooling in thin
than 1n thick bars, by which the density of the surface of the for-
mer becomes less uniform. These causes of destructibility may,
in some degree, be obviated in castings composed of ribbed
pieces, by making the ribs of equal thickness with the main
pieces, and causing them to be cooled in the sand, before strip-
ping the moulds. p .

244. The hard crust of cast iron promotes its durability ; when
this is removed to the depth of one fourth of an inch, the iron cor-
rodes more rapidly in both air and water.

245. Corrosion takes place the less rapidly in any variety of
iron, in proportion as it is more homogeneous, denser, harder, and
closer grained, and the less graphitic. '

246. The more ordinary means used to protect iron against
the action of corrosive agents, consist of paints and varnishes.
These, under the usual circumstances of atmospheric exposure,



IRON. 61

are of but slight efficacy, and require to be frequently renewed.
In water, they are all rapidly destroyed, with the exception of
boiled coal-tar, which, when laid on hot iron, leaves a bright and
solid varnish of considerable durability and protective power.

247. The rapidly increasing purposes to which iron has been
applied, within the last few years, has led to researches upon the
agency of electro-chemical action, as a means of protecting it from
corrosion, both in air and water. Among the processes resorted
to for this purpose, that of zincking, or as it is more commonl
known, galvanizing iron has been most generally introducec{ it s
The experiments of Mr. Mallet, on this ‘process, are. decidedly taf o,
against zinc as a permanent electro-chemical protector. Mr. Lo\ e
Mallet states, as the result of his observations, that zinc applied in
fusion, in the ordinary manner, over the whole surface of iron, Codiadds
will not preserve it longer than about two years; and that, so 7.~ *
soon as.oxidation commences at any point of the iron, the protec-
tive power of the zinc becomes considerably diminished, or even
entirely null. Mr. Mallet concludes,  On the whole, it may be
affirmed that, under all circumstances, zinc has not yet been so
applied to iron, as to rank as an electro-chemical protector to-
wards it in the strict sense ; hitherto it has not become a preven-
tive, but merely a more or less effective palliative to destruction.”

248. In extending his researches on this subject, with alloys
of copper and zine, and copper and tin, Mr. Mallet found that the
alloys of the last-metals accelerate the corrosion of iron, when "o ©
voltaically associated with it in sea water; and that an alloy of .yt
the two first, represented by 23Zn + 8Cu, in contact with 1ron,
protects it as fully as zinc alone, and suffers but little loss from 0.
the electro-chemical action; thus presenting a protective en- “
ergy more permanent and invariable than that of zinc, and giving
a nearer approximation to the solution of the problem, ¢ to obtain
a mode of electro-chemical protection such, that while the iron
shall be preserved the protector shall not be acted on, and whose
protection shall be invariable.”

249. In the course of his experiments, Mr. Mallet ascertained
that the softest gray cast iron bears such a voltaic relation to hard
bright cast iron, when immersed in sea water and voltaically as-
soclated with it, that although oxidation will not be prevented on
either, it will still be greatly retarded on the hard, at the expense
of the soft iron.

250. In concluding the details of his important researches on
this subject, Mr. Mallet makes the following judicious remarks :
“The engineer of observant habit will soon have perceived, that
in exposed works in iron, equality of section or scantling, in all
parts sustaining equal strain, is far from ensuring equal passive
power of permanent resistance, unless, in addition to a general

£
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allowance for loss of substance by corrosion, this latter element
be so provided for, that it shall be equally balanced over the whole
structure ; or, if not, shall be compelled to confine itself to por-
tions of the general structure, which may lose substance without
injuring its stability.” 2

“The principles we have already established sufficiently guide
us in the modes of effecting this ; regard must not only be had to
the contact of dissimilar metals, or of the same in dissimilar fluids,
but to the scantling of the casting and of its parts, and to the con-
tact of cast iron with wrought iron or steel, or of one sort of cast
iron with another. Thus, in a suspension bridge, if the links of
the chains be hammered, and the pins rolled, the latter, where
equally exposed, will be eaten away long before the former. In
marine steam-boilers, the rivets are hardened by hammering until
cold ; the plates, therefore, are corroded through round the rivets
before these have suffered sensibly; and in the air-pumps and
condensers of engines working with sea water, or in pit work, and
pumps lifting mineralized or ‘bad’ water from mines, the cast
iron perishes first round the holes through which wrought-iron
bolts, &c., are inserted. And abundant other instances might be
given, showing that the effects here spoken of are in practical
operation to an extent that should press the means of counteract-
ing them on the attention of the engineer.”

251. Since Mr. Mallet’s Report to the British Association, he
has invented two processes for the protection of iron from the ac-
tion of the atmosphere and of water ; the ohe by means of a coat-
ing formed of a triple alloy of zinc, mercury, and sodium, or po-
tassium ; the other by an amalgam of palladium and mercury.

252. The first process consists of forming an alloy of the metals
used, in the following manner. To 1292 parts of zinc by weight,
in a state of fusion, 202 parts of mercury are added, and the
metals are well mixed, by stirring with a rod of dry wood, or one
of iron coated with clay; sedium, or potassium is next added, in
small quantities at a time, in the proportion of one pound to every
ton by weight of the other two metals. The iron to be coated
with this alloy is first cleared of all adhering oxide, by immersing
it in a warm dilute solution of sulphuric, or of hydro-chloric acid,
washing it in clear cold water, and detaching all scales, by striking
it with a hammer ; it is then scoured clean by the hand with sand,
or emery, under a small stream of water, until a bright metallic
lustre is obtained ; while still wet, it is immersed in a bath formed
of equal parts of the cold saturated solutions of chloride of zinc
and sal-ammoniac, to which as much more solid sal-ammoniac is
added as the solution will take up. The iron is allowed to re-
main in this bath until it is covered by minute bubbles of gas ; it
is then taken out, allowed to drain a few seconds, and plunged
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into the fused alloy, from which it is withdrawn so soon as it has
acquired the same temperature. ~ When taken from the metallic
bath, the iron should be plunged in cold water and well washed.

253. Care must be taken that the iron be not kept too long in
the metallic bath, otherwise it may be fused, owing to the great
affinity of the alloy for iron. At the proper fusing temperature
of the alloy, about 680° Fahr., it will dissolve plates of iron one
eighth of an inch thick in a few seconds; on this account, when-
ever small articles of iron have to be protected, the affinity of the
alloy for iron should be satisfied, by fusing some iron in it before
immersing that to be coated.

254. The other process, which has been termed palladiumizing,
consists in coating the iron, prepared as in the first process for
the reception of the metallic coat, with an amalgam of palladium
and mercury.

COPPER.

255. The most ordinary and useful application of this metal in
constructions, is that of sheet copper, which is used for roof cov-
erings, and like purposes. Its durability under the ordinary
changes of atmosphere is very great. Sheet copper, when quite
thin, 1s apt to be defective, f¥om cracks arising from the process
of drawing it out. These may be remedied, when sheet copper
is to be used for a water-tight sheathing, by tinning the sheets on
one side. Sheets prepared in this way %ave been found to be very
durable.

The alloys of copper and zinc, known under the name of brass,
and those of copper and tin, known as bronze, gun-metal, and
bell-metal, are, in some cases, substituted for iron, owing to their
superior hardness to copper, and being less readily oxidized than
iron.

ZINC.

256. This metal is used mostly in the form of sheets ; and for
water-tight sheathings it has nearly displaced every other kind of
sheet metal. 'The pure metallic surface of zinc soon becomes
covered with a very thin, hard, transparent oxide, which is un-
changeable both in air and water, and preserves the metal beneath
it from farther oxidation. It is this property of the oxide of zinc,
which renders this metal so valuable for sheathing purposes ; but
s durability is dependent upon its not being brought into contact
with iron in the presence of moisture, as the galvanic action which
would then ensue, would soon destroy the zinc. On the same
account zinc should be perfectly free f}r'om the presence of iron,
as a very small quantity of the oxide of this last metal when con-
tained in zinc, is found to occasion its rapid destruction.
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257. Besides the alloys of zinc aiready mentioned, this metal
alloyed with copper forms one of the most useful solders; and
its alloy with lead has been proposed as a cramping metal for
uniting the parts of iron work together, or iron work to other ma-
terials, in the place of lead, which is usually employed for this
purpose, but which accelerates the destruction of iron in contact
with it.

TIN.

258. The most useful application of tin is as a coating for
sheet iron, or sheet copper : the alloy which it forms, in this way,
upon the surfaces of the metals in question, preserves them for
some time from oxidation. Alloyed with lead it forms one of the
most useful solders.

LEAD.

259. Lead in sheets forms a very good and durable roof cover-
ing, but it is inferior to both copper and zinc in tenacity and
durability ; and is very apt to tear asunder on inclined surfaces,
particularly if covered with other materials, as in the case of the
capping of water-tight arches.

PAINTS AND VARNISHES.

- 260. Paints are mixtures of certain fixed and volatile oils,
chiefly those of linseed and turpentine, with several of the metal-
lic salts and oxides, and other substances which are used either
as pigments, or to give what is termed a body to the paint, and
also to improve its drying properties.

261. Paints are mainly used as protective agents to secure
wood and metals from the destructive action of air and water.
This they but imperfectly effect, owing to the unstable nature of
the oils that enter into their composition, which are not only de-
stroyed by the very agents against which they are used as pro-
tectors, but by the chemical changes which result from the action
of the elements of the oil upon the metallic salts and oxides.

262. Paints are more durable in air than in water. In the lat-
ter element, whether fresh or salt, particularly if foul, paints are
soon destroyed by the chemical changes which take place, both
from the action of the water upon the oils, and that of the hydro-
sulphuric acid contained in foul water upon the metallic salts and
oxides.

263. However carefully made or applied, paints soon become
permeable to water, owing to "the very minute pores which arise
from the chemical changes in their constituents. These changes
will have but litile influence upon the preservative action of paints
upon wood exposed to the effects of the atmosphere, provided the
wood be well seasoned before the paint is applied, and that the
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latter be renewed at suitable intervals of time. ' On metals these
changes have a very important bearing. The permeability of the
paint to moisture causes the surface of the metal under it to rust,
and this cause of destruction is, in most cases, promoted by the
chemical changes which the paint undergoes.

264. Varnishes are solutions of various resinous substances
in solvents which possess the property of drying rapidly. They
are used for the same purposes as paints, and have generally the
same defects.

265. The following are some of the more usual compositions
of paints and varnishes.

White Paint, (for exposed wood.)

White lead, ground in oil ¢ 4 . 80
Boiled oil . ; o e ik,
Raw oil . . 3 . . q prg
Spirits turpentine . 3 . . Bewidl:

The white lead to be ground in the oil, and the spirits of tur-
pentine added.

Black Paint.
Lamp-black . : a 9 o p 28
Litharge ’ 5 3 4 . Serglad |
Japan varnish : B sl
Linseed oil, boiled . . 5 c . 73
Spirits turpentine . . ¢ 3 SR

Lead Color.
White lead, ground in oil g 5 o )

Lamp-b]ack 3 : 5 § 5 g
Boiled linseed oil . . £ 3 . 23
Litharge b & 5 d i 205
Japan varnish % : : 5 N )
Spirits turpentine . 3 ¥ s . 25

Gray, or Stone Color, (for buildings.)

White lead ground in oil 3 2 . 718
Boiled oil 3 3 . DD
Raw oil . s o 0 9.5 -
Spirits of turpentme E X 3
Turkey umber ) 0.5
Lamp-black . ] g 0.25
Lackers for Cast Iron.

1.—Black lead, pulverlzed 3 . 3 .
Red lead 4 ¢ . § .12
Litharge 3 3 S % . et
Lamp-black - . ; 5 . 5 VL
Linseed oil . T SR . 66



66 BUILDING MATERIALS.

2.—Anti-corrosion : . g i . 40 1bs,
Grant’s black, ground in oil . g ot
Red lead, as a dryer 4 . . visk Bt
Linseed oil 5 . : 4 . 4 gals.
Spirits turpentine . o . 3 .1 pint.

Copal Varnish.

Gum copal, (in clean lumps) . : =196.5
Boiled linseed oil . : 3 5 . 42,5
Spirits turpentine . : 3 . . 31

Japan Varnish.

Litharge 3 3 5 2 o .
Boiled oil . A $ . 5 su8
Spirits turpentine . F

Red lead

Umber . 3

Gum shellac .

Sugar of lead 3 . 5 3
White vitriol . v : A 2 4

2D QD = A T

The proportions of the above compositions are given for 100
parts, by weight, with the exception of lacker 2.

The beautiful black polish on the Berlin castings for ornamental
purposes, is said to be produced by laying the following compo-
sition on the hot iron, and then baking it. ‘

Bitumen of India

Resin .

Drying oil 5 $
Copal, or amber varnish .

O D
SO Gt

Enough oil of turpentine is to be added to this mixture to make
it spread. 4

266. From experiments made by Mr. Mallet, on the preserva-
tive ‘properties of paints and varnishes for iron immersed in water,
it appears that caoutchouc varnish is the best for iron mn hot
water, and asphaltum varnish under all other circumstances ; but
that boiled coal-tar, laid on hot iron, forms a superior coating to
either of the foregoing.

267. Mr. Mallet recommends the following compositions for a
paint, termed by him zoofagous paint, and a varnish to be used
to preserve zincked iron both from corrosion and from fouling in
sea water.

Varnish for zincked Iron.

To 50 lbs. of foreign asphaltum, melted and boiled in an iron
vessel for three or four hours, add 16 lbs. of red lead and litharge
ground to a fine powder, in equal proportions, with 10 gals. of
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drying linseed oil, and bring the whole to a nearly boiling tem-
perature. Melt, in a second vessel, 8 lbs. of gum-animé ; to
which add 2 gals. of drying linseed oil at a boiling heat, with 12
Ibs. of caoutchouc partially dissolved in coal-tar naphtha. Pour
the contents of the second vessel into the first, and boil the whole
gently, until the varnish, when taken up between two spatulas, is
found to be tough and ropy. This composition, when quite cold,
is to be thinned down for use with from 30 to 35 gals. of spirits
of turpentine, or of coal naphtha.

268. It is recommended that the iron should be heated before
receiving this varnish, and that it should be applied with a spatula,
or a flexible slip of horn, instead of the ordinary brush.

When dry and hard, it is stated that this varnish is not acted
upon by any moderately diluted acid, or alkali; and, by long im-
mersion in water, it does not form a partially soluble hydrate, as
1s the case with purely resinous varnishes and oil paints. It can
with difficulty be removed by a sharp-pointed tool; and is so
elastic, that a plate of iron covered with it may be bent several
times before it will become detached. :

Zoofagous Paint.

269. To 100 Ibs. of a mixture of drying linseed oil, red lead,
sulphate of barytes, and a little spirits of turpentine, add 20 lbs.
of the oxychloride of copper, and 3 lbs. of yellow soap and com-
mon rosin, in equal proportions, with a little water.

When zincked iron is exposed to the atmosphere alone, the var-
nish is a sufficient protection for it; but when it is immersed in
sea water, and it is desirable, as in iron ships, to prevent it from
fouling, by marine plants and animals attaching themselves to it,
the paint should be used, on account of its poisonous qualities.
The paint is applied over the varnish, and is allowed to harden
three or four days before immersion. 2

RESULTS OF EXPERIMENTAL RESEARCHES ON THE
STRENGTH OF MATERIALS.

270. Whatever may be the physical structure of materials,
whether fibrous or granular, experiment has shown that they all
possess certain general properties, among the most important of
which to the engineer are those of contraction, elongation, de-
flection, torsion, and lateral adhesion, and the resistances which
these offer to the forces by which they are called into action.
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271. All solid bodies, when submitted to strains by which any
of these properties are developed, have, within certain limits,
termed the limits of elasticity, the property of wholly or partially
resuming their original state, when the strain is taken off. This
property is usually denominated the elastic force, and has for its
measure, in the case of contraction, or elongation, the ratio be-
tween the force which causes the one or the other of these states
and the fraction which measures the degree of contraction, or
elongation.

272. To what extent bodies possess the property of total re-
covery of form, when relieved from a strain, is still a matter of
doubt. It has been generally assumed, that the elasticity of a
material does not undergo permanent injury by any strain less
than about one third of that which would entirely destroy its force
of cohesion, thereby causing rupture. But from the most recent
experiments on this point made by Mr. Hodgkinson on cast iron,
it appears that the restoring power of this material is destroyed by
very slight strains; and it is rendered probable that this and most
other materials receive a permanent change of form, or sez, under
any strain, however small.

273. The extension, or contraction of a solid, may be effected
either by a force acting in the direction in which the contraction,
or elongation takes place, or by one' acting transversely, so as to
bend the body. Experiments have been made to ascertain, di-
rectly, the proportion between the amount of contraction, or elon-
gation, and the forces by which they are produced. From these
experiments, it results, that the contractions, or elongations are,
within certain limits, proportional to the forces, but that an equal
amount of contraction, or elongation, is not produced by the same
amount of force. From the experiments of Mr. Hodgkinson and
M. Duleau, it appears, that in cast and malleable iron the con-
traction, or elongation, caused by the same amount of pressure,
or tension, is nearly equal; wﬁ'ile in timber, according to Mr,
Hodgkinson, the amount of contraction is about four fifths of the
elongation for the same force.

274. When a solid of any of the materials used in construc- -
tions is acted upon by a force so as to produce deflection, experi-
ment has shown that the fibres towards the concave side of the
bent solid are contracted, while those towards the convex side
are elongated ; and that, between the fibres which are contracted
and those which are elongated, others are found which have not
undergone.any change of length. The part of the solid occupied
by these last fibres has received the name of the neutral line, or
neutral axis.

275. The hypothesis usually adopted, with respect to the cir-
cumstances attending this kind of strain, is that the contractions
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and elongations of the fibres on each side of the neutral axis are
proportional to their distances from this line ; and that, for slight
deflections, the neutral axis passes through the centre of gravity
of the sectional area. From experiments, however, by Mr. Hodg-
kinson and Mr. Barlow, it appears that the neutral axis, in forged
iron and cast iron, lies nearer to the concave than to the convex
surface of the bent solid, and, probably, shifts its position when
the degree of deflection is so great as to cause rupture. In tim-
ber, according to Mr. Barlow, the neutral axis lies nearest to the
convex surface ; and, from his experiments on solids of forged
iron and timber with a rectangular sectional figure, he places the
neutral axis at about three eighths of the depth of the section from
the convex side in timber, and between one third and one fifth of
the depth of the section from the concave side in forged iron.

276. When the strain to which a solid is subjected is suffi-
ciently great to destroy the cohesion between its particles, and
cause rupture, experiment has shown that the force producing
this effect, whether it act by tension, so as to draw the fibres
asunder, or by compression, to crush them, is proportional to the
sectional area of the solid. 'The measure, therefore, of the re-
sistance offered by a solid to rupture, in either of these cases, is
that force which will rupture a sectional area of the solid repre-
sented by unity.

277. From experiments made to ascertain the circumstances
of rupture by a tensile force, it appears that the solid torn apart
exhibits a surface of fracture more or less even, according to the
nature of the material.

278. Most of the experiments on the resistance to rupture
by compression, have been made on small cubical blocks, and
have given a measure of this resistance greater than can be de-
pended upon in practical applications, when the height of the
solid exceeds three times the radius of its base. This point has
been very fully elucidated in the experiments of Mr. Hodg-
kinson upon the rupture by compression of solids with circular
and rectangular bases. These experiments go to prove, that the
circumstances of rupture, and the resistance offered by the solid,
vary in a constant manner with its height, the base remaining the
same. In columns of cast iron, with.circular sectional areas, it
was found that the resistance remained constant for a height less
than three times the radius of the base ; that, from this height to
one equal to six times the radius of the base, the resistance still
remained constant, but was less than in the former case; and
that, for any height greater than six times the radius of the base,
the resistance decreased with the height. In the two first cases,
the solids were found to yield either by the upper portion sliding
off upon the lower, in the direction of a plane making a constant
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angle with the axis of the solid; or else by separating into coni-
cal, or wedge-shaped blocks, having the upper and lower surfaces
of the solid as their bases, the angle at the apex being double that
made by the plane and axis of the solid. With regard to the re-
sistances, it was found that they varied in the ratio of the area of
the bases of the solids. Where the height of the solid was greater
than six times the radius of the base, rupture generally took place
by bending.

279. I'rom experiments by Mr. Hodgkinson, on wood and
other substances, it would appear that like circumstances accom-
pany the rupture of all materials by .compression ; that is, within
certain limits, they all yield by an oblique surface of fracture, the
angle of which with the axis of the solid is constant for the same
material ; and that the resistances offered within these limits are
proportional to the areas of the bases.

280. Among the most interesting deductions drawn by Mr.
Hodgkinson, from the wide range of his experiments upon the
strength of materials, is the one which points to the existence
of a constant relation between the resistances offered by materials
of the same kind to rupture from compression, tension, and a
transverse strain. The following Table gives these relations,
assuming the measure of the crushing force at 1000.

* {Crushing force per|Mean tensiie force|Mean transverse force
DESCRIPTION OF MATERIAL. square inch. per square inch. | Of8 bar 1inch square
and 1 foot long.

Timbez " . .. . -. 1000 1900 85.1
Gastiivon & | iwrotei o 1000 158 19.8
SHONL F i lnl wiyaktia , B 1000 100 9.8
Glass, (plate and crown) 1000 123 10

281. StrENeTH OF STONE. The marked difference in the
structure, and in the proportions of the component elements fre-
quently observed in stone from the same quarry, would lead to
the conclusion that corresponding variations would be found in
the strength of stones belonging to the same class ; a conclusion
which experiment has confirmed. The experiments made by
different individuals on this subjeét, from not having been con-
ducted in the same manner, and from the omission in most cases
of details respecting the structure and component elements of the’
material  tried, have, in some instances, led to contradictory re-
sults. A few facts, however, of a general character have been
ascertained, which may serve as guides in ordinary cases; but
in important structures, where heavy pressures are to be sus-
tained, direct experiment is the only safe course for the engineer
to follow, in selecting a material from untried quarries.
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282. Owing to the ease with which stones genera
under a percussive -force, and from the: comparatively slig
sistance they offer'to a tensile force, and to a transverse strain,
they are seldom submitted in structures to any other strain than
one of compression ; and cases but rarely occur where this strain
is not greatly beneath that which the better class of building
stones can sustain permanently, without undergoing any change
in their physical properties. %Vhere the durability of the stone,
therefore, is well ascertained, it may be safely used without a re-
sort to any specific experiment upon its strength, whenever, in
its structure and general appearance, it resembles a material of
the same class known to be good. 8

283. The following Table exhibits the principal results of ex-
periments made by Mr. G. Rennie, and published in the Philo-
sophical Transactions of 1818. 'T'he stones tried were in small |
cubes, measuring one and a half inches on the edge. The table
gives the pressure, in tons, borne by each superficial inch of the
stone at the moment of crushing.

DESCRIPTION OF STCNE. Spec. gravity. [Crushing w’ght.
. !
Granites.
Aberdeen, (dlue) . c b 3 g ik 2.625 4.83 |
Peterhead ¢ 5 y x 3 8 - 3.70
Cornwall . X & . 3 3 i 2.662 2.83
Sand-stones.
Dundee . 4 o 2 5 z 3 2.530 2.96
Do. o 5 3 5 5 5 5 2.506 2.70
Derby, (red and friable) . 9 5 . 2.316 1.40
Lime-stones.
Marble, (white-veined Italian) 3 i ) 2.726 4.32
Do. (white Brabant) 3 3 E d 2.697 4.11
Limerick, (8lack compact) . f 3 % 2.598 3.95
Devonshire, (red marble) 5 3 3 3 - 3.31
Portland stone, (fine-grained oolite) 3 X 2.428 2.04

The following results are taken from a series of experiments
made under the direction of Messrs. Bramah & Sons, and pub-
lished in Vol. 1, Transactions of the Institution of Civil En-
gineers. 'The first column of numbers gives the weights, in tons,
borne by each superficial inch when the stones commenced to
fracture ; the second column gives the crushing weight, in tons,
on the same surface.

Al
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St S e e ﬁxifn;vﬁfg;}’;: A"e“’vﬁgi;’;ﬁhmg
Granites.
Herme . : 4.77 6.64
Aberdeen, (blue) 4.13 4.64
Heytor . . 3.94 6.19
Dartmoor X 3.52 5.48
Peterhead, (red) . 2.88 4.88
Peterhead, (blue gray) g 2.86 4.36
Sand-stones.

Yorkshire 5 2.87 3.94
Craigleith 4 ’ 1.89 2.97
Humbie 5 1.69 2.06 !
Whitby . 1.00 Fog- 4

The following Table is taken from one published in Vol. 2,
Civil Engineer and Architect’s Journal, which forms a part of
the Report on the subject of selecting stone for the New Houses

of Parliament.

The specimens submitted to experiment were

cubical blocks measuring two inches on an edge.

DESCRIPTION OF STONE. Specific gravity. ‘Zgﬁiggg;ggﬂg‘f Crushing w’ght.
Sand-stones.
Craigleith 2.232 -1.89 3.5
Darley Dale 2.628 2.75 3.1
Heddon 2.229 0.82 1.75
Kenton 2.247 1.51 2.21
Mansfield . 2.338 0.88 1.64
Magnesian Lime-stones. ;
Bolsover . 5 2.316 2.21 3.75
Huddlestone k 2.147 1.03 1.92
Roach Abbey 2.134 0.75 1.73
Park Nook 2.138 0.32 1.92
Oolites.
Ancaster . 3 : 2.182 0.75 7 1.04
Bath Box . . 1.839 0.56 0.66
Portland 3 3 2.145 0.95 1.75
Ketton . s i 2.045 0.69 1.18
Lime-stones.

Barnack . R X 2.090 0.50 0.79
Chilmark, (silicious) 2.481 1.32 3.19
Hamhill . 3 s « 2.260 0.69 1.80
L =

The numbers of the first

column give the specific gravities;
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those in the second column the weight in tons on a square inch,
when the stone commenced to fracture; and those in the third
the crushing weight on a square inch.

The following Table exhibits the results of experiments on the
resistance of stone to a transverse strain, made by Colonel Pasley,
on prisms 4 inches long, the cross section being a square of 2
inches on a side; the distance between the points of support
3 inches.

IWeight of stone &
DESCRIPTION OF BTONE. F:l'lb:.ublc foot A‘;g;?gggtli;e?l,’(;.ng
1. Kentish Rag . 3 : G ¢ 165.69 4581
2. Yorkshire Landing . ; s 2 147.67 2887
3. Cornish granite . 5 S0 5 172.24 2808
4. Portland . ? N o . g 148.08 2682
5. Craigleith . 5 4 5 3 Sl 144.47 1896
6. Bath . - . i B 3 3 122.58 666
7. Well-burned bricks . . . . 91.71 752
8. Inferior bricks . ¢ : : S - 329 ¢

284. The conductors of the cxperiments on the stone for the
New Houses of Parliament, Messrs. Daniell and Wheatstone,
who also made a chemical analysis of the stones, and applied to
them Brard’s process for testing their resistance to frost, have
appended the following conclusions from their experiments :—
““If the stones be divided into classes, according to their chemical
composition, it will be found that in all stones of the same class
there exists generally a close relation between their various phy-
sical qualities. Thus it will be observed that the specimen which
has the greatest specific gravity possesses the greatest cohesive
strength, absorbs the least quantity of water, and disintegrates
the least by the process which imitates the effects of weather.
A comparison of all the experiments ‘shows this to be the general
rule, though it is liable to individual exceptions.”

“But this will not enable us to compare stones of different
classes together. The sand-stones absorb the least quantity of
water, but they disintegrate more than the magnesian lime-stones,
which, considering their compactress, absorb a great deal.”

285. Rondelet, from a numerous series of experiments on the
same subject, published in his work, Ar¢ de Batir, has arrived
at like conclusions with regard to the relations between the
specific gravity and strength of stones belonging to the same
class.

286. Among the results of the more recent experiments on this
subject, those obtained by Mr. Hodgkinson, showing the relation

10
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between the crushing, the tensile, and the transverse strength of
stone, have already been given.

M. Vicat, in a memoir on the same subject, published in the
Annales des Ponts et Chaussées, 1833, has arrived at an opposite
conclusion from Mr. Hodgkinson, stating, as the results of his
experiments, that no constant relation exists between the crush-
ing and tensile strength of stone in general, and that there is no
other means of determining these two forces, but by direct ex-
periment in each case.

287. The influence of form on the strength of stone, and the
circumstances attending the rupture of hard and soft stones, have
been made the subject of particular experiments by Rondelet and
Vicat. Their experiments agree in establishing the ‘points that
the crushing weight is in proportion to the arca of the base.
Vicat states, more generally, that the permanent weights borne
by similar solids of stone, under like circumstances, will be as
the squares of their homologous sides. These two authors agree
on the point that the circular form of the base is the most favor-
able to strength. They differ on most other points, and particu-
larly on the manner in which the different kinds of stone yield by
rupture.

288. Practical Deductions. Were stones placed under the
same circumstances in structures as in the experiments made to
ascertain their strength, there would be no difficulty in assigning
what fractional part of the weight which, in the comparatively
short period usually given to an experiment, will crush them,
could be borne by them permanently with safety. But, in-
dependently of the accidental causes of destruction to which
structures are exposed, imperfections in the material itself, as
well as careless workmanship, from which it is often placed
in the most unfavorable circumstances of resistance, require to
be guarded against. M. Vicat, in the memoir before-mentioned,
states that a permanent strain of ;%% of the crushing force of ex-
periment, may be borne by stone without danger of impairing its
cohesive'strength, provided it be placed under the most favorable
circumstances of resistance. This fraction of the crushing weight
of experiment is greater than ordinary circumstances would jus-
tify, and it is recommended in practice not to submit any stone
to a greater permanent strain than one tenth of the crushing weight
of experiments made on small cubes measuring about two inches
on an edge.

_The following Table shows the permanent strain, and crushing
weight, for a square foot of the stones in some of the most re-
markable structures in Europe.
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Permanent | Crushing

strain. weight.

Pillars of the dome of St. Peter’s, (Rome) . .1 33330 | 536000
Do. St. Paul's, (London) . . | 39450 | 537000

Do. St. Genevieve, (Paris) .| 60000 | 456000

: Do.  Church of Toussaint, (Angers) . . | 90000 | 900000
‘i Lower courses of the piers of the Bridge of Neuilly 3600 | 570000

The stone employed in all the structures enumerated in the
Table, is some variety of lime-stone. ;
289. Expansion of* Stone from Heat. Experiments have been
made in this country by Prof. Bartlett, and in England by Mr.
Adie, to ascertain the expansion of stone for every degree of
Fahrenheit. The experiments of Prof. Bartlest, give the follow-

ing results :

Granite expands for.every degree s . .000004825
Marble “ M : 5 . .000005668
Sand-stone ¢ 8 £ 3 . .000009532

Table of the Expansion of Stone, &-c., from the Experiments of
Alexander J. Adie,Ctvil Engineer, Edinburgh.

D;fé:’l:r;g Decimal of |Decimal of

DESCRIPTION OF STONE. i,,cm} for i;gglll; for lf-"f-'h for| Remarks.
180° F. ~ iy

3330043 .%14349 00000750
ALY s 032534 [0014147 | 00000780 | § One experiment, (moist.
2. Sicilian white marble . f .%3222 .%110411 00000613 | } Mean of three, (’d(ry.) J
02743 0011928 |. 2 | § One experiment, (moist.
3. Carrara marble . . i 0150405 | 0006539 | 00000363 3 Mean of two, (dry.) /
4. Sand-stone, (Craigleith) 0270093 1.0011743 | 00000652 | Mean of four experiments.
5. Slate, (Welch) . . . g?gt;’lig .00102;3 000005;3 Mean of three  do.
¥ 022 0009: ,000005. One experiment, (meist.)
6. Red granite, ( Peterhead) 3 1020626 | 0008963 | 00000498 | § Mean of two. (dry.)

1. Roman cement,

7. Arbroath pavement . 0206652 | 0008985 | .00000499 | Mean of four experiments.
8. Cuithness pavement . . 0205788 | .0008947 |.00000497 | Mean of three  do.

9. Green-stone, (Ratho) . 0186043 | .0008089 | .00000449 | Mean of three  do.
10. Gray granite, (Aberdeen, 01815695 | .00078943 | .00000438 | Mean of two do,

11. Best stock brick . . 0126342 1 .0005502 | .00000306 | Mean of two - * do.

IoSEwe ekt . | . .o 0113334 |-.0004928 | .00000274 | Mean of two do.
13. Blek marble, (Galway) 0102394 | .00044519 | 00000247 | Meun of three  do.

290. StrENGTH oF MorTARS. A very wide range of experi-
ments has been made, within a few years back, by engineers both
at home and abroad, upon the resistance offered by mortars to a
transversal strain, with a view to compare their qualities, both as
regards their constituent elements and the processes followed in
their manipulation. As might naturally have been anticipated,
these experiments have presented very diversified, and, in many.
instances, contradictory results. The general conclusions, how-
ever, drawn from them, have been nearly the same in the majority
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of cases; and they furnish the engineer with the most reliable
ides in this important branch of his art.

- 291. The usual method of conducting these experiments has
been to subject small rectangular prisms of mortar, resting on
points of support at their extremities, to a transversal strain ap-
plied at the centre point between the bearings. This, perhaps,
is as unexceptionable and convenient a method as can be followed
for testing the comparative strength of mortars.

- 292. M. Vicat, in the work already cited, gives the following
as the average resistances on the square inch offered by mortars
to a force of traction; the deductions being drawn from experi-
ments on the resistance to a transversal strain.

Mortars of very strong hydraulic lime . 170 pounds
‘3 ordinary do. . 140 «
£ medium do. . 100 «
&y common lime g B CEARENCE
% do. (bad quality) RO [ JES-

These experiments were made upon prisms a year old, which
had been exposed to the ordinary changes of weather. With re-
gard to the best hydraulic mortars of the same age which had
been, during that same period, either immersed in water, or
buried in a damp position, M. Vicat states that their average
tenacity may be estimated at 140 pounds on the square inch.

293. General Treussart, in his work on hydraulic and common
mortars, has given in detail a large number of experiments on the
transversal strength of artificial hydraulic mortars, made by sub-
mitting small rectangular parallelopipeds of mortar six inches in
length, and two inches square, to a transversal strain applied at
the centre point between the bearings, which were four inches
apart. From these experiments he deduces the following prac-
tical conclusions.

That when the parallelopipeds sustain a transversal strain vary-
ing between 22@ and 330 pounds, the corresponding mortar will
be suitable for common gross masonry; but that for important
hydraulic works the parallelopipeds should sustain, before yield-
ing, from 330 to 440 pounds.

294. The only. published experiments on this subject made in
this country are those of Colonel Totten, appended to his transla-
tion of General Treussart’s work. The results of these experi-
ments are of peculiar value to the American engineer, as they
were made upon materials in very general use on the public
works throughout the country.

From these experiments Colonel Totten deduces the following
general results :

1st. That mortar of hydraulic cement and sand is the stronges
and harder as the quantity of sand is less.
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2d. That common mortar is the stronger and harder as the
quantity of sand is less.

3d. That <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>