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PREFACE.

——lpe—

TH IS Volume contains the science and present practice of the Arts of CARPENTRY,
JoiNERY, and CaBINET-MAKING, explained in a simple and familiar manner; and
for the advantage of readers not yet acquainted with abstruse scientific terms,
no more of them have been employed than were absolutely necessary.

We have uniformly observed, that Carpenters, Joiners, and Cabinet-Makers, are
alike distinguished for their superior knowledge in the scientific principles of
their respective Arts; and, as it frequently happens that the whole of these arts
are followed by a single individual, having considerable relation to each other, in
consequence of being all more or less dependant on the same common principles,
we have brought them together into one Work.

During the happy exertions still in progress for the education of the people,
a result we expected has taken place: Carpenters, Joiners, and Cabinet-Makers,
feeling a desire to hold their pre-eminence, have solicited for works of a superior
character, both as regards elucidation of principles and ornamental embellish-
ments. We have done our best endeavours to meet, if not exceed their wishes,
and have had the assistance of talents of the highest rank in the respective
departments; our illustrations being from the pencils and gravers of first-rate
Artists ; an appeal to the interior of our Work will, however, ai_i'ord more con-
viction of its utility and value than we can possibly convey in the brief limits
of a Preface. ’

The following is a short sketch of the contents :—This Volume is divided into
three principal divisions, called Books. The first Book treats of CARPENTRY,
with an Introduction, showing the principles and methods of describing Curves;
the nature and methods of making Working-Drawings; the manner of Setting
out Buildings, &c. &c. The Carpentry then commences with the Principles and
Practice of Framing and Connecting Timbers; the Construction of Roofs, Floors,
Partitions, Domes, Niches, Groins, Centres, and Wooden Bridges; with the
principles and methods of finding the Lines for each of these species of work;
concluding with a comprehensive view of the Qualities and Strength of Timber.
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The Second Book treats of JoINErY; and, after a brief outline of its history
and of the nature and mode of describing Mouldings, it proceeds to exhibit the
methods of Framing, and Gluing-up, and Setting-out Work ; the description of
Raking-Mouldings; the Methods of Enlarging and Diminishing Mouldings; the
Art of Hinging and forming Joints: the Construction of Doors, Windows,
Window-Shutters, Circular Sashes, Skylights ; the Mode of Bending Mouldings,
of Diminishing and Fluting Columns and Pilasters; of forming Architraves,
Surbases, and Bases, with specimens of Shop-Fronts; and a complete Treatise
on the Theory and Construction of Stairs and Hand-rails ; concluding with the
Methods of fixing Joiners’ Work, and laying both common and parquet Floors.

The Third Book is appropriated to CaBINET-MAKING, or the principles of
Designing, Constructing, and Selecting Furniture; and treats of the gene-
ral principles of Design in respect to fitness, outline, relative proportion of
Parts, selection of Ornaments, and combination of coloured Woods. The
Grecian, Roman, and Gothic styles of Furnishing are next illustrated, and their
distinguishing features shown ; and the species of Furniture adapted to particu-
lar objects, and the modes of furnishing different kinds of rooms are described,
and illustrated by original Designs. These are followed by the principles of
Constructing Furniture, the methods of Veneering, Inlaying, Buhl-Work, Carv-
ing, moulding Ornaments in Wood and Composition, &c. ; with the best methods
of Cleaning-off, Stopping, Staining, common Polishing, French Polishing, Varnish-
ing, and Cleaning Furniture, &c. &c.

Indices, with explanations of the peculiar Tecknical Terms of these Arts, are
added; and the Index to the Cabinet-Making describes the celebrated French
method of gilding, called Or-moulu.

In the CoxsTruUcTIVE DEPARTMENT, the examples given in the PLATEs are
chiefly from works already executed. We have preferred selecting from the
executed Buildings of ReNNIE, SmirkE, HARDWICK, &c. &c. to adding untried
projects. But, in OrRNAMENTAL WoRKs, we have endeavoured to exhibit the
reigning Taste of the period by means of original Designs. On the whole, it
has been our object to combine T%eory with Practice, and to illustrate both
with taste, while we rendered the access to them easy and agreeable.
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PREFACE.

THE highly favorable reception and extensive sale of the former edition of
« THE PRACTICAL BUILDER,” induced the Proprietor, at a very' consider-
able expense, to engage several eminent professional Gentlemen to improve and
enlarge the Work, which he is now enabled to submit-to the Public, arranged in
Three Volumes, under their several Branchés, and which he has no hesitation in
stating, in conjunction with-the impartial opinion of some of the most eminent
and practical Architects .of this country, will form :the most complete and
comprehensive Treatise on PRACTICAL BUILDING ever published.

This Work will be found to comprehend the PRESENT PRACTICE OF THE
ARt or BuiLpING, reduced to PURELY SCIENTIFIC and GEOMETRICAL PRINCIPLES,
and yet explained in a manner so simple, as to be-easily intelligible to every
attentive Reader. ,

In order to facilitate ‘this important object, the:Work commences with a
short Treatise on 'GEOMRTRY, -theoretical and practical, peculiarly adapted to
the general object of the Work, and containing such theorems and problems
only as are absolutely necessary to be understood by every person connected with
the leading departments of the art.

And here the Conductors cannot refrain from adding a few words, with a
view to impress upon the minds of StupenTs, as well as WoREMEN engaged in
the construction of buildings, whether CARPENTER, JOINER, Mason, or Brick-
LAYER, the PARAMOUNT IMPORTANCE of obtaining a knowledge of the PRiNcIPLES
of GEOMETRY; since, of all the numerous classes, concerned in mechanical arts,
THEY require the most intimate acquaintance .with that primary science.

The execution of the design of the architect is generally left to the skill of
the.Workman; who is, of course, presumed to be fully competent to the per-
formance of the task which he undertakes. Now, if he be not practically
acquainted with the geometrical construction of the object to be executed, he
is not only unfit for the undertaking, but, at every step that he takes, he will
manifest his ignorance and inability, and eventually overwhelm himself with.
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confusion and disgrace. 'While persons of this description draw down upon
themselves such merited degradation, those who, by assiduous application, have
made themselves masters of the principles of geometry, and have obtained a
clear and comprehensive view of the practical application of these principles,
will not fail to enjoy that intellectual satisfaction which results from a successful
termination of efforts, conducted with scientific skill, and crowned with general
approbation ; and, at the same time, open for themselves a legitimate path to
that reputation which directly and naturally leads to opulence and independence.

The articles on CARPENTRY, JOINERY, and CABINET-MAKING, are treated
at great length, as their superior importance demand. Indeed, it has been the
chief study of the Conductors to give to these branches the utmost degree of
scientific connexion and development of which they are susceptible. It may be
observed here, that there is no class of the mechanical arts so directly capable
of receiving improvement from the researches of scientific men as those con-
nected with building. Mr. PETer NicrorLsoxn laid the foundation of this useful |
and elaborate Work : he was the principal author of the former edition, and it
is to him the public are indebted for the introduction of the scientific principles
of practical Carpentry. He was the first to apply “ descriptive Geometry” to
the furnishing of actual measurements to “finding the lines,” &c. The immense
advantage attending such a method is apparent fromr the fact, that there is
scarcely an intelligent carpenter or joiner in the kingdom who has not derived
great benefit from his examples.

In Masoxnry, the artist will find an ample detail-of the methods of cutting
stone, illustrated by several plates, (in which is exhibited a complete system of lines,)
answering to most purposes which present themselves. And since the principles
laid down in this Work are every where of a general tendency, the judgment
of the workman will enable him to apply them wherever difficulties may occur.
The various qualities of stones for building, the nature and composition of
mortars, cements, and the principles of constructing walls, bridges, domes,
tunnels, light-houses, &c. are fully considered and clearly explained.

The art of BrickrLayiNG is but little connected with the study of geome-
trical lines; since the texture of bricks is such as will not admit of their being
moulded to the different shapes which the ingenuity of the architect might
devise. However, in order to render the present Work complete, and to obviate,
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as far as possible, every diﬂicuity, several plates are introduced, illustrative of the
various forms of arches, groins, niches, ovens, furnaces, &c.

The various other trades connected with building, as PLASTERING, both
plain and ornamental, SLAaTING, PAINTING, GLAZING, PrumsinG, &c. will be
found to be treated of in as complete a manner as was practicable, with a full
description‘ of the qualities of the various materials, and the most approved
methods of preparing and applying them.

A theoretical and practical Treatise on the Five ORrbERs is subjoined to the
trades accessary to building: these Orders, with their appropriate embellish-
ments, form the basis and superstructure of architectural decoration. The parts
of the Orders are drawn on a scale which speaks to the eye, and renders all
farther detail unnecessary. The parts are given in modules and minutes; this
being the best mode of exhibiting their pi'oportions, 50 as to be most readily
and clearly comprehended by the student and workman. To which is added, an
hlstoncal description of GOTHIC ARCHITECTURE, and its origin, exhibiting
a comparison of the styles of England Germany, France, Spain, and Italy:
with the first, second, and third periods of the pointed arch, all of which is
explained and elucidated by numerous examples and details, drawn from the
best authorities.

In order to increase the utility of the Work, a select series of designs, in
the modern style, accommodated to the various ranks of society, have been intro-
duced ; and, for the use of the ARCHITECTURAL STUDENT, that no accomplishment
which might facilitate the opefations of the draughtsman, or furnish the designer
with more correct ideas, or more extensive views, may be wanting, the RtLes
oF ProJEcTION, and the PrinciPLEs of PErsPECTIVE, together with Treatises on
FracTions, DeciMAL ARITHMETIC, &c. are presented; and in the most familiar
and simple manner in which the subjects could be conceived. An architect, to
design with propriety, must, to a good taste, unite a knowledge of perspective,
an accurate idea of the effects to be produced by light and shadow, with an
ample portion of practical knowledge.

Few things are more important than a clear idea of the mutual connexion
of the various parts of a building. The authors have, thelfefore, introduced a
section, in which they have endeavoured to show, from first principles only, the
dependance which each part has upon some other; and in which the fitness,

b
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proportion, and character, of the various component parts of architectural
structures are carefully investigated and compared, including rules for deter-
mining the proportions of apartments, and the most approved application of
ornamental decoration, with critical remarks on the symmetry and beauty of
buildings, the proper choice of situations and soils for country residences, &e.

Each portion of the Work will contain a copious Grossary of the most
useful terms employed by architects and builders.

On the whole, these volumes will be found to contain a much greater variety
of subjects than any similar work; and, in the method of treating the various
subjects, the studious reader will discover many things entirely new. And the
examples which are given will be found of the greatest utility to the practical
builder, in regulating his ideas with respect to any design under consideration,
however much it may differ from any of the forms exhibited here.

The schemes or diagrams are proportioned in their size to their probable
utility; and the strictest regard has been paid to giving to all the parts of each
figure their respective and just proportions.

Finally, from the important information collected, the natural arrangement
adopted, and the numerous and valuable illustrations exhibited in the course of
this Work, the Conductors flatter themselves that they will be found to have
rendered an important service to a numerous and highly meritorious class of
their fellow-subjects; whilst even the most inattentive observer cannot but
acknowledge that the Publisher has spared no expense to render the Work de-
serving of extensive patronage and general approbation. The grand principle of
the undertaking is obvious : it is equally calculated to instruct the untaught, and
to assist the intelligent ; to promote a generous emulation, and at once to incite
and satisfy inquiry into the elements and practice of those branches of science,
than which no others are more conducive to the comfort and happiness of mankind.

The Illustrations and Examples are engraved in the best manner, on steel,
by Mr. TurreLL and other eminent architectural artists, selected from the
drawings, designs, and works executed by the most eminent architects of this
country, amongst whom we make honorable mention of BruneL, BurroN,
CLaArkE, Ersam, Harpwick, Inwoop, JounstoNe, Laing, Nasm, NicHoLsoN,
PERRONET, RENNIE, SmAw, SMIRKE, SoaNe, TeLrorp, TREDGOLD, WILKINS,
WryarviLLE, &c. &c.
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THE ELEMENTS OF GEOMETRY.

TuE object of the science of Geometry is to consider the properties of lines and angles,
as formed according to some certain law; as, also, the construction of all manner of figures,
according to given data.

Geometry is divided into two branches; one of which considers the relations, positions, and
properties, of lines, so as to render a proposition clear to the understanding without the aid of
compasses or other instruments; being demonstrated, by a continued chain of reasoning, from
certain principles previously established and laid down as axioms; so that the conclusions from
one truth become part of the data for the proof of a succeeding proposition. This, which is
called the Theory of Geometry, is fully explained by EvcLip, in his celebrated “ ELeMENTS,”
which have served as the basis of all succeeding treatises on the subject: and so much' of those
Elements as' may be required in the practice of Architecture will be found included in the
present work.

The other branch of geometry is entirely practical, and may be acquired without the theory,
according to the directions hereafter given; although with a knowledge of the reasons of the
rules it will be more satisfactory. It is this practical branch that enables the architect to
regulate his designs, and the artizan to construct his lines, so as to enable him to execute the
work. Without the aid of this branch of knowledge, the workman will be unfit for any
undertaking whatever; and, so long as he is ignorant of the methods of geometrical construc-
tion, he must remain under the control and direction of a superior in his own class.

The following definitions and problems are calculated to instruct the student, and will qualify
him for proceeding to the remaining parts of this treatise, wherein it will be found that the
application of this branch of science is absolutely necessary.

The uses of Geometry are not confined to Carpentry and Archltecture Astronomy, Naviga-
tion, Perspective, and numerous other branches, are entirely dependent upon it. “It conducts
the soldier in the field, and the seaman on the ocean; it gives strength to the fortress, and
elegance to the palace.” Inshort, there is no mechanical profession that does not derive con-
siderable advantage from it. One artizan is superior to another, in proportion to his knowledge
of the subject we are now commenting upon, and which we are about to explair.
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The Terms are here as clearly defined as the nature of the subject will admit, and the
Problems are put in a regular succession; so that nothing is introduced, in any problem, as
taken for granted, but what has been explained in some problem previously given. This
selection, though not very numerous, is sufficient to enable the student to proceed with the
remaining parts of the work, to which it is specially adapted : and every attention has_been paid
to divest the diagrams of superfluous lines, without rendering them less intelligible. :

DEFINITIONS OF TERMS IN PLANE GEOMETRY.

1. A PoiNt.—Abstractedly considered, a point is said to have position without magnitude;
and it is, therefore, represented to the eye by the smallest visible mark ; that is, simply, by a dot.

2. A LinE is considered as lemgth only, without dimension of breadth or thickness: it is
therefore represented by the motion of a visible point. e

3. A RieaT LinE is the shortest that can be drawn between two given points; it being what
is commonly called a Straight Line.

A Curve or Curved Ling is any other than a right line, from which it differs by inflexion,

either regular or irregular.

4. A SUPERFICIES, or SURFACE, is considered as an extension of length and breadth, without
depth. .

5. A Puane Superricies is a flat surface, which will coincide, in every point, with a
right line. '

6. A PranE Ficure, ScHEME, or Diaarap, is the lineal representation of any object on a
plane surface. If the lines forming the figure be straight, the figure is said to be rectilineal;
being composed of right lines. :

7. An ANGLE is the space or corner between two lines meeting in a point.
It is expressed by three letters, as ABC; and the middle letter, as B, always
denotes the vertex, or angular point. The figure in the margin represents a
plane rectilineal angle, it being formed by two right lines, meeting in a point (B)

8. ConvercING Lings are right lines so.inclined to each other as to . -
meet, if continued, or produced, to a certain point. Thus, AB and CD, - -“
converge to each other; because, if produced, or continued, they meet in c\

€

\\.

-

the angle O.
9. RicuT and OBLIQUE ANGLES.—If one right line stands upon another, so as to make the

angles on each side equal, each angle is called a RicaT ANGLE, and the line which stands upon
the base, or lower line, is called a perpendicular.

Thus, in fig. 1, annexed, if the line CD stand Fig. 1. Fig. 2.
upon AB, and make the angles on both sides of CD D »
equal, each of these angles is a right angle. In fig. 2, ' /
the line CD does not make the angles on each side of 1
it equal to each other; and therefore CD is said to /
stand at obligue angles to AB; while in fig. 1, CD is * <
at right angles to AB.

10. An AcuTE ANGLE is less than a right angle.

11. An OBruse ANGLE is greater than a right angle. ' )
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In fig. 2, above, the line CD makes the angles on each side of it unequal; and, therefore,
one must be greater than the other: the greater is, of course, an obtuse angle, and the lesser
an acute angle: for it is clear, by inspection, that, whatever be the position of the line CD,
relative to AB, what the one angle has in excess, more than a right angle, the other must want,
in order to be equal to the same.

ExAMPLEs: A Right i An Obtuse
An Acute Angle. \ Angle Angle.
o A

12. A Prane TriaNGLE is a space inclosed by three right lines, as ABC.
13. A RieHT-ANGLED TRIANGLE is that which has one right angle,
as ABC.

>

14. An Acure-aNeLED TRIANGLE is a triangle

which has all its angles acute; as figures A and B.
15. An OBTUSE-ANGLED TRIANGLE is a triangle
having one obtuse angle ; as figure C.

16. An EquirATERAL TRIANGLE is a triangle -
having all its sides equal; as figure A.

17. An IsosceLEs TRIANGLE is a triangle having two equal sides; as figure B.

18. A ScarLeNE TRIANGLE is a triangle having no two of its sides equal ; as figure C.

19. Pararrer Lings are lines equally distant from each other in all parts, , 5
and which, though produced or continued ever so far, could never meet. Such
are the lines AB and CD. ‘ ¢——n

20.- A PARALLELOGRAM is a figure of which the opposite sides are parallels.

Thus, the figures D, E, F, G,
* are parallelograms. ' e
21. When the parallelogram has | » E v

a right angle, it is called a RECTAN- '—
GLE. Thus the figures D and E are rectangles. :

22. If the sides of the rectangle be equal, it is called a sQquare. Hence, figure D is a square.

23. If the two adjacent sides be unequal, the rectangle is termed an osLoNG ; as the figure E.

24. If only two opposite angles of a parallelogram be equal, the figure is called a RROMBUS ;
as figures F and G.

25. If two adjacent sides of a rhombus be equal, the figure is called a RHOM-BO-1D; as
Sigure G.

26. Every figure, inclosed by four right lines, is called a qua-
DRANGLE, or QUADRILATERAL. Thus, figures D, E, F, G, H, and
1, are quadrangles or quadrilaterals.

27. When all the sides of a quadrilateral are unequal, it is called /

a TRAPEZIUM.

28. If two sides of a trapezium be parallel, it is called a TRA-PE-Z0-ID; as figure L.

29. Figures having equal sides and equal angles, or equilateral and equiangular figures,
formed by more than four right lines, are called REGULAR POLYGONS.

c
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80. A regular polygon of five sides is called a
PENTAGON ; as figure K. < ) : :
- 81. A regular polygon of six sides is called a K L @
HEXAGON ; as figure L.

32. A regular polygon of seven sides is called

a HEPTAGON ; as figure M.

33. A regular polygon of eight sides is called an ocracoN; as fig. N. Of
nine sides, an eneagon or nomagon; of ten sides, a decagonm; of eleven
sides, a undecagon; of twelve sides, a duodecagon ; of fifteen sides, a gquin-
decagon : but polygons having more than twelve sides are commonly expressed
.as such, with the number of sides.

34. A CircLE is a plane figure formed by one uniform curved line only,
which is called its circumference. (Fig. O.)

35. The CENTRE of a circle is the point in the middle of it, as ¢ in fig. O;
and the line c¢d, drawn from the centre to the circumference, is the radius of

the circle; all lines, radii, thus drawn, are equal.

©
36. The D1aMETER of a circle is a right line, drawn through 1
the centre, and terminated on both sides by the circumference; P .
as ab, figure P. '
37. A CHorp of a circle is a right line, drawn from one ¢
point of a’'circle to another, and dividing it into unequal or

equal parts, or segments. In the latter case, the chord is also the diameter. Thus, cd, fig. Q,
is a chord, as well as ab, fig P. .

38. A SeMiCIRCLE is one-half of a circle, as divided into two ~ _— @ - ~
equal parts by the diameter. o \.\
4 \

39. A SEeGMENT of a circle is that portion which is cut off

by a chord. Thus, in figures Q and R, cde and fgh are B / ( < ]
segments ; and fig. S, though a semi-circle, is still a segment, \
terminated by the diameter. -
40. A SkcTor is the portion of a circle formed by two radii " 8 -
and the intercepted part of the circumference; as abc, fig. T. ;/LV\ // D
41. A QuUADRANT is the fourth part or quarter of a circle; v N
or, in other words, a sector contained by two radii, forminga * ; ] \ /
right angle at the centre, and the intercepted part of the cir- ™. / N
cumference; as acd, fig. U. T
42. An Arc or ARcH is any portion of the circumference of a circle.
43. The ArTiTUDE of a figure is a right line drawn from the top or
vertical angle perpendicular to the base or opposite side, or to the base
produced or continued. Thus CD, in the annexed figure, is the altitude of
the triangle ABC. 5oy D
44. NOTATION.—It has been already shown (A4r¢. 7) that an angle is generally expressed
by three letters, as ABC, of which the middle one denotes the vertex, "or angular point. As
the signs used in Algebraic Notation will necessarily occur in this Treatise, it is proper here
to notice that, + (plus) signifies more, or one quantity or thing added to another: The
sign — (minus) signifies less, or one quantity subtracted from another: = means is, or are,
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equal to : x denotes multiplication, as A x B, that is, A multiplied into B, or as 4 x 5=20:
< is the sign of division, as 36-~8 or ¥=12. : :: : denotes equality of proportion; thus,
a:b::c:d, signifies that a bears the same proportion to basctod; or, as 6t09 :: 2 : 3.
£ signifies an angle : £s, angles: A a triangle: 1 a perpendicular.

45. GENERAL TERMS usep IN GEOMETRY.—An AxioM is a truth so evident as to
require no demonstration. A THEOREM is a truth or proposition to be demonstrated by a
process of reasoning. A ProBLEM is something proposed to be done. A LemMa is a truth
premised, in order to facilitate a following demonstration or solution: this term is rejected by
some Geometricians as unnecessary. A PRoPOSITION is a common term for a Theorem or

" Problem. A CoRroLLARY is a truth or deduction which arises from a preceding demonstration.

A ScHoLruM is a remark explanatory of some deduction from a preceding proposition. An-
HyporHEsIs is something supposed or premised in a proposltlon, and from which some certain
consequence is deduced.

46. AXIOMS.—The Axtous are as follow: 1. Things that are equal to the same thing, or
to equal things, are equal to one another. 2. If equal things be added to equals, the sums or
wholes will be equal. 3. If equal things be taken from equals, the remainders will be equal.
4. If equal things be added to unequals, the sums or wholes will be unequal. 5. The halves
of equal things are equal, and the doubles of equai things are equal. 6. Magnitudes that
mutually agree, or fill equal spaces, are equal to one another. 7. The whole is greater than a
part, and equal to all its parts. 8. Only one right line can be drawn from one point to another.
9. Two right lines cannot be drawn through the same point parallel to another right line,
without coinciding with each other. 10. All right angles are equal to each other. 11. Equal
circies have equal semi-diameters.

47. POSTULATES.—A PosTuLATE signifies something which may be assumed as granted.
Hence it may be granted, 1st, That a right line may be drawn from any one point to any other
point: 2dly, That a line may be produced, that is, continued or lengthened at pleasure : 3dly,
That a circle may be described from any centre, at any distance therefrom, or with any radius.

THEOREM&

THEOREM 1.

48. If one right line, as CD, touch or cut another rlght line, AB, at any point between its
two ends, it makes two adjacent angles, BCD, ACD, which, together, are equal to two nght
angles.

WDEeMoNsTRATION.—If CD were perpendicular to AB, each of the angles,
DCB and DCA, would be a right angle; but, as ECD is the excess of DCA
above a right angle, and DCB is less than a right angle by the same quantity,
the angies DCB and DCA must be equal to two right angles.

49. CoroLLARY.—If one of the angles be a right angle, the other also must B
be a right angle. Again, whatever number of right lines stand thus on one point C, on the
same side of a right line AB, the sum of all the angles are equal to two right angles; and
all the angles formed about the same point, by any number of lines, are altogether equal to four
right angles.
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THEOREM 2.

50. If the sum of two adjacent angles ACD, DBC, be equal to two right angles, the
exterior or outer sides, ACB, will form one right line.
For, if CB be not the continuation of AC, assume CE as its continuation. D,
In this case the sum of the angles ACD, DCE, (by theorem 1,) must be
equal to two right angles; but, by hypothesis, the sum of ACD, DCB, is
equal to two right angles; therefore the argles ACD, DCE, are equal to the
DCB (4x. 1, page xi.); and, taking from each of these )

two angles ACD,
D, there will remain the angle DCE, equal to DCB, or a part equal

equal angles the angle AC
to the whole, which is impossible.

THEOREM 3

51. When two straight lines, AB, DE, cut each other, the opposite angles are equal.
For, since DE is a straight line, the sum of the two angles ACD, ACE, is
equal to two right angles (theorem 1); and, because AB is a straight line. the
sum of the angles ACE, ECB, is equal to two right angles (theorem 1); there- c
fore the sum of the angles ACD, ACE, is equal to the sum of the angles ACE,
ECB; and, taking away from each the common angle ACE, there will remain D

the angle ACD, equal to the vertical opposite angle ECB.

”

THEOREM 4.

52. Two straight lines, which have two common points, coincide entirely throughout their
whole extent.

Let A and B be the two common points; in the first place, the two limes
can make but one from A to B, (Az. 10, p. xi.). If it were possible that
they could separate, let C be the point of separation, and let us suppose -
that one qf them takes the direction CD, and the other CE. '

At the point C suppose CF to be drawn, perpendicular to AC; then, A B C
because ACD is, by hypothesis, a straight line, the angle FCD is a right angle; (Def. art. 9;)
in like manner, because ACE is supposed to be a straight line, the angle FCE is a right angle ;
therefore the angles FCD, FCE, are equal; but this is impossible (4. 9, page xi.) ; therefore
the two straight lines, which have two common points, A and B, cannot separate, but must form

one continued line.

D

THEOREM 5.

53. Two triangles are equal when, in the one, an angle and the two sides which contain it are
equal, in the other, to an angle and the two sides which contain it.

Let the angle A be equal to the angle D, the side AB equal to DE, »
and the side AC equal to DF; then the triangles ABC, DEF, shall /\
be equal. /

Suppose the triangle ABC to be placed upon the triangle DEF, so { \
that AB may be upon DE; then, because the angles A and D are equal, A ¥ )

AC will fall upon DF; and, because AB is equal to DE, and AC equal to DF, the point B
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will coincide with E, and C with F: therefore, the base BC will coincide with the base EF
(theorem 4); and, since the sides of the triangles coincide, the other two angles must also
coincide ; that is, they must be equal to each other. -

THEOREM 6.

54. Two triangles are equal when a side and two adjacent angles of the one are respectively
equal to a side and two adjacent angles of the other.

Let the side BC be equal to the side EF, the angle B equal to the  , D
angle E, and the angle C equal to the angle F, the triangles shall
be equal.

For, suppose the triangle ABC to be placed upon the triangle DEF,
so that their bases, BC and EF, may coincide; then, because the angles B ¢ E r
B and E are equal, the straight line BA will fall upon ED; and, because the angles C and
F are equal, the straight line CA will fall upon FD : therefore, the three sides of one triangle
will coincide with the three sides of the other; and, consequently, the triangles themselves will

be equal: and, since therefore the sides of the triangles coincide, the corresponding angles
will be equal.

THEOREM 7.

55. Any two sides of a triangle are together equal to more than a third side.
For, in the triangle, ABC, the straight line BC is the shortest line that can
be drawn from B to C; therefore the sum of the two sides, BA, AC, is greater

than BC. £

THEOREM 8.

56. If from any point, as O, within a triangle, ABC, there be drawn two straight lines,
OB, OC, one to each extremity of any side, as BC, their sum is less than the sum of the other
two sides of the triangle. )

Produce BO till it meet AC in D; the line OC is less than the sum of the
two lines OD, DC (theorem 7); and, adding to these unequals the line BO,
the sum of the two lines, BO, OC, is less than the sum of the three lines BO,
OD, DC (ax. 4, p. xi.); that is, the sum of the two lines BO, OC, is less than
the sum of the two lines BD, DC.

In like manner, BD is less than the sum of the two lines BA, AD; and, adding DC to
these unequals, the sum of the two straight lines, BD, DC, is less than the sum of the three
straight lines BA, AD, DC; that is, the two straight lines BD, DC, are less than the two
straight lines BA, AC; but the two straight lines BO, OC, have been shown to be less than
the two straight lines BD, DC; and, therefore, much less is the sum of the two straight lines
BO, OC, than that of the two sides BA, AC, of the triangle ABC.

) THEOREM 9.

57. If any two sides AB, AC, of a triangle, ABC, are equal to two sides DE, DF, of another
triangle, DEF, each to each, and if the angle BAC, contained by the sides, AB, AC, be greater
than the angle EDF, contained by the sides ED, DF, the base BC of the triangle which has
the greater angle shall be greater than the base EF of the other tfiangle.

d
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Make the angle CAG equal to D, take AG equal to DE or AB, and join CG; and because
the two triangles CAG, DEF, have an angle of the one equal A D
to an angle of the other, and the sides which contain these
angles are equal, CG shall be equal to EF (theorem 5). Now
there may be three cases, according as the point G falls without
the triangle ABC, or on the side BC, or within the triangle.

Case 1.—Because GC is less than the sum of the two straight lines GI, IC; and AB less
than the sum of the two straight lines Al, IB: therefore, the sum of the two straight lines
GC, AB, is less than the sum of the four straight lines GI, IC, Al, IB; that is, the sum of the

two straight lines GC, AB, is less than the sum of the two D

straiglit lines AG, BC; but AG is equal to AB, therefore GC is

less than BC; but GC=EF, therefore EF is less than BC. :
Case 2.—If the point G fall on BC, it is evident that GC, or i1

its equal EF, is less than BC.
Case 3.—Lastly, if the point G fall within the triangle ABC, by

A D
theorem 8, we have the sum of the two straight lines AG, GC, less
than the sum of the two straight lines AB, BC; but since AB is B E
equal to AG, we shall have GC less than BC; and, consequently, EF

less than BC.

THEOREM 10.

58. One triangle is equal to another, when the three sides of the first are respectively equal
to the three sides of the second.
Let the side AB be equal to DE, AC equal to DF, and BC

equal to EF; then shall the angle A be equal to the angle D, A A
the angle B equal to the angle E, and the angle C equal to the

angle F. For, if the angle A were greater than D, then, as the

two sides AB, AC, are equal to the two sides DE, DF, each to

each, it would follow (theorem 9) that the side BC would be c

greater than EF; and, if the angle A were less than the angle D, BC would be less than EF;-
therefore, the angle A can neither be greater nor less than the angle D; the angle A must
therefore be equal to the angle D. In like manner, it may be proved that the angle B is
equal to E, and C equal to F.

59. CoroLLARY.—Whence it appears that, in two equal triangles the equal angles are
opposite to the equal sides; for the equal angles A and D are opposite to the equal sides
BC and EF. )

"THEOREM 11.

60. The angles opposite to the equal sides of an isosceles triangle are equal.

Let the side AB be equal to AC; then shall the angle C equal the angle B.
For, suppose AD to be drawn from the vertex A to the middle point D, of the base
BC; then the two triangles ADB, ADC, will have the two sides AB, BD, of the
one equal to the two sides AC, CD, of the other, each to each; and AD is common
to both : therefore the angle B shall be equal to the angle C.

61. CoroLLARY 1.—Hence every equilateral triangle is a'so equiangular.
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62. CoroLLARY 2.—A straight line drawn from the vertex of an isosceles triangle to the
middle of the base will bisect the vertical angle, and be perpendicular to the base.

THEOREM 12.

63. If two angles of a triangle be equal, the opposite sides shall be equal, and the triangle
shall be isosceles.

Let the angle ABC be equal to ACB, the side AC shall be equal to the side AB. A

For, if the two sides AB, AC, are not equal, let AB be greater than AC, and
from BA cut off BD, equal to CA, and join CD; the angle DBC is, by hypothesis,
equal to the angle ACB, and the two sides DB, BC, are equal to the two sides AC,
CB; therefore the triangle DBC is equal'to the triangle ACB, the less to the
greater, which is impossible (az. 9, p. xi.); therefore AB cannot be unequal to AC,
but must be equal to it.

D,

o

THEOREM 13.

64. From a point A, without a straight line DE, only one perpendicular can be drawn to
that line.

For, suppose it were possible to draw AB, AC, perpendicular from the same #
point A, upon the straight line DE ; produce one of them, AB, to F, so that BF l‘
may be equal to AB, and join FC; and, because AB is equal to BF, and BC is D
common to the two triangles ABC, FBC, and the angles ABC and FBC are ‘
equal; the angle ACB is equal to FCB (theorem 5) ; therefore AC and CF must F
be a continued line (theorem 2) ; and so, through the two points A, F, two straight lines, AF and
ACF, may be drawn, that do not coincide; which is impossible: and, therefore, it is equally
impossible that two perpendiculars can be drawn from the same point to the same straight line.

B

THEOREM 14.

65, Of all the lines that can be drawn from a given point A, to a given straight line DE, the
perpendicular is the shortest: and of the other lines, that which is nearer the perpendicular is less
than that which is more remote ; and those two lines, on opposite sides, and at equal distances,
from the perpendicular, are equal.

Produce the perpendicular, so that BF may be equal to AB, and draw the A
straight lines AC, AD, and AE, to meet DE in C, D, and E, and join FC, FD, &c.

The triangles BCF and BCA are equal (theorem 5); for BF is equal to BA,

and BC common; therefore CF is equal to CA. Now AF is less than AC+CF B E
(theorem 7) ; therefore, taking the halves, AB is less than AC; that is, the perpen-
dicular is the shortest line that can be drawn from A to DE. F

" Next, suppose BE equal to. BC; then the triangles ABE and ABC will be equal (theorem 5),
for they have BA common, and the angles ABE and ABC equal ; therefore AE is equal to AC;
that is, two oblique lines equally distant from the perpendicular, on opposite sides, are equal.

In the triangle ADF, the sum of AC and CF is less than the sum of AD and DF (theorem 8);
therefore AC, the half of AC+CEF, is less than AD, the half of AD+DF; that is, the oblique
line, which is farther from the perpendicular, is greater than that which is nearer to it.

e
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THEOREM 15,

66. If through the point C, the middle of the straight line AB, a perpendicular be drawn to
that line, every point in the perpendicular is equally distant from the extremities of the line AB,
and every point out of the perpendicular is unequally distant from these extremities.-

Because AC is equal to BC, the two oblique lines AD, BD, which are
equally distant from the perpendicular, are equal (¢thcorem 14). The same is
also true of the two oblique lines AE, EB, and of the two oblique lines AF,
FB, &c. Therefore, every point in the perpendicular is equally distant from
the ends of the line.

Let I be a point out of the perpendicular. If IA, IB, be joined, one of -
them will cut the perpendicular in D ; therefore, drawing DB, we have DB equal to DA :.but IB
is less than ID+DB, and ID+4DB is equal to ID4-DA equal to IA ; therefore IB is less than
IA: that is, any point out of the perpendicular is unequally distant from the extremities A and B.

THEOREM 16.

67. Two right-angled triangles are equal if the hypothenuse and a side of the one be equal to

the hypothenuse and a side of the other.
Let the hypothenuse (or longest side) AC be equal to the

hypothenuse DF, and the side AB equal to the side DE, and
the right-angled triangle ABC shall he .equal to the right-
angled triangle DEF.
‘ E F

The proposition will be evidently true if it can be proved

that BC is equal to EF (theorem 10). Let us suppose, if it be possible, that these sides are
unequal, and that BC is the greater. Take BG equal to EF, and join AG. The triangles
ABG and DEF, having AB equal to DE, and BG equal to EF, by hypothesis, and also having
the angle ABG equal to DEF, they will be equal (theorem 5): therefore AG is equal to DF ;
but DF is equal to AC; therefore AG is equal to AC: that is, two oblique lines, one more
remote from the perpendicular than the other, are equal; which is impossible (theorem 15):
therefore, BC is not unequal to EF, and hence the triangle ABC is equal to the triangle DEF.

THEOREM 17.

68. Two straight lines perpendicular to a third are parallel.

" For, if the straight lines AC, BD, be not parallel, they will meet on _A __C
one side or the other of the line AB; let them meet.in O ; then AC and

OB are both perpendicular to AB, from the same point O; whichis | _—*
impossible (theorem 13). B D

THEOREM 18.

69. If two straight lines, AC and BD, make, with a third, AB, tﬁe sum of the two interior
angles CAB, ABD, equal to two right angles, these two straight lines are parallel.
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From G, the middle of AB, draw EGF, perpendicular to AC: then, since the sum of the
angles ABD, ABF, is equal to two right angles (theorem 1), and, by _A_E C
hypothesis, the sum of the two angles ABD, BAC, is also equal to two
right angles; therefore the two angles ABD, ABF, are together equal
to the sum of the two angles ABD, BAC; and, taking away the com- F B D
mon angle ABD, there remains the angle ABF=BAC; that is, GBF equal to GAE. But the
angles BGF and AGE are also equal (theorem 3); and, since BG is equal to GA, therefore the
triangles BGF and AGE, having a side and two adjacent angles of the one equal to a side and
two adjacent angles of the other, are equal (tkeorem 6), and the angle BFG is equal to AEG;

- but AEG is, by construction, a right angle ; therefore, BFG is also a right angle; and, since GEC
is a right angle, the straight lines EC and FD are perpendicular to EF, and are, therefore,
parallel to each other (theorem 17). '

THEOREM 19.

70. If two straight lines, AC, BD, make with a third, HK, the alternate angles, AHK and
HKD, equal, the two lines are parallel.

For, adding KHC to each of the angles AHK, HKD, the sum of the
angles AHK, KHC, is equal to the sum of the angles HKD, KHC; but the
angles AHK, KHC, are together equal to two right angles; therefore, also,
the angles HKD, KHC, are also equal to two right angles; and, conse-
quently, AC is parallel to BD (theorem 18).

THEOREM 20.

71. If two straight lines, AC, BD, are cut by a third, FG, so as to make the exterior angle,
FHC, equal to the interior and opposite angle, HGD, on the same side, the
two lines are parallel.
For, since the angle FHC is equal to the angle AHG, and since, when AC
is parallel to BD, the angle AHG is equal to HGD (tkeorem 19), therefore .
the angle FHC is equal to HGD. B G D

THROREM 21.

72. If a straigﬁt line, EF, meet two parallel straight lines, AC, BD, the sum of the inward
angles CEF, EFD, on the same side, will be eqnal to two right angles.

For, if not, suppose EG to be drawn through E, so that the sum of the
angles GEF and EFD may be two right angles ; then EG will be parallel to e

BD (theorem 18); and thus, through the same point E, two straight lines,

.EG, EC, are drawn, each parallel to BD ; which is impossible (ax. 11, p. xi.); B F b
therefore no straight line that does not coincide with AC, is parallel to BD ; wherefore the straight
line AC is parallel to BD.

78. CoroLLArY.—If a straight line 1s perpendscular to one of two parallel straight lines, it is
also perpendicular to the other.
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THEOREM 22.

74 If a straight line, HK, meet two parallel straight lines, AC,- BD, the alternate angles,
AHK, HKD, shall be equal.

For, the sum of the angles CHK, HKD, is equal to two right angles; and
the sum of the angles BKH, AHK, is also equal to two right angles ; there-
fore the angle HKD must be equal to AHK. T K

. THEOREM 23. .
%5. If a straight line FG, cut two parallel straight lines, AC, BD, the A H / ¢

exterior angle, FHC, is equal to the interior and opposite angle HKD.

For, since the angle FHC is equal to the angle AHK (theorem 3), and
the angle AHK equal to the angle HKD ; therefore the angle FHC is equal K D
to the angle HKD.

THEOREM 24.

76. If a straight line, EF, meet two other straight lines, EG, FD, and make the two interior
angles, EFD, FEG, on the same side, less than two right angles, the lines EG, FD, meet, if
produced, on the side of EF, on which the angles are less than two right angles.

For, if they do not meet on that side, they are either parallel, or else they meet on the other
side. Now they cannot be parallel, for then the two interior angles would be equal to two right
angles, instead of being less. Again, to show that they cannot meet on the other side, suppose
EA to be parallel to DFB; then, because the sum of the angles EFD,

FEG, is, by hypothesis, less than two right angles, that is, less than the sum E G
of the two angles, FEK, FEG (theorem 1), and EFD is equal to FEA

(theorem 20) ; therefore the sum of 'the two angles FEA, FEG, is less than

the sum of the two angles FEK, FEG; and, taking FEG from both, FEA )
is less than FEK: hence, FB and EK must be on opposite sides of EA; and, therefore, can
never meet.

The truth of this proposition is assumed as an axiom in the Elements of Euclid, and made
the foundation of parallel lines.

THEOREM 25,

77. Two straight lines, AB, CD, parallel to a third, EF, are parallel to one another.

Draw the straight line PQR, perpendicular to EF. Because AB is parallel g R___F
to EF, the line PR shall be perpendicular to AB; and, because CD is parallel
to EF, the line PR is also perpendicular to CD: therefore AB and CD &——¢ D
are perpendicular to the same straight line PQ; hence they are parallel
(theorem 17). A P __B

THEOREM 26.

78. Two parallel straight lines are every where equally distant. c '
Let AB, CD, be two parallel straight lines. From any points, E and F,
in one of them, suppose perpendiculars EG, FH, to be drawn; these, when :
produced, will meet the others at right angles,in H and G. Join FG* then, &' F b -
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because FH and EG are both peri)endicular to AB, they are parallel (tkeorem 17); therefore,
the alternate angles, HFG, FGE, which they make with FG are equal (theorem 22): and,
because AB is parallel to CD, the alternate angles, GFE, FGH, are also equal; therefore the
two triangles GEF, HFG, have two angles of the one equal to two angles of the other,
each to each; and the side FG, adjacent to the equal angles, common; the triangles are
therefore equal (theorem 6) ; and FH is equal to EG ; that is, any two points, F, E, on the one
of the lines, are equdistant from the other line.

THEOREM 27.

79. In any triangle, if one of the sides be produced, the exterior angle is equal to both the
interior and opposite angles; and the three interior angles are equal to two right angles.

Let ABC be a triangle; produce any one of its sides, AC towards D; and,
from the point A, let AE be drawn, parallel to BC; and, because of the
parallels CB and AE, and the angle EAD=C, and the angle EAB=B :
(theorems 22, 23); therefore the sum of the two angles, EAD, EAB, is € A D
equal to the sum of the two angles C and B; that is, since the angle BAD is equal to the sum
of the two angles BAE, EAD, the angle BAD is equal to the sum of the angles B, C. Hence
the outward angle is equal to the sum of the inward opposite angles.

Again, because the angle BAD is equsl to the sum of the angles B and C, add to each the
angle BAC, and the sum of the two angles BAC, BAD, will be equal to the sum of the three
angles BAC, B, C, or the three angles of the triangle; but the sum of the two angles BAC,
BAD, is equal to two right angles (theorem 1); therefore the sum of the three angles of a
triangle is equal to two right angles.

80. CoroLrarY 1.—If two angles of one triangle be equal to two angles of another triangle,
each to each, the third angle of the one shall be equal to the third angle of the other, and the
triangles shall be equi-angular.

81. CoroLLARY 2.—A triangle can have only one right angle. )

82. CoroLLARY 3.—In any right-angled triangle the sum of the two acute angles is equal
to a right angle. ’

83. CoroLLARY 4.—In an equilateral triangle, each of the angles is one-third of two right
angles.

THEOREM 28,

84. The opposite sides of a parallelogram are equal, as well as the opposite angles.

Draw the diagonal BD. The triangles ADB, DBC, have the common D [
side DB; also, because of the parallels, AB, CD, the angle ABD is \\_
equal to CDB (theorem 22); and, because of the- parallels AD, BC, the S
B

angle ADB is equal to DBC; therefore the triangles (¢heorem 6) and the 4
sides AB, DC, which are opposite the equal angles, are equal. In like manner AD and BC are
equal; therefore the opposite sides of the parallelogram are equal.

Again, from the equality of the triangles, it follows, that the angle A is equal to the angle C;
and it has been shown that the angles ADB, BDC, are respectively equal to the angles CBD,
DBA; therefore the whole angle ADC is equal to the whole angle ABC, and thus the oppesite
angles are equal.

S
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85. CoroLLARY.—Two parallels, AB, CD, comprehended between two other parallels, AD,
BC, are equal.
THEOREM 29,

86. If the opposite sides of a quadrilateral be equal, the figure is a parallelogram.

For, drawing the diagonal BD, (as before,) the triangles ABD, BDC, have the three sides
equal, each to each; therefore the angle ADB, opposite to the side AB, is equal to the angle
CBD, opposite to the side CD (theorem 10); hence the side AD is parallel to BC (theorem
19). For the like reason AB is parallel to CD: therefore the quadrilateral, ABCD, is a
parallelogram

THEOREM 30.

87. A straight line, BD, drawn perpendicular to the extremity of a radius, CA, is a
tangent to the circumference.

For every oblique line, CE, is longer than the perpendicular CA
(theorem 15) ; therefore the point E must be without the circle; and since
this is true of every point in the line BD, except the point A, the line
BD is a tangent (def. 9, p. viii).

B : £ D

THEOREM 31.

88. Only one tangent can be drawn from a point, A, in .uc circumference of a circle.

Let BD be a tangent at A, in the circumference, described with the %A D -
radius CA; and let AG be another tangent, if possible; then, as CA F P
would not be perpendicular to AG, another line, CF, would be perpen-
dicular to AG, and so CF would be less than CA (theorem 14); therefore c
¥ would fall within the circle, and AF, if produced, would cut the circumference.

THEOREM 32.

89. If two circumferences cut each other, the straight line which passes through their centres
shall be perpendicular to the chord which joins the points of intersection, and shall divide it
into two equal parts.

For the line AB, which joins the points of intersection, being a common A
chord to the two circles; if, through the middle of this chord, a perpen-
dicular be drawn, it will pass through the points C, D, the centres of the
two circles. But only one line can be drawn through two given points;
therefore the straight line which passes through the centres is a perpen-
dicular to the middle of the common chord.

THEOREM 33.

90. In the same circle, or in equal circles, equal angles ACB, DCE, at the centre, intercept

equal arcs, AB, DE, on the circumference; and conversely, if
the arcs AB, DE be equal, the angles ACB and DCE are also
equal.
If the angle ACB be equal to DCE, these two angles may be
I

placed on each other; and, as their sides are equal, the point A
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will fall on D, and the point B on E; but then the arc AB must-also fall on DE; for, if the
two ares did not coincide, there would be, in ore or.the other, points unequally distant from
the centre; therefore the arc AB is equal to DE.

Next, if the arc AB be equal to DE, the angle ACB shall be equal to DCE; for, if they are
not equal, let ACB be the greater, and take ACI equal to DCE; then, by what has been
demonstrated, Al is equal to DE; but, by hypothesis, the arc AB is equal to DE; therefore
the arc Al is equal to AB, which is impossible : therefore the angle ACB is equal to DCE.

THEOREM 34.

91. An angle, ACB, at the centre of a circle, is double of the angle at the circumference,
upon the same arc, AB.

Draw DC, (fig. 1,) and produce it to E. First, let the Fy. 1. Fy. 2.
angie at the centre be within the angle at.the circumference, = e
then the angle ACE is equal to the sum of the angles CAD,

CDA (theorem 27) ; but, because CA is equal to CD, the angle
CAD is equal to CDA (tkeorem 11); therefore the angle ACE

is equal to twice the angle CDA. By the same reason the E A
angle BCE is equal to twice the angle CDB; therefore the whole angle ACB is double the
whole angle ADB.

Next, let the angle at the centre (fig. 2) be without the angle at the circumference. It may
be demonstrated, as in the first case, that the angle ECB is equal to twice the angle EDB, and
that the angle ECA, a part of the first, is equal to twice EDA, a part of the second ; therefore,
the remainder, ACB, is double the remainder ADB.

THEOREM 35.

92. The angles, ADB, AEB, in the same segment, AEB, of a circle, are equal to one another.

Let C (fig. 1) be the centre of the circle; and, first, let Fig. 1. Fig. 2.
the segment AEB be greater than a semi-circle. Draw D
CA, CB, to the ends of the base of the segment; then
each of the angles, ADB, AEB, will be half of the angle
ACB (theorem 34); therefore the angles ADB and AEB
are equal.

Next, let the segment AEB (fig. 2) be less than a semi-circle; draw the diameter DCF and
join EF; and, because the segment ADEF is greater than a semi-circle, by the first case, the
angle ADF is equal to AEF. In like manner, because the segment BEDF is greater than a
semi-circle, the angle BDF is equal to the angle BEF; therefore the whole angle ADB is equal
to the whole angle AEB.

THEOREM 36.

93. The sum of the opposite angles of any quadrilateral, ABCD, inscribed in
a circle, is equal to two right angles. »
Draw the diagonals AC, BD. In the segment ABCD, the angle ABD is equal
to ACD; and, in the segment CBAD, the. angle CBD 'is equal to CAD (theorem
85); therefore the whole angle ABC is equal to the sum of the two angles ACD,
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CAD; and, adding ADC, the sum of the two angles, ABC, ADC, is equal to the sum of the
three angles. Now these three angles are the angles of the triangle ADC, and therefore equal
to two right angles (theorem 27) : therefore the sum of the two angles ABC, ADC, is equal to
two right angles. In the same manner it may be demonstrated that the sum of the two angles

BAD, BCD, is equal to two right angles.

THEOREM 37.

94. An angle ABD, in a semi-circle, is a right angle; an angle BAD, in a segment greater
than a semi-circle, is less than a right angle; and an angle, BED, in a segment less than a
semi-circle, is greater than a right angle.

Produce AB to F, draw BC to the centre, and, because CA is equal to CB, r
the angle CBA is equal to CAB (theorem 11). In like manner, because CD - g4
is equal to CB, the angle CBD is equal to CDB; therefore the sum of the
two angles CBA, CBD, is equal to the sum of the two angles CAB, CDB;
that is, the angle ABD is equal to the sum of the two angles CAB, CDB; but
this last sum is equal to the angle DBF (theorem 27); therefore the angle
ABD is equal to the angle DBF : but, when the angles are equal on each side of a straight
line which meets another, each of these angles is a right angle ; therefore each of the angles
ABD and DBF is a right angle; and, consequently, the angle ABD in a semi-circle is a
right angle.

Again, because in the triangle ABD, the angle ABD is a right angle; therefore BAD, which
is manifestly in a segment less than a semi-circle is less than a right angle : and, lastly, because
ABED is a quadrilateral in a circle, the sum of the two angles A, E, is equal to two right
angles; but the angle A is less than a right angle; therefore E, which is in a segment less than

a semi-circle, is greater than a right angle.

THEOREM 38.

95. The angle BAE, contained by a tangent AE to a circle, and a chord AB, drawn from

the point of contact, is equal to the angle AGB in the alternate segment. ¥
Let the diameter ACF be drawn, and GF be joined ; and, because the G,

angles FGA, FAE, are right angleé (theorems 37, 80), and of these FGB, o

a part of the one, is equal to FAB, a part of the other, (theorem 35,) the

remainders BAE, BAG, are equal. \

The geometric definitions, &c. having been given generally, and explained in the preceding
pages, it now becomes necessary to add the following elucidations :—

96. EQuIVALENT FIGURES are such as have equal surfaces, without regard to their form.

97. IpenTICAL F1GURES are such as would entirely coincide, if the one be applied to the other.

98. In EQuiaNGULAR Ficures, the sides which contain the equal angles, and which adjoin
equal angles, are Aomologous.

99. Two figures are similar, when the angles of the one are equal to the angles of the other,
each to each, and the homologous sides are proportionals,
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100. In two CiRrcLEs, similar sectors, similar arcs, or similar segments, are those which have
equal angles at the centre.

Thus, if the sector ABC be ¢ M N
similar to the sector DEF, then A@ o G@]{ /_\
the angle ABC will be equal to 4 : ¥ R L
the angle DEF; or, if the arc v
AC be similar to the arc DF, R
then the angle at B will be equal to the angle at E.- Also, if the segment GMH be similar to
the segment KNL, the angle I will be equal to the angle R.

101. The ARrea of a figure is the quantity of surface, containing a certain number of units
of any given scale; as of inches, feet, yards, &c.

THEOREM 39.

102. Parallelograms which have equal bases and equal altitudes are equal.
Take the two parallelograms, ABCD, and ABEF,

Fig. 1. Fig. 2.
upon the same base, AB, and between the same pa- E
rallels, AB and DE; these parallelograms are equal.
For, in the parallelogram ABCD (fig. 1), the
opposite sides CD and AB are equal; and in the
A B

parallelogram ABEF, the opposite sides EF and AB
are equal ; therefore EF is equal to CD (84).* Again, in the parallelogram ABCD (fig. 2),
the side CD is equal to AB; and, in the parallelogram ABEF, the side FE is equal to AB;
therefore EF is equal to CD. Now, in fig. 1, since CD is equal to EF, add CF to both; then
will DF be equal to CE. In fig. 2, take away the common part CF, and there will remain DF
equal to CE. Therefore, in each of these figures, the three straight lines AD, DF, FA, are
respectively equal to the three straight lines BC, CE, EB; and, consequently, the triangle ADI
is equal to the triangle BCE : therefore, from the quadrilateral ABED take away the triangle
BCE, there will remain the parallelogram ABCD; and, from the same quadrilateral, take away
the equal triangle ADF, and there will remain the parallelogram ABEF: therefore the
parallelogram ABCD is equal to the parallelogram ABEF.

103. CoroLrLArRY.—Every parallelogram is equal to a rectangle, of the same base and altitude.

THEOREM 40.

104. Any triangle is equal to half a parallelogram of the same r A »

base and altitude.
> For'the triangle ABC is equal to the triangle ACD, and the

parallelogram ABCD is equal to the sum of both triangles; and
consequently, double to one of them.

105. CoroLLARY l.—Hence every triangle is half a rectangle, B o ¢
having the same base and altitude.

106. CororLARY 2.—T'riangles which have equal bases and equal altitudes are equal.

* The figures thus inserted in a parenthesis refer to a preceding or a following paragraph ; as in this instance, to 84,
on page xix.

g
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THEOREM 41.

107. Rectangles, of the same altitude, are to one another as their bases.'

Let ABCD, AEFD, be two rectangles, which have a common altitude AD; p h c
they are to one another as their bases AB, AE.

For, suppose that the base AB contains seven equal parts, and that the
base AE contains four smilar parts; then, if AB be divided into seven equal
parts, AE will contain four of them. At each point of division draw a
perpendicular to the base, and these will divide the figure ABCD into seven & B
equal rectangles (102); and, as AB contains seven such parts as AE contains four, the rectangle
ABCD will also contain seven such parts as. the rectangle AEFD contains four; therefore the
bases AB, AE, have the same ratio that the rectangles ABCD, AEFD, have.

THEOREM 42.

108. Rectangles are to one another as the products of the numbers which express their bases
and altitudes.

Let ABCD, AEGF, be two rectangles, and let some line taken, x )
as a unit, be contained m times in AB, the base of the one, and r
n times in AD, its altitude; also p times in AE, the base of the E Ny B

other, and ¢ times in AF, its altitude ; the rectangle ABCD shall
be to the rectangle AEGF, as the product mn is to the product pg.

Let the rectangles be so placed that their bases AB, AE, may ¢ F
be in a straight line; then their altitudes AD, AF, shall also form a straight line (48). Com-
plete the rectangle EADH; and, because this rectangle has the same altitude as the rectangle
ABCD, when EA and AB are taken as their bases; and the same altitude as the rectangle
AEGF, when AD, AF, are taken as their bases ; we have

the rectangle ABCD : ADHE :: AB : AE ::m : p .... (107)
: p i:mmo:pn
therefore, ABCD : ADHE :: mn : pn.
In like manner, ADHE : AEGF :: pn : pq
But, placing the terms of these two sets of proportionals alternately, we have,

ADHE : pn  :: ABCD : mn
and ccceeccenaaaa. ADHE : pn :: AEGF : pg
therefore, by equality, ABCD : mn :: AEGF : pq
therefore, alternately, ABCD : AEGF :: mn : pq.

109. OssErvaTioN.—If ABCD, one of the rectangles, be a
square, having the measuring unit for its side; this square may
be taken as the measuring unit of its surfaces; because the
linear unit, AB, is contained p times in EF, and ¢ times in D
EH, by the proposition.

Ix1: pg :: ABCD : EFGH. C ¥ A B

Hence the rectangle EFGH will contain the superficial unit ABCD, as often as the numeral

product pg contains unity.

——0
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- Consequently, the product pq will express the area of the rectangle, or will indicate how
often it contains the unit of its surfaces.

Thus, if EF contains the linear unit AB four times, and EH contains it three times, the
area EFGH will be 3x4=12: that is, equal to twelve times a square whose side AB is = 1.

In consequence of the surface of the rectangle EFGH being expressed by the product of its
sides, the rectangle, or its area, may be denoted by the symbol EF x FG, in conformity to the
manner of expressing a product in arithmetic.

However, instead of expressing the area of a square, made on a line' AB, thus, AB x AB; it
is thus expressed AB*.

110. Note.—A rectangle is said to be contained by two of its sides, about ‘any one of its
angles.

THEOREM 43.

111. The area of a parallelogram is equal to the product of its base and altitude.

* For the parallelogram ABCD is equal to the rectangle ABEF, which , E ¢
has the same base AB, and the same altitude (102), and this last is
measured by ABx BE, or by ABx AF; that is, the product of the base
of the parallelogram and its altitude. .

112. CororrLarY.—Parallelograms of the same base are to one another B
as their altitudes; and parallelograms of the same altitudes are to one another as their bases.

For, in the former case, put B for their common base, and A, g, for their altitudes; then we
have BxA:Bxa :: A:a. And, in the latter case, put A for their common altitude, and
B, b, for their bases; then Bx A : bx A :: B:b.

THEOREM 44,

113. The area of a triangle is equal to the product of the base by half its altitude.
For the triangle ABC is half the parallelogram ABCE, which has the A T
same base, BC, and the same altitude AD (104); but the area of the 7\
parallelogram is BC x AD (111), therefore, the area of the triangle is
$BCxAD, or BCx 1 AD. !
114. CororLrLarY.—Two triangles of the same base are to one another H C
as their altitudes; and two triangles, of the same altltude, are to one another as their. bases.

THEOREM 45.

115, The area of every trapezoid, ABCD, is equal to the product of half the sum of its
parallel sides, AB, DC, by its altitude, EF.

Through I, the middle of the side BC, draw KL, parallel to the oppo- DE C K
site side AD, and produce DC until it meet KL in K. In the triangles
IBL, ICK, the side IB is equal to IC, and the angle B equal to C (74), g
the angle BIL equal to CIK; therefore the triangles are equal (54), and
the side CK equal to BL. Now the parallelogram ALKD is the sum of £ +—
the polygon ALICD ; and the triangle CIK, and the trapezoid ABCD, is the sum of the same
polygon and the triangle BIL; therefore, the trapezoid ABCD is equal to the parallelogram
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ALKD, and has, for its measure, AL x EF. Now AL is equal to DK, and BL equal to CK :
and CD =DK ~CK; but DK is equal to AL, and CK equal to BL;
Therefore CD =AL — BL.
Bute..... AB=AL4BL,
Therefore, AB4+CD =2AL
Consequently { (AB+ CD) =AL.
It follows that .. AL x EF =4 (AB+CD) x EF.

THEOREM 46.

116. A straight line, DE, drawn parallel to the side of a triangle ABC, divides the other
sides AB, AC, proportionally, or so that AD : DB :: AE : EC.

Join BE and DC: the two triangles BDE, CDE, have the same base, DE, A
and they have also the same altitude, because BC is parallel to DE; and,
consequently, the triangles DBE and DCE are equal: Since the triangles

BED and AED have the same altitude, they are to one another as their o
bases; and since the triangles CED and AED have the same altitude; they A
are to one another as their bases. ¢

Therefore, the triangle BDE : ADE :: BD : DA. But since the tnangle BDE is equal to
the triangle CED, therefore the triangle CED ADE :: BD: DA.
But the triangle CED : ADE CE: EA.
It follows that, BD : DA :: CE: EA.

THEOREM 47.

~ 117. If the two sides, AB, AC, of a triangle be cat propBrtionally by the line DE, so that
AD : DB:: AE : EC, the line DE shall be parallel to the remaining side of the triangle.

For, if DE be not parallel to BC, some other line, DO, will be parallel to ,
BC; then, by the preceding proposition,

AD : DB:: AO : OC. 0
And, by hypothesis, AD : DB :: AE : EC. D
Therefore,eecaaa.a AO:0C :: AE : EC.
And, by addition, AC : OC :: AC : EC. B ¢

And hence OC must be equal to EC; which is impossible, unless the point O coincide with
E; therefore no line besides DE can be parallel to BC.

THEOREM 48.

118. A line, BD, which bisects any angle, ABC, of a triangle, will divide the opposite side
AC into two segments, AD, DC, which shall have the same ratio as the other two sides, AB,
BC, of the triangle.

From C, one extremity of the base, draw CE, parallel to BD, meeting
AB produced in E. Then the angle ABD is equal to the angle BEC
(75), and the angle CBD equal to BCE (74); but, by hypothesis, the
angle ABD is equal to CBD ; therefore the angle BEC is equal to BCE: v
hence the side BC is equal to BE (63). Now, because ACE is a triangle,
and BD is drawn parallel to one of its sides, AD : DC :: AB : BE (116);
but, since BE is equal to BC; therefore AD : DC:: AB : BC. A D ¢
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THEOREM 49,

119. Two equiangular triangles have their sides proportional, and are similar to each other.

Let ABC, DCE, be two triangles, which have their angles equal, each to
each; viz. BAC equal to CDE, ABC equal to DCE, and ACB equal to DEC;’
the homologous sides, or the sides adjacent to the equal angles, shall be pro-
portionals ; that is, BC : CE :: BA : CD, and BA: CD :: AC : DE, °

Place the homologous sides BC, CE, in a straight line; and, because the
angles B and E are together less than two right angles, the lines BA and ED
shall meet, if produced (76): let them meetin F. Then, since BCE is a straight line, and the
angle BCA equal to E, AC is parallel to EF. In like manner, because the angle DCE is
equal to B, the straight line CD is parallel to BF ; therefore ACDF is a parallelogram.

120. In the triangle BFE, the straight line AC is parallel to FE ; wherefore BC : CE :: BA :
AF (116). Again, in the same triangle, BFE, CD is parallel to BF; therefore BC : CE :: FD :
DE; but, by substituting €D for its equal AF, -in the first set of proportionals, and AC for its
equal FD in the second set, )

we haveceaecue. ==<.BC : CE :: BA : CD by the first,

and ...ccecceeeee..BC : CE :: AC : DE by the second,

therefore, by equality, BA : CD :: AC : DE;
therefore the homologous sides are proportionals; and, because the triangles are equiangular,
they are similar.

ScHoLIuM.~It may be remarked that the homologous sides are opposite to the equal angles,

THEOREM 50.

121, Two triangles, which have their homologous sides proportionals, are equiangular and

similar. '
Suppose that BC : EF :: AB: DE

. o .
and that.... AB: DE:: AC: DF
the triangles ABC, DEF, have their angles equal : viz. A equalto D, g F .
B equal to E,'and C equal to F. At the point E make the angle
-3

FEG equal to-B, and at the point F make the angle EFG equal to C,
then G shall be equal to A (80), and the triangles GEF, ABC, shall
be equiangular ; therefore,
by the preceding prop. BC : EF :: AB : EG
and, by hypothesis, .. BC : EF :: AB : DE; therefore EG is equal to DE.
In like manner....... BC : EF :: AC : FG
and, by hypothesis,... BC : EF :: AC : DF; therefore FG is equal to DF.
Thus, it appears that, the triangles DEF, GEF have their three sides equal, each to each,
therefore they are equal (58). But, by construction, the triangle GEF is equiangular to the
triangle ABC ; therefore, also, the triangles DEF, ABC, are equiangular and similar.

THEOREM 51.

122. Two triangles which bave an angle of the one equal to an angle of the other, and the
sides about them proportionals, are similar,

h
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Let the angle A equal D, and suppose that AB : DE :: AC:

A
DF, the triangle ABC is similar to DEF.
Take AG equal to DE, and draw GH parallel to BC, the D
angle AGH shall be equal to ABC (75), and the triangle AGH
equiangular to the triangle ABC; therefore AB : AG :: AC: AH; ¢ : \
but AG is equal to DE;
B C ¥

thereforee-cee--- AB:DE:: AC: AH,
but, by hypothesis AB : DE :: AC : DF; therefore AH is equal to DF.
The two triangles AGH, DEF, have therefore an angle of the one equal to an angle of the other,
and the sides containing these angles equal ; therefore they are equal (53); but the triangle AGH
is similar to ABC. . .

THEOREM 52.

123. A perpendicular, AD, drawn from the right angle, A, of a right-angled triangle, upon the
“hypothenuse, or longest side, BC, will divide that triangle into two others, which will be similar
to each other, and to the whole.

The triangles BAD and BAC have the common angle B ; and, besides, A
the right angle BDA is equal to the right angle BAC; therefore, the third
angle BAD of the one is equal to the third angle C of the other (80);
therefore the two triangles are equiangular and similar. In like manner
it may be demonstrated that the triangle DAC is equiangular and similar
to the triangle BAC ; therefore the three triangles are equiangular and similar to one another.

B D [+

\

THEOREM 53.

124. The square described upon the hypothenuse, or longest side, is (&
equal to the squares described upon the other two sides.
From the right angle C draw CD, perpendicular to the hypothenuse
AB; then the triangle ABC is divided into two triangles, ADC, CDB,
which are similar to one another, and to the whole triangle ABC (128); A D
therefore, by the similar triangles, ABC, CBD,..AB : BC:: BC: BD;
again, by the similar triangles, BAC, CAD,.... AB: AC:: AC:AD;
therefore, reducing the first to an equation,...- ABxBD =BC"
and, reducing the second analogy to an equation, ABx AD =AC
then, adding these two equatiens -..--- ABx(AD+BD)=AC+BC

but, since AB is equal to the sum of the two lines AD, DB, therefore AB'=AC+BC.

w/

THEOREM 54.

125. Two triangles, which have an angle of the one equal to an angle A
of the other, are to each other as the rectangle of the sides about the
equal angles.

Suppose the two triangles joined, so as to have a common angle, and
let the two triangles be ABC, ADE, Draw the straight line BE.
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Now the triangle ABE : tria. ADE :: AB: AD;
Therefore the triangle ABE : tria. ADE :: ABx AE : ADx AE.
Or, alternately, the triangle ABE : AB x AE :: the triangle ADE : AD x AE.
In like manner, the triangle ABE : AB x AE :: the triangle ABC: AB x AC.
Therefore, by equality, the tria. ABC : tria. ADE :: ABx AC: AD x AE.

THEOREM 55.

126. Similar triangles are to one another as the squares of their homologous sides.
Let the angle A be equal to the angle D, and the angle B,

equal to E.

Then AB : DE :: AC : DF (119) »

and AB:DE::BC:EF
‘herefore, by multiplying the corresponding terms, we have \
AB!: DE':: ACx AB: DF x DE.. B c B

But the triangle BAC : triangle EDF :: AC x AB : DF x DE (126).
Therefore the triangle ABC : triangle DEF :: AB*: DE*.
Or thus, let A signify a triangle ; then (126)—
a ABC: o DEF :: ABx AC: DE x DF.
a ABC: A DEF :: ABx BC: DE x EF. q
ACxBC: DFxEF :: a ABC : A DEF. i~
Therefore, by multiplication, s ABC: a DEF :: AB* : DE. 3o

THEOREM 56.

127. Similar polygons are composed of the same number of triangles, which are similar, and
similarly situated.

In the polygon ABCDE, draw from any angle A, the
diagonals AC, AD; and, in the other polygon, FGHIK, -
draw, in like manner, from the angle F, which is homo- D
logous to A, the diagonals FH, FL.
Since the polygons are similar, the angle B is equal to
its homologous angle G; and, besides, AB : BC:: FG : 5 k

GHi; therefore, the triangles ABC and FGH are similar (122), and the angle BCA is equal to GHF;
these equal angles being taken from the equal angles BCD, GHI, the remainders ACD, FHI,
are equal : but, since the triangles ABC and FGH are similar, we have AC : FH :: BC : GH;
and, because of the similitude of the polygons, we have BC : GH :: CD : HI; therefore, AC :
FH :: CD : HI. Now it has been shown that the angle ACD is equal to FHI; therefore the
triangles ACD, FHI, are similar (122). .

In like manner, it may be demonstrated that, the remaining triangles of the two polyg.on.s are
similar ; therefore the polygons are composed of the same number of similar triangles, similarly

situated. o

THEOREM 57,

128. The perimeters of similar polygons are to one another as their homologous

sides.
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AB: FG:: BC: GH.

"BC:GH:: CD:HL B
Therefore, AB : FG :: AB4+BC+CD : FG 4 GH + HI I
(95); wherefore AB is to FG as the perimeter of the
polygon ABCD is to the perimeter of the polygon FGHIK. A £ -

THEOREM 58. -

129. The areas of similar polygons are as the squares of their homologous sides.
Let the polygons be ABCDE and FGHIK ; frem any
angle, A, draw the diagonals AC, AD; and, from the homo-
logous angle F, draw the diagonals FH, FI; then the
«triangles ABC, ACD, ADE, are respectively equal and
similar to the triangles FGH, FHI, FIK. ..
' Therefore the triangle ABC : triangle FGH :: AC* : FH*
‘ And .... the triangle ACD : triangle FHI :: AC* : FH:.
Therefore the triangle ABC : triangle FGH :: ACD : FHI.

In the same manner it may be demonstrated that the triangle ACD : triangle FHI :: ADE :
FIK, and so on, if the polygons consist of more triangles. Hence (95) the triangle ABC is to
the triangle FGH as the sum of the triangles- ABC, ACD, ADE, to the sum of the triangles
FGH, FHI, FIK ; but the sum of the triangles ABC, ACD, ADE, compose the whole polygon
ABCDE, and the sum of the triangles FGH, FHI, FIK, compose the polygon FGHIK ;
wherefore the triangle ABC is to the triangle FGH as the polygon ABCDE is to the polygon
FGHIK ; but the triangle ABC is to the triangle FGH as AB* is to FG*; therefore the similar
polygons are as the squares of their homologous sides.

130. CoroLLARrY.—If three similar figures have their homologous sides equal to the three sides
of a right-angled tnangle, the figure made on the side opposite to the right angle shall be equal
to the other two,

THEOREM 59.

~ 131. In any triangle, ABC, the square of AB, opposite to one of the acute angles, is equal to
the difference between the sum of the squares of the other A A
two sides, and twice the rectangle BD x DC, made by the
perpendxcular AD, to the side BC.
There are two cases, according as the perpendicular falls
within or without the triangle. In the first case, BD=BC—
CD; and, in the second case, BD =CD—BC.

. D 0 1
In either case -evcceevenmaaa--- BD*’=BC’+ CD*—2BC x CD.
But (124) «ecccmmememnnes ... AB'=AD*4+BD*
and (124) wecccceecnnan « AD*4-CD*= AC.

Therefore. by addition,.- cumssn= AB’= AC’ + BC — 2B X CDo
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THEOREM 60.

132. In any obtuse-angled triangle, the square of the side opposite to the obtuse angle is equal
to the sum of the squares of the other two sides, and twice the rectangle, BC x CD, made by the
perpendicular, AD, upon the side BC.

3 S BD=BC+CD; ) A
Therefore,ecceea- BD*=BC*4+CD*+2BC xCD;
But, (124)ec---.. AB'=AD+BD¢

and (124).. AD*+CD*=AC*
Therefore, by adding these three equations together,
AB*=AC'+BC'42BC x CD. L

THEOREM 61.

133. If any two chords, in a circle, cut each other, the rectangle of the segments of the one is
equal to the rectangle of the segments of the ather.

Let AB and CD cut each other in O; then OA x OB = OD x OC.

For, join AC and BD: then, in the triangles AOC, BOD, the vertical angles
at O are equal; also the angle A=D and C=B (92), consequently the
triangles AOC and DOB are similar, and their homologous sides pro-
portional.

Whence AO :0OC::DO: OB
Wherefore AO x OB=0DxCO.

THEOREM 62.

134. If any two chords, in a circle, be produced to meet each other, the rectangle of the two
distances, from the point of intersection, to each extremity of the one chord, is equal to the
rectangle of the two distances from the point of intersection to each extremity of the
other chord.

Let AB and CD be two chords, and let them be produced to meet in O;
OA x OB=0D x OC.

For, join AC and BD; then, in the triangles AOC and DOB the angle at
O is common, and the angle A =D (92) ; therefore the third angle, ACB, of
the one triangle is equal to the third angle, DBO, of the other; conse-
quently the triangles AOC and DOB are similar, and their homologous sides

proportional.

Whence AO:0C:DO:OB
‘Wherefore, AOx OB=0DxOC.

THEOREM 63.

135. In the same circle, or in equal circles, any angles, ACB, DEF, at the centres, are to each
other as the arcs AB, DF, of the circles intercepted between the lines which contain the angles. -
]
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Let us suppose that the arc AB contains three of such ¢ x
parts as DF contains four. Let Ap, pg, ¢B, be the equal
parts in AB, and Dr, rs, &c. the equal parts in DF: draw
the lines Cp, Cgq, Er, Es, &c.; the angles ACp, pCgq, ¢CB, 7
DEr, &c. all are equal ; therefore, as the arc AB contains
jth part of the arc DF three times, the angle ACB will evidently contain § of the angle DEF
also three times ; and, in general, whatever number of times the arc AB contains some part of the
arc DF, the same number of times will the angle ACB contain a like part of the angle DEF.

A

THEOREM 64.

136. In two different circles, similar arcs are as the radii of the circles.

Let the circles AFG, afg, be each described from the centre C. Draw
the radii CA, CF, then the arcs A f and af are similar. Draw CB,
indefinitely, near CA, and the sectors Cab, CAB, will approach very
nearly to isosceles triangles, which are similar to each other; therefore,
Ca: CA:: ab: AB; let BF be divided into small arcs, each equal to AB,
and draw the radii from each point of division; then & f will contain as many
arcs, each equal to ab, as the arc BF contains arcs equal to AB; therefore
afis the same multiple of ab that AF is of AB; whence Ca: CA :: af: AF.

THEOREM 65.

187. The circumference of circles are to one another as their
diameters. "
For, let the circumferences ABCD, abecd, be divided into quadrants
by the radii OaB, O5B, OcC, OdD, then the quadrants AB, ab, A
will be similar arcs; '
therefore, OA : Oa:: AB: ab
wherefore, OA : Oa :: 4AB : 4ab.

e —————————————
PRACTICAL GEOMETRY.

L e ancm

.

. PROBLEM 1.

138. To make an angle at a given point E, fig. 1, in a straight line, DE,

2}
equal to a given angle ABC, fig. 2. K 2
From the centre B, with any radius, describe an arc gh, cutting BA at g, .

and BC at 4; from the point E, with the same radius, describe an arc, ik, g

cutting ED at i; make ik equal to gh, and through the point # draw EF: %
then the angle DEF will be equal to the given angle ABC. : S"
[
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PROBLEM 2.

189. To bisect a given angle ABC.

From BA and BC cut off Be and Bf, equal to each other; from the pomts
e and /, as centres, with any radius greater than the distance ¢ f, describe arcs,
cutting each other at G, and join BG, which wﬂl bisect the angle ABC, as
required.

PROBLEM 3.

140. Through a given point, g, to draw a straight line parallel to a given straight line, AB.
From g, draw ge, to cut AB at any angle in the pointe: in AB c—p— &
/]

take any other point f; make the angle BfA equal to feg, and
make £ equal to eg, and through the points g and 4 draw the
line CD ; then CD will pass through g parallel to AB, as required.

PROBLEM 4.,

141. At a given distance, parallel to a given straight line, AB, to draw a straight line, CD.

In the given straight line AB, take any two points, gand ¢; o- 3 D
and, from the centres g and e, with the given distance, /"7\ v /\

describe arcs at 4 and i; draw the line CD to touch the arcs 4
and i; then CD will be parallel to AB, at the distance required. 47 ] B

PROBLEM 5. t'é

N7

142. To bisect a given straight line, AB, by a perpendicular.
From the points A and B, with any distance gteater than the half of
AB, describe arcs cutting each other in C and D ; join CD, and this line T
will bisect AB perpendicularly.

L
(4

PROBLEM 6. .

143. From a given pomt, C, in a given straight line, AB, to erect a
perpendicular.

In the straight line, AB, take any two points ¢ and f, equally distant
from C: from the points e and f, with any equal radius, greater than
the half of ef, describe arcs, cutting each other at D, and draw CD,
which will be perpendicular to AB. _ Ao Z

B

For further elucidation and examples refer to the Introductory Chapter to Practical Carpentry.
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PLANE TRIGONOMETRY.

DEFINITIONS OF TERMS IN TRIGONOMETRY.*

144. The CoMPLEMENT oF AN ARc is the difference between that arc and a
quadrant or quarter of a circle.

Thus, the arc BC, which is the difference between AC and AB, is the com-
plement of AB; and AB is, in like manner, the complement of BC.

145. THE SUPPLEMENT oF AN ARc is the remainder between that arc
and a semi-circle.
Thus, the arc given being AB, its supplement is BC.

L

[

H
»

146. The SINE oF AN ARc is & straight line, drawn from one extremity of the
arc, upon and perpendicular to a radius or diameter.

N

e,
ES
»

Thus, BM is the sine of the arc AB; and here it is evident that an
arc and its supplement have the same sine.

CT M

(ol )

']
:»J

147. The Co-siNE oF AN ARc is the sine of the complement of that arc.
Hence, BO or IM is the co-sine of the arc AB; and, therefore, the sine of the
complement BC. :

[

148. The TANGENT OF AN ARc is a straight line drawn from one extremity of the
arc, where it touches it, to meet the prolongation of the radius thyough the other
extremity.

The line AK, touching the arc at A, and extended to meet the radius IB pro-
duced, is the tangent of the arc AB.

149. The Co-TANGENT OF AN ARc is the tangent of the complement €
of that arc.

Thus, CL is the co-tangent of the arc AB, or the tangent of the
arc BC;

A}

1 A

—~

* Trigonometry is that branch of Geometry whish treats exclusively on the properties, relations, and measurement, of
triangles.
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)

In the annexed diagram let AB, AC, AD, AE, AF, AG, AH, S 3 o
to A, be the several portions of the circumference, by supposing ' N\
the point B to revolve round the circumference from A to B,
C,D,E, F, G, H, the sine of any arc, in the first quadrant 3
increases from A to C, where it is the greatest possible, and then
decreases to E, where it becomes zero ; the sine will, therefore,
be positive for the first semi-circumference, and in the other half r
it will be negative.

The co-sine will be positive in the first quarter, negative in
the second and third, and again positive in the fourth.

The tangent will be positive in the first quarter, negative in the second, positive in the third,
and negative in the fourth.

(-]

%]

TRIGONOMETRY.—THEOREM 1.

150. If a perpendicular be drawn from an angle of a triangle, to the opposite side, which is the
base; then, as the base is to the sum of the two sides, go is the difference of the sides to the

difference of the segments of the base. ‘
For, (theorem 53, page xxviii.). .AC*—CD*= AD* 4
and again, (theorem 53,) - ... BC'— CD*= BD". /‘\
Subtract the second equation from the first, and the result ‘
Secccennccann. ceceeeccmcescsmena AC'—BC=AD'—BD*: £ D B

but, since the difference of the squares of any two quantities is equal to a rectangle contained by
their sum and difference ;
therefore -vccecen-- se=ww= (AC4+BC) (AC—BC)=(AD+BD)(AD—BD)
‘Whence, . -.-- emcacaaa evee AD+BD: AC+BC :: AC—BC : AD—BD.

TRIGONOMETRY.—THEOREM 2.

151. The sum of the two sides of a triangle is to their difference as the tangent of half the sum
of the angles at the base is to the tangent of half their difference.

Let ABC be a triangle ; then, of the two sides, CA and CB, r
let CB be the greater. Produce CA to E, and make CE = CB, ‘\
and join BE. Produce BC to F; and, through A, draw FD, ToNe
perpendicular to EB, meeting it in D ; then FBD will be half
the sum of the angles at the base, and ABD half their difference.
Likewise, DF is the tangent of the angle FBD, and AD the . pd /l 8
tangent of the angle ABD : moreover BF is the sum of the two D
sides BC, CA, and AE is their difference.

Then, by similar triangles, BFD, EAD,....BF x AD=FD x EA. Wherefore BF : AE ::
FD : AD; which is the proposition to be demonstrated.
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DEFINITIONS OF CONIC SECTIONS.

———

152. A CoxE is a solid body, terminating in a point, called its vertex, and having a circle for
its base, connected to the vertex by a curved surface, which every where coincides with a straight
line passing through its vertex, and through any point in the circumference of the base. If a
cone be.cut by an imaginary plane, the figure of the section so formed acquires its name according
to the inclination or direction of the cutting plane.

153. A plane passing through the vertex of a cone, and meeting the plane of the base, is called
a directing plane ; and the line of common section is called a directing line.

154. If a cone be cut by a plane parallel to the directing plane, / \
the section is denominated a conic section. :,.-" \

155. If the directing line fall without the base of the cone, the
section is called an ellipse.

156, If the directing line touch the circumference of the base, the section is
called a parabola.

- 157. If the directing line fall within the base, the section s called an
hyperbola.

158. Equal opposite cones are those which have their axes in the same
straight line; and, if cut by a plane through their common line of axis, the
sides of the section will be two straight lines cutting each other.

Hence the two equal and opposite cones join each other at their vertices, /
and have their vertical angles equal.

152. If the plane which produces the section of an hyperbola be extended TR

so as to cut the opposite cone, the two sections are denominated opposite \ 757}
hyperbolas.

ﬂ

160. If the plane of a conic section be cut perpendicularly by another \ :
plane, which passes through the axis of the cone, the line of common section, \ /
in the plane of the figure, is called the primary line. /(\/

of that conic section.
Hence the ellipse has two vertices ; opposite hyperbolas have each one, and
the parabola has one. NN

I61. A point where the primary line cuts a conic section is called a vertex 2/
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CARPENTRY. JOINERY, &c.

BOOK I
CARPENTRY

CHAPTER 1.

——

INTRODUCTION.

1. IN the Art of Building, a design of the full size of the object to be executed is termed a
working drawing ; and a working drawing ought to exhibit every detail of the form and con-
struction of the piece of work it represents.

It will, therefore, be obvious how important it is that both the designer and the workman
should understand the principles of making such drawings. Our object, in this part of our
Work, is, to explain those principles, and their application in practice.

We will suppose the art of drawing lines parallel, or perpendicular, to one another to have
been acquired ; leaving it to the reader’s choice whether he will use a tee-square and drawing-
board, or a parallel-ruler and set-square ; but we recommend the latter method.

The methods of drawing the curved lines which sometimes oceur in drawings, and the
methods of setting out work on a large scale, being less generally known, we will, in the first
place, explain these for the use of learners.

To describe a Portion qf a Circle.

2. When the chord-line AB, and the height CD, are given.

First Method—Let AB, the chord-line, be drawn; and
through the point D, in the middle of the line AB, draw
CE perpendicular to AB, and set off DC equal to the height. / N
Join AC, and through its middle point, F, draw a line per-
pendicular to AC, which will cut the line CE in a point, 0,® D
which is the centre of the circle. With the radius OC, and
centre O, describe the arc ACB, which is the portion of a
circle required. o

3. Second Method.—When the distance of the centre is very E
great, a portion of a circle may be described by means of an angle.

Let AC (pl 1, fig. 1,) be the length or chord-line, and DB the height. Join AB and BC,
and take two pieces of wood, with straight sides, and fasten them together, so that the outward
edges may form the angle ABC; then fix another slip, GH, across, as a brace, to keep them

B
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correctly to the same angle. To describe the curve, begin with the angular point B, at A; and
move the triangle, so that the sile BE may always be against the point A, and the side BF
against the point C; then a pencil held at the angular point B, will describe an arc of a circle,
ABC. The legs BE, BF, should be a little longer than the chord-line, AC.

4. Or, an arc of equal extent may be drawn by a smaller instrument, thus: Let AC, (fig. 2,
pl. I) be the chord-line, and BD the height of the arch. Join AB, and draw BE parallel to
AC. Form a triangular piece of wood ABE; and to describe the arc AB, let the side AB of
the triangle move against the point A, and the sidle BE move against the point B; then, if
during the motion a pencil be held at the angular point B, it will describe the arc AB. By
causing the same triangle to move against the points B, C, the arc BC may be described, which
will complete the arch ABC. )

5. Third Method.—A flat circular arch is easily drawn, by an instrument which was first
proposed by Dr. Young. It consists of a straight bar, AB, (fig.3, pl. I) of any convenient
length, with an elastic bar, CD, which is bent to any required degree of curvature by the
screw E.  The ends of the elastic bar, CD, move against two small rollers, which are fixed to
the bar, AB, by thin brass plates. In order that the elastic bar may form a circle, when bent,
its depth at the ends should be half the depth at the middle; and it should be adjusted till the
outside be a true circular arc when bent to its greatest extent. When any three points in the
curve are known, turn the screw till the outside of the :
elastic bar, CD, coincides with the given points, and draw
the curve. '

6. Fourth Method—To describe an arc of a circle
through any three given points, A, B, and C, which are
not in a straight line. .

Join AB and BC; and from a, the middle of the line
AB, draw ab perpendicular to AB; and from ¢, the mid-
dle of the line BC, draw cd perpendicular to BC. Then
the point D, where the perpendiculars meet, is the centre
of the circle from whence the arc may be described.

\

To describe an Ellipsz's,. of any Length and Breadth.

7. First Method.—Draw AC, (fig.4, pl. 1) equal to the length of the ellipsis, and divide it
into two equal parts AE, EC; through E draw a line perpendicular to AC, and make EB, ED
each equal to half the breadth.

To find a point, as g, in the curve, take Aa, the difference between ED and EA, as a radius; -
and from any point, f, in EB, describe an arc, cutting EC in 2.  Draw f%, and produce it to g,
and make kg equal to EB, then g is a point in the ellipsis.

8. The trammel is an application of the same principle. (See fig. 5, pl. 1) It is set by making
hg equal to EB, or half the breadth; and f% equal the difference between half the length and
half the breadth. The-point A moves in the groove in one arm of the cross, and the point £ in
the groove in the other arm, while the point g traces the curve.

9. When an ellipsis is to be described round a given rectangle, QRSG, (fig-. 6, pl. I,) it may
be effected by making HK equal to IE; and draw GH, producing it to meet EB in F. Then,
FH is the difference between half the length and half the breadth of the ellipsis, and HG is
half its breadth. The curve may, therefore, be described by the method above.
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10. Second Method:—Let AB (fig- 7, pl. 1) be the length, and DD the breadth, of the
ellipsis, and C the centre.

With the radius AC, and centre D, descnbe arcs, cutting ABin F,f. The points F, f, are
called the foei of an éllipsis. Take any point, n, in the length AB, and with the radii, nA and
nB, and centres F, /> describe arcs, intersecting one another in M, then Misa point in the curve.

11. Hence, if a thread of the same length as the ellipsis have its ends fastened to two pins in
the foci, F, f, aud it be stretched to M, by moving a pencil round within the thread, so as to
keep it uniformly stretched, the ourve may be described.

12. Third Method.—To describe an ellipsis by finding points in the curve. Divide AE and
AF, (fig.8,) each into the same number of equal parts, as five for example. Through the
points of division, 1,2, 3, &c., in AE, draw the lines B4, Bi, B%, &c.; and through the points
of division, 1, 2, 3, &c., in AF, draw the lines 1 D, 2D, 3D, &c., intersecting the former lines in
the points 4, 4, &k, &c. Through the points A%i%ID, draw the curve, and it is one quarter of
the ellipsis required. In the same manner the other parts may be described.

To describe the False Ellipsis, or an Ellzptwal Figure, by means of Circular Ares.

13. Let AB be the length, and CD the breadth, (fig.9, pl. 1) Join BD, and make GD
equal to the difference between DE and AE." Through the middle of the line BG draw ab
perpendicular to BG, intersecting EB in f, and EC produced in 5. From the centres f and &
describe the arcs /Bm, and mDn; and complete the curve in the same manner.

This curve is frequently used for bridges. Blackfriars’ bridge has arches nearly of the same
figure as would be obtained by this method.

‘When the length is not above one-third greater than the breadth, the circles meet one another
without the change of curvature being strongly marked; but when the length exceeds this pro-
portion, a greater number of centres should be employed. The arch of the bridge of Neuilly
was drawn from eleven centres; but it becomes more troublesome to draw a curve of good form
by arcs of circles, than to draw it of the true elliptical figure, which is decidedly more beautiful.
The arches of the Waterloo-bridge are ellipses.

To describe a Parabola.

14. First Method, by Tangents.—Let AC (fig.10 or 11,) be the base, and ED the height.
Produce ED to B, and make DB equal to DE. Join AB and BC; and divide AB into any
even number of equal parts, numbering them from A to B; also dividle BC into the same
number of equal parts, numbering the parts from B to C. Join 1,1; 2,2; 3,3; &c., and the
lines so drawn will be tangents to the parabola; and a curve, ADC, drawn to touch these tan-
gents is the parabola required. - . . T

This curve is adapted for arches in some cases: and this method of drawing it is much used
for reunding off angles, as will be shown in other parts of this Work.

15. Second Method, by Ordinates-—Let AC, (fig™1, pl. I1,) be the width, and ED the height
of the arch. Make EC equal to EA, and complete the rectangle AFGC, so that the side FG
may pass through D. Divide AE and AF each into the same number of equal parts; and join
1D, 2D, 3D, &c. from the divisions on AF. And from the divisions 1, 2, 3, &c., on AE, draw
lines parallel to ED, meeting the former lines in the points %, i, #, &c., which are points in
the curve.

The parabola answers very well for a Gothic arch when the line ED is made the springing
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line. An example is shown of its application to the head of a window, in fig. 2; the mode of
describing the curve is the same as in fig. 1, and the figures of reference the same; but any of
the other methods of describing the parabola will apply to the same purpose.

16. Third Method, by continued Motion.—Let GH (fig. 3,) be the edge of a straight ruler,
and KLQ the internal angle of a square, of which the edge is parallel to KL, and coincides with
the straight.edge, GH. Then, if one end of a string be fastened at F, and the other end to the
point Q of the square, and the side of the square be moved along GH, while the parts QM, FM,
of the string are kept uniformly stretched by a pencxl at M, the pencil will be moved and describe
a parabola.

If AC be the breadth, and DE the height of the curve, the point F may be found by drawing
a line from D to a, the middle of AE: and make ab perpendicular to aD, intersecting DE
produced in b, then make DF equal to Eb. The length of the string must not be less than the
line D&; and GH should be parallel to AC, and at any convenient distance from D.

To describe a Hyperbola.

17. In this figure (see fig. 4, pl. I1,) the degree of curvature is not fixed by the height and
width of the arch, but is capable of every degree of variation between the curvature of the
parabola and the straight lines of a triangle. This variation depends on the position of the
point B; for the nearer that point is to D, the nearer the figure will be to a triangle; and the
more distant the point B is from D, the nearer the curve will be to a parabola.

To draw the curve, divide AF and AE, each into the same number of equal parts; and from
the points of division 1, 2, 3, &c. on AF, draw lines to D. Also, from the points of division
1,2,3, &c. on AE, draw lines to the point B, cutting the former lines in the points 4, i, %, &e.
Through the points A, 4, i, #, &c. draw a curve, and it will be the hyperbola required.

To describe the Sections of a Cone by a general Method.

18. The ellipsis, parabola, and hyperbola, are curves formed by cutting a cone in different
directions in respect to its sides; hence they are sometimes called conic sections; but as these
figures are formed by various operations both of nature and art, it seems improper to name them
from any particular ones.

Let FI (figs. 5, 6, or 7,) be a line drawn through the foci of the curve, and A the vertex or
top of the curve. Make Al equal to FA ; and when the curve has two foci, as in the hyperbola,
fig. 7, and the ellipsis, fig. 6, from the focus f, as a centre, with the racius fI, describe an
arc QI

" To find any point, M, in the curve, draw fQM, and join QF; also from a, the middle of QF,
draw a M perpendicular to QF, and it will meet fQM in the point M, a point in the curve.

In the parabola (fig. 5,) as there is only one focus, draw QI perpendicular to IF; and to find
any point M in the curve, draw QM parallel to IF; join FQ, and aM being drawn perpen-
dicular to QF, it will meet QM in M, a point in the curve; and any other point may be found
in the same manner.®

In all the cases FM is equal to MQ, and Ma is a tangent to the curve at the point M ; also,
a line drawn perpendicular to Ma would be the proper direction for a joint at M, in a brick or
stone arch, of any of these forms.

* This method of drawing the sections of a cone was ascribed to Mr. Gibson ; but his was not complete, and only differed
in want of completeness from methods described in Emerson’s Conics.
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DESCRIPTION OF CURVES. 5

To describe Gothic Arches.

19. A Gothic arch is generally composed of a curve, which has different degrees of curvature
at different points; and a graceful curve of this kind cannot be produced by circular arcs;
neither is it easy to describe them for the flat parts of the arch. To avoid this difficulty, we
bave used the following simple instrument for several years.

CB (fig. 8, pl. IL.) is a bar of wood of equal breadth and thickness, which is straight, as
shown by the dotted lines C'B, when the string, Ca, is loose. The bar CB is fixed at one end
into a strong piece, AB, of equal thickness to the breadth of the bar CB. The piece AB is
provided with a groove on each side to receive a button, a, with a flat head to fix the string tos
when the bar CB is to be retained at any degree of curvature. The part b is added to prevent
the bar curving below the line AB.

To use the instrument, set the line AB to the “springing-line of the arch, with the point B
adjusted to the line of the jamb, and bend the bar CD by the string till some point on its
upper edge coincides with the height of the arch, and the string should be adjusted so as to be
perpendicular to the line AB, by means of the sliding button; then, the upper edge is of the
proper form for the arch; and by turning over the instrument, the other half of the arch
may be described.

20. A Gothic arch may also be described by points in this manner: divide the base AE into
eight equal parts, (see fig. 9,) and on each point of division draw a perpendicular. Then, divide
ED, the height, into 100 equal parts, and make 7g equal to 96 of these parts; 6f equal 91 parts;
5¢ equal 86 parts; 4d equal 79 parts; 3¢ equal 72 parts; 25 equal 63 parts; and 1a equal 50
parts. Through the points AabedefgD draw the curve.

The example shows the head of a Gothic window, the arches of which may be described
either by this method or the preceding one.

21. To describe a Gothic Arch by Arcs of Circles.—Let AB (fig. 1, pl. II11.) be the spring-
ing-line, and EC the height of the arch. Draw BD perpendicular to AB, and make it equal to
two-thirds of the height EC. Join DC, and from C draw CH perpendicular to CD. Make
BF and CG each equal to BD. Join FG; and from the middle of FG, draw ¢« H perpendicular
to FG, meeting CH in H.  Then, F and H are the centres for describing the curve, and the
two arcs will meet in the line HFb, which passes through their centres.

‘When a line drawn from A to C is equal to the width AB, the point H coincides w1th the
point A, and the arch is drawn from one centre in A.  Also, when the height is in any propor-
tion greater than that which makes the line AC equal to AB, the arch may be described from
one centre in the line AB continued.

If this rule be compared with the remains of the best examples of Gothic architecture in this
eountry, it will be found to nearly agree with them.

TRANSFERRING CURVES,

22. It often happens in making drawings, that a complex curve is to be transferred from one
drawing to another. A very convenient instrument for making such transfers, has lately been
invented by Mr. Warcue.* Figs. 4, 5, 6, and 7, (pl. I11)) represent this instrument and its
parts. AA, (fig. 4,) is a plain slip of whalebone, forming the ruler; BB, a series of graduated

* & Transactions of the Society of Arts.” Vol. XXXV, p. 109.
C
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rods at right angles to a beam, CC, which is formed of two pieces of wood or whalebone with
slips of cork, or other elastic matter, between the rods.
Figure 6 is a section of the beam, showing also the mode of connecting the rods to the ruler,
by small joints of brass; and fig. 5 shows another view of the same connection.
. The wedges, marked DD, of wood or ivory, are for tightening or releasing the rods in setting
or altering the curve; they tighten the rods by pressing against the elastic slios of cork. Fig.7
shows the wedges, D, D, on a larger scale.

SETTING-OUT BUILDINGS.

23. To set out a building to a plan, and build it with accuracy, is a branch of the building -
art which few can perform with satisfaction to themselves, or to their employers, and chiefly
from want of method. The great principle of setting-out well consists in providing the
means of correcting the work as it proceeds; and for this purpose, there should be two or mere
principal lines laid down in such situations that they can be restored at any time, during the
progress of the building. Hence, it is obvious that they should be distinct from the walls: but

it will be desirable to make the principal or longest line parallel to the longest wall; and the

position of the lines should be drawn on the plan.

In an ordinary-sized and simple building, two lines, at right angles to one another, through
the central part of the building, will be sufficient; as AB, CD, fig.8. The points A, B, C, D,
being chosen so that they will not be disturbed during the progress of the building, and that
lines can be stretched from point to point at any time. ’

To prove whether the lines AB, BC be at right angles or not, set off 40 feet on aC, and
30 feet on aB, and then be should be 50 feet, if the lines be square to one another. The same
thing may be tried by rods, making it 4, 3, and 5 feet, instead of 40, 30, and 50; or 8, 6, and
10 feet.* The distance and parallelism of the walls from these lines are easily tried at any time.

24, In setting-out any door, window, or other part, the distance of its centre from each wall
should be measured, and half the width set off on each side of that centre; otherwise. from
want of accurate workmanship, it may be found much out of its place, if measured from one
wall only.

25. In setting-out any complex figure, that mode of doing it should be chosen which depends
least on the accuracy of performing the operation. We will give the usual mode of describing
an octagon as an example.  Suppose a square, IKML, (fig. 8,) to be set out on the angle E of a
building, to find the sides of the octagon, it is common to

make M1, M4, L2, L7, and so on, each equal to ME; then 5 \1
1,2,3,4,5,6,7, and 8, are the angles of the octagon.

26. Better thus.—Construct the square IKLM, and make 4 \ 7
Ea, Ed, Ec, and Eb, each equal to EM; then, if a line be 5 E 7
stretched from a to d, from d to ¢, from ¢ to b, and from b to a,
they will cut the sides of the square in the angles of the % 4
octagon. N /

If the figure has been truly set-out, abcd will be an exact & d// L

square, and which is easily tried.

* If a triangle be drawn, so that its sides be any equi-multiple of the numbers 8, 4, and 5, one of its angles will be &
sight angle.  Thus, if 2 be the multiplier, then the numbers will be 6, 8, and 10; if 3 be the multiplier, then they will be
9, 12, and 15, and so oa,
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WORKING DRAWINGS.

27. It has already been stated how much depends on a sound knowledge of the formation of"
working drawings. We now propose to exhibit the principles of forming them in detail, witk
occasional examples of application to render the object we treat on more clear, and to relieve
the tediousness of the bare contemplation of lines and figures.

28. A Working Drawing is a representation of the whole or of some part of an object on a
level plane; and is either a plan, an elevation, a section of the object, or its development.

29. The form of an object on the ground, or on some plane parallel to the ground, is called
the Plan; as, for example, the plan of a house, the plan of the chamber-floor of a house, and
the like.

30. The form of an object, as it would be seen if the eye could regard it every where, in a
direction perpendicular to the plane it is drawn upon, is called an elevation. Therefore, in an
elevation, those sides of an object which are parallel to the plane of the drawing, are the only
ones which are represented of their real size; and the sole difficulty of representing an ohject
in elevation, consists in finding the form of the parts which are oblique to the plane of the
drawing.

31. If an object be supposed to be cut by a plane, the form its parts would have, at the place
where it is cut, is called a Section. It is by means of sections that the construction and internal
forms and arrangements of objects are shown.

32. As an elevation does not show the exact form of any thing which is oblique to the plane
of the drawing, it is sometimes an advantage to consider the whole surface of the body to be
spread out flat upon the plane of the drawing; a surface spread out in this manner is called the
development of the object.

The forms which occur in working drawings are chiefly portions of solids, sometimes of regular

" solids, and not unfrequently of irregular ones. Therefore, to give an example of each solid
"~ which occurs would be an endless task; and we must confine ourselves to a few of the most usual
forms, and show methods which are applicable to any form of solid whatever.

33. The principles of drawing an elevation and a section are the same, and therefore we need
not repeat them for both cases, but at once proceed to finding the sections of bodies, showing
the application to elevations when they are likely to occur of the same form. )

34. The solids usually forming the parts of building are prisms, pyramids, cones, cylinders, ‘
spheres, and rings.

A Prisu is a solid, bounded by plane surfaces, of which two are opposite, equal, and parallel.

A Pyramip is a solid, bounded by plane surfaces, all but one of which meet in one point.

A Rienr Coxk is a solid, described by the revolution of a right-angled triangle ahout one of
its legs. The leg, or the line round which the triangle revolves, is called the axis of the cone;
and the base of a cone is the circle described by the other leg of the triangle.

A CyLINDER is a solid, described by the revolution of a right-angled parallelogram about one
of its sides. The side round which the parallelogram revolves is called the axis of the cylinder;
and the circles described by the ends of the parallelogram are called the ends of the cylinder.

A SPHERE, or GLOBE, is a solid formed by the revolution of a semi-circle about its diameter
as an axis. _

A Ring is a solid described by a circle revolving round a point without the circle, and in &
direction perpendicular to the plane of the circle.
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A species of wedge-formed figure is also sometimes used, and a variety of forms which are
generated by Gothic curves. '

35. When the body to be represented consists of only part of a known regular solid, it will
generally be most convenient to complete the solid to obtain the representation.

Sections of Solids.

86. To find the section of a cone, ABC, through a line given in position, and passing through
the axis.

Let ABC, (figures 1,2, and 3, pl. IV,) be the elevation of the cone, and let DE be the
line of section. Through the apex or top of the cone, C, draw CF, parallel to the base-line
AB, and produce ED to meet AB in D, as in figure 2 and 3, or to meet AB produced in G, as
in fig. 1, as also to meet CF in F. On AB describe a semi-circle, which will be equal to half
the base of the cone. In the semi-circle take any number of points, a, b, ¢, &c. Draw Dd, in
Jigure 2 and 3, and Gd in fig. 1, perpendicular to AB; and Gd’, in fig. 1, perpendicular to GF;
as, also, Dd’, figure 2 and 3, perpendicular to DF. From the points a, b, ¢, &c. draw lines
ae, bf, cg, &c., cutting Gd (figure 1) and Dd (figure 2 and 3) in the poinis'e, f, g, &c. In
JSigure 1, make in G¢', Gf’, Gg’, &c. equal to Ge, Gf, Gg, &c.; and in Dd’, ( Jigure 2 and 3,)
make De’, Df’, Dg’, &c. equal to D¢, Df, Dg, &. Through the points ¢, f, g’, &c. draw
lines to F. From the points a, b, ¢, &c. draw lines perpendicular to AB; and from the points
where these perpendiculars meet AB, draw lines to the vertex, C, of the cone, cutting the line of
section, DE, in {, m, n, &c.  Through the points /, m, n, &c., draw Ik, mi nk, &c. perpendicular
to DE; and through the points D, %, i, k, &c., in figure 1, or d', h, i, k, &c. figure 2 and 8,
draw a curve, which will be the section required of the cone ABC.

37. Remarks.—In the first of these figures, the line of section cuts both sides of the cone; in
this case, the curve D 4i% and E is an Ellipsis. In fig. 2, the line of section DE is parallel to
the side AC of the cone; in this case, the curve d’kikE is a Parabola. In fig.3, the line of
section, DE, is not parallel to any side of the cone; but when both it and the sides of the cone
are produced, if it meet one of these sides, as at B’, then the curve d’AikE is a Hyperbola.

" And it may also be remarked, that the line of section, DE, in fig. 3, is the same as that which
has before (in Art. 17,) been called the keight; the part EB’, contained between the two sides
of the section, is called the major axis; and the line Dd, perpendicular to DE, the base.

Hence the same section may be found by the method already shown in Art. 17; viz. by
drawing any straight line ded, fig. 4: make de equal to DE, fig. 3, and eb’, fig. 4, equal to
EB), fig. 8. Through d, fig. 4, draw the straight line DD at right angles to d’: make ¢D
equal to Dd, fig. 3; then, with the major axis b'e, the height ed, and the base dD, on each
side describe the curve of the hyperbola, which will be of the same species as that shown

in fig. 3.
38. To describe the section of a cylinder, through a line given in position, upon the elevation,

(fig. 5, pl.1IV.)

This might be considered a particular case of the last problem. For a cone, having its apex
at an infinite distance from its base; or, practically, at an immense distance from its base,
approaches to a cylinder; and all the lines, for a short distance, would differ insensibly from
parallel lines. This is the construction shown at fig. 5. But as the section of a cylinder
frequently occurs, a more practical description of it is desirable.

Let ABHI (fig. 5) be the elevation of a right cylinder; AB being the base, and let DE be
the line of section. On AB describe a semi-circle; and, in the arc Ad, take any number of
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points, @, b, ¢, &c., from which draw lines perpendicular to the diameter, AB, cutting it in
Q, R, S, &c.: and the line of section, DE, in the points, g, r, s, &c.: from the points g, r, s, &c.
draw the lines g%, rk, sl, &c. perpendicular to the line of section, DE. Make the ordinates
qi, rk, sl, &c. each respectively equal to the ordinates Qa, Rb, Sc¢, &c.; and through the
points D, ¢, %, [, &c. to E, draw a curve, whlch will evidently be the section of the cylinder,
as required.

The curve is an ellipsis; hence the same may be done in this manner, viz.—Bisect the line of
section DE in the point #. Draw ém perpendicular to DE. Make ¢m equal to the radius of
the circle which forms the end of the cylinder ; then, with the length DE, and the breadth, ¢m,
by any of the methods in Art. 7, and those following it, describe an ellipsis which will be the
section of the cylinder required.

39. Given the position of three points, in the circumference of a cylinder, and the heights of
the perpendiculars, let fall from these points to the base, to find the section of the cylinder
passing through these three points.

Let ABC be the feet of the perpendiculars from the three points, (ﬁg 7, pl. IV)) in the
circumference of the base. Join the two points, A and B, and draw AD, CF, and BE, per-
pendicular to AB. Make AD equal to the height of the point above the base at A, BE equal
to the height at B, and CF equal to the height at C. Produce BA and ED to meet each
other in H: draw CG parallel to BH, and FG parallel to EH. Join GH. In GH take
any point, G, and draw GK perpendicular to CG, cutting BH in K: from the point K
draw KI, perpendicular to EH, cutting EH in L. From H, with the radius HG, describe
an arc, cutting KI at 1. Join HI. In the circumference of the base ACB, take any number
of points a, b, c, &c., at pleasure, and draw ae, bf, cg, &c. parallel to GH, cutting AB at
e.f, g &c. Through the points ¢, f, g, &c., draw lines ¢i, f%, gl, &c., parallel to GK, or AD,
or BE, cutting DE at 4, %, J, &c.;. from the points, §, %, J, &e., draw the lines in, ko, Ip, &c.,
parallel to HI. Make the ordinates $n, ko, Ip, &c. equal to ea, fb, ge, &c.; then, through the
peints D, n, o, p, &c. draw the curve Dnop, &c. to E, and it will be the section cut by the
plane, as required.

The most useful application of this case is to find the moulds for hand-rails of staircases ; this
application will be shown in treating of that part of our subject.

40. A wedge-formed solid is one ending in a straight line, in which, if any point be taken, a
line from that point may be made to coincide with the surface: the end of the figure may be of
any form whatever.

The forms which occur in architecture have a semi-circular, a Gothic arched, or a semi-,
elliptical end, parallel to the stralght line from which the line is applied. The base is generally
a triangle.

To find the section of a wedge-formed solid, with a semi-circular end, the given data being
a plan, perpendicular to the vertex, or sharp end, and the line of section.

Let ABC, (fig. 6, pl. I¥,) be the plan, perpendicular to the sharp edge, and let DE be the
line of section.

This construetion is similar to that of finding the section of a cone, excepting that, instead of
drawing lines to a point, they are, in this figure, drawn parallel to the line of section DE: the
ordinates Qa, Rb, Se, &c., being transferred respectively to g¢i, rk, sl, &c.; and the curve
D, i, %, I, &c. to E, drawn through the points, D, 4, £, /, &c., by hand.

41. It must be obvious that, in any of these cases, if the curve Dik/E be given, the end AdB
may be found by reversing the process.

‘ D
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This example applies to drawing the interior elevation of a window or door when the jambs
are splayed at the sides, and level at the crown.  The interior face of the wall, AB, is commonly
parallel to the exteriorone DE; but the figure is drawn with the walls oblique to one another
to show the general nature of the construction.

Fig. 1, pl. IV, applies in like manner to the case where a window or door is splayed equally
all round,

The construction is not conﬁned to particular curves in any of these examples; that is, what-
ever form is given to the original curves, the other will be found by the preceding processes to
correspond to them.

42. Given the plan of a sphere, and the line of a section at right angles to that plan, to find
the form of the section.

Let ABC (fig. 8, pl. I¥,) be the plan, and AB the line of section.

On AB, as a diameter, describe a semi-circle, which will be half of the section required:
since all the sections of a sphere, or globe, are circles.

43. Given the plan of a spheroid,® and the line of section, at right F
angles to the plan, to find the form of the section through that line.

Let ABCD be the plan, DB the breadth, and EF the line of sec-
tion. Through the centre of the spheroid draw AC parallel to EF. H
Bisect EF in H.  Join CD; and draw EG parallel to CD, and HG
parallel to DB; then HG is half the breadth, and EF the length g
of the section; and with this length and breadth describe an ellipsis,
by Art. 7, or any of those methods already described.

When EF, the line of section, is perpendicular to DB, then AC
becomes equal to the length of the plan, and EGF ( ﬁg 9, pl. IV,)

. represents half the section.

44. To find the section of a ring, the plan and line of section being given.

Let ABED (fig. 10, pl. IV)) be part of the plan ot a ring; AB a straight line, which, if
produced would pass through F, the centre of the ring; and DE the line of section.

On AB describe a semi-circle, and take any number of points, a, b, ¢, d, &c. in its circum-
ference; then draw the ordinates ae, 8f, gc, &c. perpendicular to AB. From the points
e, f, g, &c. and centre F, describe arcs of circles, cutting the line of section DE in i, &, , m, &c.;
and from each of these points draw lines perpendicular to DE. Make in equal to ea; ko equal
to fb, &c.; and through the points D, n, o, p, &c. draw a curve, which is the boundary of the
section required.

Many other examples of sections will be found in different parts of the Work.

O

Developement of Surfaces.

45. We have already explained that the developement of the surface of any body is the same
as describing a flat surface that would cover the body, (4rt. 32.) In most works which are
bounded by curved surfaces, this mode of drawing is extremely useful; as, for example, in
covering domed roofs, centres, and the like, in finding the moulds for arches, in forming the
moulds for hand-rails, and the soffits of stairs; and in finding the forms for veneers, and moulds
for soffits of windows, arches, and the like,

*® A spheroid is a figure generated by the revolution of a semi ellipsis round one of its principal diameters.
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The developement of a curved surface might be obtained, in many instances, by the surface
being rolled on a plane, so that all its parts should be successively in contact with the plane.

46. To find the developement of the curved surface of a right cylinder.

The surface is evidently of the same length as the cylinder, and of the same breadth as the
circumference of the cylinder. And as the circumference of a circle 3jth times the diameter,
the breadth of the developement will be 34th times the diameter of the cylmder, and its length
the length of the cylinder.

If only a portion of the circumference of a cylinder is to be developed, as, for example, the
portion Do, (fig-2, pl. II1) Draw the line DF through the centre C of the circle, divide the
radius DC into four equal parts; and make EF equal to three of these parts. Draw Dp
perpendicular to DF; and from the point F, and through the point o, draw Fp; then D is
equal to the arc Do, very nearly.

In the same manner D1 is the length of the arc Da; D2 of the arc Db, &c. to DG which
is equal the quadrant DB. And if the length, D4, of any arc, as Dd, be found, and it is
required to divide that arc into any number of equal parts, we have only to divide D4 into the
proposed number of parts, and from the points of division to draw lines to F, and these ]mes will
divide the arc into the same number of equal parts.

47. When a portion of a cylinder is to be developed, and its diameter is so great as to render
the preceding method troublesome, it may be done in this manner. Let ADB (fig. 3, pl. I11,)
be the portion of the plan of the cylinder. Join AB, and divide it into four equal parts; set off

- Af equal to one of these parts, and from the third division draw the line 8. - Then the line 3f

is very nearly equal to half the length of the arc AB.

Otherwise.~Draw D2 perpendicular to the middle of AB; and with the radius AD, and
centre A, describe the arc De.  Divide 2¢ into three equal parts, and make cd equal to one of
these parts; then Ad is equal to half the length of the arc ADB.

Hence if aD b be made equal to either, twice Ad, or twice 3f, it will be the developement of
the arc ADB.

48. If it be required to develope a curve which is not a circle, it may be done by the operatlon
called stepping. A pair of compasses must be set to such an opening, that a portion of the
quickest part of the curve, included between their points, may not sensibly differ from a straight
line. Then, beginning at one end, A, step with . .
the points of the compasses along the curve AB, ‘

and suppose the last step to be at D, set off an D
equal number of steps on a straight line, and B
make db equal to DB; then @b will be very . L d .,

nearly equal to the length of the curve AB. ot T

This mode of finding the length of a curve requlres much care in practice, to render it
accurate enough for use.

49. To find the developement of the curved surface of a cone.

Let AFB (fig. 1, pl. ¥,) be the plan of the cone, and AEB a plan of half its base. With the
radius AF, and F as a centre, describe the arc Aed.  Divide the arc AE of the plan of the base
into any number of equal parts, and set off the same number of these parts from A to e;
and make be equal to Ae. Join Fb, and FAebd is the developement of half the surface of
the cone. '

Otherwise.—Multiply half the diameter of the base in inches by 360; and divide the product
by the length AF in inches, and the quotient will express the degrees, and parts of a degree,
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contained in the angle AFb; therefore, if AFb be made equal to that angle, 1t will be the
boundary of half the developement.  Thus, if half AB be 12 inches, and AF be 42 inches, then

30X 122102 degrees 51 minutes, for the angle AF5.

‘When only part of a conic surface is to be developed, and ABCD represents the plan of the
part, then proceed as before; and the covering for the whole cone being found, with a radius
FD, and centre F, describe the arc D¢, and AD cb will be the developement of the part ABCD
of the cone.

If ABCD be the plan of the walls of a semi-circular headed window, which is splayed equally
all round the head, then AD ¢b is the lining of the soffit, which is lightly tinted to show it more
distinctly.

50. To find the lining of a soffit formed by a circular aperture in a circular wall, when splayed
equally all round.

Let ABCD be the plan of the aperture, (fig.-2, pl. ¥.) Produce the lines AD and BC to
meet in F; also, join AB, and describe the arch AEB.” With the radius AE, and centre F,
describe the arc Ab; and make its length equal to that of the arch AEB, as in the preceding
example, marking the points of division on both arcs, as at 1, 2, 8, &. From the points
1,2, 3, &c. in Ab, draw lines to F'; and from the points of division in AE, draw lines perpen-
dicular to AB; also, from the points in which these perpendiculars cut the line AB, draw lines
to F; and from the points where the lines to F cut the plan of the wall, draw lines parallel to

. AB to meet the line AD, then from the points of meeting, and centre F, describe arcs of
circles, each circle to meet its corresponding line 1F, 2F, 8F, &c. which will determine the
form of the edge of the lining of the soffit. The whole lining is shown by the lightly tinted
part, ADcb.

The problem stated in general terms, is to find the developement of the interior surface of the
aperture, formed by piercing a conical hole through a hollow cylinder.

51. To develope the soffit of a circular arch, which cuts obliquely through a straight wall.

Let ABCD be the plan of the wall. (fig.3, pl. ¥.) From the point C, draw CGe perpen-
dicular to CB, and produce AD to G. On CG describe a semicircle CFG, which is the cur-
vature of the arch. Divide the semicircle GFC into any number of equal parts, so small in
practice that the distance between two points on the arc may be considered a straight line, and
extend the same number of parts along from G to e.  From each point, both in the arch and in
the line Ge, draw a line parallel to GA; and from each point, where the parallels from the
divisions in the arc cut the line AB of the wall, draw a line parallel to Ce, which will meet the
corresponding parallel of the developement in the edge of the soffit; and the line Aed being
drawn through the points thus found, will be the form of the edge corresponding to the side AB.
The breadth of the soffit measured on the parallels will be every where the same, and equal to
AD, or BC; therefore, setting off this breadth on each parallel will give the other edge, and
completes the soffit ADcbe.

If AGCH had been the plan of the opening, then AGch would have been the lining of the
soffit, as it would in that case have been half a cylinder. '

52. To develope the soffit of a circular arch, which cuts obliquely through a circular wall

Let ABCD, (fig-4, pl. V,) be the plan of the wall. ~Draw Dd perpendicular to DA, and
produce BC to meet Ddin G. On DG, as a base, describe the arch DFG, and divide it into
equal parts; and extend those parts on the line Gd, so that Gd may be equal to the length
of the curve DFG. From each point of division draw a line parallel to GB; and from the
points where the parallels, from the divisions in the arch, cut the lines of the wall in the plan,
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draw lines parallel to Dd; and these lines will meet the parallels from the divisions in Gd, in
the edges of the soffit CB ad, which is distinguished by a light tint in the figure.

53. To develope the soffit of a Gothic arch, when the splay at the top is less than at the jambs.

The plan, the elevation, and the developement of the soffit, is shown in plate V1. Let AD,
on the elevation, be the arch of the window, and BE the arch formed by the inner line of the
architrave. Divide the arch AD into any number of equal parts; and from each point of
division let fall a perpendicular to AC on the plan, which gives the points 1,2, 3, &c. Produce
BA to meet the middle line C'C in F; and from F draw the lines F1, F2, &c. to cut the line
BC'in a, b, ¢, &c. Transfer the points a, , ¢, &c. from BC’ on the plan to BC on the elevation,
and from each point draw a perpendicular to BC, meeting the arch BE in the points g, b, ¢, &c.

Make FI oni the plan perpendicular to FC, and FK perpendicular to FA. Then, to find any
point, as 2 for example, in the developement, make C'm and C» on the plan, respectively equal
to bm and 27 on the elevation; and through the points m, n, in the plan, draw a line to meet FJ
in 7, and transfer the distances r#, #m to the line FC; and from the points thus found in FC,
draw lines parallel to AC to meet Fbin 0 and p. Make Fs equal Fr; and from the point s,
with the radius Fo, describe an arc at 2 in the developement. In the same manner describe
arcs for each of the points 1, 2, 8, &c. in the developement. Then, with a radius equal to one of
the divisions Al, on the arch AD in the elevation, and the point A on the plan, as a centre,
cross the arc at 1, which determines the point 1 in the developement; and from the point 1, with
the same opening, cross the arc at 2; and from the point of crossing at 2, cross the next arc at_
3, and so on, till the whole of the points A, 1, 2, 8, &c. in the edge AD of the developement,
be found. '

To find any point, &, in the other edge, through the points s, 2, draw the line s5, and make
2b equal to op; and so of other points. Lines drawn through the points will give the form of
the soffit, ABED, as shown by the figure.

The same method applies to the case where the soffit is level at the crown. And it is drawn
for a Gothic arch in the figure, but it is equally applicable to any other kind of arch.

54. As no line can be formed on the edge of a single piece of timber, so as to arrange with a-
given surface, nor in the intersection of two surfaces, (by workmen called a groin,) without a
complete understanding of both the sections and coverings of solids, the reader is required not
to pass them until the operations are perfectly familiar to him; and for the more effectually -
rivetting the principles upon his mind, it is requested that he will model them as he proceeds,
and apply the sections and coverings faund on the paper to the real sections and surfaces of his
models, by bending them around the solid.

%
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CHAPTER II

CARPENTRY.

55. CarpENTRY is the art of applying timber in the construction of buildings.

To cur TIMBERS, and adapt them to their various situations, so that one of the sides of every
timber may be arranged according to some given surface, as indicated in the designs of the
architect, is one department of Carpentry which requires profound skill in geometrical construc-
tion. The other department consists in the art of applying and joining rough timbers, so as to
give the greatest degree of strength.

For these purposes, it is necessary to be expert in the common problems we have given, with
a thorough knowledge of the sections of solids and their coverings, and the various methods of
connecting timbers. Of these subjects, the first has already been explained in the introduction
to this Work, and we are now about to treat of the ather; that is, the METHODS of CoNNECTING
and Framine TIMBERs.

Since a thorough knowledge of Carpentry can be obtained only by considering both depart—

ments in the construction of each piece of work, the principles of framing and connecting timber
being carefully studied, we may then proceed to consider each subject, or smaller division, of
the art with reference to both the departments.
. 56. When the distance of two walls is not much more than fourteen or fifteen feet, a ﬂoor may
be formed over the space between them, of sufficient strength by a series of joists, or a roof may
be formed by a series of rafters; but when we want to coyer.an area of forty or fifty feet square,
no single piece of timber would be of that strength which is necessary to render a floor or a
roof firm and secure.

Hence, it is necessary to combine pieces of timber for such purposes, and to combine them
so that they may have the greatest possible degree of strength and firmness. The art of com-
bining pieces of timber to increase their strength and firmness is called Framing.

.

PRINCIPLES OF FRAMING.

57. The form of a frame should be designed according to the nature of the load itis to carry;
for it is clear that the framing which would be best adapted for supporting a load at the middle,
would not be equally fit to carry a load at any other point of its length. In carpentry the load
is usually distributed over the whole length of the framing; but it is generally supported from
point to point by short beams or joists. We will first consider the case where the load is col-
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lected to one point of the length of the frame. And, in order that the advantage of framing
may be more obvious, we'will suppose its parts to be cut out of a single beam, which in a solid
mass would have been too weak for the purpose.*

58. Let fig. 1, plate VII, be a piece of timber, and make the saw-cuts in it which are shown
by the dotted lines, and in the same proportions, and remove the triangular pieces E,F. Then
raise the pieces AE and AF till they form close joints at E and F, and insert a piece of hard
wood at A, cut so as to fit the ends. The piece of timber will then form a frame or truss, as
represented in fig. 2, if a slight strap in the middle be added to sustain the lower part B to the
piece A. If the depth of the frame at the middle be double the depth of the beam, the strergth
of the frame will be a little more than three times the strength of the beam, and its firmness
will be very nearly eight times as great as that of the beam. If the depth of the frame be -
made three times the depth of the beam, as represented in fig. 2, it will be about six times as
strong as the beam, and about eighteen times as firm or stiff; that is, it would bend only an
. eighteenth part of what the beam would bend by the same weight. When the depth of the
frame is increased in the middle to more than three times the depth of the beam, the truss
ceases to be equally strong in all its parts, and has the greatest strength in the middle, but is
weak near to the joints at C and D.

59. To render the strength more equal, and to obtain two points of support instead of one,
the piece A may be made longer, and joined, as in fig. 3.  But, in this case, if a greater weight
were to be supported at G than at H, there would be a tendency to spring outwards at H, and
inwards at G.  This may be effectually prevented by inserting the short struts a, b, and the iron
straps shown in the figure.

Frames or trusses constructed in this manner are exceedmgly strong, and easily made, and the
learner will gain much instruction by trying them in model. The abutments at C and D are
stronger than any that can be formed by mortises and tenons, and a small part of the wood being
left whole at the angles C, D, renders tenons unnecessary. The parts are kept together at G
and H by the straps. The wood is abutted end to end, and therefore its shrinkage cannot
affect this truss.

Figure 4 shows two different modes of obtaining the same kind of effect. In one of these a
short piece, G, is inserted, and connected to the tie, B, by a strap.  In the other, the construc-
tion is the same as fig. 3, excepting that a piece, HI, is notched on'each side at the joint, and
the two pieces bolted together.

60. We have now to show why the strength of a piece of timber is increased by forming it
into a truss; and to have a clear conception of this subject is one of the most important in the
science of Carpentry.

Let ABC (fig. 5, pl. VIL) be a truss, to support a pressure to be applied at A ; the action of
the pressure will tend to spread the abutments B and C apart; and the nearer we make the
angle BAC to a straight line, the greater pressure will be exerted on the abutments B and C by
the same load at A.  On the contrary, if the height be increased, as in fig. 6, the stress tending
to spread the abutments will be less.

But when the height, AD, is very small, as in fig. 5, the stress on the abutments is very great,
and the parts BA and AC must be also much compressed, and likely to fail through the excess of
strain on them; while there is an immense strain, tending to thrust the piece BC asunder in the

¢ This idea was suggested by the bow-and-string rafter of Mr. SMART, described in the Transactions of the Society of Arts,
Vol XXXVII

*
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direction of its length. If AD were to be no deeper than the solid beam, there is no framing
nor disposition of the parts that would render the piece stronger than the solid beam, unless
some stronger matter than timber were to be employed. A beam may be stiffened a little by
tight wedging on the upper side, but the increase of stiffness is very small, and it does not
retain it for more than a few months in a place where the truss is exposed to vibration, as in
floors of houses.

The idea that a truss could be made to strengthen a beam, without increasing its depth, wes
very general a few years ago. It was attempted to a considerable extent about the time
Nicholson wrote his Carpenters’ Guide; he gave the best method then in use; and it was not
till many architects found the floors they constructed settle and shake, so as to threaten them
with serious discredit, that a better mode was earnestly sought after; and it was effected by
using a complete truss of iron, placed between the parts of a wooden beam, as we will describe
when we treat of floors. ,

61. To find the pressure on oblique supports, or parts of trusses, frames, &c.

Having shown how important it is to attend to the strength of a truss, and how much it
depends on knowing what degree of strain there will be on each of its parts, we will next pro-
ceed to show how the strain on any part may be measured. Let AB (fig. 1, pl. VIII.)be a .
heavy beam, and let it be supported by two posts, AC and BD, placed at equal distances from
E, the middle of the beam. The pressure on each post will obviously be equal to half the
weight of the beam. But if the posts be placed obliquely, as in fig. 2, the pressure on each
post will be increased exactly in the same proportion as its length is increased, the height AC
being the same as before: that is, when AF is double AC, the pressure on the post, in the
direction of its length, is double the half weight of the beam AB; when AF is three times AC,
the pressure in the direction of the post is three times the half weight of the beam, and so on.
Hence, it is very easy to find the pressure in the direction of any inclined strut, for it is as many
times half the weight supported as AC is contained in AF; therefore, if the depth AC of a
truss, to support a weight of two tons, be only one foot, and AF be ten feet, the pressure in the
direction AF will be ten tons. .

62. It will be observed, ‘that, when the beam is supported by obliue posts, as in fig. 2, these -
posts would slide out at the bottom, and slide together at the top, if not prevented by propex
abutments. The force with which the foot F tends to slide out, is, to half the weight of the
beam AB, as FC is to AC; therefore, when FC is equal to AC, the tendency to slide out is
equal to half the weight supported ; and if FC were ten times AC, the tendency to spread out
would be ten times half the weight supported. Hence, it will be evident, that a flat truss

 requires a tie of immense strength to keep it from spreading; and if a flat truss does produce
any degree of stretching in the tie, the truss must obviously settle, and by settling it becomes
flatter, and therefore exerts a greater strain. Consequently, in a very flat truss, too much cau-
tion cannot be employed in fitting the joints, and choosing good materials.

63. It is necessary that the lines drawn in the directions of the supports should meet in a
point, in the vertical line drawn through E, the centre of the weight; for, when this condition is
not attended to, the frame will have a tendency to spring out at the joint, where the direction of
the support cuts the vertical line E at the highest point, and the other angle will have a
tendency to spring inwards. In fig. 3, the angle B would go outwards, and A inwards, and the .
beam fall. But in fig. 2, the directions meet one another at the same point in the line E, and
-the parts balance one another.
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e SCARFING BEAMS. 1T

In most of the cases which occur in practice, the weight to be supported is not regularly the
same, it being sometimes more on one side, and sometimes on another; therefore a line drawn
through its centre of action is not always exactly in the same place. ~Thus, in a roof, the wind
acts sometimes on one side and sometimes on another; and, consequently, its strength must not
depend altogether on a balance of its parts, as many mere theorists have imagined ; but it must
be provided to resist every variation of pressure by braces, disposed so as to resist any change
of figure: examples of the application of braces will be given in treating of partitions and roofs.

64. There are cases where the strains do not depend on the position of the parts of the frame,
and these it is important to explain, because they have sometimes been misunderstood, and have
led to very inaccurate notions respecting the strength of framing. For example, if a heavy lead
flat be supported by a truss, of which the depth at the middle point is CB, (fig.4, pl. VIII,)
then, the weight being uniformly distributed over the length, the centre of the weight, resting on
half the truss FG, will be at E. This part of the weight is to be supported from the points
C and D; and the direction EC cannot be varied ; therefore ED must be the direction of the
stress on the point D, whether the strut be in that direction or not. The best place for the
strut is the direction ED, as shown in the figure, unless the framing be contrived so that a para-
bolic curve, AC, can be described through the centre of its depth, as shown in the side, AC, of
the figure.

It should also be observed, that the strains at C and B are not altered by any arrangement of
the framing, not even if all the other parts could be made solid masses, without addition to their
weight. So that to render the truss stronger the bulk of the timber must be increased at B and
C, or the truss made so much deeper. )

65. When the spreading of a frame is to be counteracted, it is most effectively done by a
straight tie-beam, connecting the points together; but sometimes a carpenter is so limited for
space, to form a truss in, that he cannot obtain a straight tie, and then it is desirable to know
the strain on such a tie as can be procured.

Let ACD (fig. 5, pl. VIIL) be a truss to which a straight tie, AED, cannot be applied
without interfering with the architect’s design. In this case, let AB and BD be the ties; and
draw the lines in the middle of the pieces, forming a triangle, ACB. Then, as CB is to AB, so
is half the load at C to the strain it produces on the tie AB. And the strength of the frame
ABCD is to the strength of a frame of the same quantity of material, having a straight tie AED,
as CB is to CE. Inthe example we have drawn, the frame would have only half the strength
of one with a straight tie.

It is also a serious defect in this species of framing, that its settlement, however small it may
be, tends to spread out its supports, A and D, while an equal settlement of a frame, with a
straight tie, has scarcely a sensible effect; and the tendency of what effect it has, is, to draw the.
supports nearer together, instead of spreading them asunder.

ON SCARFING AND LENGTHENING BEAMS.

66. When timber cannot be procured of sufficient length to answer a required purpose, it
becomes necessary to join two or more pieces together, in order to obtain the extent required,

and the mode of uniting the pieces is called Scarfing.
. F
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ScarriNG is, therefore, the art of connecting two pieces of timber together, in such manner as
to appear like one piece, and possess sufficient strength to answer the purpose which renders
this connection necessary.

In scarfing timber it is not requisite to pay. particular attention to the torm of the joint, as
that can be altered at pleasure, to meet the views of the mechanic.

In each piece of timber to be joined, the parts of the joints that come in contact are
called scarfs.

Scarfs are formed either by a slanting joint, or by notching the two parts together; and,
sometimes, by a third short piece, which has a mutual connection with the two.

The projecting parts of a scarf are called tables.

When the scarfs are put together, they are usually firmly secured in that position by bolts
passing through the joints.

Some of the most useful methods of scarfing beams will be understood by a reference
to the plate IX.

67. Figure 1, on this plate, shows the method of lengthening beams, without shortening the
pieces, by applying an intermediate piece, and connecting the three by means of steps; the joint
being secured by iron plates with bolts.

68. Fig.2 represents another method of joining beams by steps, where the timber is shortened
as much as the length of the scarf.

69. Fig. 3 is a method of building beams, by uniting smaller ones together; where the dif-
ferent lengths meet, they are connected by tabling, as at A, if the timbers be of sufficient length,
or as at B, if they be short. A person of judgment will always choose that method which makes
the smallest number of joints; and hence will prefer the joining at A, to that at B. The joint
A may be tightened by wedges, if an accurate and neat joint be required.

70. Another method of joining by tables is shown by fig. 4, the parts being locked together
by a pair of wedges, or keys. No. 2 is a perspective sketch of the scarf and tables.

71. Fig. 5 shows a method of joining two pieces of timber by an oblique scarf; the mode of
forming the parts is shown by the perspective sketch, No. 2. The ends may either be cut square
across, or as shown in No. 2; the latter mode of cutting makes it less difficult to Kkeep the pieces
fair and even at the joinings.

72. But timbers may be lengthened in various ways, besides those we have already noticed,
either by making the piece of timber in two or more thicknesses; or, by securing one piece to
another, with a piece on each side, over the joint, and then spiking or bolting each piece on
both sides of the joint. Sometimes the pieces that are applied on the sides are made of wood,
in this case it is called fishing the beam. Such modes are used in ships, when their masts, beams,
or yards, are broken, in order to mend them. Other modes of continuing the length of timbers
or beams, are by splicing them with a long bevel-joint, ending in a sharp edge at the end of each
piece. Sometimes the sharp edge of the end of each piece is cut off, so as to form an obtuse
angle at the top. Sometimes the splice is so formed that the two surfaces which come into con-
tact are indented into each other, which adds greatly to their security, when firmly bolted to-
gether. Every kind of scarf for strength should have a strong iron-strap upon each opposite
side, extending in length considerably beyond each joint. Timbers that are scarfed and strapped
ought to be so applied that the sides which are strapped should be the horizontal sides; for, if
otherwise applied, they will be liable to split at the places where they are bolted.

But if the surfaces having the abutting joints be placed in a vertical position, there ought to
be two straps at the top, and two at the bottom; each strap being brought close to the hori-
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CONNECTION OF TIMBERS. 19

sontal face. By this method the scarf will be much stronger than when set in the other position,
or with the joint of the scarf horizontal.

78. Fig.1, plate X, shows a method of building a beam for any purpose for which one piece
of timber would not be of sufficient strength. The pieces should be put together so that the
joints may be as far distant from each other as possible. In this instance the section of the
beam is supposed to be in eight pieces. The reason for preferring small parts, is, that the beam
may not be rendered weak at particular points by the abutting joints of large pieces. AB is
the side, CD the section, and FE the plan of the upper surface of the compound beam.

4. Fig.? shows a scarf, with indents, and wedges, to draw the joints close. It is a very good
and simple species of scarf.

Fig. 3 is a plainer kind, but its connection depends entirely on bolts and straps.

Fig. 4 is a good kind of joining for cases where bolts are not used, and much strength is not
required. AB is the side and BC the upper surface. The joint to be tightened by the
wedges, ab.

When the parts are not long enough to allow of being joined by the preceding method, a key
may be employed, as shown by fig. 5; the parts being forced together by wedges, as at a and b.

Connecting Horizontal Timbers at Right Angles.

75. The connection of many kinds of horizontal timbers is effected by notching. In wall-
plates the joints are formed as fig. 6, where C'D’ is the side of the piece CD. The addition
of a pin through the joint is a common and a useful practice.

Fig. 7 shows a joint for the case where the ends have to be cut fair, as in external wa]l-p]ates,
the wall-plates of hot-houses, and the like; C'D’shows the plate CD when the other is removed,
and A'B’ is the plate AB turned upside down.

76. When the timbers are not in the same plane, but yet so that the upper can be notched
into the lower ones, as in fig. 8; then this figure shows the most effective form for the joint.
CD is a wall-plate, and AB may be a tie-beam, a binding-joist, a diagonal tie, or any other
timber which it is important should be firmly connected to the wall-plate. Giving the timber
a short bearing at E adds much to its strength for bearing purposes. The figure is drawn
about in the proportions usual in practice.

-77. The principle of notching, with square abutting Jomts, has always been much adhered to
by the best carpenters; but its advantages over the dove-tail joint, in not admitting the joint to
draw when the timbers shrink, was, we believe, first noticed in Tredgold’s Carpentry. (Sect. IX
p- 146.) He has shown that all dovetail-joints will draw, when the timber shrinks, and that the
oblique surface of the dove-tail acts asa wedge to force the timber apart.

78. Where the timbers are in the same plane, and not sustained by walls, except at the ends,
as in the case of joists and other floor-timbers, the joints ought to be formed so as to have the
best possible bearing without weakening either the supporting or the supported joist. The
joint of a binding-joist framed into a girder, is shown by fig. 1, plate XI; and it is one of the
most perfect joints of this kind that we have seen. A is the section of the girder through the
joint; B, a binding-joint in its place; C, one drawn out to show more distinctly the form of the
joint. In fitting it, the lower bearing, @, should take the ‘pressure equally with the tenon, or
rather more than less of it. The sloping tusk, b, it will be observed, extends further on to the
tenon than the lower bearing, so as to strengthen it. The joints are held together by pins,
draw-bored a little to bring the parts in contact.
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79. When timbers are not in the same plane, and continue across one another, it is usual to
notch them; but, in so doing, the timber should not be cut away more than is absolutely neces-
sary. Where the timber has to be notched down not more than one-fourth of its depth, it may
be done as in fig. 2; but when the quantity to be notched down is more than one-fourth of the
depth, fig. 3 shows the mode usually adopted.

Connection of Horisontal to Vertical Timbers.

80. If a horizontal timber to support a considerable weight has to be framed into a vertical
post, it should have a degree of insertion in proportion to the strain upon it (see fig. 4, plate X1.);
and if the breadth of the timber be greater than 6 inches, a double tenon will be better than a
single one.  There is no objection to double tenons for bearing purposes, where the tenon is
vertical, but they have been very justly objected to for horizontal bearing timbers, on account of
the difficulty of making each tenon bear alike. To prevent the joint being drawn out beyond
the insertion, it should be secured by a pin for ordinary purposes, or by a strap where the strain
is great.

Abutting-Joints for Oblique Timbers.

81. The proper formation of a joint, when the surfaces are oblique to one another, is one of
the most difficult tasks in the whole art of framing. We hope, however, to be of considerable
assistance to the practical Carpenter in this matter, and we will take for illustration the familiar
case of the joint between the foot of a principal-rafter and a tie-beam.

In the first place, when the truss settles, from its own weight being increased by the addition of
the covering, the settlement tends to throw the pressure on the internal angle of this joint: hence
it is desirable that the chief abutment should be as near to that angle as possible.  This is also
attended by the advantage of removing the abutment further from the end, and, consequently,
further from a risk of decay. Perhaps these properties are attained in the greatest degree by
the joint, fig. 5. The dotted line shows the tenon. The extreme end receives the. strap,
indicated also by dotted lines.

Fig. 6 is a more common form, but certainly not so good when the above reasoning is considered.

Fig.7 is a better form than fig. 6; its greatest defect consists in the difficulty of fitting two abut-
ments, and particularly where they are likely to change their position by the settlement of a roof.

Fig. 8 is of an intermediate kind between these varieties; it is a very simple and effective joint.

82. When the timbers will allow of being cut for the purpose, a jogglejoint is the best. In
king-posts and partitions the joints are generally done in this manner. Fig. 9 is an example of
the head of a king-post with a joggle-joint. '

At the side, marked A, the joggle is cut so as to receive the whole of the end of the rafter; but
we prefer that a part should abut against the side of the king-post, as at B: first, because there is
less width of wood to shrink; and, secondly, when the abutment is made to bear most on the
angle a, the joint is less affected by any change of position. In fact, it then resembles the
circular joints so strongly recommended by Professor Robison and Mr. Tredgold.

83. The thickness of the tenon for any of these kinds of joints is generally made one-fourth
of the thickness of the timber; and the tenons are made short in modern works, the joints being
bound together by straps of iron.

Having treated of the principles of framing, and the construction of joints, we now proceed to
examples of their application.
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TIMBER PARTITIONS. 21

TIMBER PARTITIONS.

84. PArTITIONS, in Carpentry, are framed divisions between rooms, filled with ribs of timber
for sustaining the laths and plaster. .

It is evident that long pieces of timber, when supported only at each extremity, will descend
more and more towards the middle, and will take a curvature; but, if supported by trusses or
braces from any fixed points, the braces will prevent that deflexion from the straight line.

85. Figure 1, pl. XII, is a design for a TrussED ParTITION, With a door in the middle. In
order to keep the timbers from descending, two braces, A, A, are introduced, one on each side of
the door-way, and the weight is supported at each extremity of the sill. The two struts, D, D,
which support the middle of these braces, are sustained at the lower extremities by the bottom
of the door-posts. Now the door-posts cannot descend without pressing down the braces, and
the braces cannot descend without forcing down the extreme posts; but, as each end of the
foot-beam, or sill, is supported by the wall, the extreme posts cannot descend; therefore the
two braces cannot descend, and the posts on each side of the door-way cannot descend;
consequently, the timbers will keep straight. But the weight of the quarters may still have a
slight tendency to bend the braces: in order to prevent this effectually, the parabolic arch may
be introduced, as shown in the figure. ’

86. Figure 2 is a design for a partition with two door-ways, one of them being a folding-door.
Here the braces on each side of the large opening not being each supported at each extremity
of the sill, and as the upper part of the space is not interrupted by openings, a complete truss
is introduced above the two apertures, particularly as there is sufficient height for a truss of
proper strength. The middle door-posts should be connected to the tie of the truss by iron
straps. A reference to Art. 58, and the following ones, w111 assist in giving the right propor-
tion of strength to trusses of this kind.

87. In framing partitions the object to be kept in view is to render them firm, and capable of .
sustaining their own weight. If it be found that from the situation of door-ways, and want of
height over them, that a partition cannot be framed so as to support its own weight, then, an
adequate support should be placed under it.

If a partition be intended to prevent sound passing from one room to another, it should be
made double, and a coat of lath and plaster between the two parts.

In cases where it is desirable to intercept the passage of sound through partitions in old
houses, we have succeeded by battening upon the old partition, and lathing and plastering upon
the battening. We have found the same expedient useful on a ceiling below a nursery; and
not only lessened the noise, but also obtained a very perfect ceiling.

NAKED FLOORING.

88. FLoors are those parts in houses that divide one story from another.
Floors are executed in various ways: some are supported by single pieces of timber, upon
which the boards for walking upon are nailed. Floors of this simple construction are called
G .
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singlejoisted flaors, or single floors; the pieces of timber, which support the boards, being
called joists. It is, howeves customary to call every piece of timber, under the boarding of a
floor, used either for supporting the boards or the ceiling, by the name of joists, excepting large
beams of timber, into which the smaller timbers are framed.

When the supporting timbers of a floor are formed by one row laid upon another, the joists of
the upper row are called bridging-joists, and those of the lower row are called bindingjoists.
Sometimes a row of timbers is fixed into the binding-joists, either by mortises and tenons, or by
placing them underneath, and nailing them to the bmdmg -joists: these timbers are called ceiling-
Jjoists, and are used for the purpose of lathing upon, in order to sustain the plaster-celhng

In forming the naked flooring, over rooms of very large dimensions, it is found necessary to
“introduce large strong timbers, in order to shorten the bearing of the binding-joists : such strong
timbers are called girders, and are made with mortises, in order to receive the tenons at the ends
of the binding-joists, which, by this means, are greatly stiffened, the timbers being much shorter.

The bridging-joists are frequently notched down on the binding-joists, in order to render the
whole work more steady.

89. Figure 1, pl. XIII, is the plan of a naked floor: b,b,d, &c., are the binding-joists;
a, a, a, &c. are the bridging-joists; d, a timber close upon the stair-case. This piece of timber -
is called a trimmer : its use is to receive and secure the ends of the joists, e, e, ¢, &c. upon the
landing. .

C, C, C, &c. are wall-plates, upon which the ends of the binding-joists rest. The other ends
are sustained by a cross partition.

In the construction of floors, great care must be taken that no timber be at a less distance
than nine inches from any flue or chimney ; hence the ends of the timbers, as shown in this plan,
have no connection with the fire-places, nor with the flues.

The flues, in the plans, are indicated by their being shadowed darker than the other parts.

90. Figure 2, pl. XIII, is a plan of naked flooring with a girder. In this case the joists are
simply framed into a girder, A, of the same depth, in order to shorten and stiffen the joists. To
prevent the too-frequent insertion of the joists in the wall, their ends are framed into the
trimmers, d, d, d, &c.; and the ends of the pairs of joists, which enter the wall, are generally
supported on short plates, called templates. The joistg into which the trimmers are framed are
called trimmingjoists. 'The construction of this floor is not good ; but, on account of the regu-
lations of the Building-Act, it is often adopted in London. For a girder should not be supported
by a wooden partition in any case where it can be avoided; and the cutting a girder with so
many mortises weakens it. Partly from want of strength in the partitions, and partly from the
weight of the floor being thrown on the partitions by girders, or by misplacing the joists, there
are very few old houses in London that have not sunk from one to three inches in the middle.
If the girder were taken out of the plan, fig. 2, and the joists made stronger, with cross-stays
between them, at two places in the length, the floor would be much improved

91. Figure 3 represents the mode of fitting down the bridging-joists, A, to the binding-joists, B.
And the ceiling-joists, C, are now almost always notched and nailed up, as shown in this figure.

92. Figure 4 shows the connection when there is binding-joists, bridging-joists, and ceiling-
joists; as, also, the manner of fixing the binding-joists upon the wall-plates; this manner is
called cocking, or cogging. The long dark parts represent the mortises, into each of which one
end of each ceiling-joist is fixed. These long mortises are called pully-mortises, or chase-mortises.
The end of each ceiling-joist is introduced into the common mortise, and the other end of it is
put into the long mortise obliquely, and slides along until it be perpendicular.
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98. TumsLING in a joist, is to frame a joist between two timbers, of which the sides, which
ought to be vertical or square to the upper edges, are oblique to these edges.

Figure 5 shows the method of fitting-in a joist between the sloping sides of two others. The
first thing done, is, to turn the upper edge of the joist upon the top of the two pieces into which
it is to be fitted, and brought over its proper place. The next thing is to turn the joist on its
under edge, so as to lie over its place; then apply a rule, or straight edge, ac, upon the side of
the one piece where the shoulder of the joist is intended to come; then slide the joist until the
line, previously drawn on the upper edge, come to the straight edge of the rule so applied ; then
draw a line by the edge of the rule. Do the same at the other end, and the two lines thus drawn
will mark the bevel of the shoulder of the tenon at each:end.

94. It frequently happens, in modern houses, that the flues are so numerous as not to leave
space for the insertion of binding or trimming-joists, without either placing them too far apart, or
too near to the flues. To avoid this difficulty, we have generally put iron ends to the joists, as
shown in figs. 6 and 7, plate XIII, Fig."7 shows the plan of a joist with the iron plates bolted
to it, one on each side ; the iron ends, @a, resting upon a short iron plate, b, inserted in the
wall. The wooden joist is cut off. so as not to touch the wall. A mortise is made in the joist on
each side at ¢, fig. 6, and each plate is cast with a nob upon it, to insert in these mortises. Fig. 8
shows the inner side of one of the plates. The reasons for placing the bolts, and forming the
plate, as shown in the figures, will be understood by considering that the bolt, d, and the ledges
bear the whole weight; and that the bolt d being in its place, the one at ¢ is to prevent the plates
descending, or turning round on the bolt d: hence, the nearer the bolt d is to the end of the
beam the better, and there should be as much distance between the bolts as the nature of the
case will allow of.

The same method is sometimes applied to secure the decayed ends of girders, and renders the
expensive process of renewing large girders unnecessary.

95. The plans of the floor-timbers for a house, which is called a first-rate house, according to
the dimensions specified in the London Building-Act, are shown in plate XIV. Fig. 1 is the plan
of the ground-floor, a is the space for the'staircase, cc the spaces trimmed for the hearths; the
joists, fgh and ¢, are supported by the partitions and the front and back walls. Fig. 2 is the
plan of the first floor, fig. 3 the plan of the bed-room floor, and fig. 4 the plan of the attic floor.
These plans will afford the Carpenter a tolerable idea of the slight and cheap system of
constructing floors adopted for the London houses.

Trussed Girders.

96. It has been shown, in Art. 60, that to render a girder effective without increasing its depth,
it must be trussed with a stronger material than wood; and, in plate X V. we show various methods
of trussing girders with iron.

Fig. 1, No. 1, shows the arrangement of a truss, consisting of two truss-pieces, a king-bolt,
and a tie. The truss-pieces should not be fitted too tightly into the parts of the beam. No. 2
is the plan of a girder trussed in this manner. The sides should be firmly bolted together.

Fig. 2 shows a girder trussed with queen-bolts, the truss being in three parts. When the span
exceeds 23 or 24 feet, this species of truss is much to be preferred to the preceding. No. 2
shows the plan.

In all trusses of this kind the tie should be of wrought iron, and the extremities of the truss
should extend on to the wall-plates, as shown in these figures; then the floor will remain firm,
though the ends of the girder be partially decayed.
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Figure 3 is a section of either of the preceding girders at the abutments to a large scale, with
one of the bolts. Fig. 4 shows the abutment-bolt, with part of the tie, and of the truss-pieces.
Fig. 5 is the king-bolt and part of the truss-pieces to fig. 1.

97. Where there is depth for the purpose a light truss may be framed, as in fig. 6, connected
by bolts. The principles of framing trusses have been explained in Art. 63, and plates VII.
and VIII. .

98. In order further to illustrate this interesting subject, we have procured a drawing of the
girders used for the large room over the Riding-School of the Horse Bazaar, King Street,
Portman Square ; the span being esteemed the largest in Britain. Fig. 1, plate XVI, shows
the arrangement of this truss; and its parts, to a larger scale, are shown by the other figures.
The span is 46 feet, and the floor is supported by eight of these girders, and the roof, with its
three large lanthorn lights, is supported by girders of the same kind. They were designed -
expressly for the purpose, by Mr. Tredgold, and, according to his recommendation, each girder
was proved before it was fixed in its. place; the first one was proved by a load of six tons dis-
tributed over the middle part of the girder.

The tie TT is a double bar of wrought iron, each part 3 inches by 1 inch, and thicker where
it is bent round the foot of the abutments; see fig. 5. For convenience, it was formed in lengths,
and joined by gibs and wedges, as shown in fig. 6.

The truss-pieces B, B, are of cast iron, 3 inches in thickness, and 6 inches deep in the middle,
and 41 inches deep at the ends.

The middle stretcher, A, is also of cast iron, 3 inches in breadth, 9 inches deep in the middle,
and 6 inches deep at the ends, its section in the middle resembling the letter I, and is shown in

Jig. 4. Thestraps, E, fig. 3, are of wrought iron, 5 inches by 1 an inch, and bent round the joints,
as shown in fig. 4. The wooden beams, DD, rest on the edges of the ties, and are firmly bolted
together. On these the binding-joists, CC, are notched ; and the bridging and ceiling-joists, as
shown in fig. 4. The enlarged parts are drawn to a scale of half an inch to a foot.

99. The framing to support the galleries of churches and chapels should be strong and secure,
as they are frequently much crowded with people. In order to illustrate this part of our sub-
ject, we give the framing of the galleries of Camden-Town Chapel,near London, as executed by
Messrs. Inwood, Architects. The following detail of the scantlings of the timbers, with references
to them by letters, will render them still more useful to the reader, as it rarely happens that such
minute detail can be procured.

Figure 1, plate XVII, the Truss to the Gallery at the west end, bearing on the Tower wall,
Its scantlings are :— ]

H, Strut, 8 inches by 6 inches.
J, Trimmer, 9 in. by 6 in.
K, Small Strut, 5 in. by 4 in.

Figure 2, the Trusses of the Side Galleries.

A, Bressumer, 10 inches by 8 inches. G, King-post (oak), 4 inches by 4 inches.
B, Girder, 10in. by 8in. - H, Binders to ceiling-joists, 7 in. by § in.
C, Binder, 13 in. by 34 in. J, Ceiling-joists, 3 in. by 2§ in.

D, Bridging-joints, 4} in. by 3 in. K, Plate, 8 in. by 5 in.

E, Truss, 6in. by 4in. L, Wall-plate, 12 in. by 6 in.

F, Carriage, 8 in. by 4 in.
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Figsre 3, the construction of the End Gallery and Children’s Gallery
A, Bressummer, 10 inches by 8 inches. K, Ceiling-joists, 3% inches by 2} inches.
B, Girders, 10 in. by 8 in. L; Plates, 9 in. by 6 in.
C, Binders, 18 in. by 8 in. M, Oblique Girder, 12in. by 8 in.
D, Bridging-joists, 4 in. by 3in. N, Carriage, 8 in. by 6 in.
E, Truss, 6 in. by 4 in. ' O, Binder, 10 in. by 3 in.
F, Carriage, 8 in. by 5in. P, Bridging-joint, 4 in. by 3 in.
G, Bearer, 7 in. by 4 in. Q, Binder to Ceiling-joists, 7 in. by 5 in.
H, Puncheons, 3} in. by 3 in. , R, Ceiling-joist, 3% in. by 2§ in,
J, Binders to Ceiling-joists, 7 in. by 5 in. S, Plate, 12 in. by 8 in.

Figure 4, the longitudinal Trusses of the West-end Gallery.
T, Trusses, 6 in. by 44 inches.
V, Strainers, 5 in. by 44 in.
at each end, 9 in. by 6 in.

X, Abutment-piece, {m the middle, 74 in. by 6 in. ‘.

ROOFING.

100. The Roor is that part of a building which is raised upon the walls, and extends over all
the parts of the interior, in order to protect its contents from depredation, and from the severities
and changes of the weather.

The Roof, in Carpentry, consists of the timber-work which is found necessary for the support
of the external covering.

The most simple form for a roof is that consisting of a level plane; but this description of roof
is adapted only to short bearings, and is not at all calculated to resist or prevent the torrents of
rain or moisture from penetrating into the interior.

The next simple form is that which consists of an inclined plane ; and, though well calculated
to resist the injuries of the weather, and to afford greater strength than a level disposition of the
timbers would supply, it is far from admitting of the utmost strength that a given quantity of
timber is capable of affording ; and it occasions an inequality, and a want of uniformity and car-
respondence in the proportions of the fabric, and an unnecessary and unpleasant height of
walling. The best figure for a roof is that which consists of two equal sides equally inclined to
the horizon, terminating in the summit, over the middle of the edifice, in a horizontal line, called
the ridge of the roof; so that the section made by a plane, perpendicular to the ridge, is every
where an isosceles triangle, the vertical angle of which is the top of the roof. This form is very
advantageous, as it regards saving of timber; for it may be executed with the same scantlings, to
span double the distance that the simple sloping roof admits; or, in buildings of the same dimen-
sions, the scantlings of the timbers will be very much diminished.

101. The antient Egyptians, and other eastern nations of the remotest antiquity, constructed
their roofs flat, as do likewise the present inhabitants of these countries. The antient. Greeks,
though favoured with a mild climate, yet sometimes liable to rain, found the inconvenience of a
platform covering for their houses; and, accordingly, raised the roof in the middle, declining

H
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towards each side of the building, by a gentle inclination to the horizon, forming an angle of
from 13 to 15 degrees, or the perpendicular height of the roof from one-eighth to one-ninth of
the span. ,

In Italy, where the climawe is still more liable to rain, the antient Romans construct"ed,their
roofs with a rise of from one-fifth to two-ninth parts of the span.

In Germany, where the severities of the climate are still more intense than in Italy, the antient
inhabitants, as we are informed by Vitruvius, made their roofs of a very high pitch.

When the pointed style of architecture was introduced into Europe, high pitched roofs were
thought consonant with its principles; and they therefore formed, externally, one of the most
striking characteristics of the Gothic style.

In the usual proportions of the Gothic roof, the length of the rafters was equal to the breadth
or span of the roof, or the rafters were the sides of an equilateral triangle, of which the spanning
line was the base. During the middle ages this form prevailed, with little variation, not only in
public but in private buildings, from the most stately and sumptuous mansion, down to the humble
cottage of the common labourer; and this equilateral triangular roof continued to be used till
the pointed style began to decline, and Italian architecture, in a great measure, superseded it.

The celebrated IN1Go JonEs was chiefly instrumental in introducing Italian architecture; then .
a change in the proportions of the roof took place, and the rafters were made three-quarters of
the breadth of the building; and this proportion, which was called ¢rue pitch, still prevails in
some parts of the country, where plain tiles are used ; subsequently, however, the square, or angle
of 45 degrees, seems to have been considered as the frue pitch : but, in large mansions, con-
structed in the Italian style, roofs of the same inclination as the pediment, called a pediment pitch,
were introduced, and covered with lead.

At the present time, where good slates are to be obtained in abundance, roofs may be covered
with them of any pitch, from the pyramidal Gothic down to the gently-inclined Greek pediment.

Therefore, with regard to the present practice, the proportion of the roof for slates depends on
the style of the architecture of the edifice ; the usual height varying from one-third to one-fourth
part of the span. )

There are, doubtless, some advantages in high-pitched roofs, as they discharge the rain with
greater rapidity; the snow does not lodge so long on their surface; also, they may be covered
‘with smaller slates, and even with less care, and are not so liable to be stripped by high winds as
the low roofs are: but the low roofs have less pressure and stress on the walls, and are con-
siderably cheaper, since they require shorter timbers, and, of course, smaller scantlings.

The roof is one of the principal ties to a building, when executed with judgment; as it connects
the exterior walls, and binds them together as one mass; and, besides the protection it affords '
the inhabitant within, it preserves the whole work from a state of decay, which would soon
inevitably ensue, from the effects of rain or frost, as moisture would operate in rotting the timbers,
and frost in destroying the connexion of the walls, and the whole would ultimately fall to ruin.

102. The several timbers of a roof are termed principal rafters, tie-beams, king-posts, queen-
Dposts, struts, collar-beams, straining-sills, pole-plates, purlins, ridge-piece, common-rafters, and
camber-beams. The uses of these will appear from the description of them; but, in the first place,
we must describe the nature of the roof itself.

The usual EXTERNAL FORM of a ROoF has two surfaces, which generally rise from opposite
walls, with the same angle of inclination; and, as the walls are most commonly built parallel to
each other, the section of the roof made by a plane perpendicular to the horizon, and to one of
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the walls, is a triangle with two equal sides ; the base being the extension from the one wall-head
to the other. This extension is called the spdn of the roof.

To rraME the TIMBERS of a ROOF, so that their external surfaces shall keep this position, is the
business of the Carpenter; and ingenuity is displayed in making the strongest roof with a given
quantity of timber. '

All long beams, or pieces of timber, from their weight, whern supported at the two ends only,
become concave.on the upper side; and this concavity is the greater as the distance between the
props is the greater. It is, therefore, the grand object to prevent this bending as much as
possible. The curvature will take place, whether the position of beams be horizontal or inclined;
but the same beam will have less curvature the more upright it is, or as the angle, to which it is
inclined to the horizon, is greater. For, it is evident that, when a beam is laid level, and sup-
ported at its extremities, its curvature will be greater than when inclined at any angle, however
small; and, again, if it stand perpendicular to the horizon, its curvature will be nothing; that is
to say, its curvature will be nothing when the angle of inclination is the greatest.

The curvature which timber obtains by bending is called sagging. To prevent timber from
sagging, as much as is possible, it must be supported at a certain number of intermediate points
or places, besides the two extreme ends. Now these supports must themselves be supported from
some base or other ; but, if the resting points or places be upon the surface or surfaces of other .
timbers, the greatest care must be taken that they do not fall between the extremities of the
supporting timbers intended to support the other: that is to say, the lower end of every piece
of timber, used as a prop, must rest upon some supported point ; or, otherwise, the propping
piece of timber must be so disposed that the pressing forces at each end must be equal to
each other.

These are the general principles upon which the strength of roofs depend.

The supported points, in Carpentry, are those points or places where there are walls, or
columns from the ground, or two timbers meet together in an angle; and no roof or piece of
framing is good where the end of one piece, used as a prop to another, presses upon a third
piece of timber, between its supported extremities. The pressing end of every prop ought to
rest upon some supporied point. .

103. PrincipaL RAFTERS are the two pieces of timber, in the truss of a framed roof, that form
the two equal sides under the covering.

. It is evident that the greater the opening is, the more supports each principal rafter will
require. .

A piece of timber may be supported either from some supported point above it, or some sup-
ported point below it: if the support be above the piece to be supported, then it is evident
that the connecting piece will act as a string; but, if below the piece to be supported, it is evi-
dent that the prop must be an inflexible beam or piece of timber.

Therefore, as from the nature of a roof the principal rafters cannot be supported from above,
they must be supported from below, by walls, piers, or posts, made of some fit material, as stone,
brick, iron, or timber, of sufficient thickness; and, because the pressure occasioned by the
weight of the covering is uniformly distributed over the principal rafters, these principal rafters
must be supported at a certain number of equidistant points, which will depend upon the
distance of the walls.

104. A Tie-Beawu is a piece of timber for connecting the feet of the principal rafters, in order
to prevent them from spreading, by the weight of the covering. The tie-beam is therefore used
as a tie, and, in respect to the strain from the pressure of the rafters, is in a state of tension.
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In order to prevent the sagging of the tie-beam, in very wide houses, it must be supported in
one or more places in its length; and if it cannot be supported from the ground, it must be
supported from some other supported point or points in the roof itself. Such a point we have
where the two principal rafters meet each other; and this one point will furnish as many
supports to the tie-beam as we please: while, from each of these supported points in the
tie-beam, the middle parts of the principal rafters may be supported. For, when once a frame
is formed, the timbers may be made to strengthen one another, so as to form a strong and
perfect whole.

It is not easy to give a direct rule for the disposition and position of supporting timbers: buv
we ought to prefer such a disposition as will keep the bearing timbers within a proper limit as to
length, and the angles should be as direct as possible. Oblique or acute angles occasion very
great strains at the joints, and should therefore be avoided. One grand principle is, in every
frame or roof, to resolve the whole frame into the least number of triangles, affording direct con-
nections between all the points of support, which must be considered as the elements of the
framing. Four-sided figures must be avoided, if possible; and this may be done by introducing
diagomals, which will form them into triangles; for, without this, a four-sided figure will be move-
able round its angles, and has no stiffness except what depends on the strength of its joints.
Sometimes it may be necessary to divide a quadrangular piece of framing into four triangles, by
means of two diagomal pieces, particularly when this figure occurs in the middle of a roof. Our
plate XX1, fig. 2, shows a beautiful specimen of this arrangement, designed by Mr. Smirke,
whose high reputation as an architect is well known.

The principles of framing being once understood, a little practice in designing will soon
enable the Carpenter to judge of the proper disposition of timbers, so as to produce a good
design, if not the best possible. ‘

105. A King-PosT, or PrINCIPAL PosT, is a vertical piece of timber, extending from the place
where the two principal rafters meet to the tie-beam, for the purpose of supporting the tie-beam
in the middle. :

The King-Posr is, therefore, in a state of tension ; and, consequently, it may be a slender bar
of wrought iron, or any tenacious material that will not be liable to extension when stretched or
drawn in length.

The principal rafters are frequently supported from one or more points in the king-post: but
it is evident that both the rafters must be supported exactly in the same manner when the sup-
porting points in the king-post are between its two extremities; so that the principal rafters may
produce equal and opposite pressures on each side of the king-post.

Each of the principal rafters may be supported in many points, either from one point in the
king-post, or from as many points as the number of points to be supported ; or, as has been said
before, either from one supported point, or from as many supported points, in the tie-beam, as the
number of points to be supported ; and, in short, the principal rafters may be supported from
any supported point whatever, from the king-post, or tie-beam, or from both. This very circum-
stance points out the vast variety there may be in designs for roofs.

106. QueeNn-Posrts are two pieces of timber, equidistant from the middle of the truss; the one
suspended from the head of one of the principal rafters, and the other from the head of the
other, with a level piece of timber, called a straining-beam, between them.

The Queen-posts, therefore, divide the internal space of the frame into three compartments, of
which the two extreme ones are right-angled triangles, and the middle one a rectangle.

The use of the queen-posts.is similar to that of the king-posts; vis. for furnishing a general
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support for the principal rafters, at different points between the ends, by connecting timbers,
but their chief object is supporting the tie-beam at more places between its extremities.

107. Struts are those props which support the principal rafters, in one or.more points, so as
to divide them into equidistant parts.

Struts are generally disposed in pairs, equally inclined to the vertical line, which divides the
truss into two equal and similar parts; and which, therefore, divides the two beams into two
equal lengths. Struts are necessary in roofs where the span is great; and the greater the span
or distance of the walls, the greater the number of struts will be required ; for, in this case, more
peints in the principal rafters will have to be supported.

108. A CorLar-BEeawM is the piece of timber framed between two principal rafters, and usually
employed where there are no king-posts.

109. A STRAINING-BEAM is the piece of timber framed between the heads of the queen-posts ;
and is necessary where the roof is to have a platform, or flat for walking upon, or wherever
rooms are required in the roof. .

110. A STRAINING-SILL is a horizontal piece of timber, disposed between the feet of the queen-
posts, to counteract the efforts of the struts, in pushing these feet nearer to each other, when,
on account of rooms, the space cannot be filled with diagonal braces.

Having thus noticed the several parts of a truss, it may be proper to observe that all king-
posts, queen-posts, and tie-beams are fies ; and may be formed by an iron tie incapable of farther
extension than is sufficient to bring it to a straight line. A chain, or a slender bar of iron, will
therefore answer the same purpose, in some of these cases, as a piece of timber, or other such
inflexible material. It is also to be remarked, that all collar-beams, principal rafters, and struts,
are to resist compression; and . are, therefore, necessarily constructed of an inflexible material,
such as wood, or a stiff piece of iron. It may be further observed that, in complex frames,
such as the centring to large arches or bridges, the same timbers, in different stages of the
work, sometimes perform the office of ties, and sometimes that of struts; and, in the transition
from one office to the other, must be sometimes in a neutral state. The material employed in
such situations must, necessarily, be inflexible. This is to be recommended not only here, but
in every doubtful case, or where it is uncertain whether the part of the truss requires to be a tie
or a strut.

“111. A Pore-PrATE is a beam over each opposite wall, supported upon the ends of the tie-
beam, or upon the feet of the principal rafters, to receive the ends of the common rafters.

112. PurLINS are horizontal pieces of timber, supported by the principal rafters. Their office
is to support the common rafters in the middle parts of their length.

113. A RipGe-PIECE is a beam at the apex of a roof, supported by the king-posts, or by the
'heads of the principal rafters, and supports the upper ends of the common rafters.

CommoN RAFTERS are inclined pieces of timber, parallel to the principal rafters, supported by
the pole-plates, the purlins, and the ridge-piece. They support the covering, the material of
which is sometimes large slates, extended from rafter to rafter, but more commonly either boards, or
laths, are nailed upon the common rafters, and the slates, tiles, &c. fastened on with nails or pins.

114, JoaceLEs are the joints at the meeting of struts, king-posts, queen-posts, and principal
.rafters; where there is a piece left to form the abutment. The usual form for the joggles is
that which is at right angles to the lengths of the struts or rafters, or at xight angles to the
tenoned piece : but this position cannot, at all times, be obtained, from the want of sufficient sub-
stance of timber: in that case, the joint is made either oblique, or the upper part in a line with
the side of the piece which has the mortise, and the lower part perpendicular to the sides of the

I
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tenoned piece ; or the joint is sometimes made partly parallel, and partly perpendicular, to the
mortised piece. When the joint is oblique, the force of the tenoned piece, in the direction of
its length, causes the end to slide upon the abutment, towards the side which contains the obtuse
angle: but this is, in some degree, counteracted by the resistance of the tenon on the lower end
of the mortise. With regard to the stress of the timbers in a frame, the direction of the abutting-
joint is of little importance; but it ought to be the best for. the strength of the joint itself.
M. Pervonet, the celebrated French engineer, formed the abutments in the arcs of circles, making
the centre at the other extremity of the piece. In Art. 82, we have alluded to joints of this
kind, but with the arcs described by a radius not much exceeding half the breadth of the timber;
otherwise circular arcs have no advantage.

115. CaMBER-BEAMS are those timbers which support the purlins or joists over the collar-
beams, and the boarding for a leaden platform ; for this purpose they have an equal declivity
from the middle, in order to cause the rain or snow-water to descend equally on each side of
the roof.

116. Cocking, or CoGGING, is the form of the joints, which the tie-beams and wall-plates
make with each other; and here, as in every other case of jointing, the parts must be recipro-
cally indented into each other, so that the protuberant part or parts of the one are indented parts
of the other. The parts which come in contact are plane surfaces; those which form the bottom
or bottoms of the recess or recesses are parallel to, and those which form the sides perpendicular
to the surfaces, from which the joints are made. The best method is, by cutting a groove, across
the fibres, in the beam to be let down, to correspond to a rising in the plate formed by recessing
the plate, on each side of the rising. (See plate X, fig.8.) Another method is by an external
and internal dovetail : but this method is almost entirely abandoned.

Observations on the Forms of Roofs.

117, GaBLE-ENDED ROOFs, unless properly connected by ties, have the same tendency to thrust
out the walls as other roofs, and particularly when the walls are very thin, or the distance be-
tween them very great.

118. A Hirrep Roor, over a rectangular plan, when the common rafters are well secured to
the principals, produces very little lateral pressure on the walls. In a hipped roof, upon a square
plan, the lateral pressure upon the walls may be prevented without using cross-ties, by making
the wall-plates act as ties to the feet of the four hip-rafters; but, with regard to roofs executed
upon. regular polygonal plans of the same area, that plan which has the greater number of sides
produces less lateral pressure on the walls than that which has fewer sides; and, when the
number of sides are very many, the polygon may be considered as a circle; and, consequently a
circular roof will give less lateral pressure upon the walls than a polygonal one of any number of
sides, however great.

In the execution of all these, however, it will be necessary that a wall-plate should be formed
to the plan, and well connected, not only between each of the angular points, but also at the
angular points themselves; fot, when the building is carried up on a polygonal plan, every two
adjacent hips will act in the same manner as the two principals in a framed roof; and, therefore,
every side of the wall-plate will be a tie ; and, consequently, if not properly joined, the walls will
be liable to be rent.
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. " CONSTRUCTION OF ROOFS

119. chure 1, plate XVIII, is a roof, for a very narrow span, havmg only one collar-beam,
without a tie at the bottom. In this example the collar-beam acts as a tie, but with very llttle
effect ; and this arrangement ought not to be employed over a space exceeding fifteen or twenty
feet Wide with stout walls,

120. Figure 2 is a roof with a tie-beam at the foot, and a collar-beam. Here the strain on
the collar-beam is different ; since the tie-beam is in a state of tension ; the collar-beam is merely
employed to keep the rafters straight, and is, therefore, in a state of compression. This truss

'may be employed where the span is from twenty to twenty-eight feet in width. This truss
-without additional timbers, does not afford any support to the tie-beam.

121. Figure 3 is a truss free from these inconveniences; the tie-beam being supported by the
king-post K, and the rafters being snpported by two struts, 8s.- - -

122. Figure 4, pl. XVIII, represents the side of a truss, with the ends of a longitudinal frame
for supporting the tops of the rafters, which are here exhibited. Fig. 5 exhibits the frame as
seen in the length of the roof, and is divided into several compartments, by means of a middle '
and two side posts. The ends of this longitudinal truss are fixed in the gables or cross-walls.
In wider spans, two or more such trusses may. be inserted. .

.123. Figure 6 is a principal truss, with a king-post and two queen-posts. Here the manner in
which the tie-beam is supported upon the wall-plates is shown. The sections of the pole-plates
and purlins are also exhibited. Fig.7 shows the manner of notching down the small rafter upon
the purlins, and the manner of notching the purlins upon the principals. Respecting the mode
of joining the feet of the principal rafters and the tie-beam. (See Art. 81-83, and plate XI.)

This roof is adapted for a span of 55 or 60 feet. The supports are all directed to the points
where the purlins rest on the principal rafters, which of course are loaded with the common
rafters and covering, and the whole affords an example of the principles of mutual support and
connection, which we endeavoured to explain in Ar¢. 102 and 104.

124. In towns it is very common to form the roof of a house with two inclinations, so as to
procure a space of sufficient height for a room over the tie-beams. Roofs of this kind are called
-Curb-roofs.

When it is convenient to dmde the rooms, so that the principals of the roof may form the
partition, it is a considerable advantage in strength as well as cheapness.

Figure 1, plate XIX, jis an example of a truss for a Curb-roof of this kind, with the door-way
in the middle.

Fig. 2 is another example, where it is supposed that the space-is to be left as clear of frammg
as possible, owing to the truss not being in a place adapted for a partition.

125. When a roof is to be covered with lead, it is generally also required tc be nearly flat ;
and "therefore the depth of framing being small, it must.be made very strong; a reference to
Art. 60, and those immediately following it, will illustrate this subject.

Fig. 3, plate XIX, shows a flat-roof for a 50 feet span, with the least rise it would be prudent
to adopt for such a purpose, unless the covering and ceiling be exceedingly light.
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126. Fig. 1, plate XX, shows a truss for a flat roof, as executed for the roof of St. Mary’s
Church, Mary-le-bone, designed by R. Smirke, Esq., Architect. The middle part of the roof is
supported by iron pillars, F, so that it exerts only a very small degree of pressure on the external
walls, The trusses are 6 feet 3 inches apart, and the timbers of the following scantlings :

A, Principal rafters, 8 inches by 6 inches. D and E, Longitudinal beams, 12 inches by
B, Tie-beam, 9 in. by 6 in. 12 inches.
C, King-post, 8 in. by 6 in. G, Beams, 8§ in. by 8 in.
Queen-posts, 6in. by §in. H, Tie-beams, 6 in. by 6 in.
Braces, 6 in. by 6 in. King-posts of side roofs, 6in. by 5 in.
Purlin at the foot of braces, 8 in. by 8in. Braces of do., 6 in. by 44 in.

A longitudinal frame is continued over each range of columns, with posts, 12 inches by 10 inches,
under each truss, and diagonal braces 12 inches by 8 inches.

127. On the same plate, £ig. 2, we have given the roof of Whitehall-Chapel; it has stood
many years, -but- not without showing symptoms of weakness, though it contains abundance of
timber. The weakness, therefore, is occasioned by the mode of construction; and we have
selected this example for the purpose of pointing it out. The points of stress are the places of -
the purlins, and these are none of them at supported points. The principal braces, D, do not
meet the queen-posts, 80 as to get the advantage of the triangle’s unchangeable figure ; and this
defect is very imperfectly compensated for by the introduction of two iron rods fram the heads of
the rafters to the tie-beam. The bulk of the head of the king-post would render the settlement

from shrinkage considerable, and a like reason would cause settlements in other parts of the
roof, as will be evident from the size of the timbers.

- 181 inches by 18 inches at the bottom
al ]

A, Principal rafters, § %" by 12 in. at the top. .

B, Tie-beam, 15 in. by 15 in. : '
. 13 in. by 10 in. middle

C x td

» King-post, {2 by 141in. head and foot.

D, Braces, 12{ in. by 11 in.

E, Queen-posts, 9} in. by 94 in.

F, Braces, 8 in. by 9in,

* Purlins, 12in. by 8% in.; Wall-plate, 14 in. by 7 in.
Principals 14 feet apart, which is much too great a distance.
128. The next example is from the new church of Saint Mary-le-bone, London, designed

by P. Hardwick, Esq., Architect, plate XX1, fig. 1. The construction of this roof is very judi-
cious, and adapted to give space in the roof without a sacrifice of strength.

T, Tie-beam, 12 in. by 12 in. Purlins, 8 inches by 6 inches.
P, Principal rafters, 8 in. by 7 in. Common rafters, 5 in. by 3 in.
S, Straining-beam, 10 in. by 8 in. Pole-plate, 6 in. by 6 in.
Q, Queen-posts, 8 in. by 7 in. Wall-plates, 12in. by 8 in.
P, Auxiliary rafters, 8 in. by 7 in. Binding-joists to carry ceiling, 9in. by 5§ in.
B, Braces, 6in. by 5 in. Ceiling-joists, 4 in. by 24 in.
K, King-post, in two pieces, each 8% in.| Trusses, 12 ft. 10 in, apart.
by 5 in.
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129. A very neat and simple roof is exhibited in plate XX1, fig. 2, executed for Belgrave
Chapel, and designed by R. Smirke, Esq. To lessen the elevation of the roof, a part of the top
is a lead-flat. The principal rafters and straining-beam abut end to end, and the queen-posts are
each in two pieces, notched on, one on each side, and strapped and bolted together.

T, Tie-beam, 12 inches by 7 inches. Q, Second Queen-posts, in two pieces, 8in,
P, Principal rafters, 10 in. by 6 in. by 5 in.

S, Straining-beam, 10in. by 6 in. Purlins, 8 in. by 4 in.

B, Braces, 7in. by 6in. Common rafters, 5in. by 2 in.

K, Queen-post, in two pieces, 9in. by 5in. | Binding-joists for ceiling, 8 in. by 3 in.
Ceiling-joists, 3 in. by 2 in.
Trusses about 10 feet 6 inches apart. ~

130. Three more examples of roofs as executed, are given in plate XXII. Of these, fig.1 is
a complicated and rather an expensive mode of gaining height for the middle aisle of the chapel.
Fig. 2 is similar'to that of the New Church, Mary-le-bone; and fig.3 is another very good
specimen of a roof, with a portion of the top flat. The scantlings of the timbers of these roofs
we will now proceed to describe.

Figure 1, the Roof of the new Gothic Chapel, of St. Pancras, Somers’ Town, near London.

Scantlings of the Timbers.

. . at the bottom, 11 inches by 7 inches.

A, Obligue tie-beam, § 1 o5, 10 in. by 7 in.
B, Collar-beam, 10 in. by 7 in.

.. \ at the bottom, 10 in. by 7 in.
C, Principal rafter,- - {_ e top, 9in. 7 in.
D, Common rafters, 5 in. by 2§ in.
E, Purlins, 6in. by 7 in.
F, Pole-plates, 5% in. by 81 in.
G, Struts, 6 in. by 7 in.
H, Braces, 8 in. by 7 in.
I, Oblique braces, 6 in. by 7 in.
K, Ribs to ceiling, 7 in. by 5 in.

] . Figure 1, No. 1, Section through at EF, to a larger scale.
Figure 1, No. 2, Section through at GH, to a larger scale.
Figure 1, No. 3, Section through at AB, to a larger scale.
Figure 1, No. 4, Section through at CD, to a larger scale.

Figure 2—The Roof of St. Luke’s Church, Old-Street, London.

Scantlings of the Timbers.

A, Double king-post of oak, 9 inches by 5 inches.

o at the bottom, 8 in. by 7 in.
B/ Principal raflers, {_ the top, Gin. by 7 in.
C, Auxiliary rafters, 6 in. by 7 in.
D, Tie-beams, 14 in. by 12 in.
E, Hammer-beams, 12 in. by 12in.

K
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F, Stretching-beams, 10 in. by 8 in,
G, Queen-posts of oak, 10 in. by 7 in.
H, Struts, 5 in. by 6 in.

I, Common-rafters, 5 in. by 3 in.

K, Purlins, 8 in. by 6 in:

L, Wall-plates, 12 in. by 8 in.

M, Pole-plates, 6 in. by 6 in.
Ridge-boards, 12 in. by 21 in.

Hips, 12 in. by 24 in.

Figure 3.—Roof of Camden Chapel, Camden Town, near London.

Figure 3, No. 1, Section through at ¢f to a larger scale.
Figure 3, No. 2, Section through at cd to a larger scale.

Scantlings of the Timbers.

A, Tie-beam, 14 inches by 9 inches.
B, Queen-posts of oak, 8in. by 7 in.
C, Small posts of oak, 7 in. by 7 in.
D, Struts, 7 in. by 7 in.
E, Small struts, 6 in. by 6 in.
. at the top, 9 in. by 7 in.
F, Principal rafter, £ tom, 11 in, by 7 in.
G, Common rafters, 6 in. by 2¢ in.
Horizontal rafters to flat, increased in depth to produce a proper current,
8 in. by 5in. )
H, Wall-plate, 9 in. by 6 in.
J, Truss to stretching-beam, 5 in. by 8 in.
K, Stretching-beam, 10 in. by 7 in.
L, Pieces spiked to the sides of the tie-beam, 8 in. by 2 in.
M, Binders, 8 in. by 5 in._
N, Ceiling-joists, 34 in. by 2§ in.
O, Abutment-piece, 5 in. by 5 in.

131. Figurel, plate XXIII, is a design for a roof in several stages, adapted for a warehouse.
The parts are arranged in the following manner. Fig. 2 is the side of the two longitudinal
trusses which rest upon the main tie-beams, and which support the oblique parts on which the
upper stage is sustained. The mode of trussing the oblique portions is shown by fig. 8. The
abutting-joints, of cast-iron, are shown by figs. 4 and 5; and fig. 6 shows the cast-iron abut-
ments for braces in the truss, fig. 2.

GEOMETRICAL LINES FOR ROOFS.

132. To find the bevels for cutting the various timbers in a hipped roof, and the backing of
the hips (pl. XXIV, figures 1, 2, 3).

Let ABCD, figures 1, 2, and 3, be the outlines of the wall-plates, AF, DF, and BE, CE, the
plan-lines of the hips, and EF the plan-line of the ridge-niece.
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GEOMETRICAL LINES FOR ROOFS. ‘ 35

To find the length of any rafter, draw a line from the one extremity of the plan-line of that
rafter, perpendicular to that line, and make the height of the perpendicular equal to the height
of the roof’; join the point of height and the other extremity of the plan-line, and the line thus
joined is the length of the rafter as required.

Example 1; fig. 1.—To find the length of the common rafters standing upon IK; divide IK
into two equal parts in the point F: draw FL perpendicular to IK; make FL equal to the
height of the roof, and join IL or KL; then IL or KL is the length of each rafter.

Example 2; fig.2—To find the length of the hip-rafter standing upon AF. Draw FS,
perpendicular to AF : make FS equal to the height of the roof; join AS, and AS is the length
of the hip,

Ezample 3.—To find the bevels of the back of the hip-rafters. Let FD, fig. 2, be the plan
of a rafter; and draw XW perpendicular to FD, to meet the lines of the wall-plates in X and
W, and intersect FD in w. From the point w, as a centre, describe a circle to touch the eleva-
tion of the rafter DT ; and from the point where the circle cuts the line FD, draw lines to X
and W, then will the angle formed by these lines be the proper bevel for the back of the
hip-rafter.

133. To find the bevels of a purlin against a hip-rafter, when the plan-line of a common
rafter, that of the hip-rafter, and the angle which the common rafter makes with its plan
are known. _

Place the section of the purlin in its real position with respect to the common rafter.
Produce that side of the section of the purlin, of which the bevel is required upon the hip,
toward the plan of the rafter; from one extremity of the line thus produced, and, with the
length of the said line as a radius, describe a circle. Draw three lines, parallel to the wall-plate,
to meet the hipped line : Viz. one from the centre of the circle, one from the point where the line
meets the circle, and the third to touch or be a tangent to the circle. From the point in the plan
of the hip-rafter, where the middle line meets the said plan, draw a line perpendicular to that
middle line to meet the tangent; join the point, where this perpendicular meets the tangent, to
the point where the line drawn from the centre ‘meets the plan of the hip-rafter, and the angle
formed by the line thus joining, and the line drawn from the centre of the circle, will be the bevel
of the purlin.

Ezample ; plate XXIV, fig.1.—Let AF be the plan of a hip-rafter, IF that of a common-
rafter, and FIL the angle which the common-rafter makes with its plan, and abecd the section
of the purlin.

Now suppose it were required to find the bevel of that side of the purlin represented by ad.

Produce ad to any point, f; and from a, with the radius af, describe a circle, ¢fgh. Parallel
to the line of the wall-plate, AB, draw two lines to cut the plan, AF, of the hip; viz., from the
centre, a, draw ai ; and from the point f, where af meets the circle, draw f%, the former cutting
AF in ¢, and the latter in %; also draw el to touch the circle. Draw %7 perpendicular to f%,
cutting el in /; and join ¢/; then the angle lia is the bevel required.

In the same manner, by producing a b, we may find the angle formed upon the end of the side,
of which the section is ab.

134. In order that the different inclined planes, which form the sides of a roof, may have an
equal inclination to the horizon, the plan-lines of the hip-rafters ought to bisect the angles
formed by the wall-plates.

When a roof is wider at one end than at the other, as in fig. 3, in order to prevent its winding,
let IK and OP be the plans of the two common rafters, passing through each extremity of the
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ridge-piece, and let the rafters IL and KL be found as before; divide OP into two equal parts,
in E; draw ER perpendicular to OP. Make the angle EPR equal to the angle FKL; then
ER will be the height of the roof at the point E.

If this should be objected to, because it makes the ridge higher at one end than at the other,
let E, fig. 4, be the end of the ridge next to the narrow end of the roof.

Bisect all the four angles of the roof by the straight lines AF, BE, CE, DF; and, through E,
draw EG, parallel to AB, cutting AF in G ; and draw EH, parallel to CD, cutting DF in H;
and join GH: then GH will be parallel to AD. This is true, because, since all the angles are
bisected, if we imagine perpendiculars drawn from E to the three sides, the three straight lines
thus drawn will be equal : and because EG is parallel to AB, the perpendiculars drawn from the
points E and G, to the straight line AB, are equal; from the same reason, because EH is
parallel to CD, the perpendiculars drawn from the points E and H, to the straight line CD, are
equal ; therefore the perpendicular drawn from the point G, to the straight line AB, is equal to
the perpendicular drawn from H to the straight line CD. And, since the angles BAD and
CDA are bisected by the straight lines AG and DH, the two perpendiculars, drawn from G, te
the sides AB and AD, are equal; as also the two perpendiculars from the point H to the sides
DA and DC: but the perpendicular drawn from G, to the side AB, is equal to the perpen-.
dicular drawn from H to the side CD ; therefore the perpendiculars, drawn from the points G
and H, to the straight line AD, are equal to each other; but when the perpendiculars drawn
between two straight lines are equal, these two straight lines are parallel: therefore the straight
line GH is parallel to AD.

Whence, if all the angles of a roof be bisected, and if any point be taken in any one of the
bisecting lines, and if a line be drawn through the point thus assumed, parallel to one of the
adjaceht sides, to meet the next bisecting line, and so on from one to another, till only one line
remains to be drawn; then, if the point assumed be joined to the point where the parallel meets
the last bisecting line, the line thus joining will be parallel.

GEOMETRICAL LINES FOR POLYGONAL ROOFS.

185. THE plans of these roofs are supposed to be regular polygons, and all the sections of the
same roof, parallel to the plan, to be similar to the plan, and therefore all the parallel sections
similar to one another. They may be conceived to be formed of a series of triangular prisms
whose joining planes meet in the same point, and their exterior surfaces cut to the form of the roof.

186. In pl. XXV, fig. 1, the plan of the roof is denoted by the letters ABCDEFA. Then
the centre of the polygon being the point I, draw the lines Al, BI, CI, &c. Bisect any of the
sides, as AB, in the point L, and draw LI ; then LI is perpendicular to AB.

Produce the line IL to M, and let ILN be the section applied upon IL. In the curve LN
take any number of points, 1, 2, 3, at equal distances, and transfer these distances to the line
LM, so that LM may be equal to the arc LN. Through the points 1, 2,3, &c. in LM, draw
lines 1g, 24, 3, &c. parallel to AB; and from the points 1, 2, 3, &c., in the arc LN, draw lines
1d, 2e¢, 3f, &c., parallel to AB, cutting LI at the points a, b, ¢, &c., and BI at the points
d,e, f, &c.: Make 1g equal to ad, 2% equal to be, 3i equal to ¢f, &c. Through the points
&> hy §, &c., draw a curve, which will be the edge of the covering which corresponds to the joint
over the mitre IB.
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To find the angle-rib, through the points d, ¢, f, &c., draw dZ, el, fm, &c. perpendicular to
BI. Make d%, el, fm, &c., respectively equal to al, 2, ¢3, &c. Through the points %, /, m,
&c., draw a curve, which will be the edge of the angle-rib, as required.

137. Figure 2 shows the manner of describing a polygon, to any given number of sides. Thus
suppose, upon the side AB, it were required to describe a polygon of seven sides, called a
heptagon. Produce BA to K, and, with the radius AB, describe a semi-circle BGK, of which
the diameter is BK ; divide the arc BK into seven equal parts, and through the second division,
G, draw AG; then BA and AG are two adjacent sides of the heptagon. Bisect each of the
sides AG and AB by a perpendicular, meeting each other at I. Then I is the centre of a circle
that will contain either of the sides AB or AG seven times. The equal chords, being inscribed
in the remaining part of the circle, will complete the polygon as required. In this manner we
may describe a polygon of any given number of sides whatever; by producing the given side,
and describing a semi-circle on that side, and the part produced, and dividing the arc into as
many equal parts as the polygon is to contain sides; then, drawing a line from the centre,
through the second point of division, will form two adjacent sides of that polygon. The
remaining part of the process is to be completed as before.

188. Figure 3, pl. XXV, shows the manner of finding the covering of a roof, when the plan
is a regular pentagon.

Figure 4, exhibits the method of framing the ribs for such sorts of roofs.

Figure 5, shows the manner of describing the covering and ribs of a domical roof.

. Figure 6, shows the manner of describing the covering and ribs of a roof whose vertical
section is a figure of contrary curvature.

Figure 7, shows the method of describing a regular octagon from a given square. Thus,
draw the diagonals; then, with half the diagonal, as a radius, and from each of the four angular
points of the square, describe a quadrant or arc; join the two adjacent points of intersection, in
each two adjacent sides of the square, and you have the octagon required.

Figure 8, exhibits the manner of forming one of the ribs for the ogee roof, or that of contrary
curvature. _

The method of finding the coverings and ribs of figures 3, 5, and 6, is the very same as that
described in figure 1; and the same letters of reference being used, the description applies to
. all these figures.

Such forms of roofs most frequently occur in temples or garden-buildings.

PoLycoNAL Roors and Circurar Domes are of the same nature; as a dome cannot be
covered upon any other principle than by supposing it either a polygon, having a great number
of sides; or to be composed of frustums of cones.

—

COVERING OF CIRCULAR ROOFS.

139. CircurArR Roors may be covered upon two different principles; one is, by supposing
the axal section to be divided into a number of small equal parts, and the roof cut by planes
through the points of division, parallel to the base ; and, by considering the frustums of the solid
as so many frustums of cones, the covering of each respective part will be found. ~The other
principle is by dividing the circumference of the base into a number of small equal parts, and
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supposing axal sections to be made through the points of division; then, by corisidering the
surface of each axal portion as the surface of a cylinder, the covering will be found. The
distance between the points of division, in the former case, must be less than the breadth of the

" boards which are to form the envelopes of the covering, in order to make the convex edge of
the board : this distance must, therefore, be less, as the length of the boards is greater. In the
latter case, the distances between the points of division may be exactly equal to the breadth of
the boards. It is true that the surface of each part is spherical or convex, and therefore can
neither be considered as the frustum of a cone, nor that of a cylinder: but, if the distance
between the divisions be small, the surfaces will be almost straight in all the axal sections: so
that there will be no practical difference, even though the widest boards be used in moderate-
sized works. The boards which thus form the envelopes must be thin, in order that they may
bend easily to the surface of the circular roof to be covered. It is here proper to notice that,
when boards are bent, so as to form a surface either concave or convex, they are much stronger
than if the surface were a plane, even though the ribs were at the same distance in both: but, in
order to make the boards bend regularly and truly, the ribs ought to be disposed at a nearer
distance, even at the widest place, which is at the bottom, than the rafters of a common roof:
‘When the ribs are disposed in axal planes, they will come in contact with each other at the top,
unless they terminate upon a circular kirb, of a diameter sufficient to prevent their doing so; but
as the intervals at the top are always much less than at the bottom, the ribs are sometimes
discontinued, in order to reduce the intervals nearer to an equality of breadth throughout the
length of each: the execution in this way will save the timber-work, and, consequently, lessen the
expense. Sometimes the ribbing of circular roofs consists of only several principal axal ribs, and
the intervals filled in with jack-ribs; which, if the surfuce to be covered be spherical, are
portions of less circles of the sphere, and are disposed in parallel vertical planes.

Purlins and Ribs for Circular Roofs.

140. In plate XX V1, figures 1 and 2, show the plan and elevation of a conical and domical
roof; No. 1 in each figure being the plan, and No. 2 the elevation, to determine the size of the
timber for the purlins.

The first thing to be done is, to draw the contour both of the plan and elevation. In the one
extreme rafter let gfek be the section of the purlin. Round the angular points g, f, ¢, 4,
describe the square abed: then will £, fe, bg, ce, ag, de, ha, hd, be the parts that are to be
gauged off, after having been squared to the circular plan. The same description applies to
both figures.

141. Figure 1, pl. XXV1II, is a design for an ellipsoidal dome, the plan being elliptic, and
one of the vertical sections circular. The ribs are constructed without trusses. In order to
divide them as equally as possible, a purlin is introduced, to support the upper ends of the
jack-ribs. As this dome is supposed to rise from an elliptic well-hole, the timbers are carried
below the base, from a, b, ¢, d, ¢, f. No. 1 is the elevation; and No. 2 the plan, showing the
upper face of the wall-plate, purlin, and curb. Nos. 3, 5, 7, are the entire ribs, to be placed
upon A, C, E, in the plan; and 4, 6, 8, are the jack-ribs, to be placed upon B, D, F, on the
plan. The upper ends of all the ribs terminate upon the curb, or upon the purlin, with a bird’s
mouth, which is the usual method of fitting them.

142. Figure 2, plate XXVII, is a design for an hemispherical dome, constructed in the same
manner as the elliptic dome, fig. 1. Nos. 8 and 4 show the ribs.
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COVERING FOR CIRCULAR ROOFS. . 39

In large roofs, constructed of a domic form, without trussing, the ribs may be made in two or
more thicknesses, in such a manner that the common abutment of every two pieces, in the same
ring, may fall as distant as possible from the abutment of any other two pieces, in a dlﬂ'etent
ring. The number of purlins must depend upon the diameter of the dome.

Boarding for Circular Roqf:v.

143. To find the form of the boards for an ellipsoidal dome, the plan being an elhpsxs, and
the vertical section upon the least diameter a semi-circle; so that the joints of the boards may
be in planes passing through the greatest diameter of the plan.

Let ABCD, fig. 1, pl. XXVIII, be the plan of the dome, AC the greater diameter, and DB
the less ; E the centre. From E, with the distance ED, or EB, describe the semi-circle BFD.
Divide the arc into such a number of equal parts, that one of them may be equal to the breadth
of a board, and let the points of division be at 1,2, 3, 4, &c. Draw the lines 1 a, 2, 3¢, 4d, per-
pendicular to BD, cutting BD at the points a, b, ¢, d. Then, upon AC, as the length, and upon
Ea, Eb, Ec, Ed, as so many breadths, describe the semi-ellipses, AaC, AbC, AcC, AdC,
which will represent the joints of the boards upon one side of the dome. Now, since all the
sections of this dome, through the line AC, are identical figures, the vertical section, upon the
line AC, will be identical to the half plan ABC, or ADC. Divide, therefore, BA into any
number of equal parts, by the points of division e,f, g, A, i, k, I; the more the truer the
operation. Draw the straight lines em, fn, go, hp, iq, kr, ls, perpendicular to AC, cutting
AC at the points m, », 0, p, g, r, 5, and the semi-ellipsis AdC, in the points ¢, u, v, w, z, ¥, 2.
On the straight line, GH, fig. 2, set off the equal parts, Em, mn, no, &c., from each side of the
centre E, each equal-to one of the equal parts Be, ¢f, fg, &c., in the semi-elliptic curve, ABC,
in the plan fig. 1. Through the points m, n, o, p, &c., fig. 2, draw lines perpendicular to GH.
Make m¢ equal to m¢ in the plan, fig. 1; and nu, fig. 2, equal to nu in the plan, fig. 1; then,
through all the points ¢, «, 9, &c., draw a curve, and the same curve repeated on each side of the
line GEH will give the form of the board to reach from A to C, and each curve will be the edge
of a board, and all the boards of the same figure.

- Figure 3 shows the longitudinal elevation ; viz. on the line AC of the plan.

- Figure 4 exhibits the transverse elevation, the contour being identical to that of the section on
the line DB.

144. In figures 2, 8, 4, (plate XXIX,) No. 1 is the plan, and No. 2 the elevation ; the con-
tour of the latter being a vertical section passing through the axis. Figure 2 represents a dome,
whose contour is a semi-circle; figure 3 represents a segmental dome; figurc 4 represents a
round body, of which the vertical section is an ogee, or curve of contrary flexure.

Through the centre of the plan, G, draw the diameter, AC; and the diameter BD, at right
angles to AC; and produce BD to E. Let BD, figures 2 and 3, be the base of a semi-
section of the dome: on BD apply the semi-section BFD; and as the dome, represented by
Jigure 2, is semi-circular, the point F will coincide with the point A in the circumference of the
plan. In figures 2 and 3 divide the curve FD, of the rib, into any number of equal parts, and
extend the curve DF upon the straight line DE, from D to E; that is, make the straight line
DE equal in length to the curve DF. Through the points of division, in the curve DF, draw
lines perpendicular to DG, cutting it at the points a, b, c: then, extending the parts of the arc
between the points of division upon the line DE, from D to 1, from 1 to 2, from 2 to 3, &c.:
make D1 equal to half the breadth of a board, and join 1G; produce the lines 1a, 26, 3¢, &c.,
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drawn through the curve DF, to meet the line 1G, in the points d, ¢, f, &c. Through the points
1, 2, 3, &c., in DE, draw perpendiculars 1g, 24, 3i, &c.: make 1g, 24, 34, &c., respectively
equal to ad, be, cf, &c.; and, through the points d, g, %, ¢, &c., E, draw a curve, which will
form one edge of the board. The other edge, being similar, we have only to describe a curve
equal and similar, so as to have all its ordinates respectively equal from the same straight line DE.

In fig. 4, the form of the mould for the boards is found in a similar manner, except that the
curve DF is one side of the elevation, No. 2: Lines are drawn from the points of division in DF
perpendicular to the diameter AC, which is parallel to the base of No. 2; and the points of
division are transferred from the radius GC, to the radius GD, which is the base of the section.
The remaining part of the process is the same as in figures 1 and 2.

In figure 2, the curved edge of the board is a symmetrical figure of sines; the curve of the
mould, fig. 3, is a smaller portion of the figure of the same curve: and, in fig. 4, the mould is
a curve of contrary flexure ; and if the curve DE be composed of two arcs of circles, the curve
of the edges of the mould for the boards will still be compounded of the figure of sines set on con-
trary sides; and, if the curve DE be compounded of two elliptic segments, the edges of the mould
for the formation of the boards will still be of the same species of curve: viz. the figure of sines._

This figure occurs very frequently in the geometry of building.

145. The method we have described may be called the vertical method of covering a dome,
and we now proceed to give the korizontal method.

In fig. 1, pl. XXX, let ABC be a vertical section of a circular dome, through its axis; and
let it be required to cover this dome horizontally ; bisect the base, AC, in the point H, and
draw HI perpendicular to AC, cutting the semi-circumference in B. - Divide the arc BC into
such a number of equal parts that each part may be less than the breadth of a board ; that is to -
say, allowing the boards to be of a certain length, each part may be of the proper width, allowing
for waste. Then if; between the points of division, we suppose the small arcs to be straight
lines, as they will differ very little from them, and if horizontal lines be drawn through the points
of division, to meet the opposite side of the circumference, the trapezoids will be the sections of
so marry frustums of cones, and the straight line HI will be the common axis for every one of
these frustums. )

Now, therefore, to describe any board, which shall correspond to the surface of which one of
the parts, ab, is the section, produce ad to meet Hl in ¢; then, with the radii ¢b, ¢a, describe
two arcs ; then radiating the end to the centre, the lines thus drawn will form the board required.

In the same manner any other board may be found ; as is evident from the principle described.

146. To find the forms of the boards for covering an ANNULAR vauLT ( pl. XXX, fig. 2).

Let AD be the outer diameter of the annulus, CG the inner, E the centre, and AC the
the breadth of the vault. !

On AC describe the semi-circle ABC: then, if ABC be supposed to be set or turned perpen-
dicular to the plane of the paper, it will represent the section of the vault. From E, with the
radius EA, describe the semi-circle AFD ; and, from the same centre, E, with the radius EC,
describe the semi-circle CHG ; then AFD is the outer circumference, and CHG the inner
circumference ; and, consequently, AFDGHC is the plan of the vault, perpendicular to the
fixed axis; and the section ABC of the vault is perpendicular to the plan AFDGHC. '

To find the form of any board ; divide the circumference of the semi-circle, ABC, into such a
number of equal parts as the boards or planks out of which they are to be cut will admit.

Let ab be one of the divisions or the distance between two adjacent points; through the
centre E draw HI, perpendicular to AD: and through the points a and b, draw the straight
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line a¢c, meeting HI in the point ¢: from ¢, with the radius ca, describe an arc; and from the
same centre, ¢, with the radius ¢, describe another arc, and enclose the space by a radiating line
at each end; and the figure bounded by the two arcs, and the radiating lines, will be the form
‘of the board required.

‘In the same manner the form of every remaining board may be found.

It is obvious that, as common boards are not more than from nine or eleven inches in breadth,
the boards formed for the covering cannot be very long; or otherwise they must be very narrow,
which will produce much waste

147. To cover an ELLIPSOIDAL DOME, the length of the generating ellipse being the fixed axis,
(pl. XXX, fig. 3.)

Let ABC be the section through the fixed axis, or generating ellipse, which will also be the
vertical section of such a solid.

Produce the fixed axis AC to I, and divide the curve ABC into such a number of equal parts
that each may be equal to the proper width for a board. Then, as before, draw a straight line
through two adjacent points, as a and b, to meet the line Al in ¢; then, with the radii ea and
¢ b, describe arcs, and terminate the board at its proper length.

No. 2, (fig. 3,) is a horizontal section or plan of the dome, exhibiting the plan of the boarding.

148. Figure 4 is a section of an ogee roof circular on the plan. The principle of covering it
with boards bent horizontally, is exactly the same as in the preceding examples.

It is now necessary only to explain one general principle, which extends to the whole of these
round solids. The planes which contain the conic frustums are all perpendicular to the fixed
axis, which is represented by HI, in all the figures. Produce ab, to meet the fixed axis HI in ¢;
then, with the radius ca, describe an arc; and, with the radius ¢ b, describe another are, which
two arcs will form the edges of the boards; the ends are formed by lines radiating from the
centre ¢. Now, whichever figure is inspected, it will be found that this rule applies to it.

As the boards approach nearer to the part of the roof which is of the greatest diameter, they
may be made either wider or longer; but, as the boards approach nearer to the axis HI, the
waste of stuff will be greater, and, consequently, the boards must be shorter.

149. When the boards come very near to the bottom of the dome, the centres for describing
the edges of the boards will be too distant for the length of a rod to be used as a radius. In
this case we must have recourse to the following method. Let ABC, (fig. 1, pl. XXIX,) be
the section of the dome, as before, and let e be the point in the middle of the breadth of a
board : draw ed parallel to AC, the base of the section, cutting the axis of the dome in g, and
join Ae, cutting the axis in . Then, by Art. 6, describe the segment of a circle, through the
three points d, f, e, and this will give the curve of the edge of the board, as required.

Figure 1, No. 2, exhibits the manner of applying the instrument we have described in Art. 4,
to this purpose. Thus, suppose we make DE equal to de in No. 1: Bisect DE in G, and draw
GF, perpendicular to DE, and make GF equal to gf, in No. 1. Draw FH parallel to DE, and
make FH equal to FE, and join EH; then cut a piece of board into the form of the triangle
HFE : then let HFE be that triangle; then move the vertex F from F to E, keeping the leg
FE upon the point E; and the leg F, and the angular point F of the piece, so cut, will describe
the curve, or perhaps as much of it as may be wanted.

It must be here observed that the line described is the middle of the board ; but, if the breadth
of the board is properly set off at each end, on each side of the middle, we shall be able to
describe the arc with the same triangle; or, if the concave edge of the board be hollowed out,
the convex edge will be found by gauging the board off to its breadth.

M
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As all the conic sections approach nearer and nearer to circles, as they are taken nearer to the
vertex; a parabola, whose abscissa is small, compared to its double ordinate, will have its
curvature nearly uniform, and will, consequently, coincide very nearly with the segment of a
circle; and, as this curve is easily described, we may employ it instead of a circular arc, as
in Nos. 3 and 4.

Draw the chord DE, as before, and bisect it in G. Draw GF perpendicular to DE, and
make GF equal to gf, in No. 1: so far the construction of the diagrams, Nos. 3 and 4, are the
same ; and then describe No. 3 by Art. 14, and No. 4 by Art. 15.

The arc of a circle may, however, be accurately drawn through points, by the following
method : ’

Let DE, (fig. 1, No. 5)) be the chord of the segment, and GF the height. Through F
draw HF, parallel to DE; join DF, and draw DH perpendicular to DF. Divide DG and HF
each into the same number of equal parts, as five, in this example; draw DI perpendicular to
DG, meeting HF in I; and divide DI into the same number of parts as DG: vis. five. Join
the points of division in DG to those in HF, and also through the points of division in DI draw
straight lines to the point F, cutting the former straight lines, drawn through the points of
division in the lines DG and HF : then trace a curve from the point D, and through the points
of intersection to F, and we shall have one half of the circular arc. The other half is found in
the same manner, as is obvious from inspection of the figure. But the method described in
Art. 5 is the most easy in practice for a case where every board is of a different curvature.

The last method of covering round solids requires all the boards to be of different
curvatures, and continually quicker as they approach nearer to the crown; but, by the first
method of covering a dome, with the joints in vertical planes, when the form of one of the moulds
is obtained, this form will serve for moulding the whole solid. The waste of stuff is, however,
the same in both methods, and the horizontal method admits of the ribs being disposed so as to
give greater strength with less material.

OF NICHES.

150. NicHEs are recesses formed in walls, in order to contain some ornament, as a statue, or
an elegant vase. They are also adapted to receive figures bearing lights in halls, galleries, and
staircases. Sometimes niches are made in thick walls to save materials.

Niches for the interior parts of buildings are generally constructed of ribs of timber, and lathed
and coated over with plaster, which forms the apparent surface.

The plan or base of a niche is always some symmetrical figure ; as a rectangle, a segment of a
circle, or of an ellipsis.

All the sections of a niche, parallel to the base, are similar ﬁgures and all the sections
parallel to the base, to a certain height are equal. Niches sometimes terminate upwards in a
plain surface, and sometimes in a spheroidal surface ; but most frequently in the portion of a
spherical surface; so that, as the faces of walls are generally perpendicular to the horizon, the
aperture in the face is either a rectangle, or a rectangle terminating in the segment of a circle, or
in the segment of an ellipsis. Two of the sides of the rectangular part being perpendicular to
the horizon.

Niches are always constructed in a symmetrical form; vis. if a vertical plane be supposed to






Ly [ N

NICHENS .

Frg. 2. N2,

Fig 2 | N7,

£LANNS

Londeom Lhbleched n: The* Kelb 17 LiaternosterBin Jan 22 [335

|
|
i

Ll e



OF NICHES. 43

pass through the middle point of the breadth, perpendicular to the surface of the wall, it will
divide the niche into two equal and similar parts; or, if any two pojnts be pken in the breadth,
equi-distant from the sides of the niche, and if two vertical planes be supposed to pass through
these points, perpendicular to the surface of the wall, the sections of the niche will be equal and
similar. ‘

Niches are placed either equi-distantly, in a straight wall, or round a cylindrical wall, dividing
the circumference into equal parts: sometimes they are placed in an elliptic wall. In the latter
case, however, they ought not to divide the circumfergnce into equal parts, but to be at an equal
distance from each extremity of the principal axis of the ellipsis. Niches are frequently con-
structed in polygonal rooms; a niche being placed in the middle of each side of the prismatic
cavity. The opposite sides of such rooms are always equal and similar rectangles. The plans
are either hexagonal or octagonal ; but, most frequently, of the latter form.

151. The principles of forming the ribs, for the heads of spherical niches, are drawn from the
following considerations :

All the sections of a sphere, made by a plane, are circles ; therefore the edges of the rlbs to be
lathed ought to be portions of circles. .

The ribs of niches may be placed either in vertical planes, or in horizontal planes; and,
indeed, in any manner, so as to form the spherical surface as required : it will be most convenient,
however, to dispose the ribs either in vertical planes, or in planes parallel to the horizon, as the
case may require.

One of the most easy considerations for the ribs of a niche, when they are placed in vertical
planes, is to suppose them to pass through a common line of intersection ; and, if this line passes
through the axis of the sphere, the ribs will be all equal portions of the circumference of a great
circle of the sphere: and will, in consequence, be very easily executed. In this case, the square
edges of the ribs will range, or form the surface of the niche. This position of the ribs is there-
fore very convenient for forming them, as not only less time, but much less wood will be required
to execute them. .

There is another position of vertical ribs, which is frequently convenient; that is, by placing
the ribs in equi-distant planes, perpendicular to the surface of the wall; and, consequently, when
the surface of the wall is a plane, the planes of the ribs will be all parallel.

152. Figure 1, in pl. XXX1, exhibits the plan and elevation of a niche; the ribs are dis-
posed in vertical planes, which intersect in the axis of the sphere. The plan, No. 1, is the
segment of a circle; and, in consequence of this, the back ribs are of different lengths, and will
therefore meet the front rib in different places, as shown in the elevation, No.2. But, if the
plan had been a semi-circle, all the back ribs would have necessarily met the front rib in the
middle of its circumference. Numbers 3, 4, 5, 6, (fig. 1,) exhibit the ribs as cut to their proper
lengths, according to the plan, No. 1. Thus, let it be required to find the rib standing upon
the plan BCED, of which the sides BD and CE are equi-distant from the line that passes
through the centre A. In No. 6 draw the straight line ad, in which make ac, ab, ad, equal to
AC, AB, AD, No. 1: in No. 6, from the point a, as a centre, describe an arc of a circle; from
the points b, ¢, draw two straight lines, perpendicular to ad, cutting the arc; then the portion
of the arc, intercepted between the point d and the perpendicular drawn from the point b, is the
arris line next to the front, and the part intercepted between the point d and the perpendicular
from c is the arc forming the arris line next to the back; so that the extremities of the perpen-
diculars drawn from b and c, give the extremities of the joint against or upon the front rib.
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As to the form of the back edges of the ribs, they may be curved or formed in straight portions,
In this manner all thg other ribs may be formed ; as is evident from the preceding explanation.

153. Figure 2, pl. XXX1I, exhibits the plan and elevation of a niche, with the method of
describing the ribs when they are disposed in parallel planes. No.1 is the plan, No. 2 the
elevation, and Nos. 3 and 4 the method of drawing the ribs. The lengths of the bases of the
ribs, in Nos. 3 and 4, are taken from the plan, No. 1; as AK, Al, AH, AF, AE, AC, AB, are
respectively equal to ED, ac, ab, af, ae, ai, ak, in the base No. 1. The two distances which
approach near to each other show the quantity of bevelling. With these distances, from the
centre A, No. 8, describe as many semi-circles as there are points; then the double lines will
represent the quantity of bevelling, or the distance from the square edge. No. 4 shows one of
the ribs alone by itself.

154. To draw the ribs of a spherical niche, in a circular wall. Plate XXX1I, Nos. 1,2, 3,4, 5..

Let No. 1 be the plan of the niche, and that of the wall Abcd, &c. that being the base line
of the circular wall ; and ABCD the base line of the spherical niche; and A, B,C, D, &c. the
bases of the ribs, of which the sides are all supposed to stand in a vertical plane. A plane,
passing through the middle of the thickness of each rib, parallel to the sides of that rib, is.
supposed to pass through the centre of the sphere; and, therefore, the bases of these planes
will pass through the point E, which is the projection of the centre of the sphere, on the.
horizontal plane, where the cylindrical and spherical surfaces meet each other; and this we may
suppose to be the plane of the paper.

Now, since all sections of the sphere are circles, all the edges of the ribs of the niche will be
circular; but, because all the circles pass through the centre of the sphere, the edges of the
ribs of the niche must be all segments of great circles of the sphere; and, therefore, they must
all be described with one radius, which is equal to that of the arc A, B, C, D, &c., and, con-
sequently, with the radius EA, EB, EC, ED, &c., as at No. 3, No. 4, No. 5, &c.; therefore,
from F, G, H, as centres, with the radius EA, describe the arcs DN, CM, BK; and draw
FD, GC, HB. Produce FD to S, GC to Q, and HB to O. In the radius FD, No. 3, make
Fd equal to Ed, No.1, and draw dT perpendicular to FD, cutting the arc DN at N: then
DN will be the under edge of the rib which stands upon dD, its plan. In No. 4, upon the
radius the CG, make C#, Ce, equal to the plan of each side of the rib which stands upon C,
No. 1; and, in No. 4, draw the perpendicular ¢R, 4V, cutting the arc CM at L and M.

In like manner, in No. 5, make Be, B, each equal to the side of the rib B, in the plan,
No.1; and, in No. 4, draw dP, eU, perpendicular to BH, cutting the arc BK in I and K.
Then the backs of these ribs may either be the arcs ST, QR, OP, or may have any outline
whatever ; but, for the convenience of what will be presently shown, in the fixing of the ribs,
it will be proper to make them all circular arcs of one radius, which will make them suffi-
ciently strong. Then IPKU is the representation of the top of the rib, which top coincides
with the face of the wall, and, consequently, the distance between the lines LV, MR, is the
quantity which this rib, now under description, must be bevelled. In like manner, IKPU is
the representation of the upper end of the rib which stands upon its plan B, and where it
falls in the surface of the wall.

The back of the ribs being made clrcular, and of one radius, they will all coincide with
another spherical surface: if, therefore, the back ribs are fixed at their bases, the inner edges
will be brought to the spherical surface, by fixing a rib, at the back of these ribs to attach them
to, whose inner concavity has the same radius as the backs of the ribs, and the plane, passing
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BRACKETING FOR COVES AND CORNICES ' 45

through the middle of its thickness, parallel to its sides, must pass through the centre of the
sphere. In other respects, the plane of this fixing rib may have any other position whatever,
besides what has now been described.

Where niches are to be lined with boards, it may be done by the same methods as are em-
ployed for covering domes, see Art. 143 and 144.

BRACKETING FOR COVES 'AND CORNICES.

155. Cove-BRACKETING is a method of forming the angle between the ceiling and walls of a
room for the cornice, the middle part of which consists, generally, of the concave surface of a
cylinder ; though its curvature may be, occasionally, elliptical or of other compound curves; and
the surfaces produced by using the latter kind of curves will have the appearance of greater ease
and propriety than the surface of a cylinder. ‘

All the vertical ‘sections of coved ceilings, perpendicular to the wall, are equal and similar
figures, alike situated to the surface of the wall, and equi-distant from the floor.

The cornIcE of a room has the same properties ; that is, its vertical sections, perpendicular to
the surface of the wall, are equal and similar figures; and their corresponding parts are equi-dis-
tant from the wall, and also from the floor.

As the coves and cornices of rooms are generally executed in plaster, when they are large, in
. order to save the materials, the plaster is supported-upon lath, which is fastened to wooden
brackets, and these again to the bond timbers, or to plugs in the wall: and for this purpose the
brackets are equi-distantly placed, at from three-quarters of an inch to an inch within the line of
the cornice ; and, in order to support the lath at the mitres, brackets are also fixed in the angles.

156. In fig.1, pl. XXXIII, ABCD is part of the plan of the faces of the walls of a room.
The plan of the bracketing is here disposed internally, and the angle brackets are placed
at B and C.

In fig. 2, ABCD is the plan of part of one side and the chimney-breast ; and here, on account
of the projection, we have one internal angle and one external angle. We may here observe,
that the angle bracket of the external angle is parallel to that of the internal angle.

Figure 3 exhibits a bracket upon an obtuse angle.

In fig. 4, ABCDEF is part of the section of a room; CD is the ceiling line; CB and DE
are the sections of the coves; BA and EF are portions of the wall-lines.

Figure 5 shows the construction of a cove-bracket at a right angle. Let AC be the projec-
tion of the cove, and let Aa be part of the wall-line: make Aa equal to AC, and join aC; on
the base AC describe the bracket AB, which is here the quadrant of a circle, but may be of any
figure. In the arc AB take any number of points, d, ¢, f, &c., and from these points draw lines
parallel to Aa; that is, perpendicular to AC, cutting both AC and aC in as many points; from
the points of sectionin aC draw lines perpendicular to aC, and make the lengths of the perpen-
diculars respectively equal to those contained between the base AC and the curve AB; and,
through the points thus found, draw a curve; and the curve, thus drawn, will be the angle-rib
to form the cove in the angle, as required to be done.

Figure .6 exhibits the constructlon of a bracket for an external obtuse angle, AaK being the
wall-line.

Figure 7 exhibits the construction of a bracket for an external acute angle.

N
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Figure 8 exhibits the section of a large cornice, where the lines within the mouldings form
the bracket required.

Figure 9 shows the construction of the angle-bracket far a cornice in a right-angle.

To form the bracket in the obtuse or acute angle, take any point f (figures 6 and 7,) in the
given cove, and draw F# parallel to Ag, cutting the base AC of the given bracket in g, and the
base ac of the angle-bracket in /4: draw /i perpendicular to ac, and make ki equal to gf’; then
will ¢ be a point in the curve. In the same manner we may obtain as many points as we please.

This description also applies to the construction of an angle-bracket of a cornice; the only
thing to observe with regard to this is, to make all the constructive lines pass through the
angular points in the edge of the common bracket. -

In the construction of angle-brackets, it will be the best method to get them out in two
halves, and so range each half to its correspondine side of the room ; and, when they are ranged,
nail the halves together.

[ —

PENDENTIVE BRACKETING.

157. PENDENTIVE BRACKETING occurs when certain portions of a concave surface are intro-
duced between the walls of a rectangular or ‘polygonal room and the level ceiling, so as to
reduce the outline of the ceiling to a regular figure of a different form from the plan of the
room. The parts thus introduced are called PENDENTIVES.

Pendentives are either portions of cones, spheres, or spheroids, and the figures they form, by
their intersection with the walls ffom whence they spring, are dependant on the following
principles.

158. It is well known that, if a sphere be cut by a plane, the section will be a circle; and, if
a hemisphere be cut by a plane perpendicular to its base, the section will be a semi-circle. If a
right cone be cut by a plane, perpendicular to its base, the section will be a Ayperbola ; and,
generally, if any conoid, formed by the revolution of a conic section about its axis, be cut by a
plane perpendicular to its base, the section will always be similar to the section of the solid
passing through the axis; and every two sections of a conoid, cut by a plane perpendicular to
the base, at an equal distance from the axis, are equal and similar figures. Therefore if, on the
base of a hemisphere, we inscribe a square within the containing circle, and cut the solid by
planes perpendicular to the base, through each of the four sides of the square, the four sec-
tions will represent the four portions of each wall, and the arcs will represgnt the springing lines
for the spherical surfaces.

159. On pl. XXXIV, fig. 1, No. 1 is the plan of a room, with the ribs which form the pen-
dentive ceiling ; the semi-circles on the sides are supposed to turn up perpendicular to the plan
bnmo, which will form the terminations of the four walls; No. 2 is the elevation.

Numbers 3, 4, 5, 6, and 7, exhibit the ribs for one-eighth part of the whole ; and, as these ribs
are all in planes passing through the axis, they are all great circles of a sphere, of which the
diagonal of the square is a diameter; therefore, though the ribs are shorter in the middle of
each side, and increased towards the angles, they are all described with the same radius, which
is half the diagonal of that square. The whole of the scheme may be formed in paste-board.
Thus, in figure 2, let ABCD be the plan; on each of the sides, AB, BC, CD, DA, describe a
semi-circle; then let each semi-circle be turned round its respective diameter until its plane
becomes perpendicular to the plane ABCD ; then the sides, thus turned up, will represent the

.
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PENDENTIVE BRACKETING. 47

sections of the sphere, and ABCD the base of the solid ; when the surface extending between
the semi-circular arcs is entirely spherical.

In figure 3, the pendentives are supposed to be placed on a conic surface, and the sides of
the square not perpendicular, but equally inclined on every side, approaching nearer together as
they ascend.

Thus, let ABCD be the plan, and the circumscribing circle the base of the cone, and EGF
a section of the cone through its axis. Then, if the inclination of each of these four planes be
the angle EHI, making HI parallel to FG, then the conic section is a parabola, and may be
drawn as shown at fig. 3, No. 2, and as described in Art. 15 of this Work. \

Figure 4, (pl. XXXIV,) shows the method of describing the springing lines, when the sides
are perpendicular to the plane ABCD. From the centre of the square, and through the angular
points, describe the circle ABCD, and draw the diameter EF, parallel to any one of the sides,
' cutting AD and BC in ¢ and H. In Ec take any number of points, a, b, &c., and draw ad, be,
c/, perpendicular to EF, cutting the side EG, of the section of the cone, in the points d, e, f,
&c. From the centre of the plan describe the ares ¢i, bk, ag, cutting the side DC in g and 4,
and the arc ¢é touching it in i. Perpendicular to DC draw ém, hl, gk, and make im, hi, gk,
respectively equal to cf, be,ad. Then, upon the given base, DC, describe the symmetrical
figure, Dm ¢, which will form the springing line, in order to set the ribs upon the wall.

As this figure is an hyperbola, it may be described independently of tracing it from the plan,
thus: In fig. 4, No. 1, draw HK perpendicular to EF, cutting the side GF of the cone in I,
and meeting the other side EG, produced in K, and IK will be the axis, TH the abscissa, and
HC or HB the ordinate : then describe an hyperbola, fig. 4, No. 2, which has its axis, abscissa,
and ordinate, respectively equal to IK, IH, HB, or HC. See Art. 17.

Figure 1, (pl. XXXYV,) is the elevation of the angle of a room with conical pendentives. In
order to form the conic surface, the figure of an hyperbola must be described upon each side
of the room. The figure in the plate exhibits two sides of the room. In' this diagram agléb
represents the springing line on one side of the room, and bkc that on the other side; the
former corresponding to the straight line AB on the plan, No. 1, and the latter to the straight
line BC on that plan.

Figure 2 is a section and angular elevation of the angle of a room with spherical pendentives;
the plan being exhibited by No. I.

160. Figure 3 shows the method of drawing the springing-lines on the walls; the plan and
the rib over the diagonal of the plan being given to the elevation, fig. 2. Here the plan is
the square ABCD, and the rib over the diagonal of the square is DEFB.

From the centre V, with a radius equal to half the side of the square, describe the arc gPG,
which will touch the two sides DC, CB, of the square, at P and G, which are each in the
middle of these sides; and let the arc, thus described, cut the line BD at g. Draw g, per-
pendicular to DB, cutting the curve DE at A.

Let QG, R, SL, TN, UC, be the seats of the ribs for one-eighth part of the whole; and
since these are similar to those in every other eighth part, their formation will be sufficient
for the whole of the ribs; since there will be four ribs, for every one of those in the eighth part,
exactly alike, so that each rib becomes a mould for three more. The plans QG,RI, SL, TN, UC,
divide any arc described from the centre, V, into four equal parts, and terminate upon the side
BC of the square, in the points G,I, L, N; and from each of these points and the centre V,
describe an arc to cut BD in g,4,,n. Draw GH,IK, LM, NO, perpendicular to BC; also
draw i, Iz, nk, perpendicular to DB, cutting the under edge DE of the rib over the diagonal
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in the points &k m, 0. Make GH, IK, LM, NO, each respectively equal to g#, i%, Im, no; then
the curve HKMOC being drawn, will be half the springing-line over BC; the other half, being
made similar, will be the whole of the springing line. This springing-line will serve as a mould
for drawing the springing-lines upon each of the four walls. As all the ribs are portions of a
circle of the same radius, that is, they will have the same curvature as the edge DE of the rib
which stands upon the diagonal; the portion of each rib will be D4, D%, Dm, Do, cut by the
lines Az, ky, m=, ok.

161. Figure 4 shows the springing-lines for each wall, agreeably to the plan and elevation,
Jfig. 1. The method is exactly the same as that described for fig.3; and thus any further
description will not be necessary.

CENTRINGS FOR ARCHES AND BRIDGES.

162. In Carpentry, a centre is a combination of timber-beams, so disposed as to form a frame,
the convex side of which, when boarded over, corresponds to the intended concavity of an arch.

Having carried the piers or abutments to the height designed for the arch to spring from, the
next object is to set up the centre, the proper construction and erection of which may well be
considered as the most masterly operation in the building of arches.

In constructing the centre for an arch, the principal object to be kept in view is, to fix the
beams in such a manner as to support (without change of shape) the weight of the stones and
other materials that are to come upon them, throughout the whole progress of the work, from
the springing of the arch to the fixing of the key-stone. This object has not always been
sufficiently attended to by the architects, neither of this nor other countries; for, in many
instances, it has been known that the centres of bridges, from the injudicious principles of
their construction, have changed their shape considerably, or entirely failed before the arch
was complete ; and, in consequence of change of shape only, the arches built upon them have
varied, both in form and strength, from the intention of the engineer. In the large works of
this kind erected in Britain, however, no great inconvenience has ever been known to arise
from change of shape; our best engineers having constructed their centres on principles
calculated to support every weight, and resist every strain to which they might be exposed,
and hence have arisen the most perfect models of masonic art that ever marked the progress

. of human industry.

Description of Centres. -

163. In plate XXXVI, the upper figure is a truss of the centre for the middle arch of
Blackfriars’ Bridge; it is supported entirely by pieces strutting from the footings and pier.
The span of the arch is 100 feet, and its rise 40 feet. The middle portion is described-by a
radius of 56 feet, and the springing curves with a radius of 35 feet.

The striking wedges, DD, were so placed that the corresponding faces of these wedges and
the plates touched about half their length, and a loose block of wood was inserted at the back
of each wedge to prevent it sliding back during the construction of the arch. The ends of the
wedges, D, D, were bound by iron hoops, and a heavy beam of oak was suspended from two

- points of the centre to act as a battering-ram, in impelling back the wedges when the centre was
to be lowered. The whole operation of freeing the centre from the arch was performed in a
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GROINED ARCHES 49

few minutes. Other references will be found on the plate. Mr. Robert Mylne was the archi-
tect, and the foundation-stone of the bridge was laid in 1760.

164. The lower figure in plate XXXV, is a section through the piers and one of the arches
of Waterloo Bridge, London, built under the direction of Mr. John Rennie, Civil Engineer.
In this section the piling for the piers, the construction of the arches, and the centring for turn-
ing the arches upon, are shown. The spandrils over the piers were formed by parallel brick-

- walls, with blocks of stone, from wall to wall, for supporting the road-way. The dotted line

on the arch, near the middle of the depth of the arch-stones, shows the direction of the
pressure in the arch when the whole load is upon it. This line is called the curve of equi-
librium, and, when it passes every where at the middle of the depth of the arch-stones, the
arch is of the best possible form. It will be seen that it is nearly in the middle in this case.
It was formerly considered, that the soffit of the arch should be made of the same form as the
curve of equilibrium, but the error was corrected by Dr. Young in his valuable treatise on
Bridges, in Napier's Supplement to the Encyclopsdia Britannica. :

The centring was composed of eight frames or trusses, and was abundantly strong for the
purpose. The disposition of the timbers will be seen by the elevation, in plate XXXVI, but a
more perfect idea of the nature of the work will be obtained by a reference to the frontispiece.

Description of Plate XXX VII, (the Frontispiece.)

165. The principal object is the Centring of one of the Arches of the Waterloo Bridge,
with part of the arch-stones set, and the work in progress. The frathing, seen under the cen-
tring, is that of a temporary bridge for the use of the workmen. To the left, the coffer-dam,
pile-engines, and machinery used in forming the next pier, are shown. The view of the work
was taken at that period of its progress by Mr. Blore, an artist equally distinguished for his
taste and fidelity of representation.’ This magnificent edifice has now been completed several
years, and its simplicity of design, skilful arrangement, and solidity of execution, will render
the Bridge of Waterloo a monument, of which the metropolis of the British Empire will have
abundant reason to be proud, for a long series of successive ages.

OF GROINED ARCHES.

165. Groins are formed by the intersections of the surfaces of two or more vaults, or con-
tinued arches, crossing each other,.

. GROINED ARCHES may be either constructed of brick or stone, and they are sometimes formed
of wood, and lathed over for plaster.

' When they are constructed of brick or stone, the arch-stones or bricks require to be sup-
ported upon wooden frames, boarded over, so as to form a convex surface, to fit that surface
the groined vault is required to have, in order to sustain the whole during the time of building.
This construction is called a CENTRE, and it is removed when the work is finished. The framing
of the centre consists of equidistant ribs, fixed in parallel planes, perpendicular to the axis of
each vault; so that, when the under sides of the boards are laid on the upper edges of the
ribs, and fixed, the upper sides of the boards will form the surface required to build upon.

In the construction of the centring for groins, one portion of the centre must be completely
formed to the surface of the principal vault, without any regard to the cross-arches, so that the
' o
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upper sidee of the boards may form a complete cylindrical or other surface. The ribs of the
cross-vaults are then set at the same equal distances as that now described ; and parts of ribs
are fixed on the top of the boarding of the principal vault at the same distances, and boarded
in, so as to intersect it, and form the entire surface of the groin required.

Groins constructed of wood, in place of brick or stone, and lathed under the ribs, and the
lath covered with plaster, are called plaster-groins.

166. PLasTER-GROINS are always constructed with diagonal ribs intersecting each other ; then
other ribs are fixed perpendicular to each axis, in vertical planes, at equal distances, with short
portions of ribs upon the diagonal ribs ; so that, when lathed over, the laths may be equally stiff
to sustain the plaster.

167. When the axis and the surface of a semi-cylinder cuts those of another of greater dia-
meter, the hollow surface of the lesser cylinder, as terminated by the greater cylinder, is called
a Welsh groin.

WELsH GRoINS are constructed either of brick, stone, or wood. If constructed of brick or
stone, they require to have centres, which are formed in the same manner as those for other
groins ; and, if constructed of wood, lath, and plaster, the ribs must be formed to the surfaces.

In the construction of groins and vaults, the ribs that are shorter than the whole width are
termed jack-ribs '

168. Cellars are frequently groined with brick or stone, and sometimes all the rooms of the
basement-story of a building, in order to render the superstructure proof against fire. The
surface of brick or stone, on which the lowest course of arch-stones, or of bricks, is placed, is
called the springing of the arch or vault. It is evident that the more weight there is put on
the side-walls which sustain arches, the more they will be able to sustain the pressure of the
arches; therefore the higher'a wall is, the greater the weight should be on each of the side-
walls: and for this reason, in upper stories, where the walls are high, and not much weight
over them, groins are often constructed of wood, instead of brick or stone, as not being liable
to thrust out the walls, or bulge them, by the lateral pressure of the arches. The upper stories
of buildings are therefore never groined with stone or brick, unless when the walls are suffi-
ciently thick to sustain the lateral pressure of the arches. The ceilings of old Gothic cathedrals
were generally constructed with groined arches of stone, which were obliged to be supported by
strong buttresses, at the springing points in the arches; and, in a few instances, the same
method has been adopted recently. .

Geometrical Lines for Groined Arches.

169. Given the plan of a rectangular groined arch or vault, of which the openings are of
different widths, but of the same height, and a section of one of the arches, as also the plan
lines of the groins, to find the covering of both arches, so as to meet their intersection.

In fig. 1, pl. XXXVIII, let A, A, A, &c., be the plan of the piers, and ab cd, the plan lines
of the intersection of the groin.*

Let the section of the arch, standing upon the lesser opening, BC, be a semi-circle : it is
required to find the section upon the greater opening and the ends of the boards, so that the
surfaces of the groin may meet in the given line of intersection.

# The difference between the plan of any body and the plan line is distinguished thus: The plan is a figure upon which
a solid is carried up, so that all sections, parallel to the plan, are equal and similar to that plan, and the surfaces are per- ~
pendicular ; but the plan line is not in contact with the intersection itself ; but a perpendicular erected from any point in
the plan line will pass through its corresponding point of the intersection.
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On the diameter BC describe a semi-circle, and divide the quadrant into any number of equal
parts, ef, fg, gh, &c.; and from the points, e, f, g, &c., draw lines, parallel to the axis, F#, to
meet the plan line a b of the groin, or line of intersection of the two surfaces. From the points
k4, m, &c. of intersection, draw the lines £Q,!R,mS, &c., parallel to the axis of the other
vault, to meet the line VQ, perpendicular to that other axis in the points Q,R, S, &c. Then,
upon any line, DE, transfer the points Q, R, S, &c. to g, 7, s, &c., and draw ¢v, rw, sx, &c. per-
pendicular to DE, and transfer the ordinates Fe, G f, Hg, &c. of the semi-circle, to gv, rw, sz,
&c., and through the points v,w, z, &c. draw a curve; then gvE will‘ be half of the section
required. . :

'To find the covering of the semi-cylinder. Upon any straight line, YZ, No. 2, set off the
distances Im, mn, no, &c., each equal to the chord ef or fg, &c., in No.1; and draw (K, mL,
nM, &c., in No. 2, perpendicular to YZ. Make IK,mL,nM, &c., No. 2, equal to L%, M/, Nm,
&c., of No. 1, and through the points K, L, M, &c., No. 2, draw a curve. Then will the figure
K!Z be half of the covering of the cylinder.

To construct the covering, No. 3, for the great opeffing.

In the straight line ¢, No. 3, make v, u¢, ¢s, &c., equal to the parts, Ez, 2y, yz, &c., of
the elliptic curve, No. 1. In No. 3, draw 9B, 2O, ¢N, sM, &c., and make vB, O, tN, sM,
&c., No. 3, equal Vb, Uo, Tn, Sm, &c., No. 1; and in No. 3, draw a curve through the points
B,O,N, M, &c.; then gvBK ¢ will be the covering required.

The mode of constructing the ribs for the centre is shown by No. 4.

170. To find the line of intersection of a Welsh Groin. Plate XXXVIII, fig. 2.

Let A, A, A, A, be the plang of four piers, which form the openings of different widths. On
the lesser opening, PM, as a diameter, describe a semi-circle. Divide the quadrant next to P
into any number of equal parts, and through the points of section, draw the lines 1G, 2H, 3I,
&c., perpendicular to.PM, cutting PM in B, C, D, &c., and through the same points 1, 2, 3, &c.,
draw the lines 1la, 2b, 3¢, &c., parallel to PM, cutting a line ge perpendicular to PM in the
points a, b, ¢; produce the line which contains the points a, b, ¢, through the greater opening ;
and upon the part of the line thus produced, which is intercepted between the piers, A, A, de-
scribe a semi-circle. Produce the line MP to %; and, from ¢ describe arcs af, bg,ch, &c.,
cutting BZ in the points f, g, b, &c. Draw fk, gl, hm, &c. parallel to the base of the greater
semi-circle, to cut the arc of the same in the points, %,7,m, &c. From the points £, , m, &c.,
draw the lines G, IH, ml, &c. parallel to PM ; then, through the points G, H, I, K, L, draw
a curve GHIKL, which will be the plan of the intersection of the groin.

The covering to coincide with the groin is shown at No. 1. Draw pm, No. 1, and make
b, be, cd, &c., each equal to P1, 12, 23, &c., in the semi-circular arc. In No. 1, draw pgq, bg,
ch, &c., respectively equal to BG, CH, DI, &c., and through the points ¢, g, %, ¢, &c., draw a
curve ; then will pgnm be the covering required.

Plaster Groins.

171. To find the diagonal rib of a groined VauLt, of which the lesser openings are semi-
circles, and the groins, in vertical planes, passing through the diagonals of the piers.

On abk, fig. 3, (pl. XXXVIII,) the perpendicular distance between two adjacent piers of the
lesser opening, describe a semi-circle, ab/%; and, in the arc, take 1,2,3, &c., any number of
points, and draw the lines 17, 2m, 3n, &c., cutting the diagonal %, in /,m,n, &c. Draw lg, mr,
ns, &c., perpendicular to ¢4, and through the points ¢, ¢,7, 8, &c. draw a curve; then suk will
be the edge of the rib to be placed in the groin.
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The edge of the rib, for the other opening, will be found thus: From the potnts , m, n, &ec.,
draw the lines, I, mK, nL, &c., parallel to the axis of the opening of the larger vault, cutting
HB at the points C, D, E, &c. Make CI, DK, EL, &c., each equal to c1, d2, €3, &c.; then,
through the points B, I, K, L, &c., draw a curve; and the line thus drawn will be in the surface
of the greater opening, so that BNH will be one of the ribs of the body-range of vaulting.

The method of placing the ribs is exhibited at the lower part of the diagram, fig. 3, the ribs
of each opening being placed perpendicular to the axis of each groin.

172. To find the groined and side ribs of a LuNETTE, Where the groined ribs are in vertical
planes upon the straight lines ag, g/, (fig. 4, pl. XXX VIIL,) the principal arch being a semi-circle.

Let AC be the base of one of the principal arches, perpendicular to one of the sides of the
main vault, the points A and C being in the same range with those sides. Let mg be the open-
ing of one of the lunette windows. From the point g, the meeting of the plan lines of each
groin, draw gr perpendicular to mg, cutting mq at »; draw g3 parallel to mgq, cutting the semi-
circular arc ABC at 3. Between A and 3 take any number of intermediate points, 1, 2, &c., and,
through the points 1, 2, &c., thus assumed, draw le, 2f, &c., cutting the line ag, of the first
groin, in the points e, f; &c., and AC in b, ¢, d, &c. Perpendicular to ag draw eh, f3, &c., and
make eh, fi, gk, each equal to its corresponding line 41, ¢2, d3, &c.; then, through the points
& h, i, &, draw a _curve, which will form the groin belonging to the plan line ag. From the
points ¢, f, &c., draw lines et, f5, &c., cutting gm in the points p, o, &c.; and make pt, o3, nr,
respectively equal to 41, c2, d3; then, through the points g, ¢, s, r, draw the curve g#sr, which
will be one of the ribs of the lunette.

173. Given one of the ribs of a LUNETTE, and a rib of the main arch, to determine the plan-
line of the intersection of the two surfaces of the groin, (Plate XXXVIII, fig.5.)

This is, in fact, the same as a Welsh Groin; we shall therefore refer the reader to Art. 170,
for 1ts geometrical construction. '

LuNeTTES are used in churches, large rooms, or halls, and are made either in waggon-headed
ceilings, or through large coves, surrounding a plane ceiling: they have a very elegant effect
‘when they are numerous, and disposed at equal distances. Though it is not necessary to have
the axes of the lunettes and the axes of the quadrantal cylindric surfaces in the same plane,
they have the best effect when executed so; as the groin, formed by the meeting of the two
surfaces, has, in this case, less projection : and, though the groins are curves of double curvature,
their projections on the plan are perfect hyperbolas, and may be described independent of the
rules of projection, the summit or vertex of the curve being once ascertained : by these means
we shall have its abscissa and double ordinate ; the transverse axis being the distance between
the opposite curves.

174. In church-building, it frequently happens that the windows are either carried entirely
across the gallery-floors, or their heads considerably above the ceilings of those floors; in either
case, the light is so much intercepted, that it is necessary to hollow out the ceiling, in order to
obtain a sufficient quantity of light. This may be done in a very elegant manner, when the
head of the window is circular. For, if we conceive an oblique cylinder to form the head of the
window, in the segment of the circle, the segment being the base of the cylinder to be inserted,
and the cylinder displacing a portion of the ceiling, that portion of the ceiling must be a cylin-
dric surface, and the shape of the hollow required to be formed. Now, it is evident that, if
ribs be formed to curves of the same circle as the head of the window, and set in vertical planes,
or parallel to the surface of the window, and properly ranged, they will form the cylindric sur-
face required.
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In plate XXV1I, fig. 3 represents the section through the centre of the window, in which a4
is the ceiling line, and ab the height of the segment of the window-head, which extends above
the ceiling. Fig. 4 is the elevation of part of the window-head, in which AD corresponds with
the ceiling line. Fig. 5 is the plan of the curve formed by the intersection of the cylindric sur-
face and the plane of the ceiling. -

* Let it be determined that the opening is to extend to 4, on the ceiling ; then, draw b%; and,
on the line a4, set off the distances of the ribs, as at 1, 2, 3, 4, &c.; then draw 1/, 2m, 3n, &c.
parallel to Ad, cutting abd in /, m, n, &c. Transfer the divisions thus found on the line ab to the
line DB, fig. 4, and from each point draw a line parallel to AD, which will determine the points
1, 2,3, &c. in the arc AB. Draw HG in the plan parallel to Aa in the section, and from each
of the points 1, 2, 8, &c. in a A, draw a line parallel to 5G ; then, from each of the points 1, 2, 3,
&c. in the arc AB, let fall a perpendicular to G b, and from the points thus foand draw lines
parallel to GH, which will meet the corresponding lines from the section in the points 1, 2, 3, 4-
5,6, H in the plan, and the curve drawn through these points is the form of the eurb.

The ceiling is, in the figure, supposed to be level, but it may be inclined at any angle, and
yet the construction, as described, will give the true form of the curb, if, from the point G, the
line GH be drawn parallel to a4, the line of the ceiling. The ribs, in both cases, will be por-
tions of circles described by the same radius as the head of the window.

175; To find the angle ribs for a WeLsH Groix, and the moulds for the boarding. Plate
XXXIX, fig. 1. _

.~ A Welsh Groin is the intersection of one semi-cylinder, of a less diameter, with another of a
greater diameter. The principal objects to be found are, the line of the angle rib on the plan,
and the moulds for terminating the ends of the boards.

" For this purpose, on any straight line, which has A at one of its ends, as a diameter, describe
a semi-circle, as st No. 1, in the figure, terminating in A, for the section of the greater vault, or
semi-cylindrical arch. As the axis of the one cylinder is supposed to cnt the axis of the other
at right angles, the sides of the cross-vaults will also be at right angles to each other: therefore

" draw the diameter AC, of the lesser vault, perpendicular to the diameter of the greater vault;
and on AC, as a diameter, describe the semi-circle ABC: divide the quadrantal arc AB into
any number of equal parts, as here into five. Draw Ae perpendicular to AC, and produce CA
to k. Through the points of division, in the quadrantal arc AB, draw 1a, 25, 3¢, 4d, Be, parallel
to AC, cutting Ae, in a, b,c, d,e. Again, through the same points 1,2, 3, 4, B, in the qua-
drantal arc AB, draw straight lines 1g, 2r, 35, 4¢, BD, perpendicular to AC. From the point
A, as a centre, with the several distances Aa, Ab, Ac, Ad, Ae, describe the arcs ek, di, ch, bg,
af, cutting Akin f, g, A, 4, k.

Parallel to the diameter of the greater semi-circle, or parallel to Ae, (fig- 1, No. 1,) draw
f1, gm, kn, io, kp, cutting the greater semi-circular arc in the points /, m, n, o, p. Through the
points }, m, n, o, p, draw lg, mr, ns, ot, pD, parallel to AC, cutting the perpendiculars 1g, 2r, 3s,
4¢, BD, in the points g, r, s,¢, D. Through the points A, g, r, 8, ¢, D, trace a curve by hand, or
put in nails at the points A, g, r, 5, # D, and bend a thin slip of wood so as to come in contact
with all the nails; then, by the edge of this slip, which touches the nails, draw a line with a
pencil, or find pomts and the curve thus drawn will be half the plan line of the angle rib. The
other half, being exactly the reverse, may be found by placing the distances of the ordinates at
the same distance from the centre, upon the diameter AC, and setting up the perpendiculars by
making them respectively equal to the others.

It will perhaps be eligible to make the whole curve ADC at once.

) P

.
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The mould for cutting the ends of the boards, which are to cover the ribs of the centres of
the lesser openings, will be found as follows :

On any straight line, C5, as on the diameter AC produced, set off the equal parts Al,12;
28, 34, 4B, of the quadrant AB, on the straight line C5, from C to 1, from 1 to 2, from 2 to 3,
from 3 to 4, from 4 to 5, and draw the straight lines 1u, 20, 3w, 4, 5y, perpendicular to C5.
Make 1u, 20, 3w, 4, 5y, each respectively equal to each of the ordinates comprehended between
the base AC, and the plan line of the rib AD; then, through all the points C, u, o, w, z, y, draw
a curve Cuvwxy, as before ; then the shadowed part, of which the curve line Cuvway is the
edge, is the mould for one side, which may also be made use of for the other.

To apply this mould, all the boards should be laid together, edge to edge on a flat or plane
surface, to the breadth C5. Draw a straight line C5, perpendicular to the edge of the first
board, at the distance of 5y from the end. At the distance C5 draw a perpendicular 5y, and
set off the distance 5y. Then apply the proper edge of the mould from C to y, as exhibited
in the plate, and draw a curve across the boards, and cut their ends off by the line thus drawn;
then the ends, thus formed of the remaining parts, will fit upon the boarding of the greater vault,
after being properly bevelled, so as to fit upon the surface of the said boarding.

No. 4, of fig. 1, exhibits the curve, in order to draw or discover the line on the boarding
of the greater vault, in order to place the boarding of the lesser vault.

Nos. 2 and 3, fig. 1, show the method of forming the inner edges of the angle ribs, so as to
range with the small opening in plaster groins. The under edge of the rib must be formed
so as to correspond to the curve which is the plan line of its angle; and the little distances,
between the straight line and the curve, must be set off on the short lines, shown at Nos. 1, 2,
and 3; then a curve may be drawn through the points of extemsion, and the superfluous wood
taken away; then, the rib being put in its real place, the angle will exactly fall over its plan.
The diagram, figure 1, and its different numbers, answer both the purposes of centring for
brick or stone, and of ribbing for plaster-ceilings.

Figure 2, pl. XXXIX, exhibits the method of forming the Cradleing, or ribs, for plaster-
ceilings of Welsh groins. Here principal ribs are used only across at the piers. The ribs of
double curvature, which form the groins, though here exhibited, in order to fix the ribs, are not
always used by men of experience: but young workmen require every assistance, in order to
acquire a comprehensive idea of the subject; it is, therefore, proper to show how the groined
ribs may be found. The other ribs, for lathing upon, are made of straight pieces of quarter-
ing, fixed equi-distantly

Figure 3, pl. XX XIX, is a plan in which common groins and Welsh groins both occur. In
London, an example may be seen in the gate-way leading from the Strand, into the court of
Somerset-house.

176. To find the seats of the intersections of groins formed by the intersection of an annular
and a radial vault, both being at the same height, the section of the annular vault being a
semi-circle, and that of the radiating vault a semi-circle of the same dimensions, the plan being
given. Fig. 4, pl. XX XIX,

Perpendicular to the middle line, or axis, AC of the radial vault, draw a straight line, ab,
from any point of that middle line; from the point thus drawn, set off ab equal to the radius of
the circle of the annular vault; from the point b draw a line, parallel to the axis, AC, of the radi-
ating vault, to meet the side of the plan as at d. From the point of meeting draw a straight line
de, perpendicular to the axis, to meet the other side of the plan of that radiating vault: on the
perpendicular thus drawn, between the two sides, as a diameter, describe a semi-circle : divide

-
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each quadrantal arc of this semi-circle, and each quadrantal arc of the semi-circle DE, which °
is the section of the annular vault, into the same number of equal parts. Draw lines fhrougn
the points of division in each arc, perpendicular to its base or diameter, to meet the said dia-
meter. Through the points of section in the diameter of the annular vault, and from the
centre, C, of the radiating vault, describe arcs. From the same centre C, and through the
points of section of the diameter cd of the semi-circle, which is equal to the section of the
radiating vault, draw lines to meet the arcs. Then, through the intersection of these lines, .
and the arcs drawn from the points of section in the diameter of the semi-circle, which is the
section of the annular vault, trace curves, which will be the plan lines of the groin. The
method of fixing the timber is exhibited at the other end of the figure. The ribs of both the
annular vault and the radiating vault are all fixed in right sections of these vaults, as must
appear evident from what has been shown.,

OF THE CONSTRUCTION OF WOODEN BRIDGES.

177. Bripges of that sort adapted for gardens and pleasure-grounds are often of wood ; they
are cheaper, lighter, and make a great shew for little labour; but even in the great and service-
able kind of bridges this material is far from being excluded.

The first point to be considered, in the construction of a bridge, is that the timber be sound
and well-seasoned : the next, that it be in sufficiently large pieces; as the timbers must be sub-
stantial and well-joined, or all will presently be in ruin.

It is not only the pressure above that must be guarded against in these bridges, but also
the power of the water in an encreased quantity and forced rapidity. Fifty wooden bridges are
destroyed by floods for one that fails beneath the weight above : the broader the river the larger
will be the bridge; and in proportion to this the timber must be more massive ; and the rapidity
of the river, not only in its common state, but as increased by floods, must be computed, and
the strength of the fixing proportioned accordingly. '

178. There are many reasons for building a bridge of a single arch, and where the extent of
the river is any thing considerable, no piece of wood-work will require more skill in the fabri-
cator, nor will any do him more honour.

We have, in the preceding part of this work, Art. 57 to 83, and in treating of the framing of
rogfs, Art. 102 to 104, and other timber-work, shown the best modes of joining piece to piece ;
and it may be shewn that there is scarcely any length to which timbers may not be carried by
this admirable art.

The advantages of a single arch are very great, because the common accidents which throw
down bridges will have no power over one of this kind. And for one fabric which fails by any
natural decay, thousands are torn or thrown down by torrents from land-floods, or by loads of
ice or floating timbers, which the swelling of the water has brought from their places; and its
force throws with an irresistible violence against the piers. ’

There are many places where a bridge is an annual charge, and whenever the extent is not
beyond all reasonable proportion for a single arch, that should be the method of avoiding the
accidents ; and, if ten times the price were paid, it would be frugality; but, indeed, skill is

,required more than price in such a fabric. No bridge is more beautiful than one of a single
arch; none more convenient ; and besides the numerous accidents which are avoided, and from
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which security there results a promise of great duration, none is stronger; for a single arch,
when well formed, composes a body more firm than if cut in a vast thickness from a single piece,
the parts and the directions of the grain being combined in the framing so as to strengthen and
support gne another.

Palladio has given a figure of a Bridge of one arch which he laid across the Cismone, where
the breadth of the river was a hundred Vicentine feet;® its strength appears incontestible from
the structure, and experience showed it to be what it seemed; but there is yet another great
advantage in this bridge, which is, that it lies level with the rest of the road, and does not tire
the traveller with an ascent and descent.

179. In plate XL, fig. 1 is the elevation of a wooden bridge, similar to one of Palladio’s
designs, supported on the principle of an arch, and may be used with advantage where the
ground rises on one side more than on the other. In order that this bridge may be sufficiently
strong, and the road or path-way easily surmounted by passengers and carriages, the curvature
of the lower or supporting arch is much greater than that above, which forms the road or
path-way.

Figure 2 is a design for a wooden bridge, supported by brackets, projecting more and more
as they rise. This design, as well as the following one, is adapted to a straight road or foot-way.

Figure 3 is a design of a bridge, with piers and any number of arches, in which the intrados
of each arch is the arc of a circle. It is supported by wooden beams over the posts, acting as
brackets; and, to prevent the ends of the supporting brackets from havmg a sharp edge, small
keys are let in from the underside.

In order that this bridge may be sufficiently strong, ‘when the space betw’een the posts or
piers is considerable, a truss is placed in the middle, so as to form part of the railing, which
increases the strength, so that the span may be extended to two, or even three, times the length
that it could be without it.

180. THE TimBER FooT-BRIDGE, over the Clyde, at Glasgow, is represented in plate XLI.
This very neat and elegant structure was designed and superintended by Mr. Peter Nicholson,
in the year 1808.

Figure 1 exhibits the elevation of the bridge. The form of the road-way is a flat curve, said
to be the arc of a parabola. The land abutments are strong masses of masonry, to which the
timbers of the floor, or foot-way, are well secured by cramps of iron bolted to the stone-work.

This bridge was constructed with the view of admitting a certain class of vessels to pass
under it. Therefore, to keep the opening between the posts clear, the foot-way is suspended by
trusses, formed in the railing. The breadth of the foot-way is about ten feet.

Figure 2 is a plan of the beams, which support the planking of the road-way.

Figure 3 is an elevation of the middle opening, or arch of the bridge.

Figure 4 is an elevation of an opening adjoining one 6f the land abutments.

Figurc 5 is a transverse section, showing also the elevation of the posts and braces which
form the piers.

Figure 6 exhibits the scarfing of one of the beams, the manner of bolting the parts together, -
and their junction with the post by which they are supported.

Figure 7 exhibits the manner of joining the braces and posts in the railing.

This bridge has resisted the most tremendous ice-floods; though the floods have risen some-
times to such a height, as only to leave a small part in the middle of the road-way dry; and

* The foot of Vicenza is equal to 1136 English feet, hence the span of the bridge over the Cismone would be nearly 114
fect.—Sce Ware's Palladio, Book 111, Chap. vii.
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both the late Mr. Rennie and Mr. Telford, the most eminent engineers this country has pro-
duced, have given their approbation of its construction, both in regard to its simplicity and
strength, for the purpose for which it was designed.

‘v

REMARKS ON, AND INSTRUCTIONS FOR, CHOOSING TIMBER.

181. TrE kinds of timber used for buildings may be comprised under three heads: that is,
Foreign timber from America; Foreign timber from different parts of Europe; and Home-
grown, or British timber.

182. Of the Foreign European kinds, red or yellow Fir, in timber and deals, is brought
from Norway, Russia, Prussia, and Sweden; the most esteemed kinds are from Riga, Memel,
and Dantzic. White Fir, in deals, is brought from Norway, Sweden, and Russia; the most
esteemed are from Christiana. Oak, in logs, is imported from Russia, Prussia, Germany, and
Holland.

The red or yellow fir is that most usually employed in the construction of buildings, for
girders, beams, joists, rafters, and almost all external carpenters’ work; and, in the state of deals,
it is used for greater part of the joiner's work. White deal is used for such parts of the joiner’s
work as are not exposed to the weather; and for cabinet-work.

183. Foreign Oak, commonly called wainscot, is used for floors, doors, and windows of prin-
cipal apartments, and for furniture; the wood is of a fine grain, and generally free from knots,
and it is easier to work than our native oak.

184. From America is imported Red and White Pine, White Deals, and Oak. The white
pine is often a clean, uniform, and straight-grained wood, and is of an excellent quality for mould-
ings; but none of the American pines are durable, and when confined in close places, or built
into walls, they are very subject to dry-rot.

The American White Oak is very little different from the European kind, but is rather infe-
rior, has less figure, and is certainly subject to decay sooner. The American White Deal is
very tough and strong, and often warps much in drying.

185. Of our home kinds of wood, Oak is the only kind that is generally useful in buildings,
the wood of our planted firs being vastly inferior to that from the Baltic or Norway, and is not
fit for any purposes where much strength or.durability is expected.

186. Good Larch is, however, a very useful wood, and thrives well in this country, but that

" which is most common is of an inferior kind. The different species of Poplar and Lime-tree

are useful for flooring, and some other purposes; but we must proceed to give a more detailed
account of the different kinds. '

Qualities of particular Kinds of Timber.

187. OAK.—In our particular description of the kinds of timber we shall begin with the
Oaxk, a tree which, from its strength, hardness, and durability, has obtained the pre-eminent
title of “ KiNe oF THE Forgst.”

Q
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On selecting a piece of oak, which shall have the greatest strength, or durability, it is often
found to be a criterion of its excellence that it has grown on a soil which reared it slowly; as,
in this case, it acquires from time a greater consistence of strength than it would acquire were
it reared on soil of such a quality as to bring it hastily to maturity, This, however, is not
always the case: because, from particular exposures, and favourable soils, a tree of oak may
acquire a strength and hardness sufficient to undergo the greatest pression, although it has
sprung from an acorn to a tree of “ loftiest grandeur” in a very few years.

This is not mere conjecture ; for we know, that the oaks on the estate of Roxburgh, in Scot-
land, for stature, for strength, and resisting quality, are not excelled by the oak of any other place
in Britain, and that a very great number of years are not requisite for bringing this timber to
full maturity ; but, even on the same estate, there is a considerable difference in the quality of
the oak: that which has northern exposure is found to be more strong and hardy than that
which inclines to the sun at noon-day. '

Another criterion is, to select that which, on being soaked in water, shall have its weight
the least changed. This is evident, because the closeness of the fibres being sufficient to pre-
vent the entrance of the fluid, must likewise, in this situation, indicate the strength of the wood.
This observation is not confined to oak, but may be generally applied to timber of every de-
scription.

In selecting trees for felling, that are to be applied in cases where great strength and duration
is expected, we must be particular in examining the state of health of those trees to which the axe
is to be applied ; for, if decay has taken place, we are sure that the timber is not so proper for
our purpose as it would otherwise be. When the top of the tree is in a state of decay, it
clearly bespeaks a decay in the tree itself; and, if a branch be decayed, or a stump rotten, it
indicates a defect in that part of the tree to which it is attached.

Another circumstance to be particularly attended to, is, the time of cutting; most of the
purposes of building requiring the greatest perfection of strength and texture, and duration. It
is very generally supposed that these properties are obtained in the highest degree by cutting
down the tree in winter, when it is freest from sap; as, in this case, it is more readily seasoned
and rendered fit for use.

It, however, seldom happens that oak is cut down in winter ; its bark being so valuable and
useful for tanning of leather, that it is found to be more profitable to the owner to reserve the
tree till spring, when the sap has ascended from the root, and loosened the bark from the
wood, so that it may be easily stripped off; which it would not be were the tree cut down in
winter.

The difference of seasons sometimes occasions a difference in the time of felling the wood,
even for this purpose; but what ought to be particularly attended to, is, the state of the leaf.
After the leaf begins to appear is a very proper time ; for then the sap has expanded all round
and over the tree, so that the bark is easily removed ; if delayed till the leaf be fully expanded,
the bark loses considerably in its value. '

In the .progress of decay, after a tree has been cut down, it has been observed that, the
outer coat, being exposed to the action of the atmosphere, is first destroyed; then the second
coat, and so on, gradually approaching the centre or heart of the tree: but we must under-
stand this only of those which have been cut before they had begun to decay from age in
the standing tree; as trees, that decay from standing too long, have their central part first
destroyed, and the outer shell will even stand many years after the inner parts have been en-
tirely wasted.
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A skilful builder will, therefore, if the tree be old and large, be very particular in examining
the central parts; especially that which lies next the root, or near decayed branches, as there
the wasting will first begin.

For seasoning oak, the best method is to immerse it in water; this, in logs, should be done
for several months; but, if cut into planks, so much time is not necessary. In either case, to
soak and dry alternately is to be carefully avoided. The seasoning of planks can thus be always
effected without much trouble; but, with respect to logs, it is troublesome, and they require
nearly as much time after to dry gradually in the shade, as if they had not been soaked in water.

After having soaked planks in water, the usual mode of drying them is by placing a strong
beam horizontally, so high as to admit one end of the plank to rest against it, in an inclined
position, while the other rests on stones or slabs on the ground; observing to place the planks
edgewise, and alternately one on oue side of the beam, and another on the other, thus leaving a
space between each for the air to pass freely.

188. BEECH.—Having said thus much in regard to.oak, we shall now apply our observations
to BeecH, a wood which, from its hardness, closeness, and strength, especially when exposed to
particular strains, holds a prominent place among the trees of the forest.

Of Beech there are three kinds; a black, a brown, and a white. The brown is very common
in Britain, and is most generally found in hedge-rows, or in the demesne lands about gentlemen’s
seats; being, when in full foliage, remarkabje for its close and cooling shade.

About Mount Stuart, in the Isle of Bute, some of the trees in the avenues are immensely
large, and yet appear to be in a thriving healthy condition; it is, therefore, probable that the
soil necessary for rearing this wood ought not to be of the richest and heaviest kind; for here
it is found in the greatest perfection that we remember to have seen it in any place, during a tour
of the kingdom, and the soil is not remarkable for either of these qualities.

‘With respect to the nature of the trees of the other kinds we cannot say much, not having
had an opportunity of examining them.

The wood of the beech is not well adapted for beams, because dampness soon brings on the
rot; but for those purposes that require it to be continually under water, it is exceedingly durable:
its principal use is for furniture, where its smoothness and compactness render it of great value ;
it is also much used for tools, and for turnery. Beech is very liable to be destroyed by worms.

189.—ASH is a species of wood very common in Britain, and for the purposes of the farmer
there is perhaps none more valuable; oak itself not excepted. Carts, ploughs, harrows, and
indeed almost all the implements of husbandry, are made of this wood. Like the oak, it
requires particular exposures to render it the fittest for use, where great strains have to be over-
come. A clayey soil has been found to answer very well for its propagation. On the lands of
Limlaws, the property of Robert Ker, Esq. of Chatta, in Roxburghshire, there is a plantation
of this wood, overhanging the precipitous banks of the Tiviot, and having a northern expo-
sure: the trees in this plantation are immensely tall, straight, and tapering upwards, like a
larch ; the soil is clayey, and the wood is of the best quality imaginable, producing, at times,
from 14d. to 2d. per foot more to the proprietor than the same wood from any other place in
the North. ‘

On the demesne of Rokeby, near Greta Bridge, in Yorkshire, are trees of ash, very large
and goodly to appearance, but we have not been able to ascertain any thing respecting the
nature and particular qualities of the wood.

On the estate of Marchmont, in Berwickshire, are ash trees of very great size, which suffi-
_ ciently prove that this wood is of a towering nature, although, on account of the many uses to
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which it is applied, it seldom arrives at maturity. The proper time to cut down ash is in winter,
when the sap is at rest.

The quality is nearly the same through the whole substance of the tree, but the outside is
rather the toughest. It soon rots when exposed to the weather, in a state of rest, but will last
very long in constant use, if properly taken care of. It is of a porous structure; and that of
which the fibres are long and straight is always considered the best.

190.—ELM is another tough and strong species of wood; it is, also, very useful for the
husbandman, many implements being made of it; and, indeed, it is often preferred, for parti-
cular purposes, to ash itself. This is a very common wood, and is mostly found in hedge-rows,
or around the skirts of plantations. On the demesne lands of Springwood Park, in the neigh-
bourhood of Kelso, trees of this kind are very large, high, and branching, and contain a very
great quantity of valuable timber. This circumstance authorises us to conclude, that a rich
and loamy soil is the best for its production; as, in this particular place, the land is of such a
quality, and also extremely fertile, the .elms reared on it may be compared with any in the
kingdom.

191. FIR.—The next species to which our attention shall be directed is Fir, than which
there is no kind of timber more useful, or applied to more useful purposes. This, however,
arises, not from its superior strength or durability, but from its being cheap, and yielding easily
to the tools of the workman. It is common in almost all northern countries, and is brought, in
great quantities, from Norway, Russia, Prussia, Sweden, and North-America.

The fir which is mostly used in carpentry is distinguished by the name of Memel, Dantsic,
and Riga Fir. Norway Fir is also much used for smaller timbers, and answers extremely well
when exposed to the air, or when kept under ground. The fir from North-America is softer
than any just mentioned ; it is likewise more free from knots, and, of course, suitable for the finer
parts of joinery, such as panels and mouldings, and is called pine wood. What is termed in
England white deal, is a species of spruce fir, and is very durable when kept dry, and for that
reason is much used by cabinet-makers; but, as it does not stand the weather, it is used only
for internal work in joinery.

In former times the Highlands of Scotland abounded in forests of fir-trees, as appears from
the great number of stumps and roots still existing in the bogs and morasses. Above Lochiel-
House, in Invernesshire, along the whole extent of Loch-Aghrigh, or Arkeig, is a forest of fir,
in which many of the trees are yet in a high state of health, and of a great size: this wood is
very strong, and so full of rosin, that many of the inhabitants use it in lieu of candles, it giving
such a brilliant light as to render the use of tallow unnecessary.

192.—BIRCH is also a very common wood, and in the North of Scotland the dwarf kind
grows spontaneously, in great abundance. The quality of birch is nearly the same quite across
the tree ; it is very tough, but will stand the weather, and worms are very hurtful to it. Birch
is often used in works which lie under water. Some beautiful species of birch are imported
from North-America in large logs; and they are much used for cabinet-work. The one of these
species is called brown birch, and is frequently figured with dapples. When this kind is pro-
perly stained, it has much the appearance of mahogany.

193.—POPLAR s a tree that thrives well on wet ground, and is very often found on wet
spots about gentlemen’s seats. In beams it is liable to the same objections as beech, but it is
well adapted for floors and stairs; but it rots when exposed to the weather.

The poplar and the aspen resemble each other; the latter is tough and soft, lasts better when
exposed to the weather, and is equally good throughout the body of the tree.
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194. SYCAMORE and LIME.—For the large timbers of roofing and flooring the Syca-
MoRE and LiME are subject to the same objections as the beech and poplar. The lime is,
however, suitable for furniture; and makes good floors, being smooth, when wrought. When
Sycamore is obtained of a considerable degree of whiteness and figured, it is much esteemed for
cabinet-work.

195. WALNUT and CHESNUT.—We have also the WaALNUT-TREE and the CHEsNUT;
the former of which has become too valuable in Britain, in consequence of the great consump-
tion for gun-stocks; and mahogany has now nearly superseded its use in furniture.

The Spanish or Sweet Chesnut is frequently found in old buildings in England; it is very
like oak, and is often confounded with it; but, notwithstanding, it differs from it in this, that,
when a nail or bolt has been driven into oak before it was dry, a black stain appears round the
iron, which in chesnut is not the case.

196. MAHOGANY is chiefly used in furniture, and sometimes also in doors and window-
sashes, it is sawn out and seasoned by being kept under cover yet exposed freely to the air : it
is extremely valuable, and grows in Jamaica. There is another kind, from Yucatan, called
Honduras mahogany, but that of Jamaica is much the most beautiful and durable. The pores
of the Honduras appear quite black; those of the Jamaica kind appear as if filled with chalk.

General Cautions and Remarks respecting Timber.

197. Lay your timber up, when perfectly dry, in an airy place, that it may not be exposed to
the sun and wind, and taking care that it does not stand upright, but let it be laid along, one
piece upon another; interposing, here and there, some short blocks, to keep them apart, and
prevent that mouldiness which is usually contracted when the planks sweat.

Some persons, in the first stages of seasoning, keep their timber as moist as they can by sub-
merging it in water, with a view to prevent it from cleaving. This is good in fir, and also in
some other timbers. Lay your planks in a stream of running water for a fortnight, and then
set them up in the sun and wind, so that the air may freely pass between them, and turn them
frequently. Boards thus seasoned will floor much better than those which have been kept many
years in a dry place.

But, to prevent all possible accidents, when you lay your floors, let the joints be fitted and
tacked down only for the first year, nailing them close down the next; and by this method,
they will lie without shrinking in the least.

Amongst wheelwrights the water-seasoning is of special regard, and of such esteem amongst
some, that the Venetians lay their oak some years in water before they employ it.

Elm felled ever so green, if kept four or five days in water, obtains a good seasoning, and
is rendered more fit for immediate use. This water-seasoning is not only a remedy against the
worm, but it also prevents distortions and warping. Some persons recommend burying timber
in the earth, and others will have their timbers covered-in to heat; and we likewise see that
scorching and hardening in the fire renders piles durable, especially those which are to stand
in earth or water.

Green timber is sometimes used by those who carve and turn: but this for doors, windows,
floors, and other close works, is altogether to be rejected ; especially if walnut be the material,
as they will be sure to shrink. It is, therefore, best to choose such as has had two or three
years’ seasoning, and which is neither too dry nor moist.

‘Where huge massy columns are to be used, it is a good plan to bore them right through,
from end to end, as it prevents their splitting.

R
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Timbers occasionally laid in mortar, or in any part contiguous to lime, as doors, window-
cases, ground-sills, and the extremities of beams, &c., have sometimes been capped with melted
pitch, as a preserver from the destructive effects of the lime; but it has been found to be rather
hurtful than otherwise.

For all uses, that timber is the best which is the most compact and free from knots, As
to the place of growth, that is generally esteemed the best which grows most in the sun; but,
as we have already hinted, this is not always the case. The climate, however, contributes much
to its quality, and perhaps a northern situation is preferable to all others.

198. Foreign Timber is always sufficiently seasoned to cut into scantlings; but home timber
requires to be seasoned some time after felling, before it be cut up, otherwise it will warp, split,
and often become unfit for use. After timber is felled, it should remain at least six months in the
tree, and during that time it should be raised off the ground to admit a free circulation of air round
each piece; and it should remain about one year in scantlings, before it be used in bulldmgs

199. The wood for Joiners’ work should be all cut to the proper thicknesses, so as to allow
them the most time possible to dry; by such arrangements, on the commencement of a building,
every thing will be ready for its respective use, and well fitted for ensuring soundness and
durability.

200. Respecting the selection of timber for principal beams we cannot offer much in addition
to the judicious directions of the Italian architect, Alberti, which are here given nearly in his
own words.

Beams ought to be perfectly sound and clean ; and, especially about the middle of their length,
they ought to be free from the least defect. Placing your ear at one end ¢f a beam while the
other is struck, if the sound come to you dead and flat, it is a sign of some private infirmity.
Beams that have knots in them are absolutely to be rejected, if there be many, or if they
be crowded together in clusters,. 'Whichsoever side of a beam has a defect, that runs crossways
of it, let that side be laid uppermost ; also, if there be a crack lengthways, do not venture it on
the side, but lay it either uppermost or undermost. If you happen to have occasion to bore a
hole in the beam, or to make any opening, never meddle with the middle of its length, nor its
lower superficies. 1If, as in churches and large houses, the beams are to be laid in pairs, leave a
space of some inches between them that they may have room to exhale, and not be spoiled by
heating one another, and it will not be amiss to lay the two beams of the same pair different
ways, that both their heads may not lie upon the same pillow ; but where one has its head, the
other may have its foot; for, by this means, the strength of the one’s foot will assist the weak-
ness of the other’s head, and so, vice versa. Let the plates for the beams be exactly level, and
perfectly firm and strong ; and in laying them take care that the timber does not touch any lime,
and let it have clear and open space all about it, that it may not be tainted by the contact of any
other materials, nor decay by being too closely shut up.

Contraction and Ezpansion of Timber.

201. It is well known that a tree contracts less in proportion, in diameter, than it does in
circumference ; hence a whole tree always splits in drying; and Mr. Knight has shown that, in
consequence of this irregular contraction, a board may be cut from a tree, that can scarcely be
made, by any means, to retain the same form and position when subjected to various degrees
of heat and moisture. From ash and beech trees he cut some thin boards, in different direc-
tions relatively to their structure, so that the rings in the wood crossed the middle of some of
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the boards at right-angles, and lay nearly parallel with the surface of others. Both kinds were
placed in a warm room, under perfectly similar circumstances ; those which had been formed by
cutting the boards, so that the rings were nearly parallel, as at A in fig. 1, pl. XLIII, soon changed
their form very considerably, the one side becoming hollow, and the other round ; and, in drying,
they contracted nearly $th in width. The other kind, in which the rings were nearly at
right-angles to the surfaces of the boards, as at B, in the figure, retained with very little
variation their primary form, and did not contract in drying more than about %th part of their
width. As Mr. Knight had not tried resinous woods, the subject was further investigated by
Mr. Tredgold, who had two specimens cut from a piece of Memel timber; and, to render the
result of the observation more clear, conceive the figure to represent the section of a tree, the
annual rings being shown by circles; BD represents the manner in which one of the pieces was
cut, and AC the other; the board AC contracted about ;% th part in width, and became hollow
on the side marked &; the board BD retained its original straightness, and contracted only
about r§5th part of its width; the difference in the quantity of contraction being still greater
than in hard woods. ’

From these experiments the advantages to be obtained, merely by a proper attention in cutting
out boards for pannels, &c., will be obvious; and it will also be found, that pannels cut so that
the rings are nearly perpendicular to their faces, will appear of a finer and more even grain, and
require less labour to make their surfaces even and smooth. The results of these experiments .
are not less interesting to cabinet-makers than to joiners, particularly in the construction-of bil-
liard-tables, card-tables, and indeed every kind of table in use. For such purposes, the planks
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