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CHAPTER ONE

BRICK WALLS,

FOUNDATIONS

Syllabus—Brief description of the manufacture of bricks; characteristics. Lime mortar, cement mortar and concrete. Sizes and shapes of bricks; terms; heading,
stretching, English and Flemish bonds'; 1, 1} and 2-brick walls with stopped ends; % to 1, 1 to 1 and 1 to 1}-brick junctions; right-angled quoins to 1,
1} and 2-brick walls; piers; rebated jambs with 56 mm and 112'mm recesses to 1 and 13-brick walls; 275 mm cavity walls. Foundations for %, 1, 14 and 2-brick
walls; surface concrete; horizontal damp-proof courses. Lintels; axed and gauged flat, segmental and semicircular arches; rough relieving arches; terms. Copings;
window sills; steps; corbels and oversailing coﬂ‘\;fes. Jointing and pointing. Plastering to walls.

'l

MATERIALS

Bricks.—Bricks are made chiefly from clay and shale.? - Clay, a plastic earth,
is constituted largely of sand and alumina and may contain various quantities
of chalk, iron, manganese dioxide, etc. Shale is a laminated deposit of clay
rock which is capable of being reduced to a plastic condition when broken up
and ground to a fine state of division. Bricks are approximately 215 mm by
1025 mm by 65 mm (see p. 3).

Manufacture of Bricks.—The processes of manufacture vary considerably
according to the variety of clay used, machinery available, etc., and the following
is a brief general description. Bricks are moulded either by machinery or by
hand. '

Machine-made Bricks.—Most bricks are made by machinery. The various processes

- —are: (1) preparation of the earth, (2) moulding, (3) dryirig and (4) burning.

(1) Preparation.—The ‘clay or shale is excavated, and after large stones or other
extraneous matter have been removed, it is conveyed to a pug mill and finely ground by
heavy rotating wheels which force it through small perforations in the bottom of the mill.

(2) Moulding—There are two kinds of machine-made bricks, i.e., wire-cuts and

ressed. i .
P Wire-cut Bricks are moulded as follows:—The fine clay from the pug mill is forced
through a mouthpiece (approximately 215 mm by 1025 mm) of a machine in a continuous
i Q Maiipe vertical wires about
fo that of the frame, is
he wires divide it into

pushed forward through the frame By Theans 6f 4 meoR P
ten or more 215 mm by 102:5 mm by 65 mm slabs of clay. .
Pressed Bricks.—Of the many different types of machines for moulding bricks by
pressure the simplest is worked by hand and the larger by steam power. The former
consists of a metal box the size of a brick, containing 2 clay slab which has been wire-cut
as explained above; a descending metal plate exerts pressure upon the clay to consolidate
it; it is then removed. The larger type of machine consists of a rotating table containing
twelve or more boxes or dies each being the size of a brick; as the table revolves each die
in turn is brough#under a hopper containing the prepared clay or shale; a plunger operat-

ing in the hopper descends and forces the clay into the die after which the raw brick (or

slab of clay) is pushed out as the table rotates.
- 1 Flemish bond is sometimes deferred until the second year of the Course. ]
2 Sand-lime bricks (consisting of a mixture of lime and sand) and concrete bricks are
also manufactured (see Chap. I, Vol. II).

(3) Drying and (4) Burning.—Both of these.operations are carried out in 2 modern
kiln, one type of which contains several chambers, each accommodating 40,000 or more
bricks. The wire-cut or pressed raw bricks are carefully stacked with a space between

‘each and in alternate layers at right angles to each other. Heat, produced from gas or

coal dust, is gradually applied until a maximum temperature is obtained (which is main-
tained for approximately two days), when the bricks are then allowed to cool. ‘The loading,
drying, burning, cooling and emptying of the kiln may occupy two weeks, and as it is a
continuous process, a chamber of finished bricks is emptied daily.

Hanp-MADE Bricks.—Whilst most bricks are machine-made and used for general
purposes (on account of their relative cheapness) there is also demand for hand-made
bricks for superior facing work. The preparation, drying and burning processes are
similar to those already described, but the moulding is done by hand. The mould is of
wood or metal and resembles the sides of a rectangular box equal in size to the required
bricks.! It is either wetted or sanded to prevent the clay from adhering to it. A portion
of the prepared clay sufficient to fill the mould is now taken, roughly shaped, and dashed
by the moulder into the mould. The clay is pressed with the fingers to fill the mould
completely and the slab is levelled off by a wood fillet or a piece of wire drawn across the
top; the slab is then removed and finally taken to the kiln, dried and burnt.

Characteristics.—Good bricks should be thoroughly burnt; this makes them
hard and durable (the quality of lasting for a long period without perishing)
and enables them to withstand pressure. A mrd ringing sound emitted when
two bricks are struck together indicates that they have been burnt satisfactorily.
Generally the bricks should be true to size and shape, with straight edges and
even surfaces, 80.as to facilifite laying them in position.2 They should be free
from cracks,.¢hips and large particles of lime. Unless desired, uniformity of
colour is not now specified.? - ‘

Inferior bricks are generally underburnt and as a consequence are easily
broken and are very porous; these are neither hard nor durable and are incapable

! Clay shrinks during the drying and burning processes by approximately one-tenth
and allowance for this is made by using a mould which is larger than the finished brick.

* Bricks having rough surfaces (termed texture) and slightly irregular edges are selected
purposely for certain first-class work. Thus the external walls of country houses are
frequently faced with such bricks.

3 Bricks of a variety of colours in tones of red, purple, grey, brown, etc., are now
available, and, provided the colours have been carefully selected, brickwork when faced
with bricks of mixed shades has a very satisfactory appearance.
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of withstanding heavy loads. If they contain coarse grains of uncombined
lime, any water absorbed causes the lime to expand, resulting in the partial
disintegration of the bricks. They are invariably of poor appearance.

The weight of bricks varies considerably; approximately, wire-cuts are

" between 2 and 3 kg and pressed bncks from 3 to 7 kg each.

Lime.—Of the several varieties of lime, that used chiefly for brickwork
and masonry is known as hydraulic lime.! It is produced from limestone or
chalk which is burnt in a kiln for three or four days, when it is ready to be made
into mortar.

Cement.-—That generally used is known as Portland cement because of its

resemblance to the colour of the stone of that name. It is manufactured from

chalk and clay. The former is crushed and the clay is liquified by the addition

of water, when it is called ship. These two materials are mixed together in

correct proportions and very hnely ground; the mixture, known as slurry, is
conveyed to tanks'and then to a kiln where it is gradually subjected to a high
temperature and converted into a hard dark-looking clinker; the latter is passed
to a mill where it is ground to an exceedingly fine powder to complete the
process. The cement is automatically packcd into pa;()er or jute sacks each full
sack weighing 50 kg, or it may be delivered * in bulk " (loose).

Sand.---That obtained from pu:. or quarries is the best for mortar because
of its angularity (called * sharp ); fa1l|ng this, that from river banks or beds
is used. Sea sand is unsuitable for mortar as it contains salts which attract and
retain moisture, in addition to producing a whitish powder or efflorescence
which discolours the brickwork or masonry. Sand shouild be well graded, clean,
sharp and free from loam, clay ‘or other impurity. Dirty sand should never
be used as it may reduce the adhesive value of the mortar considerably,
and in order to ensure a clean sand it is frequently specxﬁed that it shall be
washed.

Lime Mortar.—This is a mixture of quicklimé (burnt limestone—see above)
and sand in the ,roporthn of 1 limé : 3 sand, in addition to water. It was once
the principal materia’ used for bedding and jointing bricks, stones, etc.; it is used
less frequently now as it develops strength very slowly. If mixed by hand the
lime is placed in a heap, sprinkled with water and- completely covered with the
measured proportion of sand; the lime expands and breaks into small particles
owing to the heat which is gcn’eratgd; this is known as slaking or slacking the
lime and the heap should be left undisturbed for at least twenty-four hours
so as fo ensure thorough disintegration of the lime. As unslaked particles of
lime in mortar may cause damage to walling, it is necessary to pass 1t through
a screen to eliminate unslaked lumps; after slaking, the material is turned over
with a shovel on a boarded platform more water 1s added and the mixing

" operation continued until the mortar is of the right consistency, neither too

stiff nor too plastic. If mixed in a pug mill, the lime and sand are thoroughly
1 This has the property of setting under water.

incorporated after about twenty minutes’ application of the rotating and grinding
rollers. The mortar should be used fresh and just sufficient should be mixed
for each day’s use.

Cement Mortar.—This is a mixture of 1 cement : 3 sand. The sand is -
placed on a platform, the correct amount of cement is added to it, both are
thoroughly mixed dry before water is added and the mass gradually worked up
into a plastic condition. As cement mortar sets comparatively quickly, it should
only be mixed in small amounts and not be used after it has started to set.
Cement mortar is used in the construction of picrs (see pp. 12 and 13), walling
below damp course level (see p. 17), chimnéy stacks, etc., as brickwork built in
cement mortar is much stronger than that built in lime mortar. A mix of
i : 6 can also be used for general walling; but as this is harsh,-then an additive,
which forms air bubbles to improve the plasticity, can be included in the mixing
water in the proportion of about 39,.

Cement Grout is cement which has been reduced to a thick liquid con-
sistency by the addition of sufficient water.

Cement-Lime Mortar (also known as compo).—This is the most usual -
general purpose mortar comprising 1 cement : 2 lime : g sand, or 1:1:6 if
there is a danger of frost as this is quicker setting. The addition of lime im-
proves workability making it easier to place.

Concrete consists of a fine aggregate (or body), a coarse aggregate and a:
matrix (binding material). The fine aggregate is usually sand, common coarse
aggregates arc broken brick or stone (or gravel) and the matrix is usually cement.
The proportions vary, but a common mix is composed of 1 part cement, 2 parts
sand and 4 parts broken brick or stone; the maximum size of the latter depends
upon the use to which the concrete is to be put and may be 38 mm (that passed
through a 38 mm square mesh sieve) for foundations and 20 mm for reinforced
concrete work. The aggregates must be carefully graded from a minimum to
a maximum, so that when the materials are mixed the space between the particles

- is reduced to a minimum and a dense-concrete ensured.

The mlxmg is done either-by hand_or -by-machinery. If mixed by hand,
the materials incorrect proportion are placed on a boarded platform and mixed
twice (or thrice) dry and then twice (or thrice) wet. The amount of water
added after the materials have been turned over dry (by using shovels) must be
carefully regulated, as an excess of water considerably reduces the strength of the

. concrete. 'The mixing should always be done on a platform otherwise dirt

would Be shovelled into the mixtureand its strength thereby reduced.

If a concrete-mixing machine is usec'l’ the materials in proper proportlon are
charged through a hopper into the mixer, the correct amount of wateér is then
added; the mixer is rotated at a specified speed for a definite period, usually
a minute, after which the concrete.is discharged from the machine.

The concrete should be carefully deposited where required on the building
s0 as to ensure that the density of the material shall be uniform throughout.
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BONDING

. BONDING, SOLID BRICK WALLS
The craft of the bricklayer is concerned with embedding bricks in mortar

" and suitably arranging them so that the mass, called brickwork, conforms with

certain requirements such as strength and appearance. Strength depends a good

“ " deal upon the bond. The Building Regulations require external walls to be

adequate to prevent undue heat loss from the building; some typical examples of
thermally insulated walls for dwellings are given on p. 34.

Bond is the interlacement of bricks produced when they lap (project beyond)
those immediately above and below them. An unbonded wall, with its con-
tinuous vertical joints, has little strength and stability and such joints must be
avoided. Fig. 1 illustrates the comparative strength of a bonded wall A and
weakness of an unbonded wall B which are shown supporting a load. The

portion of the load transmitted to the wall A is distributed over a relativelylarge-
area, as indicated within the broken lines ¢ and p, whereas that transmitted .

to the wall B is practically concentrated on the portion between the continuous
vertical joints £ and ¥, with the result that this portion would tend to drop as
shown; in addition, the two vertical sections G and 1 would tend to separate

. because of the absence of bond. Various bonds are described on pp. 4 and 7.

Size of Bricks.—Uniformity in the size of bricks is essential if the main-
tenance of the correct bond is to be facilitated during the construction of a wall;
time is wasted if a consignment contains bricks of varying sizes as the bricklayer
is required to make a selection as the work proceeds.

The length of a brick should be twice its width plus the thickness of one
vertical joint in order that a proper bond may be maintained (see a, Fig. 2).
Bricks in common use vary in size from 210 to 230 mm long by 100 to 110 mm

“wide by 38 to 75 mm thick, The following sizes are available: (1) Clay bricks
are mostly 215 by 102'5 by 65 mm'; using a 10 mm joint this gives a nominal
size or format of 225 by 112'5 by 75 mm; this is adopted in most of the Figures
in this book. (2) Concrete bricks may be as (1) or 1go by go by 65 mm; with
a 10 mm joint this makes a format of 200 by 100 by 75 mm.

Terms.—The following defines those which have a general application to
brickwork :— :

Arris.—An edge of a brick (see a, Fig. 2).

Bed.—The lower 21§ mm by 102-5 mm surface of a brick when placed in
position (see a, Fig. 2).

"Header.—The end or 102-5 mm by 65 mm surface of a brick (see 4, Fig. 2).

Stretcher.—The side (usually referred to as the ‘ edge ) or 215 mm by
65 mm surface of a brick (see a, Fig. 2).

Face.—A surface of a brick such as the header face (102-5 mm by 65 mm) and
stretcher face (215 mm by 65 mm) (see a, Fig. 2); is also applied to an exposed
surface of a wall.

Frog or Kick.—A shallow sinking or indent (either rectangular, triangular or

! Bricks 50 and 75 mum thick may be obtained.

SKETCH SHOWING G
COMPARATIVE STRENGTH

OF A BONDED WALL & WEAKNESS

OF AN UNBONDED WALL

LOAD
(PORTION OF WALL)

BEAM

215 UNBONDED WALL

FIGURE 1 JOINTS

VERTICAL

trapezoidal in section) formed on either one or both of the 215 mm by 102:5 mm
faces of a brick (see p and m, Fig. 2); a wire-cut brick has rio frags, a pressed
brick has two frogs as a rule and a hand-made brick usually has only one frog; a
frog affords a good key for the mortar (see M, Fig. 2) and therefore walls which are
required to show thin bed joints should be constructed of bricks with frogs;
bricks having only one frog should be laid with the frog uppermost so as to
ensure it being completely filled with mortar.

Bed Joints.—Mortar joints, parallel to the beds of the bricks, and therefore
horizontal in general walling; thickness varies from 3 to 12 mm-—the most usual
thickness is 10 mm shown at u, Fig. 2.

Course.—A complete layer of bricks plus its mortar bedding joint; a keading
course consists of headers and a strefching course comprises stretchers (see v,
Fig. 2); abrick-on-edge course consists of bricks placed on their 215 mm by 65 mm
faces (see ] and K, Fig. 17) and a brick-on-end or soldier course is composed of
bricks laid on their 1025 mm by 65 mm faces (see N and o, Fig. 17).

Brick Gauge.—The hf_:ight of an'ﬁm’ﬁé? of brick courses, e.g., four courses to
300 mm if 65 mm bricksand 10mm jointsareused. See Gauge-rod, pp. 28and 30.
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Continuous Vertical Joints or Straight joints.—Vertical joints which come
immediately over each other in two or more consecutive courses (see B, Fig. 1);
although these are sometimes unavoidable (see Flemish bond, Fig. 4) theyshould
not appear on the face of brickwork (see English Bond, p. 7).

Quoin.—A corner or external angle of a wall (see v, Fig. 2 and 6, Fig. 6).

Stopped or Closed End.—A square termination to a wall (see Fig. 3) as distinct
from a wall which is returned as shown in Fig. 6.

Perpends.—Imaginary vertical lines which include vertical joints (see broken
lines at v, Fig. 2); these should be plumb or true.

Lap.—The horizontal distance which one brick prOJects beyond a vertical
joint in the course immediately above or below it; it varies from 4625 to 10z°§
mm, .e., 46 to 102 mm; or, allowing for the joint thickness, 56 to 112 mm
(see u, Fig. 2).

Racking Back.—The stepped arrangement formed during the construction of
a wall when one portion is built to a greater height than that adjoining (see v,
Fig. 2).. No part of a wall during its construction should rise more than goo mm
above another if unequal settlement is to be avoided.

Toothing.—Each alternate course at the end of a wall projects in order to

" provide adequate bond if the wall is continued horizontally at a later date (see

v, Fig. 2).

When a new wall has to be connected to an existing wall and where such provision
has not been made, it is necessary to form a sinking or indent-in each alternate course
of the existing wall so that the new work may be properly tied into it; the depth
of the indents should be such as to allow the new work to be bonded into the old for
at least §6 mm and the width should be equal to the thickness of. the new wall,

- Sometimes the indents are formed three or four courses high with a similar distance
between each.

Bat.—A portion of an ordinary brick with the cut made across the width of -

the brick; four different sizes are shown at E, F, G and H, Fig. 2. Applications
are illustrated in the following : Half Bat (E) at F, Fig. 4; Three-quarter Bat
(F) at K, Fig. 3; Bevelled Bats () at N, Fig. 8, and (u) at g, Fig. 8.

Closer.—A portion of an ordinary brick with the cut made longitudinally and
usually having one uncut stretcher face; seven forms are shown at J, k, 1, N,
o, pand v, Fig. 2. The Queen Closer (3) is usually placed next to the first brick
in a header course (see J, Fig. 3); sometimes the abbreviated queen closer v
is used (see K, Fig. 3); the queen closer K is obtained by cumng an ordinary
brick into two half bats and then splitting one into half; x is more often used
than j as it is easier to cut, although (as shown at L, Fig. 3) it generally produces
a 56 mm wide continuous vertical joint, The King Closer (L), formed by re-
moving a corner and leaving half-header and half-stretcher faces, is shown
bonded at b, Fig. 8. The Bevelled Closer (N) has one stretcher face bevelled
(splayed or slanted) and is shown at-E, Fig. 8. Mitred Ck. 0 and P) are
only used in exceptlonal cases as when the ends are requ1red t:
at an angle), 7.e., quoins of certam bay windows. T

The remaining bricks Q, R, s and T shown in Flg 2 are usually moulded

f -,ltred (joined

specially to the required shape and are called specials or purpose-mades, although
for common work or where the brickwork is to be covered with plaster, ordinary
bricks may be cut by a trowel or chisel to form all but the last of these.

Bullnose (Q).—These are used for copings (see b, Fig. 17) or in such
positions where rounded corners are preferred to sharp arrises (see Q, Fig. 7);
a brick with only one rounded edge is known as a Stngle Bullnose and one with
both edges rounded is termed a Double Bullnose; the radius of the quadrant
curve varies from 28 to 56 mm.

Splay (r and s).—These are often used to form plinths (see p, Fig. 17);
amount of splay varies.

Dogleg or Angle (T).—These bricks are used to ensure a satisfactory bond
at quoins which depart from a right angle and are to be preferred to the mitred
closers 0 and p; the angle and lengths of faces forming the dogleg vary.

T'he above purpose-made bricks are only a few of many which can now be obtained.

Most of the larger brick-manufacturing firms make  standard specials ” which are

kept in stock. Wherever possible, a selection should be made from these, as purpose-

mades which differ from the standard are most costly on account of the moulds which
have to be made specially and delivery may be delaved.

Types of Bond.—There are many varieties of bond, and in a First Year
Course it is usual to confine the instruction to Heading, Stretching, English
and Flemish bonds. It is sometimes considered advisable to postpone the
study of Flemish bond until the following year. In cavity-wall construction
(see p. 13) it is most usual to have stretching bond, but as this is somewhat
monotonous, English garden wall bond can be used. This comprises a row
of half-bricks to every three rows of stretchers (see 4, Fig. 18, Vol. II).

The thickness of a wall is either exp_ressed in millimetres or in terms of the
length of the brick, thus : 102 § mm or }-brick, 21§ mm or 1-brick, 327-5 mm
(often specxﬁed 328 mm) or 14-brick, 440 mm or 2-brick, etc.!

A bond is usually identified by the appearance of the external face of the
wall, and it is this face appearance which is referred to in the following description
of bonds. Thus the expression “ alternate courses of headers” refers to the
arrangement of the bricks on the face, even if the headers in each course are
backed by stretchers.

Note that the joints in most of the details are indicated by single lines, the”
thickness not being shown. Students are not recommended to show the joints by
double lines; for, unless they are very accurately drawn, accumulative errors are likely
to occur resulging in the bond being shown incorrectly. Drawing is further facilitated
if, as shawhifithe examples, the dimensions of a brick are assumed to be 225 mm by
112'5 mm by**s mm.

Heading Bond.—Each course of a wall consists of headers only. It is used
chiefly in the construction of footings (see Fig. 10) and walls which are sharply

. curved, where the long faces of stretchers would unduly break-the line of -the

curve.

! Large modern buildings are usually of steel-framed or reinforced concrete con-

_struction which provide for the support of heavy loads by the use of either steelwork or

¢ reinforced concrete, and therefore walls which exceed 2z bricks in thickness are rarely
required.
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THE USUAL BRICK SIZES ARE :
LENGTH 215mm, WIDTH 102-5mm, DEPTH 85 um

OTHER SIZES ARE:215%102-5%50;190%90x50 (£65)
290x90 290 (£65); 190x90%90 (g 65)
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v ‘ 50-90
£ »
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ELEVATION OF PORTION OF WALL IN ENGLISH BOND u

SHOWING NOMINAL SIZED BRICKS IN ACCORDANCE WITH 8.5.3921
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NOTE'
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THREE BRICK WALL
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BONDING : 7

Stretching Bond.—Eack course consists of stretchers with exception of a
half bat which must be placed at the stopped end of a wall at each alternate
course so that the work will break joint. Note that at n, Fig. 3, the break joint
is formed by the first or quoin stretcher appearing as a header on the returnface.!
This bond is suitable for 102-5 mm thick walls, such as are required for cavity
walls, chimney stacks, sleeper walls and division walls.

English Bond.—This consists of alternate courses of headers and stretchers
(see Fig. 3)- Observe : (1) in each heading course a queen closer is placed next
to the quom header® and the remaining bricks are headers, (2) every alternate
header in a course comes centrally over the joint between two stretchers in the
course below, giving a lap of 56 mm, and (3) there are no continuous vertical
joints, excepting at certain stopped ends and particularly where queen closers of
the form K (Fxg 2) and not J are used. It is this comparative lack of straight
joints which gives to English bond its characteristic strength.

Square Stopped Ends.—Fig. 3 shows details of stopped ends to a 1-brick
wall (), a 13-brick wall (), a 2-brick wall (L), a 24-brick wall (M) and a 3-brick
wall (N). A key plan of a portion of a building is shown at , and the treatment
of the stopped end of the doorway opening at ¢ (which is called a square jamb
—see p. 13) would be in accordance with one or other of these details, depending
upon the thickness of the wall.

The external walls of a house if built of solid brickwork are usually 328 mm thick,
and the division walls are either 102'5 or 215 mm thick; other types of buildings may
have thicker walls, but, as already explained, walls exceeding 2 bricks in thickness are
now rarely required. [t is now general practice to use cavity external walls.

Speci\al attention should be taken in the construction of stopped ends of
walls as these are often required to take concentrated loads from lintels, etc.
(see Fig. 12).

The following should be noted :—

1. At least every alternate transverse joint is continuous from face to face;
a 1}-brick wall consists of units comprising a stretcher backed with two headers,
or vice versa (see broken lines at k, Fig. 3); a stretcher course of a 2-brick wall
is formed of units having a stretcher on each face with two headers in the middle
(see L, Fig. 3).

‘Students at examinations frequently make the mistake of showing non-continuous
transverse joints.

2. Walls of an even number of half brlcks in thickness present the same
appearance on both faces, i.e., a course consisting of stretchers on the front
elevation will show stretchers on the back elevation (see J, L and N, Fig. 3).

3. Walls of an odd number of half bricks in thickness will show each course
consisting of headers on one face and stretchers on the other (see k and M, Fig. 3).

! Low division walls which are not required to support loads may be built with the
bricks placed on edge and in stretching bond; the thickness is thus reduced to 65 mm.

¢ A heading course should never commence with a queen closer, for, in this position -

it would be liable to displacement.

4. The middle portion of each of the thicker walls consists entirely of headers
(see L, M and N, Fig. 3).1

Flemish Bond.—This comprises alfernate headers and stretchers in each
course. There are two kinds of Flemish bond, i. e (1) Double Flemish and
(2) Single Flemish.

(1) Double Flemish Bond (see p, E, F and G, Fig. 4) shows the characteristic
appearance of Flemish on both external and internal faces. As shown at D,
each header comes centrally over a stretcher and, unlike' English bond, no
header comes over a vertical face joint. It is not so strong as English bond
because of the large number of short continuous vertical joints (indicated by
thick lines) which occur in the longitudinal joints. Some consider that double

Flemish bond has a more pleasmg appearance and is more economlcal than -

English bond. .

A difference of opinion exists about the superiority or otherwise of the appearance
of Flemish bond, some favour the pattern of units of cross formation which appears
on the face—see D, Fig. 4. Where a flush face is required on botk sides of a 1-brick
wall this is more readllv obtained in Flemish rather than English bond. This is
because the stretcher face of bricks may vary in length due to the unequal shrinkage
during the burning process; thus the combined Tength of two headers plus one
joint may exceed the length of a stretchéer. Although this defect will not occur in
well-made bricks, if it does then a 1-brick English-bonded wall could have one face
flush with the other face showing each heading course set back slightly from the
stretching course. This irregularity is less pronounced in Flemish bond with its
alternate headers and stretchers in each course for the set-back at each short header
is more evenly distributed; the resulting appearance is considered to improve the
surface texture or character of the work.

Square Stopped Ends.—On reference to the elevation D and the plans E, F,

" and g, Fig. 4, it will be seen that in every alternative course a queen closer is

placed next to the quoin header so as to provide a lap of approx1mately 56 mm.
This agrees with the rule for English bond. Attention is drawn to the units
of which every course in each wall is comprised and which are indicated within
the broken diagonal lines. The notes on Fig. 4 should be carefully studied.

(2) Single Flemish Bond consists of a facing of Flemish bond with a backing
of Englzsh bond ‘in &ach course (see H and J, Fig. 4). It is adopted where ex-
pensive facing bricks‘are required to give the characteristic appearance of Flemish
bond and where comparatively cheaper bricks are used as a backing. This
bond cannot be applied to walls which are less than 1}-brick thick. It is
relatively weak, as can be seen on reference to H and J, which show 225 mm long
continuous vertical joints appearing in the longitudinal joints. Note that half
bats are used which are known as snap headers or false headers. An alternative
arrangement of bricks in the 2-brick wall at j is shown at x (where the snap-
header and full-header backing are substituted by two three-quarter bats);

' A scalesof 1:10 is generally used when detailing brick bonding; students are re-

COImnI ~7‘d.ed' to me;i with the heading course followed by the stretching course

immedrately” be Wi ing T the-datter courss® lenSpOSCd over the heading course
will emphasxze the fact$#at there are no continuous- vertical joints (sec L, Fig, 3).
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10 BRICK WALLS

this results in a reduction in the length of the continuous vertical joints with 2
corresponding increase in strength, but an increase in cost due to the labour
and wastage of bricks involved in the cutting of the three-quarter bats. This
alternative bond may also be substituted for the corresponding course of the
1}-brick wall (n).

The comparative weakness of single Flemish bond is illustrated at L, Fig. 4,
which shows a perfectly bonded 440 mm wall built in English bond and an in-
adequately bonded wall of the same thickness built in single Flemish bond;
the continuous vertical joint shown by a thick line in the section through the
latter wall is 225 mm wide, as shown in the plan at j, Fig. 4.

JUNCTIONS AND QUOINS

The key plan at a, Fig. 3, shows several connections between walls. One

type of connection is termed a junction (D, E, U, w and x) and another form is
known as a quoin (F and Y).

Junctions.—These are classified into right-angled junctions and squint
junctions.! There are two forms of right-angled junctions, i.e., (@) tee—Junctxons
and (b) cross-junctions or intersections.

(@) Tee-junctions.—A tee-junction is a connection between two walls which
on plan is in the form of the letter T (see b, U, w and X in the key plan).

Plans of tee-junctions between walls built in English bond are shown at
a,Bandc, Fig. 5. At 4 one of the courses of the 1025 mm internal division wall
enters the stretching course of the 215 mm external wall, giving a 112 mm lap,
and the alternate course of the division wall butts against the heading course of

the main wall.. Note the folowing in connection with details B and ¢: (1) the.

heading course of the internal wall is bonded into the stretching course of the
main wali, the first header or tie brick (shown shaded) giving a 56 mm lap and
being adjacent to a queen closer; (2) the stretching course of the cross wall
butts against the heading course of the external wall. The tie bricks are also
shown in the section at K, Fig. ;5. ‘

Plans of junctions between external walls built in double Flemish bond and
English bonded division walls are shown at ¥ and G, Fig. 5. As in the above
examples, the key header has a lap of 56 mm.

(b) Cross-junctions or Intersections.—A cross-junction is an intersection between
two continuous walls (see E in the key plan at A, Fig. 3). Details are given at
p and &, Fig. 5; the walls are'shown in English bond, it being assumed that

they are to be plastered. Note : (1) one of the courses is continuous and the’

course at right angles butts against it; {2) these continuous courses altern

and (3) a key header forms a 56 mm lap at each side of the non- contmuo .

course.

ew_cxamples of several methods of bonding -at junctions..

The above arg only a fi
‘The arrar of the, b&—:depends largelv upon the relative pbsition of the

walls. Variations of these examples-will be. necessary when a contmuous trans\erbe

! Squint junctions are detailed in Chap. 1., Vol. 11.

joint in the main wail does not coincide with a face of the entering course of the
adjacent wall. The essential requirements are the avoidance of continuous vertical
joints with the employment of the minimum number of cut bricks.

Quoins or External Angles.—There are two forms of quoins, z.e., right-
angled or square quoins and squint quoins.} As is implied, a right-angled
quoin is formed by two walls which meet at go°. Examples of right-angled
quoins are shown at ¥ and v, Fig. 3.

Square Quoins in English Bond.—Plans of alternate courses of right-angled.
quoins formed by walls built in English bond are shown detailed at 4, B and c,
Fig. 6. The following should be noted :—

1. At the same level, the heading course on one face of the angle is returned
by a stretching course; thus at a the heading course p is returned by a stretching
course similar to R. 3

2. ‘There are no continuous vertical joints.

3. When the wall is an even number of half-bricks in thickness the brick
figured 3.is a header projecting 56 mm (see a and ¢, Fig. 6).

4- When the wall is an odd number of half-bricks thick, the brick figured 3
is a stretcher projecting §6 mm (see B, Fig. 6).

5. At the 36 mm projection (or quarter bond) of number 3 brick the
transverse joint is continuous (sce M at B, Fig. 6).

6. In the 1 and 2-brick quoins the hcading couric of one wall is continuous
to the front of the return face and that in the 1i-brick quom 1s continuous to
the back of the stretching face; the return strctchmg course in each case butts’
against the heading course. :

When drawing these details (usually to a scale. j:10) the student should set
out the outline of the quoin and, commencing with the heading course, fill in the
three bricks numbered 1, 2, and 3 followed by the remaining bricks; if number 3
brick is placed in correct position according to either (3) or (4) above and if (5) is
complied with, little difficulty will be experienced in completing each course, as the
details are in accordance with those of English bond shown in Fig. 3.

Square Quoms tn Duouble Ilmmsh Bond.---Details of these are shown at b,
E andl Fig. 6. Note :

. I‘n the 1 and 1}-brick quoins the continuous course is that which contains_
the queen closer; also the butt courses are similar to t and r, Fig. 4, commencing
with units which are similar to those shown within the broken lines in Fig. 4. ™~

2.-Number 3 brick in the 1 and 1}-brick quoins is a stretcher which projects
and in the 2-brick quoin it is a header which. projects 56 mm as in
¥sh-bonded 2-brick quoin.
half bat at the internal angle of the 2-brick quoin 1s necessary to
- : ng continuous vertical joint and to form the continuous transverse
rch bounds the characteristic 6-brick unit enclosed within the broken,

of the Course and they are
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12 BRICK WALLS

Piers (also known as pillars or columns) of brickwork are adopted either to
support concentrated loads such as are transmitted by arches, floor beams and

roofs, or to strengthen walls. Such piers may be isolated (or detached) or they
may be attached to walls.

Detached Piers.—Such may be either square, rectangular, circular or
polygonal on plan. A plan of a portion of a building in which piers are employed

_is shown at A, Fig. 7, and a detached pier is shown at ¢. Such a building may -

be an arcade or loggia, or it may be considered as a portion of a factory,
although modern buildings of the latter type usually have pillars of mild steel
or reinforced concrete, Maximum strength is obtained if pillars are constructed
with sound dense bricks buiit in English bond and in cement mortar.

English Bonded Detached Piers (see plans J, K and L and the corresponding -

elevations D, E and F, Fig. 7).—It is only necessary to show one course of each
pier, as in every case the arrangement of the bricks in each course is the same.
Thus the 215 mm pier has every alternate course constructed as shown at j with

similar intermediate courses at right angles (see elevation p); the 328 mm pier has
alternate courses as shown at X with similar adjacent courses having the stretcher

face of two three-quarter bats at the front over the three headers (sce E); each course
in the 440 mm pier is as shown at L, but every alternate course is turned to the side

(see elevation F).

The only continuous vertical joints are those shown by thick lines at k. A
stone pad or template as shown in each elevation is usually provided at the top
of a pier toensure a firm bed for a beam or roof truss and to distribute the load
effectively. Detached pillars to which gates are hung are often finished with
a coping as illustrated in Fig. 17.

Double Flemish Bonded Detached Piers (see G, H, M and N, Fig. 7).—In the
1}-brick pier (which is the smallest that can be constructed in this bond) con-
tinuous vertical joints.are produced, as indicated by thick black lines at N;
owing to the small size of this pier the true face appearance of Flemish bond is
not presented in the elevation at H (as the headers are not centrally over the
stretchers), but the pier is nevertheless considered to be in Flemish bond as in
each course there is a header adjacent to a stretcher. The short continuous
vertical joints shown in the plan M of the 2-brick pier can be avoided if bevelled
closers (see broken lines) are used as an alternative.

Piers may be formed with rounded arrises by using bullnose bricks; thus
double bullnose bricks (see q, Fig. 2) may be used in the construction of pier j
and single bullnose bricks for the remaining piers.

Attached Piers or Pilasters.—Such are shown at B in the key plan at 4,
Fig. 7, and some alternative details are given at o to s inclusive. *The stability
of walls is increased by the use of these piers at intervals, and like those of the
detached type they may be used as supports for concentrated loads.

Examples in English bond are shown at o, p-and Q. Rounded arrises may
be obtained by using bullnose bricks (see Q). The width Gha pier is usually a
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CAVITY WALLS

multxplc of 112 mm and the projection may be either 112 mm (as at 0 and Pp),
225 mm (as at Q) or upwards.

The piers and adjacent walling shown at R and s are in doublu Flemish lsond
the 112 mm projection may be increased as required.
' A gate pier of the attached type is shown at a, Fig. 17.

" ‘Buttresses are piers which are provided to resist thrusts from roof trusses

"or to strengthen boundary walls, etc. Examples of buttress cappings are illus-

}rated in Fig. 11. . ‘
The brick and concrete foundations for piers are referred to on p. 17.

JAMBS

Jambs are the vertical sides of openings which are formed in walls to receive
doors, windows, fireplaces, etc. There are three forms of jambs, 7.e., (@) square

" or plain, (b) rebated or recessed and (c) rebated and splayed.!

(a) Sgyuare Jambs. —Examples of square jambs are shown in Figs. 42, 44, 49,
‘50, 52, 54, 56 and 57 in connection with door and window openings. The
stopped end details in Figs. 3 and 4 show the construction of the brickwork.

A frequent cause of dampness in buildings is due to door and window frames
being fixed in openings with square jumbs on account of the pointing becoming
“defective and allowing wind and ruin to enter. -

(b) Rebated Fambs (see Fig. 8).- "T'hese details are shown in both English and
double Flemish bond. The plans and sketch ¢ show that a rebated jamb con-
sists of (1) an outer reveal or face, (2) a recess and (3) an inner reveal.?. Window
and external door openings are best provided with rebated jambs for the reasons
stated below, and applications of these are illustrated in Figs. 43, 48, 55 and 6o.

As is implied, the outer reveal is that portion of the jamb which is seen
from the outside; it may be 102 mm (see D, M, G, etc., Fig. 8), or it may be
215 mm wide (see @ and R}. The recess varies in depth from 56 mm or less—
suitable for external doors (see Fig. 48) and casement windows (see Fig. 55) to
102 mm—suitable for windows of the boxed frame type illustrated in Fig. 58.
A 56 mm recess is shown at b and that at K is 112 mm deep.

The object of the recess will be appreciated on reference to ¥, Fig. 8, which
indicates by broken lines the relative position of a window frame; the protection
afforded by the outer ‘‘nib” of brickwork assists effectively in preventing the
access of rain into a building between the frame and adjoining brickwork; the
bedding and pointing of the frame (se¢ p. 84) affords additional protection.

Rebated jambs having 102 mm outer reveals and 56 mm recesses in 1, 1}
and 2-brick walls built in English bond are detailed at 0, Eand F, Fig. 8; these are
plans of the alternate courses T and U shown at A. The corresponding courses
in double Flemish bond are shown a tG, H and j. Jambs with 112 mm recesses
are shown in English bond at K, L and M, and in double Flemish bond at N, 0
and p. Examples of rebated jambs in both English and Flemish bonds having

! Rebated and splayed jambs are detailed in Chap. I, Vol. 11.
- * Sometimes frames are fixed in reverse rebated jambs (see b, Fig. 57).

13
215 mm outer reveals and §6 mm recesses are detailed at @, and with 112 mm
recesses at R. These details may be associated with the window z shown af A,
Fig. 3, and which is shown in the alternative elevations A and B, Fig. 8; the former

indicates 65 mm thick bricks built in English bond and B shows 50 mm thnck
bricks built in Flemish bond.

Excepting at @ and r, the joints of the brickwork above and below the window
opening are indicated by broken lines.  Consideration should be given to the size of
the bricks to be used and the desired thickness of joints when deciding upon the
sizes of door and window openings.  The width of an opening should be a multiple
of 1 brick for English bond und for double Flemish bond the width should be
multiple of 1 brick up to 440 mm thick und a multiple of 1§ brick afterwards, in order
t0 maintain vertical perpends and the normul face appearance of the bond .lbou and
below the opening. Thus, for English bond the size of the opening may be 215 mm,
430 mm, 645 mm, 860 mm, etc., plus the combined thickness of the vertical joints;
for thick walls built in double Flemish band the width may be 430. mm, 748 mm
1075 mm, cte., plus vertical joints; it will be noted that i Fig. 8 the \\1dth of the
window opening is (3 X215 mm)+ {4 X 10 mm)=0685 mm for English bond and
(2 X215 mm)+(3X102'5 mm)+(6x10 mm)=798 mm for Flemish bond. The
figured dimensions on working drawings should include the thickness of the joints,
although the thickness has not been-drawn in the given examplés in ofder to facilitate
draughtmanship. The hclght of openings must conform \\1th the brick courses if an,
unsatisfactory appearance is to be avoided (see p. 20).

A careful study of the details shows that either king, queen or bevelled
closers or half, three-quarter or bevelled bats are employed in order to prevent
continuous vertical joints and to obtain the correct face appearance; note that
any half bats and header queen closers are placed on the inner face at least 102

mm from the sides of the openings in order to prevent their dlsplacement and to
‘provide a strong suppoit for the ends of the lintels (detailed in Fig. 12).

BRICK CAVITY WALLS:

The hollow or cavity wall is now the most usual one for domestic buildings.
The simplest form is 275 mm thick having two 102-5 mm thick leaves of brick-
work separated by a 70 mm cavity but connected at intervals by wall ties. In
comparison with a 215 mm thick wall which uses the same amount of bricks as a
275 mm cavity wall, the latter atfords better protection to rain penetration to the
inside of the building and greater resistance to heat losses from the room. In
order to exclude dampness, the minimum thickness of a solid wall is 328 mm,?2
hence the 275 mm cavity wall is more economical. The prevention of dampness,
)mpm\ ed insulation and economy of the cavity wall are substantial advantages.

It is not usual to ventilate the cavity as this seriously affects the insulation

! Some teachers prefer to leave this until the second vear of the course. The subject
is introduced here and is considered in greater detail in Chap. I, Vol. II. See also p. 4.

2 There have been, of course, many thousands of houses erected in the past with
external walls only 215 mm thick. Whilst much depends on the pen’neablht\ of the bricks
and the soundness of the mortar; such walls on exposed sites are invariably damp intern-
ally. In sheltered places in towns the 215 mm wall; in many cases, has been satisfactory;
probably in an equal number of cases damp patches have dev eloped
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FOUNDATIONS

. of the wall, slight ventilation is provided at the drainage gaps left in certain

vertical joints as described below.

The ties used to strengthen and aid the stability of the wall are of several
kinds, the simplest being made of galvanized wire shaped as a figure of eight.
They are- put in the bed joints to span the cavity. 450 mm apart vertically,
goo mm apart horizontally and staggered (Fig. 13, Vol. II). At the jambs of
openings the vertical spacing of the ties is reduced to 300 mm. It is important
to keep the cavity free of mortar droppings which would collect on the ties and
make a bridge for dampness to the inner leaf. The bottom of the cavity can
be cleaned out if temporary gaps are left at the base of the wall.

! Where the cavity is bridged as at lintels, sills and at the jambs of openings,
a d.p.c. must be provided. These are shown in Fig. 55. The lintel detail at
B shows thie felt or lead d.p.c. tucked into the inner leaf and extending down-
wards to the outside; it is desirable to leave a few of the vertical joints open
in the first outer course on the lintel so that water can drain from the cavity.
(Similar gaps should also be provided at the base of the wall below the d.p.c.).
Tte detail at E shows the d.p.c. nailed to a groove in the timber sill and passing
to the outside of the wall. The rebated jamb plan detail at p also has a d.p.c.
which is taken up the full height of the window. -

The top of a cavity wall is preferably bridged with one or more courses of
215 mm bricks to increase stability and to enable the roof load to be shared
between both leaves (see E, Fig. 39 and G, Fig. 71). The base of the wall is
normally constructed as at A, Fig. 10; this has one weakness on damp sites where
a timber joisted ground floor is used, water may penetrate the two leaves and
spread over the site concrete. This action is eliminated if the cavity at the base of
the wall is filled with fine concrete to a distance 150 mm below the d.p.c. (sce D,

‘Fig. 10).

FOUNDATIONS

. In its widest sense the term foundations may be defined as an expanded
base of a wall or pier in addition to the ground or subsoil which supports it.
The ground which receives the building is known as a natural foundation, and
the extended bases which are constructed of concrete or masonry are called
artificial foundations. _

‘An artificial foundation may consist of : (1) a concrete bed only (see a, B
and p, Fig. 10), or (2) one or more courses.of stone-work (see section DD at B,

" Fig. 20) which are wider than' the wall or pier they support and which are called

footings or (3) a concrete bed together with footings (see ¢, Fig: 10). Type
(1) is the most common, being known as a strip foundation. -

.The object of a foundation is to distribute the weight to be carried over a
sufficient area of bearing surface so as to prevent the subsoil from spreading
and to avoid unequal settlement of the structure, :

Whilst slight settlement or subsidence of a building may, in some cases, be_
unavoidable, it is essential that any such subsidence shall be uniform. Unequal

I5
settlement is the usual cause of cracks and similar defects occurring in walls,
floors, etc.

The size and type of foundation depend upon the character of the subsoil and
the weight which is transmitted to it. The bearing capacity of a soil means the
maximum load per unit of area (usually in terms of kilonewtons/sq. metre) which the
ground will support without displacement. As the nature of the soil varies con-
siderably it follows that the capacity of the soil to support loads i$ also variable.

SKETCH SHOWING
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This difference in the bearing capacity of soils may be éxperienced on a single
building site, as frequently its character is not exactly the same throughout. Hence
it is not always possible to adopt a uniform size of foundation for the whole building,
even if the walls and piers may support equal loads.




16 FOUNDATIONS

The design of foundations to support heavy loads is beyond the scope of
this volume and the following are typical details only. The requirements of
many local authorities in respect to foundations (especially for small buildings
which transmit relatively light loads) have been modified considerably within
recent years.

" Regulations :—

The foundation shall be :—

(1) Constructed to sustain the dead and imposed loads and to transmit these
to the ground in such a way that the pressure on it will not cause settlement which
would impair the stability of the building or adjoining structures.

(2) Taken sufficiently deep to guard the building against damage by swelling
or shrinking of the subsoil.

For domestic buildings where strip foundations are used the concrete shall be

composed of 50 kg of cement! to c'1 m?® of fine aggregate and o2 m? of coarse
aggregate and the regulations are satisfied if :—
(a) There is no wide variation in the type of subsoil beneath the building and
there is no weaker type of soil below that on which the foundations rest which
would affect stability. (&) The foundation width is not less than that summarized
below and given fully in Table 11, Vol. IV for different subsoils and loadings,
and in any case not less than the width of the wall. (c) The thickness of the
concrete is not less than its projection from the base of the wall or footing and
in no case less than 150 mm.

For a two-storey house the wall load is usually not more than 33 kN/m; the
foundation width for different subsoils would then be: Rock, equal to the
wall width; compact gravel and sand ‘o stiff clay, 300 mm; loose sand; oo mm
(as a, Fig. 10); soft clay, 650 mm; very soft clay, 850 mm.

Examples of foundations are given in Fig. 10; they should be at a minimum
depth, in this country, of 450 mm so as to be unaffected by frost.

The one at A shows a typical strip foundation on loose sand where.the
minimum width is 600 mm for a 275 mm wall this necessitates a 162-5 mm
thick strip to comply with (c) above.

450 mm is about the'minimum width of shallow trench that can be exca-
vated by hand, but ‘where machine ‘excavation -(see Chap. I, Vol. IV) is used,
the 305 mm wide type at B is satisfactory in compact sand or suﬁ' clay; the whole
of the trench is filled with concrete.

j[’ he type at D has to be used on soft clay which is liable to expansion and
= acti ue to the variation in water content. At a depth of 915 mm this
aﬂ')? absenit in the UK.

==Theoite at ¢ illustrates the use of a course of brick footings which were often

used in earlier days (when cement was not the reliable product it is today) to
give a gradual spread of the load. The rule illustrated is a useful one and

1 From 1 January 1971 cement is available in 50 kg. bags. ,

Briefly, the following are the requirements of the Building
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DAMP PROOF COURSES 15

conSISted of making the concrete foundation twice the wall width and of a thick-
ness equal to one and one-third its projection from the footing.

The depth of the foundations varies with the character of the subsoil and
the relative importance of the work. Clay soils are liable to expand and contract,

and such movement may cause damage to the foundations unless they are placed

at a sufficient depth; if such sites are waterlogged it may be dg¢sirable to adopt
goo mm deep foundations. It is not necessary to exceed 450 mm depth in many
situations; this is the minimum to prevent damage by frost. All brickwork
below the ground level should be built in cement mortar in order to increase
its stability, and engineering bricks are preferred.

The construction of the floor shown by broken lines at ¢ is described on
pp- 58 to 64.

Pier Foundations.—An example of a foundation suitable for a detached pier
(as illustrated in Fig. 7) is shown at E, j, K, L and M, Flg 1o. Whilst footings
may be dispensed with and the foundatlon designed in accordance with the
Building Regulations, it should be noted that brick footings serve a useful pur-

ose in gradually transmitting the concentrated load from the pier to the concrete.
. Timbering to foundation trenches is described on pp. 79-80.

DAMP PROOF COURSES

One of the chief essentials in building is that the structure shall be dry. A
damp building is unhealthy to those who occupy it, it causes damage to the
contents of the buxldmg, and it gradually 1mpa1rs the parts of the structure
affected. There are various causes of dampness in walls, the chief of which
are : (1) Moisture rising up the walls from the adjacent ground, (2) rain passing
down from the tops of walls, (3) rain beating against the walls which may absorb
the water to such an extent as to show dampness on the internal faces and (4)
the absorptlon of water from defective rain-water pipes.

Wxth reference to the first cause, the student of Building Science (a subject which
normally forms part of a grouped course in Building) will have probably studied the
structure _of a porous material such as a brick; he may have carried out tests to
determine its porosity (the percentage of its pore space), relative permeability (its
capacity to permit the passage of water through it), and the amount of water that it
will absorb. .He will appreciate that brickwork below the ground level will’draw @e
moisture frora the ground and may 1mpart it from one course to anothe;.{ﬂ?a con-

siderable height. The amount of moisture absorbed depends upon the wat -r content
of the soil and the quality of the bricks, mortar and workmanship.

To prevent water absorbed from the soil rising and causing dampness in the
wall and any adjacent woodwork and plaster, a continuous layer of an impervious
material is provided. This layer is known as a horizontal damp proof course
(d.p.c.) The position of such a course varies from 150 to 300 mm above the
ground level (see sections in Fig. 10). The level should not be less than 150mm
otherwise soil (forming flower beds and the like) may be deposited against the
external face of a wall at a greater height than the impervious layer and thus water
may be transmitted from it to the wall above the damp proof course.

"work and the damp proof course is bedded on it,

Some of the materials used to form horizontal damp proof courses are :—

Asphalt—The raw material is a chocolate-coloured limestone which is
impregnated with bitumen or natural pitch. It is quarried and imported from
the West Indies (Lake Trinidad), France (Seyssel), Switzerland (Val de Travers)
and Germany. Fine grit in varying proportions is added and completely
incorporated with the asphalt at a vey high temperature, after which it is cast
into blocks (weighing about 25 kg each). These are received on the site, when
they are re-heated and applied in the following manner : Wood battens are
fixed horizontally along both faces of the wall with theit top edges usually
13 mm above the top of the course of the wall which is to receive the asphalt,
The heated material is placed on the wall between the battens and finished off by
means of hand floats to the top of the battens. The asphalt is kept slightly back
from the external face of the wall so that it may be pointed with cement mortar
after the wall has been completed; this covers the dark line of the asphalt and
assists in preventing the asphalt from being squeezed out and discolouring the
brickwork, especially if it is subjected to intense action of the sun. Asphalt forms
an excellent damp proof course, it being impervious and indestructible; in
addition it does not fracture, if, on account of unequal settlement, cracks are
caused in the brickwork.

Fibrous Asphalt Felt.—There are many varieties of this damp proof course,
one of which consists of a base of tough hessian (woven jute cloth) or felt which
is impregnated with and covered by a layer of hot natural bitumen, and sanded
on the surface or covered with talc to prevent the layers from adhering to each
other. It is obtained in rolls, 22 m long and in various widths from 102-5 mm to
915 mm. In laying it in position, a thin layer of mortar is spread on the brick-
It should be lapped 75 mm
where joints occur and lapped full width at all crossings and angles. It should be
pointed in cement mortar.

This type of damp proof course is extensively used, it being easily handled
and, provided it 1s adequately impregnated with bitumen and obtained from a
reputable manufacturer, it forms a thoroughly reliable damp-resisting material.
Some of the cheaper varieties are practically worthless; they are comparatively
thin and both the bases and the bitumen are of inferior quality; such should
be avoided. It,s not suitable for certain classes of stone walling, i.e., Lake
District Masonry (descrlbed on p. 45), as the weight of the ragged undressed
stones cuts.it adep; ffects through which moisture may pass to cause
dampness. gt

Slates. —Such a damp proof course consists of two layers of sound slates
enfbedded in cement mortar composed of 1 :3 cement and sand. A layer of
mortar is spread over the brickwork, upon which the first layer of slates is bedded
with butt joints; more mortar is spread over these slates and the second layer of
slates is laid in position so as to form a half lap bond with the first course of slates
(whén the slates are said to ** break joint ”’); the next course of brickwork is then
bedded in cement mortar on the top layer of slates. The slates must extend the
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full thickness of the wall, be at least 21§ mm long, and be neatly pointed in cement
mortar. Itisa very efficient damp proof course and has been used on important
buildings.! . It is used in connection with Lake District walling and similar
construction as it is not damaged by the sharp edges of the rough stones. This
damp proof course is liable to be broken if unequal settleraent occurs, causing
water to be absorbed through the cracks. _ o

Lead.—This is a costly but very effective damp proof course. It consists
of a layer of sheet lead (see Chapter VI) which weighs from 3 to 8 Ib. per sq. ft.2
embedded in lime mortar.® It is either lapped as described for fibrous asphalt

felt or the joints may be welted (see p. 144). The mortar does not adhere to it.

readily unless the lead is well scored (scratched).

Another variety of this class of damp proof course consists of a continuous
core of light lead (weighing only 1-22 kg/m?) covered both sides with bituminous
felt which is surfaced with talc to prevent sticking of the folds. It is made in two
or three grades of varying widths and in rolls which are in 8 m lengths. It is
an excellent damp proof course, especially for damp sites, and whilst it is more
expensive than the above, it is more durable. . 7

Copper.—This is another excellent damp proof course. The copper should
be at least 0-022 mm thick, lapped or jointed as described for lead, and embedded
in lime or cement mortar. '

Blue Staffordshire Bricks.—These provide effective damp proof courses. They
are builtin two to four courses in cement mortar; the colour of the bricks may
render them unacceptable for general application.

Plastic—This is a relatively new type of d.p.c. material. It is made of black

" polythene, o-5 or 1 mm thick in the usual walling widths and roll lengths of 30 m.

The second cause of dampness stated on p. 17 (i.e., rain passing down from
the tops of walls) may be prevented by the provision of a horizontal damp proof
course either immediately. below the top course of brickwork or some little
distance below it. Thus, in the case of boundary walls, the damp proof course
may be placed immediately under the coping (see Figs. 17 and 27), and parapet
walls may be protected by continuing the cover flashing (see p. 143) the full
thickness of the wall. Similarly, a horizontal d.p.c. should be placed in a
chimney stack at its junction with a roof.

Vertical damp proof courses which are necessary to exclude dampness in
basement, etc., walls are described in Chap. I, Vol. I1.

Rl = .

1 Horizontal slate damp proof courses afe ‘tised in both ‘the Angli and Roman
Catholic cathedrals at Liverpool. In. addition, lead and blue Staﬂor'%re bricks are
uséd in connection with the latter building. - .

% J.e., 135 to 35 kg/m?. Despite the change to metric units lead is still made in these

_Imperial weights but specified as “No. 3 lead, No. 4 lead etc.,” according to its Imperial -

weight (see p. 142). ‘ . _
3 Certain mortars, tspecially cement mortars, act upon lead and ultimately destroy it;
such should therefore not be used as a bedding material for lead damp proof courses.

SURFACE OR SITE CONCRETE

The area of a building below wood floors must be covered with an impervious
material' in order to exclude dampness. The material used may be concrete or -
asphalt. The Building Regulations require a 100 mm layer of concrete consisting
of 50 kg of cement to not more than o-1 m® of fine aggregate (sand) and o-2 m?3 of
coarse aggregate (broken brick, stone, etc.), laid on a bed of broken bricks, clinker,
etc. The concrete should be well surfaced with the back of the shovel (known as
‘ spade finished ”’); its top surface must not be below the level of the ground
outside the wall of the building. Surface concrete is shown in Fig. 10. Besides
excluding dampness, surface concrete prevents the growth of vegetable matter
and the admission of ground air.

Dwarf 102-5 mm walls, known as sleeper and fender walls (see Fig. 32), are
sometimes constructed on the surface concrete (see ¢, Fig 10, and R, Fig. 32) or
they may have the usual concrete foundations (see Q, Fig. 32). The site concrete
adjoining the walls may be finished as shown at c, Fig. 10 (this is the best method
if a separate sleeper wall as shown is to be supported), or at a and B, Fig. 10.

Offsets.—These are narrow horizontal surfaces which have been formed by
reducing the thickness of walls. ¢, Fig. 10 shows §6-25 mm offsets. Wider
offsets than these may be required to support floor joists, roof timbers, and the
like. Walls of tal! buildings are formed with offsets; thus a 15 m high wall may
be 440 mm thick at the base, 215 mm thick at the top, with an intermediate
thickness of 328 mm, and the 112 mm wide ledges or shelves so formed are
termed offsets. A broken vertical section through a portion of such a wall is
shown at A, Fig..11. The 112 mm offsets support.horizontal wood-members
called wall plates which receive the ends of the floor joists (see p. 60).

The plan at B, Fig. 11, shows an alternative and cheaper method of sup-
porting wall plates than at A. In the latter\the increased thickness of the wall
at the base to form the offset is continuous for the full length of the wall, whereas
at B the wall plate rests upon small piers which are usually not more than 790 mm
apart. Two methods of forming these piers are shown at ¢ and D, the former
being the stronger as it is bonded into the main wall and the latter is not. The
foundation for pier D is strengthened if the site concrete is formed to occupy
the space at w. .

Corbels.—These are similar to offsets except that the ledges are formed by
oversailing or'projecting courses (sée Fig. 11). They are constructed to support
floor beams, lintels, etc. As a load carried by a corbel tends to overturn the
wall, certain precautions are taken to ensure a stable structure; these are: (1)
the maximum projection of the corbel must not exceed the thickness of the
wall, (2) each corbel course must not project more than §6-25 mm, (3) headers

i Vegetable soil or turf covering a site should be removed as a preliminary building
operation; the excavated soil may be spread over that portion of the site set apart for the
garden, etc., and the turf may be stacked (rotted turf is a valuable manure). The depth
of soil removed varies from 150 to 230 mm and the site concrete is laid on the exposed
surface. The omission of the concrete has been a frequent cause of dry rot (see p. 57).
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must be used as they are more adequately tailed into the wall than stretchers, and
(4) only sound bricks and workmanship should be employed. The corbels
shown at L, M and N are continuous and that at o (with the sketch at P) is an
example of an isolated or non-continuous corbel. The latter is used to support
concentrated loads (as transmitted from large flcor beams) and the stone pad is
provided to distribute the load more effectively. '

Oversailing Courses.—These are frequently employed as decorative
features, as for example in the construction of cornices (a crowning member of
a wall), string courses (provided- between the base and top of a wall), eaves (top
of a wall adjacent to a roof) and chimney stacks (the upper portion of brickwork
which encloses chimney flues—see Figs. 38 and 75). Simple examples of brick
oversailing courses are shown at g, Fig. 17, p, Fig. 38, and j, Fig. y0. Stone
cornices etc., are detailed in Figs. 24 and 26.

Buttress Cappings.—Buttresses have been referred to on p. 13. These
are usually completed with simple cappings (seée Fig. 11). The section at Q"
shows the capping to consist of two courses of splay bricks of the type illustrated
at r and s, Fig. 2; a sketch of this capping is shown at R. The sketch at T
shows another weathered capping formed of ordinary bricks which are tilted
or tumbled into the wall; the section at s shows the cutting of the bricks
which is involved: ' SN T

As mentioned on p. 13, the vertical sides of doorways and window openings
are known as jambs. The top or head of such an opening consists of a Zntel or
an arch, or both, and the bottom of a window opening is called a sill whilst the
bottom of a door opening is usually provided with one or morve steps or threshold.

LINTELS

A lintel is a member of wood, brick-or:concrete which is fixed horizontally

and uged to support the structure above the opening. Most lintels now are of
reinforced concrete.

In the class in Building Science the student will study the behaviour of lintels
or beams when loaded. Experiments will show that if a wood beam is loaded as
indicated at T, Fig. 12, it will change its shape as the load increases. The beam will
bend, and if it is ultimately broken it will be seen that the fibres of the upper portion
are crushed and those of the lower portion are torn apart; the bending action tends
to contract or compress the upper fibres and to stretch the lower fibres. Hence the
statement that the “ upper part is subjecteg to a stress called compression and the
lower portion to a stress known as tension ’”™; the fibres along the centre of the beam
are nieither in compression nor tension and this horizontal plane is called the neutral
axts.. In addition, the load tends to produce either vertical, horizontal or diagonal
cracks which indicate failure in shear. Lintels must of course be sufficiently strong
to resist failure by compression, tension, shear and deflection.

Wood Lintels. —These are usually of redwood (see p. 59). The size depends
upon the thickness of the wall, the span (distance between opposite jambs) and
the weight to be supported. The depth is approximately one-twelfth of the
span with a minimum of 75 mm; the width may equal the full thickness of the

FIGURE 11



wall—as is necessary- for mtemal door openings (see B, Fig. §2)—or the width
of the inner reveal as shown at B, Flg 12. A further example of a wood lintel
is illustrated in Fig. 44.

Built-up lintels may be used for larger spans; the section at B, Fig. 12, shows
such a liniel which comprises three 175 mm by 75 mm pieces bolted together
with 13 mm diameter bolts near the ends and at every 380 mm of its length; a
part elevation is shown at-c and indicates the bolts which are provided with the
necessary nuts and washers (see J, Fig. 80). An alternative to this built-up lintel
is shown at H; this consists of two 175 mm by 50 mm pieces (which bridge the
opéning and have a 150 mm bearing or wall-hold at each end) and 50 mm thick
packing or distance pieces at the ends and at 380 mm centres; holes are bored
through the continuous pieces and packing pieces through which bolts are passed

to secure them and ensure that the pieces will act as one unit; the elevation of

lintel H is similar to that at ¢ except that the packing pieces would be indicated
by broken lines at each bolt, as shown at j.

The ends of the lintels have a 175 mm wall-hold and are bedded on mortar
s0 as to ensure a level and firm bearing. Wood lintels afford a ready means of
securing the heads of door and window frames (see p. ¢8).

Brick Lintels.—As is implied, a brick lintel is a horizontal member consisting
of bricks which are generally laid on end and occasionally on edge. It is a
relatively weak form of construction and is quite unsuited to support heavy
loads. They should therefore be used to span small openings only (unless they
are to receive additional support as explained later) and the span should not
exceed 9oo mm.

A section and part elevation of a brick hntel are shown at A and B, Fig. 12..

Cement mortar should be used, and pressed bricks havmg a frog on each bed
are better than wire-cuts. The term joggled brick lintel is sometimes applied
to this type when bricks having frogs are used, the joggle or notch being formed
by the widened joint at each frog; the joggle assists in resisting the sliding or

shearing action to which the lintel is subjected.

T e T T ST L
The lmtel is constructed on a temporary wood support known as a turning piece
(seé p. 8o); mortar is spread over the lower, back and front edges of each brick
before being placed in position; when all of the bricks have been laid, grout (see
p. 2) is poured through the holes which have previously been formed at the top until
each frog is completely filled with the liquid mortar; M, Fig. 12, shows a section
through a brick-on-end lintel with the frog and the hole at the top indicated by
broken lines. If grouting is not adopted care must be taken to ensure that the joints

are prope.ly filled and flushed with mortar.

The depth of the lintel depends upon the size of the opening and the appear-
ance required; it varies from 102-5 mm to 215 mm. For the sake of appearance
it is essential that the top of the lintel shall coincide with-a horizontal joint of the
general walling (see A and G, Fig. 12), otherwise a partial course of brickwork
would be required between the top of the lintel and the bed joint of the wall
above it; such a split course is most ungghtly. . A common depth is that which
is equal to two courses of the ad)ommg bt ck rork (see G); one end of each brick

20 | | o BRICK WALLS

is carefully removed (usually with a hammer and bolster—see 35, Fi ig. 19) and
the bricks are placed in position with the cut ends uppermost; the grouting
operation is facilitated as the frogs are exposed at the top.

An alternative method of forming the ends of a brick lintel, which has a ;
somewhat stronger appearance, is shown' at F in the elevation a, Fig. 12.
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Brick lintels are sometimes known as “ soldier arches ”” presumably because
of the upright appearance of the bricks. This is a misnomer, for such does not
comply with the requirements of a true arch as defined below. Incidentally
great care should be taken to ensure that each brick is placed absolutely vertical
as the appearance is spoilt if onc or two of them show a departure from the
-vertical, however slight. Examples of such an * arch " are shown at 4, Fig. 44,
and B, Fig. 54.

Supports for Brick Lintels.—Additional support must be provided if a brick
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lintel is required for a greater span than goo mm. Alternative methods of such
reinforcement are shown in section at K, L, M and N, Fig. 12. At K a 75 mm by
10 mm steel flat bar (see Fig. 80), having a 150 mm bearing at each end, is used.
For spans exceeding 1 800 mm it is recommended that one of the following should
be used : (a) a steel angle (see Fig. 80) having 150 mm bearings as shown at L and
in detail w, Fig. 54. or (b) purpose-made bricks supported by a reinforced con-

" ¢rete lintel as indicated at N or (¢) a reinforced brick lintel which is illustrated
" atM. The latter consists of a 20 mm diameter steel rod which is threaded through

the bricks before they have been grouted; each end of the rod is bedded 150 mm
into the wall; the bricks used for this purpose are holed during the moulding
process before being burnt, the centre of each hole being approximately 38 mm
from the underside of the lintel. The exposed surfaces of the above flat bar
and angle may be rendered inconspicuous by painting them to conform with the
colours of the bricks; alternatively they may be completely covered by the door
and window frames; the soffit or underside of the concrete lintel at N between
the brick lintel and the door frame thay be covered by bedding 12 mm thick tiles
to the concrete as shown.
It is a common practice for small spans to bed brick lintels directly upon
the heads of the door and window frames; such frames should be set back for
not more than 25 mm from the external face of the wall (see ¢, Fig. 44).
. Stone Lintels or Heads.—These are rectangular blocks of stone of varying
thickness and depth; the latter should be at least 215 mm. Itshould course with
the adjacent brickwork as shown at 0, Fig. 12 Additional examples are shown
in Figs. 22, 24, 58 and 61.

Concrete Lintels.—A suitable mix of concrete consists of 1 part Portland -
cement, 2 parts sand and 4 parts gravel or broken brick or stone of 20 mm gauge.

The lintel may be cast i situ (in position) or precast (formed and allowed to
set before being fixed); the former is cast in a wood mould (with 32 to 38 mm
thick bottom and sides) which is removed when the concrete has set. The
precast method is more often employed as the lintels can be formed in the wood
moulds well in advance to allow them being sufficiently matured for fixing when
required and the construction of the walling above them may be continued

immediately after fixing. As concrete is comparatively weak in tension, the use
= 4

of plain concrete lintels sticuld be limited to spans not exceeding goo mm and not
used to carry point loads, otherwise failures may occur which are usually due to
shear and which may produce fractures such as that indicated by the broken line
vat Q, Fig. 12. If this span is to be exceeded, the lintel must be strengthened by
using mild steel bars or some other form of steel reinforcement. A simple type
of reinforced concrete lintel is shown at P and Q; the number and size of the re-
inforcement depend upon the span, width and load to be supported; the steel is
placed in the moulds and at about 25 mm from the bottom; the concrete is
poured in, care being taken in packing it round the reinforcement. The ends of

. the e hooked as shown in order to increase the bond or grip between them

and the concrete. If precast the top of the lintel should be marked so that the

" and back faces; it 1s sometlmes refeﬂ‘ecf

fixer will bed it with the reinforcement lowermost. Other examples cf a reinforced
concrete lintel are shown at A and ¢, Fig. 25, and B, X and o, Fig. 8.
An cxample of a boot-shaped lintel is shown at B, Fig. 55.

ARCHES

An arch is a structure comprising 2 number of relatively small units! such as
bricks or masonry blocks which are wedge-shaped, joined together with mortar,.
and spanning an opening to support the weight above. Because of their
wedge-like form, the units support cach other, the load tends to make them
compact and enablcu. them to transmit the pressure downwards to their supports.

Terms.--The technical terms applied to an arch and adjacent structure are
shown in the isometric sketch (Fig. 13); the following is a brief description :—

Voussoirs—The wedge-shaped bricks or blocks of stone which comprise an
arch; the last voussoir to be placed in position is usually the central one and is
known as the key brick or key stone; it is sometimes emphasized by making it
largcr and projecting it above and below the outlines of the arch. The key shown
in the sketch consists of several 12-or 20 mm: tiles. -

Ring, Rim or Ring Course.-~"The circular course or courses comprising the
arch. Thearch in Fig. 13 consists of three half-brick rings, the one at p, Fig. 15,
has two half-brick rings, and those at E and F, Fig. 15, and ¥ and J, Fig. 41, have
each a one-brick ring.

Extrados or Back.—The external curve of the arch.

Intrados.--"The inner curve of the arch.

Soffit.—The inner or under surface of the arch; in some localities the terms

“soffit ” and “’intrados ” are accepted as meaning the same. a

Abutments.—The portions of the wall which support the arch.

Skewhacks.—The inclined or splayed surfaces of the abutments prepared to
receive the arch and from which the arch springs (see a, Fig. 15).

Springing Points.—The points at the intersection between the skewbacks and
the intrados (see a, Fig. 15)

Springing Line—The horizontal line j Jommg the two springing points.

Springers.—The lowest voussoirs immediately adjacent to the skewbacks.

Crown.—The highest point of the extrados.

Haunch.—The lower half of the arch between the crown and a skewback.

Span.—The horizontal distance between the reveals of the supports.

-Rise.—The vertical distance between the springing line and the highest
point of the intrados.

Centre (or Striking Point) and Radius (see Fig. 13).

Depth or Height.—The distance between the extrados and intrados.

Thickness.—The horizontal dlsta'nc_ ‘het d at right angles to the front

Pidth or breadth of the soffit.

1 are adopted in bridge construction.

! Steel and remforced concrete archesof Targe sp:
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In some districts the term ‘ thickness ”’ is considered to have the same meaning
as “ depth ’; to remove any doubt, the arch at A, Fig. 15, would be specified as being
a “* flat gauged arch, 290 mm deep with 102-5 mm wide soffit, to a 1135 mm opening.”

Bed Joints.—The joints between the voussoirs which radiate from the centre.

Spandril.—The triangular walling enclosed by the extrados, a vertical line
from the top of a skewback, and a horizontal line fram the crown; when arches
adjoin, as in Fig. 13, the spandril is bounded by the two outer curves and the P . -
horizontal line between the two crowns.

Impost.—The projecting course or courses at the upper part of a pier or other
abutment to stress the springing line; sometimes moulded and known as a cap
(see Fig. 13, and b, Fig. 15).

Plinth.—The projecting brickwork at the base of a wall or pier which gives
the appearance of additional strength; also known as a base.

Arcade.—A series of arches, adjoining each other, supporting a wall and
being supported by piers. '

Classification of Arches.—Arches are classified according to (a) their shape,
and () the materials and workmanship employed in their construction.

(@) The more familiar forms of arches are either flat, segmental or semicircular,
whilst others which are not so generally adopted are of the semi-elliptical and
pointed types.!

(b) The voussoirs may consist of either (1) rubber bricks, (2) purpose-made
bricks, (3) ordinary or standard bricks cut to a wedge shape and known as axed
bricks or (4) standard uncut bricks. The following is a brief description of
these bricks :—

1. Rubber Bricks, Rubbers, Cutters-or Malms.—Thés¢ aré soft bricks, obtain-
able in various sizes, and of a warm red or orange colour. They can be readily
sawn and rubbed to the desired shape. They are used in the construction of
gauged arches (see below).

2. Purpose-made Bricks.—These are specially hand-moulded to the required
shape and are used for good class work in the construction of purpose-made
brick arches (see below). Owing to the standardized form and size of many
arches, stocks of the more commonly used purpose-made voussoirs are carried
by the larger manufacturers, and delivery is thereby expedited; such bricks
are usually machine-pressed. - :

3. Ordinary Bricks Cut to Wedge Shape.—These are standard bricks which
have been roughly cut to the required wedge shape by the use of the bolster ,

" and dressed off with a scutch or axe (see 34, Fig. 19). They are used in the
construction of axed brick arches (see p. 24). .

4. Ordinary Standard Uncut Bricks.—When such bricks are used in the con-
struction of arches, the bed joints are not of uniform thickness, but are wedge-
shaped. They are used for rough brick arches (see p. 24).

Flat, Straight or Camber Arch.—There are three varieties of this type, i.e.,

ISOMETRIC SKETCH
OF A PORTION OF A

BRICK. ARCADE
ILLUSTRATING TERMS

1 These are illustrated in Fig. 19, Vol. II,

Rrrrmore 14
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(a) gauged flat arch, (b) purpose-made flat arch and (c) gxed brick ﬂat arcn,
depending upon the class of bricks and labours used in their construction.

(a) Gauged Flat or Camber Arch (see A and ¢, Fig. 15).—Rubbers are used.
The extrados is horizontal and the intrados is given a slight curvature or camber
by providing a rise of 1-5 to 3 mm per 300 mm of span; thus the arch at a would_
have a rise of approximately 12 mm. 'The reason for the camber is to avoid the
appearance of sagging which is produced if the intrados is perfectly-horizontal -
and which defect would be accentuated if the slightest settlement occurred. The
angle of the skewbacks may be 60° (as shown at A and c¢) or the amount of
skewback (the horizontal distance between the springing point and the top of the
skewback) may equal 38 mm per 300 mm of span per 300 mm depth of arch (as
shown at A, Fig. 48, and a, Fig. 54). The adoption of the latter rule gives a more
pleasing appearance (compare A and ¢, Fig. 15, with a, Figs. 48 and 54); if it had
been applied to the two arches in Fig. 15, the amount of skewback at a would be

8x'1_l3—5x2? = 139 mm, and at ¢ it would be 38x%x%29=84 as com-
300 300 300 300
pared with 167 mm, which is common to both arches when the skewback has a
slope of 60°. : :

23

This type of arch is not very strong and should be limited to spans of from
I 220 to 1 520 mm unless they are strengthened by means of a steel bar or angle,
as described on p. 21. Observe that in each case the extrados coincides with a
horizontal joint of the adjacent walling and thus a split course is avoided (see
p- 20); the intrados of the arch at a, Fig. 15, also coincides with a bed joint;
this is not always desirable, as the brick 4t T is difficult to cut on account of the
sharp edge produced; such is avéided if the intrados comes midway up the
course (see s, Fig: 15). .

“ Gauge ’ means “‘ measure "’ and a characteristic of -gauged work is its
exactness. The bricks are accurately shaped as described below and the bed
joints are very thin, being as fine as 0-8 mm, although a thickness of joint varying
from 3 to 6 mm is much favoured. Such accurate work is possible by the use of
rubbers and a jointing material known as putty fime (limé chalk which has been
well slaked, worked up to a cgnsistency resembling thick cream and passed
through a fine sieve).

When drawing this arch to scale, the student should note that all bed joints of
the voussoirs radiate towards the centre and that tbe.7.5 mm measurements (or 50 mm
if the general walling is constructed of 50 mm bricks) are set off along the extrados.
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Students make a common mistake in measuring off along the intrados, When the
bricks are 65 mm thick at the extrados, satisfactory jointing results if the number of
voussoirs in the arch when divided by 4 gives a remainder of 1, 1.e., 13, 17, 21, etc.

Construction of Arch—In order that the rubbers shall be correctly shaped, a
full-size drawing of the arch (showing the voussoirs and joints) is prepared and thin
pieces -of zinc, called templets, are cut to the shape of the voussoirs shown on the
drawing. ‘The bevels or inclinations are marked on each voussoir by tranferring
them from the templet which is placed on it. The voussoirs are then sawn to shape
with each saw-cut parallel and near to the marks. They are finally dressed down to
the marks by rubbing each cut surface on 2 slab of hard stone or by using a rasp
(see p. 128). A 150 mm long groove (about 13 mm deep and 25 mm wide) is formed
on each bzad to form a key for the mortar and each rubber is numbered in accordance
with the corresponding number on the drawing for guidance to the bricklayer.

The wall at each side of the opening will have been built and the skewbacks
prepared to receive the arch, as indicated by the thick outline N shown at a, Fig. 15.
'The turning piece (see A, D and E, Fig. 41) upon which the arch is to be constructed
will have been carefully fixed in correct position. When very fine joints are required,
each voussoir is dipped into the putty and its bed covered, any putty in the groove
is removed, and the brick is placed in position by pressing the bed codted with putty
against the adjacent brick. When all of the voussoirs have been placed in position,
cement grout is poured into the joggles formed by the bed grooves. It is usual to
work from each skewback towards the centre and complete with the key brick. The
voussoirs are kept plumb by using a streight-edge (a 75 mm by 22 mm piece of well-
seasoned wood about 1 8co mm long) and, as the work proceeds, it is placed horizont-
ally against the faces of the walling at the skewbacks when any voussoir not in true
alignment is tapped either backwards or forwards as required.

If thicker joints are desired, the mortar is applied by a trowel (see 31, Fig. 19)
in the usual way, care being taken that the joints are of uniform thickness and radiate
to a common centre. This is ensured by using a cord or “ line ”’ as shown at a,
Fig. 41; one end of the line is attached to the nail driven into the strut at the centre;
the position of each voussoir and its bed joint is marked along the top of the turning
piece, and as each voussoir is placed in position the bed is made to coincide with

the line which is stretched taut. A piece of wood, called a trammel or radius rod .

(see M, Fig. 41), may be used to traverse the face of the arch instead of the line.

A templet or wood pattern, shaped as shown at a, b, ¢, d at A, Fig. 15, may be
employed to ensure that all of the skewbacks are made to the correct angle. The
bricks forming a skewback can be readily and accurately cut if a line parallel to it is
marked on the wall, as shown by the broken line x at A, Fig. 15, when the measure-
ments taken along the arrises of the shaded bricks which are intercepted by the mark
are transferred to the bricks to be shaped. L

the joints are the same as for the general walling; the camber and size of skew-
back are as described for gauged arches. “This type of arch is frequently
employed in good-class work. : ,

(c) Axed Brick Flat Arch.—This is similar to (b) except.ti:\a&it;;tppedrancg
is not so satisfactory as the voussoirs are ordinary bricks cut to a wedge shape
as described on p. 22. This type of arch is now used only for common work.

made Brick Flat Arch (see B, Fig. 15, A, Fig. 48, and , Fig. 54)
_ =This arch differs from the gauged arch type in that purpose-made bricks (see
above) are used instead of rubbers; the jointing material and the thickness of-

Segmental Arch.—Haif elevations of two varieties of this arch are shown at
F and G, Fig. 15. The geometrical construction for determining the centre for
the curved extrados and intrados and from which the bed joints of the voussoirs
radiate is shown. There are four varieties of this type of arch, i.e. :

(3) Gauged Segmental Arch (see G, Fig. 15).—It is constructed of rubbers
upon a temporary wood support called a centre (see F,. Fig. 41). Cross joints
may be omitted if desired. ,

(b) Purpose-made Brick Segmental Arch (see ¥, Fig. 15).—This is similar
to the above, except that purpose-made bricks and not rubbers are employed
and the thickness of the joints is the same as that of the adjoining brickwork.

(c) Axed Brick Segmental Arch.—Whilst this arch resembles (&) its appear-
ance is not so good, as it is constructed of ordinary bricks which have been cut
to the required wedge shape.

(d) Rough Brick Segmental Arch.—

: This consists of one or more half-brick rings constructed of ordinary stock urcu

. bricks; as the bricks are not cut, the joints are wedge-shaped. Such arches were adoptec
when appearance was secondary (as in plastered walls) because of their relative cheapness
The arch was used to relieve 2 wood lintel of the weight of superincumbent brickwork
Such are called Rough Relieving or Discharging Arches; they are also sometimes referre
to as Jack Arches. Rough relieving arches are now obsolete. They were formerly employe
when openings exceeding 1°2 m spans were provided with compaiatively thin woo«
lintels. Reinforced concrete lintels, designed to support the brickwork, etc. above them
are now preferred to wood lintels, especially for large spans.

Semicircular Arch (see D and E, Fig. 15, which shows half elevations of tw:
varieties).—The impost may be omitted. Itis constructed on a centre (see p. 8
and J, Fig. 41). 'There are four varieties of semicircular arches, i.e., (a) gauge
semicircular arches, (b) purpose-made brick semicircular arches, (¢) axed bric
semicircular arches, and (d) rough brick semicircular arches.- Excepting fo
the shape, they are similar to the four classes of segmental arches. An exampl
of a gauged semicircular arch is shown at E; this may have cross joints to giv

.a “bonded face.” The purpose-made brick type is shown at » and the axe

4+ «brick arch is similar; the number of rings may be increased if desired. Th

e segmental arch, has V-shaped joints. :
ed_in” FIp- 15_have been related to the small buildin
{Whiﬂrig’_ﬁi%xample of a typical working drawing,
Mo enable the bricklayer to set out the work accurately
es are desciibed on p. 49.

WINDOW SILLS

A sill provides a suitable finish to the window. opening and it affords
protection to the wall below. Sills may be of brick, brick with one or mo

* Although the thickness of the joints of the brickwork (including those o§ the-arche
has been shown in Fig. 135, it is usual for students when preparing homewaork _sheéets
show the joints by single lines’ only.
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of 4 =N tiles, stone (natural or reconstructed) concrete, terra-cotta and
'he top of a sill should have: a-gkhght fall outwards to prevent the lodg-
entof water; this slope is called the ’ '_a thgring of a srll
"Fig. 16 shows three forms of externalsills.
That at A shows a section and part elevation of a ‘brick sill upon two courses
of tiles. - Stahdard bricks are placed on ¢dge and are slightly tilted. The tiles
vary from 13 to 45 mm thick; those shown are 16 mm thick. Ordinary roof
tiles—(known as plain tiles, see Fig. 72)—are sometimes used; these are
approximately 270 mm by 165 mm by 13 mm. Purpose-made tiles, called quarry
tiles, are thicker than plain tiles and are usually square of 150 to 300 mm length of
side. The tiles are given a 20 mm projection beyond the face of the wall (see
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section) and a 20 mm projection beyond the jamb (seg elévation); they are laid to
break joimt (see also A, Fig. 41). The tiles must be solidly and uniformly bedded
in morfhr otherwise they may be easily damaged:

An alternative arrangement is shown at B, Fig. 16, where a double course of
tiles is ‘bedded on a brick-on-edge course. An equally satisfactory and in-
expensive finish is provided by a double course of tiles bedded on the top course
of the general walling (see B, Fig. 14). The tiles may be given a much greater
slope if desired (see E, Fig. 55), and the brick-on-edge course may project 20 to
25 mm beyond the face of the wall.

An internal sill of one course of tiles (F) is shown at a, Fig. 16,

Lead-covered brick-on-edge sills are shown in Figs. 56 and 57.
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The sill at ¢, Fig. 16, is of moulded concrete, or reconstructed stone (see
Vol. IV). The top surface is weathered and slightly moulded; it has a groove
to receive a wrought iron weatker bar (see p. 104). The underside is grooved
or throated to throw off the water and prevent it from passing underneath the
sill and staining the brickwork below. The ends of the sill are called stools or
seatings and provide level beds to receive the jambs.

In all cases the sills should course with the adjacent walling in order to avoid

the unsightly split courses which have been referred to on p. 20.

Sills should be protected during the construction of the building, otherwise
falling bricks, etc., may cause damage. This protection is usually in the form of
pieces of wood which rest upon the sills and are tightly fitted between the reveals.

Stone sills are described on p. 49.

THRESHOLDS

The bottom of an external door opening is provided with one or more steps
which form a threshold. Such may consist of bricks, stone or concrete.

Fig. 14 shows a threshold consisting of three steps which are formed entirely
of bricks laid on edge.

An alternative to this, to a larger scale, is shown at D, Fig. 16. Ordinary
standard bricks may be used, but they must be very hard, otherwise the edges
or arrises will be readily damaged. The steps must have a satisfactory founda-
tion, hence the concrete bed. The height of each step, called the 7zser, is 130 mm
although thjs varies from 115 to 175 mm. The risers consist-of brickslaid on end
and the rest of each tread (or horizontal portion) comprises bricks laid on edge.
Treads should be at least 280 mm wide so as to afford adequate foot space. The
top step is given a slight fall {about 3 mm) to discharge water away from the

- door. The two lower steps have refurned ends; this gives a much better

appearance than when all steps are of the same length. The bonding of the
bricks is shown on the plan and elevation. The whole of the brickwork should

'be in cement mortar,

" A single step in bricks on edge is shown in Fig. 13.

The threshold at g, Fig. 16, consists of two steps having brick-on- edge risers
and 60 mm thick stone treads.. The stone must be extremely hard and fine-
grained, and the upper surfaces should not be polished. otherwise they become

" slippery, especially in wet weather. Unless the stone is hard it will wear badly

and the arrises will be readily damaged. The edges may be slightly rounded,
or splayed (chamfered) or—providing the stone is particularly hard—square as
shown. The treads must be well and uniformly bedded. in cement mortar.
This form of step is also detailed in Figs. 42 and 48.

Stone steps are shown in Figs. 24, 43 and 65. Similar steps may be formed

in concrete, although these do not look so well as those in stone. A concrete
step, which is a continuation of the concrete floor, is shown in Fig. 44.

It is advisable to defer the construction of thresholds until the completion
of the building, otherwise they may be damaged during the building operations
unless adequately protected.

COPINGS .

Copings are provided to serve as a protective covering to walls such as
boundary walls (yard and garden walls) and parapet walls (those which are
carried up above roofs). Their object is to exclude water from the walling below.

Very serious damage may be caused to a wall if water gains access, especially
during cold weather when the water may freeze. Under such conditions the
resulting expansion may rapidly disintegrate the upper courses of the brickwork. In
addition, the water may penetrate sufficiently to cause dampness to bedrooms, etc.

The most effective coping is that which throws the water clear of the wall
below. The fewer joints in the coping the better, and the jointing and bedding
material should be cement mortar. Copings may be of bricks, bricks and tiles
or slates, stone, terra-cotta and concrete, and all must be sound and durable.

Some of the simpler brick copings are shown in Fig. 17. They form an
effective finish to a brick building.

A portion of a garden wall is shown at a, Fig. 17, and alternative copings
which would be suitable for this and similar walls are shown at B to L inclusive.

Brick-on-Edge Coping.—The section at B and part elevation at ¢ shows this
type, which consists of ordinary hard and durable bricks laid on edge. It hasa
simple but satisfactory appearance, is inexpensive and is adopted extensively.
Another application is shown at M, Fig. 36, and in Fig. 74. Sometimes the
bricks are placed on end, or as shown in Fig. 13, the coping may consist of,
two courses with the lower set back about 13 mm and comprising bricks-on-end
and the upper course set back a similar amount and consisting of bricks-on-edge.

Bullnose Coping.—This is shown in section D and the elevation is similar to,
that at ¢. The double bullnose bricks are placed on edge.

Semicircular Coping (see E and F).—The purpose-made semicircular bl‘leS
are bedded upon an oversailing stretching course of ordinary bricks. The
space between the stretchers (about 60 mm as shown in the section) should be
filled solid with pieces of brick and mortar if the dwarf wall is likely to be sub-
jected to side stresses from traffic, etc. The curved surface of the coping and
the weathered or flaunched bed joint cause water to get away quickly, and the
projecting course assists water to drip clear of the wall.

A similar coping, shown at G and H, consists of a top course of double bullnose
bricks placed. on edge upon a projecting course of bats (or stretchers similar
tc E with the intervening space filled as above described).
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- Brick-on-Edge Coping with Tile Creasing.—One form is shown at j and k.
The tile course is known as a creasing and serves to throw the water clear of the
wall. The creasing may also consist of two or more tile courses, laid in cement
to break joint. A creasing consisting of a double course of slates in cement may
be used instead of tiles. '

Saddle-back Coping (see L and M).—This is effective, it provides a satisfactory
finish and may be used in conjunction with either a tile or slate creasing. Brick
or terra-cotta saddle-back copings can also. be obtained which have throated
projections and resemble the stone coping shown at c, Fig. 27.

A vertical joint in a coping is-a potential weakness, and therefore one of the
demerits of brick copings is the comparatively large number of such joints
which have to be made. Hence it is advisable to provide a horizontal damp proof
course on the top course of the brickwork before the coping is fixed (see p. 17).

Whilst a simple brick coping can form an attractive feature of a brick
structure and is extensively used, copings of stone are often preferred even for
brick erections. Stone copings are illustrated in Fig. 27.

PLINTHS

The projecting feature constructed at the base of a wall is known as a plinth.
It gives to a building the appearance of additional stability.

Three forms of simple brick plinths are shown in Fig. 17.

Brick-on-End Plinth (see N and 0).—As is implied, this plinth consists of a
course of bricks laid on end, projecting about 20 mm and backed with ordinary
brickwork.

Splayed Plinth (see P and Q).—This comprises two stretching courses of
purpose-made splayed or chamfered bricks similar to those shown at r, Fig. 2.

- If preferred, the top course may consist of headers similar to that at s, Fig. 2.

Moulded Blinth.—One of the many moulded types is shown at R and s, and
consists of a simple curve (called a cavetfo mould) and a narrow flat band known
as a fillet. .

Stone plinths are detailed in Fig. 25.

TOOLS, CONSTRUCT'QN. JOINTING AND POINTING

Tools.—The tools in general use by a bricklayer are : trowel, plumb-rule,
“straight-edge, gauge-rod, line and pins, square, spirit-level, two-foot rule,
bolster, club hammer, brick hammer and chisels. Other tools used for special

BRICK WALLS

purposes include : bevel, scutch, saw, pointing-trowel, frenchman, jointer,
pointing-rule and hawk.

Trowel (see 31, Fig. 19).—Consists of a steel blade and shank into which a
wood handle is fixed; used for lifting and spreading mortar on to a wall, forming
Jjoints and cutting bricks. It is the chief tool of the bricklayer. -

Plumb-rule.—A dressed piece of wood, 100 mm by 13 mm by 1 400 mm to 1 800
mm long, having parallel edges, holed near the bottom to permit slight movement
of a lead plumb-bob which is suspended by a’piece of whipcord; similar to that
shown at A, Fig. 28, but with parallel long edges; used for plumbing (obtaining or
maintaining a vertical face) a wall.

Straight-edge.—A piece of wood, about 75 mm by 13 mm by goo mm long having
parallel edges; used for testing brickwork (especially at quoins) and checking if
faces of bricks are in alignment. Longer straight-edges are used for levelling con-
crete, etc. .

Gauge-rod or Storey-rod.—Similar to the straight-edge but 100 mm by 19 mm by
27 m long, upon which the courses, including the joints, are marked by horizontal
lines; courses which conform with the tops and bottoms of window sills, springing
points of arches, etc., are also indicated on the gauge; used at quoins in setting out
the work and ensuring that the courses are maintained at correct level and uniform
thickness. '

Line and Pins (see 33, Fig. 19).—The line (at least 30 m long) is wound round twc
steel pins: used to maintain the correct alignment of courses. | .

Sguare (see 26, Fig. 19).—Consists of a steel blade and wood stock or entirely o
steel; used for setting out right angles from the face of a wall (as required for open-
ings), testing perpends and marking bricks preparatory to cutting.

Spirit-level (see 17, Fig. 19).—Used, in conjunctionr with the straight-edge, fo:
obtaining horizontal surfaces.

One-metre Rule (see 1, Fig. 67).—Used for taking measurements.

Bolster (see 35, Fig. 19).—Made of steel; used for cutting bricks; the edge o
the tool is placed on the brick where required when a smart blow with the hamme
on the end of the steel handle is usually sufficient to split the brick.

Club Hammer or Lump Hammer.—Similar to that shown at 27, Fig. 19, and wit]
the head weighing from 1 to 2 kg; used in conjunction with the bolster, chisels, et

Brick Hammer.—Similar to that at kK, Fig. 69, but without the claw and wit
a chiselled end instead of that shown pointed; used for cutting bricks (especiall
firebricks), brick paving, striking nails, etc. -

Chisels.—Similar to those at 1 and §, Fig. 19; those shaped as shown at 5-a1
usually 19 mm wide with 300 to 450 mm long octagonal steel handles; used fc
cutting away brickwork, etc.

Bevel (see 30, Fig. 19).—Used for setting out angles.

Scutch or Scotch (see 34, Fig. 19).—Used for cutting soft bricks and dressing.m
surfaces. )

Saw (similar to that shown at 19, Fig. 67).—Used for sawing rubbers (see p. 22

Pointing Trowel.—Similar to that at 31, Fig. 19, but much smaller; used fi
placing mortar into joints, etc.

Frenchman.—A discarded table knife the blade of which is cut to a point whic
" is bent 10 mm at right angles to the blade; used for tuck pointing (see p. 31).

Jointer (see 32, Fig. 19).—This has a steel blade (50 to 150 mm long), the edge
which is either flat, grooved, concave or convex rounded; used for jointing ar
pointing brickwork (see p. 31). .

Pointing-rule (see 18, Fig. 19).—A dressed piece of 75 by 22 mum wood having
bevelled edge with 10 mm thick wood or cork distance pieces fixed on the bevell
side; used for jointing (see p. 31).

Hawk or Hand Board.—A 225 mm by 225 mm by 13 mm board having a zo m
diameter stump handle in the centre; used for holding small quantities of mor!
during pointing operations.
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Construction of a Wall.'—The corners or leads are first built to a height
of several courses (see U, Fig. 2) and the walling between the corners is completed
course by course. Normally the leads should not exceed goo mm in height.

Each quoin is set truly vertical by placing an edge of the plumb-rule against one
of the faces, any adjustment of the bricks being made until the wall is true; the return
face is then plumbed. The gauge-rod is used to ensure that the brick courses are
correct. FEach course is now constructed, aided by the line and pins; one of the
pins is inserted in and near the top of a vertical joint (usually on the return face of
the wall) and, after the line has been stretched taut, the second pin is inserted to
bring the line level with the top of the course to be built and at = slight distance
(about 3 mm) from the face.

Before being laid in position the bricks should have been wetted? (particularly
in hot weather) to prevent them from absorbing moisture from the mortar.

In constructing a wall, the bricklayer collects sufficient mortar on the trowel and
spreads it on the last completed course for several bricks ahead (not less than goo mm
length of bed being recommended). He then presses the point of the trowel into the
mortar and draws it in zigzag fashion along the centre of the layer to form a level and
uniformly thick bed. A brick is taken, placed in position, and pressed into the mortar
against the last laid brick; a smart tap with the edge of the trowel or the end of the
handle may be necessary to bring the brick into line. The mortar which has been
squeezed out beyond the face of the wall is ““ cut off ” by and ‘collected on to the
trowel® and returned to the heap-of mortar on the board. The cross joint is then

formed, a small portion of mortar being taken on the trowel and pressed on the end

or side of the brick to form a vertical joint against which the next brick is pressed.t

“ Plumbing-up »’ by means of the plumb-rule should be frequently resorted to
as new brickwork has a tendency to overhang; the work is corrected and a vertical
face obtained by tapping the handle of the trowel (or using the brick hammer)
against the bricks concerned.

Perpends must be kept vertical; this is checked as the work proceeds by placing
the straight-edge flat on the course and slightly projecting beyond the face. The
stock of the square is set against the underside of the straight-edge with the blade

coinciding with the last-formed vertical joint and (if the work is satisfactory) with

that-in the course next but one below. ]
The plumbing of the reveals of openings and the perpends adjoining them should

. receive special attention. :

< *Tirgthe construction of thick walls, mortar is spread on the bed and the outer
&5 Biks¥om both faces are first laid as described above; the inner bricks are then
" prégsed and rubbed into position to cause some of the mortar to rise between the
vertical joints, which are finally filled flush with liquid mortar or grout.
Hand-made bricks, having only one frog, should be laid with the frogs uppermost
nsure-that_they will be completely filled with mortar. Machine-pressed bricks,
= having two frogs, should have the *“ lower ” frogs filled with mortar before being laid

— ~in position. Care'thust be taken that certain textured or rustic bricks are laid on their

proper beds; it is not uncommon to see these lajd * upsi’g}?‘-’doy&!n v,
L ‘. .

— .- Jeinting and Pointing.—Joints on the face are usually compressed by one

% - or other of the methods referred to below so as to eliminate pore spaces along

which water may pass. The nature of this finish depends upon the type of
bricks used and the appearance required.

1 The setting out of buildings is described in Chap. I, Vol. II.

2 Certain smooth-surfaced machine-pressed bricks should not be watered, otherwise
they are difficult to lay..

3 The mortar may be left slightly projecting if the surface of the wall is to be plastered.

+ The projecting mortar which has been removed is often trowelled on to the end of
the brick to form the vertical joint. When this is the only mortar applied, the joints are
inadequately filled and inferior work results.

When this finish is done in sections as the brickwork proceeds the operation
is called jornting; when it is deferred until afterwards it is known as pointing.

The following examples are illustrated at T, Fig. 17.

Struck Joint.—This is probably more extensively used than any other. It
is a pood weather joint as it permits of the ready discharge of water. Its
appearance is not entirely satisfactory for every class of work as it exaggerates
any inaccuracy of the lower edges of the bricks (owing to the difference in the

_thickness of the bricks which may exist); its smooth mechanical character

detracts from the appearance if adopted for bedding and jointing sand-faced
bricks of good texture. It is best used in conjunction with smooth-surfaced
machine-pressed bricks of uniform colour.

Thiz joint is formed when the mortar is sufficiently stiff (usually after four stretchers
or their equivalent have been laid) by holding the handle of the trowel below the bed
joint and smoothing the mortar several times in one direction with the blade to an
approximate bevel of 60°. The vertical joints are usually formed by pressing the
tip of the trowel down the centre to produce a V-section, or these joints may be flush
(see below). The vertical joints are first struck, followed by the bed joint.

QOverhand Struck Joint (see broken line at x).—It should not be adopted as
water collecting on the ledge may pass through the mortar to cause dampness
on the inside, or frost action may destroy the upper edges of the bricks, especially
if they are not of good quality.

Flush or Flat Joint.—As shown, the joint is flush with (in the same plane as)
the face of the brickwork. When rubbed, it forms an excellent finish for first
class faced work.

Mortar is pressed into the joints during the progress of the work, any depressions
are filled by the addition of mortar, and when this is ** semi-stiff > each joint is care~
fully rubbed in one direction by a piece of rubber held against the wall. This gives
a satisfactory texture which agreeably conforms with that of a sand-faced brick.

Provided the mortar is of good quality, this joint gives a satisfactory finish to
rustic brickwork if it is just left as the mortar is cut off with the trowel, no attempt
being made to smooth the surface of the joint. The fairly rough texture of such
joints gives to rustic brickwork a more satisfactory appearance than smooth struck
joints.

The flush joint i§ also adopted for walls requiring smooth internal faces
such as may be required for factories, cellars, coal-houses, garages, etc.
Recessed Yoint.—This is very satisfactory for facing work of good textured

bricks and good quality mortar. The bricks should be carefully selected of

uniform thickness and the bed joints should be at least 10 mm thick.

The joint is made by applying a jointing tool immediately after the projecting
mortar has been cut. This tool may be similar to the jointer (see 32, Fig. 19) or the
improvised tool shown at v, Fig. 17; the thickness of the rubber should equal
that of the joint. The rubber accommodates itself to any irregularities of the brick
edges as it is pressed in and worked to and fro until the mortar is removed. That
shown at v is suitable for the bed joints, a similar shorter tool being used for the
vertical joints. The bricks must be hard and durable, otherwise any water collecting
on the ledges may become frozen and cause pieces to flake off. :
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WALL PLASTERING

Keyed ]bint.—-Such joints give an appearance to the brickwork which is
distinctively attractive. . TR W

It may be formed with either the convex rounded jointer (see above) or the wood
joihtér shown at w, Fig. 17, which varies in thickness with that of the joint. The
vertical joints are formed first, followed by the bed joints. The latter are formed
by using the jointer in conjunction with the pointing rule (see 18, Fig. 19); the rule
is usually held by two men against the wall with the bevelled edge uppermost on
the same level as and parallel to the lower edge of the joint; the jointer, resting upon
it, is pressed into the soft mortar and passed along several times in both directions
until the required depth is obtained, the surplus mortar falling between the distance

ieces of the rule. The vertical joints should have a slightly less impression than the
. bed joints. :

Vee-joint (see broken lines at z).—Its effect is to give the appearance of narrow
joints, especially if the colour of the mortar resentbles closely that of the bricks.
It is not recommended. 'The joint is made as described for the keyed joint
and with a steel jointer having its lower edge suitably shaped.

Projecting Joint.—As stated in a footnote on p. 30, the inside faces of walls
which are to be plastered (in addition to external surfaces which are to be rough-
cast) are left with the mortar projecting. - This gives a good key for the first
coat of plaster, as shown. Another good key is afforded if the joints are raked
out to a depth of about 12 mm before the mortar has set. :

In addition to its form, consideration should be given to the colour and texture of
the joint. Bricks of various colours and textures are now obtainable, and. it is very
_important that the colour of the mortar should conform with that of the bricks.
Thus, mortar composed of lime and yellow sand is very suitable for certain sand-faced
bricks.

Pointing and Re-Pointing.—It has been stated that pointing is the method of finish-
ing the joints after the whole of the brickwork has been completed. It may be applied
to a new building just before completion, or it may be used on existing buildings when the
joints have become defective. ) N .

The first operation in pointing is the removal of the mortar for a depth of 12 mm to give
an adequate key for the fresh mortar, after which the face is brushed down with a bass
broom to remove pieces of mortar and dust and finally well drenched with water. The
material used for refilling the joints may be either lime mortar or cement mortar and the
colour should conform with the brickwork (cement can now be obtained in a variety of
colours for this purpose). .

Waterproofed lime and Portland cement mixtures are now extensively used for
pointing; the former mixture may consist of 1 part lime to 3 parts sand gauged with a
solution of 1 part waterproof compound to 15 parts water; alternatively a' mortar com-
posed of 1 part waterproofed cemen®(containing 2 per cent. of the waterproofing com-
pound) to 3 parts sand can be used.

“The form of joint to be used for pointing or re-pointing depends a good deal upon the ~
“condition of the brickwork.

If the edges of the bricks are true and in good condition the
joints may be selected from the struck, flush, recessed or keyed varieties described above;
if the edges are damaged, the mortar should be finished with the flush form of joint.

Tuck Pointing; as’illustrated at T, is occasionally adopted where the jointing
material has become defective and the brickwork at the joints has become ragged.
Generally it is only used when an alternative flush joint would cause the joints
to appear excessively wide; in course of time it becomes defective.

Tuck pointing is done in the following manner: The joints are raked out, brushed
and watered as before described. Coloured cement may be used to match the colour
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of the existing brickwork and this is trowelled with a flush joint and rubbed as
described for flush jointing—a small trowel being used together with a hawk (see
p. 28) to hold the mortar. A § mm or 6 mm wide by 3 mm deep groove is immediately
and carefully formed along the centre of each joint. With the aid of the pointing-
rule and a flat edged jointer (32, Fig. 19) the groove is filled or * tucked in >’ (hence
the name given to the pointing) with putty lime (see p. 23) to which a small amount of
silver sand has been added. The putty is given a maximum projection of 3 mm and
both top and bottom edges are neatly cut off by means of the frenchman (see p. 28),
the bent pointed end of which removes the surplus material as the knife is drawn
along the edge of the rule. The bed joints are formed first, in about 2:5 m lengths
(when two men are working together), followed by the vertical joints.

Bastard Tuck Pointing.—This is an imitation of tuck pointing and is formed
entirely of the infilling mortar. The profile of the joint is similar to that of
tuck pointing but the band which projects consists of the pointing material.
Whilst this does not look so well as the true tuck pointing, it is more durable,
but the projecting mortar is apt to become affected by weather action.

Another form of pointed joint which projects is known as a beaded joint.
This is indicated by broken lines at v, Fig. 17. It is formed, in conjunction with
the pointing rule, by a jointer having a concave edge. 1t is liable to be damaged
and is not recommended.

PLASTERING TO WALLS
INTERNAL PLASTERING

- O

Plastering .is ‘a relatively cheap means of providing a durable hygienic
surface to walls and ceilings.

First-class plastering is done in three layers, i.e.:—render coat (10 mm)
(known also as a pricking coat), floating coat (6 mm), and setting coat (3 mm), to
give a total thickness of 19 mm. Now, for much general building work, the
render coat is omitted, the floating coat is made thicker and the overall thickness
is 16 mm; this is sufficient for all but very rough walls.

Formerly, lime. plaster was the basic;material for this purpose, mixed with
sand and, more latterly, cement, for certain layers; the constituents are measured
by volume. Thus for walls, a typical specification for the first coat! used to be
(and still is, in some areas) 4 cement : 1 lime putty : 3 sand, incorporating o-535 kg
of clean ox hair per o1 m? of this coarse stuff; for the second coat, 1 lime
putty : 2 sand; with neat lime putty for the final coat. The lime used was the
non-hydraulic? or fat lime prepared in a pit on the site one month before use by
‘—l@ternative undercoat still chosen in some places is dlack-pan mortar obtained by
grinding down ashes in a pug-mill and adding’lime, :

A second type of lime is magnesian lime sometimes used for plastering and mortar
mixes,
A third is hydraulic limé which can set under water (unlike the non-hydraulic type),

it was once used for concrete mixes before the introduction of Portland cement; it is still
used for mortars. :

o
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mixing guicklime (Ca0O), obtained by burning limestone in a kiln, with water to
form lime putty. The latter process is known as slaking or hydration and the
putty has the formula Ca(OH),.
on drying out, hence each coat was allowed to shrink before further coats were
added. This lengthy procedure delayed completion of the work and lime plas-
ters have been replaced almost entirely by calcium sulphate or gypsum plasters
for these have the following comparative advantages set within a few hours,
produce a harder finish, expand slightly on setting and, ﬁnally, they enable
decoration to proceed at an earlier date.

Lime is still used in two ways because it improves vsorkablhty, malung

plastering easier, and in some cases accelerating the set of gypsum plasters (see
below), viz. : (1) to gauge gypsum mixes [see (c) below], and (2) in lime mixes
gauged with gypsum plaster [see (b) below). For these purposes, hydrated lime,
obtainable as a powder requiring mixing with water only 24 hours before use is
often a more convenient form of lime putty than that obtained from quicklime
on the site, The addition of lime reduces hardness and in final coats decoration
by oil paints cannot proceed until the wall has dried out; this may take from 6 to
12 months. Distempered finishes are unaffected.

Calcium Sulphate Plasters.”—These are in two groups subdivided into
four classes A, B, C and D, in B.S. 11931,

Gypsum (CaS0,.2H,0) is the raw material for the first group (classes A and
B); it is mined in this country and several parts of the world. When gypsum
is heated, water is expelled and a white, grey or pink powder is obtained. This
is class A plaster and is known as Plaster of Paris (CaSO,.4H,0). When mixed
with water it sets within a few minutes, so it is unsuitable for general plasterwork
but it may be used for patching. An additive (a retarder) must be incorporated
with it to delay the set and 'so produce class B plasters (retarded hemi-hydrate
gypsum plasters) which are softer than the two remaining classes.

. The second group, classes C and D, are based on chemically produced

. anbydrous calcium sulphate (CaSO,) obtained as a by-product or by heating the
* ‘gypsum to a higher temperature than for group one.

These classes are slow in
hardening and so the additive is an accelerator to make them suitable for

plasteg

@ a’laster 4f Paris—class A.—A neat mix of this or one gauged with lime
(i.e. } to 1 plaster : 1'lime) can be used for repair work in small patches.

(b) Retarded hemi-hydrate gypsum plaster—class B.® is made in three main -

! Commonly, but inadvisably, also known as ‘‘ hardwall plaster.”

2 An-addition to this range is Perlite plaster (e.g. Murilite) in four grades: (1) as an

* undercoat on brickwork, (2) on metal lathing, (3) on concrete and plasterboards and (4)

as a finishing coat. It does not need the addition of an aggregate such as sand for it 1s
supplied ready for use incorporating expanded perlite (a very light mineral of volcanic
origin) and gypsum plaster. The product is therefore ready for use on water being added,
it is one- -third the weight of, and has better insulating qualities than, ordinary sanded
mixes.

3 E.g. Carlisle, Gothite, Thistle.

Such mixes containing lime and cement shrink

BRICK WALLS

types :—undercoat, finishing and dual-purpose; it should be made in small
batches.

For undercoat work (known also as browning) the normal proportions are
1 plaster : 3 sand for brick walls and 1:1} for concrete surfaces. Hair is
sometimes added to the mix on backgrounds such as metal lathing to reinforce
it especially whilst it is setting.

This class is also used to gauge traditional 1 lime : 3 sand batch mixes where
one part of plaster is added to about nine batches of the coarse stuff. Lime

_hastens the set.

Class B finishing coats are used neat on strong backing coats of plaster and
sand, and on those of cement and sand. An alternative finishing coat is } to }
plaster 1 lime, but this is a lime mix gauged with plaster and has a softer finish.
A special finishing type (without lime) gives the best surface on plasterboards
and fibreboards.

The dual-purpose grade can be used for both under and finishing coats
except for one coat work on plasterboard or fibreboard.

(c) Anhydrous gypsum plaster—class C.>~This is also made in the same three
types as above; due to the slower setting time these can be worked longer.

For undercoats a 2 plaster: 1 lime: 5 sand mix is suitable. Finishing
coats can be applied neat or have 2 small amount of lime added to aid plashcxty
The dual- -purpose type is used for both coats.

This class is unsuitable for finishes to plasterboards and fibreboards as it
has insufficient adhesion.

(d) Keene's or Parian Plaster—class D.2—This is made in the same three
types but is generally designed for use as finishing coats. As they provide a
hard surface, they are much used for external angles, oftén on a cement and sand

_backing (see p. 107).

Like (¢) above it is not usually suitable for a board finish and kme should not
be added to finishing coats.

General.—The mixing water must be clean and free from impurities.
sand should be clean and well graded;

The
rounded particles are preferred to the

harsher kinds and a clay and silt content, up to 2 maximum of §%,, aids work-"

ability. Plaster should be stored in a dry place.
with gypsum plasters.
ones.
cation, but classes C and D require up to 48 hours for adequag® hydration and
so should not be permitted to dry out during this period.

All classes should be applied before they start to stiffen and re-tempering after
the commencement of the initial set must not be allowed. Tools and the mixing

Cement should not be mixed
Strong layers of plaster should not be laid over weaker

boards (spot boards) must be thoroughly cleaned after each batch has been used

because portions é)é@)ld_plaster left on the boards will accelerate the set of the

! E.g. Sirapite, Statite, Xelite.

¢ F.g. Keene's, Parian, Supavite. Often termed Keene's cement.

Class B plaster can be allowed to dry out immediately after appli--

"
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next mix. The intermixing of different classes is inadvisable. Gypsum

plasters cannot be used in damp situations and lime or preferably cement plasters

are better in such places. : Plastering with the latter mixes must be given time
to dry out and_shrink after each coat; this lengthy waiting time is eliminated
with gypsum plasters. - . |

‘Due regard must be paid to the nature of the background and an appropriate
mix selected as described above; gypsum mixes are best for concrete walls.
For brickwork 1 cement : 2 lime : g sand, and 1 class B plaster : 1} to 3 sand
according to the porosity of the bricks are suitable (the denser the bricks, the
stronger the mix) for undercoats. Walls lined with fibreboard, plasterboard,
metal lathing and wood wool should be treated as for ceilings—see pp. 67-68.

Brick walls must have their joints raked out 10 mm or keyed bricks can be
used. Smooth concrete surfaces must be roughened by (1) hacking, or (2) the
application of a thin 1 cement : 2 sand splatterdash coating, or more easily (3) by
applying a retarder to the formwork which prevents the setting of the outer skin
of concrete enabling this to be wire brushed and roughened. These provisions

are vital in ensuring adequate adhesion between the background and the under- .

coat; similarly, render and floating coats must be scratched whilst they are

“setting to give a good key for later coats.

Excessive draughts must be prevented whilst the set is taking place, the

_ drying out should be allowed to proceed naturally, traffic on floors having a

plastered ceiling should not be allowed until the set has been completed. The

" cracking of plaster frequently occurs where there is a change of background, as

for example, between the walls of a house and the ceiling. This can be pre-
vented by having a cornice or by making a horizontal cut with the trowel at the
junction. :

_ The plastering of ceilings is described on pp. 67-68.

Plastering Technique.—Door and window frames, skirting plugs and similar joinery
work—known as first fixing—having been completed, the surfaces to be plastered are
prepared as described above and cleaned. Wall surfaces are done first and those that are
very porous are dampened if necessary. Assuming that three-coat work is being used,
the render coat is mixed and applied evenly by a plasterer’s trowel; this is made reason-
ably true by a two-handed trowel about 1 to 2 m long known as a-Derby float. 1f metal or
timber angle beads (see pp. 122-123) are used instead of Keene’s cement (see pp. 32 and
107)at the angles, they are fixed before the render coat. Before the undercoat has hardened,
the surface is well scratched to give a key for the next layer. Screeds or 150 mm wide strips
of floating coat are then formed vertically at 1-8 to 3 m intervals, they are made plumb
and in exact alignment. Intermediate screeds are than made about 1 m apart and the
spaees between are filled and levelled as before. The surface is again roughened, the

" setting coat applied, and this is polished with the steel trowel just before it sets; over-

trowelling is deprecated as it can cause crazing (fine hair cracks). The technique is similar
for two-coat work. ]

Cement and/or lime undercoats must be allowed to dry before further coats are added
and unlike gypsum mixes, the surfaces must first be sprinkled with water.

Skirtings, architraves and other cover moulds should not be fastened—known as
second fixing—until the plastering has set.

PLASTERING FalLures.—Popping, pitting and blowing caused by unsound lime and that
which has not been slaked properly. The unslaked particles expand to leave small holes
in the plaster. :

Poor adhesion caused by high suction of the backing, too rapid drying out or by mois-
ture being imprisoned in the wall which subsequently emerges through the plaster in the
form of blisters. Due also to inadequate key and incorrect choice of plaster.

Cracking due to shrinkage on drying out, it is associated with cement or lime mixes.
Movement of the background is also responsible, as for example the drying out of timber

_ceiling joists. Caused also by using sands containing more than 5 per cent silt and clay.

Failure to provide discontinuity (see preceding column) where the background changes
is another reason.

Ceiling Collapse. Wood lath and plaster ceilings are rarely used now, they collapse
(as will metal lathed ceilings) if the key is inadequate or if they are vibrated by traffic
before they have set. Ceilings on concrete surfaces must be given a good mechanical
key (see preceding column). . . . e

EXTERNAL PLASTERING OR RENDERING

Rendered walls dre an alternative finish to facing bricks, they can be made
in different colours and are used in places where clay bricks would be out of
harmony with the surrounding landscape or where the only local brick is a con-
crete one of dull appearance. Rendering is used extensively as a waterproof
finish to no-fines concrete walls, such walls are made from 300 mm thickness and
upwards and consist of 1 part cement : 8 parts of large aggregate (13 mm); sand
is not included in the mix and a sound well-insulated wall resuits because of the
air voids. S e e e .o

Gypsum plaster mixes are quite unsuitable for external rendering; much
traditional work still exists and this is made of lime mixes protected by paint.
Cement : lime : sand mixes are now adopted and the proportions of these three
materials is again dependent on 'the nature of the background and also upon the
degree of exposure. A good key must always be provided, the bricks must be
well fired and durable and the joints raked out 13 mm; surfaces should be dam-
pened if they are too dry before plastering starts and strong finishing coats must

‘not"be applied over weaker undercoats;

Of the many types of rendered finishes, the following are popular : scraped
finish, roughcast (wet-dash), pebble dash (dry-dash) and machine finishes.
Smooth well-trowelled surfaces should be avoided as they tend to ‘‘ craze ”
(see preceeding column), if cracks develop they are very obvious. The range
of cement : lime : sand mixes given below varies in'strength in order to suit the
degree of exposure; two types of background are considered : viz., (a) strong,
as given by dense bricks and concrete, anid (b) moderately weak as with light-
weight concrete, etc. : ' )

Scraped Finish.—1:1:6 to 1:2:9 on (@) and () backgrounds for both
undercoats and finishing coats, the top 1-§ mm of the latter is scraped off just as
it begins to harden. This removes the top fatty skin which tends to develop
during the application of the wood trowel which should always be used in
preference to the steel trowel.

Roughcast Finish.—1:0:3to 1:1: 6 for (@), with 1: 1 : 6 for (b) as both
undercoats and the second coat.  Whilst the latter isstill soft, a ;nix of the same
proportions but including 609, of 6 mm;grayekin the aggregate is thrown on to the
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wall to give the wet-dash finish, Thxs is more durable than the next finish
described.

Pebble-dash Finish.—The mix and procedure is the same as for rough-
casting except that the thrown-on coat consists of dry pebbles or crushed gravel
only; the pebbles tend to drop off in time.

Machine-made Finish (Tyrolean).—The undercoat procedure is the same
as for the scraped finish. The final coat is thrown on by the blades of a small
hand machine, alternatively it can be sprayed on by a hose delivering the mix
by air pressure.

THERMAL INSULATION OF WALLS

1. The subject of thermal insulation is described fully in Chap. 12, Vol. 4.

The Building Regulations give approved specifications for the thermal
insulation of walls; there are four main types:—

1. Cavity walls with insulation material applied to either side of the inner
leaf. 'For example a two leaf brick wall, each leaf at least 100 mm thick enclosing.

=€,
o )‘u

a 50 mm minimum width cavity with 10 mm thick expanded polystyrene
insulating board stuck to the inner face of the inner leaf. The board is in
1800 and 2400 mm lengths, 600 and 1200 mm widths and 10, 25, 38 and 50 mm
thicknesses. The joints in the board are covered with scrim cloth (p. 68) and
the face of the board plastered.

2. Cavity walls with a brick outer leaf and an inner leaf 108 mm thick made -
of lightweight concrete blocks of density not exceeding 800 kg/m®. Note that
the usual block thickness available is 100 mm and is made to satisfy the Regula-
tions. This type of construction is the most usual being cheaper than type 1
above.

3. Cavity walls with the cavity filled with urea formaldehyde foam. Holes
are bored in the wall and the foam injected. This method has been used widely
but failures have occurred due to water penetration.

4. Solid walls of lightweight concrete block rendered externally and plastered

internally, the block being 240 mm thick madeé of concrete of density not
exceeding 1000 kg/m3.

Thermal insulation of roofs is described on p. 141.
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"CHAPTER TWO

MASONRY WALLS

Syllabus—Classification of stones and brief description of the quarrying, preparation and characteristics of limestone and sandstones. Surface finishes. Tools.

Natural bed. Defects in stone.

outbands, lintels, arches, sills, mullions, transomes, and steps.

and plugs. Mortar jointing. Construction of walls. Lifting apphances

THE art of construction in stone is called masonry.!
BS 5390: Code of Practice for Stone Masonry is rclcvant

CLASSIFICATION OF STONES

Rocks are divided into the followmg groups
and (3) metamorphic.

(1) Igneous rocks have been formed by the agency of heat, the molten
material subsequently becoming solidified. The chief building stone in this
class is granite.

(2) Sedimentary rocks are those that have been formed chiefly through the
agency of water. Most of them have been derived from the breaking up of

(1) igneous, (2) sedimentary

.igneous rocks, the particles, conveyed and deposited by streams, accumulated to' -

form thick strata that have been hardened by pressure. The prmc1pal building
stones in this group are limestones and sandstones.

(3) Metamorphic rocks form a group which embraces either igneous or sedi-
mentary rocks which have been changed from their original form (meta-

morphosed) by either pressure, or heat, or both. Slates (see Chapter V) and
marbles come under this class.

Limestones and sandstones are those which are used chleﬂy for general
building purposes.

Limestones.—A limestone consists of particles of carbonate of lime cemented
together by a similar material. Portland stone and Bath stone are in this class.
" Portland Stone, obtained from the Isle of Portland (Dorset), is one of the
best-known limestones, and stone from one of the beds or seams, known as
Whitbed (see Fig. 18), is one of the best building stones used in this country for
high-class work. thtbed varies in colour from white to light brown, the
latter being the best; it is durable, and,-on account of its fine grdin, is easxly

1 More advanced masonry is described in Vols. II and IV.

.o
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Classes of walling, including random rubble uncoursed, random rubble built to courses, squared rubble uncoursed, squared
rubble built to courses, regular cowrsed squared rubble, polygonal flint, Lake Dlstnct and ashlar,

Dressings to door and window openings, mcludmg mbands

“Plinths. Slmple string courses, friezes, cornices, parapets and copings. Joints, dowels, cramps'

carved and moulded. The Basebed is not so durable and should only be used
for external purposes after careful selection. The Roack bed is not suitable for
general building purposes on account of the large number of cavities which are
present, but because of its great strength and good weathenng properties it is

_ used in the construction of sea walls and similar marine work. .

Bath Stone, obtainable in the vicinity of Bath, is used for general bulldmg
purposes. It varies in colour from white to light cream or yellow, it has a fine
grain and, because of its relative softness, it can be easily worked.

Sandstones.—These are composed of consolidated sand and consist chieﬂy '
of grains of quartz (silica) united by a cementing material. The quartz grains
are practically indestructible, and the quality of the stone therefore depends
essentially upon the cementing material which may be silica (forming siliceous
sandstones), oxides of iron (forming Terraginous’ sandstones), calcium carbonate

(forming calcareous sandstones), etc.

Many excellent building sandstones are quarned in Derbyshire, Lancashire
and Yorkshire.. Stancliffe stone (Darley Dale, Derbyshire) is4fight-beowsor-
honey coloured, is very strong and durable, and, aithough relatively difficult
to work on account of its hardness, it,can be moulded to give fine arrises.
Woolton (Lancashire) stone is used in the construction of the Liverpool
Anglican Cathedral. Some of the Yorkshire stones are exceedingly hard
(especially those from the Bradford and Huddersfield districts) and are suitable

for steps, landings, flags, as well as for general walling where fine mouldings are
not required.

QUARRYING

The methods adopted in quarrying stone vary and depend upon the type and its depth
below the surface. Most stone is obtained from open quarnes but where it is very deep
(such as Bath stone) underground mining is used.

1 The basebed is slightly whiter and the texture is somewhat finer than the whitbed;
it is easily worked on account of its fine and even grain, and is suitable for internal work as
for monuments and for purposes where carving or much fine detail is required.
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Fig. 18 shows a section through the face of an open limestone (Portland) quarry. As
much as possible of the overburden (which varies from a few feet to 15 m thick) 1s removed
by mechanical excavator,! hand picking and cranes. ‘The top and skull caps are loosened
by blasting.

After the roach bed has been cleared, the stone is removed from each stratum. This
operation is facilitated by the presence of natural vertical joints and horizontal beds of
shells which separate the layers of stone. Commencing from one of the right-angled verti-
cal joints, a number of strong metal wedges (see c, Fig. 19) are inserted at intervals along
a shell bed and gradually hammered in until the stone is split horizontally and the slab
becomes detached; if necessary, it is divided vertically by wedging (see B, Fig. 1g). Each
block is now lifted clear of the stratum by means

of a crane, roughly squared up by the use of a
SKETCH large hammer and loaded into a truck for transit
L SHOWING to the works for final dressing.
] p Blasting is sometimes needed in sandstone
= SECTION X
oorrsongl ¥ THROUGH quarries because of the hardness of the stone.
SHINGLE & - FACE OF Briefly, a series of deep holes (about 25 mm in
AY BEDS e diameter) is formed by a drilling machine at the
BOTTOM % LIMESTONE required distance from and parallel to the face of
rRusste 3 GUARRY the quarry; a small charge of black gunpowder
OIRT BED % and a fuse are placed in each hole and the hole
'l'_—“_: 4 woTE:THEWHMTMp | is partially packed or tamped with sand; the
i) Top 3 PROVIDES THE BEST | fuses are connected to a battery and the charges
A CAP % JONLANDSIONE | fired; this explosion is sufficient to shake the
< >

ie - o PURPOSES. mass of stone; the holes are now cleared of
=] SCULL J tamping and the second or main charges inserted
l CAP s B and again fired simultaneously. This removes
= ROACH a large bulk of stone which is only slightly shat-
+ tered because of the use of two blasts. The large
2 WHITBED 3 blocks are then divided by splitting and wedging
J§ {see below) and roughly squared up for dispatch
i poriom| to thé works for subsequent dressing. They
x BASEBED 1 OF are from o7 to 0'8 m? in size, although much

2 J QUARRY] Jarger blocks are obtainable.
¥ 1. There is very little overburden in many of
the sandstone quarries. Thus in the Stancliffe
(see p. 35) quarry it does not exceed 2 m in
depth; the depth of the present working face is
FiGURE 18 so m although some of the best stone is obtained

. ~at a depth of from 2 to 3 m.

Blasting is not necessary in those sandstone quarries where the beds are thin and
frequently divided by natursl fissures. Thus, in quarries from which much of the
 walling stone-”’ used for “ Rubble Work ” (see p. 40) is obtained, the thickness of the
beds of good building stone varies from a miriimum of so.mm to 2 maximum of 1-2 mand
ratively little labour is required for its removal. :

PREPARATION
Wﬁereas for'merly,thé whoié_bf;t s it ed in dressing building stones after
remo¥al from the quarry were done by haidRiah anker mason,”” most of this work is
now exectited by machine "Bhere are cert nishes which can only be worked

e sJow -
Machine Dressing*—1 he machin
bed, and planing and moulding mach

he frame saw, circular saw, rubbing
‘these are shown in Fig. 36, Vol. Il

The rough block of stone from the qu St taken to the frame saw which converts
it into a number of slabs such as are shown: at a, Fig: 19;the thickness of the slabs varying
in acéordance with requirements. R

1 Earth moving machinery is d_le‘:le,c'ri'bgd'inv Chap. 1, Vol, IV.

-

" for cutting long stenes. - —--

'The frame saw is the best. machine for cutting hard stone. The speed of cutting
depends upon the number of cuts and the hardness of the stone. Hard sandstone may be
cut at the rate of 156 mm (thickness) per hour and Portland stone may be cut at the rate of
300 mm per hour.

.'The frame saw has a rectangular horizontal frame, suspended by rods, which holds
several (sometimes six) plain or corrugated steel blades, each blade being from 75 to 150
mm deep, 5 mm thick, and from 2 to 4-5 mlong. These blades are parallel to and at adjust-
able distances from each other. Electric or other power is supplied to give the frame a
short backward and forward motion at a rate of from 150 to 180 strokes per minute.

. During this process, water is supplied immediately over the cuts. At the same time
an abrasive agent such as sharp sand, chilled shot (small steel balls) or carborundum
is applied along the length of the cut to assist the cutting action. Sand should be the
abrasive used for the sawing of Portland stone as steel shot tends to discolour the stone on
account of rust. :

The frame is raised after the sawing operation has been completed, the table is pushed
clear of the frame, and the slabs are unloaded and taken to another machine for the next
dressing operation.

Assuming that these slabs of stone are required for general walling, each is now con-
veyed to the circular saw for the cutting of the remaining faces. There are two types of
this machine, i.e., the diamond saw and the carborundum sazc.

The diamond saw.—This consists of a circular steel blade, one size being 1-5 m in
diameter and 6 mm thick. Some 240 diamonds are secured in small U-shaped sockets
round the edge of the blade. The slab of stone is clamped on to a moving table which is
caused to travel towards the blade at a uniform rate; at the same time the blade rotates
at a speed which varies from 500 to 600 revs. per min.

The cutting tate of the machine depends upon its power and the hardness of the
stone. Thus a 15 kw machine will cut from 645 to 1 0oo cm? of Portland stone per
minute. Whilst this rate is considerably faster than that of the frame saw, the circular
saw can only deal effectively with stones which are less than 1 m thick. Only limestones or
soft sandstones should be cut by means of the diumond saw, hard sandstones cause an
excessive wearing action on the sockets and blade.

The carborundum saze.—This has a 50 mm wide continuous rim of carborundum which
is dovetatled round the periphery of the steel blade.

Its cutting rate is half that of the diamond saw. It is preferred to the diamond saw on
account of the more accurate work which it produces, and it is therefore very suitable for

‘the jointing (formiitig the ends) of cornices and similar stones which have been moulded.

Cuts as fine as 6 mm are obtainable. i

Water is supplied during the cutting operation in order to cool the blade of each of the
above two circular saws. Some circulas Taehave two blatdesq e consists
of a blade which traverses the fixed stone as it. rot,aﬁﬁd it is glaasl®®e particularly useful

R T i,

The ubove operations arc usually all that gre necesepm=fer:the cutting and dressing of”
stones for walling, but it is sometimes required:to have the surface of each stone which
will be exposed when fixed, rubbed so_as to.remoye the machine marks. This is accom-
plished on a machine called a rubbing bed.

‘This consists of a steel circular table, about 3 m in diameter, which rotates. The-
stone is placed on the bed, clamped from above, and as the table rotates, the abrasive
action of carborundum, sand and water eliminates the machine marks.

Cornices, string courses, plinths, etc., are moulded by means of planing and moulding
machines. After the moulding operations have been completed as described below, the
stonc is jointed into the required lengths by the carborundum saw as explained above.
Interséctions of mouldings are usually worked by hand, the maximum length of mouldings
being machined so as to reduce the hand labour to a minimum. |

A simple type of planing and moulding machine consists of a cutting tool of cast stcel
suspended from a box at an angle of about 45°. Cutting tools are of various shapes and
sizes and their cutting edges are shaped the reverse of the desired moulds. One end-of the
stone is first hand-moulded to the required section. The tool traverses the stone buzh-
wards and forwards until it conforms with the section cut at the end.

In another type of planer the stone is fixed to a moving table below a fixed tool.
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In both of these types, after each traverse, the box automatically swings over to bring
the tool in the correct position for the return. ) )

Another type of machine has four cutting tools and is therefore particularly effective
for large cornices. . » ] : BN

There is also a moulding apparatus known as the Preumatic Dressing and Carving Plant.
This consists of an air compressor which operates-tools of various shgpes and sizes called
pneumatic hammers. The finest carving, as well as the heaviest dressing, can be executed
by the se tools.

Hand Dressing.—In the absence of machinery, the following are certain of the oper-
ations which are performed by hand:— . N

. ‘plitting, Stoping, Wedging or Coping.—A large block of stone is split into smaller units
as shown at #, Fig. 19. Straight lines are marked on three of the faces along which a
narrow groove is chiselled by means of the punch (6, Fig. 19) or wide chisel called a
nicker. Shallow holes at 150 to 225 mm centres are formed along the groove, a steel bar is
placed under the stone in the same plane as the groove, steel wedges or pads or wedges
and feathers are placed in the holes, and the wedges are gradually and uniformly hammered
in until the stone splits. o ) .

Large blocks of hard sandstone are divided at the quarry as described but the work is
expedited by using a pneumatic drill to form 100 to 150 mm deep holes to receive the
wedges.

gﬂapping.——This is adopted for splitting hard stones which are z'lbout 150 mm thick. ‘In
splitting a block of stone, a groove is formed on all four sides and in the same plane. The
pitching tool (1, Fig. 19) is held vertically and struck smartly as it is moved along the

. groove on each face. A piece of waste stone is placed under the block and u few blows of

a heavy hammer on the latter (which is protected by a piece of wood) will be sufticient to

snap the stone. Alternatively, a continuous nick is formed across th€ top and both sides,

the block is turned over on to a small stone and split with a smart blow from a heavy
hammer.

Bath or similar stone is best divided into units by sawing immediately after it has been
quatried, as it then contains moisture (guarry sap) which renders it comparatively soft.

Forming a True Face.—A true face is worked on the stone as follows and as shown at
p, Fig. 19. 'The marginal draft  is first formed by the mason using a drafting chisel
(22, Fig. 19) and wood mallet (24) or electric hammer and chiscl to remove the superfluous
stone to 2 levél slightly below that of the deepest hollow on the rough face. The draft
must be level as tested by a straight-edge, although an experienced mason can dispense
with this. A similar parallel draft is formed at F in the same plane us E in order that the
face shall be *‘ out of winding or twist.” This is tested by placing straight-edges on the
drafts and sighting through as indicated by. broken lines at j. Drafts G and H are then
formed and the whole of the superfluous stone between them removed by means of
the pitching tool (1), punch (6) or point (9). After continuous furrows have been formed
across the face with the point or punch, the ridges may be removed by the chisel claw

~ (20) and mallet; the chisel is worked paraliel to the furrows, the teeth preventing the

formation of holes. Diagonal drafts (k), in addition to the marginal drafts, are necessary
for working a true face on a large stone. The adjacent surfaces may be dressed in a
similar manner, the square (26) being used to ensure that the adjacent surfaces are square
and also for marking any necessary lines.

The terms plain work or plain face are applied to the labour on a stone to form a true
face. Half plain work describes a similar but rougher dressing, such as is only necessary
for beds and joints. . . .

Surface Finishes.—The finishes which may be given to the face (exposed surface) of a

stone are many and varied, but those applied to the beds (upper and lower surfaces), joints .

(ends) and back of the stone are more limited, as the essential requirements are reasonably
smooth and square surfaces. . ] )

The finish varies with the stone and the class of work for which it is required. Thus
for rubble work of the random rubble, uncoursed class (see Fig. 20), very little labour is
expended, whereas certain other finishes are both elaborate and costly. Stone which is
roughly shaped and dressed is known as guarry-dressed.

Quarry Dressing.—Stone quatried in many districts is walled in its rough state.
In certain quarries the stone lies in thin beds and splitting is all that may be necessary

¥

to fit the blochs tor walling on account of their natural smooth faces and flatness of bed.
Such smooth-faced stone is known as seff-faced and has been used extensively in the con-
struction of houses.  Other stone may reguire a small amount of lubour, such as hammer-
dressed and straiyhi-cut Anishes., . ) )

Hammer-dressed —Also- known as hammer-faced, quarry-faced, quarry-pitched and
rustic-faced, its appearance somewhat resembles that shown at 1, Fig. 19. The face is
roughly shaped by means of the mash hummer (27, Fig. 19) used to remove the lasger
raised portions of stone and shape it.  The blocks are sometimes squared, the beds
and joints being dressed back some 75 or 100 mm from the fuce (see plan in Fig. 22). This
is done by using the square to mark the boundaries and working the pitching tool along
them. This cnables the stones to be fitted more closely together to give reasonably
uniform thick joints. :

Straight-cut.—This is applicd to the fuces of small blocks of stone used {gr squared
rubble amd regular conrsed rubble (Fig. 22).  The larger blocks are splitat right un%gl"cs to the
natural bed (sce p. 39) into smaller blocks and it 1s this split surface which provides the
face, the slightly uneven texture being very effective. These small blocks are quickly
squared by applving the mash hammer along the edges, followed by the punch. )

Elaborate Dressing.—The following are some of the finishes which are worked by
hand on squared stones:  Boasted, punched. picked, tooled, furrowed, rock-faced,
scabbled, combed, vermiculated and reticulated. :

Boasted or Droved (see a1, Fig. 19).—A true fuce is first formed as described above.
This is then boasted or finished with the haramer and boaster (5) by forming a series of
38 to 50 mm wide bands of more or less paralle] tool marks which cover the whole surface.
These marks may be cither horizontal (sce 2), vertical (3) or at an angle of 45° (4) as
required, and in making them the boaster is moved in the direction of the band at each
stroke. This is a common finish which is applied to relatively inexpensive work, and it
i1s also an intermediate dressing which is subsequently tooled, fluted, etc. (see below),

Punched, Broached or Stugged (see N, Fig. 19).—Depressions are formed on the rough
surface with the punch (6). It may take the form of a series of parallel ridges and hollows
(77), or the punch may be held almost vertitally and driven in to form hollows at about 25
mm apart (8). It is used especially on the lower portions of lurge buildings.

Picked, Pecked or Dabbed (sec 0, Fig. 19).—This is similar to but finer than punched
work, the small pits being formed by the point (9). Fine dressing is sometimes called
¢'Ios¢l'(-pirked or sparroic-picked. 1t is used for quoins and occasionally for general faced
work. e .

Tooled or Batted (see p, Fig. 19).—The fuace is first boasted to bring it to a regular
surface, after which a series of continuous and parallel horizontal (10) or vertical (11) o1
diagonal (12) fine chisel fines arc formed with the batting or broad tool (21) which is
caused to move in the direction of its edge. 1t is usual to specify the number of lines per
25 mm the number varying from 8 to 10, depending upon the hardness’of the stone and the
degree of fineness required. This is 1 common dressing for ashlar work (see p. 47). Note
the difference in the appearance between boasted and tooled work, in the former the marks
are flat and not continuous, whereas in tooled work the lines are deeper and are continuous

Furrowed or Fluted (see @, Fig. 19).—The surface is first boasted and then rubbed (see
p. 36); 6 to 10 mm wide flutes (see section xx) are then carefully formed by a gouge (13’
either vertically (14) or horizontally (15). "Lines showing the arrises of the flutes are lightls
scored and these serve as a guide to the mason as he works the gouge along each. Thi:
finish is sometimes applied to the fillets or flat bands of cornices, string courses, doo:
and window architraves, etc.

Rock-faced, Rusticated or Pitch-faced (sce R, Fig. 19).—After the marginal drafts havi
been worked (see above), the pitching tool is used to remove certain of the superfluou:
stone in the centre which is left raised or rough to imitate a rock-like surface. Itis bolde
than hammer-dressed work and is sometimes applicd to plinths to give a semblance o
strength and solidity:. )

Scabbled or Scappled.—This is similar to the latter, the scabbling or scappling hamme
(shown by broken lines at 29) being used to remove some of the irregularities,

Dragged or Combed.—This finish is given to soft limestones, such as Bath stone, by th
application of drags (23). These drags are steel plates (about 25 mm thick) havin

serrated edges, and graded into *‘ coarse,” ‘‘ second ”’ and * fine,’’ according to the numbe



»ss of bed.
n the con-
s hammer-

f teeth per 25 mm. After the surface of the stone has been brought to the required level
of te eans of the dummy (the head of which is made of zinc or pewter and is shown at 23)
bydmsoﬁ stone chisel (19), the coarse drag is dragged backwards and forwards in different
:l'i‘rections across the surface until the tool marks have been eliminated; this is followed

tehed and” . by the second drag and finally by the fine drag until all scratches have disappeared.
‘h; f;acg is § t4 Vermiculated (see S, Fig. 19).—The face is brought to a level and smooth finish.
the larger 2

% Marginal drafts are sunk at least o mm below the surface, when sinkings are then worked
the beds : a depth equal to that of the drafts (see section UU) so us to form a winding snake-like
22). This z: erminous) ridge which is often continuous (as shown at T) and which has to be carved
tool along . by means of gouges (1 3).. L ) ]
reasonably Reticulated (see Vv, Fig. 19).—This is similar to vermiculated, excepting that the
) " ridges or veins are less winding and are linked up to fo;m a network of irregulaf]y shaped
sinkings or reticules; the bottom of these hollows is sometimes sparrow-picked (see
p. 38) with a fine point (g) as shown at v. ' : : .
Neither vermiculated nor reticulated rusticated dressings are applied much to modern
work probabl)' on account of their expense, but they are occasionally adopted for quoins
and to decorate and emphasize horizontal courses. They must be done with great care
and to a bold scale if they are to be effective,

" Chisel Drafted Marg_ins.—Besides marginal drafts which vary from 20 to 50 mm and
are necessary in the working of a true fa(_:e (§Fe p- 38), drafts are also used for the sake of
appearance and some‘of these are shown in Fig, 19. . These may be pitched (see 1), square
{~ and s) of chamfered (Q and v). _Stones whl_ch h_a\.'e been hammer-faced must be pitched
or roughly trued up at the edges if close-fitting joints are needed. Drafted margins are

or squared
iglesto the
‘ovides the
re quickly

a2
vorked by
ock-fuced,

yed above:
a series of
»le surface.

45° (4) as usually given a boasted finish (N), or the surfaces may be rubbed (s) or tooled (r). Quarry-
nd at each pitched walling must have drafts (called angle drafts) worked on both sides of the arris of
ork, and it each quoin stone and on jambs of door and window openings (see B, Fig. 20).. This is to
ec below), permit the use of the plumb rule and line to ensure plumb and accurate walling during its
. the rough construction, the face of the drafts giving the line of the wall.
nd hollows Tools.—A few of the many tools used by the mason have been referred to on the fore-
it about 25 going pages and illustrated in Fig. 19. Chisels are struck either with the mallet (24)—
: which is made of hardwood such as beech or hickory—or the hammer. The striking ends
n PUHCII"]“(; of mallet-headed chisels are broader (see 5, 9 and 13) than those which are hammer-headed
mes Cille

(e.g., 1 and 6) to prevent damaging the mallet. Cutting tools which have to withstand

neral faced ° heavy impacts are usually made entirely of cast steel, others used for the dressing of soft

zinc or pewter head. Other tools, such as the trowel, square, line and pins, bevel, etc.,
Eove heen described on p. 28.

Yaral Bed.—Sedimentary rocks, such ag limestones and sapdstones, are stratified
ated (due to thezdeposition of sugcesghve layers or Jamifide during the forniation
one) and occur in beds of varying thickness.. . The layers are usually parallel to
k &-&bed and the term ** natural bed ” is applied to the surface of the stone which is parallel

1o these lavers or bedding planes. .

The beds are generally more or less horizontal, although in some quarries they are
.inclined (see A, Fig. 69). Some stones show the laminations very clearly, in other varieties
thg bed can only be detected with the aid of the microscope. The direction of the natural
bed of certain sandstones is indicated by an examination of the small embedded flakes of
mica (a silicate of a shining dark hue) which lie flat and parallel to the bed, and that of
some lintestones by the position of the minute shells which lie flat in the direction of the
bedding planes. The trained mason can usually ascertain the lie of the bed on working
- the stone, it being easier to dress it in"the direction of the planes. In.ordei to prevent

ubbed (see
gouge (13) ©
s are lightly @
rach. This
urses, door

drafts have

superfluous mistakes, it is the practice in some quarries to mark the direction of the natural bed on
It is bolder each stone before dispatch.
mblance of

It is important that the stone shall be built in the correct position in re]ati}g to the
natural bed, otherwise serious defects may_ogg: v : i

. (a)_ﬁengrﬂ!'allin&_thﬁu!%&g uld_

tions arg horizongal and at right

atural bed so that the lamina-
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ick) having | 1 Kigoag. . oo STl = G
the number © 7 A wall should 7iever be constructed of stones which are *‘ face-bedded,” i.e., with the

. . stonesmay have wood handles.(19) and these are struck with the dummy (25) which hasa .

hus the stone is better able to -
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laminae vertical and parallel to the face of the wall, for in this position the action of the
weather may cause decay along the edges of the stone, and, in extreme cases the exposed
laver may scparate and flake off.

(b) Cornices, string courses and similar projecting .courses should be constructed of --
stones which are * edge-bedded *’ or *‘ joint-bedded,” i.e., the stones are bedded with
the laminations wvertical and at 7ight angles to the face of the wall (see 2’, Fig. 24), otherwise
the mouldings may be defaced by weather action. . : ’

1f the natural bed were vertical and parallel to the face of the wall, portions of the stone
may flake off,. as at o, Fig. 26, where part of the cornice on the left of the broken line may -
become detached. Similarly, if the natural bed were horizontal any undercut mouldings
and horizontal fillets (flat bands) would tend to disappear, ¢.g., the lower portion below
the broken line at », Fig. 26. :

An on,go this rule applies to quoin cornice, etc., stones which are returned, as
thegretiithglictsWould be face-bedded and would result in rapid loss of shape; therefore
suc st be carefully selected compact stones, free from obvious laminations, and

bedded on the natural bed.

(¢} Arches should be constructed having the natural bed of the voussoirs normal to
the face of the arch and perpendicular to the line of thrust (see 3’, Fig. 24).

DEFECTS

The following are some of the defects in stone :—

Vents.—These are small fissures or hollows in the stone -which may cause
it to deteriorate rapidly, especially if exposed. Stone with vents should not be
used for building purposes.

Shakes or snailcreep are minute cracks in the stone containing calcite (a
carbonate of lime) and forming hard veins which, in course of time, project

_ beyond the general face on account of their greater durability. It is not advisable

to use stone containing them on account of the difference in texture which
results. ) '

Sari@:Holes are cracks™which appear in the stone and which are filled with™
sandy matter. Clay-holes are vents which contain matter of a clayey nature.
Both are readily decomposed when subjected to the action of weather, and the
stone should be rejected. '

Mottle is a defect which causes the stone to have a spotted appearance
due to the presence of small chalky patches. Such stone is unfit for building
purposes. ‘ '

An inherent defect which occurs in Portland stone is the presence of shells
(known as shelly bars), fossils, cavities and flints. These are often rot detected
until the large blocks fyom the quarry are being converted into ler uits,
the saw-cuts revealing"their presence. The affected portrohsgimst b
and therefore waste results, S ' A

The presence of clay and oxide of iron is: apt tocaug disfig:
stone, producing brown-coloured bands which-interfere with
colour of the stone and diminish its durabj[ity.'-
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Classification,—The various classes of walling may be divided into :

1. Rubble Work, which consists of blocks of stone that are either
undressed or comparatively roughly dressed and .having wide
joints, and

2. Ashlar, consisting of walls constructed of blocks of carefully dressed
or wrought stone with narrow joints.

RUBBLE WORK
1. Rubble Work includes :
(1) Uncoursed.
(it) Built to courses.
(i) Uncoursed.

(i) Built to courses.
(iii) Regular coursed.

(2) Random Rubble

(b) Squared Rubble-

(i) Polygonal walling.
(ii) Flint walling.
(iii) Lake District masonry.

(¢) Miscellaneous

(a) Random Rubble.—The stones are those which have been quarry dressed
(see p. 38). The principles of bonding referred to on p. 3 apply equally well
to this class of work as they do to brickwork. Unlike bricks, the stones are
not of uniform size and shape, and therefore greater care and ingenuity have to
be exercised in arranging that they shall adequately distribute the pressure over
the maximum area and in the avoidance of long continuous vertical joints.

The bond should be sound both transversely (across the thickness of the
wall) and longitudinally. "Transverse bond is obtained by the liberal use of
headers (or bonders) and throughs. Headers are stones which reach beyond the
middle of the wall from each face to overlap in the centre (sometimes called
dog’s tooth bond). Through stones or throughs extend the full thickness of the
wall (see Fig. 20).  Satisfactory stability may reasonably be assured if one-
quarter of the face consists of headers (approximately two per square metre), in
addition to one-eighth of the facé area of throughs (one per square metre).

e

Unless the relative impermeability of the stones is satisfactory,’ " és nogad;
to use through stones for external walls, as moisture may be conduct®d throug]
and cause dampness on.the internal faces. This may be prevented by eit] G)s'
using three-quarter bonders or (b) using throughs extending to within 20 mm-of the "
internal face and covering the ends with slate bedded on good mortar. ‘The latter

 method is only applied if the internal faces-of the walls are to be plastered.

_ The footings should consist of cdncrete (see-sg@mon CC at A, Fig. 20) or, in
the case of garden walls, large flat-bedded stones“twice the thickness of the wall
in width (as in elevation at A, Fig. 20).

Y .
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(a) (i) Random Rubble, Uncoursed (see a, Fig. 20).—This is the roughest
and cheapest form of stone walling and consists of stones which are usually
quarried near, if not on, the building site. The face appearance varies consider-
ably on account of the great difference in the sizes and shapes of the material used.
The * waller * takes the stones, morr or less at random (hence the title), from the
heap and builds them in to form the strongest bond, any inconvenient corners
or excrescences being knocked off the stones if such will assist in this operation. -
The larger stones are flat-bedded and packed or wedged up with small pieces

“of stone or spalls (see figure); the intervening spaces are then filled in with the

smaller stones, no attempt being made to form vertical joints. The joints ~
are well filled and flushed with mortar; these are sometimes of considerable
width on face, being as much as 50 mm or more in places. A reduction in the
quantity of mortar, results if small pieces of stone are driven into the mortar
at the face joints; these splinters may also be used to wedge up the stones;
such joints are said to be galleted (see A). The larger stones are selected for
the quoins and jambs to give increased strength and, incidentally, to improve
the appearance. ’

Boundary walls constructed of this class are usually given a slight batter on
both faces, as shown, to give additional stability (see p. 54).

It is common to build dwarf walls, such as garden or field boundary walls
or fences, of common rubble without mortar. Such is known as dry rubble
walling. The stability of these walls is entirely dependent upon the careful
interlocking and bonding of the stones.

(a) (ii) Random Rubble, Built to Courses (B, I'ig. 20).—This walling is
similar to the above, excepting that the work 1s roughly levelled up to form courses
varying from 300 to 450 mm thick. These courses usually coincide with the
varying heights of the quoin.and jamb stones.

In the construction of the wall, the quoins are built first (as for brickwork—see
p. 30), the line is stretched level with the tops of the quoin stones, and the intervening
walling is brought up to this level. One of the courses s shown numbered in the
order in which the stones would be bedded. The stones aré set in mortar and at
every course the work is well flushed with mortar and pressed into the internal joints.

This forms a stronger wall than the uncoursed type (long continuous vertical
joints being more-readily avoided), although the somewhat regular ‘horizontal
jeints at the courses detract from its appearance.

Provided the site and stone are satisfactory, one course of through stones at
E (equal to twice the thickness of the wall) is a sufficient foundation for boundary
walls, otherwise a double course (E and F) would be required as shown in the
section. N

i
. % " 2.

L :_.,
e -~

Note.;Although the illustrated examples refer to boundary walls, this form of
construction has been adopted in the erection of thousands of houses and farmsteads
in various parts of the country.

- -~
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's consider- - (b) Squared Rubble.—The stone used is generally one which is found in
terial used. quarries in thin beds, or in thicker beds of laminated stone which can be easily window may be given a smoother finish than that of the general . walling so as
), from the - - split into smaller units. Little labour is necessary to form comparatively straight to form a contrast. A description of the head, sill, mullions, transome and
:nt corners bed and side joints; the stones are usually squared and brought to a hammer- coping is given on pp. 49-52:
-operation, % - dressed or straight-cut finish (see p. 38) although they may be given either tooled (b) (i) Squared Rubble, Uncoursed (F, Fig. 22).—This is often known as
nall pieces 4 '(see p- 38) or dragged (see p. 38) surface finishes. Square-snecked Rubble. The stones are available in various sizes and are arranged
in with the Fig. 21 shows a gable wall (i.e., an end wall which is continued up to and on face in several irregular patterns. A very effective appearance results if the
The joints sometimes above the roof line and the upper portion of which conforms with walling comprises a scries of combined units consisting of four stones, i.e., a
msiderabie the shape of the roof) of a building which may be constructed in any one of the large stone called a riser or jumper (generally a bonder or through stone), two
tion in the three types of squared rubble. A portion of the wall is drawn to a larger scale thinner stones known as levellers and a small stone called a sneck or check.
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in Fig. 22 and details of three varieties are shown. The stones forming the

FiGURE 20
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Although uniformity is neither essential nor desirable, it is found that an extremely
well-bonded wall of pleasing appearance resuits if the approximate depths of the
snecks, levellers and risers are in the proportion of 1 :2: 3 respectively; thus, if the
depth of the sneck is 75 mm, that of the levellers would be about 1 50mm and the depth
of the riser would be approxnmately 225 mm, as shown. The vertical joint between
each pair of levellers is more or less centrally over a riser, and the snecks link up with
the. risers. .

The snecks are characteristic ®f this class of wall (hence the name) and their
object is to prevent the occurrence of long continuous vertical joints. As shown
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on plan, the side joints of the face stones are only diessed square forabout 75 mr
from the face which is usually only quarry-dressed (see p. 38). Another forr
of snecked rubble is shown at F, Fig. 23. -

(b) (ii) Squared Rubble, Built to Courses.—The stones are similar to tho
used for snecked rubble, but,. like.the random rubble built to courses class, th
work is levelled up to courses of varying depth. The squared face stones nia
be arranged as shown at B, Fig, 20, or each course may consist of quoins, jam
stones, bonders and throughs of the same height, with smaller stones built i
between them up to the height of these larger stones, to complete the courst
This latter arrangement is sometimes known as Coursed Header Work and i
shown at ¢, Fig, 22.

(b) (iii) Squared Rubble, Regular Coursed (u, Flg 22) —This type ¢
walling is built in courses of varying height, but the stones in any one course ar
all of the same depth. The stones vary from 50 to 225 mm thick and are fror
150 mm to 225 mm wide on bed. The faces may be pitched to give a rusticate
appearance, or they may be dressed to a smoother finish, the straight-cut dressin
described on p. 38 being particularly effective.

This work is very popular in certain parts of the country where there is availab!
a plentiful and convenient supply of hard stone of good colour and satisfactor

weathering quality. Many buildings in Lancashire and Yorkshire are built of th
class of external walling.

Regular coursed rubble walling which consists of large squared blocks th:
are. usually either.hammer-faced. or pitch-faced is sometimes called Block-iz
Course. It is usually associated with heavy engineering work, such as in th
construction of sea walls, retaining walls, etc., and is not often used in gener:
building work. _

{c) Miscellaneous.—There are many variations of walling which may. t
classed under Rubble Work. "T'hese variations are due to the particular charac
teristic qualities of the local materials available and the traditional forms «
construction peculiar to those localities. The three examples mentioned und
class (¢) on p. 40 are all well known, and hence their inclusion, It should t
observed that, owing to the comparative cheapness of bricks, these have, to
certain extent, replaced the local material and thus none of the following thre
examples are adopted for new work to the same extent as formerly.*

{c) (i) Polygonal Walling (s and 8, Fig. 23). - The stone used for this cla
of wall, although tough, can be casily bpht and dressed to any s'hapc it

g hammer- pltchud on face o 20 neguala pum_,umn shape and is bedd |\ d in pasitic

Taetsr i ol hireetiope

L s
O nh fcu; |:| NS T L

In one class of this wark the es are onby rogphlyv shaped  concmg vhens o
together only approximately,” T is Rough- /)ukt'd and is shown ut A. X sccor
class shows more accuratéiwwork as'the face edges of the stones are more careful
formed to permit of the small blocks to fit more intimately, into each other to for:
what is called Close-picked work (see ). Walls fuced with this material are general
backed with brickwork. This work is perhaps better known as Kentish Rag ¢
account of a imestone found in Kent which has been used fairly extensively for th
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# - MASONRY WALLS

purpose. It is common in the southern counties. A soft sandstone has also been
adopted to give a similar appearance.

(c) (ii) Flint Walling (c and b, Fig. 23).—The stones used in this class are

flints or cobbles. They vary in width and thickness from 75 to 150 mm and in

length from 150 to 300 mm, being irregularly shaped nodules of silica. Aithough

extremely hard, they are brittle and can be readily snapped across. They are |

sometimes employed for the construction of walls in those counties where the
flints are readily obtainable from the gravel beds which are often associated
with chalk or limestone,
walls in which the rounded flints from the beach have been used.

Buildings near the coast have been constructed of -

The external walls, which are generally from 350 to 450 mm thick, may
consist of either (1) a facing of flints which have been snapped transversely across

-the centre, with a backing of the undressed flints as in section GG, or (2) similar

but with the broken surfaces of the facing flints squared at the edges as shown at
D or (3) undressed flints throughout. The face arrangement may either be un-
coursed, built-to-courses or regular coursed. Uncoursed flint walling especially
is deficient in strength on ‘account of the small-sized material. This is partly
made good by the introduction of through stones (two to every square metre),
or continuous courses—known as lacing courses—of long thin stones or bricks
or tiles at vertical intervals of 1 to 2 m and stone or brick piers at abouit 15 m
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RUBBLE WORK 45

intervals; alternatively, brick headers may be inserted in diagonal lines across
the face to give a diaper appearance.

An elevation and section of a portion of a wall faced with split flints, backéd
with undressed flints, and provided with brick lacing courses and picrs are shown
at ¢. The snapped flints are laid in courses. This is known as polled facing.

The facing flints are placed in position with the black or durk grey split surfaces
outwards. This facing may either be built up with the body of the work, or the
wall may be constructed by bedding the face flints on both sides to a height of about

225 mm, when a thick layer of soft mortar is sprcad in between into which the

nodules are placed to force the mortar up between them—-this is known as larrving;

alternatively, grouting may be adopted, liquid mortar being poured over the nodules
packed in the heart of the wall to fill up the interstices.  The split or polled flints
should be at least 100 mm long from front to back, and the internal facing flintsare Juid
as headers in order that they may be well tailed into the body of the wall. Thin
flakes removed from the flints may be used to gallet the joints for the reasons stated
on p. 40 and shown at L.

Knapped flint facing, in conjunction with a brick quoin, is shown at ». The
larger cobbles are snapped across, and the split surfaces are dressed (knapped)
to give faces which arc approximately 100 mm square. -This is the best type of
flint walling and is sometimes known as gauged or squared flint.

The facing flints are laid very close together so that little, if any, mortar joints
are visible. Knapped flint work is sometimes arranged to form pancls between stone
or brick dressings, when the flints arc sometimes unbonded, i.e., the vertical joints
are continuous. .
When the flints are undressed throughout (as for cottage work) the external

and internal face flints are laid as headers and the hearting of headers and
stretchers are tightly packed between. The appearance is improved if the mortar
joints on the outer face are well raked back with a pointed stick. If the joints
are brought up flush with the face of the work, the appearance which results of
only small portions of the flints surrounded by broad joints is not good.

The colour of the crust of the flint varies from a white to greyish blue, but,
when snapped, the broken surface is almost black (flecked with brown or white)
and glassy in appearance. Thus polled and knapped facing is of a shiny black
colour, and that of undressed flint work is much lighter.

Cottages in the Norfolk district were sometimes constructed with 328 mm thick
external walls with brick foundations, and above ground level they consisted of flint
work with 102 mm bnck lnternal lmmp,s h‘umg continuous heading courses every

fifth cours Sod surface for plastering and reduced
the amount &f plaster required.’

(c¢) (iii) Lake District Masonry (E and F, Fig. 23).—This is peculiar to
buildings in certain parts of Cumberland and Westmorland. "The stone, which
is a slate, is obtained locally. The colour of the two varieties used chiefly for
walling is olive (popularly known as * blue ') and green,! both are durable
and used for the best work. The stone arrives on the job i irregularly

_shaped flat-bedded blocks varying from small pieces to a maximum size of

1 This stone is often the waste from the slate quarries.

approximately 600 mm wide by goo mm long. These blocks are broken and
dressed by the wallers to the size and shape required as the work proceeds. The
amount of dressing done depends upon the desired face appearance of the wall,
There are two types of this masonry, Le., rough-faced random walling, buils to
courses, and best-faced random walling.

Rough-faced Random Walling, Built to Courses (g, Fig. 23). ~'T'he faces of the
stones are roughly dressed and the stones are irregular in shape.  The bilefs
are closely fitted together, spalls being used to pack up the larger of them, and
at vertical intervals of from 300 to 450 mm they are levelled up to the watershor
(see below) to form a continuous joint_which is more or less horizontal. ‘The
through stones form continuous courses at from 600 to goo mm intervals.

Best-faced Random Wealling (v, Fig. 23). -This resembles square snecked
rubble (Fig. 22), the stones béing squared on face with the hammer. The
faces are naturally smooth and the stones are referred to as being self-faced.
Some of the snecks are very thin (e.g., that at aris only 20 mm thick),  Unlike the
last mentioned, the throughs are staggered, and on an average two throughs
per square metre of face are allowed.

The walling is constructed in a manner which is unlql{m\nd much skill is
demanded of the wallers. ~ As shown in the sections, the wail in effect consists

- of three portions, Z.e., inner and outer faces with an intermediate * hearting.”’

Particular attention is drawn to the through stones which are tilted downwards
towards. the external face,  "This is known as ““ watershot,” and the amount of
watershot is 50 to 64 mm per 300 mm thickness of wall.  Thus if the watershot
is 50 mm, the back edge of the bed in a 600 mm thick wall will be about 160 mm
above the corresponding front edge.  The remaining face stones are given a
similar watershot.  The top bed of stone window, and door heads and the
bottom bed of window sills are watershot.  As mentioned on p- 18, the ddmp—
proof course consists of two courses of slates in cement mortar.  The quoins are
of Jimestone or slate.  The characteristic colour and rich textufe. ()l the stone
give a delightful appearance to this class of work.

Solid walls vary in thickness from 525 to 750 mm.

Alternatively, a 320 mm thick cazity wall having a 160 mm slate outer l«..lf
70 mm cav ity and go mm concrete brick inner leaf can be madc

- —The-sohd-typrof-walliseonstructed in the following manner l"ht_ w d“ is oﬁtn
started with. the stones watershot, as the natural face of the st()ncﬂs
canted to the bed.! ‘The wallers work in pairs, the more experie nccd "working on
the outside and the otlier inside to assist in the packing up of the face stones with
small picces of stone or spalls. Both fuces are partially bedded in mortar which is
set back from each face some 50 or 75 mm, and the width of cach layer of mortar after
it huas been spread and squeezed out by the weight of the stone ts about 125 mm.
\Iormr is not usually applied to the side joints as sufficient is squeezed up \\hen the

' This is due to the cleavage plunes being inclined to the bedding planes (see a, Fig. 6¢).
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stone is bedded. The maximum overlap in the centre is given to the stones in both
faces of the wall. The hearting between the two-faced portions consists of small

- stones packed dry. The object of this is to ensure that any water penetrating the
outer face will pass down the dry hlling to the throughs below, which on account of the
watershot, will not penetrate and cause dampness on the internal face. If any of the
mortar joints were continuous from front to back, dampness would be caused by
capillary attraction.

This form of construction has been proved to be most effective in resisting damp-

ness in a district with a notoriously high rainfall, and it is for this reason that it is
still employed in that area.!

ASHLAR

2. Ashlar—This class of masonry consists of blocks of accurately dressed
stone with extremely fine bed and end joints. The thickness of these joints is
often only 3 mm and rarely exceeds § mm.2 Such accurate work is only possible
when the blocks are cut perfectly true to the required shape, and therefore the
beds and joints at least are sawn. The backs are usually sawn, except when the
ashlar is to be backed with rubble, when they may be given a rougher dressing.
The. surface finish is usually that left by the carborundum saw or it may be

" rubbed; several of the more elaborate dressings described on pp. 38-39 may

also be applied. . :
The face arrangement of ashlar may resemble either of the three varieties

shown in Fig. 22, the regular coursed being common with the courses of varying
height, depending ‘upon the size and character of the building. Great care
must be exercised when determining the sizes and proportion of the blocks of stone
to ensure that they will conform with the general scale of the building. Badly pro-
portioned stones, which may be either too small or too large for the purpose,

" will completely mar the appearance of the Work!

An adequate bond of blocks of uniform size is obtained if the length of each
stone is from twice to thrice the height and if the courses break joint as shown
in Fig. 24. There is a risk of the stone being fractured if unequal settlement
occurs and if the length exceeds three times the height, although this length may
be increased to five times the height if the stone is exceptionally strong.

Ashlar is sometimes given a face appearance resembling that of Flemish
bond in brickwork. Occasionally it is arranged in courses which diminish in
thickness from the base upwards, or alternately the courses are arranged with
comparatively thick courses alternating with thinner courses.

Cotiipound Walls,—Ashlar is the best grade of masonry and it is also the most
expensive. In order to reduce the cost, it is the practice to construct walls
faced with blocks of ashlar having a minimum thickness on bed combined with
a backing of a cheaper material. Such are called compound walls. In *‘ stone ”

! In addition, this style harmonizes best with an exceptionally beautiful landscape.

2 There are exceptions to fine jointed work, for example, at the Anglican Cathedral,
Liverpool, where the large sandstone (Woolton) blocks are constructed in cement mortar
and pointed with a mixture of 1 part white cement to 3 parts Leighton Buzzard sand, and
the thickness of the joints is about 13 mm. :

districts, the usual backing is rubble (see b, Fig. 25), otherwise the backing is
generally of brickwork (see Fig. 24).

1t is essential that the facing shall be effectively bonded with the backing, and if
the latter is of brickwork, unnecessary cutting of the bricks mustbeavoided. Effective
bonding results and wastage of bricks and labour in cutting avoided when: (@) the
ashlar courses are alternately 102 and 215 mm thick on bed, () the thickness of the"
backing is a multiple of half-bricks and (¢) the height of each course of ashlar conforms
with the combined height of the brick courses and the thickness of the bed joints.

On account of the thin mortar joints of the ashlar and the larger number of bed
joints of the backing, it is necessary that the latter joints shall be as thin as possible
so as to guard against uncqual settlement. Cement mortar is frequently used for
the backing; if the facing is of Portland stone, care must be taken to prevent the
cement from working through and discolouring the face of the ashlar, and it is for
this reason that the back of each ashlar block is covered with lime mortar (consisting
of 1 part grev lime and 2 parts sund). Black mortar should not be used for the backing
as this has been known to stain Portland-stone facing.

So as to ensure the ashlar vertical joints being completely filled with mortar, a
vee-shaped notch is usually formed in each vertical joint surface so as to form a square
hole between each pair of adjacent blocks. In constructing ashlar, mortar is spread
on the front edge of the vertical surface (about 50 mm wide) of the last fixed stone;
the adjacent stone is then placed in position, the back of the vertical joint is pointed
with the mortar, and liquid mortar (grout) is poured down the hole'to form 2 joggle so
as to fill completely the space between cach patr of stones (see Plan aa, Fig. 24, and N,
Fig. 26). ) .

The complete beds of the ashlar blocks shall be square with the face. If a
bed is “ worked hollow ” (i.e., the surface is brought below the outer edpe of
the stone to form an equivalent to a frog of a brick) there is a danger of the
pressure being concentrated on the outer edge, causing the stone to crack and
splinter off or spall (see p. 53 and x, Fig. 27).

Fig. 24 shows a portion of a building which is faced with ashlar backed with

_brickwork. . Most of .the .ashlar courses .are.of uniform height and {excepting . .

where the work is interrupted by windows) are alternately 215 and 102 mm
thick on bed. This permits of a brick backing consisting of alternateé sections
which are 215 and 328 mm thick respectively. The plan at aa shows the special
bonding in alternate courses owing to the presence of the door and window
openings. The splaying of the back of the outband (see below) at 0 is often done
to avoid continuous vertical joints.

The bonding of the quoins (sometimes called scuntions or scontions) should
be noted, where the 215 mm thick courses are continued to the return face. An
unsatisfactory appearance, indicating weakness, would result if ‘the 102 mm
thick courses were to show on-the return face.

The diagonal lines and the ringed figures shown in the elevation indicate the
extent and amount of bed respectively of each stone. This conforms with the
usual practice, the diagonals being especially necessary ‘when cornices, etc.,
comprise two or more stones in height. _

The plan at B and the sketch b, Fig. 25, show the wall faced with ashlar with
a backing of rubble.

Door and Window Openings.—As shown in the plan aa, Fig. 24, the jambs
are bonded by using alternate headers (called inbands) and st
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outbands), the former being rebated to receive the door or window frames. Some-
times the outer edges of these stones are splayed or chamfered which may be
stopped (see broken lines at R) or may be continued round the head to form
intersections called mason’s mitres (see Fig. 22).

The head of an opening is finished with either a lintel or an arch; and the
bottom is completed with a sill.

Lintels or Heads.—These have been described on p. 21. :

Arches.—Brick arches-have been described on . pp. 21-24, and the terms
geometrical construction, etc., there detailed are also applicable to stone arches.
The temporary supports used in the construction of stone arches are shown in
Fig. 43 , ,

Flat Arches (see H, Q and P, Fig. 24, and A, B, c and b, Fig. 25).—Alternatives
of that at H are shown at Q (partly indicated by broken lines and showing the
arch equal to two courses in depth) and P, which shows a stepped extrados.

The alternatives at A and B, Fig. 25, are called joggled or rebated arches.
That at A’ shows the keystone with small (about 25 mm) projections at the joints
which fit into corresponding sinkings worked on the adjacent voussoirs; the
object of these rebates or joggles is to prevent sliding taking place and dropping
of the voussoirs. An isometric sketch of one of the voussoirs, with a portion of a
reinforced concrete lintel behind it, is given at c. An alternative to arch a is
shown at B; this shows secret joggles or rebates as they are not seen on the
face; the construction is more clearly shown in the sketch at p.

Semicircular Arches (see N, Fig. 24, and ] and k, Fig. 25).—That at N shows
astepped extrados. The best appearance is obtained if an elliptical constructional
line is drawn and the top of the vertical portion of each joint made to. conform
with the ellipse. An alternative arch is shown at j where each voussoir has
an elongated horizontal portion (called an ear or crossette) which courses in
with the wall.

That at x has a semicircular intrados and extrados. This type usually
necessitates the cutting of some of the adjacent walling stones to an awkward
shape (see w). -

Segmental Arches, having either curved or stepped extradoses, are also built
of stone. The geometrical construction of these is similar to that required for
brick arches (see Fig. 15). .

Window Sills.—Reference should be made to the brick sills described on

“pp: 2426 as the terms are applicable to stone sills (see Figs. 22, 24and 25). The
sill shown in Fig. 22 is weathered, twice rebated and chamfered; that shown
in section L and part elevation M, Fig. 25, would be specified as a *‘ 350 mm by
175 mm sunk weathered! and throated sill, grooved for water bar,” and that at o
and P, Fig. 23, is sunk-weathered, moulded and grooved, the upper portion of the
mould forming a throat to prevent water trickling down the face of the masonry
below. See p. 104 regarding the bedding of the water bar. . The level seatings

! Note that sunk weathering begins with a vertical sinking.'

" dividing stone is known as a transome.

or stools formed at the ends of the sills to support the jambs may be finished
externally as shown in Fig. 25, or they may be weathered as indicated at c,
Fig.-16; seatings, as shown at J, Fig. 22 are also formed for the mullions.

The sills are in one length, having a 150 mm wall-hold at each end. They
should be solidly bedded only under the jambs—and mullions (Fig. 22)}—with
the intervening portion of each bed left perfectly clear of mortar until the
building has completely settled and the mortar in the walling has set. . The joint
is then neatly pointed. o

If this is not done, and the sill is bedded solidly throughout its length as the rest
of the work proceeds, the sill may be fractured unless it is very thick and is of very hard
stone. This damage is due to the unequal stress produced by the pressure transmitted
from the jambs being concentrated only at the ends and not evenly distributed
throughout the entire length of the sill; this unequal pressure tends to cause the
portions of the wall immediateiy below the ends of the sill to settle more than the
portion under the centre of the sill. To prevent such damage, each sill is sometimes
constructed of three stones as shown in Fig. 22, the two vertical joints (indicated by
broken lines at k) being in the same vertical plane as that of the jambs. When this
is done the central stone of the sill may be bedded solid.

The appedrance of the sill shown in Fig. 22 (the face of which is flush with

- the wall) is sometimes preferred to that of the sills shown.in Fig. 25 which ..

project beyond the wall.

The-latter type causes water to drip clear of the wall below, whereas when the
face of the sill is in line with that of the wall, disfiguration of a building results
(especially if it i1s faced with Portland or similar light coloured stone) by the
staining of the walls immediately below the sills. This is due to the water (which
collects dirt from the windows and dust from the weathered portions of the sills)
passing down the walls. Further, unless the bed joint between each sill and the
wall is well pointed, water proceeds through the joint to cause dampness on the
internal face of the wall. . . .

Mullions and Transomes.—The window shown in Fig. 22 is divided into
six lights.! The vertical dividing stones are called mullions and the horizontal
The mullions are rebated to receive
the window frames and are chamfered to conform with the jambs, etc. They
are connected at the bed joints to the head, transome and sill by dowels of either
slate or gunmetal, which prevent displacement (see J and p. §3). The transomes
are rebated for the window frames, they are weathered and the ends are stooled
as for window sills. It is customary to divide a transome into units with a joint
over each mullion, as a single stone may fracture if the settlement at the jambs
exceeds that at the mullions.

Steps.—Two steps are shown at the door opering in Fig. 24. The stone
should be a hard wearing sandstone and should be carefully selected. Much
of the description on p. 26 is applicable-to these steps (see also p. 123 and Fig.
65).

Plinths.—Brick plinths are described on p. 28. An enlarged detail of the
upper portion of the plinth at M, Fig. 24, is shown at q, Fig. 25, and alternative

! A window of this type is often provided with steel frames and leaded lights instead of
wood frami¢s and sashes, Metal windows are described in Chapter IV,
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plinth mouldings are shown at R, s, T, U and v, Fig. 25. In each case the top-

of the projection is shghtly wcathered to prevent water lodging an ;\pagsmg
through any defect in the joint. The names of the mouldings are state m
figure.

String Courses.—A string course is a horizontal course of masonry (or

|_brickwork) which usually projects and is provided as an architectural feature.

A simple example is shown at E, Fig. 24, and this is detailed at b, Fig. 26. A
larger string course is illustrated at B, Fig. 26; because of the greater projection,
it is possible to incorporate a throat with the lower (ovolo) moulding which
prevents water trickling down and staining the work below.

The upper portion of the facade (elevation) shown in Fig. 24 consists of a
coping, parapet, cornice and frieze. These are described below in the order
that they are constructed.

Frieze.—This is a stone course which is surmounted by a cornice. That
at 0, Fig. 26, is a detail of the frieze shown in Fig. 24. If there is not a projecting
member immediately below the frieze (such as a string course or architrave)
emphasis may be given to the frieze by projecting it slightly as shown at c,
Fig. 26.

Cornices.—A cornice is a comparatively large projecting moulded course
which is fixed near to the top of a wall. Its object is to provide an architectural
feature which will serve to discharge water clear of the building and thereby
protect the face of the Wwall.’ ’

Cornices vary considerably in detail.! Two designs are shown irr the sections
A and c, Fig. 26, and a and b, Fig. 76, the two former being alternative details
of the cornice shown in Fig. 24.

‘The projecting portion of a cornice consists of the cymatium and the corona (see
¢, Fig. 26). The cymatium is composed of two or more mouldings, that at ¢ con-
sisting of a narrow flat band or fillet and a cyma recta moulding which is separated
by a second fillet from a cyma reversa or ogee moulding. The corona has a com-
paratively broad vertical face with a recessed soffit Which stops’ ‘water from'travelling
along it to the face of the wall. The lower portion of the cornice is spoken of as a
bed mould, which at c consists of a fillet, -ogee moulding and a bead.

The upper projecting portion of the cornice is weathered and the vertical
joints are saddled to prevent water from penetrating them.?2 A saddle joint is
shown at a, ¢, @ and M, Fig. 26. It is formed by rounding off the stone from
the top bed to the weathering at each end; this prevenis rain from lodging on
The saddle is rendered 1nconsp1cuous by bevelling it back-
wards from the front edge as shown. PR

The stones are joggle jointed at the ends to prevent any movement due to
unequal settlement which would cause irregularity in the horizontal lines of
the cornice. Such joggle joints (down which grouted mortar is poured) are

! See p. 93 concerning the importance of well-designed mouldings.
? Weathered surfaces of cornices and similar projecting members built of comparatively
soft stone should be protected with sheet lead or asphalt (see Fig. 76). Saddle joints are

not required when this is done.
£0)
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“assists in tailing down the cornice below it.
N increased if each block of stone in the lower course is connected to the cornice

52 MASONRY WALLS

shown by broken lines at A and ¢ and by full lines at M. Metal cramps may
also be used (especially for securing quoin cornice stones) to resist any movement
which tends to separate the joints (see p. 53).

Parapet.—This is the upper pertion of a wall which is used as an architectural
feature to cover a gutter (as in Fig. 24, when it is sometimes referred to as a
blocking course, as it blocks from view the gutter behind it) or to protect the
edge or verge of a roof (see Fig. 21) It is provided with a coping, and its welght
The stablhty of the parapet is

by means of one of two slate dowels (see Fig. 26 and p. 53).

Copings.—Brick copings are described on p. 26. Sections through stone
copings are shown at A to E, Fig. 27. The feather edge coping (a) is an enlarge-
ment of that at F, Fig. 24; that at B is a detail of the coping shown in Fig. 21.
The saddle back coping (C) provides a more effective covering than those at L,
Fig. 17, and B, Fig. 20, because of the throated oyerhanging portions, although
the latter section is more in keeping with the rough character of the wall which
it protects. The segmental coping D is occasionally used for dwarf walls where
the curved surface can be seen to advantage.

The tops of some walls are inclined or raked and are protected by raking
copings (see Fig. 21). Such copmgs need not be weathered as the rain is quickly
discharged down the slope in the direction of their length and therefore the
parallel coping E, Fig. 27, is suitable for such positions. Rakmg copings, if not
supported, would tend to slide. This is prevented by the provision of adequate
supports at the bottom and at intermediate points (see A and B, Fig. 21). The
intermediate supports are called kneelers or knee-stones (see F, Fig. 27), which
is an enlargement of B, Fig. 21. A kneeler is a block of stone (which should be
well tailed into the wall) with the inclined or raking portion worked to the
section of the coping stones and finished square to form butt joints with the
adjacent coping stones. The butt joint may be formed as indicated by the thick
broken line at F, but this requires a larger stone having the portion shown shaded
removed. The lower support is provided by a springer or footstone—see a, Fig. 21
and the enlarged detail at G, Fig. 27. This may be shaped as shown partly by
broken lines at G (the thin diagonal lines indicating the extent of the stone)
which, like the kneeler, is well tailed into the wall; or it may take the form
indicated by the thick full lines at G when two slate dowels (see p. 53) are used to
secure it to the stonework below and so provide an adequate resistance to the
thrust from the raking coping. The top stone at the intersection of the coping
is termed an apex stone or saddle stone, the raking portions being worked solid to
the section of the coping to form a vertical mitre (see Fig. 21).

When the rake or inclination is less than 40°, the joints between copmg stones
are sometimes rebated (indicated by full lines at H, Fig. 27) to prevent water
penetratmg through them into the wall below. The correct rebate shows the
upper _portion of the upper stone overlapping the lower portion -of the fowes
stone. The object of the rebate would be defeated if the tebate was reverse

‘applied to such masonry,

as shown by broken lines at 1.
in the side elevation j, Fig. 27.

An alternative form of raking coping is showr

MASONRY JOINTS

A

The following are some of the various joints which are used in masonry

- butt, rebated. tongued and grooved, rusticated, saddled, joggled, dowelled an¢

plugged. Some of these havé been referred to on the previous pages: -+ -

Butt or Square Joint.—This 1s extensively adopted and is formed by placin
the square surface of one stone against that of another. Of the many example
of this joint which have been illustrated are the ashlar joints at B, Fig. 235, an:
those at F and G, Fig. 27.

Rebated or Lapped Joint (see 4, B, € and b, Fig. 25, and H, Fig. 27).—In th
former figure the check or rebate prevents movement between the arch voussotrs
in the latter example the rebate is adopted to secure a weather-tight join!
Another form, known as a rebated and broken joint, is shown at J, Fig. 27.

Tongued and Grooved jfoint (see ¥, Fig. 27).—It is now rarely used. |
consists of a tongue or prOJccnon work(,d along one edge of a stone which fif
into a corresponding groove in the adjacent stone. It is sometimes adopted ¢
an alternative to the rebated joint in flat arches and between the horizont:
slabs forming the landings of stone staircases.! It is also known as a joggle
joint, which must not be confused with the mortar joggled joint describe
below.

Rusticated Jomis (see Fig. 27). - Plinths, lower storeys of buildings, an
guoins are sometimes cmphasized by the use of blocks of stone which have the
margins or edges sunk below the general face. The term ‘ rusticated ”
That at L and M shows a chaunelled or rectangul
joint and is often adopted (sec also B, Fig. 26). Note that the sinking is on tl
lower stone; 1if the bed joint was at the bottom of the channel, water wou
lodge on the bottom and perhaps penetrate into the mortar joint. The vee-joi
at N and o is formed when stones having chamfered edges are placed in positiol

see also @ and v, Fig. 19. A more elaborate form of vee-joint is shown at p ar
Q, Fig. 27, and 1s known as a vee and channelied joint.

Saddle Joint.-——These are 1llustrated at a, ¢, M and Q, Fig. 26, and have be
described on p. 5I.

7n<m]pc Dogels and Cramps. —~An order 1o prevent movemen and displac
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JOINTS

stones (see p- 51). The grooves down which the grout is poured are roughly
formed by means of a hammer and punch (see 6, Fig. 19).

Dowelled Joint.—Stones which are liable to become displaced are prevented
from doing so by the introduction of dowels at the joints (see J, Fig. 22 and G,
Fig. 27)- Dowels are either of slate or gunmetal (an alloy of copper gfld tin)
which are from 25 to 50 mm square in section and two or three times the t'hxck.m.ass

in length. They are set in cement mortar. A horizontal dowel in an end joint
is usually run in with grout (through a vertical hole prepared for the purpose)
—after-it has been inserted and the adjacent stone fixed (§e# #Fig. 27).... .. ..

.Cramped Joint.—The joints between stones whic'Hréire' iable to be pulled
apart in the direction of their length are reinforced with either metal or slate
cramps. . . . .

Details of a metal cramped joint are shown at T, Fig. 27, which may be
considered to be an enlargement of that shown by dotted lines at s, Fig. 24,
and used to connect the coping stones. The cramp is a piece of non-corrosive
metal,1 such as gunmetal, which is from 2§ to 50 mnt' wide, 6 to 13 mm thick and
225 to 450 mm long with ends which are turned down from 20 to 40 mm. The
cramp must be fitted in tightly, after which it is grouted and covered with either
cement or asphalt. A slate cramped or keyed joint, consisting.of a double dove-
tailed piece of slate set in cement, is shown at 5, Fig. 27. It is not so effective as
the metal cramped joint.

Plugged Joint (see Y, Fig. 27).—This is an alternative to the cramped joint
but is now rarely adopted. It is formed by sinking a hole (dovetailed on plan)
below the top surface and a vertical vee-joggle in each end of the adjacent stones.
The stones are jointed in the usual way (the hole and joggle being kept free from
mortar), after which cement grout is poured down to form a cement plug.
Formerly, molten lead was poured in to form what was called a lead plug.

MORTAR JOINTING

The thickness of the mortar joints varies considerably, thus for ashlar the joints
may be as fine as 3 mm whereas those in random rubble work may exceed 50 mm
width on face. Certain of the joints used for brickwork illustrated at T, Fig. 17,
are also suitable for stonework, e.g., flush joints are used for ashlar and the keyed
or vee-joint may be adopted for thicker joints. The mason’s joint is also used for
wide joints. This may be of the three forms shown at v, v.and w, Fig. 27. The
two forpheér are sometimes used for rubble work, and that at w is frequently
adopted for pointing. * These projecting joints should be of cement mortar if
the character of the stone will permit it. L

As mentioned on p. 47, the beds of ashlar blocks should be square with the
face. When hand-dressed, there is a tendency for the mason to work hollow

1 Co;todible metal, such as wrought iron, must never be used for cramps, bolts, etc.,
which are fixed in stonework. Extensive damage has been caused to masonry which
has been connected by wrought iron fastenings on accouat of them corroding. During
its formation, the rust exerts pressure upon the stone to such an extent as to fracture it.

<
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beds when very fine ashtar joints are required. This may cause the edges to
spall off when the stome is fixed owing to the pressure not being distributed
over the whole area of the bed but concentrated at the edges. A portion of
a hollow bed is shown at x, Fig. 27, where the bed surface of the upper stone
only is concave. The shaded triangular portion is likely to be splintered off,
especially if the fjoint is not completely filled with mortar. There is little
likelihood of the beds being worked hollow when the stone is sawn by
machinery. ’

PLUMB -
ROLE —11]
WHIPCORD)|

DATTER,
ON ONE
FACE ONLY

FIGURE 28
- The mortar specified ﬁogf;inﬂsing»{ggmd;pend&&mddealupon_ the character
be as inconsp:

of thé stone. Mortar joints for ashlar should icuous as possible, and
it is often necessary to experiment with various compositions of mortar uatil the
desired colour (which should conform with that of the stone) is obtained, * *

‘That used for walling built of sandstone is sometimes composed of 1 part Portland
cement-and 4 parts sand, and occasionally a little lime is added. A :

The mortar recommended for certain limestones, e.g., Portland stone, consists
of 1 part Portland cement, 2§ parts lime putty (well slaked lime mixed with water to
a consistency of a paste) and 34 parts stone dust (powder obtained by the crushing
of waste pieces of the limestone). Neat cement should never be used for grouting

Portland stone blocks, as this may cause staining of the face of the work; only liquid -

mortar of the above composition should be used for this purpose.
Rubble walling (especially if of sandstone) should be built with cement mortar

composed of 1 part cement to 4 parts sand, as the strength of the work depends very
ldtgely upon that of the mortar.
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Construction of Masonry Walls.—Much of the description on p. 30
referring to the construction of brickwork is applicable to stone walls. The
batter which is sometimes given to walls may be maintained by the use of the
plumb-rule which has one edge shaped to the required batter (see a, Fig. 28).
Where a wall is to receive a batter on both faces (as at 8, Fig. 20), the batter is
preserved by the use of frames built of wood.

One form of such a frame is shown at B, Fig. 28. The frame is shaped to that of
the section of the wall, and the outside edge of each inclined leg coincides with each
wall face. During the construction of the wall a frame is fixed temporarily at each
end. The correct alignment and the batter of cach face are maintained by two lines,
the ends of which are wound round nails driven into both legs of each frame at the
required height. :

LIFTING APPLIANCES

Blocks of dressed stone which are too large to be lifted by hand are raised
by means of a crane or other hoisting apparatus and lowered gently into the
correct position in the wall. Various appliances, such as Chain Dogs and
Lewises, are used for this purpose—see Fig. 28. -

Chain Dogs.—Dogs in various sizes are made of sieel and shaped as shown at c.
The stone to be lifted has a hole (about 20 mm deep) punched in the centre of each end and
from 75 to 1o0.mm down. A steel chain is passed through the ring of each dog and is
hooked on to the chain from the crane (as shown at D) and the points of the dog are placed

in the holes of the stone. When the chain from the crane is wound up taut, the dogs bite
into the stone, which is hoisted and lowered to the required position. Chain dogs grip the

stone very securely and are particularly suited for lifting heavy stones and long
with narrow beds. .

Chain Lewis.—This comprises three steel rings and two curved steel legs
The legs vary in size. The hole which is formed in the centre of the top bed of th
is slightly dovetailed. If it is excessively dovetailed there is a. tendency for the lew
pulled out owing to the legs bursting the stone during the lifting operation. Th%
the hole varies from 50 to 75 mm deep; the 50 mm deep hole shown is about 20 mi

The lewis is placed carefully into the hole, one leg at a time. If the hole is foun
too large, a narrow wedge-shaped piece of steel, called a silver (see F), is-driven dc
tween the legs. When the crane chain or that from a pulley block (which is
through the large ring) is wound up, the two smaller rings pull the upper ends of
together and thus cause the lower ends to grip the stone. For stones which ai
than 1 m long, additional control is obtained if a length of rope is secured to tl
from the crane, as shown at 6. The rope is generally secured by two half-hitc
below the *“ ball,”” it is then passed round the stone at one end, when a man pullin;
rope can assist in directing the stone as required as it is being lifted.

Lewises are used for lifting stones up to from 800 to 1000 kg in weight, and, as t
be expeditiously fixed, they are used for general purposes probably more frequen
any other form of lifting device.

Another form of lewis, known as a Three Legged Lewis, is shown at H. It cor
a parallel piece of steel between two dovetailed steel legs, a shackle, a round steel pi
passes through the shackle and legs, and a cotter. The hole in the stone must
accurately to the shape and size of the legs, as shown. The two dovetailed legs
serted in the hole, the centre leg is driven down, the pin is passed through hole
shackle and legs, and the cotter is driven down to make all secure. The hook f
sling is passed through the shackle, when the stone is then ready for hoisting. [f 1
in the stone has been cut too large, a piece of zinc passed between a pair of legs bef:
are assembled may be sufficient to enable the lewis to grip the stone securely.

The cranc operator must exercise reasonable care during the hoisting operati
the blocks of stone must be hoisted with uniform movement. Anv sudden jerl
crane chain may cause the stone to slip, with disastrous results,
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.CHAPTER THREE

TIMBER,

FLOORS AND ROOFS

Syllabus—DBrief description of the structure, growth, scasoning, prescrvation, sizes, conversion, defects, classification, characteristics and uses of softwoods and

voids. Ceilings.

trenches, lintels, turning pieces and centres up to 1-8 m span.

Structure of Timber.—A cut section through a portion of a tree which produces timber
used for building purposes is shown at a, Fig. 29. This shows that the structure (or
arrangement of the various parts) comprises (a) a central core -of fibrous (thread-like)

. woody tissue (woven particles) called the pith or medulla which disappears in time, (b)

inner concentric rings of woody tissue called hearticood or durgmen (durability), () outer
and lighter coloured concentric rings of woody tissue called s_ap-wogd, (d) radial narrow
bands of tissue called medullary rays or transverse septa (partitions, which contain cells
and radiate from the centre and (e) the bark. : )

The irregular concentric rings of tissue, forming the heartwood and sapwood, are
called annual rings or growth rings as in temperate climates one ring is generally formed
annually. A diagrammatic view of a portion of an annual ring of a softwood (see p. 58) is
shown in cross-section at B, Fig. 29; this is much enlarged, for the number of rings may
vary from three to forty per 25 mm. A ring, consisting of rows of cells of variable size
which run longitudinally (parallel to the trunk), is divided into an inner portion called the
spring wood and an outer and darker portion known as the summer wood. The cells
diminish in size from a maximum forming the spring layer to a minimum at the outer
layer; in addition, the cell walls of the summer wood are thicker than those of the spring
wood. Hence summer wood is more compact and darker coloured than spring wood. The

- cells communicate with each other through holes in their sides, and the narfow cells in the

medullary rays also communicate with the annual ring cells.

Certain timbers have annual rings which are very distinct and the spring wood and
summer wood are easily distinguished; others have rings which are indistinct and there is
no contrast between the two. The medullary rays are well defined inh certain woods but
usually they are only perceptible through the microscope (see p. 56).

Growth.—Moisture, salts, etc., are absorbed from the soil b+ *he roots of the tree,
and in the early spring these ascend through the cells (see B) to t*+« branches to develop
the leaves which convert the absorbed material, called sap, intc liquid food suitable for the
tree. Meanwhile the cambium—a thin covering of cells between the bark and the last-
formed annual ring (see A)—produces new cells which form the springwood of the next
annual ring. - In the late summer and early autumn the food descends between the spring
layer and the bark to form the denser summer wood of the annual ring. Thus trees which
produce timber used for building purposes grow outwards immediately under the bark
and are called exogens, as distinct from endogens which mainly increase in size by growth
at their ends. The cells in the medullary rays act as reservoirs for tree food.

In course of time the layers next the pith become stronger and the cells cease to convey
sap; this is the heartwood. The outer part of the tree, or sapwood, contains much more
sap and is softer and lighter in colour than the more mature heartwood. Sapwood is also
known as alburnum due to its relatively light colour. .

Building timbers are divided into softswoods and hardwoods (see p. 59).

Felling.—Trees used for building purposes should be felled as soon as possible after
reaching maturity. If felled prematurely, the wood is not so durable and contains an

__hardwoods. . Ground floors, sizes and spacing of joists, boarding,-joints,..ventilation. --Single-upper-floors up-to-3-7-m-spam;-strutting;-trimnring-to-fireplaces and—~ -
Pitch, span and cvolution of roofs; single roofs including flat, lean-to, double lean-to, couple, close couple and collar types; double roofs, purlins,
hips, valleys, trimming to voids, treatment of eaves; trussed rafter roofs; simple principles of framing, framed roofs; built-up roof truss.
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excess of sapwood; if cut after its prime, it produces timber which is brittle and the central
portion especially may show evidence of decay. The time taken before trees reach their
prime may vary from fifty years (e.g., ash) to a hundred years (e.g., oak): The best time
for felling trees is in the autumn just before the fall of the leaf (when the sap is still thin)
or during winter after the fall of the leaf (when the trees contain little sap), as during
these periods the evaporation of moisture and the resulting shrinkage are comparatively
small.

Seasoning.-—Timber cannot be used for either carpenters’ or joirers’ work imme-
diately it has been felled because of the large sap content. Most of this moisture must be
removed, otherwise the timber will shrink excessively, causing defects in the work and a
tendency to decay. Elimination of the moisture increascs the strength, durability and
resilience of the timber, the wood is lighter in weight, easier to work with the saw and other
tools, 1t maintains its size and it is not so liable to split, twist or warp. The process of
removing the moisture is called seasoning or maturing. This 1s accomplished by either
(a) natural or (b) artificial means. In recent years the latter methods have been consider-
ably improved and extensively employed; natural processes are not now so frequently
adopted owing to the longer period required.

(a) Natural S&gsoning.—lmmediately after felling the branches are removed, the trees.

are cross-cut into logs and the bark is stripped. If the logs are of softwood, they are shaped
by machine sawing to a square in cross-section (called baulks) and stacked (as shown at c,
Fig. 29) under cover to allow the air circulating round them to remove much of the mois-
ture content. Hardwood trees are usually sawn by machinery along their length into
planks (pieces from 50 to 150 mm thick at least 250 mm wide) and stacked with cross-lags
(pieces of wood about 13 mm thick) between, as shown at b, Fig. 29. Thin pieces of wood
(as shown at E) are nailed to the end of each plank to prevent the timber splitting during
the drying process. This is known as Dry Natural Seasoning, and the time occupied
depends upon the size and character of the timber. Thus, softwood boards, 25 mm thick,
may take two months to season and 50 mm thick planks four months; hardwood of the
same thickness may take about three times as long to season.

The time occupied in seasoning is much reduced if the timber is subjected to Water
Natural Seasoning. By this method, the logs may be floated down a river to the sawmill
or they may be placed in the river, totally submerged with the butt (thick) ends facing
upstream, left for a fortnight to allow the water during its passage through the pores to
eliminate much of the sap, when they are removed, sawn and stacked as shown at c.

(b) Artificial Seasoning.—The time taken for this varies from approximately one to
two weeks. The process is carried out in kilns of which there are several types. One
form consists of a long chamber, about 2:5 m wide and 3 m high. The timbers, which
should be of the same thickness, are carefully piled and sticked (cross-lagged) on trucks
which run on rails extending the full length of the kiln. Hot air (heated by passage over
steam pipes) is circulated amongst the timber by means of fans. The temperature of the
air and its rate of flow vary with the size and class of wood. The humidity of the kiln
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during the seasoning is rigidly contralled; if it is too low, it is at once raised by the
admission of steam. -

It is important to note that the whole of the moisture content (* m.c. *’) is not removed
from the timber when seasoned. A certain amount is allowed to remain. Thus, for
internal work (as for floor boards, doors and panelling), the timber is allowed to femain
in the kiln until the moisture content is reduced to 12 per cent.; the maximum for good-
class carpenters’ work is 20 per cent. If timber is used in a position where the humidity
of the atmosphere is in excess of that in the timber, the latter will absorb moisture from
its surroundings and swelling will result. Conversely, if the timber is insufficiently
seasonied (i.¢., contains an excess of moisture), it will, if fixed in a very dry position, lose a
certain amount of moisture and will shrink. Therefore if movement of the timber is to
be kept to a minimum,.the moisture content should approximate closely to that of its
environment. The extent of shrinkage movement in timber may vary from about 6 to
13 mm per 300 mm of original width if the moisture content is reduced from 20 to 10 per
cent. )

Preservation,—In order to increase the dugability of seasoned timber it is sometimes
necessary to apply a preservative. Next to painting the most common preservative
process 1s creosoting, which consists of placing the timber in steel cylinders in which hot
creosote (an oil distilled from coal tar) 1s admitted and forced into the pores of the wood.
A less effective method is to apply two or more coats of creosote to the surface of the
timber. Treatment by metallic salts (copper based) is also adopted.

Conversion.—A log of timber is converted into various pieces to which the following
terms are applied. Basic lengths rise from 1-8 to 6:3 m in increments of 300 mm.

Deals are sawn pieces of softwood which are from 50 to 100 mm thick by 225 to under
250 mm wide,

Battens are from 50 to 100 mm thick by 125 to 200 mm wide; slating battens are from
13 to 32 mm thick by 25 to 63 mm wide. ]

Boards are under 50 mm thick by 100 mm or more in width.

Scantlings are from 50 to 100 mm thick by 50 to 100 mm wide.
applied to the dimensions of a piece of timber, thus *
scantling.”

The term is often
the joist is of 100 mm by so mm

Quarterings are square sections of from 5o to 150 mm side.

Strips are under 50 mm thick and less than 100 mm wide

There are various ways of converting a log into planks, deals, boards, etc., i.e
radial sawing, (b) tangential sawing and (c) slab sawing—see Fig. 30.

(a) Radial, Rift or Quarter Sawing.—Four forms are shown at A. Thatat B is the best
if the timber has well defined medullary rays, as in oak. The log is first sawn into foug
pieces (or is “* quartered ) and each quarter is cut into boards which, like the medullary
rays, are radial. The rays appear irrcgularly on the surface to produce the silver grain
(or figure or flowery which is-so highly valued.for high class joinery work. It is an expen-
sive form of conversion, as much waste results. More economical methods are shown at’
¢ and b, although the latter especially does not' show up the figure to the same advantage.
Comparatively thicker boards or planks are obtained by the method shown at E.

(b) Tangential Sawing is shown at F, and adopted when the timbers have ili-defined
medullary rays and distinct annual rings, as in pitch pine, the boards have their faces
tangential to the annual rings and show up to advantage.

(c) Slab Sawing (see G).—The inner pieces are rift sawn and the outer slabs approx-
imate to tangential cuts. This gives less waste and it is therefore the cheapest.

As already mentioned, timber shrinks as its moisture evaporates, and the heartwood
shrinks less than the sapwood. H shows the distortion which occurs.

The maximum shrinkage occurs in the direction of the lines of the annual rings; it is
much less in the radial direction (parallel to the medullary rays) and it is almost negligible
in the direction of its length. The thickness of the plank J varies from a maximum at the
centre (where there is little moisture in the heartwood) to a minimum at the circumference
(owirig to the larger amount of moisture in the sapwood and the shrinkage which takes
place in the direction of the arrows). The piece of quartering, indicated by broken lines
at K, is distorted as shown on account of the shrinkage in the direction of the rings being
more_ extensive than that radially. Similarly the plank at L shows the shrinkage and
warping which occurs. In each case the broken lines indicate the shape of each piece of
timber before seasoning.

Thin boards, used as floor boards, should be rift sawn to give the best results (sce
0), but on account of the expense a cheaper method of conversion is often adopted and is
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timum at the shown at M, when the remaining sections, consisting of sapwood, are converted into scant- Dote or Doatiness—From of incipient decay indicated by patches of greyish stains
ircumference lings as required, as at N. Although rift sawn boards shrink less and have better wearing speckled with black which are relatively soft; due to imperfect seasoning or badly
- which takes qualities, such boards are often sawn tangentially for economy. Tangentially sawn floor | ventilated storage and found in American oak, beech and birch.
broken lines boards should be fixed with the heart side downwards (as at p); ¢ they are fixed with the - . .
e rings being heart side upwards, thfere is a tendency forbpor;ionsﬁto be kicked out as shown at Q. .
arinkage and - Defects.—The defects in timber may be classified according to (a) those developed
each piece of - during its growth, and (b) those occurring after it has been felled. Class (a) includes DEFECTS IN TIMBEK
Deadwood, Druxiness, Foxiness, Coarse Grain, Twisted Grain, Cup Shakes, Heart
t results (see Shakes, Upsets and Knots. Class (b) are Doatiness, Dry Rot, Wet Rot, Shrinking,
iopted and is Swelling, Warp, Wane, Chipped Grain and Chip Mark. Some of them are shown in
Fig. 31:—
: gI):;eadv,uood.——Appliec:l to redwood which is deficient in strength and weight and having
_ an abnormal pinkish colour; is the result of trees being felled after they have reached
maturity, ) ) e
Druxiness is an incipient (early) decay which appears as whitish spots or streaks; is ) -
due to furigi (a form of plant iife) gaining access, probably through a b-oken branch, and
setting up decay.
Foxiness.—Reddish or yellowish brown stains in oak caused by over-maturity or badly
ventilated storage during shipment; is an early sign of decay.
Coarse Grain timber has very wide annual rings caused by the tree growing too rapidly;
wood is deficient in strength and not durable. L
Twisted Grain or Fibre (see D).—Fibres are twisted to stk an extent that a relatively
large number are cut through when the log is converted int.: slanks, etc.; such planks or S
boards will twist or wrap; caused by wind action in1 branches twisting the tree trunk. N N NN Y
Cup Shakes or Ring Shakes (see A).—Cracks or clefts developed between two adjacent
annual rings; interfere with conversion of timber, resulting in waste; caused by sap TWISTED GRAIN
freezing during ascent in spring.
Heart Shakes (see B).—Shakes which begin at the heart or pith of the log; a single
cleft is not-serious. A Star Shake consists of several heart shakes somewhat in the form
of a star; render conversion of timber difficult and uneconomical. They are an early
sign of decay and are caused by shrinkage in an over mature tree. -
Upsets or Rupture (see E.)—Fibres deformed due to injury by crushing during the
< growth of the tree.
DJFE)A..:b,OP:qDl;:/gO[-‘- . Khnots are sections of branches present on the surface of wood in the form of hard dark e
: : pieces. It is almost impossibie to obtain certain converted timbers entirely ‘‘ free from . == —~ TGURE-3 1
knots  (as is sometimes specified). Those known as ** tight knots 2’ are sound (being — = =~ = i . T
securely joined to the surrounding wood) and are not objectionable unless large. Wood - Dry Rot =~ Delayenafed oy tangas whick-feeds upon the wood and reduces it to a dry
with “large > or ‘“ loose ” knots should not be used as they are unsightly and readily and powdery condition. It may appear as masses resembling cotton-wool with grey or
removed; wood containing many knots is difficult to work. Knots are a source of weak- brown coloured strands which branch out in network formation to adjacent timber.

ness if present in timber to be used as struts or similar members. Badly affected timber has little or no strength and readily crumbles by pressure of the
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fingers. Timber containing an excess of sap and in badly ventilated positions is readily
affected (see pp. 60 and 77). Diseased or suspected timber must be removed at once.?
Wet Rot is'a chemical and not a fungoid decay of timber; affected portions are reduced

©

"to a greyish brown powder and these only need to be removed and replaced; caused by
-timber being subjected to alternating wet and-dry conditions.

Shrinking and Swelling.—When the amount of moisture in timber is reduced during
seasoning the wood shrinks, and if it absorbs additional moisture after seasoning an in-
crease in volume results. The extent of this movement is referred to on p. 56 and is
influenced by the manner of conversion, moisture content and proportion of heartwood.

_ Circumferential Shrinkage (see c).—Defect denoted by clefts which radiate from the
circumference of the log towards the centre; clefts decrease in width from the outside
and are usually limited to the sapwood; result of shrinkage which occurs during seasoning.

Warp is distortion or twisting out of shape which may occur during shrinkage; in one
form (when is it called bow or bowing) the plank or board is slightly curved in the direction
of its length and in another form (called cup or cupping) the timber is curved in cross-
section.

Wane is the original splayed or rounded surface of the tree which remains at the edge
or edges of a piece of timber after conversion; sometimes known as waney edges. A baulk
with two waney edges is shown'at F. Wane is due to converting too large a baulk from a
tree; not considered to be determinal if used for shoring, piling, etc., and in positions
where the appearance and large amount of sapwood are unimportant considerations.

Chipped or Torn Grain is a slight defect caused by the planing machine or tool removing
a portion below the surface of the wood as it is being dressed.

CLASSIFICATION

Timbers used for building purposes are divided into two groups called (a)
softwoods and (b) hardwoods. This division has been established by long usage
and is not in accordance with the relative hardness of the woods (as certain
softwoods are harder than some hardwoods) but is concerned with the specific
species of the trees. Thus softwoods are a group which is conﬁnegi to conifers
which are evergreen (having leaves throughout the year) trees having needle-like
leaves and which bear cones (seeds contained in conical sheaths), whilst hard-
woods form a class of broad leaf trees which cast their leaves in the autumn.

Softwoods are in general characterised by (1) distinct annual rings, (2)
indistinct medullary rays, (3) comparatively light colour and (4) the heartwood
and sapwood are not readily distinguished. They are classified as Group I or 11
according to the species (see p. 59). -

Hardwoods have (1) less distinct annual rings, which are closer together
than in softwoods, (2) distinct medullary rays, (2) richer colour and (4) darker
coloured heartwood which is readily distinguished from the sapwood. .

The thickness of the annual rings varies, thus in redwood (see Table I.) the
number of rings varies from five to thirty per 25 mm. This variation is due to the
difference in the length of the summer. Where the summer is short, as in North
Russia, there is comparatively little growth each year, and therefore the number of

‘rings per 25 mm is large. Generally, the annual rings of hardwoods are closer together
than in softwoods on account of hardwood trees being slower in growth. .

Particulars of certain sdftwoods and hardwoods aik given in Table 1.

e Carpentry embraces construction in wood which is stressed due to the

e _7 ! The detection and cure of dry rot are described in Chap. I, Vol. I11.

load it supports. Such construction may be permanent in character, as flo
roofs and partitions, or it may be of a temporary nature, e.g., timbering
trenches or similar excavations, centering for arches and formwork to supj
reinforced concrete floors, etc., during construction. The following i
description of some of these structures :—

FLOORS

Wood covered floors! may be divided into two classes, ze., (1) suspen
floors consisting of bearing timbers, called joists, in addition to the boards wi
are used to cover them, and (2) solid floors which consist of either woed bo:
or blocks upon a concrete foundation.

(1) Boarded and Joisted Floors.—Such are usually classified it
(a) Single Floors.—This class consists of only one set of joists, called com
jousts or bridging joists. (b) Double Floors.—In this class, additional and la
joists, called binders, are introduced to support the bridging joists. (¢) 1%
or Framed Floors.—Such a floor comprises three sets of joists, i.e., brid;
joists which transmit the load to binders, which are in turn framed into
supported at intervals by larger joists called girders.

Double and triple floors are required for buildings of large area. Wh
formerly the binders and girders were of wood, this material is now rarely use«
this purpose. If wood joists are to be used in conjunction with binders, the |
are now usually of mild steel, when they are called steel beams or girders—or »
steel joists, abbreviated to “ R.5.].’s ’ (see H, Fig. 80). Floors of large span are
usually constructed of fire resisting materials, such as (i) reinforced concrete b
and slabs, or (ii) main steel beams to which are fixed secondary steel beams
support floors consisting of either small steel beams encased in concrete, con
floors with expanded metal or similar reinforcement, or patent fire resisting t

“zotta or concrete blocks.. - Such floors are detailed in Vols. II, 111 and IV. i

Single Floors.—The floors of domestic buildings, e.g., houses, are genc
of this type, and the following description is applicable to the construction
typical ground floor and an upper floor of such a building.

Floor Insulation.—The Building Regulations require that suspe
floors be insulated to a given value if : (1) the floor is not resistant to the pas
of air and (2) if the space beneath the floor is not fully enclosed apart
ventilation by air bricks (see p. 63). It cannot be said that the t. & g. floosb
(see p. 63) is completely air-resistant so it 1s advisable to insulate the flos
the required value by nailing 12:5 mm thick expanded polystyrene slabs o1
of the floor joists before the boarding is fixed.

GROUMND *LOOR
Frg. 22 shows the plan; gections and vaiious detads of o ground ooy o
is of the single floor ¢ldss
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cachi joist, (¢} Toad on the finor and {4 de tmber uacd.

1 Cork, rubber, mosaic, fireclay, quarry, thermoplastic, and marble tiles are alsc
to cover floors, see Chap. I, Vol. II1.



er, as floors,
imbering for
k to support
llowing is a

t} suspended
boards which
wood boards

ssified into:
alled common
al and larger
s. (¢) Triple
i.e., bridging :
ned into and

rea. Whereas
rarely used for x
ders, the latter .
ders—or rolled

e span are Now
soncrete beams
eel beams that
crete, concrete
resisting terra- -
AR
, are generally *
istruction of a

at suspended -
to the passage
:d apart from
=g floorboard
:e the floor to -~
e slabs on top

1d floor which

tance between

les are also used -

L

CLASSIFICATION

59

Timber required for first class carpentry and joinery should be sound, bright (ie., free from discoloration), square-edged, thoroughly seasoned to suit the
particular use, free from shakes, large, logse or dead knots, warp, incipient*decay and other defects which would render it unserviceable for its purpose.
should be free from stained sapwood and the amount of bright sapwood should not exceed the following {for redwood): 5 per cent. for first class joinery, 7

TasLE I
| J-. - - -
WEIGHT
GROUP NaME SOURCE kg nlx)se)r Cmmcmmsnt_:s L Usks
RepwobdD (Northern Pine, | Russia, Norway, Sweden, 530 "Reddish brown heartwood, yellowish brown sapwood; well defined | Doors, windows, floors, roofs,
Scotch Fir, Red Deal, Finland o annual rings, medullary rays invisible; works easily; very durable and general internal and ex-
Yellow Deal) . when painted; strong. ternal carpentry and joinery
of good quality.
WHITEW0O0D (White Deal, Do. 430 White to whitish yellow; well defined annual rings; slightly difficult | Internal work, as for floors, roofs,
0 White Pine, European . to work owing to hard knots; not durable for external work and shelving of cheaper grade
=] Spruce) than above; shuttering.
o CANADIAN SPRUCE(Quebec | Eastern Canada 450 White; well defined annual rings; straight grained, easy to work; | Roofing, flooring, scaffolding.
e Spruce, White Spruce) liable to wrap; not durable ‘
2 DoucgrLas Fir  (British | British Columbia (Western 530 Pink to light reddish brown; well defined annual rings (spring wood | Doors, panelling, flooring, in-
B Columbian Pine, Ore- Canada), Oregon State and summer wood approximately of equal width); fairly easy to terior fittings, sleepers, piling.
23 gon Pine) (U.S.A) work; fairly durable for external work; should be rift sawn for
o] flooring
n PrrcH PINE Texas and  Lousiana 650 Light red ; well defined annual rings with large proportion of summer | Doors, windows, roofs, floors,
(U.S.A) wood (dark) which gives good figure; contains much resin, hard to-| - panelling,- sleepers, - piling.
work; very durable and strong Used for good class work.
WEeSTERN RED CEDAR Canada 380 Reddish brown; distinct annual rings; straight grained, easy to work; | Roofing shingles (boards),
very durable under all conditions; brittle panelling joinery.
Oak England, America, |690to 850| Light yellowish brown to deep brown; fairly well defined annual Doors, windows, floors, roofs,
Austria, Russia, Japan rings, well defined medullary rays; rift sawing gives beautiful stairs, panelling, furniture,
figure; hard and durable (excepting American); very strong gates, fences and general
e . . carpentry- and joinery of high
N class quality.
TEAK Burma and Siam (India), 650 Light golden brown; annual rings defined by belts of porous tissue, | High class general joinery as .
n West Coast (Africa) fine medullary rays; very good figure; difficult to work; durable, for doors, windows, stairs,
a fire resisting and hard wearing panelling, furniture.
o MAHOGANY Honduras (Central 480 Rich reddish brown; indistinct annual rings, distinct medullary | High class internal joinery,
3 America), Cuba (West rays; good figure; not durable for external work. Cuban (Span- especially for decorative work,
Indies), S. Nigeria ish) best, but most expensive and now difficult to obtain as for panelling, bank and
B (Africa) : shop fittings, newels and
A handrails, furniture.
= Rock MAPLE North America 740 Light reddish brown; indistinct annual rings, very distinct medul- | High class flooring, panelling,
< lary rays; “Curly” or “Bird’s-eye” maple has distinctive and furniture.
T | pleasing figure of dark “ eyes ” with curly dark lines; durable (if
; used internally) and very hard wearing
ELm England ] 560 to 690 | Dull reddish brown; distinct annual rings and medullary rays; | Weather boarding, piling:
! durable if kept dry or wet but if not subject to both; tough and
elastic
BircH . ! British Isles i 670 White to light brown; indistinct annual rings and medullary rays; | Plywood, doors and furniture.
strong, tough, not durable

It

per cent. for medium class joinery and 1o per cent. for carpentry; this amount is influenced by the normal temperature of the building in which the timber

is to be fixed.

Softwoods are classified in three groups. Group S1 comprises Douglas Fir, Pitch Pine and European Larch. Group S2 includes Canadian Spruce, Redwood, Whitewood
and Western Hemlock. Group S3 consists of European and Sitka Spruce, and Western Red Cedar.

.
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() Intermediate supports to ground floors are usually provided in the form
of 102 mm thick walls, called sleeper walls (see below), which are puilt at a
maximum distance apart of 1800 mm, and therefore only small joists are required
for ground floors. As upper floors of this class have not such intermediate
supports, the joisis span from wall to wall (usually across the shortest span) and
therefore they are relatlvely large.

(6) The spacing of joists varies from 300 ta 400 mm centres (the distance
between the centre of one joist and that next to it). If 25 mm thick boards are
used, this distance is generally 400 mm.

(¢) The minimum safe superimposed load (or live load) allowed on floors
varies with the type of building, thus it is 1-5 kN/m? for a house and from
2-4 to 9 kN/m? for a warehouse.

(d) Suitable timbers for floors are referred to in Table I. Redwood is the
best softwood for this purpose.

!
-

i

i

TasLe 1I, FLoor JoisTs

Maximum Size of Joist (mm) Maximum Size of joist (mm)
clear span (spaced at 400 clear span (spaced at 400
(m) mm centres) (m) mm centres)
1 0°99 38 by 75 375 50 by 175
© 126 so by 75 375 38 by 200
Y 163 38 by 100 407 | 63byrss
% 203 5o by 100 427 50 by 200
.2°33 38 by 125 421 38 by 225
2-83 38 by 150 464 63 by 200
323 50 by 150 479 50 by 225 -
329 38 by 175 521 63 by 225

; sl From thﬁm‘fd"’g‘"R'egulatlons gives the maximum clear
span for different fioor }oxsts of Group II softwood (see p. 59) spaced at 400 mm
centres when the dead load on the floor is not more than o-25 kN/m? (it rarely
exceeds this amount in a domestic floor).

Wall Plates.—These are wood members, generally oo mm by 75 mm or
115 mm by 75 mm which : (a) serve as a suitable bearing (100 to 115 mm) for
the joists, (b) uniformly distribute loads from the joists to the wall below, (c)
provide suitable means of bringing the upper edges of the joists to a hurizontal
plane to receive the floor boards and to ensure a fevel surface and (d) afford a
fixing for the ends of the joists.! They are solidly bedded level ou lime mortar

* Wall plates are frequently omltted in cheap work (as shown at 1, Fig. 36) and the
ends of the joist are packed ‘th pieces of slate, etc. This is an undesirable practice
as repeated vibration tends to@turb such bearmgs resulting in unequal settlement of
the joists and an uneven floor surface.

TIMBER

by the bricklayer for the full length or width of the floor {s=e broken lines
Fig. 32). joints in long lengths are formed as shown at . This is called a
lapped joint or scarf. The vertical cut extends to half the thickness of each
and after the cut surfaces have been fitted together, nails are driven in to mak
joint secure. Intersections between wall plates are formed as shown :
Ground floor wall plates are usually placed immediately over the horiz
damp proof course.

It is the usual practice to rest the ends of the joists upon the wall plate
fix them by driving nails through their sides-into it (see u). If the joists
slightly in depth, their upper edges are levelled by removing a portion of
wall plate as required to form a housed joint (see X and r).! Other forr
joints which may be applied to the ends of deep joists are notching and cog
A single notched joint is shown at M, the lower edge of the joist being cut 1
over the wall plate (such as may be supported by a sleeper wall). A d
notched joint is shown at N and is formed by cutting both joist and wall p
A single cogged joint, used at the ends of joists, is shown at o, the joist b
cut on its lower edge to correspond to the uncut portion or cog on the p
Where the joist cut coincides with the cog after two sinkings have been for
in the plate, it forms a double cogged jont (see ) such as may be adopted v
joists are supported by sleeper wall plates. Neither notching nor cog
(sometimes called caulking) are much used. €

Reference is made on p. 57 to a particularly virulent disease of timber kn
as dry rot. It is necessary to safeguard against this disease by using only
seasoriéd fimber and to provide adequate ventilation. Free circulation of a
all ground floor timbers is therefore essential, and it i1s for this reason that
plates should be supported either (a) by sleeper walls built paralicl to and al
so mm from the main walls (see this construction shown by broken lines
Fig. 10) or (b) upon offsets (shown at a, ¢ and b, Figl rehor .
(sec 1, M and N, Fig. 1)) If, on- the jeore of ¢cong; Tyt
of the joists are built into the wall, 1t} 1s-'neLessa1}. &
sides and tops of the joists (see k. Fig. 32), and it
coats of creosote (see p. 56) or othér preservative to the w all pmtes and-to
ends of the joists. Attention is drawn to the provisicn made to e_ﬁsmx
adequate circulation of air under the wood floor shown in Tig. 32 where
fixed in the cstermal wodi Bridks

e

bricks {one tvpe heing shown at V)
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o VY T andd vords gre dormed ar the sleener it (wvhers oo said i

1oy
¥ i

oo . .
NONEVCGH

YA less sausfactory method of lev L'hng up joists 1s frequently resorted to /2.
ends of thd low i FoistsdTe packed up-bsiifsarting ‘thimspieces.ofguood between then
the wall platc.



en lines at F,
i called a half
of each plate
n to make the
shown at H.
1e horizontal

rall plate and
1€ joists vary
ortion of the
her forms of
and cogging.
ing cut to fit
). A double
d wall plate.
e joist being
»n the plate.
been formed
iopted when
nor cogging

mber known
ng only well
ion of air to
son that wall

to and about -

:n lines at ¢,
fpon corbels
tes and ends
L-?e:;rqund the
to dpply two
s and to the
‘0 ensure an
12 where air
I, bricks are
{nbbreviated
s said to Dbe

ed to 1.e., the
reen them and

Il

e

FLOORS 61

An enlarged detail of an air brick built into a wall is shown at u.  Air bricks are
obtainable in various sizes, colours and textures to conform with the brickwork;
they must be well perforated; an alternative form of ventilator is a cast iron venti-

Jating grate. - .
Sleeper wall foundations have been referred to on p. 18. A slecper wall is

honeycombed simply by omitting bricks during its construction. The voids may
be arranged haphazard, or as shown by the two alternative forms indicated in section
pp. All sleeper walls must be provided with damp proof courses.

It is sometimes necessary to resort to either offsets (for ground- floors) or
corbels (for upper walls) to provide support for the wall plates, as shown in
Fig. 11. Alternatively metal bars, called corbel brackets (see T, Fig. 32), may be
used. These are of mild steel or wrought iron, from 75 to 100 mm wide by
1o mm thick by about 430 mm long with ends turned 50 mm in opposite direc-
tions. They should be painted and built 215 mm into the wall at from 760 mm
to goo mm apart. s .

An alternative form of wall plate is shown at s, Fig. 3:. Thisisa 5o 0or 75 mm
by 10 mm mild steel or wrought iron plate of any suitable length. 1t is rarely
adopted.

Whilst joists may be placed in any direction, it is usual to fix them across the
shortest span. A space about 50 mm should be left between the wall and the
first joist which is parallel to it. 'When joists forming floors of adjacent rooms
run in the same direction, the overlapping ends on the divisién walls are nailed
to each other and to the wall-plates (see ¥ at a, Fig. 32).

The plan of the room shown in Fig. 32 includes a fireplace. The con-
struction of fireplaces is described in Vol. T, as it is outside the scope of the
syllabus of a First Year Course. In order however to make a description of

-ground floors complete it is necessary to make a brief reference to certain por-

tions of a fireplace. A wall is built round the fireplace to retain the concrete
hearth (and the material supporting it) and to support a portion of the floor.
This is called a fender wall' and its thickness may be 102 or 215 mm, depending
upon its height and the load which it has to support. A fireplace may be con-
structed within a recess as shown in the Figure in which case the Building
Regulations require that the hearth:—(1) Projects at least 500 mm in front of the
jambs (the sides of the fireplace opening). (2) Extends at least 150 mm beyond
the sides of the opening. (3) Is not less than 125 mm thick.

If the heating appliance is not in a recess requirement (3) above applics,
but in lieu of (1) and (2) the hearth must be of a size so as to contain a square
having sides not less than 840 mm long.

The site concrete should be well brushed, and all debris below the floor

..} Ground floor joists are often trimmed as described on p. 65 for upper floors. This
1s in lieu of the fender wall construction, and is to be preferred as moisture (especially if

“the site is a damp one) may be transmitted from the filling to the wall plates and ends

of the joists and may cause dry rot.

iw. 56); although 7 m long boards are available.

removed before the floor boards are fixed. Dry rot may be caused by small
pieces of wood, shavings, etc., left below a floor becoming affected (probably on
acount of dampness) and spreading to the members of the floor.  After the
joists have been levelled, with their upper edges in the same plane, they are now
ready to receive the floor boards. : ‘

Floor Boards.—Some of the timbers used for floor boards are stated in
Table I (p. 59). Redwood is used for ordinary good class work, whitewood
and spruce for cheaper wark, and pitch pine and the hardwoods (such as oak
and maple) are employed for first class floors. '

The sizes of floor boards vary from 100 to 25 mm wide and from 25 to 38 mm
thick; the narrower the boards the better, for then the shrinkage of each will
be reduced to a minimum, the joints will not appreciably open, and there will
be less tendency for the boards to cup (sce p. 58). Hence 100 mm wide boards
(specified as being “* in narrow widths ”’) are used for first class work, 115 mm
wide boards for average good work and 175 mm wide boards for commoner work.
Boards of 25 mm nominal (sce below) thickness are used when the joists do not
exceed 400 mm centres. The size is that after the boards have left the saw and
1s known as the nominal or stuff sizes, but after the boards have been shaped as
required and dressed (or wrought) the sizes are reduced and are known as nef or
finished sizes. Thus a floor board has one side (which is of course laid upper-
most) and both edges planed, and a 176 mm by 25 mm (nominal size) board is
reduced to 170 mm by 20 mm net, and a 32 mm (nominal) board has a finished
thickness of 27 mm; the net width includes the tongue (see Q, r, v and w, Iig.
34). Boards arc obtained in random lengths from 4-8 to 6:3 m (see Basic lengths,

The bourds may be converted by sawing from the log, as shown in Fig. 30, or from
battens; thus six 100 mm by 25 mm (approximately) boards may be obtained from
one zo00 mm by 75 mm batten by two saw cuts down its depth (** deep cuts ") and one
cut down its thickness (** flat cut ).

The labours such as rebating, tonguing, grooving and planing floor boards (sce
Fig. 34) are carried out in on¢ operation by a machine called a Planing and Matching
Machine. Thus boards which are tongued and grooved (sec r und v, Fig. 34) are
made as follows : The sawn board as it passes horizontally through the machine is
first smooth finished on the lower surface. As it proceeds it is pluned and grooved
on one edge, tongued on the other as the board is reduced to the correct width, and
just before it leaves the machine the board is reduced to the required thickness.

The latest type of this machine, when fed automatically, cun produce 180 m of
tongued and grooved boarding per minute.

Joints.-—Various edge or longitudinal joints between floor boards are shown
in Fig. 34. These are described below.

Square or Plain Joint (see P).—The edges are cut and planed at right angles
to the face or side, when they are said to be either shot, butt jointed or straight
edged. This joint is never used for good work unless the boards are to be covered
by another layer of boards to form what is called a double boarded floor (p. 64).

Rebated Joint (see Q).—A 1o mm wide tongue, one-third the thickness of the
board is formed along the lower edge of one board and fits into a slightly wide.
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: formed on that adjacent. This joint is rarely used for edge joints, but
lostD\;v. T WALL LR f:::;etimes adopted in good work for heading joints (see below).
~WALL PLATE;, B Tongued and Grooved or - Feathered and Grooved Joint (abbreviated to

]15x50JOIST£%_

we & g” or “f. & g.’) (see R and U).—This is used more frequently than
3 an).r other for good work. A narrow projecting tongue or feather is formed just
below the middle along one edge and a groove along tl'xe other. The tongue is
' slightly.smaner than the groove (thus for a ro mm wide tongue the groove is
approximately 1z mm deep) to enable the boards to be fitted clpsely together
at the top and bottom surfaces when the tongues are enga‘g‘ed in the groove.
The tongues are sometimes slightly rounded off $0 a$ to facilitate the laying of
the boards and prevent them being damaged during t.he process. '
Rebated, Tongued and Grooved Joint (see v).—This is a good but expensive
joint and is sometimes adopted for hardwood floors where the boards are to be

secured .. N o .
floor boards are usually fixed to the joists by fop nailing, i.e., the nails are driven

4 thr ough the entire thickness of the boards. This gives a somewhat unsightly
appearance which is avoided if secret nailing is adopteq, ie., eacl'l t'ward is secured
by hammering one or two nails through the tongue into each joint. o
Splayed, Rebated, Tongued and Grooved Joint (see w).—This is another joint
which is secretly nailed. It is an improvement upon that at v owing to the
% thicker and stronger tongue.
: Ploughed and Tongued Joint (see x).—Grooves are formed or * ploughed ™
* in the square edges of the boards to receive hardwood tongues or “ slip feath_ers.”
It is rarely employed unless very thick boards are required and where the ord'mary
. tongued and grooved joints would result in an exces§ive waste of material in
: ‘forming the tongues. : .
i Heading or End Joints—Wherever possible, the boards should be sufficiently
- long to reach from wall to wall of 2 room in order to avoid end or heading joints.
" Where such joints are necessary, as for large floors, they usually take the form of
. the square joint shown at P. Each adjacent board is cut to cover half of the
“ thickness of the joist below, the ends are closely butted together, and four nails
are driven in, two on each side of the joint. Another form of end joint is called
the splayed or bevelled heading joint (see Y); the ends are splayed to give a tight
fit, and two nails are hammered in at an angle as shown. Rebated heading jeints
4 (see Q) are sometimes specified for good work. The appearance of the work is
S spoilt if the heading joints form one continuous line over the same joist. They
" should be laid to break joint as shown on the plan at H’, Fig, 32; sometimes
" they are arranged as shown at }* when not more than three heading joints appear
Z . in one line, but the appearance is not so satisfactory.

(Note.—The boards used to cover the floor shown at A, Fig. 3z, would not require
heading joints, as 5'1 m long boards (see p. 61) would be used; the heading joints
at H' and |’ have been shown to illustrate their application.)
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- Cramping and Nailing Boards.—The joints must be as close as possible
 before the boards are nailed. VThe’-_vb;:st means Qfﬂgffecting this is to employ

by nails which are required to be concealed.. As described on p. 64,
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an appliance known as a metal cramp, the plan of one of which is shown at a,

Cramping is performed in the following manner : After the top edges of the
joists have been levelled, starting from one wall, the first board is laid at right angles
to the joists and nailed. Five or six boards are laid loosely upon the joists. Two
cramps are piaced temporarily over joists which are some 600 or goo mm from the
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ends of the boards. Each cramp is fixed to the joists as shown at A, the arm D is
rotated in the direction of the arrow ‘1 *; this causes £ to rotate towards the joist in
the direction of the arrow *' 2 77, when the grooved surface on E and the sharp metal
points at F (which project from the side and under the top plate at G} cause the cramp
to grip the sides of the joist. A rough strip of wood is now inserted between the
floor board and the plate € to protect the edge of the board, the arm B is rotated in the

direction of the arrow *‘ 3 ”, and this causes the plate c to move forward as shown by
R . - [} .
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the arrow H to exert considerable pressure on the boards until the joints between
them are completely closed. The boards are then nailed as described below, the
cramps and the strip of wood are removed, and the operation is repeated on the next
five or six boards. As the work proceeds towards the opposite wall,-the last few
lengths of boards cannot be cramped owing:to lack of space. These boiurds may be
brought up tight by using a piece of floor board which is inclined with the upper edge
against the wall and the lower edge against the protecting strip; a few smart knocks
with a heavy hammer on the upper end of the piece of board will close up the joints.
When a cramp is not available thé joints bétween the boards may be closed by
“ jumping them in " or ** laid folding.” 'This method is shown at j, Fig. 33. - Assum-
ing that the floor has been laid up to K, # board at is nailed at a distance . which equals
the width of the five boards when placed in position tightly by hand less 6 to 13 mm
depending upon the width of the boards; the four boards, 1, 2, 3 and 4, are then
placed as shown and forced into position by jumping on the board N which is laid
across them. The boards are finally nailed and the operation repeated.
Another method is adopted in the absence of a cramp, as shown at o, Fig. 33.
A metal dog is driven into a joist, and the boards (four or five at a time) are brought
close together by tightening the hardwood wedges by means of a hammer.
When the boards are sceretly nailed, and cach board has therefore to be cramped

and nailed separately, it is usual to cramp cach board with the aid of a strong chisel -

which is driven into the top of a joist close to the protecting strip and used as a lever.
The blade of the chisel is forced against the strip and the pressure closes the joint.

The boards are secured by oval wire nails (see A, Fig. 66) the length of which
should be 2} times the thickness of the boards. When top-nailed, two nails are
driven through each board to every joist which it covers, including two nails at
the ends. ‘The nails are about 25 mm from the edges, and after the boards have
been fixed, the heads of the nails are driven below the surface by using a hammer
and punch (see 10, Fig. 67). Tongued and grouved boards (in addition to square
and rebatéd boards) are usually top-nailed as shown by broken lines at s, Fig. 34.
Occasionally they are secretly nailed as shown in the two positions at T, the higher
position being the better of the two as the tongue is less likely to be damaged.
The secret nailing of boards which are jointed as shown at v and w has been
mentioned on p. 63. The heads of these are also punched. In order that water
and gas pipes, -electric cables, etc., which are frequently run below the floor
boards, may be readily accessible, the boards over them are not nailed but

screwed.
~In good work it is customary to fix a hardwood margin round all fireplace
hearths, as shown in the plan at A and the detail at j, Fig. 32. This ensures a
more accurate finish and a neater appearance than is presented if the ends of
the boards are stopped against the concrete or tiles, The floor boards, are
rebated to receive the 50 mm by 20 mm oak margin which has mitred angles;
"if 22 mm thick boards are used, the margin is of the same thickness and the ends
or edges of the boards are butted against it.

Double Boarded Floors.—Double flooring is sometimes required for buildings
of the factory type (where the floors are subjected to excessive wear) and
for domestic and other buildings which require good class floors. As is
implied, the floors are laid in two thicknesses. The first cov_qring or sub-floor
(or counter-floor) usually consists of 20 mm roughly sawn square edged boards

TIMBER

laid diagonally across the joists to avoid their joints coineiding with those «
the boards above. "The upper boards may be of 20 to 25 mm (nominal) hardwoa
(usually oak or maple) which are fixed at right angles to the joists.

(2) Wood Covered Concrete Floors (Solid Floors). Such floors are «
concrete, they may be covered with wood boards or blocks (see w and :
Fig. 32). Other finishes suitable for solid floors are given in Chap. I, Vol. {1

Boards on Concrete (see W) --Wood fillets are partially embedded in th
concrete floor and the boards are fixed to them.  Special precautions must b
taken to prevent dry rot; the concrete must be dry, the fillets treated with
preservative, and the top of the concrete given two coats of bitumen.  Alte
natively the concerete is laid in two layers with a d.p.c. between (see B, Fig. 1¢

T'he concrete foor is laid to the level of the underside of the fillets and the o
surface must be fevel throughout.  The tillets are placed st goo mm centres and ke
temporanily in position by natling cross battens to them. More concrete is th
placed i position to within 13 mm of the top of the fillets. Both sides of the fill
may be splaved, although it is more economical it only one side is splayed (as shor
at W), when one patr of fillets may be obtained from a 115 mm by 75 mm scantlir

Blocks on Concrete (see X).-~'The concrete floor is covered with wood bloc!
a bituminous material or mastic being used as an adhesive. The blocks may
of well-seasoned softwoods (such as redwood, British Columbian Pine a
pitch pine) or hardwoods (such as aak, maple and teak). "Their nominal sizes ve
from 225 to 300 mm long by 75 mm wide by 25 to 38 mm thick. 'I'wo of ma
types are shown at ¥ and z, Fig. 32, the former being the simplest and is co
monly used. The blocks are fixed by dipping the lower portion into the |
bituminous mastic, and then bcedded on the concrete to which the mas

“adheres. When they are pressed down, the hquid mastic rises in the grooves,

shown by the blackened portions in the illustrations. The thickness of the mas
is almost negligible. The blocks are laid to various designs, those most commn
are of the herring-bone and basket (shown at x) patterns. A simple bor
consisting of one or two rows of blocks 1s placed next to each wall.

The concrete floor is finished with a floating coat (or screed), usually 25 mm th
consisting of 1 cement : 3 sand. - It must be finished ‘quite level and- ~be—al
lutely dry before the blocks are fixed, otherwise the mastic will not adhere
The building must be thoroughly dry before such floors are laid, otherwise
seasoned blocks will absorb moisture and may swell to such an extent as to ¢
the floors to rise in the centre. A d.p.c. membrane must be included in the con¢

floor.

Cleaning Off and Protecting Floors.—On completion, wood fl
should be traversed or 7 Hogged.,  This oonsise of planing the boards
level and smooth surface either by hand or machine  THardwood floors
sec scraper, . bed smooth with glass-paper

T : ; Fioois should be prote

afterwards

raped {

I 128) and b R I T
against damage dunny subseguens | asors Dy hberally oo
them with sawdust. This prevents plaster, paint and dii Do seh

scratching the boards or blocks and the sawdust absorbs moisture.
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UPPER FLOOR

" The plan, section and various details of an upper floor of a room _wliich
is of the same size as the ground floor already described are shown in Fig. 34.
The bridging joists are placed across the shortest span, and as there are no
intermediate supports (such as sleeper walls), their clear span is 3-67 m.. In
accordance with Table II (see p. 60) the size of these joists will be- 175 mm by
so mm. An alternative arrangement of joists which would be adopted if the
shortest span was in the other direction is shown at p, Fig. 33.

Trimming.—Where fireplaces and openings (such as are required for stair-
cases) occur, the bridging joists cannot be supported at both ends by the walls,
and the introduction of additional wood members is necessary to receive the
ends of the joists which have to be cut. 'This operation is known as trimming.
The trimmed opening at the fireplace shown at &, Fig. 34, has a thick joist, called
a trimming joist, which is 508 mm from the fireplace and spans the full width
of the room. This joist supports at one end two cross joists called trimmer joists,
and the latter in turn support two pairs of short joists known as trimmed or tail

* joists. Atthe alternative plan p, Fig. 33, the two trimming joists have one trimmer
*“framed to them w hich supports four trimmed joists. Thus a trimming joist isone

which has one or more trimmers connected to it, and a trimmer carries cut
bridging joists called trimmed joists. The arrangement of the timbers shown
in these two plans is 1n accordance with the Building Regulations (summarised
in Fig. 34) controlling the construction of wood floors adjacent to fireplaces.

Trimming and trimmer joists should be thicker than bridging joists on
account of the greater weight which they have to support. It is Usual to make
the thickness of a trimming joist 25 mm greater than that of the bridging joists
and a trimmer joist supporting not more than six bridging joists to be the thick-
ness of the trimming joists. As the bridging joists are 50 mm thick, it will

therefore be necessary to use 75 mm thick trimming and trimmer joists.

Joints.—-The following joints used at trimmed openings are shown in Fig. 34:
Tusk tenon joint; dovetailed housed joint, bevelled housed joint, and square
housed joint.

Joints. between joists at a trimmed opening should be well designed and con-
stgucted. On p. 19 reference is made to the behaviour of a loaded wood beam and
to the stresses of compression, tension and shear which are produced, If a portion
of a joist above the neutral axis is comoved, the joist will be less effective in resisting
compression stresses, and if the lower portion is cut and partially removed the joist
is weakened to resist tension stresses. This must not be ignored when notches for
pipes are made in joists, as a careless workman when fixing water, etc., pipes under
floor boards may reduce the strength of joists enormously either by excessively
notching them or by indiscriminate notching. The aim therefore should be to
make the joints as secure as possible with a minimum removal of wood and
reduction in strength of the main members, i.e., the trimmers (to which the
trimmed joists are connected) and the trimming joists (to which the trimmers are
joinéd).

Tusk Tenon Joint (see 1, Fig. 34, and @', Figs. 33 and 34).--This is the
strongest form of joint used in floor construction and for this reason it should
be adopted for the connection between the trimmer and trimming joists. 'The
tenon which is cut on the end of the trimmer (and passes through the mortice
formed in the trimming joist to some 100 to 125 mm beyond it) is in the centre!
of the trimmer. The projecting piece or fusk provided below the tenon trans-
mits most of the weight and enters from § to 4 into the trimming joist, The
bevelled or slanting portion above the tenon, called the horn or haunch, streng-
thens the tenon. The trimmer is brought tight up against the trimming joist
by driving a wood wedge down through a hole formed in the tenon; the side
of the hole (shown by a thick line in section j'1") should be cut to the same angle
as that of the tapered wedge and this hole miust be long enough to allow the .
trimmer to be forced in the direction of the arrow until the joint is tight.

A modified form of tusk tenon, called a bevelled haunched joini, is sometimes
adopted between a trimmer and cach of the trimmed joists (as at p, Fig. 33),
where it is not possible to have projecting tenons on account of the hearth.
This is similar to the tusk tenon joint, except that the tenon’does not project,
but is cut flush with the outer side of the trimmer.  When the tenon formed on
the trimmed joist has been inscrted, the sides of the mortice in the trimmer
are slightly pared to receive two small wedges which are driven in to tighten
the tenon; 150 mm wire nails are then hammered in from the top and sides of the -
trimmer and through the tenon. A further modification consists of a shorter
tenon (with tusk) which enters a corresponding mortice in the trimmer.
nails. driven in from the top of this joist make the joint secure. -~ = -

Dovetailed Housed or Notched joint (see mM).—This is angther good joint
which is used to connect trimmed joists to a trimmer joist. The end of the
trimmed joist is formed to correspond to the housing (one edge of which is
dovetailed as shown) made in the trimmer to receive it and is dropped into the
housing. Long nails are then driven in slantwise from the outer face of the
trimmer and through the end of the trimmed joist. Applications are shown at
R’ in P, Fig. 33, and 4, Fig. 34. *

Long

Bevelled Housed Joint (see N).—This is a cheaper but an cffective alternative
to the dovetailed housed joint and is used for the same purpose. It is known
as a half-depth joint, as the depth of the housing equals half the depth of the
joist.  The joint must be nailed securely. Note that the amount of timber
removed from the trimmer varies from nil at the top fibres (where the compres-
sion stress is greatest) to a maximum at the neutral axis.

Square Housed Joint (see 0).—This is another half-depth joint which may
be adopted for supporting short trimmed joists as at s” in a, Fig. 34.

- - S il

! Sometimes the underside of the tenon is made to coincide with the centre of the joist.
Although this forms a4 somewhat stronger joint, it is more difficult to make tight.
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Strutting-—Floors (excepting ballroom floors) should be as rigid as possible,
otherwise unduc stress may be t‘ransmittcd to the suppf)rtin.g walls and plastered
ceilings may be rendered defef:tlvc on account of the vibration produced. Decp
joists have a tendency to twist or tilt sideways. l't is necessary therefore to
stiffen the floor by providing cross bracing or strutting in continuous rows and
at intervals not exceeding 1-8 m apart. There are two forms of strgltting. ie.,
herring bone and solid. o

Herring Bone Strutting (see A, 8, and J, Fig. 34).--This is unquestionably the
‘best form, and comprises pairs of inclined pieces of timber which are tightly
fitted between the joists. "T'he size of each picee varies from 50 mm by 32 mm to
-somm by somm, and these are seeured 1o the sides of the joists by one 65 mm nail
at each end.! Provided the walls are sufficiently strong, folding wedges arce
-driven in between the wall and the adjacent joist, and in line with the strutting,

- as shown; thesc are allowed to remain as they increase the efficiency of the

steutting.  This form of strutting is still effective even if the joists shrink in the-

direction of their depth and thickness, for the depth shrinkage especially tends
to reduce the inclination of the struts, with a corresponding increase in com-
pression.

‘Salid Strutting (see p and s, Fig. 33).-—The simplest form (and one which is

P frequently adopted for cheap work) merely consists of nailing short lengths of

floor board in a continuous row between the joists.  This is quite ineffective, and
it is practically a waste of material and labour forming it on account of the

. shrinkage which occurs in the thickness of the joists and causes the struts to

became loose as their length is then less than the clear distance between the joists.

To make the strutting effective it is ncecessary to fix a long circular steel or
wrought iron rod (varying from 13 to 25 mm in diameter) through the whole of
the joists and near to the strutting, as shown. The rod is threaded through the

» holes which have been augured through the neutral axis of the joists. ‘I'he nut

is: tightened after the struts have been fixed and again tightene_d by mecans of
a spanner before sheflgor boards are laid.  This form of strutting (with rod) is
now seldom adopged 2NF: T : ‘ :

. Hearths.—Building regulations stipulate that the hearth in front of a fire-
place shall project at least 500 mm beyond the front of the jambs, have a mini-
mum thickness of 125 mm and shall extend at least 150 mm beyond each side of
the opening, They also require that no combustible material (other than timber
“fillets supporting the edges of a hearth where it adjoins a floor) is to be placed
nearer than 250 mm vertically below the top of a hearth unless such material is

~ separated from the underside of the hearth by an air space of not less than 50 mm.

One method of supporting a first floor hearth is shown at f, Fig. 34.
" The section at F includes a 150 mm thick concrete hearth which is finished
with tiles to give an overall thickness of 17§ mm. The hearth is formed in situ
! It'is a common practice to make short saw-cuts at the ends of the pieces to receive

the nails (see j) to avoid (so it is claimed) the nails splitting the timber. This should not
be done as the holding power of the nails is thus reduced.

(or permanent position) and a temporary support must be provided for the front
hearth. ‘This support is shown to consist of slates. At the outer edges of the
hearth the slates rest on a 50 mm by 38 mm timber fillet nailed to the trimming
joist, at the inner edge they rest on the brickwork below the concrete hearth.
On each side of the fireplace recess the slates rest on corbels shown by broken
fine at ¥, they also rest on fillets nailed to the cradling-pieces (see below). The
concrete is then placed in position.  T'wo short joists are provided to afford a
support for the floor boards at the ends of the hearth, and between the fireplace
jamb and the trimming joist.  One of these, called a cradling piece, is housed at
one end into the trimming joist, and the other end rests upon a shortbrick corbel
{as shown at », Fig. 33), as it must not enter the wall owing 1o the proximity of
the flue from the ground floor fireplace.  The sccond piece (2), to which the
ends of the floorboards are nailed, is housed into the trimmer and the cradling
piece.  In the alternative plan at p, Fig. 33, a cradling piece only is required.
This may be a 50 mm by 50 mm fillet coinciding with the edge of the hearth and
supported by it, or it may be an independent short piece of 225 mm by 50 mm
Joist supported by the trimmer and corbel as shown. S N
In districts where stone is readily available, a 75 mm thick stone flag is some-
times used instead of conerete to form the front hearth.  This flag is supported
by a brick corbel course along one edge (or it may be built into the brickwork),
and the other edge rests upon a wood fillet which is well nailed to the trimming
joist or trimmer as the case may be.  Concrete is placed upon this stone to bring
the thickness up to that required by the Building Regulations, and this is gener-
ally covered with tiles. Concrete is used to form the back hearth which is

brought up to'the level of the front hearth.

PLASTERED CEILINGS

Plastered ceilings are the usual type of finish.to joists in domestic work;
students should have read  Plastering to Walls ** on pp. 31-§3 before proceeding” ’
with this section.

For a joisted ceiling, the wood lath and plaster finish was-the traditional
method. Riven laths 38 mm wide, from 3 to 13 mm thick were nailed to the
joists 10 mm apart, the coarse stuff was well laid on to the laths so that the plaster
penetrated the gaps and spread out behind them. This gave a good mechanical
key and resulted in first-class work free from c¢racks which are sometimes
common with present-day board finishes. Wood lath and plastering and lime
based mixes have now been replaced, very largely, by metallic lathing or plaster-
board covered with gypsum plaster mixes :— :

Expanded Metal Lathing (XPM), which should be protected from corrosion
by galvanizing (if condensation is expected) or by stove dried asphaltum paint,
is nailed to the joists and given three coats of plaster. XPM is made in sheets
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610 to 680 mm wide and 1-8 to 2-75 m long, the thickness varies with the joist
spacing, e.g. 0-56 mm and 1-2 mm for joists at 350 mm and 450 mm centres
respectively; 07 mm metal being used for the usual domestic joist centres of
400 mm. The short way size of the mesh is 6 mm and 10 mm, the former for hair-
less plaster, both being used when hair is added. The sheets are fixed with 32
mm galvanized clout nails or staples at 100 mm centres. The joints must be
lapped at least 25 mm and wired together every 100 mm with 1-2 mm galvanized
soft iron wire.
For concrete floors, the XPM is fixed to flat bars suspended below the floor.
22 mm by 6 mm flat bars supported at 1-2 m intervals and placed at 450 mm
centres are commonly used; a 6 mm dia. suspension rod will support 1-5 m?
of ceiling. ’
~ Render coat and floating coat mixes applied to the lathing can be 1 cement :
2 lime : g sand; as well as aiding plasticity during application, the lime also mini-
mises corrosion; o5 kg of hair is added to 0-093 m? of first coat. Such mixes
must be allowed to dry out thoroughly before further coats are added. The same
coats using gypsum plaster (class B or C) can be 1 plaster : 2 to 3 lime: 8to g
sand. A suitable finishing coat on both these mixes is 1 plaster (class B or C):
2 to 4 lime putty. Special class B metal lathing plaster is also used for under-
coats in the proportion 1 plaster : 1 sand, this can be finished as above, or with
neat class B, C or D plaster. ‘
Plasterboard consists of a core of gypsum plaster bonded between two sheets
~ of heavy paper; there are four types from 10 to 13 mm thick : baseboard, lath,
plank and insulating baseboard. They are all similar except that the latter has
‘a covering of aluminium foil on one side (that placed next to the air space and
which is not plastered), and are obtainable in several sizes; 1-2 m by 1-8 m wall-
board being commonly used. The boards are nailed to the joists at 150 mm
centres with 32 mm by 2-2 mm galvanized plasterboard nails. They should be
fastened so that the joints are staggered.” The joints are strengthened by a strip
~ of 100 to 125,mm wide jute scrim cloth which is plastered over them as they are
being filled. When this has set, the surface is levelled with a coat of plaster

" between the scrimmed joints and a final coat is applied over the whole area; this

is two-coat work (13 mm thick) and used for good quality work. A cheaper
finish is one-coat work (5 mm thick) the plaster skimming follows immediately
after the joints have been scrimmed, and the mix is neat class B plaster. The
same setting coat is used for two-coat work on a floating coat of 1 class B plaster :
1} sand. Lime must not be used in these mixes on plasterboard.

Insulating fibreboard is used in a similar way, scrimmed and plastered
(preferably in one coat) with special low setting expansion quality class B plaster.

Plasterboard can also be used alone without having a plaster finish. In this
case the board has chamfered edges in which a strip of linen or paper reinforce-
ment is bedded in a special fine plaster which is also used to flush-point the joints.

_ «» 'The thermal insulation of ceilings is described on p. 14 with reference to

roof construction,

ROOFS

Terms.—Most of the following terms used in connection with roof con
struction are 1illustrated in Fig. 35 and subsequent drawings.

Covering.—The external material laid or fixed on a roof to protect ti
building. The materials used are: Slates, interlocking and plain tiles (se
Chapter Five), pantiles (burnt slabs of clay, shaped to a flat S in cross-section
350 mm by 250 mm by 16 mm), asphalt (as described on p. 17, laid on concret:
in two or three layers to a finished thickness of 20 mm or 30 mm), asphalt fel
(see p. 17 and Q, Fig. 36), lead (sce Chapter Six), zinc (thin sheets laid somewha
like lead to form a cheaper and inferigr covering), copper (an excellent but costl
material laid in sheets), corrugated sheets of asbestos-cement or galvanise«
wrought iron, stone slabs (similar to slates but from 10 mm to 20 mm thick)
shingles (slabs of cedar or oak which are from 300 to 600 mm long, from 6«
to 150 mm wide and 6 to 13 mm thick), patent glazing (sheets of glass supporte«
by lead covered wood, steel or reinforced concrete bars) and thatch (bundles o
straw or reeds laid to a thickness of about 300 mm).

Spars or Common Rafters.—Similar to joists but inclined. The distanc
apart depends upon the covering material and is usually 400 mm centres fo
slates. The kead of a spar is the upper end, and the foot is the lower end.

Span.—Usually taken to be the clear horizontal distance between the interna
faces of the walls supporting the roof. The effective span is the horizontz
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distance between the centre of the supports. The span of spars is the inclined
distance from support to support, thus in Fig. 37 the span is the distance from
ridge to purlin, purlin to purlin, and purlin to wall plate,

Rise.—The vertical height measured from the lowest to the highest points.

Pitch.—The slope or inclination to the horizontal expressed either as "¢
: span

(see s, Fig- 3 5) or in degrees. It varies with the covering material in accordance

with Table I1I which gives the minimum pitch :—

Tasre 111
—
: Rise (mm) )
Covering material (in roo mm run) | Minimum
{see B, Fig. 35) Pitch Angle
.1 Asphalt and copper ) 12§ .- o
. Lead and zinc (excluding drips 1°25 s 30
every 3 000 mm run)

Asphalt felt, corrugated asbestos o
and iron sheets . . . 10 % 53°
slates, large . . . . 40 } 213°

Slhates, ordinary . . 50 1 264~

Slates, small . . . . 666 i 3327

Pantiles o . . ; . 45 . 24"

shingles, cedar . . . 50 ! 263"

Shingles, oak . . . . 100 i) 45

Patent glazing . . -~ 50 I 20"

stone slabs . . . . 660 [ 333"

Plain tiles and thatct . i 100 1 a5

Interlocking tiles . . . 508 Y] 30

These angles are often departed from, thus, although lead is commonly
used to cover flat roofs which have a minimum risc of 1-25 ¢m for a 100 ¢cm run,
it is occasionally used to cover steeply pitched roofs.  T'he angle of 457 should
not be adopted as roofs with this pitch have not a satisfactory appearance -
compare the roof shown at v, Fig. 36 (which has a slope of 457), with that in

- Fig. 37 (which has a 557 pitch). The ideal pitch is considered to be §4° 45" and

roofs pitched at any angle.between 50° and 60° look well.

IUall Plates.—These receive the feet of the spars. They vary in size up to
115 mm by 75 mm and are bedded and jointed as described on p. 6o.

Eaves means ““ edge,”” and the caves of a roof is its lower edge.  ‘The eaves

may terminate flush with the outer face of the wall, when it is known as a flush

eaves (see W, Fig. 36), or it may project as shown at X and v, Fig. 36. When the
feet of the spars are exposed as indicated at x they form an open eaves, when the
feet are covered as shown at v, a closed eaves results. A fascia board (or fascia)
is the thin piece of wood fixed to the feet of the spars (see w and v, Fig. 36). The
"under portion of an overhanging eaves is called the soffit.  Soffit boards are shown
at v, Fig. 36, and n, Fig. 38, and the cross-picces of wood illustrated in the

latter figure to which these boards are nailed are called soffit bearers. ‘The
lower portion of a roof is sometimes tilted so as to improve its appearance;
this is accomplished by nailing short pieces of wood, called sprockets, to the spars
(sce Figs. 37 and 38). = -

Ridge Piece or Ridge.—This is fixed at the highest point to receive the heads
of the spars.

Hip is the line produced when two roof surfaces intersect to form an external

angle which exceeds 180°. A hipped énd is a portion of roof between two hips
(see A, Fig. 35). The timber at the intersection is called a Aip rafter, and the foot
of this rafter is usually fixed to a horizontal cross-member called a dragon beam
which is secured at one end to an angle tie (see Fig. 37). A hip rafter supports
the upper ends of short spars and it may be required to carry the ends of purlins
(see below).

Valley is formed by the intersection of two roof surfaces having an external
angle which is less than 180° (see Fig. 35) and the wood member at the intersec-
tion is called a valley rafter. The feet of short spars are nailed to a valley rafter.

Jack Rafters.—These are short spars which run from a hip to the eaves or
from a ridge to a valley (see Fig. 35).

Verge is the edge of a roof which runs from eaves to ridge at a gable (see Fig.
35)-
Purlins are horizontal timbers providing intermediate supports to spars, and
are supported by walls, hip and valley rafters, and roof trusses (see Fig. 35).

Roof Trusses are structures formed of members framed together, they support
purlins in the absence of cross-walls. See example in Fig. 39.

“~Boarding or Sarking consists of 25 mm (nominal thickness) boards which are

nailed to the backs (upper edges) of spars, and to which slates and other roofing
materials are secured.

Rattens are small pieces of wood to which slates, tiles, etc., are securedg,
They are generally fixed by the slater or tiler and are referred to in Chapter Five.

Classification of Roofs.—

(@) Single Roofs consist only of spars which are secured at the ridge and
wall plates. The various forms of this type,are : (i) flat, (ii) lean-to,
(ii1) double lean-to, (iv) couple, (v) close couple and (vi) collar roofs.

~ (hy Double or Purlin Roofs.—In this type additional members, called purlins,
are introduced to support the spars, ”

(¢} Trussed Rafter Roofs.—These comprise light trusses formed by framing
together spars and ceiling joists with intermediate members. They
have replaced almost entirely purlin roofs for domestic work.

(d) Triple or Framed Roofs consist of three sets of members, f.e., spars-that
are partially supported by purlins, which in turn are carried by trusses.

SINGLE ROOFS
The various forms of this class are illustrated in Fig. 36. The sizes of the
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~ spars specified on the drawings must not be taken to be economical in ali cases,

for, in addition to the span, these sizes depend upon the weight of the covering
material, the distance centre and centre, and the wood employed. Table IV
gives the approximate average weight of various covering materials:—

TasLE IV
Material ‘a’:;ﬁ:;t Material ‘:;}E:;t

Zinc and copper . . 24 Lead (including rolls) . 335
Asphalt felt . : 36 “Thatech . . 335

| Corrugated iron = . . 12°0 Asphalt, 20 mm thick . 430
Boarding, 25 mm thick . 14°4 Slates - . . . . 430
Shingles, cedar . 72 | Pantiles . . . 479
Corrugated asbestos- cement 16-8 Plain tiles . . . 622
Patent glazing (steel . 287 | Interlocking tiles . . - 360

. 3»  (aluminium) 19°1 Stone slabs . . . 862

Tables in the Building Regulations give the size of a spar -according to
its span, pitch and the load carried; the most usual size is 100 mm by 50 mm.
(i) Flat Roof.—This is shown in Fig. 36 by the small-scale plan and section

- at ¥ and A, andenlarged details at Q, Rand s. The upper surface must be inclined

sufficiently to throw off the water, and, as felt is the covering material, the
minimum inclination is 10 mm in 100 mm run.® If the under surface is not
required to be level, the .inclination is obtained by inclining the joists to the
required fall towards the eaves. If a level ceiling is required, the fall may be
obtained by either tapering the joists with the top edge of each sloped to the
required fall; more usually the joists are fixed level and a small tapered piece
of wood nailed on top of each. The tapered pieces are called Sfirring pieces or
firrings. As shown at R, they are the same width as the joists, and the depth

_ variés from a maximum of 50 mm at s (which is a detail of ¢) to 13 mm at @

(a detail of B). Tongued and grooved boards are nailed on top of the firrings,
and this boarding should be dressed smooth in order to remove any sharp
v £dges which may cause damage to the covering material. A fascia bog

“Hailed to the ends of the joists. The herring bone strutting is necessary»&_ e &

ceiling is to be plastered, otherwise it may be omitted. oo

Bituminous felt and lead are the most common covering materials employed
for this class of roof. Lead flats are detailed in Chapter Six. That shown in
Fig. 36 is covered with felt, of which there are many varieties.

Lead Covered Flat.—The lead details of the flat shown in Fig. 74 are de-
scribed in Chapter Six, and reference is there made to the groundwork, 7.e.,
the timber construction. The flat is divided into two by a drip and each half
is subdivided by two rolls. The boarding is given a fall towards the gutter and

1 As three layers of-felt have been used, the minimum inclination may be reduced to
that for lead, i.e., 1'25 mm in 100 mm run.

In the example, three layers of the felt are used, with a coat of bituminous solut:
between and on top. The felt (whlch may be similar to that described on p. 17’
in goo mm wide rolls. The first layer is laid direct upon the boarding, lapped 75 n
at the joints with solution between and nailed along the joints at 75 mm interv:
Hot solution is now applied over this first layer and a second layer of felt is laid w
75 mm joints (not nailed). This is brushed over with solution and a third layer of
is laid as described and given a coat of the hot bitumen. Grit (or slate granules) is r
rolled into the solution to protect the felt from the action of the sun. The in!
section between the flat and the wall is made watertight by continuing the layer:
felt over the triangular fillet in the angle. The upturned edges of the felt
covered with a lead cover flashing as described on p. 133. Roofs of tempos
buildings are usually covered with one layer of felt.

the joists supporting it are laid across the shortest span. The fall is obtained
fixing firrings to the tops of the joists. These firrings increase in depth fro;

‘minimum of 13 mm at the lower joist to a maximum at the upper end (see 4, P

T, Fig. 74); deep firrings are avoided at the upper half of the flat by using dee
joists as shown. The wood construction of the drips and rolls are detailed in |
74, and will be more readily understood if consideration of this flat is defe
until the subject of leadwork is studied. The gutter is constructed of 50

by 38 mm gutter bearers at 400 mm centres, fixed at different levels to give
necessary fall to the boarding. These bearers are supported by the wall at
end and by a 38 mm thick longitudinal fillet or bearer nailed to the side of
lower joist (see P, Fig. 74). The construction of the cesspool is similar tg
described on p. 148.

(i) Lean-to Roof (see H, Fig. 36).—This is the simplest form of pitched
and consists of spars inclined at 30! against a wall. An enlarged detail
is shown at G, where the wall plate is supported by two brick corbel cou
Alternatively metal corbel brackets as shown at T, Fig. 32, may be adoptec
cheaper method consists of nailing the upper ends of the spars to a contin
75 mm by 50 mm wall piece or pitch plate which is plugged with its 75 mm
next to the wall. Plugging consists of driving wood wedges (see f, Fig
called plugs at intervals into the joints of the brickwork. The ends of the
are cut flush with the face of the wall and the wall piece is nailed to them.
construction at the eaves is similar to that at x, except that there is no
zontal tie. The spars are V-shaped notched at both ends and fitted t
wall plate; this is one form of a birdsmouth joint. Another form is sho
K, Fig. 37. The depth of the notch should not exceed one-third that of the
Notching the spars counteracts the tendency for them to slide downwards.
eaves detail 1s referred to on p. 74. The roof may be boarded as show
or battened as shown at v.

{iii) Double Lean-to, Pent or V-Roof (see M and o, Fig. 3()) ~Pent
penned or closed in, and this term consisis of 1wo tean 1o roofs ‘ﬁ"% 1
closed by and sloped from the two outer parapet walls i 4 party or div
over which a gutter is formed. Sometimes the lower ends of the spa

' This slope is suitable if slating is the covering material.
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secured to a2 beam which runs parallel to the main walls, and, if necessary, is
supported at intervals by brick, wood or steel pillars. A detail of the gutter is
shown at T and a description of the ‘slating and plumbing work is given in
Chapters Five and Six. ‘

This roof is not adopted often as it is expensive on account of the extra
walling required and because the gutter is a potential source of weakness.

(iv) Couple or Span Roof (see E and ¥, Fig. 36).—It'is so called as each pair or

. couple of rafters is pitched against each other and supported at the upper ends

at the ridge, as detailed at p. A detail of the eaves at D is shown at w and
described on p. 74. It should not be used for buildings having a greater span
than 37 m unless the walls are exceptionally thick. The roof is of bad design
as it has a tendency to spread at the feet (as shown by the thick arrows) and
thrust out the walls. It is not recommended.

(v) Cluse Couple Roof (sce L, Fig. 36).—-This is a vastly better form than the
last described, for each couple of rafters is closed by a horizontal tie—hence the
name. This tie is connected to the feet of the spars and prevents them spreading
outwards. The best form of connection between the ties and the feet of the spars
is the dovetail halved joint (detailed at 7 and described below) but in cheaper
work the ties are just spiked tu the spars. A plastered ceiling is often formed
on the underside of the ties, they are then called cerling joists. Such joists,
when they exceed 37 m in length, should have 5o mm by 32 mm vertical hangers

_nailed to every third or fourth spar and to a horizontal 75 mi by 50 mm runner

which is nailed to the joists (see Fig. 38 and p. 74); this prevents the sagging of
the ceiling joists and cracking of the plaster. The span of this roof should be
restricted 10 49 m unless the size of the ties is increased or they are supported
by hangers, when the span may be increased to 6 m. - ‘The sizes of ties (redwood)

are given in Table V when the spars are at 400 mm centres in a tiled roof.

If hangers or ~truts are used for spans of 3-7 m and upwards, the depth of

“the ties may be hal: . .
. The detail of the open eaves K is shown at X and an alternatwe closed eaves

il ts‘ﬂﬁs‘fmat Y

1 thc are described on p. 74. TR
h-sound principles of construcnon l'or i nled mnt

—see ‘Building Regulations.

CEAsLEV, ks ‘(mm)
. i e
Maximum Span Size Maximum Span Size i
(m) (mm) (m) (mm) :
272 50 by 100 47 50 by 175
339 50 by 12§ 5°34 50 by 200
404 50 by 150 598 50 by 225

© roof to provide antermediate supports o the common rafters.
Cressary for roofs with spans of 5-5 m and up\urds mhcr\\ 1se the spars w

_ > ) ientres "the maximum span of 50 mm by roo mm -
spars is 2 34 m, for 50 mm by 125 mm spars the maximum span is 2:9; m

(vi) Collar Roof (see v, Fig. 36).—This is similar to the close couple
except that the horizontal ties are now placed higher up the roof, and are ¢z
collars. The latter may be placed at any height between the wall plates and |
way up the roof, the broken lines indicating the position when at the maxin
height. Obviously the lower the collar the more effective it becomes in prév
ing the rafters from spreading and causing damage to the walls. It foll

“therefore that the close couple roof is stronger than the collar roof, but the- &

is more economical in wall height for, as shown at v, the plastered ceiling
be formed on the underside of the collars and the lower portion of the spa

‘T'he dovetail halved joint at U is detailed at 2. A 13 mm! sinking is for
on the side of the spar and the upper edge is dovetailed. The end of the ¢
is checked out 13 mm, and the remainder of the thickness of the collar is d
tailed along the upper edge as shown so that when the collar is fitted to the
it will be housed to the extent of 13 mm (see scction #'8’). The collar is then
spiked or bolted to the spars.

This joint is effective in resistuye both tension and compression stresses.
any tendency for the spars to spread (when the collar would be in tension) is cou
acted by the top shoulder (edpe) of the collur bearing on the upper edge o
dovetailed notch formed on the sparsand the spars are prevented from saggin
produce a compression stress i the collart by thv. imchined abutment of the «
which is fitted tighthv aeannst the underside  f the wpar ncare cach end.

The stzes of collars should conform with the sizes of ties given above
“ maximum span " being the fength of coltar).
the collar type of single roof for spans esceeding 3og .

[t s non ceonomical w a

DOUBLE OR PURLIN ROOFS

Purlins are introduced in this =la
Purlins are

These are shown in Figs. 37 and 38.

need to be increased 10 an uneconomical size. . The 1
100 mm by 50 mm spars is 2-4 m and this should h;
roofs have a low pitch and are covered with heavy”

of sufhcient purlins p(rmlh the use of comparatl spars.
A1 the single roofs showen in Fie, 16 mav be altered to double roufs by the ad,

,Vs EPEE 28 IBIRES NefN ;j )vu e

‘-uhmd sp

. ©
Pige, 7 shows the plan
topether with o section ai k.

T Alternatively, the depth of the noteh in the side of the spar i1s increased to 25 my
the ond of the collar is checked out by a similur amount so that when assembled bosh
of the vollar are flush with those of the spar.



urlins are provided at each side to support the spars which have a clear

e couple roof span of 17 m. The spars are nailed to the wallplate, purlins and ridge, and.to
ind are called ., 4ce any tendency for the rafters to slide downwards they are cogged (see
atesand half. § "¢ 25 mm over the purlins,! in addition to birdsmouthing their lower ends
the maximum 2 tc; the\wall plates (see K). At the hipped e:}d the spars are cut short (when they
es in prevent. § are called jack rafters) and the heads are spiked to the hip rafters.
s. It follows &~ p\ Hins are supported by cross division walls of bedrooms, etc. (which are
but the latter. carried up to the underside of the purlins), and at the ends by the hip rafters
d ceiling may to which they are shaped and well spiked or bolted. The ends may be fixed
’.f the spars. % to valley rafters in 2 similar manner. The purlins may be placed normal (right
ing is formed 8 angles) to the spars as shown at E, or they may be fixed vertically as shown at
1 of the collar N and o, Fig. 37, and in Fig. 38. " A secure bearing on the walls is provided
collar is dove- . when the purlins are vertical, and in good work stone pads are introduced at
ed to the spar the supports to effectively distribute the weight on to the wall (see broken lines
ar is then well | at N): Joints in long lengths of purlins are best arranged te coincide with and
lap at the wall supports (see N and 0).

~ Jointing known as scarfing or splicing is resorted to when a purlin is required
to be increased in length.  The best form for purlins is the splayed or raking
scarfed joint shown at R where the length of joint is from two to two and a half
imes the depth of the purlin. Right angled cuts are made at the ends of the
“splayed portion as shown. Three or four 12 mm diameter bolts, tightened by
" nuts, make the joint rigid. A mild steel or wrought iron strap should be fixed
_at the underside of the joint (see sketch). This joint is also used for lengthening
-a ridge where the length need only be one and a half times the depth; a metal
strap is not required and long nails are used instead of bolts.

[ . two P

stresses. Thus
ion) is counter-
er edge of the
‘om sagging (to
rln of the collar

cn above (the
nical to adopt

the two squared ends of the timber. together and connecting them by means of
. two metal (or wood) plates (one top and bettom) and bolting them as for a
" scarfed joint. The length of the plates equals four times the depth of the jointed
 member, and if wood plates are used their thickness should equal one-quarter
© the- dépth. This is a suitable joint for struts which are subjected to com-
' pressional stresses. - N

-8 mu b : The collars are usually fixed to the spars immediately below the lower set
« introduction ;; of purlins, as-shown in section AB. These collars are dovetail halved jointed to
ars. % the spars as shown at z, Fig. 36. As the span of the collars is approximately
by the addition " 4-25 m, their size is 175 mm by §0 mm (see Table V on p. 72). A plastered ceil-
ing could be formed by nailing plasterboard to the underside of the collars and
the lower portions of the spars (see broken lines).

i this class of
arlins are nec-
¢ spars would
wlined span of

he collar type, 5
$0 as to illus- 3
(sce p. 69) and

Hip rafters usually support comparatively heavy loads from the purlins.
They must be of sufficient strength to prevent sagging and must be fixed securely.
The head of each rafter is nailed to the ridge, and in order that the load from,
the rafters shall be adequately distributed on to the walls, it is necessary to

'd to 25 mm and

abled both sides ? Cogging is omitted in cheap work.

ROOFS

Fishing is an alternative form to scarfing. A fished joint ts formed by butting -

|
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The following table gives the sizes in mm of purlins fo‘r different spans
for tiled roofs:— '

TasLE VI, PurLINS {mm)

Spacing of purlins (m)

Size of l

purlin 18 24 30

{mm) - ‘

- Max. purlin span (m) for 224°-30° roof slopes
(figs. in brackets for 30°-421° slopes)

63 x 150 1-83 (1-92) 1'59 (1-66) 1°42 (1-49)
63 x 225 2'74 (2:87) 238 (2:49) 213 (2'23)
75 X 178 233 (2'42) 202 (2'11) "1-81 (1-89)
75 X 200 2:66 (277) 2-31 (2°41) 2'07 (2°16)
75 X 22§ 299 (3-11) 259 (2-71) 232 (2'43)

Purlins exceeding 5 m in length are not economical. In the absence of cross-walls
or partitions, trusses are provided to limit the unsupported length of purlins to 5 m.

employ a special form of construction to receive the feet of the rafters and to
make the angle of the roof secure. If the feet of the hip rafters were, like the
spars, simply birdsmouthed and spiked to the wall plates, the concentrated
inclined thrust may be sufficient to push out the quoins of the building. This
construction is shown at E and ¥, Fig. 37, and in the details at G, H and J.!

An angle tie or brace, placed diagonally across the corner, is notched to the wall
plates, and to counteract the thrust, these notches should be dovetailed as shown by
the broken lines in the plan 5. The wall plates are half-lapped for the same reason,
and as shown their ends project some 75 mm. This angle tie carries one end of a

beamn,; called a dragon (or dragging) beam which is the chief support for the hip rafter.

This beam is tusk tenoned to the angle tie and single cogged over the wall plates.
The foot of the hip rafter is connected to the dragon beam by means of an obligue tenon
joint and bolt as shown. After the hip rafter has been fixed, the whole of the
framing is made rigid by tightly driving down the wedge of the tusk tenon. For
lowly pitched roofs, and where the eaves is not sprocketed, the foot of the hip rafter
is sometimes projected beyond the outer face of the wall to the line of the projecting
feet of the spars. In this case the rafter is notched over and is tenoned nearer to the
outer end of the dragon beam. .

the vertical faces of

The lower ends of jack rafters are fitted and_'é'?ﬁ ( 0
) R <, . . »-'3

valley rafters (see P and @, Fig. 75). - '

The eaves details are described below. SO

This type of roof in which purlins and collars are employed is often adopted
especially for houses) on account of its sound and economical construction. =
It is particularly suited for spans which do not exceed 7 m. ,

Fig. 38 shows another type of double roof. It is similar to the close couple
type (p. 72) with the addition of purlins. The 100 mm by 50 mm spars are
pitched at 30° (depending upon the covering material and required design),
birdsmouthed to the wall plates, notched over one pair of purlins and spiked to
the ridge. The ceiling joists or ties are secured to the wall plates and the feet
of the spars as already described, and as they are supported by two sets of

1 Consideration of this construction may be deferred to the second year of the Course.
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hangers and runners, the size of these joists need only be 100 mm by 50 mm or
125 mm by 50 mm, depending upon the weight of the roof covering. The
hangers and runners have been described on p. 72. Sometimes the runners are
notched over the ceiling joists to afford additional rigidity to the latter,

It is important that the lower ends of the hangers are not secured to the runners
until after the slates or other covering material have been fixed, otherwise the weight
of this material may cause the spars to sag slightly, which in turn would depress
the ceiling joists through the hangers. It is the practict therefore for the carpenter
to nail the runners to the ceiling joists and the upper ends of the hangers to the spars
or purlins, and to defer nailing the lower ends of the hangers until the slater or
tiler has completed his work.

Trimming is req;suired at chimney stacks, dormers, skylights, etc;, and the
construction is much about the same as that for floors (see p. 65). The names
of the various spars concerned are similar to those applied to floor trimming,
i.e., rimming spars (or rafters), trimmer spars and trimmed spars (see A and ¢,
Fig. 38). The joint between the trimmer and trimming spars may be either a
tusk tenon (see 1, Fig. 34) or a similar joint without the tusk, called a pinned
tenon joint (see A and ¢, Fig. 38). That between the trimmed and trimmer spars
should be either a dovetailed housed joint (see M, Fig. 34) or a bevelled haunched
joint described on p. 65.! The trimming of a roof round a chimney stack which
penetrates a roof midway between the eaves and ridge is detailed at E, Fig. 75.

Eaves Details.? [t is important that the eaves of a roof should be carefully
designed. It is a common mistake to use an excessively deep fascia, and the
clumsy effect which this produces is shown at a1, Fig. 37, An excessive pro-
jection of the cives in proportion to the size of the building is another ervor.
As a general rule overhanaimg caves should be of minimum depth.  Over-
claboration should be avoided. the simpler the detail the better. R ——

Flush, open projecting and closed projecting eaves are noted on p. 6y,
~ Flush Eaves. 'I'wo examples of this‘t'\_'pc are shown at @ and w, Fig. 36.
The fascia is only sufficiently deep 10 cover the ends of the joists or spars, to
which it is cither nailed or screwed.  In the latter detail the fascia projects slightly
above the boarding in order to tilt the slates (see Chapter Five). The thickness
of the fascia necd not exceed 25 mm (nominal), and, if preferred, one or more
fitlets may be formed as shown,

" Open Projecting Laves (see ., Fig, 36). --The feet of the spars project 150 mm
and are shaped as shown or as indicated at ¢ai t'l'ﬂ'”‘"’Fig. 71, ltis not necessary
to provide a fascia to an open caves, A sing "Oen projecting caves is shown
at ¢, Fig. 72. R N :

Closed Projecting Eaves, --There. are .'iu\yo_‘:fcirms of closed eaves, f.e., those
with sprockets and those without. -+
p~camuple of the latter ds shown at ¥ .Fig. 36, The ends of the rafters are
; :j,inc._.s;fu e as shown, the sofhit board is nailed to the spars, and the fascia

tn —@-héub \\"(_)rk”'!" ¢ simply butt-jointed and nailed to the trimimers.
. * Studénts shéafy
reached: :

ad

gn of the slating details until Chapter Five is v
- : T T Trcasons, i isEspecialy” neeessar

TIMBER

is finally fixed with the edge of the soffit board engaging in the groove prepared
to receive it. It will be observed that the brickwork is set back 102 mm so
that if the soffit board shrinks in width no unsightly gap appears along its length
between it and the wail. * The fascia projects above the backs of the spars as
shown in order to tilt the bottom course of slates. Another example is shown,
at A, Fig. 71 where a fillet is used to tilt the slates; so the depth of the fascia is
reduced to 100 mm; the soffit boarding is fixed to 50 mm by 32.mm_bearers.
nailed to the spars.

A sprocketed eaves may be formed by (&) fixing the sprockets on the backs
of the spars or (b) nailing them to the sides of the rafters. ’

An example of the former is shown in Fig. 18. The construction is made
clear in the enlarged detail at b and the isometric drawing A, the latter showing
one end of a spar cut, the next spar is shown with the sprocket fixed, and the
next with the sprocket and bearer fixed. The soffit boards are tongued, grooved
and V-jointed, and at hipped ends, etc., the ends of the boards should be carefully
mitred (see ¢, Fig. 37). The bedmould should be scribed to the wall (** scribe ™
means to mark for accurate fitting, and in this case scribing i< necessary to
ensure that the back ot the mould shall fit the more or less irrcuntar surface of -
the brickwork). A brick-on-end course, projecting 20 mm as shiown, provides
a simple and effective finish and also forms a flat arch for the window

The sprockets shown at k and L, Fig. 37 give a graceful sweep to rhe lower
portion of the roof. Here they are fixed to the sides of the spars ond the wall
plate. They are inclined at an angle which cquals the ditk rence between a
right angle and the pitch of the roof (e.g., 90" --55° = 35°). Sprockets should
not be given an inadequate slope such as.is shown at a, for, besides detracting .
from the appearance, it makes it difficult for the slater or tiler to negotiate the
angle at the intersection betwcen the sprockets and spars unless a triangular fillet
(shown by broken lines) is fixed. A roof with a flat slope is also difficult to
make watertight at the eaves. The construction of the eaves is similar to that
already described, but attention is drawn to the alternative methods of supporting
the soffit bearers.  T'hat at k shows one end of cach bearer nailed to a fillet which
15 plugged to the wall, thc other end being nailed to the side of the spar. The -
bearers at 1 are let into the wall at one end (pockets or-holes being left by the
bricklayer for this purpose) and these ends are tughtly wedged. The sprockets
are shown in the plan . Those nailed at cach side of the hip rafters are neces-
sary 1o provide a means of fixing the upper ends of the two short sprockets at
cach corner and the bearers to which the fascia (mitied at the angle) and the
mitred ends of the sotht boards are natled.  One of these bearers is shown at 1
but has been omitted at s in order to show the mitre between the soffit boards.

A detal of wsimilar caves s shown av o, Fig, 51

Beamfilling or Windfilling. "This is the brickwoerk which is continued up
between and to the back of the spars after the latter have been fixed. This is
shown in all the caves deta‘ilﬁf:’somctimcs by broken lines), and, for obvious
y-whentheroofs Have vpen caves.”

».
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FRAMED ROOFS | | 77

It is not necessary to have beamfilling on top of the wall plates, and this practice
which 1s sometimes carried out cannot be too strongly condemned. Cases of dry rot
in roofs have been attributed to beamfilling which has been continued for the full
thickness of the walls to the backs of the spars and sprockets. Any defective slates or
other roof covering at this point allow water to enter, and owing to the wood members
being confined by brickwork (or.-masonry) they.become saturated and .remain so,
resulting in defective timber. Adequate ventilation is just as essential for roof timbers
as it is for floor members (see p. 60) if dry rot is to be prevented.

“ TRUSSED RAFTER ROOFS

This type of roof (Fig. 38A) consists of planed stress graded timbers fastened
together in the form of trusses and placed at relativcly' close di.stances apart.
It comprises rafters (spars) joined to ceiling joists and intermediate members.
The trusses are prefabricated and because roofs of this type are more quickly
erected and use much less timber than purlin roofs they have almost entirely
replaced them for housing work. .

The trusses are placed at centres not exceeding 600 mm [ 500 mm by 25 mm
(min). tiling battens must be used] and the separate members of the truss,

" which must be of the same thickness, are joined by plywood gussets glued and

nailed to each face at the joints. The adhesive used for this purpose is commonly
resorcinol/formaldchyde (see Chap. 2; Vol. 111); 40 mm 12 gauge -galvanized
nails at 100 mm centres in two rows per member are used (see €). Alternatives
to plywood gussets are 18 or 20 gauge galvanized metal plates which may be
cither perforated for fastening with clout nails or may have integral teeth in
which case a special press is needed to make the joint.

The trusses must be joined together by 75 mm by 25 mm braces nailed to
the underside of the top truss member. An elevation of the side of the roof
would show the braces placed diagonally in a W formation; the top of cach

outer leg of the W nailed under the top of the outermost trusses. Each leg of -
. the W to pass not maore than 6 trusses. '

. The two most popular truss shapes are the W or Fink type (see A and D) or
the Fan type (8) for larger spans. Notching or birds-mouthing of the truss
should not be allowed. The moisture content of the timber should be 22 per
cent. or less so care should be taken to fix roof coverings quickly; trusses
should be stacked flat on a level base before erection.

The following Table gives the sizes of the timbers in mm and spans in m
for the two types of truss spaced at 400 mm centres.

Basic* size of truss -
members (mm)
(*Actual size 3 mm less to Pitch (degrees)
allow for planing) 15 | 20 I 25 ‘ 30 ‘ 35
38 X 100 7 77 8-x 83 86
38 X 125 87 92 95 98 10°1
44 X 75 Spans 55 6 65 69. 7°3
44 X 100 (m) 75 82 89 89 92
50 X 75 5'9 g's 6'g 74 7-3
. . 2 . .
_5°-§;° ‘7 9 7 9 95 . 9

TRUS SED RAFTER ROOTF 5§
W OR FINK TRUSS FAN TAUSS
(IR t6e 55 Jsoo i i B
SCALE FOR C n SCALE FOR D »

_ALL GUSSETS OF 5:5mm R~
PLYWOOD GLUED & Ll ]
NAILED TO MEMBERS E
. ¢
|
XCCUSSET
/‘,
Vo ALL TRUSS MEMBERS 50210088 2T /7
30" = -
GUSSET < " \ lxiz GUSSET '
v EWALL PLATE e ->4-15m-'---~. e e -
— P ART ELEVATION O Ff 9-5m FlINK TRUSS

Fig. 38a

) TRIPLE OR FRAMED ROOFS

The maximurn unsupported length of purlins 1s § m (sec¢ p. 73) if extrava-
gant sizes are to be avoided; if there are no cross division walls available to pro-
vide supports to limit the purlins to this span then cither roof trusses (also
called principals) are nceded, or the trussed rafter arrangement used. Hence a
framed roof has three sets of members, i.e., spars which distribute the weight
of the roof covering, snow, and wind pressure to the purlins which transmit this
load to the trusses, and these transfer it to the wall<. The outline of the truss
must follow the roof shape, which is usually triangular. A triangle is the strongest
form- of framed structure for it cannot be deformed if its members are adequate
and properly connected. '

The student in the class in Building Science will have probably carried out the
following simple experiment in connection with the solution of framed structures
when loaded : A vertical load is applied at the apex of two inclined members which
are hinged at the top (representing a couple of spars). They will at once spread if the
feet are not restrained and the unsatisfactory couple roof (see &, Fig. 16) would act
in this manner if the walls were not sufficiently strong. A horizontal member is
now connected to the feet to produce a structure resembling a close couple roof (see
L, Fig. 36. In a roof truss additional members are introduced to brace the structure
throughly.
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Built-up Roof Truss (see Fig. 39).- This is the most widely used timiber
truss. The example shown is for a span of 6:7m and o pitch of 30 | itis spaced
at 1-8 m centres and 1s designed for the hightest type of tradinional roof covering
(i.e., interlocking tiles—see description on pp. 140 141).
spars and ceiling joists are used at 350 mn centres.

The joints are made by 12 mm dia. bolts and timber connectors. The latter
are of several types, one being shown at 7 is a 60 mm dia. holed galvanized stecl
plate with twelve triangular teeth bent off at night angles 1o cach side. The

Between the trusses

TIMBER

vonnector s placed at each mterface of the timbers comprising the joint and
when the central bolt is tightened the teeth become embedded in the wood to
make a secure fastening.

The principal rafter or top chord consists of two 75 mm by g0 mm timbers
50 mm apart, this is supported midway by a strut of two oo mm by 5o mm
timbers 150 mm apart which are joined on each side of the top chord. Two °
connectors are-used at-the joint, one at cach owter face of the chord between this
and the flanking timbers of the strat. The truss takes the load from the 1o mm °

B U l L T = U. P R O O F T R U S S 10025 RIDGE 450,725 HALF ROU
F O R A P AN o F 6-7 m S P A C E D AT  |.8Bm CE T R E S 3 S _TRIDGE TiLE
COVE&ED w I T H I NTE R LOC K I NG T + L E S G
orc. .
LEFT-HAND VERGE TILE 28 SIDE LAP RIGHT - HAND FLASHING FLUE CONNECTORS SHOWN THuS ()
fodef - | HALF TILE - 4 LINING BOLTS (12mm DI} - 53 [
£ 7
v Psatten”/” i
// / A FELT — -
/. v/ _,Z ,f/-»
PLAIN TILE e 5% 50 SPARS AT 450 CENTRES?
VEKGE & ABUTMENT ODETAILS DETAIL AT “G*
NAIL HOLE
UNCERSIOE HEAD T0P CHORD 2/75150, 30 APART $5C THICK PACKING {50 LONG
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d !
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" by 50 mm purlin which is notched into the strut, the purlin gives support to the

intermediate 75 mm by 50 mm spars which are at 450 mm centres for this com-
paratively light-weight roof.

The main tie of two 75 mm by 50 mm timbers 50 mm apart is joined to the
foot of the top chord by a sole piece placed centrally and one on each side.
Three bolts are required each with four connectors placed at the interfaces of
the members. The half of the truss is completed with two other 75 mm by 5o
mm members. o

The apex detail shows the use of two more bolts, the left-hand one having
five, and the right four connectors. The two halves of the truss are secured by
the outer 75 mm by 50 mm head pieces.

The splice detail at the centre of the main tie is shown at H and F, four bolts
are used, the two central ones being without connectors; the outer left-hand
bolt has five connectors and the one on the right has four. A central and two
outer splice plates are required to tie the truss halves together.

Central 50 mm thick packing plates are spiked to the main members in the
various positions shown.

Gutters.—Sometimes walls terminate as parapets and gutters are therefore

required as shown in Fig. 73. There are two forms, i.e.,«(a) parallel or hox
gutters and (b) tapered gutters.

(a) Parallel Gutter—An application of this type 1s shown at a, B and c,
Fig. 73. The feet of the spars are birdsmouthed to a horizontal beam, called a
pole plate, which is notched out and spiked to the principal rafter. The gutter
consists of 25 mm boarding laid to falls and supported by 75 mm by 50 mm gutter

79
bearers at 400 mm centres which at one end are tongued and nailed to the pole
plate and at the other end they are notched over and nailed to a gutter plate
which is spiked to the tie beam. The section at B and plan at ¢, Fig. 73, should

be carefully studied. Note how the bearers are fixed at varying levels to give

the requisite fall to the boarding. The cross section through the gutter at a,
Fig. 73, indicates the levels of the necessary roll, drip, etc. The timber details
should be further considered with the subject of Plumbing (Chapter Six)

(b) Tapered Gutter (see j, k and N, Fig. 73).

This 1s so called because of

‘its shape on plan. The boarding is supported by 50 mm by 38 mm bearers

which are nailed at varying levels to the sides of the spars and 50 mm by 38 mm
uprights which are half-lapped to the bearers. This construction will be better
understood when the lead details in Chapter Six are studicd.

TEMPORARY TIMBERING

Certain forms of timber construction are required only as temporary supports
of work carried out during preliminary building operations or in the erection
of permanent structures, after which they are removed. Timbering to support
the sides of trenches which are to receive wall foundations, drains, etc., and
that known as centering which is required to support arches during their con-
struction are examples of this type of cornstruction.
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TIMBERING TO SHALLOY_V TRENCHES
The timbering of these excavations is done by the labourers as the work
proceeds. The sizes and arrangement of the various timbers are influenced by
the nature of the soil and the depth of the cutting. There are many different
kinds of soil, but for convenience they may be divided into: (1) Hard (in-
cluding rock and exceptionally hard chalk), (2) Firm (including hard chalk
and dense gravel), (3) Moderately Firm (including soft chalk, loose gravel and
compact clay), (4) Loose (including dry sand, soft clay, ordinary loamy soil
and make-up ground), and (5) Loose and Waterlogged loamy soil and sand.!

Terms.—The following members are used in Fig. 40:—

Poling Boards.—Members placed vertically next to the sides of the excava-
tion or sheeting (see below); sizes vary from 175 mm by 32 mm to 225 mm by
38 mm and are from 0-6 to 1-2 m long.

Walings, Wales, Waling Pieces or Planks.—Members placed horizontally
next to the earth or poling boards; sizes vary from 100 mm by g5 mm to 225 mm
by 75 mm, and from 2-4 to 4-3 m long.

Sheetmg.——Members placed horizontally; of similar scantlings to poling

boards and from 24 to 4-3 m long.
Struts.—Short lengths of 75 to 100 mm square timber driven down between
poling boards or walings at a minimum distance of 1-8 m centres.
The following typical description may be applied to a shallow trench, exca-
_vated in various soils, to receive a foundation which is 1'2 m wide and 1 m
deep. Timbering to deeper foundations is shown in Fig. 19, Vol. IIL
1. Hard Ground.—No timbering would be required (unless there were
" pockets of loose soil) for the sides of the trench would be self-supporting. =
2. -Firm Ground (see A, Fig. 40).—Whilst there would be littie likelthood of
the sides of a shallow trench caving in if left unsupported for a short time
(hard chalk will retain a vertical face, 3 m high, until weather conditions begin
to disintegrate it), it is Sometimes necessary to provide a light support in the form
of a pair of poling boards strutted apart at a minimum distance of 1-8 m centres.
This distance is necessary to allow sufficient working space for the men engaged
in constructing the.foundation. Usually it is sufficient to use one central strut
to each pair of boards (as shown at B) but occasionally it is advisable to use two
struts (see C).

-

The struts are slightly longer than the herizontal dﬂﬁameen the boards and
they are driven down until they are tight and more or less horizontal. The sides of
the trench are given a slight batter from the top inwards to facilitate this operation
and to reduce the tendency for the members to become loose as the earth shrinks, as it
does on the removal of moisture. Care should be taken not to over drive the struts
and disturb the earth behind the boards.

- —TT
1 This division is purely arbitrary; some authorities have subdivided both sand and
clay into a score or more different kinds for the purpose of assessing their bearing capacity.

TIMBER

3. Moderately Firm Ground.—Where the soil is firm, except where it is
inclined to be loose in patches, the timbering may consist of the simple arrange-
ment shown at D—otherwise the trench may require a temporary support as
illustrated at E.

The wide walings at D provide a continuous support, three struts being used
per 4 m length of waling.

‘The arrangement at E shows poling boards held in position by walings which
are strutted. ‘The poling boards are placed at a distance apart varying with
circumstances; 1n the figure they are shown at 450 mm centres, but this distance
may be reduced to 300 mm or increased to 1 m. "T'he timbering is done in easy
stages for it is not advisable in this kind of soil to defer it until a length of trench
is excavated equal to that of the walings, as a section of the unsupported
excavation may collapse.

The following is the procedure adopted : A short length is excavated sutficient
to enable the labourer to insert and temporarily strut 4 pair of poling boards (thus
resembling A). This is repeated until sufhcient poling boards have been placed which
could be spanm,d by the walings. A stiff waling is then placed along each side and
strutted against the boards as shown, after which the femporary struts can be removed.
Temporary strutting is shown by broken lines at ¥,

It is not necessary to drive wedges down between the waling and boards which
have become loose or have been strutted a greater distance apart then usual.  4n
example of this is shown at E.

4. Loose Earth.—The arrangement of the timbers is similar to that shown
at G (excepting that sometimes the sheets are placed about 25 mm apart) wa s
described below.

5. Loose and Waterlogged Ground (see ). —Horizontal \hcclmg 1S NECEsSary,
for unlike the soils referred to in the first three classes, it is ot possxbl' 0
excavate in loose soil for several metres in depth before resorting to timbering.
The sides of the trenches dug in this soil begin to fall before 300 mm depth has
been reached, and hence the need for horizontal boards or sheets. The follov i
is the sequence of operations : The excavation is made to a depth slightiv :n
excess of the width of the sheeting to be used, when a board is placed z,-ainst
each side and two or more temporary struts are driven between: The exca’rion
1s continued for 225 mm depth or so and a second pair of boards is placed :ht
up against the bottom edge of the first set and strutted. The condition : ¢
end of a section at this stage is shown at H. This operation is repeated i
four sets of boards have been temporartily strutted or the required depth has oo
reached, when poling boards are placed at a minimum distance apart o! - o
centres and strutted as shown at G, and the temporary struts removed.

When the foundations have been completed and the walls built 10 -
of two or three courses above the ground level. the timbering is rev.
earth 1s returned on beth sides of the wall and rammed sohd
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CENTERING

A centre is a wood member or frame used as a temporary support for an arch
during its construction. The removal of this support, known as “striking,” does
not take place before the mortar between the voussoirs of the arch has set. A
centre must of course be sufficiently rigid to support the weight of the brickwork
or masonry to be constructed on it, and, in addition, provision must be made to
permit of *‘ easing the centre,” a term which is applied to the operation of slightly
lowering the’centre before the mortar has set. A centre is supported on vertical
posts or props, and the introduction of folding wedges between the heads of the
posts and the centre permits of its easement and also the adjustment of the centre
to the required height to receive the arch. The term centering includes the centre,
together with the wedges, props, etc.

The shape and details of a centre depend on the type, span and width of the
arch to be supported. The following illustrated examples should therefore be
considered as typical:—

Turning Pieces.—The SJmplest form of centre is for flat arches and-those
having a small rise and width; it is called a turning piece, and, as shown at 4,
B and D, Fig. 41, it consists of a solid piece of timber having its upper surface
shaped to conform with the soffit of the arch to be supported. The flat arch at a
is that shown at A, Fig. 15, which has a 102 mm soffit and a 12 mm rise. The
turning piece is slightly back from the front face of the wall in order that it will
not interfere with the bricklayers’ line and plum-rule. The turning piece rests

“at each end upon a pair of folding wedges,! and these are supported by props

which rest upon a sleeper or sill placed on the brick window sill which it serves
to protect. These props are strutted apart as shown.

Reference is made on p. 24 to the method which is adopted to ensure that
the arch joints radiate to a common point.

A turning piece for an arch with a 65 mm camber is shown at D, Fig. 41.

Centres.—Arches which have wider- sofﬁwn’; mm are ‘' turned 7’ upon
centres which are constructed of 7ibs and laggzngs one of these is shown at E,
Fig. 41. The laggings or narrow battens are nailed across two 115 mm by.25 mm
ribs which have a 65 mm camber. The centre is completed by nailing a 75 mm
by 25 mm cross-member, called a bearer or bearing piece, to the underside of the
ribs at each end. The sizes of the members vary according to the timber available,

! Students often make the mistake in.examinations of showing the wedges with their
length parallel to the length of the turning piece. It is obvious that when in this position
the wedges cannot be adjusted because of the brick jambs.

thus the thickness of the ribs is sometimes 32 mm and the laggings vary from
75 mm by 16 mm to 50 mm by 25 mm. Both open and close lagging are shown
at E. The former is suitable for axed arches, and close lagging is adopted for
gauged arches. The distance apart of the laggings when open varies from 20 mm |
to 25 mm, except when the centres are required for masonry arches, when the “

. spacing is increased (see M, Fig. 41).

A syitable centre for a segmental arch is shown at F and G, Fig. 41. Thisf—
arch is similar to that at ¥, Fig. 15. Both close and open laggings are shown. '\
A suitably designed centre for a semicircular arch (such ag that at p and E, :
Fig. 15) is shown at] and K, Flg 41. Asitis not economical to use timber Wh'lCh
exceeds 300 mm in width, it is necessary to construct the ribs as shown vuth’
upper and lower fes nailed to them. Narrow laggings should be used in order‘
that they will conform to the curve of the arch. The 75 mm by 25 mm brace;
to which the upper ends of the ribs are notched serves as u support for the tited)
key (which projects below the soffit) and also assists in stiffening the centre.!
Each support consists of two posts or props to which is nailed or dogged a 75 mma
by so mm bearer at the top and a similar sleeper plate at the bottom. [
A centre suitable for a semicircular arch having a span of 1-8 m, is shown .lti
M, N and 0, Fig. y1. Each of the two ribs ts made of two thicknesses of zzg mm;
by 25 mm pieces, spiked together, which overlap and have joints normal to the!
curve. Such are called butlt-up ribs. Each rib has double 175 mm by 25 mm or
32 mm ties and three 100 mm by 25 mm struts, indicated by s and R, the latter,
being necessary to prevent the centre being deformed by the weight of the arch.
The cross bracing provided by the 100 mm by 25 mm inclined brace @ and the;:
horizontal brace T increases the rigidity. The laggings, which must be at least|
25 mm thick, may be either open or close, depending upon the type of arch.
For masenry arches the laggings may be spaced to allow two per voussoir, !
as shown at the right half of the clevation »m, or alternatively small setting uedgex
as shown on the left of the elevation may be preferred.  The arch in the;
example 1s that of the main entrance shown in Fag. 24, and for each of the Llrge;»
voussoirs four scts of wedges would. be used; two on cach built-up rib. The;
wedges over the props are inscrted between two stout bearers, and to facilitaté:
the casing of the centre these wedges are sometimes—greased.  The props
may be braced by an inclined member as shown by broken lines in the section
e A trammel rod (referred to on poo24) 1s cut o the net length of the radius!

of the arch. A biock is nailed to the underside and at the centre of the ties, and
the fower end of the rod is screwed sufficiently tightly at the cente of the
semicircle to permit the rod to traverse the soffit of ¢ach voussoir as -~ is being
wedged and Bedded, Uhie necnres an acenrately Curved soffit,
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"is formed round the frame to receive the door.
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CHAPTER FOUR

DOORS, WINDOWS, STAIRS

Syllabus.—Doors, including ledged and battened, ledged braced and: battened, framed ledged and battened, frained ledged braced and battened, panelled: frames;

and casings; methods of fixing frames, casings and doors; hardware.

Stairs. Nails, screws and fasteners.
Joinery includes the setting out, preparation, framing and fixing of woodwork
which is chiefly used as internal fittings and finishings. There are several
broad différences between the crafts of the carpenter and joiner, although they
are usually grouped together under  Carpentry and Joinery.” These dis-
tinctions are : Carpentry is essentially structural, the timbers are left rough
from the saw, the labour expended is small compared with the amount of
material used, and most of the work is done on the building site. Primarily,
joinery increases the habitability and appearance of a building and any stresses
to which it is subjected are incidental, the wood is dressed, the labour is a large
item compared with the volume of the timber employed, and most of this labour
is carried out in the workshop. Joinery comprises the construction and fixing
of doors and windows with their frames or linings, architraves, skirtings, stairs,
panelling, etc. and floor boards. Boards have been included in Chapter Three,
panelling is described in Vol. IV and the remainder below.

DOORS

External doors are secured or *“ hung ” by metal hinges to solid wood frames,
and internal doors are usually hung to wood lnings or casings. A door plus
frame or lining and hinges is defined as a *“ doorset ” in BS 4787: Pt. 1.

Frames.—A door frame consists of three members, 7.e., two uprights or
posts which are secured at the top to a cross-piece called a head. The nominal
sizes of these members vary but 100 mm by 75 mm and 75 mm by 50 mm are
common. ‘The head usually projects from 50 to 100 mm beyond. the posts, and
these projections, called korns, assist in making the frame secure when it is built

" into the wall. These horns may be splayed (see s and the thick broken lines in

the isometric detail at E, Fig. 42) and covered with splayed bricks to preserve
the face appearance of the brickwork. A 13 mm to 16 mm deep recess or rebate
An alternative but less satis-
factory check for the door-is formed by planting (nailing) a 13 mm thick bead or
stop on both posts and head, the beads being mitred at the angles (see k, Fig. 42).

Joints.—The head and posts of a frame are morticed and tenoned together,
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Windows, including solid frames with vertically hung sashes opening outwards, fixed
sashes, boxed frame with sliding sashes, pivoted sashes, horizontal sliding sashes; hardware;

Description and uses of woodworking tools.

metal windows. Architraves, skirting, picture rails and angle beads.

variations of the joints being : (&) closed mortice and tenon, () haunched mor-
tice and tenon, (¢) draw pinned slot mortice and tenon, and (d) double tenon,

(a) Closed Mortice and Tenon Joint (see E).—The head is morticed to receive
the tenon on the post. The mortice and tenon must be correctly proportioned
if failure of the joint is to be avoided, and the following are accepted rules :—

1. Thickness of tenon should equal one-third that of member.

2. Width of tenon should not exceed five times this thickness or 2 maximum

of 125 mm, whichever is the less. (Thus the maximum width of a
13 mm thick tenon would be § by 13 mm equals 6§ mm, and the
maximum width of a 32 mm thick tenon would be 125 mm and not
5 by 32 mm equals 160 mm.)

The *‘ thickness ”” and * width ” of a tenon are indicated at E, and the
“width ’ and ‘“ length " of a mortice are shown at F. v

Wide tenons should be avoided as they (1) may shrink excessively, causing
them to leave the wedges (see bélow), which thus become loose, (2) tend to
bend when the joint is wedged, resulting in the splitting of the morticed members,
and (3) require long mortices which tend to weaken the members.

These joints are glued and wedged, glue! being applied to the tenon and
shoulders (see below) and the tenon is inserted into the mortice. Wedges, as
shown, are dipped into the glue and driven in between the edges of the tenon
and the mortice to secure the joint. Notice that the mortice is slightly enlarged
and bevelled to receive the wedges. Oak pins or dowels, 10 mm to 20 mm
diameter, are sometimes used«n addition to wedges. This is called a pinned joint,
and examples of it are shown in Fig. 44. A hole is first bored through the head
and tenon, and the pin is driven in after it has been dipped in glue.

(b) Haunched Mortice and Tenon Joint (see ¥, Fig. 42).—This joint is adopted
when the frame is not built in as the work proceeds. Horns are not required,

! There are several types of adhesive (see Chap. I, Vol. III). They may be (@) weather-
proof, (b) moisture resistant or (<) suitable for internal use only. Some are described as
close contact (cc) glues used mainly in plywood construction where heavy pressure and a
thin glue line are used. Others are gap filling (GF) glues used in general joinery.
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and therefore the width of the tenon is reduced, except for about 13 mm from the
shoulders (or abutments at the bottom or oot of the tenon), otherwise wedging
would not be possible. This abbreviated portion or stump is called the haunch
or haunchion, and its object is to increase the strength of the tenon at its root
and prevent twisting of the post. The stub mortice made to receive the haunch
is called the haunching. Note, the horns are not removed until the wedging has
been completed, otherwise the driving in of the wedges would split the narrow
portion of th® head above the haunch.

(c) Draw Pinned Slot Mortice and Tenon Joint (see K, Fig. 42).—This joint
is sometimes used for large frames. The mortice is continued to the end of
the head. A hole is bored through the cheeks (sides) of the mortice, the tenon
of the post is inserted, a point J on a 45° line from the centre of the hole is
pricked on the tenon, the post is removed, with J as centre a hole is bored through
the tenon, the latter is again placed in correct position between the cheeks, and
finally the dowel is glued and driven into the holes to draw the shoulders of the
joint together and the side of the tenon against the inner end of the mortice.

This is a good joint for external work for the following reason : Glue may soften
if water gains access to it,! and in order to make the joints of external framing water-
tight and durable paint composed of a mixture of red lead, white lead and boiled
linseed oil is sometimes used as a jointing material instead of glue. As wedges

set in paint are apt to become loose and fall out, they are sometimes dispensed with
and the draw pinned joint adopted.

(d) Double Tenon jJoint (see X, Fig. 44).—This joint, which consists of
double tenons, is usefully employed between members of large size, it being

more effective than a single tenon in bringing the shoulders of the tenon tight -

up against the adjacent member. The combined thickness of a pair of single
tenons should equal that of a single tenon.
A temporary piece of wood is nailed across the lower ends of the posts to
prevent distortion of the frame before it has been finally fixed in position.
Methods of Fixing Frames.—A door frame may be fixed in position either
(a) during the construction of the walling, or (b) after the walling has been
completed.

(@) Such frames are said to be built-in. When the brickwork (or masonry) -

has been built to ground-floor level, the door is placed in position according to
the plan, plumbed, and maintained temporarily in this position by an inclined
strut (nailed to a joist and to the head). The brickwork is now proceeded with,
the jambs being constructed close to the posts of the frame. Creosoted wood
slips or pallets (see H and @, Fig. 42) are built in dry at the bed joints of each
jamb at about 300 mm intervals with one near the foot and one near the head,
The weight of the brickwork makes these pallets secure. Nails arc driven
through the posts into the pallets after the heads (which may have splayed
horns) have been bonded in and there is no likelihood of disturbing the newly
built walling. Wrought iron straps (see P) are occasionally used instead of

1 This does not apply to ‘“ weatherproof glue "’—see Chap. 11, Vol. 111
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small, and the shrinkage which occurs is correspondingly reduced. Four forms
of joints between boards (known as match-boarding) which are adopted are shown
at L, M, N and 0. The “ V-jointed "’ type is formed by chamfering both edges
of each board, and the * beaded >’ joint shows the bead worked on the tongued
edge. These joints are effective in making the appearance of the door less
objectionable when shrinkage takes place and the joints open. They are some-
times only tongued and grooved, occasionally they are ploughed and tongued,
and in cheap work they are butt or square jointed (see R, x and P, Fig. 34). Two
other forms of beaded joints are shown at s and 1, Fig. 44; the latter shows
hardwood tongues or feathers which are sometimes employed when thick battens
are used. The thickness of the ledges is usually 32 mm (nominal), and the middle
and bottom ledges are wider than the top ledge, i.e., 175 to 225 mm. When
employed for external doors, the top edges should be bevelled as shown at B,
to prevent water lodging on them.

This is the simplest form of door and is frequently used for narrow openings
and in positions where the appearance is not material, as for temporary sheds,
coal-houses, external water-closets, etc. It is relatively cheap and is apt to sag,
on account of its weight, towards the bottom of the frec edge. This defect may
not become so pronounced if the end and central battens are screwed and not
nailed to the ledges. It also has a tendency to twist, especially if the timber is
not of good quality and thin ledges are used.

Preparation of Door —The ledged and battened door is made in the following manner :
The planing (on both sides), grooving, tonguing, thicknessing ete., machine operations
of the tongued and grooved battens are as described on p. 61 for foor boards. The
battens are fitted together on the joiners’ bench and pencil lines are drawn across them to

indicate the position of each ledge. A cramp (see Fig. 53} is applied near to one of the ..

ledge positions and this ledge is lightly and temporarily nailed to the battens.  The second
ledge 1s then lightly nailed after the cramp has been applied-near to it. The door s turned
over on the bench, two rough pieces of wood are placed under the ledges, und oval
wire nails are driven through the battens and ledges. The natls arc of sufficient length
to project beyond the ledges when driven in, and as they picrce the l’()l{f_’:h pieces, the
ledges are not damaged by splintering as the nails protrude. The door is finally reversed
and the nails clinched or clenched, i.e., the points are bent over and by means of a punch
(see 10, Fig. 67) and hammer and driven below the fuce of each ledge. The battens are
cut and dressed off level at the top and bottom. The cdges of the battens should be
painted before cramping as this prevents water from getting into the joints and causing
decay. If this is not done an unsightly appearance results w_hen shrinkage occurs, due to
- the opening of the joints which exposes light unpainted margins. The backs of the ledges
should also be painted prior to fixing.
Hanging and Fastening of Door.—The door is fitted between the rebates of the frame,
a clearance of 1-5 mm (or “ the thickness of a penny ”’) being allowe#i *zween the edge of
the door and the frame for the thickness of the paint which is apptied%y quently, and
also for expansion. The width of the opening (below the head an’&:’_ﬂl’b@i 34r the feet of

the posts as the frame may not be absolutely square)is measured ard ’ﬁsferred to Q_H—ef_\'v‘
- door. - After allowing for the clearance, the door, is placed Igngthwist®on-edge on the -

floor, propped between the notch on the joiners’ stool or trestle, and the uppermost-edge
is planed down (or ‘“ shot ) to the mark made during measurements. The bottom is.also

planed to allow 6 mm clearance between the door when hung and the step or floor. “The’"

door is placed in position between the frame, a wedge is inserted between the floor and the
door and forced in until the door is brought square with the frame. If the door'does not fit
correctly, any irregularities are noted and the door taken down and planed where necessary.

The door s new ready to recenve the hinges. The form of fastening usually provic
for this 1ype of door 1s the T-hinge or cross-garnet (see A, Figs. 42 and 43). This
wrought iron strap pivoted 1o a metal plate. The kueekle 6f the hinge is 2 pin rou
which two'sections of the plate and the end of the strap are bent (see X, Fig. 43). "
thickness of the strap varies from 3 to 6 mumn, and its length increases in multiples of
mm from 250 1o boo mm, measured trom the centre of the pin. Two straps are secu
either against the face of the battens (see a and ¢, Fig. 42) or screwed direct to the led
(sec 11, Fig. 42). 'The plates of the hinges are screwed to the door posts.  Those showr
the clevations in Figs, 42 and 43 are called Scotch T-hinges and are of 3 mm thicke:
vanised wrought iron.  Thicker hinges are only used for heavy doors.  Other hinges
shown at w and x, Fig. 43 und ¢, Fig. 44

Hardwareagr [ronmongery includes hinges and fittings sich as bols
locks; it alsd includes door knobs andi Handles) ometimes referred to as ¢
Sfurniture).

All that may be necessary for the ledged and braced door is a thumb la
If additional means of sceurity is required, cither a padlock or one or two be
bolts may be used. "The former s an external fitting (as for an external t
house door) whereas the bolts would be used to secure the door from the ing
Alternatively, a rim dead lock may be used in licu of a padlock or barrel 1
or a rim lock may be used instead of a thumb iatch and rim dead lock.
follawing 1s a brief description of this hardware @ -

Thumb Latch (sce o, Fig. 43).- -1t is sometimes called a Norfolk or Su
latch and consists of 1 (1) a back plate with handle and pivoted sueck, (
keeper through which a (3) beam or falf har passes o engage in a (4) sfop.
usual length of beam s 175 or 200 mm and that of the back plate is about 225

Another type of thamb leich with two handies, cach having @ speck w
3 &
passes under the bear, s shown at A s and ¢, Tig. 45 A complete intn

~usually of malleable tron, although for better-class work it 1s of bronze.

It fixing a thumb Jatch, « hole is mizde tn the door through which the
15 passed and the back pliate is screwed to one fuce of the door.  The keepe
plate to which the beam s pivoted are screwed to the oppostte face of the doo
keeper (which himits the movement of the beamy being Axed near to the el
door. The plate to which the stop s attuched 1s screswed to the inside face of the
An alternative and less conspicuocus form of keeper is shown at x, and this is
to the edge of the door. A similar stop fitting may be fixed to the edge of jar
the post.

Padlock with Hasp and Staple {sec A, Fig. 52 and », Fig. 13).--The
and staple are usually of iron and the padlock is of galvanized iron, br:
bronze. The staple is screwed to the door post and the hasp is secured b
armall bolts to the door. When the door is closed, the slotted hinged end
it ; the padlask (nfos

oY the B [ AR R T ITE AN
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the bott engages o shoae o o ; ST
Sometimes two bolts are fixed horizontally as shown at a, or they may s
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: a rim lock or a rim latch may be used instead of a thumb latch and a dead lock.
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vertically when one socket is let into the head of the frame and the other
{similar to §") is let into the stone or concrete step.

Rim Dead Lock (see R, Fig. 43).—This consists of a steel case (containing a
brass bolt, spring, etc.) which is screwed to the face of the door, and a staple
which is screwed to the frame to receive the bolt when the door is locked. The
key required to operate the bolt is comparatively long as it is needed to actuate
the lock from both sides of the door. The lock may be obtained with one or —
two levers (see below). An escutcheon (see R') or holed metal plate is sometimes
fixed on the face of the door opposite to that to which the lock is attached to
prevent the ““ keyhole " from becoming enlarged and damaged by continued
action of the key. A plate lock or stock lock may be used for an external door
of this type; this is similar to the above lock but the metal case is inserted in
a wood block.

(b) Ledged, Braced and Battened Door (see A, B and ¢, Fig. 43).—This is
a ledged and battened door to which inclined struts or braces have been added.
These braces increase the rigidity of the door and prevent it drooping at the

“ nose,” a defect which is common to the ledged and battened door. These
braces must incline upwards from the hanging edge, otherwise they would be
useless in counteracting the tendency for the door to dioop out of square.
The position of the middle ledge should be such as to allow the braces to have
the same inclination, otherwise the appearance is not satisfactory; the appear-
ance resulting when the braces are lined straight through is sometimes preferred
.(see E; Fig. 43). The width of the braces varies from 100 to 175 mm, and they

are usually out of 32 mm stuff; they are housed 4nd not tenoned into the ledges B PO

(see detail G, Fig. 43). : :
An alternative ledged braced and battened door, suitable for a cottage where
a simple type of door is required, 1s shown at . It consists of alternate:y
and narrow battegg which are 25 and 32 mm thick:respectively. See the
plan at F which shows the battens tong®ed and grc _'?ed- and V-jointed, ‘a
T-hinges (similar to that at x) which pass through the thicker batten.
The ledged, braced and battened door is used for similar purposec
described for the ledged and battened door, but on account of its greater strengthag
it may be selected for larger openings. It is made as described on p. 86, the
battens being nailed to the ledges and the braces afterwards fitted to the ledges
“and clinch-nailed to the batteps. 1
Hardwdre.—This door is generally hung with T-hinges; those shown at
. A are §60 mm Scotch T-hinges, and another form is shown at x. "The furniture
may consist of a thumb latch and a dead lock as already described. Alternatively,

Barrel bolts may be used in addition, as shown at a.

There are many variations of latches and locks, the broad difference between
each being :
A rim latch is fixed to the face of a door and consists of a casing which contains
- one bevelled bolt or latch (whnch is opented by a handle attached to a spindle)
and a small locking bolt (see u).

A rim dead lock has one bolt only which is actuated by a key (see R).

A rim lock has two bolts, one controlled by a handle and the other by a key (see T);
it is fixed to the face of the door.

A mortice latch has only one latch (or bevelled bolt) and the case is fitted within
the thickness of the door and is only visible on the edge of the door.

A mortice lock is similar to the rim Jock in that it has two bolts, but the case is
?nly s)een on the edge of the door as it is fixed in a mortice formed in the door
see H

T The rim latch shown at U is a steel case about 125 mm long which contains a
brass bolt and a spring which acts upon the bolt to maintain it in the staple
when the door is closed. The mechanism is similar to that of the latch bolt
of the mortice lock described below. The small locking bolt is used when
required to prevent the door from being opened by the knob from the outside.

A rim lock is obtained in standard sizes varying from 125 to 200 mm long by
75 to 100 mm deep. A typical example is shown at T, Fig. 43. Tt has two bolts,
i.e., a ‘“ dead ” bolt operated by a key and a bevelled or latch bolt operated by
the handle and (when the door is being closed) by the action of the bevelled
end sliding over the edge of the staple.

Mecha:ssm of Rim and Mortice Lock.—The internal construction of a rim lock is
similar to that of a mortice lock. An interior of a mortice lock! is shown at J, and
the following description refers to (1) the lock bolt mechanism and (2) the latch
bolt mechanism.

(1) The lock bolt is of brass or phosphor bronze or gunmetal and has a pin ot
bolt stump attached to it to form a pivot for the three thin brass levers (hence this
would be described as a *“ three lever lock *) which are fitted over it; each lever ha:
two recesses, K and L, with a narrow connecting slot through which a small leve
stump (connected to the bolt) passes when the bolt is operated; attached to eacl
lever is, a fine metal spring. When the door is unlocked, the lever stump occupie
the upper portion of recess k. To lock the door, the key is inserted in. the keyhol
. formed in the phosphor-bronze bush which has three thin raised rings called ward;

the key (see sketch) being shaped to fit these wards. When the key is turned, it cause
_the bolt to move outwards and the pivoted levers to swing upwards until the slo
en the recess is opposite to the lever stump. After the key (indicated b
=@®lines) has been rotated until it is free of the lower edge of the balt, th
®springs shoot the bolt into the staple (in the case of the rim lock). or strikin
2¢when the lock is of the mortice type—see H), and the lever stump now occupi¢
er portion of the recess L when the levers have rotated downwards. T
unjock the door, the operations are reversed, the key forces the levers upwards an
the bolt into the lock in the direction of arrow 1 , whilst the lever stump passe
from recess L to the upper portion of recess k after the levers have dropped.

* {(2) The latch bolt is operated either by the handle or by the action of the bevelle
end of the bolt upon the staple or bent*' lug ** of the striking plate (see H) when tt
door is being closed. The handles usually consist of two knobs, one of which
permanently fixed to one end of a steel slotted spindle and the other is loose. Tl
spindle is passed through a rose plate (which is screwed to the face of the door) ar
through the bush and follower of the lock (see x’). There are various devices fi
securing the opposite or * loose ”’ knob, an effective one being shown at j* and
and consists of a small metal key which is pivoted by a countersunk screw let in
the end of the loose knob; the second rose plate is passed over the projecting e
of the spindle, the loose knob is fitted over it and pressed against the rose plate un
the latter is brought tightly up against the face of the door, when the key is th
dropped into one of the slots in the spindle; each rose plate is now screwed to t
door to make the handles secure. Observe at § that one of the feather springs a

1 Manufactured by Messrs. J. Gibbons, Wolverhampion,
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upon one end of the latch bolt and this causes the opposite end to protrude. The
follower acts upon the crank roller; the latter is fitted to the crank which is pivoted
at the crank stump at one end and the other end bears upon a projection on the end
of the latch bolt. To open the door when the lock bolt is disengaged, the handle is
turned to cause the follower to bear upon the crank rollef which in turn causes the
crank to rotate and operate upon the latch bolt and move it horizontally in the direction
of arrow ‘‘ 2 ”’ until it is clear of the striking plate. When the knob is released the
feather springs force the crank and bolt to assurne their original positions.

A further reference to mortice locks is made on p. 100. 7

(c) Framed, Ledged and Battened Door.—This is similar to type (d),
described below, with the exception that the braces are omitted. The door
tends to become distorted because of the absence of the braces, and it is in
little demand for this reason.

(d) Framed, Ledged, Braced and Battened Door (see 4, B, ¢ and D,
Fig. 44). This is superior to any of the foregoing types and consists of a framing
(which must not be confused with the door frame) strengthened by ledges,
braces and battens. The framework consists of a zop rail which is morticed
and tenoned into two vertical members called stiles or styles. The middle and
bottom rails or ledges are morticed and tenoned into the stiles and the braces
are either housed into the rails at about 38 mm from the stiles (see B) or are taken
into the corners and tenoned into the stiles (see A). The former is the stronger
construction, although the method shown at a is often adopted because of its
better appearance. These braces must incline uprards from the hanging post
(see p. 88). The battens may be joined as explained on p. 86, where reference
is made to the joints shown at s and T, Fig. 14. The upper ends of the battens
are let into the top rail (see section vv at M), the side battens are tongued into
the stiles (see s and 1) and the lower ends of the battens completely cover the
bottom rail' as shown at A, B and c. ' T ' )

Details of the various joints are shown in Fig. 44. That at x shows the
joint between the post and head of the large (125 mm by 100 mm) frame. It is
double-tenoned to ensure a tight fit at the shoulders (see p. 84). ™ shows
the haunched tenon joint between the top rail and the stile, and the housing of
the brace as indicated at G. : :

The middle rail has a pair of single tenons?® and is notched to receive the
lower end of the top brace (see N) and the top end of the lower brace. As the
rail is comparatively thin, it is not advisable to form these tenons as previously
described, but rather to make them flush with one face, when they are called
barefaced tenons.

! The practice, sometimes adopted, of making the bottom rail the same thickness as
the framing and letting the lower ends of the battrns into it is unsound, for watera\'ill
lodge on the rail and rot both it and the bottom of the battens. T

* These are sometimes called ** double tenons,” alihough this description is not quite
correct. A double tenon joint {as shown at k, Fig. 44) has both tenons in.the thickness of
the member, whilst a mernber having a pair of single tenons has both tenons formed in
its width. -

!
i
|
1
|
i
i
!
{

|
|
|

The bottom rail has also a pair of single barefaced tenons (see 0). The lower
tenon may be haunched like that shown at m.

The tenons are dowelled or pinned, in addition to being wedged. These
dowels are of hardwood and are from 10 to 13 mm diameter (see M, N and 0).
One is inserted through each tenon and at a distance from the shoulders of at
least twice the diameter of the dowel to prevent the wood from splitting when
the pin is driven in. ,

The framed, ledged, braced and battened door is a very suitable type for

‘external use and it is particularly suited for factories, warehouses, farm buildings

and buildings in which the doors are subjected to rough treatment. That shown

in Fig. 44 is typical of the type used for farms. The figure also includes a portion
of the roof details.

Preparation of Door.—The sequence of operations in framing this door is briefly :
The rails are fitted loosely into the stiles, the braces are placed in position, the battens
are accurately fitted and slipped into the grooves of the stiles and top rail, the tenons are
wedged and pinned (a cramp being used as described on p. 102 to tighten up the joints),
and the battens are nailed to the rails and braces.

The door frame should be securely fixed as explained on p. 84. The feet are shown
secured by dowels. Alternatively the door posts may be fitted with cast iron shoes (see L).
These provide a good method of fixing and also protect the lower ends of the posts from
damage such as may be caused in factories, farmsteads and similar buildings. The ends
of the posts are shaped, painted and fitted tightly into the shoes which are then screwed
to the posts. The frame is now fixed with the dowels let into the mortices previously
formed in the step and run in with lead or cement. ’

Hanging and Fastening of Door.—Heavy wrought iron Scotch T-hinges are sometimes
used for hanging this type of door (sce p. 8v). Alternatively, 6 mm thick wrought iron
strap hinges or bands and gudgeon hooks are used, especially for large doors (see p, Fig. 44).
One end of the strap is bent to form an eye. Two straps are required and are secured by
10 mm or 13 mm diameter bolts which are passed through the rails and battens. The door
is hung by passing the eyes of the straps over the pins or gudgeons which are welded to
back plates bolted to the frame. Sometimes doors are not provided with frames and are
hung by cngaging the eyes of the straps in gudgeon hooks smithed to wrought iron /ugs -
(see Q). The lugs are secured to the stonework, mortices being cut to receive them. After
insertion, the lugs are well caulked with lead and the reason for the dovetail shape and
ragged surface is to give a greater key for the lead and increase its holding power. The
heavy cast iron hinge (sce w, Fig. 43) is another type of fastening used for very large doors.
A pair of these hinges is bolted to the door and the pins on them engage in sockets fixed
to the frame.

Butt hinges (see Y, Fig. 43) are often used for hanging this type of door. The flanges
or wings of the hinges are made of either cast iron, malleable iron or steel, and they increase
in 13 mm units from 25 to 150 mm long. The knuckle consists of a central pin which passes
through alternative eyes of each wing to form five segments. The wings have countersunk
holes to receive the heads of the screws used t0 secure the wings to the door and f¥¥me.

The door is hung by butt hinges in the following manner.: It is fitted into the frame
and trimmed so as to leave a uniform clearance of 1-5 mm (see p. 86). The door is removed
and one wing of each hinge is screwed to the edge of the hanging stile. This is done by
forming slight housings in correct position on the stile to receive a wing of each hinge
which is screwed to the door. The door is again placed into the opening, wedged tempor-
arily (p. 86), and brought to the required position. The housings for the free wings are
marked on the post, the door is removed and the housings are formed. The door is
placed finally in position and the wings of the hinges are screwed to the post (see k, Fig.
50). In order that the door shall swing freely, the centre of the pin-of the top hinge should
be.s mm beyond the face of the door and that of the bottom hinge should be 6-mm clear. -

A description of the skew butt hingé shown at z, Fig. 43, and its application.is gi'\;en )
on p. 100. o : . LT
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PANELLED DOOR

Hardware.—That for this door may be as previously described. If provision
is required (for purposes of ventilation, etc.) to enable the door to be kept slightly
open and yet secure from unauthorized entry from the outside, then a door
chain as shown at v, Fig. 43, may be fixed on the inside. This fitting may be
either of malleable iron, brass or bronze. The plate to which the slotted shoot
is attached is screwed in a horizontal position to the inside face of the door, and
the staple to which the chain is fastened is screwed to the'post. The free end of

. the chain is in the form of a stud which may be inserted in the slot at the end

farthest from the staple only when the door is cloggfi The door may be opened
to a maximum of 100 or 12§ mm, W g @Msed along the slot, and the
stud cannot be removed from the outside. ~{* .

(e) Flush Door! (see Fig. 45).—This ts the most popular type of door, particu-
larly for internal use. Two of the many varieties of flush door are shown in
Fig. 45. That at a is called a laminated flush door and consists of a core of strips
of wood glued together under great pressure and faced on each side by a sheet of
three thin layers or veneers of wood, called plywood (see below), which is also
glued under pressure to the core. Sheets of plywood can be obtained up to
25 m in width, and therefore a flush door has the appearance of a single panel.
As shown at g, the core consists of 32 mm wide softwood strips or 16 mm wide
hardwood strips. These strips are arranged with the grain alternating, as shown;
this reduces shrinkage and distortion. A hardwood edging is fixed to cover the
core and the edges of the plywood; this prevents the latter from being damaged,
particularly at the striking edge. A laminated flush door is heavy and requires
much material, and another type, called a framed flush door (see B, Fig. 45), has
been evolved and is extensively used. It consists of a wood frame comprising
stiles, top and bottom rails, and thin intermediate rails, and this frame is covered
on both sides by sheets of plywood. The 75 mm deep top and bottom rails are
‘tenoned-to the stiles, and the thin (25 mm) intermediate rails are stub-tenored to
the stiles. The joints of the framing are glued and cramped, and the plywood
sheets are glued to the framing under great pressure. Lock blocks are provided
as shown at B for the insertion of a mortice lock. An alternative form of hard-
wood edging to that at E is shown in the detail . The finished thickness of
both types of door is 45 mm.

(f) Panelled Door’ (see Figs. 46, 48, 49, 50 and 52).—A panelled door
consists of a framing or rim which is grooved on the inside edges to receive one
or more panels,

Types of Panelled Doors.—Several designs of panelled doors are shown
at A to H (inclusive), Fig. 46. The members of the frame not already mentioned
include the muntin, which, at ¢, is the short vertical piece between ‘the bottom
and middle rails. Note in every case: (1) the stiles are continlious from top
to bottom, (2) the top, bottom, middle and intermediate rails are joined to the
stiles and (3) the muntins are joined to the rails (sce later),

' An extended description is given'in Chap. 11, Vol ill.
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The nominal thickness of the framing may be 38, 44 or 50 mm, depending
upon (1) the size of the door, (2) the situation (external doors are usually thicker
than those fixed internally), (3) the type of lock to be used (a minimum thickness
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of 40 mm is necessary for mortice locks), (4) the thickness of the panels and (5)
the size of the panel mouldings.

The panels may be solid (as shown at J, r and v, Fig. 46) or they may consist
of laminated wood' such as plywood and laminboard (see N and A’, Fig. 46).
The minimum thickness of solid panels is. 17 mm (nominal), whereas that of
plywood consisting of three veneers (termed ** 3-ply ”’) is from § mm to 13 mm.

1A detailed description of the manufacture and uses of plywood and similar veneered
products is given in Vol. lII. Briefly, plywood consists of three or more thin sheets of
wood which have been carefully dried, glued, pressed and trimmed off. Columbian
pine, birch, oak and maple are some of the timbers used. Round logs are cut into from
15 to 2-5 m lengths, steamed, and subsequently each is placed horizontally into a machine
called a rotary wveneer cutter which grips it at the ends. The machine rotates the log
against the edge of a long knife which extends the full width of the machine and cuts
rhe timber into a corntinuous sheet. ’ )
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Treatment of Panels.—The finishes which may be applied to panels are many
and varied. The panels may be finished with simple or intricate mouidings,
or they may be léft plain without mouldings. Elaborate mouldings may harbour
dust and are difficult to keep clean. They may be expensive to produce, especi-
ally if mitred by hand (see later). As will be explained, most doors are now
machine-made, and in their manufacture it is the aim to eliminate as far as
possible labours performed by hand.

The following are the various panel finishes : —

Square.—No mouldings are provided, the etlges of the framing next to the
panels being left square (see j and &, Fig. 46, and p, Fig. 52); J shows the corner
slightly rounded by sand-papering and is called:% pencil-rounded.”” The panels
are known as square sunk or flat (see E, F and H, Fig. 46). Chamfered edges, as
shown at L and M, are an alternative. These finishes are much in evidence, and,
provided the panels are well proportioned, such simple treatment: has much to
commend it. ’

Solid or Stuck Moulding.—The mouldings are ““ stuck ’ (meaning *‘ worked *)
on the edges of the framing. Various examples are shown at L to Y (inclusive),
Fig. 46. Note that in most cases the width of each mould is equal to the depth
of the groove prepared to receive the panel (see the broken lines at r, s and v);
the operations of moulding and framing by machinery are simplified when this
is observed.

The joints at the angles of solid mouldings are scribed to give 45° mitres or
intersections. Scribing is the shaping of a moulding which is required to fit
againg§ a similar but continuous moulding. This is illustrated at ¢ and b,
Fig. 47, which shows a bottom (or intermediate) rail scribed to a stile. - The

latter has ar ovolo (or quadrant) mould worked on it for its entire length and "

the shoulders of the rail are hollowed out to fit accurately over the ovolo mould
on the stile. This is shown clearly on the plan at ¢ which indicates the shaped
end-of the rail separated from the stile; this results in a 45° mitre as shown at
p and . This mould and .the solid mouldings shown at L to U (inclusive),
Fig. 46, can be machine-scribed and are therefore comparatively inexpensive;
whereas those at v to ¥ (inclusive) can only be mitred by hand and are accord-
ingly expensive.

-Planted Moulding.—These are separate mouldings which are ** planted ”
round the panels adjacent to the framing. Examples of these are shown at
A, B/, ¢’ and D', Fig. 46. The mouldings are nailed to the framing and the
nails must not pass through the panels, otherwise the panels will crack owing to
the-internal stresses set up when the timber shrinks. It is important to allow
for the free movement of the panels (when the wood shrinks or expands) and
there should be a space of from 1-5 to 3 mm between each edge of the panel and
the groove; the clearance in each of the examples shown in Fig. 46 is 15 mm.
‘“ Panel pins " (see ¥, Fig. 66) are used for fixing these moulds, as the small
heads are inconspicuous and cause the minimum damage to the mouldings.

_the solid.

Planted moulds are formed with mitred joints at the angles (see A and B,
Fig. 47), each adjacent end of the moulding being cut at an.angle of 45°.

Planted mouldings which finish level with the face of the framing are called
Sflush mouldings (see v, Fig. 49). Those which project beyond the face of the
framing are -ealled bolection mouldings (see ¥', G’ and 1/, Fig. 46, p, Fig. 48, and
K, Fig. 50); these are usually rebated over the edges of the framing to cover any
shrinkage which may take place.

Occasionally. the panels are made with one face flush with the framing;
these dre termed flush panels (see c; Fig. 46). . A bead (see E') is usually formed
on the vertical edges of the panel to render less conspicuous-any openings which
may- occur if the panels shrink; these are called bead butt panels (c). If in
addition a similar bead 1s worked on the horizontal edges of the panel, such are
called dead flush panels.

Raised Panels.—The central portion of the panel is thicker than the edges or
margin. 'That at 1, Fig. 46, shows the panel chamfered from the edge of the
moulding to leave a flat or * fielded ” central portion; such is called a raised
and flat or raised and fielded panel. That at P, Fig. 48, is known as a raised,
sunk and fielded panel. Sometimes the edges of the sinking next to the central
flat-portion -are- moulded; - when' the-panel is-said to be raised, sunk and -moulded.
A raised and chamferéd panel, when.square, is chamfered from a central point
down to each edge of the moulding; when the panel is oblong, the chamfered
margins meet to form a ridge.

Sunk Moulding.—This is formed below the surface; the sinking is usually
continued to form a sunk panel and the portion of panel enclosed by the moulding
may. be below or flush with the outer margin. The panel is thus formed out of
Examples of panels zir')d';r;ouldings are shown in the elevations in Fig. 46.

Students are advised to cultivate the habit of dfawing details involving mouldings
to full scdle rather than make sketch details which are very frequently far too
small. They should realize that it is not always nccessary to show mouldings con-
sisting of many small members and fillets, for very often the simpler the mouldings
the better. In-this connection it-should bé pointed out that whilst mouldings of
hardwoods -ma} 5 . se-of softwoods should not, for they are
difficult and expensive to make and disappear when two or three coats of paint are
applied.

The construction of panelled doors will now be considered.

Single Panelied Door (sée Fig. 48).—This is suitable for the main entrance
to a house. The construction of the joints of the frame has heen described on
pp- 83-84. The outside edges of this frame may be pencil rounded by sand-
papering them, or they may be ovolo or ogee moulded and thus rendered less
liable to damage than if left square.

External doors are usually prepared with 50 mm (nominal)! thick framing,

! As previously mentioned, an allowance from the nominal sizes for dressed (finished-
or net or wrought) work must be made. The usual allowance for work which is given a

smooth finish {as for painted work) is 17 mm for each dressed surface plus 0:8 mm for
sandpapering each surface (see pp. 61 and 109).
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especially if they are fitted with mortice locks, although there is no constructional
reason why such doors of average size should exceed 38 mm in thickness if they
are fitted with rim locks. In the illustrated example the door is 50 mm thick on
account of the thick panel which is necessary because of its large size. Full
size details.must be drawn to the finished sizes. In accordance with the footnote
stated on p. 93 the usual total allowance for painted work is equivalent to § mm,
when both faces are dressed and sand papered. If great care is exercised in
dressing expensive hardwoods, the total loss when dressing both sides may be
reduced to 4 mm, and this allowance has been made in the details shown ‘in
Fig. 48.

The joints of the framing of the door may be either () morticed and tenoned
or (b) dowelled.

() Morticed and Tenoned Joints.—These are similar to the joints of the
framed, ledged, braced and battened door shown in Fig. 44, and are illustrated
at H and 1, Fig. 48. The width of each tenon is §8 mm. The grooves formed
along the inner edges of the framing to receive the panel are shown. The depth
of the grooves is usually made equal to the thickness of the panel, although it
should not be less than 13 mm (see P, Fig. 48, and the details in Fig. 46). ‘A

clearance of 3 mm is shown at P to allow for the free movement of the pane!
(see p. 93).

(b) Dowelled Joints.—Typical dowelled joints are shown at j and ™, Fig. 48;
that at J shows two dowels used to connect the top rail to the stile, and the detail
M shows the connection between the bottom rail and the stile where four dowels
are used. The dowels, which are machine-made, are of hardwood. Their
diameter should not be less than about one-third the thickness of the framing,
and a common size is 125 mm by 16 mm (see 0); they are placed at about 50 mm’
centres (see M). The ends of the rails are bored, glue is applied to the edges of.
the rails and the inside of the holes, and the glued dowels are inserted: the $tiles
are bored, the holes are glued, and projecting portions of the rail dowels are
inserted. The dowels are grooved (see 0) to increase the holding power of the
glue. Only well seasoned timber should be used if the joints are to be dowelled,
otherwise the shrinking and warping of unseasoncd timber may cause the dowels
to snap, followed by-the destruction of the joints.

This method of jointing is almost universally adopted for doors made by machinery
as it is a cheaper form than the mortice and tenon joint on account of the saving of
timber and labour which results.  Whilst there is still much prejudice against the
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dowelled joint it is being increasingly recognized that modern methods of production
have evolved a door, having dowelled joints, which is eminently satisfactory consider-
" ing its relative low cost. Drastic changes have taken place in the making of doors;

most imported doors and thousands of doors made daily by mass production methods

in this country have dowelled and not morticed and tenoned joints.

The door shown in Fig. 48 has a 22 mm (finished) thick raised, sunk and
fielded panel with bolection mouldings on both sides (see P); alternative
mouldings may be selected from Fig. 46. Whilst certain timbers, such as
mahogany, can be obtained of sufficient width to enable this wide panel to be
formed in one piece, it may be formed in two or three pieces carefully jointed
together.  .This jointing is done by shooting. the. edges of each piece to a true
plane so that the adjacent edges will make a good fit throtighout the length of
each piece; the edges are glued, fitted together, securely cramped until the
glue has set, when the panel is planed over to a smooth finish; this is called
jointing. Any panel exceeding 280 mm in width for an average good quality
internal door should be jointed in this manner.

Attention is drawn to the construction at the bottom of the door to prevent
the access of water (see Q). An oak (or similar hard wearing timber) sill or
threshold extends the full width of the door opening, well screwed to the floor
and bedded on mastic. The large groove on the inside serves to catch any
water which may have penetrated and which escapes down the two boreholes.
The top of this threshold is approximately on a level with that of a door mat
(assuming that 'a * mat well ”—which’'is notwrgcommended as it is difficult to
keep clean—has not been provided). There is therefore little danger of anyone
tripping over the threshold. Incidentally, small sills or projecting ‘weather-
bars are more dangerous-in. this respect than are deeper and wider sills. An
alternative method of weather exclusion is shown at R, Fig. 48, the wrought-
iron weather-bar being let into the dovetailed sinking and secured with molten
lead, run in hot and afterwards well caulked (consolidated with a blunt chisel);
this lead is covered flush with the top of the step with cement mortar so as to
exclude rain-water which may otherwise cause discoloration. The moulded
weather-board is tongued into the bottom rail as shown and should fit as tightly
as practicable between the door posts; this throws rain clear of the threshold.

Hardware.—The door wouldibe huiig with three 100 mm butt hinges as
described on p. go. It would be fitted. with a 75 mm four-lever upright mortice
lock with striking plate (seé 8, ¥ig. 484 This type of lock is necessary, for, owing
to the absence of a middle rail, the usual type of mortice lock (see H, Fig. 43)

would be too long, and the two handles should be of the lever type as shown, for ..

if knobs were used (as illustrated at X , Fig. 43), injury. to the hand may be caused
owing to their close proximity to the door post. 'The striking plate serves a
similar purpose for-a&amortice lock as does a staple for a rim lock, and is housed
and screwed to the fEbate of the post after two small mortices to receive the
ends of the bolts have been cut in the post. The projecting lug on the plate is
slighsly bent so that, when the bevelled latch bolt strikes it as the door is being

closed, the bolt will gradually be pressed in. This furniture may be obtained
in bronze, brass, chromium plated or oxidized silver metal, bakelite, etc.

A Cylinder Rim Night Latch with staple (see M, N, 0, P and Q, Fig. 52) would
be requiréd in addition to the above lock. This is one of many patent locks
which are on the market and the complete latch consists of a bronze cylinder
fitting N, the latch o, and the staple p; @ shows a section through the latch
attached to the door. The fitting N comprises a Separate circular rim with its
inner edge rebated to receive the circular face plate which is cast on the case
(see N and Q); the case contains the cylinder to which the spindle is attached
and this cylinder is caused to rotate within the case by'th'e action of a key. The
latch bolt may be operated from the outside by the key which is inserted in-the
cylinder to rotate both it and the spindle for the latter to cause the bolt mechan-
ism to function, or the bolt may be shot back from the staple by turning the knob
of th€ latch from the inside. The locking arm (see 0) is used when required
to permanently fix the bolt so that it cannot be operated by either the key or
the knob, and thus the bolt may be fixed in the staple to afford greater security
or it may be fixed when it is clear of the staple.

The directions for fixing. this cylinder latch are as follows : A 32 mm diameter
hole is bored through the door, the centre of the hole being 60 mm from the edge of the
door; the cylinder fitting N is passed through the hole from the outside, the back
plate (see Q) is screwed to the back of the door; two long screws are then passed
through holes in the back plate to secure the lug attached to the case; the end of the
spindle is passed through the bush of the latch 0, and the latter is screwed to the back
of the door. The staple is screwed to the edge of the door.

One pair of antique bronze flush bolts may also be provided (see s, Fig. 43)
These are not so conspicuous ‘as the barrel type, as the back plate is screwed
through the stile in a housing formed to bring the plate flush with the face of
the stile. The end of the bottom bolt slides into a metal socket (') let into the
floor or step, and the top bolt engages in a socket fitted into the head of the
frame. ‘

Sometimes a letter plate, preferably of antique bronze, is required (see k
and L, Fig. 52). The flap opens inwards and is suspended on a-horizontal rod
round one end of which is coiled a spring which forces the flap tightly against
the back of the plate. A mortice, approximately 150 mm long and 50 mm deep,
is made in the door with the horizontal edges splayed downwards (see L), and
the fitting, which entirely covers the hole, is secured to the door by means of
two screws which are threaded to stumps.

A door chain as described on p. 91 may be fixed. _

Door Casing or Linings.—Whilst external doors are hung to solid frames,
it is customary to fix internal doors to casings or linings which provide a siitable
finish to the openings. Casings are fixed cither to.(a) pallets; (b) plugs or (c)
grounds. g »

(@) Pallet preces or slips, 10 mm thick, are built into-the bed joints at the
jambs of the openings as shown at , Fig. 42, and D, Fig. 49, and at intervals as
described on p. 84. This method of fixing is very general, '
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(b) A cheaper and less satisfactory method is to plug the jambs. Wood
plugs (which should be of hardwood but are often made from pieces of floor
poards), shaped as shown at F, Fig. 49, are driven into holes formed in the mortar
joints; they are driven tightly up to their shoulders and would take the place
of the pallets shown at b, Fig. 49. The plugs indicated at b would be used for
the fixing of architraves (see p. 120).

. (¢) Grounds.—As implied, the purpose of these is to provide a groundwork
for the casings and architraves. This method of fixing is now only adopted in

_the best practice. The simplest form consists of 20 mm thick pieces of undressed

timber (when they are called rough grounds),} and are usually 75 mm wide,
although this depends upon the size of the architraves. They provide a con-
tinuous means of fixing for the casings such as is not afforded by plugs or pallets.
One edge is sometimes splayed to afford a key for the plaster (see 4, E, J, K, L
and N, Fig. 49). The jamb grounds are fixed in true alignment on each face of
the walls to plugs at intervals, and the head or soffit grounds are nailed to the
lintel (see a). They project about 20 mm beyond the jambs, depending upon
the size of the brick or stone opening and that of the door. In good work, the
head grounds are haunched tenoned and wedged to the jamb grounds (see p
and E). This preparation is all that is necessary for 102 mm walls; for thicker
walls, however, 50 mm wide by 20 mm or 25 mm thick short horizontal backing
pieces are fixed to the edges of the grounds (see a, c, x, L and N). These cross
pieces provide extra means of fixing the wider casings and, if the ends are dove-
tailed and fitted into notches formed in the grounds (sec A and E), they are
effective in preventing the grounds from expanding and twisting when they

absorb moisture from the plaster, which is applied subsequently to the walls. -

The backings are fixed near to the.top and bottom of the jambs and at about
6oo mm intervals.

There are three types of casings, t.e., (1) plain, (2) skeleton and (3) framed.

(1) Plain Casings.—These are usually prepared from 38 mm thick boards
and are suitable for openings in walls which do not exceed 215 mm thick. They
may be either single rebated (see b, G and H, Fig. 49, and # and x, Fig. 50)
or double rebated (see A and K, Fig. 49, and B, c and b, Fig. 52). Alternatively,
in cheap work, 2 13 mm or 16 mm thick stop is nailed to the casing, when the
thickness of the latter may then be Teduced to 25 mm (see J, Fig. 49). Double

“rebating a wide lining gives it a balanced appearance which is noticeable when
~ the door is open. The soffit casing is grooved or trenched to receive the tongues

formed on the jamb linings (see G, Fig. 49). This groove extends to the outer
edge when softwood is to be used and which would be painted, but if the linings
are of hardwood -and subsequently polished the groove in the soffit does not
: ' so Al house. the abbreviated tongue as shown by

thick broken lines
(2). Skeleton Cas

1 These are distinct frgm
(see M, Fig.-49). R

= :'-49).—This'type consists of a skeleton

proiinds which are used in conjunction with architraves

jamb and soffit framing comprising 75 mm by 32 mm stuff to which 13 or 16 mm
thick boards or stops are nailed to give the appearance of a double rebated lining.
The short rails of the framing are tenoned to the long members, and the latter
of the soffit framing are tenoned to the jamb framing (see B). The short rails
should coincide with the backings and be nailed to them after the long members
have been secured to the rough grounds; the stops are then nailed to the
framing. An alternative detail is shown at M to introduce a dressed or wrought ~
ground which requires only a small architrave, Skeleton linings for thick walls
are cheap and effective, although there is a danger of the wide stops splitting if
they shrink excessively, as movement is restricted when they are securely fixed
at their edges.

(3) Framed Casings (see c and N, Fig. 49).—This is the best form of lining
for openings in thick walls. It consists of panelled jamb and soffit frames, and
the construction conforms to the principles of panelled door construction.
The treatment of the panels should be in keeping with the design of the door.
;I.‘h'is casing is fixed to the grounds and backings as described for a skeleton
ining. . _

Casings secured to grounds are less liable to damage during the subsequent
building operations than those fixed to plugs or pallets, as they are not fixed to
the grounds until after the plastering has been completed.

Although internal dcrs are generally fixed to casings, there are certain
exceptions. Thus, heavy internal doors (such as the framed, ledged, braced
and battened type), as usc1 for warehouses, etc., are sometimes hung with
straps and gudgeon hooks fixed in jamb stones (see p. go), and the casings
are then dispensed with. Another exception is shown at ¥, Fig. 43, where 2
frame and not a casing is used. Internal coal-house, etc., doors are often fixed
to frames instead of casings. '

Two Panelled Door (see B, Fig. 46, and Fig. 50).—The construction of the
framing is similar to that described for the single panelled door with the
exception that provision has to be made for the middle or lock rail, so called as
the lock is usually secured to it. The height of this rail depends of course upon
the design, and whilst it was the invariable practice to make it at a convenient
height for the door handle (which is approximately 840 mm to the centre of the
rail), this height is now often departed from. The position of the middle rail in
the door shown at B, Fig. 46, is such as to give two panels of equal height, whilst
the centre of the lock rail of the door in Fig. 50 is 1°4 m from the floor. It will
be observed that, whilst the appearance of this latter door is satisfactory, the
position of the lock is not conveniently accessible for sma]l children. If.this
door is to be fitted with a rim lock, the middls rail will be formed with a single
tenon at each end when the rail is only 100 mm deep as shown, and with a pair
of single tenons at each end when the rail is 175 mm or widen. If however, a
mortice lock is to be used, the door is often 5o mm thick, and the ends of the
lock 358N be prepared as follows : If it is a narrow rail, the end to be fitted
%ﬁlanging " stile will be prepared with a single tenon and the opposite
2
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100 DOORS

end will have two tenons (to form what is called a twin tenon) which are cqual in
width to that of the rail less the depth of the panel grooves and-with a space
between them equal to the thickness of the lock; for a wider rail, the end secured
to the hanging stile will have a pair of single tenons (as shown at a, Fig. 52)
whilst the opposite or * striking "’ end may have four tenons, usually called a
pair of twin tenons (see Fig. 51), in order that the preparation for the lock will
not weaken the joint. - This latter figure shows the mortice lock in position. Note
that the combined thickness of the twin tenons equals one-third that of the rail.
Mortice locks are now available which are only 11 mm thick and they obviate
the necessity for using twin tenons unless, for some special reason, a large lock is
required. Another type of lock is triangular or wedge-shaped and necessitates for

its accomodation the removal of only a small portion of the tenon.

A mortice lock is llustrated at v and'1, Fig. 43, and its mechanism is described
on p.88. NoteThut the steel case is fixed to a steel fore-end to which is secured
a brass face plate by two set-screws,

It is necessary to keep the bottom of the door at least 13 mm clear of the Hoor
to c¢nable it to pass a carpet with underfelt. It is advisable to screw to the
floor a 10 mm thick hardwood slip with splayed or rounded edges in order to
minimise draughts (see j, Fig. 50). Alternatively the door may be hung with
a pair of 100 mm polished brass skew butt hinges (sometimes called lifting or
rising butt hinges) instead of the ordindry butt hinges (see z, Fig. 43). These
lifting hinges cause the door to rise 13 mm (and thus clear a mat or carpet) on
being opened on account of the helical knuckle jomnt. The top cd;_J(c of the door
and the rebate on the soffit of the casing must be splayed to permit of this
vertical movement.  These hinges are very conspicuous and are objected to for
this reason, although their appearance i1s somewhat improved if the knuckles
are provided with moulded ends. - :

A door stop is often used to prevent a door handle or projecting key from
damaging the plaster or a piece of furniture situated near to a door. This stop
may be entirely of rubber or a rubber pad in a bronze fitting (sec &, Fig. 52),
and it is screwed to the floor so as to restrict the swing of the door.

Four Panelled Door (see p, Fig. 46, and Fig. 52).—This introduces two
central members of the framing called muntins. Note that the stiles are con-
tinuous for the full height of the door, the rails are tenoned into the stiles, and
the muntins are stub tenoned into"the rails for about 50 mm (see A and £,%Fig.
52). The general construction follows very closely tha't already described. One
special advantage of this door is the narrow panels which are employed. These
can be obtained in one width, and therefore jointing (described on p. g6) is
eliminated.

Whilst a rim lock is shown at a and B, Fig. 52, the less conspicuous mortice
lock with knob or lever handle furniture may be preferred.

Finger Plates were often fixed to both sides of the stile of a panelled door
just above, (and sometimes below) the lock, but these are not now in {nuch
demand unless there is a likelihood of damage being caused to the paint#

Lo

varnish by finger marks. These can be obtained in various sizes in bronze,
oxidised silver, etc. (see J, Fig. 52).

Doors shown at ¢, &, F, G and H, Fig. 46.—A detailed description of these
doors 1s not necessary for their construction will be readily understood on
reference to the details shown in respect to the single, two and four panelled
doors. In every case the stiles are continuous, the rails are either tenoned or

dowelled to them and the muntins are S‘imilnrly secured to the rails.
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Manufacture of Panelled Doors.—Most doors are (@) manufactured
by machinery, some are (b) prepared principally by hand.

(a) Machine-made Doors.—Reference has been made on p. 96 to the enormous
number of doors which are machine made. Mass production has been responsible
for a large reduction in the cost of doors and this is the chief reason for their popu-
larity. In the manufacture of standard doors the whole of the operations of planing the
timber, reducing it to the correct widths, forming the joints, gluing ahd finally cramping
the members together are done by machinery. It is also employed to trim the door to the
size of the frame, form the lock mortice and screw the hinges to the door.

Many of these doors are dowel jointed, as shown at j and M, Fig 48, and the following
is a brief description of the operations involved in their manufacture : The timber is
sawn to suitable scantlings, artificially seasoned, taken to the planing machine where it is
surfaced on both sides and edges, sawing machines cut the door panels, stiles and rails
into correct widths, rails are bored glued and dowelled by a machine in orf® dperation,
stiles are bored by a machine, glue is squirted into the dowel holes in the stiles, rails with
their projecting dowels are fitted into the holes in the stiles after the panels have been
slipped into -the grooves and, finally, the assembled members are cramped together to

complete the door. ] :
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(b) Hand-made Doors.—Whilst machinery has eliminated most of the operations
which were formerly performed by hand, there is still a demand for doors and similar
framework which require a certain amount of hand preparation. This applies particu-
larly to the highest quality framed and panelled doors and those which are not of standard
size. ‘The operations involved are: (1) setting out, (2) forming mortices and tenons,
(3) gluing and wedging up and (4) cleaning off.

(1) Setting Out.—This is the reproduction on a board (called a setting out rod) of the
full size details of the door. :

For a framed piece, such as a door, the rod would be set out as shown at A, Fig. 53

which indicates full size vertical and horizontal sections of the four-panelled door, casing
etc. illustrated in Fig. 52. Alternatively, the vertical section, called the height rod, is set
out on one face of the board, and the horizontal section, called the width rod, is detailed
on the reverse. ’ :

The pieces of timber to be used for the various members should be carefully selected
to obviate waste during conversion. If machirery is not available, each piece is cut down
by means of a rip saw (see p. 125) and across the grain by a panel saw (see p. 125). The
stuff is then trued up. This is-done by first testing for * winding *’ or “ twist.” A pair
of winding strips (pieces of carefully dressed mahogany, 350 mm by 50 mm by 13 mm, with
parallel edges) is used for this purpose, one being placed at each end on top and at right
angles to the length of the timber when lying flat on the joiners’ bench. If these strips
are not parallel when sighting along their upper edges a jack plane (see 21, Fig. 6v) is

“applied until the highest parts are removed and the surface is perfectly true as proved by

the strips and a straight edge. A trying plane (see 26, Fig. 67) is then used to give a
smooth finish. The joiner pencils his characteristic murk, called a face side mark (see
and G, Fig. 53), on the face and this should always point towards the best edge. This
edge, called the face edge, is then dressed by a jack plane and subsequently by a trying
plane until it is straight, smooth and at right angles to the dressed face, a try square (E,
Fig. 53) being used to test for squareness. He pencils his face edge on this edge and
this may be a single stroke as a continuagjon of the face side mark (see F). Both face side
and face edge must be perfectly truembsequent gauging and setting out operations
are referred to them. A marking gauge (see 4, Fig 67) is now used to mark off the width
of the member, this mark being continuoy d to end and parallel to the face edge.
A plane is applied to dress down to the guage mark to form the back edge. The piece is
gauged to the required thickness and the back face is then planed to remove any excess of
woad down to the gauge mark. :

The whole of the members having been dressed in this manner are marked, the position
of the rails, depth of grooves, etey, being transferregh to them from the setting out rod a.
Thus, commericing with the stiles, bne is placed e heightrod and the postions of the
rails and 13 mm depth of panel groovés are pric on its face edge (see F, Fig. 53, which
shows the lines transferred from the rod). The mortices for the rail tenons are then set
out on the face edge of the stile. This and the second stile, together with the muntins, are
placed as shown at E, and aided by the try square, the shoulders (see j) are squared down.
The muntins are removed and squared all round for the shoulders which are to fit against

the edges of the rails. The mortice lines are set out on the face edge of the second stile
" as s_hpu??}‘ga Pr-and as indicated, some joiners emphasize the mortices by drawing blue

penciEl? ween the mortice lines. The mortice lines are squared gver to the back
edge of each; fle (see broken lines at F) and the positions of the 1o'mm.¢" "k wedges age,
marked on tBe back edge (see G). Note that the length of the stilés exe®.s slightly that
shown on the rod to protect the door during transportation. , - =™
The setting of the rails from the width rod (see A) is similar to that described for
stiles. The setting out for muntins, shoulders and haunches (or haunchings) on the top
il i - i arfiseshowrnrset out at L—the latter indicating the names

applied to the ¥rici < Wiues.” S
L =@ Forming—Morgcts and Ténons.—The stiles are now morticed. If a mortising

machine is not availdble, the mortices are made with a mortise chisel (see p. 126) and mallet
(see 23, Fig. 67). A mortise gauge (9, Fig. 67) is used to scribe or mark the mortices on
each edge of the stile, the points of the gauge being set to the width of the chisel which

_should equal one-third the thickness of the stuff. These mortices are always gauged -
from the face side of each stile. Each mortice is cut half-way through, commencing at the -

centre of the back edge and femoving the core by small cuts, and then the mortice is

£

‘the bar flange when the metal rod handle is rotated. An extension barmay b

DOORS

completed from the face edge in a similar manner; a paring chisel (35, Fig. 67) is used
to finish off. The 50 mm deep stub mortices are formed on the rails to receive the tenons at
the ends of the murtins.
. The en_ds of the rails are gauged from the face side as shown at 8, Fig. 53. The
enortice lines ” are rip sawn down to the *“ haunch lines,” the * waste * is removed, and
the * gauge lines ' are sawn down to the shoulder * lines ” (see ¢). The panel groove is
then formed by means of a plough (31, Fig. 67) on the face edge from end to end of each
stile, the top face edge of the bottom rail, both edges of the middle rail, the bottom or
face edge of the top rail and both edges of each muntin; the plough iron must be of the
proper size, be set at the correct depth (13 mm in this case), and the plough must always be
worked from the face side of.each member. The tenon checks (outer portions) are now
removed by, using the tenon saw- (13, Fig. 67) to carefully cut down the centre of the
shoulder liné? to complete the end as shown at D, Fig. 53. The tenons on the muntins
are.formed in a similar manner.

Aftew the corners of the ends of the tenons have been chiselled off so that they readily
engage in the mortices, the whole of the members are assembled temporarily to see if the
joints fit accurately, and the framing is put aside pending the preparation of the panels.

The panels are then made. The dimensions are taken from the rod or framing, one
face and edge are planed with the trying plane, and the face and edge marks are put on

.these. A panel gauge (see p. 125) is used to mark the required width, the panel is cut

along this line, and the ends are squared and cut to the exact size. The panel is now
mulleted or gauged; the mullet—a piece of wood grooved to the required size (see H,
Fig. 53)—is slipped along the edges of the panel to indicate any excessively thick places
which are eased by planing. The four panels are made in this manner, the sides are

'smoothed by a smoothing plane (see p. 126), glass paper is rubbed across the grain, and

the panels are inserted temporarily in the framing. :

(3) Gluing.and Wedging Up.—Two pieces of scantling are placed on the bench as
shown at J, Fig. 53. A cramp is necessary to ensure that the shoulders of the various
members fit tightly. >

One form of cramp, called a T-cramp, is shown at j. It co’;‘x;;{sq;ﬁbf,,g steel bar of -

T-section which is from 45 to 70 mm deep, 20 to 25 mm at its AangefR ™ est part, and
from 610 to 2130 mm long; it has a series of 13 mm diametar-Boles$ide#ts length into
which a 75 mm by 13 mm round steel taper peg is inserted ; ‘this pgg g attaghed by a chain
to a shoe, the jaws of which pass over the flange of the bar to endle tlig.shoe to slide
along it; at the other end of the bar there is a metal head which ¥ thréag _'é‘} ¥ allowy, the
working of a screw which has a rectangular plate at one end having jaws Which 2

cramp in order that it may be used for large framings. .
The door is taken to pieces and both sides of the tenons-and the insidé8
are glued; it is at once reassembled; the cramp is then used.” Commencia§Fat:
rail, the cramp is fixed in the position as shown at J; the shoe is slid along to the required
position, the peg is inserted in the appropriate hole, small protecting blocks of wood are
placed between the stiles and the shoe and screw cheeks, and the cramp is theén screwed-up
tightly_to bring the shoulders right up. The wedges.are.dipped into the glug-pet ard
tightly driven in at each end. The cramp is moved to the bottom rail (shown by broken

lines at ), tightentd up and w&dged as hgfore described, the bottom wedge being driven

first so as to. bring the slioulders of the ‘bottom rguntin tight up,agajpst the rails. The
cramp is finally moved to the thifd p®ition along the top ral, glued:¥@dges are inserted
and driven home, the top wedge at each end being fixed first $0 as t6 move the top rail to
close the joints between the top muntin and rails. The cramp is remoyed and the pro-
jecting ends of the rails are sawn off. : Lo

(4) Cleaning Off —Any superfluous glue is removed from. the joints.- B ‘
plane is appled on the muntins to bring them level with the railg@@d thelatter are Icvelled
to the face of the stiles, any inequalities at the shoulders beif oved. A smoothing
plane is then used, and. if necessary the surfaces are scraped befbre being glass papered.

e
Rryine

sthe face edges of the stiles, rails and muntins will be moulded
ns of the appropriate moulding plane (see p. 126) before

~the hand operations vary with the type. Thus, if the panels
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rail mouldings. If planted mouldings are required, they are formed by planes to the
— *B* SHOWS END OF RAIL MARKED 2 )i
. “CY SHOWS WASTE REMOVED. [/
2D SHOWS COMPLETED 7
TENONS, g 7

required section shown on the rod. Mouldings are planted in the following manner :
The ends of each piece are cut to a 45° mitre—a mitre block (see 51, Fig. 67) being used
PREPARATION OF TENONS
FOR BOTTOM RAIL

for this purpose; the two short lengths are placed in position and the two longer pieces
are “ sprung ”’ into place; the mouldings are nailed to the framing and the nail heads are
punched. Each panel is treated in this manner.?

The operation involved in framing the casing will be understood from the foregoing
description.

Cutting lists are prepared which give the reference number of the job, together with
the number, lengths and nominal and finished widths of the stiles, rails, etc., comprising
the door. These lists are availuble for the workmen responsible for setting out and
preparing the various members.

TIMBER WINDOWS

A window includes the frame and one or more sashes which are glazed.
The frame may have solid wood members or it may be constructed of com-
paratively thin pieces to form what is called a cased or boxed frame. The sashes
may be fixed or made to open. The latter, when associated with a solid frame,
may be attached by hinges to enable the sash to open either outwards or inwards
like a door, or it may be hinged at the lower edge to open inwards, or it may be
hung at the top edge to open outwards. Another type of sash is pivoted at the
centre to opén with the upper half swinging inwards, and another form Consists
of one or more sashes which slide horizontally. Sashes when made to open in a
cased frame slide vertically.

In order to provide sufficient ventilation the Building Regulations stipulate
that the minimum area of the openable part of a window or windows shall be one-
twentieth of the floor area of the room. The Regulations also require that some
part of the openable area shall be not less than 1750 mm above the floor. The
window area is frequently at least_equal ta one-quarter of the floor area and
most, if not all, of the sashes are made to open.

FACE - SIDE

SETTING OUT &
FOR MORTICES ON STILES

-
FACE EDGE G

PORTION OF SZILE sHowiNGR
SETTING OUT FOR MORTICESEH)
ON BACK EDGE

12 DiA HOLES AT 15 CENTRES

1 As previously mentioned, the extensive use of woodworking machinery has eliminated
most of the labours formerly done by hand, and even if standard machine-made doors
as described in p. 100 are not required, many of the operations detailed on pp. 102—106
would be performed by machines. Thus the stiles, rails and muntins would be cut into
lengths and widths by the circular saw; they would-be faced-and edged on a surface planer
v to-apd taker 18 a P@ ogn’width and ‘thickness on _a thicknessing machine; "the tenons

“{~would be formed Dy a temoming machine and the mortices by -a mortising machine; if
required, they would be solid moulded on the spindle moulding mnachine. Many of thesc
operation® caf®e done by a combined machine called a geneml’jéiner. ‘The panels would
bexfinished by a panel planer. Planted mouldings could bé prepared on the spindie
moulder. After being assembled and cramped, the door would be given a smooth finish
by a sand papering machine. ' i

Whilst some of these larger and more expensive machines are not available in the smaller
shops, there are comparatively few firms who have not a circular saw and mortising and
tenoning machines, and are thereby enabled to reduce some of the relatively costly hand
labours. : )

Various woodworking machines are described in Chap. I, Vol. I1].
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104 ~ WINDOWS

Those windows which are to receive extended treatment here are (a) solid

‘frames with vertically hung sashes which open outwards, and (b) cased frames
_ with vertical sliding sashes. There is also an introduction to mild steel window

frames.
(a) Windows with Sohd Frames and Vertically Hung Sashes Opening

. Outwards (see Figs. 54, 55, 56 and §7).—Sashes which are made to open like

a door are called casements, and the window is usually specified as a casement
window. It is adopted extensively.

Frame.—If the window has only one sash (see a, Fig. 54), the frame consists
of two vertical posts, stiles or jambs, a head and a wood sill. If it has two sashes
(see B, Fig. 54), the additional vertical member is called a mullion. If the frame
has a horizontal dividing member (called a transome) in addition to mullions,
the appearance resembles that shown in Fig. 22, except that the members
are of wood instead of stone. . '

Details A, B and c, Fig. 56, show typical joints of a window frame. Note
that the jamb is haunched tenoned at each end and the head and sill are morticed
to receive the tenons and wedges. The outer shoulder of the lower-end of the
jamb is scribed to the sill (see B and section EE &t ¢). These joints are sometimes
pinned as described for door frames. The frames may be fixed as described
on p. 84, the horns being removed if the frames are fixed after the walling
has been completed. The bedding and pomtmg of the frames must receive
spécial attention if they are not to be built in recesses. The head and jambs
are rebated, 13 to 16 mm deep, to receive the sash. The inside edge of the frame
may be square, pencil rounded, chamfered, ovolo-moulded, etc., as shown.
The capillary grooves are referred to on p. 107.

The sill is sunk-weathered to cast off rain-water. Special attention must be
paid to the bed joint between the wood sill and the stone or brick sill, as it is
particulatly vulnerable. Precautions taken to prevent the access of rain at this
point include (a) the provision of a metal water bar, (b) lead tucked into a groove
formed in the sill and continued as a covering to the brick sill, and (¢) a mortar

‘tongue formed in the groove of the sill. With reference to:

(@) A groove is formed in the brick sill (see @, Fig. 58) or stone sill (see L
and 0, Fig. 25, and Detail T, Fig. 54) and the 25 mm by 6 mm galvamzed -wrought
iron water (or *“ weather ") bar, which is the full length of the sill, is partialty—
inserted-and bedded in cement mortar. The groove in the wood sill is filled with
a mixture of white lead ground in linseed oil and the frame is firmly bedded on
the mortar spread to receive it with the projecting bar engaging in the groove.

() The brick sill is covered with lead (no. fors weight) which has be been
bossed (shaped) by the plumber. and the frame is- carefully pIaceé;arrrposmad
with the upturned portion of the lead fitting into the | groove ‘of the wood sill
(see D and E, Figs. 56 and 57); the efficiency of this joint is increased if white
lead mastic is spread along the edge of the lead before the frame is fitted. The
lead pl‘O_)CCtS 13 mm beyond the face of the wall and the outer edge is turned
under to give a double thickness which adds to its appearance, increases its

stiffness and makes it more effective in throwing the water clear of the face of
the wall.! A water bar, as described above, is sometimes used in addition to
t:e ll)ead the upturned edge of the lead being dressed over the upper edge of
the bar

(¢) This is adopted in cheap work and is not a reliable method (see o, Fig.
54); the groove may be rounded (see A and B, Fig. 16).

In a mullioned and transomed window the transome is the continuous
member and is tenoned into the jambs; the upper and lower mullions are
tenoned into the head and transome and the sill and transome respectively.

Scantlings of Frames.—Heads, jambs, mullions and transomes are generally
either 100 mm or 75 mm by 64 mm, 100 mm by 75 mm or 115 mm by 75 mm;
sills vary from 1co mm by 64 mm, 100 mm by 75 mm, 115 mm by 75 mm,
115 mm by 9o mm, 125 mm by 75 mm and 17§ mm by 75 mm. These sizes
may be exceeded for large frames.

For ordinary good-class work it is usual to specify redwood for the head,
jambs, mullions and transomes, and either oak, teak or pitch pine for the sill;
for first-class work the whole of the frame may be specified to be in oak or teak.

Sashes.—The members of a sash or casement are similar to those of a door,
i.e., two vertical stiles, a top rail and a bottom rail. In addition, a sash may be
divided by both horizontal and vertical bars or horizontal bars only. These
are called glazing bars or sash bars or astrdgals.

The construction of the sashes is illustrated at H, J and K, Fig. 56, which
show the top and bottom rails tenoned and wedged to the stiles. The pro-
ject\l;ing ends of the tenons and wedges are of course removed before the sash is
fixe

The joints between glazing bars are shown at M and N, F 1. 561 “THe scribed
joint at M shows the horizontal bar to be continuous and morticed to receive the
tenons formed on the ends of the vertical bars. The chamifered mould on the
latter is scribed to the moulding on the horizontal bar. This is the commonest
form of joint. The franked joint at N shows the continuous horizontal bar
morticed to receive the halved and haunched tenons worked on the vertical bars.
Another satisfactory method of jointing glazing bars is kalving and this is shown
-at M, Fig. 59.- All of these joints are glued immediately before assembly.

In both the scnbed and franked joints the continuous bars may be either hori-
zontal or vertical, depending upon circumstances. For casements, greater stiffness
to the sash is obtained if the short horizontal bars are made continuous and the lengths
of vertical member tenoned into them; for vertical sliding sashes (see later) it is
customary to make the vertical bars continuous; in the halved joint both horizontal
_and vertical bars are continuous.

— Ihgzends_of the bars aretenoned and scribed to the sash stiles or r'alls o
The sash is rebated for glazing; these rebates are from 16 mm to 20 mm wide
by approximately 6 mm deep. The glass is secured by either putty?® (see Eigs.

! If the frame is set back to form a 102-5 mm outer reveal, the incréased width of lead
should be secured by a lead dowel formed in the middle of the bnck of stone sill (see p. 152).
® Putty is whiting ground in raw linseed 011
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54 and 53, and D and F; Fig. 56) or small fillets called glazing l?eads (see E and G, IC ASEMENT WINDOW DET A I LS

Fig. 56). Note that the rebates for the glass are on the outside when putty is
[*215 CAVITY WALL
/é é é é é//-&nmo&cm CONCRETE
. 8007 LINTEL\

used and are on the inside! when beads are adopted. The glass is usually sheet
glass® and is speciﬁed by its thickness; Z.e., 2, 3, 4, §, 5'5 and 6 mm. Glass for

small panes is usually 2 or 3 mm thlck Polished plate glass® is sometimes
used for glazing windows in first class work, the usual thickness is 6 mm al-
though thicknesses up to 38 mm arg also available. Small metal sprigs (which
are without heads) are driven in as shown in the various details to temporarily e e o e e e
retain the glass in position until the putty is set. Glazing heads should be secured
by small screws—* cups and screws ” (see J and R, Fig. 58, and o, Fig. 66)—
-rather than nails to allow for ready removal when broken.panes have to be |
replaced. The glass should be well bedded in putty before the beads are fixed .
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to prevent the entrance of water. . T ) ALTERNATE L 10x58 HEAD.
Scantlings of Sashes.—These vary with the size of sash. Small sashes may-' | enr I%/:Le.i‘mms B ' T 45w45 TOP RAIL

be 38 mm (nominal) thick, average sized sashes should be 44 mm thick and large oLAss

sashes may be 50 mm thick. The stiles and top rails are generally 50 mm wide 5 E T A L i

with deeper (63 to go mm) bottom rails to give added strength and an improved ST —

‘appearance. The glazing bars are equal to the thickness of the frame and are DRIP_MOULD L s0TT0M RAIL

out of 25 or 32 mm thick stuff, the latter being reduced to 25 mm finished
thickness unless the sheets of glass are large.

The bottom of the inside of the opening is shown finished with a 25 or 38 mm
(nominal) thick window board. This is tongued into the wood sill (to’ prevent
any open joint showing when the board shrinks). To prevent it casting or
twisting, it is secured to plugs driven into the vertical joints of the wall or
nailed to 38 mm thick bearers plugged to the top of the wall. Tiles may be
used instead of a wood window board to form an internal sill; these may be
white or coloured glazed tiles (about 10 mm thick) or they may be square quarry
tiles (about 25 mm thick) bedded on cement (see ¥, Fig: 16).
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The following items, not already referred to, should be considered in con~
nection with Figs. 54 and 56. The panes of glass are comparatively small
and the design is particularly suited for houses as the small sheets conform in
scale. A satisfactory proportion of pane is obtained if its height approximates
to the length ,.of the hypotenuse of a rxght-angleczi triangle having both sides 1 7. e on o
equal to the width (see T, Fig. 58). A reasonable size is 280 mm high by 190 to F . /
200 min wide and has been adopted in the elevations A and B, Fig. 54. The ver- iy :
tical bars may be omitted to emphasize the effect of horizontality. The windows
at A and B are not built into recesses such as are shown at E, Fig. 8. Thisis a
weakness. for, unless great care is taken in the bedding and pointing of the

MASTIC POINTING £:2%

! Beads are placed outside when double glazing ufiits are used (see F, Fig. 55).
2 Briefly, sheet glass is produced by fusing a mixture of sand, silicates of soda and lime,

“INSULIGHT”
DOUBLE GLAZING 45%45 STILE

etc. The materials are melted in a furnace where, at one end, the molted glass is drawn
up a tower and cut to size (see Chap. IV, Vol. IV)
3 Polished plate glass is formed by casting the molten material on to a metal table, . /
rolling it to a uniform thickness, and subsequently grmdmg and polishing it smooth by D EA T A 1 L ”—‘;T_*, T -~ Zan
machinery. It is also produced direct by the “ float *’ process. Dt AL J
SCALE FOK DETAILS ) L1y

L FIGURE 55
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frame, water may gain entrance between it and the wall. The reason why the
frame is shown in a square jamb is on account of the improved appearance which
results when the maximum amount of the frame_is exposed. Sounder con-
struction is shown in Fig. 55 and also by broken lines at F, Fig. 8. The frame
"is checked to receive the plaster (see ¥, Fig. 54) or a cover mould, such as is
shown at H, Fig. 54, rmay be provided to hide any shrinkage cracks which appear.

Notice particularly the small graoves in the rebate of the frame and in the
rails and stiles. These are capable of arresting water which would otherwise
proceed by capillarity between the sash and the frame to the inside.

The frame shown at b and F, Fig. 56, is wider than those shown in Fig. 54,
and this makes it possible for the sash to be set farther back and the underside
of the head to be throated;
in causing the rain to drop clear of the top rail.

The alternative details shown at E and G, Fig. 56, have been proved to result
in an excellent weather resisting window. One of the disadvantages of case-
ment windows is the expansion of the wood which may take place to cause the
sashes to ** jam " or * bind.” When this occurs, the sashes are “ eased " (the
edges being planed to remove the excess timber) and there is a likelihood
of rain and wind cntering the enlarged clearance when the timber shrinks sub-
sequently. Details E and G obviate these defects; the cover fillet which is
screwed to the sash overlaps the frame 13 mm and enables a 6 mm clearance to
be provided which is an adequate allowance for any expansion of the timber
that may occur; in addition, the fillets are effective in excluding rain and wind.
The throated hood or drip fillet, tongued to the head, atfords ‘an ad_ditional
protection. The sashes may be made thicker and shaped to include the fillet,
and the head of the frame may be made larger so that the hood may be formed
out of the solid.

The details shown in Fig. 55 are also recommended for adoption in buildings
which are exposed to severe weather conditions. That at D shows a rebated
jamb which gives a 20 mm cover to the frame.- The window has a large fixed

) /_’pane consisting of a double glazed unit (two sheets of glass separated by a

+ Seale -a side-hung opening sash and a smaller top-hung one.
Double gla/mg'i‘}educes heat losses from the room. The sashes are llpECd to
give effective weather protection. The use of d.p.c.’s where the cavity is bridged
should be noted at B, D and E.

Some of the window boards are shown finished with bed moulds which
_ are returned at the ends. These moulds are usually nailed to plugs and to the
window boards after the latter have been secured. Large moulds are fixed to
splayed grounds which are plugged to the wall (see R, Fig. 58). The internal
soffits and jambs of the openings are shown plastered. These are called pla‘stered
linings, and as plaster is easily damaged at the edges a satisfactory finish is
provided when a comparatively hard material, such as Keene's cement, is used
to form the arrises. A Keene’s cement arris is at least 50 mm wide in each™
direction, and narrow linings may be entirely covered with this cement instead

excepting in heavy storms,«this throat is effective

~1~and is obtained in shtrardlzed 1ron bron
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of plaster (see C, D and K, Fig. 54, and p. 32). Wood angle beads (see L and m,
Fig. 63) or galvanized steel beads are often used instead of cement arrises (see
pPp. 122-123).

- The brick lintel is shown at B and N, Fig. 54 supported on a mild steel
angle. This is not often used for a single or double light window, where the
span is relatively small and the brick head is usually built directly on the head
of the frame, but such support (or the alternative forms shown in Fig. 12)
complies with the pnncnples of sound construction and must always be applied
to wide windows.

The helght of \\indows above floor level should be given consideration.
That shown in section ¢, Fig. 54, is satisfactory for a house. Upper-floor win-
dows of the cottage type should be as near to the eaves as possible, and a satis-
factory treatment at the head is shown at A, Fig. 71.

Hardware.—T'his for casements consists of hlng_\cs fasteners and stays.
Fig. 57 shows the application of these.

Hinges.—QOrdinary butt hinges (a pair to each sash) are used, but these are
not entirely satisfactory as the.y‘arc apt to, be wrenched off and, when fixed to
upper floor windows, difficulty is experienced in cleamng the external face of
the glass from the inside. A big improvement upon the butt hinge for hanging
casements is the extension or cleaning hinge which is illustrated in Fig. 57; the
upper fitting is shown at A and the lower hinge is shown at 8. As shown in the
plan, the sash can be opened to give a clearance of from 100 to 125 mm between |
it and the frame, which is sufficient to enable the outside of the window to be
cleaned from the inside (see also isometric sketch). The vertical edge of the

free stile and the adjacent rebate on the jamb should he slightly splayéd to

permit of the opemng of the casement. These hinges_are made of steel or
wrought iron which is sherardized, a process of rendering the metal rust proof
by the application of a powdered zinc.

Casement Fasteners (see ¢ and sketch).—The plate 1o which the pivoted handle
is attached is screwed to the inside face of the free stile and the projecting point
of the handle (w hen the sash 1s,gol‘osed) erglng a slottul plate wluch 1s screwed

- to the:framé-neartothershiise S higy % S

#fd aluminium alloy

Casement Stay (see D, plan and sketch).—This form is called a peg slay and
consists of a bar, holed at about 50 mm centres, which is pivoted to a small plate
that is screwed to the inside face of the bottom rail; there is in addition a peg
' 4 ed. to tbe. top of__the woad sil). "As i _As is implied, the

3¢S maintain the sash when in the open posmon "and this it
This ﬁttmg is made of

objeet of iheYe
does when the peg is engaged in one of the holes.
sherardized iron, bronze, etc.

Fixed Sashes or Dead Lights.—One of the sashes at B, Fig. 54, is specificd
| ™0 be fixed. Such sashes should be well bedded in lead mastic and screwed to

- the frame.

t-ﬁ p‘ﬁr 7a5ten€r ,.‘,;_—_'A



vt WINDOW DETAILS

4 TP TIIA A S LYVt 80 « 44 STILE OF SASH ./ TENO
-~ L-.V 102 ARCH G LINTEL == t« I L 7 (01 Krcn 22 x4 - /
] LUMLLLLELY st 4 MORTICE
RCONTEL] d-n PLASTER ——} —— TMASTIC
L
B PLASTER " I 19 COVER MOULD ——NA= j— 36 % 19 HOOD FILLET 5048
|00%75 HEAD ¢ N L 10075 HEAD OF FRAME 1A 1o AL
MORTICE ALTERNATIVE < | 4410 COVER FILLET JOINT BETTWE;&% STILE ¢
OP RAIL
R % —bum CLEARANCE BETWEEN
s Y B e 2
. L
25 CAVETTO COVER / SE : 50%44 STILE OF SASH
. i e .
100275 (NOMINAL) OR / SPRIG s REW MORTICE b5 44 BOTY
€95 JOFINISHED L. p: — GLAS ) RA
HEAD OF FRAME | ] pUTTY :
5044 (5% 59) = 12x8 | GLAZING BEAD
| TOP RAIL OF SASH " ; 50% 44 TOP RAIL OF SASH
: 44%32 [39727) ALTERNATIV | 44x32 (39x27) J i
; SaGING o DETAIL 'S’ GLAZING BAR JOINT X
100xT5 JAMB  GLASSI—_| SEE FIG. 54 BETWEEN STILE \\i/’
END OF TENON BOTTOM RAIL
100x5 JAMB -~ ;;cuss -
b3 %44{57%39) . 1 CLAZING BEAD
8OTTOM MI)L\\ ALTERNATIVE w4 1 H-50%44 BOTTOM RAIL
100x75 (95 % 10, et 1 .
OAK OK TEAK SILL ™~ DETALL 'T* SR SCREW 50~44 STILE ELEVATION
32(27) WINDOW BOA . QR SEE FIG 54 T T 44710 COVERFILLET  p section o
HAUNCHED TENON ‘ 3 b CLEARANCE BETWEEN ~~5ohu e K
! v 25(20) WINDOW BOARD Q SASH & sttt bisc) T
R \w - | i - - b—100x75 OAK SILL t
L N \\\\\ A, —*'2 / “I571  NYS LEAD COVERING &,
i g TP r T % R 3 < PROJECTING Aa¥ BEYGHD
B 5 CAVETTO / / A : - TITED BRICK SILL
EEB MOULO

NOS LEAD

4, MRS 3 AL
’ / MRS NN SiLL PROJECTS SEAE
Aw_, MORTICE PLASTER ——fem N \\\\\\ N N Hopu AT TOD
. / N A NN NN //'\ Y - I 1 407
~ 4 1 &4 A c- BRICK St B l GLAZING
VERT I CAL 6ECT]| ON 7 RN Iy $/J' TBARY
"] GROOVE FOI SR e L 2 : L N ‘
/B —WINDOW .| COVER mMouLD / N R S
- B s0ARD v $8%44 STILE F 7 APYEN schiseo L“PLA:! T !
Y THF8mT5 s -E ’°f”‘75 "“‘MW : 7/ / kg PR ' [ i T _J
BETWEEN N Yo7 FGROOVE FOR WATER ' . \\ R VS R rot i 1
JAMB & SILL b/~ HROATING BAR o / = t ] N
\ N /7 ¢ SR
VERT I C AL SECT I ON
HOOXTS HEAD GLASS y e s&e ;TGLS?‘; .
, ' Z ' PLASTER I00%75 JAMB G N A4 !
\ . COVER MOULD / ”ﬂ\EOUAL SECTION LL SCRIBED JOINT i
) S | - : e N v
o ™ M~ PUTTY / 7 N \ 50%44 STIL ' ' N Eﬁ:ﬂ iﬁjof sdl {
L \ 77 \ NN F . .
! C SECTION \ BUYY HINGE O / / N \\\ GLAZING BEAD 1o O SRS I £ !
ELEVATION - OF MASTIC EXTENSION MINGE 6## CLEARANCE 7 | scaipep - !
100x 15 JAMB e BETWEEN STILE 77 N\ 1o GLAZING BARS ;
12 ~ 95 LEAD COVERING & FRAME RN - By i
bLAN OF A s CHAMFER - TS MAUNCHED TENON ;
125575 SiLi |
. QOF .

TYPES “D" & "E"—mmrd

§ ——FRANKED JOINT

NOTE THE CONTINUOUS BARS
HAUNCHE l [ ARE SOMETIMES VERTICAL WHEK

SCALE FOR ABC.HJ LK ™ CREW TENON THE HORIZONTAL BARS ARE
-_100o] 260 °0 i TENONED € SCRIBED TO THEM
e = ““"I‘:Ji 34%10 COVER FILLEY I
- - = N 1oo,
CATE FOR DETATLS oo 1 _._.:r_.vo _EDGE 0F prick suy '
e [—12 ~~LEAD COVERING

FIGURE 56




H| | | WINDOWS | - 109
o - '
N 5 - It is a common practice to dispense with a casement for a fixed light and to fix
TILE COURSES; THE N | SKETCH the glass directly to the frame; the mullion, jamb, head and sill being rebated for this
o COURSE 15 i ¥ SHOWING THE purpose. In an elevation such as B, Fig. 54, this would spoil the appearance of
FLUSH & THE OTHER | 1 APPLICATION the window, as the * sight lines ** of the top and bottom rails of the casement would
TWO PROJECT 20mn g PAIR O not “line through >’ with the top and bottom sight lines of the fixed light, the upper
) OF A F and lower panes of the fixed lights would be higher than the intermediates and, in
& 3»\\] S EX'IE;E‘?ON_ addition, the sheets would be wider than those in the hinged sash.
H TO A L : ' . .
» . ' CASEMENT Windows with Solid Frames and Casements Opening Inwards.—As it
ass WINDOW is almost impossible to make this window weather proof, its adoption is not
: ‘ _recommended, and for this reason a detailed description of it is not given. The
Y1om E Jia fran ":7'-; tebated on the inside to receive the sashes which swing inwards. The
» interference with curtains, etc. caused when the sashes are open provides an
¢ -addiional objection.

.. : (b) Window with Cased or Boxed Frame and Vertical Sliding Sashes
" {sce Figs. 58" and 59).—This window has a pair of sashes, both of which should
" be made to open for the purposes of ventilation and to facilitate cleaning. The
sashes slide vertically within shallow recesses formed-in the frame which is
built~up with comparatively thin members. A pair of metal weéights contained
within the frame is connected to each sash by means of cords or chains after
being passed over pulleys fixed to the frame. Without the weights, the upper.
sash when lowered and the bottom sash when raised would of course drop to
the bottom immediately the sashes were released.?2 A satisfactory appearance
is obtained if the sashes are divided into panes? of the proportion shown at T,
Fig. 58, and if the window is three or four panes wide and four panes high
(see A). Both sashes are usually equal in size, although it is sometimes desirable
to increase the height of the window when the upper and lower sashes may be
two and three panes high respectively. -

Frame.—This consists of two vertical jambs, a-head and a sill.

A jamb (see N and s, Fig. 58) comprises an inner or inside lining, an outer
or outside lining, a pulley stile (so called because the pulleys are screwed to them),
and a back Iining (often omitted in cheap work); in addition, a thin piece of
wood, called a parting SLIP or mid-feather, is used to separate the two weights,
a small parting BEAD is provided to separate the two sashes, and an inner bead
(sometimes called a staff bead, fixing bead or guard bead) is fixed to complete the
shallow recess for the inner or lower sash. '

The head (see x and 0) consists of.an inner and an outer lining, a head or
soffit lining, an inner bead and a parting bead, although the latter is sometimes
omitted. :

The solid sill, with staff bead, completes the frame.

SCREWED
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! Fig. 58 is arranged to provide an example of a typical homewprk sheet (see p. 163).
The half full size details before reproduction, were drawn to the finished sizes (see pp. 61,
94, 105 and 111). ) ‘ )

¢ A fitting consisting. of a coiled®spring and called a sask balance may be used instead
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CASEMENT _g” | _CASEMENT/ PE STAV\ 3 Windows in large stone buildings of the commetcial or factory type especially may

: /‘ o - ] consist of sashes which are not divided by glazing bars into relatively small panes but
FINE .

-
< D TO T30 T0 910 each sash is glazed with a single sheet.
OF SASH D, en pwrs—dy
YT CASEMENT FASTENER SCREWED TO SiLL

~
. SCALE FOR JKONMOMG'ERy e

Ficure 57

mprrm et



110
2 MMOIN“ . . EDGE OF PAPER.
»JL_ COLLEGE OF TECHNOLOGY MANCHESTER BUILDING CONSTRUCTION | | 20 [}
—y[ - - \ - TT7 L
2 TR —— o2—]WINDOW witH CASED FRAMES |
iJfo. “EINFQRCED™ CCNCRETE LINTEL= e P 6 SL D G SHES i Y
1, TEGRCED, CONCRETE LINTEL - IDING SA g 8 e
NAIL OR WEDGE A& ___ N AR __&___n__ At B M. % l R
4 TO SUSPEND " N I | | 1 X 1 ¥ b el el
16 PLASTERIIS. &""RT'NG Sup STONE READ | [ S [ GUIRKED BEAD IN
h V4 4 BLOCKS ‘ - % KEENE'S CEMENT
25xIp COVER MOULD 1) ) - V . 1 38%22 COVER MOULD'
25 (20) INNERUNING T == 7 X X OUTER LINING
32427 so;:lm umsing H \x\ N ZA masTic %: —x N INNER LINING O
25x16 INNER BEAD I—RY % CHAMFER ; X § T2 soerit Lining
1210 PARTING BEAD —1 25 {20V OUTER LINING s E] 2247, ner semd
TOP : — | v
AL g(ﬁ;i?)snn [2] K 1 9 . 9 2y =N J122 <10 PARTING BEAQ
[ Houasst DETAIL *F* i N 8 50054: TOP RAIL — 11
; : AL e
1 L —puTTY ! : ani - e =
NN Rk ==gy il
38 (35) MEETING gmlu Q2 [Z0MCLEN € [_ ;L C X - Cm ] 38 MEETING RAILS P
_ cup & screw —F
"__ll 1”-. DETAIL 'E a G DETAIL '“*
. “C'MSW— | {}—sPRIG p— . DETAIL *D° mTT
RRETE R eatol 771 8 - T5w44 BOTIOM RAE-
d f 0 r 3 55%22 SILL 2EAD
286 INNER BEA DETALL 'O - - e
150%75 (145%10) r 115515 OAK Siii
OAK SILLIS } ,.\ -
3«%{ YO SASHES HAY O (
32{27) WINDS. i
L phiid o B

VERT I CAL

SEC

TION

800

o 7 # 7 :/’/ 3
/ i /iﬁ%{

7 %?l\ﬁ:ﬁ\?bj\"l—reﬁ N C PLAN R VERTICAL 32 PULLEY STILE
7 € ST iRON WEIGHT FOR LOWER SASH _ o iLEESMTTIJE ?or:{;- 25 INNER LINING ), CORD
g | [ 7 PARTING 5LIP | METHOD 10 DETERMINE AV | 1 SHOWING SGUARE JAMBS | INNER BEAD R by,
xSy 16 BEAD || 2 CLEARANCE PANES OF GLASS OF ~. | AB EQUALS WIDTH B'C! B B Ly SET X
- SATISFACTORY PROPORTION | ™\ | HEIGHT D'8' EQUALS A'C! RNAL o
50 32 (27) PUILLEY STLE_ A 50x44(39) STILE - , ; FACE OF WALL 4/,/%,
Ry N 7 A TOF LOWER SASH B < 2N
Ly 7 - A4x25 GLAZING BAR Nz
o 2% 3mm GLASS NOTE' IN THE HALF FULL SIZE DETAILS THE MEMBERS HAVE BEEN 10 oax £ S
S | i DRAWN TO THE "FINISHED® DIMENSIONS & THESE ARE S LESS p N ———— }PARTING BEAD
ez N\ A e T S 10 PARTING BEAD THAN THE *NOMINAL® SIZES. FULL SIZE DETAILS ARE DRAWN THUS ALTERNATITE A st 1 PARTING SUIP
foxo : i1 1.1 WEIGHT FOR . ST j M :
® j = kg radmay UPPER SASH CLLWEIGHTS 48
- I ST pack LINING THE SCALE MUST ALWAYS BE INDICATED ON THE DRAWING. THIS 150uTER PR =
~ [ A L. = MAY/ BE SHOWN THUS - ' LINING 75
i i 25 OUTER LINING N 10 BACK LINING R
rev——— | 7 LEAD OR FELT. CORD \ S
50 DETAILS *G* & *H P LAN
. ; e Smm HIGH LETTERING FOR DESCRIPTION
ATERNATIVELY, THE SHEET MAY CONSIST OF "A?"B° &°C* Wi T vy p 1 C A L H © M E W O R kK s T
DETAILS *J° & "N° ON THE LEFT & RIGHT RESPECTIVELY H E E SHOULD BE BETWEEN GUIDE LINES
. - Ficure 58




Rz A, o ALE I

Vol T

VERTICAL SASH WINDOWS II1

As shown at N and s, the inner and outer linings are each ploughed with a
10'min square groove to receive the tongues formed on the pulley stile; the outer
lining pro;ects 13 to 16 mm beyond the face of the stile, and the edge of the inner
lining is flush with the face of the stile. The upper end of the pulley stile is
either housed or tongued to the soffit lining and its bottom end is housed and
wedged to the wood sill (see A, B, D, E and L, Fig. 59). As shown at a and B,
the lower end of the stile is about 6 mm below the outer edge of the weathering
of the sill, and as indicated at L, the wedge is driven in from the inside between
the stile and the vertical cut of the housing, and this wedge is securely nailed
to the stile. The inner and outer jamb linings extend the full height of the frame
(see B), the inner and outer head linings butt against the jamb linings at x and ¥
(see D), and as shown at B and E, the oak sill is cut back at each side to receive
the lower ends of the inner and outer jamb linings which are nailed to the sill,
pulley stile throughout its length, soffit linings along the tongued and grooved
joints and at the butt joints X and Y.

The parting slip extends to within 100 mm (approximately) of the top of the
sill and is suspended from the soffit lining. A slot is formed in the latter, the
slip is passed through it and either a nail or wood wedge is driven through it
as shown at K and o, Fig. 58, and 4, B and b, Fig. 59. The centre line of the
parting slip coincides with that of the parting bead.

The back lining extends from the soffit lining to the upper surface of the
sill and is_ nailed to the jamb linings (see A and ¢, Fig. 59, and N, Fig. 58);
occasionally one edge is housed into the jamb lining as shown at s, Fig. 58.
As shown at N, Fig. 58, the clear space between the pulley stile and the back
lining must be 5o mm as the diameter of the weights is usually 38 mm.

~As the equivalent to'a back lining is not provided at the head, the necessary
stiffness is imparted by the use of 75 or 100 mm long triangular blocks spaced
along the_internal angles between the soffit lining and the inner and outer
linings at intervals of from 75 to 150 mm, with one placed across each butt joint
between the jamb and soffit linings (see k and o, Fig. 58, and 4 and D, Fig. 59).
These blocks are glued to the linings. ‘

The inner bead is fixed all round the frame. This bead covers the joint
between the inner linihg and pulley stile or soffit lining (see K and N, Fig. 58);
these beads are often rebated in good work as shown at ¢ and s; they are

moulded as required and the ends of each length are mitred. A slightly wider -

and bevelled inner or staff bead is fixed to the sill; the bottom rail of the sash is
also bevelled to ensure a reasonably tight fit which prevents the sashes from
rattling (see M). Alternatively, a deeper sill bead (see Q) is recommended.
This allows the lower sash to be raised sever¢al millimetres to permxt air to enter
between the meetmg rails of the sashes (seg %r); this incoming air is deflected
upwards to minimize draughts and the latfef are not caused at sill level. This is
sometimes called a wentilating piece or draught bead. Inner beads should be
fixed with brass cups and screws (see 0, Fig. 66) to permit of their ready removal
when required, although they are more often just bradded (nailed).

The parting bead is fitted tightly into a 10 mm square groove ploughed in the
stile and nailed. The details show a similar bead at the soffit, although this is
often omitted in common work; when provided. it assists in excluding rain and
draughts.

Access for Weights.—Provision must be made in each pulley stile for fixing
weights; such is called a pocket and is situated just below the meeting rails
of the sashes and extends te about 150 mm above the sill. Two forms of pockets
are shown afa -.Q; 2 and X, Fig. 59.

Stde Pocket.—The sketch at F shows this type which is indicated at A and B.
The plan shows the width to extend from the back of the inner lining to the
groove for the parting bead which it includes; it is about 380 mm long for
average sized sashes and must be at least equal to the length of the weights; the
bottom end of the pocket Is bevelléd at 60° and the top end is V-shaped and
bevelled at 60° in both directions.! The pocket-piece is secured to the stile by a
screw at the bottom end in addition to the parting bead which is fixed subse-
quently. The lower sash and parting bead completely cover this pocket and

therefore any damage caused when the piece is vemoved for sash cord-renewals’

is effectively concealed. o

Central Pocket.—This is a.less satisfactory form and is shown at x; it has
a rebated joint at the bottom end and a rebated and bevelled joint at the top.
This is not such a good type as that shown at F as the outer vertical joint and
portions of the horizontal cuts are exposed and any damage caused to them on
removal is conspicuous.

Sills.—The several forms of sills should be noted; that at , Fig. 58 is wider
than the sill at M to allow the cover mould to finish on it. The water bar at q

is shown at the centre of the sill; it is often fixed with the outside of the groove-

in line with the back of the outer lining so that the bar will arrest any water before
it has travelled more than 25 mm.

Scantlings of Frame.—As the weight of the sashes is transmitted directly to
the pulley stiles, it is customary to prepare the stiles out of thicker stuff than
that for the linings. The nominal thickness of pulley stiles and soffit linings is
either 25 or 32 mm, and that of inner and outer linings is either 20 or 25 mm.
The sizes of the various members are figured upon the drawings.

Attention is drawn to the note in Fig. 58 which states that the details have been
drawn to the finished dimensions, and that these are 5 mm less than the nominal
sizes. It should be noted however that the members of the frame are often only
planed on their exposed faces and thus the loss in dressing is reduced to 2'5 mm; the
back lining is usually just dressed along its edges.

- Sashes.—It will be seen on reference to Figs. 58 and 59 that the upper sash
slides in the recess formed in the frame by the pulley stile, outer lining and

! The cuts made to form these bevels are made by the pocket chisel (see p. 126); the
V-shaped top end is formed by making a second cut, and the small triangular piece which
is removed is glued and nailed to the back of the stile (see Section xx) to form an abutment
(cleat) for the pocket-pigce.

y
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parting bead, and that the lower sash is accommodated in the recess formed by
the pulley stile, inner bead and parting bead. Each sash consists of two stiles,
a top rail and a bottom rail, but as the bottom rail of the upper sash meets the
top rail of the lower sash when the window is closed, these two members are
called meeting rails. A minimum clearance of 0:8 mm should be allowed all
round the sashes to permit of easy movement, and this is often increased to
1-6 mm when the window is to be painted.

Joint between Stile and Top Rail of Upper Sash (see u, Fig. 56, and R, Fig. 59).
—The detail at H is usually adopted. The alternatlve detail at R shows the
top rail haunched tenoned (like 2 door) at each end and each stile suitably
morticed to receive the tenon and wedges. Glued wedges (waterproof glue

‘being used) and a hardwood pin or dowel complete the joint. The methods of

securing the sash cord are described on pp. 113 and 115.

Joint between Stile and Meeting Rail of Upper Sash (see T, Fig. 59).—The
bottom of the meeting rail of the top sash and the top of the meeting rail of the
bottom sash are at least 10 mm wider (assuming that the parting bead is 10 mm
thick) than the thickness of the stiles, otherwise a gap equal to the thickness of
the parting bead would be left (see L and P, Fig. 58). The joint between the
meeting rails are either just bevelled, or, as shown they are bevel rebated; the.
latter joint is preferred, for it assists in preventing the sashes from rattling,
effectively increases the difficulty of gaining access to the sash fastener (see o,
Fig. 59) from the outside, and enables the rails to separate easily when the sashes
are opened.

The stiles of the sashes may extend from 38 to 75 mm beyond the meeting
rails and these projections are shaped as required to form horns (or brackets or

joggles), but they are often omitted as they are considered to detract from the

appearance. The details at T and U show both types. The’ horned form at T

shows a mortice and tenon joint (called a fork tenon) with the bevelled portion .

passing over the inner face of the stile, which latter is dovetailed to receive it
(see section and the isometric sketch); the central tongue is wedged; it is usual
to leave the upper edge of the bevelled portion projecting slightly beyond the
face of the stile, and this may afterwards be dressed down to the stile when the
meeting rails are fitted together. In the second or hornless type at u a dove-
tailed joint must be adopted, otherwise the joint would readily become loosened
when the sash handles (see P, Fig. 59) are pulled downwards whilst the sash is
being opened. Note the shaped end in the isometric sketch and the broken
lines in the alternative section which indicate the dovetailed tongue and bevelled
portion. The joint is either screwed or dowelled as shown at T.

Joint between Stile and Meeting Rail of Lower Sash (see v, Fig. 59).—Like
the top sash, the stiles of the bottom sash may be provided with horns, but in
first class work these are omitted and a dovetailed joint between the meeting
rail and each stile is adopted as shown at v, which indicates the upper end of
the stile shaped to receive the dovetailed tenon and bevelled portion of the meet-
ing rail; the latter portion passes over the outer face of the stile, and 4ts. |

wei.
2oe

b

edge is usually left slightly projecting beyond this face until both meeting rails
are finally fitted together.) This joint is also pinned or screwed. A groove is
formed down the edge of each stile to accommodate the sash cord; this is
sindilar to that shown at R and s and is indicated by broken lines at v. Note the
provision made on this meeting rail to receive the glass; as both mgeting rails
are of the same depth, it is not possible to form the usual rebate on the lower
sash meeting rail and in lieu of it a groove is formed along the underside of the
rail.

The ends of the bevelled portions of the meeting rails must be cut away for
clearance round the projecting parting beads. The small piece so removed
from the bottom sash meeting rail is indicated by broken lines at v. “"The groove
for the cord, the clearance for the parting bead, and the dowel holes have been
omitted in the sketches so as to render the details less confusing.

Joint between Stile and Bottom Rail of Lower Sash (see w, Fig. 59).—This is
an ordinary pinned haunched tenoned joint. The bottom of the rail and the
end of each stile are shaped as required (examples at M and q, Fig. 58). The
joint shown at j, Fig. 56 is very often adopted.

Joint between Glazing Bars—The scribed and franked joints between sash
bars are described on p. 104 and the halved joint is shown at M, Fig. 59- Glue
is'applied to the joints before assembling and cramping each sash.

Scantlings of Sashes.—The usual nominal thickness of a sash of average size
is 45 mm, but the thickness may be increased to 50 or 60 mm for larger sashes,
whilst small sashes may only be 38 mm thick. The common scantlings are :
stiles and top rail, 5o mm by 45 mm thick; meeting rails, 50 mm wide by 38 mm;
bottom rail, 75 to 100 mm by 45 mm thick. Glazing bars may be out of 45 mm
by 25 mm stuff but a thickness of 32 mm reduced to 25 mm gives. the better
appearance. ' o

Timber.—The timbers employed in the construction of windows of this type
are redwood, pitch pine, teak and oak. The former is most used, although a
more durable wood such as oak, teak or pitch pine is specified for the sill. Oak
or teak are used throughout for first class work.

Hardware.—Although there are many patent devices on the market for use
on windows of this description, the following simple fittings have been proved
to be quite effective for their purpose. They include sash fasteners, sash lifts,
sash handles and pulleys, together with the weights and sash cords or chains.

Sash Fastemer (ses 0, Fig. 59).—This affords an effective security, provided
it is of bést quality. The fitting is of brass or bronze and comprises two castings,
one being screwed to the centre of the meeting rail of the top sash, and the second
(or lug) being screwed to the top of the meeting rail of the bottom sash; on
the former casting there is a lever which is pivoted at one end and has asolid knob

t Students should be careful to show.the joint between the meeting rails correctly.
Examination scripts and homework sheets frequently show details which indicate the
bevel running downwards from the inside to the outside. Movement of the sashes would
not, of course, be possible if the meeting rails were constructed to such details.
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at the other. When the lever is rotated, the pivoted end bears against the free
end of a strong and highly tempered steel spring which is riveted to a recessed
vertical portion of the casting, and the dovetailed notch on the lever engages in
the solid curved lug which is riveted to the second fitting. - This brings both
meeting rails closely together and secures the window.

Sash Lift (see Q, Fig. 59).—This is the hook lift type, other forms being ring
lifts, flush recessed lifts, knob lifts and hinged lifts. One pair of lifts is screwed
to the inside of the bottom rail of the lower sash and at about 150 mm from each
end. They are of course used to raise the bottom sash and are obtainable in
brass and bronze. '

Sash Handle (see P, Fig. 59).—When a sash is large (and especially when
there are no glazing bars to grip when drawing down the sash) a pair of these
may be fixed on the underside of the top sash meeting rail near to the stiles.
They are not very convenient, as the lower sash has to be raised before the
handles are accessible from the inside.

The following simple expedient is effective : A pulley is fixed to the soffit lining
of the frame 1mmedxately over each stile of the upper sash, and an eye or. xing is
screwed into the inner face and near to the end of each stile of this sash; a piece of
cord of a length equal to about one and a half times the height of the window is
passed through each eye and over each pulley; each cord is knotted immediately
above and below the eye; the ends of each double cord are equal and a handle is
fixed to each. To open the top sash, one end of each cord is pulled to draw the sash
downwards with the top knot bearing upon the eye. The sash is closed by pulling
on the other ends of the cords which brings the lower knots against the eyes to lift
the sash.

‘As mentioned on p. 109, in order to convemently slide the sashes and main- |
' tain them in any desired position when opeén, it is necessary to fix to them sash

cords which are fastened to weights situated in the casings after being passed
over pulleys fixed to the frame.

Sash Axle Pulleys (see a, B, D and N, Fig. 59).—This type consists of a 60 mm
diameter round grooved brass pulley (or sheave) having 12 mm diameter steel
axles which revolve in brass or gunmetal dushes (6 mm thick annular bearings)
mounted on a metal (iron, gunmetal or rustless steel) case which is flanged and
covered with a brass or bronze plate; the pulleys may be 45, 50, 60, 65 and 75
mm in diameter. This hollow-rounded grooved type of pulley is suitable for
flax cords, copper cords and metal chains of the form shown at w'. Square
grooved pulleys are adopted for certain heavy chams The cog wheel type of
axle pulley (having a fixed axle with a toothed portiosa?: " bears the chain’and
which revolves on ball bearings) mdy be selectede

The 125 mm by 28 mm face plate of the pultey 1s screwed flush with the outer
face of a pulley stile with the top of the plate from 38 to 60 mm down from the
head (see A and B); the mortice for the pulley case and the housing for the flange
and face plate are shown at . The pulleys project about 8 mm beyond the
outer external face of the pulley stile (sée A), and the size of the pulley must be
sufficient to allow the weight to hang clear of the casing. Two pulleys per sash
are required.

a heavy sashes. —

Weights (see N and s, Fig. 58, and a, B and ¢, Fig. 59).—These are cylindrical
cast iron weights, 38 mm in diameter and of varying length in accordance with
their weight; thus, a 2:3 kg weight is about 300 mm long. The object of these
is to counterbalance the weight of the sashes. The top of each weight is holed
to receive the end of the cord.

Opxmons differ as to the weight required per sash, but satisfactory results are
obtained if each of the two weights for the top sash is from o 25 to o5 kg heavier than
half the weight of the sash, and if each of the two bottom sash weights is from o-z25 to
o5 kg lighter than half the welght of this sash. The weight of each sash is determined
by means of a spring balance, and due allowance should be made for the weight of the
glass to be used and that of ‘the paint.

Sash-Cords and Chains.—The weights are secured by either cords or chains
which are passed over the pulleys and attached to the sashes.

Best quality stout twisted or braided cotton cord is usually specified for
ordinary work. It is obtainable in sizes of *“ 30 m ” “54 m” in length;
its thickness varies from 5 to 10 mm, the former bemg sultable for weights of
- less than 2-3'kg,and the lafter for weights upto23kg. “The cheapér cord stretchés
and, therefore, each length should be well stretched before being fixed, otherwise
it may elongate to such an extent as to limit the movement of the sashes, i.e.,
the weights of the bottom sash may reach the bottom of the casing before the
sash has travelled to its full height. Certain brands of the best quality are
greased and are guaranteed to be strétch proof and damp proof.

The defect of flax cord is that in course of time it frays and ultimately breaks.
A stronger and more durable cord is that known as _copper. wire cord. It is
sold in 30 m lengths and the size is specified according to the number; thus, a
“ No. 3 7 cord is 6-5 mm in diameter and consists of thirty-six strands of copper
wire which are subdivided into six segments; the strands in each segment are
intertwined and the segments in turn are intertwisted together.

One form of sash chain is shown at w’, Fig. 59. This is called the three-
and-two link copper chain, as it comprises a series of three links or plates (each
1 mm thick) which alternate with a pair of links; the overall thickness of the
five links is 6 mm. Each link has two holes and loose fitting pins or rivets pass
through the five links at each connection. The chain can be used in conjunction
with the ordinary axle pulley shown at N as it readily accommodates itself to
the sharpest curve. Special fittings are used for connecting the chain to the
weights ‘and sashes. One form of connector to the weight consists of a hook

- which-is simply. passed-througiithe eye of the weight. The sash fitting com-

prises a plate which is screwed to the edge of the sash and a pin is passed,through
the brackets on this plate and the holes of the chain links. The chain is an
improvement upon, but is more expensive than, the flax cord, and chains have
been known to last for more than thirty years before requiring attention. Chains
used in conjunction with the cog wheel type of pulley used for very heavy sashes
are of similar construction to the above, but the | lmks %f rust proofed steel.
connected by means of phosphor “bronze rivets.
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Fixing Cords to Sashes and Weights.—Two methods of fixing the cords are
shown at R and s, Fig. 59; that shown at s is the most common method, A
better way is shown at R where a groove is ploughed to a distance of from 150 to
250 mm (depending upon the size of the sash); this is continued by a 10 mm
diameter hole which is bored to a depth of about 100 mm and is terminated by a
25 mm diamheter hole formed at the edge. The cord is secured by threading it
through the smaller hole, the end being knotted and hammered into the bottom
hole.

Sash Balances.—This ﬁttmg, referred to in the footnote to p. 109, dnspenses
with weights, cords and pulleys. A cased frame is not necessary, but inner,
outer and parting beads must be fixed to the solid frame to form the necessary
recesses for the sashes. The balance very much resembles a steel tape used for
surveying purposes with a face- plate attached to the balance casing. The
balances are obtainable in various sizes to suit the wexghts of sashes. Mortices
are formed in the jambs just below the head to receive the casings of the
balances; the face-plates are screwed to the jambs and the looped ends of the
metal tapes (coiled springs) are screwed to the edges of the sashes. When
the top sash is pulled down the tapes from the two balances are drawn out,
and when the lower sash is raised the tapes in the other two balances are coiled
up. Arother type of balance is shown in Fig. 27, Vol. 1L

Manufacture of Windows.—The preparation of the frames and sashes is done
chiefly by machinery and comparatively few windows are now entirely made by hand.
Standard casement windows, complete with frames and sashes, are stocked by manufac-
turers of mass produced windows. The various operations of setting out, preparing
assembling, gluing and wedging up, and cleaning off in the making of the frame and
sashes of a window are similar to the manufacture of doors detailed on pp. 100~103.

General.—The window shown in Fig. 58 is shown fixed in a building which
is faced with 50 mm bricks having 10 mm mortar joints and finished. at the

“opening with stone dressings, 7.e., stone head, sill and jambs. Note that the in-
~ bands and outbands of the latter course with the brickwork and that the vertical

joints between the stone and brickwork are irregular. 1f stone dressings are not
desired, the recesses may be 112 mm deep as shown in Fig. 8, when the outer
face of the pulley stile conforms with the face of the outer reveal. Whilst this
undoubtediy ensures a weathertight joint between the frame and brickwork, the
appearance is not so satisfactory, as all but a narrow margin of the frame is
concealed, hence the openings are often provided with square jambs which
permit of the whole of the outer face of the frame being exposed (see R and s
‘Fig. 58). The defect in this construction is referred to on p. 110. One of several
‘methods adopted to prevent water gaining access between the frame and brick-
work is shown at 0 and s, where a narrow strip of lead (or felt) is fixed at the
jambs and head.
The lead at the head is fixed between the arch and the reinforced concrete lintel
when the latter is being fixed, the final dressing over the frame being done at a later
stage. The lead lining at the jambs is fixed just prior to the fixing of the frame when

a vertical groove is fgrmed in _each jamb, the lead is tucked into it and secured with
lead wedges (see 0, Fig. 74) driven in at about 300 mm intervals, After the frame has
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been fixed, the lead is dressed over, and as shown, this lead is covered by the wood
mould,

Windows with cased frames and sliding sashes (often referred to as “ double
hung sashed windows "’} are most effective in excluding rain and draughts and
are superior to the ordinary casement windows for exposed positions.

Windows with Pivoted Sashes! (see Fig. 60).—This type consists of a solid
frame and a sash which is pivoted to allow it to open with the top rail swinging
inwards. The pivots (see later) are fixed slightly above (about 25 mm) the hori-
zontal centre line of the sash so that the sash will tend to be self-closing. The
construction of the frame is similar to that of the casement window except
that it is not rebated. Both inner and outer beads are required (see details at
H, ] and K). As shown, the sash is in the middle of the frame with the upper
portion of the outer bead and the lower portion of the inner bead fixed to the
frame, and the upper half of the inner bead and the lower half of the outer bead
nailed or screwed to the sash. These beads should appear to be continuous
when the window is closed, and they should be cut correctly to enable the sash
to be freely opened and closed when required.

A method of setting out the splay-cuts for the beads is shown at J. As
indicated, a vertical section of the complete window is set up. The sash is'in-
clined to the required maximum opening position (th\s varies from 10° to 20°
to the horizontal) and the inner and outer beads are drawn. A line (*“3") is
drawn through the centre of the pivot joining the points ““ 1’ and ““ 2, whichs
are 13 mm above and below the beads, and two short lines are drawn at right
angles to it and across the width of the frame beads to give the cuts. With the
centre of the pivot as centre, the arcs indicated by broken lines are~drawn to
give the corresponding points for the splay-cuts on the sash beads. The 13 mm-
cleararice between each of the points ““ 1" and ““ 2"’ and the sash beads permits
of the removal of the sash when required.

The underside of the head of the frame is slightly splayed (about 6 mm), and
the top bead and the top of the sash are made to conform to it, to allow the sash
when opened to clear the frame.

Hardware.—The window fittings consist of pivots, eyelets, cleats, catches
and patent ventilating gearing.

Sash Pivots or Centres.—Of the various forms, that shown at m, Fig. 6o,
consists of a brass, malleable iron or gunmetal pin or stub mounted on a plate,
screwed to the inner face of the sash, and this engages in a metal socket the plate
of which is screwed to the inner face of the frame. One pair of fittings 1s required
per sash,

The sash pivot shown at P consists of a pin or stub plate and a slotted plate
or socket. A pair of these fittings is fixed to the edges of the sash and frame.
The pin plate may be fixed either to the frame or the sash. If the former, each
socket plate must be screwed to the edge of the sash with the open end of the

! Consideration of this type of window is sometimes deferred until the second vear
of 4 Building Course.
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slot downwards (not as shown at P) and inwards; a groove for each fitting

must also be formed along each inner bead attached to the sash and continued
to the slot of the socket plate (see broken lines at j); when inserting the sash
from the inside, the ends of the pivots are engaged in the bottom of the grooves,
the sash is pushed downwards and outwards until the siots on the socket plates
have been reached. Alternatively, each pin and socket plate may be screwed to
the sash and frame respectively; when this is done, the socket plate is fixed
with the open end of the slot uppermost (as shown at p) and the groove is formed

* in the frame. These pivots are not so readily fixed as the type at M, and if the

sash is partially open, it can be easily removed from the outside.

The patent type shown at Q is an improvement on the above centres. This
consists of a gunmetal screw bolt or pivot with three plates T, U and v. A hole
is bored through the middle of the sash and frame. As shown at g, plates T and.
u are screwed to the edges of the stile and plate v is screwed to the frame. The
pin is then inserted by screwing it through the threaded block on plate T. This
is an effective fitting as it can be easxly fixed, the sash can be readily removed
when required, and it is a secure method of hanging the sash as it cannot be
removed from the outside unless the bolts are withdrawn. The size of the bolts

varies from 75 to 100 mm long and from 6 to 10 mm diameter. A pair of these
fittings 1s required per sash.

Catches—A simple form is shown at s, the latch fitting being fixed in the
middle of the inner face of the top rail of the sash and thestriking plate being
screwed to the underside of the frame to receive the end of the latch; a spring
retains the latch in the fixed position until the sash is required to be opened,
when the latch is released by depressing the ring.

Alternatively, the sash may be secured by small barrel or ﬂush bolts, as des-
cribed for doors.

Eyelets and Cleats.—A simple arrangement which permits of the opening
and closing of the sash consists of a length of cord which is attached at each end
to brass or bronze eyelets screwed to the inside face of the top and bottom rails.
"The cord must be of sufficient length to belay it round a metal cleat fixed at a
convenient point.on the jamb. One form of eyelet is shown at N, and a cleat
is shown at 0. If the sash catch s is used, the top end of the cord is fastened
through the hole provided for it and therefore only the eyelet at the bottom rail
1s required.

There are many-patent devices for opening and closmg p1voted sashes one
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of the simplest consisting of a vertical steel rod which has a hinged arm con-
nected near its upper end and its lower end passing through a gunmetal winding
box; the arm i§ secured to the bottom rail of the sash. The sash is opened
and closed as required by turning the handle of the winding box.

Pivoted sash windows are convenient for lighting and ventilating high rooms,
as they can be conveniently opened and closed from the floor level. They are
sometimes used for factories, warehouses, laundries, staircases, etc. A pivoted
sash is often used as a fanlight over a door.

o

Windows with Horizontal Sliding Sashes (see Fig. 61).—This type of window is
fairly common, especially in certain of the northern counties. It is generally known as a
Yorkshire Light, as such windows are a characteristic feature of many of the older stone
built houses in that county. Comparatively few are now made as it has certain undesir-
able features, i.e., an unsatisfactory appearance and a-tendency for the sliding sash to jam.
As shown in the elevation at A, the appearance is marred on account of the ‘“ sight lines
not being continuous, as the top and bottom rails of the sliding sash are not present in the
fixed light; this causes each pair of panes in the fixed light to be of three different heights.
These windows are still specified for alterations and extensions to buildings and for
replacements.

The window is shown in a regular coursed rubble wall. It consists of a fixed light and

a sliding sash. Detail Kk shows the method adopted for permitting movement of the sash.

An oak bead (or runner), with rounded edge, is inserted in the oak sill and extends for the
full width between jambs (see ¢ and M); a corresponding but slightly wider groove is
formed on the lower edge of the bottom rail of the sash. The head of the frame is rebated
throughout its length to receive the top rail of the sash (see ), and the sash is retained in
position by an inner bead planted on the jambs and continued round the head and sill.
A 16 mm clearance should be provided all round the sash to permit of free. movement.
Rain and draughts are excluded by letting a bead into the jamb which engages in a groove
in the stile (see L) and rebating the stiles of the fixed light and sliding sash (see m).
A barrel bolt is generally used to secure the sliding sash.

METAL WINDOWS!?

“These are of galvanised mild steel, bronze, and aluminium alloys; they
include fixed lights, side and top hung casements opening outwards, inwards
and pivoted. There are many sizes and types,? with or without glazing bars;
simple examples are illustrated in Fig. 62. A fixed light consists of a frame only,
and a casement has a sash which is attached to the frame by means of two hinges.
The details show that the frame and sash are of 3-2 mm thick metal and their
sections are identical in size and shape. They are of Z-section, 25 mm deep with
20 mm wide flanges, one of the latter having a slight projection beyond the web
to allow the sash and frame to overlap 6-4 mm both internally and externally.
The horizontal and vertical members of the frame and sash are welded together
at the corners. »

The hinges are of the extension type similar to that shown in Fig. 57; when
fully extended they give a 100 to 125 mm clearance between the sash and frame

1 See Chap. 1I, Vol. III for a fuller description and additional examples.
3 E.g. Module 100 range and Wzo range (Metal Window Assoc.).
. . ' 4

enabling the outside of the glass to be cleaned from inside the room. 'These
steel hinges are provided at the top and bottom of the sash (see a, E, G, H and K,
Fig. 62), the fixed arm being riveted or welded to the frame and the moving
arm (rotating on a hard wearing pin of phosphor-bronze or stainless steel) is
fixed to the sash. The sketch at M shows the position of the partially extended
hinge relative to the frame and sash.

The sash is-fitted with a casement fastener, or two-point handle, and a case-
ment stay, both are of bronze or gunmetal.

A two-point handle is shown in the two small-scale elevations,at A and E and the plan
at N. It is mounted on a pin attached to a back plate which is riveted or welded to the
inner flange of the sash, and is so called because of the points formed at the nose by the
notches (see N). As shown, a thin bronze striking plate (about 25 mm by 10 mm is secured
to the inner flange of the frame. Its object is to prevent the nose of the handle contacting
the flange-and damaging the paint. When the position of the nose is as shown, a tight fit
between the sash and the frame should result; the clearance shown is exaggerated to make
the details clear. As noted, ventilation can be afforded by engaging the flange of the
frame (and striking plate) in either notch “ 1 > 6r ““ 2 *’; an opening up to 25 mm in width
can thus be maintained.

Additional ventilation can of course be obtained by applying the casement stay.
This may be a' peg stay (see b, Fig. 57), when a pin plate or bracket'is fixéd to thie inner
flange of the horizontal member of the frame. The objection to this stay is the damage
to glass which may be caused if the sash is blown violently against the wall in the event
of the window being left open without the pin engaging in one of the holes of the bar.
A better form is the sliding stay (consisting of a horizontal arm fixed to the sash which
slides through a pivoted fitting at the free end of a rotating bracket fixed to the frame), as
this, whilst permitting the sash to be maintained at any angle up to 90°, always keeps it
under restraint. Alternatively, friction hinges may be used which render the stay un-
necessary. . ’ : :

v
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Fixing.—The metal frame may be fixed direct to the wall or it may be
screwed to a wood frame or surround. :

The window shown at A, B and c, and detailed at.G, H, J and K is fixed direct.
Eight 8 mm dia. countersunk holes are provided in the web of the frame to
receive the fixing screws (see ). If it is to be fixed to masonry, terra-cotta or
concrete, 13 to 16 mm dia. holes are cut in the jambs, head and sill opposite those
in the frame. These are preferably plugged with lead, although hardwood
plugs or rawlplugs are more often used. The window is then placed in correct
position and the frame screwed to the plugs. The frame is finally grouted in with
cement mortar and pointed with mastic. The details ¢ and H show these
fixings. The details at j and k show an alternative method of fixing the frame by
means of 100 mm by 16 mm by 7 or 5 mm lugs (provided by the manufacturers)
which are bent up 50 mm and have slotted holes in the bent-up position to give
fixing adjustment allowing the horizontal part of the lug to be placed:in a con-
venient joint. If necessary, holes are cut in the jambs of the wall at the correct
position, and the lugs are inserted and firmly cemented in. The frame is secured
to the lugs by 7 mm dia. fixing bolts... : o

The above method conforms to the best practice, as windows should never
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be fixed in position until the roughest work has been completed. Otherwise
damage may be caused, not only superficially from daubs of set mortar, etc.,
but sashes may become distorted and give rise to leakage.

It is, however, the usual practice in cheaper work to build the metal windows
in as the construction of the walls proceeds, especially if these are of brick.
Typical fixing details of a built-in frame are shown at j and K, already mentioned.
The lugs are bolted to the frame and the window is placed in position. It is
kept level and plumb as the wall is built, and the lugs are securely built-in with
mortar. The lugs are shown bedded in the horizontal joints (see 4, j and k).
Lugs are also built-in at the head and sill.

A vulnerable part of a metal window which opens outwards is the outer
flange of the top horxzo“fnﬂ sash member where 1t contacts the frame. In an
exposed position wateg may enter here even if the sash is tight fitting. It is
advisable therefore t6 throat the underside of the head and adopt wide external
jambs by fixing the windows well away from and not nearer than 50 mm to the
face of the wall. The more elaborate type of window has a projecting metal
strip, fixed to the top of the frame just above the sash, which serves as a protec-
tion.

.Criticism 1s directed against metal windows fixed d1rect in certain types of
buildings because of the mean appearance presented by the narrow frames.
This is emphasized if the colour of the painted windows contrasts with that of
the adjacent walling. Hence, as shown at D, E and ¥ and detailed at L, N, O, P
and Q, metal windows are often fixed in wood frames. The latter are rebated,
or double rebated as shown, to receive the metal frames. The steel frame is
bedded in mastic; and-this must be well done to prevent the entrance of water between
the two frames. The metal frame is then screwed to the surround, 8 mm dia.
holes are provided in the former for this purpose.

Putty is used for glazing standard metal windows. Ordinary putty (whltmg
ground in raw linseed oil) alone is useless for this purpose, as it will ““ run,’
and gold size is added to enable it to set. Small metal 3 mm dia. spngs are
sometimes used to retain temporarily the panes of glass until the putty has
hardened, these fit into holes in the web (see G, etc.). Alternatively, spring
wire clips are used in lieu of the sprigs.

Steel windows, being galvanized, are very durable and compare favourably
with wood casements in excluding weather. Unlike those of wood, they are not
affected by atmospheric changes and consequently do not jam, a defect com-
mon to certain badly coristructed wood casements due to swelling.

Metal windows can be coupled together, to form composite windows of large
size, with metal mullions and transomes. Such a window may also consist of

several frames .and sashes-fixed-in a wood surround with wood mullions and, if

fired, woed transomes. Spémal types of metal windows are available for

' ““scheols,- hospxtals, commercial buildings etc These, together with metal
_ doors are descrlbed in Vol III. & :

ARCHITRAVES, SKIRTINGS, PICTURE RAILS AND ANGLE BEADS

The fixing of certain joinery work can only be completed after the walls have
been plastered. Architraves, skirtings and picture rails are examples of such
work.

Architraves.—These are used for the concealment of the joints between
the casings with their grounds and the plaster at doors and occasionally windows;
and to provide an effective finish.

Casings or linings have been described on pp. 96103 and various sections
of architraves are shown at H and N, Fig. 49; architraves are also detailed in Figs.
50, 52, 63 and 64.

An architrave consists of two vertical and one horizontal members with
mitred angles; they are nailed along both edges to the grounds (or plugs) and
edges of the casing. Usually the feet of the architrave are continued down to
the floor to which they are nailed, but in first class work they are often finished
with plinth or foot blocks (see Fig. 64). These blocks are slightly thicker and
wider than the architrave and higher than the skirting which is housed into them,
and their- shape -roughly conforms with that of the architrave. A tongue is
formed at the foot of the architrave and a mortice is made in the block to receive
it; the tongue is glued and securely nailed or screwed to the block from the
back. Plinth blocks provide a suitable finish to the architrave and skirting and
serve as a protection to the moulded architrave.

The size and design of the architrave depend upon the size of the opening,
the quality of the timber and the general effect desired. A 100 mm (nominal)

_wide architrave is usually sufficient for doors up to g15 mm wide; _for large

openings the width should not exceed 150 mm if in one piece as it is liable to split

when shrinking. The plain architrave shown at N, Fig. 63, would be suitable

if the door has square or chamfered panels (see J and L, Fig. 46), but a more

elaborate architrave would be preferred if, for instance, the panel mouldings
were of the section shown at 7', Fig. 46. Certain sections, such as those at 1,

Fig. 49, and p, Fig. 63, should be avoided unless well seasoned good quality

timber (preferably hardwood) is used, otherwise unequal shrinkage will occur, -
resulting in the members curling or twisting on account of one-half of the section

being much thinner than the other. Simplicity in design is a characteristic of

modern construction (see also p. 93). )

Skirtings or Plinths are provided to protect the wall plaster and to cover
the joint between the floor boards and plaster. Several sections are shown in
Figs. 63 and 64. The size varies, but the depth. rarely exceeds 175 mm unless
for very large rooms.

f at Q, Fig. 63, and B and
at about 645 mm intervals
h.are 100 mm or less in
f grounds are fixed, the
M wvhen it is, careushould

n the \ertlcal ngts of the brick ‘
depth only. require one set of gy
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be taken by the plasterer to ensure that the face of the plaster does not project
beyond the grounds. _ .

The cheaper and more usual method of securing skirtings is to fix them direct
to plugs which have been driven into the vertical joints of the wall at about
645 mm intervals. For deep skirtings the plugs are staggered, with the plugs
fixed alternately near the floor and top of the plinths. The skirting at R, Fig. 63
is shown plugged to_the wall. S

It is the general practice to fit or scribe the lower edge of the skirting to the
floor, which may be uneven. .

Seribing is done by placing the piece of skirting in position and packing or wedging
up the lower end until the top edge is level; compasses (see s, Fig. 67) are tauken and,
with the points apart equal to the height that the lowest portion of the floor is below
the bottom edge of the skirting, are drawn along the face of the skirting with the
points of the compass in a vertical plane; as the lower point follows the irregularities
of the floor the other marks a paraltlel line on the plinth; the lower edge of the skirting
is then sawn along this irregular line and thus a tight fit between the skirting and
floor is assured when the former is fixed.

A gap invariably appears between this bottom edge of the skirting and the
floor boards due to the combined shrinkage of the skirting and the floor joists.
This allows both dust and currents of air to enter ground floor rooms from the
space below. “A small (10 to 13 mm) quadrant cover mould as shown at R,
Fig. 63, may be bradded to the floor to prevent this; alternatively, the gap may be
filled with a material called plastic wood which is pressed in whilst in a plastic
condition, smoothed over with a knife and sand-papered over when set to bring
it flush with the face of the skirting. A better, but more costly method, is
shown at @; Fig. 63, and E, Fig. 64; a tongue is formed on the lower edge of the
skirting and this is fitted into a groove formed in the flooring.

Several joints between the ends of skirtings are shown in Fig. 63. The
cheapest method is to mitre the ends at both external and internal angles as shown
at Y. Another cheap internal joint consists of scribing one end to the face of the
other-which has been tightly and squarely fitted into the angle. A better joint
for in‘ernal angles is shown at z; one picce of the skirting is grooved from the
bottom edge to the bottom of the moulding, the end of the adjacent piece is
tongued and the moulded portion is scribed to that of the first piece. A joint
used in very good work for both internal and external angles is shown at A’; the
thin hardwood cross-tongue is glued and the joint is assembled before the pieces
are fixed to the grounds. The mitred and rebated joint at B” (also callec?':'a-lih_ Wl
joint) is a good form for external angles; cross-bradding as shown is ne_c'g:g’éﬂ't’y.

As indicated in Fig. 64, skirtings are housed into plinth blocks. If the latter
are not provided, the ends of the skittings should be let into architraves, other-
wise cracks will show when shrinkage occurs.

The designs of skirtings, architraves and panel mouldings when associated
together should conform; thus, the ski;ting at Q, Fig._()3 hgrmonizes with the
architrave K, Fig. 50 and the panel mouldings x or A, Fig. 46, and the skirting
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moulding w, Fig. 63, architrave o, Fig. 63 and panel mouldings v or ¢’, Fig. 46
. form an agreeable combination; the chamfered or bevelled edge shown at
R and s, Fig. 63 is preferred when a simple effect is desired. Alternative skirting
mouldings are shown at T, v and v, Fig. 63; ‘the cavetto skirting at x, Fig. 63,
provides an effective sanitary finish, but the labour in forming the trenching in
the floor to receive it is costly.
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Picture Rails.—These are often omitted in the modern house, especially
in rooms which may be only 2-5 m high; they have may the effect of spoiling the
proportions by breaking up the wall surfaces and *“ lowering the ceilings.”

When they are required, a satisfactory finish is obtained if they are fixed
at the level of the top of the doar architrave, as shown at a, Fig. 63, Alterhatne
sections through picture rails are given at H, ) and K, and the plug and rough
ground (two forms) fixings are included; plugs are generally used and arc
driven into the vertical joints of the walling.

Angle Beads.—External angles of plastered walls have to be protecied
against damage to the plaster arrises.  Two methods of accomplishing 1his
are shown at . and 1, Fig. 63. Plugs arc driven into the joints, the projecting
ends areecut off in true ulignment, and 16 or20 mm wood beadsare nailed to
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STAIRS

them. The plaster should be cut or quirked as shown, but this is often omitted.
An application of this form is shown in detail in E, Fig. 61. Another type is
the galvanized steel angle bead nailed into the brick joints. The more costly
Keene’s or Parian cement arris has been referred to on p. 107 (see N, Fig. 54)
and described on p. 32.

STAIRS

A staircase is a set of steps or flight leading from one floor to another. Timber
and stone are two of the many materials used for constructing stairs (see Fig.

65). Each step consists of a horizontal portion or tread connected to a front

part known as a riser. The going of a step is the horizontal distance between
the faces of two consecutive risers. The rise of a step is the vertical distance
between the tops of two consecutive treads. :

It has been found that, for comfortable usage, the best proportlons of a step
are such that : going plus twice rise equals §84 to 610 mm. Thusat¥F, 305 +(2x
152) = 609 mm. The Building Regulations require this figure to be betwgen
550 and 700 mm.

Timber Stair.—The simple internal example shown in section at A and
plan at B has a total rise of 1146 mm and there are six 191 mm risers. The risers
and attached treads span between two 250 mm by 38 mm strings which are
plugged to the side walls. The treads (see D) and the risers are housed 13 mm
into the strings and glued wedges are used as shown at ¢ to make a tight
secure joint. Triangular glued blocks (six per step) are also required to stiffen
the construction. .
the adjacent treads and screwed. The distance between the outer faces of the
strings is 840 mm (to suit a space 13 mm greater bétween the walls); when this
latter is increased to g15 mm as 1s common in houses, then additional support is
required to the steps running centrally below the flight. This comprises a
100 mm by 75 mm raking bearer which has 150 mm by 25 mm thick timbers
nailed to it to fit tightly under the treads (see Chap. II, Vol. I1I).

The simple handrail detailed at £ is of 50 mm dia. hardwood fixed to steel
brackets plugged to the wall as indicated also at A. The Building Regulations
state that the handrail should be fixed at a height not less than 840 mm as
shown at a. i

Stone Stair.—The steps are made of hard non-slip stone such as York
sandstone. The elevation at F and plan at G are of a short flight such as may be
required at an entrance; it is made with solid stone steps. These have a more
or less rectangular shape as detailed at H, but part of the soffit is chamfered as
indicated by the broken line and shown also at J. The chamfering is not essen-
tial here but it reduces weight and gives a neater finish on the underside should
the soffit be exposed to view as in open flight stairs. 'The steps rest on brick-
work at either side as noted at ¢ and J. The elevation at ¥ (Wthh 1s actually a
section through a returned renforced concrete landx :

The detail at ¢ also shows how the riser is tongued, glued into -
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been taken.to course the steps in with the brickwork so-as to avoid cut bricks,

The balustrade on the open side of the flight is formed of mild steel or
wrought iron members and.the handrail is drawn at K. The 20 mm square
standards or balusters are placed in pockets in the step as shown at 1 and fixed by

lead which is run into the holes. Note that in accordance with the Building -

Regulations the height of a balustrade to a landing must be at least goo mm for a
private ‘stairway (1100 mm for a common stairway). - _ ‘

Similar steps to these can be made in reinforced concrete and they can both
be built 102 or 150 mm into walls to cantilever out so as to be unsupported on
the outer edge. Care should be taken to provide sufficient weight of wall above
the bearings to * tail ’ these steps down. o :

Further examples of stairs are given in subsequent volumes as follows :

- Stone and reinforced concrete in Chap. III, Vol. II. Timber in Chap. 11, Vol.

III. Reinforced concrete and steel (including fire escape stairs) in Chaps. II
and I1I, Vol, IV. .

NAILS, SCREWS AND FASTENERS

Steel or wrought iron fastenings used in carpentry and joinery include oval
and circular wire nails, cut clasp nails, wrought nails, brads, flat and round-
headed screws, cecach screws, corrugated fasteners and boits. The latter is
detailed at J, Fig. 80, and other fastenings are illustrated in Fig. 66,

Wire Nails.—These are either, oval (see A) or circular (see 8). Oval wire nails are
used for general purposes; they are tough and are not liable to split the wood when
driven in; the slight shallow grooves or serrations in the stem increase the ‘‘ holding

" power " or ability to grip the fibres of the wood into which they are driven. They are

obtainable in sizes varying from 25 to 150 mm and are sold by weight. The circular nail
shown at B is not so extensively used by the joiner on account of its unsightly flat circular
head; it is chiefly confined to temporary or unimportant work, and in the making of boxes,
packing cases, etc. - .

Cuit Clasp Nails (see ¢)—These have been ousted by oval wire nails. .

Wrought Nails (see p).—Tapered in both width and thickness to form a point,
usefully employed for fixing thin members, as after penetrating the material the point can
be readily hammered into the wood or clenched (see p. 86). The sizes vary from 25 to

m.
loOSI’;ikes are used for securing large wood members; wire nails \\:hich excegd 12§ mm in
length and wrought nails which are longer than 100 mm are classified as spikes.

Floor Brads (see £).—These were-once used for securing floor boards but have now
been replaced by oval nails. The length va¥ies from 38 to 75 mm. )

Joiners’ Brads or Sprigs (see H).—These resemble floor brads, but the sizes are from
6 to 50 mm; they are made of steel, brass and copper. .

Panel Pins (see F).—These small nails, circular in section, are generally uscd for fixing
hardwood members (usually mouldings). .

Needle Points (see G).—These are steel pins used for fixing small mouldings, veneers,
etc.; they are driven in and snapped off flush with the surface; they are obtainuble in six
degrees of fineness. . ] ) ) ) _

"1t is difficult to drive small nails, pins, etc. iiito hardwood without bending unless small
holes have been bored.tb receive them. Driving is facilitated if the points are dipped in

grease.

- Screws.—There are several forms of screws, but those chiefly used for fixing woodwork
are the flat headed (see K) and round-headed (see L) types. These are made of wrought
iron, steel and brass, and as the thread is effective in cutting into wood, they are some-
times called wood screws. Screws are fixed by means of the screwdriver or brace and bit
(see 40 and 45, Fig. 67), and their advantages over nails are : (1) they can easily be re-
moved when required, (2) they can be fixed in positions where jarring has to be avoided,
and (3) they give a stronger job on account of their greater holding power.
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Flat-headed or Countersunk Screws.—As shown at k, the circular flat head (whicl- :.
notched to receive the screwdriver) is tapered down to a point; the flat head can be
brought flush with the timber; it is obtainable in sizes varying from 0 to 150 mm long and
from i-6 to 16 mm in diameter. It is desirable (and for hardwoods 1t is essential) to bore
hole of a smaller diameter than that of the screw by one of the several boring tools illus-
trated in Fig. 67 prior to inserting the screw-.

Cups (see N).—These are of brass und are obtainable in various sizes to suit the head
of the screws which they are to receive.  They should be used wherever mouldings, beads,
etc., are to be removed subsequently, otherwise the woodwork will become damaged by
the removal and reinsertion of the screws. A section with a cup in position is shown at
0, and examples of its use are shown at } and g, Fig. §8, in connection with the inner beads.
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A hole slightly smaller than the diameter of the top of the cup, is formed by a centre bit
(see 46, Fig. 67) in the required position, a little glue is placed round the hole and the cup
is driven in. -

Round-headed Screws (see L).—These are similar to those described above, except that
the head is almost hemispherical. They are generally used for fixing metal to wood, e.g.,
locks and similar hardware. . v{

Concealment of Fastenings.—When nails and brads are driven into softwood their heads
are driven about 3 mm below the surface by using a hammer on a steel punch (see 10,
Fig. 67) and the holes are filled or * stopped ” with putty before the work is painted.
For hardwoods which are not to be painted, the heads are punched and the holes are
stopped with material which is coloured to conform with that of the wood; this stopping,
which is melted and applied with a knife as a mastic, sets hard and is then smoothed over
to the surface of the wood te render the positions of the fixing inconspicuous. Another
method of concealing brads is shown at j, Fig. 66; a sharp chisel is used to carefully cut
and lift a small portion of the wood, the brad is punched below the surface and the chip
glued down.

Pelleting is resorted to for concealing the heads of screws; this consists of sinking the
head below the surface by means of a centre bit and a cylindrical plug or pellet of wood of
similar grain to that of the member is glued, driven in and chiselled off flush.

Coach Screws (se¢ M).—These are of similar construction to the wood screw, cxcept
that the heads are square or hexagonal so that they can be turned by a spanner; they are
from 20 to 200 mm long and from § to 13 mm in diameter, and are often used for connect-
ing metal plates, straps and angles to wood. .

Corrugated Saw Edge Fasteners (sce p, @ and R).—These are corrugated pieces of
steel or brass which are shaped and sharpened along one edge to give what are called ** tack
points ’; each succeeding point is sharpened on opposite sides like a saw (see R); they
are made in depths varying from 6 to 25 mm. They are being extensively used for making
light framings, boxes and similar temporary work, repairing cracked boards, ctc. Two

applications are shown at s and T, the former showing a butt joint and the latter a mitred
joint. These fasteners are casily fixed by simply driving them in with 2« hammer, during
which the wood members are drawn together.

Wrought iron bolts and rivets are described on p. 161

WOODWORKING TOOLS

Whilst machinery has very largely displaced hand labour particularly in
-hops where standardized units like doors and windows are made, the joiner is
asked to pzrform many tasks necessitating the use of hand tools. The following
.t in general use and are essential parts of a kit :—

Classification.—Hand tools may be classificd into those required for : (1) marking
and setting out, (2) cutting and shaving, (3) boring, (4) impelling, (5) abrading, (6) cramp-
ing and holding, and (7) miscellaneous. Most of these are shown in Fig. 67. :

{1) Marking and Setting Out Tools.—These.include rules, marking knife, straight
cdge, try square, mitre, bevel, compasses, callipers and gauges.

Rules (sce 1).—Made of boxwood : 50 cm four-fold, 1 m four-fold, etc.

Marking Awl and Cutting Knife (see 7).—Used for setting out accurate work (see p. 102),
e awl (or point) being used for pricking points from the rod and.the sharp edge being
used to cut the shoulder, etc., lines.

Straight Edge is a 75 to 100 mm wide board 13 mm thick, 2 or 2-5 m long with one edge
purfectly square and the other bevelled to distinguish it from the true edge; used for
testing surfaces, marking lines, etc.

Try Square (sec 2).—~For setting out right angles and testing square angles during the
plaming up of stuff; obtainable with 115, 150, 190, 225 and 300 long metal blades.

A larger square is also required; consists of a mahogany blade which is usually
58 mm by 6 mm by 760 mm long tenoned to a 400 mm long stock.

A Mitre Square or Fired Bevel has a steel blade fixed at 45° to 2 wood stock; this isa -

useful tool for setting out 45° angles. .
g 45 g - .
' 28, '--‘ L

Bevel (see 3).—The blade can be secured at any angle; used for setting out angles other
than right angles; the blades are 225, 267 and 300 mm long.

Compasses (see 5).—Used for marking parallel lines to irregular surfaces such as
scribing skirtings to floors (see p. 122) and mouldings to walls, and for describing circles
and setting off distances; stocked in 150, 175, 200, 225 and 250 mm sizes.

A trammel is used for striking large areas or circles; consists of two metal heads each
having a 75 to 125 min point, which slide along 2 hardwood stick; the points can be fixed as
desired and one of them may be replaced by a pencil socket.

Callipers are used for measuring diameters of curved surfaces; outside callipers, used
for external dimensions, consist of a pair of hinged stecl curved legs which are shaped to
a fine point; instde callipers, for inside measurements, have two-hinged and tapered legs
which finish with points which turn outwards.

Gauges are tools used to mark one or more lines on the wood parallel to the edge; the
varieties include the marking gauge, cutting gauge, mortise gauge and panel gauge.

. Marking Gauge (see 4).—The holed adjustable beech head receives the stem, near
one end of which is a steel marking tooth; after the stem has been set and the thumbscrew
tightened, the face of the head (that nearest the tooth) is placed against the timber and the
point is pressed down to score a line on the surface as the head traverses the edge. .

Cutting Gauge.—Similar to the marking gauge except that it has a steel cutter in place
of the tooth; uséd for cutting parallel strips from thin stuff such as veneers and for
marking across the grain.

Mortise Gauge (see 9).—This has a movable pin attached to one end of a brass slide
and a pin fixed to the stem, the distance between them may be adjusted from 6 to 50 mm.
The gauge thus enables two parallel lines to be marked and is employed for setting out
mortises and tenons; the points of the gauge are set to the width of the mortise and the
head is then adjusted to the required distance from the movable pin.

Panel Gauge.—This is larger than but resembles the marking gauge; it is usually made

by thejoiner, the stem being about 71omm long. The pin is fixed and the head is adjusted
like the marking gauge; it is used in the construction of door panels.

(2) Cutting and Planing Tools.—These comprise saws, chisels, gouges, planes and.
spokeshaves.

Saws.—The many varieties include the cross-cut saw, rip saw, tenon saw, dovetail satw,
compass saw, pad saw and bow saw. A saw has-a spring steel blade with a wood (usually
beech or apple wood) handle securely riveted to it; the lower edge-or-front of ‘the-blade
is divided into fine teeth; this cutting edge is usually specified according to the number of
points (not teeth) per 25 mm; thus at 4, c and p, Fig. 67, the number of points per 25 mm is
six, four and ten respectively. The teeth are bent alternately to the right and left of the
blade; this is called setting (see B); in addition, the blades of the larger saws are ground
thinner at the back (opposite edge to the teeth) than at the cutting edge. The setting is
done by means of the saw set (see 20). A saw should be thin to avoid waste of material,

Cross-cut Saw (see 12).—This is essentially used for cutting across the fibres of the
wood, but also with the grain, and in carpentry for general sawing; it is made in lengths
of 500 to 710 mm; the number of points is s, 54, 6, 7 and 8 per 25 mm; the eight point
saw is considered best for hardwoods, a seven-point saw for both hardwood and softwood,
and a five-point saw for rough carpentry; the teeth are shaped as in the enlarged sketch
at A. -

Rip Saw.—This is only used if machinery is unavailable for cutting timber along the
grain; it resernbles the cross-cut saw, is 710 mm long, and has teeth shaped as shown at ¢
with four points per 25 mm.

Panel Saw.—Like the cross-cut with a finer blade and teeth shaped as at 4; a 680 mm
blade with ten or twelve points per 25 mm is normal; it is used for accurate work-and
instead of the tenon saw for cutting panels and similar wide work.

Tenon Saw (see 13).—For finer work than both the cross-cut and panel saws, used
for cutting tenons and where a clean cut is needed; the 350 mm' blade is preferred which
i1s stiffened by the brass or iron bar on the top edge. It has ten or twelve points per 25 mm
and the teeth (called peg-teeth)-are shaped as shown at p.

Dovetait Saw ¢see15)~~This has a 200, 225 or 300 mm blade with fourteen points per

25 mm; used for very fine work, as for forming dovetail joints. B
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Compass or Turning Saw (see 16 and 17).—For cutting curves, it has interchangeable
blades; the teeth are shaped as at c. ;

Pad or Kevhole. Saw (see 18).—For forming keyholes and similar curved work; it is
the smallest saw, the blade can be passed right through the handle when not in use; the
teeth are similar to those of the compass saw. .

Bow Saw (see 19).—Used for cutting curved work with sweeps which are too 'quick
to be negotiated by the compass saw. : -

Frame Saw.—Is similar but longer and stronger than the bow saw.

Chisels have forged steel blades with ash, boxwood or beech handles; each blade is
bevelled on the back and has a cutting edge. Used to remove thin layers or shavings of
wood in shaping surfaces, forming mortices, etc. Vurious kinds include the paring,
firmer and mortise chisels and gouges. T

Paring Chisel (see 35)~—Used for paring planesurfaces; the blade may be either square
or bevelled, the latter type being useful in forming grooves; obtainable in lengths varying
from 225 to 530 mm and in widths of from 6 to 50 mm.

Firmer Chisel (see 36).—A stronger type than the last one as it has to withstand the
mallet used for propulsion; useful for general work and in removing wood in thin chips;
the length varies from 100 mm upwards and thewidth from 2 to 50 mm.

Mortise Chisel—For forming mortices, it is stronger than the firmer chisel, the one
at 37 is known as u socket mortise chisel; the ordinary mortise chisels are 3 to 20 mm wide
and the maximum width of the socket type is 38 mm.

Plugging Chisel (see 38).—Made entirely of forged steel and used for preparing holes
in brickwork, etc., for wood plugs. . .

Pocket Chisel.—A very fine chisel, sharpened both sides, it is used for forming pockets
in boxed window frames (see p. 111); obtainable in widths from 38 to 64 mm.

Gouges are curved chisels producing circular cuts. Paring, firmer,- socket, etc.,
gouges are obtainable; that shown at 39 is an outside ground gouge for heavy work;
those ground on the inside are used for paring; widths vary from 3 to 38 mm.

Planes are so called as they are chiefly used for shaving or smoothing plane surfuaces
after the timber has been sawn; they are of (@) wood (beech) and (8) metal (cast stecl,
gunmetal and malleable iron).

(a) Wood Planes.—Of the many types, the jack, trying-iand smoothing planes (known
as bench planes) are essential items of kit; some of the others ure seldom used.

Jack Plane (see 21).—This is the first plane used on a piece of wood after it has left the

saw; it eliminates the saw marks and leaves the surface sufficiently smooth for the sub- -

sequent finishing with the trying and smoothing planes; it consists of a stock, double irons,
wedge and handle. ] :

The standard beechwood stock should be_carefully selected; the handle is glued into
a slot and a hole is formed to receive the irons and wedge; a 20 mm hardwood stud is
fitted on top near to the nose of the plane to receive the blows from the hammer when the
irons are being adjusted.

The irons consist of a cutting iron () and a back or top iron (r) which are made of cruci-,
ble cast steel; they are made in various widths, the 60 mm size being popular.  The Bottoni
edge of the cutting iron is rounded s it is required to remove shavings which should be
thickest in the centre and finer at the edge; this edge is double-bevelled (see enlarged
section through the edge at G), the grinding bevel being slightly hollow ground and approx-
imately 25°, the sharpening angle is about 32°; the thickness of the iron increases from
2 mm at the top to about 4 mm at the top of the grinding bevel; the iron is slotted to
allow movement of the screw which-attaches it to the back iron. The back iron (r) is of
uniform thickness of about 3 down to about ¥3 mm from the bottom, when it is slightly
curved and reduced to a fine cdge; a brass nut is attached to the iron and receives the
scresw which connects both plates together (see J); the distunce that the edge of the cutting
iron projects beyond that of the back iron is called the ser, and this depends upon thé
character. of 'the wood -to. be planed-and the thickness of the desired shaving; the set is
approxiffately 1 mp for softwoods and 1-€ mm for hardwoods; the dbject of the back iron
is to breilst¢hesshaving and bend itas it progeeds through-the meuth,

irons are secured in the stock by knocking down a wood cedge (see 21 and. ).
-]51)4'»3:?15?@-(Se'&26)‘.-—Used':fof.precise_‘\vork, such ‘as removing irregularities left on

)
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the surface of the wood by the jack plane and for forming long straight edges; it is the
largest bench plane (the sizes being 560, 600 and 660 mm) and resembles the jack plane;
the set of irons is usually 1-6 mm for softwoods and 0-8 mm for hardwoods.

SmoothingePlane (see 29).—This is the finishing plane used to smooth the wood after
the juck and trying planes have been operated;. the stock is only 200 tm long and is pro-
vided with double irons set as for the trying plane. i

Rebate Plane (see 28).—Used for forming rebates and has only a single cutting iron
from 6 to 50 mm wide fixed by a wedge and placed on the skew. :

Hollow and Round Planes (see 30).—The former is used for making convex surfaces on
the timber (see enlarged section through the sole at k), the edge of the single iron conforms
to the curve; concave surfaces.are made by the round plane (see enlarged section L).

Bead Plane (see 33).—This moulding plane is still required, and two or three different
sizes should form part of a kit; it is used for forming a half-round moulding with a quirk
(sinking) on edges of members; the strip let into the sole of the stock is of boxwood to
resist wear; a sketch showing the application is given at M.

Note.—Moulding planes, such as ogee, torus, reed, astragal, ovolo, etc., have
practically fillen into disuse, as mouldings are made more cheaply by machinery.

"Plough Plane (sec 31) is used for forming grooves with the grain from 3 to 16 mm wide,
and up to 32 mm deep; the single iron, secured by a wedge, passes down to a narrow mouth
in the metal runner screwed to tHe stock ! the depth of the groove is regulated by the meral
thumb-screw which depresses or raises a metal solepiece (about zo mm wide) which
operates between the runner and wood fence; the wood nuts and screw bars are manipu-
lated to adjust the width between the fence and the runner as required; the plough is
provided with six or eight irons of different widths.

Router or Old Woman’s Tooth (see 32).—Used for increasing the depth of grooves
(trenching) forined previously by another tool; the strong iron is from 3-to 13 mm wide.

Spokeshave (see 34).—Usced for planing circular work having quick curves; the iron
(see 0) has two tapered tongs passing through the stock; it is adjusted by tapping either
the projecting ends of the tongs or the blade (see section at N).

Compass Plane.—This is a smoothing plane with a convex sole and 50 mm wide double
irons for planing curved surfaces; 1t is not much used.

-Toothing Plane—Used for preparing surfaces of timber which are to be glued together:
its 50 mm wide single iron has a serrated edge.

Tonguing and Grooving Plines (also known as matching planes).—Used to form tongues
and grooves on the edges of boards required for match-boarding, battened doors, ete.
Although most of such work is done by machinery, these planes are occasionally required,
especially when preparing work during fixing.

(b) Metal Planes.—Most of the wood planes described above are also obtainable in
metal, such as cast steel, gunmetal, malleable tron or aluminium. Some of them are an
improvement upon the wood planes, but the wood jack plane especially is still considered
to be the best for its purpose. The metal planes are more fragile than those of wood.

Metal Smooth Plane (see 42).—Used for smoothing the surfaces of hardwoods of best
quality which have been previously dressed with the juck and trying planes. The cap
sccures the two irons (the cutter) by a screw which passes through to the frog that_apports
them; the cap is adjusted by lever *“ X ”’; lever “ ¥ ™ adjusts the cutter sideways) @ 0
is adjusted cither forward or backward by an adjusting screw, and the lurgé screw or nﬂ-d
nut behind the frog adjusts the edge of the cutter to regulate the shaving thickness.  ‘This
tool is obtainable in sizes varying from 140 to 250 mm in length of sole with cutters from
32 to 60 mm wide.

Block Plane (see 44).~7 W is very useful for small work which isnot readily accessible
and for preparing mutres of hardwood mouldings; it is well suited for planing across the
grain; it has only a single 40 mm wide iron or cutter inclined at 52’ to 20 '; the bevel of
the cutter is uppermost.  To assemble the plane, the iron (which has a central slot) is placed
over the small projecting lever cap screw, the cap (which has a knuckle joint) is fitted over
it, and when correctly placed, pressure on the cap springs it into position; the edge of the
cutfer is brought parallel with the mouth (barely 6 mm wide) by lateral movement of the
lever and the distance between the edge of the cutter and the front of the mouth is regu-
lated as required by the milled screw or nut shown below the ever.

Other varieties of metal planes include the bullnose plane (the edge of the iron is close
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up to the nose of the plane and is therefore useful for planing surfaces at the ends of rebates
(etc.) and the shoulder plane (which is a form of rebate plane used for planing rebates in
hardwood and patticularly the ends of members such as the shoulders or rails).

(3) Boring Tools.—~These include the brace and bits, auger, gimlet and bradawl.

Brace and Bits (see 45 to 50).—A brace holds a cutter or bit used for boring holes;
hand pressure on the head of the brace assists the boring action of the bit whilst the brace
(gripped by the handle) is revolved; that shown at 45 is of the ratchet type and is the best,
for when desired the turning movement of the handle may be restricted to a small arc to
allow boring in confined positions; the brace with the screwdriver bit attached is also
employed to force iri screws when pressure on the ordinary screwdriver would be inade-
quate; the chuck contains steel spring jaws into which the shank of the bit is inserted and
secured; the sweep of the brace is of steel, the head and handle are of hardwood.

There are many varieties and sizes of bxts The centre bit (46) (3 to 38 mm dia.) is
employed for boring; the edge P cuts out the circumference and the turned back edge
Q removes the waste material from the hole. The shell bit and the spoan bit resemble the
gouge, the nose bit and the screw bit (which has a screw thread) are used for producing
holes from 3 to 13 mm dia. Auger or twist bits produce holes which are cleaner and more
accurate than those formed by the above; there are many patterns, e.g., Russell Jenning’s
(48), Gedge’s and Irwin’s (49); these are in two lengths, the shorter benng known as dowel
bits, and the diameters increase by 1°5 mm from 6 to 39 mm. The Forstner bit is unlike the
twisted bits as the end has a circular rim instead of a point, and the larger bits have only
plain and not spiral shanks; it is useful for boring in any direction. The expansion bit is
provided with adjustable cutters of dnfferent sizes. ‘The screwdriver bit (45) is an impor-
tant tool and has already been referred to. * Countersink bits are used to prepare shallow
sinkings to receive heads of countersunk screws (see K, Fig. 66), etc.; the rose countersink
bit (47) is suitable for both hardwoods and metals, the snail countersink bit (similar to the
rose but having a2 sharper point and a grooved cnd) is uséd for wood only, and the flat
countersink bit (having a flat end which is tapered to a point) is only suitable for boring
through metal. Rimers are tapered bits which are used for either preparing tapered or
conical-shaped holes or for increasing the size of holes.

Auger.—This has a steel stem, about 600 mm long (although this may be exceedcd),
having a round eye at one end to receive a wood cross handle; the other end is shaped like
the bits of this name; is used for deep borings up to 5o mm diameter.

Gimlet—The small tool is useful for boring holes to mark the position and facilitate
the insertion of screws. The various patterns include the twist gimlet (8), shell gimlet
(resembles a gouge with a screw end) and the arger gimlet which has an augered shank.

Bradaul (see 22).—The small steel blade is sharpened for making small holes.

(4) Impelling Tools include hammers, mallets, screwdrivers and nail punches.
Hammers.—That shown at 11 is called the Warrington hammer; the head (usually of
" cust steel with a tempered face and pene) is wedged to the shaped ash or hickory shaft;
of the many sizes, that with the head weighing appreximately o-45 kg is most used for
-neral purposes.. The claw hammer (14) is made with heads weighing from o'z kg to
ggn;_the claw is useful for levering back or withdrawing nails.
{3t (see 23).—Used for driving chisels and knocking framing together; the tapered

deudnz ers:—There are two forms, t.e., the fixed-blade type and thé ratchet driver

. (40) #“the former is obtainable with the length of blade varying from 75 to 300 mm and is

the firmer tool to employ for heavier framing; the ratchet screwdriver, by adjusting
the slide, can be turned right or left without releasing the hand pressure; it can also be
convi ertcd to the rigid type.

Nail Punches (see 10).—Used to punch nail heads belo“ the surface of the wood.

(s) Abrading Tools include scrapers and rasps.

Scraper (see 53).—The two longer edges of this 1-6 mm thick steel plate are turned over
to form a slight burr on each side; it is used on hardwood surfaces to remove marks
left by planing.

Rasps.—Two grades of the steel half-round rasp shown at 43 are used to prepare
curved surfaces; the coarse and fine files are about 250 and 200 mm long respecnvely, flat
rasps are also obtainable.

in the beech¥'head receives the shghtly tapered ash or bekch shaft. ¢ Sl

Glass-papering, also termed sand-papering, is the final process applied to wood surfaces.
Thus, after the surface has been planed by the jack, trying and smoothmg planes and
scraped, itis traversed (generally with the grain) by the rubber. This is a piece of cork round
which is wrapped a piece of glass-puper. This is a strong paper, one sidé of which is coated
with an abrasive; it is obtainable in various grades and usually application of two or three of
them is necessary before the surface is completed. Mahogany and certain other hard-
woods should be damped with a little hot water and allowed to dry before the finer grade of
glass-paper is applied; this raises the grain which has been depressed by the coarser pa

Grindstone.—Plane irons, chisels, etc., have to be ground before being sharpéhed
the oilstone. A hard grit stone or carborundum rotating disc is used for this puﬂ;ese

Oilstone and Box (see 25).—There are several natural and artificial oil-stones and ‘these
vary considerably in degree of fineness; well-known varieties are the Arkansas, Carbor-

-undum, India, Washita, and Turkey; a good quality oil should be used when sharpemng

the tools.
Slip Stone (see 27). —Similar to oilstones and used for sharpening gouges.

(6) Cramping and Holding Appliances include T-cramps, G-cramps, bench hold-
fasts and mitre blocks.

T-cramp.—This has been described on p. 102 and is shown at j, Fig. 53; it is used
to cramp up frumings, etc., during the gluing and wedging process.

G-cramp (see 41).—A metal cramp for small work; sizes vary up to 300 mm.

Bench Holdfast or Clamp (see 6).—Is of steel and its object is to grip the stuff on the
joiners’ bench during the process of working; the bench top is holed to receive the bar
and the work is gripped by the shoe.

andscrew (sce 52). —This consists of two hornbeam, beech or metalscre\\s with two

beedh jaws; it is one of the best appliances for cramping light stuff,
itre Block (see s1).—Made of wood to form mitres on architraveiind panel mouldings,
c. The length of moulding is pliaced on the block with the moulded fuce outwards, the
saw is placed in the cut, and the moulding is sawn with the mitre cuts serving as a guide.

A mitre box in the form of a channel with two side pieces having vertieal mitre cuts
and secured to a wood bed picce is sometimes used for large mouldings.  The moulding
is placed in the box and made rigid by wedges; the tenon saw is placed across the box
angl engaged in the two short cuts, and the mitre is sawn down the moulding.

A mitre templet used in trimming the cut mitres and shooting and jointing boards—used
in planing mitres and edges with the trythg plane—are other forms of equipment,

“n Miscellaneous Tools and Equipment include the following :—

Cold Chisel —This is a strong steel tool, about 13 mm wide, which is used for the
removal of superfluous plaster, ete. prior to the fixing of arch:trawes skirtings, etc.

" Pincers (see 24).—Used to remove nails, cte.

Axe.—This is useful for rough carpentry.work.

Plumb-bob (sce p. 28).—A lead, brass or iron plumb-bob, attached to a length of string,
Is essential for testing work that is being fixed.

Spirit Level (see 17, Fig. 19).—Used for testing levels of surfaces. .

Oil Can.—The ** non-leak "' cone shupcd type is preferred. -

Portable Power Tools.—These small tools have been developed comparatively
recently for use by the woodworker. They are clectrically or cartridge operated and
can‘be used on outside jobs besides in workshops.  Portable electric tools are much speed-
ier than hand tools and consequently they are capable of substantially increasing output;
whilst somewhat heavier than ordinary hand tools, power tools are casily handled with
much less fatigue to the operator.  Each power tool 1s provided with a switch, usually in
the handle Gnd therefore conveniently operated.  Portuble power tools chiefly used for
woodworking include saws, sanders, screwdrivers, hammers, planes, drills, etc. Some
of them are shown in Fig. 68'.

Portable Electric Saws.—These are provided with circilar saw blades similar to those
described in Chap. I;%ol. I11; the size varies from 150 to 300 mm diameter and the corres-
ponding chs that can be formed are from 5o to 110 mun deep.  Fach saw is provided with
two handlgé,fone at_the rear and one on top.  The blade i is provided with a guard which

T Those at 1 to 4 and 8 are manufactured by Wolf Electric Tools Ltd.; the electrical
mechanism of these is similar to that described for drills.
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covers the teeth; the safety of the operator is thus assured. Rip, cross-cut and special
blades are interchangeable, and hence the tool can be used for sawing with and across the
grain as desired. It is claimed that a portable electric saw can cut ten times faster than
the ordinary handsaw. .

The example at 1 is mounted on a sole plate which rests on the timber being cut. The
blade is 180 mm in diameter, giving a maximum vertical cut of 60 mm; other blades are
available, including a planer for smoothing timber and a silicon carbide abrasive disc for
cutting stone, brick, cast iron, bronze and asbestos; an aluminium oxide disc is used for
cutting steel. A front and rear handle, which incorporates the trigyer switch, are provided
for the operative to move the saw over the material being cut.  The sole plate has an angle
adjustment to give bevel cuts and another adjustment to regulate the cutting depth.
Under load, the blade revolves at 3,000 revolutions per minute with an input of 1,050
watts. It can be fitted with a guide attached to the two screws on the sole plate for
ripping long lengths of timber.

Portable Electric Sunders.—These are used to produce a smooth finish to planed sur-
faces. There are two classes of this sander, 1.¢., the belt sander and the disc sander. The
belt sander, which is used for flat surfaces, has an endless belt (to which the sundpaper
is attached) which passes over two pulleys at a high speed; belts from 58 to 115 mm
wide are casily interchangeable; the sander is pressed down on the timber during the
sanding operation; the better type of sander is provided with a vacuum dust collector

- or bag fixed at the rear to receive the dust during sanding. ‘The disc sander is useful

for curved or irregular surfaces; the size of disc varies from 125 to 225 mm diameter; the
abrasive paper is fixed to the disc and the latter rotates at a high speed as the tool is pressed
against the work. The more powerful sand-papering machines are described in Chap. I,
Vol. III.

The example at 2 has a 100 mm wide belt and there is an adjustment knob to centralize
this. The switch is located in the rear handle,. there is also a front hanule and a dust bag.
The belt has a speed of 360 m per minute on light load, with an input of 775 watts on full
load.

Electric Screwdrivers.—This power tool, pistol-like in appearance, has a trigger switch
in the handle with an adjustable clutch at the opposite end which grips the blade. It is

eminently suited for mass produced work, as it is capable of driving screws home at a _

very high speed. The screwing operation is facilitated and the splitting of the ‘timber
avoided if pilot holes are first made by means of an electric drill (see below) to receive the
SCrews. -

The example shown at 3 has a spindle speed on full load of 290 revolutions per minute
with an input of 280 watts. It has a reversing switch for withdrawing screws and can be
used for driving hexagon headed metal screws and nuts up to 10 mm dia: It has two
speeds to give the correct drive for the different materials being drilled.

Electric Rotary Percussion Drill (see 4).—Thijs is used for both normal drilling and
percussive drilling, the changeover being made B&j‘?;.adjusting ring in the front of the
machine. Four weights of percussive drive are provided to give the correct weight to suit
the particular Job. Where timber fixings are made to concrete the machine enables
the correct action to be given for drilling through the wood, and &y adjusting, straight
into the concrete which requires percussive action for efficient dedling. The drill is
double insulated for operator protection—this means that it does not rely entirely ori
carthing for its safety as the whole of the body is made of insulating material.

Portable Electric Planers.—These are metal planes, one type having a sole which is
approxirpately 500 mm by 175 mm and a cutting iron or cutter blade of 100 mm width.
It has two handles, one near the heel and the other or pressure handle near and above the

nose. A trigger switch'is housed in the heel handle, and the blade is readily adjusted for -

depth.of cut by means of a thumb screw and fixed by a wing locking nut. This electric
planer planes ten times as fast as’the jack ‘plane described on p. 126.

Portable Electric Drills—These are employed for forming holes of varying diameters;
like the brace and bit (p. 128) an electric drill has a chuck which tightly grips the bit of size
and shape required, a secure grip being assured by rotating the chuck by means of a small
key. As mentioned above, the drill is used for boring small diameter pilot holes for
screws, but much larger holes can be drilled and, by fixing a special attachment, the size of

hole can be up to 100 mm diameter. The smaller type is one -handed, but larger drills have
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end and side (or two side) handles and, in addition, thc more powerful tool is suitably
dish-shaped on top to permit of breast-pressure.

The example at 8 is a small general duty drill and is the forerunner of the tools .des-
cribed above. It is capable of drilling 6:4 mm dia. holes in steel and 16 mm dia. holes in
hardwood; on full load the bit rotates at 1,900 revolutions per minute with an input of
280 watts. When the current is switched on it flows through the coils, setting up a mag-

-netic field causing rotation of the armature which transmits to gears; these operite a fan

for cooling and also a spindle with the attached chuck. The drill is an all insulated model
and, thercfore, does not rely upon earthing for safety, the whole body being of insulated
material to avoid operator contact with any clectrical part. This complete envelope of
insulation encloses a special nylon chuck spindle which isolates the metal chuck from the
electrical parts. Incorporated in the chuck are three jaws for gripping the bit which can be
opened or closed by fitting the key (see 7) into a hole on the outside of the chuck.- Serrations
on thé key engage in those on the chuck, enabling the bit to be secured or released.

Various attachments o be fitted to the drill to drive a disc sander, circular saw or lathe;
it can also be fixed fo<s ‘and or press which is fastened to 'the bench for drilling
holes vertically. The larger ‘models (up to 25 mm dia.) can also be adapted as mortisers
for cutting mortices. R

* Hilti " Cartridge-assisted Tool (sec 6).—This is a percussive tool! powered by a small
cartridge explosive. It can be used for attaching door and window frames, battens, pipes,
brackets and conduit clips to brick, concrete and stone. It eliminates the dnllmg of holes
for these fixings and it can also be used to drive fastenings dircct into steel. Special
hardened steel nails known as Micky pins are used and these are forced through the item
being fixed into the backing materials given above. - Three main types of pin are made:
with rounded head as indicated at 6, with threaded end for subsequent fixing of a nut, and

~with a recessed tapped end into “hlch a bolt can be screwed. The tool comprises an
outer sleeve containing a barrel wherein a cartridge plunger and a front plunger arc
enclosed. The outer end of the cartridge plunger has a head for receiving the hammer
blow and the internal end is recessed to hold a 6-4 mm dia. cartridge. The end of the front
plunger is recessed to contain the head of the pin that is being fixed. A blow from a
1-8 kg club hammer sends the cartridge plunger forward, making contact with the front
plunger. This causes the cartridge to be fired, driving the front plunger forward, thus
thrusting the pin into the batten and into the backmg material.

- T
! Manufactured by MEA-Aktiengesellschaft, Schaan, Liechtenstein, and marketed
by Wordrew Ltd. in this country.




CHAPTER FIVE

ROOF COVERINGS'

Syllabus.—Brief description of the preparation and characteristics of slates; sizes; terms; nails; eaves, ridge, verge, hipand valley détails.  Plain and interlocking

tiles

SLATING

.Formation.—Slate is a hard, fine-grained sedimentary argillaceous (claycy)

“stone. Originally, the particles of clay were deposited by water and subjected

to vertical pressure to form shale (intermediate between clay and slate); this
was subsequently changed into slate as a result of tremendous lateral pressure
and heat. Owing to the latter action the slate is laminated, having numecrous
parallel planes of cleavage, so that large blocks are readily split into comparatively
thin sheets or laminae known as slates.

The cleavage planes are oblique to the original bedding or sedimentation
planes. Thus at the Honister and Yew Crag mines (Cumberland) the angle
of the bedding planes is about 55, whercas that of the cleavage planes is
approximately 70" (see a, Fig. 6g).

Slate is quarried-in Wales (Penrhyn, Dinorwic, Bangor and Ifestiniog),
Cumberland and Westmorland (Honister, Buttermere, etc.), Lancashire
(Burlington) and Cornwall (Delabole), also in Scotland (Aberdeen, Argyll and
Perth).

Quarrying.—Slate is obtained from either open quarries or mines. Thus the Penrhyn,
Dinoric (or Velinhelli) and Delabole slate is quarried, whilst that from Ffestiniog and
Honister is obtained from underground caverns approached by galleries. Gunpowder
or gelignite is used to blast the rock and dislodge huge blocks of slate.

Conversion.—After-?‘H']e blocks have been reduced in size by the use of the mallet,
chisel, etc., to permit of their convenient removal from the mine or quarry, they are
transported to the sawmill for sawing, splitting and dressing. -

Saring.—A diamond or circular saw (see p. 36) is used to divide each block into
sections which are from 450 to 600 mm wide and up to 360 mm thick. The saw cuts an
average rate (Westmorland slate) of 3m per minute.

Splitting.—The saw blocks are now reduced to slabs which are about 15 mun thick, and
cach §lab is divided by hand labour into thin laminae or slates. A ““ splitter,”” with the slub
resting against the side of one of his legs, drives a chisel into the slab at one of the sawn
ends (see ¢, Fig. 69). The chisel used for Welsh slates has a broad edge and is driven
in with a wood mallet; that used for the tougher Westmorland slates is less broad (see B,

Fig. 6¢) and a hammer is used instead of a mallet. In splitting a slab, it is first divided-

1 See p. 68. Felt and lead covering for flat roofs is described on pp. 70 and 148
respectively. Pantiles, Italian and Spanish tiling, stone slating, shingles, copper and
zinc coverings, asbestos sheets and thatch are described in Vol. 111.  Lightweight metal
and asbestos sheetings and deckings are included in Vol. IV.
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into two or three sections, cach of which is carefully split to form slates of the required
thickness; the chisel is driven firmly *“ down the grain "and prised after each successive
tap on it until the split is complete.

The thickness of the slates varies according to the quality and ** order ” requirements.

. Welsh slates vary from 4 to 8 mm, and for best quality Westmorland slates *“ six per

3o mm " (each being 5 mm thick) is preferred.

Dressing is the final operation and may be done either by machinery or by hand.

One type of machine has a cylindrical drum with two diagonaily fixed knives; a

measuring gauge (resembling the size stick shown at g, Fig. 6¢) sticks out horizontally from

one side of the machine: cach slate is placed on the guuge in the notch which will give the.... ..

required size; as the drum rotates, the superfluous slate is removed, leaving a straight
edge which is somewhat splaved and rough on the underside.

It dressed by hand (and at the larger sheds thousands of slates are dressed in this
manner) the ' dresser.” when in a sitting position, places each slate on the traverse or
brake (sec G, Iig. 69); the slate is held with an irregular edge overhanging the edge of the
iron and a clean edge is formed as he makes two or three downwurd blows with the wchitile
(sce B, Fig. 69). He then uses the gauge or srse stick (see x); lengths verying from 150 to
300 mm-(advancing by 25 mm) and 300 to 600 mm (advancing by 50 mm) are measured :
the metul_point of the stick marks a line on the slate g5 the stick is traversed with the
required notch held against the recently dressed edge (sce r); the whittle is used to remove
the superfluous slate by making a cut along this line; cach edge is dressed in-this manner.
Sometimes the two top corners are removed as shown at 17 this enables the slates when
fixed to lie closely on each other (especially if the beds are not perfectly flat) and reduces
their weight.  As a rule the holes are formed either at the slater’s yard or on the building
site (see p. 133). The slates are dressed to give the maximum size with the minimum
waste, und they are afterwards sorted into sizes.

Sizes.—Slates are produced in a large number of sizes; some of the larger quarries
supply over twenty and the Bangor slates can be obtained in no less than thirty-two
standard sizes varying from 600 by 350 mm to 200 mm by 200 mm. Common sizes are
600 mm to 3oo mm, 500 mm by 250 mm, 450 mm by 225 mm and 400 mm by 200 mm;
lurger and special sizes can be obtained at additional cost.
~ The Westmorland, Cumberland and North Lancashire slates are generally produced
in what are termed ** random sizes.”

Random siates are from 300 to 600 mm long and are proportionate in width, the average
width begge half its length; these are * sized  after being dressed, i.e., sorted into sizes
600 to 560 mm, 500 to 450 mm*and 450 to 300 mm long. These slates are usually laid in
regular diminishing courses (see p. 139) for which mixed sizes are required.

Peggies are small-sized randoms: they are 225 to 300 mm long (*“ best peggics ™) and
150 ta 250 mm long (“'second peggies”), with proportionate widths.

In addition to classifying slates according to size, they are divided into three or more
grades known as ' qualities,” r.e., *‘ firsts 7 (or * bests '), ‘ seconds ”” and *‘ thirds.”’ As
a rule, these terms refer to thickness only and not to value, for, in certain quarties, ** best '
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“ ordinary " and * small ” sizes of slates is stated. Comparatively large slates
should be used on roofs of about 30° pitch. On steeply pitched roofs most of
the weight of the slates is carried by the nails and therefore the slates should be
small and these should be secured with stout nails. Hence the steeper the pitch
the smaller the slates.

Lap is the amount which the tail of one slate covers the head of that in the
course next but one to it; this applies to centre-nailed slates (see below). When
the slates are head-nailed (see below) the lap is measured from the centre of the
nail holé instead of the head. As shown in the various details in Fig. 71, there
are THREE thicknesses of slates at the lap., 'The amount of lap varies with the
pitch and degree of exposure of the roof; thus for roofs with 30° to 45° pitch,
the lap should be 76 mm; for steeper pitches the lap may be reduced to 64 mm;
for flatter pitches than 30° the lap should be increased to go-mm to 100 mm, and in
exposed positions (such as on the coast) a lap of 150 mm may be necessary.

Gauge is the distance between the nails measured up the slope of the roof
(which is the same as the distance between the tails of each successive course).
The gauge depends upon (1) the length of slate, (2) the amount of lap, and (3)
the method of nailing, Z.e., centre nailing or head nailing.

Centre-nailed Slates (see A and c¢, Fig. 71).—The gauge equals
length of slate —lap,

2

thus for a roof covered with 460 mm by 230 mm slates and

laid with a 76 mm lap, the gauge = i(io__726_m2
“the nail holes measured from the tail of the slate is shown at p, Fig. 69, and equals
the gauge, plus the lap, plus a clearance of 13 mm; the clearancéis necéssary to
allow the nails when being driven to clear the heads of the slates in the course
below.

Head-nailed Slates (see E, F and G, Fig. 71).—The holes are pierced 26 mm
from the head (see 0, Fig. 6g) and, as mentioned above, the lap is measured from
length of slate —(lap 4+ 26 mm);

2
thus the gauge for 460 mm by 230 mm slates with a 76 mm lap =
460 mm— (76 +26 mm) _
2

In both centre and head nailing the holes are. approxlmately 32 mm from the

edges. K
gCompanson between Head- and Centre-Nailed Slates.—Head- nailed

slates offer a better protection to the holes as there are two thicknesses of slates
over each. They are not readily damaged or strained when being nailed as
they have a solid bearing in the form of battens or boards. Their tails are more
readily lifted by a high wind owing to their blg leverage; this allows rain and
snow to blow between them and the excessive movement of the slates may
gradually damage and increase the size of the holes until the slates are ultimately

= 192 mm. The position of

the centre of the hole. Hence the gauge equals

= 179 mm.

dlsplaced and blown off; hence large slates should not be head-nailed, especially
in exposed positions. More head-nailed slates are requxred to cover a roof on
account of the reduced gauge and therefore this method is more expensive than
centre nailing.

Centre-nailed slates are less likely to be stripped becausc of the reduced
leVerage, and for the'same reason, there is less likelihood of drifting snow and
rain finding access.  Large slates should always be centre-nailed to give greater
rigidity. Less slates are required and the method is therefore more economical
than head-nailing. Defective slates are more readily removed. There is
greater likelihood of rain entering the nail holes if any of the slates above them
are cracked and if the roof has a flat pitch, as there is only one thickness of slates
over the nail holes. There is a risk of the slates being strained and sometimes
cracked (which cracks may not open until later) by careless nailing owing to
the space between the middle of centre-nailed slates and the battens or boarding
below, and especially over the intersection between sprockets and spars (see c,
Fig. 71). Centre nailing is more common than head nailing.

Diminishing Course Work.—The roof consists of randoms which are laid
in diminishing courses from a maximum at the eaves to 2 minimum at the ridge.
The slates are sorted to give carefully graded courses, those in each course being
of the same size; thus a large roof may have 610 mm or longer slates at the eaves
and peggies at the ridge. The gauge varies with each course or every second
course, but the lap is uniform throughout. A very pleasing appearance results,
and as shown at j, Fig. 70 the bond is irregular. The method of determining
the gauge is explained on p. 139 (see also E, Fig. 71).

Margin is the exposed portion of a slate and equals the gauge multiplied by - -

the width (see A and D, Fig. 70).

Boarding or Close Sheeting (see p. 69).—The usual thickness is 25 mm
(nominal); it should be tongued and grooved although shot or butt jointing is
used for cheap speculative work. As described below, the boarding should be
covered with felt before the slates are fixed. Boarding is sometimes referred
to as sarking, although this term is more often applied to felting.

Slating Battens or Laths.—These should be sound, sawn redwood and of
the following sizes : 38 mm by 19 mm for small slates 400 mm long and down-
wards, 50 mm by 19 mm for light slates 460 mm long and upwards, and 50 mm
by 25 mm for heavy slates 460 mm long and upwards. They are fixed to the
boarding or directly to the spars, to the required gauge apart by galvanized
wrought iron nails which are usually 44 mm long. They are sometimes creo-
soted for preservation. Counter-battens as shown at b, Fig. 70 and G, Fig. 71
are also used; these are generally 50 mm by 1g mm, spaced at 400 mm centres
(or equal to the distance apart of the spars) and secured with 38 mm galvanized
wrought iron nails.

Tilting Fillets or Springing Pieces—These are triangular or tapered pieces of
wood, from 75 to 150 mm wide and up to 75 mm thick, used at the eaves (see
Fig. 1) to tilt the lower courses of slates in order to assist in excluding rain and
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snow by ensuring close joints at the tails. These are often omitted: if fascia
boards are used (see Y, Fig. 36). They are also used at chimney stacks, etc.,
which penetrate a roof, to cause water to fall:away quickly from the vertical
surfaces.

Damp Proofing.-—Provision must be made to exclude rain and snow which
may be blown up between the slates and to prevent the entrance of water by
capillary attraction. Such includes either (a) covering the boarding or spars
-with felt or similar material, which is the most usual system, or (4) torching the
underside of the slates.

(a) Roofing Felt.—This is similar to but thinner than the fibrous asphalt or
bituminous felt described on p. 17 and is obtainable in 800 or goo mm wide rolls.
It is either laid upon the boarding with the joints running from eaves to ridge or
parallel to the ridge, or, for cheaper work, the boarding is omitted and the felt
(called untearable felt, because of its toughness, due to an extra layer of hessian
cloth being embodied in the material) is laid transversely over and fixed with
flat-headed 30 mm galvanized wrought iron nails (* clout najls ') direct to the
spars. The former is shown at b, Fig. 70, and the latter at a, Fig. 71. The
joints are lapped 50 to 75 mm in each case, and it should he lapped over the
ridge. The edge of the felt is clout-nailed to the boarding every 75 mm or to

each spar when laid directly over them.

(6) Torching or Pomnting or Tiering.— Good lime mortar, to which clean long
ox-hair has been added to increase its adhesive quality, is applied to.the under-
side of the slates along the upper edge of cach cross batten; this material should
be well pressed in between the slates and the mortar fillets splayed off (see b,
Fig. 38). o . . ST

Comparing the two methods : IFelting allows air to enter and circulate under
the slates and round the battens, i1t reduces ** heat losses ™’ (the transmission of
heat and cold through the roof), it is casily fixed, but is more expensive than
torching. Torching prevents ventilation, and in prolonged wet weather it
retains moisture which may be transmitted to the adjacent battens and roof
members and set up decay; in course of time inferior Material deteriorates and

drops. off leaving gaps through which rain and snow ™y enter; if however
ires a‘drop-dry. "

best materials and workmanship arc-apphied, this-metho® rst
roof, as is evidenced by the thousands of roofs that havé beert dealt with in this
manner and have remained watertight and in good condition for a l(mg pcrmd

. of years. - -

Terms such as eaves, ridge, hlp, \allf:) and verge have been defined on

pp. 68 -69.

Specnal Slates.—Slates other than those of normal size and shape arc:

required in order to maintain correct bond and conform to shapes which are
more or lgssgrregular.  They include those necessary to form the bottom cour-e
at the eaves; the top course at the ridge, verges, hips and valleys.

Double Eaves Course Slates (see Fig. 71).—A double course of slates is lad
at the eaves, otherwise rain would enter between the edge joints.

chicfly on acee

- Tile Rud,

The first layer -

of slates (or *“ doubling course ) is comparatively short and equal in length to the
gauge plus lap (when centre-nailed—see ) and gauge plus lap plus 26 mm (when
head-nailed—see G). The practice which is sometimes adopted, of laying the
normal sized slates lengthwise to form this course, is not advocated as there is
a risk of some of the end joints coinciding with the edge joints of the course
above.

Top Ridge Course .Slates —These are about §o mm longer than the bottom

doubling eaves course slates in order to leave a suitable margin below the wing -

of the ridge tile (see a, Fig. 71).

I'erge Slates—As mentioned on p. 133, either a special slate called a *“ slate
and a half”’ or a half slate is used at each alternate course in order to give correct
bond. A slatc’and a half, as is implied. is one and a half times the normal
width, thus its size will be §20 mm by 390 mm if 520 mm by 260 mm slates are
being used. A verge is a vulnerable part of a roof, and these wide slates, when
cach is secured with at least two nails, give a much stronger job than do half
slates each of which may be secured with one nail only. The application of
these wide slates is indicated at A and E, Fig. 7o.

Hip and Valley Slates.—Fxtra wide slates are required for these positions
and each is usually formed from a slate and a half. Hip slates are shown at ¢,
Fig. 67, and valley slates are similar.

Open or Spaced Slating.—Roofs of temporary and certain farm buildings,
ete., may be covered with slates which are laid with a space from 38 to 75 mm
between the sloping edges.  Whilst this method results in an economy of
material, it does not give a ** drop-dry ’ roof, and is now seldom used. '

Ridges.—5lated- roofs arc finished at.the ridges- with-shaped-pieces made
in slate, tile, stone and fead.

Slate Ridges (sec g, Fig. 71) ard formed in two picces, cach from 10 to 20 mm
thick and up to about 460 mm long, one is a pldm rectangular wing holed for
scregyg and the other is a 175 or 150 mm wide wing with a §0 to 60 mm roll
(birdsmouthed beneath) worked on the top edge.  As shown, the topedge of the
w oml ndgn 18 Lhamfucd and s about 50 mm above the battens; the plain wing

ng 1sbedded on the shates and over the

th<. L(‘p;u)ursc of, sm;mwﬁwdﬁmg )

aun wWing; in n addition, the joint Between each roll section is
or small slate d()\\cl The joints of the, ridge should
| is ri t.now mudh usf%i,-

top edg
sceured with.
* break joint.

crent dppL B
Ly wurclul to a variety of patterns, and kiln-burnt,
The /mlf round rldﬁ_"t.tlfﬁ Shown at A, Fig. 71, and the hog-back ridge illustrated
at 6, Fig. 7o, and at b, Figo 72 give a satisfactory finish, provided the colour
conforms with that of the slates; they are usually 1 460 mm. lengths, the width
varies from 230 to 280 mm and the thickness from 13 to 22 mm. A V-ridge,
having a flanged or rebated joint, is shown at ¢, Fig. 7o; this is 22 mm thick and
the wings should not be less than 175 mm; the angle between the wings varies

e
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to suit the pitch of the roof. As shown, the ridges are bedded and pointed in slated roof, and are commonly employed in Yorkshire and the Cotswold district
cement mortar which is preferably waterproofed, and the transverse joints are where comparatively thick slates from local stone form the covering material.
formed of the same material. Lead Ridges are described on pp. 148 and 150. These form a suitable finish
It is not wise to bed the ridges solidly With mortar as this has been the cause of if Welsh slates are used, but the lead is apt to stain certain green slates.
wood ridges becoming defective on account of air being excluded. Whilst the Hips are finished with either half-round or V-shaped tiles, sawn stone, lead, .
flanged joint at C is effective and is often used, ridges formed of these pieces are N -
unsightly and the simple butt joint is preferred. The latter gives a watertight job or cut and rpltrcd slates with !(.:ad soakers.
if formed ywith good m:!t;;'riu] ;\h% esp_elcmlly ‘g, ﬁ,’] lshir:'§ertthun?c]:;ﬁ?ach jomt(.i _ Tiled Hips (seze H and K, Fig. 70) are commonly erpp]oyed, z-md \.vhilst they
t‘\hl::;“;‘::)‘ielgé ;Z‘:::‘d’;:;nisaz AN t?;g‘e‘ - unri’ntereru;telgi thine. Ti‘n:ie;ﬁ::r- provide a sound finish, the appearance is far from pleasing, especially if the roofs
ance of the ridge is improved if the €Rd one of two pieces are given a slight tilt upwards are small. Asshown at K, the tops of the jack rafters finish level with the tep of
as shown at A and j, Fig. 70. These end pieces are “ solid ended.” the hip rafter, the ends of the battens are brought over it and the slates are
Ridge tiles can be obtained in several colours and they should therefore be roughly mitred. A hip hook should be screwed to the back and at the foot of
carefully selected to harmonize with the slating. - the hip rafter to prevent the tiles from slipping (see n). Hip tiles, like those
Stone Ridges (see B, Fig. 70) are sawn out of the solid.” They are from for ridges, should be of a satisfactory colour. )
230 to 150 mm wide, about 38 mm thick, and from 300 to goo mm long. The Sawn Stone Hips are formed of picces of similar section to that shown at s,
joints are rebated in good work (see sketch) and the pieces are bedded, jointed and Fig. 70; the dihedral angle between the wings should conform with that of the
pointed in cement mortar. They provide an effective finish to a Westmorland roof.
e, ® e e 136
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Lead Hips are described on p. 150. _

Cut and Mitred Hips with Lead Soakers provide the best finish to a slated
roof; the method is sound, especially for pitches not less than 45° and the
appearance is effective (see.j, Fig. 70). 'The construction is shown in the
section at ¥ and the plan at G; it is customary to provide two 100 mm wide hip
boards (which are mitred over the hip rafter) to form a good bearing for the
slates and a fixing for the. soakers, against which the ends of the battens are
butt jointed; alternatively, the top edge of the hip rafter may be bevelled and
finished level with the top of the battens which mitre against the rafter. Both
methods provide a true line up the hip rafter to which the edges of the slates
are cut. Wide slates (slate and a half) are used and these must be carefully
cut and mitred as shown. Lead soakers (see p. 143) are placed between the
slates; as shown at G, these soakers are square, measuring from 300 to 360 mm
across the diagonals (depending upon the size of the slates); each soaker is bent
over the upper edges of each pair of mitred slates and twice nailed to the hip
boards; the soakers lap each other at each course. The mitred slates must be

securely nailed (especially in exposed positions) otherwise they are liable to be

stripped by strong winds.
Valleys.—It is customary to form * open ” valleys in slated roofs. These

are covered with lead and their construction is described on p. 150 and shown at
p, Fig. 75. An alternative and suitable finish is provided by cut and mit.red
slates with soakers as described above. Another very effective, but .expensive,
finish is the ‘“ swept valley ”’; the sharp angle at the valley is blocked out by
means of a 250 or 300 mm by 25 mm board which is fixed above the valley rafter,

and this makes it possible for each course of slates in the adjacent roof surfaces -

to be uninterrupted at the valley, as the slates are continued round to form a
series of curved or swept courses. The slates forming the valley are cut and
packed underneath as required. As swept valleys are more often formed on
roofs which are covered with plain tiles, a full description of this finish is given
in Chap. 111, Vol. IIL o ‘

Verges.—One of several methods of finishing at verges is shown at A and g,
Fig. 70. For the teason stated on p. 135,-a-slate amd a half should be' used at
each alternate course. The slates project as shown, and in erder to direct the
water from the edge and prevent it from running down the face of the gable
wall, the outer slates of each course are slightly tilted upwards. This tilt is
formed by bedding a course of butt-jointed slates (called an unfigrcloak) on the
walliin cement mortar, and the ends of the battens are laid on this course. After

the slating_bas been gompleted, the open edge is well filled in with cement

mortar and neaﬁoig&d‘:&’é‘-shaﬁj T}fesyﬁaerrclqak;may consist of a double
layer of slates. '

Preparation of Roofs for Slating.—The groundwork may consist of

either () horizontal slating battens only, {b)boarding and felting, (c} boarding, felt -

and slating batzens or {(d) boarding, felt, counter-battens and slating battens.
(2) Horizontal Slating or Cross Battens (see D, Fig. 38, a, Fig. 71, and

Fig. 72).—~This is the most common method as it is the cheapest It is quite
satisfactory and a drop-dry roof is assured provided either felt or torching (as
described on p. 135) is applied to prevent the access of rain, snow, wind and dust.

(b) Boarding and Felting (see w and X, Fig. 36, and , Fig. 71).-—The boarding
(described on p. 134) is nailed to the spars and then covered with felt (see p.
135). This provides a drop-dry and draught pMof roof, although dampness
has been caused through the penetration of water through the nail holes. Heat
is less readily transmitted through this roof than that described at (2) and there-
fore rooms which are partly in such a roof are relatively warmer in winter and
cooler in summer. (See also p. 141.)

(c) Boarding, Felt and Slating Battens (see c, Fig. 71).—The boarding is
fixed, felt is nailed to it, and the cross-battens are then fixed to the required
gauge to receive the slates. Although expensive it is not a satisfactory method,
as any rain or snow blown up between the slates lodges on the upper edges of
the cross battens causing, in some cases, a rapid decay of the battens.

(d) Boarding, Felt, Counter-battens and Slating Battens.—This is undoubtedly,
the best method and is adopted in first-class work (see D, Fig. 7c and ¢, Fig. 71).
After the boarding and felt have been fixed, 50 mm by 19 mm counter-battens
are nailed running from eaves to ridge at the same distance apart as the spars;
the slating battens are nailed to them at the gauge apart and the slates are
secured to them. Any driven rain and melted snow gaining access pass down
between the counter-battens to the free outlet at the eaves. Besides providing a
perfectly drop-dry roof, heat losses are reduced to a2 minimum and this con-
struction is therefore very suitable for open roofs such as are required for
churches, public halls, etc.,.in addition to domestic buildings where the expense
is not prohibitive. (See also p. 141.) T

Certain of the details in Fig. 71 not already referred to are described bélow.

Centre-nailed Slating.—This is illustrated at a and ¢, Fig. 71.

Detail A.—See p. 74 for the construction of the eaves and this page for the
groundwork. An additional top batten is provided at the ridge so as to tilt the
ridge course, otherwise the tails of the short slates comprising the ridge course
would ride on the course below. Note that there are THREE thicknesses of slates
at each lap. Students in examinations frequently make the mistake of showing only
two thicknesses at the lap with one thickness between laps; this of course affords
no protection at the side joints. The double eaves course projects 38 to 50 mm
beyond the tilting fillet and the felt overlaps the edge of the gutter.

Detail C.—The sprocketed eaves has been referred to on p. 74 and the
groundwork on this page. The distance between the slates at the junction
between the sprocket and spar is rather excessive; this would be reduced if
smaller slates (say 400 mm by 200 mm) were used as the sweep would then be
more gradual. :

Head-nailgd Slating,—Examples are shown at r and 6, Fig. 71.

Detail FXThe projecting ends of the spars are cut as shown and an asbestos
gutter is fixed to them.
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The close boarding and felt have been previously described.

Detail G.—The sprocketed eaves is similar to that described on p. 74,
except that the inclination of the spars and sprockets are 50° and 30° respec-
tively and the projection is only 230 mm; the groundwork is described on
p- 137. The space between the slates over the intersection of the spars and
sprockets is wide but not so serious as the defect purposely shown at c (already
referred to), as the slates, being head-nailed, are not so liable to be damaged
whilst being nailed; this space would be reduced if the sprockets were given
a steeper pitch, and attention is drawn to the gradual sweep of the portion of the

. roof shown at K, Fig. 37, which is produced when the ideal and traditional

pitch of the spars and sprockets of 55° and 35° respectively is adopted.

Other examples of head nailing are shown in Figs. 36, 37 and 38. The
detail D in the latter figure gives a good example of the lower courses of slates
having an inadequate fall due to the flat sprockets. Provided the window could
be kept lower, a sounder job would result if the feet of the spars were continued
and a small tilting fillet used instead of the spreckets.

Diminishing Coursed Work (see j, Fig. 70 and E, Fig. 71).—As explained
on pp. 131 and 135, the random slates are sorted and laid in graded courses
diminishing from a maximum at the eaves to a minimum at the ridge. Slates
in each course are of the same length, but the width may vary (see j, Fig. 70).
As the lap is the same throughout, it follows that the gauge decreases from the
eaves upwards. The gauge for head-nailed slates is found by the rule stated

mean length of slate and slate above — (lap + 26 mm)‘, where the appli-
2

cation shows a uniform lap of 63 mm (which is adequate for a pitch of 50°)
and the length of the successive upper courses to be 460, 430, 400 and 370 mm;
the gauges of the 460 and 430 mm courses are 178 and 163 mmn respectively as

- 4004370
2

at E, t.e.,

—(63+26) o

shown, and that of the 400 mm-course = = 148 mm. The
2 .

gauge for centre-nailed slates, as in ordinary slating, is 13 mm more. Whilst
the above example is a simple illustration, it should be pointed out that the
reduction in length is excessive and very large slates would be required at the
eaves of a large roof if a more gradual reduction was not made; sometimes the
courses are diminished at every second course. Westmorland slates are usually
laid with graduated courses and a very attractive appearance results. The slate
ridge i described on p. 135; a sawn stone ridge or a hog-back tile ridge (pro-
vided it was of a suitable colour) would be more pleasing in appearance.

Procedure in Slating a Roof.—The following is the normal sequence of
operations in slating the roof of a b'ﬁﬂdin? ich is assumed to be detached and
has gabled walls .— = . - :

The metal eaves gutters 3re fixed immediately after the woodwork at the eaves
has been completed; the battens are fixed at the gauge apart, commencing from the

FIGURE 72
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eaves; stacks of slates having been placed at suitable intervals up the roof by the
labourer, the slater proceeds to fix them, commencing at one end of the eaves and
gradually spreading longitudinally and up the roof until the ridge is reached; the
opposite slope is covered in a similar manner; - the ridge tiles are bedded, jointed
and pointed horizontally and in true alignment, with exception of the end pieces and
those against chimney-stacks, which are given a slight tilt upwards, as previously
explained. If hips are required, the specially cut hip slates will have been dressed
to the correct shape and size and these are the first to be fixed in each course; if
the hips are to be cut and mitred, the lead seakers (prepared by the plumber) are
fixed by the slater as the slating proceeds; if hip tiles are required, these are fixed
in correct' alignment, commencing at the eaves and neatly mitring with the ridge
tiles. If the verges are as shown at E, Fig. 70, the undercloaks are firmly bedded in

cement mortar before the battens are fixed. Finally, the gutters are cleaned out and -
the underside of the roof is torched. Of course, if untearable felt is to be fixed.in -

liéu of torching, this is done before the battens are fixed.

PLAIN TILING

Plain tiles are made of clay or concrete. If of clay, this is very finely ground,
moulded into slabs and subsequently dried and burnt. Like bricks, both hand-
made and machine-made tiles are produced in a wide range of colours. Hand-
made tiles have a sand-faced surface, they have a better texture, are tougher, are
less liable to lamination, and are more expensive than those which are machine-
made.

The size is usually 267 mm by 165 mm by 10 to 13 mm thick (see a, Fig. 72).
They have a slight camber or set (3 m radius) in their length which ensures
that the tails will bed and not ride on the backs of those in the course below.
A tile has two (sometimes three) stubs or nibs which project on the bed or under-
side at the head in order that it may be hung from the batten, and each tile
has two holes formed at about 25 mm from the head and 38 mm from the edges.
Special tiles are also made, thus : eaves tiles (165 mm by 165 mm) and tile and a

"half (267 mm by 248 mm or wider). The latter are used at alternate courses at

verges and swept valleys.

Terms, such as bond, gauge, margin, etc., used in slating are also applied
to tiling.

Plain tiles are laid in regular bond, and ths Preparation of a roof to receive

the tiles is similar to the methods described, gif¥% 137 with exception of ‘* board-

ing and felting,” as this is impracticable for tiling on account of the nibs.

The nails used are similar to those described on p. 133, and 38 mm long
copper nails are used in most good work. ’

Unlike slating, every tile is not secured with nails unless for roofs in exposed
positions. It is usually specified that every tile in each fourth course shall be
twice nailed. The double eaves course tiles, ridge course tiles and all verge,
hip and valley tiles must also be nailed. g

1 In some technical colleges, plain tiling is preferred to slating as a first year subject
of ‘a Building Course and hence a brief mention of it is made here. Plain tiles and other
roofing materials are given more extended treatment in Chap. III, Vol. 11I. [Industrial
and light weight roof sheeting and decking are described in Chap. VI, Vol. IV.

Pitch, Lap and Gauge.—As a plain tile is a relatively small unit, a large lap
is not practicable, and therefore the usual lap employed is 63 mm. This
necessitates an increase in the minimum pitch to 45°. For reasons previously
given, this angle should be avoided, and a pitch of 50° to 55° adopted.
length—lap  267—63 mm

2 B 2
there must be THREE thicknesses of tiles at the lap. i
Typical eaves and ridge details are shown in Fig. 72.
Eaves Detail (see c).—The spars forming the simple open eaves project

The gauge equals

= 102 mm. As in slating,

. only 75 mm, and a tilting filletis fixed to them to give the necessary tilt for the

lower courses and the doubling eaves tiles. Felt damp proofing is shown.

Ridge Detail (see B).—The top course, like that in slating, is tilted by using
a thicker batten at the ridge; the'length of this course should be such as to give
a 102 mm margin, and in the example it is 216 mm. Either the hog-back ridge
tile as shown, or a half-round ridge tile (as shown at A, Fig. 71) provide a
suitable finish, and these tiles should be bedded, jointed and pointed in cement
mortar or mastic as described for slating. This pointing material may be
coloured to conform with that of the tiles. The underside of the tiles is shown
torched, but untearable felt (fixed as described on p. 135) may be used if pre-
ferred. Lead-covered ridges should never be used for tiled roofs on account of
the colour which; as a rule, contrasts violently with that of the tiles.

Tiled verges may be constructed in a similar manner to that shown for slating
at E, Fig. 70.

Hips are often finished with similar tiles to those used for ridges, but such
are unsightly. The best treatment is that provided by bonnet hip_tiles; these
are curved and bond in with the adjacent tiling. Purpose-made V-:shaped
hip tiles which course in with the plaintiles are also employed.

The best form of valley for a tiled roof is the swept! valley where each course
of tiles in the adjacent sloped surfaces is swept round to a suitable curve; this
is constructed as briefly explained on p. 137. Another good form is the laced!
valley where wide tiles are used at the intersection and each course is lifted to
give a laced effect. The most common method adopted, especially for specu-
lative work, consists of forming a lead valley as shown for slating in Fig. 75;
this is not desirable on account of its unsatisfactory appearance, for in general,
leadwork in a tiled roof should not be exposed to view as its colour clashes with
that of most tiles.

INTERLOCKING TILES

Interlocking tiles (sometimes called single-lap tiles) are the lightest type of
roof tiling—weighing 36-6 in comparison with 63-5 kg/m? for plain tiles.
Hence the groundwork of spars and purling’can-be lighter than for plain tiling

1 See Cha.p, 111, Vol. 1.
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and 75 mm by 50 mm spars at 450 mm centres are sufficient for spans up to 2 m.
Interlocking tiles (see Fig. 39) are machine made of concrete in various sizes
and sections, the 380 mm by 230 mm type at b is typical. The tiles are troughed
as shown at A and D, have one nail hole, two nibs which engage behind the
38 mm by 19 mm battens, and the underside also has projecting lugs which fit
into the troughs of the tile below. They can be laid with a straight bond or
they may have a broken bond like plain tiling and slating (e.g. at A, Fig. 70).
In the latter event, special left and right-hand tiles are used for the finish at
the verge. '

45 mm copper nails are used for the best work, each tile in alternate gourse
being nailed except where the roof is exposed and steeply pitched when all the
tiles are nailed. All the eaves and ridge tiles and those at the valleys, hips and
verges must always be nailed.

Pitch, Lap and Gauge.—Interlocking tiles are laid with a minimum head
lap of 76 mm, they also have an interlocking side lap of 26 mm as shown at A.
The minimum pitch is 30° when the gauge is 280 mm and the head lap is 100 mm
as shown at E. For pitches of 35° and upwards a 304 mm gauge and 76 mm

head lap can be used.

Note that unlike plain tiles there are only #wo thicknesses of tile at the head
lap as indicated at C.

Eaves Detail (see E).—The eaves prolect 215 mm and small sprockets are
used to give support to the felt at this point. The truss (see pp 77 and 78 for

description) rests on a 100 mm by 50 mm wall plate to whith it is spiked and the |

cavity wall is closed by a 215 mm brick course and one of half bricks as beam
filling. ' '

Rndge Detail (see E).—This is quite simply arranged as shown; the top
batten is slightly thicker to ensure that the top course sits tightly on the course
below. The ridge tile is bedded as described above for plain tiling.

Verge Detail (see A).—This shows the use of a plain tile as an under-cloak
and a special left-hand verge tile to finish the edge. The treatment is similar
to that already described for a slated verge.

Abutment Detail (see B).—This occurs at a chimney stack and shows the
use of a simple lead cover flashing which must extend over at least one of the
raised portions of the tile. (See also p. 150.)

Hips are made with third-round tiles similar to those for the ridge, the inter-
locking tiles being cut to the line of the hip.

Valleys are formed by using purpose-made troughed valley tiles nailed to
short timbers nailed between the jack rafters and parallel to the valley rafter.
The single lap tiles are laid to project over the valley tiles, and after being cut to
rake to form an open valley about roo mm wide, mortar bedding is pointed in
along the cut edges.

Thermal Insulation of Roofs.—It is important to prevent the undue
loss of heat through the roof and the Building Regulations include a clause to
this effect. The minimum requirements for a pitched roof are that it should
have slates or tiles plus felt with a 60 mm thick quilt of glass (or slag) wool
over the ceiling (or between the ceiling joists). In the case of a flat roof
having boarding not less than 16 mm thick a 46 mm thick quilt must be in-
corporated within it or within the ceiling to it. Insulating quilts are
obtainable in 1 m wide rolls from 25 to 75 mm thick, comprising a paper
covered core of slag (or glass) wool. An alternative is shown in Fig. 39,
where the insulation consists of loose vermiculite (an expanded form of
mica) 70 mm thick. Another insulating material is 38 mm thick expanded
polystyrene insulation board fixed to the top of the ceiling joists. T
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CHAPTER SIX

PLUMBING

Syllabus.—Brief description of the manufacture of milled and cast sheet lead; characteristics; weights ot sheet lead used for various purposes; terms; including

rolls, drips, flashings and soakers.

Lead is chiefly produced from an ore, called galena, which is a compound of
lead and sulphur. The principal sources of supply are the United States of
America, Spain Australia, Canada, Germany and Mexico; comparatively
little of the ore is now obtained from English mines.

Manufacture of Lead.—One of several methods of abstractmg the lead is to smelt
the ore in a furnace to remove certain impurities; the metal is run into pots, transferred
to large copper pans, remelted to eliminate further impurities, and the soft refined metal
i$ finally cast into bars called pigs. These pigs weigh from 36 to 54 l\g each and are
used-for the manufacture of sheets, pipes, etc.

Sheet lead 1s used for covering roofs gutters, ridges, etc. There are two methods of
manufacturing sheet lead, i.e., (@) milled or rolled sheet lead, and () cast sheet lead.

(a) Milled or Rolled Sheet Lead.—The pigs of lead are melted and cast into slabs from
1-5 to2'2m long, 1-2 to 1-8 mwide, and approximately 125 mm thick. Each slab is passed to
the mill, the bed of which consists of a series of steel rollers, and situated in the middle and
ACross the bed is a pair of heavy rollers; -the bed rollers are caused to rotate, the slab is
passed backwards and forwards between the large rollers until its thickness is reduced
to a sheet which is approximately but uniformly 25 mm thick, 4-6 t0 12 m long and 2 to
the sheets are cut into suitable sizes, each piece iy passed through the finishing
mill to reduce it to a sheet of the required w elght and thickness, and finally the sheet is
rolled into a coil for dispatch to the plumber. Most of the sheet lead used ut the present

«® "¢ is manufactured by this process.

4" (b) Cast Sheet Lead.—This is produced by melting the pigs and pouring it over a bed
of sand prepared on a casting bench, which is from 3-7 to 46 m long and 1’2 to 1'8 m
wide, and the height of the frame is about 700 mm from the floor; the sand bed is prepared,
and. levelled surface being slightly below the edgeq of the bench depending upon the
required thickness of the lead. The molten lead is poured into a trough semicircular in
section, which extends to the full width of the bench to which it is hinged at one end;
the trough is rotated to tip the lead on to the sand bed and the lead is pushed forward b\
means of a strike or bar which runs on guides on the long edges of the frame at a height
corresponding to the required thickness of the lead.

Cast lead is considered to be the best form of sheet lead—it being tougher than milled
sheet—but it is relativelv expensive. It is used for first class work.!

Ornamental leadwork, such as rain-water heads and coverings to architectural features,
the sand bed on the casting bench is levelled off and a mould
of the required shape and the reverse of the surface decoration is impressed on the sand;
the molten lead is poured over this prepared surface, the upper surface is levelled off by
the strike, and the undersurface is ornamented with the decoration in relief; each piece
of lead is trimmed, cut to the required length, shaped as required, and finally jointed by
Jead-burning or soldering.

1 The roofs of the Manchester Central Reference Library and the Town Hall'.Extension,
Manchester (completed in 1938) are wovered with No. 8 cast sheet lead and the total
weight of lead used was approXimatciy 272 kg.

Details of leadwork at gutters, flats, chimney stacks, ridges, hips and valleys.

142

Rain-water pipes. Domestic water services: Tools.

Characteristics of Lead.—This is a heavy metal, weighing approximately
11374 kg/m®; soft, very malleable, tough and flexible; easily worked and
readily cut; very durable (provxded it is not subjected to certain acids and not
in contact with certain cements); is bluish grey in colour with a bright metallic
lustre when freshly cut, but this tarnishes when exposed to the air.

Lead has a high coefficient of linear expansion (it being o‘oooo2g per °C., or
approximately two and a half times that of steel) and it therefore readily expands
and contracts when subjected to considerable variations of temperaturc. It is
because of this characteristic that very large sheets of lead must be avoided
(especially if used to cover vertical surfaces) and ample provision made to
permit of this movement. In this connection, defects such as wrinkling, bulging
and cracking will be avoided if the area of each piece of sheet lead is limited to
2-23 m®, and if only two of the adjacent sides of a rectangular sheet are fixed.
Attention_ls.drawn to the various details shown in Figs. 73, 74 and 75, which -
make provision for movement due to expansion and contraction.

Weights of Sheet Lead.—Despite the change to metric units, lead is
specified by numbers according to its weight in lb. per square foot. Thus No. 4
lead weighs 419 Ib. per sq. ft. The weights recommended for various purposes’
are :

Flats, pitched roofs and gutters . . . No. 6, 7 or 8 lead
Hips and ridges . . . . . No: 6 or 7 lead
Flashings . . . . . . No. 5 lead
Soakers . . . . . . . No. 3 or g4 lead

Lighter weights than the above are often adopted in cheap work, and it is not
uncommon to find that for such work No. 5 lead is employed for flats.

The thickness and colour code of the variousgradesareshowninbrackets thus:
No. 3 (125 mm, green), No. 4 (1-8 mm, blue), No. 5 (2-24 mm, red), No. 6
(2-5 mm, black); No. 7 (3'15 mm, white ) and No. 8 (3-55 mm, orange).

Terms.—The following terms are used in plumbing :—

Bossz'ng means ‘* working up ”’ and is applied to the labour in dressing lead
to various shapes when forming rolls, drips, cesspools, etc., by means of the
bossing stick and other tq#s described on pp. 156-157. Care must be taken to
mamtam a uniform thickness of lead when performmg this operation.

»
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SHEET LEAD

Burning-in is the method which is sometimes adopted to secure the edges
of lead coverings of projecting stone members. A groove or raglet is formed
in the stonework (see A, Fig. 76), the edge of the lead is scraped clean and turned
into it, and secured by molten lead which is poured into the raglet and afterwards
consolidated or caulked by using the caulkmg tbol shown at s, Fig_79. The
, Darrow boaid (which rests on edge

gof the parapet) ang delivered i into

rcovermg 2 ltes with’
Mg to the d\l"ﬁ(.ulty experiencet

upon the cornice and is pldced against
the raglet; the hot lead heats the turos;
This metlu&'ls not now commonTy 4
in ralslng'tlle temperature of the edg
effect completé unity between it and
fixing cover flashings to brickwork i
at about 300 mm intervals and th€"jeint is afterwards pointed with mastic or
cement mortar (see below and p. 148) .
Solder is an alloy ‘of lead and tin, and used by the plumber to join pieces of
lead and form joints between lead pipes, etc.; this operation is called soldering.

Coarse or plumbing solder is used for wiped joints (see p. 155) and consists of .
"2 parts lead and 1 part tin; fine solder, used for finer work, is a mixture of 1

part lead and 2 parts tin; ordinary solder is a mixture of lead and tin in equal
parts and ‘is used for forming copper-bit joints (see p. 155). Coarse solder is
either heated in a melting or solder pot (u, Fig. 79) and poured on the joint by
means of a ladle (M, Fig. 79), or it is cast into narrow strips which are about
300 mm by 32 mm by o-45 kg and in this form the solder is applied to the joint
by using the blow-lamp (A", Fig. 79) to melt the strip.

.- Lead Burning or Welding.—This is the process of uniting by heat (fusing)’

pieces of lead in which gases (such as oxy-acetylene, oxy-coal gas, etc.) are uti-
lized and special blow-lamps employed. It is a method which has been devel-
oped in recent years and used for certain purposes as a substitute for soldering.

Nails and Nailing.—The nails used for fixing leadwork to wood are of copper,
25 to 32 mm long, with clout (flat) heads. The term close nailing is applied when
the nails are at from 25 to 75 mm intervals; in open nailing the nails are spaced at
from 75 to 200 mm.

ad covering to that required to
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raglet formed in the stonework) and the lower edges lapped over and covering
the upturn or upstand (vertical portion) of the lower pleces of lead (see Figs.
73 and 74, and p. 148).
(2) Apron Flashings, which are provided at the front of chimney-stacks,

" dormers, etc., and are from 200 to'300.mm wide; the lower portion is dressed‘
- over the slates and thé upturn | is let 25 mm into the raked-out Jomt or raglet (see
.+, B, L.and g, ¢

ig. 75, and. p.
(3) Steppé?{‘ Cover. Flashi

whlch are fr.o o to 200 mni' w1de and have

- their upper, edges cut into a serxes of steps; “the horizontal edge of each step is

turried 25 mm into theé raked joint. They are fixed at the sides of brick chimneys,
gable walls, etc. (see a, B, ¥, G and N, Fig. 75, and pp. 150 and 151).

(4) Raking Cover Flashings, which are used in lieu of (3) when the walls
are of stone. 'The upper, edge of the flashing is let 25 mm into a raglet formed
parallel to the rake of the roof and this top edge is therefore not stepped (see
p- 151). -

Flashings are in lengths cut across the width of the roll and the maximum

" “length therefore varies from 21 to 27 m; they are secured along their upper

edges by lead wedges.

Lead Wedges are tapered pieces of lead of the size and shape as shown at o,
Fig. 74. They are made either (a) by running molten lead into a mould and
cutting the tapered strip into short pieces when cool (such are called cast lead
wedges) or (b) by folding pieces of scrap sheet lead and beating them into shape.
They are used td fix flashings and are driven in between the turn-in of the

- +flashing and the upper edge of the'joirit. ~ In the case of horizontal and raking ~

cover flashings, the wedges are driven in at about 300 mm intervals—450 mm
maximum (see B, 0 and Q, Fig. 73); one or two are provided at each.step of a
stepped flashing (see a, B and F, Fig. 75). The raked-out joint between the wed-
ges is pointed with either cement mortar or mastic. The section at N, Fig: 74
shows a wedge in position.

If used to secure flashings in stonework in lieu of burning-in (see above),

Soakers are thin pleces of lead (not more than No. 4 grade) wluch are placed
between slates. The size and shape varies, thus the soakers described on p. 150
(see c and M, Fig. 75) aré 175 mm wide, bent at right angles with an upturn of
75 mm and a length which varies in accordance with the length of the slates,
whilst those described on p. 137 are square. They are either nailed to the
boarding (at their heads) or the tops are turned over the slates. Only light lead
is used for soakers to prevent the tilting or riding of the slates. -

Flashings.—These are narrow pieces of lead which are required at the
intersection between vertical facés of walls or framing and pitched roofs, flats,
gutters, etc. They are classified into :

(1) Horizontal Cover Flashings, which are usually 150 mm wide strips having
their upper edges turned 25 mm into the raked-out joint of the brickwork (or

wedges are driven into the folded edge

Oak wedges are sometimes used in cheap work. These are apt to become
loose when they shrink.

Tacks, Tingles or Clips are strips of lead used to stiffén flashings and prevent
their free edges being lifted by a strong wind. They are from 50 to 75 mm wide
and are placed at a distance apart not exceedmg 760 mm. As shown at M,
Fig. 74, each tack is fixed in the jaint, and it is sufficiently long to turn over and
grip the free edge of the flashing by about 25 mm. .Tacks are also required to
sccure hollow rolls at 610 mm intervals (L, Fig. 74), and welts and ridge coverings
at 610 to 1200 mm intervals (see B, R and s, Fig. 75), the fixed ends of the tacks
being clout-nailed to th¢ boarding (or ridge) as shown. Copper tacks, being
stiffer than lead, are used for first-class work (see below).

R

_the edge of the lead is bent-and turned back to completely line the raglet—,—aﬂd‘»ﬁ%*‘:"
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Joints.—As already mentioned, provision must be made to allow lead to
expand and contract, and the joints between sheets must be formed so as to
permit of this movement. The various joints are : (1) laps, (2) rolls, (3) drips
and (4) welts.

(1) Lap Foints.—These occur at a maximum of 21 to 2-7 m apari (depending
upon the width of the roll) for flashings, upturns of gutters, ridges, hips, valleys
and lead coverings of pitched roofs. They are also called passings. The
amount of lap (distance that one piece covers the adjacent piece of lead) is usually

100 mm for cover. flashings, upturns of gutters and aprons, and 150 mm for
stepped and raked flashings, ridges, hips and valleys.

The side laps of lead covering pitched roofs are in the form of rolls or welts
(see below) and the lower edge of each upper sheet laps the top edge of the sheet
below it to form a horizontal joint. The amount of lap at such horizontal joints
depends upon the pitch; it is usually 150 mm when the pitch exceeds 45°, and
this may be increased to 230 mm for flatter pitches. Alternatively, horizontal
welts may be used instead of wide laps, but these may detract from the appear-
ance of the roof.

When the slope of a roof is less than 15°, the horizontal joints between the
sheets of lead are usually in the form of drips (see below).

(2) Rolls.—This form of joint is required on lead-covered flats, pltched roofs,
ndges certain forms of hips and long gutters. They are placed at intervals
varying from 460 mm to a maximum of 760 mm for flats and similar construc-

t n.

™ There. ar%@;@
“rolls and abhollo® ro.P"

. —=Bolid Rolls.—One form is shown at p, Fig. 73, and J, Fig. 74.! The wood
roll is shaped as. shown and is nailed or screwed to the boarding. One edge
of a sheet is dressed into the angle between the roll and boarding and continued
beyond the crown as shown. This is called the undercloak or undersheet. Its
edge is secured with 25 mm copper nails at 25 to 150 mm apart (depending upon
the quality of the work) and the edge is rasped off. The edge of the adjacent
sheet is worked into the angle, passed over the undercloak and continued 25
to 50 mm on to the flat of the roof or bed of the gutter. This is known as the
overcloak or oversheet.

‘The second form of solid roll is shown at K, Flg 74. The undercloak is
dressed and secured as above described, but the overcloak is brought over to
within 7 to 25 mm of the flat on the other side. This method was generally

s referred in the North of England but now both fozens of éolid rolls are adopted

Waually there. - ‘ :

. There is a difference of oplmon as'to whxct of WO methods shown a:

¥ “and K is the best. In the former, water may gain access between the sheets

L by capxllary attraction. Whnlst thlS is avonded -at K, this practice 1$'not recom-

of rolls; i.e., two forms of covenng wood or solid

1 The space between the lead in these and similar details i3 exaggerated.
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mended for exposed positions on the free edge of the overcloak, having an
inadequate grip, may be lifted by strong winds.

The treatment at the ends of solid rolls 1s referred to on p. 148.

Hollow Roll.—This type-is adopted for best work in connection with lead-
covered pitched roofs, and especially if cast lead is to be used;! it is also suitable
for covered surfaces, such as domes, where wood rolis could not be employed
economically. The roll is supported by * stout ™’ (preferably from No. 8 lead)
lead tacks or tingles which are 50 mm wide and 150 to 175 mm long; these are
placed at 610 mm apart, and one end of each is secured to the boarding by two
copper clout nails, the boarding having been slightly recessed to receive it.
Copper tacks, being stronger than lead, are used in superior work, each end
being secured by two brass screws.  When turning a hollow roll, the edge of the
undercloak is upturned vertically, the tacks are fixed and their free ends are
turned over the undercloak, the edge of the overcloak is upturned and also turned
over the undercloak, and the whole is finally dressed to the form shown in the
illustration. Hollow rolls are not suitable for flat roofs as they are liable to be
damaged if trodden on.

Rolls are again referred to in the following pages.

(3) Drips or Steps are formed on flats and in gutters which exceed 2-4 m in
width or length, and they are placed across the fall.
and sometimes 75 mm deep.

Three forms of drips are shown at Q, Ilg 73, and R, T and v, Fig. 74.
5o mm drips at Q and r show the u
sheet) dressed into the angle,scol ;
40 mm wide shatlow rebate forrhed along thL dgt of the boarding to which it is
close copper-nailed. ‘The” voject of the rebate is to avoid a ridge in the lead.
The lower edge of the upper sheet {called the oversheet) is dressed over it, and
like the roll at J, is continued on the flat or bed for 25 to 5o mm. The 75 mm drip
at T has the oversheet stopped short of the flat; water cannot thereby gain access
by capillary attraction, but like the roll of similar construction, the free edge of
the oversheet may be disturbed in a high gale. A second method of preventing
capillary attraction is shown at u, which illustrates a ** capillary groove ' formed
along the step and into which the undersheet is dressed; whilst this construction
is excellent in theory, it is very rarely adopted in practice.

Drips are further considered later.

{4) Welts or Seams are often employed for jointing sheets of lead covering
vertical and steeply pitched surfaces and for jointing lead and copper damp-
proof courses (see p. 18). A welt isMlustrated at R, s and T, Fig. 75. Like
hollow rolls, the edges of the adjacep : aprned with 50 mm wide lesg
or copper tacks between, the tacl?ggbemg-ﬁ,\ed %t ®¥om 610 to 1200 mm intervals,
after being folded as shown at g, the upturns are dressed ‘down as closely as

They are generally so mm

The
kthylower sheet (called the under-
: of drip;-and dressed into the

1 Hollow rolls, 63 mm diameter, are emploved on the roof of the Library referred to
in the footnote on p. 142, and these are secured by 150 mm by 75 mm copper tacks at
160 mm intervals.
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possible on to the flat. "The spaces between the folds have been emphasized to
show the construction more clearly, and the finished appearance of a welt more
closely resembles the sketch at-T. The width of the seam varies from 32 to 75 mm.

Welted joints are not suitable for flats or low-pitched roofs, but like hollow
rolls, they are very effective for steep or curved surfaces Detail b, Fig. 75,
shows a section through a welt which may.be employed at ridges in lieu of
150 mm laps. )

* The roof of the Manchester Town Hall 'building (see footnote on p. 1;;2) has'a
60° pitch, and the sheets of cast lead are joined at their sloping edges by welts which
are 70 mm wide; the horizontal joints consist of 165 mm wide laps and the sheets are
setured by turning the top edges over the boarding to which they are close copper-
nailed; each board immedl,)ely above that to which the upper edge of the sheet
was nailed was removed (it being left loose for this purpose) and, after nailing the
sheet, this board was replaced and nailed.

Gutters.—There are three forms of lead-covered gutters, r.e., (a) parallel
parapet gutters, (b) tapered. parapet gutters and (c) V-gutters.

(a) Parallel Parapet Gutters.—As is implied, this gutter is situated behind a
parapet wall and at the bottom of a flat or sloping roof; it is also known as a
box or trough gutter. The gutter is of uniform width throughout and must be
at least 255 mm wide to afford adequate foot room. A long gutter is divided into
sections, having a roll at the highest point, and drips at intervals not exceeding
2'4 m apart; it is given a minimum fall of 125 mm per metre. In Fig. 73 it
receives the drainage from a sloping roof, and 'in Fig. 74 is associated with a
lead flat.

The timber details of the gutter shown in Fig. 73 are referred to on p. 78;
a part plan.is shown at ¢ and a longitudinal section is shown at B;" a 50 mm roll
is placed at the highest point from which the gutter falls 25 mm to a 50 mm drip
and the lower portion falls 25 mm to a cesspool.

A cesspool or drip-box is a lead-lined receptacle, situated at the lowest end
of a gutter, from which a lead outlet pipe, suitably bent, discharges the water
into a rain-water head where it is conveyed by a rain-water pipe to a gully and
drain. Rain-water heads and pipes are described on pp. 154-155. The
minimum depth of a cesspool should be 150 mm. The wood framing, its sup-
port and the chamfered hole are detailed at 6, Fig. 73. The lead ining is in one
piece, two sides being turned up 300 mm against the walls, a third side being
turned up 150 mm and dressed 38 mm into a shallow rebatesformed along the

_lower edge of the gutter boarding to which it is nailed, and the fourth side is

510 mm long, 360 mm of which is turned vertically w1th the remaindér dressed
over the tilting fillet and roof boarding to which it is nailed. *The lmmg is
bossed to the required shape from a rectangular piece of lead before it is placed

in position, and a skilled craftsman will do this without resorting to folded or -

““ dog-eared ”’ angles (see p. 148). It is holed and dressed over the chamfered
hole formed in the wood bottom, and the outlet pipe,! having been formed to a

1 The size of the pipe may be determined by allowing 10 cm? of pipe area to 108 m?
of roof surface.

swan-neck bend as described on p. 148, with its upper end enlarged by means
of a tanpin or turnpin (see E, Fig. 79), is either soldered as shown or lead-burned
to give a firm watertight joint. A galvanized wire or copper balloon or dome is
sometimes fixed into the top of the outlet pipe to prevent it from being choked
by leaves, etc. A small lead overflow or warning pipe should be provided as
shown to serve as a temporary outlet for the water in the event of the pipe be-
coming choked. As certain mortars act chemically upon and destroy lead, it is

‘advisable to-cover:the lead overflow pipe and the portion of theoutlét pipe which’

passes through the wall with tarred felt (see B and 0); alternatively, these pipes
may be given a coating of bituminous paint. P Sacd

The lower section of the gutter is covered with lead atter the cesspool has
been lined, the covering consisting of the bed, a 125 or 150 mm upturn or upstand
against the wall, and an upturn against the pole plate which is continued over the
tilting fillet to about 150 mm on.the slope of the roof where it is open copper-
nailed to the boarding along its edge. This lower end is dressed 100 mm down
the cesspool, and the upper end forms the undersheet of the drip which has been
described on p. 144.

The next section of the gutter has a similar covering; the lower end forms
the oversheet of the drip and the upper end is dressed over the roll to provide
the undercloak (see P).

The cover flashing is fixed, commencing at the cesspool end, after the oppo-
site half of the gutter has been lined in a similar manner and finished with the
upper end of the top section forming the overcloak of the roll. Enlarged details
showing the laps, tacks and wedges are given at 0, P and Q; the detail at a

" shows the rélative heéights of the roll, drip, etc.

It will be seen that each piece of lead forming a gutter (and cesspool) is
fixed along two adjacent edges only; the other two edges being free to atlow the
lead to expand and contract.

" Snow Boards should be provided to gutters in order that melted snow may have

a free passage to the outlets and to protect the lead against damage by traffic; without

such boards, the snow on the gutter impedes the fibw of water as the snow thaws on

the underside, and thi$ tay cause the water to rise above the lead covering and

penetratu the roof. A ‘snow board may consist of two 100 mm by 50 mm longitudinal

: ‘bearers, extending the full length of the section, to the top of which are nailed
.50 mm by 19 mm transverse luths at about 13 mm apart.

Another example of a parallel gutter is shown in Fig. 74 and a further example
is shown at G, Fig. 24.

(b) Tapered Parapet Gutier (see J, K and N, Fig. 73).—The wood details of
this gutter are described on p. 78 (see also N). This gutter, tapered on plan,
is divided into sections by a roil and drips as described above. As shown on
the plan K, the lower edge of the slating has to be cut parallel to the tapered
side of the gutter. "The section at N shows the width increases due to the fall
of each ““ bay ” of the gutter and the drip. The shape of the gutter on plan is
develoged by transferring to it from the section the various widths at the lower
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and upper ends of each bay. 'The section also shows the lead turned up 150 mm
against the wall and about 230 mm up the slope. The tilting fillet is fixed with
its lower edge 75 mm above and parallel to the intersection between the
gutter and roof boarding. The details of the cesspool, drips, roll, flashings,
etc., are similar to those already described. Another example of a tapered
gutter is shown by broken lines in the elevation in Fig. 21 and the section -at
F, Fig. 24, the section being taken through the gutter immediately above the
cesspool, :

(c) V-gutters.—This type is formed alpng the lower intersection between
two sloping roof surfaces. The groundwork may consist of bearers fixed to
the sides of the spars (at various heights to suit the fall of the gutter) as shown
at T, Fig. 36, when the construction resembles thateof a tapered gutter, or the
lower ends of the spars of each slope may be birdsmouthed over a pole plate
as shown at A, Fig. 73, to form a parallel gutter. Long lengths of such gutters
must be divided by rolls and drips as above described.

Cast iron and other eaves gutters are described on pp. 154~1535.

Flats (see Fig. 74).—The wood construction has been described on p. 70.
It has been mentioned that the minimum fall is 1-25 cm in 100 cm. To prevent
water standing when the flat has been given such a small fall, it is necessary that
precautions' against warping should be taken and therefore narrow, well-
scasoned boards only should be used and these should be laid with their length
in the direction of the fall. The surface of the boarding should be “ flogged
(i.e., dressed over with a plane or machine) to remove sharp edges and irregu-
larities which may damage the lead. Occasionally the boarding is covered with
roofing felt, laid with butt joints, and this assists in ensuring a uniform surface

for the lead.

" ‘The key plan at s and the sketch at A show the roof of a smal} building (an-

adjunct to a larger building) which is divided into six bays and a parallel gutter.
The rolls have been shown purposely at maximum centres of 762 mm; this
gives an economical roof if 2:13 m wide rolls are used which are cut up the centre
to'v‘ﬁve_‘1~o7 m widths, as the minimum waste of lead thereby results.

"The construction of the rolls, drips, gutter and flashings has been already
described. The detail at r shows the drip, with the oversheet turned on to the
flat and over the bossed end of the roll. Note: (1) the firring piece which is

nailed on_to the top of the joist.to. give the necessary fall to the boarding, (2) the

overcloak or oversheet of the drips lapped 55 mm over the roll below and (3) the
end of the roll is slightly bevelled to facilitate the bossing of the lead. In forming
the bossed-end, the undercloak is dressed roupd to partially cover the end,-and
the overcloak is bossed to completely cover it and-the toll below. In order to
minimize the risk of the overcloaks of rolls being lifted by the wind, they,
be dressed with their free edges least exposed to the prevailing Twi‘rg:"
that at A and Q the overcloak of the drip at the gutter is not contifnifec

by, S

bed, but is dressed just clear of it at the upper end. The ove_:rt':fbalg-df‘?ﬁéﬂjbésed

'ouﬁ B
q 3

clip or picce of lead (which has been left on the undercloak when trimming it)
which is turned over it (see Q). :

Forming Lead Flats.—The following 1s the order in which leadwork for the flat
at A would be executed : Cesspool with outlet pipe (although the fixing of the latter
may be deferred), gutter, lower side bay with undercloak, lower middle bay, lower
side bay with overcloak, upper side bay with undercloak, upper middle bay, and upper
side bay with overcloak. The cover flashing is then fixed in the mortar joints which
have been previously raked out for at least 25 mm preferably before the mortar has set;
the first length of flashing to be fixed is that over the upturn of the gutter, commencing
at the cesspool end, and after completing those at the sides, that along the top end is
fixed ; the flashings are wedged and the mortar joints are pointed with cement mortar
or oil mastic.

Forming a Cesspool.'—A piece of lead is cut sufficiently large to form the base ang¢

at the base and sides.

base lines by placing the setting-in stick on them and sharply striking it with the
bossing mallet.
parallel to and about 25 mm inside the base lincs; this assists in stiffening the base and
keeping it firm. The lead is turned over and the sides are bent upwards on the
grooves, the corners being left. Each corner is then separately bossed up by using
the mallet and bossing stick, the former bcing inside the ‘“ box ** (cesspool) as the
bossing stick is applied to work the surplus lead gradually from the bottom upwards.
Care must be taken not to drag the lead from the corner or cause the base to lift; if
a crease appears, it must be at once knocked out or the lead will pucker and split.
As it is gradually bossed upwards, some of the superfluous lead at the top should be
cut off to enable the remainder to boss up more easily. This process is repeated at all
corners and the sides are cut off to the required height. The cesspool is holed,
dressed in position as required and the outer pipe connected to it as already described.

Bending Lead Pipes—The following describes the bending of a lead pipe such as
that shown at @, Fig. 74 : The pipe is slightly heated at the position where the bend
is to be formed; it is then bent over the knee and this flattens the pipc at the throat;
the long dummy (¥) (see Fig. 79) is now used to approximately restore the pipe to a
circular section by inserting the ‘ straight end ’ (head ¢’) and working it up and
down until the throat is gradually brought out; the bending stick (c) is then applied
to each side of the pipe at the bend in turn, working from the throat to the Aeel until
the circular section has been roughly regained. The bobbin (F) and weight are
inserted, the former being of the proper size to suit the pipe and the latter slightly
less; a piece of rope is attached to the weight and passed through the bobbin and
pipe; when the rope is given a series of sharp pulls, the weight gradually drives the
bobbin through the bend, and as it does so the interior is brought to a uniformly
circular bore. The pipe is again heated and the same operations are repeated, care
being taken in working the bend with the bending stick that a uniform thickness is
maintained. As the radius of the bend increases, head b’ of the dumnmy is used to
bring the throat back. The lower bend is forméd on the pipe in a similar manner.

dummy (R) is used for small pipes. The end of the pipe is slightly enlarged by
driving the tanpin (g) partly into the mouth of theé pipe. Finally the pipe is prepared
for soldering (or lead burning) it to the lead lining the hole formed in the base of
the cesspool.

Ridges (see B, H and J, Fig. 75).—Lead-covered ridges are suitable for slated
roofs, aithough lead is apt to discolour green slates.
- . The detail at H shows one method. A 50 mm wood roll is nailed to the wood

end of each roll at the-gutter is continued down the dri’p?ﬁd secured by a smalil ‘7,".L"“"~~~-"",Z'7rSeé"=p. 156 for a description and Fig. 79 for sketches of the plumbing tools.

%

sides and it is set out by chalk-marking the lines along which will be formed the angles ~
t | (Note.—Lead must never be marked or scored with a-knife or ™
similar sharp object as this at once weakens itf. Shallow grooves are formed along the

The lead is turned with the bottom upwards and gently tapped "

The heel hand dummy (p) is useful for shaping the heels of large pipes and the hand -
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ridge; a pair of 50 mm wide lead tacks is nailed to the side of the ridge (see B)
at 610 to 1200 mm intervals; the lead covering consists of strips which are
from 450 to 508 mm wide and 2-13 m long; it is passed over the roll, well worked
into the angles, and dressed over the slates for 150 to 175 mm on each side; the
free ends of the tacks are then turned over the edges of the lead for about 25 mm
to prevent the lead from being lifted by the wind. The horizontal joints are
generally lapped 150 mm'(a pair of tacks being provided at each), although in
best work they may be welted as shown at n.

An alternative method is shown at j where the tacks (which pass over the top .

of the ridge) are nailed to the wood ridge before the wood roll is fixed. The
treatment at the end of the ridge abutting against the chimney stack is shown at
B and described on p. 152.

Hips.—Lead may be used at the hips in the following manner: (1) wood
roll with continuous lead covering as shown for ridges, (2) cut and mitred slates
with lead soakers, and (3) wood roll with lcad soakers.

(1) Wood Roll with Continuous Lead Covering.—This is similar to the ridge
detail excepting that the dihedral angle is wider. The strips of lead are nailed
at the heads under the laps and are also secured by the lead tacks.

(2) Cut and Mitred Slates with Lead Soakers.—There are two methods of
using soakers, 7.e., (a) single-course soakers and (4) double-course soakers.

(a) This is the arrangement which is shown at 1 and ¢, Fig. 70, and described
on p. 137. It provides an_excellent finish to a slated roof and is adopted in the
best work.

(b) In this method, the length of the soakers is 26 mm longer than that of the
_slates; the horizontal width of cach wing should be slightly more than the slate
below in order to cover the joint, and it tapers-te about §o mm at the head,
which is nailed. A soaker is placed at every alternate course, and therefore at
every other course the lower portlon (margin) of cach soaker is exposed to v m\

It is not often adopted.

(3) Wood Roll with Lead Soakers.—Soakers are provided at every course,
and they are shaped to pass over the roll and between the slates at the wings.
The length of soaker equals the gauge plus lap plus 26 mm for centre-nailed
slates and 26 mm longer for head-nailed slates; the width is as stated at (b)
above. They are nailed at the head. This is a sound method and one which
is suitable for exposed roofs. ‘

Valleys.=These include (1) open valley gutters, (2) sceret valley gutters '

and (3) cut and mitred slates with soakers.
(1) Open Valley Gutters (see p, Fig. 75). —This is gunﬁ-xlly cmployed and
provides a sound but unattractive lookmg finish. The lead isin 213 m- lengths

with 150 mm laps, and the width is about 450 mm, being dressed over the board- -

ing and tilting fillets 3 wn; it is sccured by close copper nailing up each
side along the edge, 3 Wit ends arc left free. T'he clear width between the
edges of& slates (which"are cut to the rake) should not be less than 200 mm to
provnde adequatc foot room, as a less width often results in the slates being

damaged by anyone proceeding up the valley when carrying out repairs, ete, If
the roof is battened and not boarded, it is necessary to fix a 250 mm wide board
(called a lier board) on each side of the intersection, and for the full extent of
the valley, in order to receive the lead. The ends of the slating battens are cut
to the edges of these boards.

(2) Secret Valley Gutters (see Q).—The width of the 2-13 m strips of lead are
only about 254 mm as the cut edges of the slates are only about 25 mm apart.
Whilst the appearance is an improvement on the open valley gutter, it is objected
to for the reason that it is liable to become choked by leaves and rubbish which
may accumulate and choke the valley, causing water to back up and pass over
the lead.

(3) Cut and Mitred Slates with Soakers—The construction somewhat
resembles that for cut and mitred hips with single-course soakers (described on
p- 137) in that wide slates (slate and a half) are cut and closely mitred and a
soaker is placed between the slates at each course. This gives a satisfactory
finish both in regard to soundness and appearance.

Leadwork at Chimneys.—Details of the requisite leadwork to two chimney
stacks arc shown in Fig. 75. One stack is shown intercepting one of the slopes
of a roof and the other penetrates at the ridge. Sketches of these are shown at

A and B in which 50 mm bricks are employed as these improve the appearance;

for economy, the brickwork below the roof is constructed of 65 mm bricks (see
g, ¥ and G). The lead details at (1) the front, (2) the sides and (3) the back are
cxplained below.

(1) Front.—The lead at the front is in one piece (except as stated below);
this is the apron flashing (see p. 143) and is shown detached at L. It is bossed
(or lead-burned) to this shape from dimensions taken from the stack. As the
internal angles forming the returns of the upturn are being bossed, the lower
corners of the lead gradually work upwards to an. irregular curve, and it is the
practice to neatly trim the ends as shown when the bossing has been completed.
The apron is secured by lead wedges (see A and B). Lead tacks are provided
as shown at A to secure the free edge, although these are not necessary if the
apron is short and especially if the ends are tailed down by slates as indicated
at B; the tacks may be continued vertically and let into the joint (as shown)
or they may be short and nailed at theirupper ends to the top batten. s

Long lengths may consist of two pieces, 7.e., an apron with a 100 mm upturn
and 150 mm dressed over the slates, and 150 mm wide cover flashing similar to
that shown at M, Fig. 74.

(2) Sides.—The leadwork at each side of the stack may consist of (@) soakers

“™yith a continuous stepped cover flashing, (b) soakers with stepped cover flashing

in single steps or {c) a single continuous stepped flashing.

(a) Soakers with Continuous Stepped Flashing (see a, ¥, ¢ and N).—Soakers
(sec p. 1.44) are prepared by the plumber and placed in position by the slater;
they have a 64 to 75 mm upturn with go to 100 mm width between slates.
‘T'heir length equals the gauge plus lap plus 26 mm if the slates are head-nailed
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and 26 mm less if the slates are centre-nailed; in addition, the length (excepting
the upturned portion) is increased by 26 mm for nailing to the roof boarding
(see m) or for hooking over the head of the slate when secured to a batten (see €).
As shown at A, F, N and o, each soaker laps that above or below it by an amount
equal to that of the slates. The stepped cover flashing is formed out of 2 150
or 175 mm wide strip to the shape shown at N: the 25 mm wide upper horizontal
edges being let into the mortar joints and each is secured with one or two
wedges; the size of the steps depends upon the thickness of the bricks and the
pitch of the roof, but the distance from the * water line (see F) to the lower
edge should not be less than 50 mm (at ¥ and N, this is shown to be 64 mm).

A raking cover flashing (see p. 143) is adopted for stone chimney-stacks as
the absence of horizontal joints at from 50 to 75 mm apart preclude the use of
stepped cover flashings.

The above continuous flashings are not so liable as those described below
(b) to be dislodged by the wind. :

(b) Soakers with Stepped F lashing in Single Steps (see B and ¢).—The soakers
are as described above. The cover flashing is made of scrap pieces of lead to
the shape shown at C to give a 50 to 75 mm lap; it is because of this lap that this
method is preferred to (a) above, as water does not readily fina access between

v
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the cut backs and the wall; each step is secured with one or two- wedges and
the joints which receive the turn-ins of the steps should be well pointed as
before described. Sometimes the pieces are shaped with vertical front edges
and not cut back as shown. These are not so attractive in appearance as those
shown. .

(c) Single Continuous Stepped Flashing.—Soakers are not used, and in lieu
of them the stepped flashing is continued and dressed 150 mm over the slates,
In appearance, therefore, the lower portion resembles the apron at L, whilst
the upper portion is similar to the flashing at N. This method is not as sound
as either (a) or (b), as water may be blown between the slates and wings of the
flashing or it may enter by capillary attraction, and it does not look well. Its
use is on the decrease, except where pantiles or similar interlocking tiles are
used as a roof covering (see B, Fig. 39).

(3) Back.—The leadwork here consists of a gutter and cover flashing. As
shown at E, the angle at the intersection is blocked by a triangular piece of wood
which is shaped and given a slight fall'in both directions from the centre (see
0 and the broken line at G). A tilting fillet should also be provided (although
this is often omitted) and this should be tapered as indicated at 0 and X in order
to prevent the slates immediately above the ends of the gutter from riding.
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The sketch at k shows the piece of lead which has been bossed (or lead-burned)
to the required shape before fixing. The 150- mm wide cover flashing is shown
at E and the ends are returned (see A and F).

Finish at Ridge (see B). The end piece of lead ridge covering is turned
50 mm up the wall and the central piece of cover flashing—called a saddle-piece—
is turned over the ridge to form a cap.

General.—A roof is-made watertight at the intersection between its slope
and brickwork or stonework (as at J and M, Fig. 36) by using an apron flashing
with cover flashing. Similarly, any of the three types of flashings (), (b) and

(c) is used to exclude water at the intersection between roofs and gable walls

(such as that shown in Fig. 21). In inferior work, cement morigr. ﬁllets;a“"
used instead of leadwork at such intersections; these are triangular i

formed on the slates and against the brickwork or stonework; this is a 'obry"'_
unsound substitute, as sooner or later the fillets crack (and sometimes fall away), .

causing the roof to leak.

Protection of Stone Cornices and String Courses.—It is especxally
necessary to protect the upper projecting courses of stonework against the
action of rain-water which is converted to diluted acid in polluted atmospheres.
The two materials generally used for this purpose are (a) lead and () asphalt.

(a) A lead-covered cornice is shown at A and ¢, Fig. 76, No. 5 or 6 lead being

used. A raglet, about 13 mm wide and 20 mm deep, is cut along the face of the
stone parapet to receive the edge of the upturn which is secured either by
burmng in or wedges (sec p. 143). If the parapet is of brickwoik, the upturn
is secured by wedges in the usual way. Exceptionally wide cornices should
have free upturns which are protected by cover ﬂashmgs The lower edge

of the lead is doubled and dressed over the fillet or nosing to project about 7 mm

to allow water to drip clear of the moulded stonework (similar to that at B).
The transverse joints between pieces of the lead (which are 2-13 to 2:74 m long)

- are welts similar to that shown at b, Fig. 75. Lead dots (also known as dowels,

rivets or buttons) are used to secure the covermg against the action of the wind;
dovetailed square or circular holes are formed in the cornice at about goo mm
centres (see ©); the lead after being bossed is holed  with the edge of each. hole
the dot by pouring molten lead through the small hole in the mould (see a and C);
sometimes the ““ cup " of the mould is semispherical to form dots having curved:
‘tops. These dots may be formed by lead burning (see p. 143); the edge of the
lead at the hole is turned down slightly and the hole in the cornice is filled with
molten lead from a strip of lead held over it and reduced to a molten condition by
the flame of the ledd burner; the molten lead is finished flush with the covering,
and the dot 1s made inconspicuous by lightly hammering it and cleaning it off.
(b) Asphalt is often used in modern construction as a covering material.
In the example shown at D a small channel is formed at the back and the top
surface of the cornice is given a slight fall towards it; the channel falls slightly
towards one end and delivers into a rain-water pipe. A 25 mm deep dovetail

i

groove is formed along the full length of the cornice and about 75 mm from the
front edge (see B) and a 25 mm square raglet is made along the bottom of the
parapet (or each stone is formed with a rebated joint before being fixed). The
No. 5 or 6 lead flashing is bossed as shown at B and the hot asphalt is applied,
finished smooth to a thickness of 20 mm, well tucked into both grooves and
rounded off at the outer edge.

RAIN-WATER GOODS

* Rain-water goods include eaves gutters*(or spouts) and rain- -water pipes

. (or down-pipes). They are made of cast iron, lead, asbestos-cement, enamelled
» iron, galvanized steel, aluminium or plastic materials.

Details of cast iron gutters and pipes are shown in Fig. 77 and an application
is shown in the perspective sketch.

EAVES GUTTERS

Eaves gutters are provided with a socket (or faucet or flange) which receives
the spigot end of the adjacent length. These are generally * outside > sockets
(see A, B, D and Y), although * inside " sockets are also provided (see Y). As
shown at B, the maximum length is 1-8 m, excluding the flange which is from
38 to 50 mm wide; shorter lengths can be obtained, and where necessary pipes
are reduced in length by means of the saw. They are made of various shaped
sections, .., half-round, deep half-round, ogee, etc. A deep half-round gutter
is shown in section at E and in oblique projection at A, B and D; this is a very
good form, being simple and of satisfactory appearance, and it can readily be
painted both inside and out and so preserved; it is sometimes provided with a

bead along its outer edge similar to that shown in the middle section at H.

Other raoulded forms are shown at H; the disadvantage of these is the backs are
inaccessible for painting if and after they have been fixed to the wood fascia
boards. They are moulded in numerous stock sizes, thus the half-round gutter
is obtainable in sizes varying from 100 mm by 50 mm to 300 mm by 150 mm.
Note that these sizes are external sizes (see E and H). The thickness is 64 mm
(“ extra heavy grade '), 5-2 mm (“ heavy grade ), 48 mm (*“ medium grade )
and 3-2 mm (* ordinary’ ‘“ light castings ”’); the latter is used for cheap
work, the medium - grfés Used 18r average good-works and-the two heavier
castings are only specified for special work.

Special Fittings.—These include external and internal angles (see a),
sfo_p gnds for sockets (c), stop ends for spigots, outlets with nozzles or drops
cast ‘on (D) and union clips (G), the latter being used to conmect two spigot
ends. -
Supports.—Eaves gutters are supported by wrought iron brackets, generally
two being required per 1-8 m length. "That shown at m, Fig. 77, is twice screwed
or nailed to the backs of spars (sce also w and v, Fig. 36, 4 and D, Fig. 38, and
A, Fig. 71). The one at 0, Fig. 77, is twice screwed to the sides of spars (suitable
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for the type of eaves shown at X, Fig. 36). The two shown at N, Fig. 77, are
screwed to wood fascias and are called *‘ fascia brackets ™ (see Q, Fig. 36, and
G, Fig. 71), and that shown at Q, Fig. 77, is suitable for fixing direct to stone walls
where the pointed end of the bar is driven into the bed joint and the curved
bracket is adjusted to the required height by means of the nut and back or

lock-nut which are screwed to the rod fixed to the bracket.

Joints.—A section through an outside joint is shown at v, Fig. 77. The
jointing material is red lead mastic or putty (powdered red lead mixed with
linseed oil) and is applied to the inside of the socket after the gutter is placed in
position on the brackets; the spigot end of the adjacent pipe is placed into the
socket, the wrought iron 6 or 8 mm dia. gutter bolt is inserted and the nut is
tightened until the head is flush with the inside of the gutter; this squeezes out
any excess of mastic which is wiped off.

Whilst the above is the commonest form of joint, some gutters are specnﬁed
to have inside sockets; these are necessary if the exterior of the gutter is not
to be interrupted by the sockets, as is sometimes advisable for moulded gutters.
An inside joint is also indicated in section at .

Trough Gutters.—These are large cast iron or galvanized steel gutters
which are used, especially for factories, and similar buildings, instead of lead
parapet and V-gutters.

DOWN PIPES

_The size of down-pipes varies from 50 to 300 mm internal diameter, those
specified for houses. beiﬁ_g" ' ’_erally 60 or 75 mm, and are in 1-8 m lengths
mcludmg the sockets (seeyJ) 7 Zhort lengths are also obtainable. - The thickness
is similar to that of eaves gutters.

Special Fittings.—These include swan-neck bends, rain-water heads,
offset bends, shoes, and single, double and Y-branches.

Swan-neck Bend (see F and perspective sketch).—This is necessary to connect

the nozzle-piece or outlet (see D) of a gutter v»hnch is ﬁxed to an overhangmg__

~ LT
LICN

-eaves and the top length of a down-pipé: - T SR -

Rain-water Head (or Hopper Head) (see P). —These are obtamab]e in many
stock sizes and designs; they are used to receive water from parapet gutters
(see B and ¢, Fig. 73), and as ornamental features they are fixed at the top of
down-pipe stacks to receive water delivered from swan-necks.

Offset Bends (see x and sketch). —These are similar to swan-necks and are

required to negotiate plinths, etc. Double offset bends, called pass-over offsets,
are obtainable to clear string courses,

Obtuse bends, long bends, qugrter-cyrye &L'B’eu.daéc/ﬁf also available for
special purposes.

Shoes,—These are fixed to the lower ends of rain-water pipes and discharge
over gulhes———traps conneeted to drains (see perspectxve sketch). That shown
at w is the standard type and is satisfactory for fall-pipes which dlscharge rain-

-
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water only. A nuisance may be caused by the water splashing over the gullies;
such is prevented if anti-splash shoes (see V) are used, the projecting plate (see
section) breaking up the flow. Boots are similar to shoes but have legs up to
300 mm long.

Single, Double and Y-Branches are used for connecting two or three branch
pipes to a common down-pipe; a single branch is shown at o. .

The above bends and shoes may be obtained with or without lugs cast on
(see below). Cast iron pxpes are also made of rectangular and square sections
in sizes varymg fom 75 min by 5o mm to 200 mm by 200 mm. Holderbats
(see later) afe s to match.y

Supports.<_Rain-water’ plpCS are supported by 'means of (a) spikes which
are driven thmugh ears or lugs, or (b) by holderbats.

{a) ‘Down-pipes can be obtained with or without lugs cast on. Those with
lugs cast on (see K) are used for ordinary work. All cast iron pipes should be
fixed at a distance of 50 mm from the face of the wall to allow the backs of the
pipes to be painted, otherwise the metal will corrode and rain-water will escape
through the holes or cracks which eventually form to cause disfigurement and
dampness. The pipes are maintained at this distance by the use of either cast-
iron bobbins (see T) or hardwood bobbins; two of these are required at each
lug and the pipes are secured by driving stout spikes (see U) through the holes
in the ears and bobbins into wood plugs which have been fixed in the wall (see

- K and X).

. The lugs project 50 mm from the wall.

--cl-rps {see-R) Vh??wﬁgh‘ 1Yo ba of ¢

() One form of holderbat is shown at s. These are cast iron supparts
which are suitable for fixing into joints of brickwork; similar supports for
fixing to stonework have dovetailed lugs (shown by broken lines) which are let
into holes formed to receive them, and secured by-molten lead which is caulked.
Each length of pipe is secured by slipping
the triangular pocket which is cast on the Jower bead of the socket over the
triangular pm which is cast on the holderbaL‘ Th:s,p_x;,ovﬁes asneat~and effective
support and is used in good werk ’ -

Alternatwely, rafetiater; xithe

-?

pair of lugs after it is passed round the socket of the pipe.

Joints.—Down-pipes are often fixed with dry joints (no _|omtmg material
being used), and the lengths of the pipes are made rigid by lead or wrought iron
wedges which are driven down between the spigots and sockets. Wood wedges
should 7ot be used as they are apt to expand and split the sockets.

The section at L shows a joint with red lead putty; a short piece of yarn
gasket (rope) is wrapped two or three times round the spigot and tightly packed
to prevent any mastic from entering the body of the pipe, and the putty is neatly
ﬁmshed off thh a fillet.

! The-subjeetuof—'érmnage es, is treated in Chap. II, Vol. II
The application of internal soil and waste-pipe“ork one-pipe and -single stack systems
etc., is described in Chap. II, Vol. II and in greater detail in Chap. X, Vol. IV,

p 1S ecured by ascrew and riut toa. *- %
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The -joints between heavy cast iron pipes (such as SOil_-PiPCSI) may consist
of (@) molten lead, (b) lead wool and (¢) lead wool and molten lead. Two of
these joints are shown at z, Fig. 77. iy

() Molten pig lead is run between the spigot and socket, and then caulked
to consolidate the material; a piece of yarn gasket is tightly packed before the
joint is made (see right of section). . )

(5) Lead wool (fine strands of lead, twisted to fon.n.a rope) is packed_ into
the: joint and well caulked. This forms an excellent joint and the material is
convenient. to handle. o

(¢) The lower half of the joint is caulked with lead wool to within 38 mm
from the top and the remaining space is filled with molten pig lead which is
subsequently caulked (see z). ) .

Plastic Rain-water Goods.- These are made of polyvinyl chloride (p.v.c.)
and are used widely in domestic work. The gutters are in half-round or
rectangular sections and are jointed by push fit gutter brackets to leave a gap
of 3 mm between lengths to allow for expansion.
 Asbestos-cement Rain-water Goods.—These are strong, durable and
light and need not be painted. The jointing material is a special composition
provided by the manufacturers. o

Enamelled Iron Rain-water Goods.—These are enamelled both inside
and out and therefore painting is eliminated. These pipes are obtainable in
eight standard colours (black, brown, green, efc.). A bituminous compound is
the jointing material.

DOMESTIC WATER SERVICES?.

The water for domestic services is carried in pipes of copper, lead, galvanized
steel ang polythene (this latter for cold services only). The use of lead pipes has
diminished greatly in recerit 'years, they are in any case unsuitable for drinking
water which is soft because of the danger of lead poisoning. Lead is still some-
times used for conversion and alteration work for waste pipes where its ease
of manipulation is an advantage. Galvanized steel is cheaper than copper
and is used more on the larger industrial schemes, it is also adopted in some hard-
_water areas for it-cari withstand the hammering needed to remove the scale
.‘deposits which eecur-in such districts. Polythene is cheaper still and is being

increasingly used for cold water distribution; tubes of this material have the best
resistance to bursting, this can happen to pipe¥®n thawing out after being frozen.

Most internal plumbing work is carried out with the light-gauge copper tube
conforming to B.S. 659, it is a convenient material, obtainable in long lengths
and having a good resistance to corrosion.

Lead Pipe.—The various joints formed between lead pipes include the
wiped, taft, block anc_l Staern joints, The following is a description of the first
two = — s :

1 These are considered in greater detail in Chap. X, Vol. IV.

Wiped Joint (see a’, Fig. 77).—This is generally considered to be the strongest
joint for lead pipes and is therefore employed in first-class work and especially
for water pipes which have to withstand high pressures. Solder (see p. 143) con-
sisting of 2 parts by weight of pig lead and 1 part pure tin is the jointing material.

The joint is made as follows : The end of each pipe is prepared as shown in the
half-section, that of the upper pipe (when it is in a vertical position) being rasped
down on the outside to leave a sharp edge, and the end of the lower pipe being
slightly filed on the outside and then opened by hammering a tan-pin (g, Fig. 79)
into it. Each end is painted with soil (a black powder.consisting of lampblack, size
and whiting, well mixed with hot water) for at least 75 mm, depending upon the size
of the joint. When this is dry, each end is scraped with the shave hook (G, Fig. 79)
for a distance of 38 mm or more (according to the length of the joint) so as to presént
a clean bright surface which is essential for the thorough adhesion of the solder.
The appearance of the finished joint is improved if prior to shaving, a ring is carefully
chalk-marked round and at the proper.distance from the end of the pipe. As solder
will not adhere to soil (hence the reason for * soiling ) it follows that if the ring is
carefully marked, the edge of the solder (see later) will be sharp and uniform. The
inside of the lower opened end should also be shaved. Immediately after shaving,
the bright ends are smeared with grease or tallow to prevent them re-tarnishing and -
to act as a flux (to assist fusion between the solder and lead). The pipes are now ready
for soldering either by pouring or splashing it on from the ladle (M, Fig. 79) or by
using the blowlamp ‘(A’,”Fig. 79) and a strip ‘of solder (sée p. 143). The former
method is only adopted in certain districts for joints made on the bench and the latter
for joints made on the job. When the “ ladle ”’ method is adopted, the solder is
melted in the pot (U, Fig. 79) to the required temperature (denoted when the solder
ignites a piece of paper), and after the pipes have been accurately adjusted the solder
1s poured from the ladle on to the the prepared ends until the temperature of the pipes
at the ends is approximately that of the solder; the latter is then wiped round the
joint with a wiping cloth (z, Fig. 79), the surface of which has been greased to prevent
the solder adhering to it; additional solder is splashed on and quickly worked with -
the cloth until the desired shape is obtained, when the joint is left undisturbed and

allowed to cool. When the * blowlamp ’ method-is adopted, the prepared ends of - -

the pipes are fitted together and heated by the flame of the lamp; solder is applied
by melting one end of a strip, and is gradually brought to-the required shape by the.
use of the cloth; the joint is then left to cool. The thickness of the solder at the
widest part of the joint need not exceed one and a half times the pipe thickness.

Taft or Copper-bit Joint (see 8, Fig. 77).—This is used where the pipes are
required to withstand much pressure, as for-overflow and gas pipes.

-

no

The preparation of the ends of the pipes is similar to that for wiped joints, except
that the lower pipe is opened wider, the amount of shaving is reduced and the soil
is often omitted. A little powdered resin is applied to the scraped surfaces after
the ends are fitted together, and this acts as a flux for the ““ ordinary " solder (con-
sisting of equal parts of lead and tin) which is in the form of a thin narrow strip.
The solder i1s melted by the heated copper-bit (N, Fig. 79) until sufficient is run to
fill the space bztween the two pipes, as shown. Alternatively, the solder may be
melted by the type of blowlamp illustrated at a’, Fig. 79.

Copper Tube.—This has been mentioned above. The two most common
joints are the capillary and the compression types.

Capillary joint (see A, Fig. 78).—The application shown here is at a bend
where a brass alloy elbow 1s used; tees, reducing pieces and straight couplings,
etc., are also obtainable and they are all made on the same principle.

The fittings incorporate recessed rings containing the correct amount of solder for
making the joint. After the ends of the copper tube have been cut square, they and

Y
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the inside of the fittings are cleaned and brought together. A blowlamp is then applied
to the outside to melt the solder which fills the annular space between the parts bemg
joined. The joint is thus easily made resultmg in a neat, compact fitting. -

Compression joint.—One type.of this is the non-manipulative fitting. -

It consists of an externally threaded brass alloy coupling with internal shod&crs
acting as distance stons to the copper tube. A nutand an annealed brass compression,
ring are-slid over the end of the tube which is then placed inside the coupling to
aguinst the shoulder. The ring' seats against the miouth of the coupling, and §
ughtenmg the nut, the ring is made to grip the tube and to provide a watemght,p

D
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Cold and Hot Water Distribution (see Fig. 78).—For the average house
a 15 mm o.d. supply pipe is adequate and this is connected to the water main
and brought into the house at a depth where it will be unaffected by frost {460
to 610 mm). It must be fitted with a stop valve just outside the boundary of
the premises and another one'at ground floor level inside the house. The supply
pipe rises preferably on an inside wall to the cold water cistern situated in the

PLUMBING

roof space or just below the first floor ceiling. En. route, a 15 mm dia. branch
is taken off it to supply the kitchen sink. The remaining 15 mm dia. cold
pipes are fed from the cistern, i.e., those to the bath, wash basin and w.c

The hot witer circuit shown is the direct system' which is suitable for most

" houses where hardness deposits do not develop in the pipes. The cylinder is

warmed by water from the back boiler which is placed behind the kitchen fire.
A 22 or 28 mm dia. flow pipe fronf the top of the boiler delivers hot water
to near to the top of the cylinder. A return pipe of the game size supplies water
from the base of the cylinder to the base of the boiler. These two pipes are the
main circulation pipes for hot water and are known as the primary flow and

return. Hot water to the various appliances is fed from a branch off the expan-

sion pipe which rises from the top of the cylinder; this pipe acts as a vent to

eliminate air locks in the system and terminates over the cold water cistern. ..

TOOLS

The following is a brief description of some of the tools used by the plumber,
some of which have been referred to, and are illustrated in Fig. 79.

Dresser, Beater or, Bat (a).—Used for dressing flat portions of lead.

Bossing Stick (B).—Used principally for working lead round rolls, etc.

Setting-in Stick (j) -—Used for forming upturns of flashing, working lead into angles
of rolls, etc.
g Bossmg Mallet (D).—Used for striking the above tools and for working lead into corners

1rect.

€Chase Wedge (k).—Of various shapes and sizes; also called drifts; - employed for
working angles of rolls, drips, etc. in gutters where spao€ is restricted; driven by the
wedge mallet, a similar tool to the bossing mallet.

Drip Plate (L).—Is inserted between two sheets-of lead to -prevent-movement of the
Tower sheet where the top sheet is being worked; examples, overcloaks of rolls and drips.

Bending Stick (c).—Used for bending pipes.

Bobbins.—Sizes from 25 to 115 mm; used in conjunction with the metal weight or
follower for bending pipes.

Long Dummy (Y), hand dumny (R) and heel dummy () are used for bending pipes.

Tanpin or Turnpin (E).—Sizes from 25 to 115 mm dlameter at the head; used for ’

opening ends of pipes (see p. 155).

Mandril (1).—Used for similar purpose as bobbins for remaving bulges in long pnpes

Shave Hooks or Scrapers (G and H).—Used to shave the ends of pipes prior to soldering.

Rasp (similar to that shown at 43, Fig. 67).—Used for filing ends of pipes to be soldered.

Blowlamp (A").—This is one of many designsin which either petrol, paraffin or benzoline
is used; capacity for general use varies from o'3 to 1-2 litres; used for heating solder, etc.
(see p. 155).

Soldering or Plumbing Iron (Q).—Used for heating solder (especially when jointing large
pipes); largely replaced by the blowlamp.

Copper Bit (N).—Used for forming soldered joints (see p. 155).
this bit are the gas heated and electric soldering irons.

Hatchet Bit (v).—Used for a similar purpose as the copper bit, and for lapped joints.

Melting or Solder Pot (U).—Sizes vary from 100 to 300 mm dlameter used to melt
solder.

Ladle (M).—Used to apply the solder obtained from the melting pot (see p. 155).

Wiping Cloth (z).—A pad of several folded layers of moleskin in various sizes and used
for wiping joints (see p. 155).

Caulking Tool (s). -Used for caulking lead and is made of caststeel (seepp. 143and 155).

Developments of

1 See Chap. X, Vol. IV for the indirect system.
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Dot Mould (8').-—Used for forming lead dots (see p. 152).

and parallel blade, is used for cutting lead as it is struck with the hammer.

Drawing Knife (w).—Used for cutting sheet-lead; a chipping knife, having a stronger

Bolt (x).—Used for opening holes in the sides of pipes to receive branch pipes.

SCALE

FIGURE 79

Other equipment includes : Hammers, pliers, screwdrivers, screw-wrench

etc.), copperube benders and a complete outfit for lead-burning.

(for turning nuts, etc.), spanners, soil pot (containing soil required for wiped
- .y TS g e . K . :
joints), one-metre rile, square, scribing plate (for describing circles on pipes,



CHAPTER SEVEN

MILD STEEL SECTIONS, BOLTS AND RIVETS'

Svllabus.—Brief characteristics of mild steel;

MiLp steel (complying with B.S. 4360) is a very important building material used
extensively. in structural engineering. Weldable structural steel to B.S. 4360 is
used to a lesser extent for the same purpose. It is manufactured from iron ore
(mined or quarried in certain parts of this country, Sweden, Spain, etc.) which is
subjected to a very high temperature in the blast furnace to produce pig iron, this
is converted into steel in the smelting furnace, re-heated and finally rolled to the
required sections such as plates, angles, tees, channels, beams, etc. (see Chap I,
Vol. TV).

Structural steels are divided into two main groups accordmg to the manufac-
turing process, viz. (1) hot rolled sections and (2) those obtained by cold rolling.
The former comprise the heavier sections. Steel components are used in five
ways :—(a) as beams and lintels for members which suffer bending stresses, (b)
as columns which resist compression and bending stresses, (¢) as ties where the
stresses are tensile, (d) in roof trusses and lattice girders where the forces are
compressive and tensile, and (e) for the reinforcement in reinforced concrete.

" Characteristics of Steel.—It is elastic, ductile (capable of being drawn into
wire), malleable (can be beaten out), weldable and can be tempered to different
degrees of hardness. The maximum carbon content of mild steel is o-25 per
cent., and its breaking strength in compression and tension is 430 to §10 N/mm?

Some of the various standard sections into which mild steel are rolled are

illustrated in Figs. 8o-and 81.

. HOT ROLLED SECTIONS

"Flat Bars (a, Fig. 80). — Obtainable in sizes varying from 3 mm by 12 mm to
2 m by 25 mm or more, the wider sections being known as plates (see £, Fig. 81);
purposes for which flats are used have been indicated in previous Lhapters {(such
as bars suppomng lintels, floor joistsy $traps, etc.), and they are still used:(but
not so extensively as formerl\) for tension members in steel roof trusses. Plates
are used for connections in steel roofs, base plates and caps of steel pillars, ete.

! This is sometimes included in a first-year course in Building Construction to
familiarize students with the principal members used in -structural details which are

included in subsequent years of the course. Steel and reinforced concrete structures are
described in Vol. IV.

various scctions; applications.

Square Bars (B, Fig. 80).—Sizes vary from 5 to 305 mm length of side; not
much used for building purposes.

Round or Circular Bars or Rods (c, Fig. 80).—Diameters vary from 6 mm to
3oo mm; the smaller ones are used in the construction of reinforced concrete
floors, pillars, foundations, lintels, etc., and the larger (x, Fig. 81) for columns.

Angles (p and E, Fig. 80 and a to ¢, Fig. 81).—Those with equal arms, are
called equal angles, and the others are known as unequal angles. They are speci-
fied according to the overall dimensions, thickness and weight per metre:
thus in Fig. 80, D is 2 50 mm by 50 mm by 6 mm by 4-47 kg/m British Standard
Equal Angle (abbreviated to ** B.S.E.A.”), and E is 2 75 mm by 50 mm by 6 mm
by 5-65 kg/m British Standard Unequal Angle (abbreviated to “ B.S.U.A.”);
the sizes of the equal angles vary from 20 mm by 20 mm by 3 mm by 0-88 kg/m
to 200 mm by 200 mm by 24 mm by 71-1 kg/m and unequal angles from 30 mm
by 20 mm by 3 mm by 1-12 kg/m to 200 mm by 150 mm by 18 mm by 47-1 kg/m.
Angles are widely used in structural engineering, including all ‘members of a

" steel roof truss.

Tee Bars or Tees.—These consist of a web and a flange cnd are of four kinds:
tees cut from Universal Beams and Universal Columns (see below), rolled tee
bars with short stalks (webs) and rolled tee bars with long sta_]_ks. Tees are
commonly used in steel roof trusses.

Tees cut from Universal Beams.—In these the web is parallc] and the flange
may be parallel or have a 2 52’ taper. 'They range in size from 102 mm deep by
133 mm wide by 13 kg/m to 459 mm by 305 mm by 126 kg.

Tees cut from Universal Columms have both web and flange parallcl. They vary
in size from 76 mm-deep by 152 mm wide by 12 kg/m to 191 mm by 395 mm by
118 kg. -

Rolled steel tee bars with short stalks have flange and web with a }” taper,
They range in size from 38-1 mmy b‘y 38-1 mm by 4 kg to 152.4 mm by 152-4 mm
by 36.kg. (An example of one is given at ¥, Fig. 8c.)

Rolled steel tee bars with long stalks have a parallel web with a_1° tapered
flange. They vary from 76-2 mm deep by 25-4 mm wide by 3:65 kg to 254
min by 127 mm by 35-42 kg.

Channels (G, Fig. 8o and £, Fig. 81).—The flanges are thicker than the web;
the sizes vary from 76 mm by 38 mm by 6-69 kg to 432 mm by 102 mm by

L



~ Beams (B.S.B.’s), beams with flange plates, castellated beams, plate girders and

MILD STEEL SECTIONS

6548 kg B.S.C. (British Standard Channel); the web is of uniform thickness
and the flanges are tapered from the root to the toe. They may be used as
girders, pillars, roof purlins, etc, These can be built up for heavier loads as at
K, Fig. 81. _ :

Beams.—There are six main kinds of beam : ‘British Standard Universal
Beams (B.S.U.B’s), rolled steel joists (R.S.J.’s) known also as British Standard

lattice girders. .

The British Standard Universal Beam is the most widely used type of beam.
It 1s available in many sizes from 203 mm deep by 133 mm wide by 25 kg/m
to 920 mm by 420 mm by 387 kg, An example of the former is drawn at H,
Fig. 80; see also 1, Fig. 81. The web is of uniform thickness and the flanges
may be parallel or have a 2° 52’ taper as shown at H, Fig. 80. The web joins the
flanges with a small radius curve at the roots;! the toes of the flanges are square
to facilitate welding. These beams are extensively used in the construction of

! Many students at examinations show carelessly drawn sections of beams, common

errors being : webs thicker than flanges and the latter either tapering to a point or provided
with hilbeus toes. .

159
floors, lintels, etc. and have largely replaced the next type of beam mentioned
which was once the most popular type.

Rolled Steel Joist, six sizes of this are made from 76 mm deep by 51 mm wide
by 67 kg/m to 203 mm by 102 mm by 25-3 kg. The web is of uniform thickness
and the flanges have a 5° taper; the web joins the flanges with a small radius
curve and the extremities of the flanges have a small radius at the toe. An
example is shown at H, Fig. 81.

Plated beams are made by riveting or welding flange plates to the flanges of
the above two types of beam, see 1, Fig. 81. They may also be made by similarly_
attaching flange plates to channels as at x, Fig. 81. Plated beams are used for
heavy loads or where thick walls have to be supported.

Castellated beams (see 0, Fig. 81) are formed by cutting a steel beam in a
zig-zag line along the web and welding the two parts together to increase the
depth. This is used for long lightly loaded beams where the stresses are greater
in the flanges than in the web. Hence the web area is reduced and the resistancc
to deflection is increased. - :

Plate Girders are used to carry.loads beyond the capacity of Universal Beams,
They are of two kinds. The one at p, Fig. 81 has flance plates riveted to a
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web plate by angles; this is not now so common as the onc at P where the
plates are welded together to form a more cconomical section. One type of
this beam is the Autofab heam produced in standard sizes up to 2 m dFCP
by 560 mm wide and 24 m long. 'T'his is available in mild steel or .hlgh yield
stress steel and is formed by automatic machine welding together of the three

comprising wood and steel roof trusses and similar framed structures, built-up
wood lintels, steel beams, etc. When the bolts are used to fasten wood members
(as in trusses—see ¥, Iig. 39), washers must be introduced between the timber
and the heads and nuts to prevent the latter from being forced into the timber as
the nuts are being tightened by 2 spaii™®r. A bolt consists of a shank and head,

plates. and, as shown, the proportions of th nd nut are related to the diameter of
_Lattize=@li7¥— Details at o, ® and s, Fig. 81, are of different types of the shank. ‘The end of the shank 15y e form of a screw having a pitch

(distance between threads) which va¥itSg¥ording to the diameter of the bolt
(which is that of the shank); thus a 6 #¥m diameter bolt has 16 threads per
20 mm, 24 mm bolts have 6, and a 20 mm bolt as shown has 8 threads per
20 mm. "T'he depth of the thread varies; in the example it is approximately 1-6 mm.
Bolts vary in size from 6 mm to 150 mm diameter, but rarely is 38 mm exceeded
in building construction, and 20 mmi bolts are often employed for fixing steel-
work; the length (which is that of the shank) also varies. The thickness and

1 7 Tattice girder, these are uséd where plate girders would beu‘)mc cchssi\'cly
heavy over large spans. ‘T'hey are often associated with North-light root trusses
for covering large floor areas (see Fig. 15, Vol. 1V). "T'he example at Q requires
gusset plates at the connections, but these can be omitted when welding is
adopted. 'T'he girder at R would be suitable for light loads. The welded tubular
one at 5 makes a neat pleasing design; the tube is a sound, economical load
carrying member, for it has good stiffness in relation to the small amount of

|

metal. Prior to the use of welding,! the jointing? of tubes was a clumsy business;
the practice of welding and the employment of tubes is increasing.

“olumns.—The most widely used columns are the Universal Columns which
range from 152 mm by 152 mm by 23 kg to 475 mm by 424 mm by 634 kg.
They have parallel. flanges. 'The beam members at E to L, ig. 81, can also be
used as columns, as can the sections at the bottom left-hand side of the same
Figure. The one at v is a box-section made of two channels welded together,
angles can be similarly uscd. ‘That at w is a rectangular hollow section (R.H.5.),
this is obtainable in sizes from 50-8 by 25-4 by 2-64 mm thick by 2-8 kg to 3048
by 203-2 mm by 12:5 mm thick by 12:5 kg. 'The R.H.S. has a greater resistance
to bending than the tube ovér which it also has the advantage of having flat
sides to simplify welding. Square hollow sections (8.H.S.) are also made in a
similar range.

When stanchion sizes have to be kept to a minimum, the solid round section
at X can be used. Beams are connected to this by a cap plate which is shrunk
or welded on. The use of tubes at v has already been mentioned, they can be
adopted for columns, or girders (s, Fig. 81) and vary in size from 26-9 m;n/overall
dia. by 3-2 mm thick to 863:6 mm o.d. by 11 mm 'thick.

The other columns at Z to ¢’ are built up from the sections given to form stiff
columns. The one at A’ has four angles to which internal rin‘g battens are
welded, the angle size depends, of course, on the load. For example, four
50-8 mm by 50-8 mm by 6-4 mm angles made into 2 152 mm square will carry
single-storey domestic span roof loadings. The ones at 8" and ¢’ will carry
heavy loads, the former shows single lacing but double lacing in a criss-cross
pattern is also used.

Bolts, Nuts and Washers (], Fig. 80).—These are used for securing members

i See Chap. 11, Vol. IV. .
 The methods of jointing tubular work are three in number. In the example shown,

the tube ends are machined to fit together and then welded. Secondly, the tube ends are )
flattened, cut to shape and welded. Where five or more tubes are connected at one point,

they are cut and welded. 1o a steel ball or ring in which a diaphragm plate is welded.
™ *

diameter of a washer depend upon the size of the bolt; that shown at  is 3-2 mm
thick and the external diameter is either 41-3 or 70 mm. Bolts, nuts and washers
are made of mild steel, wrought iron and brass, the former being used for steel-
work. The head and nut shown at j are hexagonal on plan, and this is the type
in general-use; square-headed bolts (see T, Fig. 33)-and-nuts are-also made but
these are now rarely used in building and structural engineering. '

Rivets are made of steel and are used at the connections of steel beams,
pillars, roof members, ete.; the 20 mm dia. size is the most common.

The snap-headed rivet shown at L is the usual type employed; it is also known
as a cup-headed rivet. Note the proportion of the head in relation to the shank;
the shanks (which are slightly tapered) vary in diameter from g mm to 45 mm.

"The shank before fixing (“ riveting ”’) extends to the length indicated by broken

lines and this length depends upon the diameter of the rivet, the method of
riveting (machine or hand) and the amount of grip (the overall thickness of
the plates, angles, etc. which are connected together). The second head is
formed during riveting, the heated end of the shank being forced into a cup
shape. -

Countersunk Rivets (M) are employed when the boftom head is required to
finish flush with the underside of the lower membé!l{héir}g riveted, e.g., at the
connection between the foot of a principal rafter o a steél roof truss and the
plate which’is supported by the wall and which should have*a level bearing.

Note that rivets are seldom used now in steel building frames having been
replaced by welding—see Vol. 4. . :

COLD ROLLED SECTIONS .- ° ¢

T . w

w

. These have been increasingly used since the 1939.war; because of their

““lig¥%r weight, the load carrying capacity is not so great as the hot rolled sections.
.~Evéh so, they are a useful adjunct to the builder’s range of materials and have

successfully been adopted for-school and house construction. They are ideally
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suited for prefabricated structures where the light weight leads to rapid site
erection. The thickness of metal varies according to requirements, a common
thickness being 4 mm. The shapes into which the metal can be pressed or rolled
are almost unlimited and the sections have a wide range of uses from beams and
columns to skirtings, door frames,. gutters, etc. Jointing is best done by shop
welding, bolts being needed for site connections. Cold rolled sections should
be well protected-from: corrosion by galvanizing-or similar effective process.

" Some typi'cal,sectiohé%m.shbwn in Fig. 81.
Beams.—Details 't ¢ and M are self-explanatory and the range of sizes is

given, the stronger type of channel is provided with lips, this is known as the
lipped ar box channel. Thére is also the outward lipped channel (or top-hat,
see F') made in sizes from 38 mm by 38 mm by 1-2 mm to 100 mm by 100 mm by
4 mm.

The built-up beam at T is of two sections spot-welded together, it is used in
lieu of and at the same centres as timber floor joists. The hollow flanges allow
for the insertion of wood fillets for nailing the floor boards. The one at 1’ is

used for-the same purpose, it comprises a z-section and tywo angles. The kinks
in the web trap the nails used for fastening down the boarding and so timber
fillets are not needed.

The lattice girder at U has 2 top boom of two lipped channels 75 mm apart and
a bottom boom of two angles. The intermediate members are lipped channels
welded into the'spaces. A similar example to this is shown in Fig. 17, Vol. IV.

Columns.—These are shown at ¥’ and &', the former being made of two plain
and two outward lipped channels welded together, diaphragm plates may be
welded inside the cavity at intervals. The one at ¢’ is made with two cold rolled
and one hot rolled channels welded together. Stanchions of this sort at 2:5 m
centres have been used to carry floor beams 6 m long which support a precast
beam floor and a similar roof load above. The box channels extend two storeys
to the roof and the B.S.C. is stopped off beneath the first-floor beam.

Cold rolled sections can be formed into practically any shape for special
purposes, some examples are given at J' where there is a skirting, a panelling
trim, a mullion cover pressing, etc.




HOMEWORK PROGRAMME

THE nature and amount of homework in Building Construction set each week are influenced by a number of considerations, such as the character of the

course, length of each class period, number of periods per session, type an.d special requ.irements of'students, treatment of subject in cla.ss, etc. :

The following homework schedule is based upon the author’s experience in teaching the subject to architectural students preparing for degrees in Building,
R.L.B.A. examinatidhs and those. attending National Diploma and Certificate courses, and whilst it is clear that the programme canriot have general application, it is
hoped that it will serve as a useful guide. It is assumed that each sheet will be commenced in class and completed as homework.

Whilst it may be considered that the programme unduly emphasizes the section devoted to Brickwork, it should be pointed out that there is now a general
tendency to concentrate upon bonding, etc., in the first year in order that subsequent years of a course may be free for the greater development of other sections
including those concerned with new materials and forms of construction. The programme may with advantage be modified, especially for architectural students,
to include less brick bonding and more details of the units of construction.

"It is likely that the drawing sheets will be of A2 size. Care should be taken to ensure a well';balanced set of drawings, and a suggested ]ay;out»of a sheet-

is given in Fig. §8. As indicated, each sheet should be given a suitable title, the printing of which by the student affords practice in plain lettering. The details
should be drawn to a large scale, and wherever possible these should be to full size; this applies particularly to joinery details.

As the length of session varies in different colieges, the omework programme provides for the maximum number of sheets, numbering from twenty-four
to twenty-eight, which may be produced per session.

Sheet Number ) S : - Sheet Number
Number of Lectures. | .. Subject of Drawing Number of Lectures Subject of Drawing
per Session . per Session
24 25 26 L 1. 24 25 26 27
1 i 1 , to'a scale of 1 : 10, alternate plans of stopped | | | ) 6 Draw, to a scale of 1 : 10—(a) plans and elevations
ds K, J, K and L, and part elevations at g, of piers F, L, 0 and Q, Fig. 7, and (b) alternate
3. ' plans of rebated jambs E, H, L and o, Fig. 8.
2 2 2 ‘Draw; to a scale of 1 : 10, alternate plans of stopped 6 | Draw, to a scale of 1: 10, complete details of piers-
~ends E, F, G and ], and part elevation D, Fig. 4. in Fig. 7. ’
3 3 3 Draw, to a scale of 1: 10, alternate plans of right- 7 | Draw, to a scale of 1: 10, complete details of re-
ed junctions, A, B, ¢, D and F, Fig. 5. bated jambs'in Fig. 8.
4 4 4 Jraw, to a scale of 1: 10, alternate plans of right- .6 7 7 8 | (a) Draw, to a scale of 1:10, sections through
-angled quoins A, B, b and E, and sketch g, Fig. 6. : " foundations a to D, Fig. 10, and sections through
p 5 5 aw (@) to a scale of 1 : 10, elevation and plan of : foundations similar to A suitable for 215 mm and
nidow A, Elg. 555 and (b) full size details G, J . 440 mm walls; () sketch, approximately to 1 : 20
d x of cavity walling and joinery. . scale, timbering to trenches in Fig. 40.
L_,__L,/Lk . - & 4 b
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HOMEWORK PROGRAMME

Sheet Number

by i

" Number of Lectures
per Session

Subject of Drawing

Sheet Number

Number of Lectures

per Session

Subject of Drawing

24 25 26 27 24 25 26 27y

7 8 8 9 | Sketch: (a) offset A, corbels L, M and cap Q, R, 14 | 15 | .16 | 17 | Draw: (a) 1: 20 scale elevation' of collar roof E,
Fig. 11; (&) lintels A, B and ¢, Fig. 12; (¢) Fig. 37, omitting hips, angle ties and jack rafters;
threshold b, Fig. 16; (d) copings B, J and plinths - (&) 1 10 scale eaves details v, Fig. 36, and L, F1g

: N, R, Fig. 17. 17, showmg boarding in lieu of battens.

8 9 9 10 | Draw, to 1: 10 scale, the arches in Fig. 15; thick- 15 | 16 | 17 | 18 | Draw 1 : 20 scale part elevation E and plan F of built-
ness of joints between voussoirs need not be ‘ up truss, Fig. 39, and 1 : 20 scale isometric eaves
shown. (L.eave space for sections G-and K, Fig. detail.

) 41); see Sheet No, 16 (or 17 or 18 or 19). 16 | 17 | 18 | 19 | To 1: 10 scale, add centering for arches A, B, F, G, ]

9 10 | 10 | 11 | Draw, to 1 : 20 scale, portions of rubble work a and and K, Fig. 41, to Sheet No. 8 (or g or 10—see
B, F1g 20, and ¥, ¢ and H, Fig. 22. Include adjacent), and sketch M and N, Fig. 41.
quoins, jambs part plan aB and section ¢p, Fig. 17 | 18 | 19 | 20 ( Draw: (a) 1: 10 scale A, B, ¢ and b of framed,
22; themullions and transome need not be shown. ' ledged, braced and battened door, Fig. 44; (b)

1o | II Draw : (a) 1 : 20 elevation of arch N with portion of one-fifth full-size details r, M (elevation and sec-
walling and section at F Sncluding cornice, parapet tion), N (elevation) and o (elevatlon and plan).
and coping, Fig. 24; (6) 1:5 scale sections of 18 | 19 | 20 | 21 | Draw: (a) 1: 10 scale A, B and c of two-panelled
cornice A, Fig. 26, string course v, Fig. 26, window door, Fig. 50; () full-size details H, J and K,
sill 1., Fig. 25, ar_md copings A and( Fig. 27. Fig. so—architrave and panel mouldings to be

11 12 | Draw, to 1 : 20 scale, plan, sections and part eleva- » selected from Figs. 46, 48, 50, 52 and 63.
tion of fagcade shown in Fig, 24. 19 | 20 | 21 | 22 | Draw: (a) 1: 10 scale A, B and ¢ (or D, E and F) of
12 13 | Draw to 1: 5 scale, sections through cornice a and “he : ) - steel window, Fig. 62; (b) full-size détails G,”
string course D, Fig. 26, window sill 1. and plinths H, K, L-and 0, Q and N.
Q and vu, Fig. 25, copings A and ¢, Fig. 27 and 20 | 21 | 22| 23 | Draw: (a) 1: 10 scale a, B and ¢ of cased frame
cornice n, Fig. 78. ‘window, Fig. 58; (b) half full-size details k, 1., M
11 | 12 | 13 | 14 { Draw: (@) 1: 20 scale half of plan A and sections B and N.
: and ¢ of floor, Fig. 32; (b) 1 : 10 scale sections ] 21 | 22 | 23 | 24 | Draw 1: 5 scale wood and slatmg eaves and ridge
and v, Flg. 32, with alternative sleeper wall detail o o details A and eaves details F and G, Fig. 71.
at ¢, Fig. 10; (c) sketches of joints G, m and P, L = Last- -iron gutter to be shown in each case;
N Fig. 32; (d) full-size section through joint R, » Tayate a swan-neck bend F, Flg 77. Alter-
) Fig. 34. : ~#tvely, draw one-fifth full-size plain tiling
12 | 13 | 14 | 15 | Draw: (a) 1.:2%sqae-part plans of floors P, Fig. 33, details, Fig. 72, and interlocking tile details,
. and A, Plg 34,-showing trimming of hearths; : Fig. 39.
- (b) 1:10 scale section r, Fig. 34, including 22 | 23 [ 24 | 25 | Draw: (a) full-size details ], R, M and N, Fig. 74;
adjaccm bridging joist with elevation of strutting (b) one-fifth full-size details a agd o, F1g 73
and sectionsimilar tokk; (¢} quarterfull-size details 23-| 24 | 25 | 26 | Draw: (a) 1: 5 scale sections E, F and G, Fig. 75;
» of tusk tenon 1. and housedjomts M and N, Fig. 34. (b) sketch, approx1mately to 1:10 scale K L, M
13 | 14 | 15 16 | Draw: (a) 1 : 20 scale clevations of flat roofA lean- and N; (c) draw 1 : 10 scale details H, P and Q,
: | to roof 11 and close couple roof 1, Fig. 36 (b s Fig, .
1 : 10 scale details g, R, s, G, P, x and 7. Omit 24 | 25 | 26 | 27 | Draw full~s .steel sections D, F, G and H, Fig. 8o,
slating details. . sketc  Fig. 81.

If twenty-eight lectures per session, include either {a) she,




Abutment, 21
Aggregates, 2
Air bricks, 60-61
Alburnum, s5
Angle beads, 107, 122
drafts, 39
tie, 73 )
Angles, steel, 21, 107, 158, 159, 160
Annual rings, 55, 506, 58, 59
Apex stone, §2 '
Arcade, 22
Arches, axed brick, 24
classification, 22 ~
construction, 22-24, 80-82
flat, 22-24, 49, 80-82, 9§, 105, 110
pauged, 23-24
jack, 24
prrpose-made brick, 22, 24
rough relieving, 24
segmental, 24, 49
semicircular, 24, 49
soldier, 20
stone, 39, 46-49
terms, 21-22  °
Architraves, 120
Arris, 1,3, §
Keene’s cement, 32, 107, 123
Artfficial seasoning, 55-56

Auger, 128
Axe, 128
Axed-brick arches, 24

Bands and gudgeon hooks, 9o
Banker mason, 36

Barefaced tenon, 9o

Bark, 55

Bars, steel, 21, 158

Basebed, 35, 36. o ,
Bastard tuck pointifig; 31 -

INDEX

Bath stone, 33, 38
Bats, 4, 10, 12, 13, 20
Battens, 56, 69, 84:86X 88, 9o, 134, 135
Baulks, 55
Beaded joint, 31
Beads, inner, 111, 112, 115-117
outer, 115
Beamfilling, 77, 141
Beams, steel, 38, 159-162
Bearers, gutter, 70, 78, 148
Bed, 3, 38, 39 :
joints, 3, 22, 23, 24, 30, 31, 319, 40, 47
moulds, 74 ’
Bedding, 17, 21, 49, 60, 84, 104. -
Eending lead pipes, 146, 148
stick, 148,156
Bevel, 28, 125
Bevelled bats, 4, 13
closers, 4 i
haunched joint, 65, 74
housed joint, 65
rebated joint, 112
Birch, 59 '
Birdsmouth joint, 72, 73, 74.. .
Bitumen, 17 '
Black mortar, 47
Block-in-course masonry, 42
Blocking course, 52
Blowlamp, 143, 155, 156
Blue Staffordshire brick D.P.C., 18
Boarding, roof, 134, 137

" Boards floor, 57, 59, 61-67

Bod%er, 38
Bobbins, 148, 154, 156
Bolection mould, 93, 96
Bolster, 28
Bolts, barrel, 86, 88, 119
flush, 87, 96 -
wrought iron, 20, 73, 77, 161
Bond, definition, 3
dog’s tooth, 0
double Flemish, 7, 8, 9, 11, 12, 13
English, 4, 6, 7, 8, 9, 11, 12
heading, 4
junctions, g, 10
piers, 12-13
quoins, 4, 10, 11
rebated jambs, 13, 14
single Flemish, 7, 8 - w
slating, 133, 134

R i
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Bond—contd.
squarc jambs, 13
stopped ends, 7
stretching, 4, 7
Bonders, 40
Bonding, 3-15, 40-54
Bossing, 142
mallet, 156
stick, 142, 150
Bowing, 58
Bow saw, 120
Brace and bits, 128
Braces, 82, 88, go
Bradawl, 128 .
Brick arches, 21-24, 80-82, 93, 105, 116
construction, 24
copings, 26-28
footings, 13, 16, 17
lintels, 20-21
plinths, 28
sills, 24-20, 104
thresholds, 26
Bricklayer’s craft, 3
Bricklayers’ tools, 28
Bricks, air, 60-b1 ~
axed, 22, 24
bats, 4, 10, 12, 13, 26
bulinose, 4, 12, 26
characteristics, 1-2
closers, 4-15
coping, 260-28
defects, 1-2
dogleg, 4
facing, 1, 3
hand-made, 1, 30
jointing and pointing, 30, 31
manufacture, 1, 2
piers, 12-13
plinth, 28
pressed, 1, 30
purpos¢-made, 4, 21, 22, 24
rubbers, 22, 24
sand-faced, 31
sand-lime, 1
sizes, 3
special, 4, 21, 22, 23, 24
splay, 4
terms, 3-4
weight, 2
wire-cut, 1

British Columbian pine, 59, 64
Building Regulations—
balustrade, 124
floor joists, 60, 65
foundations, 16
hearths, 61, 65, 67
site concrete, 18
staircases, 123, 124
thermal insulation, 3, 58, 141
windows, 103
Buttresses, 13
cappings, 19
Brickwork, 1-31

C

Calcium sulphate plasters, 32-33, 67-68
Callipers, 125

Camber, 22-23,

Cambium, 55

Capillary grooves, 107, 144

Carpentry, 55-82

definition, 58, 83"
Casement fasteners, 107, 119
stay, 107 ° : . :
Casements, 104-169
Casings, framed, 98
plain, 97, 98, 99, 101
skeleton, 97, 98
Cautking, 96, 143, 155
tool, 156-_
Cavetto mould, 48, so
Cavity wall, 3, 4, 13, 106, 138
Ceiling joists, 72
Ceilings, 67-68, 74
Cells, 55
Cement, 2
fillets, 152
floating coat, 31,.64
grout, 2, 2qf55.%7, 53 .
mortary 2,18, 17, 18, 26, 31, 45, 47, 53
© ‘witerproofed, 31, 135
neat geggent, 53
plug, 5%
Centerthg, 2# 80-82

.Chain dogs, 54

lewis, 54

Chains, sash, 109, 113
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Channels, steel, 158, 159, 162
Chipped grain, 58
Chisel drafted margins, 39
Chisels, 28, 38, 39, 126
Circular saw, 103, 128-129
carborundum, 36
diamond, 36
Circumferential shnnkage 58
Clamp, 128
Clay, 1
Clay-holes, 39
Cleats, 78
Close couple roof, 72
Close-picked walling, 42
Closed mortice and tenon joint, 83
Closers, 4-13
Coach screws, 125
Coarse grain, 57
Cold chisel, 128
Collar roofs, 72-74
Columbian pine, 59
Compasses, 125
Compass saw, 126
Compo, 2
Compound walls, 47
Compression stress, 19, 65
Concrete, 2, 15-17, 61, 64, 67, 68
aggregates, 2
blocks, 34
floors, 64
foundatlom. 15-17
hearths, 61, 62, 66, 67
lintels, 19, 21, 24, 48 76, 106, 115
- matrix, 2-
mixing, 2
no-fines, 33
proportioning, 18
reinforced, 19, 21, 24, 48, 76, 106, 115,
123, 124
site, 18, 61
Contmuous vertical _]Oll'ltS 3, 4, 7, 10,
12
Conversion, timber, 56
Copings, 26-28, 51, 52
apex-stone, 52
brick-on- edge 26, 28
brick-on-end, 28
bullnose, 26
feather-edge, 52
kneeler, 52
parallel, 52
raking, 52
saddle-back, 28, 52
segmental, 52
semicircular, 26

tubes 155-156
Corbels, 18-19, 61, 67
brackets, 61

INDEX

Cord, sash, 109, 113, 115

Cornices, 36, 39, 50-52, 155
protection of, 152

Corona, 51

Corrugated saw edge fasteners, 125

Counter-battens, 136, 137, 138

Couple roofs, 72-74

Courses, 3, 4

Cover ﬂashmgs 143-146, 148, 150- 152

Cradling piece, 67

Cramped joint, 53

Cramping doors, 101, 103
floor boards, 63-64

Cramps, 52, 63-04, 102, 128

Creasing, tile, 28

Creosote, 56, 60

Cross-cut saw, 125

Crown, 21

Cuban mahogany, 59

Cupping, 58

Cup shakes, 57

Cups, 106, 124-125

Cutting iron, 126
lists, 103 .

Cyma recta mould, 50, 51
reversa mould, 50, 51

Cymatium, 50, 51

D

Damp proof courses, 16-18, 28
asphalt, 17
blue Staffordshlre brick, 18
copper, 18
fibrous asphalt felt, 17
lead, 18
plastic, 18
slates, 18
Deadwood, 57
Defects in stone, 39
clay-holes, 39
mottle, 39
sand-holes, 39
shakes, 39
shelly bars, 39
snailcreep, 39
Defects in timber, 57-58, 60, 61, 77
bowing, 58
chipped grain, 58
circumferential shrinkage, 58
coarse grain, 57
cup shakes, 57
cupping, 58
deadwood, 57
doatiness, 57
druxiness, 57
dry rot, 57-58, 60, 61, 77
foxiness, 57
heart shakes, 57

- Duramen, 55

Defects in timber—contd.
knots, 57, 59
shrinking, 58, 84-86, 91, 120
swelling, 58, 98
twisted grain, 57
upsets, 57
wane, 58
warp, 58, 59
wet rot, 58
Derbyshire stone, 35, 36
Detached piers, 12, 13, 17
Diminishing coursed work, 131, 134, 138,
139
Doatiness, 57
Dogs, 64
Door chain, g1, 96
locks and latches, 86-9o0, g6, 100
stop, 100
Doors, 83-103
classification, 84
flush, o1
framed ledged and battened 90
ledged braced and battened 90-91
hanging, 86, 90, 91, 96, 100
ledged and battened, 84-88
braced and battened, 88-g9o
manufacture, 86, 9o, 100-103
panelled, 91-103
preparation, 86, go
proportion, 84
sizes, 84
Dot mould 157
Double, boarded floors, 64
eaves course;~135, 140
- Flemish bond, 7, 10, 12, 13
roofs, 72-77
tenons, 84, 9o
Douglas fir, 59
Dovetail saw, 126
Dovetailed halved joint, 72
housed joint, 65, 74
tenon joint, 112
Dowelled joints, 52, 53, 83, 84
Dowels, 49, 52, 53, 83, 84

.

Down-pipes, 154-155 B |
Dragon beam, 69, 74 .t -
Drags, 38-39

Draught bead, 111

Draw pinned slot mortice and tenon joint,
84 .

Dresser, 142-143, 156

Drills, portable electric, 129

Drip plate 156

Drips, lead, 142, 143, 146, 148

Druxiness, 57

Dry rot, 5%7-58, 60, 61, 77

Dumm_y,, hand, 148 156

heel, 148, m*

long, 148, 156 B K

Firrings, 70

Foundations,
_o brick qutini Q

E

Eaves, definition, 69
closed, 69, 74-77, 138
course, slating, 135
tiling, 140
flush, 69
gutters, 152
joints, 159
open, 69, 74, 138, 139
sprocketed, 69, 74-76, 137-139
Electric power tools, 128-130
Elm, 59
Endogens, 55
Escutcheon, 88
Exogens, 55
Expanded metal, 67
Extension hinges, 107, 109’
Extrados, 21, 49

F

Face, 3, 38

Face-bedded stone, 39

Fascia board, 69, 70, 74, 77

Fasteners, corrugated metal saw edge, 125
Fender walls, 18, 61

Fibrous asphalt felt, 17, 68, 69, 135, 137
Figure, 56

Finger plate, 100

Fireplace hearths, 61, 65, 66

Firmer chisel, 126

Fishing, 73
Fixed sashes, 107-109
Flashings, apron, 143, 150
horizontal cover, 143, 146, 148
raking covef, 143, 151
stepped cover, 143, 150-151
Flat roofs, 70, 148 ’
Flint walling, 44-45
Floor, boards, 57, 58, 61-64
joists, 58, 6o, 61, 63-67
Floors; double, 58, 64
cleaning off, 64
concrete, 64, 68
protection, 64
single, 58-67
trimming, 61, 65, 67
triple, 58 -
wood-covered concrete, 64
Folding wedges, 63, 80-82
Forked tenon joint, 112

concrote, 13-

.. and footmgs,'xé Y

-~ stone, 40, 41

" Fraie saw, 36, 126
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Framed, ledged and battened door, 90
ledged, braced and battened door, 90-91
Frames, door, 83
bedding, 13, 84, 107
window, 103-115, 119-120
Franked joint, 104
Frenchman, 28
Frieze, 51
Frog, 3, 30 .

Gable wall, 42
Galleted joints, 40
Gauge-stick, 131, 133
Gauge, cutting, 125
marking, 125
mortise, 102, 12§
panel, 102, 125
rod, 28, 30
stick, 131
General joiner, 103
Gimlet, 128
.Glass, 106
panes, proportion, 106
papering, 102, 128
Glazing bars, 104-106, 112, 119
beads, 104, 106
Glue, 83, 84, 102, 112
Gluing, 102, 112
Gouges, 38, 39, 126
Granite, 35
Grindstone, 128
Ground floor, 58-64
Grounds, 98, 120
Grout, 2, 20, 45, 47, 53~
Gudgeon hooks, 90 . - -
Gutters, 70, 77-78, 142, 146:148, 152-154
Gypsum plasters, 32-33 }

Half-bats, 4, 5 . -
Half-lapped joints, 60, 6z
Halved joints, 108 =~ "~
Hammers, 28, 38'39’1 84
Hand board, 28
Hand-dressed stone;
Hangers, 72, 74
ndscrew, 12
IPl-ﬁrf.\wm'e, door, 86
window, 107, 11
Hardwood margin;
Hardwoods, 58, 597
Hatchet bit, 156
Haunchy; 21, 65, 8
Haunched mortice
102, 104, 112"~
Hﬂ\lnChing) 84 .

t, 83, 9o,

Hawk, 28

- Header, 3, 7, 10, 18-19, 40

Heading bond, 4
joint, 63
Head-nailed slating, 76, 134, 137-138-
Heart shakes, 57
Heating, 45
Hearths, 67
Heartwood, ss
Herring-bone strutting, 67, 70
Hinges, butt, go, 96, 100, 107
extension, 107
skew butt, 100
strap, go
T, 86, 88, 9o
Hips, 69, 73-74, 136-137
slating, 135
tiling, 136
Holderbats, 154
Holdfast, 128
Hollow bed joint, 53
Homewnrk programme, 163, 164
sheet, 109
Horizontal sliding sashes, 119
Horns, 65, 83-84, 104, 112
Housed joints, 60, 65, 111, 123

1

Igneous rocks, 35

Impost, 22

Inbands, 47, 115

Indents, 4

Inner linings, 109-112, 113
Intersection, brick, 10 e
Intrados, 21, 49

Ironmongery. See * Hardware ™

J

Jack arches, 24
rafters, 69, 73, 74
Jambs, rebated, brick, 13
square brick, 7, 13
Joggle joint, 20, 47, 51-52
Joggled arches, 49 -
Joiners’ tools, 125-130
Joinery, 83-130
definition, 83
Jointer, 28, 30, 31
Jointing, 30-31, 36, 94
JYoints : brickwork and masonry—
bed, 3, 22, 23, 24, 30, 31,.39, 41, 47
utt, 10, 52
continuous vertical, 3, 4, 7, 10, 12
cramped, 53
dowelled, 53
flush, 30

hollow bed, 53

INDEX

Joints : brickwork and masonry—contd.
joggle, 20, 51, 52
keyed, 31
masonry, 52-53
mason’s mitre, 49
plugged, 53
projecting, 30, 31
rebated, s2
recessed, 30
rusticated, 52
saddle, 51
struck, 30
overhand, 30
tongued and grooved, 52
vee, 31, 52
Joints : carpentry and joinery—
barefaced tenon, 9o
bevel rebated, 112
bevelled haunched, 65, 74
housed, 65
birdsmouth, 72, 73
butt, 61
closed mortice and tenon, 83
cogged, 6o, 62, 73
double tenon, 84, 90
dovetailed, halved, 72
housed, 65, 73
tenon, 112
dowelled, 84, 90, 94, 100
draw-pinned slot mortice and tenon, 84
fishing, 73
forked tenon, 112
franked, 104
half-lapped, 60, 73
halved, 104, 112, 114
haunched mortice and tenon, 83, go, 98,
104, 112
heading, 63
housed, 60, 65, 111, 123
mitred, 64, 93, 120
mitred and rebated, 122
morticed and tenoned, 83, 90, 94, 102
notched, 6o, 65, 72, 74
oblique tenon, 73
pinned, 74, 83
ploughed. and tongued, 63, 111
rebated, 61, 63
rebated, tongued and grooved, 63
scarfing, 73
scribed, 93, 104, 112, 122
spl6ayed, rebated, tongued and grooved,
3
square, butt, plain or shot, 61, 63
housed, 65 ~
stub tenon, 91, 102
tongued and grooved, 63, 66, 86, 122
grooved and beaded, 86
grooved and V-jointed, 74, 8
tusk tenon, 65 .
twin tenon, 100 “f“
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Joints : plumbing—
capillary, 155-156
compression, 156
copper bit, 143, 156
down-pipe, 154-155
drips, 144
eaves gutter, 152
laps, 144
rolls, 144
welts, 144-146
wiped, 155

Joists, floor, 58, 6o, 61, 63, 65-67

sizes, 58, 60
trimming, 65
Jumpers, 41

K

Keene’s cement arris, 32, 107, 123
Kentish rag, 42

Key brick or stone, 21

Keyed joint, 31

Kiln, 1

Knapped facing, 45

Kneeler, 52

Knots, 57, 59

Laced valley, 140
Lacing courses, 44
Ladle, 155, 156 - -
Laggings, 82
Lake District masonry, 18, 40, 45
Lancashire slates, 131, 132 :
Lap, 4, 134, 137, 138, 139, 140
Larrying, 45
Latches, 86-90, g6
Laths, 67, 134
Lead apron, 143, 150
burning, 143, 152
characteristics, 142
covered cornices, 51, 152
damp proof course, 18
dowels, 104, 152
drips, 144
flashings, 142, 143, 150-151
flats, 70, 148
gutters, 77, 146-148, 152-154, 155
hips, 136, 150 )
.manufacture, 142
pipes, 143, 146, 148, 155
pitch, 69
plug, 53
ridges, 136, 148, 152
rolls, 144

saddle-piece, 152
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Lead——contd.
soakers, 136, 137, 142, 143, 150-151
tacks, 143, 150
valleys, 137, 150

wedges, 143, 151 .
weights, 142 )
welts, 1,44-146 , \
wool, 155

Lean-to roof, 70-72
Ledges, 84-90
Letter plate, 96
Levellers, 41-42
Lewises, 54
Lier board, 150
Lifting appliances, 54
Lime, 2
hydrated, 32
hydraulic, 31
magnesian, 31
mortar, 2, 23, 31, 47, 135
black, 47
waterproofed, 31
putty, 23, 31, 32, 53
Limestones, 35, 36, 42
Bath, 35, 3
Kendal, 45
Portland, 35-36, 39, 49, 53
Line and pins, 28, 30
Linings, door, 96-98, 101
window, 109-112
Lintels, brick, 19-21, 107
concrete, 19, 21, 11§
stone, 20, 21
wood, 19-20, 99
Lock, mortice, 88-go, 96, 100
rim, 86, 88-90, 96, 100
dead, 86, 88
night latch, 96, 101

M

Machine-dre sed stoqe 36-38
Machines, brick, - -
cu'cular saw, 36 103, 128-129
carborundum, 36
diamond, 36
frame saw, 36
general joiner, 103
mortising, 103
panel planer, 103 i
planing and matching, 61
and moulding, 36
pneumatic dressing and carving plant, 38
rubbing bed, 36
sand papering, 103, 128
slate holing, 133
spindle moulder, 103
- surface planer, 103
thicknessing, 103 -

Mahogany, s9, 96
Mallet, 128 :
Mandril, 156
Maple, 59, 64 .
Margins, chisel drafted, 39
Marking awl, 125
Masonry, 35-54
Masons’ mitre, 49
tools, 28, 38 39, 129
Mastlc, 64, 84, 109, 148 154
Match boarding, 86
Matrix, 2
Medulla, 55
Medullary rays, 55-56, 59
Meeting rails, 111-112
Melting pot, 156
Metamorphic rocks, 35
Mica, 39
Mild steel angles, 21, 158
beams, §8, 158
bolts, 73, 78, 161
channels, 158, 161
characteristics, 158
cold rolled, 158, 161
columns, 161-162
flat bars, 21, 61, 158
manufacture, 158
nuts, 161
rivets, 161
round bars, 21, 68, 158
square bars, 158
straps, 73
tee bars, 158
washers, 161
Mitre block, 103, 128
box, 128 -
joint, 49, 64, 74, 93, 120
square, 125
templet, 128
Mitred closer, 4
and rebated joint, 122
Moisture content, 56, 59

Mortar, See & Cement Mortar

‘“ Lime Mortar -
fillets, 152

Jomtmg and pointing, 30-3: 47 53__54.,.,- :

Mortise chisel, 103, 126

» lock, 88-go, 96, 100
Mullet, 102

Mullions, 43, 49, 104, 120
Muntins, 91, 100, 102-103

Nail punch, 64, %28 3
Nailing floor.boards, 63, 64
_close and open; 143 -

INDEX

Nails, 124, 133, 134, 135, 137, 140, 143
aluminium alloy, 133
chrome-iron, 133
composition, 133
copper, 133, 143
cut clasp, 124
floor brads, 124
galvanised wrought iron; 133
joiners’ brads, 124 .
lead, 133
needle points, 124
panel pins, 93, 124
spikes, 124
wire, 64, 124
wrought, 124
zine, 133

Natural bed, 39
seasoning, 55

Night latch, 96, 101 .

Norfolk latch, 85, 86, 87

Notched joint, 60, 65, 72, 74

(8]

Oak, 59, 61, 64, 83, 96, 104, 112
Oblique tenon housed joints, 73, 84
Offsets, 16, 18, 61
Ogee mould, 51, 93, 109
Oil can, 128

stone, 128
Open slating, 135
_valley gutters, 150
Gutbands, 49
Outer lmmgs 109, 111
Overhead struck joint, 30
Oversailing courses, 19
Ovolo mould, 51, 96, 104

_mouldmgs 93-94
olection, 93, 96, 101
planted, 93

solid or stuck, ¢1, 93, 99
square, 93

sunk, 93

plamng and thicknessing machine, 103

saw, 101, 12§
Panelled doors, 91-10%
flush, 91
four, 92, 100-102
manufacture of, 100- 103
single, 93-98
two, 92, 98-100

Panels, flat, 92, 93, 101
raised and chamfered, 93
and fiat, 93
sunk and fielded, 93, 96
sunk and moulded, 93
sunk, 93
Pantiles, 68, 69
Parapets, 51, 52, 77, 146-148
gutters, 52, 77, 146-148, 154
Paring chisel, 126
Parting beads, 109-111
slips, 109-111
Pebble-dash, 34
Peggies, 131, 134
Pencil-rounded, 93
Permeability, 17
Perpends, 4, 30, 133
Picture rails, 120, 122
Piers, 12-13, 18, 44
foundations, 16, 17
Pilasters, 12
Pincers, 128
Pinned, joints,. 74, 83
Pitch, 69, 133, 139, 141, 161
pine, 59, 64, 104, 112
Pitching tool, 38
Pith, 55
Pit sand, 2
Pivoted sashes, 115-119
Plain tiling, 68 69, 70, 130-141
Planes, 126- 128
bead, 126
.block 126 e
bullnose, 126-127
compass, 126 L
hollow and round, 126
jack, 102, 126, 127, 129
metal smooth, 126
plough, 102, 126, 127
portable electric, 129
rebate, 126, 127
router, 126
shoulder, 128
smoothing, 102, 126, 127
spokeshave, 126, 127
toothing, 126
tonguing and grooving, 126
trying, 1oz, 126, 127
Planks, s5
Planted moulds, 93
Plastering, 31-34, 67-68
Plastic wood, 122
Plate lock, 88
Plinth blocks, 120
Plinths, brick, 22, 28
stone, 36, 49-51
Plugging, 70, 84, 98, 122
chisel, 84, 126
Plumb- bob 128
Plumbers’ tools, 156-157



Plumbing, 142-157
terms, 142-146
Plumbing-up, 30
Plumb-mle, 28, 30, 54
Plywood, 9
Pocket chlsel 126
Pockets, 111
Pointing 13, 18,30, 31, 84, 140, 143
tuck, 31
rule, 28
tuck, 31
Pole plate, 78
Poling boards, 79, 80
Polled facing, 45
Polygonal walling, 42
Porosity, 17
Portable power tools, 128-129
Portland cement, 2
stone, 35, 36, 39, 47, 49, 53
Priming, 84
Principal rafters, 77
Pulley stiles, 109-119
Pulleys, 109, 111, 113
Purlins, 69, 73, 77
Putty, 106, 120, 154
lime, 23, 31, 32, 53
Q
Quarries, 35, 36
Quarry-dressed stone, 38, 40, 44-47
Quarrying stone, 35, 36 N
Quarry sap, 38
tiles, 25
Quarterings, -56
Queen closers, 4-13
Quirked bead, 123, 126
Quoins, 4, 7, 10, 49, 45,47

Racking back, 4
Rafters,6 common, 68-77" .
\hwn 9, 3'“‘ > -
T jaok, 68, ‘09, 75

prmcxpal Ly ke L -

Rain-water-
Random rubble,, 3& 40;
slates, 131, 133, 136, 139
Rasps, 128, 1 56
Recess, 13
Redwood
Reinforce
concréte, 4,
lintels; 1
Rendefifg, 3
Re-pointmg;' 3
Reveals, 13

Ribs, 82
Ridge course, slating, 135
tiling, 135-136

Ridges, 69, 7:a 135-136, 140, 141

Rift-sawing,
Rim dead lock, 88
Natch, 88
lock, 86, 88-90, 96, 100
mght Iatch 96, 101
Ring, arch, 21
Ripper, 133
Rlp saw, 102, 125

R:vets :161 g ;
" Roach’ bed, 3573
Rods, setting out, 102

steel, 21, 67, 68, 158
Rolls, lead, 144-148
Roofs, classification, 69

close couple, 72

collar, 72

couple, 72

covering, 68, 70, 131- 148

double, 72-77

lean-to 72

flat, 70, 142-148 ’

lean-to, 70-72

single, 69-72, 73

terms, 68-69

triple, 77

trussed rafter, 69, 77

-trusses, 69, 77
Rough picked walling, 42- 44

relieving arches, 24
Roughcast, 33
Router plane, 126, 127
Rubbers, 22, 24
Rubbmg bed 36
Rubble work 38, 40-47
Rules, 28, 125, 157
Runners, 72, 74
Rusticated joints, §2

Saddle-jomt 51
Saddle-plece leal
Sand, 2, 32,:33, 47
Sand-holes,' 39
Sand-papering, 103, 128, 129
machine, 103
portable electri¢ sander, 129
Sandstones, 35, 36, 47
Bradford, 35
Huddersfield, 35
Lancashire, 35
Stancliffe, 35, 316
Woolton, 33,47
Yorkshire, 33

INDEX
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Sap, 38, 55
Sapwood, 55, 59
Sash axle pulleys, 109, 111, 113
balance, 109, 115
catches, 117
chains, 109, 113
cleats, 117
cord, 109, 113, 115
eyelets, 123
fastener, 112-113°
handle, 113
lift, 113
pivots, 115-116
weights, 109, 113, 115
Sashes, 103-120
Saws, 28, 36, 102, 103, f25~1‘z6,,;28-129
bcabblmg hammier, 38
Scantlings, 56, 106, 111
Scontions, 47
Scraper, 102, 128, 156
Screed, 64
Screwdrivers, 128, 129, 157"
Screws, 106, 112, 124-125
Screw-wrench, 157
Scribing, 74, 93, 94, 104, 122
plate, 157
Scutch, 28
Seasoning timber, 55-56
Secret nailing, 63, 64
Sedimentary rocks, 35
Self-faced stone, 38, 45
Setting-in stick, 156
Setting out doors, 102
Shakes, 39, 57
~ Shale, 1
Shave hooks 155, 156
Shear stress, 19, 21, 65
Sheeting, 79
Sheet lead, 142
Sherardizing, 107
Shingles, 69
Shrinkage, 55-58, 93, 120
Sills, 24-26, 49, 104, 106, 109-111, 118
Sllver 54
Sllver grain, 56

/.

—Size stick, 13t
Sizes, ﬁnished, 61, 94
nominal, 61

) Skewback 21

“Bkirti 5, 120, 122
Slab )scfwhg 56
Slaking lime, 2, 32
" Slate damp proof course, 18
holing machine, 131, 133
Slaters’ tools, 131,.133
Slates, 18, 35, 131-141
characteristics, 131, 132
conversion, 131
formation, 131
pitch, 69, 133-134

-

_}.Stairs, 123-124

Slates—contd.
preparation, 133, 137
quarrying, 131-
queen, 132
sizes, 131-132
tally, 132
terms, 133-134
weight, 70
Slatmg, 131-141
Sleeper walls, 18, 60, 61
Slip, 2
stone, 128
Slurry, 2
Snap headers, 7
Snecks, 42
Snow boards, 146
Soakers, 136, 137, 142, 143, 150-151
Soffit, 21, 69
bearers, 69, 76
boards, 69, 74, 76
lining, 109
Softwoods, 55, 58
Solder, 143, 155, 156
pot, 155, 156
Soldering iron, 156 - o -
Soldier arches, 20
Solid moulds, 91-93, 99
strutting, 67
Spalls, 40, 45
Span, 21, 68-69
Spandril, 22
Spars, 68, 70-77
Spindle moulding machine, 103
Spirit level, 28, 128’
Splay bricks, 4. - .
Split brick course, 20
Spring wood, 55 .
Springer stone, 21, 52
Springers, 21
Sprockets, 69, 74-77, 137-139
Spruce, 59, 61,
Squared rubble, 38, 40, 41-42
‘Squares, 28, 38, 102, 125, 157
Staff bead, 109

‘Stancliffe stone, 35, 36 T CTEDE
Staple, 86.
Steel. See “ Mild Steel ”’

Steps, brick, 26
concrete, 26
stone, 26 49, 123
timber, 123

Stiles, 9o-119

Stock lock, 88

Stone arches, 39, 46-49
copings, 52
cornices, 39, 46, 50, 51-52
footings, 40
frieze, 46, 50, 51

lintels, 19, 21, 49
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Stone—contd.
mullions, 41, 43, 49"
pads, 12, 73
.- parapets, gz :
‘plinths, 30, 49-51, 52
quarry, 35, 30%¥% UL
ridges, 135, 136
steps, 26, 49, 123
string courses, 46, 51 _
thresholds, 26 e
transomes, 41, 49 .
window sd{s 45, 49, 105
Stones, classnﬁcauon, 37.
‘defects, 397 7"
face-bedded, 39
forming true face, 38
natural bed, 39 .
preparation, 35-39
self-faced, 38, 45
snapping, 38
splitting, 38
surface finishes, 36-38
batted, 38
- boasted, 38
dragged, 38
furrowed, 38
hammer—dressed 38, 39, 41
picked, 38
plain work, 38
punched, 38
quarry-dressed, 38, 40-47
. reticulated, 39
rock-faced, 38
rubbed, 36
scabbled 38
straight-cut, 38, 41 42
vermxculated 39
Stone walling, ashlar 39, 40, 47-54
block-in-course, 42
classification, 40
miscellaneous, flint, 42-46
Lake District masonry, 18, 40, 45-47
polygonal, 42-4

randgqm._ rubble,_h_ 40 -__
built- £0-COUF, ¥ o _
uncoursed, ¥ mx

rubble work;" 36 38 40-42
squared rubble, 38, 40, 41, 42
built-to-courses, 40, 42
regular coursed, 40, 42

" uncoursed, 40, 41
Stone working machmes 36
Stools, window, 26, 49
Stopped ends, 4, 7, 8
Storey-rod, 28 30
Straxght edge, 24, 28, 30, 38, 125

Ty gy

S

v ee e Wm TN

‘Stretchers, 3, 7, 10, 19

Stretching bond, 6, 7

~ Striking plate, 96

" String courses, 39, 46, 50, 51, 152
Structure, wood, 55
Struts, 77

. Struttmg, fioor, 67

Stub tenon, 102

»Stuck moulding, 91, 93, 99

Suffolk latch, 86, 88

1: :Summer wood, 55
‘ Swept valley, 137, 140

-

T

Tangential sawing, .56
Tanpin, 148, 155, 156
Teak, 59, 64, 104, 112
Tee-bars, 158
Template, 12
Templet, 24

- Temporary timbering, 79-82

centering, 80-82
trenches, 79-8o0
Tenoning machine, 103
Tenon saw, 102, 125, 127
Tenons. See Joints ‘ Carpentry and
Joinery ”’
Tension stress, 19, 21, 65
Thatch, 68, 70, 131
Thermal insulation, 3, 34, §8, 135, 141
‘T'hicknessing machine, 103
Thresholds, 26, 49, 96
Throating, 26, 49
Throughs, 40, 42, 45
Thumb latch, 83, 86, 87
Tile creasing, 28
Tiles, 25, 26, 68, 69, 70, 107, 139-14I
Tiling, 135, 140-141
Tilting fillets, 134, 136-138
Timber, classification, 58, 59
conversion, 55-57
_defects, 57-58, 61, 84-86, 98

doors, 83-103 . - -~
felling, 55 e Ve

growth, 55

hardwoods, 55, 58, 59

joists, 58, 6o -

preservation, 56

roofs, 68-81

seasoning, 55-56

sizes, finished or dressed or net or
wrought, 61, 94, 105, 109, 111

nominal or stuff, 61, 83, 84, 106, 111

softwoods, 55, 58, 59

Timber—contd.
sources, 59
specification, 59
stacking, 55
structure, 55
uses, 59
weight, 59
windows, 103-119
Tools, bricklayers’, 28
carpenters’ and joiners’, 125-130
cartridge assisted, 130
electric, 128-130
masons’, 28, 38, 39, 129
plasterers, 33
plumbers’, 156-157
slaters’, 131-133
Toothing, 4
Torching, 135
Trammel, 125
rod, 24, 82
Transomes 43, 49, 104
Transverse septa, §5
Traverse, 131
Trench timbering, 79-80
Trimming floors, 61, 65
roofs, 74
Triple floors, 58
roofs, 69, 77
Trough gutters, 154
Truss, built-up, 77
Trussed rafter roof, 6y, 77
Tuck pointing, 31
Turning pieces, 24, 80-82
Twisted grain, 57
8]

Uppér floors, 65-67
Upsets, 57
Uses, timber, 59

v -

Valleys 69, 74, 135, 137, 140, 150
Vee joint, 31, 52
Veneers, 91
Ventilating grate, 60, 62
Ventilation, floors, 60, 62, 77
Vents, 39
Verge, 52, 69

slating, 135, 136, 137

tiling, 143

_ Vertical sliding sashes, 109-117
_.'ﬂi’%oussoirs, 21-24, 49

w

Walings, 79,80
Wall pxec?e 70
plates, 60-62, 69, 71, 138, 139
Walls, brick, 3-31
cavity, 4, 7, 13-1§
compound, 47
construction, 30, 54
stone, 40-5 §i
Wane, 58 4 )
Warpmg, 56, 58
Water bar or weather bar, 26, 49, 96, 104
Water setvices, 155-156
Waterproofed mortar, 31
Watershot, 45-47
Weather board, 96°
Weathering, 25, 49
Wedges, wood, 65, 67, 83, 102, 111, 143
lead, 143, 145, 15¢
Weights, cast iron, 109-111, 112, I13-11§
Welding, 143, 150, 152, 156
Welsh slates, 131, 132, 136
Welts, lead, 144-146, 149
Western red cedar, 59
Wet rot, 58
Whitbed, 35
Whitewood, 59, 61
Windfilling, 77

‘Winding strips, 102
"Window boards,

106, 107
frames, 103-116, 119-120
sashes, 103-120
sills, brick, 24-26, 104, 105
stone, 49, 104, 105, 110
wood, 104, 105, 106, 111, T12-11Q-
Windows, 103-120
cased frame and sliding sashes, 109-115
casements, 104-109
fixed, 105, 107-109
metal, 119-120
pivoted, 115-11g
Yorkshire light, 119
Wiped joint, 155

|-Wiping cloth, ryszrsbom—— -

- Woolton stone; 35,47 = - -

Y

York stone, 33, 123
Yorkshire light, 119

Z

* Zinc, 68, 69, 70



