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MODERN METHODS AND MATERIALS IM BUILDING CONSTRUCTION
dometric drawing showing construcion of wall, floor and balceny fo
wall & in Eﬁ‘“.‘lfl bond.  The floor i1 of reinforced-concrete f'il:rh :.:!p;-:m furl:% ﬂ-ll:-h:bf
biocks. Floor dips are embedded in concrets to fix the Boor batisny. The balcony iz of
cantilever construction with serticl reinforcement. The windows are mews) ﬂi:l‘l‘l-ll'!!!.
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STEEL-FRAME CONSTRUCTION

Construction of a large seel-frame building. Bric 2% are st work on the wally, which
are laved with plared bricks. The shuttering for ¢ nerete foors s i "

arted from cthe
floor level, Mote how the raking thores are uied o support the old hu;!eF:f:l on the right




CHAPTER 1

PREPARATORY WORK

Choice of site. Freehold and leasehold terms. Functions of architect. Plans.

Specifications. Quantitics. Foundations. Shoring. Builders® plant. Use of

concrete. ‘Time schedules : Stonework. Brickwork. Carpentry and joinery.
Plumbing. Heating and ventilating. Electrical wark. Painting.

groRE a start is made on actual

building work, many preliminary

steps have to be taken. The sile
has 1o he decided, the land purchased
or leased; the building has @ be de-
signed to suit the client, plans havg to
be prepured, and passed by the local
autharity. Usually the quantities of
building muterials and labour to ercct
the building are caleulated, and a
builder who will do the job for a satis-
factory price is selected, The site has
then 1o be surveyed, and the lines ol the
plan set out so thar the trenches for the
walls can be dug. Posibly demolition of

previgus premises has to take place.

Building Sites

Street hoardings may have to be
ereeted, huts built for workmen and
stares. Forethought has to be displayed
to ensure that work will run smoothly,
and time-chars are very often made
which give the dates on which the
varigus- sections of the work must be
completed, so that the numerous opera-
tions and material supplics will work in
harmony without hald-up in the build-
ing routine. Ilustrations to show how
these preliminaries operate will follow
later, in itemns such as a job time-chart
and preliminarics to tradesmen's work.

For a start let us suppose that a per-
son, firm or public hody is desirous of
mvesting in the erection of a dwelling-
house, a factory or warchouse block, or

business or public offices, on cither a
city, town, or country site.

A plot of land is the first requircment
ftir amy building project, and the choice
and method by which it is secured vary
with each scheme: the public or private
affice block is required near the hub of
the business section or community; the
block of flats is wanted in a desiruble
residentinl area; steel smelting and roll-
ing works in the vicinity of coal and jran
ore supplies. The site [or each building
scheme has to be treated on Qs merits,

Land may be purchased outright
as freehold, which includes complere
ownership, and carries with it deeds of
title giving claim to absolute possession.
(On the other hand, land may be pur-
chased for a period of years, during
which time it is held under s lease, and
is then known as leasehold land,

Securing the Land

The term of a lease mury be any agreed
length of time, as 999 years, 99 yenars,
75 vears, one or all ofwhich are common

,to some parts of England, or down to

the indefinite perind of one or two lives
in years. Frechold land & free from
ground rents; lessehold land 35 subject
to a yearly ground-rent charge. 'The
“fu'" term is common in Scotland,
where land is owned by the laird ; tenure
conditions include in some cises the
performince of some serviees by the
tenant, or 4 stipulated annual remal



] PREPFARATORY WORK

Buiiding land, whether obtained free-
hold, leasehald, or by any other method,
reguires that the title 1o fand ownership
must be proved to the purchaser; and
to nepotiate this matter, it & necessary
to engage the setviees of a solicitor,

It will be appreciated that ety and

town dwelling-house building sites have
the advantage of public services, such
as main drainage; water supply, gas, and
electricity; such: services are not always
available for 3 country site.

The mtroluction of these services
where not obtainable needs considéra-
tian, otherivise the cost figure of a com-
pletéd bloek may be extessive; sinking
o well, mstalling an eleciric generating
set, or torming a septic tank with service
and oudall drams, add heavy cosis.

Nature of Subsoil
A building plot which is suitahle in
position. may not be desirable for other
reazons. Given the choice, it would be
loalish 16 turn down a chalk-gravel or
tock foundation for one of waterlogeed,

boggy earth or moving sand. The chalk
loundaiion has splendid weght-bearing
values, besides being dry and free fom
ground mists and damp conditions.

Gravel also ensures a diry and sound
loundation lor a building site, while
rock provides maxrmem stability, but
may prove costly il parts of the huilding
site_have to be removed.

Waterlogeed carth is treacherous for
carrying the lpads of a building during
a =weather spell, and it is hoomid,
damp and cold at other times. Boggy
earth has the same drawhacks ne water-
logged foundations with the added dis-
advaninge of its being liahle o lateral

movermont

Loose, moving or quicksand soils are
extremely difficulr grounds on which to
erect any fype of building, nvolving
costly operationsin labour and marerials,
There are standards of building loads,
laid down by the local and county
suthoritics, fixing the maximum weights
which the ground may carry. Those far
the London area will be found on p. 16,

FRONT

ELEVATION

Fig. 1. Fromt elevation, drawn to scale, showing general treat d mal i
Typial sxamples of zrchitect’s drawings for lg. dwalling-hnzem:r:“:hwn“I;“Fti:.“I :I'QE;H‘-.IH-



REQUIREMENTS OF THE CLIENT
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area offices and The garage iz
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back in erder to clear the scullery windows a3 shown In

Assuming that the project is a dwell-
ing-house in a town suburh it &s fist of all
necessary 10 consider the muim features
and sizes and types of romns resyuired;
and il the client is wise he will appoint
a qualified architect to look after his
interests.

The urchitect takes the specified par-
ticulars of his client, and proceeds 1o

them to scale on paper, arranging
tis plan with n view to obtaining the
maximum of sanshine and sechusion for
home and garden. The placing of the
pantry in a northerly position, and
similar minor but vital omangements,
are matters in which the srchitect’s
fund of experience may be of grea
benefit w the client.

A bathroom having a north aspesy,
with water service pipes attached to the
inside of an external wall—which may
frecze when a wintry north wind blows
—can beconte very costly in main-
tenance, Forcsight and care in initial
decisions are paying business proposi-
fions for every type of building project.

The client who invites an architect to
serve him in a building scheme is re-
quired to conform to standard rerms
and eonditions; and when agreement s
reached the architoct practically be-
comes proxy for the client in the execu-
tion of the building project. He reviews
the main general features, andd submiis
plans and elevations afier surveying the
site sirea; and he links up with the local
council regarding Dy-law  conditions,
such ns building line, set-backs for
sireet improvements, drains, thicknes
of walls for height of building, and
simifar matters.

Choice of Materials

The architect alse considers and re-
cammends suitable building materials
and labour which are available in the
district, and decides whether brick,
stone or, timber supplics predominate in
quantities sufficiently to influence the
character of the building shell and
imternal fimshings.

When particulars  are  tentatively



PREPARATORY WORKE

THREE TYPICAL MODERN BUILDING QPERATIONS

Abova: Yiew ol underside of floor with all centring strieck; the steel floor and stanchions o right
have besn conzreted ing note the Ang-Kary racks for supporting form-work still In position wndar
main beam, Compare with [llustrations Fig. 34 and Fig. 35 for speed in fixing and dismaniling,

On oppozsite pape (mp): A j-cubic yard concrete mixer, with g=uge and elevator; the revalving
drum in which the cement, sand, coarse agpregate and water are mixed is shown to the left. The
filling process is shown proceeding during mixing and discharge operation,

On oppesite pape (battem ) Type of bench in common use by plumbers during preliminary assemibly
of parts by jointing; connections ol wasts Pipet @i traps are shown, Presssembling has the
advanrages of freedom for wiping. saldering, and finishing branch joines, and for fixing econamy.




o
<
5
| 2
o
B
B
=
e
7
5
=
=
e
z
&
&
=
o
=
-
-
-
“
-




10 FREPARATORY WORK .

settled between the architect and client,
the rough-dimensioned sketches which
have been prepared provide a medium
lor obmining cubical contents from
which an approximate cost figure, based
.. onwork executed of a similar character,

=23z obtamahle: and thus the stage for
preparing final and working drawings
is reached,

For a siraightfoe-
ward dwelling-honse
the drawings generally
include:—

1. Block Plan, Dirawn 1o
1 a-small seale; show-
ing - the focation ol

| el 1
l — = — the site in relation
e et I m  [sEDELH o the Hl-ﬂ-'l“lﬁdh LA
CagALL t

of dwalling-h % sortion dhonib or adjoining pro-
Fig. 3. Side elevation ng-house with section through garge :
E- showing the method of roof construction. pertics or roadways
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SECTION & = A
Fig: 4 Main section on the line A—A
from to the

through dwelling-House, showing tonsiructional decails
ground-figar plan in Fig, & snd first-foor Blan in Fig. 7



HOUDSE PLANS . i

2. Foundatim Plan. Usually drawnto J-in.
i f-in. seale, showing the lay-aut ol
trenches; conerete and brick founda-
tions and footings of external, internal
pod ground-Hoor dwarf walls. e 4" 7o 8 puniie

5, Ground-Floor Plan,  Showing the """ i

arrangement and sizes ol all the

ground-{loor rooms with the inter-
nal walls supporting the floor over,
as well s partitions bulle liter to
divide up the groumd-
Hocr areas into the

reguisite rooms - and [ '—Tm e [

accommedation, b

L. Firsd-Floor Plan and I
any apper teparate
floors. Details of the - — __
area spacing of the e
landing, bath and ather rooms, with gds=———gt——————— =
(he poattioma of interris]l walls carpied = ==+ —— ——+—=34=————~= o
up to support the rool timbers. SECTION 5-8
Pasition of fireplaces, window and Fig. 5. Section on the line B—8 showing con
door apenings and the like. structional festires at ﬁgl:-lngiﬂ- o, thoss
{Roof Plan. Shows the roof lay-out— detalied insection A—A. See alfa Fige 4 and £
whether simple span or pitched roal (%)

adl 2l

1
CROUND FLOOR PLANM

®

Fig-4. Gruund-l'im;u.n ef the dwelling-house showing lay-cug of roams,
courtyard and garage, with solid and cavity walls depicted.
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PREPARATORY WORK

7. First-fioor plan thowing lay-out of uppar-starey
Fi‘-MIHI and rﬂnﬂ finish of the one-storey block

®

E

with galiles, hipped to retain level
enves round the house, or 8 combin-
ation of bath features,

. Klevation Dedpns, May be described
as drawings showing semi-pictures
of the four o more frontages,

. Lingitudinal Section. Comprises & con-
giructional sectional drawing of all
supports, framing and features that
could be scen by slicing thie building
lngthways on a given line A-a or
gthoer  denoting letters, which are
marked on-all the plans afected.

8, Croi-section. Shows similar treatment
o 2 Hine slicine the huilding throush
from top and bottom  hcross the
width of the building as atL p-n.

9, Perspective, A perspective view of the
proposed block set in its surrcundings
i gometimes added to the foregoing.
The number of drawings required

varies according to the size and ype of

the building, but » typical set of draw-
ings af 2 howse, desisned by M. Ingham

Ashworth, M.A., FRLBA,, & shown

-
-
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FIAST FLOOR PLAN.

®

in Figs. I to 9, These drawings have
been simplified somewhat so as to give
clarity in the reproduction.

In addition to preparing the drawings
the architect collects all notes of the
client's and building requirements into
a wext form known as a Specifieation,
which describes in detail the work and
materials required to execute the pro-
poscd building. This is mainly for the
guidance of the quantity surveyor, wha,
from the plans and specification motes
supplied by the architeet, prepares a set
of Quantities, Descriptive notes, when
indicated on the architect's drawings,
astist the swrveyor and the builder.

Cranntities and Survevor

The guantity surveyor, is skilled in
visualizing, measuring, and scheduling
all the labours and materials that are
required to erect any given building for
which an architect has prepared a set of
drawings. The hill of quantities pre-
pared by the surveyor aims at describing



CLERK OF WORKS i3

thenature of all the trade or crafi labours
thit will have to be employed, as well
as the character of the materiale to be
obtained for the proposed building.

The set of quantities thus prepared,
with the aid of the plans, provides a
groumdwork for the builder and sub-
coniragtons to estimate item by item the
labour and materials described in detail,
and in that way arrive at & contract cost
figure for the fully doeribed and
grouped labours and materials necessary
to’ execute the work.

Ifcompetition is introduced the quan-
tities arc supplied to a selected number
ol builders, wheo are also invited to ex-
amine the architects drawings at his
office or other stated place, for the purs
[rost: u[‘nhmmmg any other information

to help them in ctimating,

Reference Documents

The plans and quantities, with des-
criptive notes, become the relerence
documents on which the terms of the
agreement to erect the building for the
client, by the builder under the direction

ofthe architeot, are drawn up and signed.
 Drawings and quantities are signed
by both parties w the agreement and, of
course, become the documents referred
to in the text of the agreement, The
Royal Institute of British Architects and
the Master Builders' Association have
mutuatly agreed working conditions for
COmMIMON Wse in AETCCMEnts,

Where the builder accepts responsi-
hility for all the trades and labours, and
desires 1o sublet some trades, separate
agrecments are drawn up between the
builder and sub-contructors for special
sectiony with the knowledge and ap-
proval of the architect.

The architect’s services are oflen sup-
plemented, on important stecl-framed
and other buildings; by consultants who
fanction in team with the architect, as
for instance, structural steel, heating and

ventilating, and electrical engincering
consultants; these profesionsl men
direct and supervise the highly technical
features of such bulldings Jor the client
through the architeet,

Om large buildings of this character-it
is customary also to employ the whole-
time services of a clerk of works, whose
practical building knowledge qualifies
him tockeep 2 watchful eye on the work
in firogress throughout the building
period ; he alsoserves as a clearing-house
on the site between all interested parvies
enpaged on the undertaking, in report-
ing and conveying mformation regard-
g building progress.

The saiary of the whole-time elerk of
works, though serving under the archi-
teet, i3 usually paid by the client, bura
part-time or visiting clerk of works 1s
directly employed by the architect.

Apart-from erecting temporiry store,
mess and office sheds, the initial start
with building operations is that of clear-
ing and levelling the area of the building
plot. Seil and vegetalile matters are dug

SIiTE
BCALL = =



. ARUHITECTURAL PLANS 5
14 PREFARATORY WORK
: I | L B =
e T S T T T — S |
=S iimmmssmis EEEEEEEEELN : it +H
< EREE Y ] ] — . = = ' E T O bl = 1
=2 ' _- '_r_ H : il %’r ——. RH"\,_ e ad i i e
= = 1 | | ! = " ! i ey 12
EESEESaSel SEsEsmisly 2 = S H ==
. ] : ¥ ! I\ - ﬂ\\ !
s - = B ; ‘l‘\‘* | i Y
g -1 Se = £l I\ — L =
sioEEsassanmismasncaRti.ooresiesmamneas 2@ M) (RS ST —
' t g} -3 ; = g ——Hi
e Rk oa -l ol el s e T T I T
] i TTHIE LT E T T e HH t, —
i
2 o .
. . — ] = ol |
- L
g |
.
I ! a8 s |
; 7 I} Ek,z‘“- ?
: —— : i | : AL
[ SETRRERERHT EARRERY | | ’,"'Eﬁ
— %l g i £ T
— | W ;_“' v ; 3
LET - ér"'h Il ]
WE ——s )
—— R !
. Y .-
[ ‘ .
| i} =T e
: : i = s v
3 ! ' r_‘!_ M »or a !
5 - 1 T —a L P o et —=
ﬂT‘H r_,hgg_'-:; oM 9 =200 s
L 7o — e Rl e e e
PART PLAN OF CROUND FLOOR WINDOW, 2 | ke e L'
: FRONT DOGR.ETC. bl | ==
B Eets | opca ok N : —1
= e PehETEN ' i | it Crile femeelIIT

m

TYPICAL DETAIL DRAWING OF A DWELLING-HOUSE SHOWING

Reduced reproduction of §-in. wsbe drawing, pars el

part section, which meore dearty

! A evallon,
the finchings required in the sectional features embodied in the scheme. The diagrams for

‘1

CROSS-SECTION AND PARTS OF FRONT AND REAR ELEVATIONS

Fige | za 9, which are reproduced from

hiave bezn smowwhat timplified as regards lifar the purpose

s demigned by H, Ingham Ashworth, M.A., F.RILB.A.

giving clarity In the reproduction.



6 FREPARATORY WORK

up and either dumped for re-use, or
carted away to tip. When the subsail s
uncovered it discloses 1he nature af the
ground and indicates the weight loads
which It is equal to carrving.

In the Landon ares, the LOC. B allow
fondation ground bearing areal 1o be Joaded 1o
thie lollowwing lesits
Wamral bed of soft oy or

wed or saml

MNatoral bhed of ordinary
«clay or confined sand

Matnrl bed of compacy
gravel—London tihae
cldy or chalk . 4 topis per super ot

It will be appreciated thar widihs of
trench excavations [or Bundations arc
governed by the loads they will hayve to
caurry, bmd thid in furn indicates that
particulars of all superimposed lnads on
foundations Have to be calculated and
mutually agreed with the local authority

1 1ot per muper fiwot
2 tons per super foot

to obain' the regquisite building pecmit, .

Two governing condifions must be
settled befure the marking out of the
building outline can procesd: (a) the
Building line; (8) the ground Aovor or
other datum level. The building line &=
much mare readily obtained in built-up
arcas’ than in country districts, the
pragerty front line being fixed by a line
between existing properties or at a given
distance from the centre of a roadway.

When the front boilding base line has

o i
-—F

Sy e,
[ S T | mmm—

Fig. 10. Simple practical method,
afthe m?znmdmglshurtnhr{l:;:
sighting during site y-out

been defined and fixed, it & a compara-
tively easy mutter to evect perpendicular
lines to the base line (with two steel tapes
or other simple methods), and messnre
the parallel lines acquired, and in this
mantiet secure true boundary site lines.
To extend straight long lines the work-
man uses a simple sighting frame ‘as
shown in Fig. 10. The same workman
excawating in a dark tunnel would use
three candles. Internal room spaces can
be pegped out and readily tosted for
regularity and squareness by checking
the diagonals.

The datum level may either be a
Government Ordnance bench mark in
the vicinity or an up-or-down fixed
dimension from some nearby permanent
level marking. The Governmenr Ord-
nance land survey maps indicate datum
muarks thus: A ; these maps also show
pasitions in which they may be found
and. state the height of the level line
above or below a fixed tidal water line.

Unlike the building Line, which must
be drawn on the spot, the datum level
may be transferred from any fixed
horizontal plane. The common methods
used by the excavarors 1o ransfer a level
from one point to another may be either
by the use of a straight-edge and level, or
by using three boning {or T-square)
rods (Fig. 11). The latter meéthod is a
good one, and i carried out as follovs:

Two level points are at & and n; ¢ peg
can be driven in until the top of the
boning rod resting on the pes at o sinks
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c
level with A and 8. By thesame principle,
il's was a point lower ar hizher than A a
regular rising or fzlling line could be
equally well produced and extended, as
in the case of sciting draln pipes 0 a
regular fall

Themethod shownin Fig. |2 issimilar
in principle, but in this case the sighting
boards arcset level on top edge and fixed
on three posts triangular in plan, thereby
providing sighting facilities in all direc-
tions from the sighting frame as centre
site unit, or outside the area asin Fig, 12,

*The civil engineer uses for suryeys the
theodolite for sightineg, and the dumpy
level for general levels, combined with
the use of sighting poles and rod. The
intelligent use of these insruments,
especially the dumpy level on a building
site, s invaluable on steel-framed and
works buildings, and proves at all times
a short cut to accuracy.

Digging for building plots must be
excruied to accommeodate the reguire-
ments pecullar to each scheme. The
bungalow or small dwelling-house plot
of land without cellar requires littde

puam—— - '
Fig. 11, Sighting jevels ar even falls for
roadway, draing, etc., by using boning rods

23N me——

h
besides soil-stripping over the site, and
digging shallow trenches for the weighit-
distributing footings of the outside walls.

Larger buildings such as office hlocks
and [actories, with lower floors and
sub-hasemenis, naturally require their
foundations much deeper, with' boun-
dary walls strong enough to carry the
lsads of the superstructure and resist
the lateral earth pressures. Excavated
trenchos of this character require well
timbering with. face sheeting, poling
timbers, and strut framings assembled in
sitn ant] inserted siage by stage as the
excavating proceeds.

The face-sheeting timbers supporr the
earth sides of the trench and o turn get
their support from the poling timbers,
while the latter arc firmly fixed by
tizhtly driven struts. Fig. 13 35 a simple
illustration of this type of asembled
firaming timber Jor trench excavation.

Fig. 1L  An sliernative
method of sighting levels by
using tripod and boning rods.
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Fig. 13, TnnharrnE used for the purpose of
remining earthwark during trench excavatians

An example ol trench excivating and
timbering i shownin Fig. 14, In this case
4 rethining boundary wall was required
ot 3 pew boilding line; the trench w

FREFARATORY WORK

receive it is-shown on the surface and
sunk to the required width and depth.
Uhe old wall served throughout the tme
reqquirtd fov ie sorstruction of the new
boundary and retainine wall, When the
new  retaining wall was  sufficiently
matored i was allowed (o functionin a
manner shown by illustration Fie 15,
which shows the buflding plot or inside
tace of the retaining wall being opened
up by the removal of the old wall face
apd the earthwork beiween the latter
and the new wall,

Supports inside the boundary walls,
like stanchion, column ar pier foundi-
Hong, are separitely excavaited 1o
quired depths, the earthwork being
retained at the sides of the excavation
by the same methods of timbering, with
the exception that the hole being squire
orrectungular,the poling timbers tre cm-
ployed on the ends as well as sides of the
exeavauon (Fig. 14). It must be appre-
ciaied that thmbserimi as described above

FRELIMINARY WORK ON A BUILDING STTE

Fig. 14. The Hlustration shows the use of trench timbers for an ares retaining wall, Contractors’
affices, licansed hoarding ever footparhs and afi-lading darrick crane also shown,



ANGTHER VIEW AT LATER STAGE OF BASEMENT IN FIG. 14

Fig. I5. The trench timbers have been remaoved, showing one and of the rew concrets rataining wall,

is omly adapied 1o subsoils that are firm
enough to resist the tightening pressune
whichisapplied tothe mber framing by
means of the width-spacinz struts which
are driven between the poling boards,

Piling

Building plots are often chosen on the
banks al rivers o near tidal waters where
deposits oFsolt waterlogged black sill [or
bungam) have collected over many
vears: trearment In these cases makes it
necessary. to adope other methods than
those of tmbes ar wenches, In these
cases; the plot may be enclosed by
driving interlocking steel sheeting piles
on the boundary ling through the lalack
spongy  tepoil inta firm ground  be-
ueath, thus leaving the earth jnside the
piles free for remuval.

The remesval ol #alt earths in bulk oo
Hrm [hundation ts not alwavs |J$:'3‘-=.I'Jt‘
Pile driving into such sues iz oflen
adopted. The piles may be either baulks

of timber, or cast in concrete which @
remforced with steel mods throughout it
length, Both types are provided with a
painted shoe o ease the driving process,
which is undertuken by rearing the pile
vertically for driving alongside & high
pile-driving kame supplied wath winch
and suivibile trip and ram

This trip; or “monkey,” 15 a hook
which stides up and down the frrme and
picks up the ram. The winch is employed
to hotst the heavy ram until the trip
supporting hiolk is disengaged, thus free-
inr the weight and allowine it Lo fudl on
the pile with a ramming blow. This
operation is repeatéd until the pile
peaches a firm foundation; or 15 s0 Gzt
that #kin friction prevents it from being
driven farther: after that stagre hus been

reached repeated blows will show a ten-
denoy to destroy or shatter the pile top

Caiseon sinking i employed in soli
eatths for central or isolated supporting
piers that vequire a firm foundation, The
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FIXING CAISSONS FOR FIER FOUNDATIONS

Fig. 16 View of excavations in spongy earch showing the use of salf-supporting cait-iron ciisson
soctions instead of tmber framing for the sxcivations o the pier foundations,

caisson consists of & sellsupporting
shield, and a usefil type of shicld i='a
cagt-iron section of the kind wsed [
Buing circular tunnels.

Fig. 16 illustrates the hxing process,
which consisis of fixing by belts one m
two. top rings of sections togother and
digging: out the centre earth wntl
external skin friction supporis the rings;
followed later by centre sinking and
asembling the sectioms 1o the underside
Hanges of the fixed upper shield as the
subsoll i clearcd for the process.

Foundations required at a depth be-
low the foundation of sn adjoining
building introduce other features neces-
gary to retain the stability of the existing
properties, In such cases underpinning

the party ar gable walls i udertaken,
by excavating staggered pockets of earth
in short lengths 1o the depth of new
bullding foundations, and building piers
aof thickness and height to support the
existing building [rom it lower level,

By undertaking the underpinning in
short lengths the risk of settleiment to
the existing block i3 more reasonahly
avoided, although shoring 1o the existing
buildings is often a vital necessity, The
method is clearly illostrated in Fig. 17

Examples of raking shoring to party
'-'lai”‘ 1.|.|.”'i“g A :f"l.'l]rl.irf'f“_'Til'l" 5:3_‘_"'\[" FT il w
also shiown in Figs, 17 and 18: those in
Fig. 18 show the rider shores laced
together with battens,

Flying shores {Fig, 19) are oficn used
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for staying the apper reaches of party
walls whith zre temporarily without
the stiffening floor slabs at the varions
levelsin the height of the building, They
consist ol storey-height vertical em-
bers attached to the party walls pn each
side of the gp, with a centre member
wedged in horizontalld as o stiffemng
heam at an upper floor level. Struts are
fized under and over the beam at the
end of the beam for the purpose of sap=
porting the top and bottom ends of the

wall membér, as well as bndging the
harizantal tie beam against whip and
sAuwIng,

The reinforced-concrete raft founds-
tion ([Fig: 20) = another method com-
monly employed for light carths, hlown
sand, or other groundwork in which
appearances suggest pussible settlement.
In this type of foundation a concrete
raft, reinforced with steel, is laid over
the whole site in order o spread the
building loads evenly over the area.

PRELIMINARY WORK ON A CONFINED SITE

Fig. I7. Working conditions of excavating in 2 confined pocket for underpinning adjoining build-
ings, dncluding suppors of existing block by raking shoret, and with steel framing fixing in progress.
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GANTRY AND RAKING SHORES

Fig. I8 Grubbing out old foundations, with the method of shoring adopted for high adjoining
builldings, The horizonez| boards lace the struts together 1o ensure unisan in artian againat the wall,

Pile driving is anotliey method that
lends jsell’ for adoprion in soft sporigy
earth, and Fiz: 21 iz an illustration show-
ing o building site oo which several
hundred conerele piles were driven.

Hoisis

The simplest Jorm ol holsting is by the
cai-head (Fig, 22), gin wheel, and hemp
fall rope, hoisting a baskel or hucket by
the hand-over-hand mcthod. Anothe
method 1= by barrow hoists hugging the
outsice fice of a bulldmg; these are
operated by power winches, which have
long ago displaced the ol method ol
using & horse to draw op the loads
theatigh o smateh Llock fixed near the
ground-floor level

The *'Exe"” barrow homt now com-
maonly seen atached 1o the Tace ol
building seaffolding in the London areq
ahiows real progress in lifting plant for
light londs, The guides are of light angle-
iron construction, with a platform ser-
vice cage, equal to lifting a barrow, box,
by or other container; this hoist warks
very kpcedily and smoothly.

The “Lidgerwood™ barrow halst cage
Fig. 24) is furmed of o roughly framed
square platform, hung by two side -
angies of framed angle-fron; the lwn
vertical cage puides are fixed centrally
with the plarform of the cage, and pick
up the Ushaped brackets fixed at the
latform and apex sides of the trangular
rame. I'he hoisting process is by a

§M 5 1IN
STRAMING PRECE //

y

Fig. 19, Fiylng shpre for e in auxillary support
o two walls over buillding tpace, functioning
antil the new bullding frone and back and divi
sion walls and intermediste fioors are ingerted
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geared winch,: drven by mator pr exe
gine. The twin Lidgerwood haist, for
lifting 4-yd. or §-yd. wagons ol can-
crete, worked stone, o hrick supplies o
upper floors, consists of stronger units
of the single 1ype.

The raising of one cage musl sT-
chromize with the lowering of the other,
and that operation demands a double-
imtead of o smgle-setinn winch ; that
is, one wire rope drum giving ot and
the other winding 1o on the drom.

Ordinary buildings do not warrant
the inclusion on & building:site of saw-
mill ‘and joimery machmery, stone saw-

PREFARATIONS FOR REINFORCED CONCRETE OVER SIT:

ing and planing, and other bullding
plant, but oecasionally circumstances
demand their insuillition. Stone-plan-
ing machines are shown in the stage of
heing set up on the site in Fig. 23 these
machines are equal to plammg and
moulding [exclusive of sawing) 1,000
cub, it. of Portland stone per week.

A similar lay-out: i shown on the
building site illustrated in Fig. 24, the
gantry for the travelling crane being
erected to serve stone 10 the several
sawing and planing machines which
are generally housed in the sheds on
eich side of the open stone yard.

Fig. 20, Stes| rods set o reinforce cancrece which i to cover the whole iite area, 50 & 0
ensuve the soft loose sind foundstion being evenly lcaded whes the superstructure is ralsed
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Fig- 21, Concrete piles stacked mid'_rl’ur hﬂ:anng znd driving. The pile-driving frame, guy dertick
erane and hand derrick crane are also shown, Several hundred plles were*driven an this sice.

Fig. IL Simple form of cit-head hobsc for fifcing light loads, with gin whesl| and hamp fall rope.
TWO ILLUSTRATIONS SHOWING LIFTING AND PILE-DRIVING EQUIPMENT
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Compresaed air plants with percussion
drills-are bardly worth the builder’s
while to purchase, owing to the oéc-
sond for use being intermittent for long
periods: they are always:availuble for
tiire: During demalition periods for rhe
wark of grubbing gut old concrete beds
and foundations they are an invaluahle
site-glearing medivm, and in addition
they are specially serviesable for steel-
plate riveting on skeleon steel-framed
buildings. This operation i= well {llus:
trated in Fig. 25, A compressed air plant
unit—engine and- ol vessels—is shiown

5-TE3 SMITHE HAND
CRANE  WOODEN FRAME
SLEEPERY, DAOK LEGS
MAST AMD-JIA

in Fig, |8, the compresied air uséd by
the driller being conveyed by strong
rithber tubing from the compressor o
the operating drill.

All types of scatfolding are controlled
by Home Office regulations, which
specify widths of working platforms for
heights and weights to be carried, so as
to ensure safcty lor the workmen em-
ployed  upon them. Among the Gt
training essentials taught (o young men
employed on bullding construction work
are: how mportant it is to kéep o sharp
look-out as to where Lheir leet are

SCAFFOLDING AND CRAMES FOR ERECTION OF A LARGE BUILDING

Fig. 3. A Lidgerwood double hoist is shown, and the illustrazion includes 3 view of gant
for oavelling crane over srone-sawing and planing mmachines: also stonemason’s banker s
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placed: v watch head mom; and o
correct defective footholds everywhere
whichkmmght trap a ellow sworkman.
The Government Home Cfice Boild-
imz Regulations megnive scaffolding o
be examined by a gualified workimmau
befime mae, bt the Regulations are beoad
r.nungh (1] JEL'I_:FH certain customs and
prictices that are common to particular
disiricts. For mstamce, in some of the
northern counties the brekluyers lay the
ouiside facing brickwork of a building
from an inside scaflold: this scaffold s

of & simple character, the Hoor joists of

cach floor level being sheeted with
planking 0 provide @ sound working
platform,

The northern bricklavers are traimed
irr thiz method, and being accustomed
to ovetlook their work from varying
heights, quickly hecome skilful in ereet-
ing tall fictory chimmeys; the working
scaffolds in such cases e supported an
puifogs which in tum "have a direct
bearing on the shell brickwork itsell.

I southern districts the workmen
grow up with the practice of wsing
externnl scaffolding, anchored for sup-
port o the wall incourse of construction,
and on that account do not lake kindly
o overlaimd work: The two chiel types
of seaflolding are those required for
brick-faced buldings (Fie. 26), and: for
stone=faced buildings [ Fir, 27)

Siene=faced construction does ot
lend itsell vo supporting putlogs directly
o1 to the wall {as in the case of bncks),;
and ‘on that account roguires exira
stundards, ledgers. and parts of the
tying-members duplicated on the wall
lace, ond anchored o the wall by ties
throueh window opénings.

['he parts of a scaffold inclede Stan-
ards, which are vertcal menrbers trans-
lerring the working platlorm loads 1o the
ground level. The standurds are made
stable by  framing members called
leslgers, which are fixed at right angles
in the standards ar about 5 Tt 6 in.
hetght spacings; the ledgers and the

CONSTRUCTION OF REINFORCED-COMCRETE BUILDING FACED WITH STONE

Fig. 24. Stone-planing machines for site-worked stone facings: coll relnforcement for reinforoed-
concrete columns; main beam and fioor shab cenring for concrete:; msembling electric crane
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standards-are firmly
securad a4
Resting at
intervals: on the
ledeers are
named
putlops, which @re
spaced and artached
o ledpers or wall at
SPACINgS [0 ACCOIN=
modate the lengths
ol the working plat-

INteTse-

LI

CTias

membiers

form torm Fsers.
Long frontases
reqquife, in addition,
diapimal Braces fived
at anvles and eentre
te prevent laternl
movement ;| o give
mora even distri-
bution of platform
material weighis;
and to prevent
swaying hy wind o
loads, as illustrated
in Fig. 28,
Sealfolding with
bemp and wire lash-
s 15 54l employed
tor scaffoldiny erec-
tion in:many parts
of the counry, Be-
fore the introducton
of tubsslar seeel scaf-
folding the s=ffixer
chain as used in
Fig. 28 superseded
the earlier wire
and rope lashings.
A grciat deal of valiable pinneer work
with scaffoldings has been carried o
and many difficul prablems have heen
"H_l!"..l"d
mvented for  connecting
Phe supplying of tubular scaffolding as
a special sub-contracting bumimess hus
been developed, and also the hiring out
of the continuous 1:|~F:r'ntll-d siraflold for

The steel coupler hus been

steel  fules

RIVETING STANCHION OMN STEEL-FRAMED BUILDING

Fig. 25. Steslwork is first fixed together by temparary bolts, and than
rivated with compressor riveter and dolly.

the wse of builders (Figs. 29 and 32)
I'his type of seaffold iz specially adapred
as a working platorm; it can be raised
amd [owered at will, mving the buildine
crafimman the benehl of working at a
bhench  height.,. When  the
work B completed the same scalffold

ColYTLIonl

facilitates wushing down the wall fhee,
fixing o window [Fames, and painting.
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GURRO lA!.‘t -

=
g
2

UTLOG FIXED
WITH PUTLOG
COUPLER

J PUTLOGS TO TAKE
SCAFFOAD BOARDS

Fig. 28 Typ= of scaffolding used for brick-faced buildings, with the mambers of the framing named.

This scaffolding is independent of
opening les, and Ieaves the internal
fmishings free or progres imimediately
the building is clothed in by the shell
walls. The suspended or swinging hoat
unit i3 in common use for high and
occupied buildings; it wsefulness for
building maintenance, as cleaning down
glized brickwork, painting, polnting or
renewing stack pipes, isobvious from Fig,
30 without further comment. A modern
type of Aoor scaffold which has many

point in its avour for inside platform
work is that formed of telescopic folding
standards,

Concrete Centring

Agpregates like broken bricks, ballast,
and chippings, when mixed with: the
correct proportions of sand, water apd
cement to farm a liquid mixture, require
conthiner support until the concrete has
reached a firm and sel-supportine set.
Beams require bottom and side supports

; f? ; [
il é o TRANECMS FIXED
ﬁ‘\.\’ WWITH FUNLDG

COUPLER

15

fee?

e e
1}

1

TRANSOMS T TAKE
N SCAFFOLD BOARDS

PLAM]

Fig. 27. Similar weaffolding to Fig. 24 but incduding inner and ocuter standards far stonefated
bulldinge. which only sllow snchorage of the scflolding through window or ather wall vaide
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TIMBER POLE SCAFFOLDING TO STOME BUILDING ASSEMBLED WITH SCAFFIXERS

Fig. 28. Note generous window openings that allow of working levels being terved by putlogs
anchored threugh the epenings, sand method of bracing standards to save racking oc latersl motion.

(Fig. 31), while floor areas require plain
surface formework. The boards and
scantlings 'lor hoth. types. are costly in
labour, materials, waste, and accidents,
the latter being due 1o the exposed or
projecting nails' of dismantled loose-
lying forme-work timbers:

Steel forms 1o supersede the general
i af wood have been introduced on the
market for hire to builders. For large
floor or wall aress this type of form-work
(which can he bolted together), is very
economicnl and the forms can be ob-
tained in varying sizes of fanged plates,
Thesteel form-work shown assembled in
Figs. 32 and 33 is known on the market
as "Conforms,” and the illustrations
reveal its free and easy adaptability for
horizental or vertical positions.

The lormer practice of propping the
form-work for 4 concrete upper foor
from & lovweer floor level is being modified
today in favour of hanging " Ang-Kary™
plant wmits directly from the rolled-sieel

beams and joists of a steel-framed build-
ing (Fig. 35 and page 8). Advantages
due to this method are clear floor spaces;
freedom in spreading concrete mix {Fig,
H); fower void pockets; no floor slab
weeping perforations afler casting; mini-
mum of making-good operations when
striking centring or formework.

Reinforced-concrete floors havines a
hollow earthenware tile fitling: between
the joist ribs need not be fully sheered;
and the same conditions apply to the
Truscon hallow floor, which, though
cast i sife, employs o corrugated dle o
spun’ the space hetween the concrete
ribs or joists of the Aoor areas nd shown
in Fig. 36.

Precast concrete beam  specialities
span the hay spaces between the floor
skeleton supparting beams, and call only
for working scalfolds to use during the
fixine Ii.nw-—_“.

Mixing eonerete by hand is slow and
laberions work, and the present demand
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SCAFFOLDING SUSPENDED FROM TOP OF BUILDIMNG

Fig. 29. Building brickework from = suspended scaffold which, when
provided with overhesd cover, allows work to proceed In wet weather

for speed in construction work accoumts
for the many and varied types of power-
driven concrele mixers in use ai the
present lime

Capacity sizes of 1-yd. (Fig: 37), Fyd,
{page %, {-yd. (Fig. 38] and |-vyd,
mixving machines accommotite small,
medium, ¢r bulk demands: They can be
oblained as divect-driven units with
cither gas; electncity or oil ) they are fed
by hopper or elevator, and can be con-
tralled to deliver part, ‘or discharge

the lull bateh of
mixed concrete
into a waiting
tipping  hucker of
wagrom. Tl divided
unit ol mixer and
power  provides a
better chance ol
protection for the
power tactor. The
builder aims at
ethicieney in output,
with the mmmmum
of . heavy  labour,
and, when possilile,
USeS ETavity L assisl
in: the mixing of
the concrete.

A job where the
practice s demon-
stratesd i shown in
Fig. 38. Here the
granite chippings
and smd were de-
livered by Hpping a
motor lorty on 1o
the roadway level;
the sand was tipped
on the cast side and
the chippings on the
west side; the ce-
ment shed is on the
hoarding line near
the mixer providing
receipt of cement
on the roadway side
and the withdrawal on the mixer side.

The gauge for stone chippings and
sand  aggregites had o divisional
board in  the runeated-shoped  re-
ceiving hopper, the top cdics of which
were level with the working siage:
while the sipall squnre delivery mouth
of the hopper was Immediately over
the open top of the mixer, This was
the Swiss pattern shaped container,
having: arm paddies that churned up
the marrix before delivering it into the

o’

&__-HI

A
1

A ;' 11
|
|

T
L



DERRICK CRANES 31

narrow-gaugre railway wagonswhiclicon-
veyved the mmixture to the plading position.

Gauge railways, tipping wigons and

bogies are efficient units for employing
on site-clearing anil levelling, and fur
iransporting excavated carthwork from
building site to a dump or tip.
When 'the track and wagons are re-
. fuired on a huilding site for cxcavating
work, they: gre just as valualile a8 a
transport. mediim for distributing sup-
plics aof concrete, brick, stone, and steel,
from the roadway receiving: position 1o
work in progreds positions (Fig. 38).
Tipping wagons receive their lnad
at one point and, affer transporting the
‘ load, by a tipping action they discharge
it at the delivery
| end, Flat-topped
bagies recvive their
skip load of bricks
or other material
within range of 2
roadway receiving
and off-loading
crane [ Fig. 14, and
after Iransporting it
to a desired position
l they are gither offs
loaded and the
material stocked by
hand, or rehnisied
intact for depasit by
another crane,

The peneral fore-
man in, charge ene
detvours (o j;q,}- all
ritilway track with a
lalling run for full

'Jui’-dh and when a
double track with
llun:mb[rs (Fig. 38)

1 used, n ghort in-
cline an the return
empty fme is intro-
duced to ensure a
slight fall in the
I,,,u-n.:ln back to the

PAINTERS AT WORK OM SUSPENDED SCAFFOLD

Fig. J0. Paipters’ bost waffold hung fram cutriggers snchored o

specially prepared lugs on roof fiar, On left, s cypical casement window
pivoted to open inwards faor pasy desning from inside.

roadway receiving station, much labour
being eliminated by this armngement,
A birick skip #s ilustrated in Fig. 31 and
tipping huckess in Figs. 14, |7 and 18,

For hoisting and slewing fom a
stitionary position the derrick type of
crane 15 a [avourite with the builder; it
parts, whether hand or power driven,
comprise 3 gearcd mast, set and kept
vertical by horizontal slecper members
setat right-angles to cach other; and
hack stays inclinéd at 45 deyress to the
sleepers and linking the ends of the
deepers with the mast head, thus form-
ing two triangular frames for supporting
a jib ‘member that can be hoisted or
slewed 6t will [Figs. 14 and 153

- =
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Stahility iz guaranteed by the mast
slecpers and back stays which are
framed 1o act ss o8 trisngular frme,
weighted with the brick o other type
of load bearing on the tail end of the
sleepers and bottom joint of the hack
gfays, as in Fir, 14,

The ofi-loading derrick crane shown
inFig. 14 isset soas to pick up loads from
the roadway and deposit them on vo the
building site. The cranes, elevated on
kany and gqueen post stages asin Fig. 39,
are placed so as to command the budld-
ing site floor by Hloor during progress,
and for receiving and placing lor fixing
the large Portland stone blocks used in

1

STEEL REINFORCEMENT AND FI-'JHH—WC'RK I POSITION BEFORE POURING COMCRETE
Fig: 31, Mate the brick skip for hoisting bricks, stone, cement, or other loose building mazeriats,
Beams require bottom and side supports, while floor areas require pliin surface form-work,

all four fronts of this jsland butding,

The guy derrick erane shown in Fig.
21 operates practically the full circle,
hut the jib of the crune :'{'cplin:.- to e
lowered (0 pass under the puy ropes of
the dermrick, which is free [ur raising o
any desired height in any of the sections
between the puyv ropes:

Plant and sealfolding units tsed by
trades other than those undertaking the
work of erecting the shell of & building
are much simpler in character, as in-
stanced in the slaters’ scaffold (Fig: 41),
Other scaffolding, wsed for internal
finashings, is free from heavy loading and
wind presures, snd i easily itiyed
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prevent lateral gl
collapsing move-
ments by beiug
erecied between the
shell walls of the
bleck. Fig. 42 shows
such sealfolding
erected for the use
ol plasterers engaged
on hanging and
wttaching decorative
plaster mouldings
towalls and ceilings

Fie. 43 illustrares
the nature of
plasterers’ plang
empliyed as ground
work lor plaster
Huishings to circular
wialls and dome creil-
g, and includes the
plasterers” haard
and stand. Fig. 44
illustrates the use of
the moulding horse,
uscd vertically foo
lorming raised
panels on pilaster
pErjections

Prepatalory work
lor manv trades
required in building
fittings smd furmsh-
ings 15 executed on working-heiglit
benches. The casting of Abrous plaster
mouldings, as being fixed in Fig. 42, is
shown in process of manufactore on
benehes Fig. 45

The plumber’s bench in
Lise' reqaires & mouzh skeleton lrame L
sevure the ledad members prior o the
jointings being either soldered or wiped,
(page 9). Scaffoldine for fixing in vty
prioe (o s being built in, is-itlsieoed
11 1‘5};{ 4.

In addition o the _;_;I:"lll"].ll prr-iimi-
marics described, ther are other initial
miitiers which deyvelop when the builder

LOITERILER

ra—=a

PREFARATORY WORK BEFORE COMNCRETING

Fig. 31 Concrete walling executed with steel "Conform' centring from
& suspanded scaffold, Stenl forma have fargely superseded wooden forms

recetves the contract o undertake the
actual buildng erection.  Especially. is
this the case when the condinoenz of the
the proposed
buildiog must be erected complete by
8 hxed dote
Caomibract
suppest  that
ndopt & for the builder to plot, In ¢hirt
{orm, his eshimsate of the perinds required
tiy obtam materads, nbour and plani

contruct stipulate thiat

this | nacure

i

comditions ol

the onh Course L

i order 1o .'n.'c‘nn:ph\i: the tosk within
the speaified ime allowed

A simple eample of charted time
plotomg is showm in Fig, 40, A forecast
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Fig. 33. Saffolding supports with “Conforms’
assembled for casting 3 stairway In concrete

progress chart of this nature hus many
all-round advantages in its favour, and
it can become &4 defintie hisines gwset
ifall intereated partics work together as g
team 1o accommplish ‘the end in view

A time schedule i of advantage Lo g
client in that'it: (o} provides an expert’s
estimate of the tme necessary to obtain
possession; (b)) fxes a period of unpro-
ductive capital expense for purchase or
rent of land and outlay on building;
(¢) provides an approximate date for
engaging the control and working staff,
and lor miture and stocks o be
pegobiated on o forwaed morket,

Through its medium the architest i
assisied In aranging his drawing-office
programme of work, arranging fou
specialists” supplies to fit in, and where
nrcessary anticipating the requirements
of the interssied consecutive cralts and
labour engaged on the building sie

The .'ll‘]l.':l.niiln_;'l"‘_ that acerue 1o the
bulblder, quite apart [rom fnancial gain,

include: steady and regular smploy-
ment of labour and better building pro-
gress; saving the delays that are respon-
sible for mereasing the job overhead
costs;-shorter retention of UNINECESSETY
plant; smaller estalilishment charpes;
and generally ercating: conditions Fav-
purable to retiming valuable workmen
who have grown with the work, and
wihiose fii-‘-p]ﬁl‘!:illf'nl would mean intro-
dueing at a later stage: freshi workers who
are not conversant with the ruling con-
ditions. The disturbance w material
deliveries, dnd to workmen who lose
wages and spend their dme between
leaving one building site and alitaining
employment on some other building,
are all sources of cxpense and delay,

A schedile of specified forward dares
for supply of labour and material pro-
disrts by gub-contracton and others is 3
valudble business procedure: it allows
alland stundry to be accommadated, and
assssis the interested firms in maintain
ing regular and steady supplics to meet
commtments i a relible manner,

Examined in detail Fig. 40 illustrates
a convenient method of plotting graphic-
ally the times estimated (0 execute the
wiark of the chiel’ trades and labours
over, say, a nine months’ period, Experi-
ence in bullding procedure, with calcu-
laticns of time, emable the builder o
gauge approxmmately not only the Fll
time necessary, hut the stagre at which i
& posible to introduce other process
trades and labours withour interfering
with those in progress.

Apart from soil-stripping, setting-out,
fencing in the site. and Jaf-‘-um of tem-
porary offices, stores and INESE-T{HIMA,
cxcavarmg is the first proeess labour for
which a time cstimate is réqurired.

Factors known 1o the builder ot this
include among. others: (4} the
nature of the subsoil o be excavated:

slage
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(k] the capacity of availabile labour o

plint output in yards ewbe; (¢ the (rans-
port [eilities [or removing the earth,
with' the distunee to tip: (4] whether
bulk excavation precedes nostart with
wench work: () the summer or winter
working condinions; (/) the men and
timbers for retaining wall or tremching,
strutting and timbermg ; {g) road acces
to site; (&) avail-
ability of water,
gas or electricity
supply,

On the ather hand
nnknown factors
and risks have to be
considered, for ex-
ample: (1) aspell of
inclement weather
involving heavy
pumping charges:
(2} a period of hard
et with the vesylt-
ant ground harden-
mg and swelling:
{3) 2 pocket of run-
ning sand, shale,
chalk or rock,
larcign 1o soil dis-
closed by site trial
hales: (4) lor build-
i ke city and town-
ship areas the
builder must hudger
against damage,
and allow for main-
tenance of puhblic
services like electric-
Iy I, s, witer,
hydrautic and simi-
lar conduits, post-
affice welephone and
télegraph cables
buried under the
road footwavs,

The time chart
msumes that all the
foregoing lactors

seeel bexm—to enzure strength, lewer voidi, pockers, freedam fram
slab weeping parfdrationi, and & dear floor surface

huve been considered amd it allocaies:
(L] seven weekd af o fair estimate of
time that can be allowed for Dhulk exca-
vating: (2] nme weeks for treonch and
stanchion base excavaung; (3) seven
werks for inserting drams withmanholes.

I'he mtmoduction of drains st this
mirly stage may be guestioned, bt
advantages do accrue whest comparing

SUSPENDING FORM-WORK
Fig. 34. Modern method of supporting form-work fram bartom ﬂanﬁ:x
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LAYING COMNCRETE FLOORING .

Fig. 15. The clear-tpace method of spruading concrete to floor and dpper suppors of form-wark,
Compare exte of working by this method with the difficult form-work sesn in the background,

o drained with a waterlogged building
site. Trenches for sewer conpections,
drains and manholes, execuled in the
early stages, henelit in solidity of the
returned carth io trenches.

Grood organtzation on a building site
adapts the commim business procediure
of raw materinls ar one end of the factory
gite, with gradusl process of movement
towvirds the dizspatch station, thereby

FORM-WORK FOR PIERS AND FLOORS

allowing the proccses 1o opemte with-
out erossing or overlapping. An early
start with concrete work henefits by ex-
cavating being started at one end, or
corner; of a building site, with moves
mient towards the extreme angle, besides
agsuring clean fGrm excavated trench
bottoms and sides for concrete deposit:

It is reasonable to assume that the
builder will endeavour tokeep pace with

~.Fig. 38. Open form-work for concrate hollaw tile floaring. This method employs &
; -
tile 1o span the spece betwean the concrete ribs ar joists of the r'lu-J;r ﬁm iy
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CONCRETE MIXER N USE
Fig. 37. A {-cubic yerd hand-fed concrete mixer. Cancrets mixers cn also be obtained a3 direct
driven units. with gas, elecericity or oil, and fed by hopper elevator, fitted for discharging contants

digemge operations, henee the Anishing
a8 well as the startime date following
closelv afler that of excavating, subject
o the concréte agprewite and cemenit
supplics, together with mixing plant and
labour; beivg equal to requirenments.

swpended or upper concrete floors
tire mot included as a charted item, but,
where employed, time allocutions would
follow immediately afier the erection of
the lower part of the steel skeleton
has been set vertical, level, square and
bolted or riveted up. Progress charting
for reinforced-concrete  structures  is
tmed according (o the predominating
lactors. of ceniring, reinforcing sieel
supplies, concrete mixing and placing
labours, and the interm times neces-
sary lor the concrete setting process to
mature belore applying a lurther cast-
itg load 1o the newly placed concrete
and steel members,

Steel frames form an fmportant pard
of many modern bolldines, and when
emploved must be comsidered in the
preliminary siage, for they invariably

introduce specialists’ work cutside the
lay-out of the builder; and while the
latter may caleulate and specily a defi-
nite period of tdme for the supply and
erection of the steéel [rame, 1t dioes not
always follow that it will or can mature

Steel Supplies
In this item the bnilder usually refie
an the tme required being supplied
b the constructional steclwork fim
whose business routine keeps them con-
versant with the menufacturens’ periodic
sectionil steel rollings and stocks, In
aclvance al’ designing the hiullding, the
structural steel firm will supply an
approximate steel tonnage a8 soon as
they know the loads which the floors are
expected (o carmy phus the cubiceal con-
tents of the proposed block
With the tonnapge of steel 8 known
lactor, the thine esiimuied for the pro-
gress charl B based on the fhricating
capacity of the hoisting, culting, -
ing, dnlling aud planing  machinen
equipment ot the works
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Fig. 3. A j-cubic yard concrete mixer 5=t to work by gravity and showing narrow-gauge railway

wiggons and track [n collecting and discributing

servive, Gauge nallways, tipping waggons, and

bogies are invalmable for site desring; levelling and excavation work, and many other purposes,

The vital cadeulation required by the
builder is the time necessary to supply
and crect a steel frame up to the first o
second floor level Sweelwork supplies
control progres inoa similar manmer,
for a start cannot be made on the wall
fabric until part of the steel frame &
finiahed.

By the time the builder has got all the
clothing process trades and labours m
wark on a routine basis, the steelwork
firm supplics can be budgeted for, Being
well ahead of all ather rades:

The actual stages to he visualized for
a progress chart esimmate mclude: (g
the design of the framework—executed
in the deawing office of the engineering
firmi; [4) submitting desjgen o
latione 1o conmultant and o hie

ek talca-
fuweial
atithority —to Wlow of cleck for amply-

ing with by-laws regarding strengths
and wind pressure; (¢} the ordering of
steel supplics from the rolling mill'; {d)
the preparation of working, fixing and
key plan drawings; (¢) the cutting, set-
ting out, drilling and fabricating work;
([ the site delivery, hoisting, assembly,
seitng, bolting and rivetng,

Charting for Trades

Maosoruy B scheduled before brick-
work [or the reason thai preparatory
work for stanewark should be in advanes
of brickwork because the latter is plways
execuiied from standard units on the site.
Stone is-a natural product that has to be
ohtained by quarrying operations, and
then comverted o requisite sizes and
shapes by eleaving, swwing and plaming:
Stone blogh i purchased from the
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yuarry in rondom sizes-of ab ayvermge
vubie capacity, and it i$ econtmical (o
selert hlncks of sizes |='t]115|ﬁ'1 Iy moir-
mnise waste i1 copversion. o sindom
block 1o worked stome., The hildes
should arrange Lo commence masonry
supplics immediately the contract is
sipned, the chief steps in this procedure
being: (@) preparation of scale drawings
of stone facades, defining heighr, length
and depth on bed, with vertical joint-
ings; and in due course submission for
arehitect’s 3]::].1mvﬂl .
(&) lettering and
numbering courses
ond ashlar; (¢) sepa-
riutely seheduling
every hlock of each
Stone course.

Time is saved by
undertaking these
preparatory stages, it
leing the builder's
policy to receive
antd set stonework
in the building in
the sequence ol
general progress to
SAVE UNNCCESSATY
stacking and hand-
ling of worked stone.

The governing
factor for statie sup-
plies to a building
site i3 the output
capacity ol the ma-
chinery and labou
of the masonry
woarks vard in work-
ed stone cubic feet:
the npproximate
fuantity Tequired
being known to the
builder, who éaleu-
lates the amount by
cubing the dimen-
sions ol lenpth,

height and depth.  mage; 17, crane mast

An eatly ghart in preparing masonty
alliws stocks of marked stone courses o
be stacked in advance of recuirements,
the value 6F which 4 specially eviden
when the stige of setting and Dixing is
undertaken: this is a further demons-
stration of the advantage ol reviewing
and plotting the findings i progress
chart methods,

Beviewed i oadvance, brickwork in
itz correct building sequence can usually
bie estimated as ready o process labound

=
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ELECTRIC DERRICK CRAME
Fig. 3%, |, Back stays anchared to weighted queen-post; 2, crame mase
supported on king-post; 3, crane stage or access working platform;
4 and 5, queen-port serving ane back ay of two cranes; &, head gear of
double Lidgerwood hoist; 7, framing and guldes of hoist; 8, quesn-
post: 9, first-floor level; 10, stanchion formework horizontal stays:
|1 and 12, crane king-post; |3, underside of platform ataging; 14, 95-fi.
haisting jib of crane; 15, crane cab, housing gear; b6, pilot attendant
Mote the combimation of strength and lightness.
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FEATURES OF BUILDER'S TIME PROGRESS | SCUEDULE FOR UNIT BUILDING

| : § Tar 19— Tewr 106
Sectranal frades ong labours ,,,,,m,—:’:; = | September Olctakir Nuvember | December Fanuary Februsty Musch

| L TR T b T O

. q'f}mhbmg wig ol hundauygl{--'-‘ ¥

Ty Augunt F 22 266 BT (4 0M5FSERS NI NNPE

r

. . Bulk . - N
Excavatiine Trenches ; |
Drains amil mankaics :1

" Foundations,

St i ireaichics, sife and drains {4

Speel Pregaratory and supply o | | Lonstructiona] see] 3 —
frammng _Eittu-ull ] firm 3 s e 13 —

Warks prepamtiom . T Stoncmasonry |
Stonework EEtas sub-conirartor | = R

J,Bmmu_.ﬂ:m}ahum i-r_ - P

Brickwosk « Walls and some hu;inmg C IS= —_t

I
i-
|

Carpemer irrme
hd P P wiie jratnbag pBuiider, direct labour —
Jopee  Finishings &nd ironmangery .

Hot and cold service mamg == hmw
Draurrs, =il and wasts amd Iy . 1]
tl.l.m_guﬂm a = i

Plivmbing

| fﬁ = § 3 i i T - —
Sanitery tirgs e = ) , i

Holler . - . o 1-
Hreating {I‘ipt nns . |
Hadiatars =

Lathing amd laf ool -

HMancrmg 1&:1 COEE E :
o cont 3ol hiorots plaster -

{ Lathing | I | — = |

Shating | : [ =1
Wadgn sad faah . | ! ¢ :

Darmp cuirse |

" Flat roof covermg i };Suhmmm—mn ] —

Slaning

Cable muns amd conduley

Swich room ii; _-!_Tq‘_""ﬂ-r-.
Sub, main and dissnbution | 5 I : thee
Lizshtning-comburiam _ : -
Lifts #red motem e t———
Elsroric Tighit fittres

I e

[

5

Flertiral

Body in
Polishing Poliah . > Framing
Finishing

1!
!

¥ I =

g ] - . I
Pelnung 4 External __}E-uihk.-r,dir:n labour |~

Tnrermal

- -
_ | -
i

i | |
ataly for: {1} Mecessary labour domands which are calaulated by the known average cutput ol
gﬁlﬂ;:khuﬁ ﬂ.:;:ym :ITeLm : '::ﬁ:"m; ‘::‘hl:h:?;!:;:::iﬂm lﬂm“::’d KLy fcac workers {n the various trades; (1) necessary muterial supplies, such sssteel for framings, which depend
supplies for 3 typia] complece butiding. The sama principles lpp.lr when charting is required upn" - SN TOFNSIIN ragriesmdc: 26 oty 7 S9C VrticN- Rk Aulisc bece ey s oo
:I ¥ —a"




© PREPARATORY WONK

SCAFFOLDING FOR SLATERS
Fig. 41. Stillages to safiolding a3 used by slaters during roofing operations Slates: are shown
centre mailed; the meshod of counter-dathing under shtes & used for good-chiss work;

i foundations and swalls witlhin ten (o

fourteen days after the insertion  of

foundation: concreie, the thicker the
conerete foundations the longer the time
I lay to insure a concrete set equal to resist-
iy the acoruing loads.

The regular sizes of brick afitis- and
the relative working conditions  are
factors allowing brickwork flme esii-
mates for quantities of specificd yards
arrods in bulk 1o be estimated with moe
ease than some other boilding erafts.
The builder in finds it

this section

Hecessary o gapge tme that, will be
required lor erecting and changing
working scaffolds and platforms, and for
waiting periods for other trade attend.
ance such ad damp coutse and stone
fxing in advance of backine work,
Inclement weather, rain or frost) mre
among the risks and unknown factors
requiring  consderation, especially in
this trade; but beeause bricklayers are
wsually in great demund [or erectine
irdernad partitions and seryices (o other
trades {in such muiters as perfomtions
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Fig- 41, Type of internal scaffolding required by plasterars when fixing precsit fibrous piaster.
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TWD EXAMPLES OF PLASTER WORK ON A LAAGE BUILDING
Fig. 41. Scaflolding and roughly framed trammel wsed for circular meulding and Mat dome |n plaster
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thtogh foors and
walls by plombers,
Lieating and ventila-
lhon engineers, G
eleciricians), stop-
pages for weather
vonditions can
largely be curtaiied
to the period re-
quired for erection
1o ground foor, il
the building has &
lower or hasement
floor: and to first-
Hoor level in other
CARES.

Charting for the
carpentry and join-
ery is required to be
almost continuous
through the huild-
ing period, subject
to varyimg labour
to the job require-
ments: This i3 due
o the:very general
services that are
undertaken by the
carpenter and join-
er, which for many
types of huildings
include Hoor joist
and roafing timbers.
The first ixines start
at an early stage an
labours preparatory to the first plaster-
ing coat.

The second fixings (skirtings, archi-
traves, ete,) follow em to allow of plaster
finishing being undertaken. The third
stige includes fixing panciling, hanging
dodrs, windaows, fixing door and window
fiirniture and other frommongrry.

When manufictured joinery is intro-
duced ro buildmegs a fourth section
should be added to this group.

Wood staircases, panclling, book-
cases, tables and other fixed furnishings

MOULBING HORSE USED VERTICALLY
Fig. 44. Plasterers’ tool known 33 3 “horse,” which is used for forming
eveh And regular plaster moilldings an the salid

mean the provision of detail drawings;
also the conversion of haulk, plink og
board timbers; planing, martising and
tenoning and loosely assembling the
Iramings for storage and seasoning in
the early stages; to be followed later by
wedging up and eleaning off;

The foresight of the builder in plotting
chart dates of labour and materials tor
plumbing is expressed by keeping Tegil-
tar and steady labour throughout rather
than in starting and stopping sections
Regular service with a:minimuom laboy
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group has advantages such asthatof a
plumber being on the spot for service
o the trades and labour employed on
the huilding during construction
Concrete mixing retuires & waler
supply, and is often operated by two ot
mure portable concrete: mivers. Brick-
work, masonry, and plastering are
tradesthat need similaraccommodation,
Heating flow-and-return pipes as well
5 draine require testing, and mess-room
and workmen’s conveniences must he
maintained | they all sequire convenient
water services, In Fig. 40 s 8 ypical
Hlustration of good progress charting
that provides for plumbing bench work
t be executed on the lnes supresied
I'he method of asdemblineg and setting

MESATIVE SHADED Oulnileg
TRORSE" FOR SHAMNG SO0LIDR

EMUICHMENT CA3T ES0M
GELATING MOULE

i ff.

work up va the bench gives the plumber
fair working conditions for plying his
craft (page Y and Fig, 46).

U'he assembling as shown, fixed in
advance ol building glazed brickwork,
it o guarantes that : (4} all joints will
be properly made and equal to lnter test;
b) by bwlding & situ the costly making
good to brickwork voids will not be
necessary, and damage to lead pipes will
be prevenied; (o) brickwork perpends
will be maintained ; () the cutting-away
and muking-good charges, with material
approximately worth sixpence per birick,
will be avoided

I'hese dre maiters of organization
which the bullder ¢onsiders when esti-
mating tme-chart periods.  Buildings

I
g PLASTER
b 5108

PREPARING FIBROUS PLASTEA FOR FIXING LATER IN BUILDING
Fig. 45. Plastarers’ benches and merhod of cuting and Rnishing fibrous mouldings in the wor kshop
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liaving internal cast-ivan drain services
ar sanitary arrangements i the lower
Hoors, with discharpes direct into the
manholes, require plambing services 10
be charted for proceeding &s soon as the
Aoor immmediately over the lowest sani-
tary block has been inserted; while at
the other end plumbing services are
required (o apply fnishing touches to
the sanitary Aitings already imstalled.

Heuting and Ventilating

Charting and estimating useful times
for armanging sub-coniracting labour
and plant for heating and ventilanng
sugwest a date when a complete fAoor
over the lowest one has been inserted,
always assuming that the site has been
drained,.  The boiler seating occupving
space at the lowest level; the receipt and
erection of the boiler; pipe fitting; pre-
paring and hanging the basement hori-
zontal eirculating mame—all these e
processes - that can be done while the

g

e
?EI.
)

ftters are on the site ready o mert
vertical Aow-and-return branches.

Heating coils or pancls specified o be
embedded m the conerete require to be
set while the steel [Faming of the Innld-
ing iz in the skeleton stage (Figs. 47 and
48). The quesiion of providing empor-
ary htating facilities to maintain process
trades during winter periods has to be
reviewed on merit, in either the client’s
or huilder's interest. An early stari, and
keeping pace with progres generally,
are advantupeous to both sdes if they
can be arranped.

This sectiomal trade 15 not alwiys con-
rolled by the builder; in some districts
the work is linked with the plumbing
trade for domestic buildings, while
works and other hlocks employingsteam
genersting umts  like the  Lancashire,
Cornish, Econoinie or Loco-type bailers;
usually stipulate that the wark is (o be
excculed by a sub-contracting heating
and 1.'r:'r|LEJ:|'ril1::r firm: in which case

CAULKING AND FEXING WASTE PIFES (See alio pige 4)
Fig. 46 Saffolding snd working conditions required by the plumber during bullding operations.
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EMBEDDED PANEL HEATING

Fig. 47. Typical light tempora

scaffolding a3 used by heating enginesrs while engaged In fixing

embedded heating panels with llow-and-return pipes during bullding construction,

advance dates pre pegatiated between
the builder and thiz sub-eontractor.

Plasiering

Masterine work dares must of neces-
sty follow on afier ceilings have been
protected from dampness and frost; m
shiort, after the roof covering has been
applied. But this practice 5 ot alvwavs
carned out, for in a few imporiant
London and provincial buildings ovwners
hsve met the exira expense of having an
upper  foor covered with an asphal

coating to allow of plastering and other
finishing trades being cmployved on
lower floors while 1the upper Hoory and
'im: wWiere I cOmsirucCTing.

The introduction of precast filimous
plaster mouldings and slals has played
a harge part in spesding up progress,

Figs. 42 und 45 are indications ol the
procedure in such cases Filyrous plaster,

cast and dried out at the plastering
firmvs depot, s ready [or fixing in the
form of decorative weatment when

waterproofed ceillings are provided, and
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very readily lollow on with directly
applied wall and eelling coatings,

The maturing ol specified daies and
necess of follow-on trades {which require
removil of the plasterer’s scatfolding), is
more accurate when hanging provision
ol the type shown m Fig. 34 (or similar
attichment 1o that shown) i provided
during the casting of the concrete floor.
Estimiites of time for applying two- o
threecoat plaster to walld and ceilings
are based on specified yvardage supplicd
65 W gquantity itemn.

Slating 15 sale o chart as following
on the crection of the building shell,
tngether with internal wall supports and
the fixing of the roof tmbers.

Fig. 41 illustrates a concrete roof fully
lathed with slating in progres.

ln charting a proposed starting datr,
the builder has to visualize the steps, anrd
comprire the plotied times required by
the controlling trades in order Lo artdve
al @ reasonable sadvanee dawe, lor the
slanng sub-contractor’s work.

The fixing of the dare for the ool
cavering finish is an important period in
all building contraces, and when it is
accomplished within the scheduled time,
appearances are very fvourable to com-
pletion being up o date alsp,

Asphalting is included as anothier of
the sub-contracting trades tothe builder,
because of the specialist nature of the
work. In practice, the builder's business
policy i& o maintpin rade sections thal
can be employed for regular periods,
mather than at long intervals.

VIEW FROM UPPER-FLOOR LEVEL OF HEATING PAMNEL IN CEILING OF LOWER ROOM
Fig. 48. Embedding 3 heating panel in concrete, showing wire anchorage untll the eanéreta sam.
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Charting asphalt advance times in=
volves dates for rxecuting horizontal
dainp-course work, just above ground
level, or with vertical damp course when
the horizantil damp cowrse is set at a
lower level in foundation walls: and then
not until rool flats or parapet damp
courses. under copings are ready for
laying damp courses.

Electrical Services

The reliable charting for electrical
wark is vital because it i nevessary to;
(2] leave voids for the reception of
power and lichting cubles, meclers pro-
vision, main services to sub-main amd
l:hstr.lhuhnn boards; (b)) provide sleeves
through and chases m walls for housing
vertical and hornzontal conduit runs,
fuse hoxes, and sunk switches, in ad-
vance of the insertion of concrete
Hogms and stanchion casings; (¢) provide
hanging or attachment provision fur
pendant and bracket fttings,

Electric hoists, passenger lifs and
power units have to be considercd on
merit, and agreed as 1o approximate
insertion dates with the lift manufac-
turers and suppliers; the information =
vital at the initial stages for steel framing
ot wall-carrying foundation lopds.

Giaat

Glazing comprises another sectional
intermittent process trade that requires
to be charted on a time schedule to suit
the season of the year.

The drying-out process of a new
building project is often obtained natr-
ally by wind and warm air currents, and
when the builder knows these will be
available the glazing of sashes or cane-
ments would be deferred w2 later
stage; alternatively, i’ artificial drving
is 1o be em , glazing should be
plotted in the early stages of the work.

In very exposed places, builders of
house property have frequently found it
necessary to inserit the window panes in

adyanee of shating the rmof, 5o as to save
the risk of the wof being hlown away.
Internal glazing, whatever the season or
drying conditions, & an item usually
charted during (he finishing stages, with
material orders for leaded liphts, or other
special glass, ordered well in advance of
insertion date.

When hardwood joinery framing and
pcmtlllng are employed for doors, parti-
tions o wall inishings, it 15 necessary to
provide two or more stages for execution.

Fanels housed in grooved framings
are fres 1o expand and shrink withoud
whale of the wood panel to be bodied in
with polish before it i housed in its:
framing, to avoid showing unpaolished
panel edges. In this case the bnilder
plotx dates to accommodate polishing of
pancls in an early stage, followed by &
seasoning void; then a period lor body-
ing-in and polishing the framed and
cleaned-off joinery—haoth undertaken at
the joinery works; and finally the clean-
ing, touching up, and finishing procts

on the joinery when completed.

Painting -

Conditions in the painting trade are
general in character, The  builder’s
experience guides him, when charting
datez, a8 1o the requirements of other
trades upon which painters attend, for
example: (a) priming coats ol paint to
all tramed-up woodwork: or steel. case-
ments and frames thap will finally be
fimshed by painting: (¥ spivit-cont
painting with lead-base paint toKeene's
wall er finishings, in preparation
for later decorations, lollowing the
trowelled finish by the plasterer; (¢)
decorative internal finishings in order to
provide accommodation for the dient,
who not infrequently desires to occupy
sectional parts of the promises in ad-
vance of the final completion of the
building,



CHAPTER 2

WALL CONSTRUCTION

Types of walls. Brickwork terms. English and Flemish bonds. Foundations and
Jfootings. Junctions and crossings. Cavity walls, Arches. Reinforced brick-
work. Fireplaces and flues. Masonry., Rubble walls. Adhlar. Moulded work,
Lintels. Cast stone. Conrcrele aggregates, Shulfering. Surface treatment.
Renderings. Hollow blocks, Partition walls, Terra-cotta. Plastering.

opery manufcturing methods
Mamt structural systems have in

many ways revolutionized the
uees of brick and stone. New matenials
have beeni intraduced which enable us
to use entirely new methods of wall
canstruction. Chief of these new miater-
iald are concrete, reinforeed concrete,
steed, hollow blocks and metal Lathing.

Modern walls may be divided mto
the following types

(1) Brick, load bearing; (2) stone, load
bearing; (3) precast concrete blocks;
{4) terra-cotta blocks; (5) hollow blocks
of various materials; (6) comentrender-
ing on metal lathing; (7) panel walls
in steel and meinforced-concrets framed
buldings :

Walls serve the purpose of bearing
Aoor, ol and other loads, andfor of
enclosing, screening and partitioning.

Loap-searNg Waris serve all of the
above purpeses. This is the traditionul

j —

form of wall function. Such walls sup-
port floors; beams, roofs and other loads:
Their strength must be considered in
relation to these loads

Pangr or ScrEex: Watrrs are non-
load bearing. They are the walls used in
steel of reinforced-conorete frame build-
ings. They are supported on beams and
stiffened by columnps. Their fonction is
to enclose the building and they need
oaly sufficient strength to support their
own weight, For this reason hollow
blocks or other light-weight materials
are often used.

Cosmrosite. WaLLs consist of a1 sub-
stantial backing material faced with
stone, facing bricks, glazed tiles, glass,
metal, cement rendeving or other suit-
able material. The facing material may
be secured to the backing by either {4}
bonding or (b] metal cramps or ties,
Cement rendering, of course, is an ex-
ceplivn—this adheres 10 the bacldng.

BRICKWORK

ek is oo of the best walliog mater-
ials. Brickwork hias good strength,
durability, weather resistance, fire e
sistance, heat and sotind fmsulation and
good appearance, and it is moderate in
cost. Traditiomal methods are sl
largely wied in construction, though
there are many modern developmenis:

Brickwork depends for its strength and
durability on'the mortar which cemenis
the brick units 1ogether, and the bond
which enables one brick 1o be over-

lapped by a number of adjoining bricks,

Good bomd results in a wide distribu-
tion of loads throughout  the - wall.
Poor band tends 1o comeentrate loads on
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STRETCHER BOND 44-IN, WALL

Fig. ). Stretcher bond comsists of all the bricks laid lengthways, and |5 generslly only used for
half-brick walls or @vity walls. The vertical joints are staggered by 4§ In.

stmal | areas, which may result o unequal
settlement and cracking. The brick
Inyer should always practise a sound
method of laying, filling all mortar
joints, and adopting correct bonding.

Bricks laid with a long side showing on
the wall face are called strefehess, and
those laid with an end showing are
called beaders. Bonds comsist of varous
arrangements of stretchers and headers
averlapping one another.

STreToHER Bonp consists of sireichers
in every course, euch vertical joint being
over the middle of the bricks above and
below as in Fig. 1. Thus the yertical
joints are staggered by 43 in. This borid
1 weed for walls 4] in. thick, It is not
generally suitabile for thicker walls as it
does not provide tross hond, so that in &
Gn, wall there would be no bond
between the inner and outer leaves.

Heapmr Borno comsistd of headers in
every course; They overlap 24 i, in

Fig. 2. The wansverse strepgth) is excel-
lent, but longitudinally the bond is not
so good as stretcher bond, Header bond
& used for walls curved on plan o a
small radius, as it enables the curve to
be more easily followed than with any
other bond, and also for footings, but it is
not ardinarily used for straight walling.

Before describing other bonds we
must understand some of the rechnical
terms which are used in the description
of brickwork.

Terses. There are three standurd sizes
of bricks: The length of all three is 81 in.
and the widih 48 in. The three stan-
dard thicknesses are 2 in, 2§ in., and
21 in.

Earch row of bricks is called a course.
Thie edge or angle of & brick is called the
arrit, A dat isa portion of 3 brick; thus
a hall-beick is called o kalf-bat, A frog iz
a pancl meeess in the bed of a brick, A
muchine-mude brick may have one frog

12130
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WALL - CONSTRUCITON

HEADER BOMD 9-IN. WALL

Fig: 2. Header bond has all headers, and Is chiefly used for walls curved on plan. At the curved
parts the bricdks have to be cut or |aid with wedge-shaped joint. The headers overlsp 2§ in.

ar two [rogs, bul wire-cut bricks have
no frog,

The bed of a brick 15 the bottom sur-
tace. The horizontal mortar joints are
called bed jointi. The vertical joints on
the wall face are called perpermds. A verii-
cal joint continuing through two or more
courses is called o sirmight joint, Straight
joints should be avaoided as far as poss-
ible as they weaken the bond. A gusin is
a corner brick. A squint guoih is 3 corner
brick with an exterior angle greater or
less than a right anele.

A corner or returned end 1o 3 owall s
mually @ right angle, but may be an
acute or obituse angle—that is, & squint.
A stopped sl of @ wall is an end which is

Hnished and does not turn a corner, A
Jamb s a vertical side of an opening in a
wall. A reveal is the portion of the jamb
which can be seen—usually the portion
of brickwork between the frame and the
face of the wall. Foolings are projecting
courses at the hase of a wall: they serve
to spread the load over the foundation.
A plinth is sometimes formed from
ground level rising a few courses—it is
distinguished from the upper wall by a
slight projection or by some difference
in calour or material,

Exaisa BoNn eonsista of alternate
coursts of headers and stretchems, as in
Figs. 5a and 38, known o the header
course and the stretcher course. The



ENGLISH BOND 53

perpends . are st by 2] in
Headers are placed above and below the
middle of each stretcher and adimmng
liraders are above and below perpends
in the stbetcher course., There are no
straight joints in English bond, except a
width of about § in. where vertical
joinits intersect, and for this reason it is
comsidered (e strongest of all bonds,

A square corner and a stopped end in
English bond are illustrated in Figs. 3a
and 3g. Correct bonding at these pomis
8 of grear importance. Here we must
utse a brick of less than siandard width—
a closer which is only 2] in. wide.
This enables the end of the wall to be
hrought to a flush face. This particular
closer is cailed a duser. There are
two others: the bevelled claser, Hlustraied
in Fig. 4 and the king claser illustrated in
Fig. 5. They all serve a similar purpose
and all show only 2}-in. width on the

face: They ure cul by the bricklaver
[t standard bricks, though occasion-
ully they-are specantly made. The gueen
claser is usually cutin twi portions, as
the toll Y. lepgth is not casy 10 out,

The closer s placed next the quoin
header. This is an important rule ol
bonding. In English bomd theve s o
cleser in the stretcher courss, But as the
coursé burms 4 cormer It changes lvorn 8
atretcher to u hesder course, and viee
versa, The reason B clear when it is
seen that -a guom stretcher onone wall
face changes to 8 header round the
coTner. :

It will be voticed that the bondine
varies with the thickness of the wall, In
a 131 in. thick wall in English ond
there are headers hacking stretchers in
one course. In an 18-in, wall one course
consists of stretchers on the faces with
leaders in the interior of the wall

ENGLISH BOND 91N, WALL

bond s the mrongest bond, and conslsts of alternate courses of headers and
mruhnr;r—tmwmthmwmmrdhlim

Fig, 3A.
uretchers. C
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ENGLISH BOND |8IN. AND |31-IN. WALLS

Fig. IB. The left-hand portions of the two [lisstrations represent 18-in, wall; the right-hand portiomns
represent 13Lin, wall. The clostars shown in Figs. 3A and 3B are known st queen closers.

Povmie Fresusn Howp consiss of
alternate siretcher and header in each
course;, as in Figs. 6a and 6m, cach
header being centrally. placed between
stretchers abave and below. At stopped
ends and square eormners a queen eloser
s placed next the quoin header, as in
English bond. Notice the arrangement
of bricks in the various wall thicknesses,
particularly. the necessary use of hali-
bats in the mterior of o 18416, wall.

Flemish bond has straight - vertical
joints 23 im. wide, and in this respect is
inferior to English bond. But it is usually
vansidered 1o be a hetter Jooking bond.
If the headers pre of darker colour than
the stretchers o pronounced pattern s

given to the wall face. Where costly
facing bricks are used Flemish bond is
cheaper than English bond' as fower
[acings are required.

SmorE  Fiemms  Boxo  combines
Flemish bond facings with English boned
backing, so that it has the strength of one
and the appearance of the other, Fio, 7
illustrates this bond. Tt is suitable for
thick walls nnd cannot be ased in walk
of less than 13 1-in. thickness. Hall-bat
headers are wed i alternate gourses,
giving straight joints 9 o wide, Tt
this results in considerable economy in
facing bricks, The strength of transverse
bond can be improved by using three-
quarter bats as headers, thus reducng
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the steaight joints o 2 ]-in, width, bat,

of course, it increases the number of

lacing bricks required.

Turer-axp-one Bonp, (Mustrated in
Fig. 8, isalso called English parden-wall
bond and by various other names, but
many bricklayers call it “three-and-one
bhond™ because there are thiee courses
of stretchers to one course of headers,

This bond © often used with thin
fipcing lricks and thick comimon back-
ing bricks. Each header course of the
facings should bond into the backing, as
in Fig. 9, and the tise of the courses must
he arransed to enable this 1o be done.

Fremmr  Gaspex-walr Boxn con-
sists of three streichers to one hender in
each course, each header being placed
centrally over the middle stretcher of the
group of three above and below, as i
Fig, 10, This bond &5 economical i
lacing bricks and 15 a betier-looking
bamd than *threc-and-one.”” The trans=
werse bond 18 strong enowph for ordinary
wall loads up to moderate haighis. 1Ethe
headers are of darker colour than the
stretchers o pleasant patternin: the will
is introduced,

Minor Bomds

Thrre are a numher of minor bonds
Onie modern bond which is vsed iy
widely is a varistion of Flemish garden-
avall boud, consisting of twostretchers 1o
one header in easch course. A weaker
modification of “threc-and-ope hond™
conaists of 4 headerstretcher course 1o
threestretcher courses—thiz s some-
times used {or garden walls, But the
Bonds ilhstrated are thoss in gencral
use,

Fouxpatioss, The purpose of a foun-
claticin i3 1o spread the wall load over an
adequate area of ground so thay the wall
will not sink, crack or lean over, This
miay be achieved by laying brck fout-
ings, the lowest course of which should
lie twice the thickness of the wall. Thus

footings spread the load over double the
area of the wall base. The area may be
further increased by placing conerete
before commencing the otings. Fig. 11
shows a typical fgundation section and
indicates how the width and depth of
foundations are found by simple graph-
ical means,

Foundations must be deep cnough m
the ground o be out of reach of soil dis-
turbance due to atmospheric and other
causes. They must also be built on firm
soil and never on surface soil or recently
made-up ground. On unceliable ground
reinforced-concrete rafly are sometimes
laid over the whole site, The depth of
the Foundation bottom should not be less
than 2 ft. In clay it should not be less
than 3 It

Foormcs. As far as possible footings
shionld be bonded with headers only. TP

» —_

%

Figs. 4 and 5. A closer lx a brick of Jexs than
standard width, Fig. 4 (above) iz = bevelled
closer, and Fig. 5 (below) b 3 king closer
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DOUBLE FLEMISH BOND

Fig. & At A iz shown a %in. wall; at B a [3f4n. wall, In Flemish bond hesders alternate with
stretchers on each course. Double Flemith band means Flemish bond on both sides of the wall,

stretchers tinst be used to tmake up the
carreet width they should, if possible, be
placed in the intesior, Stretchers on the
rdige of footings tend to tip under load,
especially i laid divect on the ground,
Fiwr. 12 illustrates these points. The four
[ootings courses neccssary lor an 18-1n.

wall are Hlustrated in Fig. 13, which
shows 4 square corner. Care shounld be
taken to avaid straight joints,
Sleeper-walls (Fig, 14) are necessary
oy support timber Aoor joists in hollow
ground Hoors, They are usually 4§ i or
9 in. thick and are buill an the surface
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‘tonerete. They should be honeyeombed
by leaving a gap between sretchers, in
ihe case of a4 §-im wall, so that air can
virvculate under the fdmber Hoot.

Air bricks, Yin. ® 3in. or: 3in. = Gin,
are buibt inre walls so that aie ean be
admitted into hollow timber: foors (for
the presention of dry rot), and also (o
admit air into certain rooms. I the wall
is more than 4}-in. thick it is necessary
ta lay astate over the opening at the rear
of the air brick to provide support for the
mortar bed of the course above.

Brickravmvo, Having described the
various types of wall and the bonds used,

a brief description of the practical oper-
ation of bricklaying is now necessary.
Bricklaying cannot be taught by the
printed word, but a description of good
practice will be useful 1o the beginner.
Almast all hricks' sre absorbent. [
they are dry when laid they will rapidly
alsorh the water in the mortar, reduce
the plasticity of the morar and cause
poor adhesion. The bricks should, there-
fore, be well wetted cither by spraying
from # hose or immersion in water for
about five minutes. It is not desirable
that bricks should be completely soaked,
hut momentary immersion i notenough.

SINGLE FLEMISH BOMND 18-IM. WALL

g. 7. This bond thows Flemlish bond on the cutside of the wall snd English bond an the inner
" face. Singhlﬂmlﬂn bnndlmnhlnnu Fiemhih bond fecings with Erm bond backing.
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Bricks which are almost impervicus,
such as Stalffordshire blue bricks, tend
1o gide on the mortar. The reason is
that they have no suction and do not
“erip' the mortar. A rather porous
birick with a rough rexture sucks in the

Fig. B. "Three<and-one” or English garden-wall

tond. In this type of wall thers are three
courses ol ratchers to one course of headers.

mortar and 40 takes a good “grip.”
Bricks must be clean and free from dust
when laid. 1t is Tmportant 1o soak them
in clean water. Bricks should not be
stacked on the groumd,

In commencitg a wall the quains are
built up for # few courses, The brick-
layer's square s usedd to set out a righe-
angled guoin. The plumb rule is used o
test the faces Tor verticality, holding the
edge against the wall so that the plumb
line hangs free and central. The beds are
tested by placmg the spirvit-level on a
straight-edge on the horizontal Ted,
With the quoins built up; as in Fig. 15,
the straight rurs of walling can be pro-
ceeded with,

The bricklayer’s line, which is a
lenth of steing wound on steel pins, is
wsed to give a truly horizontal line from
quoin o quoin, so that the beds are kept
levell The pins are placed in the joints so
that the line comes over the top of the
quoin bricks and slightly clears the face,
With a long line 2 tingle is placed m the
middle 1o keep it truly level. Onece the
line is aceurately levelled it must on no
account be disturbed,

Rise of Brickwork Courses
The tise aof the brickwork courses
varies. It is decided by the thickness of
the bricks and bed joints. For example:

With bur courses of 23-in. bmicks,
§-in. hHeds, the rise i 12:in,

With four cowrss of 2§-in. bricks,
d-im, beds, the rie s 123 in.

With fur courses of 2F-in. bricks,
B-in, beds, the rise is 13 in.

With four courses of 2f-in. brcks;

$=in. beds, the rise iz 134 in.

A gauge rod, which consists of g wood
Battenn with saw cuts indicating the
thicknrss of a coutse including  bed
jomt, 18 wsed to check: the rise of the
courses. [ iz held against the face of the
wall 50 that the marks are in line with the
top af the hricks.
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The bricklayer must take care (o keep
the perpends in correct position, Where
the perpends in alternate courses lie on
a vertical line, thisline must be carefully
worked to. Nothing spoils the appear-
ance of the bond more than perpends
which arc allowed to wander all over the
wall in an irrepular zigzag, A small
steel spuare is used to help in keeping the
bricks square with the wall and the
perpends in vertical line.

Cement-Lime-Sand Mortar

Mortars are described elsewhere, b
the merits of cementlime-sand mortar
may be commended here. A l=1-4 mis
makes @ strong moartar. he sand-lime
coarse stufl should be prepared first, the
cement being added immediately belore
uge. IT dry hydrated lime is used the
whale mix may be made up at once.
Whatever method of mixing is employed
the mortar should be wsed within three
hours olits final preparation. Retemper-
ing by adding water to mortar which has
stood for some hours 15 not recom-
mended, though within a twelve-hour
perid the corsequent weakening may
not be serious.

A cement-lime mortar works easily
off the rowel and i much less liable o
shrinknge and expansion cracks than a
strang cement mortar. For all erdinary
purposes a cement-lime mix has ade-
fuate strength.

"Damp walls are more often caused by
suetion of water through the fine cracks
between mortar and brick thun through
the brick iwelf. The addition of lime to
cement mortar prevents such admission
of damp by avoiding shrinkage and
cincks.

Toormme. I, instead of inishing the
endd of a wall flush, alternate projections
and recesses are Jefi, this @5 called
toothing. This is useful iF we have 1o
ermtinoe the wall liter on, s it allows
continuity of bond. If a wall has o be

-

TILE TO
MAKE UF COURSE

Fig. 9. Crosssection of [3j-in. wall with thin
backing.

facings and 2{-in. comman brick

added later at right angles to the wall
which:is being built a toothing may he
left in the face of the wall so thar a
properly bonded junction can be made
later. For English and Tlemish bonds
this waothing will consist of 2{-in.
receses in alternate courses the width
of the wall to be added (Fig. 16].

If a vertical woothing is left at the end
of a rather high wall it may be: found, il
we later build on to that toothing, that,
as the later work settles; cracks appear
down the line of toothing. This is be-
cause of the prosure exerted as the new
work begins to settle. A strong cemeni
martar should be used in the new wall
and it should be built up slowly 10 avoid
excessive scitlement, But it is better 10
build the wall junetion in'one and allow
the joining wall to be racked back so that
it ean be completed later. With care
unequal settlement and eracking can be
avoided by this method.

Racema, To avoid' the cracking re-
ferred to above, the end of a high wall
which must be added to later should be
rucked back, This eonsists of stepping
back the vl of the wall, as'in Fig, 15,



FLEMISH GARDEN-WALL BOND
Fig. 10 Note that all courses are alike, except st the end, and cansist

of one hesder to thres

Wart Joscrinss, Proper hionding is
essenitial in building wall junctions_ It is
usual to bond alternate courses 2} in,,
as shown in Fig. 16. In most cases in
English bond it is comvenient to bone
1} m: into the strewcher course, so that o
do this-the joining wall must coincide in
thickness with the joints of the main wall.
The header course will then butt againsi
the header course of the main wall. The
isometric views in Fig. 17 will make thie
paint clear. The allernative is to bond in
the header cowrses, in which case the
joining wall must coincide with joints in
the header course of the muin wall, This
- allusmned o he plaws in Fig. 17,

strecchers. If the headers are of darker colour
than the swretchers, 2 pleasant pattarn i introduced.

WALL - CONSTRUCTION

The bonding ol
junctions i 133-in
Englizsh bond is
Hlustrated in Figl
18 It i tecessary
to place a three-
quarter bat at the
side of the closer
and one header.
This illstration also
shows the bonding
uf 2 4)-in. partition
willl where it joins
the main wall, As
the partition wall &
i strétcher bond it
i5 convenient Lo
bond - 44 in, s
the perpends ol
siretcher hond - are
staggered by 41 in.
In the junctions
Hlluistrated it will be
seen that by follow-
ing the correct prin-
ciples cutting is
avoided. A junction
in Flemish bond i
shown in Fig, 19;

Crossives. Whese
one wall erosses
another il i usual
to pas alternate courses of one wall
through the other, as shown in ¥Fig. 17,
The header course ol one wall can be
passed through the stretcher course of
the other, and vice versa.

The choice of pesitions for junctions
and’ crossings may be jaken ar 24-in
intervals, but the joines of one course of
the main wall must coincide wirth the
thickness of the joining or crossing wall,
Room dimensions st be worked out to
suit this rule, otherwise awkward cutting
g mecesgary and  the bond will be
wenkened.

Spuint Quioss. Corners forming less
than @ right angle are called  aciite
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Fig. Il. The diagram shows the method of
finding width and depth of wall foundation. T—=
thickness-af’ walli F=Tx ¥ C=Tx2+12in

angles. Corners forming more than a
right angle are called obrose angles.
Examples ol both types are illustrated in
Figs, 20 and 21. With an acute angle it
is necessary to use a wedge-shaped closer
nest to the gioin header. With an
obtuse angle a special squint quoin brick
ol appropriate angle should be used, as
shown, and the interior angle is best
formed with a special -interior angle
brick. The method of bonding of
squint quoins vuries with the angle,
Caviry Waris. A cavity wall consista
of two thin walls or leaves of brickwork
separated by a cavity. The abject of the
cavity is to prevent the passage of

moisture from the oowide 1o the inside
of the wall. Typical details are iTlus
irated in Fig. 22.

A very lmportant rule in building
cavity wallsis that the ability el moisture
to creep by capillary movement must be
guarded against. The twao leaves of a
cavity wall must be tied together for
sirength, and metal ties of various pat-
terms are used for this purpose. A
twisted metal ticisshown in Fig. 22. The
obiject of this twist is to form a drip for the
water; the twist is, in fact, a barrin
across which the witer cannot creep,

Precautions must be taken o prevent
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SLEEPER WALLS

Fig: 14 Crosi-sections showing eonstroction of sleeper walls, Mote the arrangement of honey-
combing betwesn strerchers to allow for & through current af air 30 a5 o prevent dry rot.

mortar droppings falling into the cavity
an to ties or down o the botom, and
so allowing mosture (o creep across

Floor jaists are supported on the inner
leal of the wall. The top of the wall is
built over with a few courses of solid
brickwork, the wall plate being placed
on top, as shown in Fig 22,

Jowsmise ann Powsnise. The faces of

bed joints and perpends are finished by
drawing the trowcl, or other suitable
tool, along them. Jointing is done by
finishing the face of the joint as the work
proceeds, using the same mortar as thal
used for the general bricklaying:
Pointing is done by raking out the
joints to & depth of § in. w § in. and
flling and fnishing the joint with a
specially prepared mortar. A special

mortar with an admixture ol colouring
matter ur special sand is often used for
this purpose. When raked out the joint
should be brushed clean and well wetted
before mserting the pointing. The point-
ing mortar should he well worked in

If the raking out is not déep enough
or the: joint is not wetted the new point-
ing material will not adhere propetly
and become delective after & time. A
cement-lime mortar s recommended
for paintitye; & sSironip cement MOFLLE &
liable to shrink and ecrack.

A mumber of jointing and pointing
finishes are illusirated in Fig. 23. Flush
yointing and pointing with rather thick
bed joinz—about § in.—look well with
bricks of rough texture. Weathered
pointing throws off rain-water and &
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considered o be the most durable.
Struck jointing should not be used for
exterior facing as it leaves the upper edge
of the bricks exposed o the weather.
The hollow-keyed jaint is formed by
shaping with a suitably shaped piece of
wisod: or meml. Tuck point congists ol
making up the fice of the jolnl with a
mortar coloured to'the same tint as the
brieks and then inserting a thin putty
pointing, working along a straight-edge.
Lavrees: A limel is a beam placed
over-an openiyg ina wall, with sufficient
bearing at each end, o that it forms a
support for the wall above, Some ex-
amples are illusirated in Fig, 24. Wood
lintels may be built up, using two or
more timbers side by side. It s usually
sufficient to have two timber members
mpamlr.d by blocks of woad, the whole
being nailed or bolted together, a8 at &
(Fig, 24). A useful rule for finding the
depth of fir lintels 1s o allow 1} in

PLLWE - BULE HED e 10
TENT (HAOim @ e

11

depth for every loot of clear span, using
lintels the full thickness of the wall.

IT a third of the thickness consists of
blocking picees, as at a, L in, depth for
every fbot of span should be allowed.
The minimum hearing at each end of 2
lintel should he 4 in., with a hearng
equal to the depth-ol the lintel [or lintels
more than 4 in, deep.

Where a wood door or window frame
is. placed at the lront of the opening, as
at B (Fig. 24}, a brick-on-cdge course
may rest direct on the head of the frame,
provided that the mullions or posts are
spaced no more than 2 1t lrom centre to
centre. A wood lintel is placed at the
back, gs shown, and the depth of this
should be caleulated as described above.

Brick-on-end as well s brick-on-edge
courses may be placed over door and
window frames. IT sieel windows sarc
used the brickwork must not be allowed
to rest po the frame. A rolled-stee] angle

BRICKLAYING OPERATIONS

Fig. I5. The illustration shows bow corners are built up and 2 linestretched to keep couriel level
Oince the line s levelled it must ot be disturbed. With 2 long line. 2 single is plaged in the centre
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section may be used o provide suppar
[or the hrick head, as thown at o
(Fig. 24). This illustration shows a wall
131 in. thick with a reindforced conerete
linte]l behind a brick-on-end course
Rolled steel sections, usoally T sec-
tons, -may be used as lintels; bat if they
are to be plastered, expanded metal on
wood grounds must be attached to them.
They are suitable for wide spans and
heavy loads, At Fig: 24 5 steel lintel, con-
sisting of two I seotions bolted (wecther
through tubular separators, i shown,
For heavy loads sach lintels should bear
on farge stone or precast concrete tem-
plets, which distribute the loads over

e : the brickwork and so prevent excessive
Fiz. 16 Mathod of comtructing twothing to  scttlement and fracture of the wall.
receive a cross wall Cavity walls must have lintels so0

desipned that water
canmot creepor soak
across from oulside
to inside, An ex-
ample of good prac-
oee in this matter ia
shown in Fig. 25
O the outside wall
the head of the win-
dow opening con-
sists of a brck-on-
edge course while
the meide wall hasa
reinloreed-concrete
lintel. The wood
frame covers the
cavity. It is neces
SATY 1o give tem-
porary support to
the brick-on-edge
course until the
mactar has set,
SOLDIER ARCHEs
A !_lrick-ﬂlm—r:dgl‘ oF
brick-on-end course
over an opening is
T A RCEED RTINS ANG CAOISINGS often supported on

Fig. 17. hometric views and plans showing right-angled juncrions and “. steel bar, as in
crossings rr! 9.in. Englizh band, Fig. 26. When the

T



SOLDIER ARCHES L

mortar jounls ave
set, this bar 18 In
tetsion, while the
brickwork takes
the compression,
Soldicr arches can
ilsn be supported
in other ways.

A soldier arch is
tiol a true arch; in
fmost cases ib s 8
lintel. 1f the bricks
are arranged to o
slight camber, so
that the underside
s alightly eurved
and the centre
lines of the bncks

, radiate from a
ommnon Ceptre, it
is @ lroec arch.

Reinforced brick
lintels arc formed
by placing mild
steel rods, usually
in & morar - bed
joint, in the brick-
work immediately
over the opening,
us shown in Fig,
26. A soldier arch
may be formed in
veinforced brick-
wark, the rods being passed throngh
holes in the brick-om-edge or brick-on-
end, but in this: case the description
“woldier arch™ i & contradiction—the
member beine a reinforeed brick lintel.

& 1 WL N
STRFECHER BOWD

Load Transmission

Ancries. An arch consists ol & number
ol blocks arranged on a curve so that the
blocks are wedgeshaped. As each block
pransmiks a load 1o he nexe block ontil
the load on the archis broughi (o bear on
the wall at each side of the opening, the
arch i mminly in compression, though
sensiin anid shear siresses occur as well

¥ —s

RIGHT-AMGLED JUNCTIONS

Fig. 18, lsometric views showing two courses of right-angled junctions
. im 138-in, and 4i-in. walls faid in English hounjé‘

Referring to Fig. 27, the segmental
arch transmits 4 diagonal thnst to/'the
wall on each side, but the semicircular
arch transmits a thrust more nearly
vertical.

A rough ring arch consists of standard
bricks, so that the bed joints between
must be wedge shaped, as in the rough
ring segmental arcli in Fig. 27,

Here the learner should study the
viurdous terns yeed in deseribing the
pratrts wl ol Each brick or lilock 15
enlled o remsanir; thie frst brick or block
on cach side is called the gprnger. The
inclined bearing on each side from which
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Fig. 19. Junction of %-in. to 13}-in. walls in
% b double Flemizh bond.

a segmental arch springs is called the
skemwback,

The vertical distance from the spring-
ing line 1o the underside of the arch in

wall., CONSTRUCTION

the centre is called the rse. The under-
side of the arch is called the iufradss, and
the top ar outside the elrador, The
underside is called the soffii il the surface
vicw looking upwards is intended. The
ermaei s the highest point of the extrados.
The key brick or block is the centre brick
or block at the top of the arch:

The depth is the shortest dimension
from the intrados to the extrados curyves,
The haunch is the puter portion of the
arch from the springing line to & point
hali way to the key or erown, The rfadms
is the shoriest distance from the arch
centre Lo the intrados. The arch cenfre
the poiint from which the radial lines
passing through the bricks or bed joints
radiate. Fig. 27 illusirates these terms.

If the voussous are standard bricks
with parallel sides or beds, as in the
rough ring arch shown in Fig. 27, the
sides of the bricks are on lines drawn
tangential 1o a small circle sround the
arch cenire, the centre of which s the
arch centre,

IT the vonssgirs are wedee shaped, as

SOUINT QUOINS—ACUTE AND OBTUSE AMGLES

Figs. 20 and 21, bometric views showing the uie of scute-angled squint queins in 9-tn. English
bond {laftk and obruie-angled aquint quoing in 13 J-in, English bond (right).
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in the axed sem:-
circular arch
shown in Fig. 27,
the axis lines
dmawn through the
centre af the bricks
radiate from a e
COmman cenire, ik D
shown. In this case [
the bed joints
between the vous-
sairs are of regular
thickness through-
out,

Rough ring
arches arc buill
in hall-brick rings
(41 ini), as the
wedge-shaped
joints resulting
from a whole brick
arch would be in-
conveniently wide

W

PERY THIRD
ST LEFF
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— 1IN AV

PaSTED MfTAL TIE

- TIES SPACED ) IT
HRORI DR TaLLY
16T 8
INTERYALS
VERTICALLY

SOLID OOk

at the extrados.
But the springer
should be a whole

OFEr 1P
CRAIN AGE

brick, as shown in

Fig. 27, hecause
this spreads ihe

load on the skew-

back or springing.

Axed arches
consist of voussoins
Tdrmed 1o the cor-
reci wedpe shape
from standird bricks by curting with a
bricklayer's axe, scutch, or bolster and
hammer. A wood templet should be
made to the correct wedge shape of the
voussair, setting out the templet accord-
ing to the radius and clear span of the
arch and using a piece of thin board. The
templet is placed on the brick face and
the wedge shape marked along the edges.

A small tin saw i= used to cut this out-
line about § in. deep into the hrick.
This process is repeated on the reverse
face of the brick and the ends squared.

PAM O CORMER
-1, CAVITY WALL

1. Broken vertical section showing construction from foundations
gl-n\-u. and plan of 1l-in. cavity wall, with inset sketch of metal wall tle.

The cutting can be dane with bolstn
and hammer, linighing with the scutch.
Muoulded brick arches are built of
voussairs which are specially moulded
ta the correct wedge shape, according to
the radius and span of the particular
arch. No cutting is required and the
shapes are more regular than those of
axed bricks, The scmicircular arch
illustrated in Fig. 27, though shown in
axed work; mitv be taken as an cxnmple
of moulded work. _
Bonding arches transverscly is o
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JOINTING AND POINTING TO BRICKWORK

23, Methods of jointing (left). and pointing (right). Wide joints look
I ol .‘lmi therﬂpoiﬂﬂn[ﬂﬂwaﬂmn
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importance in & wide or deep arch. The
voussairs may consist of headers and
stretcliers, as in the sermicircular axed
arch in Fig, 27,

CGauged brick arches have wedge-
shaped voussoirs with very thin bed
joints, The bricks have a fine texture and
are soft enough 1o be cut and rubbed to
shape. Gauged biricks are often used to
form arches of such shapes as would be
awkward w form in axed or moulded
work. The size of the voussoirs can
be kept absolutely regular and the beds

teExXTure,
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CAUCED BRICKS

WALL CONSTRUCTION

pnd laces frue,
whereas the size
and shape ol
moulded bricks
vary shightly.

The flararch,
or camher arch,
illustrated a0 Fis,
28, is a gauged
brick arch, the
joints of lime putty
being only aboui
i in. thick. The
soffit of a far arch
should be sct oug
XL -.r_.-f to a camber or

o curve, the rise in
the centre being
| i 30, The vous-
soirs should be set
out o have equal
thickness alone the
curve sct out from
the radius, as
shown.

Relieving arches
pre arches huoilt
over lintels. An
exnmple is illus-
trated o Fig 29,
the relieving arch
conssting of a two-
ring rough arch,
The space between
lintel and arch
soffit ks filled with brickwork and this
s called the core. A relieving arch is
used where it is required to square the
head of the opening in an interior wall,
using a lintel of small section which
would pot be strong enough 0 carry
the loadl. A relicving arch may also
be used over a stone mullion or other
window to relieve the frame of load,

Pointed arches, or Gothic arches, as
dlustrared in Fig. 30, are struck [rom
Twio Or more centres and the two sides or
halves of the arch meet at a point or




REINFORCED BRICEWORK &9

intersection in the centre, The methods
of setting out shown in Fig. 30 are sell-
cxplanatory.

Renrorcen Bmiwork. Brickwork
is relatively strong in compression but
weak in tension and shear, which means
that it is strong under a vertical load but
comparatively weak against a diagonal
or side thrust. By reinforcing brickwork
with mild steel rods and wires consider-
able strength in tension and shear may
b gained. With proper design this may
result in  considerable cconomy o
material and cosi.

Verticaland hovizontal refnforcermem
miay be.placed in ordinary brick walls,
s shown in Fig. 31. The horizontal
remforcement is placed in the bed joints
and the vertical reinforcement in the
intersecting or straight jaints, Bricks can
dlso be et or holed 1o ke vertical
reinforcement. A reinforeed brick lingel
has already been illustrated in Fig. 26.

Piers. These tuke two distinet forms:
defached columns, us in Fig. 32; and
' pilasters projecting from the wall face—

called attached piers, as in Fig. 33. The
principles of bonding should be followed,
straight joints being avoided as far as
possible, alternate courses bonded in
English bond and headers in Flemish
bond, Proper closers should be used as
necessary and small picces avoided. As
piers are usually placed to take a specific
load or tostiffen a wall the workmanship
and materials should be of the best.
James axp Revears. Openings ijor

‘windows and doorways need careful

consideration if the bonding of the walls
or piers between the openings is to be
satisfactory. The aim should be to pre-
serve the regular patterme of the bond
used. Fig, 34 illustrates some examples
in English hond. The sides of the open-
ings are called jambs and that portion ol
the jamb which can be seen in [ront of
thie frame is cilled the receal.

Ordinary square jambs are formed
like square stopped ends. Rebated jamis
sre formed by using a specinl closer,
usually a king closer, asin Fig. 34. Jambn
suitable for cavity walls are illustrated in

LINTELS. SOLDIER ARCHES AND SILLS

Fig. 24, A fintel |t 4 besm placed over 3 wall opening. The illustration grves four wertical secuiong
showing alvarmative canstrustians at lintels and ulls o openings in brick walls,
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Fig. 35. In two ol them slates in cement
are wsed as vertical damp-proof courses
to prevent moisiure passing across the
jamb. In the third example a special
sreel sub-{rame 1% nsed,

Stews; Siuts awp Copives, Steps and
sills may be formed by wsing brick-on-
eddire. or brick-an-end. They should be
set i stromg coment or cement-Hme
mortar,  Stone and precist conerete can
also be used- Specially moulded bricks
are very often msed for sills  Similar

b, BEICK OH
EDGE

materials are frequently used lor copings.

Acsill should be prool against satur-
ation by rain water. It is desirable 1o
weither the top surface—that is to have
it sloping outwards, and also to project
the front edge and to have-a groove o
throating under the projection,

Steps shoild have a slight weathering
or slope outwards and it is desivable 1o
have a slight bullnose or rounded angle
1o the front edege

FrREPLACES AND

Frues. Fircplaces

WIRE STIRRLDE

CAVITY WALL AND REINFORCED BRICK LINTEL
Fig. 25 ﬂd{Hhﬂwl cavity walywith sheer-lead apron w Erm:!ct the wooden frame against weather

candithons,

ig. 28 {right) lllusrates twe medern met

of farming lintels to brick openings.
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TWO TYPES OF ARCHES

Fig. 27. A shows a rough ring segmantal arch—two ring; and B llistrates the construction of an
saed semicireular arch. Th: various terms used in a‘n:h work are indicated in the diagram.

may project inio the room, or project
outwards, or project both into the room
and outwards. They may also be placed
COTAIETWisE.

An cxample of a projecting freplace
and flue is illustrated in Fig. 36. The
alid brickwork is gathered over the
apening Into a 9 in. 9 in. flue, and
this passes upwards at the side of the
upstairs fireplace.

“T'he fireplace vpening may be spanned

either by an arch or a reinforced
concrete lintel, asshown, IT the clirmney
lireasts at the sides are less than 13 in,
wide an iron chimney bar must be
placed to suppott and tie in the arch, the
ends being turned up and built into the
brickwork.

Gas-fire flues arc usually 9in. o4 Lin,
bt simaller e may be used in cases
where concrete flue blocks are built into
the walling.

MASONRY

TII.B general principlesofload hearing

and non-load bearing walls have
been described at the beginming of this
chapier. Structurally, masonry walls
comatst of three distinet types—

(1) Salid masonry walls, load bearing:
wsally consisting rither of rough blocks
or pieces throughout, or stone tnore or
less cut to a fair face for fcing the wall
and rough rubble for hacking.

(2) Compesitr masonry walls, load
bearing: wually consisting ol blocks or
pitces of stone honded to a brick or con-
erete backing.

(3) Stone facing slabs to panel walls,
non-lisad bearing: used in framed build-
ings, the stone facing usually consisting
of thin stone slabs secured by cramps to
the brick or hollow block backing and
stee] or renforced concrete framing,
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The muterials wsed in masoney walls
are: natural stone either worked into
rectangular blocks or used in roughly
dresied pieces; artificial stone which is
really conerete made with certain nggre-
gates and coloured cements to resemble
natural stone ; reconstructed stone which
is a special concrete made with o stone
nggregate and surfaced o reves!l the

N

aggregate, resulting in a very close re-
semblance 1o nutural stone. In addition,
ordinary concrete blocks may be con-
sidered a8 4 branch of masonry.

Natural stonemuiy be used in many
lorms, as follows:—

Usiccnresen Raxpoyw Ruasie consiats
of stones of all sizes, roughly fectansolr
tuet used as they are quarried with little
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ornotpoling, The sizesvary with the kined
of stone, but the principle of use in walls
it the same: Figs. 374 and 37u illustrite
this. The stones are not laid o honzontal
eourses but a fairly regular bed isselrcted
lor each stone.- The smaller stones arc
msed 1o fill up between the larger. One
lamge stone to about every yird super-
ficial should bond through the wall.
For boundary walls random rubble is
often built dry, the coping or (op course
being sei in mortar, For the walls of
huildings great care shoald be taken to
fill all joints with mortar. 1 slurry s used
w0 (il mterior joims, care must be aken
that it does not “run oo™ AL corners
and openings it 5 best to use roughly
squared stones as quoins, Uncoursed
rubble walls are seldom less than 18 in.
Ranpom Rusnor i Couesis. Stones
are roughly squared by kinocking off pro-
jections with a ham-
mer and the work iz
laid to rough courses
from 12 in. 10 18in.
thick according to
the sizes of stoncs,
Fig. 37c shows a

TWD RENG

witll which lasa very good apprarance.

SguarE SNEckED RUBBLE: Some stote
breaks when guarried imo sirata of
convenient thicknesses and with very
little tooling can be sguired into various
gizes. 1 18 built in & wall as shown in
Fig. 37%. 1t is not laid o courses, bul
small stones called mecks are placed in
the wall to prevent continuous straigl
joints.

Recuias Russie v Counses. Phe
stones are squared with bammer and
chisel, muking the corners truc right
angles, though the back is left ough,
Stones of regular thickness are then
sorted so that they can be laid in straizh)
cotrses as shown in Fig. 384, though the
cotirses vary i thickness one from an-
uther, The interior or heart of the wall ks
{illed with rough rubble and grout.

I.ﬂ:lir:nl example. 5

Thiz work is rather ‘_}t;
stronger and neales i \
thanpn uncoursed XN

work.
Sppanen Russie
% Courses: The

Y
larger stones are I“‘\ \
sijuared up a8 truly N
as possible with the VA
mason's hammer Ny

the back In build- .

ing the wall the work
is brought to hori-
zomal courses from
12010 18 10w deep,
as i Figz. 570 and
e Properly done
this makes a sound
Fa—c*

b

ALTVATI SECTIONY

RELIEVING ARCH BUILT OVER LINTEL

Fig. 2. Relieving arch conslsting of 3 two-ring rough arch. The space
between the linml and arch

t (the core) iz filled with brickwork
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POINTED OR GOTHIC ARCHES

30, The methods of setting aut four different types of pointed or Gathic arches are claarly
i :h;-m in the above disgram. The arches ars scruck from two or more centres,

Frast Wattino, The flints are small
and hard, They are dresed with the
hammer, or knapped to a roughly square
shape, Flints are used in combination
with courses of squared stone or brick.
Flint panels are often formed by using
stone * posts ™'

Brice-sackend Runsie. Stone rubhle
of the various kinds deseribed abwwve is
Vargely used for house and other build-
ings in the districts in which it is
guarried. But it is generally economical
o build a composite wall with rubhle
facing and brick backing, as shown in
Fig: 32 The thickness of the wall

should be from 11 in, to 15 in., with a
41-in. brick backing. Small rubble and
grout should be used as “heart filling."”
The brick backing should be bonded
mto the stone by placing a header
course every six courses, and the bond
can be sirengthened by placing a
through hond stone the full thickness ol
the wall to about each square yard.

Select a hard stone for this purpose,
as soft stone is (0o absorbent. 1 the stone
is rather sofll and porows it is advisable
to fill the hearting with a waterproofed
cemenl conorele or grout.

AsnLARr i stone accurately worked to
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plane surfaces and sharp right-angled
corners. The courses are truly horizontal
and level, though they may vary in
thickness, Joints are rarely more than
| in. thick. Ashlar is prepared for facing
only, the backing being either brick or
rubble (Fig. 38s). The backing should
be built in a stronger mortar than the
ashlar, as the backing has more bed
joints and therefore tends to settle more
than the ashlar, The use of a stronger
mortar in the backing prevents crick-
ing through unequal settlement. A
hydraulic lime mortar is suitable for
the stone facing.

Preramation of SroNg. The first
operation after the stone is quarried is
the rough preparation. The scabbling
hammer is used for this purpose and the
stone so treated is called guarry pitched or
hammer faced and also rock or rustic work.
Such stone is ready for use in rubble
walling,

Further preparatinn consists of bring-
ing the stone to a roughly rectangular
shape. The waller’s hammer is used for
this purpose—projecting corners and
angles being knocked off, This tool is
used Ly the waller to shape the stones.

PreparinG Asurar, The saw or chisel
is used to prepare a plain or half-plain
face ; the saw being used for soft or small
stones. The first treatment with these
tools gives a half-plain face. Further
treatment is needed to give o plain face.

fifmibH BOSD

Fig. 31. Methods of reinforcing brickwaork by
means: of mild-stesl rods. Both vertical and
horizontal reinforcements are shown.

Ashlar blocks are aften prepared with
a plain face and sawn or chisclled bescl
and side joints. In large quarries this
work is done by machinery, bur hand
sawing is done with a large frame saw
suspended from pulleys. Small work is
sawn with a small hand saw. A double

ERRCLISH B0

S

fe——mit 0L L ]

—

L=

e T T |

|-—.1 o) e —

B T H—

ALTERNATE COURSES FOR BRICK FIERS
Fig. L Alternate courses for two-and-a-half brick decached plers in Flemish bond and English

bond. Note thay tha alternate couries are

{dentical, but turned chrough 90 degrees.
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Fig. 33. Actached piers, or pilasters, showing
the a ent ol brickwork of altermate
courses. in English bond snd Flemish bond.

handed saw may be used to cut large
0t stones, Sand and water are used as
# lubricant in sawing. Sawing through
a large stone to make two is termed
half-saming.

Chiselling to bring a rough surfaice
o a half-plain face is carried out as
follows. A margin is first draughted
round the edges. Two oppasite ends are
first drasughted and tested lor alignment
with & siraight-edge. The remaining
two edgs are then draughted. The
central mass is then chiselled off level
with the margins.

To finith a surface after the prelimi.

nary prepatation just described & comb
or drag is used. The comb is worked
acrows the surfice in all direetions, thus
producing a  pleasing texture, The
chisel can be used to produce a pumber
of face finishes. In cases where the chisel
i#. worked obliquely i parallel lines
neross the face the work i3 revmed
boatted or droped,

Parallel chizel lines worked with the
chisel is termed a fooled Amsh (Fig, 39).
Omamental treatment of the lace is
sometimes done within a chisel-draught-
ed margin, as in Fig. #0, Reticulated
work and pointed work (Fig. 40) are
special ormamental treatments; chisfly
used for guoin stones:

The mason's axe, or a patent multi-
blnded axe, is vsed to finish the face ofa
hard stone, @ series of cross cuts being
made across the surdface from chisel-
dranghted marping.

A perfeetly smooth Fice i produced
Ly rubhing with a piece of stone, using
sand and water as a lubricant and
graduaily reducing the quantity of sand
as the work proceeds. Machine polishing
with revolving iron disks is used in the
stone yards,

Moulding Machi

Momuen Work. In large stune yards
moxt moulded work i done by machin-
ery; but [or small jobs in the country
hand-work i stlll commen. The hand-
work 18 canmied out as follows: o zine
profile of the moulding section is. first
made and the profile is seribed on the
ends of the stone with a steel point. A
draught (Fig. 41) iz then sunk at each
end with the chisel; the mass of material
is carelfully cut away, using the straight-
edge to test the line and an external
zinc profile 1o test the shape.

Circular work such as arch voussoirs
is carried out by hand as follows: The
arch is carefully set out 1o a large scale,
A suitable stone is selected fom which
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TYPES OF WINDOW OPEMNINGS IN BRICK WALL

Fig. 34. Twe openings in a brick wail in English bo
ts generally used for rebated jambs, as shown. The

w cul the voussoir, The side Iniended
for the intrudbs s worked 1o o plain face
anid the rectangle set out, as in Fig. 53
One end or face is then square and yhe
face mould wken from the drawing is
applicd. 'The other end is also squared
and the face mould applicd, scirilsing the
shape round the edges. The intrados is
then hollowed out and the voussoir laces
carefully and smodthly finished,
Jorsrs, Bed jolns for stone wills are
shown in vertical section in Fig, 42, b
in various parts of mwasonry certain
spectal jomits are used 0 prevent stonpes

nd shawing different arrangements, A king tloser

regular pattarn of the bond should be preserved.

moving laterally if sulbjected to =de
thrust or other siresses which tend to
strain the mortar joints,

The cement joggle illistrated in Fig.
43 is formed by making @ groove of V
section in the side surfaces of Lwo stones
which meet in & side joint. The groove
is prouted with cement after the stones
have been set in position. In the case ol
cornice stones the grooves are cut' 1o
form anmverted ¥ oand it is easy to see
tiow this shape of joggle sccures the
pormce stones pEgainst movement back-
wards or forwards
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The slate bed josgle, also sl in
Fig, 43, is wselul where horizontal or
diagonal thrust along the wall tends to
slide the stones on their Lbeds. A piece of
squared slate is fitted into sots of suit-
able size cut in the stones, as shown

A table bed, shown in Fig. 43, con-
sists-al a sinking or depression in the Ded
ol the syone into which fits a correspond-
wg projection om the stone surface
above.

The slate cramp consists of 2 length ol
state shaped to frm o dovetail at each
enad, a8 In Fig. 48, 11 fits into correspond-
ing slots in two adjoining stones and so
secures them against lareral movement.
Theslute cramp isused in coping stotes.

Merar Craves, Ferrous metals (iron
or-steel} are not suitabile for cramps as
the corrosion which is inevitable dis-
rups the stone, Galvanized, sherardized
and parkerized iron cramps are suitable
jer bulldings which are not intended w
last for centuries, but it is considered that
lor long life & rustless metal should be
used—usually bronze or stainles steel.

Method of Cramping

To crump together adjoining cornice
of coping stones the metal cramp shown
at the top of Fig. 44 may be used. The
ends of the cramp are cranked down-
wiards and rouphened. A suitable sfot 1
cut in the stones, the end depressions
being slightly dovetailed, and the metal
eramp is canlked in lead. The lead plug,
asshown in Fig. 44, isformed by pouring
the hiot liquid metal into a plug hole of
the shape shown.

Fizino Faono Staes, Stone slabs
fixed Lo brick or conerete hollow-block
Barking by cramps (not by bonding)
depend solely upon the metal cramps
for sccurity. Fig., 44 illustrates various
types of metal cramps in common use.
Ope rype comssts of thick bent wire and
another of @ short metal bar cranked a
ame o ‘both rds, and in some cases

WALl CONSTRUCTION

split st one ond (0 hond intt the bed
joint ol brigkwork backing, For Gxing
to concrete, the patentl continnous slot
system, alsoshown in Fig: 44, is often
used.

A conunuous vertical metzal sloi ol
dovetail section is built mro the conerete
backing a8 shown, Into this slol metal
cramps are fixed. The ceramps can be
adjusted (o any level, All cramps with
cranked ends must have a corresponding
dlot cut in the sione bedd The stone s
thus seécured against ocutward move-
ment. Cement joggles are somctimes
used in the vertical joints.

Stone Facing Slabs
Stone facing slabs may be of natural,
precast or artificial stone. The thick-
ne=x of the slabs varies from 3 in, 10 3 in.
accarding to the nature of the material
and the job. A typical panel wall detail

‘S‘ll..ﬂES I CEMEMT

WOOD FRAME

STEEL SUB-FRAME

i
.[E'I'H.i. WINDOW

|

C

Fig. 35. Three methods of forming window

|ambs in cavity walls. In A and B slates in cement

are used sz vertical damp-proe courses. In C s
spacial steel sub-frime is used.



STONE-FACED LINTELS
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showing stone slab
facing Flush owver
the stanchion cas-
ing, the stanchion
projecting inside
the huilding (Tlan
A), and the othe
showlng at Plan
n a stanchion
projecting outside
with bonded stone
hlock pilasters and
brick walls,
STONE-FALED
Lixreis. In mod-
ern building the
uld’ type of stone
liritel 8 mot often
used. Even il the
building has load-
bearing walls it is
desirable to use
steel o reinforeed

FIREPLACES AND FLUES
Elevation and section illustrating alternative methods of sup-
brickwork above fireplaces, and methods of forming hearths.

Fig. 36.
porting

is illustrated in Fig, 45, The structure is
a steel-framed building with concrete
floors and concrete casing to the steel-
work, but the same principles apply o
a bulding which in re-
inforced concrete.

The wall load is transmitted through
the beams and stanchions to the stan-
chion fbundations. Cornices are usually
supported on projecting concrete lips.
Details of typical stanchion casings 1o
outside walls are shown in Fig. 45; one

cancrete for lintels;
Fig. 46 illustrates
iwo typical details,
The stone lintel
hlocks are ¢ut o
fit ‘agninst a rs.j.
lintel and arc se-
cured toit by balt,
put and plite in
themnanner shown.
A slot s cut in the
side joints of the
stones so that one
plate secures two stones. The linitel
blocks are screcded at the back agamst
the steel.

The detail of a precast stone facing to
a reinforeed concrete lintel shows how
the lintel blocks are specially reinforced
and reinforcing rods are lefi projecting
so that they can be bonded jnio the
concrete lintel at the back,

Boxmen Asprar. The traditional
method of building masonry wall=, . |
already explained, is o overlap stones
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A UNTORIEED EANDOM. BLIBXE
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C Ranpos SUBSE M CORJESES

F: SolnpE tMECKED slEail

MASONRY WALLS IN RUBBLE
Fig. 37, Four rypes of masanry wally, arranged in order of quslity from cheap 1o fairly expensive wark.

and bricks. or blocks 1o form a honed
Metal and other cramps are only re-
quired where side siress is developed at
pertain poitits,

Typical bonding details are illustrated

in Figs. 47 and 48, The walls consist af

ashlar Bcing with beick backing, the
fgee being bonded o the backing,
Foundation, plinth. sill, jambs #nd
ejuisins are shown in Fig. 47, and window
head, comice and parapet are shown in
Fig. 8. The deiils shown in these two
jllustratioms are designed on Renots-
apnee  lins—a. style of architecture

which follows the formal classic style of

ancient Greeee and Rome, This style
powe being displaced by the plainer
maodernist style which iz better suited (o
=asnl walling in framed buildings.
Another traditional style of architec-

ture which i atill used i= the Gothic
stvle, with 8 many vavintions, The
pointed arches already illustrated (Fig.
) belong o this siyle. A simple door-
way with a drpstone moulding over a
solid stone lintel is shown in Fig. 49, The
dripstone i & Gothic moulding which
srrvrs the practical purpose of throwineg
ol min=water,

Gothic Windows

A wincdow dedl of Gothic type B
illusteated in Fig, 50 This has stone
mullions, pointed heads and a dripstone
moulding. Notice the slate dowels: se-
curing the beds of the stone mullions
and the cement jogels 1o the pointed
heads. FTypical mullion sections are
illustrated in Fig. 51.

A casement window set in a2 mibble
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wall is Mlpstrated 1 Fig. 52 Notice vhe
stone -arch set on & fixed rning piece,
with a projecting dripstone course above
andd o reinforced concrete lintel ar the
back. The guoins and sill stones are
larger than the walling stones and sue
ronghly sqpeaved. This detail is typical of
modlern cottage and house building in
the stone districts.

Sereorivg TRe Ben. By this is meant
the direction ol the grain or sirata ol
the stone n relaton to the bed, Nawural
stone blocks in walls should he laid so

that the natoral strata s horzontal, 17

the lileck is laid s
that the strata
vertical, tronble will
[ollow through dis-
ruption and spalling
of the surface.
Stone arch vious-
soirs. should be so
cut that the strata 1=
parallel to & radius
line passing through
the eentre nf the
voussoir, Thus, the
strata will be ap-
proximately in the
same direction as
the bed joint—bear-
ing in-mind thar the
bed joints are be-
tween arch voussoirs
and on radios lines.
The direction of
stratn will thus he at
right angles 10 the
arch load (Fig. 53),
Mullions must
have the strata hori-
zontal. ‘T'his means
that the stomes from
which they are eut
musi be taken from
a deep bed.
Mortar. Thers
i same variation af

proctice in the selection of a suitable
morear lor namral seome. The Boilding
Research Station at Garston, near Wit
ford, recommends that the permeability
of the mortar should be comsidered in
velatiom 1o that of the sione. Thus, a
rather denze maortar may be used with o
denise, impervious stone, “bul there is
Fvery reason to avoid the use of a dense
maortar with stones of fair permeabilitg.”

Of three specifications quoted by the
Building Research Station, the following
it No. 2, o moderately strong mix: 12
parts fine crushed stone (by volume);

MORE EXFEMNSIVE TYPES OF WALLING

Fig. 38, Two more expentive types of walling in which all the stones
are worked to regular courses in contrast to those in Fig. 37.
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STOME WALLS WITH SQUARED RUBELE
A Wast country cotrage thowing a pood example of stone wall buile with squared rubbile

4 parts lime putty or hydrated lime;
| part Portland cement.

The tnaterials should centain very
little free zalts. These dre prosent in
Portland cement, so that a siroag coment
mortar used either with the stone or
with ithe brick backing is likely (o pro-
dunce efMorescence—the unsightly white
deposit which dishgures the surface ol
so much good work.

Frmc. Large ashiar blocks are fixed
with joints of about §-in. thickness. It is
important to see that the bed joints are
af epntistent thickness throughout.
Scieniling irons (strips of metal of the
bed juint thickness) are laid on top of the

stones dlready fixed and temporarily
secured by placing a lictle morar on

cach edge. The mortar bed 15 then
spread and screeded by working a
straight-edee over the irons. The bed is

left for & wery short time and the ivons
are then removed and the stone lowered.

The plumb rule is used to test the fice,
s in brcklaying. In rough rulihle work
the phunb rule cannot be convemently
used. Profile boards should be set up at
smtnble intervals and a line can then be
stretched between the boards.

Casr Stoxe is the name by which ia
now meant precast, reconstructed of
artificial stone, made to imitaie the
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colour and texture of various nutural
stones, and with crushed stone as the
principal aggregate. This distinguishes
the nmiterial from precast concrele
blocks made with gravel and sand and
included in the general description of
piecast concretle products.
"~ The fllowing is a spectfication for
cast Portland stone: 1} parts crushed
Portland stone § . o} in; 11 parts
crushed Portland stone } in down; |
part white Porthind comeni.

The special mix which gives the
appearance of the natural stone is rather

costly and is applied in the mould 1o the
surface only, to a thickness ol about 1 in.
Mechanical tamping and vibration ik
used thoroughly o consolidate the
mterial and to give a dense hard and
uniform textore. The surface is usually
rubbed smooth while the concrere is
still “‘green™ and the material may e
surface worked hy the mason, wsing
wedinary mason's tools,

Cast stone 15 oot usually reinforced,
bt reinforcing steel is incorporuted lor
special purpases; such us in lintels and
beam casings.

CONCRETE

aLts may be huill oft (1) plain

mass conerete; (2} reinforced
conerete; (3) concrete  panels either
in poured work or in slabs as Riling
in framed buildings.

Plain mass concrete walls may be
compared with ardinary brickwork. The
strength varics according (o the mix
used. The following is a mix of modemite
strength, about equal to the best quality
Yeommeon'™ brickwork in cement mor-
tar: 12 0h. Portland eement; 21 o 3]
culs, . sund (depending on the degree
to which it has bulked orswaollen accord-
ing to moisture content) ; 5 cub. ft.clean,
hird, coarse aggregate.

Qualities of Aggregaie

Acorecate. This is of two kinds: fine
aggregate, which in most concretes s
sand : and coarse aggregate, which muay
be hroken brick, stone or gravel,

All aggregats should be clean, free
frum loam and vegetable matter. Sand
should not be too fine and the grains
shouild vary in size. The coarse aggregare
oo should vary in size. This size varia-
tionil - ctly “graded™ gives a dense
writarn . comcrete, as all the vaids are

filleck.

The aggremite fbr willling in the above
specification should pass through a §-in
miesh sieve and be retained upona J§-in
mesh sieve, and should consist ol approx-
matcly equal parts of material between
{in. and §in,, and § in. and & in- For
thick walls the maximum size might be
slightly increased.

Mpoaxg. Sufficient water should be
useed to make the concrete sufficiently
warkable for the particular job. If oo
much water is used the concrete will be
weakened and difficulty may be caused
by the tendency to excessive flow when
placed. If not enough waier is used it
will be difhcult to mix thoroughly and
to place the concrete properly, '

Thormugh mixing is essential. This is
now usally done in & concrete miing
machine, the time required being from
oie and 4 hall minuted  upwands.
Usually about three minutes is sufficient
to give rood results.

Ordinary Portland cement has wha
is called an “initiul** set of about thirty
minutes. The concrere must be placed
position in rather less time than this
from the commencement of wet mixing,
and it should an no pecount be disturbed
theredfier. Mized concreve whichcarmit



SHUTTERING FOR CONCRETE L]

a,
SCRIBED LINES

IRMIGHT T faH T
Fig. 41, Method of cutting a moulding

le used within twenty-five minutes
should be scrapped, or used for site
filling under foors,

SutTTERING, The shuttering or form-
work consists of a built-up shell, usually
ol timber, into which the concrete is
poured and tamped mto position.

Fig. 54 illustrates nmber shuttering
for a concrete wall. The size of timbers
and sheeting largely depend upon the
height and thickness of the “‘wall, The
shuttering must, ol course, be a rigid job
which will not move
ns the concrete is
poured and samped
into it Wall sheeting
viries from | in. to
2 in. Edges may be
tonguet and grooved,
bevelled ar square
Sheeting timber
should not be too dry
when fixed. Iftoo drv
it will swell when the
wet concrere is poured
and may give trouble
by buckling,

If 1the concrete is
not to be plastered
the sheeting should
be oiled or greased so
that it will strip away
casily. For concrete
10 be plastered a non-

staitiing oil or wit soap and water may
he used,

There are various proprictary systems
ol steel shuttering. One system i illus-
trated in Fig. 34. This consists of tee-
bars separated by distance bars which
are sccured by wedges, Wood sheeting
is placed inside the tee-bar framing.

Persanesr Suormerm. The cost ol
concrele walls can be reduced by using
somie form of permanemt sheeting which
remains in plice a2 a lining or facing to
the wall, Certain water-repellent fhre
boards and building boards can be used
inside, flat-head nails being  parily
driven in the back to bond in the con-
crete as in Fig. 35, On the outside, pre-
cast slabs about 2 in. thick may be used.
These slabs may be lightly reinforced
and the reimftrcing wires turmed out a1
the back so that they bond into the
comerete.  Cramps may be used with
stane slabe.

STriremg SpurTErRNG, The shutter-
ing must not be removed unnl the
comcrete has attained soufficient strenath

BED JOINTS FOR STONE WALLS

Fig: 42, The joints should always be mads so that the water will run
off them. Examples of good and bad joint are shown,



JOINTING MASONRY
Fig. 43, Mutheds of constructing masanry

pot 1o reguire suppart. Dats on the
subject varies. The following are sug-
gested periods for ordinary Portlomnd
cement and average conditions:—
sl Surrresiva Pemions (Normal
weather ahoit 35 dogrees F.)
Y ertical _'n-.li.i sitles, eolomm bBoxes

beam sides . ¥ days
Flax alab up ta 3 L yEn 4 day
Flak alabs above 3 11, span A T ihaws
Beain bottoms ol props up o E20L. 16 duys

In cold weather these periods thould
be increased by one-third, as low tem-
peratures retard  the sctting  of the
coment. Concreting should not be done
in frosty weather or when [rost threatens.
Light covering with sacks is nat sufficient
protection, A good rule for frost predic-
tinm & o watch the thermometer, and to

|oints In order to prevent,
by means of joggles. any lateral displacoment of stones.

take @ temperatute
of 36 degress F. on
a falling thermo-
meter, or below 34
degrees F. on a
rsing thermometer,
as an indication that
frost is immineni.

Tampineg. Con-
crete should not be
wo rapidly poured
into the forme-wark.
It ehould be poured
in long layers about
12 in. thick, and the
slower the “rate ol
rise” the leis will be
the pressure on the
form-work. 1fahigh
thick wall is poured
at a rapid rate the
shuttering may col-
lapse. The mnore
water that is used
and the smaller the
. aggregale; the
greater the presiure.

Thorough con-
solidation is essen-
tial. The concreteshould be tamped into
position with an ron bar or hardwood
piece of a size and shape suitable to the
particular position. In narrow work and
beiween réinforcement the tamping is 8
most important operation on which the
strength of the job largely depends, but
care should be taken not to disturly the
reinforcement,

Consalidation Vibrator

Consalidation by vibration 1s coming
into increasing practice, The vibrator
may be driven by electnicity of come
pressed air. The device is attached to
the shuttering,

Vibration probably results in better
comsolidation, lesm honeycombing, &
more uniformly dense concrete and a
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better sutface i can be achieved by
hand tamping. The mix may be stiffer
if 4 yibrator is used, with a consequéiit
gain in strength, Extra care is necessary
10 ensire strong, rimd shuttering, as the
vibration may causc movement m
defective shuttermg,

Remvromoenkst, Romntorced concrete
consists: of & combinatdon of ¢onorete
and steel. Concrete is relatively strong
in compression and steel in tension,
as previously explained in the case
of reinforeed brickwork. The design
af reinfbroed concrete 7 such that beth
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METAL CRAMPS USED IN MASONRY
Fig. 44 Mol cramps for copings and wall facings. They have only been used in Tecent years.
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miaterials are economically used. In
reinforced-concrete beam the steel is
placed at the bottom té ke the tension
stress which resulis’ from the bending
iendency, and sieel stirrups are placed
SLal TACIHE

1o take the shear stress which oeeurs
near the fupports,

Although walls ave usually in diret
compression they tend to buckle; joit as
a sheet of plvwood buckles il it is stood

COIMCRETE LASINE,
Foumn [WE STam

“SLAB FACINC
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PANEL WALLS AND STANCHION CASINGS
Fig. 45. Vertical and aicernative horizonsal sectians. Mote method of cramping facing stones.
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STORE LINTE. FACE SECLMED TO R CONCRETE LINTIL

METHODS OF FORMING STONE-FACED LINTELS

Fig. 46. Vertical sections showing stone lintel face secured, by means of boit, nut and plate. to
rolled-sreel joist (left) and to reinforced-concrete lintel (right).

upright and heavy pressure applied 10
it at the 1op; wind pressure also causes o
bending stress. Comparatively thin con-
crete walls can be made buckle resfsting,
by incorporating steel reinforcement
on both sides, about 1 in, or 1] in.
from the face. Whichever way the wall
tends to buckle, the steel takes the result-
ing tension, Sieel: reinforcement in a
will also resists the tension and shear
siresses produced by shrinkage  and
temperature movements and so does
‘much to get over the chief defect in
noncrete construction.

Far this the Building Research
Station recommend 2 minimum per-
ventage of steel 1o whole concrete section
in each direction ar cach face of approx-
imately ‘1 per cont. In the case of a con-

crete wall 4 in; thick this would be ful-
filled by placing J-in; dismeter steel
biars vertically and horizontally ac 6-in.
centres florming 6-in. squares) an each
side of the wall (Fig, 55).

Just as reinforcement may provide
against the buckling tendency of a wall
under lnad, so it may be used to provide
against the buckling tendency of a
cohumnunder lnad. Usually four vertical
mild steel rods are used ina column, one
at each corner, wrapped round with
wire.

Beinforcing rods should be hooked at
the ends. Joints should be made by
l:luukqu, overlapping and tying with
Iron wire.

Cominag. Many cases of crazing and
cracking occur in concrete construction
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through omcontrelled drying out of the
water content. In hot, dry weather the
water will mpidly evaporate ffom ex-
posed concrete. The water is thus evap-

grated belore the complete hardening of |

the cement has taken place. The effect
of very cold weather is that the concrete
hardens very slowly and there is the risk
of frost setting in before complete
hardening has taken place. The object
of curing cemcrete 35 to sllow the con-
crete (o harden grodually in & ddmp
warm atmosphere. Timber shuttering is
suthcient ;nutrmnn agninst rapid evap-
aration i it is left in position for a week,
though in hot, dry weather a hetter
result would be obtained by leaving the
shuttering in position for fourteen days

[ I

WD GPENING

IFthe concrete must be exposed before
it hms hardened off it should be covered
with veaterprool building paper or clean
dlamp sacking. This is commonly done
with concrete floars, When filling ‘wall
shuttering the top layer ol concrete
shiould be covered if left fora meal hreak
and when finishing the day’s work.

Horrow Concrere Wanrs, Solid
walls are often of greater thickness than
15 necessary  for compressive. strength,
for the sike of the heat and sound
insttlation. A system of building poured
omerete  hollow walls is  illustrated
in Fig. 56, Pneumatic cores, consisting
of [ahric-covered rubler tubes inflated
with an ar pump like a motor-car
tyre, are inserted m the shurrering and
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BOMDED ASHLAR
Fig. 47. Details of eshisr facing with brick backing. showing sl plinth and tlil to window opening:
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AMOTHER EXAMPLE OF BOMNDED ASHLAR
Fig. 48. Masonry details in Renaismance scyle of the upper portion of the wall shown In Fig. 47.

secured in the correct position, The
conerete mix i then placed between
cores and shuttering, and after the con-
crete has sufficiently set the cores e
deflated and withdrawn. A similar
system s used in making poured con-
crete hollow floors,

Coxstavemion Jorers. This deserip-
tion i applicd to joints in menolithic
conerete which must occur when the
work is interrupted and later resumed.
Il more than twenty-four hours elapse
before resumption of pouring, o scum
is formed on the conerete which will be
a source of weakness and will not allow
of proper. bonding with the nexi section
of concrete.

This seum must be cleancd off by
brushing with & wire brush and then

well wetted and covered with @ 1:1
cement-sand mortar. The concreting
can then procesd. These construction
jointz appear on the face when the
shuttering is removed. As they arc
rather unsightly a sunkjoint line is some-
times. made by fixing & bevelled wood
fillet inside the shuttering,

In lofg walls considerable expansion
and contraction takes place with temp-
erature yariations, This movement fmay
crack the wall} to prevest this; vertical
expansion joints are sometimes made.
This iz done by leaving a gap of about
§ in. wertically through the wall and
closing it with a commugated metal fller
strip.

Somvare Treamuewst. Cancrete wall
sterfinces muy be lelt as they ave when the
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then applied with a
brush, keeping the
wash well stirred and
using each wet batch
in less than thirty
ININUies,

FECE

FUMITH

On small surfaces
the shuttering may
be safely stripped
while the conerete is
still green, The sur-
face can then be
brushed with a wire
brush 1o expose the
aggregate. Special
agpregates can be
used to give desired
colours and texures.
Tooling, bush ham-
mering and sand-
blﬁ"-ﬁng cany also be
: used in d:mu:g the
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DOORWAY WIiTH DRIPSTONE MOULDING

Fil. 49. Stmyln doorway with miptm moulding over sofid stone
lintal, The dripstona serves the purpose of throwing off rain-water,

shuttering i stripped. The surface
uppearance will then depend upon the
care with which the material was
iamped or vibrated, and on the nature
of the shuttering surface and the care
with which it was erected. Shuttering i=
now often bined with waterproof ply-
wood, ar other suitahle sheeting, so tha
board lines will not appear ‘on the
stirfiier of the concrele

Cement Wash

Cement wash is sometimes applied w
the concrete wall surface; Ordinary
Portland cement or white or coloured
cement may be used as desired. This
imiproves the colanr and t same extent
the texture. The wash should be mixed
to the consiatency of stiff oil paim and

% surfice,

Rexpering, The
covering of the ex-
terior surface with o
rendering of Portland
CEMENt mortar js
often adopted, as it
gives a good regular surface and axry
colour desired can be olstained by using
coloured cements.

The conditions for sound rendering
are by no means universally agreed
upon. The following can, however, be
salely termed good practice: The wall
surface must be rough to provide a good
key. Il necessary it should be hacked to
improve the key. The wall surfice musi

be sprinkled with clean water so thar if

will not rapidly absorh the water in the
rendering. The wall surfice must, ol
course, be clean and lIree from efores-
cence. The mix should not be too strong,
or shrinkage cracks may aceur. The
Building Rescarch Station recommends
the lollowing mixes; Undercoat (parts
by vulumse ) 3 parts white hydrated lime
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EEr OF DODEWAY

GOTHIC WINDOW
Fig. 50. A good exampls of 1 Gathic type of window with stone mullions and steel cisements

or stiff lime putty; | part Portland
eoment; 10 parte clean sand or erushed
stone aggrewale. Finishing coat; 3 parts
lime: as above: | part Poriland cement;;
12 parts sand or erushed stone according
th colour and texture required.

If lime putty i used this may be
knocked up into lime-sand coarse stuff,
and the cement added before use. All

material should he used up within abow

two hours from the time when the
cement is added.

This is stated to be satisfactory for the
average inland site, but for severe
exposure a cement-sand mix i recom-
mended for the undercoat; fimishine in-
a cement-lime-sand mix,

Renderings should not be highly
worked with the rowel. Tt is betier to
fimish with a wood foal. Excessive

MULLIONS OF VARIOUS TYPES
Fig. 51. Alterrative sections of stone mullions o windows and vertical section thowing jaint at sill
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CASEMENT WINDOYY SET N RUBBLE YALL

Fig. 5L Elevation and vertical section of casement window set in rubble wall. The stone arch s
et on A fixed turning plece. Niote the brick backing and reinforced-concrete lintel,

working up of the surface produces a
rich skin which tends to crack and flake
off. Various rough-textured finishes are
produced by scratching and scraping,
wiping with sacking and other devices.
T'His has a heneficial effect as it removes
ar partly removes; the rich skin.

Rough Cast

Rough cast, consisting of pebbles or
gravel thrown on the rendering, seems
to be less liable o cracking and other
faulis than smooth-finished renderng
This is probably because the impaet,
when the materisl is thrownon, improves
the adhesion to the wall by removing
air pockets. In some coumtries it is the
custom: o throw on the rendering in-
stead of working it off wowel or float,
and the former method is thought to
give a bétter result.

Span asn Posy Wates, This i= a
systern of wall construction, primarily
intended for offices, canteens, small fae-
pory buildings, garages and dwellings
which are urgently required. The build-

ings can be rapidly erected by semi-
skilled labour. There are a number of
proprictary systems. The units are
stnndardized and wall leneths and
heights should be arranged to suil the
standard dimensions. The general prin-
ciple is illustrated in Fig. 57. The pre-
cast concrete posts are reinforced. They
are grooved so that precast concrete
slabs can be fitted into the grooves.

The large number of buildings of the
procast slab amed post type evected o
meet urgent war needs has proved the
merits of this type of construction and
the ease with which sueh buildings can
be put up, and also taken down and
removed (o another site.

Rexprrmeo oN Exrannen Meras, In
framed - structures the panel walls are
sometimes  comstructed of expanded
metal, or a special form of expanded
metal stiffened with ribs, rendered with
several coats of Portland cement render-
ing to form a reinforced momalithic
panel 2 in. to 3 in. thick, as illustrated
in Fig: 58. Expanded metal is albo



used 10 wiap round
steel stanchions and
beams to form a key
for plasier or con-
crete, This forms:a
sound weatherproof
wall which is also
durable. The use
of expanded meral
enables awkward
shapes and curves
of short radius to
be easily negotiated
(Fig. 58).

Small buildings

e sometimes con-
structed in this sys-

tem, Ahghtﬁ:umng
of timber or steel is

erecied to support
the roof and stiffen
the walls, and the

pxpanded metal s
fxed to the framing
by tying it with iron
wire or clips. The

inside and outside
are then rendered as
just described,
False piers, duet
casings and sus-

T

E

pended ceilings are
also often erccred,
using expanded
metal as a com-
bined lu.l,hmg and
reinforcement. With plain expanded
metal, -mild steel rods are used a3
!tiffﬂt:n. With ribbed expunded
metal, the ribs provide the required
stiffening.

Howrow Brocks. These are made of
precast-concrete, clay, terra-~cotta and
distomaceous earth. Some blocks are
mude for outer walls and some for parti-
tion walls,

Blocks may have a smooth face for
facimg work which is not to be rendered,

TG QUT VOUSSOm

CUTTING VOUSSOIN
STONE ARCH VOUSSOIR

Fig. 53. Elevation and plan of simple arch, with method ol setting oucana
cutting & voussoir. The direction of strata et right angles vo arch load

ot a rough or keyed Lace for rendering,
Rendering or plastering should not be
practised on smooth-faced blocks,
Blocks are larger than bricks and the
joints do not provide sufficient key for
plaster.

Gancrete blocks are obtainable in n
variety of sizes. For exterior work some
hlocks are faced with a special fine eon-
crete 1o a depth efabout | in, A popular
sive for ousside wallsis 17§ in. % 9in. %
8% in. An example ol this size is shown



WALL CONSTRUCTION

loads lrom beams
and trosses can thus
he constructed of
filled reinforced
blocks, no shutter-
ing being required.

Selid concrete
locks are also
made. Light-weight
breeze and pumice
nnd plaster blocks
are prodioced for the
construction of par-
tittons. Thesec are
much used in-iall
Iramed buildings
where they effect
considerahle reduc-
tinn in dead load.
Thicknesses are 2
i, 24 in,, 3. and

1.

Where the slabs
butk against wallsa
triangular fillet s
lixed to secure the
junction. The slabs
arc keved to inter
lock and mav be
laid dry il they. are
skew nailed al the

angies. They should

TIMBER ANMD STEEL SHUTTERING FOR COMCHETE WALL
. 54. Three types of shuttering for concrmte walks, shawing also
Fis slternative methods of supparting the sheeting,

iy Fig, 39, This particular type of block
liies been largely used in the eonstruction
of air-raid shellers and traverse walls,
The hollows can be filled with conerete
or with sand. For light buildings they
could be left empty. The planin Fig. 59
shows the arrangement and bonding of
these blocks in air-raid surface shelress.

It shonild be noticed that the through
cavities in the blocks enable vertical
reinforcement 1o be introduced with
concrele flling. Piers for bearing

ilso be secured o
timber framing with
nails. These slabs
are 3 {t. x| fi. They
may also be obtained sized to | It 6 in.
- I tt-u

Hollow Clay Blocks

Hollow clay blocks are mude in o
variety of types and sizes. The use ol
such blpcks as backing in panel walls has
already been described. Fig. 60 shows
hollow clay blocks with keved beds and
laces suirabile for external wall conmstroe
tion for light buildings. 'The keyed faces
enable the blocks o be tendered in



SOUND-PROOE PARTITIONS a7

Portland cement outside and plastered
i, _

Hollow clay partition Blocks vary in
thickness from 2 in. to 4 in. An example
with interlocking beds is illustrated in

g 60, These blocks are ol light weight,
and, like the breeze and plaster blocks
just described, may stand direct on
upper foors without  beam support.
Muosr hollow clay blocks are | 2in: 2 9m.
They are laid 1w sirewcher bond.

Paserrmon Warts: Load-bearmyg par-
tition walls are of ordinary brickwork,
concrete or solit concrete blocks. Fig- 6
illustrates a 4 }-in. thick brickwork par-
tition wall and foundation with a solid
floor one side and a timber floor on the
other. Such a wall may rest direct on the
surface concrete, but unless the bearing
value of the ground is very high an extra
depth of concreie should he provided
fbr the foundation,
Alternatively the
concrete may he
reinforced.

Cellular bricks
|bricks of siandurd
size but hollow
within) are often
used for partitions,
as they mve weight.

Sounp-rROOF
Pawrmioxs. The
Bblocks jusi described
#re aften used in
the eatistruction of
sound-proofl parti-
tions. The term
sound-proof is used
in'a relative sense o
mean proaf against
the moderate noise
found in houses,
offices and similar
buildings. Block
portitions are not in

themselvies - sound- 55,

fibre-board

junction with other materials they have
h:gh sound resistance,

Sﬂund i transmitted through a struc-
ture by wibrations. The harder the
materials and the more rigid the con-
nectinns between one part of the struc-
ture and ancother, the greater iz the
amount of sound transmitied. Sound-
ahsorbent materials are usually soft and
have a cellular srructure,

If the material = of a loose fibrous
nature it is made up into guilting en-
closed in building paper. Sound-absorb-
ing boards are thick fibre boards or cork
alabs, Sound-alsorbing pads on which
stanchions, beams and partitions rest
may be of any stitabile material, bt
thick cork, asbestos and rubber are
usuilly usedi Thick sheor fead s some-
times used tor® heavy loads:

The problem of sound - proofing

PERMANENT 5HLI'I'I'EI.ING

to one tide of reinforced-

proof, but in con- mlu wall, with steel bars forming 6-in. squares, and szanchion.

iE—u



SAVITY JORMIT ET
USING WITHDRAWADLE

. 58, Verual section and isometric sketch
of hollow reinforced-concress wall formied by
the we of pneumatic or other ores

partitions and walls should be studied
it two parts. First, the wall or partition
should be insulited from the surround-
ing structure (floor, ceiling, beams and
stanchions) by mterposing resilient pads.
Second, the pariition. or wall itseli
should be highly soupd albworbent,
These points are illustrated in Fig. 62
At a, a partition wall of ordinary bricks
or builditg blocks is shown, Fhis rests
on a sound-alsorbent pad which danps
out vibrations transmitted through the
solid Boor, The puartition is lined by
sides with 2-in  thick thardhboard.
Corkboard and other materials are
mide equally suimble for this purpose.

The partition @t 8 is 5 cavity or
double partition. Thin blocks or slals

WALL CONSTRUTTION

CONCRETE PANEL SLAE

"'I.L-L-

Fig. 57. Postand pansi wall, Sametimes the
have another groove or rebace in which inmer
slaby'are fixed, chus giving cavicy construction.

would be used jor this purpose with a
cavity | § in. 1o 5 in, thick between, The
blocks or elabs rest on a resilient pad,
thius imsubiting the partition: Framn (he
floor, as before deserited. The plaster
fice is applied direct t¢ the partition.
As there is no rigld connection between
the two portiom of the partition, sound
vibrations are not readily  ransmitted
through it

“Fig. S8 Ribbed expanded metal and rendering.
Sometimes the cement rendering is shot an
from 3 cement gun,



TRRRA-COTTA PRODUCTS

HOLLOW-BLOCK
CONSTRUCTION

Fig. 59. Pian of hollow-block
surface air-raid shalter. The con-
crete blocks are cast in' moulds
or in & block-making machine.

Sotnd-prool partitions should not be
rigidly connected to the floor above. An
gir grip may be 60 or o resilient pad
may he fixed to close the gap. Doors
shonld be of a sound-ahsorbent wype or
the ahjent of sound-proofing the parti-
tion may be defeated.

The sound rosistance of owter salid
witlls may be improved by similar
means, the shoeting matenials deseribed
being used hetween the plaster or
sheeted [ace and the solid wall. Floors
should rest on reilient pads. Much
noise is transmitted through foors—
this point = therciore very imporrant,

Terga-corra.  Moulded-clay  pro-
ducts embracing blocks for walls and
for fucing work are included in the
description terra~cotta. Terra-cotta may
be glazed, but the deseription used alone
refers to moulded blocks tsed as a fcing
material The natural colours of terra-
cotta: depend on the clay used. Red,
buff and grey - are the usually natnural
tints. The material is demse and durahle,

Glazed terra—cotta has a mate-glized
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surfice. Polished plazed terra-cota is
tsually called fitense. It is produced in
i range of brilliant colouss,

Terra-cotta facing material consists ol
hollow blocks specially producéd for the
particular building. Tt may be regarded
a% & substitute or stone, but the material
has chamcteristics af its own which
should he developed in design and taken
peeount of in construction. As a clay
product it shrinks in firing and also dis-
torts the moulded shape 1o somn extent.
The biocks must therefore be small com-
pared with stone masonry or the dis-
tortion will be so great as o prevent
accurite fixing.

Terra-cotta blocks are filled with con-
crete on the site. The concrete should
not be (oo strong, or the expansion may
crack' the blocks. One part Portland
cement (o seven: of mixed ballast is
wsual, the maximum size of ageregate
being § i

Joints are wsually } in. thick and
weathered. Mortar must be deaned ofi
s the work proceeds. The blocks must
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be & good bt and i the distortion is oo
great  the block should be rejected,
Terra-cotta blocks should not becut or
holed, All required holes aned chuses
should be moulded n the hincks.
Rusiless metal dowels and cramps
shoulil he wed, but s the hlocks are
open at the back they may be filled as
fixed and so band into a cancrede back-
ing, as in Fig. 63. Dovetail groovves can
be made to previde a keyed joint—the
doverall being moulded in the Hloek.
Projecting cornices should be filled
with concrete at the back: The from
part is left hollow, thus keeping the

Hf' 6. Vertical sections of axrernal wall and
Buile

HOLLOW CLAY 8LOCKS

partition
of hollow clsy biocks, which have interiocking beds

overhanging portion of light weight, as
shown in Fig. 63

Dame-proor Courses. These have
already been mentioned and some uses
have been illustrated, The material
used for a damp-prool course ymist be
durable and impermeable. Nor-ahsorh-
et slates laid in cement, wsing two
courses and laying the slated so that the
side joints in one course are positicned
over the eentre of the slates above or
below, as in Fig. 64, arc often used. The
total thickness of the course so formed is
about 1§ in. Slates are speeially pro-
duced for various wall thickneses.



Hared, close-
textured bricks,
stuch asy Stallord-
shire blue hricks;
laid in cement
maortar can be
used 1o form
a damp=prool
course. The whale

of the plinth of

2 building may
e built in such
bricks, so that the
wialle rest on &
damp-prool plinth.

Flexible damp-
proof course mat-
erialsare produced
inrolls w standard
witll widths. Bitu-
mijnized [elt, sheot
bitwmen, asphalt
poured and screed-
ed over the wall,
sheer lead and
sheel copper arc
siiitable materials.
A ypical flexible
damp-prool course
is shown in Fig. (4,

The position of a
horizontal damp-
prool course s ol
great lmportance.
This should be at
lemst 6 i above
the finished ground
or paving level, as
shown in Fig. 65
Will plates or
lior joists should
be placed above
the d.p.e.

PAMPFROOF COURSES S

PARTITION WALLS
Fig. b). Sketch of hall-brick partition wall and foundation. The foar
joists 3re supported on sleeper walls, The foundstion has a solid floor
on one side and = timber floor on the other

Vertical damp-proof courses are nee-  shown, Waterproofed cement and sand
essary in basement walls. Anexample  are sometimes used for this purpose,
i shown in Fig. 65, 1M the ground is very Note the position of the d.p.e. in the
damp it may be necessary 1o continue partition wall in Fig, 6il: a solid floor
the dup.c. through the concrote floar, as  one side and a timber floor on the other.
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INSULATED PARTITIONS
Fig. 8 Yeruicl secrions of two sound-resisting walls between rooms: A shows 2 half-brick wall

sound-insufated on both sides, and 8 8 cavity wall buift of

ition blocks: Motz the methads af

disconnection =t funcrion with floor. The problems of sound-procfing particions and walls that |n
all probability will confrone the lezrner are fully discussed in the e,

PLASTERING

‘1ie plasterer’scrafi has beenmodified

by the introduction ol new plasters,
Inat §t is still & handieraft depending lor
success upon the skill and experience of
‘the crafisman; Failures of plaster are
nearly always due o some avoidable
cause. The speed of modem building
operates. against sound methods in
plastering. Where sufficient time fin
drying out cannot be allowed, it is bete
to use hwilding board rather than w
rush the plusterwork.

Laths of wood applicd to timber joist
ceilings should be arranged-so that the
Lutted ends are nailed 1o x joist and do
not overhang, Laths should break joint:
that ‘§s, all of the ends should not be
nailed to one joist, nor should adjain-

"ing laths be nailed to one joist, If ends

are nailed to one joist so that the bButts
fine up, the plasier will certainly crack
alomg this line,

The space between the sides of the
laths should be § in. Great care should



MOBDERN PLASTERS

CORMICE 8045 TRED HH L
WITH CORICRETE AT Bacy i)
OMLY : z

f

K AskHarT

e —

| Ly
Rt - LY
w i
it
; 1'1..
— >
WINDOW FLASTEN
WasTE Esd BHICE BACKING

TERRA COTIA SLOCKS TILEED
WITH COMERLH

Fig. 4). Plan ol pier and verticzal seczion al

carmice showing methads of fxing terra-cotta.
Mare that the cornice Is only filled with con-
crete gt the back in order o awoid undue
weight in the overhanging portion.

e taken to keep this key gap constant,
Fauliy lathing leads to cracks and in
bad cases' to the flling of the plaster.

The joists or studs (o which the lnths
are fixed should not be more than 2 in.
wide, Wider joists should have the edges
chamfered, or narrow battens should be
nailed to them. A greater width than
2 in. against the lathing weakens the key
to such an extent that the plaster cannol
take a proper grip.

For externnl lathing  (for Portland
cement renderings) L s better Lo use

11

expanded metal, 22 gauge, weighing
3} b per vy, super. For internal work
expanded metal 24 or 26 gouge may be
uscd—the light 26 gauge on partitions
and the mediim 24 gauge on ceilings,
Studs, joisti or battens should not be
inore than 13 in. apart n the elear,
Internial plastering is asually carried
out in three coats, sometimes described
as render, floar and set. The fies
rendering and the second or floated coar
consist of coarse stuff made wup ol | part
lime tg 2 o § parts sharp sand, and on
lathing: | b, of clean cowhair should
I added to each 3 cub. It of mix,
Gauged stuff consists of 3 1o 4 parts of
Fne stufl to | part plaster of Paris. For
moulded work equal pares are used.
Modern plasters, such a3 Portland
gement,Sirapite, Selenitic lime, Keene's
cement, Martin's cement, and Parian
cement have two advanmges aver the

PO COURSES SLATES UM CEMENT WDHETAR
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Fig. 4, Two methods of forming damp-proof
courses, the lower example being flexible.
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tratlitional lime nixes: rapidity ol
seiting and hardness,.  In modern
rush jobs the rapidity, of sctiing s
ceriginly an advantage provided tha
the work = smartly done.

Devinc Conptiions. The success o
plastering largely depends upon drying
conditions. Each coat should be almosi
dry before the next is applied. Much
depends upon the weather, but drying
out may be asisted by placing portable
heating stoves in the butlding. The time
ullowed for the drying out s no
criterion  in  this- matter. In damp
weather the plaster may retain practie-
ally all itz moisture for sevieral owecks:
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DAMP-FROOF COLURSES

5. The tion of a
i of i h
should bear least & in. above
the finished nd or paving
lavel, The
the basement is sealod from the earth. Yertical

Camd FRCORNG & BASIMENT

~hand drawing shows the usual posicon in an external wall,

WALT, CORSTHRUCTION

ScrEEpiN, The frst coat of coarse
sinlfT should be 3 in, thick. The second
or floating coat should be  in. to § in.
thick, and the finishing or setting coat
about 4 in. thick. The second coat must
e scteeded 10 bring the surface level.
The sereeds aré narfow strips of plaster
plumbed and hined up. An inferior
screeding method is ro use wood laths
as temporary screcds; but this s nog
recommended. When the floating. coat
is applied it is levelled 6ff by passine the
floating rule over the screeds. IF the
work is not sereeded the surface will be
irregular, owing to the {aer that walls
are not perfectly even on the face,

In the right-hand drawing
damp-proof courses are necamary jn bassmant walls,



CHAPTER 3

FLOORS AND FLOOR FINISHINGS

Suspended and unsuspended floors. Loading on floors. Weights of materials.
Length of bearings. Supports. Strutting. Trimming methods. Slesper walls
and piers. Conerete floors. Floor finishings. Strip floorings. Cement and
sand, and granolithic pavings. Waod block floorings. Quarry-tile pavings.

Terrazzo and mosaic  pavings,

Avoiding  cracking.  Parquet  floorings.

Compasition, asphalt, rubber and other special floorings.

Loors, of whatever material they
may he constructed, are essentially
structural und muet, as such, be
capable of supporting salely the various
loads wn them as well as their own
weiirhr, J
Froor Fiumsuisces or FLoomrings
come under a distinct heading as com-
pared with “Floors.” They are support-
ed by the structural and load-supporting
Aoars, and are the actual surfaces used
for pedestrian or other forms of traffic,
lor frniture, goods, ete, and, being

almost invariably exposed 1o view, they
are often subject (o cousideration or
treatment to make them pleasing or
artistic in appearance.

The simplest example to show the
difference between a floor and a foor
finishing is the ordinary timber Hoor of
a house; the Moor joists form the strie-
tural floor and they support all the main
loads of and on the Hoor and transmit
them 1o walls and othey pars. of the
main structure. The Aooring boards are
the Hoor Rnishings.

FLOORS

RACTICAL AN Teouncan Ksow-
Lence Arriep 1o Frooes. To en-
sure compliance with the best principles
and details of foor construction it is
essential 0 appreciate that there are
many aspects, both practical and rech-
nical, which mally must be considered
together, It is quite wrong, as it is unfair
to all parties, whether they be designers
or eraftsmen, or both, to cdoak techinical
work with such ambiguous specification
clauses as “Constroct. the floor in o
proper and workmanlike manner."
This ar once. causes what may be
apily termed an interpretation clash of
minds between the designer and crafis-

P —nt

man. From the simplest type of timber
floor—which has very many points to be
considered, as will beunderstood later—
to the more complicated reinforced con-
crete floor, the lollowing mattersall have
10 receive attention o ensare the best
results both practically and techmeally:
(1) Stroctural mechanics, which  deal
with strosses el strains and ther
computation; by no means 3 difficuly
subject for designers and alsa foy
many able craftsmen whi cian sodon
become interested and proficient in
this matter;
(2} The uze of modern wholar- imforms
tion and dain, which climinate mony

[LL4]



g PLOCS AN DL WIS NS TIMBER BUSFERDED FLOORS 1
| FANTTS ! *
{10 0 e B STV WA £ )
{4 1 5 e — 3 .
iy Lamat = H my M == F i ok e o e
L WL GCATT '
] —ol kel khgry Wl

:>-;_,J;-mwﬁw S | ‘ *\ . - F

R JILIE L e T

I

it 2
— : : i o
NE kil ;
s A | === [ - %
Eiry | R B
e 4 I-‘- F ’ { i 4 — » — —
I T LW S =
PUAR - f '_: !__.’ o .
= r - R i =
- = i - . s = (X ]
i I : e 5 = - L e - o -'-r.-
! 5 o = 1!
| ] A = 1 . - -'_ - [
o "B i s _‘ "
= = = e B 1 N
g =% _"_]f‘,"'__,“‘__._ - 'y and q_' ey ==t | =
I {u‘n i\ i) 1 — i t (e T ._Ji_-—I_-_TL_L_-
ep—— i i—Jrjf- el - : —1 - e
it Bk ———— - LSS e e : g o)
34 Y3y ey = { - = e gesen
e l‘ u ” | T PNCE WaL)
Y
L st 11 :
TYRICAL TIMBER SUSPENDED FLOOR TO AN UBIER STOREY
‘Figs 4, Noze the inezhod of trimming round che hearth and the names of the diferent jolste. The ey . ) - o = i e B
’r‘__iﬂ to the bay window below and the fpor m the bay window shove are corpied by auntilevering :hgmm.u.";" mﬂm :.,,T:;:::;E‘Eé ;mﬁ',“.,..‘l’c#‘.'i:‘ﬁf :|'l:u sigles to the: pfiy wall,




of the computations mentioned in (1),

(4] The economical and commercnil as-
pects having regard (o the purpose of
the Hoors. _

(4] The building by-Liws.

{5) The “following™ trades and finish-
i

() The designing, detailing and l.pm
fying of the worle.

[T] The exceution of the work by the
carpenter, the concretor, the steel
erector, the labourer and/or others,

Main' Groups of Floors®

Floos are divided into two mam
© groups, viz.:—

- Suseespen Fuoors which consist of
structural members which extend or
spai over space, having, al course, bear-
ings on walls, steclwork or other parts of
the main structure. The spanning mem-
bers: may be the ordinary -and very
extensively used timber floor joists, or
they may be ofslabs, guch as ol réinforesd
concrete, plain concrete and stecl, and
many ather materials which are des-
cribed in this seetion,

The most common examples of sus-
petided fAoors we the ordinary house
Hoors with their imber joists as depicted
by Figs. | and 2. Ty will be noticed that
the finor in Fig: 1 is to an upper storey,
and that in Fig. 2 (described on page
125) to the ground storey, or ground
floor. Tn both cases the joists are sin-
pmd:d between their bearings; they
spun a3 beams over space, The same
principle applies to all the other types of
suspended floors,

Unsusrespen. Fuoors are definitely
different from the suspended type. Study
Fig- 26 and the diffcrence will be imme-
diately apparent. The concrete floor or
slab does not span over space, has no
bearings at ends or edges, but is sup-
ported theoughout s area by  the
ground; there are no beam or sdab
members which are, ar should be, sul-

FELCHMRS ANDY FLOOR FINISHINGS

Ject to bending stresses which are des-
eribed later,

Tmarr-rrRaMED Froons are almost
invariably of the suspended typ=. more
wsed than any other, particularly for
housing work, and are economical,

Fig. | shows an isomctric view of a
timber-framed floor to an upper storey,
usually the hrst storey in an ordinary
bwo-storeyed house, and it design ancd
constroction represent 2 fund of interest-
ing knowledye for craftsmen and tech-
mcians alike. The fioor does not merely
mean: throwing a number of tmber
Joists from wall to wall; thought mus:
be given to all the matters which tend.
to miake this simple floor & credit to its
designer and construetar and trouhie-
free to its lser,

Tumber joists are essentially beams
which have to carry the loads of and on
the Aoor, The load of the floor is the
actual or dead weight of the materials
camprised in the Aoor and the marerials
wed in floor finishings and in ceiling
Anishings or coverings. The load an the
floor is known as the superimposed load,
or what is sometimes called the super-
load, and this load is that caused by furni-
ture, goods, and the movement ol peaple.

Computation of Loads

“How are these loads computed 2 it
may be asked. The dead loads are not
difficult to uscertain, as it is known, or
can be got from tabular information,
what timber and other materials weigh
per given unit. But, as to the superioad,
it will be manifist that it would be fm-
possible even lor o wizird 1o state with
any degree of accuracy what the weight
would be for different elasses of furni-
ture, goods and people which would, or
could, be on the floor atany given time.
Therefore, technicians and seientisis and
building acts assist in this problem by
telling us how many pounds per super
hot shall be allowed as superload to
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TABLE 1

SUPERIMPOSED LOADING ON FLOORS (including note on
MINISTRY OF HEALTH MODEL BY-LAWS

dead loading)

1o the dead load specified below.

Fon il purpese of calondating the miperimposed Ioading on beans, pillars, plers and walls
ihe minimum soperimposed load oo each foor of a-boilding shall beestimated as cquivalen

r | Prouneels it
Presgriptvon o builifing cuere font o
. | foer wewu
Hooms of dwelfimg-bouses, llas. bowel boldings and similar rewdential
butildings; hospital rooms and waeds: eorridors, sraircases anod Tamadingrs of
flwrellinz-honses and faty - . B . . ] 40
Ol e=— Hoors aboye entmnee Qoo - . E L)
Offices—enttance lloor and floors below entrance foor o L
Churches, schools, reading-rooma, arr gulieries, and sunilar binkdings 0
Hetail shops and samees for cars of not sore jhan-2 wen dead weighl | . 1
Assernbly Hall; drill halls; dance halls; gymmasiimn; Hebn workshops . public
spaces in bogels and hospiials; corri imireases aned for tlie
Amiildinigs mentioned in this tahie rmm thisee 1o dwelling-houses, Hats,
.2 cineries; restaitrants; and grands - . E { . 100
Warehioums, book siores, statinnery atores and boilding siilerly weed and
garages for motor vehocles exceeding 2 tome desd woaght, Actual food o be
coderaluted bint wal fess thon g ] J - ' - XK

Note os Dexo Loaomsa. For the purpose ol mmlnﬂﬂ.ﬁ ihe desd loading ol 0 buoilding
ur any part of a bullding, ihe weights o the materinls

British Standard Specificatinn, No. 64, [%05—Schadulr af
of H ool scl out in that Specification dhall be determined by test (e TFable 111)-

be asumed 1 be those st out in
Unit Welghts of Butidivg Materaols,

Table | Ministry of Health Model By-laws for supericads for buildings outside the London area

cover all reasonable conditions and con-
ungencies.

Table I gives the superloads to allow
in accordance with the Ministry ol
Health Model By-laws for buildings
nutside the London area. Tahle [
appli=s 10 London where the 1.C.C.
by-laws operute, Tahle 111 gives the
weichts of various materials used in
Hoors, such wrights being extracts from
the British Standard Specification No,
6411, 1935—Schedule of Unic Weights of
Buildimz Matcrials: .

Therefore, by using the appropriate
Talile I or 11, together with 11E we
obimin ool only reasomable but the legal

minimum dead and superlonds to allow
irrour calculations (if made) to ascertain
the loads on each of the Roor joists and
to compute the size of such joists.

To compute the lpads em Abors, and
the sizes of joists, to combat bending
stresses. deflection, bearing, ete. (all
explained fully in Chapter 7) while
being very interesting and by no means
difficult, i considered by many  busy
rechimicians, architects and craftsmen as
being a little labisious and time-taking,
To meet these conditions tabular inlor-
mation {s availabie, which saves time.

A study of Tables IV and 'V will

" make” it clear that the correct size of
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timber Hoor joists to wse for howsing
wark can be settled in a few seconds,
whereas calculations take very much
longer. -

It will be assumed thai the sizes of
jolsts will be obtained from :ames,] and
that thefollowing general structural and
vther subjects must be given attention.

Structural Details

Dapths of Foists, Tt is more economical,
in the use of timber, to use a deep and
reasonably thin joist than a joist of fess
depth and greater thickness or width:
this rale s true as regards the provision
of greater strengeth and greater resistance
1o deflection ; but it should not be over-
looked that an extra inch or so added w
the depth of a joist mayaddanextrainch
orso fo the general height of a building,

The strength of & joist varies as the
square of its depth and directly as is
width. As examples: a 9%-in. % 2-in. joist
has n smength value of 9% 9% 2=162,
amdd o 7-in, % S-in, joist equals Tx7 =3

=147. It will be noted that %in, <2 in,
hias 18 Qs inosection and 7 in. <3 in. has
21 in. Nob only is the later joist weake
than the former; but it has nearly 17 pei

Propertien af Depth te Widih, To avoid
buckling or winding, the depth of a
tinber foor joist should not exceed
about 5§ tmes its width; therelore,

Il in %2 i s pormdssible; bat 1 1-in.
s 2in. seanl which ey Finish about
105 in. < 1] in. is no particularly good
bt s often ysed.

The leadl teddth of joixts should be | §in,
to provide sufficient widih fbr nailinoe
without a liability of spliiting,

The distance apiert. wf joists is of con.
siderable importance and should be
‘regnlated lirgely by the following con
siderations: —

(1) and the mmst important—is (o
make the distance apart to suit the
Moewring and eriling covering which i

FLOORS AND FLOOR FINTSHINGS

used. The ceiling material usually regu-
lates the distance, Joists should not be so
far apart as to cavse fooring boards,
eic., to unduly sag or be springy, or
ceiling boards, lath and plaster, et to
sag or crack. Table VI will be found of
practical use,

(2) The distance apart should be the
maximum so that the best strength value
may be vhitained from the timber. Inold
times 12in, or 14 in. centres wis the
rule; during the past decade of two the
centres’ have been Increased to about
16 in. In these modem times with
the use of various kinds of flooring and
ceiling marerials it may be sound
economy, to use much greater centres,

Deflection in Foor joists should noi
exceed Ly of span. This rule is not ouly
sood but will comply with the LC.C.
Ly-taws, and the British Standard Spevi-
hication, The author’s Tables of Siers
of Timbers for Floors, examples as

Fables 1V and V. allow far o1y delloss
tion. Any greater deflection may cause
o0 much springiness m floors,

Begrings. The bearings of the ends of
titnber joists on walls, partitions, steel
beams and other structural parts of a
building necessitate particular attention
lo ensute consistent strength,

Tt should be manifest that any weak-
ness at the bearings will almost assuredly
cause the strength value of the joists 1o
be reduced to the value of the strength at
the bearings: in other words, il a joist is
designed to carry a combined dead an:l
superload of, say 10 cwt., the bearings
must also be eapable of supporting sately
that proportion of the loads which caleu-
litions show is necessary.

This important matter can be ad-
vanced one stage further by ststing that
the structural part on which the bearings
occur must also be of sufficient strength.

The simplest and most eommon type
ol bearing is where the end of a joist o
timber beam rests on a timber wall plate;
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J:lmd-l.n staive and landlinge oo |rrn1.1d:11 far in
Cluss 1

SECTION 2, FLOORS OF TIMEER
CONSTRUCTION

Rooms used for residential purposes

Office=—Hloors abose entrance Boor

Offices—entrance {loar and floors below entrani=
floor; retail slops and garegess for ears of noi more
than 2§ toms oot weight .

Corrdors, stairy and Jandings . -

SECTION 530 FLOORS OF ANY PERMITTED

CONSTRUCTION, SUCH AS TIMBER,
REINFORCED CONCRETE, ETC.

Werkshops and factaories, garages for moine vehiries
other than private cars of oot more than 2] toos
et worizlii - - o - - . -

Warelwmses, book stores, statinoery stors and  ihe

Aniyspurposs not bersin speeified

Nide e Tonding.  Same as aved in Talle |,

TABLE 11
L.GC.G. BY-LAWS dead loading)
Supermpased locding i
Clis . per squmre ool of
. Llae of foor area
Slabs | Bevimy
SECTION 1. FLOORS OTHER THAN OF
TIMBER CONSTRUCTION
| Roonw usedl for residential . sl onrmidors, I
stirs od Jadings within the mn:lnx of 4 ﬂa: ar
redicletiee . Sl L
= {Hlices —{loors above entrance Hoor H il
i Oiffices —emtmanee floor and  fioors below  entrance
floor; remil dops, u.n:lgau.gﬂﬁ.r;nnﬂj_muul
not more thun 2 oos net weight Hi &0

Londing w0 be provided fop
o be sscertainnd to the
eatisfaction of the distried

sarveyor, Dt ol less
tham:—
10K} ({L1]
4 40
B 30
it RO
Joid LN}

Loading 10 bo provided for
tir e msceripined lo) the
satisfcton of the district

bur not bes

satifaction of the district
STVEVr

Table I L.C.C. by-lsws for superioads on floors for buildings within the London zrep

13
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EATS BEARING
WAL PLATE OF
* SLEEPER ‘WAL
o e _—————a
" —— E————
T 3N % 2Nk
7 will ATE Db be—simrer wall
7N W | elo0s JOISTS BEARING 5 SOTTE BEARING b oR PIER
g LR O WALL PLATE ‘-‘._‘ "'."-_'.‘ l--.n_'._.
i I CHRECTION L 41D CF4 CFFSET .' -
OF LEMGTH OF pOIETH 4 wkLL SURFACE CONCHETE

PLAIN BEARINGS OF TIMBER IONSTS

Fig. 3, The diagrams show. the simples:
depice

and maost common types of bearings. The thick arrows

the direction of the downward and upward forces.

birick wall, etc,, as shown by Fig. 3. Liis
often specified that the length of bearing
shiall be 4 in., which, it mast be admitted,
s usually ample. But, how often is this
4 in. governed by a simple examination
of facts, and caloulations made to ascer-
tpin the accuracy of the length of hear-
mg? Very seldom.

Timber has not the same resistance (o
crushing of it1s filires by a foree acting at
right angles to the direction of the fibyes
or grain as it has if the force is acting

Il to or in the direction of the
fibies. As one example, the permmssible
stresses on non-graded redwood accord:
ing to L.C.C. hy-laws for timber con-
struction are as follows:—

Comptession in the direction of the
grain in posts, ete., haying 4 slenderness
ratio not exceeding 10, s 800 1b, per sq.
i, Compression perpendicular to grain
48 165 |b. per 3q in. Mosi joists and
timber beams have the grain runming in
the direction of the length of the timber,
s depicted by Fig. 3, and consequently
the upward force a1 the bearings acts
perpendicularly or at right angles to the
grain as shown, and there i only, with
the timber specified above, &4 resistance
ol 165 b, or say | § owi., per sq. in.

Now it is possible to give a very good
reason why the length of bearing should
Iie considered with great care. Refer 1o
Table IV and itwill heseentharan 11 in.

» 2 ip.joist mayspan 176 5in, ar {5-in.

centres. The superfoad i< 40 [b., and it
may be allowed that the dead loud is
16 1b;, making a wtal of 56 Ib. or § cwi.
super foot. As the span s 17 f. 5 in. and
the centres of joists | ft. 3 in. each joist
has & load area of say [7-50x 125,
equals 21875, or say 22 super fi., which,
muliiplied by 4 ewt., equals | | ewt, over
the whole Beam. Only hall of this load
goes in each hearing, viz. 55 ewt.

Safe Resistance in Timber

As there is a safe resistance of 1] ewt
per s¢. in. in the timber it should be clear
that the area of hearing must not be less
than 54 divided hy 1§, equals say 34 sq.
in: As the joist is-2 in, wide a lemmth of
bearing of 4 in. gives an ares of 8.in.,
which is inare than ample. This does not
infer that the hearing should be much
less than 4 in. long; as a maiter of fact it
is advisable in must cases to maintiin
this length as it gives guod nailing sparce
when joists bear on timber wall plates
and gives a finte margin w allow the
maintenance of suthciem beadng in case
# wall may develop any bulging.

Natches in timber joists may be made a
bearings and elsewhere, subject to rules
which ensure that no weakness is caused.
1t iz often good practice to notch the end
ol joists over plates; Fig. 4 gives two
examples. To show the possible danger
of tov-deep noiching o ridiculous notch
i depicted at a. It is quite obwiops that
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TiMBER WILL
LHT Ak BPLIT

NOTCHES IM TIMBER IOISTS
Fig. 4. Motches may be made at bearings and elsewhere; provided that no weakness is caused. An

example showing the possible danger of

the Tittle depthy ol timber left over the
notch would promptly break and split
somewliat as shown.

This extreme case proves that there
miust be some tmic o the depeh of
notching, und the limic is governed by
the resistance of jimber 1o shear, a
safe practical rule being: Notches at
bearings should not be more than halk,
;.uld preferably two-fifths, of depth of
jonst.

Another' [orm of noteh which can
greafly weaken o joist is that cut cither at
the 1op or bottom for service pipes or
conduits 33 Fig. 5. These notches are
¥ery often cut in wrong positions-which
prove ignorance or carelessness in con-
tiectitn with one of the ssmplest laws of
mechanics of siructures.

Plumbers and electricians reguire
watching by architects, builders, und
their stalfas to positions of any notching,
which should not be made to cause
ihn_l'tcr runs of pipes, ete., il by doing so

eap notching is shown at A,

the joista are unpropecly weakened.
When really necessary, these notches
wre: made as near the supporis as

possible.
Maximum Bending Moment
The maximum bending momed

wsually occars st the centre of the span
ol a timber foor foist, and corsequently

the Tiximum . cross-section of dmber is

reqjuired at such centre lor resistance. 1
a notch is cut at, or near the cenire, the
depth of the joist is reduced by the depth
of the notch. As the strength of a joist
vartes directly as the square of iy dégith, it
cam be proved 1o what extent strength-
damige is done by indiscriminate °
notching.

Take an example: a joist is 8 in. deep
(width does not matter) and it is notched
| in. deep at centre of span thereby re-
ducing its effective depth to 7 in. The
strength valuc of 8 in. depth is 8 squared
which equals 64, and 7 in, depth which

A |
e — ——
i — e
,%_,.! AN OF JOIST
;

NOTCHING OISTS FOR SERVICE PIPES

Fig. 5, Motches which da not weaken joists are a5 A and B, provided thit the depth of A does not
exteed one-quarter depeh of joist, and B one-sixth. A notch near centre s speclally weakening.
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N WEIGHTS OF VARIOUS MATERIALS USED . IN FLOORS

TABLE 111 Extructs from British Standard Specification No. 648, 1935
Sehediole of Unit Weights of Bullding Materials

Moiterind - _ll Weight
Asirroe ey Samrruio) Mad Fin ey - o« 5+ s o |29 Ifmli

Bosres
Fibre, § in, thick I 1. Sl . . L . . | 75
Fibre, compressed {(hardboard), §ans thick . : .| rB5 1
Ploster—ored| | in. thivk . ‘ . ‘ . . sl R
Plisier—cored, § . thick, plus setling copl 3

l".w.nuc: with pramic sgeregain i i : . . . | 150 Ib, fenh, I
ConNcRETE ]
Ballast or stome . . . . . . . . . S L "
Brick ) . 3 - - : = . - P 1 § E ab
Clinker . : i ; : ; . . a . L1 -
Mumne . . . Ll 3
Remfinrved (wbean 5, neel] ] =

CrritonTen STekl. SuEerev, galvaniaod anlvocd. 18 B G (wld 200, lor mp) | 2937 ih.n.q. i

Froumxg )
Magnmnan n-.|;|;~l|.1.-_Iiul?u:lr'u!,n:|r oAl per |in, of thickoess with sawidusr Giller —
Heasy-duty type per | in. of o o with mineral fiies Al

Rubiber, | in. thick . .

Pl
=5
: . . . . o
: i finished thickn il 3
Harduwwod, co., ok, maple | | it irsinhoet Hhichnze £3°.
it Fnishicd thicknr= 3 "
Phichpine mmﬁﬂiﬂm‘r{u in. fmished thicknes . . I8 .
Sattwoud: ez, redwoot, whitewood, Diogias fir |=. E‘ ﬁﬂ""mmhﬂl :-}:::::J“iﬂm X ii: \a
Prasven
Fitoas, § Iltt. :lm:r S . . . . . i ] "
or lme, . thie s - - . : : o [-8 -
_w;—mrmwm,ii@mid . < | B .
Wisnd or el luthing sgd 1o above weighis . £ I
Poywoon, per mon, of thicknes ' . . . . ; | ' i
Rowor Busnrase, Sorrwene Rovin Saws
Iin. thick . : ‘ il - T
a1, Abek LR = L e L 1% == I .
1} i thick . . o8 -
Scameiiid, Popmiasn Ciuesy, | o 3 per § i of thicknes | & .
Teraazto Pavive, §in. thick ss mid i - - . o 7
4 Hardwuocks, k. oxk, maple i
i teak, 0w AL . ' . ¥ - « | #5- i feuh.
Pirchpine (longleal deme) ’ . : 5 e &
Soltwoods, ez, pine, sproce, Douglas fir, e, 2 )80 .

Woirss: The above weights ive been agreed for the puoiposes of calenlsiion and are ot
necrasariy the aciyal weights of any partiouler sample. Detailed: information i given in
British Standurd Spovilication, Ne, 688, 1735 —Sohedwle i Uit Weights of Builifing Materigls,

Table 1), Sritish Sondard Specification Schedule of Unit Weights of Building Materiak.
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TYPES OF STRUTTING TO FLOOR JOISTS
Fig. 8. The advantages and disadvantages of these types of structing are fully discussed in the text,

cquals only 49, a wvery considerable
reduction of about 23 per cent.

Of course, the farther away lrom the
centre of span, and nearer the bearing, o
notch is cut, the less i its weakening
effect because the bending moment be-
comes-less and less at different points
which are further away from the centre
of span, A good rule for notching timber
joists 52 a notch not exceeding one-
eighth of depth of joist may be made not
thare thin a distinee from beanng equal
to ane-sixth of span, Le., 2 ft in the case
of a jnist spanning 12 {t., and not exceed-
g one-guarter depth ol joist il occur-
ring one-twelfth of span from bearing.
(I there is any quistion as to this rule
then use deeper joists to compensate for
the depth of notch; this is usually very
uneconomical.)

Strutting, either herfing-bone or solid,
as Fig. 6, has hitherto been considered
a8 good practice. Nowadays there is
reverse opinion, which the author
shares with his colleagues who were re-
sponsible for the framing of the British
Standard Specification 1018: Parr [:
|WE—TunbcrinBu.ilding'Gunstrucﬁﬂu:
Floors of Ordinary Board and Joist Con-
struction. This B.S.S. siares: “Lateral

restraint of beam. Any beams having'a
depth exceeding three times its breadth
and a length exceeding fifty times ita
breadth shall be laterally restrained
from winding or buckling and the dis
tance between such restraints shall not
exceed fifty times the breadth.”
“Nore—In the case ol ordinary loors,
Hoor boards fixed in accorlance with
this specification aiford adequate lateral
suppart, but strutting may be required
in order ta prevent excessive vibration."'

Vibration and Shrinkage

To meet the above vibration condi-
tion, and to prevent side movement of
the joists by shrinkage or swelling of the
timber, which may affect ceiling cover-
ings, it is a good principle to strut the
lower part of the joists with small timber -
members as in Fig. 6. Normally the dis-
tance apart of the members should not
exceed 30 times the breadih of the joisc;
ghout 40 should be aimed at. The
members can often be utilized Yor
bearers to fix ceiling boards. -

The dispositron af jotsts 1o a budding is &
matter to which enough thought is not
alwaysgiven. It should be borne in mind
that flaars are very important parts of
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TABLE TV

FLOOR JOISTS OF REDWOOD to
ACCORDING TO LGCG BY-LAWS

Resldentlal Floors:
in Landon Ares

Ibesppms, flots. haosied Lapdbdings,

For  Bommse: Oprsipe Lopoox dus table s abo rocommended . fir rooma of - dwreifing:
arl similur residentisl buildinegs; hospital rooms and wards;
carmidrs, stmrs, and |asdings of dwelling-hoises and flat

e for variows scanilings at differeni centres in non-graded redwood, yeliow deal,
e {ﬂ exiree fibre sres im bendineg:

40 1h, per sup. i1, superioad

wecardiee with. the
1"1__{:1_._ b Hophag Masimum CLEAR Spans sith Jaists a1 fofloeceng
ber oot Seuntling ENTRES ol
- mr fer e I :
14 in. ! 5 7o Wi | 2% in,
s x 2| 300 |74 om | 4gr| 4w | 4 0
' Wx 2| M | 56| &Y | 4| & 8
S I L T I
x| 76 | T | &9 | E | e
57| &4 | 711 *et'l PR e 8
Gw2|wrey | e | wo | 6| B0
Tx2lire [Uy - | | rnt | ooy
o | |2oe |12 |14 | e
o o d |l me g [ = | Je e | e er | e
0ox2li8 4 [T 5 |1e e |7 ||~r 8"
Ta TN ETYETYS
< v e xe we [woe | 9o | 8 6
gty R 123 (18 | & | e
that ows: the albisi Bow2 £ 13 4 gl g LA
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Table IV. Although this Table of Floar Jokts gives messurements |n sesordance with LC.C. by-laws,
it can alio be esefully applied o buildings outside the Londgn arez. .

the generat structure of a building, and,
apart from their primary function as
flnors, they can perfnrm & most import-
ant second duty by greatly assisting in
hinding walls and oo,
Examine Fig. 7 and It will be noted
that all the floor joists (except some of
the trimming members) run in one
direction. between the rear and fromt

main walls, and comequently soch
walls are bound, or can be bound, to
the Hoors while the Rank wall s lefi
unbound. This subject requires u Biile
explanation to avoid misunderstanding
af to relative strength vislues el what may .
bie termed short-leisht walls {with o' low
slenderness ratio), which are  fairly
heavily loaded, and lone-height walks



CONSECILON OF JOISTS 10 WALLS
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Fig. 7. The customary but not yvery good dis-
ponition of floor |oiscs to the first floor of an
crdinary semi-detached house.

(with & high slenderness ratin) without
much load on them,

It is a structural fact that a one-brick-
thick wall about 20 fi. high which is not
laterally suppérted al about the centre
o[ty heleht is weaker than « similar wall
that is laterally supporied even if such
support 1@ by a foar which transmizs a
considerable load on 1o the wall.

Fig. § shows a good disposition of
oists which causes the resr and' fronl
walls to be well thed in laterally for o
good proportion ol their length, and the
flunk wall also well supported laterally,
Anvadvantage is also gained by the poss-
ihle tme of smnller<sized joisis over the
short span between the partition and
fank waill, than the size of joists neces
sary elsewhere.

1%

Legally, modern by-laws demand thas
walls shall be limited in height in rela-
tion to thickness (slenderness ratio), the
height being measured between paints
of lateral support. Such support is given
by floar joists if connected adequately to
witlls,

The comnection, of floor joisls W welly 10
provide lateral support heeds considet-
tion to ensure adequacy coupled with
economy; Although the weisht of a jois
Liearing directly on brick, stone or con-
crete work, with the binding between
the materials, does cause a cortain
amount of resistance to lateral move-
ment in a wall, such amount is not
enough, and other, or auxiliary methods,
should be adopted.

Fig. 9 shows & wall plate bedded on
the offsel of a wall witl the joists nailed
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Fig. B. A much bq:ttlrdlipnliftmn which ensutes
that the resr and front walls are well tied in
and the flank wall supported lazerally.
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FLOOR JOISTS OF DOUGLAS FIR v Residentiil Floors
TABLE V London Area
ACCORDING TO L.C.C. BY-LAWS
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Table 'lf. The flaor |uhu medsurements given in this Table of LC.C. by-laws may also be used
with advantage for buildings outside the London area

to the plate; this may be allowed as

giving fairly good lateral sapport 1o the
wall; but a better method i@ to tie the
pl.nu: into. the wall with l-in, X L-in,
cramps as shown by Fig. 10, Houp iran
& lable 1o comode loo quickly and
should not be used.

Fug, Ll depicts it A an old method ol
supporting a wall plate on iron corbels.
It will be noted that any lateral (orside)
movement in the wall may cause the
corhel to pull through the mortar joint.
I the back of the corbel is turned up or
clowin e o g el better job resules,




Fig. 12 depicts a
very bad method of
congtruction by
bujlding a nnmber
wall plate mto a wall
{timber is much
softer than brick,
etc,, and thereby
weakena a wall), but
it definitely gives
good lateral support
to the wall hecause
the plate is weil
secured in wall, and
the joists being
nailed down 10 the

CHOANNELTTING

plate obviate move-

mendt,

Connecting timber
foists fo steel beame ig
quite a common

TIMBER JOISTS 171

LATERAL WALL SUPPORT

Fig. 9. The lateral support to & wall depends on the weight of the
ﬁ'ntr gnd the adhesion of the plate to the mortar bed joint. This &
fairly good support, but & much better method Ix o tie the plate
inta the wall by means of metal eramps, a5 shown In Fig. |0 below,

practice, The simplest and a very sirong  joists be supported directly or indirectly
joint is shown by Fig. 13. The timber
bears squarely on the top flange of the Ve
steel beam; Beam filling or timber great care is necessary in designing
separators and the general structure of  strong joints between timber and steel,
the flooring and ceiling will hold the ) th ¢
joists against side movement. [fdeemed  bearing must be sufficient; often, 2 in. s
necessary a timber plate may be bolted
to the fange and the joists nailed down.
Fig. 14 shows another simple method flanges are not ar right angles o web

ol construction.

To save height of building, or to pre-
vent beams showing o deeply below a
ceiling it is often advisahle 1o let tmber

===
MHAILS
| e
_— =i
—JOIST
WALL FLATE
1 I 3 IN. METAL CRAMP
AT ABOUT 3 FT. CBNTRES
1 TO SUIT BRICKWORK
] VERTICAL JOINTS

on the bottom flange of @ steel beam, a:
examples depicted by Fig. 15, Very
As explained previously the length ol

enough. The bearing must be **dead™
throughout its length, anhd, as steel

Fig. 10, Binding a wall plice to wall by means  Fig. 1. A shows an old method and B an
af amall metal cramas at about 3 fr centres

improved methad of Uiing Iron corbels,



FLOORS ARD FLOOR FINISHINGS

bolted to the steelwork, the underside of
the plate must be cur to the correct
‘angle as shown ot &

A very doubtiul method is shown at 6,
A plate is used which does not rest on the
bottom fange. Tt will be noticed that the
pl:ﬂr is bolted to web of steel beam, and
a common specification often calls R
I-in. bolts ot such centres as 2 fr oo 310
Tt 'ean soon bhe proved that such a sp:d—
fieation 18 ridicwions:; allow, jor ex-
ampie, thar the bolws are 2 fr. apart, and
the plate 15 even 3 in. {and oot 2 in.)

Fig. 1L Timber is softer than brick, and it is bad

practice to bultd a timber wall pite Into 2 wall,

[Qﬂdngrmﬂr so) the battom of a timber
joist, which rexts directly on 2 Hange as
A, Fig. 15, must be shaped 1o the angle,
If a plate rests on the flange, and is

thick,

Fistly, corsider ome bolt. Tis hearing
ares on fimber (ignoring circular bear-
inig) is 3in.  § in,, eguals 1'}in., and

-allowing L1 cwt. sq. in, sale stres oL

right angles o pradn, a total resistance af

_— DISTANCE APART OF BEARINGS, JOISTS, STUDS, ETG.
R FOR CEILING AND WALL COVERINGS
Crendris T in
faripiton of rooering iuphes ﬁm.
rws, ¢
Plusrering wathy - lathe . B . - 4
Plastermg with (- lothe . ' mEy | - . 16
ing writh -expanded mewl Jathing : 14
Plosterine with 20z, expapuled meval lathing . ) . |G-
Plastrer. et |aihy and Similar boards gboor § e thick | 16
Thin towsh fibee bosrdd i thick N . i A i , 12 4
Thin tough fbee boards | b, dhick - " - ; . 15
Ttk Joose fitoe inslation boards § m. duck . . ; 4w 16
Mumﬂhnmhimmmmlm ke :ﬁml:
Hardboards, 4 in thic i » . . 2wl
Huedboards o} i thick . . ¥ o J6
By redbanrds | in. thick 410 16
Super-hardbosrds § b, thick ' ; 16 io 18
| sl ittt iheets about § ing thick . 16
. asheston-ceTeTid wliFets . L1H “'lirk: a I8 i 20
Thuber matchbonrding, etc;, | mominal thicknes . : 74
Timber matchluarding, ete Uhitcheness S0
Timher matchboarding, etc., | nomimal thicknes . 3
Noves Stock it and widibs of boards and sheets can usmslly be obiaioed to mat
specified erntees withoui iiuch curtimg moiel waste Centres muy be modified -liginh{ i sult
i sk siemy; auch modificatlon should pot, g n pole, be greater dinn wilil regul)
cewtren st be cead an iy diitense mprt of polats, stinlks, #ic,

Table VI, This Table gives pracrical informatian which will save much time in making caloulations.

-



USE OF PAUKING, BLOUKS

SEFARATORY
iF NECESSARY

Fig. 1. Floor |oisss beiring squarely on
usel baam, a smple and wery strong joint.

2} owl. s given. As the bolts are 2 f
apart this meoms that there is only 1}
ewt, resistianee per Hincar foot of Moo
bearing on the plate, which is very in-
atdequiate rxcept for exceptinnally short
span floor joists.

Another weakness Is that the bolts can
be subject (o cantilevering stresses unless
there is a Balancing plate on the other
side of the web: The correct method of
construction is 1o uae the bols-only as a
theans of tying the platc to the steelwork
and to vely entirely on packing blocks i
support the loads as shown at p, Fig. 1 5.
These insignificant-looking  members
require imuch thought 1 ensure them
being of correct size, The area of all the
blocks in eotitact with the underside of
the plite must, ar least, equal the
required bearing area of all the joise
which rest on top of the plate.

TIMBER SHAPED

PLATE sOLTED
FQ STREL BEAM

Fig. 4. Another simple method of cannecung
jolses to the top of steel beam

Itis necessary to make this quite clear:
il certain avea of joist is necessary 10
prevent the grain in the joist nnd place
being crushed at right angles o the
grain, then it is manifest that agrthe
packing blocks exert an upward resisi-
ancesto the underside of the plage, ir s
essential o have at Jeast the sams besir-
ing ares m buth cases,

Trimming memberr and  their  oinks
Openings have to be formed in many
timber  foors  for smivwells, hearths,
chimney hreasts, etc,, aud these make
trimming necessary, as shown by Fig. 16,
which indicates the differenice between
trimming, trimmer and trimmed joists
Trimming and trimmed joists are made
thicker thane common joists; the rules
compiled by the writer and inchided in
the new hy=livws of many local authori-

ties should be wsed

CONNECTING TIMBER FLOOR |OISTS TO STEEL BEAM
Fig. IS. Various methods of supporting timber joiits on the bottom flange of & steel besm.



FLOORS AND FLOOR FINISHINGS

HFF?I. REINFORCEMENT OF § i ROIDS
AT @ 1N CINTRES LACHT BRC OR ALF TiEFT
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FILLITS MAILD: WiTH 3 M

CUT HALE & N APART  SECTION C-C

COMNSTRUCTION OF TIMBER FLOOR FOR CHIMMEY BREAST AMD HEARTH
4. Demiled s=ctions and plan showing the trimming which iz necessary for openings In timber
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Jinty, Yewill assist il two very unsound
joints are considered belore those that
are perfectly sound il used in correct
pasitions. Refer to Figs. 17 and 18, The
former depicts a butted and nailed joiny,
which, although suitable for very lightly
loaded and stressed members, B quite

Fig. 17 (left), A butr joins nailed with & few nails is 3 vary bad jalnt.

ig. I8 (right). A butt joint resting on a fillet and the whole lot
siled s aleo 3 bad Joint. a8 it relles upon the naiks for is strengeh,

the trimming, trimmer and trimmed joiszs

unsuitable for ordinary floor work. The
aaly strength lies in nailing, owing 1o the
resistance of nails driven throngh tim-
ber. Fig. 18 shows a joint which may he
waorse or better than the joint in Fig. 17,
according ro-the number of nails used to
connedt the vanous members.
Obviously this
joint also relies
entirely an nailing.
Good tvpes of joints'
are s Figs. 19 1w 22,
but they must be used
with care, Fig. 19 is
the half~depth Bonsed
joint which providesa
lirtle, but very useful,
dead bearing [or the
supported on the sup-
poriing member, It
causes a finde Joss of
sectionil area m the



CHOUNIESTOREY CONSTRUCTION tla

sipporting - member which. must, i
becessary, be made up by increasing the
width of such member, Fig. 20 is the
halfdepth bevelled housed joint and s
stranger than the last described joint as
it provides a greater bearing area, and
reduces the sectional area of the sup-
porting member mostly near the neutral
axis and less elsewhere.

Fig. 21 illustrates the decelled fatnchad
mivitised amd teromred poini which is a strong
joint inasmuch as it gives o considerable
bearing area. Fig. 22 is the well-known
tusk-fenoneed frint and B one of the
stronigest structural joints, but costly, In
the future it will prohably be suptrseded
by metal stirrups,

Grouno-storey Froors, Now refer
back to Fig. 2 which illustrates typical
timber ground-Hoor construction incor-
!H}rn:ing modern principles and details.
I'he following are the chief differences to

those explained previously for upper
storey methods of condtruction:—

The joist; may be of small scantling
owing to the use of sleeper walls or piers.
Hitherto it has been cornmon practice to
use 4-in. < dn, joists and 1o use sleeper
walls al distances apart to suit these
jodsts; it is, however, much more prudent
to study the cost of dleepers in relation 1o
the additional cost of #§-in. x 2-in. or
J-im; X 20 joistsand design accordingly.
It 15 often possible 1w use o sleeper wall
k=5 and save money even after allowing
for an extra § in. on depth of the joists

Economy of Cantilevering
(_,'arur.:’r:'rrfrrg the joists, which may be
done under 1LC.C. and other by-lpws,
can cfiect’ considerable econumy by
often reducing the number of sleeper
walls. required, and =slso frequently
allows better comnstruction n o air brick

FLOORING FOUNDATIONS
E”‘:_k wills up ro damp-course level, and surface concrete laid under main rooms to & pair o;
semi-detached garnge-ty pe houses In che background on right are seen further stages of construction
with door and window frames either in position or ready for placing.



FOUR TYPES OF JOINTS

work. A sleeperwall situated close to am
externdl wall as Fig. 23 may cause the
wall plate partly to foul the air brck.

The old offset method which is even
nowadiys shown by some drawings, is
1o be deplored because it prevents

HOMErCOMEED
. ‘,-l'.m Py ELFEPER WALLT

FLOORS AND FLOOR FINISHINGS

dump-conrses being
used at dilferent
levels inomain and
sleeper walls: and
also causes increased
tizxes ol concrete
hases to conlorm
with the by-laws:
Sleeper walls, as
Fig. 24, should not

left). Half-depth howsed |olnt.
%g;::;ri;ht] Hali-depth bevelled housed joint.
Fig. 21 lefr). Bevalled haunched martised
Fig- 11 right). Tuskstenoned joint,

he higher than
necessany to suil the
respective levels. ol
FNdor, surface can-
erete and the gen-
eral ground; the
Hoor should not be
higher above ground
level thanisrequired
for convenience
and damp-coursing,
and the top ol sur-
[ace contrete should
be a5 near penieral
ground level as practicable io prevent
unnecessarily deep siface cxcavation
and to avoid the surfice concrete
collecting ground warer,

Steeper piery, as Fig, 25, represent good
atd  economical construction, s

ind tenoned faint

4T SURFACE CONORTT

&0 ORI X TN PLATE

A BRICK FLCEIRIvG aETs
—— —_—— —— — = S
P SEEEFSR. WALLS O PIERS
iy = 1 i i -“"-11"TII'F'= & ‘i
-0 g RIRFALE COMCRETE
- -

GROUND-RLOOR IOISTS ON SLEEPER WALLS OR PIERS

21 lp the top diagram the joists sre not cant|leversd over slsepers. In the lower diagram
Fiz. lolst sre cantilewered aver end sleepers, which saves one run of siesper wally. Il#tr. o



VENTIATION

27

HONETDOMBED

|
SIRFACE

St WALl CONCRETE s
SLEEPER WALL

Fig. 11-_‘51&[&!: wills should not be higher than |8 necessary 1o sdit ground and floor levels; the
top of the surface concrete should be 3s nesr ground level as practicable.

ellicient veutitation o the loor, reduce
the quantity of any damp-course mater-
ials;, and, if the dear distance: between
the piers does not exceed abour ten
times the depth of wall plate, the latter
will be of ample strength as beams to
carry even heavy-duty floors.

Fender weally to hearths are clearly indi-
cated by Fig, 2, and it will be noted this
hall-brick fender wills, without footings,
are all that arc pecessary, Note the
simple construction of the timber work
to act as the formework for the concrete
hearth. '

Ventilation of yround fisors is of vital
importatice to emsure the floor being
kept dry and 1o avoid timber being
affecred with rot. Air bricks should be so
arranged in all external walls 2 o in-
duce through curresits of air under all
piris of the floor; there should be no
lirge pockets: of stagmant air. Partition
walle should have well-honeyvcombed
Uases, and “The number and size of air

bricksshonld not be stinted : 9 1n, <610
fand not 9 i 3 . should bethe rule;
and there should be not less than 1 sq;
i ppen area-in air bricks per (oot run of
wall.™ This & & recommendation of the
Building Reearch Station; but the
writer prefers much more,

The by-ltawy for Landon and districts
outside Landin are justly exacting a4 (o
timbers ndjacent O fireplices and Aues,
and are best explained in tabular frm
s ghoven in Table VITon the next page.

Unsuspended Floors

Pram Covorere UssusresnEp
Froons. Figs. 26 and 27 are popular,
stmple and economical to construet
they permit the application of any of the
muny clases of foor Bnishings or foor-
ings which may be lid on concrete:
They requide care in desipning aiid
eonslructing to ensure that no ground-
dampness percolates through the con-
creee; or; i it docs: means should be

A% gl WALL PLATE SPAMMING  py ymreims;
; BOCAING HONETS BETWEN FHES TRCESSART .
7 | | |
. T
% e
/ s : o w
/ﬁ HAP PR e L:.._‘.‘_,F i i ol Briod 1 iy e -
FECESSTRTING LS OF TWO SUATATE OOMCRETE
B BATL AT W -

SLEEFER PIERS OF THREE DIFFERENT DESIGMS

Fig. 15. Although the cantral pior has & straight joint as shown, Iv Is quite dound construction
for a lighs load, emsuring efficient ventilation and economy In libour and materialy



FLOORS AND FLOOR FINISHINGS
Particaliors gf wivh l By-laws for Loadwy | By-loes in watae, Loorhen

Projection nfside ol hearth oo each side

ul opening | [naked heick- )

work, ete.) : F . | CETI b fni.
I?mjbrnun wl bearth bn Front of lzre

apening (measired from naked 5

wark, eic. | . " " v . 18 . 6 o
Thicknes of hearh ol noombustible .

materinks - 5 % a ' DI, T
Level of heurih : - - | Wit fipor With or above Hoor

Woodwirk (except wood pligs) i amy=
wall or chimney or any pari thereol

Woindwork {except wond plugs) undes
ﬂmrrpf.l.m apenmg (ot under front
i |

Woodwork (roiepit webod pluigs) nese
outey face of - chimmay where ihe
e e e

Wiooel pliges . " R B
tron heldiasis or other o faiemnes

Chimmeys passing thypmigh sy Boor or
ool \I‘[I.E'::’;l . ol amy oo bustibile
material or behind o against any

Notpester dhan 12 G,
maty (hee o smache of fire-
g::tt opending [ maked

ickwirk )

Mo withim 10 ioe droen
tpper wrfacr  of (he
hemrth ol such opening,
exiept fllets wipporting
a learth

Mo within 2 . broen thie
ouler e

Not prarer than 2o w
Hue or hiside of Fre-
flace openine

Outside of chinttney o be
renthered  properly or
oo

Nop hearer than b W

imside of anmy flue or
chimmey g { naked
brickwark

Mot within 10 b (o
the undace of the
e

Nat within 2 &, from the
o (e unles faner
rendnred property

Not nearer than 6 in. i
imude of fhue or fire-
place opeiiing

Now nearer than 2 m io
imide of flue of fire-
plice opening

Notwithin 2 i (roesy tice

of chimney wilss Initer
t# rendered properly

Table Vil. A valuable Tahle giving the by-lzws, both for Landon and far districes ouside London,
for the placing of timber adjscent o fireplaces and flues, with due precautions against fire riske

tuken to saleguard the foorings and o
avold unhy=ienic conditions. The con-
cicte acts as the Aoorund also as the
surface conercte required by by-laws,
Fouyrdation o grognd should be eon-
sidered with care so that the floor is not
laid on any weak ground which may
cause settlements and cracking in the
concrere; narshould the floor be subject
1o the effects of fozen water mme-
diately adjacent to its underside, effects

which are ewsily avoided as explained
later,

The level of the upper surfice of the
foor is guverned chiefly by the purpose
of the building; it may be required 1o be
above or sboul the same level s the ox-
ternal ground or pavings. This level, of
course, reguiates the fbandation or for-
mation level ol the ground on which the
fivor is.dnid, and brings up the csential
matter of providing a firm foundation.



EXCAVATION WORK

WODD MOORNG NANED TDr 3 I K 3 M, WO
j‘r BEARERS SUPPORTED BY METAL FLOOR (LIPS
R o o

BREELE

WOoD FLOORIMNG

PAVING

COMCRETE FLODR
AN TOCE N THICK

Fig. 28. Section of a plain concrete unsuspended
fioor copstructed on porous ground,

Nt many grounds are suitable for
laying concrete fioors directly on them.
They vYequire to be excavated at least a
lew inches décp 0 remove top soil,
vrgetalile I;l'll'ﬂ.lll. ete. The 13.‘}Huniug AT
good rules to praciise:—

(1) Excavate all soft, loose and vesetabile
earth down to a level to ensure the
concrete being lad on firm: ground.

e Sl
ok B EE s PEr R T

VENTILATING I T A RON-PORDIS

e 5 ~ .-

SPACE NCEETE HARDCORE CROLMLD
AN TDOE N THICK

Fig. 27, Plain concrete unsuspended floor con-
strocted on non-porous ground.

(2] ITsuch excavation causes more earth
to be removed than issuitable for the
necessary evel of the conerete, then
fill with hardeore and well consolidate
it by ramming or rolling

(%) I the gound has nol 3 certain
amount of porosity  which will
allow @ny water thalt mav veach
or drain under the concrete to

GROLIND-FLOOR . J1OISTS IN FOSITION

The sleeper walls, wall plates and ﬁmun:ﬁ-ﬂmr |oists ‘are supported on surface concrete. MNeote

haw the brickwork to the party wa

e —F

, writh its fireplace bresirs and external walls, i progressing
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URFACE OF COMCEETE DO SNTABLE FOR MANY TYFESOF FLOCE FRNTSHINGS

Fig. 28, Reinforced-concrere unsuspended floor, with the reinforcement placed near the underside.

FEMFORCED COMCRETE FLDOE

DIAMETER YARYING FROM | IN
10 4™ FOR DRDIMARY FLOORS
AMD AT CEMIRES OF FROM ARDLIT
&M TO 9N CROSS RARS LSLIALLY
§iM OR & IN AT 12 CENTRES

Fig. 31. Sectlon of & typical reinforced-concrete floor with steel rod reinforezment.

sonk away, then lay 3-in. or 4-in, Thickness of floors must tiot be less than
thickness of hardcore.  Suitable  specified in by-Lows for surface concrete:
porous grounds jre such as compact  but otherwise make 4 in. thick for floomn
gravel, sandy gravel, and loamy soils  subject to superioad not excecding 80 1.
with sand predominating. Clay isnot L super; 5 in. 100 Ib. and 6 m. when
porous, and if the concrete flooris laid  over 100 b, If there is dampness under
directly-on i, and any water does ger  the floor make the floor 6 in. thick.

between it and the concrete, the Concrele composition is important to
water, if it freezes, will probably cause  ensure proper strength and avoidance of
trouble. The hardeore may be of  dampness. Good praportions by xolume
broken brick of virious sizes, ballast, are; For good-class work, and i laid
broken stone, or hard vitrified clinkers.  direet on ground subject to dampuess:



LISE OF CONCRETE (5.1

I part Portland cement and 6 parts of

pit or river ballast with not more than
Sl per cent of sand; or | part cement,
3§ partssand and 6 parts coarse aggregaie
not containing sand. For ordinaty
guality work laid on parous hard grownd
or hardcore the above proportions may
beliBaor|:4:8

freeze or clinker conerete should not be
used for structural concrete, but only as
& tapping for fixing purposes, The thick-
nest of such topping should be in
addition to the ordinary concrete. The
proportions may be | part cement to 6,
7 or 8 parts of the aggregate,

Pavings allowed tn hickness uf enmivete.
I¥ the structural concrete is not less than
4 in. thick any cement and sand or
granolithic paving may be considered as
part of the thickness of the floor.

RursrForoen-Coxorere Usstsienoen
Froors sre used when the foundation or
ground. is of low-bearing value, has
pockets af soft or unreliable pround, and
where it is advisable to ensure loads, and
particularly heavy concentrated loads
(such a8 from wheels of lorries, etel)
being disinbuted over a larger area of
ground than would occur with plain
conerete. The steel vemnforcement m-
creases the power of the concrete to with-
stand heavy and moving loads, and
assists in avoiding cracking due 1o con-
tracftion in setting or | temperalure
changes.

Fig, 28 shows typical construction, the
reinforcement heing placed near the
underside of concrete with enough cover
o protect the metal, the latter being
usually of any of the well-known stec]

FIRST-FLOOR HOISTS.

In the sbove |llustration of the construction of flooring for = typial medern vills the first-floor
[oists are shown in position and most of the brickwork s built up to the first floor.
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fabrics, such a8 mentdned below, the
manufectuers of which should be con-
sufted as 1o the correet material o use
Jor particular conditions of ground,
lpading and concrete.

B.R.C. Fabric. For best quality work
it is usually recommended to use No,
0 pype with 5 and 10 3.W.G. longi-
tudinal and transverse wires respectively
or No. B5'type with all wires 5 S W.G.
If the floors are licht and kaid on good
louridations then use No; 14 with 10 and
12 5. W,z wires, or No. 6]0 with 10
S.W.G. wires,

Exeamer, For hest quality work use.

No. 11, S-in. mesh with fi-in. < f-in.

< srands; For lizht Aoors on good founda-
tiona employ No, |5, 3-in, mesh with
in. ¢ -in. strands.

Fuundations and Coperete. The same
care must be exercised as for the founda-
dons of plain concrete floors. As regards
the concreie it is necessary to make it

_denser than plain concrete, not anly for
the sake ol obtaining the maximum
strength in cambination with the seel,
bt 1o safeguard the latter against per-
colation of moisture.

Suspended Concreie Floors

SusrENDED REINFORCED-UoNCRETE
Froors will, it is predicted, become very
popular during the next decade, and, in
addition to their present extensive use in
flats, factories, business premises, ete.,
they will probably be adopted in some
housing work.

Proctical Constderations. The designing
of reinforced ‘concrete s the work of
specialists, who have prepared consider-
able tabular information oo this matter
jor use by architects; builders and their
craftsmen in connection with most of the
simpler classes of floors. Any work out-
side the range ol simple structures should
be designed by a competent engineer,
as the subject requires specialized know-
ledge. Apart [rom’ this there is & con-

FLOORS AND FLOOR FINISHINGS

siderable bulk of reinforced-concerete
floors which can be designed with the
aid of the lollowing mfbrmation,

The fundamenial frinciples of reinforceds
concrete. Aoors are: Plain  concrete,
whith, campuared with stecl, is cheap,
has a high compression salue but
has only a small permisible (ensile
sivength. Steel has & very high tensile
value, and within certnin limits of ratio
of slenderness has an equal valuein com-
pression.: Therefore, we have a cheap
bulk materinl in concrete which 18
capahle of resisting compression siresses,
antl an expensive materinl in steel used
sparingly capalile of resisting tensile
stresses which the concrete cannot resiar,

Now study Fig, 29 depicting the most
simple type of reinforced-conerete floor
Irecly supported at both bearings. Ara
is a disgram showing a uniformly distri-
buted load which tends fo deflect the
floor as shown exagoeratedly by dotted
lines, which is a condition that governs
one of the simplest Iaws of the mechanics
of structures, viz, loads producing
bending stresses in beams and slabs,
The upper part of the fleor slab i com-
pressed, and the lower part is clongated
and = therefore in tension,

The concrete can take care of all the
compression Stresses, amd steel i eme
ployed in the lower part to resist tension.
These simple conditians call for the pro-
vision of enough concrete and steed, and
the best disposition o the materials (and
especially the steel) to meet the stresses.

Next consider Fig. 30 which shows
a floor having bearings which are con-
tinuous over the suppors, a ejuite usal
method of construction. At a is shown
how the Aoor tends to act under load,
and it will be noted that the majority of
the floor between the supparts bends
:iJJ.lijarly to A (Fig. 29); then there are
points af comtraflexure, fram whizh the
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CEILING JOISTS IMN POSITION
Firsz-floor |aists in position; brickwark up to rool-plate level; and ceiling jofsts in position. The
fioor at the right-hand bettom corner is 3 toncrete-pugged floor over the garmge.

e reverses the shape, causing the
upper part (s be in tension and the lower
i LUI."!JT["SS]_{I'I,

It bs essenstial to consider carefully the
respective economical advantages to be
ohtained by designing floors with free
and continuous supports, that i of
coamse, if the general desipn of a building
allows for continuity, The respective
bending moment formule are given
against the diagrams in Figs. 29 and 30,
and it will be noticed that the comparni-
tive villues are B lor beams or slabs freely
supported at both ends, 12 for continuiry

over supports and 10 where an-end =
frecly supported and other continuous.

The simple meaning of these figures
is that # fioar with freely supported ends
necds more material to resist the siresses
than a Hoor with continuity over sup-
parts; and, other things being equal, lress
thickness of concrete and less steel are
required in & concrete fioor with contin-
uous ends than with free ends. Bur e
should not be overlooked that making
slahs, ete,
cause increastd heloht toa structure i it
is necessary (o have a specificd height

l'll[l:1.il'|.1]|u1'-‘ mver beams may



Construction of a fireplace opening at ground-
fioar leyel and tamporary brickwork supporting
the brick arch over the opening.

below the bottom of beams; slabs with
free ends thay be supported on or near
the bottom of beams, thereby saving
heirht.

1t i of great importance to ensure all
ster] reinfisreettient being in troe posi-
tion; it must be at the specified distance
from the suritces of concrete so as tw
make i1 resist properly the stresses and to
provide pdeguate concrete cover. The
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FLOORS AND FLOOH FUBRNISHINGS

composition ol the conerete 15 ol great
importanee, and, although generally it
shountd foilow the above specifieation for
reinforeed-concrete unsuspended foors,
it is advisahle to follow maost strictly the
instructions given by the makers of the
fabric type of reinforcement which i
used, and also the building  by-Laws
(especially those of the L.O.CL) to obtidin
the best results,

When steel rods are used instead ol
fabric, the designers will specify the

concrete.  Fig. 31 depics: a  typical
reinforced-conerete floor  with  roed
reinforcement.

PrROPRIETARY SUsPENDED FLoors are
fairly pumcrous, some of them being a8
lollows:—

Precast Trascon floor (Fig. 32} conuists
of precast reinforced concrete uniis ol
length to suit small and farge spans,
supported on main walls, or any usual
type of beam without intermediate sup-
ports.  Joints between units have steel
confinuity bars set in concrete. The
structure may have many types of Hoor
finishes, sich as pavings, wood-block
flooring, or boarded foorings, as shown
by the illustration. The ceiling mav be
covered with bBuilding boards, or be
plastered on lathing,

. Prevast Truscon  suspended  tread-{ype
flowr (Fig. 33) has precast reinforced
concrete units of varying lengths, to sait

f, v:mu}' SADOLEL
RMEOROIRAEMT

Fig. 12 (teft). Precast Truscon floar.  Fig. 33 {right). Precas Truscon suspended tread-oyps floor,



IYPES OF SUSPENDEIY. FLOORS

FRLLETS AT 05 I CEMTRES
1 FLODRING

Fig. 34. King centreless floar.

small or large spans, supported on main
Bearings of walls, or any uspal type of
beam without intermediate supports,
Jnints between units may be formed as
reinforoed concrete ribs, Conerete
saddles with insulated pads form bear-
ings for wood joists to support floor
boards. The ceiling may be plastered, or
battened and covered with huilding
board,

The King centreless floor (Fig. 34) hos
scli-centring floor tubes of clay tile
material up to 3 fi. long and from 4 in.
o i in, depth 1o suit various loads, sup-
ported by light filler steel joists which
firm  intermediate supporis  between
main walls and beams. Many kinds of
fiooring finishes may be laid on this type
of floor,

Kleine hollows-brick floor (Fig, 35) has
reinforced-concrete cast-in-situ ribs and
hallow bricks, the concrete being fAlled
between and over the hallow bricks. A
continuous saffit which may be plastered
is lormed by tiles between the hricks
Fhe finoring may be of many kinds, such
as wood Hooring or bearers, pavings,
and other materials.

Rapid floor (Fig. 36) consists of pre-
cast reinforced-concrete beams of |
section, of sizges to suit small and large
spans, supported on main walls and
beams without intermediate supports
The level top surfaceand soffit allows for
the application of many kinds of floor
finishes and ceiling coverings.
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Fig. 7. Steel filler jolsts and soncrete flonr

Steel filler juists and concrefe floors, as
typified by Fig. 37, consist of light sec-
tion" steel joista, which span between
main bearings, spaced at rather close
cenires to permit the use of plain or un-
reinforced concrete. As concrete has
but little and wsually no allowable re-
sistance 1o tension stresses it je anly
practicable o allow iv o span up U
18 in. for ordinary floor thicknesses



FLOOR FINISHINGS

meRE are @ great number of foor
finishings suitable for the different
types of structural foars already des-
cribed. Some are solely for utilitarian
ists, and are subjeet to economical
comsiderations; others are used both for
utilitarian  and artste purposes, the
latter often avoiding the necessity for
Aoor coverings, such a8 linoleum and

Opoinary Froormc Boanns, cither

in edged or tengued and grooved, as
Iﬂl;;mfm, ure the most commaonly used.
Modern resexrch in tomber wsed in
building construction has forced a differ-
ent view to that which formerly pre-
vailed, when # was usual to use timber
joisis and bearers at about 16-in. centies
with § in. or 1 in. thick floering boards,
mailed rather indiscriminately.

Maximum Valoe from Joists
Now, and i the future, it will be
lound that: (o) joists and bearers will be
ut carcfully calculated centres o cause
the masamum value to be obtained from
the joists, ete., and may be at centres
much in excess of, sy, 16 in; (4) the
joists, etc., will be spaced to suit the
thickness of floorings and criling cover-
ings; (¢) Aoorings will be subject to nail-
' ing correctly with nails of proper length;
and [d) by-laws and recommendations
of certziin authorities will have o be
bllowed as to loading en flooring
boards.
L€ by-lases vequire flooring boards
to be capable of carrying a superload of

200 Ly, dt, super, or it §s not desired to
calculite the thickness then the clear
span ol the fooring boards shalk not ex-
ceed twenty-four times the actual [not
nominal] thickness. Therefore, 1y
thick nominal flooring which fnishes
§ in. thick may have a ¢lear span between
Joists or bearcrs of 24in. < § in.=21 in.
The boards must not be lesy than § in.
finished thickness, '

B.5.5. Recommendation

British Standard Specification 1018, Part I,
of 1942, Timber m Butlding Construction; is
exccllent in i recommendations which
are: 200 Ih. F.S. for plam-edeed floor
boards: il boards are tongued  and
grooved the superload to be not less than
twire the specificd finposed loading on
the grneral Anor comstruction, ie., 40 Ih,
lor domestic buildings; therefore, this
mearis B Th. for the floor hoards:  and
the boarding to be not less than § in.
thick:

As o nailing, the British Standard
Specification states:—

afil Flae boards, other than greoved ang
tongued, up 1o oid including 7 i wide shall
be fimbened with two mndls or sorews af each
inlersection with & joist oo les than § o
nor more than § in frooe e odiees.

(0] Floor boards, other than grooved and
himgieed, over T im, wide, sbmdl ke Gatened
with theee nails or serews al eath intersection
with m jenst, the outer nails bemmg not less than
| . mor more than § in, from e e

(ud} Tongued and grooved foor bomrds shall

ke fmstened with twoo nalls or sérews sl rach
Mitrrsection with & jost.

§§
PLANEDCED
38 The d
o

——
——

TOMCLED AND CROOVED

an the lefe and In the centre show two common joing for fleoring boards.

the right is 3 joint, splay-rebared. tongued and grooved. and prepared for secret nailing.
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TWO TYPES OF METAL FLOOR CLIPS
Fig. 39, These special clips are largely used for supporting the fixing fillets on concrere floors

(m) Tongued and goooved Hooring of nog
greater widili than 4 in. on GEoe may be
fastened by ome nail or screw a8t each inter-
section with a3 jeist; the mails Or screva shall
have a lenigth not less than twice the thicknes
ol the flwring.

b Nalls shall bive o length oot les than 2§

times the thickness of the boards (seea, (i)
£ Where srews are wsed their stee shal]l be not

lese (han thai known as No. B and of 5 length

terl lem il wwice fhe thicknes of the tnor
boards.

Ends of floor boards may cantilever
over the side of 2 joist or bearer for a
distance not exceeding three times the
thickness: of hoard,

Steir Froorivos are usaally splay-
rebated, tongued and grooved and pre-
pared for secret nailing as Fig. 38, and
are prepared [fom many kinds of wood,
often of the hardwood varicty, They are
in narrow widths ranging from 2 }-in. to
about 3}-in. faces and prepared from
boards 3 in. w 4 in. wide, and up to
about 1-in: nominal thickness: They are
secret nailed as shown; and it is advisable
b use. two nails at each crossing over
joists, etc.; the length of nails need not
be more than twice the thicknes of
Hboring owing to the nail heads being
well befow surface,

Az to maximuam spans between joise,
ete., the general rules for ordinary deal
e

floors may be followed. Owing to the

beauty of the wood used, these floprings

are seldom covered, except with small
Tugs, and it is therefore necessary to lay
them carefully, ¢

Surports FOR DRDINARY AND STHIP
Froomiss may be of any of the
allowing: —

Timber joists as described under
-iF'lml‘l‘

Small timber beavers or fillets as depicted
in the illustration of various proprictary
floors, 1o which they may be connected
with metal floor clips as in Fig. 39. The
bearers should be at centees to suit thick-
ness af fooring; they should be kept lree
from concrete surface {which makes
them  beams spanning between  the
clips); and the distance apart of the
clips, centre to centre, should accord
with the following rule:—

G d—a when ©=24 jor superload
of # Ib; F.5. an foor, 20 for 80 Ih.;
18 for 100 Ib. 7 and 17 for over 100 1b,
d=depth of bearer in inches, and
g—=centres of bearers in inches:

A domestic floor with 40 1h, F.5.
supetlond with 2-in. deep bearers a
18-in. centres should have the flooe elips
at ‘centres of 24 «x 2—18=30 in.

It is usual to make the bearers not less
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WOOD-BLOCK FLOORINGS

Fig- 40. lllustraeing 3 few of the various patterns in which wood blocks are faid. On the right [below)
are shawn two types of the blocks which are used for wood-block flearing.

than 2 in. deep, and their width should
ok b lews Koy 1 i
| CimexT Axp Saxo Pavincs: laid on
mm,mmuaﬂy f imoorl in. thick
taid in one coat, consisting of | part of
« Portland coment to 24 or 3 parts clean
shntpﬂ.ud and their surfaces may be
finished in either of the three following
ways, the first being the cheapest and the
lasy the most expensive. (1) Levelled
with scroeding rule and Teft with a fairly
mq;ﬁ surfnee; (2) levelled with screed-
ing rule and afterwards finished with a
wood float 10 a sand-faced surface; (3)

!l:mﬂndw_ftlmmdingru]nn.ndnj‘tn- .

wards finished with a steel Hout to a
w=mooth surface,

Graxowrmane Paviigs laid on con-
grete are of thickneses varying from | in.
02 in,, and are generally heavy-duty

pavings: Theyv mmy be fmished in efther
of the three waysstated above for cement
and sand pavings, and, in addition, they
may have carborundum to prevent
slipping: They are composed of | part
Portland cement to 24 or 3 parts of fine
granite chippings usually 3-in, gauge
with a little granite dust or sand; they
are usumlly laid in one coat.

Woop-nrock Froormes are also laid
on concrete to various pavlerys ns Fig,
4, which also shows two types of blocks
which are | in. or 1] i thiek and 9 fn.
®din. or 12 m.x 3 in. The conerete
Hoor must be made perivcdy level with
cement and sand screeding 4 in, to § i
thick on which the blocks are embedded
in hot mstic, clesniod off and, if desired,
the surface is beeswax polished or
stpined and polished.



TILE PAVINGS

Quarry Tus Pavinos are lnid on a
cement and sand =ereed on conerete or
eepiial, and consiat of quarries of such
sizes a3 6 in. %6 in. x [ in. or §in. thick,
9inx9in.x1] in_and 12 in.x 13 in.
%2 in. (Fig 41). They are made in
vanous colours as reds, browns, bulfs
and blues, It iz advisahle 1o lay the rles
as follows to prevent arching or detach-
ment from the bedding material and a
resulting seunding of hollownes:—

Lay the sereeding on concrete while
the latteris “green,” Le,, fairly hand, but
still damp; if this is impracticable and
sereeding must be laid on dry concrete,
the latter ghould be brushed lree of dust,
roughened if necessary. and well wetted
hefore the screeding is laid, Adopt the
same principle with the bedding mater-
il for the tiles. Where the concrete has
a good smiface, only the bedding layer
i required,

The guarry tiles are wsially laid by
first soaking them for a period depending
on their porosity and then bediding them
in cement @nd sand [ 102 or | © 2¢.
Ivis a good practice after soaking them
to brush a cement grour of cream con-
sistency. on the underside of the tiles
twenty-four hours before bedding them,
The joints should be wider than usaal,
not less than § in. and in no circum-
stances should the joints be filled with
cement grout or scum worked up from
the bedding mmterial. The concree

- floor on which the paving 1= laid should
be divided into expansion areas, as
explained later.

TesserLaTep Ty Pavincs (Fig. 42)
are wsually 4in. < 4in., 6 i, % 3 in. and
6 in. % 6 in., by L in. thick, in eed, buff,
brown and black colours, and they are
lnid similarly to quarry tiles but usually
with thinner joints—too thin being in-
advisable. This tvpe of paving is often
laid to various patterns wath different
coloured tites, including the use of white
vitreous riles,
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Fig. 41, Quarry tile paving.

A x4 N TESSELLATED TILES -

SCHED If COMCRETE RGOR
HAS UMEVEN SLIEFACE

Fig. 43. Terrazo pavings,

Ternazzo Pavincs (Fig, 43). The
laid-in-sity  variery. consists of gram-
{ared marble or othor @milir material
mixed with grey, white or coloured
Portland cement, laid § in. to § in. thick
an a cement and sand screed on oo
crete and alterwards rubbetd down with



carborundum blocks and polished. This
type of paving is hable to eracking unless

i care i aken with its prepara-
tion, laying, foondation, and the provi-
sion of expansion sirips. The aggresate
must be graded carefully and an exces
of eement avoided. The paving should
e divided into smull expansion areas as

ined later.

Mosne Pavisg (Tig. 44 constis of
small rcgular-uhapcd marble or corpmic
cubes from }in. to | in. square or hexa-
gonal on plan, and from § in. to § in.
thick bedded in mortar on a level
cement screed, the latter being pro-
partioned | to3. The mosaic cubes, eic,,

are generally glued to paper, on which
the is drown, and theén reversed

for fixing, and sct in mortar consisting of
I part Portland cemeat, 2 parts sand,
and sufficient hydrated lime 1o make
the mortar plastic for cmbedding the
meaaic. The paving is finally rubbed off
with stone or carborundum rubbers
either by hand or muchine.

Methods of Avolding Cracking
(}rukmg in paving i% duc to the
' and contraction of conerete,
sreeding, bedding materials and the
pavings, and also because the various
materials often hove varying co-cifi-
cients of expansion which are apt to
set up different movements in the work.
To avoid cracking in pavings it i
pecessary to divide all or some of the
yarious materials into panels with ex-
pansion strips between them so that each

TIODRS AND FLOOR FINISHINGS

material may move without eracking the
others;, Where expansion strips are
necessary in pavings: it is seldom sull-
cient to allow them in the pavings only,
Lt they must also be carried through
the sereeding and, il practicable,
through the conervie floor or whatever
ather base i in ose,

Unsuspended concrete Hoors of large
areas should have expansion joints not
more than 30 ft. apart cither way, & good
principle being to make bays 30 ft:long
and 9 ft.wide. The joins may be formed
by inserting, bitwmen strips which ame
lefiing or alternatively §-in; wiood strips
ma¥y bt wsedl, which are eventually with-
diziwn and the spuce filled with hitumen
or sand and tar,

Dividing the Screeding

The sereeding should be divided by
expansion strips to accord with the
following rules for the different wypes of
pavings. For quarry, tesellined and
mosaie pavings—which are not laid
with expansion strips—the screedings
ihould have exparsion strips smilar 1o
those in the concrete,

For terrazzo, which is very prone to
cracking, special precautions are neces-
sary ; the expansion strips i the torrazzo
should be continued downwards
through the screeding 1o the concrete,
but not throwgh it. American practice
5 to separate a thick screeding and the
terrazzo from the structural work as
shown by the diagram.

Expansion strips in the pavings are not
considered essential lor quarry, tessel-
lited, and mosaic pavings, but vesy
necessary for terraizzo, which should be
divided into panels, preferably about
3 i % 3 ., bt with o maximum of 16
sup. fi. with expansion strips of 20
SW.G. brass, | in. thick lead, i
thick vulcanite, or #inc, or some other
similar kind of comparatively soft
material.



COMPOSITION. FLOORINGS

Parguer Froormos |Fig. 43 consist
of | in, thick wood of various lengths;
widths, and shapes to provide many
desigos, the edges being square. Aust-
rian oak, when obtainable, is the best
wood to use, ns-it is hard wearing and
ecanomical. Walnut, mahogany, jarmh,
padauk, and other woods are used for
ortmamentdl as well as for wearing

o e

Parquet flooring is laid on a dry wood
sub-Hoor which must be free from any
uneven surfaces. The parquet strips are
fixed by glucing and nailing from the
surface with |-in. panel pins, which are
driven in and the smll holes lled.

These floors are reasonable in cost, of
good: appearance, wear well, are [airly
soft (o walk upon and are usaally
cleined by polishing with beeswax, and
occasionally, say every eighteen months;
or more often if fioors get very dirty,
with equal parts of petrol and turpen-
tine sibstitute applied sparingly with a
cloth and when the fires are out.

Courosrrion Froowiyes (Fig. 46) are
umsually 1 in. to § in. thick, § in. being
laid in two coats, of red, brown or other
standird colours at basic costs, and blue-
green or black colours and mottled sur-
faces-at an increased cost. They may be
laid on a perfectly dry wood sub-floor
o on dry concrete Hoors: When laid on
awood Hoor the hoards should be soumd,
free from rot, and firm,

o -
Reinforcement should be used such as
byv Laths nailed to the boards to which is
fixed palvanized wire netting; alterna-
tively, expanded metal lathing may be
pailed direct 10 the boards. A concrete
floor should be of good quality concrete
withaut hreere ot ashies in the aggregate,
and be level and lefi with a spade finish
If the concrete has not o reasanably
level surface a §-in. cement and sand
screedling should be laid, The surface of

1 PARGLIET FLOCHES

Fig. 44 Camposition floorings on wood sub-
flooring. They are also laid on concrete fioon
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concrete or screeding should not be
smooth, but if i is it should be hacked
al about B-in. c¢entres

Asruart Fuoomrixes (Fig. 47} are of
asphalt in which is incorporated colour-
ing ‘matter to provide red, grey and
zreen colours of 3 permanent character.
Black may also be obtained. The ash-
phalt may have mixed with it black,
white, or multi-coloursd markle chips
pings, the surdhce being afterwards
machine-ground in order o produce a
lerrazzn Appeatance.

' Choice of Colouss
The calour of the chippings is a marter

of tastc and i wsually governed by the .

bage calour. The Hoorings can he laid
on wood or concrele, any dampness
{while being inadvisable, particularly in
wood), not affecting the fooring. 1L is
usially laid about i in thick

A [elt gnderlay s recommended fhe
wood and eonciete, so that any move-
ment inthe wood or any cracking of the
concrete will not affect the flooring,

Wood sub-floonng should be sound
and firm, and free of any conditions that
may mdul:l: dry or other rot. Concrete
floors should be level and reasonably
smpotls.

Sopw Russen Froowixcs [Fig. 48)
‘are obthinable in sheet material, oles,
and units with valcamized jomz buailt on
asheet backing ; the thicknesses are § in_,
i in., and | in, Sheet material is made
in plain and mottled colour, with or
without borders, in long lengths and 3 A,
and 4. wide,

Tiles are in sizes of 3 in. 1o 48 in,
square, rectangular and other shapes
and in many colours and designs. The
unitd wre of tles, with designs not in-
‘eluding curved fines, and are buile up
with any number of colours; or any com-
bination of colours, in forg lengths and
Y i to 4 k. wide. Units built up on a
sheet backing are similar to the units

FLOOHS AND FLOOR FINISHINGS

last described, but usually consist ol
fi-in. tiles fixed to § in. thick ruliber
sheets,

A less expensive tvpe consists of rubber
on a foundation of durabile sound-
deadening fibre.

Rubber loorings are unmble for prac=
tically any type of huilding, but are not
suitable when sub-floors or Asorings are
damp, or when oils or fats are lialle to
drop on them. They are very durable,
Hygienic, fire resisting, non-slippery, of
good appearance, easily cleancd by
simple washing, and sre nomeles,

Foundution and Laymp. The Hooring
may be laid ona wood sub-fiooring or
on a concrete silb-floor; both of which
must be perfectly dry so'that no damp-
ness will get 1o the underside of the
flooring. Wood sub-flogrings must be
level andd smooth, snd if they cannot be
made so ar there is any chanee 6F wirp-
ing & layer ol 4 mm. plywood shoulid be
tuid as a foundartion for the rubber.

A corcrete sub-floor laid direct on
earth must be waterproofed with asphalt
or a plastic rubber compound, The
floorings are bedded with a rabber
cement. Specialists usually supply and
lay this type of flooring.

Poiurre RuRier ox Asnpstos-Crupst
Tie Froomnecs (Fig. 49) are of tils
with' an asbestoegement core and o
rubber tread, and are made in sizes of
3 imxdin, bmox2 ing, 6 inx3 in,
Bin. <Gin., 9in. x4} in. and 9 in., and
12 in, 212 in., all being § in thick
Diagonal halves are mode of 3-in.; 6-in.,
Gin, and |2-in. square tiles, The tiles
are made in a considerable variety of
plain and mottled eolours.

Foundation and Lagping. Wood subl
Hooring must be level and firm and
painted with red lead priming; slight
hollows or irregularities may be made up
by applyimg a filler coat of the mastic
used for fixing the tiles, a lutle dry sand
being mixed with the mastic when desp



LAYING ON CONCRETE
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Fig.49. Rubber on asbestos-cement tile floorings.

depressions have to be Blled. This
method of treatment avoitls the use of
plywood as specified for solid rubber
fioorings. The dies, which have plain
backs, are fixed by spreading a mastic;
supplied by the makers of the tiles, along
the underside of all four edges and a
dauly in the comtre of the tile, The joints
betwern the tiles should be a trowel
thickneseor & . Grouting may be with
the mastic, Portland of white cemert,
but not with Keene's or plaster of Paris.
Laying on concrete i done in a
different way from wood sub-flooring
waork; and the nles used for concrete have
. akeyed rubber under-surface. Concrete
Aoors should be dry and reassmalily
level, Asereeding is only necessry when
concrete i very uncven, as the Poilite
bed fix which iz used for fixing the tiles
IsTaid about | in. thiek and rakes up iny
normal irreguladjties in the concrete
floor. The bed-fix is first mixed dry and
then 5 parts of it is mixed with not more
than | partof water. 1t is then laid about
1 in.thick on the concrete, which should
first be well wetted and kept wer for at
least an hour befort applicaiion of the
bed-fix. The tiles are shurried or buttered
an the back with the fix, a brush being
used for this purpose, and are then laid
oni the bed-fix and tapped to ensure
proper bedding.
Corg Tie Frooumes {Fig. 50} are of

~POLITE - BELFR

" SUSPINDES CONCRETE ;CONCRETE SUBFLOOR [N
LB ALOOK * | COMNTACT WiTH EARTH®
MASTIC CEMBHT WATERFROOFED SCRERING

Fig. 50. Cork tile makes stiractive flooring.

cork tiles | in, 4 inoand § in: thick, and
in sizes of +in., 6 i, Bin, O in. and
12 in. square; and 12 in. X % in,
12in. %61, [8in. X 3, 18 in. % 12in,
and 36 in. ¥ 12 in., and saitable widths
for borders. They are made in light,
medium, and dark shades of brown,
Cork Aoorings are of good appearance.
very  durable, non-slippery, Bon-
absorbent, resilient, dustless, hygienic,
are ueually kept polished, and when -
dirty may be washed with non-caustic
soap-and water,

Laying the Floorings

Emmdation and Laying. The fooring
may be laid on wood sub-flooring or
concrete sub-floor. The [ommer should
be dry, firm, and perfectly level, and il
new, should be of tongued-and-grooved
flooring. An uneven or worn sub-flopr-
ing should be covered with plywood.
Concrete sub-floors should be screeded
with cement and sand not less than 3 in.
thick, trowelled to 4 smooth even! sur-
face, Concrete sub-fioors laid on earth
mittst be made waterproall In such cases
the tiles are fixed with a special bitumi-
nous wrastic. On wood sub-floorings a
felt-piiper underiay is used. The tiles are
bedded with a mastic coment to the lelt
underlay or sereeding, and in the case
of wood sub-Aonring headless nails are
driven in below the surfice of the cork.



CHAPTER 4

ROOFS AND ROOF
COVERINGS

Deseriptive terms. Pitch. Malerials.

Verges. Gutters. Flat roofs. Drips and rolls.
Tiling. Pantiles. Roman, Nalian and Spanish tiles.

Classification. Roof trusses. Dormers.
<ine, copper, and asphalt roofing.
Slates and slating.

Asbestos and concrete files. Asbestos, cement, and galvanized steel sheets.

E are severnl types ol roob
wsed in building construction and
they are designated atcordimg to

their outline or form of construction,
which are governed by: (a) the plan of
the building; (#) distance apart of the
supparting walls; (¢) the character of the
roof covering: and () the architectural
features of the structure,

In sclecting the roofl covering care
should be takien to find the most suitable
and the feast costly, at the same (ime
bearing in mind whether the structore
will be of a tTemporary or permanent
character,

The designer has today a good chaice
of covering materials, which include:
slies, clay, cement and ashestos tiles,
steel and  asbestos  corrugated sheets,
asphalt, lead, copper, zine, shingles, etc.
Insulation in recent years has played a
very considerable part in all kinds of
vl construction. 1

Preserving Temperature

Poor .conductors such as slates. and
tiles make betwer coverings than those
‘which conduct heat, such as corrugated
steel, as they end to preecrve a more
equable_ temperature in the interior ol
the building. However, where the latter
material is adopted some form of insu-
lating: matenal can be used.

Prroa. The term pitch is applied 10

the amount of slope given to the sides of
the roof, and may be siated either in
terms of the number of degrees which
the roof makes with the horizonial or
by the ratio of the risc w the spang
thus for a span of 20 ft. if the rise ©
5 i the piwch is F=1; if the rise s
10 1. the riseis a hall,

Minimum Pitch
With lead, zine, asphalt, the roof sur-
face may be iaid nearly horizontal, But
slates, tiles and other material require o
sloping roof, the inclination of which
varies from about | pitch upwards. The
minimum pitch it is desirable 1o use for
the materials in use for coverings is given

Lelow, and also in Fig. 1.

] Frgde toith
Mittprinhs e horizoy | PHed
i depreei

fad i ¢
Capper . i s
i e \ s -
\-'Ph.il L - I-ili
Cocrugated lt:rl 14® i
Corrogute] ashesion . 14 3
Slates (lurge] . M 4" 1
Slates (ordinary) v .l
Shttes (small) 330 I i
1'1-]&m nles F 45 |
Tiles (single lup) 15 ;‘
Bubordd e I '\

Table L. The minimum pitch ne for roof
coverings of various materiale “‘-“1"!'

I4+4



TERMS USED IN ROOF WORK

, ROGF PITCHES
Hﬁ!:' The sloping llnes give the roofl pltches
wuitable for roofing macerials. The pitches mostly
used are quarter :&d one-third, though ususally
the steeper the plich the bester the appearance;
but the expanse is grearer. Lead and uphi;
resofi. though they have a slight pitch, are known
w5 flac roofs See gho Table ||

=
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In exposcd positions a slight ncrease
in pitch or lap should be allowed.

Panrs or A Roor (Fig. 2). The ridee
= the point ot line of a roof where the
1wo opposite slopes meet : the horizontal
picce of timber forming the ridge i
called the redge baard, The lower edges or
parts of the sloping surface of the roof
where the gutter is usually supported are
ealled the eares, The timbers that sup-
pore the moofine muterial are termed
rifters, They are wmally supported at
their ends by wall plates, ridges, hips,
cte, and at intermediate poims by
purling or other members if their length
excerds about § fi. The spacing varies
from 15 in, op to 24 in. over the entire
surfice.

Well plates o which the rafters are
hirds-mouthed and nailed should be
bedded on the wall and preferably
placed plong the inside. A gable is the

part of the rool formed by continumng the
roof straight to the end of the wall, which
is then built up to the slopes of the roof
and ridge plate. The perge is that part of
the roof covering which terminates at
the gable end.

When the exves are carried acroas the
end of the building, thus forming a tri-
angular sloping surface, this surface is
colled o Aippwd emd. The two sides of this
triangular surface meeting the two main
slopes of the roof form the Aips,

The rafter forming the hip is termed
the #ip rafter. 'The salley is the inter-
section of two ool plunes eontaining an
externil angle less than 180 degrees. The
ralier lving along the valley is termed the
palley rufter. These raliers carry the short
common rafters called pack raffers; where
these rafters butt against a valley rafror
and have no foot resting on a wall plate
they are called crpple rafters.
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Fig. L. Diagram illustracing
the varlops tefms com-:
manly wmed i roof work

Curassipicarios oF Roors. Roofs may
be classified as follows: (2) single, (k)
prussed, (o) composite (Gmberand steel),

Single Roofy comsist of mfters secured
at the tidge antl wall plates. The
varinus forms of this type are: lean-to,
couple, couple-close, and collar-tie roofs.

The lean-to is the simplest lorm of
pitch roof (Fig. 3). It slopes in one
divection only; the upper edge buts
gainst a wall where the rafters are fixed
to a wall plate which is supported by a
brick or wrought-iron corbel (Fig. 4).

-

E =

fﬁ Sectlon and part elevation of

H to rocf, The |ean-ta iz the = b=
simplest form of pitch rool, hiving a =

slope in one direction cnly.

ROGEFS AND ROOF DOVERTNGS

A cheaper method sometimes adopted
consists of nailing the upper ends of the
rafters to a 3-in. % 2-in. wall plate
plugeed to the wall. Fig. -4 shows a
lean-to rool suitable (or spans up to § (i
Whete the span cxoeeds 8 it prlin are
introdueed o support the raflerss at an
mtrrmedinte point. This purlin is sup-
ported at intervals by struts which 1ake
their suppart from the wall (Fig. 5,

The rafters ave shown birds-mouthed
to the wall plate 1o counteract the ten-
dency for them to slide downwards. This




COUPLE ROOFS

Ram Fulneds
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WL FLATE

DETAR AT EAVER

hirds-mouth joint, of notch, should not
exceed hall the depth of the rafter.
Couple or Span Roof. As their name
mmplies, couple roofs consist of pairs of
rafters pitching against each other at the
ridge and fixed at their feet 10 a4 wall
plate. This is not a satisfactory type of
toal. as it has a tendency Lo spread at the
feet, dus o the outward thrust of the
rafters, except where the walls arc suffi-
ciently strong to resist it Span should
not exceed 10 &, (Fig, 6).
* Couple-close Roof. When the couple
roof is tied a1 the feet (Fiz. 7) by a
horizontal tie it is termed a couple-close
mof, which may be used for spuns up to
12 fi. 'The tie prevents the feet of the

Fig. 5. YWhen the span of a

lean-ta  roof 8 fr

purfins are introduced to sup-

port the rafters. Strus

Bt intervals are added in order
to give support

S

A& FTER

RNREN
BRILR COEBE

DECAIL AT WEAD OF LEAM TO

Fig. 4 Method of fixing the rafters of 2 lean-to roof to the
wall plates; the top one baing supported by mezans of 3

brick or wrought-iron corbal,

vafters from spreading, and consequently
avoids the danger of the walls over-
turning. These ties serve as criling joists
where a ceiling i required, and are then
termed ceiling joists; they are securely
jiailed to the rafter and wall plate. The
depth of eeiling joists is made | in. for
every foot of spam

Collar-tie. When the tie is placed some
distance above the wall plate it s called
a collur~tic (Fig. 8). As these
collars serve alternately as tics
or struts they should not
be placed higher than
aboul one-third

& 7 N s df i PLRLIN

- 21N 4 IN STRUT
EVERY FIFTH RAFTER

—_—

214 x 4l TN COMMON RAFTER — 9 R
—
7 = 5 1M CELING JOISTS o
12 116 N~ =
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ROOS AND ROOEF COVERINGS

span roal. The span should not exceed THIN X 8N DCEBCARD

lﬂlﬂ'.. in :ﬂ?‘ type of roof.
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the vertical height from the wall 1o the
ritge. If placed higher than this the tie
would lose its effectivensss in preventing
the overturning thrust of the walls,

In view of the fact that the collar may
change from tension to compresion, or
vice versa, it I desirable that every
fourth or fifth collar should be halved to
the mafier 1o form # shoulder, Care
should be taken not to weaken the ratter
at this point by cutting into it, to form

. ﬁpl.:'r:qu:ld ot the ﬁ; :
harmontal

tie. The span should
nat axcesd sbout 12 fr

2 L w AL T RAFTERS

]
[
|
|

the joint. A f-in. sinking taken out of
the rafter and a corresponding amount
taken out of the collar would suffice,
The temaining portion of the thick-
ness of the collar along its upper edge is
dovetailed. This is termed a dovetailed
halwing jorat (Fig. 9). The joint is farther
secured by spiking or bolting, A halved
and cogged joint may be used. Sonie-
times the rafters are doubled at this
point and the collar fixed berween them

B i = @ I RIDGE BOAED

M s 5N

CER G JCHST

e Bk
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MANSARD ROOFS 140

Fig. B. In 2 collar-beam rool the
—tie, or collar-beam, is placed
some distance above the wall plate.

FoiMow 5 N COMMON RAFTER
3 W w A iee WALl PLATE

¥l
—d =

Collar-auad-tie Konfs, In domestic work
where roofl trusses are not desired larger
spans can bie satisfactorily constructed
by the use of ties) struts, and purlins;
advantage being taken of any partition
wall a5 an intermedisic support, These
are termed collar-and-tic roofs, The
purling are supported at their ends by a
wall or hip rafter and at intermediate
paints along their length on the collars
and struts (Fig. 10), '

Preventing Sagging and Cracking

bt is-advisable to stiffen the ceiling
|ists 1o prevent their sagging and crack-
ing the ceilings. This is done by nailing
to the top of the joists a piece of timber
2im, % 5 in. in section termed a sfringet
and supporting il from the mficrs or
prirling atintervals of about 4 (. % 1 in.
or 11in, x 3 in. vertical hangers,

The rule given to find the depth of
ceiling joists is: hall the span in feet
equuls the depth of joists in inches.
Where hangers arc used the depth of the
Jotsts may he reduced to a half,

Mansard Roaf, There has been an
increase in the use of thoe roofs recently
fior domestic wark, their outline being
modified to mneet existing conditions.

The method at one time used for set-
ting out these roofs was to draw a semi-
circle and divide it into a number of
parts, the main points of the roof outline
passing through these parts, This has

_ P

(]

now been aliered (o an outline which
is determined by the amount of head
room veguired, the minimum heigl
being 8 ft.

These roofs usually have two pitches
and are sometimes referved to 88 curd
ruofi owing 1o the curb being used 1o
support the rafters at the intersection of
the two slopes. The lower slope shiould
not exeeed 75 degrees to the horizonal,
while the upper slope s generally made
hall pitch, third pitch or quarter pitch
according to the covering adopted. This
type of roof allows a room to be lormed
entirely within the roof, light and air
being obtained through a dormer win-
diww, Fig. 11 shows typical outline.

Fig. 9. Dovetailed halving joint
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10. In the collarstie reaf
vantage iz sometimes mken of
ny Intermadiate auzp:lrt.. such as
th: reithon which
i dizgram. |
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ROOFS AND ROOF COVERINGS
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Wars Prates. The sizecof wall plates
viries from 4 in. <2 am. to 4din. 2 30
The joint at the angle of the plate and
for lengthening it, i necessary, i the
halving joint. The jpint used in length-
ening the plate should be two-and-a-
half times to three times the thickness of
the plate. The plate is usually placed
along the inside of the wall,

Anovk Tes. Tohelp to resist the out-
ward thrust of the hip rafter an angle tie
is fixed to the plates across the angle, and
the mafier = noiched on to the tie in
addition 'to the wall plate. The older
method of using an angle tie with deagon
heam is Lttle used.

" Plain ties from 2 fn. %3 o to 4 mox
4 in, housed § in. into the plares and
dovetailed are used as shown in Fig. 12,
‘These ties are set 1n o distance of from
15 in. 1o 18 in. from the outer angle of
the wall plate depending in the pitch of
the rool.

Another method is to board over the
eorners diaganally with 1-in, or | }-in.
boarding abour 12 in, wide, This forms
o good seating for the hip, and is efficient
andd simple in setting out. The outer
angle of the wall plates should be sawn
off dingnnally to a width eqgual to the
thickness of the hip rafter and the hip
reduced in depth to that of the common
mfters, wsually 44 in.

Various methods are used for the
jimetion of the hips and the ridee, Fig.

i3 a N

I3 shows a simple and practical arrange-
ment with the last common rafier a short
distance from the end, and the hips
splayved, one cut only being necessary.
Fig. 14 is similar, but the hips are
hirds-mouthed.

Fig. 15shows the end pair of common
rafters tied togethir by nailing short
lengths of | {-mn. boarding across them,
angl then mitreing the hips together
apainst them. These joints are preferable
to that shown in Fig. 16, where the
centre tafter of the end, sometimes
called the end common rafter, coming
up against the ridge rather complicates
the construction.

Rool' rafters are usually made 2 in,
thick. Long lengths should be avoided
as they are expemsive and difficult 1o
obtain. The standard stock size for
common rafters is 2 n. ¥4 in.ar 16-in,
centres with supports every B it but
reference should be made to Tahle H,

Mrouus S or Rarress Spacsp
AT 6, CenTaes

Begring mid excerding D i
L m mo o
6 0 a3
¥ 2% Y
H 0 x4
g 2% 4}
i o 2% 5

Table 1), Minimum site of. fafters spaced at

l&in. contras.



SIZES' OF TIMBER FURLINS ; 15t

MANSARD OR CURE ROOF

Fig. |1 Mansird roofs have two pitches and are sometimes referred to 35 curb roofs, owing o the
curb being usad 1o support the rafters at the interseczion of the two slopes. The lower slope shoald

not exceed 75 degress to the horizontal, while the upper slope i

1’“{“‘ or quirter pitch according 1o the covering adopted. The stud wi fixed o the curb.

This type of roof allows ciear headroom for & reom to be formed entiraly within the rool, 2 dormer
window being previded, Such & room is particulariy sultable for 3 workroom or studio.

Fig. 17 is a roal plan showing various

enerall e half pitch, third
Ing is S;N :

i d Sha Diistunce ghert vl sxceding
ritliers an pu.rlins. riink Sy 7 ¥
Timber purlins vary in size according £ i | W | i

to span and loading, and form the inter- I -
mediate support or, supports for the . 0 Bl £
common rafters between the ridgé piece 1o tx 7] 4%8 | Sx8
and the wall plate. The minimum sizes 1z A k9| 4x 9| 5 x9
Tor various distances apart arc given in - b %9 LapE!
Tahle I11 in the pext columm Table 1. Minimum sizes for timber purfing,



Thuosen Pukriss. Where the span
ol the purlins becomes inconveniently
large the latter are not economical and a
trussed purlin might be adopred. It will
be found suitable where there is not suffi-
cient room for & principal and the space
mnside the roof can be utilized. The pur-
Tins should extend from wall o wall jind
rest on stone templets built into the
wall. They should be kept clear of the
ceiling joists,

The top and bottom members are
usually 4 in. x4 in. or 4 in. 3 n. and
the strois 4 in. <3 in. or 4 ine < 2] i
with 3-in. or §-in. dinmeter bolis.  All
bolts must have washers top and bottom,
The tros wually forms the ashlanng
along the sides of the room and may be
filled in with stuslding to receive the
plaster or tw be covered with fibre
board [Fig. 18).

v HOOFS AND ROOF COVERINGS

Light roaf trusscs for comparatively
large spans can be buill up with small
scanthings of various lengths and placed
side by side. In these types it is usual 10
place & pair of rafters 4 few inches apart
to allow for anather member being fitted
betwesn them. These laiter members
arc Jormed with shoulders at their ends
which bear on the doulile members and
extend into the adjacent members in the
form of a tenon for fixing or as supports
for the purlins at their upper cnds.

Berrast "Roor Trusses. The best-
known type of this construction. is the
Belfast roof fruss, sometimes termed
lattive or bowstring, with the upper edge
curved. Thiz curve should take the form
of & parabols—the ootline given by the
bending movement diagram for a distri-
buted load—though it s ofien struck
from a centre and made segmental; the
rise in the centre bemg wually made
one-eighth of the span. They are con-
structed for spans up to 100 fi. and are
covered with corrugated steel or felt on

A single-line diagram of this roof is
shown'in Fig. 19, which gives allernative
mrethods of inding the direction of the

fattices. The curve i first drawn and thie

15 I

A4

Fig. 13. Hip rafters splayed to the ridge.



BELFAST ROOF TRIUSSES

Fig- 14. Hip rafter mitred and splayed to ridge.

position of the purlins marked on at
about 3-ft. centres. From these points,
as shown an the left-hand side of the
drawing, the centre lines of the braces
are ohtained by drawing lines making
angles of 45 degrees with the lines
radiating from the centre from which the
curve is struck.

On the right-hand side of the centre,
lines of the lattices are drawn to points
below the springing at each end equal
to & distanee of half the span.

The radius may be obtained by the
formula:—

ihapeni® + e
T o

Radius=

For a 40-ft. span a rise of § span the
radius will be:— i

ACROSS END RAFTERS
Fig. I5. Fair of common rafters tied together

by means of short lengths of boarding.
. RIDGE
=
COMMON
uﬂ‘ﬂl—"L N
o

Fig. 16 Cantre rafier jutting against i
not such a good joint 3 in Fig. 15

Each truss consists of two strings and
two bows with the braces fixed between
them. The strings are given a camber of
Lin in 10

The sizes of the members adopted are
siven below in Table 1V.

A tongued piece about 5 fi. long, | n.
deeper than the sole piece and equal in
thickness to two lattice boards, should be

Radiuvs= "'—':?T:—? =425 1k fixed between the ends of the sole pieces.
Span R A & fi. . & . A, | 0 fi.
Sﬂkﬁm |

(doable} .| FFxH" =T W xB 1 =9 e S ] g
Bowa f |

oubled.| Bmxit | ez | Wy WX AT &rxr | 1 xay
Lattices P xn ] ey Iy | i'x.':i'|| as) | iy | 1mx#

Tabile IV. The sizes of the members of the Baifist rocl trusses are given in conveniznt aabutar form,
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space betwecn

the nearest cons

venieil Comman

rafters, by tim-

bers ar plates of
stouter section
than the cormiian
rafiers and spiked
thereto; or in
high-class con-
struction the
trimming  raltors

would he of

heavier dimen-
sions and the

trimmers prop-

erly tusk-tenoned

bhetween them.

The other ralters

are then Nited

betweéen the ridoe

and the upper
cdee of the trime-

mer.

Fig. 17, Plan of
s roocfl, mami
the varlous
tersand purling,

Provision must

Theie terms
ihould be mam-
orized carefully
and  pesitions
noted,

HIF WAFTER

be made by fit-
ting hoarding of
suitable width an
bearers between
the puter line of
the roof ralters
and the wvertical
face of the chim-

[
-

The trusses should not be more than
8 R oor 9 Ik apart. . The purlineg are
2 i 3 in. placed 2 B apart, Cros
bracing § in. % 4] in. is placed hetween
the trusses sy shown. A sketch showing
the construction i given in Fig:. 20
These trosses will be found to be the
most economical form of construction
that can be emploved.

Taoouasc. Where o chimney stack
emerges from an anglé of the ool the
rafters have to be mimmed. In these
cases all that is necrssary i o span the

=  ney stack o form
A wutter, subse-
quently to support a° zinc or lead
gutter with i approprinte  flashings
(Fig. 21). =
The same arrangement of irimmed
rafters Is necessary arpund a skylight or
other roof opening, except that in this
case the trimmers are usually fixed with
the inner faces at right angles to the
outer {ace of the rafters and subsequently
lined, Unless every care is taken in fixing
skylights they are a source of mrouble
through leakages,
Pravision should be made around the



VALLEY BOARIYS

Fig. 18 An example of 3
trussed purlin rogf, which
s more economical for
larger spans than ordinary
purlims. With this type of
purlin the space inside the
roof can be utillzed.
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edges of the skvlight for an ourwardly
projecting lining, abour 4 in. above the
roof surface, 1o support the flashing and
to prevent the guiter on the top side
overflowing during heavy rain. Where
the lining is at right angles to the rool
slope, chamfered fillets are used, but
thit methsd mukes n less satisfactory
job (Fig. 22).

Smull intersecting roofs to bay win-
dows or dormers arc constructed (0
intorsect the main roof. There are one or
two ways of forming the roof over a bay.
The main roof rafters may be lrmuned in
valley rafters, or the main roof raficrs
carried down to the wall plae, which
would be made continuous. Pieces of
boards termed palley boavds are fixed
ulong the 1op edze of the raiters to form

a bearing and fixing for the leet ol
the jack mifters of the projecting rool .
(Fig. 29).

Dorsens are fitted into the timmed
opening prepared in the roof, The
framework consists of 2-in, % 4-in. studs
and 3-in, 4= or ein. X Hin. posts ti
lorm the checks and to support the rool
of the dormer. The studs are tenoned
o & head or plate and nailed at their
lower entls 10 the mafters,

The checks und ceiling would be
luthed and plastered on the inside and
the eliecks and roof (where Hat) boarded
on the outside to receive the covering,

Where the rool over the dormer i
pitched, ceiling rafters are fixed by
nailing to the feet of the Tool ralters Lo
form a small couple ool which is
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Ha 20. Sketches showing the comtruction o
Jfast rool truss. Cn:m hrann!ri . x 44 in,

i placed betwesn the trusses These trosces
ar= 2 very economical form of construciian

Fig. 19. Belfaax roof truss;
thwi:? alternative meth-
ods setring  out  the
lattices. The curve of the
| upper edge in the Belfast
truss should take the form
of a parabola; the apan
may be up to (00 fi.

covered with slites or tles fixed o
battens on boarding (Fig. 24).

The checks are fnished with eitlier
slate; or tle I'Mng'mg, or covercd with
lead.

Where the dormers are shallow the
studding becomes unnecessary and the
checks in these cases need only 1o be
enclosed in |-in, boarding fixed dingon-
ally.

VerGes. There are many methods of
terminating the roofl at the verge or
gahle end, much of the appearance ol
the building depending upon the way in
which this = done. In one commonly
used plan the tiles or slates terminale
almost flush with the outer face of the
wall, maly peojecting. 4 very - small
amount, the ends of the tiles being
ponited or filled in with mortar {Fig. 25],
Barge boards were at one time much
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Fig. 21. Elevanion and plan showing methed of
trimming rool rafters for 3 chimney stack.

employed as a finizh to a verge but they
are little employed in modern design.

The soffit i& the visible underside
portion of the rool between the outer
edge and the face of the wall (Fig. 26},

157

Method of constructing
framing for skylights

and is in general practice flled in by
boarding of by lathing and plastering.
‘The soffit may also be finished with
plain tiles

The fascia board is subseguently used
to support the guttering rainwater fit-
tings, etc. It should also project above
the plane of the rool, usually 1 in. or so,
to give the requisite tile 1o the under-
eaves slate or tile so that they will be
close along the outer edge.

ROOF TRUSSES

qupm over ) it a truss becomes
niecessary. As a rough guide it may
be taken that the te-beam requires a
support every 15 ft. at least and the prin-
cipal rafters a support every 8 fi. These
trusses are placed at imtervals of from
8 fi. to 12 fi_ and simply act to carry the
roof proper.

According to the above rule, for spans
up to 30 fi. the tie-beam should have an
intermediate support. This js done by
means of n vertical member called a

king-pust and the truss is known as a
kimg-post Toaf truzs {Fig. 27},

The members are: (1) The tie-beam;
{2) king-post; (3) two principal rafters;
(4) two struts

The tic-brams should have a bearing
of 9 in. at each end and rest on stone
templets. The distance from centre to
cenire of the bearings &= known as the
¢ffective spam.

The various members are framed o
gether with mortise and tenon joints and



USE ©QF VALLEY BOARDS

Fig. 23. Method of constructing = roof over a bay, showing how the
feet of the jack rafters sre supported by valley bosrds.

are further secured with straps and bolts.
The roofing (common ralters, boarding
felr, hattens and slates) between the
prusses s supported by means-of parling
carried by the truss,

The iruss should be set out so that the
centre line of the principal rafter and
tic-beam coincides with the centre hear-
ing on the wall.

The thickness af the members is next
added, und the joints between the
members completed.

"T'he principal rafters are in compres-
slon and the weight is carried down to
the tie-beam, which prevenis the feet of
the rafter spreading outwards,  This

BOUIS AND RDOF COVERINGS

causes fension i the
tie=heam

The king-post
supports the tie-

beam at the centre
and is also in ten-
ginh. The He-beam
should be given a
camber of about §
in! in 10 ft. _
The struts from
the hase of the king-
post suppaort the
principal rafters al
- their centre, and are
in compressing. The
intersection ol the
centre lines of the
struts and the king-
poat 15 ustally made
cqual 1o the depth of
the tie-beam above
centre of tie-beams,
King-post {russes
are connected by
mamsverse members
called purlins, At
the a they are
:Gnnl;:FEt!:'d hﬁ the
ridee board, which
i let into the wops
of the king-posts:

The king-post, owing to its shope, i
farmed  from a piece of timber aliout
twice the width at the cenire. The exact
size it the emds i found by marking the
bevels of the rafier and strut jpints,
keeping them as near as possible at right
angles to the inclination of those mem-
bers. The arrangement of the king-post
joints: is shown in Fig. 28,

Threc-way straps are usually bolved
across the joints to hold the members
togethier, and the stirmep which supports
the tie-beam is generally sapported by
cotter pims through the post. -

Heel siraps or a bolt are used (o hold
principal rafiers o tie-beam (Fig. 29).
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Fig. 24. Pian, elevation and
1 gsection of a dormer with
= tched foof. Ceiling rafters

WIMDOW PLAN

are fiwed to the feet of the
roaf rafters.
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The purlins, which support the com-
mon rafters at their centres, are gener-
ally put immediately over the tops of
the struts so as (o prevent bending in the
principal mfters. The common miters
are fitted and nailed 1o the ndge board
and at the bottom they are birds
mouthed to « wall plute or pole plate.
They are notched | in. to the purlins.
The purlins are cogged (o the buck of the
principal rafters and nailed on, and a
cleat is fixed on their lower side to pre-
vent them from slipping or tirming uver
under the downward pressure (Fig. 30).

This fgure also shows u parapel
gutter, The gutter honrding is supparted
by B-in. x | J-in bearers and is covered

with sheet lead. The lead is wrned up
against the wall 5in. or 6 in. and on the

slope 9 in.

Types of Guners

Gurress. In additon t the ordinary
cist-iron gutter at the eaves o a roaf,
other gutters termed fapering or parallel
or hox gutters are used to carry off the
water from sloping rools "

Tapering gutlers oceur behind parapet
watlls and thse taper an one side anly,
Vhey are wually called parapet gulters,
and wre formed on the top ol the com-
mon raflters, en an arrangement  of
guiter bearers which are fixed atvarying
heights owing to the fact that the gutter
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iust ave o minkmume [l of 1o in
10 fi. A gutter should run in lengths ol
pot more than 9 [i.; and the joint across
the gutter formed with a drip not les
than 2 in. in depth. In long gurtters it is
necessary 1o introduce two or more cess-
pools; or outlets, to prevent the width of
the guiter becoming excessive.

Lead Joints

When two adjacent gutters fall in
opposite directions the joint between the
lead sheets is formed with a wooden roll
over which the lead is dressed. The joints
aoross the gutter are formed with a drip
not les than 2 in. in depth. Along the
top edgge of the drip a rebate 1 in. wide
is formed into which the odge of the
undercloak is finished and i fixed with
nails. The overcloak is carried
over the drip and taken down to finish

wsually 1 in. on the lower gutter.
The sides of the sheet extend 2 in. or
3 ins, forward on the wall and roofside o
lessen the risk of water passing between
the sheets where they overlap. The over-
cloak is sometimes stapped § in. from the
sale of the lower gutter to prevent capil-
lary attraction, and in some cases @
capillary groove s cut in the face of the

Fig. 15. Method of terminating -2 roof at the:
verge or gable end of 3 building. The tiles
terminate almost flush with the outer face of
the wall, anly projecting & very amall amount.

drip for the same purpese. The gutterat
its marrowest part should not be less than
9 in.

“The lead forming the gutter is urned
up 3 in. or 6 in. against the wall and is
upper edge covered with a hanging
flashing. The edge of the lead on the
roof side is taken up and dressed over 3
tilting fller which is placed 3 in. above
the sole of the gutter and parallel o it
The sheet is dressed over the tilting fillet
toa heightof 9., or toa vertical height
corresponding to the lead on the wall
mide. Fig. 31 shows a tapering guiter
between the two roof slopes, and in Fig.
32 the section is shown.

Gutters and Cesspools

Figs. 33 and 33A give details of the
setting out width of the gutters, gutter
drips, and cesspool.

The cesspools to the gutters have a
minimum depth of 6 in. and are 9 in.
square on plan. They arc lined with
6-1b, or 7-Ib. lead bossed put of a single
sheer.or cut and soldered at the angles,
the kattey being the more usual way,
From the cesspool the water is conveyed
through a 3-in. or larger pipe to o rain-
water hesd on the sutside af the wall;
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this pipie is soldered to the lining of the
ceaspool.

Parallel or box gutters have their sides
parallei-and are formed by plaomng wa
pole plates; at the required distance
apart, usually not s than 12 in. To (he
sides. of the pole plates are fixed small
bearers ot intervals of about 16 i to
18:im, and ar heights to suit cthe fall, to
support the gutter bodrding and lining.
Acsection is shown in Fig. 33 and a plan
in Fig. 33 Where the gutter & shallow
the lead may be meone widtly, ot if the
gutter is deep then the upper edges
should be Fuished with o flashiog:

Where ashoot isadopred for the autlet
10 the minwater bead the lead & dresed

over the opening in the wall and s
crges are tuwrned up and= they are
hniched with a flashing.

Flat Reafs. The simplest form ol
risalis @ flat roaf cansisting of joists in the
form of hemrers, spaced as for Hoor joists

and covered with bearding and same-

times Ielt (Fig. 34),
Forming the Slope i

Flats differ from floors in that they are
given a slight fall on the top surface to
throw off the water, The amount of
slope 15 usually specificd as 1 in LD,
but 2in, would be preferable. The slope
is formed by cutring the joists or bearers
tor the rake for smiall spans, but for larger

CONSTRUCTION OF THE FIMISH TO EAVES

Fig. 2. The soffic s the vuible underside

portion of the roof between the outer edga and the:

face of the wall. The soffit lx filled in either by boarding. lathing snd plastering. or tiles

Fil—
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KING-POST ROOF TRAUSS

p ta 30 fr. the tle-beam should have an intermediate support. This vercical
known & & king-post and the truss is clled 3 king-post roof truss.

spans the slope s
M e § N RADGE BOASD obtained by Sirring
ﬂ||| m up the joists. The
frring is arranged
0 - T so d#s lo allow the
boarding to run in
the direction of the
flow because if laid
at right angles the
boards may warp
and interfere with
the free flow of the
witer.

The boarding
should be in narrow
widths and 1} i
thick, though 1 in.
i more usual, and
the roof covered
with felt to give a
simooth surfiee for
the lead. When
rough boarding is
used 1t should be
traversed and s
edges shor, Al ox-
ternal angles should
be slightly rounded.

Where the lenzth

. KING-POST JOINTS pyrreds

' Fig. 28 Arrangemant of various jolnts vsed with a king-peat, The lower gi' F!*h: sline
jaint is known 38 3 gib and cotter joint; note particatarly the clezrances e lor lead, 7 ft.
o allow for tightening up the joint. 4 In. for zinc and

I S
ENG pOST
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4 ft.8 . for coppera drip becomesneces-
sary; and in the width a joint becomes
necessary for lead nt 2 ft. 8ing 2 fi. 9in,
for zine and 2 ft. 4 in. for copper. Thege
sizes arc a maximum and should there-
fote hot be exceeded.

Lean Frams. Owing to the expansion
and contraction in lead the maximum
sie of sheet that ean be used satisfactor-
ily is 10 ft. 3¢ 3 fr. 6 in., which can be cut
without. waste from a- roll ‘measuring
30 fx7 0.

Deres. The joint across the end of the
sheet i formed by a step or drip which
should not be less than 2 in. deep,
though 24 in. = table (o emure a
sound and water im&“ ool jol. These drips
are similar to those described for gutters.

tha sived of 2 roof. The tie-
about B In, MNote chat the top
fasciz zors 25 2 tilting flllet to the slates.
straps or % bolt are used
principal rafters to the te-beam.

a|u:‘:IN s8N
LTONE TIMPLET

The face of the drip is usually vertical
but sometimes an angle Gllet is used.

Rotis, The joint along the side of the
sheet is formed by turning the edge of
sheet over a wooden roll, or turning the
edges over a hollow roll or seam roll
formed of the material itself. The later
is not altogether suitable on flat work, as
it is linble to damage from traffic across
the roof, its use heing confined to
pitched roofs.

Wood rolls vary in size from 11 in. 1o
2 in., pecording to size of flat. They are
rounded or splaved in section and are
nailed to the boarding (Fie. 35),

The joint &5 formed by dressing the
undercloak around the rolls about two-
thirds and fixing the ﬂige by copper
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nailing; the overcloak is next carried materal allowed for forming the roll i
over the 1op ol the roll and dressed  9in, and this amount deducoted from the
down to fie | in to 1 an on the flat width of the sheet mives the maximum

Sometimes the overcloak & made o width of hay as 2 1. 9 in. or 24t 10 in
finish' § in. from the Sat. The amount o from centre 1o centre of roll
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GUTTER BETWEEN TWO SLOPING ROOFS

Fig. 3. The arrows show the direction of the flow of min water, Mote how the putter apars
berween the two roofs. owing to it f3l] between the reofl dopas o
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Fig. 31 Section thmih the tipnfl' LLET,
of which the plan is given in Fig- I!u

For thie length of the bays those at the
top end require an upstand of o in. and
jor & 3-in, drip another 4 in., making the
maximum length of bay as 9 ft. 20 The
centre bays (i any ) would be 9L 4 in,
and the buys at the bottom adjacent (o
the guttering about 9 i, 5 in. Lt is sodet
mpocint to nole thay all Jead work
should be fixed along one edige only, the
othet edire Iefi free to allow for the
expansion and contraction.

Where pitched roofs are covered with
lead & lapped or a welted juinr iz used
weross the end of the sheet. The lapped
Jristis formed by lapping the sheets 6 .
apd fixing the upper edge of the lower
sheet with copper nails,

The welting joint is formed by fxing
lead ar copper' tucks to the roal’ about
2 |, G in. apart, and folding them
together. ' -

Frasmmos, The sheet of the bay ad-

« jacent 1o the wall has ims ‘upper edge,

Fig: 33a. Sectlon of the parallel or box .
of whith the plan is given In Fg. 33,

termed the upstand, protected by a
piece of lead 5 in, or 6 m. wide termed a
flashing. 1es upper edge is turned into a
joint of the brickwork wedged with cak
ar lead wedges, and the joint afterwands
pointed. They are up to 7 It in length,
and are lapped at their ends din. to fin.,
bieing: called pasihgs. Further to-gecuve
the flashing small strips of lead 2 in. wide
called tacks or Yngles are placed at inter-
vitls o 31, fiin., so drranged to oecur at
the pasdings [Fig. 36).

Zine Roorxa. Good gzinc is uniform
in colour, and on cxposure w the
atmosphere forms is own protective
coating, which is basic carbonate.

The life of & zinc roal, properly laid
with & suitable gauge of metal (No, 14
zine gauge or thicker), and luid to
adequate falls, is upwards of forty years.

The expansion and contraction of zinc
lieing greater than that of lead, it mus
therefore be free to move, and i should
uot be placed in comtact with: copper,
iron, or onk which set up galsinic action,
the effect of which, will soon destroy it

o
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- PARALLEL OR BOX GUTTER

Fig- 13. Box guttery have their main sides parallel, and are formed

. about |12 in. apare, a5 shown (0 section in Fig.
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bulir.in: two polo plates
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LEAD FLAT ROOF
Fig. 3. Flat rools consist of joists in the form of bearers spaced as finor joists and coverad with
bearding or felt. The f.." to the flat is given by firring strips of different thicknesses which sre
nalled o the upper edges of the faists a3 shown in the illustration,

Zing i3 ene of the lightest permanent
mof coverings obrainable. Its specific
gravity is 7-2, and therefore a cubic foot
weighs 450 1b. and the thickness of a
square foot weighing 1 1b. @a = in.
or 0-0266 in. '

The gauges usually employed oni roofs
are Nos. 14, 15.and 16, weighing 183 z.,
21 § oz, 24§ oz. per sup. fi. respectively.
For good-class work nothing lighter than
No. 16 gauge should be employed.

Sheets are manufactured in lengths of
from 7 ft. up to 10 fi., and 3 ft. wide, but
the sizes of sheets used for roofing pur-
poses are 3 ft. wide and 7 fi. and B fi.

The weight of a square (100 ft. sup.)
of zine roofing for No. 14 gauge is 144

Ib.; No. 15 gauge, 169 lb.:-and No. 16
gauge, 192 |b. respectively,

The nails for fixing should be made of
zinc or heavily galvanized.

The preparation of the roof for the
zinc covering for a flat roof is carried out
in the same manner as that used for Tead..
The rolls, however, differ from thiose

Jused for lead, and the standard is 1 §-in.

high, 1} in. at the base and splayed 10
1} in. across the top. The size varies in
practice but the minimum height s L§
in. (Fig. 37).

Zinc cannot be readily dressed round
the rolls in the same way as lead, so the
edges of the sheet are simply turned
up 1} in. against the side of the roll, a
slight clearance for expansion being lefi



DRIPS FOR FLAT ROOFS

WOOD ROLLS FOR LEAD ROOFS

Fig- 35, Wood rolls for lead rodfs va
two-thirds round rell, with evercloak stopped

in slze from | in. to 2in. A is 3 rounded roll; B, underclank
§ In, from flar; C. overcloak carried over rall to

lie an flat | in. to | { In. The rolis are nailed to the boarding.

berween the bottom of the tum-up and
toll. Using a 3-1t. sheet this gives a maxi-
mum spacing of 2 i 3 in, between the
rolls or say 2 (. 10} in, contre to centre
of the rolls (Fig. 38).

Clips 9 in, % 1§ in, are placed at least
3 it 6 in. apart fixed under the rolls and
are Lentip to grip the tirm-up side edges
of the sheets. Each side edpe is held by
least two clips as shown in Fig. 37.

The bay adjacent to the wall will be
marrower to allow for the extra few
inches required for the upstand agains
the wall. This adjnstment will also e
necessary o the top bay for the same
reasons A given above

Method of Capping

Capping is made by drawing or bend-
img, and eovers the rolls and edges of the
sheets; capping 1 fixed by means of
holding-down clips. Thest are bent up
asshownand are 44 inl long witha 1 Lin.
turn back across the lower end. A elip is
nailed over the top end of the lower
length of capping and the upper length
is fitted Into the turn back: This gives o
watertight joint and allows tor expan:
sion (Fig. 39).

Drups. Flar roofs should be con-
structed with falls of not less than
| {in.in Bt to allow for drainage.

If the roof has a fall of less than 1in.
in 8 ft., drips must be provided to form
the joint along the end of the sheets.
These are made at depths of 21 in. and
are spaced 6t 7 L 6 in. as a maximuum

e
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Fig. 3&. Elgvation and section of roof flashing.

Fig. 37. Wood roll, as used lor lat zine roofs,
showing clips in position.
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PLAN OF ZINC FLAT

Fig. 38, Zinc cannot be dressed round rolls as readily as lead. The edges are simply wirned up
U} In. againay che side of the rofl, leaving & slight cearance for expansion

for an B-ft. sheet, which allows 6 in, for
firming the joint. The edge of the drip
mav be either beaded or welted. and
these are termed beaded drips or welted
drips: Welted drips can be 2 in. decp
imstead of 2§ in. reguired  for beaded

Forming the Bead

Where the sheets are joined al drips
bv mezns ofa bead the upper edge of the
sheet below the drip & tworned up 31 in
and s then urned our | in in Boe with
the wp of the boarding. Next a f-in
bead s formed oo the lower edge of the
sheet above the drip, by menns of

beading rod over which it b5 dressed 1o
shape.

The: beaded sheet 1= then fitted aver
the wrned-out end of the lower sheet
and fxed (Tig 440).

Welied Drips. To form a welted drp
the edge of the sheer is stiffened by
bending it back 4 in, and then furthe
bending this formed edge back | in.
This is then fitted-over the upper end of
the sheet below tn the same manner 0%
with beaded dripe. The method s shown
i Fige. 41,

On pitched rools drips are pot neces-
sary and a welted joint  can be used
mstead. The welt & formed by bending



SHEET

back 1§ in. of the top end of the sheer:
The sheet 15 then secured o the roof
boarding by clips 3 n. x4 in. bent to
shape (Fig. 42). The bottom end of the
sheet above i then turned back and

COPPER

HEET copper provides an excellent

material for roof coverings. It s
highly durable, being entirely unaffeci-
e by the apnpsphere. After a few years'
FRposure to moist air it becomes covered
with a flm of insoluble basic sulphaie
and Dbasic carbonate, commonly called
rerdigrey, which forms e well-knewn
green pativa of copper and permatiently
protects the metal from any further
ACTIoE.
In addition to its durability it is ex-
tremely light, and copper of No, 24
gauge may be comdered as equivalent
to abtut b lead for use in 2 similar
position. which gives a large saving of
dead load i the voul,

Standard Copper Gauges

It specific gravity is 8:9, therefore a
ciihic loot weighs 558 Il und the thick-
mess of a square foot weighing 16 or.
=L — 22 in

The thickness of the sheets s specitied
Ly the Birmingham Wire Gauge and
The Stundard Method of Measurement
states thot the Imperial Standard Wire
Gaage (1.5 W.G.) shall be given. There
15, -however, linle or no differcnce be-
tween B.W.GL and S.W.G. within these
particular number [imits.

For coverimg fat roofs, lining gutters,
snd mol wark in general, Ne. 23 or
24 pauge is mostly used but No. 22 I
sometimes employed.

For 'hips, ridges, and dormer cleats
No. 22 ta No. 24 gauge would be used,
and for step or covering flashing &
lighter gauge, say No. 2510 27,

n,—F L

COPPER

a2

fitted into the fold on the fower sheetand
the upper shce*l pushed into pasition anl
the welt dressed down tight. 1t s the
usual practice to allow two clips o the
width of & sheel

ROOFING

The approximate thickness m mches
and the weight per super foot 1= given
in Table V¥ below.

& Wils, o Thacknans 1Weiehiy per aniper
S WA pampy | BN, Joul i aigaees
2 | {128 2
CI W05 149
s | Lx22 i
5 | [0 14
26 018 13
27 016 14
28 Q42 10
N
Table V. re gauges, giving thickness

in inches and weight per squure foot.

The size of sheets nsed for roofing
purposes dre 5 0L 3 in 20 8 in, and
4 [ 23 1k 6 ing, both having the same

arca of 143q. A

OLUING DOWN LU

Fig. 39. Method af capping and using hakd)
down clip ‘on a fisz zinc roof. T'IFu m"l;
watertight jeint and aliows for expansion.
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Fig. 40 (lefc). A zinc bead drip must be st least 1) in. deep; as shown.
Fig. 41 (right). The minimum depth of 2 welted drip should be 2 in.

“The basic price is the cost pefipound for
sheetz not exceeding this area, Sheers
larger than the basic area (about 8§ fi.
w3 fi. of 16-oz. copper) will be found
more economical, as they require les
jointing and fewer cleats, and alio les
labour,

The preparation of the roof for copper
is similar to that used for zinc or lead.
The addition of a layer of paper, feli, or
Ruberoid on the boarding s uscful
preventing unevenness in the boarding,
prevents condensation forming on the

Fig. 42 A welted joint cin be used on a pitched
zint roal instead of 2 drip.

underside of the'metal, and provides a
certain amouont of thermal and sound
instiation,

Where the structural roaf = formed
with eoncrete the surface should be
fimished with a cement screed to give an
even surface [or the material.

The sheets are fixed to the conerete
surface by means of dovetail wooden
battens preferably placed across the
slope. These battens should be spaced
atdistances of from |2 in. to 13 in. of the
fixing cleats, where a standing scam
joint is adopted; and at from 18 in. to
34 in. where wood rolls are used,

The minimum falls for flats should
not be lessthan 2 in. in 10 fi. or | fi. in
60 Iv. (Fig. 43).

Rotis. The jointing ol the edees of the
sheets is mades over wood rolls measuring
11 in.< 1} in., but conical-shaped rolls
1} in. at the base and 1§ in. in height
are found to be superior; and are nowin
general use. The allowance for rolls is,
Sin., thatis, 2 in. for 1he undercloak and
3 in, for the overcloak (Fig, 44).
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PLAN OF A COPPER FLAT
Fig. 43. The minimum fall for 3 flat rool should be pot less than 1 in. o 10 fe. or | fe im 80 fo

5 A 3in. %2 ft. B m., the rollswill
be spaced at 2 [t 3 in. apart or 2 fi. Sin.
centre to centre. The bays adjacent w
the wall will be about 3 in. less in width,
the extra marterial being required 1o
form the upstand, This adjustment will
also be required for the top bay.

R
, -}_:"-.__ \H,_'\I l'l' L
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[ BORRDING

—

Clips 6 m. %2 in. placed under the
rofl at 2-f. G-in. centres are folded o
between the undercloak and overcloak,
which is finished by a welted joini abong
oneside of the rall. The ends of the rolls
at the drips are finished with a saddle
piece, which has its upper edges welted

TYPES OF ROLLS

Fig. #4. A, square roll; 8, Ewart's canicil roll. showlng concealed clip; C, chamfered roll; D, patent
mddie piece. The sllowance for rolls is 5 in, (2 in. for underclosk and 3 in. for overcloak),

i
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el ———

45 {above). I‘l‘-ﬂrmnnf farming a seand-
hﬁ':'m Fig- 46 [balow). Cuo:nplmd

standin
seam. The smanding seam is swizable for ﬁ:heg
Tools, where there i no traffic to cause damage.

1o the edges of the overcloak of the upper
flat,
The standimg svam is-generally wsed on
" pitched roofs only, because of its linbility
m damage where there i3 raffic acros
Hat raols; and the comequent injidy to
the joint would spoll its usefulness as an
rxpangion joint (Figs 45 and 46)
Drips-are not gencrilly necessary in
copper roofing as in lead rooks, becanse
eoppen, unfike lead, cannot creep, parti-
cularty where the fall allowed is a liberal

BE DISPENSED WITH

LRPS 10 FT. APART BUT MAY

one. But where the area covered Is &
large one it iz an advantage (o employ
them ar abour 10 fi. apurt as in Fig. 47.
A welted gutter drip is shown In Fig: 49.

Where the pitch is not less than 8
degrees drips may be dispensed  with,
anel the joints brtween the sheets both
vertically and. horizontally, formed by
double welts which thould be turped in
the direction of the How ol water
Double wvlls (Fig. 48) or  double-cras
wells are preferable to sngle welts o
ningle lock seams. To prevent the danger
of water lying along the top of the drip
owing to its thickness, a groove should
be cut in the boarding the width and
thickness of the well, thus giving a
level surfice,

Fraswuxos. Cover Hazhings are made
6 in. wide, and ure lapped 3 iy, in every
3 ft. The lower edge s lormed with a
single welt wurned backwards in ordir
to stiffen it, as owing o Jts thinness it i
apt to curl outwards, The clips to secure
tie bottom edye of the fAlashing are bent
and then doubled twice i arder 1o
stiffen them (Fig, 50).

Cincrere Frats, Timber ool cov.
ered with sheet metal have now been
largely replaced by fat rools formed of
cancrete and covered with materials that
cin be laid directly upon the concrete.

Hl.d.nﬁphtul;uﬁlr:whumﬁnnmmwIstl-r;nunz,lthmmmu“m are
the drips about 10 fe agere. Fig. 48 (top right) Is example of 2 double wele E



WATERTIGHT RENDERING

Fig. 4% Velred ;1:, e
parapet  gutier. X

{right}. Mechod of securing
the bottom "edga of the
fashing by means of clips.

The structiral part'ol the roal ean be
constructed in reinforoed caberete, sieel
and conerete, of o combinntion of hollow
liles and remnforeed concrete. The pro-
portions of the concrete should not be
weaker than 4: 22 |, The thickness of
the concrete and the amoune of re-
inforcement will depend upon the span
ol the roof, the clcalations heing similir
6 those wed i romforced concrete
floor slahs,

Where the roaf aren i lurge it i usunl
o dfivide It up Into o number of hayve by
the introduction of beams to [Bssen the
span of the slaly. These beams arc either
of stee] or remioreed conerete

Careful conviruction is: roquired to
render the roof watertight and the wr-
face should be finished with an jmper-
vious material, When the conerete & in

S

position it should be kept damp for
severn] iy as is 'L prevent cracking
lrom exposure t the Beat ol the s and
in order o counteract cxpansion’ com-
pressible limngs should be inserted
around the walls.

Fall for Fiat Roofs

Flat roofs differ from floors in that
they arc given i fall not less than 24n; in
10 fi. 1o throw off any water, which
furthier asstas in miaking the roof more
watertight, The fall &= obtained by
covering the structural floor with coke
breeze, pumice or foamed slog to an
even: surface, and findshing the surface
with a cement and sand screcd, which
can be repdered waterpeool with witers
pruufing compoundd, “compoyite™
built-up roohngs, or mastic asphalt.



Fig. 5. “FP™ mmposm'h-uth-up
roofizg finished with approved grit.

B 5

Counrosite Filexisee Burr-ur Roor-
vtz This forms the most reliable andd
durable roofing or waterprool covering
to any kind of building or structine.

DAMD PROOE SOl

ROOFS AND ROOF COVERINGS

Where not required to take heayy or
constant braffic it forms the finidhed roof=
ing, ‘or il so required it forms an Tm-
perishable waterproofl base to other rool
pavings. Iris laid in separate layers, Le.,
I-ply one layer, 2-ply two layers; etc.,
of bitumen rocfing feli. Each layer is
separately laid, the frst Eayer, i on
baarding, being nailed down through
the laps; if on concrete it is hedded
down with hot bitumen mastic, and the
following layers separately lnid, ench
breaking joint and bedded down to the
underneath layer with hot bitumen
Tastic,

The surfiuce js coated with hat Bitu-
men mastic and, if it &% to form the
fmishing roofing, fine, dry, clean

FINISH OF ASPHALT TO WALLS

the falis must be provided for in the base before the asphale is applied.
Au inderiayer of warerproof building paper or mphaltic felt prevents dampness from mwnuhsslu:h-

Fig, 5L In asphalt roofing



ASPHALT ROOFING

Bridpart or other approvedrit cmmbed-
ded into the fce; pr the surface double
voated with hot binmmen mastic and
+ §-in. gauge dry, clean, pebble shingle
embedded mto the bitumen coating
whilst hor. This gives §in, protective
layer over the bituminous roofing lgyers.

An excellent form of roofing of this
description is known as “F.P.” compe-
site built-up roofing (1-, 2- or 3-ply),
with finished Bridport or other approved
grit embedded : also *'F, P (1, &- or
3-ply) pebililed Hexible roofing.

The roof illustrated in Fig. 51 is com-
posed of three distinct and -scparate
liyers of bitumen roofing felt, each laid
breaking joint and thoroughly bedded
down tn under layer with boiling bitu-
men of best quality,

At the jimation bebween the wall and
the roof & #}-in. ¥ 3-in. angle fillet &
fixed, and the rocfing laveirs turned up
and the tap edge fnished with a Rashing
of lead, copper or #ine. A damp-proof
course should be inserted three courses
above the Hat in all parapet walls or the
bittminous roofimg can be carried ov: r
the angle fillet and continued through
the wall 1o form damp-proal course,

Asenart Roorikg, No naturally im-
pregruited rock has sufficient bitumer
content to produce a-mastic asphalt for
roof work, and forther bitumen has
th be added when cooking down the
rock to make it mastic. Ttis of the utmost
importance that this added bitumen
shonld also be a natural material, and
refined Trinidad Lake bitumen is gener-
ally used, having proved the most
sitisfactory over & number of years.

Providing the Falls
The falls required for an asphalt rool
must be provided for in the base,
whetherof wood or concrete, becansa it
s practically impossilde to correct a
defective fall when applying the asphalt.
Al eoncrete should be screeded over
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g‘“llimmmummummu:glui

— ﬁiﬂt‘n
nishtoa verge
of a2 rool

with cement and sand, and finished with
a smooth surface to receive the covering,

The asphalt should be laid in a thick-
ness of not less than § in; and in two
layers breaking joint. An underlayer of
watcrprool building paper or asphaltic
rE'l[ Pmﬂmdﬂmp‘nﬂﬂﬂ i-“ the ‘concreie
coming through. Fell or waterproof
paper must be placed between the wood
and asphalt where a wood base is pro-
vided (Fig, 52),

Fig. 53 shows the finish to a verge, and
Fig. 54 the finish to the eaves of & rool

At the junction of the wall and rool]
on a timber constructed roof, the proper
finish is to provide a 4-in, % 3-im wood
fillet fixed in the angle, and the asphalt
carried over the fillet together with the
felt. A nurrow strip of expanded metal i
placed across the angle to form a key and
prevent the asphalt from sagging. A lead
ar copper flashing is fixed to a brick
joint and covers the upper edge of the
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truction of & damp-proof
Course to a wall,

skirung. This allows ree movement and
(e subsequent shrinkage in the tmber.
A separate damp-prool course should be
baudlt in the wall three courses alxive the
A s In Fig, 52 Fig. 55 shows un
asphalt boarded parapet gutter.
Asphalt o all pitched ool over 10
degreesshould have wire netting or light
expanded metal 10 form a key for the
asphalt, :
These ronds can be insulated by plac.
ing imsulsted boards on i layver of bitu-
men lelt, The boarding is then covered
with a layer af modorous or asphaltic
felt and the ssphalt subsequenthy Laid
aver i order to compleie the roal,

ROCHS AND HOOF UOVERINGS

L [ BRI [LATE

Tres. Roohng tiles are made: from
clay or conerete. Clay. tiles because of
their thinness require careful selection of
the material and great skill in their
mumufarture.

Hund-made tiles are preferalile to
michine-made (iles because they ate
maore unllnem and less Habile wo lamnimnas
tion, and when properly selected will be
founel 1o give long service. Many tiled
roaly fall owing 1o the corroston of thie
nails or the decay in the battens.

The bedding of tiles 15 10 be avoided,
#¢ the mortar holds the waiter and the
tiles are rarely dry, and ameng other
risks thry are fiable to be broken during



TILE DEFINTTIONS

rost. The pitch ar the eaves must not be
made oo far where sprockets are intro-
duced, because of the great amonnt of
water which cagses moisture on the sur-
lace; giving trouble at a later period,
Lap and gauge are also very important,

The muximum gauge betwern niils
should e +in., giving & lap of 24 in. with
10d-1n tiles, Sometimes 331, or even
Jt-in. gauges are used, which are better,
giving move protection against driving
rain and snow. A good rule is “the flatter
the pitch the greater the lap.”

A good camber to the tles is desicabile.
Approximately 1-in. camber ar housing
in the length of the tile is required.

Prepararmion oF Dioing. Tiles may
be fixed 1o battenz only; batlens and
E:pcr or felt, counter battens and

Lens.

Close-boarding

The best method of proparing the
toof is to close-board it and lay over it a
good nom-cnnducting felt: the nibs are
knocked off the tiles, which are then
nuiled on the top of the felt. This method
= wually adepted where o very cold
anel damp chimate obtains. Tiles with-
oul nibs are also obtainable.

For pood-class jobs the roof 15 close-
boarded and sarked as before; verneal
battens o counter-battens, size 2 in.
®1 im; or 2 imcx§ in, are nailed
through the ek and boards over 1he
eetitre line of rafters, The tile battens
are fixed across these and the tiles hung
by their nibs on the laths. This gives a
wiirm raol in the winter aind a cool rool

insummer, owing to the insulation given

between: the tles and boarding,

Prax Tices: Plain tiles messore 104
in. % 64 . . thick and Hoin < 7in.
g i, }inoar §in, the lormer size
being the one in gencral use. Two nibs
are formed on the underside at the top
For hanging to the battens Two nail
hodes sire provided in cach tile.
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Desmrmons. The terms employed in
tiling are as follows: The underside of the
tile when laid & called the bed, and the
upper sicle the fack. The lower edge i
citlled the tnl and the upper edges the
head (Fiz, 56].

The margin 15 the name piven 1o the
area ol the tile exposed ‘to view when
laid on the roof, The gauge = the dis-
tance from nail hole to nail hole, which
is the same length as the marging, and &
ubrained by deducting the lap from the
length of the tile and dividing by two
This rule miy be stated thus:—

Grtage —'=nsh o te svuss Iy
The gauge generilly adopted is 4 in; The
lap is the ameunt by which one rile
covers the next but one below it

BACK

BEL

TAIL

6. Sketch of tile, showing Lerms empioyed.
Tiles are slightly curved (shown exaggarated)
10 thas they will bad 1a 1 clows joing
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_ TYPES OF TILES
Fig. 57. The diagram gives examples nfﬁh.m tiles, hip tifes and ridgo tiles, which are made In

3izEs to =uit various purposes.

Faves axp Rmoe Tiss. To awid

cutting ordinary tiles special tiles are
made for the under-caves and under-

ridze. The under-caves tile is made 7 in.

lkmg (Figs. 57 and 63) and the under- |

ridge tile 9 in. long, the width being the
anme as ordinmry tles .

To obtain bond in the course, a half-
tile, iic., 3—& in. wide, or a file-and-a-half
tile measuring 93 in. wide, is introduced
at the verge or the start of each alternate
course. The tile-and-a-halftile is prefer-
able becawse a betver fixing is obtained.

dge tiles vary In length from |1 in. to 24:in

RinGes; Various types of tiles are used
for particular purpeses. OF these the
ridge tiles sire thase which span the ridge
and are known as half-round, hog's
back, and angular, suffidently wide to
give the necessary lap to the tiles on cach
slope. They are supplied in varying
lengths from 12 in. to 24 in. {Fig. 57).

Where the ridge of an adjacent roof
intersects the muin roof at a point below
the ridge of the main roof, the junction
should be formed with a lead saddle-
picce dressed over the ridge of the
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Fig. 58. Valley farmad with valley tiles.

adiacent roof and to the slope of the
main roal, Special threc-way tiles are
made to fif the ridge intersections when
they are at the same level.

Hi¥ ano Vavrey Thies are made a
special shape to fit the hips or valleys of
atiled vaof. Their purpose is to complete
the tling &t the hips and valleys réspec-
tively, Every care should be taken that
the pitch of the valley does not become
too flat. A roof pitch of, say, 40 degrees
gives a valley pitch of 31 degrees. The
valley tile (Fig. 58) is perhaps the most
serviceahle form for use with plain tiling,
It s made angular or rounded and
should be used in preference to apen or
secret gutiers,

The mitred valley is not so much used
inmodern work and the openvalley only
occasionally (Fig. 59). The mitred
valley is made watertight by the wse of
soakers which are placed acress the
angle and lapped.

Fig. 59. Opon valley gutter with mezal sole.
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[LEAND-AMALE TiLe

Fig. 8. Laced valiey, in which the les when
aid have 2 pronounced upward sweep,

Secret guiters are not advisable as
they are liable 1o become choked with
dirt, and are difficalt to clean,

Laced and swept valleys are more
difficult to make watertighl and are
more costly in labour and material, asa
number of tiles must be cut, They have
a good appearance when laid.

In & laced valley a tle-and-a-half tile
is placed across the valley with its point
lower than the tiles in the same course.
A wide board is laid along the valley in
order to flatten the angle and the batiens
finished againstit. These tiles when laid
have a pronounced upward sweep, as
shown in Fig, 60.

Fig. 61, Section showing under-ridge tiles
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FAMNTILE ROOFING
A charming effect is: praduced by the pse of pantiles in suitable surroundings. In the above picture
this effect is heightanad by the curve of the wall, the gateway on the right and the e of harmanizing
ridge and hip tiles Pantile roofing Is becoming increasingly popular in modern houses.

Hir Tres. Hips may be eovered with
hatlfranited, eone, angulier of bumel tiles as
in Fig. 57,

Halfsround tidpe may be used with
either 'hand-made or machine-made
tiles, but & out of scale on the hips of
amndl roafs:. Each tle must be nailed ai
ithe bead and it s advisable to point op
the joints after placing, in addition to
hedding along their lower edges (Fig.
61). The bonnet hip tiles are wsually
found in good-cinss  hend-made” tile
wiark, and make a pleasing finish.

Consiruction of Verges

Verces. Verges are generally miven a
projection over the wall of about 2 in.
Oineor two courses of tiles are bedded on
the wall as an indercloak 1o forma tili
along the edge, which helps 1o prevent
water from dripping over the edire of the
verge. Where vertica! tilingoccurs undes
u verge the undereloak yheéesa neat finish
heiween the wall and the rool tling. In
arder to obtain g foang for the end tile a
picor 15 cut off the side of the last two
tiles: This lcaves a nail hole in each wnle

and provides a neat finksh to the verge.
When the vertical tiling is finished in
this wayv it is generslly known as the
Winchester cut

Namsaxo Naminag. Thevanous kmds
of nails used for slating and riling are off
T composition and copper

Gabvanized nails are only used when
low oot 1 the prime cunsideration, Zme
nails are popilar for ordinary work, bt
are liahle 1o perish in s air,

Copper nalls are employed n ime-
portant biildings, but composition nails
made from an alloy of copper, zine and
ti are harder and more readily driven,

Copper, composition, and zine nails
thould be avoided in gas, chemical, and
other such works as they deteriorne
rapidly, and chrame-iron mmils or lend
pegs should be used 'to fasten the slates
0 which can be bent the steel angles.

The heads should be kept as thin as
possible, so that they do not project
above the surface of the slate e th inter-
fere with the bedding al'the slate aliove

Fhe size and weight ol nmils is gov-
erned by the size and thickness of the



PANTILES

slates, The length may be obrained by
taking twice the thicknessof theslate and
adding | in. Nais a linle longer than
this are necessary for the fimst and second
courses at the eaves.

Numssr o Tnes, Adopting a &in.
gauge the number required to cover a
stuare, Le., 100 sup. 1., 8—

arma il N 4

witlTh ol tile or dlnie > gwaEe
Taking a 10} in. x 6] in. tile laid to a
24-in. !a}l:l the mimber required will be
Wisle_ 10 _ 554 1iles, The usual

GrSmd ]
allowance for waste is 5 per cont, which
gives 582 us the totul number ol tiles
requiresl.

The number of slates per square is
found in a smilar nianner, :

Another class of iile is larger in dimen-

L_ 10 I ———— '—'Ir
.
3N 3} N
i i
siin—s  —em—
i = | ] 1 161 N
| |
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i
sions, much thicker and generally ol

OINE CUTVE, OF Clirves, i section.
Amitg these aie the pantile, Roman
tdoulile and single), Italianand Sparish
These tiles are laid on (he rool fsucha
way that only their edaes overlap and 4
sipgle layer gnly Is hecessary 1o cover
the roof; they are therefore generally
known as nngle-lap files (Fig, 62},

Sizes of Pantiles

Paseries are ane of the oldest of rool
tiles, and measure ahout 134 m. or 14in.
long and 9 in. to 11 in. wide, and curved
in section to a Hal ogee curve. One
special type 8 known s the " Pinion”
pantile measuring 15 in. % |1 in,
moulded with two lugs on the undes
side, which makes them more water
tight. Waterproof paper or under

o 1L N

Uraak fut

(CORALCATED TUE

* ITALIAR TiLE

SINGLE-LAP TILES

8L Single-lap tiles
Fig. E

-

are fonger snd thicker than the ordinary tile, and are wiually curved in
They include pentiles. and Roman, ltalizn and Spanish tiles



Flg. 63. Pantiles finishing agpins 5

ridgs. A
mare level bedding I8 given by filling in with
pieces of waste tiles cut to fic

Ielting is advisable to ensure against the
elements. To allow proper bedding the
opposite carners diagonally are splayed.
It is usual to bed one course of plain
tiles at the eaves below the first course off
pantiles as a precaution against wind
pressure. The hollows in the. tiles st the
ridge are often filled in with picces of
“wiaste dles cut to fit. This gives a more
* level bedding for the ridge tiles (Fig. 63).
Pantiles are best suited 1o simple rooft
with gables, but valleys can be lormed
without much difficulty. A double-roll
pantile’is provided to finish the lefi-
hand edge. Verges in single-lap tiling
bave 2 course of plain tiles as an
undercloak.

. Smvcie axp Doumre Roman Trioes
measure 15in. % 10 in, and 164 in. < 13}
in. respectively, and differ in that one
has a single and the ather a double roll.
The modern type is an interlocking tile
with & broken joint, but arranged in such

ROOF AND ROOF COVERINGS

a way thit the joint appears straight,
The Reynarto is & double Roman tile
with a larger roll made in colours (Fig,
621, These tiles can' be fixed by the
secure svstem for extra security, The
pitch for these tiles is 35 degrees. For &
less piteh the roaf should be Boarded
and felted. .

Irargan Tnes have a flat under-tile
tapered on plan with the edge trned
up. Itmeasures 93 in. at the narrow end
and 10} in. al the wide end, and is 15}
in. long. The over-tile is halfound and
tapers from 43 in. to 61 in., allowing the
tile in the next course to fit closely with
i lap of 3 in. The roof preparation
refuires: vertical bartens | . x 2 il
placed between the under-tiles 1o which
the over-tiles are fixed with one nail
{Fig: 62):

Spasisn Ties are somewhat similay
to the last named, but in this case the
lower tiles are hall-round in' section
instead of being Hat. They are very
cffective, but require an additional
amount of ground work which makes
them more costly (Figs. 62 and 64).

Technical information in connection
with tiles is given below in Table VI.

Slates and Slating
Slates come lrom Narth Wales, West-
morland, Cumberland, Lancashire and
South Wales, The Welsh slates are blue,
purple or greenish grey, and dressed 10
regular sizes and as thin as possible. The

[ |

Nize of Sice of Coorring | Walght

Type of mwhe Sige o oonchey | Aowiconiul battems - arrtical amfarily | e sy

} e Emcihay | drdtemi P ompuere e,

le | Lo i o

Pantile, . .. . Ll b : X — = 165 &
Double Roman ., [T ek £} ; - 05 | HI:
Double *Reymardo™ . ‘ 6= 134 2 %2 - | 85 i
spmmhh."m. T E I"Iv.mg h.clm i_! Jx3 s | 8
i ST = g nting | 2 x4 | 500 | —
Spuugriah “Lidn™ | . - = - 200 -

Table VI Sizes snd various particulars of pantiles and other single-lap ties
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SPANISH TILES
Fig. &84, Spanish tiles are somowhiat similar to ltalian tifes. bur the lower tiles are half-round In
section |nstead of flaz, The additional ground work required makes Spanish tiles samewhat more
costly than ialian tiles: The method used for the end fillings should be poted.

slates from Westmorland have a granu-
lar cleavage, and are generally dressed
to random sizes, thicker and stouter than
Welsh slates, in sca green or dark Blue.

Slatez from Cumbeérland and South
Wales are intermediate in thickness and
texniire between Welsh slates and Wesi-
morland slates; dressed to random sizes
and in colour grey, grey-green and
rustic red, Sized slates are produced, but
randoms and Tusties are obtainable.
Rustics dre states that have taken on &
stained appearance. Random stizesrange
from 24 i % |4 in. down to 13 in. % 9.

Welsh slates are classified a5 best,
seconds, thirds or strongs, exira strongs,
and their thickness varies from § m. to
§ . Randoms vary from §in to }in

Bizes of Slates

The sizes rango rom 26 in. x 16 i
downt to 10 in. % 0 in. { the most common
sizes i use range from 24 in, dewn ©
{6 - The system of muming shites is
now litile used and as & rule sizes only
are givem.

The terms bet, seconds, and thinds
simply denote a difference In the thick-
ness of the slate and have nothing at all
to deo with the durshility ol the siates.

Tests, A good slate is generally one
which, besides being hard and tough,
emits a sharp metallic ring when struck
with the knuckles. A good slate’should
also be easily holed, should not split
under the slater’s zax, and should not
absorb more than 2 per cent of its weight
in water.

Head-nailed and Centre-nailed

Slates can either be fead-naifed or
centre-nailed; the latter method is usually
adopted as being a betier protection
agninst stromg winds.

The holes are punched or drilled at a
digiance from the tail to allow the nail
to Elear the wop of theslate in the course
belove, This distance will be, measured
from the tail; equal to the gauge plus the
lap plus | in. For£4-in. slates laid to a
4-in. lap this will be: 10 in.4-4in.4-}in
= I 4 i in.

Holes are placed | }in. or 1 } in, from
the long side of the siate.

Machine holing is recommended as
this gives 0 much cleaner result and also
forms a standard size hole from the edge
of the slate. Peggies {as small mndoms
are generally called) may be fised by
means of single mails at the head.



1]
5. Finish to
I Ef'urldmmslm
| :lndq_—fui!'mud in
(SrnateE  oonlrEes
W'I'ﬂg‘;'!m ———— o obtsin 2 bond,
| A e =
: .
ISLATE AND HALS _
-

0. B

The rules given for sliting are:—

The steeper the pitch the smaller the
slate; as the piteh increases more weight
s thrown o1 the nails, therefore by
using a ler slate the woght &
reduced

Larger slates of good width should be
used oiy oolz of flar pitch, Roofs of les
pitch than 30 degrees should have shates
not less thian 12 m. wide, and this Eives
less risk of spreading water. Watertight-
ness does not depend on the length of the
slate, but on the proportion of the widih
ti the length and on the lap ghven,

Lap depemids on the construction ol
the building and pitch of the roof, the
site of the building, and the custom of the
district. In mast parts of the country a
S-in. lap = ecminon; it the lap should
be varied 1o suit the pitch, The mini-
moum values ave given in the following
Vable asaguide for different roof pitches:

P gy von/ af eviie ' Nyl e
BEa50) 44 fap
95" [ f =
: 3j-m. lap
FETT e, s
457 (b 2‘{—':1 lap
oo - lap

Table VIl Minkmum roof pliches for slates

L]

ROOFS AND ROOF COVERINGS

Doimis Eaves Coumse, The eaves
require o doubling course, the lower
slate of which & termed the under-saner
dute. This course i laid with the smooth
sitle wp, and in the case of centre-nailed
slates s head-mailed.

A stmilar double course id laid at the
ridge and s termed the douwbleridge
ourse. A tiiting fillet is required in hoth
these: cases in order that the slates at
these points may lic closer,

Viroes shomld have a slate unders
cloak bedded solidly on the wall in
cement - mortar and the outer edec
pointed. Slate-and-a-hall slate should be
used in alternate courses to ohtain hond,
and a slight il given to the edge to
prevent witer runmning over the luce of
the gable wall (Fie. 65). A definite til
should be arranged against all vertieal
surfnces,

Hiws, Therr are varouws methods of
dealing with these. They may be inished
with a hip tile, close mitred with secrel
gurier, or close mitred with soahkes
uaderneath placed across the angle:
Close-mitred hips are suitable where
Westmorland slates are used and have s
good nppearamnee (Fig. 66), There s no
difficulty in this form of hip where the
pitch is 45 degrees or more,

But if the pitch is less than 45 degress
or slates over 8 m., wide arc used, there
i sometimes difficulty in obtaining
slates wide encagh to cut the mitre
siates, since stock sizes run to 12 in. wide
unly. Secrer gutters under the hip are not
esirable as they hocome sooner or later
a source of trouble. The weight of fead
used in this position is 4 Ib, per sq. fi.

Ripaes are somewhar similar in cone
struction o hips. The forms of tifes wsed
are half-round and u hog's-back, These
tiles are bedded at the joints only and
pointed in cemeni. Ridges for slates are
obtainable formed with 1wo wings and a
roll. Lead i also used for ridge coverings.
A wooden roll is first placed in position



OPEN SLATING

andd the lead dressed over it and earried
down each dopeabout 6 in The lead is
fixed in lengths of -7 it and lapped
jointed at the engds. Picees of lead 2 n,
wide and 20 in, mrth called tocky we
plivced at 3 0B I centres arranged so
that v comes under each lap (Fig 67).
Vattevs mav be formed as open or
close-mitred in a stmilar manner o hips.
Open valleys shonld be at least B in.
wide mnd slightly wider towards the
caves: The lead covering the salley is
turned over & tiltne filler to o height of
9 ju, under the slates on each side.
Raxrom SLaTing, asthe lerm denotes,
i slating eprried oyt with . slites . of
randiim sizes varying from 26 in. down
10 9 in. and in proportionate widths.
They are laid in graduated courses,
commencieg at she eaves with the
brgrest and the thickest, -and working
upwards on the mof with the sharter
lengihs and thinner slates 1o ghe ridaes,
where the emallest sizes are used.
Ovpen Searmva. For sheds and other
dutbuildings where strict economy s
desired open or paced stating is employed.
The slites are laid from 2 ioc to
& in. apart. This method effects a saving
i slares, increases vennlation, and

although rpinproof it does not resist
driving snow,

To prevent sain and stow entering
between vertical surfiers and the ool
various methods are wsed jn arder o
render the junction weatherprool. The

Fig. b4, Close-mitred hipz, with soakers undse

nesth placed zcross the angle, are suitable far

use with Westmoriand slates. where the pitch
of the rool i 45 dagress ar more

fest method 18 10 msert pleces ol fead -
wrmed ks hetween the courses ol
slates and w tarn them up againsg the
wall. The length ol these soakers will
vary according to the length ol the slate
used and will be equal to the gauge plis
the lip plus | in. The edge is turned up
2} i and is covered with a fashing,
the upper edge of which is turned into
the joints of the bockwork.

Steel rools usually have timber ground
work to which the slales are fived. Steel
angles may, hawever, be used alone and
spaced ta suit the gauge of the slates, In
this ézse large slates will be found more
econcamical. They are fixed ‘with 1wo
copper pegs which pass through two
slates and then bend round the angle.

Where roofs are built over gas or

Lo ’
: I
=ttt ]
— ) J
2N TACK ‘

Fig. &7, A ridge finlthed with 3 lead roll, showin
pow the lesd tacks are plaoed
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‘ehemical works, chrome-iron mails or
lead pegs are used 1o fasten the slates.

AspesTos CeEwesT Siates or Tioes
are made in varous patterms, which are
termed honeyeomb, diagonal, and
straight. The latter are similar to ordin-
ary slaics and laid in the same way,
Vit with a disk rivet at the tail.

The standard size for the honeyeomb
and diagonal patterns are 15 in: x 15]
In. % f in. thick (Figs. 68 and 69),

In the hopeycomb method the tiles
are cut at their lower part to a 3-in. edge
where they meet the slates in the centre
below, The diagonal method 5 con-
sidered 10 give a more watertight roof.
The minimum lap for the various
pitches i given below:—

Puicl ol rogyf Mo fap
2 . Lap
a0 § et dup
45° Heiny lap
4 24-m. lap

“Table ¥l Minimum lap lor various pitches
for honeycomb les,

ROOFS AND ROOF COVERINGS
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Fig. &9. Method of arranging disgonal-pattern
ashesrot cement slates

Concrere Tiwes sre now extenstvely
wsed for wool coverings. The material
used in making the tiles requires careful
selection owing to their thinnmess and
liibility 1o warp.

Aspesros Crvest Suewrs are olitain-
able in various types, in lengths from 3 fi.
to 10 ft. rising in 6-in. increments and
in the widths given in Table I3

The side lap varies according to the
iype of sheet used, but the end lap

should not be less than 6 in. with a

slight increase allowed for low-pitched
ronfs (Fig. T0),

The sheets can be fixed to timber or
sieel purling spaced at a distance up to
4 ft, 6in. The fixing to wooden purling
it by means of 3 in. or 43 in.x } in. o
{4 . galvanized screws, with cupped
washers, and to steel porlins by means of
hook bolts with cupped washers or elips.
One screw or bolt should be provided at
each side lap where crossing the purlin,
the holes being carefully drilted. The
diameter gf the hole should be | in
bigger than the diameter of the bolt
This allows for any movement due w0



GALVANIZED-STEEL SHEELS 187

i
Tope| Wodh | WD | Thickwas |  Sidelop f:t_: Pich Dk
T | e s No.
R 3 4 it 4 1 15 2
3|3 55| B 53 j o 2 74 5 2}
5| 4 55| 4 0 51 4 18 ]
£ 2 & 2 0 3 10 2 b
|

Tabie 1X. Widths and echer particulars of various types ol asbestos cement shests.

cxpatision of contraction in the steel
members or timber purlins, Special riles
are. made for the ridges and hips.

Ashestos coment sheets form an econo-
mical and sati covering for roofs
of “cinemad and  [ctories, and have
largely taken the place of corrugated
ereel sheets.

Gﬂ.:.‘r’ﬁﬂlmm!l, SHEETS Arc IMani-
letured in sizes vary-
g from 5 ft. up to
190, rising by inere-
ments of | L

The gauges uged
lor rooling rapge
from No. 16 to No
24 BW.GL according
w, the class of work.

The corrugations
vary ‘in width from
Fin w3 in, bot
sheets having cight
J-in. corrugations arc
most commuonly werd,

The fixing iy sfmi-
lar to that emploved
for ashestos corru-
gated sheers: Addit-
ional lixing s ob-
tained by the use of
}-in, diameter rivets
or bolts, sa that the
sheets are fastencd
Al every third or
liurth ecorrugation
horizontally, and
irom abour 2 {1, along
ithe side of the sheet.

These fixings are made with washers
through the top of the corrugations.
The washers usicd ' with the bolts: arve
diamond or limpet type. Galvanized
clips take the place of hook bolis and
are made fram 1 X in.  The
purlins arc spaced at intervals ol
from 3 I up to 6 fi. according to the
gauge of the sheels,

Fig. 70. “Everite Big
Siz”" asbemcs cament
corrugated shewts,

PURLIN
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1 JOINERY AND BRICKWORRE

FIRST STAGE IN THE COMSTRUCTION OF GROUND FLOORS

¥¥all' plates are sesn placed in pesition on the walis ready for the flioor jsists. The marerials for the
next stages of construction are assembled in the background ready for use,

COMSTRUCTION OF GROUND FLOORS: SECOND STAGE

The fleor jolts are now in patition, Mote the honeycombing In the siesper walls ta aliow lor sir
citcilazion. The above two illustrations are typicsl examplies of the combination of jainery snd
brickwark In building construction



CHAPTER ¥

JOINERY

Vartons types of doors. Setting out. Joints, Mouldings. Jamb linmg, Panelling.

Plywood for panels. Window frames and sashes. Casement windows. Proted

sastes, Steel [rames. Skirtings and architraves. Fixing joinery. Slairs and
balusters, Geometrical stairs. Handrails.

1

e simplest type of door is the

I tedged and braced type, lusirnted
m Fig. 1. Vertical boards, or
battews, F-in. to l-in. thickness, are
tmgued and  prooved  togethes and
tiniled to horizontal ledees asshiwm, The
nails should be clinehed, and serews are
botrer em-

This typt of door is employed mainly
for outhuildings and in positions where
appeirance is of little cotisequence,

Fuamen, Lencin axd Bradeh Door
A door very supérior to that just des-
cribed s given in Fig. 2. A frame of stiles
and top rail, 4] o L e, and middle
and bottom

ployedias the | L 1T [T 1T

ends of the ..&\
ledars. Weath. o

ering in the /

foem ol a ey
of chamlier i
applied 1o ihe
uppet edges ol
tlic ledges:

A simtlar
chamfier is

rails 87 m. =
| i bs formed.
Stiles and top
riil are groov-
eid s asto take
the tongie o
the mareh-
boarding:

A secction
through the
stile and

worked on one mitchboard-
edgr of the 02 8 YIven i
braces, and Fig. 3, and
ik the shor \ Fig. 4 &
shoulder he- sometric view
tween ledge \ of the upper
unil brace hi- end of a siile;
sects the angie The tenons on
hetween these the middle
members, a /AR (T A T A [ == =TT :mflﬁ battom
satisfaciory i Lndand st brsted, 3. Framed: ledeed ang  Tous At [sife-
finish i ob= :’::! Lﬂﬁdtjr::dnrdm. E'r!'-:-i door; wwpl:r w  faced, us seen

tained. The az lar-outbulldings

hraces must have their lower ends near
the hanuime side, thus preventiog the
door dropping and sssuniing the outline
which is shawn dotted I the disstaom

that shewn in Fig. L. iy Fie. 5 This
also shows the arranrement at the lower
end of a brace, with the shoulder [orm-
ing-a mitre between the two clinmbera,
I the door i to be hung m an exposed

[+



15 JOINERY

position, the sur-
faces of tenons ancd
mortises should be

painted and not
glued. All rongues
and grooves, and

the hacks of the
middle and botom .
rails should also be
painted prior o
assembly.

It 1 also import-
ant to fit the match-
boarding o that room lor cxpansion i
provided. If fitted tightly between the
stiles oy swelling may causi the board
ing to buckle away from the lower raik
o whiich' it is nailed.

Fovr-raxerien Doow. Fiz 6 s an
elevation of the very Inmiliar four-
panelled type. The standard size &
Bt B in. =2 1L 6 in,, and generally ifthe
width is in-
credsed by an
amount the
hright is add-
ed to by the
same dimen-
ston. Thick-
. NESs VATIES Up
tio, L § img, bt
the widths ol
| the members
| are usually:
stiles, top rail
' and muntins,

' 4 4] 1. ; borom
and middle
ruils, B in.

The height
ol the top edee
of the middle
rail i about 3
2 in., which
provides a
comlortable

Fig. € Four-panelled door
—3 wary familiar type; the
smedard re-in 6 fr B in,

by 2i & in. and handie:

height for lock

Fig- 3 (top left). Section threwgh the stlle and
matchboarding of the door shown in Fig, 1.
Fig. 4 (wop right). lsometric view of the upper
and of the stile in Fig. Z
Fig. § (below). Arrzngement on the lower end
of a brace, with the sheulder farming 3 mitre
' between the two chamfers,

The arrangement of the tenons 1=
indicated in Fig. 7. On cach rall the
width of the tenons equals: that of the
hmumcheons, the short tenons filling the
plough groove. The thickness of the
tenons should approximate o, bul nol
exceed one-thind the door thickness,

The panels shown finish flush on one
gide. The top panels are described as
bead buit, the lower as bead fush. The
method of returning the I)E::d across the



end of o Bead flush pani
i illustrated in Fig 6.0 A
rebate is- worked across
the panel end and stop-
ped against the vertical
beads worked on the
panel.

Theic solid beads are
miitred 1o receive the
lipose end beads, which
are glhied and bradded
Into position. Sometimes
the rebate. is worked
completely round the
panel, and all the beads
are applied.

Hare-grazs Door. A
door, the upper part of
which is glared, s shown
in Fig. 9. The stiles in
such work are often re-
duced in width above
the middle rail, and are
then known as dimiuished,
This diminish is effected
by bevelling the shoul-
ders on the middle mil,
and the method of form-
ing the joint is illustrased
int the sketch, Fig, 10,

The double tenons
shown are seldom em-
ployed on work 2 in
thick and less, other than
where a mordse lock is
1o be fiited,

The sections of the
ltﬂﬂ above and below
the muddle rmilk are
shown in Fig. 11, The
glazs in the plazed por-
ton is: usually pliced in
the centre of the thick-
ness, and sccured with
glazing fillets. These fil-
lets are generally fined
with panel pins, but
renewal of the glas is

« MALFGLASS DODORS ]|
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7, Armangemant ol' the renons in the four-paneiied door shown
H‘I: &, On top and bottom rails the width of the tenons equals
that of tha hlun:hm the thickness of the tenons is 2pproximateiy

one-third the thickness of the door.



. Method of returning the hmhmtlu
m‘uh bead-flush pu.ml ina four-panelied doar,

muu;dtmhly'lmpl:ﬁmd il small screws
and cups are used.

The stction of the glazing bar war-
sani antentipn. The thicknes of the web
shown i § in. I less than this thed
are very [rail and exsily damaged. The
stjiuare on a bar of this section deter-
imines the thickness of the enons; and
mmq:qucml}r cannot well be below i in.

The panels are finished on one side
withasimple siink moulding 1] in, wide
These mutldings are biradded to the
framsing and oot 1o the panels, Wide,
thin mouldings sre unsuitable, o8 they
tend Lo curl away fram the face of the

~ Pak oF Doors. The elevation, Fig:
12, showsa pair ol swing doors possessing
fire-resisting qualities. This rype ismmch
employed in public and olfice busfdings,
Regulatinns govern the construction of
sich doom. Geperally they must be s
Jeast 1§ in thick throughout, of oak,
'leal, ar ather approved hardwood, and
the doors must be s hung that they
felurn nutomatically 1o closed position.

JOIKERY

The glass must be §ine chick m smalj
piccts set in copper glazing, and the
panes thos formed are restricted in wrea.
Reinforeed- slass s now availabile,

The details of Fig, 13 give sections of
the stiles above and below the middle
rall, Glazing the upper hall'is obvipusly
necessary where o door swings In -both
dircctions. Bars must be at Teast' 1§ in
wide, and not reduced-in section lry
mouldings, Panels are flush both sides,
amdd - slight rebate or chamlor serves 1o
hreak the joint against the stiles.

Exach door swinigs an vertical pivots—
une fixed o the head of the door frame,
the other belng conuected o powerfil
springs, These springs, which Hring the
door to the closed pasition, are hoosed
in- @ metal box let into the fAoor,

A metal shoe fits over the lower prvor,
and meceives the bhottem hanging
carner of the
doar, The
top pivel is
ongaged by a
plate ket into
fhe wppeor
end of the
door stile.

The pro-
cedure ol
hanging s s
fullows, The
doors are
hroughi 1o
size ond the
edpes rpus-
ded. The
round on the
hanging stiles
1= sufficient
o prevent
the pissage
of Fighi
through the
joint asaine
the Frame
The ¢lgsing

|

Fig. 9. Hall-glany door, with
the upper part glimd. The
atiles are red in width
zbove the middie rail| dnd ars
known =5 diminihad



DIMINISHED 5TILES

Fig. 10, Methad of effecting the diminish by bevelling the shoulders on
the middle rail as referred to In Fig. 9, and forming the joinc,

stiles are rounded on an arc having the
pivol point as a centre, The shoes are
fitted and the stle end plates fixed.
The upper pivot, by the turning of an
adjacent screw, recedes until it s con-
tained by the head of the door frame,
When the pivol i in this position the
door is slipped into the shoe, turned into
an open position and the top pivot
screwed down, Slght adjustments for
alignment are made by means of serews
operating at the lower pivol.
Exraawce Doons.
A pair of entrance
doors suitable [lor

194

These maould-
ings are rebated
over the edges of
the stiles and rails,
and are glued and
screwed at the
mitres as shown in
= Fig. 16. Theframes
thus formed are
screwed to the
panels through
slots, which allow
the panel to shrink
slightly withont
splining.
Finally the panel
mouldings on the
back face of the
door are pinned to the framing, covering
the screws fixing the bolection moulding.

Two altemative arrangements at the
ediges of the panels are given in Fig: 17,
At A the framing is glued up without the
panels and the door cleaned off. Fillets
are then fixed into the plough grooves,
and the bolection moulding screwed to
these. The panels are then inserted and
secured by the panel mouldings:

At pthe mouldings, back and face, are
worked on the same picce of material

a bank or similar
building is given in
elevation in Fig. 14,
angd section i Fig,

15. The doors are
2} in thick, and in

consequence doulde
tenons should be
used throughout
The panels on the
lace side are raised,

sunk and fielded
The mouiding is
described as bolection
muulding.

riE—a

piol i
EHMINISHED STILES IN SECTION

Fig. {1, Secioms of the stiles of the half-glas door which i illustrated
in Fig. %, shown sbove and below the middie rail.



V1. Pair of swing doors, with fire-resisting
fes. a4 wsed in

: blic and cffice bulldings.
: narlmndnnlg:.rdmmlmmuukor
: teak, az least 1] In. thick.

JOUSERY

mitred around the panel, and screwed
al the mitre. The framing is put together
dry (without glae); and any face above
which the moulding projects cleancd off.

The panel and mouldings are then
fitted and the door glued wp. This
method s little employed, due mainly
to the cost. Both methods are equally
applicable where doors have belection
mouldings on both sides,

The elevation at the end of the frieze
rail is seen in Fig, 16, The mouldings
above the rail are removed to show the
arrangement ol the shoulder line to co-
incide with the outside edge of the
bolection moulding, This refimement is
oot often adopred.

Entrance doors of this type remain
open during business hours, and when
opened they frequemly form part of the
vestibule panclling. A method of hang-
ing to provide lor this ks indicated in
Fig, |5,

Frusu Doors. These doors are mainly
the product ol specialist firms employing
modern expensive machinery and
presses. With this equipment sheets of

Fig. 13. Sections of the stiles
above and below the middle
rallof Fig. 1L _Euhduor Swings
. NE on vertical pivors.

CLOSING -STILES



MANUFACTURE OF DOORS

plywood are ccmented 10 the faces ol
framed or solid cores;

A few of the nomercus ways of
frning cores are indicated in Fig. 18,
The wider members are usually stub-
tenoned together, and the narrow inter-
mediate members, if dny, are halved,
Where narrow stiles’ pocur they are
widened at the eentre to provide Axing
lor a loclke.

Salid cores are built up of many strips
of marerial. The thickness of these strips
varies, but in most cases the timber is
kiln-dried western red cedar.

Edging pieces cover the edges of the
plywood Facings, and conceal the soft-
wood core. Frequently the whole of each
Bice is covered with an expensive veneer.
Some methods of joisting the edging
pieces to the core and facings are shown
in the sections in Fig. 18.

Maxvracrore of Doons, A large
proportion: of the cheaper varieties of
doors s now mass-produced,; and made
in standard sizes and thicknesses. The
maortise and tenon joint is employed and
dowel pins are frequently used.

The production ol such doors involves
machinery which s mot useful to the
average builder or joinery manufic-
turer, and which can only be employed
profitably when thousands of an identi-
cal item are required.

While machinery of a highly special-
ized [ype is not employed in normal
manufacture, the amount of hand labour

T

Fig. 14, Pair of entrance doors, sultable for such
buildings 23 banks. Doars are 3} in. thick, with
double tenons. See sections! drawing. Fig- 15

is not great, and in mosk INSIANCES CON-
sists of finishing the mouldings, fitting
the joints, glueing up the work, and in
some cases, cleaning off and finishing
the faces, The mode of procedure now
described refers 1o this class of wark.

S— —

Fig. 15. Section of the double sntrance doars shown above.
The panels on the face side ar= raised, sunk and flelded;

bolection moulding i used.




The first operation is to draw full-size
vertical and horizomal seetions of the
door. From this rod, the term by which
the drawings are known, the dimensions
ol the material required are taken off
Fig. 19 shows the rod and material sheel
for the doors of Fig. 14. The material is
cut and planed to these dimensions.

To mark out the timber for the
machinists requires a sound knowledge
ol cotstruction and an equally thorough
uniderstanding of machine processes.
“The following arc the principal points:

All mortises have to be marked, both
on the face and back edges of the stiles

Several similar stles are fixed to-
gether in light cramps and the lines
drawn across in ong operation.

Mortises that occur between shoul-
ders as for the vertical bars of Fig. 9, are
lrest set out afier the shoulders are cut.

Shoulder lines need be placed on one
only of a number of similar rails.

The sections of the various members
‘arc drawn on the pattern picees, but
where mouldings occur the machinis
should be provided with a tracing of the
architect’s Tull-size detail.

The amount of work remaining alter

STHE

FRIEZE Rl

e

SLOT IN PANE
TAKING SCREW INTO
MOULDING

JOINERY

the machinists have finished, depends
upon the type and quality of the door.
A simple four-panelled softwood door
should be ready for assembly. Where
stiles diminish, or mitres ocour, fitting
Is necessary.

The rail first fitted is the middle, and
olher rails aresighted through and made
to correspond. Any tendency to twist or
wind is easily corrected by easing the
appropriate shoulder, and, if necessary,
the mortise (ace also,

Plain panels may be completely fin-
ished in the mill, and are frequently ol
plywood or manufactured board. Raised
panels require careful finishing. The
mitre line formed by the bevelled sur.
faces must be an exact continuation ol
the mitre made by the panel mouldings.

The wruth of these mirres is checked
by placing the panels in the framing and
marking along the edge of a picceof the
moulding to be used. The mitres on the
panel should pass through the points
where the pencil marks intersect. Ob-
viously all sunk pancli must be Anished
before final assembly.

The glueing up of the work is ol greal
mmportance, and many failing joints in

Fig- 18, Showing the mouldings of the doars in Fig. 14 rabated

over the stiles and raile. The efevation ac end of frieze il is

alse shown.



FITTING RAILS AND PANELS 157

FIXIMG FILLET

ZNNE =
G

BOLECTION MOULDING

doors and sashes are diie entirely to the
scamping of this operation.

1f a cramping machine is not avail-
ahle, blocks about 4 in.x3 in., and
about 9 in, longer than the width of the
door are fixed across the bench, with
weir upper surfhees out of winding.
Notches in these blocks seat a2 long
eramp which servies to pull up the jpints
hetween ratle and munting, or ralls and
glazing bars., Cramps, placed over the
door, pull up the joints along the stiles.
Glue should be applied thinly, but on
all surfaces which are fixed together

7

PANEL

Fig. 17. Two slternative arrangements st the edges of the
panels

of the doors shown in Fig. 14

No glue must be allowed to run into
the plough groove and fix a panel liahle
to shrink. When using hot gluethe waork-
shop should be well warmed and the
surplus glue squeezed out before chilling
takes place.

Toglur and wedge up a door isa two-
man operation. The wedges hixing the
wider rails are driven first, and judicious
driving will position the rails relative to
the mitres, muntins, or sight lines. The
wedges should compress the tenons more
closely ar the root (near the shoulder)
than at the ends

Fig. I18. Some of the
numercus  ways of
framing ecores are
shown in toj on
of the I"uEt'::mtian
The wider mambars
are psuslly stub-
tanoned together,
and the narrow in-
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Fig. 19. From this rod, which

is a thin board on which full-

iirevertical sections are drawn,

the dimensions of the materials
are taken oif

S

The Table below gives the
detailed sizes for curting and

planing the doors In Fig. 14
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Ihe cleaning off ol the faces should
not be artempted until the glue has set,
gtherwise the shoulders may need to be
agsin rubbed down flush. The majority
al doars are cleaned off by machinery,
but if done by hand each face must be
brought taa plane surface.

A straight edge must be applied fre-
quently along the rails and muntins and
across the shoulders. Work to be French
polished must have the surfaces damped
with warm clean water and rubbed
down with fine glisspaper, With some
timbers this must be repeated several
tmes. All sunk panels, moulded bare
and edges must be polished prior to
assenibly, Panel mouldings are polished
prior to mitreing.

Door Frasues ann Liares. Doors are
humg to either frames or linirega. Broadly

speaking lrames are used lor openiies
in the outer walls and linings lor interior
doorways.

The size of the material from which
frames are worked varies, but few arc
lighter than 3 in <2} ini, or heavier
than 6 m. %4 in. A simple section s
shown in Fig. 20, which also illustmtes
the methiod of making the joint between
the head and the famb,

A method of making a satisfactory
joint where the material is wide, and
without employing double tenons is
given in Fig. 21, The shoulders are kept
narrow, and the webs lormed on Lhe
bead running through the correspond-
ing slots in the jambs keep the faces of the
joint flush, and give mereased glueing
surface.

Whenever the widih of the material



USE OF DOWEL PINS

TN Y BEBATE T

Fig. 0. Showing methed of making the joint
between the head and the jamb of 3 door frame

permits double tenoms should be used. A
sketeh of 2 joint employed jncthe feame
shown in section Fig: 13 5 given in Fig.
22, Doubile tenons are used, cach being
kept its own thickness fom the face of
the (rame.

In the sketches, a hauncheon s shown
in-cach case. This is the method applied
when the bead scut -
off: Hish with the
outside ol the jamin.
Frequently dooy
fames are bullt in,
and in such cises
the head may run
by the jumbs, and
the tenons can be o
full widith:

For further
strengthening of the
joints dowel pins are
often inserted. These
dowels are made 1o
act a1 draw-hare
pins by staggering
the holes through
the checks of the
mortise with that
through the mnon.
The method of
doing this i indi-

JAME HikD

Fig. 21, How to make = satishactory joint be-
tween the head and the jamb without empioy-
ing double tenons, where material used is wide.

cated in Fig. 23, which is a vertical
section through the centre of the bormgs.
Note that the dowel is kept as near 1othe
shoulder as possible.

The fitung and glueing up of heavy
frames is made easier if the tenons pro-
ject about 3 in. beyond the head, and
permit the use of draw-bore pins, Extra

|

SWING-DOOR FRAME JOINTS

%W of & jaint employed in the frame, the section of which
iss in Fig. 13. Double tenons are used, each being kept its awn thick-

ness from the face of the frame. A haunchesn isshown in both shexchas.



Rty L
nezr the shaulder as possible.
material is required, but this expense is
offset by the economy in labour costs.
Il pins cannot be employed, the joints
may be cramped up by placing a heavy

JOINERY

timber across the ends of the jambs and
pulling against this.

Before glueing, the jombs are fixed
the correct distance apart by means of
a temporary stretcher; in painted work
this stretcher is nailed into the rebates
about | [, above the floor line, but for
polished lrames blocks are serewed o the
backs of the jambs, and the stretcher
fixed to these.

Sguaring the Frames

Frames arc squared by testing the
lengths of diagonals with a lght lath
When the diagonals are equal the frame
is square and is maintiinéd so by means
of a temporary brace fixed across from
head to jamb. The stretcher and brace
are shown in the elevation of the frpme
in Fig. 24.

A type of frame much employed i
shown in elevation in Fig. 24 and in
section in Fig. 25. These frames are used

SECTION A A

ERACE

>

SECTIGH BB

;o

24 (left). Elevation of & door frame of =
porary brace and stretcher ara shown.

Fi,

PARTITION DOORWAY FRAME

pe in comman use for light slab partitions. The
25 (right) shows sections of this door frama.
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Fig. 28 Horizontl ssctjon through a simple
in#m of jamb lining, When double rebated the
door cn be hung it either edge.

in hight slab partitions, which are buili
against the frames after they are fixed.
The jambs run from floor to ceiling and
the posts are reduced above the head o
allow the plaster to cover the woodwork,

Jasis Lisane: Jamb linings serve a
dunl purpose. They provide a hanging
for the door, and line or cover the brick-
work revealed by the opening.

The simplest form i3 that shown in
Fig. 26. which is a horizomtal - section
through a jamb. The lining is a double
rebated piece of 6 in. ¢ | | in. material.
The joint between the Head and jamb is
shown In Fig. 27, while a simplified

joing becween the head amd pmb of
E-"pmh lining (llustrsted in Fig. H above.

e —a*

Fig. 28. Simplified verslon of the joint between
&ﬂﬂ hllglnd jamb shown in Fig. 27

version of the same joint i shown in
Fig. 28.

When the thickness ol the wall exceeds
9 in. it becomes necessary to frame up
the hnings and they become narrow
pieces of panelling {Fig. . 29).
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Fig: 29. Il the wall iz more than 9 in, thick, it
is advisable to frame up the linings in the form
of narrow pieces of panelling, as shown,



M "

o B e B

Bood wian —

JENNERY

When the panel-
ling terminntes shor
ol the ceiling, itmay

he referred to as dudo
fanetling, and Fig. 31

s an elevition ol o
simple example. The
iraming s 1] im
thick and consists of
top and bottom rails

DOOR. LINING FIXINGS

Fig. 30. Section through door lining ol 3 more eaborate type. Thick
hanging pieces are tongued and grooved round the edges of the centre
panelling, and sre set back to form a rebare.

The stilesare rebated and the rails are
kept at the same height and conform
to those of the door. The joint be-
tween jamb and head is the same as that
given in Fig. 27. This requires the end
rails of the head lining o be wide
cnough to reach w the back ol the
sertieal lining.

With the types given in Figs. 26 and 29
the thickness of the jambs is reduced by
{ in. 2t the edges where the hinges are
fined. This gives little material to take
the screws fixing the butts. The difficulty
may be salved by fixing blocks 10 the
back of the lining immediately behind
the hinges.

A better solution, however, I shown
i Fig. 30, which is the section through a
more elaborate type of lining than those
already mentioned. Around the edges of
the centre paneiling thick hanging pieces
are tongued and grooved and set back
to lorm the rebate.

Wood Panelling

 Paxpiimig s a term in general use
for the lining ol interior wall surfaces
with some form of wood finishing.
Before the introduction of the many
kinds of manulactured boards now
‘available, the wark was built up of stiles,
tails and munting filled with panels
Nowadays, however, much of the work
Is of plywood or other board.

and intermediate
muntins. An ovolo
moulding is worked
an the fee edges.

To increase the boldness of the effect,
the panels are kept as far from the face
of the work as possible. This is done by
rebating the edgesof the panels. Capping
moulding finishes the framing at the
upper edge and the skirting at the base.

The stiles of the panelling should run
down to the floor to provide a fixing for
the skirting. Intermediate fixing may be
obtained rither by means of vertical
grounds or by making the bottom rail of
the panclling wider.

In painted work the capping is natled
to the grounds and framing, but in
palished work it is wsually screwed and
pelleted, :

Figs. 32 and 33 give a method of
finishing the panelling agaimst 5 door
opening. Fig 32 i the horizontal seciion
a-A of Fig. 31, and shows the architrave
covering the joint between the stile and.

I Flg.ﬁl.Enmplnufildn
paneliing. iLe., panellin
B4 1118 which mlnatf: !horf

of the calling.
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PANELLING AND MOULDING
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DODR PANEL FINISHING

12 {lefe) and 13 (right) show 3 method of finkshing the pandling against a door opening.
Hl L :}harm?::l.ul ncmmlal A-~A in Fig. 31, and Fig. 33 = = horizontil “section of ‘B-B.

the jamb lining. Above the capping the
architrave stands away from the plaster
face by an amount equal to the thickness
ol the panelling, and a backing piece is
employed as shown in Fig. 33, which
is the horizontal section s-8 of Fig. 31.

Interior angles in plan between pieces
of panelling are formed by a tongue and
groove joint as at a, Fig. 34. It i con-
vemient if the groove is worked on the
framing to be fixed firsy, and when
setting out the work consideration must
be given as to which of the adjoining
picces of panelling this will be.

A tongued and grooved joint applied
to an exterior angle is gwm'at b, Fuz,
34. The ovolo moulding is applied to
dispense with the sharp arris otherwise
formed, but the moulding must be
stopped below the capping and above
the skirting. Fig. 35 is a sketch of such a

=N

be Tormed on
the solid or con-
sist of a picce

A glued on the
edge of the siile
A miore elab-
borate piece of
Sty wathod panelling than
of forming Inter- that of Fig. 31
ior angles be-
twesn pleces of g;
panelling by 1 / B
tongue and

fumhimnn
angle s formed
2 shown st B

s given in elevation (Fig. 36), Such
waork is often applied to bank interiors,
to board-rooms, and similar positions
where an imposing appearance is of
impaortance, and this panelling is usually
execoied in expensive hardwood.
Where large arcas have to be panelled
the Framing must be made in sections,
These sections are connected by pilasters,

35. Method of stopping the moulding below
e the capping and shove the skirting
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TYPICAL EXAMPLE OF BOARD-ROOM PAMELLING

lefe), Panelli rde of ive hardwood and
i s e S MuﬂnﬂEm Which Coneces p the sections. B
i tha enlirged horirontal section and Fig: 38 (top right) the enlarged vertical section

which may project from, or stand behind
the face of the framing. _

The pilaster illustrated is 4 simple
solid rectangular projection, but fre-
guently the pilssters are framed up
about a long, narrow panel. Where
beams are formed in the plaster work of
the ceiling, the pilasters may quite
suitably ke the form of half-column

of the work ued for board-

3T [beiow)
the pilaster

Fig. 37 is the horizontal section and
Fig. 38 the vertical section of the given
pilaster. The edges are grooved to take
the tongues on the stiles of the panelling,
and the pilaster projects an amount suffi-
cient to stop the dado moulding. The
plinth and capping are mitred around
and should be sunk into the pilaster as
shown in the enlarged section in Fig, 38.



PILASTER DETAILS
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Fig. 39, Method of tongueing the dado railinte
the framing, The rail behind the dado is made
of dezl for the sake of economy.

The three-reed mouldings on the face
are shown worked on the solid, but they
may well comsist of separate pieces glued
into grooves asindicated at A in Fig. 37.
This latter arrangement would provide
a secret fixing, with the screws being
driven through the groove, and subse-
quently covered by the joose bead
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TOP RAR OF FRAMMG

Fig: 40. How the cornice is bulle up. .!hur*in.:
alsa the position of the grounds and the firring
piece to which the cornice |3 attached

Far convenience of handling and
transport the framing is made in two
horizontal sections with the dudo rail
covering the joint. This rail is tongued
into the [raming us shown in Fig, 39,
which is the lower part of a vertical sec-
tion' through the panelling, The rail
behind the dado mould s usually deal.



The panels are raised and the bolec-
tion moulding is so arranged that the
fielded sorface of the panel stands in
frant of the [ace of the lraming. The
moulding is mitred around the panels
and screwed -at the mitres.

When the moulding is a heavy onc, a
better job is obtained by employing
light hantrail bolts and cross fongues at
the mitres. The framing is glued up,
finishid and palished before the panels
and bolection mouldings are inserted.
The panels and mouldings are fixed by
screwing [rom the back of the framing
mio- the bolection moulding:

Building up the Cornice

The methid sl building up the cornice
s indicated. in Fiz. 40, Economy of
hardwood is achicved by providing cores
of deal behind the moulded fcing, The
core and facing are glued together be-
fore the mouldings are worked.

By tonguing together the sections ol
the cornice the correct margins are en-
sured, and by armangmg rectangular
members the cutting and fitting of the
mittes 1 rendered more simple than
would be the ease if the back of the
moulding i melined to the vertical,

JOINERY

The positions of the grounds and fir-
ring picces to which the cornice is fixed,
are given in Fig. 40. Each piete of the
cornice would be screwed 1o these
grounds from the rop: by this method no
fixing need be driven through the face.

The execotion of a complete piece of
panclling of which Fig. 36 can be re-
garded as bt a part elevation, entails
considerable skill. When sctting out the
rods all the details of constructipn st
be carclully considered, especially at
pcrim} such a@a fire-places, door and
window openings.

The method of erection and fixing has
also to be decided at this stage. The
actual fixing is not the least important
part of the wotlk, and if & Arst-clas finish
i required ample equipment and com-

fortabile conditinne: must be provided

Plywood Applied to Panelling

Thewse of plywood and mamifactured
board as a wall panclling maserial makes
possible a mode of design in kecping with
mudern tendencies. Large plain surfaces
are employed which display 1o advan-
tage the veneers covering the plywood,
By judhicial selection of these vencers
results gre possible which could not be

obtained by the mouldings «l

the more traditonal styls

ST S S e
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Heavy projections and re
CEsSes are not necessary, and
the effect of shadow may be
nbtained by miroducing o
band of veneer, darker than
thit of the adjacent surfaces,

The simplest method ol
covering o wall surface with
plywood is to fix the sheets
directly ‘1o the grounds with
panel pins. The edges of the

—
FLYWOOQD FIXINGS

Fig. 41, Foang pi to the grounds of paneiling, Rebated
besrers zre M’“’""‘* panels, The pasitions ol
the bezrers ars indicated by daotoed lines

to the back of the

sheets are usually bevelled to
form a ¥ joint.

With this method of fEatur-
myg joints cndless designs are
possible; bur 1he disadvantage



FIXING BEARERS

o driving pins through the face ol
the wark i a serious one; for no matter
how well the holes are stopped they
eventuilly become obvious.:

A better but more expensive method
of fixing boards directly to the grounds is
applicd to the example in Fig. 41. Re-
bated hearers are fixed 1o the backs of
the panels and engage a corresponsding
rebate on the grounds. Tn the example
given the bearers sre serewed o the
panels, but where thinner boards are
used they would be glued.

A section of the bearers and grounds
i given m the wvertical section of the
framing in Fig. 42. The positions of the
bearers are indicated by dotted lines in
the elevation (Fig. 41).

Fixing the Panelling

The skirting is in two sections. The
lower member i serewed to the floor and
provides a4 seating lop the tongue on the
lower edge ol the upper portion. This
section is fixed to the groind along thie
top edge. The panclling drops down on
to the skirting, the jomt being made
with a rongue of thin plywood.

The object of [orming the cornice ol
two membeérs is to provide o means of
fixing other than through the face, The
lower edge would be glued o the pancls
anil the top edge nailed or sorewed to
the grounds, The uppermost member
wauld be fixed from the top which iswell
above eve level. These details are shown
in Tig. 42.

Fig. 43 iz a horizontal section through
a muntin. These members would prob-
ably be fmced with a different veneer
From that on the panels. “The slisht set-
back provides interest and permity a
cover for the joint. The muntin would
be fixed vertical to the ground by scrow:
through the rebate.

The work would be fixed in the lollow-
ing manner. The skirting would be fixed
first. The muntins would them be
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Fig. 42 Enlarged vertical section of bearers and

grounds of the framing shown in Fig. 41, in

which the positions of the bearers are shown
y maans of dotied linss.
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Fig. 43. Horizontl section 2 muntin

It 15 wsual to face the muntine with & different

venoer from that used on the panels. The

muntin would be fixed: yersical to the grouns
by screws through the rebats,
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Fig. #4. A typicai cassment frame window with
epening-out ents are 3 most
popular type of window In medérn houses

screwed into position. Panels could then
be dropped into place and secured by
fixing the cormice. Carried out in this
manner no fodng need disfigure the face
ol the work,

Wmpow Frauss anp Saspes. The
prncipal types of windows constructed
of wood are the casement variety; and the
cased window. In the former the lrame i
of solid sections with the sashes hung on
bt hinges, while the frame of the later
type it huilt of several members arranged
sa that the sashies, counterhalanced by
weights, slide vertically.

Caseaest Winoows, At the presemt
tirme this window is undoubtedly the
st . The two main reasons
are that: it lends itself to cheap methods
of mass production; it allows of a full
opeming; aod for domestic work it is
easy to treat architecrorally, Compared
with the cased varicty, however, it has
some disandvantages.

It is lesa easy 1o render weather and
draught pesisting, and ventilation s
winilly accomponied by a current of air
directly into the romn. In levour jt ks
claimed that the cased frame |8 more
cxpenzive to make, mnd that the sash
cords need periodic renewal.

A typical example of a casememt

JOINERY

frame with cutward opening sashes is
shown in elevation in Fig, 4 and in
section in Fig. 45, The jambs, head, and
mullions are worked lrom 4 in. ¥ 3 in,
miaterial, the transom from 41 in»
3 in., while the sill requires a picee ol
6 in. %3 in., which should be of onk or.
teak. The framing, except the sill and
fransom, is ovolo moulded on both [aces.

A small hollow moulding, called a
throating, is worked along the internal
angle formed by the faces of the rebate.
This throating 5 a measure 1o prevent
water being lorced by air pressure com-
pletely through the joint between sash
and frame

The sill, seen in section in Fig, 45, is
designed for a positon in which a stane,
tile, or other Jorm of sub-sill s not in-
cluded. This requires the wood sill to

Fig. 45. Enlirged secrion of the casement sill
thown in Fig. 44, giving decalls of sires and
showing clearly the method of canstruction.
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overhang the outer face ol the wall,
which, in the case ilhstrated, 15 assumed
i Lie covered with a rendering,

The sloping upper surfaces of the sill
and transom are called weathered sur-
Bces or weatherings, To prevent fain
driving under the bottom edzes of the
sashes,” the angle of slope of these
weatherings cannot well be less than
that shown.

Branging the frame near the outer
ke of the wall means that the window
gains little protection from the adjacent
brickwork. Consequently a projection’in
the brickwork or rendering should be
formed immediately above the head of
the frame, and a drip made to cause the
witer running down the wall to fall
clear of the woodwork.

Although this is not a joinery detail,
its omission frequently results in a well-
desigmed window failing to give satis-
faction. At the transom the problem i
solved] by allowing that member to pro-
jeet well beyond the face of the sash, and
by providing a throating on the under
sile, The projection is carried across the
jambs and s housed into them to a
depth of abour § in.

The sashes shown are |} in. thick.
which provides for a bold moulding on
the [acc and a wide rebate o take the
glas and putty fillel. The thickness of
the tenon, as already mentioned, is the
sme as the width of the square on the
edge of the sash.

Rail and Stile Joints

Two methods of making the joints
hetween the rails and the stiles arc given
in Figs, 46 and 47.

The method illostrated in Fig, 46 s
the one used when the joint is made by
hand, with the scribe carried but a short
way acress the end grain of the shoulder.
In the machine-made joint which is
fliiteatsd Ui Plg, 47, the stibe b
worked completely acrioss the shoulder.

Ht’u. Joint made by hand berwesn rails and
stiles, with the scribe carried only a short way
across the end grain of the shoulder.

Fig. 41. A machine-made joint with the scribe

worked completely scross the shoulder,
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The line of intersection betweemn the
mitred surface and the surface of the
moulding is also the line of intersection
between the moulding and the scribed
suriace.

The hauncheon in sash construction
i formed by leaving the projection on
the stile, and by providing a correspond-
mg sockei on the end ol the mil This
method is adopted to provide a greater
length for the wedge on the outside of the
wemon than would be possible with the
normal mumcheon.

Cazsevext Frawes witn  Iwwanp-
oPENISG Sasies, Casement sishes are
scldam hung to open inwards, This does
not apply where two thickneses af
sashes occur in the same ppening, but as
such construction is little used in Britain
it does not warrant consideration.

If difficulties occur in rendering
weather-proofl ourward opening sashes,
it iz obvious that when the sashes open
into the room the difficulties become still
greater, The first of these troubiles is that
wind pressure tends to foree open the
sashes,

Thit weakness s, of course, most
marked along the joitt between the
framie and the closing stile, and the
normal ‘method of fixing the sash by
engaging a sash fastener ar abour the
mid-point of the stile is adequate only on
very short sashes.

Espagnolette Balt

To stiffen the closing stile a relatively
expennve fitting called an espagnolette
halt is sometimes used. This bolt runs the
whole length of the stile, & In two
separate lengths, and so coupled that a
turn of the handle causes the extremes to
engage sockets in the frame at the head
and aill. Varous types of this bolt are
manufactured,

_Its at the sill, however, that the chie
difficulty is met. In Figs. 48 and 49
vertical sections indicate methods of
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Figs. 45 and 47
(below). Math-
ods of preventing
wneer from
entering building
by passing under
the sash; such as
In french win-
dows or other
inward-opening
CASETNENTE.

- %{}——mrmm

e

preventing water lrom working s way
under the bottom of the sash,

The principal check to this action in
the design shown in Fig. 48 is a piece of
light metal angle. This angle, which
should be of some non-ferrous metal,-is
let into the sill and is cur tightly between
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the jambs, The function al the angle is
to prevent the water from heing forced
over the top af the sill and into-the joint.

The wealmess of the joint as given is
that, apart from the drip on the nnder
cdge, there it nothing to prevent the
water that runs down the ouside of the
sash being driven throngh the joint and
on to the window hoard.

In the design of Fig. 49 a weather-
board is incorporated. Although some-
what cumbersome in appearance, a bold
weather-board is an effective method of
throwing water clear of the joint. When
the sash is narrow, however, the amount
ol:splay on the end of the board, neces-
sary 1o allow the sash to open; presents
a difficulty.

This disadvantage docs not arise when
the sashes are hung in pairs. Another
paint worthy of note (Fig. 49) is the
provision made to dispose ol water tha
may enter the joint. The sill carries a
sinking along the upper edge which
collects the water, and from this channel
weep holes of copper tubing conduet it
1o the outside. Simiilar measures are used
in situations where excessive condensa-
tion is likely.

Hanging Sashes

Pivor o Uesree Hune Sasaes. This
method ol hanging sashies is more com-
plicated than the normal way, but if it
is remembered that the sash is slipped
inte position from the inside of the frame
and over the top of the pivot, little con-
fusion need oceur.

The frame surrounding the sash 1s not
rebated, but a rebated joint is formed by
beads around both sdes of the sash.
Part of these beads is fixed to the sash
and the remainder o the [rame. The
‘beads used should be worked with a good
thickness of quirk, so that the joint
between frame and sagh may be con-
tained within this thickness, .

The example shown in Fig: 50 5 a
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Fig. 50. Fivoten
sath sbove the tran-
som of a door frame,
showing also how
the beads -are cut

sash above the transom of a door frame,
and to appreciate the drawing it is
necesaary 1o imagine that the nearer
jamb of the frame has been removed.

Thus we see the outside edge of the
sash stile. The pivot is not seen, as this
is fixed to the jamb, bur the slotted plate
forming a- socket for the pivot is indi-
cated. To cause the sash o close by
virtue of its own weight, the pivols are
fixed & little above the mid-point of the
stiles. ]
This renders the part below the
pivot heavier than that above, and the
sash is hung so that the lower portion
swings outward,

The way in which the beads are cut =
shown in the dingram. For convenience
the cuts across the beads are at 45
degrees, and to permit the sash to open
these cuty cannot be nearer the centre
of rotation than the points marked A and
5. These points are found by drawing a
line through the centre at 90 degrees to
the cuts.

Point 1, however, is too low to permi
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Fig. 51. Example ol
i patent window
frame and sash. A
spocial feature |n
such windows is the
rebating of the sazh
over the cutside of
the frame.

the sash being slid into place, and the
joint i# moved upwards o the position
shown. The slots in the hack of the upper
inside beads are not as deep as the heads
are thick, and are not visibile when the
sash is hung,

These slots guide the sash over the
pivots and into position. Those beads
fixed o the sash are the lower outside
and the Lop inside beads, This is perhaps
mofe ¢lear-in the part of Fig. 50 in which
thie sastiis shown being slid into position.
The remaining beads-are fised 1o the
frame.

To hang 2 sash an centres is not diffi-
cult if the fllowing method is adopted
First, the plates carrying the pivots are
let inte the jambs and o line squared
acrgss the edges of the jambs level with
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the topof the pivot. This line is marked
re on Fig: 50,

The pivor plates are then removed
and the sush already shot to sze; s
placed in the frame. By transferring the
line ¥¥ on to the edge of the sash, the
precise position of the socket plate is
oltained. Onec the sash s hanging
correctly It is a simple matter to fix the
beads. The sash is then taleen out and the
backs of the beads planed down flush
with the edges of the sash o form the
Jjoint.

Patent Window Frames and Sashes

Several firms are now manufacturing
lramies and sashes, the designs of which
are protected. The drawing in Fig, 51 8
not ol anv particular expmple, but shows
the tvpe of section cnploved.

The first important departure from
normal design is the rebating of the sash
over the ontside of the frame. This re-
cpares the use of purposc-made hinges
and the inchion of some form of
weather-board immediately over the top
edge of the sash,

The advantage gained is a real one,
for there Is no open jeint into which the
wind can force both itscll and rain. 1t iz
of interest to note that this idea, though
somewhat new to ourselves, is commoaon
on the Continent, and has long heen
employed lor internal doors as well as
lor sushes

Ancther feature of most desizns is the
wide joint allowed around the edges ol
the sashes, many of which are double
rebated asshown. The cover nfforded by
the lip on the sash makes the wide joint
possible. This joint permits the material
to swell in damp weather without
binding the sash.

Frames ror SteEL Frames asp
Sasies, Steel frames and sashes are
freqquently set in wooden frames, which
are built in or otherwise fixed into the
wall openings. The producrion of steel
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A rod ls set oot giving the full-
size vertical and horizonial sec-
tions of the fromes and sashes, and
from the rod a material sheet s
prepared. The sections of the
various members are as given in

Fig. 5. Horizonml section of 2 wooden window frame
of a size to fic the standard steal frame.

windows i& now standardized, and in
consequence the majority ol the wooden
[rames are also made to conform o a
standard, Figs, 52 and 53 are sections of
such a frame,

The jambs and head are worked from
material ‘31 in %24 in,, transom and
mullions from 3§ in. %3 in., and the sill
from a 6 in. « 3 in. section. The method
ol double rebating the edees of the frame
to receive the metnl section i= clearly
shown in the drawing.

To keep the water clear of the joint
beiween wood and metal, drips are
worked on the under edge of the head
and transom. The junction between
wood and metal is made waterproof by
means of-a special mastic capable o
withstanding the movement of the metal
Irame due to temperature changes. The
actwil fixing is by screws driven through
holes in the metal section.

The metal frames shown are lixed, but
whether the metal sash is fixed or hung
the wooden frame remains the same.

Munufacturing Methods

Maxveacrume or CasemesT Fraus
AND Sasmes. The bulk of the casement
[rames and sashes used in the construe-
tion of house property is manufactured
by mass-production methods, By em-
ploving machines such as double-ended
tenoners and gang mortise machines the
amount of hand work required is very
small. Such methods; however, are not
gencmlly applicabile, and the general
maoxde

of procedure is briefly as follows: —

the architect’s full-size details.

Reference to Figs, 20, 21 and
22 should make this point clear,
Owing to the difficulty of under-
cutting a shoulder on a tenon ma-
chine and the difficulty of working
the sill with precsion, the shoulders
that abut on to the weathered top of
the sill are left about § in. long of the
finished length.

These shoulders are then cut to the
correct length by the joiner in the
lollowing manner. The tenon on the

Fig. 53. Vertical section of the wooden window
frame which s shown in Fig. 5L
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dividers are moved
across the weather-

ing, the other point
will scribe a parallel
on the face of the
i rehate, The shoulder
is cut to this parallel,

The glueing up
and eleaning off are
again very similar to
the corresponding
operations apphed (o
door frames. Draw-

bore pinning is a

great help, but being
complete frames,
cramps are easily
employed. The
frames are checked
for square by a rod
applied diagonally.
CasED FRAMES AND
Saspes. This type of
frame, i well made

e

and designed, is most

efficient. Ttisdraught
and weather resisting,
and with the sashes
shiding vertically no
difficulties occur with
blinds and hangings.
Ventilation s easily
obtained and may be
better regulared than

with the casrment

type of frame.
By lowering the

CASED FRAME WINDOW DETAILS

54 Vertical saction of 8 msed frame window and Fig. 55
fs iw[ﬁlhl] part cutside elevation of the ssme,

lower end of the jamb s placed 1o its
moruse and the jamb lined up.

Because of the long back shoulder the
face shoulder i open or off. A pair of
dividers is set to the width of this open
joint and with one point resting on the
weathered surface of the sjll, while the

upper sash an open-
ing is made at the top
through which stale:
air may escape from
the room, while at the same ome
fresh air may enter at the meeting rails:
In addition, & wide draught rail at the
sill permits the raising of the hottom sash
to provide ventilation at the meeting
rails, without the discomfort of a direct
current of air passing into the room.
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the sill, and fixed with oval

—— 1) B PLILLEY STILE
!

PARTINT ‘&RaD)

bradd. The method of culting
the ends of the 6l to take the
linings 5 shown In Tig 57,
and the elevation of the joim
between sill and owsmide lining
s geen-in Fige 53,

This method of making the

4 joint is, of course, inapplicable

when the sill prajects beyond

the outer face of the |rame,

Then the outside linings finish

A I i IMSIDE LINING

Fig. 58, Horizama) ection throogh s pmbd of
2 cased Irame of good quality.

The Iramie consists ol a yill, \wo pulley
iifes, & pulley head, and iniide and sutside
fratmes. In addition $-m. ) L-m, daff
heads, and §-in: 3 -, parting beads, lorm
guides against which the sashes run. The
back limings, closing the box containing
the counterbalancing weights, are
ustially unplaned offcuts, and ol similas
misterial are the slight division picces
called eaptaifs suspended from wmortise
in the pulley head. At the lower ends
these wagtails finish 2 in, or 3 In. elear
of the sill, and their function is to prevent
the weighis from coming into contact
with each other,

Fiz. 54 is o vertical section, Fig, 35 a
part outside elevation, and Fig: 56 a
hotizontal section through the jambs of
a cased frame of good quality. The 1} in.
thick pulley stiles are howsed into both
the sill and the pulley head. At the sill
they are secured by lolding wedges and
nails a3 illustrated in the sketch of Fig.
57, which shows the stile and wedges
raised above their correct position. The
joint between the pulley stiles and pulley
head is a plain housing secured by nails,
as suggested by the dotted lines in Fig.
55

“The imside and outside linings are
tongued and grooved to the pulley stiles
and head, housed across the edges of

ik i % | N STAFE BEAD

v the weathered wp of the

Fig. 57, Showing method of cutting the ends of
the siil in order to take the linings.
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sill. Some authoritics sugpest that these
linings showld slwaysfinish thos whether
the sill projects or not, and they argue
that to substitue a deal member for part
of 4 lrdwood sill which is in & position
expased (o the elfécts of the weather is
quite unreasonable.

To suffenv the head Iinings and to fix
them in the plane of the frame face, angle
Blocks are fixed at intervals of 9 in.to
12 in. as shown in Figs. 54 and 55. Note
that & hlock should abvays occur behind
the joints between the vertical and
horizontal linings,

The section of the sill as given is quite
i eommen one and would be described
asdoublesweathered, throated and sunk.
The groove on the face i for the tongue
on'the window board, and thar on the
anderside is to receive a meral water
biar sealing the joint between the wood
and stone sills,

The fimction of the wide draught rail
has been mentioned alréady, and the
method of tonguing this rail nto the sl
and the edges of the linings is shown in
Figs. 54 and 57. When fixing the mside
linings the draught rail is firse placed
between the linings and the three mem-
bers tupped down until the rail is in

prosition.

Fixing the Sash Lines
To fix the sash lines, it is necessary (o
Have sccess to the weighis contained in
the boxes formed by the linings and the
pulley stiles. In most cases this s pro-
vided by a pocket piece arranged as
shown in Fig. 57. The lensth of this
npening varics with the size and weight
of the sash, and Its determination i
largely a matter of experience. Usually,
however, it i possible o arrange the
joint to be always covered by the

lower sash when hung.
Needless to say, it is better to provide
a liberal opening than one not giving
easy uceess 10 the top of the weiglis when
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Fig. 58. Method of fixing bearers acrom the
bench when assembling csed frames, after the
puliey hesd hat been nailed on o the stiles

these wre resting upon the sill. The
manner of cutting the pockets is as
tollows:—

First, holes are bored in the backs of
the stiles oppasite the cuts and directly
behind the groove for the pariing bead,
One of these holes penctrates to the
battom of the groove, the other need go
but halfwsy through the thickness of the
stile. Through the fivmer baring a pad
saw is used to begin the cut dewn the
Froove.

The cur is finished with a hand saw.
T'he cuts across the stiles are made with
the toe of 2 fine dovetail saw, the holes
on the back and the groove on the face
giving sulficient clearance to allow o saw
to be used.

A wide thin chisel is made for the pur-
pose of making these cuts, but it is not a
popular tool. The short vertical cuts in
the centre of the thickness are made by
knocking the pocket pieces free by a
blow from the back, but this s not done
until immediately before the back linings
nre fixed.

The assembly of the franie s dune m
the lollowing order. The working of the
virious members is nowadays a matter
for the muchine shop, but the paris are
equally simple to work by hand. The
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59, Fixl
of B

the rall and stile on the bottom
frame. The pins of the doverai
are worked an the rall ends.

axie pulleys arc howsed in individually
and the pocket picces are cul as
deseriled.

When these operations are completed
the pulley stiles are wedged and nailed
tor the sill. The edres of the stiles should
be paralle]l to the face of the sill] and,
more imporiant, they must not wind
with each other. The pulley head is now
nailed on to the stiles. Brarers are then
fixed across the bench, out of winding,
and a3 indicated in Fig: 58.

Oune bearer is & plain board about
$in. < |in., but the second consists of 2
sitmilar board fixed to a heavier timber,
ususlly about 4 in. = 3 in,

The frame is secured to the bench
by screwing the &ill to the heavy
bearer and by lightly bradding the
head 1o the plain hearer,

The frame is squared by testing the
lengths of the diagpnals before these
brads are driven. It is ecomomical 0
have the sashes completed before assem-
bling the frame. They may then be fitted
when the frame is on the bench, forif the
outside linings arc fixed Frit, the sashes
are brought to size when' the frame i
reversed for the purpose of fixing the
imide linings.

The finish of the outside linings at the
head is shown m Fig. 55 The imside
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lining requires practically no fitting
other than at the end of the dravght rail
as alrendy mentioned,

The removal of the wngues on the
pocket pieces must not be averlooked
and no nails should be drven through
the lining, The back linings are seribed
over the sill and eut to fitunder the head,
The beads are fitted and lightly fixed,
as they must be removed when the
sashes are hung. This cannot be done
until after they arc glazed and their
weights derermined,

The sashes arc seen in the vertical
section of Fig. 54 and the joint between
the upper and lower meeting rails s

clearhy shown. The faces of the joint are

bevelled to cnsure o tight fit when the
sashes are closed. The joint between the
mecting rafl and the stile is a siropli- one
where the stile projects and forms a
mpulded horn.

A normal mortize and tenon i used,
with the projecting part of the rail
housed into the stile 1o a depth of about
4 in. On the bottom sash, however, it &
not customary to allow the stile to run
above the meeting rail, and the best
salution of the juinl is that shown in
Fig. 59. The pins of the dovetall are
worked on the rail ends and srriinged as
in the diagram.

Machine Shop Methods

A common method in machine shops
1 to form @ joint similar to that used on
the upper sash, and 10 screw through the
tenon from the hack side. The hom &
afterveards cub off Aush with the top of
the rail. The result is a slot mortise and
tenon, which is secured with glue and a
cTew.

Provision for fxing the cord must not
be omitted: Usually this consists of 2
groove in the back edge of the stile,
terminating in a shidliw hole about |in
in dinmeter. A knot in the end of the
cord is nailed into this sinking, and
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FIXING SKIRTINGS AND JAMB LININGS
Fig. &0. Skirting here consiss of two members tongued and grooved

wogether. By this method of comtruction mirrow boards can

further clout nails are driven along the
length of the cord, but enough line must
be left free at the top of the stile to allow
it tor pass over the pulley,

Skinvives AND  ARCHITRAVES. The
chief function of skirting boards and
architrave mouldings i w eover the
joint between a plaster surface and the
adjacent. woodwork. Being primanly
finishing members they are often highly
moulded and frequently form  quite
an importard part. of the decoration.

=" In itz simplest
form a wooden
skirting consists ol a
plain board seribed
to the Hoor. Such,
however, is apt 1o
appear heavy and
the upper edge is
uwsually eased back
to the wall surface
by means of asimple
moulding, Often the
skirtings ‘are more
claborate and have
sections such as
ihose i Figs, 32 and
60. In the latter
example the skirt-
ing consists ol 1wo
members  tongued
and grooved.

By this means
of construction
narrower boards
can be used, mater-
1al is saved and the
tixing of the skirting
s simplified.

Skirtings should
be fixed to grounds,
which in turn are
fixed to wooden
plugs driven either
into the joitits af the
i brickwork, or eche

"t special  fixing
brcks bult i at intervals.  One hon-
zontal ground having its upper edge
about } in below the top of the
skirting # required. The remaining.
grounids are usually vertical as shown
in Fig. 60,

The joint between the skirting and the
floor is usually plain. Very rarely the
skirting carries a tongue on its lower edge
which fits & groove worked in the foor-
ing. T'his method s expensive, bm
climinates the unsightly joint caused by
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Fig- &L, Part of the back ol a skirting shawing
the wertical position of the zlots for screws

both the Hoor joists and the skirtimg
shrinking away from each other.

‘When fixing skirting it is usual first 1o
fix & board having internal angles al
both ends. ‘This board is cut in tightly
between the return siarfices, and the
adjacent boards have their ends seribed
th it. In good work the plain pars ol
the boards are tongued and grooved
together. The groove 1 worked in the
first board fixed, and the tongue on the
board abutting against it. External
angles are mitred.

Where the wark is painted a pliam
mitre is made and the joint fixed with
brads, but in work' ol conseguence o
seeret dovetail joing should be used.

Fixing Skirtings

Skirtings are generally nailed to the
grounds, and when they are to be
painted this method @ satisfactory.
With polished work, however, they
should be fixed with slot scrows or by
means of screws and  pellets, In the
former method, holes large enough 1o
tukea No. 12 or M scrow and about §in.
or | in. deep are bored in the backs of
the skirting opposite the poins of fixing.

Slots are then formed vertically as
‘mdicated in Fig. 61, which shows part
of the back of a skirting to be fixed by

A screw similar to those 1 be used
i drven into a hardwood block,
and the head left standing the | in. or
} in. This screw head is then placed in
the hole and, by tapping the block,
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driven along the slot. Screws are then
fixed in the grounds directly opposite the
slote in the skirting, which is then
driven down into position.

If the fixing screws project from the
grounds slightly less than did the one
from the block above mentioned, the

Fig. 61 Architrave bullt up of two membars and

tarminacing in & plinth bleck, which is fixed o

the architrave. A doverailed sinking is worked

in the blatk and a corresponding projection
formad on the archicrave.



]
~

Fig. £3. Method of framing up

the grounds around openings

when the architraves are |arge

and the grounds are more than
about 4 in, wide

effect will be to pull the
skirting back tghtly to the
wall,

When using screw pellets
the screws are driven
through lrom the face of
the wock, but the heads are
sutk into borings about §
in. deep. These holes arve
thea filled with plugs
shghtly comical in shape,
and so worked that the
Brain ropk across and ol
parallel to the axis of the
plug. If these pellets are
carefully made from the same material
az that which is beinr fixed, this
meihod of plugging can be both
efficient and practically secret.

Arcimrraves, In joinery an archi-
trave: 38 & member frming an opening
-and covering the joint between the door
frame, window frame, or lining, and the
plaster work, It may besimple in section,
ar highly carved and elaborated.

Three typical sections are given in
Figs, 26, 29 and 30, The latter moulding
is again shown in the sketch of Fig, 60
which illustrates the construction at the
base of the jamb lining shown in section
in Fig. 30, Inthis cxample the architrave
is buile up of two members and termi-
nates in & plinth block, which is 'besi
fixed to the architrave as in Fig. 62.

A dovetailed sinking is worked in the
block and & corresponding projection
lformed oft the architrave. The fixing
is done by means of glue and screws

[t ol |

JOINERY

The mitres made in architraves are
usually left plain when the section is
small, but when the work is important
some means of keeping the intersections
of the mouldings correct should be em-
ployed. The simplest method is 1o form
a groove in both mitred surfaces and to
insert a cross-griined tongue, bur by far
the most effective way is 1o use this
tengue in conjunction with a light hand-
rall balt.

Fixing Architraves

Architraves are fixed back to the
grounds in much the same way as skirt-
ings. With expensive work the ses of
architrave are often put together in the
workshop, and stretchers and Lraces
screwed across the back, U'hree sets are
then fixed by slot serewing, ar by screws
and pellets:

1f the edre of the architrave ks thin it
is ofien necessary to usc fine panel pins
to prevent the edge curling up, b
where the work i polished the main
lixing should not consist of nails,

The grounds around openings are
frequently framed, that i, they are
mortised and tenoned and glued up in
the workshop, If the architraves are
large and require grounds wider tham
about 4 in., the width is oltained by
framing up narrow material and short
rails;, as shown in Fig. 63, which is an
elevition of part of a ground 8 in. wide.

The jambs and head would be glued
up and eleaned off before the whale
ground was assembled. The joint be-
tween head and jamb is designed to
permit a ¢ramp to be applied across the
frame:

Frxing Jonerv. The various opera-
tions involved in fitting and fixing
grounds, architraves and skirtings, and
the securing of deor and window frames,
linings and the like are included under
the general heading of fixing.

Door and window frames may either
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joinery.

This ground is made by
farst driving plugs into the
jomis of the walling and
cutting. them off so that
the ends are contained by

a plane. The wooden
grounds are then fixed.

Fig. 64. Plan of a close newsl, or d

be built in, or they may be placed into
position after the brickwork = com-
pleted. In the first case the rames are
fixed by hoop iron, expanded metal, or
similar material, nailed to the back ol
the frame and bedded into the joints of
the walling.

Screws sunk below the surface of the
rebate, with the holes pelleted, make
the hest fixing, Folding wedges immed-
iately over each jamb, driven between
the head and the lintel,
give additional dgidicy.
The frames must be fixed
plumb and muost be oul
of winding,

Jamb linings are fixed
to grounds and back-
ing pieees, as shown in
the sketch of Fig. 60. ¥
The fixing of skirtings

CAPPING

leg stair.

OUTER STEW-C.,\_\

WALL STRING

Siairs

A most interesting
branch of joinery is the
construction. of  stairs.
Grear vaniety of design occurs and
each requires individual consideration.

Stairs constructed of wood are of two
types: the moow! stair and: the geomefrical
stair, In the former type newel posis
occur at the points where the stair
changes direction, and receive the ends
of the stringer boards, or sirings, a8 they
are commonly called A geometrical
stair is one in which the siring continues
unbroken around & twm m plan. The

Mewel stairs
are divided Into close newel and open newsl forms.

Fig. 65. Eleva-
tion on section
| A-A of the close

newel stair
shown inFig.&4,

and architraves las

been already. men-

q [ APRON
— ’/ﬁ\ LINING

tioned,
Exumples of wall

rra

panelling and their
fixings have been re
[erred to earlier, The
grounds towhichsuch
work s fxed should
be very carefully pre-
pared. Unlinished
wall surfaces are not
sufficiently accurate

T
@ IN

1
BOUCH 3RACKETS

CUTER STRI
CARRIAGE PIECE
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Fig. 88 Housing on the lower newel st the end
of & long flight of stairs,

newel variety is by far the most impori-
ant of the two and will be considered
Frst.

MNewel stairs are agam divided in the
close newel and open newel forms, An
example of a dose newel, or dog-leg
stair, is given in plan in Fig. 64 and in
elevation in Fig: 65, In this type the
puter strings of the separate fights have
the same plan,

The total rise of the example given is
9 ft. 6 in. and with sixteen risers each step
hiais & rise of just over 7 in. The width, or
roing, of each step has been obtained by
-applying the rule: twice the nise plus the
tread equals 23 in. Thos 2 % 7 in
49 =23 in., which gives & 9-in. treael
width or going.

The half-turn in plan is obtained by
. means of a quarter-space landing fol-
lowed by three winders, or tapered steps,
The plaring ol the winders above the

i€ a mnpecessary  precaution.
Narrow-ended winders are a frequent
cause of accident, and should not occur
at the top of a flighr.

The principal newel s that about
which the winders tum. It sup-
ports the stair and i shown running

JOINERY

down to the Hoor. The function ol
the other newels & mainly to
provide support for the handrail.
Sketches of the newels at
T NYE  the ends of the long fligh
are given in Figs. 66 and 67,
Fig, 66 shows the housing on
the lower newel, and Fig. 67
is a sketch of the upper newel pre
pared to take the ends of the
winders. In the latter skewh the
end af the upper string i dtawn
ilhustrating the tenons which fix the
siring 10 the mewel, These tenons
are secured by dowel pins. as
already described.
The common method of jointing to-
gether treads and risers to form the steps

<

Fig. &7. The upper nowe| red
1o take the end of the winﬂefm
end of the upper string shows
the tenons, secured by dowel pins,
which fix the string to the newal

7

i se#n in Fig. 66. The tread
overhangs the riser fice and
is grooved to take a slip called
a seolia:

By glueing the scotia into
the groove a rebate is formed,
and into this rebate the riser
is fixed by means of glue and
angle blocks




STAIRCASE STRINGS
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| Fig. 68 Sec-
| tion through
the Lpper
outer string
shawing ap=-
A ran lining to
STaircase.

TREAD

STRING

AFRON LINING

CARRIAGE—m-

The lower edges of the risers arc
shown tongued into the treads, but this
construction is not always adopted,
Instead, screws are driven up into the
risers from the underside of the tread.

The steps are carried by the strings
into which they house to a depth of about
| in. The housings in the sirings are
tapered to accommodate the wedges
which, when glued and driven behind
the treads and risers, fix the steps 1o the
siring.

The thickness of strings varies, but it
is cintomary to make the wall string
thinner than the outer string, which can-
not well be less than 1§ in. thick unless
supported by a spandril wall or framing,
The spandril is the triangular space
formed by the floor, the newel, and the
under edpe of the outer string. This
variation of thickness does not opccur
where fire-resisting  qualities are re-
quired. Then all treads, risers, and
strings must be of approved hardwood,

3

anid worked from material 2 in. thick,

When the top edge of 2 string is paral-
lel o the pitch or inclination of the stair
it is called a close siring, and generally
carrics a capping mould along its upper
cdge, as scen in the diagram, This cap-
ping improves the appearance and pro-
vides a# seating for the balwsters. The
winders are consoructed in the same way
as the ffiers, as the parallel steps are
called, except that the lower edges of the
risers are seldom tongued into the treads.

Selting Out Winders

Winders are set out full size, usually on
a piece of plywood, and from this plan the
lengths of the housings on the wall string
and on the newel faces are obtained.

When there are three winders, as in
the given example, it is satisiactory 10
divide the plan angle of 90 degrees into
three equal parts. The method of setting-
out the position of the riser faces by
means of n walking line will be explained
later.

Additional support for the winders is
ohtained by short joists running from the
newel to the wall,

The landing is treited as a small foor
carried by joists, which are shown in the

|
o

Fig. 9. Round-ended step at the foot of a stair.
It i usuzl to lorm the first step of & =taircise
in rounded form o ensure sasy approach,
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Fig. T0. Vérticil sectlon of 2
bulinose st2p, showing how the
solid seotia Is screwed first ta
the riser and then to the read.  NEWEL

ey —r

the lower edge of the
outer string,

This board is called
mine an aprin finme. It

covers the rough car-

WMAD— e
SCOTIA ek
_— ]
Rises 3 D
CORE - :\‘ -
NP @
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riage-picce  and  provides a
fmish between the soffit and
the string. A section through
the upper outer siring is given
in Fig. 68,

Handrails are trnoned into

o
ANCLE BLOCK

elevation and indicated by dotted lines
in the plan. On top of the landing a
skirting comnects the upper and lower
wall strings,

Thtee earriape pieces are suggested by
dotted lines in the plan (Fig. 64), These
metnbers ndd stiffness to the stair and
form a fwing for a lath and plaster or
other soffit covering: Where the stair 1s
narrow and there is oo plaster under; a
centre Guriage only is commeon,

To this carriage are fixed short pieces
of bourd called rough brackets, These
brackets Bt Hghtly under the treads and
transmit loads on to the
carriage. Where no spandril
filling occurs, and under
upper strings, & cover
board is tongued ino
EAMINATED TORE

the newels and the whaole sec-
tion should be housed 1o a
depth of 1 in. The joints are fixed by
dowels through the tenons,

An exception to this is where the rails
run under the return string. The finish
here is as shown in g, 65 where the
short piece 6l handrail rebates over the
apron lining. The height of the handrail
over the stairis 2R, 9in, measured in the
plane of a riser face. Over a landing a
height of 31t is regarded as 2 minimum,

When planning stairs an important
point to consider is that of head room,
which s rhe distance from a tread sur-
fice to sny obstruction situnted above
the stair.

Sametimes this distance is measured
at 90 degrees to the pitch of the stair,
but as the dimension should vary with
the pitch, it is safer 1o measure vertically.

The 6 ft. 6 in. given in Fig. 65 is a

reasonahle minimum, for although

few people would be Inconvenieneed
FOLDING WEDGES

RIiSER

N~

Fig. 71. Method ol lorming the rounded end co the riser by means

ol a-core which is built ap and cut to vhe
which draw the weneer tightly aroun

A pair of folding wedpes.
tha core, = abvg shown:



TEMPLET FOR TREAD

if the head room were 6 &, it must be
remembered that the upper floors of a
house have to be furnished,

To permit the stair to be easily
approached ft is customary to form a
rounded end to at least the first step.
When this step 1= planned like that
shown in Fig. 65-it is called & hillnose
itepr, and the plan in Fig. 691s described
as a round-mded step.

Construction of Steps

The method of constructing these
steps is-illustrated in Figs: 70 and 710
Fig. 70 is a vertical section of the bull-
nose step-and illustrates the mammer in
which the solid scotin is screwed first to
the riser; and then 1o the tread. This
scotin board is widened at the end to
carry round and into the newel, The
method of forming the rounded end to
the riser is indicated in Fig. 71.

A core is built up and cut to the shape
shown. The riser is reduced to the thick-
ness of a veneer for a distance equal to
the length of the curved surface of the
core, plus } m. This § in. accommodates
a slight pair of folding wedges, also seen
in Fig. 71. When core and riser are pre-
pared, they are glued and serewed in the
position of the sketch. The remainder of
the core and veneer are then glued and
the core genily rolled round into posi-

A —H

Fig. TL Part of a string marked
out on staircase, and the firt
operation in forming 3 heusing.

COMMENCEMENT OF HOUSING

tion. The wedges, casily driven, draw
the weneer tightly around the core,
which is finally fixed by screwing to the
riser.

Orex NeweL Stams, These stairs are
an improved variety of the type just dis-
cussed. A wider space is required to
accommodate such a stair, but il treated
generously the resulting effect can
amply repay the expenditure, Fig. 69 is
the plan of an open newel stair with a
total rise of 9 ft. 6 in., and with S-in.
treads, as in the previous example. No
winders are introduced, for if these were
used in place of cither gquarter space
landing, a dangerous stair might very
easily result.

The method of constructing and sup-
porting the stair does not vary in
essentials fram that already deferibed,
and elevations nnd sections may be
worked up in the manner illustrated in
Fig. 65,

Sermnvo Our NEweL Stams. The
setting out of stairs and handrails is now
regarded as the work of a specialist, Few
joiners, however, should find difficulty
in marking out newel stairs. Although
the design is not the province of the man
making the stair he should, by inspecting
the site and by checking dimensions,
verify that the drawings are correct and
that they include no impessible factors,



If obvious improvement of design is
possible, suggestions should be sub-
mitted to the architect When measur-
ing, the amount of the total rise is noted.
This dimension is marked alony a lath
called the storey rod, and is divided into
as many equal parts as there are risers
in the fight A division s the width of
all risers,

Unless winders occur, all lines may be
put directly on to the material, the sizes
of which tan be obtained from scale
drawing in conjunction with the full-
gize details. Winders are ser our full size.
To mark out the string a pitch board and a
margin templet are prepared. These are
ghown in Fig. 72 which illustrates the
method of applying them.

To mark the back edpes of the hous-
ings two other templets are made, one
fior both tread snd riser. Fig. 72 shows
part of a string marked out and the first
operation in forming 4 housing. A sink-
ing is formed at the angle and in this a
tenon saw s worked in order to make
the cuts which bound the housings.

mm:!ﬁnguutthcnmaq number of
steps. Shoulder lines on the strings are
fixed by measuring back the distance
seen in plan from the riser face to the

£ marking out of the newels is
simple if the plan, showing the manner
in which string and riser faces intersect
the newel face, is frequently referred o,

GeoMeTRICAL STATRS AND Hannmatr-
wo. The sclentific approach to this
branch of the subject cannot be made
without a fairly sound knowledge of
descriptive geometry.

The example token is that given in
plan in Fig. 73 which shows the outer
face of a geometrical siring and the
arrangement of winders about a quarter
plan turn, The positions of the riser faces
of the first and Jast Aiers are assumed to
be fixed by droumstance, and although
a better-looking string and rail could be
obtained by altering these positions such
an arrangement s not always possible



STAIRCASE CONSTRUCTION
'Fig- 75. Method of constructing the cuz string In 3 stircase and
shawing fixing of balusters and return nesings.

The shape of the string is found by
developing the cylindrical surface of
which it is part. Such development is
given in Fig. 74, The string is construc-
ted by reducing to & veneer the curved
portion falling between the developed
springing lines, thus allowing the string
to be bent dround @ drum.

Staves are fitted and glued to the hack
af the vencer after the string has been
bent around the drum in the correet
position. These form and maintain the
required curve, and restore the string to
its original thickness.

The method of constructing the cut
string is shown in Fig. 75.

The method employed in setting out
the handrail i that known ns the square
cut and tangent system. The plans of
the straight rail continued are regarded
as the horizontal traces of vertical

L]
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sary, to give the
development of
tread and riser.
The wreath is
worked from a
shape cut from the
plank. The outline
is obtained by mark-
ing about the face
mould. The ends
are planed true and
square to the face
‘of the material, and
through the eentre
paint of cach the
appropriate Lwist
bevel s applied.
Fii. 76 is a skeich
of the material with
the bevels applied,
and with lines
square to the ends
marked acros the
face from the points
where the bevel intersects it. Similar
lines are placed on the under surface of
the material. About the bevel lines as a

‘centre line the rectangular section of the

rail 18 drawn on the joint surfaces, and
from these sections it is-apparent how
the face moolds must be applied to the
faces of the material.

When in position, the mngent lines on
the face moulds must coincide with the
lines marked AR and Bc in the skeich

— s
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SERVICES

Drainage systems. Sewers'and drains. Gully traps. Inspection chambers. Testing

drains. Ventilation. Water supply systems. Cisterns. Hot watér systems. Purity

of water. Methods of testing. Gas and gas fittings. Reading the meter. Electrical
lerms. Lights and bells. Healing and ventilation. Pansl heating.

planning of the drainage

I system of a building i+ a most

essental matier, and one o which

the most careful consideration has to be

given. It is no overstatement to say that

the installation of an efficient system is
vital to public health.

In the Public Health Aet, 1936, and
the previous Act of 1875 it was laid down
that local authorities are to be respon-
sible for the provision and maintenance
of proper sewers and sewage disposal
works, or other effective means of deal-
ing with and disposing of waste matter.

The Indusirial Revolution brought
with it a great influx of the population
into the towns, where the workers
gathered in great sprawling, unorgan-
ized communities around the new
factories. Matters were thereby brought
1o & head, and sewerage and sanitation
became of urgent and imperative im-
portance.

Safeguarding Public Health

The various nineteenth-century enact-
ments took the preliminary steps 1o safe-
guard the public health and to prevent
a recurrence of plague and epidemic
conditions, which in s modern commu-
nity would constitute nothing less than
A national disaster.

Realizing the importance of sanita-
tiom in relation (o the bealth of the com-
iunity, it i obvious that the greatest

e

care and attention is reguired in all
matters connected with drainage, par-
ticularly as the majority of the work is
underground and not readily open o
inspection and immediate rectification
of defecis,

Modern Drainage Sysiems

The sewerage and drainage system of
a modern community falls igto two
main classifientions:—

(1) Public sewers, which are constructed
and maintained by the Jocal authority,

(2) Individual house drainage provided
by private enterpirise and capital, in-
cluding the proper connection of such
drainage to the public system,

In arder to ensure that drainage work
carried out by private persons is effi-
ciently donr, it 15 incuimbent on the Jocal
authority to approve the lay-out of new
systems and supervise their construction.

The first point (o be cleared should be
the position and size of the existing
sewer and its construction, Le,, earthen-
ware pipes, masonry culvert, etc,, to-
gether with all particulars telating Lo its
depth and direction of flow.

It should also be ascertained whether
any existing system is separate or
whether it s combined or partially
combined with adjoining systems. It
may be feund that it is posible to con-
nect two or more houses to & common
drain. and, if this & so, particulars of
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existing agreements and conditions will
be required.

The type of connection to be used in
connecting the house drains to the sewer
will be decided by the ilmpc of the lutter,
The actual connection is usually made
by the local authority, who recharge the
cost imvalved to the owner. This pro-
cedure ensures that the work is propery
carried out, and that nothing is done to
interfere with the efficiency of the main
system, orany foresecable futuredevelop-
ments. It is very cssential that no con-
nection should be made at right angles
to the main flow, as a chokage at the
junction may be caused thereby. Con-
nections are, therefore, made slanting
into the main pipe, towards th:dmnu
of How,

Drainage Pipe Standards

The standard internal diameter of
drainage pipe used for domestic build-
ings, where no considerable flow is anti-
cipated, is 4 in, Where several houses are
drained by a common pipe, or in the
case of a large building or institution,
where a considerable flow is expected, a
G-in. pipe will be required, All drains
and sewers must be laid so that they have
a sell-cleansing veloeity, and an appro-
priate fall is obtained by allowing 1 in.
of fall for & honizontal length aqnivnlmt
1 ten times the dinmeter of the pipe
employed. Hence, from this rule the
following minimum permissible falls
may be evolved (Table I},

Careful atiention should be given to

{samranter Vrtipal Horzzontal
ol pape Juells én distaney in
i pechey mches e

4 I 40

& 1 B0

b 1 940

12 1 20

209

securing a proper fall, a8 excessive
gradients will prove damaging, and
obviously flat pipes will be inefficient
because they will not be seli~cleansing,
All sewerage systems fsll into one of
three classes, viz.: (1) separate; (2)
partially separate; (3) combined
In the separate system there are two
sewers, one being for surface and storm
water, the other solely for soil and foul
water, The combined system consists of
only one pipe, through which is con-
veyed both surface and foul water,
The design of house drains will be
governied by what 1ype of public sewer
exists in the locality. If the latter is
separate all house drains will have to
consist of two pipes, one for foul and one
for surface water: if the main system b
combined then only one pipe will, of
course, be required for house drains.
Figs. | and 2 are typical examples of
the separate and combined systems.
In the case of a partially separate
system, the rool water and surface
water from the rear of the building are
taken into the foul-water drains for-
ensuring additiona] Aushing and clean-
ging, while that from the front is dis-
posed of independently.

Lay-put of Sewers

Provided that all drains have 2 good
fall, separate systems are the most desir-
able and the modern practice is to adopt
them wherever possible; since it follows
that the flow to be dealt with at the
sewage disposal works will remain
practically constant throughowt the
year, and there will be no waste of time,
moncy and plant in dealing with com-
paratively unpolluted surface and storm
water. The latter would be discharged
into convenient stremms and water-
CouTses.

The lay-out of all sewers, of whatever
type, is the responsibility of the local
authority, and naturally attention will
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Fig. I. Lay-out of a typical separste <
. H' house drainage system. The abbre- ;
! viations are exphined in Fig. ‘
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TO SO0l WATER SEWER

be paid to the most economic methods
to be used having regard to local con-
ditions such as the availability of water-
courses and streams, and the nature of
‘ strata. By providing a separite system
the size and cost of the foul-water sewer
can be reduced, and convenient water-
courses greatly assist towards a saving in
the length and cost of piping.

So far as house drains are concerned,
the separate system: almost doubles the
drainage cost as compared with the com-
bined method. There are cases where
it has an advantage, in the fct that
there is less likelihood offlooding during
times of heavy rainfall,

Planning Sanitstion

The arrangement of the sanitary fit-
tings should be so planned that the
scheme may fulfil its purpose in the most
economical manner, Good grouping of
the firtings will often avoid undoe ex-
pense on long, surplus lengths of pipes,
and other unnecessary work; a bad lay-
out will waste a good deal of money and

]
TO SURFACE WATER SEWERI

will probably provide an onsightly
arrangemant of pipes and fittings around
the building. For instance, it can often
be arranged for min-water down pipes to
discharge over the sink and bath wastes,
thus saving the cost of two separate
drains, and this method is alio advan-
tageous in ensuring that the water seal
In the gullics does not evaporate il the
sanitary fittings are not used for some
time.

The object 1o be aimed at in disposing
of all foul water or sewage should be to
remove it from the building as quickly
a3 possible. In normal dwelling-houses
this can be effected by grouping the
w.is, lavatary basins and ather sanitary
fittings, in one part of the building, but
in larger bulldings such as hospitals and
hotels, the Gttings can usually be
arranged to come one above the other
on the various storeys.

Carrying the drains 100 deep must be
avoided, as this only increases the cost
of excavation and will make subsequent
maintenance very expensive. The upper
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end of the system should be kept as hipgh
as possible and the fall so arranged that
it is the minimum required to give a
sell-cleansing velocity.

The first mspection chamber need
only be about 2 ft. in depth with the
appropriate fall from this chamber to
subsequent chambers, and finally to the
intercepting chamber; but below the
intercepting chamber the Bl will, of
. course, have to vary with the depth of
the main sewer.

Careful levels over the site and the
preparation of working sections showing
the depth and position of the existing
amist the proper planning and econom-
ical lay-out of the house drains.

A copv of the drainagr plans of every

Lay-out of & typical combined house drainage syscem:
P, =rain-water pipe

5 & V.P.==oil and vent pipe ;
=discon

I.'C_—Jlnip-nulnn chamber ;
_Fﬁ F.AJ —fresh air
S5.W. =3ink waste. o Hl

bullding should be in the hands of the
owner, together with the usual property
papers and deeds; this plan would prove
particularly usetul in case of defects and
would help the owner torcarry out his
own ingpections from time to tme to
satisfy himself that the system is working
efficiently, and would also serve as a

record availablein the case
of alterations or additions.

Glazed stoneware or heavy cast iron
are usually employed for drainage work,
although other suitable materials are on
the market.

The usual size of pipe for ll:l-lJ]:l:lﬂul.:
purposes is 4-in. internal diameter and
this is regarded as the minimum size
which s adequate for all drains
carrying sowage and foul water,



BONING WITH SIGHT MII.S
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Fig. 3. Usa of bonlng rods and sight rails for laying drain-pipes o the proper fall.

Pipes are laid to proper falls with the
did of boning rods and sight rails (Fig:
3). A tapered board cut to the appro-
priate fall is always useful, although not
so accurate over a long length of drain,
This board is used together with a spirit-
level for grading the trench bottom to a
proper fall (Fig. 4). All drains must be
laid on a good salid bottom to prevent
subsidence and consequent fracture, and
the best practice is to put down a 6-in.
layer of concrete under-all pipes, what-
ever the condition of the trench bottom
may be.

If at all possible, drains should not be
laid under buildings, but if this s quite
umavoidable the pipes should be com-
pletely surrounded by 6 in. of concrete
or, alternatively, east-iron plpes should
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be used (Fig. 5). An aceess must, of
course, be provided outside the building
in a convemient position for rodding.

Drains should always be kept well
clear of external walls, 4 ft. being the
minimum permissible distance. Where
this cannot be olsained concrete must
be rammed in well underneath the wall
footings (Fig, 6),

In the case of diains passing throogh
a wall the weight of the latter must be
carried by a lintel, or suitable relieving
arch (Fig. 7).

If it is necessary, owing to levels, to
construct drains above ground, cast
iron pipes should always be used, hut
they must be properly supported by
piers ai cach joint.

In estate development the common

DRAIN LAID TO A FALL BY GAUGE BOARD

H;.lerdpmbmﬁMlnwnwmuﬂmmnpamhvﬂ for grading the trench bottom
to s proper fal mmﬂﬁﬂﬁmmmw:hnglﬁnﬁlhdrﬂn



JOINTING OF DRAIN PIPES

TREATMENT OF DRAINS UNDER BUILDINGS

Fig. 5. The pipes should be antirely surrounded by 6 in, of cancrete, or cast-iron pipes should ba
used. Dirains under buildings should be avoided Il possible. An access for rodding is essential

pipe system is often employed. This pipe
it connected to the mam sewer and the
vatious houses are connecled into it
This saves a great number of individual
tappings of the main sewer and will
prove guite eflicient provided not more
than six houses are conneeted to the
common pipe. The size of such a pipe
should be 6 in. after the fisst two houses,
and all cannections to the sewer should
be 6 in. in diameter from the lust house
inspection chamber 10 the scwer.

The pipes are laid at such a fall that
they posscss a seliccleansing velocity: il
insufficient fall is provided solids will be
deposited in the pipe and eventually
choke the dainage; on the other hand
too much fall will cause the effluent w
run off quickly, leaving the solid matter
behind, where it will gradually accumu-
late and decompose.

Glazed stoneware drain pipes are
usually jointed with cement mortar con-
sisting of | part of Portland cement and
2 parts ol sand. In order to prevent
jointing material getting inside the pipe
it is & good plan to insert a few strands
of tarved gasket or hemp before cement-
ing the joint, and in all cases special
attention should be paid to cleaning out
properly the interior of the pipes as

F.p—a*

the work proceeds with a hall-moon
scraper or swab. Cast-iron pipes are
jointed: with gasket and meallic lead,

Gully traps are used to collect waste
water from scullery and kitchen sinks,
lavatory basine, baths and rain-water
pipes. They arc also used lor the removal
of surface drainage from paved areas
and yards. They are made in various
sizes and types; the main features of a
good gully being: {a) simplicity of con-
struction ind freedom from flaws in the
ftoneware or any other defects; (8) o be
completely selfcleansing; (¢} to have
a thoroughly adequate water seal of
approximately 2 in.

Gully Traps

A gully consists of a pipe bent into
such a shape that it forms a trap which
provides a water seal and prevents the
escape of gases and ventilation from the
drain or sewer. The gully is usually
square at the inlet and provided with a
light mietal grating to arrest solids Hable
to cause obstruction. A back imlet is
provided in some guilieswhich takes this
water into the gully below the graung,
but above the water seal. This type s
very suituble for receiving roof water,
and is less likely to become obstructed,
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TREATMENT OF DRAIN ADJOINING MAIN WALL

Fig. 6. Where a drain cannot be kept well diear of external walls con-
crete must ba rammed in underneath the wall footings 55 shown.

inasmuch as an ordinary gully often
becomes choked on the grating with
leswes and other material; aside or back
inlet consequently obviates this rouble.
In buildings where large quantities of
grease.and similar matter is expected in
the waste witer, a special form of gully
is used, known as a grease trap.
Regular cleaning out should be given
to ull gullies, otherwise it will be found
that an accumulation of grease and
other matter contained in the waste
water may give nise to fouling of the
gully. Common washing soda and hot
water will perform this cleansing quite
satisfactorily. Gallies should be foced
perfectly level and bedded with Port-
land cement concrete and connected
to the dmain. The trap of a gully is
usually bBrought up level with the sur-
rounding paving and it may be finished
off with a small fender wall around a
channel leading to the rapped gully

7 grating. If this chan-
nel is too long it will
tend to became offen-
sive owing to the
deposit of foul matter,
and it should not,
therefore, be more
than about 18 in.
At any abrupt
change in the direc-
oon of a drain or at
the junction of three
or more pipes it i
necessary to provide
an inspection cham-
ber, These chambers
allow casy arcess o
the drain for exami-
nation and the re-
moval of any chokage
by rodding or other
means. In planning
a drainage system
attention should be
paid 0 combining
the drainz in- surh a manner that the
nmumber of mspection chambers is re-
duced to a mummum, otherwise con-
siderable expense will be incurred.
Depth and number of branches are
governing factors in determining the
siae required for & chamber, A width
of 2 ft. by a length of 2 fi. 6 in: i
adequate e shalloww chambers, and

|

Fig. 7. Where = drain passes through a wall the
weight of the latter must be carried by a fimtal,
or relieving arch ax shown above.



INSPECTION CHAMBERS

the length should be increased by a
further 9 in. for every additional con-
nection over the munber of one.
Chambers are wsually built in 9-in.
brickwork carried up from the level of
the drain invert to such a height that the
cast-iran cover, when fixed, will be flush
with the surmounding ground level, The
interior of the chamber must be rendered
with Portland cement and clean, sharp
sand, or altecnatively, faced with glazed
bricks, The walls must stand on & con-
crete base 6 in. thick, carried right over
the bottom of the chamber (Fig. 8).
Coated cast-iron.  covers must he
fixed to all chambers, either light or

E
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heavy pattern, according 1o the weight
of traffic 1o be curied, and the clear
opening should be at least 24 in. < 18 in.

Chambers of 3 ft. or more in depth
must he provided with suitable cast-iron
roated step irons, built into the brick-
work at 1840, jotervals

Siep irons consist of a shaped project-
ing tread and two ends which are let
into the jointing of the chamber. They
form a ladder for use by workmen.
In the case of deep chambers care
should be taken to avoid connecting
any drain through the walling and dis-
charging the contents at such a level to
make the steps inconvenient for use,

-

7
7.

DRAINAGE |NSPECTION CHAM

Fig. 8. Where the direction of = drain changes shru

pipes, an |

¥ or it the junction of thres or mere
saty access to the drains for testing and

nspection chamber is . It allows
cleaning. An Intarcagting mpuprﬂzﬁ in tha chamber which is nearest to the sewer,
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Half-round, gilared, earthemware
channels must be used in the bottom
of cthambers, and special channels of
appropriate shape are ubtainable for
this purpose. Channels can also be con-
structed m cement concrete, fmished in
cement and sand to a smooth face and
curved properly according to the direc-
tion of fiow. The bottom ol the chamber
must be properly benched up in con-
crete argund the channels and finished
off with & smooth rendering.

Chambess must, In every case, be con-
structed in a watertight manner to pre-
vent Hooding and chokage of the dram.

Intercepting Chambers

The lowest chamber in the system
before the drain conneels up with the
main sewer should be a disconnecting,
or intercepting chamber. These cham-
bers are constructed in precisely the
same manter 48 described above, but
are with an intercepting trap
at their lower end. The function of this
tmpnmprcvmtgasand&unufmmthc
sewer finding their way back into the
drams and possibly into the building,
These traps are provided with a cleaning
eye and stopper; bedded in clay.

Attention should oecasionally be given
-t this stopper, a= it sometimes ha
that it gets removed and lodged in the
pipes, causing an obstruction. The inter-
cepting chamber serves to ventilate the
house drain by means of its fresheair
inlet, It prevenis the escape of gases
from sowers of cespits and it is usefol
for inspection or clesnsing purposes.

Both the housc drains and the con-
nection 1o the sewer may be rodded, if
necessary, [rom  this chamber. The
covers of all chambers should be airtight,
and this is esually effected by providing
a seal of grease or plastic compound in
the frame.

1t i= not infrequent to find chambers
romsiructed of concrete, rendered over
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internally, This i quite a satisfactory
procedure, provided the chamber is
watertishi and the walls are non-
absorbent.

Under the building by-laws all new
draing are thoroughly tested as’ con-
struction proceeds. This duty s per-
formed by the building inspector or
surveyor to the local authonty,

Upon arriving on the site he will
probahly first of all carry out an inspec-
tion of the exterior of the drains, satsfy-
ing himsell that they are not laid irrego-
larly, the joints having a satisfactory
appearance and that all pipes are
properly supported and protected.

He will also satisfy himself that only
best-quality pipes have been used, as
second-quality pipes are not ]:w:l:m.lmhlt:
for soil drains. Second-guality p1pes are
marked by a black ring painted around
them. A check will also be made on
whether all jointing material has been
removed from the bore of the pipes
aither by a scraper or swab, and he may
even roll a ball through the pipes 1o
assure himsell that they are not in any
way obstructed.

Water Test of Draina

The drains will next be subjected to a
wiiter test under pressure, This method
of testing is severe, but is quite fair,
having regard to the fact that conditions
are being artificially set up which would,
in fact, take place in the event of a
blockage. Before commencing the test
one should, of course, be satisfied that
aﬂjﬂhmwmﬁtchardandpmperh'm,
as a green joint will abviously hlow out
under pressure,

It is best to adopt a logical sequence
in making a test, and it is a good plan to
test all branches first. The upper lengths
of the system should also be taken first,
so that the water released from them
may be subscquently utilized for the
lower portions of the drain.
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SMOKE TEST FOR DRAINS

Fig. 9. Smoke-testing machinss consist of ¥ contziner for burning treated material, and 3 fan for
forcing the resulting smoke through a length of rubber piping into the drain.

Arubber plug or bag isused tostopper
the drains, and these are inserted in the
pipes, where they enter an Inspection
chamber. The length of drain i then
completely filled with water until about
3 ii. of head is obtained. It will probably
be necessary to plug up the gullies before
this head s achieved. Care should also
be taken to see that no air remains
trapped in the pipes. The danger of this
is obviated by pushing a length of rubber
tubing into the gully over the trap, and
blowing into it; aficr the blowing any
trapped air will be farced back through
the tube.

Having filled the drains properly, the
level of the standing water is carcfully
observed, and it &5 a good idea to place a
piece of paper or a matchstick on the
surface, The drains should then be lefi
fior about an hour. 1f at the end of this
period any fall in the water level has

occurred or any movement of the marker
has taken place, & leak in the drain
would be indicated. Each joint should
again be examined from the exterior for
evidenee of leakages and the undersides
felt with the hands for traces of moisture,
Any defective joint found is marked with
a chalk cross, and must be chiselled ot
and rectified.

Practical experience will show that a
little absorption takes place. due to the
very slight matural porosity of the
matrridls, and atmospheric conditions
may give risc 1o what is known to the
building man ss weeping, or slight
moisture arpund the joints. The procti-
cal man will soon know how to allow
for these points.

When all defects have been remedied
the drains will be once more tested and
il found watertight, the trenches may be
Alled in. Filling in must be carefully
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M

{Above). Method of construction of fender wall ind chimney bressts. MNote the damp-prood
eourse under the ground-floor jmisss. The srips on top of joists are temporary dizrance pieces.

{Below), Ashlar stanes in course of erectlon. All stones sre ser upright and vested with 3 plumb-rule




INTERCEPTING TRAPS

carried out with 2 layer of fine earth
first placed around the pipes; large
stones may cause damage. When the
building is completed a final water test
should be carried out to make sure that
no damage has béenm camsed to the
drains during the course of the building
operations. v

Smoke Test

Draing may also be tested by means
of smoke. There are various types of
good smoke machines on the market for
the purpose. In principle these machines
corsist of a container for buming
treated material and a fan for forcing
the resulting smoke through a length of
rubber piping into the drain {Fig. 9),
Formerly smoke tests were ied put
by firing a smoke rocket into the pipes,
but this method is now obsolete, as quite
obviously it does not secure good diffu-
sion of the smoke pressure inside the
drain,

The smoke test is, of course, not as
‘severe as the water test, but may be used
Wlﬂil. a good cffect on surface-water
dra,}mandhmdﬁarnd:ﬁngmil
drm_na. Any leakage of smoke through
the joints will indicate a defect, and one
advantage of this method is that defects
in covered drains can be traced, as the
m_n;;hwi]] force its way up through the
soil.

The importance of proper testing can-

not be over-emphasized. Once drains’

are filled in, they tend to be forgotten,
and undetected defects may soon give
rse to undesirable and dangerous con-
ditions,

"Testing the length of pipe between the
interceptor and the sewer 1= a difficult
problem; as there will be no means of
plugging the pipes. This length, should,
however, be the subject of special care,
both in construction and examination

All sewers must be properly venti-
lated, but the method adopted may vart
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in the districts of different local authori-
tics. This affects the builder and housa-
holder in that his local authority may
or may not call for the provision of an
intercepting trap. .

As previously explained, the inter-
cepting trap is built in the lowest
chamber on the system, usually near the
boundary of the property and the point
where the private drain cnters the
public sewer. A fresh-air nlet is usually
provided in an intercepting chamber
and, together with a ventilating shaft at
the higher end of the system, serves lo
ventilate the drain. This is easily under-
stood if we bear in mind the Bt that air
in a drain is nearly always warmer than
the external air, Thus the heavy cold
air forces its way down the fresh-air
inlet, displacing the warmer air in
the drain, which is gradually pushed
out through thc ventilating shaft.

TR R AR
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A fresh-air inlet should be carcfully
fixed in @ suitable position; where it 1s
not liable to damage or likely to become
choked by weeds or vegetation. Tt
should be carried up about 3 ft. clear of
the ground and fixed so that itz inlet
faces the prevailing wind.

The principle of omitting the
intercepting trap, and ventilating
A main sewer through private
house drains, is not so objec-
tionable as it sounds. Tt can

be argued that an inter-
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cepting trap impedes the proper fow
mn the drain, and 1= boumd to cause a
depasition of offensive matter, owing to
the fact that the intercepting trap can
never be properly fushed. In this case
gases given off fom this decomposing
matter can be quite as bad as the sewer
fraz jtuelf

In practice the method has not been
found to have any harmful effects upon
public health. Tt will be appreciated that
where sewers are constructed with a
proper self-cleansing velocity no deposi-
ton of offensive matter will occur and
gases in the pipes should not, therefore,
be any mare dangerous than those in &
house deam: Having
regard o this fct
the omission of the
intercepting trap
should not neces-
sarily be harmful.

Cast-iron  pipes
give an excellent job

and are to be pre-
ferred if a really
high-class or especi-
ally efficient system
is required. Cast-
iron pipes are ad-
vantageous in that
they are mare quick-
ly laid, require less
Jointing, and, if pro-
perly constructed,
give an airtight
drainage system for
IMAnY years

Every necessary
type of fitting in

0T BITWEN BOM

AND EARTIENWARE SET
WITH CASKIT AND
PORTLAND TEMEMT

Fig. 1. The sECLiGn
shows lesd mﬂ'phpﬂ'm““m
to earthenware W.C. pan.

The lower drawing indicates
the varjous s of make-
ing  connections. between
lzad, iron and earthenware
pipes. All drainege systoms
muat be carried out in accord-
ance with the locl by-faws.

the way of gullies,
bends and traps is
manufactured in
cast iron, and a mit-
able type of fitting
to fit in with any
scheme can usually
be found. Square



gullies are best used if they can be
placed at right angles to the build-
ing; a trap and circular gully top in
two separate pieces will fit any posi-
tion, Special deep-seal gullies are
made for yards and garages, and
are provided with a movable lifting
bucker.

The wastes from the

M
roafs, closets, baths, WW
lavatories and other S

points are conveyed to

the ground drainage systerm by
pipcs of materials and sizes o
comply with the local by-laws
(Figs. 10 and 11).

Generally speaking the two-pipe
system of plumbing is adopted, but
lately there has been a tendency to
adopt the one-pipe svstem in which
one down stack is used for both
roof water and scil drainage as |
shown in Fig. 12, This
system has the advan- ———
tage of reducing the
number of pipes and connections.

Flushing Cisterns
The following sketches indicate the
principles underlying the construction
of flushing cisterns. In Fig. 13 the handle
when pulled lifts water into the bend,
setting: up siphonic action. The cylinder
¢ is closed at the top and open at the

i
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Fig. |12, The one-pipe system.
On‘l:-. dawn m:kpfm for
roof and waste water and soll

bottom, It is the disk o which lifis the
watrr. Fig. 14 is of a similar type in
which the cylinder ¢ can be raised by
pulling the handle and lifting a body of
water on the disk n.

There are very many types of flushing
cisterns: for water-closets and other
similar purposes, which work on the
principle of siphonic action.

Fig. 13 {left) and Fig. 14 [right}. Niustrating the principles of flushing cistern constroction. The

pulling of the handle sets up o

nic action, as fully described |n the text.



COLD AND HOT

avER can be obtained for drink-
ing purposss from many different
sources vie ! (1) rain-water; {2) distilled
sea-water; (3) river, siream or lake
watery (4) spring and well water.
this country we are, haowever, only
likely to be concerned with the last two.
Water is conveyed from its gathering
groumds and souirces by underground
pipes and conduiss, either by gravitation
or boost pumps, or a combination of
both, to great artificial Iakes and reser-
voirs, where it is stored and, il necessary,
suitably treated, before distribution to
consumers.

Distributing Mains

In modern towns and communities
this is carried out by means of a system
of underground water-pipes known as
distributing mains, which usually vestin
the local suthority or come under the

control of a public utility company.
These mains comsist of cast or spun
iron «of 4-in, internal diameter or
g and laid at 8 minimum depth
of 3 ft. 6 in. to guard against damage by
traffic and frost action. The joints are
‘usually lead caulked or flanged and
washered, although a more recent
method of jeinting employing flexible
connections can now be used, and is
advantapeous where a small amount of
relative movement between the pipes is

required. thereby saving the use of
specials,

Asbestos cement pipes are now widely
msed for water mains and give an excel-
lent job, being considerably lighter than
the iron , amd thus effecting. 3
reduction in haulage and laying costs

Contained in the main system are
sluioe valves and fire hydrants. Sluice
valves should be fixed at every point
where branch mains occur and at other
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necessary places, their purpose being to
enablea section of main to be isolated in
the event of dimage or necessity for
repair. Their positions should be eare-
fully. chosen so that, when they arc
turned off, the minimum of inconveni-
cnce is caused to consumers,

Sluice valves are coclosed in small
surface boxes constructed in 9-1n. brick-
work on & foundation of 6 in, of cement
conerete. The two battom courses of
brickwork should be built dry to allow
leakage water to drain away. The
dimensions of surfaces boxes will vary
according to the size of the valve, but
should allow ample room for the inser-
tion of a key for thnpurpmeufnpmiug
and closing down the valye,

Fire hydrants are provided for ﬁm-
fighting purposes and also for filling
water carts, They should be spaced at
approximately 300-yd. intervals and be
of the screv-down type.

Constant and Intermittent Systems

Water may be supplied by either
constant or intermittent systems,

A constant system, as its name sug-
gests, is ong in which the supply of water
is unvarying and the pipes are always
under pressure. By this method fresh
drinking water is always obtainable
siraight from the main and there is
always an ample supply of water for
fire-fighting purposes,

In districts where there is a shortage
of water an intermittent system may be
adopted, in which the water is only
supplied through the mams during
certain hours of the day in order to
comserve supplies,

With intermittent systems it is neces-
sary to instal large storage cisterns
Drinking gwater becomes,  therefore,
more liable to coptamination due 10
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METAL PIPES

REAR ELEVATION OF SMALL BRICK HOUSE
The house walks ars in modified Flemish bond, one header o thres strecchers in each course. The
stone terrace s cirried ot (n Fandom rubble, Mate the french doors 2nd modern horizontal
arrangement of glazing bars, which give better vision from Inside,

standing and also because of contact
with the material of the citem; and
over 4 period of time this will canse
water th become fat and unpalatable,

Pipes commecting individual buildings
to the witer mains are known as service
pipes. These pipes may be bl lead,
wrought iron, steel, copper, galvanized
iron or other approved material. Lead
pipes should only be used where the
source 15 in a limestone stratum of sandy
Country; as water containing cilcium
carbonate or silica will deposit a protec-
tive lining on the interior ol the pipes,
thus preventing actual contact between
the water and the lead. Soft wiier, such
as ram-water and saltwater, will dis-
solve lead, and consequently there will
be considerable risk of lead potsoniog in
these cases, But public supplies of soft
water are treated before distribution
through the pipes, to reduce danger.

Chemical action with the lead is most

likely in very pure and very impure
witer; as litde as ooe-twentieth of a
grain of lead dissolved in a gallon of
water is dangerous, 1it is pessible to use
lead pipes, however, they will be found
the muost serviceable

Use of Copper Pipes

Copper pipes may be used inside
buildings provided the gauge adopted
meets the requirements of the water
company; their advantages are easy
fxing and good appearance.

Some authorities allow the use of
galvanized wrought-iron pipes, others
do not, There is & definite risk of con-
tamination by zine due to chemical
action, but as in the case of lead pipes,
this does not occur with hard waters,

Galvanized pipes are also liable to
corrosion around the joints and at other
places where the galvanizing lias been
interfered with, and should only be used
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where a cheap supply for non-drinking
plirposes is required.

All service pipes must conform to the
relevant British Standard Specification
as regards weights in relation to pressure.
These specifications may be obtained
from the Briush Standard Institution,
98 Victoria Street, London, S.W.1,

Iron pipes fall into three categories,
vit., ggas, water, and steam according to
sirength. Steam quality should always
be specified for water supplies.

Service pipes, like mains, must be laid
at a sufficient depth to protect them
from frost, the minimum permissible
being about 2 ft. 6 in. All parts of the
service exposed.to the weather should be
adeguately protected.

Actual tappings into the mains for
service connections are made by the
waler company, to whom application
should be made, when the trench has
been opened. Mains are tapped under
pressure by means of a special machine,
which drills a hole and then by revolving
its cover allows a ferrule to be inserted.
In this manner connections can be made
without mrning off the water. ‘The con-
sumer will have to pay the water com-
pany for time and materials expended in
carrying out the connection.

Service Pipe Protcciion

Service pipes should pever be laid
through drains or inspection chambers,
owing to the risk of contamination. In
new buildings it is quite common o find
the same trench being used for drains
and water services. This practice, how-
ever, should not be encouraged. In cases
where it is unavoidahble lly;::llm.tt?-
ipe in proximity to or through foul soil,
;T::mepnnf'lbuuidbcadvimd.andthe
service properly protected by a cast-iron
covering pipc or other suitahle means,

It is desirable that two stopoocks
should be provided on cvery service; one
being within the curtailage of the
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Fig. 15. Sectioml drawing showing tha principie
on which the ordinary water works.
The flow of water s indicated by arrows,
bullding, and the other on the public
Foatpath or grass verge; the latter is for
use of the water company, By repeated
use a stopcock may hecome worn and
defective. The second stopeock i then
a great advantage whilst repairs are
being carried out. Another stop-valve
should, if possible, alsa be placed just
ingide the building =1l

From the pomnt at which the service
pipe enters the building it rises direct to
the storage cistern, Tt should be noted
here that the pipes should be so instulled
that they have a fall 1o a stop-tap at the
lowest point on the system, so that all the
pipes may be drained for repaits or
during severe fross:

Cisterns may be constructed of gal-
vanized iron, lead, zinc, iron, stone,
asbestos or slate.

Galvanized-iron cisterns are most
often eniployed, and the danger ol
paisoning by slight traces of dissolved
zinc is nesligible,

Iron cisterns are objectionable as they
will obviously rust in course of time.

Stone cisterns give ideal storage, but
are impractical on account of their
weight, except in underground posi-
tions. Slate cisterns are quite good, but
watertight jointing without the ose ol
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red lead i a very great difficulty.
Cisterns should be placed in such a

position that they are readily accessible

for cleaming and repair purposcs, and
where the least amount of damage will
occur to the house in the event of defects
and leakages. They should he provided
with 4 suitable cover to prevent fouling
of the water, by dust and dirt.

The following figures are useful in
calenlating the size of cisterns.

(1) Amount of water required per day
per pemson—16 to 20 gallons, Le., 10
to 12 gallons for drinking, washing,
cooking and household purposes; 5 to
8 gallons for Aushing drains,
filling baths, ctc.

(2) One gallon of water weighs
11 li,

{3} One eubic foot of
water weighs 6241,

{4} One cubic foot of
water contains ap-
proximately 6} gal-
lons.

From. the astern,

pipes are taken off o

the various points to

be supplied. The size

of the main service LAVATORY BASiN
pipe and the branch [
pipes will be governed / _w=_/
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make by-laws concerning the construc-
tion, workmanship and marerials of
all water and sanitary fittings.

The form of such by-laws has been
codificd by the Ministry of Health in
Model By-lmws, Series XXI, and all
such Rttings as taps, cisterns, ball-valves,
stopcocks and water-closet flushes
should conform to the standard laid
down therein. Fig. 15shows the working
principle of the common tap.

Fig. 6. 5ketchshow-
ing the complete
system of hot water
supply foran ave
house, from e
main cistern to the
baging and bath,

—
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COLD WATER SLFRLY

by the number of fit-
tings required and the
working pressure . of
the supply:. Bervice
pipes to houses are 1-in,
intermitl dismeter with
1-in. branch pipes
supplying water-
closets, lavatory basins,
gsinks, @nd other bi-
ungs. Hot water boil-
ers, baths and other
large fittings reguire a
[-in. supply. *
Every water com*
. pany is empowered (0

j
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For hot water supplies to baths and
washhasing, either the tank or cylinder
system may be adopted ora cambination
of both, Init the cylinder system is to be
preforred, This method gives a liberal
supply ol hot water at all points, and i
guite safe owing to the fact that it is
impossible: to empty the cylinder by
means of the draw-ofl points, as the
cylinder is low down and close to the
boiler.

The size of the boiler, tank or cistery
can be caleulaved from the number of
points to be supplicd and the likely
demand on them having regand to the
number o persons resident in the
building.

All hot water systems operate by the
simple principles of convection. Heated
water increases in volome and therefore
decreases in density ; it will consequently
rise and be displaced by colder water.

The boiler is thus placed at the bottom

Fe—— EXPANSION FIPE

SERVICES

of the system and the cold water supply
tank at the top: The hot water storage
cistern i placed in an intermediate
position. Water, after being heated in _
the boiler, rises through the primary
flow pipes connected near the top of the
beiler and run into the top of the hot
water cistern. Return pipes are taken
from the bottomn of this cistern to the
bottom of the baoiler; constant circula-
hon of hot water is, therefore, ob-
tained.

Supply pipes to the various hot water
points are taken off from the top of the
storage cistern, A boiler should always
be provided with a safety valve and
there should be a tap by means of which
the whole system can be drained If
necessary. All the pipes in the system
should be laid to a fall for dramine pur-
poses, Fig. 16 shows a typical arrange-
memt of this system.

In large installations secondary fAow
iimd return pipes are provided with
branches taken off, where necessary, 1o
supply the hot water points (Fig, 17).

A secondary system may either bie on
the up-teed or down-feed principle. In
the former type, How and return mains
are run horizontally from the storage
cistern ‘to feed vertical
flow and retumn risers,
returning up through the

BATH

-’4-4"5:,:: .f.r{ﬁ:

CYLINDER HOT WATER SYSTEM

H’p I?t In

installations of hot water systems secondary Mow and return pipes are

provided, with branches taken off, where necessary, to supply the various hot water points.
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Py In low-presaure
Eyslems an escape or
vent pipe for air and
oy steam is fixed at the
highese point.. The
water in the pipes is
therefore at aimo-
spheric pressure and
cannot reach a tem-
W perature higher than
212 E. o
100 degrees C. (the

sICP
oK . boiling point of
AN 7 T water]. The vapour
CO0K ?m') L pressure in the pipes
will ‘consequently
always be below at-
- muospheric pressure.
The wuter in fow-
LIP-FEED SECONDARY HOT WATER SYSTEM pressure systems is
r ly on the o s t at tem-
Bt Fiow a4 Tecam maine ve. T bkl from e Lo P

storage cistern or cylinder to feed vertical flow and return risers,

building (Fig. 18], In the down-feed
system the heated water is taken direct
from the storage cistern to the top of
the building, and then injected into the
various down pipes in order to serve
the hot water points (Fig. 19}

The secondary return main should be
comnected as closcly as possible to the
top of the cstern to make sure that the
hottest water is obtained.

A vent or expansion pipe should be
fitted to all storage cylinders ar tanks,
and this pipe may discharge either
throogh the roof into the open air or be
tumed over and allowed to run into the
cold water starage tank.

Hot water systems are widely used as
a means of heating the atmosphere of
bulldings. Heating houses by hot water
pipes may be done either on the low-
pressure or high-pressure system.

Both these systems consist of a boiler
with How mnd refumn pipes running
through the various rooms of the
house which are to be heated.

between 150 1o 200
degrees F. Pipe sizes for gravity systems
range from 1} in. to 3 in. in diameter
for average work.

High-prosure systems have no mir
vent and so the temperature of the water
can be raised above boiling point.. The
heating pipes are wrought iron of J-in.
to J-in. internal diameter and always run
full. They are constructed in the boiler
in a helical coil, and run from the top of
the coi! around the building and return
to the bottom. In this type of heating
system the temperature of the water is
maintained at 250 to 350 degrees F.

The purity of a water supply depends
upon three main pointss—

(1) The source of the supply.

(2] The method of conveying the mppi}r
from the source to the reservoir, an
conditions whilst in the latter,

{3) The method of distribution, includ-
ing the nature of individual storage
tanks and supply Attinga.

Water is usually quite pure if obtained
from deep wells, artesian wells and



~
COLD WATER TANK

SERVICES

Fg. 19. In the down-feed system hsated
“water is taken direct from the storage
cistern or cylinder to the top of the bullding
and Infected inte the various down pipes.

mmpurity in the way
of dissolved lime salts
and should be well
aevated.

i P
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The presence of
various types of bac-
teria must always be
guarded against.
Most dangerous in’
this respect are the
germs of cholera and
typhoid fever and the
eges of various types
of parasitic worms,
which breed in the

88 8¢

BOILER
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springs or collected Irom the surface of
upland country. Thesesources are either
below, or otherwise beyond the reach of,
possible contamination.

Water collected from agriculiural and
cultivated lands, and rivers and stresms
passing through populated districts must
be regarded as dangerous, as it is
likely to be contaminated by sewer dis-
charges, trade wastes, amd animal
excrements.

It B8 neeessary at this point to differ-
entiatc between chemically pure and
bacteriologically pure water. Water
suitable for donkiog purposes need not
be perfectly pure from the chemist’s
point of view, but should show no evi-
denee of bacteriolegical contamination,

T'a be physically and chemically pure,
water nmust contain no suspended solids
ar dissolved substances. Distilled water
and cleanly caught ram-warer fulfil
these conditions, but such water is flar
and insipid and rather unpalatable. To
be palatable water must, therefore, con-
tain a certain amount of chemical

human body.

The lollowing
method provides a
good and casy test
for organic and bac-
teriological contamination. .

Take equal quantities of the water
under consideration and pure water
(distilled or otherwise sterilized),

Add enough Condy’s fluid to cach
liguid in separate vessels untl a bright
pink colour is obtamed. Allow a contact
period of three-to four hours. If at the
end of this time the suspected sample
appears to have lost some of its colour it
can be reasonably assumed that the
water is contaminated,

Water Punification Methods

Water is made suitable for drinking
purposes by either or all of the following
methods, according to the degres and
type of contamination: (1) filtration;
(2) aeration; (3] sterilizition,

The purpose of filtration is to remove
suspended impurities and secure oxidi-
zation of organic matter,

The sand filter is most widely used and
gives excellent results. After a seitling
period inwhich a good deal of the larger
suspended solids are precipitated, the
water is passed into the filter beds. These
beds consist of layers of sand and gravel,



MECHANICAL FILTRATION

arranged according 1o size. First of all
comes a layer of finc sand 2 ft. to 3l in
thickness. This rests on amother 2 [t of
griaded gravel, the fine materal being on
top, and the coarser grades at the
hﬂllumi The whole bed is laid on two
layers of bricks; after passing through
these, the water is collecied in pipes and
run off into the storage reservoir.

The same filter beds should not be in
continuous use, but must be-exposed to
a free passage of air at regular intervals.
The top 3 in. or 4 in. of the layer of fine
sand will become choked with impuri-
ties after o while and this layer must be
changed at intervals. The filter bed
should be completely renewed about
EVETY WO years,

Besides the mechanical part of filtra-
tion which secures the removal of sus-
pended solids, there isalsowhar is known
a8 the vital action. This is brought about
by the formation of a layer of gelatinous
matier containing various micro-organ-
ismms and can be seen on the top of the
filter bed afier it
has been in use for
two or three days,

As the water
passes: throush thie
gelarmous layer the
micro-organisms
exercise an oxidie-
ing effect upon any
organic impuritics
that may be present
and tend to remove
harmiiil microbes.

The aecration of
water may be a
natural process or
can be performed
by artificial means
and merely mean
the absarption ¢
oxygen by the water
and organic matter
it may contain.
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Natural aeration in rivers and stresnmns
takes place to a surprising degree, and
the results of samples show that a fiver
contaminated by a town sewer autfall in
its upper reaches is quite often reason-
ably pure a few miles lower down. The
natural corrective and recuperative
effiects of air and sunlight on water are
certainly grear enough to demand
serious consideration,

Water is artificially acrated in speci-
ally comstructed fountains known as
aerators, by passage over weirs, and by
the infusion of compressed air in some
types of filtration plant.

Wiiter containing serious bacteria
tontamination will have to be sterilized
by chemical means. This is effected by
using one or other of the various avail-
able methods of dosing the water with
chlorine.

Several good types of chlorinatars are
produced; the main principle involved
is the infusion of chlorine gas into the
wiatter al a cantrolled rate. The average

REINFORCED-COMCRETE mﬂmu:nnw

An interssting exsmple of tmber form-work for a hollow-tlle floor snd
for a flight of reinforcad-concrete saairs leading off it
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ratc of dosage for normal drinking
supplis varies between 0-1 and 05
parts of chlorine per million gallons,

For case of oansport and storage the
chlorine & usually contained under
pressure in ligoid form in  special
evlinders. It is converted into gascous
form by removal of the pressure con-
trolled by means of a simple wheel
valve.

Most large cities and towns and all
gounty councils have on their staffs
qualified public analysts, w whom
samples of the public water supply are
regularly submitted. lor analysis.

These samples are usually taken by
the water engineer or sanitary inspector
and are sent 1o the analyst’s laboratory
in specially sterilized sample bottles and
containers sent out for the purpose;

SERVICES

The lollowing precautions should
always be carefully observed by the
persom taking the sample. First wash the
hands thoroughly, preferably in an anti-
septic solution. Always leave the sample
bottle in its container until it is actually
required. Do not take it out and lay it
down in the grass or elsewhere, where
it is likely to pick up centamination.
Keep the fingers away fram the neck of
the bottle and be sure never to touch
the part of the stopper which fits into
the bottle.

If the sample is to be collected from
a draw tap, the laner should be first
sterilized by flaming with a spirit lamp.
This can easily be done with a piece of
cotton wodl soaked in methylated spirit
and fixed on the end of a piece of
wire. After Aaming, allow the water to

FORM
No. 1

WATER SAMPLE FOR BACTERIOLOGICAL ANALYSIS
LABORATORY REF. Now.oo ..

iz -

‘2, Time and date sample taken . .

3. Position and description of supply

4. No. of persomn wpplie) . . .

5. Method sl smpliog $0" 14 we

St e T
from source ' ‘

7. Poarticulars of any filation. |
E.Tmm:mrymﬂmmdm[m

E.Mlimmiﬂtmdpdhhmd
contamination . g z .

10. Ref No, and date of any previons enalyw:

1. Source of water, i.e., rescrvoir, spring, stream;,

Inspectonr's ngnanire

[hare

Fig. 20. Water snalytis form for use with samples of water lrom FESErVOIrs, springs and rivers,



TESTING WATER SAMFPLES

i

FORM
Mo, 2

WATER SAMPLE FOR BACTERIOLOGICAL ANALYSIS
LABORATORY REF, No.

1, Name and position of well .
2. Time and date of simpling

3. Praw well or pomp &nd type of cover

4. Approximaic depth

Deseripaion of well and type of lining, ete..

=

e

Approx, distance from:;—
la) Hewsem . = 2

fe} Clavwnriifle and sialiles

=

whether eultivated, se,

B. Natire of strain . =

9, Amoamt of mmfall durng tast few days

v Detaily of prmihile sources :fm._l.l.mﬁ.ul.tilm

(&) win, ensih closer op privy fitate which)

Particuties of surrounding ground, i.e.,

10 Ref. No. and date of any previous wnelysis,

Im"] ﬂgn:tu LEE
Date

Fig. 21, Water analysis form for use whan the sample of warsr is taken from 3 well or borehala.

run through the tap lor a few minutes
before proceeding to take the sample
Never allow the bottle to touch the tap
in case of possible contamination.

When collecting the sample from o
FESCTVOiT, spring; stream of TIver, TEmove
the bottle from its container, and, leav-
ing in the stopper, immerse it completely
under the surface. Then remove the
stopper holding it only by the flattened
end; allow the bottle to fill and replace:
the stopper before removing from the
Waler,

The bottle or container must be
tabelled with the following informa-
tioni: {a) place from which sample
taken; (4) date and time of sampling;

¢) signature of person collecting sample.
t }:E::mpiu should be in the hands of
the analyst as soon afier being taken as
possible; if there is likely w0 be any delay
or the samples have to be
for some considerable distance they
should be packed in ice. _
The Fullest possible information
should be supplied with each sample,
for the assistance of the analyst in
making his test and report. The following
forms are specimens of the types re-
quired : Form No. 1 (Fig. 20) is for use
with sam from yecservoirs,
and rivers; Form No. 2 (Fig. 21) should
be employed if the sample has been
taken from a well or borehole:



GAS SUPPLY FROM

HE sections of 2 gas installation may

be deseribed under the following
bieadings: (1) The service pipe from the
main o the buildings (2) the meter;
{3) carcass pipes serving the appliance
points,

The service pipe supply may be dis-
tributéd by the low-pressure or high-
pressure system In the former method
the service pipe is carried direct from the
street main to the main cock of the
meter. The pipe iz laid with & slyght fall
to the main for the removal of condensa-
tion, and where this i not practicable
it is tsual to provide a siphon at the
lowest point, Usually the street main is
low enough for the fall to be made in the
right direction. With the high-pressure
wystem the service pipe is about half the
dinmeter of that required for the low-
pressure systenm, but it 8 necessary 1w
connect it mto g hgh-to-low-pressure
service governor before carrying the
pipe 1o the meter.

Laying the Service Pipe

The service pipe i wmally Inid ina
straight line at 'a convenient dr_pth S
that it enteérs the building below the
ground level. The builder makes. pro-
vision for the pipe by means of a suitable
sleeve in the main wall in a position
giving direet aceess (o the meter.. Most
gas companies will bring the service
pipe up to the meter, and even go =
far as 1o run the pipes through to the

The gas meter b & very accurate
mstrunent for measuring the consump-
tion of gas, consequently carcful con-
sideration should be given 1o its position
in the building. Trouble and incon-
venience ean be avoided if the meter is

planned o occupy & pasition which i
ensy of acees, well lighted and venti-

MAINS TO BURNER

lated. Meters are of two types, wet and

dry. The type known as the dry meter
consists of suitable mechanism tested to
measure gas within the limits of 3 per
cent slow against the gas undertaking,
and 2 per cent fast against the con-
sumer. The dry meter is the most popu-
lar type and needs very little attention,
Slot meters are of this bype.

bron and Compo Pipes

Wrought-iron or compo pipes are
mostly used on all internal ftting work,
Compo is easily worked round bends,
bat it i inclined to sag.

With iron pipes the jointing is made
with red lead, and scoewed in much the
same way as for water services. No
supply pipe should be less than ] in,
bore and should be laid with a fall
towards the service pipe from 1he meter,
Wall hooks or clips not more than 10 f,
apart are used to secure the pipes.

The size of pipes wall depend upan the
nutnber of appliances and in theory the
installation will be designed to pass the
gas required for simultaneous use at all
‘such appliance points.

The carcassing should be put in hand
before the internal work of the building
has been completed. Supplies will run
in the same direction as the floor joists
where possible 50 a3 to avoid cutting. In
some cases it will be necessary to do @
certain amount of cutting, but this must
anly be sufficient to lay the pipes in with
a minimum of cover. A certain amount
of chasing in the fabric is also necessary
to provide adequate cover over the
pipes. All supplies are carried as near
as possible to the gas appliances; =0 as
to enable the connections to be made
later without spoiling the finished work.
It i usual to test the installation upon
completion of the carcassing. A gas fire
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GAS METER READINGS
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Fig. 2. Gas fire fitted in fireplace, showing
connections and jexz for heating the radiants
or elements. Thers are many types of gas fires,
designed specially to sult their surroondings.

and 4 gas geyser are shown in Figa 22
and 23.

Gas in many districts is priced per
therm, which is a unit of heat used as a
basis for the sale of gas. A itherm is
equal to 100,000 Britsh thermal units,
and a British thermal unit is the amount
of heat required to mise the temperature
of 1 1h, of water through | degree F.

The Gas Regulation Act, 1920 requires
all companies to declare the calorific
value of the gas, and this is tesfed at
regular intervals to check the standard
s0 declared. For example, if the declared
calorific value of gas is 300 British
thermal units per cubic foot, then on the
rsumption of the following meter read-
ings the therms chargeahle nt (say) 15, 3d.
would be as follows:—

Mrrer REanowos
Clubie fert
94,200 present quaricer
83,700 last quarter

"B 500 Britiahi thermml uits
O, D

and 42:5 therms at 1s. 3d. would equal
a charge to the consumer of £2 [3s. 2d.

w4 2-5 thermm

‘23, Section through a . Cold
ﬁlr enters the combustion cm means
e & pipe, which is ciled and heated e
burners. As the hot water is drawn It i
replaced by & furthor supply of cold water. Gas
geysers are usually ficted with thermostatic con-
trol, which sutomatically reduces gas presture
when the water resches 3 certain tempersturs



It is wery impor-
tant that the con-
sumer should know
how much gus s
being used, and he
should be able 1o
read the meter for
the purpose ol
checking the ac-

count. This 18 done

s follows (Fig. 24).

Take the dials from
left 1o right and

EEANSNG THIS QUARTER

write down the
figures shown by

READIMC LAST CHIARTER

the pointers.
If the pointer is

between two figures,
write down the
lower number, and
if the pointer is be-
tween 9.and 0 write
down % and add twa
ciphers at the nd.

The meter index in

HOW TO READ A GAS METER
Fig. 4. Wrire down the figures shown by the pointers in the dials,
reading the dials from left ve right. if the painter is between two figures
always take che lower; | It is berween 9 and 0 always write down 9
and add two ciphers at the end. The above reading I 751,900 cub. fo

the diagram reads
751,900 cub. ft.
2,600 represents the
gas used for the last
quarter in cub, fit

ELECTRICAL WORK

s section 15 not intended to deal
with the type of plant necessary 1o
generate electric current, or the cables
through which it is distributed to the
public. It deals briefly with the method
af tonveying electricity  throughout
private and other buildings, for the
purpose of lighting, heating, cooking
and other similar uses
In some establishments it is claimed
that a private plant is more economical
than obtaining  electricity  from  the
public =sopply companies. The latter
system of supply, however, is the most

usual and is now becoming standardized
under the grid svstem,

Before proceeding further it will he
found useful to undérstand the more
general electrical terms employed

Vorr. This s the name given to the
unit of electro-motive force from a
tompany or a private plant, It may be
given at 230 volts, in which case the use
of lamps and other appliances must be
suitahle for that voltage.

Awmrere, The unit of strength of an
electric current,

Osa. The unit of electrical resistance,
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Warr, The unit of electrical power,
obtained by multiplying the volts by the
amperes,

Capre, Insulated material used 1o
convey clectrical power to the points of
consumption.

Swirca. A deviee for making or
breaking an electrical circuit.

Fuse. A wire on 2 porcelain insulator
that will easily melt when the electric
ctirrent is overltaded. Th is placed on
each circuit.

Circurr. A run of cable (or flex) from
& source of supply and back to it, pro-
viding electrical service on the way.

Wiring Systems

Current is distributed within the con-
sumer's premises by means of 2 wiring
systemi which must be in accordance
with thie requirements of the local supply
authority. These should be a main
switch, fuse, and meter, fixed in a con-
venient position just inside the building,
From the meter the electricity is distri-
buted by a series of circuits which run
from a main fuse and distributing
switchboard. Electricity is thus con-

veyed to different parts of the house for-

lighting, heating and ecooking.

The wires are of copper, insulated by
two layers of india-rubber or other simi-
lar material, and may be drawn through
metal conduits, or sheathed in lead,
lead alloy, tinned copper or specially
freited tough rubber covering.

If the wiring system is carried out in
metal conduits, provision is made in the
walls and floors of the building for the
conduits and draw-in  boxes. This
fystem is 1o be recommended because of
the permanent nature of the work. The
conduit can be incorperated in the con-
structional work of the building and il
the system should fail the cables can be
readily withdrawn and replaced where
necesary. To make this installation safe
the conduits must be carthed and tested
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Lead-sheathed wiring is a system that
is very suitable for installations in exist-
ing buildings. Tt is neat in appearance
and easily fixed. Tough rubber sheath-
ing has also the advantage of flexibility
and cheapness. These last two methods;
however, have not the advantages of the
metal conduit system, where mhnbﬂu}*
and high-class work are the main
essentials,

Lighting Prohlems

A very high degree of efficiency. has
been reached in illumination. In all
buildings it 35 necessary to take into con-
and whether the light is 1o be concen-
trated over certain spots or uniformly
distributed. The wattage necessary to
give the desired effect is obtained and
the number and size of lamps can be
selected to satisfy the conditions,

The position and type of the lighting
umits will depend upon the requirements
of the completed scheme. They must be
selected and arranged 1o suit the style of
decoration adopted. 1t is also necessary
to have in mind the cost of maintenance
Suitable facilitics must be provided for
the renewal and cleaning of lamps. 1
there is no means of access for such pur-
pases the efficiency of the whole scheme
is impaired owing to the difficulty of
reaching high lights for cleaning.

Electric Bells

A simple bell board and circuit i
shown in Fig. 25. A amall bell board
(A) holds the electro-maognet (8), the
contnct pillar (), spring and armature
(#), a bell of good tone (8), and connee--
tions 1o complete the circuit. When the
bell rings, the corrent pasies from
bhatieries or the main supplies to the con-
tact pillar (g) and along the armature
spring (F] o one end of the eleciro
magnet coil and from there it passes
round again to the contact pillar,



The bell wires

ELECTRIC 'BELL CIRCUIT
Fig- 25. The bell board A halds the slectro-magnot B, the contace pillar
E, the spring and armaturs F, the bell G and the connections which
complete the circoic. The working of the circuit is described in the text.

The slectmo-magnet now attracts the
armature whichin turn causes the striker
to sound the bell. The momeng this
occurs the arcuir is broken and the

sirther leaves the bell o remake the -

circuit and 2o couse a repetition of such
movernents while the push is depressed.

should be of the
beat quality 1/-036
tinned copper cov-
ered with a layer of
indiz<rubbgr  and
vwo layers of cotton.
Such wires must be
kept separate from
.the lighting wires
and may be con-
cedled in a conduit
embedded in  the
walls.

In large  instal-
lations - it will be
necessary to provide
and fix an indicator
to show which bell
is ringing. A suit-
able type'is known
as. the drop-front
mechanical replace-
ment indicator,
with the names and pumbers of the
various rooms clearly printed in block
letters or figures.

Electric: corrent for bells may be
obtained from dry or wet batteries; or
from the mams supply, reduced in
valtage by & transformer.

HEATING AND VENTILATION

gar may be conveyed in three
different ways, viz., radiant, con-
vected, and conducted.

Rapiaxt Heat is transmitted directly
from one body to ancther through the
atmosphere and its intensity decreases
as the square of the distance. Open fires,
gus fires and oil stoves are good examples
of radiant heat.

Cosvecred Hear is that which is con-
veyed in liquids when warmed from
below. Upward currents from the source
of hear are creaied while the coole

liguid from the sides forces and feeds the
upward currents. This process is con-
stantly repeated until all the liquid i
heated. Good examples of convected
beat are modern hot water systoms,
radiators, and electric heatrm.,
Coxpucren Hear is heat imparted
from one partion of 4 medium to another
as in open and closed ranges or stoves.
Local heating systems suitable for the
intermittent heating of rooms have the
advantage of avoiding unnecessary heat
losses. "The usual methods are by mesns
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of coal fires, gas fires, electric fires, and
sloves,

The most effective and economical is
the well type of grate, The sides and
back are formed of one piect of firebrick
shaped 30 as to throw the heat forward
into the room. Firebrick is used because
it will not disintegrate under great heat.
Ordinary bricks made of clay do not
possess such fre-resisting qualities.

Modern gas and electric fires have
many advantages. They are hygienic,
clean and neat in appearance, and
supply immediate heat 4t any time. An
dmmcﬁre;smadﬂymﬂwd to any
suitable pasition for plugging in, but in
some districts the cost of current may
make it a somewhat expensive method
-of warming rooms.

Slow-combustion stoves are also use-
ful in many ways, and are frequently
used in small halls where space
is limited. They arc generally
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appearance. Stoves of this type arc very
economical and burm on anthracite,
coke, or patent fuel.

Hor WATER AND StEau Insvaria-
mions. By far the most common method
of central heating is the low-pressure hot-
water installation. This form of heating
can be effected from one boiler and has
the advantages of low running costs, the
scientific distribution of heat, low fire
risks and cleanliness. The apparatus may
be designed with gravity circulation or
with-a mechanical device known as an
accelerator for assisting the circulation.

The apparatos consists of an indepen-
dent boiler situated in a boiler house on
the lowest Hoor. Flow and return pipes
are connected to the boiler for the circu-
lation of the heated water. The size and
type of boiler and pipes will depend
upon the heating surface, but it is usual
to allow a generous margin over the heat

" required for economical

made of wrought iron and lined
with firebrick. Mica panels are
E&mputmﬂmﬁ‘nntﬁn:dmr
o give a warm and cheerful

E. i

iy L L

—— AL

S —
COLD PEED

Fig. 28 In thiz one-
pipe aystem of heat-
ing the Inlet and out-
lzc of each radiator

SAFETY WALYE ——

copnecs  with the

]?J;\lh: working and the poss-
hility of extensions. Radi.
,:"' AISION PP tors through which water

circulates are connected
to the pipes for heating the various
rooms and corridors. The inlet of
the radiator is attached to the flow
pipe; and the gutlet of the radiator
15 connected to the pipe which
returns- the cooled water to the
boiler. The heated water rises,
owing to reduced density and the
& cold water falls to the lower level,
that of the bailer, where heat is
applied. The temperuturc in-
creases and the newly heated
water rises. The process continues
and forms a current circulating
through the ¢ircuit or system,
The methods of arranging the
pipes vary according to circum-
sianices.  For small

i el EMPTYING COCK. §retallations the one
= - plpe sysiem is suit-
= able and economical

ame pipe
FR—1



(Fig. 26). The inlet and outlet of each
radiator is connected to the same pipe.
Yor larger and more imporiant jobs the
‘two-pipe system is because all
radiators are fed with heated water at
much the same temperature (Fig, 27).
All the cooled warer is collected by the
return pipe, whereas in the one-pipe
system the water from a radiator goes
forward to feed the next radiator on'the
system, with the result that the radiators
farthest from the boiler house cannot
be expected to radiate the same heat as
those that are mare fortunately placed.

A third method of arranging pipes in
a low-pressure hot water installation is
known as the drop system. Thisis a very
convenient arrangement for a high
building. The drop system is clearly
indicated in Fig. 28.

Sreaw Derarvation. Steam-heating
systems may be of
twao types; cither low
or hiigh pressure, ac- Wmﬂﬂﬂ
cording to the pres-
surc at which the
apparatus works.

With a low-pres-
SUre gleam apparats
the arrangement of
the system consists of

Fig. 27. In this two-pipe system
the water heats al| o

st sbout the same tempersture,
the cooled water being collecred
by the return pipe.

SERVI(ES

what similar to the low-presure hot
water installations, and the one-pipe,
two-pipe, ‘or drop system B adopted
accorditig to the requirements best
suited for the joh.

High-pressure steam installations
have working pressures greater than
5 1b. persq. in. They require a Cornish
bioiler or a similar type to provide stesam
through the pipes for the radiator or
coils, "This systesn is suitable when high-
pressure steam is required in a building
for a pumber of purposes,

The advantages of heating a building
by low or high-pressure steam installa-
tions are as follows —

(1) Effective utilization of waste steam.

(2) The eirculation will cover a wide
area without difficulty,

(3) Radiators are quickly raised 10
their full temperature.

ICoLD STORAGE
TAMK

n radiators

strong wrought-iron
pipes, circulating
stenm to radiators
from a boiler usuaily
situated in s base-
memnt, The pressure at
which the ppparatus
works is about 5 1b,
per 3. in., and as L
the steam rapidly
condenses into water
in comtact with the
internal pipe surfices
it follows that the pipes must be laid to
a [all so that the condensation water
can drain back to the boiler.

The arrangement of the work is some

SAFETY VALYE —jg%]m




" {4} Radiators or coils are notas large as
those required for hot warter installa-
tions owing to the high temperature of
the steam,

Steam heating, however, presents a
few difficulties. Radiators
cool quickly, and sudden
changes of temperature
occur with all steam
heating when heat
is: withdrawn. Skill
is required i de-
signing s satisfac-
tory system to elimi-
nate water hammer.
This latter item is
perhaps the most
objectionable fea-
ture of steam heat-
ing and is caused by
msufficient falls-on
the pipes and lack
of relief valyes for

removing the con- E::
densed water,

Y

DROPF

Paxer Heative. Pipe ooils or im:tﬂ.l:r
plates are used for the system of pancl
heating and the arrangement is parti-
cularly suitable for large public build-
ings, in which specal consideration
must be given to the architectural and
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decorative features, The invisible form
of heating offered by pipe coils is a great
help in this direction. The panels con-
sist of coils of mild-stcel jointless tubing

made up to i pattern asshown in Fig, 29.,

They are welded, tested and embedded
against walls, eeilings or Aoors.

The surface over the panels is finished
m the wsual way, leaving no visible
evidence of central heating. The result-
ing radiant heat is pleasant, and can be
controlled o any required temperatare
throughout the building.

Where the type of embedded panel
has & certain amount of resistance to the
flow of hot water through the pipe coils,
it will be found necessary to provide s

H[ 28, Showing arrangement of plpes fn the
rop system of low-pressure cantral heating,
wl'll.dl Is particolarly suttable for high bulldings.

pump for forcing the circulation. On the
other hand the forced circulation system
can be avoided by designing a grid type
of embedded panel which reduces the
resistance to the fow of water. In this
case the circulation would be by gravity.
Plate panels have water ways at the
biack, heating the whole area of the punels
which are built up in sections accord-
ing to the heating surface required.
They are usually insulated at the back
0 g% to increase the heating valne.
Piesusm SvysTem. This system of



vaive Fig. I9. Fipe ciroulc
for invisible hearing.
Panels consist of mi
steel jointless cubing.

—_—
combined heating and ventilating is suit-
able in buildings with wide mooms and
floor arcas such as theatres, The air s
drawn in by means of a fan at the fresh-
air intake, and discharged through the
distributing ducts to any desired posi-
tion, The plant usually consists of (g) an
airawasher; () a centrifugal fan, (¢
gir-heater; and (d) distributing duct-

SERVICES

work. Thus the plenum system can
provide clean air at the correct temper-
ature and humidity.

By humidity is meant the water-
vapour content of the air, which must
be controlled if comfortable conditions
are to be expected. In hot weather the
air is generally cooled to extract excess
moisture and reheated to the required
temperature. Likewise in cold weather
the moisture content of the air is raised
o little to avoid parchness.

A typical armangement of plénuom
heating suitabile for a large building is
shown in Fig. 30. The system is rather
complicated and needs skilled atteation.
In order lo guard against the serious
consequences of a breakdown it =
advisable to duplicate the centrifugal
fans. It will be appreciated that the
conditioning of air required for large
erowided buildings is very necessary,

——

%

Fig. 3. Ganeral
arrangement of 3

%

plenum heating and
sir-conditioning
system suftabie for
a large buliding. It
isusual to duplicate
the centrifugal fans
in case of & break-
down in working.
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Force and stress. Principle of moments. Beam reactions. Vectors. Tenston and
compression. Roaf trusses. Beams and their loads. Steel joists. Resisting moments.
Columns and Struts. Moment of Inertia. Radius of Gyration. Lifting loads.

ECHANICS s (He science which
Mdmh with forces and’ their

actionupon bodies. The section
ol mechanics which deals with bodies at
rest i called statics. Dynamics is that
section concermned with bodics In motion.
This chapter is devoted almost eatirely
to the subject of statics, as most of the
mechanics problems which have to be
solved by the builder deal with bodies
ot rest

A force may be defined as any cause
which produces, or tends to produce,
motion in a body. When the resistance
to motion is greater than the force
applied the body remains at rest, but
its shape is altered,

Should the force applied be a pull, the
body will be lengthened, and is said o
be in femsron.

When the force is applied as a push,
the body is shortened, and is said to be
. eompression.

STrESS 1 the force exerted on unit
area of a body. Thus the value of the
stress is obtained by dividing the foree
applied by the area resisting that force.
The result may be expressed in pounds
per square inch, tons per square inch,
tons per square foot and so on,
Exaupre |

The tie rod In & sieel ool tros &8 14 in
diameter, and i with & foree of 9 tom
The s sonal ares of the tie rod i 177 sq.

T{:z-kn-:mimhrmd=h-i+n_-mim-l

BEITa
=077
=508 tons per aq. in,

Fig. |. When force is applied
o 2 body in the form of 2 pull,
the body it lengthened and is
said to be in tension.

¥ 1o

Examrre 2

A short conorete pier i3 3 i Jong X2 i, wide,
s that the area of the top fece is b sg. fi. This
supports & Jead of 20 tons (Fig. 2).

Shear stress in rivet=Iload -~ ares
=25 +442
=5+66 tons per sq. M.

AREA i COAaFRISSOM

. |
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Fig. 3. lllustrating shear stress In = rivet.
The pull in the tie is 30 tons and the

amount of force tending to shaar
off each river s 24 tons.

@@.

]

Each part of a structure should be
desismied in such a way that the stress in
it when loaded shall not exceed a cer-
tain value. Fhis value will depend upon
the material wsed, and & called the safe
stress or safe working stress, The following
are typical values for the safe working
stresses in virious moterinls,

Misteres! Safz working
: ) Tt poe iy =

Mild stoes In tenion . : ‘ﬁ
Mild steel In compression | 2
Mild stee} In shear | G
Cast iron In tension | 2
Cast ron - In compression . 10
Timber, bardwood . I tersion $1l:ut| s =i
Tm.-.h:r softwood . Tntension (abn) .
Hrickwork in LEH | Toms v . f.

EMHTAT I compression . .E

Brickwork in 4 : i
CETIEn AT In coanpressdon 12
Concrete, 4 -2 : lm In compiession 50

Mouexts. A knowledge of the prin-
ciple of moments ks necessary to caloy-
late the upward reactions of the sup-
ports of a loaded beam or roof truss,
and to understand the theory under
lying the design of beam sections,

In addition to these, there are many
other instances of the application of the
principle to building problems.

Experience tells us that we can screw
up a nut more tightly when we apply a
farce at the sd of a spanner, than when
we apply the same force closer to the
mut. Thus in Fig. 4, the force Is mare
effective when applied at' A than when

%2@@ Z

]
- ‘\'\'\1\‘.1\'\%\“‘

MECHANTCS

3o 1ons it isapplied at B, The twisting or
turning effect upon the nut
depends upon two things: (1) the
force applied, and {2) the lever-
age of the force, The product of
thest two [actors i called the
moment of the force.
Thus when
sons @ force of 30
i Ib. is applied
at A, the mo-

\
SRR R
b SRR

EA [N SHEAR ment s 30X
SHIRM 12 which i
360 Ib. in,

When the same force is applied at B,
the moment Is only 30 %6 which is 180
Ib. in; Leverage is measured at right
angles to the line of action of the force:

Thus the inclined force P acting at A
has an effective leverage of ooly 7 in.,
the 7 in. being measured at right angles
to the line of action of the foree P.

When a bady is at rest, all the forces
acting upon it must balance one
another, Suchabodymsmdmmm
cquilibrium. If the forces did not
balance one another, then the body
would move in one direction or an-
other, and would no longer be ar rest.

Fig. 5 shows a horizontal rod whose
weight we shall neglect. This rod i
first balinced upon the fulerum Fwhich
i at the top of & com ion balance.
A weight of 3 Ih. s hung at the |efi-hand
end of the rod, 12 in. from the fulerum,
and a weight of 4 1b. is adjusted on the
right-hand side of the fulerum untl a
balance is obtained and the rod ks in

b LT LR
c%
Fig. 4. Foree an

O e
ner
{oty i tha st

|
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ies end
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MEASURING LEVERAGES b o
12 M- ¥ i
r ! l I
5 an
equilibrium: 1t = found tha: - 3
the 4-lb, weight is pow 9 in. Fig. 5. When a body Is In

from the fulerum.
Measuring the leverage from

equilibriim the sum of the
clockwize moments iz always

the flerum F in cach case, we
oW hm"l!:—

Maoment of the 3-lb. weight=3 <12

=36 Ib. in,

Moment of the 4-lb. weight=4x9

=36 1b. .

We see that the two moments are equal.
One moment tends to twrn the rod in
the zame direction as the hands of a
clock, and the other in the opposite
direction. Hence one i said to be a
clockwise, and the other an anti-clock-
wise moment.

Not only in this case, but in every
case of 8 body in equilibrium, it can be
shown that the sum of the clockwise
moments is always equal to the sum of
the anti-clockwise moments.

Leaving the weighis in the same posi-
tion on the rod, let us now think of the
left-hand end of the rod as the fulerum.
In other words the rod is now free to
rotate about its left-hand end in either
a clockwise or ant-clockwise direction
(Fig. B).

The total load on the rod & 4 1b.+3
Ib.=7 Ib; This is shown on the dial of

SR
-
- -
- -
e e

- -
- -
- -

equal o the sum of the anti-
dockwise moments.

the compression halance in Fig. 5.
Therefore the balance s pushing up-
wards with a force of 7 lb,

Measuring the leverages from the
new fulerum at the left-hand end of the
rod, we now have:—

Clockwise moment=4x21=84 I|b.

.
Anti-clockwise moment=7 % 12=84
Ib in,

Again we find that the opposing
moments are equal. It ean be shown
that, far any body in equilibrium, the
sum of the clockwise moments is equal
to the sum of the anti-clockwise mo-
ments, no matter about what point the
momenis are measured.

Notice that the 3-Ib, weight had no
leverage about the lefi-hand end of the
rod, and therefore its moment was zero,

Again, the total downward force
on the md s 4+3=7 Ib.

-

e ]
e

S e e N
= ————— 12 1M -
——— =
'\-u_,__‘_‘-: :--..__.‘h l
3is h "‘::__ "'--_.,____ru 4 LE
Fig. & Another method of showing that tne = ::‘: ‘m

momenis ares equal, irrespective of the
about which the moment are measured
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MECHANICS

How to find the upward lorce, or reaction, at each support
case of 3 renluuntwu:uppnrts!ﬂfutput.lnd
carrying one |cad of 6 tons and ane of 9 tans,
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Total upward force on the rod is that
exerted by the compression balance
=7 Ib. Thus we see thar the total
upward force is equal w the total down-
ward force. 'I'hisugm always true when a
body is in equilibrium.

Fig. 7 shows a beam resting upon
supports 18 fi. apart, and earrying two
loads, one of 6 tons, and one of 9 tons.

If we neglect the weight of the beam
jtself, it is clear that the supports must
exert a total upward foree equal to the
wtal load, namely 9+6=1I5 tons.

To fnd the upward force, or reaction,
at cach support we proceed as follows.
Consider the beam to be pivoted at A
and o be frec to rotate clockwise or anti-
clockwise about thatt paint as shown by
the dotted lines and arrows. Taking
maments about 4 we have:—

Total clockwise moment="Total anti-
clockwise
moment

6x3+9x11=Rux18
18+99=Ru 18
117=Rax18
17=18=F8a
6] tons=~Ra
To find Ra we have:—
Total upward force="Total downward
foree
Ra4+6§=9+6
Ra=15—"56}
Ra=81 1ons
The supports A and B may now be

designed to take the loads of 8} tons and
63 tons respectively,

VeEcToRs are straight lines which are
used to represent direeted values such as
displacements, velocities, forces, etc.

Fig. 8 shows a vector representing a
force of 5 Ib; acting in a direction north-
west. Ttis drawn o a sealeof Fin=1 Ib.
and is therefore 1} in. long.

When a number of forces act upon a
body their sum is called the resulfant,
and this is found by adding the force
vecton.

Vectors are added by placing them
end o end, tail to arrowhead, their
angles of inclination remaining um-
altered. The resultant k= the wvector
drawn from the tail of the first to the
arrowhead of the last of the added forces.

3 SCALE § ML=t 8

force of
irection.

& Vecior resenting. 1
H .Eﬂn;inlMd



SPACE AND FORCE DIAGRAMS

This is shown in Fig. 9. The space
a‘mgrm shows three forces acting at a
point, 'Ihnfmﬂ!lﬂgrmahum these

forces added together as vectars. They
are drawn to a scale of § n.=1 1lx

The reultant, marked R, 18 503 [b.
Notice that this is much less than the
arithmetical sum of the numbers 4, 4 and
8, which is 11.

If the three original forces applied
be replaced by their resultant of 503
Ib., this would have the same effect on
any structure.

I & number of forces are added as
shown abave, and the arrowhead of the
last force aa:klﬂd coincides with the il
af the first, it is clear that no resultant
:aubcdmwn.lumh:rumﬂ:,ttm
resultant is zero. Therefore the forces
have a combined effect which isnothing,
and this means that the point at which
they act is in equitibrium.

Such a case s shown in Fig 10.
Forees of 3 [be, 2 1b. and 3 1b. act at.a
point, thnndded they form a winmgle.
No resultant can be drawn and so we
know that the three forces produce
equilibrimm.

3L

A%

-—

first force to the
arrowhead of the
lzst force.

Nunt:e the method of lettering used in
the dingrams. In the space disgram the
spaces are lettered with the capitals A,
8, C, and the forces swe called afier the
spaces they sepasate, Thus AR iz 3 1b.,
B(lis 4 Ib., and €A s 5 |b, In the force
diagram small letters a, b, ¢ are placed at
the ends of the firces. This method ol
lettering is known as Bow’s Notation,

From the foregoing it will be seen that
when a body is in equilibrium, the force
diagram will elose, with the arrowheads
ll painting in the same rotary direction.
This fact will now be made use of in
finding the forces in the members of
VArious siruciures.

Fig. 11 shows a wall bracket suppart-
ing & load of 14 tons. Bow's Notation
has been used to letter the space dia-
gramy, and it 15 required © find the
forces in the two parts-of the bracker,
the members 8C and Ca.

Now it is clear that the point where
the load is applied is in equilibrium
under the action of the three forces AR,

et ¥

SCAEFIM = L



FORCE DIAGRAM
SCALE 1 L= | TON

2
i1, Dtagram of s wall bracket supporting 2
mﬁlimﬁnpﬂﬂhﬁm ] IE.:EI‘HEI'I
accordance with Bow's Motation.

BC, and CA, and thercfore these three
forces must, when drawn to scale, form
the sides of a triangle. We commence
by drawing the known force AB'to a
scale of | in=1 ton

The next force, taking the forces ina
elockwise order, is BC, but as we do not
yet know the position of ¢, we draw a
jong line parallel to BC through the
pnc‘m:ihthci‘urmdiagmm.'l'lmthird
foree, which must close the diagram, is
¢a, and this must end at the point a.
Thercefore we draw a line parallel to
CA through the point @ in the force
diagram. The point of intersecuon of
these two last lines must be the position
of the pontc.

We know the direction of the armow-
head in the force AB as it is a force
acting vertically downwards, and so we
are able o ingert arrowheads for the
other two foress, making all three point
in the same romry direction (in this
case anti-vlockwise.)

Measuring the two required forces 1o
seale om the foree diagram, we find that
BG=1+73 tons; and CA=-866 ton.

When we place a coiled spring be-
rween the palms of our hands and then
press them together, we can feel the
spring pressing outwards to resist the
pressure applied to it, In the same way,

MECHANICS

when any part of a structure i in com-
pression, that part will exert an out-
ward push at each end, This is shown
in Fig. 12. A stretched spring exerts an

¢ inward force at each end.

In the same way, a mamber in ten-
sion will be indicated by a line having
two arrowheads pointing inwards. Ths
appears to be just the oppasite of what
we expect, but we must remember that
we are dealing with the forces tside and
not the forces applied outsde.

The fact that a member is in com-
pression is usually indicated by the sign
+, and tension by the sign —. Natice
that it is impossible for S0tk amows 1o
point in the same direction, A member
with two such arrows would not be in
equilibrium. Knowing this, we can
readily draw the sccond arrow on 2
member if the direction of the Rt
arrow i3 known.

Fig. 13 shows a pin-jointed wall
bracket having six members, Tt will be
seens that there are three points away
from the wall which are kept in equili-
brium by the forces in the members
The force diagram for each of these
points must be drawn.

We commence with the point where
the known force (AB=4 tons) acts- A8
is drawn first to a scale of | in.=1 ton,
and then lines parsllel to BC and c4
complete the triangle shown ar (1).

i i = -

Fig. 1. lllustrating the outward push when amy
of a structure (s in compression nd the
nward pull when it is in tension, The plmit!g:
Is always used to denote compression and
minis sign to dengts tension



PIN-JOINTED WALL BRACKET- 267

Fig. 13. Force diagrams for a
loaded pin-jointed wall bracker
having six members. The small
ipace diagram (ndicates which
members are In tension and
which in compression.

e g jo°
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FORCE THACLAM

SCALE Jin=1TOM

Y

4 TONS

i

b

When the arrows are inserted we see
that the member BC exerts a push to
the right, while the member CA exerts
a pull upwards to the left at an angle
of 30 degrees. Thess arrows may now
be transferred to the space diagram, and
inserted close up o the poing we are consider-
ing. At the opposite ends of the members

L 5 i

BC and CA, arrows having the opposite
direction are inserted.

This his been done on the small
diagram. We now see that BC is in
ecompression and CA s in tension,

We next draw the force diagram for
the point at the top of the bracket. We
cannot draw the force diagram for the
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point below, where the forces CB, BE,
ED, and DC act, becanse there are more
than two unknown forces there,

To draw this second force diagram
we copy the force AC to scale, but with
the arrow reversed, as we are dealing
with the other end of the member,
Continuing around the point in a clock-
wise direction, we take the other two
forces in order, drawing lines parallel
to GD and DA. These complete the
tmangle as shown at (2).

The force diagram for the third point
may now be drawn, copying DC from
(2), GB from (1), and completing the
parallel to BE and

d together ar their meeting polnts
‘or compression only. The arrows

Combhbining Force Diagrams

Tt will be seen that a great deal of the
work has been duplicated in the draw-
ing of these three diagrams, and errors
may have been made in transferring
lines from one diagram to another. For
these reasons it is wspal to combine all
the force diagrams as shown in (4). This
combined diagram i drawn direct from
the space diagram. The diagrams (1),
(2), and (3) have been included here
for instroctional purposes only, because
they will help to make clear the method
of building up the combined diagram,

Notice that no arrows are inserted in

] -
]—-ln-—--—irr-J——nﬂ--—an-I
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MECHANICS

FORCE DIAGRAM

I4. King-post truss and force disgram. The members are considered to be i
pins, so that
that the king-post is in tension. L]

they are either in tenzion

the combined force diagram. This is
because they would be pointing in
oppasite directions on each force, and
thiz would lead 1o confusion.

The direction of one arrow being
known, the directions of the others are
noted mentally on the force diagram,
and are then transferred 1o the spaco
diagram where they are mserted  glos
up o the point where the forces act. The
forces in the members of the wall
bracket, when scaled off the force
diggram, are found 1o be as follows:—

AC—8 tons. AD—8 tons. BC+6-93

tons. BE+10-3% tons. CD-+-8 tons.
DE4-2 tons. '

Before leaving this example we can
find a suitable diameter for the tension
members AC and AD. The load on each
will be 8 tons, If of mild steel the safe
working stress will be 8 tony per =g. in
Therefore the cross-sectional area must
be load —stress=8-=8 which is | sq. in.

Mow the area of a circle I§-in. dia-
meter is ‘094 sq. in., which is too small.
The area of a circle 1}-in. diameter is
1+226 3. in., which is ample. Therefore
both members, AC and AD, should be
made from !{-n. dmm:mrml.[dlﬂd-



HOW TO DRAW.FORCE DIAGRAMS

we assume the truss to be a pin-jointed
structure. This means that we assume
the members to be held together at their
meeting points by pins in such a way
that they are in cither tension or com-
pression only, and cannot be bent by
the loads they support.

Such an assumption has been made -

in -dealing with the king-post truss
shown in Fig. 14. Before starting the
force diagram, it is necessary to calcu-
late the upward reactions, G4 and AB.
This must be done because, at present,
cach junction peint in the structure has
more than two unknown forces. Taking
moments about the left-hand support,
we haye:—
Total clockwise mnoments—Total anti-
clockwise moments..
lExg:—lﬂxlE-yBxlﬂHxH:ﬂ.d
oA,
241204 144 L 96 =4 % 24,
432=0GAx24 from which we find
that GA=18 cwt.
The other reaction AB=Total load
—GA: and this is 40 cwt. — 18 ewt. =22
Wi
In drawing the force diagram, it is a
good plan to commence with all the
external forces BC, CD, DE, EF, FG,
G4, and AB, in that order. These will
all be on a vertical line as shown. Next
commence at the lefi-hand reaction
with the known forces AB and BC, com-
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pleting the diagram for this point with
lines parallel to CL and LA, Next take
the point where the strut joins the prin-
cipal rafter, Draw the kmown forces L6
and CD, and complete this diagram
with lines parallel to DX and KL. Next
take the point at the ridge, and then the
other two points to the right of it

A check on your diagram is afforded
by now going around the point where
the tie beam, struts, and king-post meet
The arrows have been inserted i the
space diagram, and it will be noticed
that they show the king-post 1o be in
tension, which would be  difficult two
estimate without the force diagram.

From the {orce diagram the forees in
the various members may now be scaled
off and tabulated, the appropriate + or
— sign being placed before cach.

The roof truss shown in Fig. 15 is
symmerrically loaded, and therefore
each reaction is equal to hall the toral
load, ie., 2 tons. The external forces
BC, CD, etc., arc drawn first in the force
diagram, and then we commence at the
lefi-hand reaction as hefore. From the
force diagram, the direction of the
various arrows have been noted and
then inserted in the space diagram.

Using the given #cale, the forees in
the members may be taken from the
force diagram and tabulated, the signs
+ ur — being inserted as belore.

FORCE DIACRAM
i ﬁ-,"' 1 SCALE § =1 TOM \
C 4 ] ¥

bon e § Tom i .
" . F 3

LN a0 1 b
LAY S
A .
. AT B ¥ : .
2 i ]
7 Toms  TONG

Hl-ru-hrudil;:m

for = roof truss, which is symmetrically loaded, Each reaction is equal 1o

half the towl load, i.e. 2 tons. The direction of the arrows should be
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= Fig. 16 Shesr force and bend-

R TOMS T ng moment in 3 loaded cnti-
jever. From the lower diagrams

the shear force and banding

moment can be measured.

The study of the farces acting in a
loaded beam is complicated by the Fact
that wensile, compressive, and shear
siresses are set up in the material,

It will be well to remember that, at
any pairit in & Joaded beam, the forces
acting in ane direction must be exactly
equnl 1o the forces peting in the oppo-
site direction and that the clockwise
moments about that point must be
etjual to the anti-clockwise moments.

Consider the loaded cantilever shown
m Fig. 16, There is a endency for it o

MECHANICS

break in either of two ways. The fibres
may shear off in a vertical plane as
shown st (1) doe 1o a vertical shear
force of 2 tons; or the cantilever may
bend until it breaks as shown at (2) due
to a bending moment of 2 tonsx 4 ft.
=8 tons ft. If we neglect the weight of
the beam, we see that the shear force,
or force tending to shear the beam in

“a yvertical plane, will be 2 tons at every

point along the heam.

This fact is shown diagrmmmatically
at {3). The figure is like a graph, and
as the dépth of it iy comtant from end
to end, it tells us that the shear force i
always the same, namely, 2 tons,
throughout the exposed length of the
cantilever. This is called the shear force
diagram.

The bending  moment, which was
8 tons fr. at the pomt we first con
sidered, will bocome greater m we
approich the wall, because the leverage
of the 2 tons load’ will increase. The
maximum bending moment will occur
at the face of the wall, and will be
2 ons X b Mt.=12 tons fi. At the other
end of the beam, where the leverage
will be nothing: the bending moment
will be nothing. This is shown i the
bending mument dingram at (4],

Shear Force snd Bending Moment

Looking at the two diagrams, we see
that the maximum bending moment is
equal ‘to the area of the shear foree
diagram. Also the bending moment
halfivay along the beam is equal to the
area of hall the shear force diagram. In
all the cases with which we are about
to deal, it B8 true to say that, smrting
from the end where the bending moment
is gern, the area of the shear foree diagram
uh to amy poinl is equal to the bending
mumeni af that point. This Bct will be
made use of later.

Fig. 17 shows a cantilever with
several loads. The sum of these loads is
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%“ e " —'1*‘"*.

2n

by ¢ cwt. x4
fi.=16 cwt,

1 DWT

ft. Therefore

B |

W CAT I

|
y HECWT

|

i

SCALE,
o= OwT

the Lending
moment at
| this point 15 4
| + 16=20 cwt.,

fi. Adding up
i the aress in

this way we
I arrive at the
I lefi-hand end

where the
h maximum
I

#OWT bending mo-
zow1 ment is equal
o to the total

area of the
shear force
disgram,

VERTICAL
mm‘ MMDING MOMENT Diaceam namely 84
“m g owt. ft.
S2CWT 1. Fig, 17, How to draw shear forca and bending .. o 18
moment di ms for o cntilever, carrying B 4
several loads which tomal |6 owe shows the signs

IiC‘NT L

6 cwi., and therefore there must be an
upward thrust of 16 cwt. at the wall to
counteract this total lead. To draw the
shear force diagram we start with a
horizontal line, and at the lefi-hand end
we g0 up 16 cwt. to sr:a]z:

down 8 cwi, Continuing to come down
at each load in this way, we eventually
arrive Back on the horizontal line at
the tight-hand end. This completes the
shear force diagram.

To draw the bending moment dia-
gram we start again with a horizontal
line. Beginning at the right- hand end
where the bending moment is zero, we
see that the area of the shear foree
diagram up to the second 2-cwt. load
B2 ewt x2 f=4%ewt. ft. This is the
bending moment at this point.

From here to the d-cwr load the
shear force dibgram increases inarea

usually given
to shear force and bending moment.
The ms require no- explanation,
but the signs should be memorized.
As the Ipad is central in the beam
shown m Fig. 19, each reaction will be
equal to half the load, namely 3 tons.
The shear foree in the lefi-hand portion
of the beam will be positive, so we start
the shear lorce diagram at the lelt-hand
end. The line goes up 3 tons, then along
to the middle of the beam at which
point the line goes down 6 tons.

To o

BCZETVE SHEAR | HESATHE SEAL |=)

e

PO MDD [+ WRSATHY BB | =)

Fig. I8. The signs which are erally ado
%" for shear jorcs and bmﬂll::-nmn:lm. g
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Example of concentrated load on beam,
lmur contral, Each reaction is equal
to haif the foad, mmaely 3 tons.

After moving to the right horizon-
tally, the line comes up 3 tons ar the
right-hand reaction
and so reaches the

MECHANICS

To the right of this peint the bending
moment becomes less becanse the area
of the shear force diagram which is now
added i negative. Upon reaching the
right-hand end of the besm the beading
moment is again zero, this being the
sum of the upper and lower portions of
the shear force dingram; 36 wons fi.
added to minus 36 tons ft.

Beam with Several Londs

This is-shown in Fig. 20, Taking
moments about the lefi-hand support,
the reactions are {ound o be 4 tons and
ID tons. Both the shear foree and
bending moment diagrams are started
at the lefi-hand end, Tt will be seen that
part of the bending moment diagram is
below the base line.

This negative bending indicates that
that part of the beam is convex on the

T IO

horizontal base line, =

That part of the dia-

gram which is above |
the base  line shows
positive shear, the
r:l.rr below the bhase
ine shows negative

shear.

As the beam is going
to bend down in che
middle, positive bend-
ing is indicated, and
moment disgram  at
the lefi-hand end.

The bending mo-
ment will be zera here,
and will  incresse in
proportion to the dis-
mnce along the beam
until the middle is
reached, At this point
the area of the shear
loree diagram is 5 lom
% 12 fi=36 tons fi.

Fig: 20, in this exam

i

disgrams wre smarted ar tha left-hand and. The
mament diagram shown below the line jadicates that part
beam which iz convex on the upper face. The point whers
bending moment changes from pesitive to negative i

QT
POINT OF COMTRAFLEXURE
both the shear force and the bending moment
part of the bending

-8

known
i point of contrafiexure



TENSILE AND COMFRESSIVE STRESSES
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{laft), Stresses in flanges of a cantilever. The st
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of each flange 15 |t breadth multiplied

hr its thickness multiplied :( the strength per square inch of the steel. (Right) Diagrams showing

and distribuy

loads on cantilevers and central

Ioad on beam, with formule which

indicate the maximum bending momaents

upper face. The point where the bend-
ing moment changes from positive to
negative s called a point of contra-
Aexure,

It s now possible to give a general
definition of bending moment. The bend-
g momenl af any point in a beam is the
algebraic sum of all the moments acting on
m:ﬁn’l(ﬂlhﬂngmﬂlgﬂ}qf&dpum

a point above the 10 tons
reaction in the last example. The only
force acting to the night of this point is
one of 2 tons at a leverage of 4 ft. Hence
the bending moment at this point is
B rond ft,

As this moment will make the beam
bend down to the right (being a clock-
wise moment) the bending moment is
negative. The forces acting to the right
of a point under the 6 tons load are
2 tons; leverage 6 i, giviog a dockwisc
moment of 12 tons ft., and a resction of
10 tons, leverage 2 ft, giving an anti-
clockwise moment of 20 tons fi. The
algebraic sum of these two = an anti-
clockwise moment of B tons ft.

Aa this will bend the beam wp to the
right, it follows that the bending

moment at this pomt 5 positive and is
B tons fr. The bending moment at other
points along the beam may be found in
the same way,

Resisting Moment

When a bending moment is applied
to a beam, the beam is deformed. Some
of the fibres are stretched, and some are
shortened. In this way tensile and com-
pressive siresses are set up in the
material. These stresses exert 3 moment
which tends to straighten the beam by
opposing the applied bending moment.
This internal straightening moment s
called the resisting moment.

It will be obvious that, for & beam in
equilibrium, the resisting moment equals
in magnitude the bending moment.

Fig. 21 shows an R.5.J. man.gadm
n cantilever with a load of W tons hung
at the end. For simplicity we shall neg-
lect the strength of the web. The area
af each Hange is Breq. in., and if the gafe
working stress is / tons per sq. in., then
the safe pull in the top flange will be
Bif tors. The push in the bottom Aange
must be the same for equilibrium.
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B “E' Fig. IL Resisting moment for various sections, and
2 the maximum bending moments for various types of

beam loading, are shown in the above diagram.

These forces may be assumed 1o act
at the centre of each Hange, the vertical
distance berween them being the mean
depth of the joist, Ds in,

Taking moments about the point X,
the clockwise moments must equal the
anti-clockwise, Therefbre:—

Wxil=08tfxD,,

WL ton in. is the bending moment,
and BifDa ton . the resisting moment.

Exasrce. An RS.J. 6 in. wide, 10 in, deep,
wigh flasges § . thick, projects 8 . borizon-
ally from the face of a Taking the af
wotking stress for steel a8 B tom per =q. in., find

i mie load which mey be hung ar
e froe
Perufing minnent = Ressting momem
W= i Dy,
W6 =6 m.x § m.xB8x9) in.;
trom which we fnd shar W=2] wonu.

If B 15 the breadih; D the depth, and
f the =mfe working stress for a rect-
angular beam, it can be shown that the
resisting moment is 22,

Examrre. Whas is the greatest eafe load which
ey be hung st the end of' s ied pine beam % in.
deep, 3 in wide, projecti Bg.mhaﬁmuﬂr
fram the face of 8 wall? Take the safe working
siress for red pine us 12 cwis, per s i,

Bending muomient =Resisting momeni
7 B
5z 15

!F:\!i"Zi.n — 12 Vi S b W
s q i

froum which we find' that W=8] i

It will be seent that in all these cases
we start by equating the bending mo-
ment to the resisting moment, being
careful to see that we use the same units
of length and foree on each side of the
cquation.
~ Fig. 22 shows the resisting momenis
lor various sections, and the maximum
bending moments for various types of
beam loading,

By pairing the appropriate bending
35311 resisting moments from this collee-
tom, many practical problems in
connection with beams may be solved.



MOMENT OF INERTIA

Fxaupii |, A besm 10 in, deep, & in. wide,
ity en two walls 4 f apart,. What is the
ml;ur safe load which can be carried by this

&t & poind 5 fi. from ene of the walls? The
sfe working stress [ for the fmber i8 12 owt,
per sq. in.

Bending muome n'r—Emmngmrﬂﬂ
From Fig. 22 we bave =% i 4 L’
F}.nlt:r:snchm Wxﬂi.lm\ Ll
from. which v.:ﬁ:nd ke I*Ir'-il.l?l“!ﬂ-

Exnm! A Hoor s supported by 9w % 3 n
I.:m_ |:|:nl'r|: 1o ceitre, and resting

I2xex 105 10,

un w 16 ft. the weighy of
the floor u:dl‘ % et suarT
Gt B this floor.

Take f a8 Izﬂlihpﬂq.m.
Jrﬂﬂl finel the saln distributed load For o

Bending moment=Resisting momen!
From Fig. 22 we have %{‘*'LRD’
L I'Hm_ L0 !11'9‘-\!

from which we find um W=2,025 Ih

MNow this foaed is distributed over an area 161L
¥ 15 b, which & 20 aq. fi. Therefore the load
per square foot=2,025 Ib.=-20 sq, =101} ik
per s, B

Columns and Struts

Columns, stanchions, pillars; struts,
and props, are all members in com-
pression. When such members are short
and thick it iz gafe to assume that the
compressive stress i tmiform over the
whale crosssection and equal to load
~area, When, however, these members
are long and thin, they tend to buckle,
or bend in the middle, the siress i3 no
longer uniform over the whole cross-
section, and the safe load &= consider-
ably reduced.

Formule for dealing with these long
columns were obtained by Euler two
hundred years ago, and Gordon, Ran-
kine, Fidler, Johnson, and others have
devised formutle for use in the design
of columns of medium length and
thickness. More recently the problem
wits tackled by the British Standards
Institution, and the result of their work
is. now incorporated in British Standard
Specification No. 449, As the method
ihere described is the one in general

275

use, we shall explain it in this chapter.
The moment of inertia of a beam
section or column section is a measure
of its resistance to bending by a load
applied at nght angles to its length.

Moment of Inertia

The value of the moment of inertia
of a section is found by splitting the
section up into an infinite number of
strips [Fig. 23). The area of each strip
is then multiplied by the square of its
distance from a given axis (usually the
neurral axis) and the sum of all these
products is /, the moment of inertia
In practice, of course, we cannot take

an mfinite number of strips, but the

reguired result may be obtained mathe-
matically, and this has been done for
ot of the more common sections. * For
example, the moment of incrtia of a
rectangular section 0 in. deep and Bin.
broad about a centre line at right angles
to the depth, is 2. The moments of
inertia for various sm:l sections such as
broad flange beams, British Standard

ki 1
o

|
>

Fig. 13. The value ol the moment of inertin ol
a section |s found by splitting the section up into
an Infinice number of sirips. The moment of
Ihertia about the line X—X In the zbowe
dingram = &, Y, 5FA, Y +A, Y 24+, et



ists; channels; angles, 1ees; ete, will be
seen in the tables issued by the makers,

‘Radivs of Gyration

e finding the moment of inertia, we
multiplied the srea of each strip by the
square of its distance from an axis, If,
irstead, we multiplied the whele area by
the square of one dittance to obtain the
same answer, then that distance would
be the radius of gvration, k. I 4 is the
total area of the section, it follows that
AdxiE={ ‘Therefore, the radivs of
pyration f= '\f—' It may be defined as
the radius at 'h"h].l:‘h the whole area may
be assumed to be concentrated when
caleulating the moment of inertia.

It will be obvions that & column
which i gripped firmly top and bottam
will be capable of carrving a larger load
than one which s merely pivoted ar
each end, because the latter, being un-
restrained, is more liable to buckle. For
this remson the cffective length, [ in,,
ﬂflmlumui:mkcnumnrfrnmm:
or multiple of the actual length, £ in.,
o3 shown in Fig, 24 Tr will be seen that
the fraction depends upon the method
of seevring the ends of the colummn.

In A, both ends are held in position
and both are restrained in direction.

In =m, both ends are held in position,
but only one restrained m direction,

In ¢, both ends are held in position,

MECHANICS

)]

Fig. 4. The effective length of a column iz taken as
some fractlon or multiple of the zctual length. The
raction depends on the method of securing the ends.

but npeither are pestrained In
direction.

In b, one end is held in posi-
uuu,audbuﬂ:mdsmmtmmcd
in direction.

For case a, I=-7L; for case 5,
{=+83L; for case o, I=L; and
for case p, fI=from L to {-3L
according to the degree of re-
straint, For columnns these sizes
are usually in inches.

The sendernesy ratio takes ac-
count of the proportions of a
column, i:e., whether it i3 short and
thick, or lung and thin. The effective
length of the column, | in., is divided
by the least radius of gy'm.tu:m of the
cross-section;, k in.

Thus slenderness ﬂlm:-:;.

Having found the slenderness ratio,
the safe working stress for a ‘column
is obtained by referring to the following
Table given in B.S.S, 449,

Ratio of qffictize Working  itress in
columm fregth tans fier square inch
vt of beasd gyvation | of ey etion E1
£ MLt steel

20 717

30 692

40 G54

0 630

60 585

70 541

B0 +88

a0 +33

100 3-8l

Lo 354

120 2493

130 2-58

140 228

150 2402

160 181

170 162

180 146

190 133

200 21

210 110

220 101

230 0-53

240 086

When this safe working stress 1s
multiplied by the cross-sectional area



SAFE AXIAL LDADS

af the colwmmn, the result is the safe
axial load which the column will be
able to support.

Thus the safe axial load for column
=F; x A tons.

Exavrin. A vectaspular steel column is 6 in.
» 4 in. and 15 i, high, Both ends ane fixed and
restrained in direction. Caloulate the safe sxial
lnigr i toms.

The section = shown m Fig: 25 About the
axis xr the moment of nertis, —‘f%:ﬁ,
X4xEx6xA=T1. The mdins of gyration s
therefore: /1 —/f=17321, About the mxis
v the moment of mertia &5 LxBx4xdxd
=32, and the cidivs of gymtion B /5
=1:155

Taking the least radios {f!gp'll:i:l:l., thir
slendernesi ratio & f-=£i% which comes
o 1081, Notice that the -7 is used because both
ends of the eolumn are fixed and restrained in
direction 23 in case & (Fig 243, The 12 &

uired o convers the fength to inches,

. ExauprLe. From the manufaciurer’s catalogue
it iz found that a broad flange beam 65 i,
xﬁﬁlﬂ-ﬁﬁﬁuﬂu—mﬂiﬂnﬂmd‘ﬂu}.iﬂ.
The value of I is 63-3, and the valve of y i

%
230, What sill be the safe axial joad for &
il

It will be observed that the method
of calculating the safe axial load for a
column is divided into 5 parts;, as
follows:—

{1) Find least radius of gyration, &
=V
{2) Find the effective length wsing the

appropriate fraction for cases a, B,

aand p (Fig 24):

{3) Calculate the slenderness ratio=;.

7
1
|

_%m
_

X 3 W X

|
¥

ram showing how to calculate in

Fig. 35. D
o axial boad of a steel column.

tons the

{4} From B.5.S. 449 obtain the corres-
ing safc stress Fi.
{5) Calculate the safe axial load in tons
=F, % cross-sectional area.

Machines

The machines which are of interest
to the builder are those which make it
possible to Lifi a large load by the
application of & comparatively small
effort. Crowhars, wedges, pulley blocks,
screwijacks and winches are included.

With each of these machines the small
effort is exerted through a big distance
in order to lift the big load through a
small' distance, The ratip, distance
through which effort acs —distance
through which load is lifted, is called
the welocity ratio (V.R.) of the ma-
chine, and its value varies from, say 3,
for a simple set of rope blocks, to over
300 for & screwjack.

The type of machine to be used on
any particular job will depend upon the
size of the load tw be lifted, and the
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Fig- 25. The \se of the lever, the
simplest machine wsed by the builder.

power available for the effort. The
height of the Lift must also be con-
sidered.

The ratio, load=-cffort, is called the
farce ratio, or mechanical advantage
[MA), and its value 1= always les than
ithat of the velogity ratin,, When the
frictional resistance in & machine i
s, the difference between the MLA.
and the V.R, i small, but when the
fricticnnl resisiance i great, the differ-
ence between the M.A. and the V.R
is

%Ii:f'::munnl resisrance could be elimi-
nated altogether, the MLA. would be
equal 1o the V.R. As these two are so
indmately connected, we shall deal
first with the velocity ratio, the valur
of which may be found without con-
dueting an actual test upon the machine
concerned.

Leverage

Fig. 26 shows a lever, the simplest
machine used by the builder. When the
cffort, E, acts through the ars, af, the
load, W, is raised through the arc, of.
Now the arc ab is greater than the arc
&f in the same ratio that the mdios L
is greater than the mdius [ Hence the
velocity ratio of the lever is abjed and
this is ‘equal to Ljl.

Use of Wedge
Fig. 27 shows a wedge of length L and
thickness 7. To drive the wedge home,
the efiort, E, must act through a dis-
tance, L, and this will have the effect o
raising the load through a distance of T.

MECHANICS

Hence the velocity ratio of such a wedjge
will be L{T.

A set of rope blocks is shown in Fig.
28. The top block contains 3 pulleys,
and the bottom block; 2 pulleys. In the
sketch, the pulleys are shown with
diffrrent diameters, This is done to
mulke the action clearer, but in an aciual
set of blocks, the pulleys are all of the
same diameter.

II' we allow the cffort, E to act
through a certain distance, say 10 fi;
then 10-fi. of rope will be taken away
from the five ropes connecting the upper
andd lower blocks. This means that each
ol the five ropes 4, b, ¢, d, ¢, has been
shorened by 10--5=2 & Hence the
load has been raised 2 fi,

The velocity ratio is therefore 102
=5, In general, the velocity ratio ol a
setof rope blocks is equal to the number
of supporting ropes.

This s usually the same as the total
number of pulleys, as in the case just
considered, An cxception 5 the case
where the effort sicts upwards, Here the
effort rope becomes a supporting rope,
and the velocity ratio is onc more than
the number of pulleys.

Chain Blocks
Weston's chain blocks, shown in Fig.
29, are an improvement an the old-
fashioned Chinese windlass, The two
top pulleys are cast in one piece, and o

Fﬁﬂ.ﬂmﬂlriﬂmiwﬂpmm“

raize = Iuill;l. When i driven fully
home, the load will be III‘:J:.«?ta the distunce
shown by the arrows at T.
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2

Fig. 29. In Weston's
chain blocks, the two
top grooved pulleys ane
cast In one plece, and

so turn together.

Fig. 28. The velocity
rstio of a set of rope
blocks equals the num-
ber of supporting ropes.

tum together, They are both grooved,
and in the grooves are small teeth which
engage with the links of the chain to
prevent the latter slipping, In order to
turn the two top pulleys through one
revolution, the effort, &, must act
through a distance, 2=, The chain A,
will move up a distance of 2oR, and the
chain 8, will move down a distance of
2.

This means that the net, or effective
movement of chain a will be 20R—2ar
=2=(R—r). The lower pulley and the
load ‘will be lifted only a half of this
=w{R—r). So the velocity ratio of this

machineis 2=R-+w(R—r}=2R-=(R—7),
As the teeth in both the upper grooved
pulleys are spaced at the same distance
apart, the number of tecth in each will
be proportional to their dromnferences,
and thercfore will be ipnal o
their radii. Tt follows that iF N be the
number of teeth In the larger pulley,
and n the number of teeth m the
smaller, then the welocity ratio will be
AN+ [:,J\r—ﬂ.i

Fig: 30 (left) shows the side view of a
crab winch. If the handle were con-
nected at A, the velocity ratio would
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F{:, 30 (left), Side wiew ol & orab
winch md {rlghta‘ the lever velocity
rztio of the winch,

by =

¥

=1

I

be L=R, asat would be equivalent w
the simple case of a lever as shown in
Fig. 30 (right}.

When the handle 5 attached at s,
the welocity ratio i increased i the
rmatio F,+1) where F| is the number
of teeth on the first copwheel, and Dy
is the pumber of tecth on the frst
pinion.

The winch is
said 1o bein single
purchase when
the handle 15 a3t

and its velocity

Fig. 3. Simple
screwjack, ex-
plaining mechod
of oboining it
wafocity ratio,

MECHANICS

ratio s L % F, =+
RxD, When the
handle is at C, the
w velocity ratio is in-
creased to LxF %
F,=RxD x D
and the winch is said to be in double
purchase,

Fig. 31 shows a simple screwjack, The
effort is applied at a distance of L in.
from the centre of the jack, The pitch
of the screw thread is p in. When the
effort, acting at the end of the tommy
bar, turns the screw through one revo-
lution, the load is lifted throogh a
distance equal to the pitch, p in. At the
same time the effort acts through a
distance equal to the circumference of
a circle of radios, L in., and this is
2=l in, Therefore the velocity ratio of
the screwjack is 2nl—=-p,

The efficiency of a machine, ex-
pressed as a fraction, is:—

Work got out+work put in.
Now the work got out &= the product of
the load and the distance the load is
lifted. The work put in is the product of
the effort and the distance
which the cﬁbﬂ acts. It follows that the

Efﬁt Iulxdumhdplmmm

Eﬁn:-:_dm.um'el'unm

is _\-V Another mynfu-

pressing the efficiency is _.,“-mm
Exausrs. A seyowiack has a pitch of J iy,

and the effective hﬁ'h“' the ommy B

21 in. To lilt & load of 1| oo, ao effor of 40 b

w required. What 3= the efficiency of the jack?
Veluciry miq-kr_i Lt LIS

=T
Efficiency= .. Bw
Effort« Velociiy mio - #0W 5007
=188 ar 186 par comt.




CHAPTER 8

PAINTING AND DECORATING

Drying vils. Synthetic resins, Ol colours. Preparation of surfaces. Plaster

boards. Woodwork and tromwork. Ceilings and walls.

Flat mi patnis.

Undercoats and finishes. Distempering. Principal stains. Varnishing. French
polishing. Paper-hanging on walls and ceilings.

His important section of the
building trade is primarily con-
cerned with the preservation of
those materials which, if unprolected,
would: mapidly decay, The pamting of
all wopd and metalwork, both extenior
and interior, constructional or other-
wise, is. included in this category and
must be finished in oil paint, oil varnish
or ather equally durable coating to
achieve that particular purpose.

On interior woark, hygienic require-
ments must be adequately satisfied, and
though these may appear to be of
secondary importance, the treatment
and materials employed should conform
lo- the specinl needs of the room or
building, In this connection, one should
bear in mind that the walls of a hospital
waird, for example, will require washing
down as frequently as the woodwork;
therefore a smooth enamel-like finish i

nECEssary,

Scope for the Crafisman
[kﬂoﬁlhm mnfherrgarﬁtﬂa!aﬂ

scope for the crafisman to express his
ideas in terms of colour, pattemn, texture
and various media, while at the same
time making full use of technique to
produce a varicty of stippled, shaded,
scumbled or other broken-colour effects
ol high decorative value. A good sense
ol design and colour, some originality,

the ability to draw, and sound crafts-
manship, are all qualities which can be
acquired, but without which no decor-
ator could produce & scheme capable
of satisfying the asthetic demands of
his client.

Research on Materials

Intensive resenrch on the part ol
paint and vamish manufacturers has
resulted in the production of materials
so widely different in composition,
methods of application and subsequent
behaviour as to call for particular atten-
tion, To simplify classification we musi
for the moment lgnore the colouring
matter or pigment and concentrate
upon the various liquid mediums or
binding -agents which are directly
responsible for that difference.

Linsezn aso orEEr Duvine Ons
impart toughness, clasticity, weather-
resisting ities and glos to oil
paints. These oils dry by the alsorption
ol oxygen from the air; & process which,
when accelerated by the addition of
certain metallic salis known as driers, s
still slow enough 1o allow easy working
under the brush and yet to become
firm overnight.

Drying oils are treated in various
ways with the object of improving the
body or thickness and thereby increasing
the plom. Cooking [br several hours,
during which time- resin s usually
added, produces varnish of extreme

.4
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durahility for use either asa transparent
coating or as & medium for enamel or
enamel paint.

The more use of artificial
resin has made possible the production
of muny types of varnish and enamel
paint of undoubted value to the
decorator, An important point to ascer-
tain when selecting such material is its
precise effect upon undercoats of the
linseed oil type. Some synthetics contain
thinners which have a strong solvent
action upon ordinary paints; therefore,
an undercoating supplied by the manu-
facturer will in such cases be necessary,
The chiel advantages of the synthetie
product are its drying speed (4 hr. and
upwards} and its weather-resisting pro-
perties. '

Considerations which govern surface
preparation will vary according to the
material 1o be [miml:d, its chemical
pature; position [interior or exterior),
present condition, whether old or new
and the type of fnish o be used; nor
must it be assumed that because les
labdur is involved new surfaces present
fewer problems than older anes. Astudy
‘of the facis will prove that the reverse
is more often the case.

Painting in 0l Colotr

To sttain spccess in the use of nil
paints, certain general principles must
at all timss be observed. All surfaces,
whether new or previously painted,
should be quite hard, clean, smoath and
above all, bone dry. Good preparation
should aim at producing these condi-
tioris with occasional esceptions
regard to smoothness, which, in the case
of textured surfaces for instance;, is
Among fanlts ansing from the non-
observance of these principles are
hlistering, cracking and peeling of the
new paint. Imprsoned moisture will
vaporize under slight heat, forming
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blisters: while dirt and grease prevent
the proper adhesion and hardening of
an undercoat, with the result that
sootier ot later unequal expansion will

cause supermposed coats to crack. The

“principle of building up from hard

undercosts o softer and more elastic
finishes, and allowing sufficient time
for each to harden, has long been
regarded as sound procedure in the
prevention of painting defects.

Ceilings and Walls

Ceilings and walls provide not only
the larger areas but also a wide
variety " of materials upon which o
work, Nowadays one must expect to
find plaster board, asbestos sheets and
perhaps compasition wall-board, sup-
plementing the lime plaster, hardwall
plaster or Portland eement finishes: The
three latter surfaces must be allowed
ample time to become thoroughly dry
and Hard before oil paint is applied,
otherwise the strongly alkaline solution
which exudes, will saponily [change
into & tacky soap) the oil medium,

Live Piaster asp Prastes BoAro.
Here, the comparitively simple pre-
paration of making good any cracks or
stight defects with Keene's or other
hardwall plaster (Fig. 1) ysmoothing the
whole surface by rubbing down with
No. 2 glass-paper; and finally sweeping
off and removing the sccumulated dust,
will render the job fit for its first or
priming coat 'of paint.

Wari-soARD usually presents a good
surface for paint, though, as might be
expected, the joints, left slightly open
to permit expansion, and any dents or
other damage sustained when fixing,
will have 10" be made good after the
priming coat is dry. Alabastine fille
applicd with a broad scraper (Fig. 2)
o filling knife, is ideal for the purpose,
but should afterwards be smoothed
down with gliss-paper and excessive
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Fig. ). "Making good™ l;; defective plaster
£

tavolves undercotting the edges to provide key
for the new materia] az shown above.

absorption checked by touching-up
with paint.

A suitable primer for the foregoing
materials can be mixed from white lead
plus 5 per cent red lead, reduced with
Jdof gil to | of turpentine and made
rather thin.

Where wall-board i= intended 1o
form o permanent finish, the ptactice of
covering ‘all joints with a wooden Hilet
or monlding effectively hides those fine
cracks which sooner or later appear.

Harpwaln Prasten. Owing to lack
of key presented by such hard glossy
surfaces, the usual procedure is to apply
a thin, sharp (4 of turpentine to | of oil)
priming coul prepared from white lead,
immediately the plaster s sufficiently
firm to withstand the pressure of the
paint-brush. This means following up
the plasterer within about two hours,
and although it would appear contrary
to the general principles already men-
toned, it does not, if reasomable time
clapses befiore the second toating, pre-
vent the natural drying out of the
plaster,

The alternative, emploved when the
plaster has properly hardened off, in-
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volves glass-papering - to  score  the
surface lightly and so form key or grip
for the paint by mechanical means.

Portland Cement

Portland cement often retains chemm-
cally active moisture for as long as
twelve months, so one i3 well advised
to use oil-bound distemper or other
non-saponifinble paint (there are many
reliable proprietary makes) when dec-
arating for the first time.

Asprerns Sueeni, Becawse of their
high Portland cement content, asbestos
sheets, when fived in damp situations,
uhsorb moisture which beecomes alkaline
and reacts’ upon oil paint. Prevenfive
measures must aim at waterproofing
behind the sheets before fioung.  Prior
to painting,-all joints are made good
with KEeene's cement (for obvious peas-
ons Portland is always undesirable as a
stopping), afterwards smoothed down
and the whole surface coated with a
goend oil-bound distemper or a propri-
gtary sealing sohition.

The preparation described for wood-
work will cover all processes up to and
mcluding priming. Needless repetition

Fig. L Spreading a white paste fiiler, The broad
wcraper for applying the alabastine filler should
be held ot an sngle of shout 30 degress.
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will thus be avoided, as all this work is
grouped under the heading “Previously
Painted Surfaces.”

Although for priming purposes, wood-
work will be classified as soft or hard
according to its degree of porosity, one
can still generalize upon the more
immediate requirements of dryness,
smoothness and cleanliness. The first is
best ensured by priming before work
leaves the jomer's shop, which is by Er
the most thorough and economical pro-
cedure.  Smoothness and eleanlines

involve the use, whore necessary, of

Na. 1} glas-paper, but the chisel knife
Is more effective for the removal of any
spots of glue or plaster.

Treatmeni of Woodwork

Sometimes oil, grease, creosote or tar
are prosent and must be scraped and
washed off with clean rag and turpen-
tine, Finally, after dusting down, paint
all knots, traces of tar, crecsote and even
copying-ink pencil marks, with genuine
shellac knotting (an efficient scaling
solution), which prevents these destruc-
tive substances from discolouring super-
imposed coais of paint,

Teak, Columbian pine and 10 a lesser
extent, pitch pine, are well known as
anti-drying materials requiring a special
primer prepared by mixing equsl parts
of Japan goldsize and turpentine
Other woods are primed with paini
made from white lead, plus 5 per cent
red lead and 5 per cent”paste driers,
thinned with finseed o1l and rurpentine
in proportions calculated to check
porosity ol surface and yet pomit
deep penctration inta the  pores Gl
the tdmber. For softwoods, use 2
parts oil to- | ol turpentine, and for
hardwoods, reverse these proportions,
making the paint ol rather thin
consistency and sieving  through fine
muushio belore use!

Srurrse or filling up nail holes, ec.,
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may be proceeded with when the
prl.tm.ug:adry Far best wark, hard
stopping (made from equal parts linseed
oil putty and dry white lead mixed with
guld-size) is employed ; and for rougher
work, putty alone. By using the flat
edge of the knife, stopping is pressed
tightly home and left perfectly smooth,
after which the job is agaim ready for
painting.
Primings for Ironwark

IroxwoRrk is usually primed with red
lead or red oxide pamt immediately
after the casting or smoothing process
has been completed.

In our humid climate, corrosion
should be prevented from the very
beginning, for once started, painting
cannot effect a cnrnpll.-tr cure. Prepara-
tion would therefore aim at the removal
by scraping thoroughly or chipping off
any rust which may be present, the
washing off with turpentine substitute
(never water) of any ail or grease; and,
in the case of highly polished metals,
the (ormation (by rubbing with fine
emery paper) of some key to assist the
adhesion of paint. Such impervious sur-
faces as metal and glass demand paint

l'"i:. 3. Burning off old paint from a door by
means of che standard rype of petral blow lamp.



FREPARING THE

ol maximum tenacity, aquality obtained
by the addition of a liberal amount of
boiled oil ar, better still, a good elastic
varnish.

Preparation can only be decided upon
by ascertaining the condition of the
various parts of the job in question. One
frequently finds part of the work fairly
sound and the remainder badly blistered
ar otherwise  defective, but whatever
the condition, good preparation must
be designed to produce a surface con-
forming to the general rules previously
laid dowm. Fig. 3 shows the method of
burning off the old pamt rom a
door by means of a blow lamp:

Ceruvos anp Warrs may be papered,
distempered, coated with oil-bound
distemper; or finished in oil paint. The
first two should be removed by repeat-
edly saiking with hot water and then
scraping off with & 24-in, scraper in the
case of wall-paper; or in the case of
distemper, by washing off with the
brush and sponge, changing the water
very frequently until the bare plaster is
left quite clean.

Removing Casein-bound Distemper

Fig. 4 shows a casein-bound distemper
being removed by scraping and wash-
ing. Any trace of paper, paste, size, or
distemper left on the surface will pre-
vent the proper adhesion of later cout-
ings and be directly responsible for the
paint chipping or peeling off in places,
For details of stopping and priming, see
the paragraphs on lime plaster and
wall-board on page 282.

Chr-pousn Disrewren i insoluble in
water and therelore cannot be removed
by washing, but & combined washing
and scraping process will, by displacing
dirt and loose material, create a good
firm surface which only requires stop-
ping and glass-papering, before priming

SURFACE

Fig. 4. The removal of casein-bound distemper
by 2 combined washing and scraping process

with the mixture made for hardwoods.
Derecnve Praster due to dampn&n
(causing the plaster to perish),

vibration, or the settling of the bmll:[mg,
will all be encountered and must be
made good. Perished plaster must be
cut completely out to the bare bricks,
and the cause of the dampness detecied
and cured at the source. Defects due to
vibration take the form of deep cracks
with the edges often out of level. This
difference can only be made good by
cutting out & groove sufficiently wide to
disguise that difference when the repair
i finished,

Deep paiches are made good with a
still mortar composed of equal pars
sand and Keene's cement. The edges
are undereut and saturated with clean
water to check excessive suction before
the new plaster is applied. When hard,
a smooth Face is obtained by a thin
skimming coat of Eeene's cement.

Frar or Spp-Frar O Paigs are
plready hard, Tairly smooth, and afier
washing down with a weak salution of
sugar soap, offer a good key for new
paint, but glossy surfaces must in addi-
tion be rabbed down with pumice stone,
prepared pumice block or waterprool



The decorstive value of broken-calour effects is
now being more fully realized. The |llusoratian
shows the formation of pattern by means of

the wet paint. Turguoise blue
upon & cream undercoafl

rag-rolling u
]

glass-paper, until a hard, matt surface
Tias been obtained.

Rinse off thoroughly with clean wister
all traces of the sodium from the pumice
block or sugar soap, otherwise the new
paint (thinned with equal parts oil and
turpentine} may be adversely aflfected

Bizenivn Corougs. Certam  pig-
ments, particularly crimson lake and
some of the artificial vermilion colours,
are capahle of bleeding or percolating
through superimposed coats of paint
The remedy is to follow the usual pro-
cedure of removing completely with
pumice stone all puinted decoration, or
to seal up by coating with white knot-
ting any areas occupied by the doubtful
colours.

For Busrenen, Craoken axn TAcsy
Surraces the only remedy is to remove
completcly the defective paint and
make a fresh start. Burning off with a
blow lamp is & quicker and more satis-
factory method than paint removal by
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means of chemical solvents, all races of
which st be washed off afterwards
with turpentine substitute; whereas in
the former case, only surface glass-
papering is necessary to make the work
ready for priminz.

When burning off, the broad seraper
must not be allowed to dig into and
damage the underlying surface nor, in
the case of woodwork, must the work
be badly scorched, or the shavework be
permitted (o spoil the sharp edges ol
the mouldings. The treatment of such
surfaces is the same as that specified for
hardwoods.

Frormc i3 the application, usually
with the broad scraper, of a semi-stifi,
rupid-hardening paste, which is afier-
wards rubbed down perfectly smooth.
The scraper fills up any further inequali-
tiee which may be present afier the first
stippping and leaves the high spots quite
bare. For interior work *‘Alabastine”
and water make a refiable mixiure, but
prepared oil paste fillers prove infinitely
mwore satisfactory for exteriors. The
former is dry glasspapered, and the
latter muterial rubbed down wet, when
finally smoathing off.

Application of Undercoats

As priming alone s insufficient to
check completely the porosity of most
surfaces, the application: of a finishing
coat would mnder such conditions in-
evitably result in uneven colour and
glos. Undercoats provent this and also,
by bodyving-up the swiace, increase
durability, smoothness, opacity or hid-
ing power and lastly, accomplish any
desired change of colour,

Semi-gloss undercoats (thinned with
equal parts oil and turpentine) are the
general rule, although for interior work,
where zinc paints are largely employed,
a mixture of 3 of turpentine to 2 of oil
i preferable, and proves equally satis-
factary for both glossy and flat finshe.



Brushes, paint and technique are
equally important factors throughout
the execution of work. Brushes should
be of hog's hair, made up by a reput-
able firm and should be nicely broken
in (slightly worn] to obtain best results.
*A set ranging from | in. to 4 in. in width,
of the ﬂnt type of brush, is adequate for
all purposes. Paint (except
gloss finishes) should be thin enough to
permit quick and easy spreading and
should, of course, be sieved when
nEcessary f0 remove any Coarse part-
“itles which may be present.

Laying Off
Undercoats should always be applicd
rather sparingly, ie., each brushful of

paint spread or brushed out until the |

brush is almost dry, Except in the case
of barders and other narrow widths, the
brush strokes will follow 2 fairly vertical
direction until an area of about 3 I,
deep by 2 ft. wide has been coated,

Thu must he prnp-r:rl}r mmpll::tcd
first; by lighily crossing, bLe.,. usng
horizontal strokes with- the object of
distributing the paint cvenly, and then
carefully finished with the lightest poss-
ible strokes (an operation known a3
laying off), again in a vertical direction.
All the horizonty] brushmarks must be
ohliterated, otherwise the fault known
ai lidders will be the result. Other faults
due to bad workmanship are ropiness,
runs and fatr edges.

Cause of Ropiness

Ropiness (comrse brushmarks) may
be caused by laying off o heavily, or
with un old, coarse brush, by the brush
or surface being overloaded with paint,
or by extreme slowness in application
which permits the paint to become
partly set and quite unworkabie.

Runs are caused by uneven spreading
of the materinl; and fut edges (somerimes
seen on the edaes of doors ar other sham

Lining will often give = distincrive finish to the

.I{ lining fitch and straight-edge, with paint

ud rather thinly, enabls the work to be
executed easily and quickly.

angles) could easily have been removed
at the time of painting, by one light
siroke of the brush.

Fivsume Coars; particularly var-
nishes and high-gloss paints, are applied
much mare generously than undercoats,
yet brush technigee follows the same
general lines as belore, except that the
ticcessary full coat needsa full brush for
ity application,

Brushmaorks guickly dissppear as the
material Joats out ko a level surface.
A sharp watch must be kept for runs,
which are readily checked by a few
strokes of the-brush:

Paint often begins to set within ten
minutes of its application; therefore one
musst plan the order of painting s0 as to
keep the edges alive, or wet, until the
adjoining portion of the work can be
coated.

In panelled work, for instance, the
order would be pancls first, then
mouldings, and finally, the stles,

.Large areas, such as ceilings, are



painted in strips about 2 ft. in width,
commencing: at the lightese edge, 1.2,
nearest the window and working each
strip from right to left without pause
{except for moving scaffolding) until the
whaole arcs s completed. Ceilings with
a span greater than about 15 ft. would
require two men or cven more, accord-
ing o the acerssibility of the work
Distempering

The case and spred of application,
coupled with its comparatively low
price, is largely responsible for the popu-
larity of distemper. The ready-mixed
varieties include: (a) oil-bound, (&)
casein-bound, and (¢} those in which
glue zize is the binding agent; (a) and
(§) are ip smmc cxtent washahle
wheteas (¢) has the advantage of being
easily removed by washing.

Distemnper requires a clean, dry, and
equally absorbent surface such as bare
plaster, otherwise perfect uniformity of
colour cannot be assured. Oil-painted
walls do not conform to these require-
ments unless properly prepared and
hung with lining paper; but other sur-
faces should be treated as previemshy
specified under the heading “Previously
Painted Surfaces.” omitting the priming

Fig. 5. Muthod of sieving distemper or oil palnt.
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coat, Particular attention must be given
to amy bad stains on ceilings becanse
these, unless spaled by a: thin coat of
white knotting, will invariably hleed
through the new distemper.

Mmoo Doreuper. Sive distemiper,
as mixed by the painter, s undouhtedly
the simplest and most economical pre-
paration. The basic pigment is whiting,
thoroughly soaked and beaten up stiffly
in water, then tinted with the appro-
priate lime-resisting colour also mixed
in water. Due allowance must be made
tor the altenttion in tone which ocours
when dryving,

Sieving through a copper-gauze
strainer (Fig. 5), will at this stage save
time and produce that smoothness
characteristic of the manufactured
material. The next mgredient, glue size,
is prepared by dissolving | 1b. concen-
rated sive in 2 § gallons of boiling water.
Add | part (by bulk) of warm size w
2 of colour; any lurther thinning should
be with water only.

A test on a small sheet of paper will
speedily show whether the amoum of
glie size used is sufficient to bhind the
material properly,

ApprtcaTion. Size distemper may be
appiied directly upon lining paper, but
other surfaces should first be coated with
* claircolle ™ (weak jellied size contain-
ing 20 per cent of the finishing colour] to
siop excessive porosity and gencrally
improve the surfice condition,

Applying the Finishing Coat

The finishing coat is applied with a
B-in. ar 8-in. Bat brush, working quickly
and systematically to keep the edge
alive and tuking care not to miss even
the smallest part, becanse subsequent
retouching shows up very prominently,
Even when all windows are closed, the
material dries too quickly to permit
crossing and layving off as in oil paint-
ing; cowseqguently, one is obliged (o



PRINCIPAL WOOD STAINS

apply a good heavy coat, laying off in
all directions. Upon completion, all
windows must be opened in order to
assist speedy drying, and any splashes
removed from the floor.

Natural Wood Finishing

Although French paolishers and paint-
ers employ diverse methods and mater-
tals, both a@im to achicve the same
result, namely, to bring out the beauty
of the natural grain, 1w disguise faults
and to build up a smooth; durable sur-
face. French polishing produces a hard
superfine finish but lacks the toughness,
weiither-resisting qualities and ease of
application associated with oil var-
nithes. Preparatory staining and filling
are the same, whatever type of finish is
subsequently employed.

The principal stains are:; (g) Waler
slaing, prepared from semi-transparent
pigments  such a8 Vandyke brown,
mahogany lake, ctc., or from alkaline
dves, decoctions of coffee, saffron, etc.,
diluted with very weak glue size.

(&) Chentical stains, such ns imewater,
ammaonia, solutions of soda, Epsom salts,
etc., which, although colourless them-
selves; darken the softer parts of the
praim and so increase comirast,

(¢) Spirit stains which are prepared by
dissolving aniline dyes in methylated
spirit. These are notable for their
drying speed, clanty and for their rich-
ness of colour and decp penetration.

Fig. &. Panelled work treated In sections, as
when graining, spirit saining, etc. Spirit stain
require guick brushwork in order to avoid
coating any part twice, Panelled work in =
door s treated in sections, a5 shown above

(d) Ol stains are thin washes of oil
colour prepared from the translhucent
pigments mentioned in group (a),
thinned with 2 of turps to | of linsced
wil and containing sufficient liguid
driers. Their slow-drying nature ensures
ecasy manipulation, deep penetration
and a beneficial preservative action
upon the wood itsclf.

() Farnish stains are mixtures of either
oil or spirit varnish with the requisite
amount of pigment. Unless thinned

LE—K

Plan of door and Gsing. The dark line indicares
the parts belonging to the inside of 1 room.
The rebated part of the lintel (shown by dotted
lines) is slso painted with the mame colour
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hefore use, they fail to penetrate deeply,
consequently they are more Lable 1o
show early siens of wear,

Stamane, Stain is applied with a full
brush; or sponge, the object being to
sturate the alsorbent parts and so
intensify eontrast. The colour should be
tested upon a scrap picce of timber and
allowance made [or slight darkening
when varnhed. Sl}sw-{lr}rlug stains
inay, after hall an hour, be partidly
wiped off with clean rag: a particularly
useful method for mmproving the
ligure of some hardwoods.

Spirit stains cull for quick and expert
bruihwork to avoid coating any par
twice

Panelled work, for instance (Fiz. 6],
wauld be treated in sections as when
painting, with-eich rail and stle eut in
separately, i.e., painted in with meticu-
lously. straight defined edges.

Filling Paste
Ficvmve is the operation of levelling
up any open pores, prior to palishing or
varmshing. A reliable  composition s
made from whiting and turpentine,

Fig. 7. In French polishing the fiow of polish
Is controlled by :frl:uure on the rubber. In
i

rection fellowed takes the
circles ip

hudyinf up, t
form of a series of small oveclappin
order to maintain a level su

tinted with the appropriate oil colour,
Mix to a cream-like consistency and
apply with clean rag, rubbing the paste
acrgss the grain until all pores are filled
and . surplus. filler removed. One hiour
afier application, lightly rub down with
No. 0 glass-paper.

Vapnmnne, The claims of oil, spim
and cellulose varnishes should be Investi-
rated when HE'.]L'I,'_H_HE a finish for brish
application. High-class cabinet varn-
ishes which dry in two to four hours
are probably the best of the interior oil
varnishes. Spirit voarnishes, meliding
French polish, require a wiarm dry
atmosphere during application, other-
wise loss of gloss and the defect known
as blboming (drying with a permanent
whitish bloom) may occeur, Both spirit
and cellulose varnishes ire very quick-
setting materials, allowing no time for
crosing and laying off; therefore, first-
time methods and 3 full brush must be
employed.

Fasxen Povmwms, The tools and
materialy required are: French paolish,
methylated spirit, linsesd wil, spirit-
soluble stzins, No. () sand-paper, a
large - camel-hair mop, and several
rubbers made by wrapping cotton
wool inside two livers of clean, soft
calico:

The rubber will frequently need re-
charging with polish-which s fed 1o the
upper surtace of the wool, from whence
it percalates slowly and evenly to the
fiat working surface beneath, When in
use, the low ol polish is easily controlled
Ly pressure upon the rubber, and, as a
coal or rubber of palish shouold leve] as
well as varnish a surface, the direction
followed must take the form of a con-
tinuous series of amall overlapping
circles (Fig. 7).

The operation of polishing embodics
the following welldcfined stages: (a)
staining, {4) filling, (¢) oiling in; (d)
bodying up, and (¢) spiriting off.
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Having already dealt with (a) and [§).
the next stage () involves checking the
extreme porosity of the filler; by a
sparing application of linseed oil. Stage
(d) may be commenced by one coat nl
palish (either clear or slightly caloured )
and brush applied. Then glass-paper
and follow with several rubbers of equal
parts polish and methylated spirits
{using an ocradonal drop of linseed oil
on the rubber) until a pood surface is
nbtained.

Stage (¢}, spiriting off, is done with a
rubber of 1 of polish to 2 of methylated
spinit, applicd in the dircction of the
grain; to even up the glos generally,
Finish off with an almost dry rubber
containing only methylated spirit.

Paper-hanging

The @et that the majority ol wall-
papers are printed in distemper colours
should help to explain why surface pre-
paration must be identical with tha:
previcusly specified for size distemper-
1rlg In the Present cise, heowever, clair-
colle is trpl weed by a coat of jellied size
which nssists the adhesion of the paper.

Annraves. Paste made from eommon
plain Aour, or (for white and very pale
papers) fromn ordinary white starch, still
gives absolute satisfaction for peneral
work. The usual method of mixing i 1o
beat up about [ §1b, of flour—or starch
—in cold water, until a smooth batter
results, [nito this, pour vigorously bolling
water and stir briskly until thickening
occurs. Allow to cool and then thin
o a brushing consistency with cold
wialler.

Measirmo-vr lor English wall-paper
is based on the assumption that each
roll measures 11§ yd. by 21 m, There-
fore, given the height of the wall to be
papered plus 6 in. or 8in. for waste and
matching of pattern, ong can ascertain
the mumber of full lengths of roll e
guired. At the same time, consider the

Fig. & The usual mechod of trimming wall-paper

possibility of making use of shatt ehds,
in positions such as those over mantel-
picces and doors,

Turviming off the selvedye (Fig. B
may be done gither before or after the
lengths ‘are cut, but, In arder to avoid
darpaping the edges, it is advisable o
delay the operation until the paper-
hanger is actually readv o commence
work. Then the wvanouws rolls: should
first be shaded, i.e., carefully examined
to see that all are of exactly the smme
shiade of colour. Except for the thinnes)
and cheapest ol papers, bath edges are
trimmed I seissors or by one of the
very cfficient mechanical rirmmers.

Paren-mancine { Fig. 9) should nlwiva
be commenced at the lightest part—the
window side—ol a room and finished a1
a convenient angle, or doorway, away
fromn the light. This helps considerably
to disguise joints.. [t i particularly
important to hang the firt length abso-
lutely straight {a chalk or pencil line i
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the usuml guide) and in the case of walls,
the Brst length on each wall must be
checked with plumb-bob and line. The
angles of a room are seldom perfret, so
a lap of approximately § in. should be
allowed when negotiating angles of both
ceilings and walls.

Papering a Ceiling
Cemanes. In the absence of a straight
cornice, strike a guide line 201 in. away
from the wall; face the window when
hanging the first length and reverse this
pogition for the remaining lengtha TI

a I!rrl'du. of wall-paper, Paper-

ln.:siu :hould’ always be commenced nesr a

window for the best light, and finished o a

convenient angle farthest from the light, so as
to concezl [oints 35 much as possible

the paper is properly pasted and folded,
the bulk can be supparted by a roll of
perin the left hand [Fig. 10}, leaving
the right hand free to attach and slide
the looie end into the comrect position,
and then, &5 each Rld is released, to
brush out any wiinkles, Tt will be found
that the course [ollowed by the papering
brush will tend to puil the paper in that
same direction ; it is therefore necessary
to brush along the centre, before work-
ing outwards towards the edges,
Waris. Fricses, and sometimes lining
paper, are hung horizontally (Fig. 11),
and when lengths arc over 9 i, hanging
is stmplified by folding as for eeilings,

PAINTING AND DECORATING

Fig. 10. Papering = ceiling. Mote how the length
is supported by a roli of paper in the left hand,
leaving the right hand fres to artech and siide
the loose end inte the correct position and
brush out any wrinkles. It Is necessary to brush
slong the centre before working the brush
outwards towards the edges.

but without the supporting roll. Strict
cleanliness of hands and pasteboard,
cannot be over-emphasized, otherwise
paste and dirt will get out of bounds and
soil the surface of the paper. The wood-
work, too, will need attention, for paste,
if not sponged off, has a very damaging
effect upon paintwork.

It is equally important to remove
Immediately with a clean damp cloth
any paste which may inadvertently find
its way on to the face side of the paper.

Fig. 11, The method sdopted when cross lining,
:lperlnllrinn. and hanging borders, These are

ung horizontally, and, with lengths of more than
9 fr.. hanging is simplified by folding In the sama
weay as for cellings, without the supporting roll,
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To hang wall-paper in the wsual per-
pendicular manmer (a simple propos-
tion, compared with ceilings) one pro-
ceeds as follows: with the paper pasied
and folded as per sketch (Fig, 12,
mount the steps and place the matching
edoe against the plumbed line, mean-
while holding the opposite edge about
3 in. away [rom the wall, so that by
raisimyg or: lowermg the hand, the whale
length can be controlled and swung
cither to left or right as required. The
partion in contact with the wall s made
to slide into position and the upper 3 fi.
or 4 fi. carefully tved; then brush the
full width of paper smoothly to the wall.

Showing how a shaded edge in wall decoration
iz sbrained by using 3 mask and stendll brush

Length ol ceiling paper ready’ er hanging.

Fig- 12 METHODS OF FOLDING WALL-PAPERS FOR HANGING IN DIFFERENT POSITIONS



CHAPTER 9

BUILDING MATERIALS

Ingredients of concrete. Portland and other cements. Manufacture of lime.
Gypsum plasters. Limestones and sandstones. Granite. Marble. Slates. Bricks
and their manufacture, Iron ores. Cast iron and wrought iron. Steel and its
properties. Lead. Copper. Zinc. Growth and treatment of timber, Asphalt,
Glass mamifacture. Plastics and their uses. Miscellaneous materials.

budlding: should have at least an

elenientary knowledgr of the origin,
mimulicture, properties, and wses, of
the virious materials used in bullding
operations. A Enowledge af these facts
will enable him o appreciate more fully
why particular matenials are, or are not,
suitable for particular purposes, and
this appreciation will natarally tend w
lead to & tnore intelligent use of the
materials

IT i essential thit every student of

Importance of Concrete

Perhaps the most Important material
used in buildimg work in modern times
is conerere. It will therefore be given
first place in thy treatment of materials,
One has only W recognize that it &
possible to construct almost the whole
ol the Libric of a large buoilding, ie.,
foundations, columns, foors, stairs,
toofs, and walls with concrete, rein.
forced where necessary with steel rods,
1o appreciate the mportance of this
widely used material. Two siriking ex-
amples of reinforced concrete construc-
thon are shown in Figs. | and 2,

Derpsmios oF Coxciere. Conerete,
as o rule, & 4 misture of coarse agpre.
gate (such as gravel, crushed stone, and
crushed bricks), fine ageregate (such
ay sand and crished stone), and a
suitible binding material (the cement),

The mixture, upon the addition of

=

water, can be formed into a plastic mass
and placed into moulds or form-work,
where the cement, on setting and harden-
ing, hinds the uggregates together, so as
to form a stone-like substance of con-
siderable strength and durability, Con-
crete may be precast into suitable units
which are afterwards erected In the
building; or, alternatively, as & 'more
usual, may be placed direcily in posi-
tiom: on the job.

In order to obtain a good-quality
conerete, attention muost be paid (o
many factors, the most important being:
(1) the cememt; (2) the aggregzates;
(3) proportioning ol the materials; (4]
the water used for m.uung, (5) the
mixing, placing, and curing of the
concrele.

Main Factors in Concrete

(1) Tae Cemext. The cements used
for concrete making ure Portland cements
or, in certiin eivcumsiances, igh-alion-
nows cements. Lime was formerly used
as the cementing material but it is not
often used nowadays.

Portland Cemenis. 1t must be borne in
mind that the importance of Portland
cement lies mainly in its combination
(as I cancretes or mortars) with other
materials. The cement is very rarely
wsed neat, as, quite apart from the
extra expense involved, it would be
mnclined to shrink and crack too much.



MANUFACTERE OF PORTLAND CEMENT

STRIKING EXAMFLE OF COMCRETE COMNSTRUCTION

Fig. I. A reinforced-concrete bullding of modern désign, Mote the cantilever construction of the
upper corner windows and the absence of traditional arnament.

Portland cememt was invented and in details of manufbcture, Portland
given s name in 1824, by a Leeds cement has steadily been improved.
bricklayer, Joseph Aspdin. Since then, Manufucture of Normal Portland Cement
as a reqult of research and alterations Chalk (or limestone) is mixed wath clay

REINFORCED-COMCRETE BAMNDSTAND

Fig. 2. A pleasing design with exceilent acopstic arrangements. Note the cantilevered rool and
monalithic conmruccion,  which it only practicable In relnforced concrate



(proportions about 3 to 1) and water
into a creamy liquid or dwry, This
glurry is heated to a high temperature
in a special type of kiln, when it fuses
into clinker sitnilar to small ecke. The
clinker, when cool, s ground into a
fine powder, & small amount of gypsum
being added to control the setting time.
This process is shown in disgrmmmatic
form in Fig. 3.

ki
{Slutrrhcm\-?rcdmdinh:-:-

Addition of gypsinm

i
Grinding mitls

Pwtlnmlmt

Fig. 3. Stages in manufacrure of Portland cament.

Setting Properttes. The hear of the kiln
camses the chalk to combine with the
clay to form various chemical com-
pounds of cementitious value, The set-
ting action of the cement depends upon
chemical combination between the
witer used for mixing the cement or
cancrete and the above-mentioned com-

unds. The action of the atmosphere
1 not required (compare with limes).
Poriland cement is a hydraulic cement,
L., it i capable of setting and harden-
ing under water.

Rapid-hardening Portland cement is maore
finely ground than normal Paortland

eement. The finer a cement & ground,
the quicker it hardens. Even in the case
of the ordinary, or normal, Poriland
cement, M per cent of the ¢ement must
pnnuﬁcwhnvhg!ﬁ&ﬂﬂhnlumth:
square inch m order to pass the tesi
q:n::ﬁm!mtlrﬂmnhbmndmdﬁ
Fication for Portland cement. 'I‘.!}:P::jt-

BUILDING MATERIALS

ting time of rapid-hardening Portland
cement i8 approximately equal to that
of normal Portland cement.

Difference Between Setting and Hardening.
Rapid hardening must not be confused
with quick setting. Hardening means
the development of strength, whilst
setting time refers to the time taken for
completion of certain chemical actions
between the cement and the mixing
water; and, roughly, may be asumed
to be the time allowed (about half 1o
one hour) for getting the eoncrete into
position after it has been mixed. This is
important and explains why, for in-
stance, any comcrete mixed and not
used at the time, should not be knocked
up with water and used scveral hours
later, but should be discarded.

Adoantage of Rapid-hardenng Portland
Cement. The chief advantage hies in the
fact that rapid-hardening Portland
LEment is appmmmnte]}‘ as sirong three
Drﬂ:mrda}':aflrr mixing as normal
Portland cement is in twenty-eight days.

Advantages in Rapid Construction

Where speed in erection is essential,
therefore, rapid-hardening Portland
cement is invalusble, (Note: The load-
bearing capacity of normal Portland
cement concrete is hased on s strength
at twenty-eight days after gauging with
water, The concrete increases slowly in
strength over a period of months ar even
years, but the most rapid development
of strength takes place approximately
within twenty-eight days after muxing. )

Quick-setting Portland Cement. This i
useful for work under flowing water,
where normal-setting cement would be
washed away before it had set.

Partland blast-furnace coment is a mixture
of Portland cement and finely ground
slag from jron blast furnaces. It i
superior to ordinary Portland cement
for both fire-resistant construction and
its resistance to erosion in sea work



= HIGH-ALUMINOUS CEMENT 7
Tpe:of Silfing Hiwst e o Appmmuuiﬂ ﬂd‘n_:v.r_in
Normal Portland . Normal Normal 28
Rapid-hnrdening Portland Normal Rapid 34
Chuick-sctiing Porfland . Cuick Normal 28
Portland blast-fumaee MNormal MNormal 28
High sluminous . Normal Very vapid |

Table I. Summary of comparative setting and hardening qualities of various types of cement.

White and coloured Portland cements are
eminently suitable for external decom-
tive finishes.

High-aluminous coment was first mar-
keted in Great Britain about 1923, Tuis
manufactured from @ mixture of chalk
and bauxitc {an ore of aluminium).

Rapid Hardening

Setting time is approximately the
sime-as normal Portland coment, buk it
hardens very rapidly and s approxi-
mately as strong in twenty-four hours as
normal Portland cement is in twenty-
eight daye High-aluminous cement
generates a great amount of heat during
this period owing to the speed of the
chemical reactions. Tt i a very wseful

cement where great speed is essential,
such as for road repairs. It is more
resistant to sea water than Portland
coments and this fact, combined with
its rapid development of strength, makes
it extremely suitable for harbour works
and the like. Tt is darker in colour than
Portland cement, amd, other factors
being equal, develops greater strength.
Tt should mever be mixed with Portland
cement, as the latter kills its propertics.
Tahle 1 summarizes the comparative
setting and hardening qualities of the
various types of cements.

Condition of Cemeni. Previous to use,
the cement should be kept dry, If it
becomes damp and lumpy (an indica-
tion of partial setting of some of the

GRADING OF COMNCRETE
Fig. 4 The left-tand lllestration shows an aggregate with all particles of one size. Thar on the right
density.

showa 3 graded
F.B—K*

aggregate. the void spaces being filled with small particles, giving increased



cement), the reultant concrete will be
slower setting and less strong.

{2) Tee AcorEcaTis. Strong, dense,
durable and nov-porous apgregates
should be used for reinforced-concrete
waork. The coarse aggregate usually con-
sisis of gravel, and the fine aggregate of
pit sand which is composed of hard
siliceons grains (sea sand contains in-

Juricus salis).

Other strong apgregates are crushed
granites and sandstones,

For mass, e, unreinloreed, con-

crete, in addition (o the agpregates
mentioned above, broken bricks (lor
high grade of fire resistance) and coke
breeze or pumice (tor light weight) may
her used,

Graded Aggregaie

All agpresate should be clean (elay
and dirt form coatings round  the
aggregate and prevent proper adbesion
of the cement) and well praded. A
graded ageregate is one which contains
many different sizes of particles between
the smallest and lorgest particles; the
smaller particles fill up the voids, e,
emnpty spaces, between the larger par-
ticles so that the cement is not waste-
fully used in filling up excessive voids

The more thorough the grading, the
demsier will be the concrete and hence
the greater its strength and waterdghe.
ness. Fig. 4 illustrates how smailer

les can occupy the void spaces
ﬁm een larger particles, thus increasing
the density, and decrensing the amount
of cement teguired.

The size of coarse aggresaie depends
upon the purpese for which theconereteis
o bse used]. For mass conecrete, as in foun-
danond, the larger stones may be up to
2§ in. in diameter. For reinforced-con
crete the largest particles are usually
§in., and the finesi should not pass
through 2 ff-in. mesh, the ageregate
being well graded between these limits

BUILDING MATERIALS

Size of Fine Aggrezate. The sand should
piss 4 A-in. mesh, but not more than
3 per cent should pass a sieve having
10,000 hales to the square inch.

(3) ProrormionING: The most suit-
able relative proportions of cement and
aggregates depend on several factors;
such as the nature of the work, the size
of the aggregates; and the reqguired
finished appearance of the concrete, For
filling in excavations where strength s
not required, o cancrete consisting of
I part by volume of cement (o 8 1o 10
parts of fine and coarsc agerogates pre-
viously mixed together may be quité
sufficient.

For reinforced-concrete work, & com-
mon mix consists of | part by volume
of cement, 2 parts of sand and 4 parts
of gravel, e, | < 2:4 mix, This B
approximately equivalent to a 1 owt
bag ol cement, 24 cub, fi. of sand and
5 cub. fi. of gravel, (The materials
should be measured separately;al 12 1 4
mix is ot eqquivalent to a mix consisting

+ of | part of cement and 6 parts of ready-

mixed sand and gravel.)

Avoidance of Surplus Water

{4) Mixing Water, Provided that a
workable mix is ohtained, the Jess water
used the better, as any surplus watet
over-and above that required for proper
chemical action with the cement will
eventually evaporate, leaving voids in
the concrete.

Cleanliness of Water. As a rough rule,
the water should be fit for drmking, as
otherwise it might contain chemicals
capable of injuring the concrete.

(3] Muxise, Pracivg anp Curmng
The mixing platform should be kept
clean, Materials should be measured
accurately by means of gauge boxes or
wheelbarrows of known capacity. I
mixed by hand, the cement and aggre-
gates should first be mixed dry to a
uniform colour, then mixed again to a
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aniform consistency whilst the required
amount ol water iz being sprinkled on.
Good machine mixing is better than
good hand mixing,

Placing. The: concrete should be
placed without delay as soon as mixed
It should not be thrown from a vertical
height of more than about 4 fi. 106 .,
or run from long chutes, eic., owing to
the tendency for the larger particles (o
reach the bottom firsi. This would reault
in a non-iniform mix. The concrete
should be tamped or vibrated to con-
solidate it.

Curing. The mixing water should not
be allowed to evaporate from the con-
crete a3 a resalt of sun or wind action.
The concrete may be kept damp by
covering it with damp sacks or by
periodically spraying it with water (for
stven to fourteen days in the case of
normil Portland cement).

High-aluminous eement concrete

should be kept wer for twenty-four

howrs after it has ‘been gaueed with
water. The emperature of concrele
should not be allowed to Ball below 40
degrees F. during the curing period; as
any tendency towards freezing of the
mixing water may result in permanent
loss of strength of the concrete.

Lie ane Gypsum Prastems. The
binding matertals used lor internal
plastering are derived either from chalk
{or limesione] or gypsum.

Lives—ManuracTure AnD TyPpes.
After burmmg in a kiln to drve off
carbon dioxide, the chalk or limestone
becomes guicklime. To produce a putty
for plastering (or mortar) purposes,
water is added to quuicklime, the proces
being termed slaking. The water com-
bines with the quicklime and breaks it
op into a powder and then forms a
paste, or putty; thiz process is accom-
panied by evolution of heat and increase
in bulk of the material

In the case of fat limes the sliking

rollers in a3 continsous

MASS-FRODUCTION OF RCLLED FLATE GLASS

Even glass | mass produced today. The molten glass iy seen flowin
band which is

out betwesn warer-cooled

then cut Inte the required lengths



action is very rapid, the amount of heat
generated is great, and there i8 & very
considerable increase m volume of the
material. Hydraulic limes slake more
slowly, gwc rise to less heat, and the
ﬂpa.nunn is not so great. T guickhime
is slaked in excess of water, a plastic

putty results

Classes of Lime

The type of lime depends upon the
type of limestone used for manufacture,
and limes may be classified a3 (@) non-
bydraulic; (&) moderately hydraulic;
and (¢} eminently hydraulic.

Nox-avoravion Lives, The principal
limes in this class are fal or rich limes,
which are manufactured from white
chalk or pure lorms of limestone. The
guicklime can be purchased either in
lump form and slaked to putty on the
job—the putty being allowed to mature
for three weeks or more before being
psed—aor as a ready-slaked powder (dry
hydrate). The Iatter is suitable [or
immediste use upon the addition of
waler, althomsh it i better to make the
lime into a putty and allow it to stand
for twenty-Tour to forty-eight hours.

The setlinp action of fai limes Qs slow
and is due either o the absorpton of
carbon dioxide from the air, virtoally
to re-form limestone; or o a very slow
formation of zilicate of lime. It [ollows
that fat lime is non-hydraulic, e, it s
not capable of seitng under water,

Hyvoravvio Livez are manufactured
rom chalk and limestones containing
clay impurities.

The setting action is due partly” to
absorption of carbon dioxide from the
air and partly to chemical reactions
between the mixing water and the lime-
clay compounds formed during burmning
{compare with Portland cement). Hyd-
raulic limes will therefore attain a cer-
tain strength under waler; they arc
stronger than fat limes, the higher the

BUTHDING MATERIALS

Cauge box for meassuring concrets mazerfale

proportion of ¢lay, the preater the
strength and hydraulic properties:

MoperaTELY Hypmawic Lives con-
tain about 12 per cent to 2 per cent
clay and are wsually referred o as grey-
stone limes,

Eumesrtoy Hyvoraviic Lismes con-
tain approximately 20 per cent to 30
per cent clay, blue lias hmes (manu-
factured Jroen blue Has limestoncs)
being one of the most common types.
They resemble Portland cement incom-
position, but are bumt a a lower
temperaiure and are not so strong, Lias
limes set quite hard in less than & week
afier being mixed,

Lame Prastesg, Fat and moderately
hydraulic limes are used for this purpose
and the plaster is uwmally applied in
three coaty, to a total thickness of §in.,
on a backing of wood laths, metal Latha,
expanded metal, or brickwork. The
first (render or pricking up) coat, is
composed of “coarse stull,” which is
msually a2 mixture of greystone lime,
sand and water, the proportion of line
to zand being about | o 2 or | w3
Ox hair i added to help bind the
mixture and to reduce droppings.



CYPSUM PLASTERS

The second [Ronting) coat is of simi-
far composition. The Aoal (setting or
gkimming) coat—usually known as fine
stuffl—congsts of [at lime slaked toa
slurry and mixed with a little sand, and
pechaps a small amount of plaster of
Paris. The addition of sand o lime
plasters increases the bulk of the mater-
1l and helps o climinate shrinkage and
consequent cracking; it also assists the
petietration of carbon dioxide by making
the mixture more porous.

Drying of Plaster

The drying and hardening of fat-lime
plasters are necessarily slow. As a
cornsequence, a considerable nme must
elapse hefore the final decorations- (i
any) can be apphed; for nstance,
paper should not be hung on. lime-
plastered walls until about six months
afier plastering.

Eminently hydraulic limes such as
lias limes are chiefly used in mortars and
rarcly for plastering, as there is a
tendency for these limes to contain
slow-slaking particles. Sez MonTars
(page 312) for further use of hmes.

Gyrsuw Prasters. Gypsum or hard-

Dewil of typical precst concrete sl 23 com-
maonly used in many modern housing schemes.

301

wall plasters have superseded bme
plasters to a large extent, a5 they are
harder thiin lime plasters and set much
more quickly, thus reducing the time it
is mecessary. to allow between the com-
mencement of the plastering and the
application of the final decoration to the
walls. As the name “hardwall™ plasters
suggests, these plasters provide a hard
polished surface. Gypsum plasters may
be roughly divided into the plaster of
Pariz type and the hard-burnt (Keene’s
cement) type.

ManvracTure oF Gyrsus PrasTeEns.
Gypsum is a sedimentary rock (chemi-
cally formed) and consists of calcium
sulphate containing water in chemical
combination. On buming gypsum: fo
about 120 degrees €., three-quarters of
the water is driven off and the resulting
material, when ground, is plaster of Paris
which sets very rapidly with water and
is much used @s an additon to lime
plaster to accelerate seiting, and Tor
running plaster cornices in m

Retarded Gypsum  Plasters. Flaster of
Paris sers too quickly for ordinary
plastering purposes, and the set is there-
forc slowed by the addition during
mamifacture of a small quantity of
retarder such as pulverized glue. This
type of plaster, of which there are many
brands, Is used as wall plaster and for
fibrous plaster work (Fig. 3).

Eeene's and Other Cements

Hard-burni Accelerated Flasters (Keene's
Type), Il pypsum 15 heated above 30
degrees C. all its water is driven off.
The resulting product would be oo
slow setting for plastering purposes and,
in consequence, a small proportion of
alum or socium sulphate is added dining
manufacture to gquicken the set (Fig. 5).
These plasters are harder and sironger
than the retarded plaster of Paris type.

Keene's cement, Paran coment,
Martin's cement, and many proprietary
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brands, are of this type, and set hard m
a few days; they are vsed for internal
plastering and are usually applied as
getting coats pver an undercoal consist-
ing of Portland cement mortar.

Some types of gypsum plaster, e,
Sirapite, are used for the two costs; the
undercoat consisung of a mxture ol
sand and plaster; and the finishing coar
of plaster only. Gypsum plasters corrode
steel and therefore should not be used
as undercoats an steel laths o expanded
wire lathing. The Keene's type of plaster
is alsp weed for the angles, quoins and
similar features in lime plistér work in
order (o give greater strength ot thess
points.

Setting Actron of Gypoim Plavters. The
serting 8 due 1o the chemical combina.
ton of the mixing water with the plaster
to form mnterlocking crystals; the plaseers
virtually re-lorming pvpsum. Gypsum
plaster, however, is" not hydraulic, as it
i mluble in water.

Annyurovs PrasTers. Some types of
plasters ate manufdtured ffom natural

anhvdrite rock, which 5 a form of

calcium sulphate containing no waler,
When the rock 15 finely ground and 4
suitable accelerating salt  added, =
plaster similar to the hard-burnt type
is obtained {Fig. 5)

Gypsum Nanmmal
| anhydrite
| rowck
§ of waler Whaole of water l
dmren off driven off
by heat bv hem Fincly
- | rouid
Plasoey Hard-tsrm
of Paris plaster
|
-'uldhll.nn ol Ak thom o Additom of
teturder o acteleribor W proelerator
make setting quicken the s |
showor I
[
Retarded wall tardwall plasters
sy, fibrows Of Resene’s type
plasrer, cic.

5. How plaster, uimiler to the hard-burnt
type, is obrained from nztwral anhydrite rock

Praster Boamps are osually coms-
posed of two sheets of a special type of
paper between which is alayer of gyp-
sim plaster. These boards act as a sub-
stitute for laths and the frst plaster coat.

When using gypsum plasters, it is
essential that mixing boards and tools
be kept clean; as even o small amount
of previously set plaster may quicken
the set of 2 freshly nuxed baich.

Buiiding Stones

The principal stancs used for building
purposes are limestones and sandstones
(sedimentary stones), granites (igneous
stones), and marble and siate (meta-
morphic stones),

SEmMENTARY STones were Jald down
as lavers of sediment on sei and lake
beds, hecame consolidated by the in-
creasing  weight of further layers of
miterial and by percolation of water
containing natural cementing materials,
and were subsequently raised above sea
level as a result of earth movements

Fig. &. Deciy n sandstone due to face bedding
(Reproduced by permiusion of the Controller of
HM. Seatignery Office.)



ORIGIN OF SEDIMENTARY STONES

SAROLE JOINT  WHEN NOT
s =/ covERED WiTH Lan

DRMAL TO
THREUST (CoRRECT) |

ARCH VOUSSOIRS AND KEVSTONE

METHOD OF LAYING SEDIMENTARY STONE BLOCKS

Fig. 7. Because
- planes. The correct and incorrect m

The sediments originated as a result
of: (@) deposition of particles of other
rocks cartied to the seca beds by rivers,
wind, ele. Sandstones, and possibly
some limestones, are of this class: or
(6) the accomulation of vast numbers
of shell fragments and the calcareous,
Les; limy, remains of small sea crea-
tures. Some limestones were formed in
this way; or (¢) material deposited as a
consequence of chemical action, Gyp-
sum, rock salt and some limestones were
formed this,

It is important to remember thut
because they were deposited in lavers,
sedimentary stones possess natural bed-
ding planes. Thus, a block of sediment-
ary stone may be compared to a book,
the leaves of which correspond to the
siratified layers of the stone. Although
in many limestones and sandstones the
bedding planes cannot be detected
without the aid of a microscope, never-

stonss were origimlly deposited In layers they possess natural bedding
s of faylng these stones are shown zbove.

theless they do exist; and recognition ol
this fict must be made when laying the
stones,  Forwalling work, a stone should
b laid weith its natursl bed horizontal.
In this position, the stone weathers
better, as any wearing away of the sur-
face of the stone must take place through
all the layers.

If the stone is face bedded each layer
will tend to flake off in turn and the
stone will show ggns of weathering
much earlier, In addition, the stone
will offer less resistance 1o erushing
when [tz naturnl bed & not at rght
angles to the direction of the loading ar
thrust (Fig. 6).

In the case of projecting cormices, and
voussoirs and keystones of arches, the
natural bed should not be honzontal,
bur should be in the pesitions shown in
Fig. 7.

LivesToNes consist essentially of cal-
cium carbonate, As a rule, only the
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finer-grained  varieties are used as
building stones, Limestones, as a class,
are not so strong and durable as sand-
stones-and, with the exception ol a few
notable types such as Portland stone,

do mot stand up so well as sandstones

BUILDING MATERIALS

towns. On the other hand, they are
usually easier to carve and work than
sandstones and are therefore more suit-
able for omamental wark.,

OoLrmio, ke, Ego on Roe Stose,
Lasestones are much used as building

to the smoke-polluted atmosphere of swones; Portand and Ketton stones
LIMESTONES IN GREAT BRITAIN
|
Niowr Tope  |Sitnation of quarry Colmr Puspase for which wred
Anrasier .| Daline Lincolnshire | Cresm o brown o| Genesal lviiding
Amizon . .| Dedomitic | Yorkshire Light cream . .| Suitable for all boilding pur-
E-.'L,, bur - stone should
rarefully aclerted
Bath [various | Oolitic- .| Bath diswict .| Cream or light Weathers moderarely well,
types). . brown . - .| Eadly carved. Sultable
fir internal and external
work
Beer Stone .| “Chalky™ | Devon .| Abmest white . .| Soft. Used for interior carv-
_ inge in churches. ele.
Bolsover Dolomitic | Derbyshire | Creann to yellowishs) Carving, paving, general
Moor . ; brown | i .| purposss
Chilmark | Oolitic | Wilkhire. | Buff 1o yellowish- | Dressings, geneeal purposes
brown - |
Chpsham .| Oplitic .| Rudand . ! Pale crenm o bufl | General builiding
Ham Hill | Shelly | Somemet. | Light brown | Diressings, ewe. Weathers
oolitic | midrraiely
“Hopsan w'nnd Cringidal | Derbyshire || Light grey o Tght 'Eﬁ:hn well, Columns,
Hiarhle" . drab | . ) mommen s, decorative
wiork
Mdonsfield Brolomirie | Nottinghmm- | Yellow .| Poor weathermg qualitics
Woadhouse shire, = .| Interior carvines :
Ketm . | Oolitle || Rutland . . Yellowish-cream | Genernl building
Portland Owlizie Daoeset White 1o light grey | Whitbed is strong and
[ Whithed) . durabic. Used for all
Orther types of
Eﬁm‘slmm softer
antd are used for interior
wark
Purbeck Shrlly .| Domet -| Grey to Tight General bui . Palishes
“Marble" . brown . . well. mm work
Table lI. Mames and descriptions of the chief limestones of Greae Britain and the potzs
Mﬂ-rmmmmﬂ:mﬁnmﬂﬂnqnﬁnm:h;im.wr por



LIMESTONES AND SANDSTONES

Fig. 8 Ketton stone, = type of fimestane, in
which the egg-like structure is easily discernible.

(Fig. B) are of this tlass. This type ol
stone is almost wholly made up of small
rounded graing, the appearance suggesi-
ing the roe of a fish, In some stones,
e, Ketton, the ege-like structure &
casily observed, while in some others,
e, Portland, the grains are much
smaller.

SpEiry LosEstones consist almosmt
entirely of shell frapments and because
of this, and of their capahility of taking
a good polish, are much used as decora-
tive wall linings. These stones are
often referred to a5 marbles, a term
which in this instance is geologically
quite incorrect.

Crmvoioat. Livestones were [ormed
by the calcarcous remains of small sea
creatures which are known as erinoids,
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Dotovrne or Macwestan  Lide-
sTONES contain 2 large proportion of
magmesian carbonate,

Tabulated information in regard to
limestones is given in Tahle TL

Sanpsrones used as building stones
consist of small grains of sand’ (silica)
held together by a natural cementing
material; As the sand grains are practic-
ally indestructible, it is the nature of the
cementing material which requently
determines whether the stone i8 suitable
for building purposes. The best sand-
stofies are those which have a siliceous
type of cement. They idre stromp n
compression, extremely durable and are
mostly unaffected by polluted atmo-
spheric- conditions. Many sandstones
split enstly mto thin slabs suitable for
pavings. Sandstones are also  often
used as padstones for supporting  roof
trusses-<ind ends of girders.

Table 111 gives useful particulars of
sanidstones in Great Britain,

loneots Stoses were formed by the
cooling  and solidification of molten
material, either on the surface of the
carth (lava from wvolcanocs) or at
various depths below: the surlace. True
granites originated deep down in the
earth's crust. Igneous stones, as a class,
are unstratified, ie., they powses no
bedding planes.

Graxmres are hard, demse stones,
difficult to work and carve, and conse-
quenily are not used to the same extent
as limestones and sandstones. True
granites have a coarse crystalline tex-
ture and arc composed essentially of
three minerals: {4} quartz, which s
generally of a glisy and colourles
sppearance; (§) felspar, which is some-
times & dull spague white or grey calour,
sometimes pink or of other hoes: and
{¢) mica, which is silvery white, brown-
ish, or black in eolour. The felspar
crysials are usually the means of im-
parung the principal colour o granites;



306 * BUTLDING MATERTALS

SANDSTONES IN GREAT BRITAIN
| Narms Sifmtinm of guigers Cofier Purpase for swbich woed
. Bramdey Fall || Yorkshure . o Ehght brown . .| Getieral prurposes. Engineering work
Carsehill s Dmﬂf;‘lﬂ - =| Brighn pink and Carvings. General work
chark red .
Cralgleith | Edinburgh - | Whitish=grey, while | Extremely durable. Lised for -zl
and blue . ' PurpAss
Dafley. Dale .| Derbyshire . .| Buoff and Hght grey i Ml purpoaes
Forest of Dean | Glouocstershirs .| Grey w fight blue | Pack walle: General purposes
Heddon . Northnmberlamd | Liﬁh.‘l teroowm {eenoral Purpos=s
Howley .  Yerkahiber o - Light beoren . +| Gerteval l;m'rpm; alm dresings
" Peanans +| Gliicestershire | Cireenish alate. .| Genornl p;pulzl, siTeet paving, eit
il t';hmm'gunl
Robin Hood | Yurkshice | Light grey-greest .| Pavings. cix.
Yok stome s generi] term whichh meludes all stoaes from Yorkshire, such g Robin Hood,
Bramicy Fall, anc

Table IH. Names and descriptions of the chief sandstonés of Greatr Brimin znd the purposes for
which they are suitable. The Table also gives the situations of the quarries.
Tables IV and 'V give various prti-
= APPROXIMATE WEIGHTS AND

puispe ol prapitc aud otier stoncs. CRUSHING STRENGTHS

Mevtamoreiic, irc, GHANGED, i
Syowes are either sedimentary or igne-
ous, which have been altered lrom their
original forms s the result of great heat Weisht: per cub] i
or/and pressure. fiflb) . . 125-160 | 130180 H60-175

For instance, marbles arc aitered = i :
limestones; and slares are the result of Crottiogsirahgih

Limie- Samd-

Gt it Iﬁrﬂr

tiwrs e aq. . | 100300 | 200800 | IE%_
pressure on elays and shales. |
Noame | Hituatrow of quarry ol and fexture

Carrenie .| Aberdesnsliie . | Medium grained, pinkisheed

Clrestowr . Kirkcudbrighishire . Light grey, medium grained

Peterbead . .| Aberdeenshire « o i Red, moderately coarse graincd

Rubislow . . .| Aberdesmhire = « i Grey; ine grained

Shap . . .| Westmarland . ., ll Reddiah

Table IV (above, right). Approximate weightz and crushing strengths of various clisses of stones.
Table V, of granite suimble for enginesring and building works, and situationz of quarries.



MARBLES AND SLATES o7
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MANUFACTURE OF BLOWM SHEET GLASS
Blowing a cylinder of coloured glass, a delicate operation which requires grest skill and experience

Magrnies poasess a compact crystal-
line structure and are employved largely
for interior work and monumental pur-
poass, They are obtainable in & large
variety of veinings and colours. Carrara
white marble comes rom Tealy, whale
very considerable marble quarries are
worked in Greece, Belgnnm and Fraoce,
In Grear Britain, small nuantities of
marble are foond in Devon, Anglesey
and Ireland,

Svates of the kind used for roofing,
are the result of the metamorphosing,
i.e,, changing, by preatheatund pressure,
in the interior of the edrth, of clays and
shalés. The great pressure resalted in
cleavage planes being formed obliquely
to the original sediment planes, so that
the rock when splif into slates is not, as
might be supposed, split parallel to the

priginal natural bed. Good slates are very
durahile, the best yvaretics coming from
quarries in North Wales (Bangor, Llan-
beris, and Blarmau-Festiniog). These
slates are purplish-hlue in colowr. Good
slates are alsa obtained from Cormwall
Delabole) snd can be purchased in
various colours such as grey-hilue, green,
and brown. Slates are also quarried in
Somersct, Lake Disincr and Seotland

Causes of Weathering
The chiel causes of excesive weather-
ing or decay of building stones are:
natural delects i the stone; faulty
crafismanship; chemical agencies, such
as effect of atmosphere ; various physical
agencies, such ‘a5 expamsion due to

frost, and movements of salts.
Narumrar Derecrs. (o) Venis, Some
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stones contain small fissures (vents)
which tend to open up under the action
of the weather. Generally, there is no
harmful effect on the stone when it is
used for plain ashlar work, but when it
is used for a highly ornamented type of
building, opening of the vents may lead
to excessive decay. This has been the
case in the Houses of Parliament, which
were: bmit of Anston stone, Extensive
stonework repairs have been necessary
i recent years,

(b} Saft Bed:s, Some stones contain
layers of a softer material, such as clay,
which wears away more quickly than
the remainder of the stone, so thal it
ultimately presenis & furrowed appear-
ance. Fip. 9 illustrates a typical ex-
ample of this form of decay.

Favrty Crarrssansiar, Onec cx-
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ample i the use of iron cramps and
dowels which rust and expand and
cause damage to the stone. 1t is prefer-
able to use alloy aieels or alloys of
copper, nickel, and bronze,

Another example of Rulty craftaman-
ship, wiz., placing the stone with =
natural bed in the wrong position, has
already been referred 1o,

CumasacaL AcEncEs. The stones prin-
cipally affected by the action of smoky
atmospheres are limestones. The sul-
phur gases present in the air dissolve in
rain-water o form a weak acid which
reacts with the caleium carbonute of the
stone, A black skin forms on the surface
of the stone and ultimately blisters and
fals off, exposing a fresh surface-of the
stone 1o the effect of the acid.

Puvsicar AcEncies. (a) Frodt 13 not

DECAY IN STONEWORK
Fig- 9- A typical example of effects of weathering on stonewerk conmining layers of soft material.
Mote lurrowed appearince of the stens. Tha isual method of repair is to cot out the worst patches,
and fill in with similsr stone. (Retroduced by perminion of the Contraller of HAM. Stationery Office.)
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usually a canse of serious decay in this

couniry. Cornices, copings and pars-

pets; are the parts of the building most

likely. to be affected and the stome

should be carcfully selected for these
itomns,

(B) ‘Muverment of Chemicale, Sandstone
and limestone should not be bullt to-
gether in onc structure, owing to the
fact that chemicals formed in the lime-
stone as the resulr of the action of
pollited rain-water find their way into
the sandstone and produoce decay in the
latter (Fig. 111}

The use of 3 100 strong and dense
mortar for pointing |(especially in the
tepair of old buildings) may lead W
decay of the stonewark for reasons
which are given under the heading of
*Mortars’ on page 312.

Types of Bricks

All bricks, with a few exceprions; such
as sand-lime and concrete biricks, are
manufactived from  beick clays, or
shales, whirh consia essenfialbly of silica
and alumins and contain impuritics
such as oxides of iron, amd chalk (or
limestone .

As there are many different types of
clay used for brick-making, so there are
many tvprs of hricks on the market
giving a great variety of colours and
texture. The colour of bricks is usually
imparted by the irom oxides prisent in
the clay, although other impurities,
such as sulphur and magnesia also
influence the caloir.

PrasTic-cray Bricks. Many of the
best tyvpes of bricks are made from
plastic clays: The clay 15 dug out in the
aytumn and mellows throughout the
winter, after which it is cul and
kneaded into 2 plastic mass in 3 pug-
mill. In the case of hand-moulded bricks,
_a lump of the clay which issues from the
pug-mill is throwmn by the workman into
& mould resting on a stockboard; this

Fig. 10. Decay in sandstone due to its assoclation
with limestone. (Reproduced by permission of the
Centroller of H M. Stationery Office. )

has a projection in the shape of the frog,
and the surplus clay is suuck off level
with the top of the niould.

If the mould and stockboard have
previously been sprinkled with sand
(sand-moulded bricks}, the bricks can be
wrned out of the moulds immediately
and stacked either in heated rooms o
under a rough-roofed -structure in the
open air, to be dried. After being
allowed o dry Tor a period mnging
from a few days to s few weeks, depend-
ing on the method of drying and the
type of clay, the bricks are burnt, thus
causing the comstituents of the day to
fuse together to give a hard compact
mass. Burning is usually done in kilns,
of which there are various types; as the
“Hoffman," “Scotch™ and “Tunnel."

Wine-cor Bricks also are made from
plastic elayss The clay is presed or
squeezed out through an opening or die
in the pug-mill and cut by wire into the
cormect lengths. IP these blocks aire
placed into steel moulds and then
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pressed by hydraulic pressure, the brick
s termed  mackine-pressed or re-predsed,
All machine-pressed hricks are nor wire
cut [szz Fleitons below)., Incall cases,
the: raw brick 15 made larger than the
finished article, as bricks shrink about
10 per cent durimg burming.

SEmi-FLasTIC Cray Brices ( FLeErToNs)
are machine-pressed  bricks manulac-
tured fram o very stiff clay. After being
quirtied, the clay is ground to a soit-
able size and then fed o a mould ma
pressing machine, where it receives two
thrusis due o the forwurd and back-
wird stroke of a cam. The brick passes
immediately into another pressing
machine, which indents the frog and
the name, the brick agadin receiving rwo
thrusts. Each brick, therefore, is pressed
four times | Pharpres).

The: final process is the burning of the
bricks in a kiln. The principal mano-
facturing districts of this type of brick
are Bedfordshire, Buckinghamshire and
Northamptonshire, Since there i no
experse involved in weathering and pre-
paring the clay, Flettons are cheaper
than bricks made from plastic clays.

Grazen Brices (Sarr-oLazen). The
glaze is formed by throwing salt into the
kiln during the burning process. The
colour of these bricks is browmn, and they
are used in sewer and sanitary work.

Examerien Bricxs are made from a
semi-fireclay. The face 10 be enamelled
th dipped into a fine slurry prepared by
mixing together china-clay, chalk, and
other ingredients such a3 borax and
colouring matter, This film of enamel i
fused 1o the brick by the heat of the kiln.

Sanp-vive Bricks conmist essentindly
of finc quartz sand bound with a coment
consisting of silicare of lime. A small
proportion of &1 lime s mixed and
ground up with the sand, water is added
and the mixture is machine pressed into
bricks. The bricks are then rin on
trollies into & steel cylinder, the door
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are cloved, amd the bricks steam heated
for a mumber of hours, the pressure of
the steam being over 100 Ib. per sg. in.

The lime combines with some of the
sand to form & cementing material
which hinds the rest of the sand to form
whiat amounts to an artificial sandstone,
Sand-lime bricks are uniform in shape
and possess remarkably sharp arrises,
which make for ease in building and lor
more regular bedding, The normal
colour i grevish-white, ‘which makes
the bricks suitable for Light wells, but
these bricks can also be obtained in a
number of colours, the colour being
introduced during the mixing process.

Standard Sizes

The British Stamdard  Specification for
Sand-lime Bricks, No. 187—1934, specis
fies certain tests which the bricks are
required  to pass.

Sizes oF Bmicks, The majority of
brick manufacturers in England and
Wales are now muking bricks of the
stunddard sizes as given below, which
have been agreed upon in collabomation
with the Ministry ol Works: Length
B1 in., width 4§} in., depth 2§ in. or
2§ m.

A wlerance of §in. is allowed on the
length, & n. on the width, and & in
on the deprh.

Bricks having a depth of 2§ in. give
brickwark rising four courses 1o the footi
This type is usually known as 9in, % 44
in. %3 ., as these arc the average
dimensions between centres of joints
when laid.

Facing bricks of depth 2 in. and 2} in.
are sometimes used.

Weant oF Bricks. The weight of one
brick varics from about 5 Ib. (bricks of
the Fletton type) 1o about 9 Ib. (dense
engineering bricks).

Exomseenmne Brices are machine
pressed or plain wire cut. They are very
hard, strong, dense and durable, and
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TWENTY-CHAMBER CONTINUOUS BRICK KILMN

The area of each chamber in this brick kiln is 30 fr. x 14 ft. x 9 f. In height. The kiln |s capable o
burning I75.000 Staffordshire plastic bricks per wesk,

are used for carrying heavy loads. They
are also used for damp-proof courses,
sills and copings. Examples are Stafford-
shire (blue}, Southwater (red), Accring-
ton {red) and Rusbon (red).

Facine Bricks for external facings of
buildings are usually made from plastic
clays. The hand-made type, especially
the sand-faced varicties, possess most
character, their rough texture being
usually more pleasing than the more
uniform appearance of machine-pressed
biricks, although rough-textured Fler-
tons  (rustic  Flettons) can now  be
obtamed. Examples of facing bricks sare
Leicester reds, Luttm grevs, London
stocks (yellow), “Multicolours,” and
rubbers.

Cosmon Bricks are used for general
purposes, internal walls, backing to
external walls and brickwork: which is
0 be rendered, althowgh some types are
also used for facings. Examples are
Flettans, stocks.

Some sand-lime bricks are wsed for
facing, others as common bricks, whilst
some varictics are used for engineering
work.

Bumauns: These bricks are uniformiy
fme in texture and are soft enough w
be rubbed down and cur easily. They
have no frogs and arc larger than

orclinary bricks. to illow for cutting
or rubbing, Rubbers are used fi
gauged arches, carvings, ete. Examples
are Bracknell red rubbers, and Suffolk
whites.

Fire BricgRs arc made from special
tvpes of clays and are used for ireplaces,
turnace linings, and similar purposcs

Weathering Properties of Bricks

The Building Research Station has
carried out extensive research on bricks,
and the reader is recommended 1o
consult the reports and bulleting issued
by the Station. No hard and fast simple
tests are capable of being specified,
complianee with which would reason-
ably ensure good weathering durability
of the bricks. Even the theory ai one
time held that, i a brick of onc type
absorbed more water on Immersion in
a vessel than a brick of another type, it
would be inferior in weathering quali-
tics to the laer, has now been quite
discarded.

Kecping the above comsiderations in
mind, it may be stated that a good
Iwvick should net contain stones and
lumpe of unmixed lime (which might
eventually siake to the detritnent of the
brick], it should be free from cracks and
Haws, and the interior of the brick
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BRICKS AS BUILDING MATERIAL

An experimental example of constructional brickwerk In English Garden-Wall bond, wsing rustlc
Flettons. Thick struck |oints are shown 2t C, and thin weathered |oints at Z.

should be of uniform colour through-
out, indicating uniform burning.
MorTars ror Bruckworxk. The choice
of the composition of the mortar should
be guided by the characteristics of the
brick. Modern research indicates that
cracks in the martar joints, and between
the sides of the joints and the bricks, are
the most usual ways by which rain-
waiter penetrates through a solid brick
wall, Cement mortars are inferior o
cement-lime mortars ‘in this respect.
MonTar For EscmNeerine Bricks
Engineering bricks are generally used
for carrying heavy loads, and a strong,
dense cemrnt mortar, such as | part by
volume of Portland cement to 24 or
3 parts of sand, should be used. Ifit s
also importunt that the work should be
watcrproof, a suitable mortar which &
maore workable and more likely 1o fill
the joints completely, is § cement : ] fal
lime (putty or dry hydrate) '@ 5 sand
Monvar vor Orex-rExTuRe Brices,
Weathering properties are gencrally

mare important than strength in the
case of [aeing bricks, as the loads to
which these bricks arc wually subjeeted
are well within their capacity. Cemeni-
lime mortars are preferable 10 sirong
cement mortars. Suitable proportions
are } to feement : §to 4 fat lime £ 3
sand. {Hydraulic limes should not be
used with Portland cement.)

The bricks should be dipped m, or
sprayed with, water before being laid,
to prevent excessive absoiption of watet
from the mortar,

Instead of the coment-fime-sand mix
mentioned, rydraulic lime-sand mortars
such:as | lime : 2} 103} sand may be
osed.

The use of suong dense cement mor-
tars with certain types of bricks may
lead to decay of the hricks, Salts com
tained in the bricks themselves or de-
rived from other sources, such as the
mortar, will tend—alter being dissolved
by rain-whter—io take the line of least
resistance and come out through the
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bricks rather than the dense
hard joints. These salts will tend to
orystallize on the surface of the brick-

MogrTar FoR Smnr:wuu The colour
and texture of the martar should har-
monize with the stonework. A typical
mix is ] part by volume of Portland
cement @ § part fat lime (putty or
hydrate) : 3 parts fine crushed stone.

Irom and Steel

There are many varieties of iron and
steel, differing from cach other in com-
position and properties, and grouped
under the two headings “Iron™ and
"Steel.”  All varieties are, however,
derived basically from iron ores.

Iron Onres. An iron ore is a com-
pound of iron and oxygen or of iran,
oxygen and carbon  associared with
other matter such as limestone and
dﬂ.jl', called the gangue, There arc
various typs of iron ore, such as
magnetite, hematite and clay iron-
SEONES.

FirsT Stace v e Masoracture
oF Irox axp Steer—Pmo Imon. The
won s set free from its ore in a blas
furnace into which weighed amounts of
ore, coke and hmestone are charged,
The coke is the fiel and the limestone
acts as a fux combining with the im-
purities and rendering them more fhuid,
The compressed air (blast) is blown into
the furnace through air pipes. The iron
which is set free from the ore sinks to
the bottom of the fornace and is run off
into moulds consisting of a network of
channels formed in sand.

The manner in which the smaller
channels branch off from the main
channels once sugpested (o someone
young pigs adhering to a sow, henee the
mame prg fron.

Alternatively, the iron may be run
off direct into a ladle and immediaicly
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transported to the steel furnace for
conversion into steel.

Pig iron, although mainly iron; con-
tains many impuritics and subsequent
treatment in converting it to wrought
iron or steel aims at removing or modify-
ing these impuritics; Carban s a very
important impurity; the greater the
quantity of carbon present, the harder,
stronger and more brittle s the ivon or
steel.

Among other impurities which may
be present in iron and steel arc manga-
nese (which gives good wearing pro-
perties to the metal), silicon (which
increases strength), phosphorus and
sulphur. The two latter are very
undesirable impurities,

Clast Irow. For castings, suitable pig
iron is remelted and poured into sand
moulds shaped according to the article
required. There are various types ol
cast iron suitable for varions purposes,
but the general properties of the metal
are as follows: Carbon content, 2 per
cent to § per cent; weight, 450 Ib, per
cub. fi.

Cast iron is hrittle, being weak in
tension but strong in compression;
usually, it cannot be forged, Le,, heated
and beaten into shapes. It resists rusting
a good deal better than wrought iron
and mild steel,

Uses of Cast lron

Cast iron is particularly suitable for
repetition wark such as milings, man-
hole:covers, pratings, pipes and stoves,
It was formerly used to a large exteni
for columns to transmit compressive
loads im buildings, but has been practic-
ally superseded by mild seeel. Cast iron
is ideal for engine beds and heavy parts
of machinery, providing that no tcnsion
stresses are induced,

WrovoaT Inox is the oldest form of
iron which has been used by man. It is
obtained by freeing suitable pig iron
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*COGGING™ OR “"BLOOMING™ MILL
The steal Ingot is pessed backwards and forwards betwean the apartures formed by the rolls

and it v thus rolled down untll i cossaection has been sufficlently reduced.
rectangular bar, which is called a *'bloom,"

from most of its impurities. Only about
1 to -25 per cenl of carbon and about
2 per cent of other impurities’ remain,
the rest of the metal being puie iron.
I'he impurities are removed by heating
pig iron with ron-ore in a puddl
furmace.

The oxygen from the ore combines
with the carbon in the pigs to form
carbon monoxide and carbon dicoade:
the metal is stirred or iuuddh'ﬂ with ]llug
rakes pushed through the furnace doormn,
and at a certain stage in the manufac.
ture the metal begins to set and becomes
sticky, when it s worked mnto halls or
blooms. These blooms, weighing about
60 Ib. each, arc withdrawn lrom the
furnace and hammered and rolled om
one or more Hmes, moorder to squeeze
out the flag and to improve the quality;

ProrerTies anp LUses. Owing to its

s

This roughly
is afterwards rolled In the finishing mill

low carbon content, wrouzhi iron is a
very elastic, duetile and malleahle metal
and is very resistant to shock. Tt can be
wrought very casily when heited and is
the best [errous metal for smith's work.
It weighs about 480 Th. per cub. ft. and
will withstand a compressive o1 temsile
load of about 22 tons per sq. . before
breaking. Owing 1o its content of slag,
n Iracture of u.':l'::ugh[ iron EXposcs a
fibrous 1t is les= corrodible
than mild steel

FMTructire.

Steel Production

The most i:up-;r::uu methods of steel
production are by means of the Siemens-
Martin or open-hearth fiurnace [intro-
duced about [868) and the Bessemer
converter (introduced abour  1856).
Botli methods consist of removing the
carbon from pig iron and then addimg
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the requisite amounnt of carbon {and, if
fiecessary, other materials) to give the
type of stee] required,

Orex-aeartH Furxace. Pig iron and
scrap iron are charged inte a furnace
heated to a very high temperature by
producer gas (derived from coal), Iron
oxide, in the form of iron ore, is added
m small gquantities for the purpose af
combiming with the carbon, until de-
carbonization is complete. Weighed
amounts o matenals containing carbom,
such as ferro-manganese and anthracite
coal, are added to give the exaot amount
of carbon required.

The molten steel is ron intn ingot
moulds, and il the steel is for structural
purposes the mgots are solseguently
reheated and passed through rollers to
form rolled steel joists, angle sections,
plates and bars.

For forging into guns and for steel
rastings the composition of the steel
would be different from that of strue-
tural steel. Some open-hearth furnaces
are eapable of delivering over 200 (one
at one tap, the time lrom charging to
tapping being in the neighbourhood of
eight 1o 1en hours.

Bessemer ConverTez, Suitable mol-
ten pig imom i oron into A converter,
which is u kind of cylindrical strocture
narrowing at the neck and capable of
being revolved from a horizontal to a
vertical position. Compressed air enters
through holes in the bottom and the
converter is swing into & vertical posi-
tion. The blast roars through the iron,
the oxygen combining with the carbon,
and decarbonization 8 complete in
ahout twenty minutes. The required
amount of carbon is added as explained
above, and about 20 tons to 30 tons of
steel are obtained from cach hlow.

CemenTaTioN process of manufacture
consists of adding the required amount
of carbon to wrought iron to convert il
into & high-carbon steel suitable for
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toal making., Bars of wrought iron are
heated in conmace with charcoal in a
furnace cemented up to exclude air; for
eight to eleven days.

Evecraic Funnaces are used for
special types of steel and alloy steéls,
such as chromiwm steels,

Depending upon the type of steel, the
ciarbon content varies from about 2 to
2 per cent, steels containing & high
percentage of carbon being ased for
castings and tools, and steel containing
a low pereentage (mild steel) heing used
for structural purposes. The higher the
percentage of carbon; the greater the
toughness, strength and hardnes, bt
the lower is the elasticity. Steel weighs
about 490 1h, per cub. [

Steel for Building

Mirp or STRUCTURAL STEEL containg
abour <2 to -8 per cent carhon. It is
stronger, more uniform and more duc-
tile than wrought iron, and its clastic
properiies render it very suitable for
beams and columns in structural work.,
Mild steel can withstand a compressive
or tenslle load up o 28 tons to 33 tons
per 8q. in. before breaking, thoogh in
practice it is only subjected 1o abeut
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Fig. 11, Some examples of the variout sections
commanly used in structural stesl waork,
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nnrqunnr.rncfth:hr:ahng load. It is
obtainable m many different sections,
including solid round sections used for
columns, and bars and rods for re-
inforced-conercte. A few of the scctions
commonly used in structural work are
shown in Fig. 1L

Hmou-Tesse STRUCTURAL STEEC
contains copper and chromium. It is
‘sironger than mild steel without being
deficient in ductility; it should be re-
membered that it is difficult to manu-
facture stronger stee] than mild steel and
at the same time retain the valuable

roperties of ductility and elasticity, In
high-tensile steel the difficulty is over-
come by adding copper and chromium.
The breaking strength of this steel is
between 37 tons to 43 tons per sq. in.,
and it is a very suitable material where
it is necessary to keep the dead weight
of the structure as low as possible, since
less of this type of stecl is required than
mild steel,

There are various gther types of steels
and alloy steels, such as stainless steel,
which contains chromium, manganese
steel, as used for tram rails; and fung-
sten steel, which is used for drills, tools,
and similar work.

Manufscture of Lead

{rap is obtained by smelting lead
ores in a furnace. The molten lead 3
cast into pigs weighing about 80 lb. to
120 Tb. each, and this s one form in
which it i supplied to manufacturers
and plumbers.

ProrenTies. Lead is very soft and
malleable, and durable. 1t has a much
lower strength than steel and possesses
no elasticity; it is therefore not suitable
for structural work. It is vmng* bmhv:;
weighing about 710 Ib. fi
o hright surface when il?rilﬂy eut, but
quickly absorbs oxygen from the air to
become dull in colour.

Ums Lead B sed extensively in
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buildings in the form of sheets and pipes,
and is alloyed with tin for saldering both
lead and sheet-metal workers' dnplates.

Sueer Lean may be cast or milled.
In the [ormer case, molten lead ‘s
poured on to a prepared bed of sand on
a casting bench sind smioothed off to the
required thickness. In the case of milled
lead, several tons are cast into a slab
which is subsequently rolled into thin
sheets. Most sheet lead used today is
milled, althsugh cast lead is reputed to
be more durahle. Sheet lead is used for
ﬁa_-.h:ngs, ridges, guiters, rain-water
pipes, damp-proof courses, tank linings,
anil similar purposes.

Types of Lead Fiping

{ran P may be seamed, cast or
drawn. Seamed pipes are formed from
sheet lead, which & folded round a
mandril, i.e., cylinder, of the required
diameter., The scam may then be
soldered, although it is now the practice
to close thie seam by means of & welding
operation, the process being termed lead
hurning. For cast pipes, molten lead =
cast into sand moulds: Cast pipes are
not very common nowadays. Drawn
pipes are made by forcing malten lead
through a cylindrical die, inside which
it a mandril of the required imide dia-
meter of the pipe. The piping, as it
emerges, i3 wually wound off into coils.

Corrosion or Lean. Although lead
i one of the most durable of buillding
‘materials; it i3 advisable in some cases
to take precautions to prevent it corrod-
ing. In certain circumstances, tmber—
especially oak—will corrode lead, and
it may be necessary to cover timber
boarding with a layer of bitumen felt
before laying the lead sheets. Partland
cement and limes abso corrode lead, and
lead dn.mp-prmfcnm in thack 'Wll.ll,
and pipes which are laid in cement or
lime, should be protected froim corrosion
by bitumen ﬁalt or other sultable means.
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Caorrer. In one method of manufic-
ture copper ore is smelted ina fornace
and the resulting material is poured into
a converter (similar o the Besemer
comverter).  Here the lmpurities are
axidized, the copper being further re-
fined in a refining furnace.

Prorertis: Copper is the most duc-
tile-and malleable of metals, with the
cxception of gold, silver and platinum.
Working the metal cold has a hardening
influence. Tts weight is about 580 1b,
per cub, . The breaking strength of
copper in tension depends upon ity
nature, ranging from about [0 tons per
sgf. in. for cast copper to about 23 tons
per s, in. for drawn wire,

Sueer Coeper may be hot rolled or
cold rolled. Hot-rolled copper 15 soft and
is the most suitable material for roofing
purposes, i.c., for domes, etc.  When
exposcd to the air, 35 in the case of roals,
a protective: green film  (patina)  of
copper carbonate forms on the copper
and is considered to improve the appear-
ance of the rool

This characteristic green colour @
more likely to oceur in country districts,
where the atmosphere is not so smoky
and soot palluted as in cities.

Tempers of Cald-rolled Copper

Cown-rorten Corper B normally
hard, but may be annealed soft. It can
be supplied in several tempers, "hard.™
“liall hard,” and “soft clean.” Copper
should be “half hard" for purposes such
as ridging, where it is required w keep
its shape with little or no suppart.

Strir Correr &5 cold rolled and can
be obtained in volls for damp-proof
courses, valleys and gutters,

Pregx may be made by cold solid
drawing (giving scamless tubing) or by
folding sheet copper around a mandril
(seamed tubing).

Other uses of eopper are for piping
for all types of domestic water services;
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mason’s cramps and dowels; wall' ties;
shop fronts; ornamental metal work;
onwmn.g for timber doors; copper roof-
ing tiles; electric wires, cables, and
lightning conductors.

Zine Manufacture

Zimvc are 15 “roasted ™ and then heated
with carbon in fireclay vesels, Zine is
formed as & vapour which is converted
to liquid metal in condensers. The metal
0 formed containy about | to 2 per cent
lead and is known as spelier.

Sheet zine 15 used for roofing, ridiging,
and ventilators, but is mferior w lead
and copper. It is-not very durable in
smoky atmospheres, as acids corrode it
easily. Zinc is used fairly extensively as
a prolective coating against rust, on iron
and steel, i.e., galvanized iron. The
hot-dip galvanizing proces is the most
comman, the sheet or other article to be
coated being dipped into malten zZine.

Evecrro-catvanoane. In this pro-
¢ess the articles are plated with zine by
electrical precipitation. This method &
used principally for coating wire, and
nuts; bolts and washers used for fixing

galvanized sheets.

SuEranmiziNG consists of impregnat-
ing the surface of the iron o steel with
zine dust, the temperature during the
process being about 350 to 400 degrees
C. This process is used lor springs,
scaffolding fittings, chains, aeroplane
parts and similar purposes.

In the Spravinc Process melted
zine is projected by special pistols. This
method has the advantage that steel and
ironwork such as bridges, pylons and
ships can be coated after erection.

Timber Growth
The growth of trees takes place by the
addition of a new layer of wood [annual
ring) ~each year. In the spring, sap
ascends from the roots to form spring-
wood. During the summer, carbon



ANNUAL GROWTH OF TIMBER

(L The various stages of growth of hardwoods are shown above,
fnﬁ- also the medullary rays which are reforred to in the text

digxide Js absarbed by the leaves and
thickens the sap, which descends in the
autumn to complete the layer. The
formation of the annual ring ocours in
the cambium layer inmediately next to
the bark. Each anmual ring consits of
springwood . and summerwood, the
latter gencrally being more densc,
harder, and darker in colour, than the
springwood (Fig. 12),

Heastwoon or Dursses isthe inne
portion of the tree antl is more dense and
psually darker in colour than the re-
mainder of the layers (sapwood),

‘Sapwoop or AvsurNum is of more
recent growth than the heartwood and
contains more sap, Timber cut from i
is not so strong and durmble as the
heartwood.

Prri is the central core of the tree

Menuvreary Bays are strips or rib-
bons of eellular tissye runmng radially
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_p MEDULLARY RAYS,

from the pith to-
wardsthe barkthey
are only visible in
hardwoods (Fig. 12).

SEASONING OF
Tmapew. All timber
should be well: sea-
soned belore use, so-
that as much sap
as possible may be
removed, [ this is
not  done trouble
will be ¢aused by
shrinkage of the
timber in the fin-
hed work.

NATURAL SEASDN-
ing. Planks and
beams are built in
stacks with wedges
between the timbers
to enihle free circu-
lation of air to take
place. Thestacksare
protected from the
weather by a rocf
Two years or more may be required
for large sizes of hardwoods (over 24
in. squarc), the scasoning nme being
much less for smaller sizes. Softwoocds,
being more porous, season more mpidly.

Kua Seasonmve is a2 much quicker
drying proces than natural seasoning.
Preheated warm air is made 1o ercu-
fate in ‘a steam-heated chamber in
which the timber is stacked. Great skill
in wsing the kiln is necessary to avoid
cracking and warping:

Causes of Timber Defects

Heanr Suaxes are shrinkage cracks
starting from the centre of the log. When
there are several of these splits, the term
star shake s used (Fig. 13).

Cup or Rixc Smakes are cracks
following the lines of the annual rings.

Bures are swellings caused by the
growth of the tree over a wound, such
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as might hive been caused by the break.
ing off of a branch. In woods such as
walnut and oak, Durrs areé sometimes
considered a decorative asset.

‘Kxors consist of hard pieces of wood
which have formed portions of branches
and which have become embedded in
the wood by the natural growth of the
Iree.

Upser relers to the appearance ol
fibres which have been injured by shock
or crishing ocouwrring usually during

.Em“'lh (Fig. 13),
Fwistep GraN 15 generally cansed
by wind action on the wee

Doarnvess consisis of speckled stains
and 8 a sign of local decay.,

Dry Rot is 5 disease caused by attack
of fungus which feeds upon the timber,
One commaon cause of dry rot is lack of
ventilation, combined with warm, damp
conditions, The disease is very infec-
tious and other dmber may be infected
by spores carried by the wind or vermin,
or even by spores spreading through
brickwork.

Wood attacked by dry rot eventually
becomes covered with a network nfwhite

an

ar yellowish grey threads and there fs an
unpleasant smell. A cure can be effecied
only by removing the cause of the infec-
tion, cotting out the infeocted wood
(rather more than less being removed),
and weating the adjacent wood with o

.disinfectant. Adjacent brickwork should

be treated with a blowlamp.

Wer Ror is principally cnised by
alternate weiting and drying of timber,
ard is not infections.

Decay Cauvsin By Insscrs  axp
Wonus, Several species of ants attack
woods, some preferring the soltwoods
and others the hardwoods:

The death warch and lverus beetles
usually attack hardwoods such as elm
and cak, whilst the teredo navalis worm
is a common cause of decay in timber
placed in the sea, asin piers and jetties.

Convegsion oF Timer is the term
used for the curting up of the log into
deals, boards, planks, ete,

Onrpmany Sawn. This is the least
wasteful method, but there is a greater

tendency for warping to take place,
especially i the picces cur from near
the outside of the log (Fig. 14).

SOME COMMON DEFECTS IN TIMBER
Fig. 13. The efiecs of heart shakes, cup or ring shakes, and ppaec are lllustrated above
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Rirr or Rapian Sawn, i.c., sawn at
right angles to the annual rings. The
logs are first quarter sawn, after which
the quarters may be sawn up as illus-
trated. Method (a) gives planks which
are all truly rift sawn, but s wasteful.
Methods {#), (¢)-and (d) are less expen-
give, but are not truly rift sawn in the
zame sense as (a) (Fig. 14).

Rift sawing cuts obliguely across the

rays and gives decorative
figuring (silver grain) in timbers such as
oak. This is also the best method of
sawing [or floor boards or wood blocks.

TancesTiaL Sawn ok Frar Gram,
The boards or planks are cut tangenti-
ally to the annual rings, In those woods
where there i a strong contrast between
the colour of spring and summer woods,
ns in pitch pine, this method gives
attractive figuring, It i not recom-
mended for Qoor boards, as the heart
tends to be kicked up and splintered
(Fig. 14).

Waney Epces are caused by cutting
picces too large for the size of the log,
go, that part of the onginal rounded
surface of the tree romains (Fig. 14).

Softwoods and Hardwoods

Trees are divided into two clases,
saftwoods and hardwoods,

SoFrwoons are coniferous, ie | cone
bearing, and the trees are evergreen,

Harowoons are deciduous and shed
their-leaves annually,

Although, in general, softwoods are
softer and highter in weight than hard-
woods, some softwoods such ss pitch
pine are harder than hardwoods such
as willow and alder.

Generally apeaking, softwoods con-
tain resinogs maiter and hardwoods do
not, whilst the former type bas wider
anmial rings than the latter, but no
vitible medullary rays. The sapwood of
the safiwoods is usually not much lighter
in colour than the heartwood, but in the
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case of hordwoods, the difference is
generilly more marked.

It is only posdible to mention here a
few types ol timber in common use;
there iz a greater number of hardwoods
(several hundred species) than soft-
woods.

NogtHERN Pive {known also as
Baltic pine, Scatch fir, Baltic fir, yellow
fir, red or yellow deal). Yellowish to
reddish-brown. Quality depends on
port af shipment, the best timber heing
from Archanpel. Good timber for all
general carpentry and joinery, e.g., rool
timbers; stairs, windows, doors, Aooring,
Weight: 30 1b. to 36 Ib. per cub. fi.

Warre Dear or Fir (Norway spruce,
Baltic white deal). Bluish-white or
yellowish. Soft, easily worked. Besi
qualities used for shelves, dresers, cte.
Weight: about 34 lb. per cub. it

Prren Pove. Reddish-brown eolour,
very resinous, hard, strong and dorable,
It takes varnish well, but not paint
(owing to resin). The annual rings are
wide and strongly marked, giving a
good figure. Used for heavy structural
work;, roof trusses, masts, flooring, etc
Obtained from Canada and US. A, The
weight is about 45 |b. per cub. fi.

Dovgras Fme (Oregon pine, British
Columbian pine). Reddish-brown cal-
our. Hard, strong and resinous. Takes
stain and varnish well, Chicf use i for
constructional work, but it is gsed also
for flooring, doors, panelling, etc
Obuwined from North America. Weight:
about 36 |b. per cub. f

Other sofiwoods are larch (used for
constructional work, and also telegraph
poles, and yew (furniture).

Hardwoods
Oag, There are many varicties, in-
cluding English, Ausirian, American,
Japanese; English probably being the
best. Oak is strong, tough and durable,
and has pronounced medullary rays
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CORRECT AND |NCORRECT METHODS OF SAWING TIMBER

Fig. 14. Ordinary sawn is the least wasceful method, but there is & tendency to warping. Rift sswn

I at right angles to the annual rings. Tangential mwn b tangentially to the annual rings.
PE.—T,



Fig. 15. The three types of plywood. Mote
that lamin-board has narrower strips for the
cors than those used for blodk-board

which give decorative markings (silver
grain) when rift sawn, Hard 1o work;
contains an acid capable of cormoding
irun and lead, Used for all purposes,
internally and  externslly, including
HRooring, rool trusses, beams, elc,
Weight: about 52 lb. per cub. It

Manooany. Red-brown colour.
Many types, including Honduras,
Cuban, African, Used for decorative
wark, shop fronts, counters, w.o. seats,

“ete, Weightz about 36 Ib. to 50 Ih. per
cuhb. ft.

Teak. Light brown colour, which
darkcis with age. Hard, strong, durable
and Heavy. Difficult to wark. Contiins
an oil which resists insects, and does not
wiitp onee it has been seasoned. Used
fot good-class joinery, e.g., Hioors; doors,
staircases, etc.] also draining boards,
laboratory benches, ete, Obtained from
Indin, Burma, etc. Wenght: about 38 1b.
to 45 I, per cubs. fi.

Warsrr Dark brown colour; haed
and gives good figure. Used fir high-
clzes joinery, shop lrants, lurmiture, etc,
Obiained cliiefly rom Durope, Weight:
about 38 Ib. per cub. fi.

Svearore. Whitish colowr. Used for
mble tops, cte. Also for panelling.
Weight: about 35 lb. to 43 Ib. per
cub. ft.

Bizca. Reddish-brown, Used for
furniture, wood block Hoormg. Weight:
abenst 40 1h to 535 |b. per culy, i
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Basswoon, Whitish, solt timber,
easily worked. Used for joinery, panel-
ling, ctc. Tends to shonk and warp
Weight: 30 |b. per cub. it

There are many other hardwoods,
incliding ash, hirch, elm, obechi, iroko,
jarmah, greenficart, padauk, chestout,
ehony and maple.

Manufacture of Plywood

Prywoob is made by glueing together
thin sheets or plys of wood with the
grain of cach sheet runming at right
angles to the grain of the sheets imme-
diately next to it. By this means, expan-
sion and contraction due to change ol
moiiture content of the tmber are
aAlmost eliminated, and this is the great
advantage of plywood. When wsed fior
decorative work, such as panelling, the
top laver may be a veneer of Agured
wood.

Common plywood sizes are: § . 10
i, usually 3-ply; + i, usually 3
sometimes S-ply; & in, to § in., usually
S-ply; § in. to § in., wsually J-ply.

Sheets are ohtainable in sizes about
330 o 73

A comparatively recent material B
resir-bonded plywood in which a plastic
cement (ige “Plastics™) takes the place
ol giue. Sheeis up to 20 fi. long have
been used inthe US.AL

Laws Broex soamos. A laminated
beard consists of a core of strips of wood,
the directions of the grain running a8
shown in sketch, with a liver of wopd
glued to each side. The core of hetter
quality Taminated boards is psually ol
hardwood, such as Gaboon mahogany.
The bhoards can be obtained in various
thicknesses, the thicker varieties being
suitable, without any further strength-
eming, for Hush doors (Fig. 15].

MeTar-Fackp Puywoon. Thin sheets
of galvanized steel, or copper, bronze,
aluminium, stainless steel, are fxed by
means of an insoluble cement o best-
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quality plywood. Meml-taced plywood
ean be cut with metal or wood-cutting
saws, and nails can be driven without
previous drilling. This material is used
for office partitions, shower-hath parti-
tions, also for counters, shelves, table-
tops, fAushied and panclled doors and
for shop [acings.

Nature of Asphalt

AsPpHALT 158 natural or artificial mix-
ture of mineral matier {the agzregate)
bound fogether with hitumen; hitumen
belomgs to the same family as petroleum,

The kind of asphalt used in building
wark in normal times i known as maste
agphall, which 8 a mixture of the
following ingredients: (a) finely ground
natral asphalt rock, wsually a bitu-
men impregnated hmestone; (b)) lake
-asphalr, such as that found in the well-
known Trinidad Lake, and which con-
sists chiefly of approximately 60 per cent
bitumen and 29 per cent silica (sand);
(¢} & flux consisting of hitumen derived
from certain types of petroleum, which
s added to solten the lake bitumen;
[d) siliceous grit [fne sand] is some-
timmes added. The manuofacturing pro-
cess consisis merely of mizing together
the heated ingredients and running the
product into iron moulds.

On the building site asphalt blocks
are remelted in 2 cauldron, the asphalt
being brought gradually to the correct
temperature and constantly stirred to
avoid lixcal burning ; overheating of the
mixture, asa whole, should be avaided
as important constituents may thus be
driven off

After heating, the hot fluid is placed
in its required position. The asphalt is
applicd in sections and usually consists
ol two or three coals, the edges of each
coat being made to overlap the edpes in
the coit below. Fine sand is rubbed into
the top coat to act as a lubricant in order
to obtain 4 smooth finish. The sand also

nentralizes an excess of bitumen, which
tendb to occour on the surface

Uses. Asphalt swinterprool and, when
properly laid, has no joints. It is there.
lore eminently suitable for lining base.
ments, tanks, and swimming baths, Tt
i used on flal roofs constructed ol
limmber or concrete, a laver of lelt being
interposed between the asphalt and the
roof; the use of feli reduces any rend-
ency towards cracking, due o move-
ments in the timber or congrete, and
comequent entry of water, and also
reduces the tendency towards formation
of blisters,

Asphalt is used for footways, court-
vards, floors in industrial buildings,
and [or railway platforms. For situations

subjected to heavy traffic, heavy gricted

forms of asphale can be osed, and, i
necessary, a8 steel mesh can be incor-
parated to act a8 reinforcement,

Acid-resisting asphalt can be obtained
for use in printing works, breweries,
pickling [actories, ete., and gritles
asphalt Jor Hoors in explosive factoris

Coluured fAoors (red, green, brown or
grey) cin be laid with asphalt which has
had pigments incorporated with it, or a
coloured surface can be obtained by
using-asphalt containing coloured
marhle chippings. The marble chip-
pings are brought o view by polishing
with earborundum grinders after the
foor is Laid.

Ingredients of Glass
Grasi s made lrom sand (silica),
chalk, and sodi or potash, the principal
ingredient being silica. Other ingre-
dients such a5 fead -and iron oxides,
borax and barium, may be included o

give ceriain results such as hardnoess,

brilliance and colour. The ingredients
are fused together in a4 kiln at a temper-
ature of over 1,000 degrees C,

Tvees of Grass ror Bunmxa, (2)
Crown glass (spun); (8] blown sheet:
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{¢) drawn sheet: (d) rolled plate; (e
polished plate; (f) pressed.

Crows Grase, Molten glass is gath-
ered on the end of a rod and whirled or
spum until it Aattens out to a disk about
6 [t in diameter. The largest economical
size of pane which may be cut is abour
12 in. ¢ 10 in. ; the centre pane containg
a bull's eye, owing to the attachment
ol the rod.

Brows Sueer Gras (Haso-sape).
Malten glass is rotated on the end of a
pipe supplied with compressed air. The
glass elongates into 2 hollow “sausage,”’
the ends of which are cut off and the
cylinder cut lengthways with a diamond.
The cylinder 18 then reheated and
flattened outinto a rectangular sheet of
glass. Tf the Hattening is done oo a

patterned  bed, a pattern will be im-
prmcd on the glas. |

Froren Sueer consists of a blown
glass with corrugited surface to give
diffraction of the light rays.

Murrien SpesT, used for small panes
ar leaded work, has a rippled appear-
anee.

Saxpep SHEeeT has a pionply surface
caused by scattering sand over ihe
flatening bed.

CaTneprar SHEET 5 made to simu-
late old glass. It contains bubhles and
hes an irregular surface.

Asmeertt Grass, which originally came
bronm Italy, isused in leaded and stained
lass work,

Axtigre Grass i used for high-
quality stained glass,

Blown sheer glass is only made m
comparatively small guantitics.

Drawn Sezer Gras  (Macmse
Process). A heavy trough, containing
a slot the same thicknes and width ol
the finished sheet, 5 st in the surface
of molten glass contained in a tank, The
weight of the trough forces glass through
the slot and the glass i drawn vertically
upwards hetween 4 series ol rollers in a
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continuois sheet. When it emerges from
the topmost rollers it is cool enough to
be cut into sheets. Drawn sheet glass i
obtainable in various qualities and
thicknesses and i3 used extensively for
glazing purposes. It is not equal, how-
ever, to polished plate glass:

Rorren Puate Grass: Molien glass
is poured on to a casting table in front
of a roller, which is then run down the
length of the table in order o roll the
glass out to the required thickness. By
wing & roller with 3 pattern incised an
it a fizured glass & obisined; many
paticrns are available. For wired glass,
wed for skylights and roals; wire is
embedded i the glass during rolling.

PoLsuep Prare Grass i first rolled
on a casting table 1o approximately
twice its finished thickness. Ir is then
ground flat and polished on both sides,
iron shoes Being used firse, the final
polishing being accomplished by felt
shoes fed with rouge and water,
Palished plate glass i obizinable in
practically any. thickness and size and
i only used fur best-quality work.

Presserp Grass. Glass 15 pressed into
moulds ; pavement fights and certain
types of glass tiles are examples,

Paresnt Prave Gras is sheet glass
which has beeni ground and polished on
buth sides.

Sarery Gurass is cither a toughened
glass or a sandwich of twn sheets of glass
and a sheet of {ransparent celluloid.

Dear Girass is an opague white glass
used for will linmps and shelving.

Armour PLaTe i a special toughencd
piare glass.

Corovrep Grass. (a) Pot Colowrs. The
colour is uniform throughout the thick-
ness of the glass, which may be rolled
or devwn, It & obtainable m  frans-
parent and alwy opague {opal) calours

() Flashed colours are only possibile
with the use of blown glass; the colour
comsists of a thin Aazh on the surface.
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Grass Buicsks can
he laid in the same
way as ordinary
bricks, with the same
type of mortar,

Use of Plastics

Prastics embrace
a wide and extend-
ing range of hard
and horny svnthetic
producss, the resuli
of chemical reactions
between vanous sub-
stances. They are
characterized by
having passcd
through a plastic
state under heat and
presurcat some stage
of fabrcadon. While
thus plastic, they are
commonly moulded
to form articles both
decorative and otili-
tarian,

Plastics have re-
pleced metsl, wond,
glass and porcelain
for many purposes.
Plasucs are used for
1elephones, eleceric-
light Gttings, door
hiundles, table-tops,
watll panelling, and a wide range of
similar articles,

CELLOtom, iovenred in 1863, i
mithulactured by admixing nitro-cellu-
lose [obtained by treating cotton with
sulphuric and nitric acids) with aleohol
and camphor, Cellulose acetate (nomn-
mftammable celluloid) i similar, Cellu-
Toid and cellulose acetate, together with
natural plastics such as wax, shellac
(used for gramophone records), pinch
and bitumen  products, are  thermo-
plastic, thar is, they are materials which
will saften as often as they are heated.

building. The

BAKELITE WALL PAMEL
Fig. 1. The development of plastics s being made full use of in

picure shows the fixing of 2 Bakelite wall panel
between the metal jointing strips which give = neat finith to the wall.

The phenolic and urea plastics are
the most important synthetic resins
nowadays from a commercial point of
view. They are thermo-setting materials,
which means that articles made from
them cannot subsequently be softened
after [abrication. These materials are
more recent than eelluloid and have
greatly extended the scope and utility
of plastics.

Parnowe  Resmom  Prasmics  are
manuiactored  from  phenol  (carbolic
acid), extracted from coal tar, and
formaldehyde, a gas produced from
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PLASTICS AS AN ATTRACTIVE HYGIENIC WaALL DECORATION

Fig. I7.

A walting-room panailed with Bakelite venesr which 15 sasily kept clean.

The table-top

in the foreground i made of wood with a Bakelite finish, which Is heat and water resisting.

methane, which In tarm th_nlm_r.-{_'I
fram coal, (Bakelite, named after Dr.
Backeland, is an example of this tvpe of
plastic]  Fillers, such as Hoiir
(finely ground wood) and colourimg
mafter, may be added dunng the manu-

wioed

facturing proces,
Urea o AMINO-PLASTICS arT Manu-

fromm
and
b

urea  (obtaimed
carbon
suitable

Imetured fom
Ammonia digxide)

fillers

and
formaldehvde,
added
Casens. Prastics denive from casein
{obtained frommilk ) and formaldehyde
Plastics are available as rods, sheets,
wbes and moulding powders. (The
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first moulding powders were marketed
in 1816). The former may be cut into
finished articles, and moulding powders
can be hot moulded in hydraulic
presses. One of the largest moulds at the
present time is one used for producing
plastic coffins. Plastics can be sawn,
drilled, turned and carved like wood
Phenolic plastics often resemble palished
mahogany or ebony, but may have any
dark colour. Urea-formaldehyde plas-
tics can be obtained in many attractive
delicate shudes,

Methyl methacrylate resins resemble
plate glass. These and also cellulose
acctate are much used in aeroplane
cabing and gun turrels, Some of rthe
synthetic resims are used in the manu-
Bacture of paints, lacquers and varnishes,

Laminated Plastics

Apart from the familiar nses of
plastics for electric-light fitrings, etc.,
and a fairly recent innovation—plastic
ball floats—a product known as lami-
nated ot reinforced plastic is likely to
be increasingly used in the future, One
type is made by Impregnating sheets of
special paper, cotton or linen, with a
rsinoid bonding agent, and pressing
them together under heat w form a
board, A special type of laminated
board ealled Gordon aerolite has a
strength of about 22 tons. per sq. in,,
i.e., about threesquarters that of mild
steel, with a density of less than one-
fifth af the metal|

Laminated plastics can be obtained
in sheets of many colours and finishes,
ranging in thickness from & in. 1o 2 in.
They are also obtainable in rods and

tubes. Laminated sheets are admirable.

for interior wall panellings and ceilings,
giving an atiractive permanent finish,
and are light in weight (Figs. 16and 17).

Rusoer. Raw rubber is obtained
from certain tropical trees by tapping
the liquid (called latex) which they

7
contain, adding acetic acid (vinegar is
a dilute form of acetic acid) and, when
the material is dry, rolling and pressing
It One familiar use of raw rubber is for
crépe soles for foorwear,

For the manufacture of rubber floor-
ing material and other products, the
raw tubber is erushed and torn between
iwon rollers, and ingredients such as
sulphur and pigments are mixed in. The
rubber is then shaped by being forced
out of a machine, or, in the case of
sheets, by being passed through rollers,
Finally, the rubber is vulcanized, that
is; heated at a temperature of about [20
degrees to 150 degrees C. o convert the
soft plastic material into a hard, resist-
ant product. Rubber for flooring pur-
poses can be obtained in sheets or as
tiles, in many colours, plain or marhied.

Conx is the outer layer of the bark of
a speeies ol oak, the tree being princi-
pally cultivated in Spain and Partugal.
For the manufacture of cork tiles for
flooring, the cork is subjected to & pires-
sure ol about 75 tons per sq. fi. and is
baked whilst undergoing the pressure.

TerrA-COTTA 5 manufactured by
burning elays of fine texture, and is used
chiefly in the form of mouldings and
hollow blocks fior the Facing of buildings.

Cray Ties for roofing purposes are
made from good-quality brick clays and
are available in various colours. Clay
flooring tiles are of similar composition.

Properties of Ashestos

AsmEsTos s a mineral, which, after
being quarried, is ground and fibreized.
It is an incembustible material and s
much used for heat-insilating and fire-
resisting purposes. [t is also acid resisi-
ant, the blue variety of ashestos being
more suitable than the more generally
used white variery,

Asnrstos CrseNT pipes, roofing tiles,
and sheots are manufactured from o
mixture ol asbestos and Portland cement.



CHAPTER 10

CRAFTSMEN’S TOOLS

Brickiavers' tools: plumb rule and plumb level; trowels. Carpentry and
Joinery tools: marking and seffing out; culting and plantng; boring, driving
and withdrawing. Masons™ tools and appliances: hoisting, cutting, and laying
stone. Plasterers” tools: mixing, laying, and testing plaster. Painters lools:
stopping, paint removing, and applying paint. Slaters’ tools. Plumbers' tools.

BRICKLAYERS’ TOOLS

principal tools of the brick-
layer nre his trowels (Fig. 1) with
which he loys and spreads the
miortar on which the brcks are lawd or
with which he points up the jomnts at a
later stage of the work. The ordinary
wrowel waries in length from 10 in- o
i3 in. and 5 handed according to
whether the bricklayer is lefi-handed or
tight-handed,

The punty trawed fs one of & much
smaller size, varying from 2 in. 16 9 in.
and i weed in conjunction with o Ak
for pointing and finishing joints or other
smilll work. The hawk is a small square
board abour 10 in <10 in. or 12 in.
#12 m.and 1 in- thick with a handle
on the underside of 1}-n. or |j-in.
diameter. It is for holding martar when
prointing.

The plumb rule is & piece of pine from
5. w61t in length by 4 in. wide and
§ in. to { in. thick The sides must be
paarallel and & centre line marked on the
face from top to bowom. The bob hofe
is placed about 9 in. from the bottom
and itz outline approximately § in.
wider and [} in Janzer than the bols.

The plamb bob 5 usually mude of
lead and in various sizes, varying io
weight from 3 |b, for internal work and
up to about 10 Ib. for external work
The bob string shoulid Tie of whip cord
nmd passed through an §-in. diameter

hale at the top and held fast in two
saw cuts. The plumb level or vertical ol
has of recent vears almoit entirely taken
the plice of the plumb rule. Tt is from
42 . w 48 m. in length, made of
hardwood, and some are fitted with two
plumbs, a single level and two hand
haoles: others are as shown in sketeh,
Lanie nd Pirs. The pins are made ol
steel, with flar points (o allow for their
imsrrtton. nto s cros joint. The line is
streichesl between the pins in order that
the cotrse of hricks may be laid in their
correct position. Where the line i= of
undue length, a small picce of metal of
copperor znc, Abour Jin. o 2iny, having
two grooves in one end, called o tingle,
i used to take the sag out of the line

Measuring Hods

The bricklayer usee a 2. rule
measuring sod, and o pauge or stovey rod
for setiing out his work. The gauge 18
usially fourr courses to the foot in the
South of England, but i the North it
runs four courses o 13 in

In axed work the tools uscd are the
fin smw, with which, afier marking the
outline, the required shape i cut in
about } in. and then the superfinous
muiterial b knocked off with & boarler, &
short broad chisel having o 4-in. cutting
edge which is slightly rounded; and a
tlub hammr weighing about 4 1 The

Er

-
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BRICELATERS TOOLS
Fig. I lllustrating 3 seleccion of some of the principal tseh which are ussd by the brickiayer,

binick is placed in o chopping Block con-  hracklayer's dxe or scuteh which is o doublie-
sisting of two blocks of wood secured 10 edged chisel about [ in. wide, lited into
a base o 85 to form an angle in which  a stock by means of a wedge.

the brick can be placed for cutting: a For the sofier qualities of bricks used

oom—r®
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lor griged work, an old tenon saw, ar 8

~saw which éomsists of & bow frame and
a ' blade formed af two wires twisted
together and strained, 35 used for cur
ting the bricks 10 the reguired shape.
The bricks are then finished on o slab of
Yark stone by rubbing.

The rold chisel is used for ctting
ehases in walls and the pluspmy chisel o
entring holes or for culting out joints
for lead fashings and similar work.

The fuinfer has o steel blade 2 in. 1o
tiin long with an edge which is either
flat; grooved, concave or convex round-
e used for jodnring and pointing brick-

CRAFTSMENS TOOLS

work. Another toal vsed for jointing is
the puinting rule, a piece of wood 3 in.
® §in, bevelled one edge, to which are
fixcd § in. thick distance picces. The

frenchman ‘= 2 tool made from an old

iable knife cur 10 a point on each side
at about 30 degrees; fled w a bevel
edire, aned bent at the point about § in.
al right angles to the hlade; it i5 used
for tuck pointing. The square should be
of stevl, the blade being about 6 in. long
and the stoek about 4 m. The brick-
laver's iraight-rdye s made ol yellow
pine, usunlly 3 i % §in. and 30t 6.
long, parallel and shot both edges:

CARPENTRY AND JOINERY TOOLS

ACHINERY I8 now extensively ised

in the preparation of timber of all

kinds of woodweork, and this renders

unnecestary many  ools which were
fprmerly in use.

The various wols used by the joiner

may be classified into those used for:

(1) marking and setting out; (2] cutting
-and planing; (3) boring, itnpelling, etc.

Marking and setting-our tools indud:
rules, markhq., gauge, draight-cdoe, try
square, mitre square; bevel, compasses,

callipers and gauges (Fig: 2).

Rales are made of baxwoorl, and in a
number of varieties, the commonest size
being the 2400 fourfold, The inches are
subdivided into sixteeniths,

- The marking awd and cutting nife are
‘el lisr detting out occurate work,
Straight-ralges nre 31-in. or $-in. ¥ d-in.
boards and up to sbout B fi. long, with
anc edge straight; used for testing sur-
laces, drawing lines, eic. The ey square
is obtainable in vorious sizes; used for
setting out right angles and for testing
whethet surfiices are at nght angles 16
eiach other, The lidiag bevel has 3 loose
slatted blade which can be secured a
any required angle by we of the screw

Compasses are wied for curved work.
For siriking larger ares or circles a pair
of tramwnel fring is needed, consisting of
two metal heads which slide along &
hardwood rod. One point may be re-
p].u:vl:d by a pr'm:!l socket, Callipers are
used for measuring the dismeter of
curved surfaces.

Different Linds of gauges are used;
the murking sayre, which has only one
marking point, is used lor marking lines
parallel to the edge of the wood. The
cuiting pauge is similar to the marking
gauge, but differs in having a cutting
blade instead of a marking point. It is
used for cutting parallel strips from thin
stull. A mortise gaage has two adjustable
marking painis and is used where two
parallel lines are  be marked out, as
in the setting out of misrtises and renops.

For testing horizontal and vertical
surfiaces the spirit level and plumb rule
are used.

Cutting and planing tesls comprise saws,
chisels, planes, gouges and spokeshaves.

S, “The blade ol & saw s made from
best spring steel of unifirm hardness and
futed i & wooden handle, The many
varicties include the ernss—cut saw, 1ip
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CARFENTERS' TOOLS
Fig. 2. A sslection of the marking out and mwing teols in geners! uie by the carpenter,

gaw, panel saw, lenon saw, COMIPAss
saw, dovetail saw and pad saw (Fig: 2)

The gow-enl saw is used for cotting
across the grain and the mp o for
cutting- with the grain, that is; in the
direction of the fibres, and the panel tin
in used for fine work, The chiel differ-
ence in these saws lies in the shape ol the
teeth. The teeth poinis in the rip saw
are alicut § in: apart and those in the
cross-cub saw | iR, aparr,

The pancl saw teeth are similar
those of the cos-cut saw but miuch
smaller in size, The teeth are bent ar

“ser” slightly outwards alternately to
the right and |eft of the hlade, to
enable the blade to pass through the
ot being formed in the timber with
the minimum of [riction a8 the sawing
proceeds,

I'he distance which the pomis pro-
ject bevond the plane of the biade is
called the s

The tmon vaw, a8 12 nome impﬁ!"i., is
wsed for rthe cutting of shoulders o
tenots, The blade i 12 0. w0 16 in. long,
¥ it 1o 4 in. wide, and hae ten tooth
points to the inch. The blade, being



CEAFTSMENS TOOLS
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MCRETICE - CHISEL

CARPENTERS CUTTING TOOLS
Fig- 3. There are many types of chisel, the main chisses baing the firmer, paring and mortising chisels,
and gouges. These chizels are all sharpened on oifttones.

thinner than the ordinary saw, =
stiffencd by an iron or brass back. The
dovetiei! saw i similar o the tenon saw,
but smaller in size with finer teeth, It
is wsed for dovetsil joints in drawers and
for other fine work.

The boir or bowing sow is wsed for
cutiing curved surfaces. It has a thin
narrow blade held in tension by a
wooden fme and sring, The compas
sap-and the pod ov kevhole saw are used
for forming keyholes and similar curved
work., The blade tapers in width from
§ in. to slightly less tham § in.

A foe-handled sav for cutting balk

-

timber i 5 in to 8 in. wide and from
4 fi up to 7 It long with large teeth

Chisels (Fig: 3) may be divided into
firmer, paring and mortising chisels and
gouges, Chisels are made m all szes
fram:  in. up to 2 in wide,

The fomer ofied 5 the ordinary chisel
used by the joiner. The blade is fixed
mte & wooden handle by a tang, and
formed with a shoulder 1o withstand the
blows from a mallet, The beoelled-edge
chisel has 4 thinner blade and is osed h‘.-'_
hond for finer work without the use of
the mallet. These chizels are made in
varying widths from & in. op to 2 in.



CHISELS AND' PLANES

Mortise chicels, az the name implies,
are used for mortising. They are much
stronger and thicker than the firmer
chisels, as they have to withstand the

lcumgnnmu'ymlnmmiug the wood

core when mo

Socket chisels ure uscd for heavy work.
Instead of having a tang, they are pro-
vided with a sockel into which the
handle fits.

The drawer-fock chizel iz used for form-
ing the mortisc in the door rail which
receives the baolt of the drawer lock. The
‘drate-kuife is used for reducing the width
of boards where the waste wood is of
no valuye,

Pocket or sash chicels have a very thin
and wide hlade and are nsed for cutting
the pockets in the [ace of pulley stiles of
ench frames.

Croupey are chisels with curved cutting
edges; the cutting edge may be ground
on the hallow or on the roundied surface.
Fig. 3:shows an oulside-ground gougs.

The axe is used for cutting wedges and
for rough carpentry work.

Use of Planes

Planes (Fig. 4) are wed lor the pre-
paration. of plane surfaces after the
timber has been sawn; they are made
cither of wood or metal. The planes
most in use are the juck pline, used For
roughing oif; the trying plane, lor trucing
up; and the smoothing filane, for finishimg
the surface.

A wooden plane consists ol 8 stock,
generally of beechwood, into which i
fixed the e o cutting iron by
means of a wedge. To the fnce of the
cutting iron is fised the back sren, This
is done by a brass nut fixed to the iron
to peceive the screw. The back iron
stiffens the cutting iron, and alsb serves
1o break the shaving as it is cur and bend
it over and so prevent choking.

The cutting edige of the jack plane
should be slightly conves; for the

3

smoothing and try plane irons the edge
should be siraight, with the corners
slightly rounded. The accuracy and
smoothness of planed surfuces will, of
course, ‘depend upon the condition in
which the plane is kept.

Other planes usced by the joiner are
the rebate plane, used for forming rebates;
flough: plang, used lor forming grooves
with the grain; dellow and round planes,
uged for producing convex and concave
surfaces; router or old woman's footh, used
for cleaning cut trenches to the reqiired
depth; and the bead plane, used for
forming a half-round mould with a
sinking called a guirk:

The spokeshare is nsed on working
circulor work having quick curves.

A fillister s a rebate plane with an
adjiustabile fence | the depth of the rebate
can be regulated by a stop; and a side
cutter marks out the rebate in front of
the cutting fron.

Metal Plones: Most of the wooden
planes deseribed above are also obtain-
able in metal, or 3 combination of wood
and steel. The advantage of these over
wooden planes lies in the fact that the
sole does not wear and therefore gives
more accurate results, especially on
hardwood. Again, in these planes the
cutier i held in posidon by means
cither of & screw ora lever which gives
easier and more accurate adjustment,

Other planes are the metal smoothing
plane, bullsnose plane, and the block plane;
the latter is used for small work.

Types of Boring Tools

Boring Toaly (Fiz. 5). The bradaw! and
gimlet ore the simplest kinds of boving
toals. The bradawl has a small steel
wedge-shaped cutter and i chicfly used
tor boring lor nails. The gimlet s used
for small holes for the insertion of
SCTEWS,

Brace and Bits. The brace is a handle
ta which = attached a cotter or bit used

-
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JACK  FLANE

REBATE FLANE

TOMGLIMNG  PLAME
-

SROTVING  PLAME

SMOTTHING PLANE

THVING PLANME

ROUTER PALaME
ROUND FLANE

T LMITER  BaNE

CARPENTERY AND JOINERS PLAMES
Fig. 4. Same of the t;np-u of wooden planes |n commeon Use. Most of these planes are also

obtpinable jn meml, T

for bormg boles. Many different types
ol brace are in use; but the rachet type
is perhaps the bot, the turning move-
mient being effected by a rack.

There are many varietics and sizes of
bitz- The eemtre bt varies In diameter
from §in_to |} in. and is one of the toals
most frequently employed for boring

e last six pianes llustrated here are not 22 much used as formedy.

The spoon and mase biks are very simi-
lur; the latter is formed with a projecting
nose: which assists in clearing the hole
It is especially suitable for holes up to
3 in. deep. The auger or Geist bity cxist
in many forms and produce holes which
arr cleaner and mare accurite than
those farmed by the above varicties
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CARPENTERS' BORING AND IMPELLING TOOLS

Fig. § (above), The bradawl and gimler are the simplest kinds of boring tools. The bruce and
various types of bic are also shown ; the taper bit Iy used particularly for entarging holes
Fig. & (bolow). The impelling vools <onsist of the mallez, the hammer and the screwdriver.
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The forstner kit has a circular tim
instead of a point. It is useful for flat-
bottam and angular boring.

Expanding brace bits are provided with
adjnstable catrers of different sizes
within certain limits,

Other brace s such as scremwdnoer
bity, countersunk bils, and taper biti, are
alsc used.

Impelling toufs (Fig, 6} include mallets,
hammers and screwdrivers, The malle)

* MASONS’ TOOLS

Fring AN Pracive Stoxes. When

blocks of stone become too heavy to
be lifted by hand various appliances are
employed. For lifting rough blocks a
Wling chain i3 passed round them. The
chain has a ring at one end and a hook
at the other which [ passed through the
ring and attached to the Hfting gear.
Sling chiains are not suitable for dressed
stones ‘as the arrises are liable to be
chipped unless slips of wood or sacking
arc used.

Dogs or Clhain Dogs. Dogs are shon
irons with a hiridle chain passing through
the rings and are more suitable fir lidt-
ing worked stone. When the pull of the
crane is applied the chain tightens and
draws the dogs together. A small hole
s punched in each end of the stone to
take the point of the dog; and is ermed
a dog hole. These holes are placed as
far from the top as the dogs will allow.

Leerises. The ordinary lewis is an mon
wedge, formed in three picees, which
fits into & corresponding hole in the top
of the stone. In one degign the two out-
side pleces are wedge shaped, the centre
picce having its sides parallel. The
wedge-shaped sides are inserted first and
the centre piece next. The preces arc
holed through the top tv a shockle
and pin.

In the other design the renire piece

CRAFTSMEN'S TOOLS

is wied for driving, chisely, as it has
greater driving effect and is less liable
(o injure the handles. The hammer
shown in Fig. 6 is called the Warringtow
hammer; the head is made of cast steel
weighing about 1 Ib. The daw hammer
i formed with a claw which is nsed
for leverimz back or withdrawing nails.
Serawdrivers are of two types: one, the
fixed-blade tyvpe; and the other the in-
ercasingly popular ratchet-driver type-

AND APPLIANCES

is wedge shaped.and the two side pieces
are parallel, These are conmected at the
top with transverse picces to which they
are hinged, The lewis should fit tight
at the bottom of the hole and allowed
a little freedom. at the top.

Chatn Lewvises, For stanes of Tight
weight, chiin lewises are used, as they
are casier to fit, They consist of a pair
of curved legs with a top ring. When the
chain is drawn tight the legs arc pressed
against the sides of the hole. The hole
is usually shghtly andercut.

Lifting Pinr. A pair of lifting pins-.con-
sists of two cylindrical legs inseried into
holes which are cut in the top surface
of the block #f an angle of 45 degrees
towards the centre of the stone. The

ins are connected up to the lifting gear
E‘;’-‘T‘ bridle chain, which tends 10 [31*"
the legs together at the top, causing
them to grip the sides of the hole,

A lewising tool i used for cuttmg
lewis holes, and the cutting edge i
made shightly wider than the wop
portion.

Setting-ont Appliances, The tools and
appliances required for sctting out the
work are a 2-[l. rule and a straight-edge
of wood with splayed edge.

Compasses |Fig-7) are made in varioos
sizes ranging from 6 in. up w0 24 in
lomg, and formed with a graduated wing



MASONE' TOOLS

—

ST .

e
= ———

TRAMMEL HEADS aND ROD
OF  BEAM COMPASSER

ﬂ

L]
I"|,|

EALILDS HCROER WiTH HETH

p——=——— g
——

———

=
-

SHIFR - #0R NG
MDD LATTINEG

SIbE Vi e : |

=7l

Lo ieany SOLLEE

| LW 5itit 1008

MASONS" TOOLS AND APPLIANCES (1)
Fig. 7. The mason requires many tool specially adapted to his trade. Some of them, chiefly for

measiring. testing, and setting out, are shown

and clamp screw for setting the legs to
any required opening.

Beam compasses, or trammel heads, and
rod are used for setting out larper circles.
Swips are used for cutting zine moulds,

with Bradaiols, ‘scriber and files
for smoothing the edges of the monlds
after cutting.

A mason's square 15 made of thin steel
plate of various sizes, The stock i
wsnally about twe-thirds the leagth of
the biade. A common size is 24 in. < 18
in. Tt is most essential that the blade
be-at right anglesto the stock, otherwise
seriow difficulties will arise.

Sinking squares are used in sinkings
wherr it is not passible to use the ordin-

sbove and others are seen in Figs. 8 and 9.

ary square, and also for measuring
depth. The stock is made of brass and
is slotted lor the blade, which is clamped
at any position required.

Bevels or shift socks are made of brass
or steel plate. The blade 1 slotted and
fitted to slide between the blades of the
siocks, which are double. Fitted with a
clamp screw, it cam be set at any angle
desired.

A box frammel comsists ol a wooden
stock and a blade of }-in. square steel
rod with the end turned down; it is
used for drawing lines parallel o &
circular finished face

Other appliances are striaight-edge
made of wood with splay edge: pauge
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P BATEMT
AXE

BTCEINE o LN

CHSEL

MASOMS HAMMERS AMD CHISELS
Fig- 8 The wedge used for splitting blocks of stone, and some of the mason's cutting toots for giving
different types of finith ta the stones, are shown sbove.

picces of wood about | in, square to
gauge to ensure the helght of cach
course of ashlar being the same; tetplets
or mowlds, vsually made [rom sheet zine
No. 9 gauge, sometimes made in wood
O stout paper ; reverses for testing circular
monldings. Ssipr are used for cutting
zint moulds; and sribers are for marking
lines oh the store. Filet are for inshing
the edges of moulds, and a bradasd lor
pricking the shape of the drawing
through on to the zine

Wedges (Fig. B) are used for coping or
splitting blocks of frecstone. A groove
is cut along the top and two sides of the

block ol stone. Wedges are inserted al
intervals of about 4 in, along the top.
The hlock s then placed on an iron
bar and the wedges driven in until the
split oceurs,

Splitting Granite

Plug and feathers (Fig. 9) are used for
coping or splitting granite and are in-
serted into drilled holes. The hand drill
for boring holes to split the granite has
# #-in. bit and 8 made all in one piece
of salid cast steel. The depth of the holes
i2 3 in. and they are about & in. apart
Then the feathers are put in and the



CUTTING AND SPLITTING APPLIANCES 334

plug is driven in until the split ocours

Culting Tools {Fig, 8), Masons’ tools
vary according to the hardness of the
stone to be dressed. For hard freestone
and granite we have the following:—

The spalling hammer 15 a two-handed
tool wsed for spalling off waste stone
previous to using a pitching tool. The
head of the hammer is concave, which
gives it a cutting edge. It weighs about
16 Ib. 1o 30 b, If there i only slight
waste to be removed the mason would

use @ pitching tool and a land hammer,
The wabbling hammer is somewhat
smaller, weigling from 14 [b. to 20 1b.
and formed with one spalling face and
one pick or axe face, A scabbling pick
has two pick faces, The frlching. feol
varies in width from § in. for marble
up to about 2 in. for the freestones.
Other hammers used by the masons
are the steel hand fammee and the fron
fammer. The hand hammer is about 7 in.
long and weighs about 5 b, or 6 1b. and

Lt :
W CAW -

NT l:'.\-éHI.EEt

CROBS CUT  SAW
'}'-" _f" ; . A vy 4
Al

PG AMD
FEATHERS

.“‘_'
BOLITER

BRCWD T

MASONS TOOLS AND AFPLIANCES (2)

Fig. ¥. The plug and leathers are used for splitting granite. Yarious types of maller and chisel, and
saveral types of 1aw for use on stome, are slso ﬁlunnmri.
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i used in conjunction with the pitching
tool and punch., The iron hammer &
used by marble masons and stone
carvers for striking cup-headed tools.
It weighs aboutr 3 1. or 4 Ib.

The wse has a double-cdged head
gbout 8 in. or 9 in. long and is used to
chop all round the drafts and to obtain
a fairly smooth face.

The patent ave is used on granite after
using the axe to prodoce an axed face,
A fonr-bladed axe is used for the
roughest patent axe work; a six-bladed
axe 15 generally used for ordinary work,
the finest being ton-cut work,

The box of this axe i in lwo parts,
s there are four balt hales in each for
‘serewing up when the blades are putin.

The pitching fool has a Hat edge,
slightly bevelled, about } in. thick by
4 in. wide for marble, up 1o 2 in, wide
lor the froestones.

Mallets (Fig. 9) are generally made
af btech and sometimes hickory, They
are oval in shape and weigh about 5 1h
ar 61, and are used for striking mallet-
headed tools when working frecsione,

The dummy is usually made of zinc or
lead and weighs about 3 b, It 15 used
for striking wooden-handled tools in
working the softer fresstones.

Chimls are clasified as hammer-
headed, mallet-headed and cup-headed.

CHAFTSMEN'S TOOLS

The hammer-headed tools have simply
a Aat head slightly burred aver with use.
The mallet-headed twols are  more
common. They are formed with a
slender neck and rounded head so as
not to damage the mallet in working.
These tools include the drafier or chisel
abour } in. to | in. wide and are used
for drafis; fllets, ete.; the point, vsed for
removing  superfluous  material, i
followed by the leoth ehisel ov claw tool,
to reduce further the material o an
almost level surface. The surfice is then
finished off with a boaster,

Where a tooled finish is required a
broad ool is used. Cup-headed tools are of
smull size and are struck with the iron
hammer.

Wooden-handled tools arc used for the
softer freestones, like Bath and Beer
stone, They are the drafling chisel, about
l-in. eutting edge, and the driver, about
2 in. wide, which takes the place of a
boaster; gouges, formed with a hollow
cutting edge for working mouldings,
and drags, used for finishing the softer
freestones.

Cockseombs are similar to dmgs, but
shaped so as to finish mouldings and
mitres,

The saws used for softer freestanes are
the gass—cuf saw, the hand sme, and the
Jullet sy,

PLASTERERS’ TOOLS

HE tools used by the. plasterer are
rather mumerous and consist mainly
of trowels and rules.

Rules and floats (Fig: 10) of various
jorms and sizes are employed and
should be made of well-seasoned pine
free from knots. The Derby is an clong-
ated float and has a blade 4 & to 8 fi
long, 4 In. or 5 in. wide, with two
handles so arranged that they can be

grasped by one operative; but more

ofien worked by two men. The Derby
is used for floating bays between the
screcds and for scouring and levelling
the surface of wall and ceiling plaster-
ing, both in the foating and sefting
coats as 4 preparatory labour to the

A flvating rule varies from 8 [t W
20 fi. long and 4 in. to 6 in. wide; the
back is tapered towards each end; it i
used for forming screeds and also
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FLOATIMNG. RULE

LEVELLIWG: RULE

CROSS SRAIN FLOAT

DEREY . FLOST
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‘

PLASTERERS' TOOLS
Fig. 10. A selection of the numerous special tools used by the plasterer. The |lluszration shows
toals for applying the plaster, wsting the surfaces, and for working the mitres of mouldings.

lorming surfaces between the screeds,
Al fraversing rule 18 a similar rule about
6 1. long wed for forming screeds in
serting stuff. A parallel rale is used for
-setting out parallel lines, A leoelling rule
is made by fixing & wood fillet above the
lower edge of a long: parallel rule,; on
which a level may be placed for levelling
soffits,
The plumb rule s similar to that used
by bricklayers. Jomt rules are usoally
macle ol & strip of steel 3 in. wide and

b in. thick, mounted in a hardwood
stock, One end i cut o an acute angle,
and this end and the edge are splayed
50 as to give a fine edge; these rules are
used for foronng mitres worked in
position.

Hand floatt also arc in great variety,
They are mostly formed in pine, except
the panel or margin float. The ordinary
hand fleat is about 104 in. by 4 in. and
] in. thick, with a handle at the hack
The cross-grain flaat is similar but a linle
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Jonger and thicker and cut with the
grain across the fAoat. It is formed with
g dovetalled groove-at the back into
which' & hardwood key, carrying the
handle, s inserted, which keeps the
wood from warping. It is used for
scouring the setting coat after the work
has been ruled off with the Derby.

A skimming float is similar to a hand
Aot but 12 in, to 14 in. Jong and | in
thick, and is used for laying the setting
coal prior to laying off with the steel
trowel: in this case the grain of the
wood is parallel to the handle. Panel or
margin floaty are usually made of beech
abour 6 im % 3in % 4 in. thick, and, as
their name implies, are uscd for finish-
ing small panels where a larger ool
could not be worked.

The plasterer’s hammer, or lallk hammier,
has a wooden handle with a steel head.
In additon to the driving head, the
ather etid is formed as an axe for cutting
and fidng laths, and has-a slot on the
lower edge for withdrawing nails,

The hawk s used for gauging small
portions of stuff. It is & picce of pine
about 12 in. square and §in. thick with
a rolindd central handle on s underside.

Seraich ool have a shaft with a topl at
each end, which are serrated or {ormed
like =aw teeth, and are used for carving,
working the mitres of mouldings, and
gleaning up enrichments: The seratch or

CRAFTSMEN'S TOOLS

barch broem is made from a picce of pine
{4 in. long, 7 in. wide and § in. thick.
One end is shaped, the other cut' into
teeth about 3 in. long and the points
about 1} in. apart. Sometimes three ar
four laths are fixed side by side and
their ends pointed. The scratch is used
for scaring surfaces to provide a key.

The fwilcher or angle trowel is:2 n. or
3 in. wide; its sides stand up ar night
angles to the blade which allows it o
be run up internal sngles and smooth
both taces of the retum at the same tine.

Layries or rakes are threc-prung rakes
with a long wooden handle used for
mixing hair with coarse stuff.

Trowels for laying and finishing the
setting coats are of various shapes and
sizes for different classes of work. The
laying trowsel is & rectangular sheer of
steel about 104 in. x5 in., the handles
being supporied either by one or two
ster] shanks. The pomel trozeef is similar
but the blade is very springy. The
gaging trowel i3 made in various sizes;
it 18 used for gauging small quantities of
stuff on the hawk and for laying stufl
an monldings, )

The tesl square is a triangle of stecl
having one angle a right angle and the
remaining two 45 degrees. Other tools
used by the plasterer arc brushes, com-
passes, callipers, drags, planes, gauge,
chisels, files, rasps, spirit level, and saws.

PAINTERS’ TOOLS

ainTeR’s tools (Fig, 1) consist

principally of knives and broshes
required in prepaning the work for dis-
tempering and painting, and the re-
paintimg  of existing paintwark, and
those used in connection with better-
class work as suppling, graining; varn-
ishing, lettering and signwriting,

All il holes are stopped by the wse
ol the pulty or itopping knife, and all

irregularities of surface by using the
filling or broad knife or for scraping il
necessary. Paint is removed with @8
stripping knife, or a blow lamp, uod old
paper after wetting, with a chisel knife.

Dusting brusher are used for removing
dust on the previous coats, Sand or glan
paper is used for rubbing down the work
previous to cach coat.

Distemper brushes are cither & BArrow
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Hat brush, or a two-knot brush about
4 in. 1o b in. wide, and wvarying in
weight up to 12 oz,; but 8 oz. may be
considered a fair weight, These brushes

M0LSs 241

dre cither pure or mixed bristle and are

held together by copper wire or a flai
copper band. Wider brushes, known

as Lancashire patiern, are used m the

Y’ CoppEd ~TIED
TWO-KNOT DISTEMIER BAUSH

PATENT HLIBBER SET

LIMING FITEH TH TN

STENGIL TOOL

ETOFPING KMIFE

TRO-ENDT HETEMPER ERUSH

BAINT RRUSH

LANCASHIRE PATTENM

(]
STOCK BRUIH

BOW HANDLED
PFAMEL STIFFLER

REVERSIBLE-
HANMDLED Main
ITPPLER

CHISEL KNIFE

PAINTERSY TOOLS
Fig. 11. A selection ol various types of brushes and cther special tool ased by the painter.



44

north. These hirushes are about 8in. o
width. Old distemper brushes are known
s stock brushes

The paint by ush 1s known as a one-knot
ground brush; it 15 made with pure or
mixed bristle and bound with copper
wire, Similar brushes are the oral and
romnd grownd brushes in various sizes, The
sash tood 18 strine bound and 1s used for
cutting in paint w sashes,

Lines arc run with a lining or angle
fitch flat in section, and bound in tin
ferrules; a thin bevelled lath being used
as a guide. Firches in various sizes,

CRAFISMEN'S TOOLS

round or flat in section, are used for
decoratung and signwriting,

Stipplers are brushes with a flat picce
of wood to which a handle is attached,
amd shaped so as to allow the fingers ©
erip it firmly. The handle may be fixed
or reverzible, and the brushes are made
in a variety of sizes. A new pattern s
made of rubber. For small work =2
stencal tosl 1s substituted.

Over-gramer and graining fombs are
used for grained work.

Farmish brushes are oval in section and
are made with white bristle,

SLATERS’ TOOLS

fie tools used by the siater are few

i number: They are required’ for
trimming and fixing slates and for re-
pairing roofs when necessary. The zax
(Fig: 12) w the tool used for trimming
slates; it consists of a blade fixed in a
wooden handle, The sulting or drecang

fron is simply a long iron edge with two
spikes at the back so that they can be
driven into a wood hlock.

The slate to be dressed is rested on 3
culting iron and allowed 10 overhang by
the amount to be cut off, Then with a
series of sharp blows the material not

CLTTIMG 08 CEEESING [ROM
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SLATERS' 100OLs
Fig IL Thespecial tools used by the stater are few in number, and mast of chess are ||lustrated above

-
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required is removed, The size of the
slate reqguired s measured with a gaugr
Mick or santle. At the back of the zax is
a projecting spike which serves to mark
the position ol the nail holes, and alfter-
wards the holes are made by two sharp
Ilows. Usua.i.ly' the holes are made on
" the building site by the use of a Aalug
macfiine.

The hammer has 2z broad head for
driving nails, a spike at the other end
lor haling slates il necessary, and a elaw
at onc side by which nails can be with-
drawn,

For repairing roofs a toal ternred a

345

ripper is used; it consists of a long metal
arm fixed in & wooden handie at one
end, and provided at the other with a
crass-piece which forms a hook on each
side of the arm and-a cutting edge at the
Lack. When a slate has to be removed
the ripper is passed up berween the
states and round the nail by which the
slate 15 fixed; on forcibly withdrawing
the npper, it cuts off the head of the nail
and so allows the slate to be removed

Otiher materials used by the slales
are the chelf line and rodr and twe
irgwels; dlso knee copis and a degp bell with
4 pocket to hold the nails.

PLUMBERS’ TOOLS

au following are illustrations and
descriptioms ol some of the ool
tsed by the plumber (Figs. 13 and 14).

Drecsers vary in shape and size and
cain be obtzined in various kinds af
waond, the two chief kinds heing horm-
beam and boxwood: the former is used
for general work and the latter for
fimishing. The handle by which they are
grasped should be well pitched ro free
the-kmuckles of the user, and the sides
and face should not have sharp r_tlgn,

The stépy witer or setting-in atick is
similar, but the underside has a groave,
which fits over the lead in scting or
bending the top of the steps in step
Hashings

Mallets are made n various sizes and
usually in boxwood; they are used for
bossing lead.

Bemdimg sticks, which are made of
bvmwood, are road and slightly roun-
ded on the face in length and width, and
are chicfly used for driving lead when
iaking bends in pipes. Bossing aticks are
dmilar in shape to a bending stick bul
they arc narrower and more rounded;
they are used for working lead round
wills; and into: the cerners of gutters,

The plamber’s fammer has a head fo
driving nails, and the nose is brought
to a thin edge, which is used for running
between ediges that are to be solderod.
Chase wedpes are mide in various shapes
and sives, and are known as dde-bent ar
Srant-benl  according  to  their shape,
whilst dricing wedges are quite straight.

Dumeies are Jumps of lead formed on
the end of a straight or curved piece.of
irom, and shaped; they are used for
taking dents out of pipes. Where the
handle is straight it s wsually of
malacoa cane,

The drift plate i a small rectangular
steel plate with a curved projecting
picce at one end to fcilitnte nsertion
and withdrawal, and is used to prevent
movement in the working back of over-
cloaks in lead-covered roofs. 'This is
owing to the fact that lead will not slide
ot lead,

Mandrily are used for passing through
lengths of pipes to remove any indenta-
tions, thus leaving the pipe true and
eylindrical, They are slightly smaller in
diameter than the pipe, and slightly
rapered to allow for withdrawal. Bobbim:
are turned balls of boxwood, semi-oval
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TYFES ©OF COPPER- BITS

FLUMBESY ahieEs

FLUMBERS' TOOLS (1)
Fig. 11 Some of the varied tooly used by the plumber sre shown above and others are In Fig 4.

in shape, which are placed in pipes that
are 10 be bent

To drive the bobhbin round & bend a
follower of 1he same shape, or a bobbin
ikt is used, a cord passing through the
bobbin and fxed in the weight by means
ol a knot. Tumpiny are conical picees of
wood wsed for enlarging the cnds of
pipes.

Kuivex are of three kinds: the gasp
knife, n pocker knife with a single
pointed blade hinged tw a sheath
hondle: the drewo knffe with a handle
3 ft. Jong used for cutting up lead (a
cord is pasecd through the blade as it

requines two men to use this knife); the
hacking knife, for removing paty, ‘The
bending bolt ar pin s a curved piece of
wood used in forming openings for
braneh joints and somectimes for bend-
ing, Shasehooks are wed lor tuking thin
shavings from surfaces of leadwork in
preparation for soldering. Ladles, of
various sizes and formed with a lip on
both smdes for pouring, are used for
carrying Hquid lead or solder as
required.

The midering or plumbing iron is an
oval-shaped bulb of iron with a erook
handle used for heating solder, but it is
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now almost entirely replaced by the
blow lamp.

Clopper bits or soldering frons are pieces
of copper of various shapes and of
euitihle sizes fixed to an iron bolder
which in turn has a wooden handle.
Two types generally used are the
stratght bit and the hatchet bit. They are
used for tmning brass work. ready for
soldering or wiping to lead pipe.

Plumber's sams are {ormed lapering
with 4 double edge, the teeth being
coarser on one side than the other,

Snips, used for cutting sheet metal.

Stepp Turner. This nseful tool is used
lar turning the upper edge of step Hash-
ings into the hrickwork joints. This tool
can be made by the plumber himself.

Other equipment includes: rasps,

TOOLS 7
strajght-edge, steel square, 2-ft. rule,
scribing gauges and solder pot,
Power Tools

In addition to the craftsmen’s: tools
used in the various trades which have
been already described, there are many
other appliances that could be classed
as tools: jeiner’s eramps, for instance;
but they are more in the nature ol
equipment and are normally the pro-
perty of the employer. In Awmierica, and
1o a considierable extent in this country,
partable machine toals are also used.
These are hand-power tools, osually
driven off the ordinary electric supply
in the same way as & vacuum cleanes:
The portable hand circular saw s the
most comman, but sanding machines
and boring toals are also in general use
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Fig. 14 Further selection ol the varieus tools which sre peculiar oo tha plumbing crade



CHAPTER 11

DRAUGHTSMANSHIP

Reading drawings. Equipment. Using drawing instruments. Drawing to scale.
Sketching. Projections: orthographic, isomelric. Perspective. Oblique projection.
Axonometric drawings. Photography. General instructions. Lay-out plan.
Copying dravings. Practical geometry. Plans. Detail drawings. Conventional
representation. Lettering. Reproduction of dyawings. Reducing and enlarging,

very student of building construc-
tion must have a knowledge of
draughtsmanship, so that he can
thoroughly understand and “read™ all
types of drawings and, in addition, ex-
press his own ideas clearly by freehand
sketching or by scale drawings. The
ahility to draw can be obtained by con-
stant practice and the subject can be
extended to cover all types of pictorial
tion atcording to the interest

and skill of the draughtsman,

Importance of Heading Drawings

To read drawings correctly demancds
a sound knowledae of methods of con-
struction and the ability to use a variety
of scales. Drawings executed (o scale by
the aid of instroments mst be accurite
in detail and clearly defined.

It will be recognized from the exami-
nation  of Host-class plans that each
draughtsmian displays variation of treat-
ment according to taste, but in all cases
the aim & to convey as much informo-
tion as possible in some casily recog-

Prvonts, Elementary matters in draw-
ing are important and the leamner should
comsider carefully the type of instru-
ments and drawing material. Use good
peneils nicely sharpened to a lony point.
For work completed in pencil an HB &
hard enough and suitable for most pur-
poses. Pencils are made in varying

degrees from 3B, 2B, B, HH, and F 1o
6H. Bs indicate sofiness, Hs hardness;
and HBs and Fs are intermediate
grades.

Deawmic Parer, Satisfaciory work
can  be produced on good quality
cartridge paper. There s, however, a
variation in quality and the main point
is to selecl the grade best suited for the
work in hand. *Whatman™ i a high-
grade paper prepared in a varety of
surfinces,

Half lmperial sheets;, 22 . 1590,
are convenient and suimable. sizes for
genieral work. Other standard sizes are
named as follows: Antiquarian, 53 in.
#* 31 in; Double Elephant, 40 in.
» 27 in.; Imperial, 30 in. # 22 in.;
Royal, 24 i, %19 in.; Mediam, 22 m
%171 in.

Traoxo Parsk ann Tracows Lives:
Tracing paper can be purchased m a
varicty of sizes and grades. Its use is
helpful in solving problems by tracing
from the origimal a portion of the work
for further correction. Clonstant repeti-
tion of such an act may be requited
before the best solution of the problem
it obtained. Detail paper is not so trans
parent as tracing paper: it is more
suitable lor large-size details and quite
satisfactory for pen or pencil and eolors:

Tracing linen is mostly used for
wracing from onginal work when a
negative i required for frequent or

S48



DEAWING EQUITMENT

vorstant handling, being much stronges
than paper. The surface requires pre-
paring by lishtly rubbing with French
chalk because of its greasy nature. A
rubber will also prepare the surface for
the application of pen work, but this
method 1s rather laborons. Coloor may
be:applied quite easily by mixing with
a hittle ox-gall or soap.

Dawmc Boarn axp Tee-sgurame.
Drrawing boards are obtainable in stan-
dard sizes to suit the variows sizes of
paper. The eesquare cxtends acros
the full leneth of the board. 1t is uzed
along the lelt-hand side for all horizon-
tal lines, whilst set-squares are used in
position on the blade of the tee-square
(Fig. 1):

When using the tee-square keep the
stock pressed firmly against the edge of
the drawing board and move up o
down with the aid of both hands. Never
use a knile against the true edge of the
tec-=gquare for cutting paper. Onee the
edor of the hlade i spollt by such tare-
lesanvess it i3 wseless o acourate work.
For working purposes it is usual to rase
the back edge of the drawing board.

SEregUuARES. The 45-degree and 60-
degree types of set-square with 6-in. to
B-in, sides are generally preferred. They
are manulactored in hardwood, pear-
wood ar celluloid and with salid or open
centres, Celluloid open-type set-squares
are mice to work with, but care must be
exercised to avoid the ink Aooding,
which will occur once the ink touches
the edge of the celluloid. In use, the
edee of the set-square 15 placed so as o
mutke the best use of the light

Essential Drawing Instruments
The following drawing instruments
are caential: (@) deawing pen; (b)
dividers ; (¢r) compasses with extension
bar for use with pen or pencil.
The drawing pen is the most used
mstrument and one about 3 in. long

Fig. I. The correct mechod of using the drawing
board, tes-square, and set-square. The fes-
square extands across the full length of board,

with ivory handle 15 a convenient size,
although it is entirely a matter of taste,
Keep the instruments clean after use
and repliace them in the case or wallet,
The latter ks useful for carrying aboot.
Some useful drawing instruments are
shown in Fig. 2.

Frxep Isxs axm Covouns. Fixed black
Indian ink is indispensable. It is obtain-
ablein oz, J-ae., and |-oz. bottles with
quill for freding the pens. By “fized™ is
meant the waterproof quality which s
s0 necessary with ealour work. Coloured
inks can be obtained in all shades; and
blue and red colours are essenitial. Paints
are obtaimable in many forms, and
sticks are a converient type for use with
a nest of saucers.

The most saitable colours are game
hoge, burnt siennx, Hookers' green,
crimson lake, vermilion, sepia, Vandyke
brown, Prussian blue, cobalt blue, ivory
hlack and Payne's grey. It i convenient
to remember that the three primary
colours, yellow, red and blue, can be
used in combination o make purple,
green and orange. For instance: red
mixed with blue produces purple; blue
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FREMCH CURVE

DRAWING PEM
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RAILWAY CURVES
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ESSENTIAL DRAWING INSTRUMENTS
.8 ol the drawing instruments with the e ol which s draughtaman  must
m- mﬂﬁ' They should alwayp be kept in pood copdition snd cleaned sfror use



CONSTRUCTION OF SCALES 5l

mixed with yellow produces green; red
mixed with vellow produces ommnge;
and so an to form other different tints

Brusaes. The best brushes are most
econiomical. A good sable or camel-hair
brush lasis: a long tme, and will not
pluck; as so often ocours with the cheap
type; Thoroughly rinse the brshes
after use,

A good saft rubber, a promactor,
stencils, o set of scales, and domed-head
drawing pins complete the equipment.

Drawing to Scale

Drrawings bear some proportion to
the nctual ebject, and this proportion is
known as the scale of the drawing,
Scales are required to construct draw-
ingz and those generally :Idnp!.ﬂd fiot
hi_.uldmg work are as follows: § in. and
H& in. for general building drawings;
iin., $in, fin, | m, 1}in and 3in,
for detail work; 1/500th and 12,500tk
for site plans.

Useful lengths are 6-in. and 12-in.
ivory or boxwood scales with the divi-
sions relative to each scale on separate
etlges. Compound scales with several
sciles all on ane length lead to con-
fusion and error. Good eyesight and
care are required tomark off the dimen-
sion from the seale in order to produce
an zecurate and skilful drowing.

Where dimensions are not figured
there is an mmplicd undertaking by the
draughtsman that the drawings have
been made with all proper care; and
particularly where figured dimensions
are given, the measurements so defined
are always accepted in preference 1o the
scaled dimension aloniz the same line,
but quite obviously they should agree.

The ability to read plans also requiress
# kmowledpe of memuration and the use
of scales for measuring drawings which
lack derail. Somenmes the dimensions
of Jpinery, stzes of rooms and openings,
are not Agured on the plan. Where this

is 80, & size can be built up fram figured
or known sizes, The lewrmer will, how-
cver, realize the bmportance of always
stating the scale of a drawing and pro-
viding a scale on the plan

The main object of drawing o scale
18 to explain to the contractor as elearly
as possible the type and construction of
& building. The drawings are prepared
with a view to showing all the important
edesails fully ditensioned. In addition,
the nature of the malerials is indicared
by special conventional murking of
colour, by hatehing and by printed notes,

The most widely used scale for small
dwelling-houses and similar designs s
perhaps the scale of 8 ft. 10 the inch. A
certain. amount of detarling is usually
requidred to f-in, and l-in. scale to
simplify the foreman’s work [Fig, 3)

Such details as floors, walls,  roofs,
firtings and pipe ducts ¢an be clearly
shown in this manner. The main
object is to expliin clearly the conatrue-
tion of the boilding by drawing to a
large scale in order to avoid any doubt
as to what is required,

It will be apprecinted, theretore, thay
detniled work demands a  thorough
knowledgr of huilding construction and

mmiterials The dravghisman must adopt

dimensions whicl soit the standard
sizex #if any) of the materials w be
emploved, e, bricks, timber and
scantlings; otherwise numeéraus’ querics
will arise while the job is in progress.

g b - S

Suppose, [or example, ascaleot | § in
o the ot is reguired. Draw a horizon-
tal line any length (Fig 3a) and mark
ofl & number of divisions, each 1} in
long, The first division at the left-hand
sife has now o be subdivided into
twelve equal parts for the purpose of
representing the inches.

This is dong by drawing a line at o
comvenient  length in a  downward
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4 Measvrvo Cimyen Lines. The best
5 way to measure a curved line is by
Fig. X Thesciles & taking the spring bow dividers sct to'a
vt fo puding 7 small opening, and by siepping slong
urh.a: certaln amount . the curved line it is quite a simple matter
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direction from the lefi-hand end of the
horizontal line and making an angle of
about 45 degrees. Next divide this line
into twelve equal divisions.

Draw a straight line to the end of the
first division on the harizontal line, and
from all the remaining points draw lines
parallel to the first line so that they cut
the horizontal line into twelve equal
parts to represent the inches on the

the distance will represent the length of
the corved line.

Another method, although not so
accurate, is as follows: Take a length of
paper and sweep the edge round the
curve by commencing from one end.
This is done by fixing the paper by
means of a pencil point in varous
positions along the curved line until the
end of the curved finc is reached and
marked. The length of the line s
marked on the paper is measurcd by
the method which is shown in Fig. %



Fazriranp Deawmg. The
ahility to make [rechand
sketches is most valuable for
explanatory  purposes (Fig.
5). The sketches may also
form the fromework around
which a finished drawing is
tn be built. The draughis-
man draws a definite plan
and makes sure that it is
correct in every detail for
working purposes,

The diticrence between
the freehand sketch and a
true o scale drawing is
generally one of finish. A
sketch only requires a few
minutes’ work merely to
mdicatc or suggest the
principal features of the
object, while a scale drawing

FREEHAND DRAWING 353

i

MEASURING CURVED LINES

Fig. 4. The distance on the curva AB s transferred to the
straight papor edge AVBY and senled

AN EXAMPLE OF FREEHAND DRAWING
Fig. 3 This sketch thows the value of freehamd drawing lor explamatory purposas

ro—u
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PERSPECTIVE SKETCH

Fig. 6. Another example of {rechand drawing, though same
lines sre put In with drawing Inscruments for convenisnca.

indicates particulars in accurate detail.
It is always advisable to carry a small
book and a pencil when out of doors.
Any object of building interest such as
that in Fig. 6 should be jotted down. In
addition to giving cxcellent practics in
frechand drawing, these sketches are
extremely valuable for future reference.
At this point, therefore, the learner
should get down to serious practice in
sketching, and by ohservation, indivi-
dual thought, and mitiative, he will
acquire competent ability.
Onriocrapyic Projecmion.  The
representation of objects by plans, ele-
vations, and seéctions @ known o

orthographic (or right~
angled) projection. It B a
method most frequently used
and represents surfaces with
the various points projected
at right angles to the planes
af projection. The plan is
really a horizontil section as
it would appear by looking
down oo the building with
the surfaces of all foors, wall
thicknesses and other con-
structional parts exposed to
viow.

[1 may be noogsary 1o
draw 3 number of plans i
the buildimg contains more
than one storey. Plans usu-
ally required are those
named as follows: Founda-
tion plan, ground-floor plan,
first-floor plan, second-floor
plan, and so on, to roof plan.
In the case of semi-detached
houses and (erraced houses
it is permissible o draw, for
example, the first-floor plan
adjacent to the ground-foor
plan and so utilize the space
that would normally repeat
the ground-ficor informa-
tion already imparted. The
reader should again refer to the plan
shown in Chapter 1.

Vertical sections referring to lines oo
the plans are used to show internal
features ; and eleyations, to convey
external form and design, are necessary
to complete the Information which a
working drawing should convey.

Elevations are either referred @
points of the compass, or named front,
side, back, etc.

Isossrric Drawmic, This method ol
drawing is 2 form of pictorial projection
where three straight lines make equal
angles to onc another, with one line
vertical at a mecting point. The length,
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breadth and height are measured along
the three axes and it i3 possible to huild
an excellent drawing showing clearly
all constructional details: As' the draw-
ing is not in perspective it will appear
a livtle: distorted, butr this 15 a small
point compared with the advantages of
being able to scale the three dimensions,
length, breadth and depth and the ease
with which the drawing can be pro-
duged.

The three Hnes, cach énclosing an
angle of 120 degrees; can be rapidly
constructed by the aid of the tee-sguare
and one sse-square with angles of 30
degrees and 60 degrees as Tollows:—

At the selected menting point o place
the set-square in position and draw a
line 30 degrees to the left, then turn the
sct-square over on its same hase and
draw a line 30 degrees to the right
From o draw a vertical line in & down-
ward direction. It iz obvious that the

1.8
—
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three lines are equally inclined to one
another with each pair enclosing an
angle of 120 degrees. The height s
measured off to scale on the vertical line
from point o. Likewise the width i
scaled along the line towards the lefi
messured from o and the length is
scaled along the remaining lines.

The solid form ean now be construct-
ed by drawing the other sides from the
new points parallel with the existing.
Fig. 7 is an sometric drawing which
clearly indicates the main principles of
constrietion, A more detailed drawing s
simply an extension of these principles
Learmners are advised to study - and
practise this form of drawing, as it forms
part of their equipment in explaining
details in a most interesting fashion.

Pepspecrive Drawing. This method
of drawing is the art of representing
abjects as they appear to the eye and in
the same way as they would appear in

ISOMETRIC PROJECTION
Fig. T. An isometric drawing by the 3id of tee-square and wmnu which clearly indicazes the
ot

main pri

ples of chis extremely useful m

of projection.
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at this position A
building extending
the whole Lreadth
of the road would so
diminish in size a8
Ly E'P'Fl'.ﬂr A4 mere
point or line. For
practical purposes
the observer
very much closer &
the object for mak-
ing a good perspec-
t tive drawing. The
H position greatly de-
' pends on taste, buta
t | little drawing prac-
i | tice will soon show
i | that some positions
! | give better perspec-
| | tivesthanothers.
b The rules of per-
| spective arenot diffi-
{ | cult 1o apply. The
[ method of setting up
r | a perspective suffi-
¢ | cient for general
1 purposes can be
i | followed by refer-
i | ence to Fig. 8. Let
| |* ABGD represent the
plan of a building.

G is the position of
the spcotator in

front of the picture

plane EF. Draw Elr

SETTING UP A PERSPECTIVE DRAWING
apply, and the mathed
ﬂmﬂmmm

8. The riles of parspective ara noc difficuls o
mu:p a parspective Is shown above, and

4 photograph. For example, if a person
stundd in the centre of a long road,
which is horizontal, perfectly straight
and afuniform breadth, the sides appear
to approach closer and closer to each
other as they recede from the observer
at the height of the eyc.

On a long toad the sides at the
larthest end wonld seem to meet, and

.a.uﬂ GF parallel 1o

the sides of the
building A8 and 4D
respectively.  Next
draw a ground line and then deaw
another line E'F' parallel to it at
about the height of the spectator’s
eye, which may be wken at 3L
The vanishing points E' and F' are
found by dropping lines vertically from
the points E and F. The beight of the
building is set up at HF. Join K and J
ta their respective vanishing points E'



ANONOMETRIC DRAWING

and F; then the extent of the sides of
the building cin be defined by drawing
G and DG o cul the picture plane as
shovwn i the diagram and by dropping
* wverticaly from such points on the picture
plane to outline the building. Such
details as doots, windows, plinths and
other features are filled in on similar
lines.

For the purpose of a simple perspec-
tive drawing it B asumed that the
nearest angle of the object touches the
picture plane EF. In this case the plan
makes angles of 30 degrees and 60
degrees with the picture plane. Many
variations moy be (ried, but the learner
ia advised to study the principles applied
in the diagram which are sufficient 1o
produce a good perspective drawing.
Fig. Ba illustrates what s meant by
picture plane and paint of sight.

Ouctous Progroros, Thisisamethod
wsed to show three sides of an objeet in
the same drawing. It s a suitable
method for rectangular objects, which
show the muin lace as it appears in
slevation, and the two adjacent sides a1
an oblique angle of 45 degrees. These
sides appear out of proportion because
they are drawn parallel to one another,
but the drawing has the advantage ol
showing length, breadth and thicknes
{Fig. 9).

lmproving the Proportion

A modification of this method of
drawing to improve the proporfion can
be dbtamed by showing the object 1o
halt-scale oblique projection. The dleva-
tion is drawn as before to a particular
scalc and the sides are measared at hall
appearance of the driwing, but the
situntion i complicated by the intro-
duction of two scales, Extra care and
attention are therefore ired i mis-
takes are 1o be avoided while working
under these more difficult conditions

Fig. 8a. If one looks through a window (picture

plane) at 2n object, then the rays of light joining

eye to object panetrate the window; these

panetration points define the ceive of the
object on the surface of the glass.

Axonoueriic Drawmics. In schem-
ing the arrangement and appearance ol
a building and it equipment for the
purpose of showing the future work to s
client, it is most useful to know how to
prepare axonometric drawings. This
type of drawing will explain the relagve
pesitions of all rooms based on the par-
ticulars which the client will already
have conveyed 10 the designer.

The word “axonometric™ mmeans 2
form of pictorial drawing in which the
plan of the building is turned through
un angle of 30 degrees o 45 degrees,
with the horizental and the vertical
liew deawn 1o scale to show the from
and side views [Fig. 10).

Puorooraray. The camera and a
knowledge of itz use can be of immense
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EXAMPLE OF OBLIQUE PROECTION

Fig. 9. This method shows three tides of an object in the same drewing, =, the main facs 38
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salue a5 an aid to the study of architee-
pure and building construction. Many
wseful details of the various stages of
building work can thus be recorded, and
every opportunity should be taken of
securing such records. [

Photography, like sketching, can
assist the student in his studies; conse-
quently the camera forms an indispen-
sble part of his equipment, It is not
always possible to find time to skeich
details of interest, but' with the aid of
the camera, it will be appreciated that
this form of pictorial representation has
much to recommend it.

General Drawing Instructions
‘Securivg THE DRAWING PArer. The
paper can be fastened on the board by
drawing pins or by paste. The latter
method s done in the following manner:
Having cut the paper to the size re-
quired, damp the back of it with a

sponge soaked in clean water, passing it
well over the whole area séveral nmes
until the water is absorbed. With the
paper lying flat apply a rim of paste
round the edge, about an inch wide,
and then turn the paper upside down
and press the pasted barder firmly to the
drawing baard.

The next ﬂrphu.iwﬂﬂlnlhttnfﬂm
paper in the centre, taking care not 10
cover the border. When the material
has dried out the surface will be taut
and suitable for use. When completed
the drawing can be cat over leaving the
pasted edge on the drawing board.

Usno A Pescie, In drawing a line
hold the pencil almest vertically and
move from left o right. Use the pencil
lightly along the ruling edge so that a
line of regular thickness is produced.
Accurate work can only be done with a
shirp-pointed pencil. It is uscless using
a dull point. Finally, touch the drawing
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up by erasing superfluous marks with
the rubher,

Usivg 7ue v I ready-made Indian
mk is used, a few simple hints. will not
be out of place. Keep the quill attached
to the cork in a clean condition and
when not in use keep the bottle properly
corked,

Do not forget this precaution on
each occasion when it is peccsmary to
refill the ruling pen by means of the quill.

™™
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Should the quill become damaged it
will e fotnd that the ruling pen can
be filled easily by the use of an ordinary
pen dipped into the Indian ink. If pre-
ferred good Indian ink can be rubbed
up from & stick inasavcer. It must be
sufficiéntly mixed to produce a dense
hlack colour. As Indian ink thickens
when exposed to the air, it is necessary
to clean out the ruling pen after use.

Usive e Roting Pex. Belore inking

AXONOMETRIC DRAWING OF A GROUND-FLOOR INTERIOR

-

= i

Fig. 10. This is a pictorial methed of showing the general appearance of 3 bullding and it
eguipment; it makes use of the sctusl plan turned at an angle to the tee-square.



it trv the pen out on a picce of sparc
paper uniil the pen is set o give neat
even lines of the reguired thickness, The
pen must be properly held in the right
hand almost perpendicularly, with the
forefinger resting outwards on  the
thumb-screw. Next draw the pen from
lefi to rizht by sliding against the roling
cdge and by using the litde finger an
the same odge to steady the hand.
Curved lines are usually inked in by the
aid of French corves which guide the
pen atong the line. The French curve

DRAUGHTS MANSHIF

marked with some form of meference.
These lines are slightly thicker than the
lines of the drawing and marked AB
ur BC as the case may be,

Borpers. The border to u plan takes
the same relationship as a frame to a
picture. A simply exccuied border may
possess much value, inasmuch as it will
assist in attracling atention. It is not
necessary to draw an eliborate border.
The simples: design generally looks the
neatest,

Very often a plain line around the

has to be manceuvred until & portion of  plan about § in, from the edge of the

its curve coincides with the actual line.

Joining Curved Lines

In joining curved lines with straight
oties it is easiest to draw the curved lines
first and then w run the straight lines
16 them. There is less chance of breaking
e completed line in this way as com-
pared with the method of constructing
the straight lines first and connecting
the curved ones to them,

To prevent the pen from clogging
take a clean piece of cloth or paper and
farce the material between the nibs and
rub lightly without altering the thumb-
screw, A good sharp clean pen @
absolutely essential for first - clas
draughtsmanship.

Douessioss, Inked dimension lines
miay be dmwn in one continuous line or
by a broken line with space in the
middle for the dimensions. The extent
ol each dimension & shown by a care
fully drawn arrow head. All figures
shoiild read in one divection, and should
be signified in the wual manner. For
example 3 [eet 6 inches is shown thus:
36",

Sgcrion Lases are ususlly drawn
across the plans of a building for the
purpose of mdicating the interior con-
struction. They are placed in-a position
where the most information can be
shown on the sectional drawings and

paper and a plain bold thick line under
the heading will prove helpful, The
black line pives emphssis and draws
attention to the important heading.
Centee Lanes: Most drawings have
some part of the work which is set ouf
from centre lines. This is often the case
with windows, doors, corridors and
ather similar details, Such lines are yery
handy for symmetrical measurements.
Correcring  Msraxss, Removing
pencil lines with indiarubber ean be
easily accomplished by rubbing out in
one direction- only. Do not rub both
ways otherwise the surface of the paper
will be damaged. Dirty drawings on
paper or linen can be cleaned with the
use of art gum or stale bread. Inked
lines are removed by special erasen
which ¢an be hought for the purpase.

Preparing the Lay-out

Tue Lav-our Pras, A rough pencil
draft, termed the lay-out, Js the first
thing to prepare. Once this has been
arranged in a satisfactory manner, the
plan can be developed properly on the

same lines. ;
A good deal of skill is necessary In
campiling lay-outs. Balance and atirac-
* tiveness should be the key-note. Arrange
the various parts of the drawing in such
a manner that it becomes one compac
connected design. Do not overcrowd.



LAY-OUT OF THE PLAN

WORKING Uik 4 FRUCH,

EXPLAMATORY HOTES AND
MOEITH POMNT PLACED N THE
MOST GPEM SRACE FOB
STMMITRACAL AFPEARANCE

TRisarren EIME QLS SORILR Lued

LAY-OUT OF LETTERING FOR A PLAN

Fig. 1l. The diagram shows the correct and Incorrect methods of arranging the lertering es -
draughesman's plan, and abo suggests is best general arrangement.

bat be certain thar no awkward gaps

Appear.
Frsmsrwe Tiie Drawing, The general

requirements for all good plans may be
ziven as follows: (1) clean-cut ink lines
carefully drawn ; (2) good lettering and
plain figures, In this respect the general
arrangement of this work should eend
frorn Jeft to rglit or [rom the bottom up,
the words being m straight lines parallel
1o the side border lines. (3) A near title
placed in a suitable position to give a
symmetrical appearance ; (4] the scale
of the plan neatly arranged and abo
given in figures ; (5) a plain border line ;
[6) a good arrangement of explanatory
tiotes and conventional signs (Fig. 11).
PreEpapamiony oF Desion. Huving
obtalried all the necessary information,
the designer will set to work 1o co-
Tordimate ail that is required i the
intended building. Many attempts may
be made before the best solution is
found, and the first step towards solving
v —u®

the problem s 1o ry out a rough draw-
ing indicating a general disposition of
the parts of the plan as affected by the
character of the buildmg,

The next step is to place a picce of
tracing paper over the rough drawing
and to try ot an alternative solution.
This may be repeated again and again,
m whole or in part, until the best salu-
tion is foumd.

Constructing the Plan

The designer now proceeds with the
camtruetion of the plan, sections, and
elevaiions, A good plan generally gives
risc 1o & good clevation, and so the full
picture gradually takes shape. Every-
thing grows from the plan; conseq y
the time is well spent in the preliminany
pages while seeking a solution.

A trained designer must have a
thorough knowledge o the variows
materinls required 1o campleie the
building. This can be anly acquired by
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a practical training in his early days
He will then be in a position to produce
practical drawings of all types.
Having completed the main require-
ments of his plan it is usual to prepare

details drawn to a large scale. Suppose,.

for example, that it is desired to give a
detail of an external 9-in. brick wall
from the foundation to the roof, the

detail plan should be constructed on the,

following lines:—

Mark off the brick courses of say four
to the fpot on a vertical line by using a
scale of 1 in., to the foot.

DRAUGHTS MANSIHIT

low the rafter; Itwill be necessary to
settle the projection of the eaves from
the wall in order to complete the details
of the eaves board, soffit hoard,
gutters and other features required.
The roof boarding, roofing [elt
battens and tiles may now be
indicated according to the thick-
ness of these materials, Whatever type
of construction is desired may be
ghown.

At the bortom end of the wall
the details of the depth, width and

Next consider the height o A
afthe roomand mark this =
off against the brick T

regard | ;
ahe height of the sill

above the Hooring. One o
must have in mind the -
relation of all the win-
dows throughout the
building  because,
wherever e, the
heads will line with the
same brick courses.

The next siep i 1o
draw part of the roof at
the caves, and this is re-
presented by drawing a
rafier  from the wall
plate at the required
angle or pitch of the
roof.

The remaining
detnils at this posi-
tion are casily built
up above and be

I

would

HALF PLAMN

Il‘r

DETAIL DRAWING OF FOUR-PANELLED ENTRANCE DOOR
Fig. IL In thiz wxample the slevation thowi the side of 3 door 2 1t
appear from the outside, and the haif-plan is 2 section shove
or below the lock rall shrough the panele
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projection of footings are shown and
clsewhere details drawn in until the
drawing is completed.

A good example of a detail drawing
is the four-panelled, square-framed dopr
shown in Fig. 12. The elevation shows
the side of the door as it would appear
from the outside, and the half-plan
a section above or below the lock rail
through the panels,

There are several methods of copying
and transferring technical drawings by
the pen or pencil if the draughtsman
follows the instructions now given.

Copying Drawings

(1) Secure the plan to be copied on
the drawing board over a clean sheet of
paper; and prick through on all the
points, where change of direction takes
place, with a fne-pointed instrument.
Be careful not to omit any important
points before the upper sheetis removed.

{2) Make a tracing of the drawing on
firm tracing paper, and on the reverse
side cover all the lines by soft pencil
marks. Rub the backwards and
forwards until every line is lightly
obliterated.

Next turn th:dramngwandﬁ:
it on the drawing board over a clean
sheet and go over all the lnes with a
sharp-pointed 2H pencil, The moderate
pumu-enfth:penm]wﬂﬂmwafmm
impression on the clean paper which
can be copied over by pencil or pen.

{3} Another dewvice that will be found
useful for copying purposes is by means
of squares formed on the original draw-
ing. The squars may be ruled any
desired size and if the drawing is to be
copied to the same size, draw a similar
number of squares on a clean sheet of
paper and mark off the various points
on these squares as they occur on the
original. The outline can be completed
by linking up the points and, where
necessary, the unimportant points may

be judged by the eye and ¢completed n
lreehand.

(4) A drawing can be copied by
placing the original on a strong sheei
of glass with a good light underneath.
A clean sheet of paper is placed over the
original and the reflection of the light
from heneath is sufficient to enahle the
draughtsman to fllow the original lines
with pen or pencil.

Definitions

Certain definitions will prove of use
to the droughtsman as follows:—

A STRatcAT Line. When the drawing
instrument moves the shortest way be-
tween two poimts it delineates a straight
line. The direction is immaterial, but
to enable us to represent it in drawing
we use a-ruler or tee-square,

"Pararir Stratcar Lines are lines
it the same plane which are equidistani
[rom cach other in every part. The edge
of a tee-square can be used to draw such
lines on the drawing board by first
drawing ane line, and then, by moving
the tee-square up or dmm,.lht other
lines can be drawn. Such straight lines
an the drawing hoard are said to be
parallel to each other.

Axgres. Two lines are said to be ai
right angles when one line stands on
another, so that the adjacent angles are
cqual. For practical purposes a right
angle 18 divided into ‘90 degrees and can
be constructed by drawing a horizontal
line with the tee-sqmare and erecting a
perpendicular liie by means of a set-
square used on the tee-square (Fig. 13).

An obtusc angle is greater than a
richt ingle, whereas an acute angle b
less than a right angle, In measuring
angles on the drawing board it should
be remembered that the 45-degree set-
square has two anlges of 45 degrees each
and one of 90 degrees; the 60-degree
set-square has angles of 30 degrees,
G0 degrees and W degrees.  These
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Hnlf the diameter
is the radius of the
cirele, A seement of a
circle Is bounded Dby
part of the circumier-
ence and one straight

364
Fig. 13. lllustrating varibus
angles, of = crcle and
various forme of criangles
I ]

RIGHT AMGLE

line. A sector 13 & plane
figurc enclosed by two
radii of a circle and the
> arc cut off by them.
A tangent is a straight
line which touches the

circumierence.

4 4

A A

set-squares held in position on the tee-
square are suitable for erecting such
angles. The use of a protractor is
Tnecessary in the case of other angles.
A circle is a plane figure bounded by
i continuous curved line, called the
circumference. It is traced by a point
moving at & constant distance from a
fixed point €, known as the centre. The
diameter of a circle b the straijght line
passing through the centre and hounded
by the circumference. It cuts the circle
into two equal parts called semicircles

! TriancLEs, A might-
angled triangle has one
right angle, opposite
which is the side called
the hypotcnuse. ‘1he
other two sides arc
known as the hase and
perpendicular rospecs-
ively (Fig. I3).

' An obtuse-angled -

angle has one angle

greater, than' a right
angle
An acute-angled tri-
angle has all its angles
less than night angles.
An equilateral tri-
angle has all three sides

s ACLITEAMNGLED

lour-sided figure with [our angles.
A square contains cqual sides and
equal angles (Fig. 11).
A rectangle is a foursided right-

opposite angles equal,
A trapeziumisa figure bounded by four
straight lines with no two sides parailel
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SOUARE RECTAMCLE
FHOMILS EHOMECD
TRAPEZILM ASELCHD
REGLILAR POLYGOM WEECULAR POLTGOM

Fig. 14 Geometricil figures In common use

A wapezoid i3 a apace bounded by
tour lines with two of its opposite sides
parallel,

Polygons have more than four sides,
When all their sides and angles are
equal they are known as regular poly-
gens. When sides and angles are un-
equal they are known = irrepular
polygons (Fig. 14).

A few typical problems which often
have to be salved on the drawing board
are as follows:—

To Bsecr a Sreamsr Liwe. Let
AB be the line. From the centres 4 and
8 with any convenient radius, greater
than half A8, draw two arcs culting

gach other at C and D. Draw the
straight line @D which cuts AB in the
middle at E (Fig 150

To Bseor A Giveny Ascie. Let ABC
be the angle. With B as the centre, and
any convenient radius, describe an arc
cutting the liness in 4 and € From A

- .4
-
.--1"'{C
%
.

[3-
B
"

o
%

Fon

Fig. IS5 (above). How io bitery 3 straight fine
Fig. 14 (below). How o bisex 5 glven anghe
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D
Fig. 7. How to find the centre of a crd=

and (, as centres, and with the same
radius, describe two arcs intersecting
in X. Draw the line BX which divides
the given angle (Fig. 16).

To Fixo tHE CeEnTRE OF A Cirore.

" Draw any chord AR and bisect the line.

with a perpendicular £D. This will be
the dinmeter of the circle, Bisect the line
D in point @ which gives the centre
of the circle (Fig. 17).

Conventional Representation
Special conventional markings are
ised to indicate the different kinds of
maierials that go to make up the draw-
ing. In addition the markings empha-
sizee the various parts of the drawing in
such 2 way that the composition is
readily understood and appreciated
almost al a glance. The wsual markingy
for bricks, stome, concrete, metal, wood,
and other materials are shown
in Fig. 18. Thmmmplmm:ul’ﬁrumi
for general and will improve
the value of the drawing to a great
extent provided the conventional treat-
ment i not overdone:
Covouss. The introduction of colotr-
ing also improves the value of the plan.

DRAUGHTSMANSHIP

Here the materials are indicated by
meand of varied tones according to
whether they are in section or elevation.
The sectional colourning is usually
darker than the elevarional treatment
and the colours usually adopred for the
purpose are detailed below:—

Masonry Vandyke brown

Conerete Hooker's ar neutral mmi
Epnehhf::'rﬁ: Trutian ink

Cast oo Payoe's grey

Lead . Indigo

Slnte . "Neutral tint mixed with a finle
crimson lake

Glaa . . French blue

Timber | Burnt stenna for jeinery; yellow
ochre for carpentry

Earh Burnt- umber with irregular

edging

A few hours should be spemt in
experimenting with colour, in order
that some ides may be gained of colour
vilues. After a while it will be quite
easy to obtain the right tone for the
work in hand. Always mix plenty of
colour and then test on a piece of
paper,

Place two tumblers of water beside
the table, one to the right and the other
to the left. The tumbler on the right &
used for mixing colours and the one on
the left is convenient for washing the
brush, A clean sheet of blotting paper is
useful for emergencies and for mopping
up- any superfluous colour,

The drawing is mounted firmly to the
drawing board and the whole placed in
a sloping pesition to allow the colour
washes to run downwards. Next prepare
the paper surface for the reception of
the colour by giving the drawing a clean
wash of water all over.

Whilst the preparatory wash is drying
prepare the colours to be used by mixing
thoroughly, Mix ample supplies for each
tone, because if insufficient colour is
miixed it is extremely difficult to remix
the colours 1o exaetly the same tint
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FOUL OR S0l WATIR DRAIN OF SDWER

-

SUMFACE WATER DRAMN OR SPWE

- —————4—9 9 e ——P—p—

HOT WATE FIFES

Wi K DOOR WINEOW GLILLY

. . 7

MAEELL METAL LEAD

[ S

CONVYEMTIOMAL REPRESEMTATION
Fig. & The diagram illustrates the smndard symbols most frequently used in pizns tor building,
including drainage, joinery and varioes types of building materisl. These should i ba wsed
by the draughtzman, as their adoption avoids daubts and delay s every smage of the work,

-
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Washes are best applied with a large
brush. Flood the portion where it is
intended to commence, and waork the
brush cvenly over the drawing. The
colour will run freely and will dry evenly
withogt variation of tone amd sharp

cdges, owing to the damp condition of

the drawing. Adter the first colour wasly,
wait until thoroughly dry. Always allow
e porton to dry belore  tackling
unother.

It s the best poficy to work as direct
as possible by making sure that the
correct shade s applied at once, instead
of having to add tonc upon tone.
Follow on this system with all the
vanous shades for the elevatdonal work
and similar large areas.

Apart from the standard indication
ol materials it 3= alio necessary w be
{amiliar with standard symbols for re-
presenting soil water draing, surlace
water drains, hot and cold water sup-
plies, sanitary fttings and the like. All
these are clearly explained in Fig, 18,

Imporiance of Lettering

One of the most important phases ol

lan drawine B the exécution of good
{:(l::riug. Faulty or hadly displayed
lettering will spoil a drawing, and con-

v it is essential that good work
should be introduced.

Every drawing needs a ritle and some
description. Such words as plan, elevs-
uon, sectionm, scale, etc, frequently
recur and the student i well advised o

DRAUGHTSMANSHIF

study good examples ol neatly drawn
lettering, both in headings and in
detailed texr

To draw leuers, either vertical or
sloping, simply rule out an upper and 2
lower-guide line the required distance
apart to represent the desired height of
the letters, A fine running throtgh the
centre will “allow the contrals to he
placed accurately, and affind aasistance
in aligning the curves in the letters B,
P, and B.

A bold, simsple; and well-spaced letter
is the best. Plam block letters or Roman
lettering for headinegs and mam ntle
look well, and italics or small lettering
should be made vse of for all descrip-

tive notes.

Block Lettering

The designi shown in Fig. 19 i5 an
example of well-proportioned  lock
lettering of the solid type. The leters
may be left apen or filled . The
main featores of this mechanical cype of
lettering are that all the limbs join cach
other at acute or right angles, The
letiers for Fig: 19 are drawn to 8 units
in height, the width varying from 14
units for the letter I to 9 units for the
letter W, The penernt width for the
limbs of all the lefters i taken ks 1]
anjis.

To ensure uniformity in height and
aligniment, it is essential to draw top and
bottam guide lines 8 unis high and to
draw two inmer lines a licle less than

%QEIESIB

BLOCK LETTERING

Fig I%. An mample ol well-proportoned lettering of the salid type. The lettess may be left open
or filled in. Mote rhe acute or right angies at which the limbs ioin sach other.




ABCDEFG
HIJKLMN
OPQRSTU

VWXYZ

ROMAN CAPITALS

abcedefghijklmnop
qQrstuvwxyz

Roman small letters

ERING FOR ARCHITECTURAL DRAWING

Fig. 0. The beauty of the Romin letter 18 well thown in the above sxamples. Mooe the proportion,
the spacing and the thicknets of the mrokes Specinl care i necesary whan drawing che werif
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|4 umits wide to aid the construction
of the top and bottom horizontal strokes.
A centre Hue s also necessary, These
lins sre drtwn lightly in pencil and
should be rubbed out after inking.

Rosman Lerrenmva, Fig, 20 shows the
miain characieristics of all the letters in
the slphabet. They have a certain type
of beauty brought out by the naiure of
the serifs and should be copied, letter
by letter, unul proportion, spacing and
the thickness of the strokes has been
thoroughly mastered. Special care @
required when deawing the scrifs st the
end of each stroke, and only practice
will develop the sweep of the hand s
necessary in this type of leitering.

To ensure an even and equuil spacing
between letters and words a certain
amount of thought and care s required.
Spme draughtsmen draw letters exact
distances apart, carefully measuring
each letter and allowing se much space
to each one. This is no doubt necessary
for special headings, bul neatness and
speed are best obtalned by arranging
the wording to please the ey,

In drawing curved letters such as R,
G, § and O, ete., always take the curve

DRAUGHTSMANSHIP

slightly above and below the guide lines;
that i, really draw the letiers higher
and lower than the other letters in the
same word, This is necrssary so that
these |etters will appear the same size as
the others. If this is not dene the curved
letters will appear smaller than the
others ‘and look ouwt of place owing o
an optical lusion.

Letters with eross lines such as F, B
and H usually have the cross line placed
above the centre to prevent the letter
appearing too heavy, It is also @ wise
policy to draw such letters as R, P, B,
X with the upper portions above the
eentral line,

Examples of lctiering suitable for
general purposes are shown in Fig. 21.
The beginner is advised to practise the
use of printed letters after @ similar
style, and later he will develap a style
of his own. Avoid the use of too many
different types and sizes of lettering on
a drawing. Usually thres variations are
sufficient. Larpe letters for the main
heading, medium-size letters for the
sub-titles and small lewters for the
explanatory wotes and conventional

signs form. the general arrangement.

ABCDEFGHIJKLMNOPQRST
UVWXYZ

PLAN SECTION ELEVATION

PLAN SECTION FELEVATION<=

NORTH

ELEVATION

SCALE

NORTH ELEVATION SCALE

LETTERING FOR GENMERAL PURPOSES
Fig. 21, Thiz useful snzeri! jetter iz sujnable for general pw In plan work: it has 3 pood
Ic,

sppesrance both in the upright letter and in the

and Is easily legible.
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1234567390

1234507890

The numerals shown in Fig. 22 ex-
plain themselves,

StenorLLing. The stencil method of
lettering saves a good deal of time
Naturally the detailed printing cannot
be satisfactorily introduced by the sten-
cil method, but-r is quite convenient 1o
print the heading of the plan and the
more important descriptions by this
method. A gosd set of stencils can be
obtained from any specialist firm deal-
ing with drawing materials

Reproduction of Drowings

Priwes. It is often necessary to make
& mumber of copies from an original
drawing. There are various methods in
use, but the most common practice is
t use tracing linen, which & placed
over the original for the purposes ol
copying all the lines by the aid of a
ruling pen'and Indian ink. This tracing
becomes a negative suitable for the
reproduction of a number of copies
which can be reproduced ns dack and
white prinis on paper or linen. Prints
known as Mue prinds show white lines on
i blue background. The types of prine
requited will depend upon their use
Caoloured copies call for black and white

Fig. 0. Some expmples of
numerals suitable for the
lettering on plan drawing.

prints because it is quite a simple matter
to eolour the paper or linen according
to the conventional markings of the
original, Plans required for record pur-
poses are best on linen

Same prints shrink a little during the
course of preparation; consequently the
need for a scale drwn on the negative
iz very important.

There are many frms that undertake
the reproduction of drawings and it will
be found that the cost of providing
copies is most reasonable. To undertake
the laborious msk of maling tracing
after racing cannot compare with- this
cheap and easy method of obtaining
prints

Braok axn Wnrme Rermobucrion,
Frequently the draughtsman i called
upon to produce a drawing suitahle for
reproduction in the Press. In this case
the student should understand & littde
about the process engraver's art, so that
the work will reproduce with the best
results,

The usiual type of reproduction is the
line process, which is cheap, simple and
very cffective. 'The drawing I8 prepared
with pen and black ink upon white
paper of good quality. The original
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REDUCTION AND ENLARGEMENT
Fg. X The di shews hew, of rawn
fram the lower left torner o the vp::r Ti?h? mrn:r:i :L-Inzdol an

mhrmorrdimﬁundﬂuﬂﬂl&mlumyhhmd.

Liock, remember ta
keep 1he lines open
and use dense biack
colour.  Also -allow
for a reduction in
size to about hall
thiat of the griginal.
As any lettering will
be reduced in size,
remember (o keep
this work large
enough in the frst
place. '

A useful way ol
ascertaining the pro
rafa reduction of &
diawing is to draw
# divisional Line
from the left lower
corner to the upper
rizht corner. Next
take & scale and
hold it parallel to
the bottom edge of
your drawing.
Gradually push the
scale upwarﬂs until
the dividing line is
met at the widtl to
which it is desired
that the drawing
should be rtepro-
doced, From the
position where the
sciile meets the divi-
sional lime down: to
the lower edge of
the drawing will be
the height of the

drawing i placed n front of the proces: This method cnables the draughts-
engraver’s camera and phowgraphed man to visualize what the drawing wil
um & special plate which i not suscept- be like after reduction. If the area of

ible to any calour but black. In view of  space allowed for

o i Rnmwn

this, the lines of the drawing must be  itis oG i
' g quite easy to enl the size by the
dense black and not flimsy. Faint lins  smme method for tmmpm: of the
dos nol reproduce. _ original drawing. Fig. 23 shows clearly
Iu preparing a drawing lor 3 line how to make use of this simple method.




ESTIMATING

Muin classes of estimating. Bills of quantities and their lay-out. General

principles. Prices and quantities. Labour rvates and output. Hardeore.

Congrete. Proportions. Bricklayers', masons’ and other iradesmen’s costs.
On-vosts and profits. Preliminaries. Tabular information.

responsible duties of the senior

stafi of a building contractor's
organization. Although there has been
a muiirked improvement in estimating
principles and organization during the
past one of two decades, there are many
estimators who follow wscientific meth-
odewhich do not give the Lest results,

Competitive Tendering
Much estimating i= done in connec-
tion with competitive tendering, and it
must be realized that any of the follow-
ing resubts may ocomri—
{1} Over-estimating, cven by a small
nt, will probahly lose the con-

Er.m&mu ranks high a3 one of the

Jtract
{Z) Being a little below a competent com-
_ petitor will probably get the contract.
{3) Being much below a competent com-

petitor who 1s st estimating “high™

0 Jose the contracy beeause he does

not want it; o, 0o frequently, being

much shove & competent competitor
indicates faulty estimating.

Stress has been laid on competent, lor
the speciul reason of showing that com-
petency in estimating ks all-important,
Estimating calls for exceptionally good
imowledge of building construction,
cosis of materialy, labour output and
organization, conduct of works, costing,
obtaining prices and placing orders for

materials, sub-contract work, ete., and
many other iterns which are quitcapart
from the knowledge which is necessary
to allow csumating o be conducted on
sciemtific lines.

Many master builders, and pracric-
ally all general foremen (the aothor
prefers the desipnation of works man-
agersj advance from the ranks of practi-
cal crafismen, who are much interested
in estimmting, and often have o settle
down toits problems. The professional

‘estimator is usually an office man, and

a surveyor. As such he comes very
frequently in contact with the work ol
all classes of craftsmen, snd with the
men themselves; he contacts building
owners, architects, surveyors, quantity
wrveyors, officiale of local authorities,
sub-comtractors, specialists, works man-
agers, ull kinds of staff members, sSHp-
pHets and many others.

‘Main Classes of Estimating
The subject of estimating may be
divided into the following main classes:
(1) Pricing bills of quantities preparex
by a quantity surveyor employed by
the building owner.
(2) Pricing bills of quantities prepared
by the builder's Er.:rwrnr -
(3) Pricing schedules of prices or rates
which form the hasis of paying for
work which Is eventually measured,

373
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(4} Estimating the percentage addition
1o or deduction from standard sched-
ule of prices which form the basis of

- payment for work which s eventually
measured.

(3) Spot pricing.

i6) A combination of any two ar more
of the above.

(7) Approximate estimating, such as
cubing, cubing plus approximate
‘quantifies, combined quantitics, ete.
For the purpose of this chapter it is

necessary to keep rather rigidly to the

subject of stimating, and it is not advis-
able to discuss the varying merits of the
above seven classes as they open many
viewpoints. However, it may be stated
-that estimmating on the basis of bills of
quantitics prepared by a quantity sur-
veyor cmployed by the building owner
is recognized as the fairest to a builder.

Classes (2], (3) and (4) entail builders

- ‘bearing the cost of preparing quantitics
anid/or mensuring works,

No begter way of explaining the prin-
ciples and details of estimating can be
chosen than firstly, to consider the
general lay-out of proper bills of quan-
tities, and sccondly, o give typical
examples of how to cstimate some of
the chief itesns in them,

The general ky-out usually consism
of separate billsor sections devoted to:—

Prefinunaries ‘ (und work on sitn).
Excavator.

Concrefor.
Bricklayer.
Ml
Braintayer. -
Asphnlier,
Pavioy,
Slater, tiler and ll:{:dm
Carpenter, jeine IrTTOTEeT.
Ironfounder, smith and stroctusl coginesy,
Planterer snd woll tier,
Hwnl-._u_-f and gas fitter.
Electrician,
Glagier,

inter and decormior,
The murmmary.

ESTIMATING

There are variations to the above lay-
out; but these will not affect the
explagations,

Prernosaries reler to the general
conditions of contract and many other
items; but those which are of particular
importance to the estimator relate to
the [ollowing items which have to be
priced either in the preliminaries, or
elsewhere, as will be explained: (1) all
insurances—health and unemployment,
employer's liability, third party and
fire; (2) water for building purposes;
(3) plant; (4] general foreman (works
manager) andfor other works staff; (3)
contractor’s temporary buildings; (6)
other itemns which have a monetary
value, often including an amount for
contingencies,

Toe Vamious Trapes, giving quan-
tities and descriptions of the various

works, follow the preliminaries.

The Summary

Tee Svmmary completes the bills,
and is, a5 its name implies, a summary
of all the separate hills. It alse usually
contains abstracts from the prelimi-
naries, of items such as insurances and
water which are intended 10 be priced
I SUIINATY.

Commexts oN THE Lav-our can be
limited to & suggestion that, in addition
to insurances and water being taken to
summary for pricing, it would be equally
advantageous if other items, such as
plant and general foreman, which
by old custom given in preliminaries,
are also included in summary. There is
a very good reason for this; the modern
estimator never prices these items until
every other item In the bills has been
settled. By the time the trades bills have
been priced, the estimator has the best
knowledge of the general and detailed
chasacter of the many works and is then,
and not befare, in a position to decide
a3 to what class of works manager shall




BILLS OF QUANTITIES
Biie Now 1 PHELIMINARY AND GENERAL ITEMS

Mo, :
8 Allyw for prying all lities inourred by the National Henlth
and T Tnsurance the Widow's, Orphan’s
and Old Age iom Acts, the Workmen's Compen:
Acts, Employet's Lisbility and any other Acs of Parlimmen
of like manwe or any s amendments therem (e
“Summary} . . - : : . . . =
in The contractor i (o bmure against damage by e his own
plant, scaffolding mmrw buaildings and equipment }
{ My cther ifems e included e thir bill)
Carried o Sunusary i £
Brur. Mo, 4 : CONCRETOR
L The for fundations bé commposed of | J [(=1®
COnNCTeTe ()] 1
Portland cement to 6 parts of clesn qnmdlnﬂmﬁ?-in.
gaume snd with safficient weshed! tor fill the mtcratices
80 | Cibe | Concrete {1-12) in filling 1o old vaults 10 be done from he
I’:'mr.uflhrmlhh afker dmnl: phnldmg&ma"mm
pavement 6o b (e pEivEmEnt,
#le,, menmired separately) | . ' : : . ‘
{Mary cther ilems e dncleded w ithis bill oich s followed by the
ather bills shoem o Suwmory) £‘ | = H=i
SUMMARY =
Bitt vl
ﬁ?‘ Prelimimaries and geperal .3 ] .
liems - » . . v
2 Excavatar : . : . J : i
I i ¢ 3 S
T 4 c 4 . . .
3 Mason . F F - = . .
g Dirsinlayer . . . - . .
] Pavioe | W Ao P iy
tg Slater, tiler and wute g : - . -
Carpenter, joiner and fronmonger . : i d
1 tmﬁmﬁ:}rmillmnd strugtittal engineer . ‘ :
2 Plasterer aol waill dier | : : . d -
13 Plumber and gas fitter . = i L a : .
H Electrician . 5 - . . . . b
15 Glarier | i = 5 . B H i : =
“1e Painter and detorator | X tig In L . -
Th_nuﬁ;:m:w:ﬂuwhdwhﬂmimhmhmumh-
arica hill:—
(Hrre swumld be demrided Mo wtema)
ddd | Surveyor’s fees, 2 per cenit, bo be paid out of the i cormifican
Add | For k ¥, byping, exo. . v . - - i
Armcmnit of rafimnde. Carried t form g e .g] l

Ht.. L The shove three Tables give some typimal extraces from bills of quantities.
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contral the works, the tme it will be
necesary to allow to complete the
works, the nature of plant required, and
“imsurances to allow for the works and
labipur of the main contractor and sub-
cimitractons,

Fig. | shows extracts from the pre-
timindry and general items bill, the
caoncretor bill, and the summary.

Gross versus Net Estimating

It is now advisable to consider two
methods of estimating, one, the gross
method, being hopelssly out -of date,
but still used by some old-fashioned
estimators, and the other, the net

Thie gross method includes the addition
to every item in the bills of quantitis
or estimates of a percentage addition to
cover on-costs and profit. Not only
this method o waste of time in adding a
percentage to each of the oft-fime
thousands of items, but it i fundament-

ESTIMATING

ally wrong in view of modern conditions,
as will be understood from the fullowing
explanations of the net methed.

Study Figs. 2 and 8, The net mathod
is exceptionally simple, and it is used by
a great number of estimators in this
country as practical, sound, and giving
far better results than the gross method.
Briefly, it is:—

(@) That every item is cstimated or
priced ut net cost of material andfor
labour; net specified allowance or cost
of all prime cost; provisioni] sum and
provisional amount items, and then a
poreentagre b added in summary (10
cover an-costs and profit

(6} Although every (1) prime cost,
(2) provisional sum and {3) provisional
amount jtem is priced in the main hills,
a separate schedule is made of cach of
these three important sections for very
particular reasons as explained below.
Fig. 2 gives a practical iden of how the
schedules are compiled on these lines.

SCHEDULE OF pP.C, PS5, AND OTHER I'TEMS
P?' e pe. | P Provicnad
il Aenns = Herre ameuis, gl
Ll el e el lislpk
H Aot for cotitrigences 200 0|°0
15 T0,000 fecing bricks at ﬂi 'M g | 0| D
M w“]mrﬁshﬁﬂulmw . {230 0|0
2w 75| 0| @
41 Y doors at £2 | ol o
5l Ironmemgery ‘ Al 00
57 Structuril engineer | 50| 0 0O
58 Lantesy lights 25| o| 0|
6 Wall i ' 2 | O o
67 | Sanitary Hetings | ol ol o
T2 Heating enginest 25| 0
Ruilder’s work M| o] 0
. Electrical wuek 0| 6| o
B | Patent glazing ] t4l 10} o
&7 Wall papers : : E | B 0.0 | |
gow| o] alLen] of o]zo| of 0
Tota w L2250

Fig. 1 Abbrevisied exsmple ob prime com. provisional suma and other fems,



MODERN SUMMARY SHEET

SUMMARY
Rili |
N : L. | | &
I Prefiminanes and genern) items 5 0| 4 o
2 Excavator . 156 | I15] 0
i Coticretor | . - : ﬁ IE L]
4 1 L . . . 3
5 m”m - - 2 - il 0] o
L] Drnialayer . S7113]1 0
7 mphnhu-r 20| 0l 0
a &3 a1 2
b S'h.tnr fider Rod alite mumm | ; 410 2| 1
10 Carpenter, joiter sind Ironmonger _ ; L) ol 8
1 Iroqainder, smith and strucns) c:q:mnzr M2 9| 6
12 Plasterer and wall tiler . . M| 0| D
13 Plumber sl gas ’&lu-.r 7| B| 3
14 Electricinn - 15| 0| 0
i3 Glaner 7 a . ! . 200 ) 13 o
1 Painter aud dmnlﬂ . ‘ . - o712 o
6o | 0| 0
Lam || PO, PE, ete s achodule 2250 0| O
4574 | 0| N0
Add Ou-costx and profit 13 per ceni i . g8s| 2| n
LGk
Addd | P e - 6l0 G 0 |
5 per cent . 0 W o
LE40 10 1) 640 | 100 0
ddd | PS5 ems " - ; 420 00 4
Thpereem 166 100 o |
£1.526 10 O | 1,526 10| O
Add | Provisonsl amounts, e | 20| 0] 0O
7047 210
Add w»:mzmmmmmmmum s lianiiig
Addt l.nmmph, yping, we, | 20| #| 0
Aot of crtimate. Carried o form of tomder a0l 5| o

Fig. 3. The modern summary shest pressnis a clear view of the verious trades included inan estimaze;

(¢} 1t is, or should be, a general prin-
ciple with estimators to allow differem
ou-cost and profit percentages for the
following four main financial sections
of building contracting. (1) A certain
percentage, usually the highest, for ail
wd;nuym{:mmmar:ﬁm

, concrete, carpentry, eic.)
whmhu:ryth:grwmﬁmmﬂmk
to the contractor because he has to
sand by his rates. (2) A percenmge,

l.ﬂl.l.ﬂl:lf much lower than (1), on P.C,
items, which are supplied only by a
nominated supplier, nndﬁmilrrtln:
main contractor, P.C, jtems carry oo
Enancial risk to the main contractor, as
they are eosts which are instructed to be
allowed, and any variation in the cost is
adjusted in the final accounts,
Under the RLB.A form of agree-
ment a contractor is entitled 1o 5 per
eent discount on such P.QL items which
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discount with the lesser financial risk
than (1) permits consideration of a
reduced profit on such items. Also there
are other sections of the percentage
allowed for pn-costs which can be
reduced as explained later. (3) Another
pereentage usually  little higher than
(2} and still much lower than (1) is per-
missible on provisional sum ifems which
briefly consist of sums specified 10 be
allowed by the contractor for work or
materials which are supplied and fixed
by a nominated specialist or sub-con-
tractar, and for which the main
coniractor is entitled to 2} per cenl
discount. (4) Usually no percentage at
all i added to what are known as
provisional amounts, which include
such as * amount for contingencies™';
amounts for work which will be
measured and paid for at rates as, or
analogous to, those in the main estimate
with the appropriate on-cost and profit
percentage. Manifestly the last per-
centage is all that is necessary.

{d) Again study Figs. 2 and 3 and it
will then be seen that the estimator,
together with the chief of technical staff,
and the principals of the business, have
before them a clear view of the general
works comprised in the work being
tendered for; they can see at a glance
the different totals of ordinary works in
which there is the greatest financial risk,
~and sub-contractor’s work; they are ina
good position to gauge with reasonable
aceuracy the time which will be required
to carry out the work, the hnance re-
gquired for operational the best
works manager for the work; they can
then discuss the various percentages for
on-cosis and profit, and alter them i
advisable; and they will have the know-
ledge that every item in the main hills
has been priced pet, which is best
understood as the basis for comparing
costs on job.

They will alio know that the rales in

ESTIMATING

bills do not divulge o works staff the
percentages allowed for on-costs and
profit, and there is the great saving of
time by having to make only three
accurate pereentage computationd in-
stead of & very considerable number
which would be necessary il the gross
method were adopted.

Finally it will be realized that per
centages which are practically accurate
cannot be added to a great many of the
low-priced itemns in hills of quantities—
as an instance, adding say 15 per ceni
to 2d. makes arate of 28 d. which isso
impracticable as to cause most &sti-
mators to call it 2§d. or even 24d.
causing, if quantities are considerable,
an appreciable financial difference.

The general principles of practically
all estimating are hased on ascertained
prices of materials which are wanted
quantitics of materials, information and
knowledge of the quantities of materials
which make up the components ol
finished work which consists of more
than one material (such as eoncrete),
and labour rates and output.

Varistion of Prices

Praces oF MaTERIALS. Tt is essential
to understand that prices of mamny siri-
lar materials vary to a rather great
extent, depending on locality, transport
and labeur rates. There are, of course,
many, but not a great many, materials
which are standardized for certain
regions; cement and stoneware drainage
goods are two good examples.

Some manufacturers have prnted
schedules of prices which are subject, in
some cases, to percentage additions of
deductions according to guantites,
tramsport and other factors, Whatever
method is adopted by supplies of
materials it is absolutely essential for the
estimator to be completely up to date
with prices, and, although records of
prices and quetations for recently



EXCAVATION CALOULATIONS

estimated work may ofien be wsed, it
will be found in practice that there are
usually eonditions which make it very
prudent to obtain many quotations for
cach job as it is estimated. Discounts for
payment within ‘a - stipulated period

ComeoraTion oF Opasrmes  for
obitaining prices or quotations should be
done with reasonable care; but, in this
respect, it should be realized that the
work i§ being cstimated and it is not
certain whether the estimate will be
successful. There is a difference between
computing quantities for obtaining
quotations when estimating and pre-
paring requisition quantities for a'con-
tract which iz obtained ; the latter must
be exact, whereas the former may not
call for anything more than an approxi-
mation within reasonable limits,

If, however, there are items which
will not be varied if the contract is
obtained, then it will certainly save time
in the future if quantities for estimating
purposes are so specified and prepared
a5 to make them suitable for placing
orders. With regard to various com-
panents in finished werk, such as the
different materials to make concrete, it
will be found that the tabular informa-
tion is useful. As a guide, hills of quan-
tities give so many yards cube of finished
Concrete; it is necesary to allow more
yards cube of aggregate than the bills
of quantities show because the aggregate
boses bulk when mixed with water,

Lasour Ourrur & a very important
matter and requires handling by the
estimator with the otmost care. The
fundamental basis of estimating output
i the unit or constant method, which is as
follows: The use by the estimator of
tabular information which sets out the
times which operatives should require
o do certain warks.

Such times are based on usually
accepted umits of work, such @ 1 yd.

7L

cube of excavating, | yd. cube of con-
crete in bases, 1 yd. super of surface
eancrete, | square of floonng and 1 f.
cube of timber in Roor joists. The times
or constants for units must be treated
as a standard for normal conditions and
quantitics of work, and it is essential to
modify them for small and exceptionally
large quantities of work or units.

Tables of data, of which a few (of
the many hundreds) are given in this
chapter, will enable a sound practical
kmowledge to be gained of how to
estimate the cost of the chief items of all
trades, Once the principles are mastered
it will be found comparatively easy 1o
augment the knowledge by the acen.
mulation of data on many ather jtems,
For ease of computing, 2s. and ls. 6d.
an hour has been allowed for mechanics
and labourers.

The first trade described is that of
the excavator, The other trades are also
briefly dealt with, but most of these are
specialisis’ work.

Excavaror (Tasie I) gives typical
labour constants, and the [ollowing
cxamples will show how easy it is o
estimate for the varios kinds of
excavation:

Exasirie |, Excavate conunoo ground over

surface o b in. deep, throw out, and
afierwards Gl mto. barroos, romave Frotorind

not exceeding 30 posit.
Estimate at cube und convest b yerd sigper,

are.—

Surface cxravation as col, 2
Fill into barrows {not done

ﬂﬁ?:dmﬁ“;u
Removing N/E 50 yd. and
deponting s ol 10 .

A rute of S5, 4§d. B for | Y.C. and the
surface work is 6 in. deep, divide by 6= 6]
Add one-tenth o 1-25 br, for levedl
ground, e, therefore 04125 a1 Is, 6di= 83
Costper YS.. . . o4

-—
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EXCAVATOR
TABLE 1 LAROUR CONSTANTS—HOURS OF LABOURER PER CuBic
YARD ALL 1IN SOLID UNLESS OTHERWISE STATED
WORK TO BE DONE
Excarling over Trench
Surface excopstion | wrear oeceding 12 xearraling r
il eméeding p. derp asid bk ercpefing
12 im, leep amd | ccguatives el i 3 ft. denp Extra throren
Claxs af sarth i sl i bosemenis gl | o throeing wit expseding
m;n dermering oul jrube | ool iy heam 3 fu high
by b o iy L
) 4] 9 i) 5}
Loose soil ar sand 4 075 050 1400 0-50
Mpde ground or fight =il |00 suﬂl 075 I35 30
Common grounds, lezms, ane-
vegetabic carih . 4 145 m 1-00 175 067
Siiff clay, gravel, band farth | 1250 per 125 2.0 073
YARD
Earth mixed with cosrse BUPER
grayel and siony urth I-73 = 150 7-25 0:75
Hard gronnd where gickine oot~
38 mreceszary m8 road sirfaces | 2-30 ke o = =
Soft chialk with pick woek | 273 e 3-00 075
Foomsore.: Surisee excavanon & 1o have mec-tenth hooe liborer per YARD SUPER tu covet
cmt of bevelling bottom and general preparztory work.

Table 1.
gatitrate the cont

¥xamres 2, Exrovate cpsmmom grovmd oves
s exereding 12 bns deep. and Hoow out ad
siterwands fill into carm

Horars
Larharer
Exrmwmr aacol. 3 . 1K
Fill i rsrts as ool 7 050

e il i L
|50t | B=Y.2 3

Tabufar information iv of great value in obraining a sound practical knowledge of how 12
of the chief items in the bullding trades, and in recording information and da of

Hazpoors 1w be lad under concrete
estimated as follows:—

To the cost of the hardeore delivered
wo site, add for any filling into barrows,
and removing o situation where: the
material is to be laid. Allow that the
hardeore is equal to common ground
for the fighter 1ypes of materials, ?mh a8
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MNore, The whiole of the comtants allow For work Leing in solid, Le., measured bafore excivation
this beel i thve state Uhal uyeally exiss in st ballding works. 17 coostants are reguired Hrrrmmuj
material allowing for increase i ik after excavation, Tor labour as columma (71, (100 amd (1),
then peduce the condnmis shown in such oo, as fllow: —
Sand, gravel and ballast | ) per cent reduotion of labour comstomt .
Crrdinary earth and clay. o H) per cent redution of febour coisiant
Al Chalk . : . . 25 per eent rechuction of [aboor constan:
the item (e ing surface excavanon 3s column (2) which is measured in | are
e L e ‘ i

WORK 10O BE DONE

& el Remavemg . in
% barrow: and
. heap depvnifing E_I‘ol :
I eetfrermad Filiing into Returming and | Ronming o | ircliading Siling Erery 2
Whrnitring| i Barrines e b Jeunidalinny fn Lurrvies} mol mmﬁ
layers mot ey irenchies, et P fayees excerding 30 .,
rxceoding ram e Telurming
12 i, deeh ey
(&) (7) L] (¥ (10} (1)
0-25 I 0-50 050 050 _ [\ B 025
|
025 | o0x | @ 50 0-50 025
0:25 050 0-50 0-50 050 (25
0-33 050 067 | D67 5 | a8
w33 (=50 1T -7 {350 025
0-33 50 — - 050 025
033 050 0-67 0457 050 025

the items which have te be estimated. The abave Table gives the chief labayr comtants
for the excavator, snd is of grear assistance to the estimator in compiling excavation costs,

elinker used as hardeore, and as gravel
or hard earth for the heavier types such
as hwoken bricks, and wse the appro-
priate labour constants as Table | for
flling barrows and removing. Then ose

cent to the consolidited thickoess in
computing the quuntity of hardeore
required. Then allow that a labourer
will take the bllowing times to spread,
level and consolidate by rolling:—

ﬁ‘.lun'.ﬂ'il'lg data:— 8 in. thick . - 3 }lﬁ_, super
Hardeore is usuaily laid from 3 m. 1o 4 in. thick . ¢ yd. super

6 in: thick efier consolidation, and this 5 in. thick # yd. super

minkes it necessary to allow about 235 per 6 in, thick . 1 v super. .
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SpearFicanon oF Concrete, Speci-
fcations vary, and are often oot well
considered fromm paints of view of con-
struction amd costs, A specification
should be clear as to proportions of
cement, fine and coarse aggresates, and
should clearly state whether the propor-
tions are by volume or otherwise
Cement is the most costly component
in concrete, and as its volume can vary
by its looseness or tightness it is. good

to spetify cement by weight
{usually l-cwt. sacks) and other mater-
ials by volume; this method Is adopted
i the LCQO. by-laws:

Concrete Specifications
Concrete may be specified as (1) ]
part of Portland cement to so many
parts of combined fine {s:a.nd,l and
coarse aggregate (pit or river ballasi
as raised unsereened and therefore con-
taining sand are examples); (2) | part
of Portland cement, so many parts of
sand, and so many parts of coarse
te, such as gravel free (and
screened) of smand. (1) and (2) are
known as proportions such as | ; 6 and
1 : 3: 6 respectively.
Prorormions ArFect Estivatvg o
a rather great extent. '-"Ir'hrn the pro-
are such as 1 :6, 1 :8 and
lzﬂﬁmanmuungnmuaﬂyndndh}»
the price of the aggregate, which will
vary according to the requirements of
grading of the coarse material and pro-
pummufsandmth:mhmdﬁnr
and coarse aggregate. Unscreened ag-
gregate is generally much cheaper than
coarsc aggregate free of sand, to which
aggregate mint be added the sperified
jon of sand which is purchased
separately, Also the labour constants
are a little lower lor a proportion such
ps [ @ 6, etc., than for 1 : 3 : 6 because
it takes inore time to dry-mix the latter
than the former.

Jn such mixes a5 1 :3:6 it 5 -

ESTIMATING

tended that the of sand
should be sufficient to fill, or a little
maore than fll, the voids in the coarse
material, and il the voids are about 45
per cent then the abiove proportions will
cause the 10 parts of material when diy-
mixed together to equal about 6 parts by
volume. If the proportions are 1 : 3: 5
the resulting dry-mixing of the 9 parts
would beé about 3} parts. This must, of
course, considerably affect estimating,
as will be understood a litile later,

Voms 1 Acomrecates vary with
different elasses; but for practical pur
poses the following rules may be acceps
ted: Reasonably well-graded coarse
aggregates without sand contain 45 per
cent voids,  and very well graded 40
per cent; 45 per cent 5 normal for
ordinary concrete work.

A yery impartant mattér has now to
be considered, If a quantity of sand
exactly equal in volume to the voids in
the coarse material is added to the
latter the sand will not exactly fill the
voids, but there would be sand over
which would increase the bulk of the
mixture. The reason of this is that there
would be a quantity of voids in the
coarse material which the sand could
not get into owing to the shape, grading
and finrness of the sand.

Filling the Voids

Therefore, another rule may be used
with confidence: The amount of voids
in coarse aggregate which will be filled
by sand or finc aggregate will be equal
to the percentage of voids minus 10,
Therefore, if voids equal 45 per cent, the
sand will ondy fill 35 per cent and there
will be an increase in volume of the
dry-mix aggregates.

Losses due to mixing together the
separate dry materials are very consider-
able as the foregoing explanations make
clear, The proportion of cement is
often lost in the voids of the aggregste.



BRICKWORK QUANTITIES
TABLE BRICKWORK. OQUANTITIES OF BRICES PER ROD
1 WITH STANDARD BRICKS (8] in. =« 4] in. approx.)
Thickness of brick | Thicknen: of jors wnd quantities of bricks
o fcher 2 = 3
Fin. § i §
a 3,800 ERLL 5,720
2 4 540 4,550 4,180
2 4,330 4, 180 4000
2 4,180 4,010 3,870
] 8,010 3,870 3,730

Nome. The 2-in. thick bricks are seldom wsed throughour the thickness of walls more than

addjusted 1o sttt this condision.

brick thick, but are tsed s Macimp and bocked by thicker bricks

Thess quantities s

TABLE BRICEWORE.

QUANTITIES OF MORTAR IN CUBIC YARDS

1 PER ROD ALLOWING FOR COMPRESSION AND WASTRE
| Hricks with smgls froga Bricks wrthuut frags
i ickmass 7 -
brick in Thicksess of joint Thickmess of joiats
bin. | @& | § i b I fm | g
) . * h 3 4 5
3 2 3 4} 2 3 1
4 Z 5 44 2z 3 4
F 2 3 41 21 23 3
3 2 3 3 3 i 3
|

Nore

Ik, Such Facingy are weial
as | brick thick 1o cover headers, ete.

Quaniities are o pearess § yd. and will vary 2 Etile acconding to bond and thicknes
of winll. Two-inch thick bricks are generally used for facing work only with w:ﬁ
ax fert super extra over common b
the extra mortar required should be computed n= an extra over, allowing for work in facings

o

Tables il and 1), Two mﬂuﬁd Tables in connection with the esumating of brickwark. showing
chnesses.

quanticies of b

Batvast as Rasen which contains
sand does not need the application of
the ruley governing separate fine and
coarze aopregates, Cement, of course, is
lost in the voids and does not, with goad
propottiining, increase volume.

Losses due to mixing the wvarious
materials with water i3 another matter

which affects volume of finished con-

iand of mormar for bricks and joints of various thii

erete and, manifestly, estimating as well,
A pood practical rule is: When coarse
and fine sgzregates, which are reason-
ably well graded, and cement are mixed
dry together they become 3 certain
volume, and when they are mixed with
water and placed in position as fnished
concrete they redore in volume, which

necessitates adding 12§ per cent o
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uc-cjghlh to the dry-mix o make a
cubic yard of concrete. Tf the aggregates
are wvery well graded 10 per cent
should be added.

Burkine oF SAND, an  important
clement which affects concrete, &5 not
well known to many, A bullder who
can buy dry sand Is in a more Bvoutable
position than if the sand were wet.

If otherwise dry sand contains about
D per cent water content by weight of
dry sand which is coough o make it
tnnist, it swells by 20 to 25 per cent.
Under average conditions moist or wet
sand ghould be considered as bulking
2} per cenl.

It may be thought that this bulking
does not affect estimating or the con-
crete, but it does becanse of the peculiar
phenomens that sand, although it swells
with a little addition of water, at once
gos back to its original dry volume
when it is absolutely saturated with
water. Any of the following conditions
may arise by using bulked sind:—
(1) According to the data given above

uirder ““Voids in Aggregates " if there

iz a cileulated increase in volume of
dry-mixed materials due to sand more
than filling the voids in the coarse
aggregate, then, when the materials

* are mixed with water the wet sand

will reduee considerably in volume.

12} If there is po such excess of sand
then nothing much happens to affect
the estimator, as the wet sand will
simmply shrink and leave more voids
for the cement to fll.

13) Hir 1y the intenton of the architect
or engineer to use proportions besed
on dry send, then this should be defi-
mitely stated, or a mention made thar
ilwet sand i wsed the specified volume
must be incremsed by 20 per cene

{4} I ballast ay raised i= used, and it is
wet, ax many tiver ballasts are, and it
contains an abndrmil proportion of
sand, then due allowance for the
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shrinkage of sund must be made. This
15 why it i usual to allow an addi-
tion of 25 per cent to the dry-mix to
make | cub. vd. of concrete.
Esmisatise Cosr oF Coxceere. It i
first necessary to compute the quantities
ol materials 0 make | Y.C, concrete,
and then to wse labour constants.
Examres 3. Estimate the cost of concrete in
trenches 12 I, thick and ot less than 24 9o,
wide compesed of | part Parlmn:mum. k.

o ton, and 6 parts ballast
nh:utﬂ}pﬂrtrm:md, 10e, Y.

| Y.C. baltast ¢ 105, 00
Y LC [nqua.!llmn}l:nnmtltm.. o
Add for tt:.,lﬂ}pucun . ;!g g
e sy (R 6 0

Cost Y.C. o &

FMII:'LEWMMPPE::[{M of comcpete, i
trencies & oy iof 1 part Poiland
cernrnt, pn:uéynn:lﬂl..fﬂ..nrdﬁm
gravel |0 ¥.CL

oco M

F YO gravel 8t 104, S - 0
Y.O smned at B, ; " 4
Y.L cement mt 605 : - 1m0

240

Mdlt] for shrinkage 12 ool . 20

Labeour, say as brlmf'ﬂ-hu it shimili
be shghily more . 6 0

3 0
Hurw & followes the sfoce of the sem)
volunme:—

I'fL_ gravel . . ¥-00F.C

& YO gangd 13:50 FAL

Lass 45 per orni vaids
i gravel—10=33
per cent of 2700 = 9-45 405

ibﬁ

Int this . cass shrinkaye mus bl:
deducted and adding
cent means that abour |
cenit Tt Le tedurtsd from :I‘!!:’!r
o reducs ey 100, =y l'-')prrﬂ-ﬂ 310

Ohidantity of canorets nmde J'HIE

Therefore the ot of 1 Y.CG P

780 w 4
=y = 3 o



BRICKWORE QUIIANTITIES AND LABOUR CONSTANTS Sa

TABLE BRICKWORK. QUANTITIES OF MATERIALS IN CUBIC
v YARDS TD MAKE ONE GUBIC YARD OF MORTAR
Portland cement, Sonid which i L St seiich s
’ or ' Doy Motz and | fomp fime Dry | Ao amrif
Aydnied fime. bulled . | ket
1:1 070 o070 | 083 = = =
1:2 (50 1D} 1 2= (1=} 0-80 (-3
i:3 037 110 1:42 033 100 90
I:4 (28 110 1-32 028 1410 1:32
b5 Q22 1-10 132 D2 1-10 =2
i:6 019 110 152 019 110 1-32

Nors. *  Allowsnces have been made for incresse in bulk of ansdaked fime afler slabing
and quantity secessry o Al voids in mad, _
Crsescr-soue {0k Cosro) Mopras. This consias af 1 part of cement, s mmny pars of

lime or Time-putty 1650 meny parts of snd, For practioal parposes the quantity of
cemert and lime in the I ifier] shondd jowal the quanuty shown i column 2.
Exaurrr. If a specifica m]]:ﬁ::l?::nnrmt.lpuruﬁmrmsﬂ sl this
equal 1o 1 o 3 propordon requiring 0-37 ¥.0. of matrix (of which § be cetnent mond
§ lme} ancd 1°10 or 1232 Y0, of aggregate of dry or moist mnd respertively,

TABLE l BRICEWORK. LABOUR CONSTANTS FOR COMMON
=~ BRICKWORK, Assisting in unloading bricks, mixing mortar.
lnying bricks and erecting and striking scaffelding
T cement g i & ﬁg;:mihl-“
e Bricklayer | Lubourer | Bricklgrer
i Labore
[ s | ey s
Average [or bnldings mof cxoocding three
BEOECYE . ] ' " x 86 50 B0 45
Average [or biildingy no exceeding five
Tty . i ‘ : £ 7 &0 (7 a5
If work s mkin scparaicly for each smorey,
allrva— .
Foundasion: up 1o damp-coune level , t 40 20 36 I8
Groum] uepey . . . = . &6 £ B 4
First siorey . k . . . . i 8 & 33
Second swrey . . - . . i 72 &0 6B 55
Thind storey - . . . . M 68 ol
Fuurth storey _ ’ + 76 b n

Cavrry Walis With twi Jrbrieh walls, sdd 23 per oont to above times; with one biick
wall and ooe |-drick wall 16 per oot

Harp-amecx Wasie Add 10 per cent o above times.
Burm-on-ppoe Wates, Add 1) per eenl to above times

‘ACTORIES, TTC., adn VEay Prus Woas. Dedoo [0 e fromn above pimes.

Nore. The comtants reler (o endinary work in mgzquﬂnﬁﬁu snd dnchule all pough
cuttings, sl They de it inclele preisting or jointing or asy of the smal e of labow
which ame messared separately 1o the common brickwark

Tables IV and ¥. Two wbles dealing with gquantities and time comstanes for brickwsrk
PB-—u
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Exaurts 3, As Exampie 4, put uaning bulked
muts samd for which an allowsnee is made
"I
| X0 gravel st 10w o o
i. hug.p:rcruta-l'f{.- iaudnﬂh 4 1o
L erment ai Gl . n o
b
Fnrnhrmkagtl"iper:tm. 31
Labouwr a3 befo = g 0
33 11

The prmciple of moresse of volume
ihie mame, 0 TS v 12 9

ings, particularly housing work, and,
therefore, it s vitally 1mportant to
master the correct methods of estimst-
ing. Once the main principles are under-
siood, and the asistance of tabular
iiformation appreciated, it will be
found easy o estimaie soccessfilly.

Tasurar InvorsmarTion ks given in
Tables II to V, and the following
examples will show bow to estimate the
cost of some of the main items

yen

respectively. Tlhe brickwork i m be of commuon

bricks standard 2§ in. thick witk single fross,
n. joints, buill in Flemish (or !:.n;l‘ili-n] oo}

hmmﬂr | past cesten)
ia 4 parts bulked . .
mmrr-hhlnum.:,mu 5 4.6
2§ ¥.Comortar {Table 1)

‘which requires per

YO (Tahie V] 1-32  a A4

YO smodatbBl = . 107

0-28 YO cemnend a2

By = 174

ot 71 4179

B6 hr. brickiayer Th'hlr\f']nlll. 6120
=0 hr lnbourer (Table Vim 1o B 3 15 0
Enu,n:hliwol'mnﬂwd' —_—

fper rod £330 9 §

ERTIMA LING

Examriz 7, I sandard-sxed facing bricks
are [30s 1,000 and cotninon beitks 708 1,000,
whit s the cost E.O. common brickwork: for fac.
struck-weather pol 1 Estimate at per squire

of 100 F.5. and afterwards convers m F.5.

AR
Focmg becks . . : v : 10 0
Commmog bricks . 310 4O
] [hfference in codl per 1.000 £3 0 O
I:.ngluhh'niﬂtl‘ihfmhau,il.m 2 /0
9 br. bricklswir at 25, _ 18 0
3 he. Inbowarer at 16 G - . 4.6
o 10 6

FS 8§
ﬂnmhmuﬂ?wmmu_{!hﬂﬂﬂ 720
Pointing as abeve : B Th R
00|13 ¢ 6

5 |

thick breeze :ial:r ition in
with 18in x % in. mng&a.!‘.&d:himﬁ
site
W L
I'YS alibaatds . - < L
5 per cent waste 2 : F it
i . bricklayer ut 24, . i 6
hr., lubeurer at Is Gd. a B
- Y8 5 2§

Mason, It i customary to employ
specialist sub-contractors oy this work,
whether it is for natural or artificial
masonry, All the work, excepting such
small items as York stone pads, are
often supplied and fixed by the sub-
coniractor -and  the cost is usually
covered by provisional sums

Dearseaver, The bulk of drain-
layers’ work corsists of stoncware drains,
their various [ittings, and inspection
chamberm. i

Exswrrs B, Estimare the cosr of 4=
dinmeter stoncware drain per YR
X

| ¥ B 4. stoneware pipe at st price k‘. ]
Jointing mateoal 4 in. ae fe. 2
viy bir. draintayer and labourer at %5, 24 11}

YR. 3 7i



BLATES AND TILES

AspriavTeR, The wrrk opnder this
trade is usually done by specialist sub-
contractors from whom prices should
be obtained if the work i nor covered
by provisional sums.

Pavior. There are many classes of
paving such as quurry tile, terrazzo,
mosaic, asphall and various compasi-
tions, all of which are usually laid by
specialists from whom prices should be
obtained il 15 Sum= are not
allowed. Cement and sand and grano-
lithic pavings may be laid by the main
CONIFACIOT,

Roor Srater. Although slatng w
ol 5 most usually entrosted 10 3
sub-contractor, it is advisble for the esti-
mator to have knowledge of the fimda-
mental principles of estimating for the
work. The architect should specify with
care not only the size and lap of slates,
but whether they are to be centre or
bead-nailed and fall particulirs of the
nails to be used. There is an appreciable
difference in the number of slates re-
quired persquare depending on whether
they are centre-nailed or head-nailed,
the former reguiring les than the
latter.

Tae Nusner oF States rer Souars
ie given by various tabiles and s easily
caleulated by the fallowing formila:—

Ld a0 .
= T eyt ey s 2 per cent wasic.

ALrowakies for Crrnves, E
After the basic cost per square has bern
atimaled, the costs of cuttings, waste,
eic., are computerd by:— .
Allowing, extra over the ordinary sla-

ing, the following additional widths

per FR.:—
Square abutments, top edges

and verges | - . bm
Raking cuttings and ditio 1o

hips and valleys 9 in;
Double course at eaves 12 in.
Ditto, but with raking eaves

and slate and half at verges 18 in.

587
Brativg Nams Use two nails to each
slate: 1} in. long 10 shate less than 20/§n,

long: 17 in. long to slates over 20 jn.
long. The nails should be:—

Leust wweight per 1,000
‘ Hwm 1]
Copper. 6 b 8 I
Zing 5§, Tilb

Galvanized nails should not be used
in Tieu of zinc.

Roor Toew. Estimating is done very
similurly to sliting, with allowances
made for the following variations in
details: most tiles are nibbed and anly
nailed with two nails to each tile every
fourth or fifth course, with nailing 1o
cach course at abutments, verges, hips,
valleys, and, of course, at top eders and
eiaves. The nails should be ! -in. copper
or zing, weighing 8 Ib. or 74 Ib. per
1,000 respectively,

The gauge equals: Lot of 18—y

Number of tiles per square equals:—

14400 :
WEAH O EB Friin. W @i HL i +3per cont waste.

The number of mails per square
cquals double the number of tiles com-
puted by above formula divided by
number of courses nailed (plus 15 per
cent for top edges, abutments, ete., if
not allvwed elsewhere),

Size oF Ties saxp Lap, Standard
files are 10} in. %6} in. and 11 in. %7
in., and the usual laps are 24 in., 2§ in,
and 3in. |

ALLowances ror Cormves, ETe. As
E.O). ordinary tiling, addirional widths
per oot rin are as follows:—

Square abutments, top edges

and tile and half at verges 6 in.
Faking cuttings and ditto 1o

hips and valleys 9 in.
Double course al raves 8 .
Ditto raking 14 in,

CanrENTER AND JOmveR. These are
two of the most important trades in
building, and there are a considerahle
number of tables available which give
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inlormation to enable the costs of the
works to be otimated, Very few
builders nowadays have a joiner’s shop
as they know that it is impracticable to
try to compete with specialist joinery
manufacturers who guote, economiic
prices for the items of jeinery work
required under present-day conditions.

IrowrounpER, SMiTH AND  STRUC-
vurat Exciveen. Practically all maie
rinls for these trades are supplied and
fixed by specialist contractors, or sup-
plied only by them and fixed by the
main contractor.

PrasterEr AnD WarsL Tiier. These
two trades are usually sublet to sub-
contractors, or carried out complete by

ialist contractors from whom rates
should be obiained.

Purser anp Gas Fremer are two
closely related trades which contain
many hundreds of itemns, and estimating
the cost of them comes under the cate-
gory ol advanced estimating. The
items are covered by a considerable
number of tabular data. It is becom-
ing customary for even large con-
mraciors o entrust plumbing work to
npecilﬂi!t sub-contractors, who under-
take plumbing, hot-water and heating
enmineering, and gas-fitting work.

Frrcreician’s Woek i8 almost invari-
ahly done by clectrical engineers, from
whomn prices should be obtained if the
wark @ not covered by a provisional
nim.

Grazmer. Prices for glass and glasing
should be obtained from a glazing
coniraciar.

Pamrenr axo Decosaror. This trade
1 & very interesting subject, and the
keen estimator will soon find it a com-
paratively simple matter to master the
many classes of painting and decorating
wark, the various surfnces, conditions
and situstions to which the work
has to bc applied, the covering
capacities of the many materials, and

ESTIMATING

labotir constants lor exccuting the work:
Os-cosrs anp Prormr should be the

final and exceptionally important com-

putations made by the estimator i

comjunction with the appropriate con-

trol officer of the firm or company,

On-costs may be defined generally as

all items of expenditure which canngt

be alloited w a defnite job.

Table V1 depicts an on-costs and
profit computation sheel suitable for
comparatively small contracts, and
should be read in conjunction with the
following comments, in which the index
figures in brackets correspond with
those shown in this Table;

{1} fsurances. These musi include health
and uncmployment, cmployer’s lia-
bility, third party risks and any
necessary 10 cover Sub-contractors.

(2) Water. The percentage sometinmes
varies with nature of job, and whether
supplied by meter or otherwise.

(3) Ordinary plant includes such items a8 -
scaffolding, barrows, running planks,
howts, ere.; machinery such as con-
crete mixers, mechanical excavators,
dumpers; etc., are usually allowed
separately and included in cost of
work in which they are osed.

(4) Weorks Manager (proper name for
general foreman). The salary may be
pereentuged to ordinary work ouly, of
il desired may be spread over P.C.
and P8, items as well. Asa ruleir is
good practice to confine the pergent-
age to ordinary items.

(5] Ohher Works Staff. For contracts ol
large value there are usally several
staffl members, such as agent, sub-
Agent, works manager, surveyors,
accountants, ete, and for such
contracts the form of on-cost and
profit computation sheet is varied a
little.

{6) Angndances ve Provictonal Sum Ttems.
A specification andjor bills of guan-
titics call for attendances on sube



ON-COSTS AND PROFIT 3B
ON-COSTS and PROFIT COMPUTATION SHEE]D
TABLE ]
¥EL L M s T e —
B s T e e R S S ] e = EfNo. =
’ Divtails of ow-cputs and grofit ieezng ol hemr | ww e
foer comit por pont per catel
g W — 4 1} =
L ator h:lldm.g U
{3 Ordinary plant, et I i i
14 Works manager {groeral ﬁ:m:mun], {1 r:;:ks at {'B
=£80= spyr, ﬁ—u = T it - —
(3) Otier wosks stall o N _ _
) - Attendances Te nn-nl s fteTd = = 1
Iﬁ! Establishment Ty | i ¥
v Total omscoats i ;r 2 ET
tan ardlonry iens : - = | i
{lg; Profit on P.C lli:-ma— :
per caL a vent disoouni —_ 2 -
{10 I‘mhluml"i.hmuf :
per cent fess 2§ per cont discount | - — 3
{1y PrJ.l B ARt —
7§ per cent ol 7§ per cemy ' 'l ignore ynors
Totals | B 44 By
TFatals weed 15 per cont | 3 perdent | 7§ per cend

Table ¥I. On-coses and profin camputation sheet, suitable far mmﬁnﬂuly small contraces,

Each numbered item correspands with the numbered paragrap

cantractors; the cost may be added to
each item, or it may be included as
dn on-cost ftem,

(1) Establishment charges are excoptions
ally important, and ecan be very castly
o a contractor if mot regulated
perly. They include the cost of the
head office staff, rent or equal, rates,
telephone, stamps, statiovery, audi-
tor’s and bank charges, etc. Some
times ctablishment charges are not
incloded ms an on-cost jtem, but
placed below the “total on-costs™ line,
in which case they will not rank for
profit as (11).

(8) Profit on ordinary téems, which are the
ordinary risk tems of contracting,
nceds very carcful consideration.

tha texe

(9) Profit on F.C. items may be governed
according to the cash discount per-
mitted or obtained on ilems which
are supplied only by nominated sup-
pliers. The discount is usually 5 per
cent,

(10) Profi on P.§S. stams = regulated
similurly t0 (9); but the discount is
usually 24 per cent on work which is
supplied and fxed by 4 nominated
sub-contractor.

(11} Profit on pn~cotts is sometimes
igmared entirely,

Preyoanvanms, . usually included i
hill of quantities No. 1, invite the esti-
mating of such special items as office for
clerk of works, and making good dam-
age 0 roads and adjoining property.



CHAPTER 13

BUILDERS’

BUSINESS

ADMINISTRATION

Butlders’ varied operations, Business organization. Maintenance and repair.
Superiniendence. Departmental divisions. Estimating. Costing. Contract key
plans. Materials. Transport. Schedule tallies. Clerk of Works.

oon administragon should nor-

mially help the builder to achiove

sucersss, bul evén good admind-
stration is not a complete punrantes
against some risk factors such as, for
example, losing invested and working
capital by having to meet heavy cstab
lishment charges during quict business
periods, or loss due to camrymz idle
Slant, wmprofitable contracts or bad
debts. To guard against these hazards,
it i3 esmentinl that the builder's business
i organized and conducied cfficiently.

Business Comparisons
The manuiacture of & speciality, or

merchanting & group of materials, i

much simpler thian the work of a builder,

The builder's casc may involve:—

{e] Undertaking contract work, which
binds him to obtain labour and
materials, provide plant necessary n
assemble and complete a given build-
g project in a cerain  specified
manner to client's, architect’s, engin-
cer's or other proxy's satisfaction

(6) Undertsking on a priced schedule
unknowanspecific building work where
the extent of the fAnal operations
cannot be anticipated.

{¢} Undertaking work for o client om 2
net cost plus lump-sum profit charge.

{d} Underaking work fora client on »
day-work basis or priced schedule
for the supply of labour, materials,

- scaffolding and other necessary plant.

In addition, to ensure retaining a
nucleus of workmen; it is quite a
common practice for a builder to run
up dwelling-housc property in order to
find occupation for regular workmen
during slack periods. These differing
business features cannot be separately
catered for in business administration:
they have to be dovetailed into a com-
posite business procedure that accom-
modates the whole group.

Although we are concerned with
builders” admimstration, it is not pro-
posed to deal with the up-and-down
fluctuations of the builder's business;
but rather to describe the work under-
taken by sectiopal members of the
builder's office staff—the workshop and
building-site labour associations—as &
business team, because by that method
builders” business procedure can best be
illustrated.

The general public want dwelling-
houses, churches, institutes, schools and
hospital buildings; public bodies and
professional men want offices; business
men wint shops, stores, workshops,
warehouses and mills.

Maintenance and Repair
Maintenance and repair work 13
other phase common to all buildings.
The builders' organizations must be
sufficiently elastic to undertake all these
types of constructive and repair work;
equal, on the one hand, to undertake the

350



DIRECTTION ‘AND SUPERVISION

Fig. |, Chart

latch; or again,
to carry out a hundred or more specific
jobs, on constructional work in
in all stages from dipging foundations
to elaborate Aitings and Bnishing of
board-rooms and council chambers.
Admimistromion  must  inclode  the
channels by which business is mtroduoced

DIYISION §
showing che
CLERICAL tEvEn rm]‘n diwi=
CORRESPONDENCE slons in & build-
INTERVIEWS  BUVING er’s boslness.
TELEPHOME  FiLING Each of thess
divisions may en-
tall the em =
DIVISEON 2 m-moh-rml
CASHIER mmﬂ.&lwh
ivision's -
p— oncions s
FINANCIAL RECORDG given in the
text,
TIVISION 3
- COSTING
MATERIALS
AN - TRANSRONT
DIVISION 4
BuMATNG. fle——BUILDER
MEASUREMENTS
SUSCONTRACTORS
SPECIALIETS
DiVISION 3
DRAUCHTSMEN
SITE LEVILLING
SITE MEASLIREMENT
WORKING DRAWINGS
AL TRADES AND:
LABOURS
=~ crection of
BUILDING. a_ block of
sumeR Goavern-
TRAMSPORT i
AT G ment ol
WORKSHORS fices, or, on
JOB CEMERAL FOREMEN theather, to
s et actommodate a
client by send-
DIVISION 7 ing & man to
EMPLTTEY unstop & drain
A i or repair a
LABOUR RECORDS faulty door

391

to the builder, as an estimate for a
contempliated building, or an actuml
commission (o execute. The work may
reach the builder through goodwill,
competition, finance or jobbing  con.
nections. Commissions undertaken may
have to be executed under the direction
of the client and paid for directly by
him; or under conditions in which the
builder agrees to satisfy his  eliem
through o third party, for example, an
architect, an estate agent, or a civil or
mechanical engineer.

Superintendence

The policy, direction and supervision
of a builder’s business are matiers that
concern - the owner, who  organizes
business procedure and supervises the
clerical and workers' staff in his employ.

He seeks o co-ardinate office and
worksrecords and methods, and w build
up good standard routine practice,
equal 0 maintaining vital  businéss
principles, without gverlupping of duties.

Although divection and  supervision
are rightly the preserves of the employer
it does not follow that these are always
retained by him, as the subsequent
review of staff dutes will reveal: the
mrultitudinoos putiers passed up o the
chief for directional instructions ato-
matically delegates the contral and
suypervision’ of the junmior stafl and
wirkers (o those in charge of the various
Lusiness sections,

Ths Diviet

In'a mednom builder's business there
are. recurring  business dunes  which
entail whole-time staff service in each
af the seven chiel bsiness divisions
which are charted in Fig, 1,

Drveion | Chief derk and general
office, where the pulse of the business
can be pauged:—

{a) Receipt, copving and distribution
of correspondence to ull concerned,



BUSINESS ADMINISTRATIDN

BUILDING CONTRACT OR WORKS ORDER N — -
i O BN - o S W
Firm's Order N ...

Charge materials and manufaciunmg omsts o
Contract Order No. e e ——

A O S S AP

[ IS A LGP AA AL B E T PTE LT TP PP TS,
A wparaia sheer to be used for each order

W JUJW“WM E

e
charges

{#] The receiving centre of all job lore-
men's returns of materials (Fig. 3)
received, and requisitions for all and
sundry materials, plant and labour.

{¢) The clearing station for all incoming
telephone calls, and link with princi-
pal or other member of staff.

{d) Auendance o callers who may be
clients placing an order (Fig. 2),

- enguiring  about unfinished work,
requiring some modification of work
in progress, enguicy for an estimate:
defivering messages or plans required
at scattered work contres: subecon-
tractors, travellers, specialists, con-
sultants, architects All or any of
these may require contacting with
some member of the busincss speci-
ally versed in their requircments.

fe) During the day will be interviews
with the principal; transpart, stores,
office staff and foremen’s enguiries;
the preparing and dispatch of orders
for material, all fully specfied for
quantities, delivery dates and trans-
port directions; telephoning or tele-
glaphi:l:lg w firms whose material
deliveries are behind time and delay-
ing process work; and following up
letter references which are out of dae.

Bullding contract or works order form for general business

to workmen for abtaining materials, exc. ;
labour snd materials; ope copy is retained at source. For m

see page 398, where the system of parent job numbers is explained and

. Orie sErvEs 3t
OnE COpy serves mﬂgamﬁd.wm collaring
sxamples are given

(f) Daily return sheets of materials re-
ceived by job forcmen (Fig. 3)
firm®s invoices and advices for deliv-
ered ar dispatched goods with requi-
sitions fior workshop and merchant
supplies,

(g) Othier items dealt with are those af
petty cash for fares, carricr charges,
telegrams, postages, special minor
supplies obtained by direct messenger.
The foregoing do not exhaust the

business service items that are tinted

under the direction of the chief clerk,
but they indicate the trend of matters
negotiated in this fmportant clearing
centre, and the builder in choosing his
stafl officer realizes the need for employ-
ing an active practical chief clerk with

a retentive mind ‘able to switch over

quickly from any husiness in hand to

negotiate & more urgent call or tele-
phone matter, returning later to the
unfinished work in hand.

The stationery used in this business
department is largely for correspond-
ence, that is, letter heads, post cards,
order forms, invitatian-to-quote forms,
comparison of quotations, invoice regis-
ter form, stock letters for urging deliv-
ery, tracing whereabouts and reporting



BOOK RECORDS

toele, pte

FOREMAN OR STOREKEEPER'S RETURN OF GOODS RECEIVED, DR
DISPATCH OF PLANT

bt Fouguan —, all received on site, whether
m%wﬁ (e |hnmm:’m for mmk:ﬁpu

» BLC.

7S S——

oot Supplier

| | gl

chiey tramsfers of

n to rettin carbon o ather copy for ste reference.

Quantity Adiles Ditrytaglion
I.bmfih‘rmi-qn.]ﬂ. Ne, | feock

Job Mo,

o

|

B [
1
|

Fig. 3. A typicl method of callecting recorss of goods recelved or released from every business
cantre of the firm in conne<tion with wark In hand in each department

damage of materials in transit, cata:
logues and cross-index cards scheduled
under: (4) material names statdng
supplying firms; (b) firms' names stat-
ing material supplicd (Figs. 4 and 3).

Divimox 2. Cashier’s office busines
procedure and reeords. The chart (Fig.
1) alloeates four chief headings of office
work, each ome of which embraces a
very. considerable amount of detail in
record work that must be kept up to
date.

It is from debit and eredit records
maimtained in the books of this sectionnl
business office that the bullder frames
his policy, as to incurring or reducing
his Iusiness commitements, and i bal-
ance of the whole or part has 10 be
struck ot short natice the book records
mutst be kept up to date, for these reveal
the financial strength or weakness of the
business.

These books record assets fike work-
ing capital, debtors, capital locked up
in buildings, machinery and plant, work
in progress, etc., as well as labilities for

re—x*

LErTen oF ALPRABET .. ccocusiniinnnn
N Nebdres |Miﬂ¢mm.

Sappser

Fig.4 (top) and Fig. 5. How cuslogues are filed
@ ansire the recording of the nama of the
supplying firm or the name of the matarial,



s ]
rent, rates, taxes, materials” bank over
draft or balance, and the like, providing
thereby a gauge by which to mcasure
the condition of the business, ,

The eashier’s department collécys
asset and debit data for record From all
sources of the business. It is the depart-
ment from which all moneys are distri:

BUSINESS ADMINISTRATION

for wages of staff and employees gener-
ally, whether at headquarters or an
building site, are checked and prepared.

It is also the office 1o which all
invaices, travelling (Fig. 6); advertising
expenses and payments for materiab
are distributed after being fully investi-
gated and checked (Fig. 7}, also fore-

buted as well as received, where claims  man's daily diary sheet (see page 395).

PETTY CASH EXPENSE VOUGHER
Wk ending Fridey ..

N.H—Recripts to be atiachied for purchases and othier expenzes i pomsible,
All charges to be initialled by depanmental bead and cheek-initialled by munsgemen

~ S

before poymeen.
Tk s » Fily AT Thrret Works
Dotr ’ Corticalors ‘ Code Mo, || otber charges hurges
% | o il

Lin!

E‘I.

e e S e g N A P vw
B i o I A AT ST AL E LT J'w

| ‘ L
| a =" !

arre Wones Torad

Crnpnar axn Wonks Do Toras
Anthorized for paymen:

Fig. & Petry cash voucher for general business use. It is passed 1o the costl departmant. sfter
payment hzs been completed, by the cashier ar chiel :lr.ril:l.’s

E

INVOICE RETURN SHEET OR REGISTER P, .t

5 ,-,,J - Msters Shortage, beech- |Pasind to sushisr
N, (Dhale J:{:,‘ mr:: Ao l qﬂ-;,q;.wm = TRETTTY Hemaric
| | | rlarmi Lhate |1|F*H
I l Liw ] & | LT EJ&
| | A |
| ' =12
! | () WT
f— —— e i | LN |

A S mr;-ru.r:.—);mrf.r;ﬂ.nrrfr”.p.-\.r”m; B e T
[.I’#NMJMMI e N e AP P AL L AT P PP A AT AT TS

|1 1 T N

Fig.7. Methodsicallectingand scheduling the nvoice dabirs thatarelurer to be ciezred by the cashler




Getierul semaris wl meoren,  Lliely macmos,
rarrnitrtunes wist sctwn Lk

Nt
Wik

FOREMAN'S DAILY DIARY SHEET 305
B —— M
FOREMAN'S DAILY DIARY SHEET Wiz =——
Toew Lo —Weesn
= —— Weatmes .
e e P e
Forerumn well stal] . B
Plamben
Do e |
Steel bensfer |
Fhier. M. - [ Ah:muu Woss Dhsser—
Do mmes. .
Eleeiriiclam - T | ettt S
e '___.J_ | o
b — ] | Canermte, cub, y2.
Ularpeeerters il jisiniess
s, oo Hmru:é i oy ol tericks
[ T W—— il Bi I Stone, cubi; i
Fuinien sond glaniens . [ 1 ]
Do, Walaiiprry i i Nieel
Meiom 1 .
e v — i | Timber, tulk
. —— —
Do lahoor=: _ =,
Staders. | |
Tile lawess | !__
[TTpE——— | ¥
Coameaaess . ___Eqqumth;“h-—!mdmll
Nervis . T 1 g e el
i ermrrnt Pibawres “i et -
O - I Purticulars of deswings ceceived oo
Crnne Thrivers |
Alms—rosom attesimrm Torar el il
Memwnigers . - =
Miscellason Ciees or Womas ssn Amcme
= st e’ Vinreen Srare
“Turrias wm Seva | Tarar
Sluminamia

and prterrres, Lelasy—cnmee sl darsteon.  Accldmn—
wr dmratrrial prpectel. e Yy owhiss, eie; wee

Buildemy For

& useful method by which the general lareman

keops head office In touch with progres

anthe site. S=a taxt reference on the oppotite page and on page 408,
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The wlonmation s compiled undes
headings that allow of full and separate
values being avoilable, as illusmated W
Fig. 8, which shows suitable headings
lor & purchase ledger.

Accounts compiled in this manner in
logse-leni ledgers under job mumbers
{provided by the costing department),
provide ready information to the other
interested members of the siafi, who are
-saved the trouble of abstracting then
Jrequirements or having separately to

ile them.

Should the builder, survey or oot
glerk want to cotnpare the quantitics of
livicks, cement, stone, or timber deliy-
ered to a building site with the amounty
stiuted in the guantities for the job, the
miormation s provided in the system-
atic entries of the receipts under ity
respective head in the purchase journal

Fig. 8. lllustrates how the chief Items and charges of purchased goods and materials are recorded
iedger for easy refarence by the builder and his staff, The result analyses not only the

Similar advantage acerues when the

builder 15 preparing a certificate claim
statement from an architeer on a budld=
ing contract, The pwchases journal
records costs and quantities of marerial
delivered, and a site visit supplies, by
measurement or check, the amount of
the unfixed or stock parcel: a caleuls-
tion can then be made o estabilish a i
elnim for reimbursement of the valoe af
the amount built into the Gibric

This method of compilation provides:

a ready factor figure for up-or-down
checking of an estimate in priced quan-
tities, when coupled with the value of
the trade labour cost, of the trade or
labour concerned, The advantages re-
ferred to do not exhaust the values of
this method, for the record may become
a useful one later, should a repeat can-
tract for & replica building be given.

lull costs but abse the debits of sectional charges whith are useful for cenificts daims and chedk
of job quantities. The form should be read from left to right as & loose-leal ledger sheee

The: cashier’s department includes il
the regular routine mamtenance ser-
vices connected with bank, petty cash,
msurance and wages books; workmen's.
compensation and employer’s Hiabilivy
recorcls, regiter forms, and  invoice,
purchase, nominal, contract and jobibing
journals; machineay and plant, with
accepted tenders, labour vegisters: cm-
ployess” income tax record shects amd
guorterly return sheets; paymiemt of
headquariers and building-site wages,
receipt and banking of incoming
cheques, prepanng and dispatch of

&% in & sepurdle group in the chart {Fig.
13, 1 subordinuee to, but o staff member
of, the cashier’s deparument, His duties
include: entering and mainiaining up-

to-chile rocords of all employees in the
firm’s labour register, as nume, addres,
identity card mumiber, dock number,
insurance book records, including weckdy
StZmp maintcnance; conract on wikch
emwmged, whether siarted  on site or
transferred.

The labour clerk acts as intermediary
betwren foremen of confracts in: pro-
gress for the temporary or permanent
transfer of workmen, and in divecting
applicants to work on jobs where there,
Is & labour shoriage

‘He also keeps reconds of compensation
claims, obnains parnculars of accidents,
and checks for being i order, the dama
required by the medical officer, msur-
ante company, head office, ete; he
maintainy the supply of Governmeni,
Home Office and other finms thar are

necessary on all jobs where power plane
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i in commission; receives, files and
submits (as and when required to H.M,
Inspector] the accident regisier, insur-
ance company’s boiler and other certi-
ficates ol inspected, checked and tested
plant and machinery units;

Investon 3. Sectional administrative
work provides records which reveal
profit or loss on every physical item of
the business transactions. The stail of
the costing department analyses all
Inminess costs of materials purchased,
wages paid, plant cmployed, power
consumed, rateable value of areas occu-
pied by stores, workshops and machines.

Costing Abstracis

Closting absiracts are a simple means
of classifying and allocating all business
expenses (o the nctual item of work for
which they have begn incurred. In prac-
tice, definition by the wse of numbers
has proved satisfactory, being simple,
effective ‘and elastic in accommodating
the varying classes of work undertaken.
The follawing lay-out llustrates the
method in principle and provides a
mange free from averlapping:—
Jobbing and repair work  Numbers

at day work rates, say 1/01 to 1/999
Clontricts for which esti-

matehasbeengiven,say 2/01 to 2/999
Schedules of prices based

on measured work, say 301 1o 3/959
Cost plus percentage sys-

tem, sy 1 . 401 o 4/999
Lump sum profit work,
sy 5/01 1o 5/999

Parent Job Numbers
The foregoing comprises a system for
parcnt job numbers, to which can be
added specific trade, labour, expense or
materind charges that link its character
by the ndded tail number, as follows:—
Preliminary site liy-gut charges for
Cantract Ne. 2)01 sire automatically de.
fined when they are codet] as follows:—

BUSINESS ADMINISTRATION

2/01/0 Site surveying draughtsman and
tabwour in attendance
2/01/1 Charges for architect’s drowings
angd photo prints :
2/01/2 Watching, lighting and first-aid
supplics and attendance
and so on, leaving a group of say 50
unit tail numbers (o define and accom-
modate these and similar charges like
INSUTANCE, MESE-ro0ms, stores, Witer,
eleciricity, hoarding, etc., common toall
Lopirac,
Carried to the next stage;—
2/01/50 Soil stripping .
2/01/51 Bulk excavation and grubbing
= outold foundations
2/01/52 Trench excavating
2/01/53 “Trench imbering materialand
labour

2/01101 Common brickwork in foun-
dutiony

2/01/102 Commuon brickwork above
damp courses, et

Systematic Coding

Regular systematic coding of this
nature sexves for workmen recording:
(@) time engaged on any given piece of
work in workshop or on the site; (8)
miaterial requisitioned for use on the
job ; () transport service in supplies.
_ Building organization on these lines
sumplifies the work of the costing clerks
in the abstract of labour, maieral
machine, transport and all other husi
ness charges, and the results provide
useful comparisons between work of
similar nature being undertaken ona
dozen or more contracts, revealing
Ffﬁﬁt:n.t or incfficient control; provid-
ing reliable cost figures for subsequent
estimnating: showing the net- value of
work executed relutive tn governing con-
ditions; showing the capital locked up
m work in progress; showing the capital
locked up in stores and the material
stock which is:awaiting the time when
it will be built into the fabric.



COSTING DEPARTMENT

Ol JOBBING AND DAYWORK

Day. WOREMAN'S DAILY TIME SHEET RETURN

Fob No. 1/9%4 :

N of building e s Workman's aemts...conociiis

NB.— Materials wed record o bock of form. i Clock Moo

Tr rrrad 5 o Time For Cazt ﬂ_ﬁﬂ
froms Job No. 4 SrSuuilieing aey Hrs, | Miu| Rate | £ | 0 | &

Sigreed:

Client's signature for gervics wnd correct hours,

Fig. 9. Conting deparmment form, recording time und matsrial dmuhje zo the client an jobbing
by partment.

or day-work services. Every item of expanse must be

The cost department lunctions n
abstracting all time, matcrial, trans-
port, plant, machine and running
expense accounts, under job number
headings, and compile weekly returns
that act as indicators in revesling
stronyg, weak and delayed operating
Centres,

The codting departmen requires
teeding with the information of every
business expense, every item of which
must indieate the job number to which
the charge must be debited. In this way
it is possible to liquidate the scparately
abstracted workmen's time sheet (Figs.
9 and 10) returns with the grouped
wage totals [Fig. 11) received from
workshopd or general foremen for site
labours. Stores requisitions (Figs. 12
and 13) showing issued items should
balance stocks in hand less extract
values for the week, and invoice
amounts clear the: entries of goods re-

recor the costing de
turned by foremen on building sites (Fig.
3) and stores collecdon sheet (Fig. 14).

When a builder's business includes a
feet of motor lorries or other vehicles it
is customary to requuisition for service by
job numbers, In these cases wages and
service hours are returned to the costing
department for abstract, the weekly
totals of which serve a dual purpose:
revealing chargeable wages against
specific: contracts and void standing or
non-service periods to be a charge to the
establishment, thus showing shortage or
excess transport facilities,

The costing department prepares and
fixes the hourly service charge for costs
of fuel, oil, and running and repair
expenses for each wvehicle, including
capital cost and depreciation with profic.

The rate charges are similarly com
piled for workshop machinery and port-
able plant units by this department,
which analyses the capital cost. the
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FOR GANGS OR GROUPS
IN A BODY ON

Pediiie. u N

CHARGE HAND’'S DAILY TIME SHEET RETURN

OF WORKMEN EMPLOYED
SIMILAR WOREK

’”{

Rate of pay per hiur T~

ALl taliy meubees an board 35
Job No:

syl ian

Tatal
g

Nuwber | Howrs past e ||| || i
erking | per oy | |
Note cxceptinms, late ;
i Marters, et r -rolhﬂ
- |
Tally Mo,
Signature Charge Hame il -
Abstraito by ..o Conr Clord

Fig. |0, Costing department reurn form of labour

charges for groiped labour, such as 3 ganger

controlling 3 group of navvies. or 3 foremen bricklayer in charge of ¥ section of Brickwerk

estimated lile of useful commission, the
cost of power with repair and main-
tenance charges; and' the rental and
ratenble wvalues of space vccupied

rately included #5 charges to the work
in hand, grouping all business charges
in Fig. 15.

Division 4. The builder’s survevor's
department embraced the business scr-

viced ol estimating, obtaming measurc
mentsof executed work, and negotiations
between sub-contractors and specialises
undertaking portions of contract work
which are under the control of the
builder,

The genersl character of the SUrVeyor
business service starts with the prepa-
ration of an estimate based on the priced
items of an architect’s bill of quamities
for & given praject, but before the sur-
veyor spends his time and experience on
pricing the quantities he sulunis to his
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Fig. 1. Method by which the general foreman advises his firm of wages due to bullding site
workers eich weel, The collated hours on time sheets izgt. 9 and 10) are checked by the costing
department for balancing before the wage ch workman is made up
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ESTIMATING

PHYSICALLY NUMBERED

Re-amoppme Qpastriy Asmotss .
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Weight
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Chintity
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the maserials purchasod in bulk, and
chuel certain ol s main leatorés, lor

ammp!o:—‘

{a) The cubic contenis with an approx-
mate cohie feet value; for, should the
size, valie or scope be outside the
range of the builder’s busines opa-
city, there = po object in facing the
expense Gf ing the estimate

(&) The quantity irems to allow ol com-
‘parigon with the Tusiness lay-out. A
firm with large joinery and masonry
equipmenis sre more interested in
work in which these frades dominaie,
rather than in & heavy brickwork or
reinforced-concrete buildime.  Addi-
timal items, including exceptionad
time-limit clavses, extra ik 1o
workers with increased  insurance
chisrpes, a3, for instance, on works
where hive electmcty, railwiy, oracid
dangers aro evident, cramped sites
involving heavy transport, or night
labour dispatch and receiving, owing
1o police restrictions, with all the exirg

% lssues by recording all requisitions withdrawn as in Fig. 12

0 HUSINESS ADMINISTRATION !
MATERIAL mduxunnm CARD
Descurrnn on Nawe e S S S —
Sz
B T e =
RECEIVED
Qﬂ’ Date Ssfypion I Mgt Oueontity | Rots -
hirs | el | g | 0, E|lwt
l .
| -
_I : g
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!
| i
Fig. 13, Costing dapartment m-lelfﬁr card which cecords under physiesl or vocabiilary numbers

begotistions to jisure  railway  or

micrchants' supplies being accessible.
(¢) Danger aof liabilities to adjoining

buildings, shoring settlements, risky

underpinning; etc. .

The forrgoing and similar items that
a preliminary consideration of each jobs
throws into the limelight, are firse re-
viewed by the sutveyor and then sub-
tuitted in précis form to his chief, for-a
ruling about action to prepare and
subimit a tender,

On works executed on a schedule
basm, the surveyor is engagal measuring
up for checking measurements of subs"
coniractors Io  insure in
clnirms, keeping an accurate check of all
schedule jtems of buried work; in exca-
vating, brick, sone, damp courses
and timberwork. He also takes oot
building insurances m joint mame of
builder and owner, or the latter alone,
mamizining aned increas) ng such policies
with added valur s the work procesds, ‘

Thit card alloves the buildar to abtain & theoretica! stock balance ar any tim=

mntly of

the quarterly, kalf-rearly, or yearly practical stocktaking periods, besides being & check on laskages.

together with sundry other services i
which he can serve in clearing items
connected with site work that arrive at
headquarters fmatead of the site, and
other items thit, while they may be
vitally required on a building site, are
alsoin the nature of information wanted
for record purposes at head office,

Estimating s scctional work of the
sarveyprs” deparmment. [t 1s essentially
an experse departmoent of any business
from the fact that & 10 per cent return
of accepted ténders for sstimates com-
piled i gemerally considered fairly
satisfactory,

By the time a builder has obtainied
all the initial information he requires
for estimafing, a very consideralile
amount of basic office work has been
mnteriaken,

A wide expenence of all building-
trade labours nnd good judgment are
vital |or ctimating efficiently. In the
main all the jtems of the quantities are

separately considered, bur there are
exceptions in such items as: labour m
excavating over the building site area
per cubic yard; labour and materials
cammaen brickwork per rod ; lnbour and
materials |-in. T. & G. flooring laid
and cleaned off per square, Thess ard
similar standard items can be dealt
with an an up-ne-down price on reliable
basic values.

The sections of the: guantities for
which outside firms are invited to guote
require fyped copies from the origina)
for forwanding to two or more sub-
cantractors with conditions of contmct

particulars _ _
Drvision 3. The headquariers of the
dranghtsman are In the drawing office
at head office, where original drawings
are received, registered and copied o
requirements:  The signed | contrarct
drawings are vital for reference between
architect and builder, but usually print
copies are myltiplied for use at head



A
office ay well ‘as for use on the mte

The draughtsman provides print or
 tracing copics to requirements for the
use of the firm’s stafl as well as other
interested  parties, after having first
entered the original in the register of

When a contract building scheme
leruds itseli for division, the draughtsman
prepares and circulates a small key
plan, dividing the scheme into lettered
blocks, A, B, C, D, ete., as sketch, with
ar without the north, south, east and
west directions, 1o use during construc-
tion by all intercsted parties.

Wes,

I.IJ'F D | A
I.J:gI-uH

well

Eadwrhit
M|t G

Yok

Sonpeh

N K H| E «

East

The introduction of this simple
inedium simplifies communication by
letter, tclephone or sketch, because it
cofiveys to the receiver in a moment,
the precise point about which a query
is beimng ra.u;:";,m always, of course, pro-
viding that the query links up the floor
level with the block letter.

g culie contents are messured
and caleuluted by the drawing office
staff. Building-site services of the draw-
ing office arc specinlly valuable 1o the
rank und file az well 25 to the general
foremun., The droughtsman’s services
are semi-professional in character; they
are not dircctly concerned with finance
wr the direct control of labour,

The vital initial site work which the
draughtsiman undertakes in the survey,
with thepdolite and dumpy  level,
includes;—

@) Setting out from a fixed building line

BUSINESS ADMINISTRATICN

the butlding outline and boundanes:
(6) Fixing datum levelling block with

auxiliary datom pegs about the site.
i¢} Checking at intervals the foundation,

damp course, step foor sl and simi-
lar levels on all sides and onesite
interior.

(¢} Marking datum levels above inserted
foors on stanchions and walls (Chap-
ter 1, Fig, 38).

(ej Fixing peg levels for drain manhole
channel inverts before and - after
connectng.

() Preparing subsidiary working draw-
ings for submission for licences from
authorities, for enoroachment on foot=
ways, gantrys, shoring, eotc.

(g) Seiting out roads, sweeps gradienls,
as well as plotting best positions for
installing derrick universal jib, gan-
try, and other cranes, with plant and
machines, namow-gauge track, comn-
crete mixers, mortar mills, hoists

Maintenance Charges

Buildings that require years to
erect often carry maintenance charges
throughout the building years and for
a specified period afler completion. In
these and similar practices the builder’s
administration provides references
through the sectional drawing office
stafl records:

Daviiox 6. The builder adminisiers
his business in the work's superintend-
ent’s section through the expenonce of
a wellqualified practical tradesman,
who has not only reached a high stan-
dard in one of the building crafis, but is
qualified by bis wide building experi-
ence (o direct building operations in &
sound, sale, and efficient manoer, An
architect will often call for building
leatures without knowimng the practical
steps requincd to execute requirements.

T'he superintendent, as far as practical
building work is concerned, is a works
manager for the builder, who is execut-
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Fig. |4, Costing department stores mmc:rnn form for com ;m“
together or serving from the various stores or any

ing contracis beyond the range of
personal attention to all building work;
his duties ‘include a combination of
practical, theoretical and administra-
tive services which may be summed
up as follows;—

(1) Visit to gites for which an estimate
is in preparation, for reporting later
to estimating clerk information about
the proposed building ru:;l.ﬁrnnmts
in demolition, shoring, propping, site
lencing, iunt;mth ar gantry licences,
conditibns normal or abnormal for
material transport, labour supplies,
pubilic services, water, gas, electricity,
hitrodoction of stock plant, cranes
and machinery u:[m]:mmj.arspcna.l
hire or purchase items, not cominon
tor re-use on other contracts.

{2) Selection of general foremen to take
charge of job, with regular contact
during construction of administrative
and practical policy procedure in the
lay-out and proces operations, to
ensure the firm’s labour and plant
being emploved to the best advan-
tage. Arranges plant, tools and mater-
ials and transport facilities in the unir
job and firm's interest, kecps a wateh-
fal eye om costly labour operitions,
and encourages foremen to aim at

sl supplies either
Hlﬂl sitie works. i

the greatest efficiency of organization.

(3) Consultation and oversight of work
programme at headquarters, as in
joinery manufacture, stone masonry
vard work, plant store fitting and
repairs (0 equipment.

i4) Care of scaffolding, working tools
for excavating, scaffolding, shoring,
propping and trenching timbers, in-
cluding transfer between works in
progress to save handling labours and
tra charges.

(5) Overught of plant erection, check-
ing the erectors’ work and ensuring
that comditions and equipment com-
ply with Home Office regulations,
including periodic chain testing with
mg:mu:raml certificate records. Assists
foreman in wade union difficulties,

{f) Persanally supervies the expediting
of material or manufactured supplies
to ensure building works procerding
with regularity. -

(7) Obtains stationery supplies for

foreman on cutside work, and

informs foremen of business routine
about which they lack information,
The job foreman i3 responsible for
keeping time records of all labour em-
ployed and for returning weekly wage
sheets (Fig. 11), including petty eash
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builder’s draughtsman In regard to the building proje<t he controts, and for ordering various fittings.
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Fig. 17, A form similar eo thar In Fig. 18, bue giving particulacs with regard to doors instead of

Mircman  prepares- a- daily or weekly
report with sundry information about
the work m progress to keep his firm and
colleagues in touch with the work (e
the form on page 395).
Foresight and good management are
by the foreman in a hunded
ways i his ability 8 equal w0 oppor-
tunities provided by every unit job.
All sections of business departments

reap the benefit ol specializing works
men’s numbers i consccutive order
somewhat on the lines ol the elussificas
tion in the schedule tally en the pre-
vious page, whereseparate lime and wage
retarns carry the indicating jobrnumber.

When a clerk of works is engaged on
a bailding contract, hs services closely
link the architeet and his profesiomnal
assistants with the builder’s foremun in

windows. e introduces mathod into requisitioning and keeps ¥ chack on lssues during fiding

all matters appertaining to the material
for use and employed in the

fabric, together with the manner in
which the workmen perform their work.
For instance, he checks the thickness
of the brick bedding o insure the brick
courses rise in correct Jevel and regular
height dimension, satisfies himself that
comerete argregdied are o specification
requiremients, heeps check records of

foundation depths, drain trenches, and
other buried or modified work which
are not as described on the plans and in
the quantities and specification,

The clerical side of his duties include
reporting to the architect any matters
about the building n as
dates and results of deain tests, cement
and sfeel comsignments, and the pumber
and nature of workmen employed



410 EXAMPLES OF MODERN ARCHITECTURE

PULLMAN COURT, STREATHAM

These blocks of fluty were designed by Frederick Gibberd, F.R.L.B.A_, and comprise one of the first
examples of modern flat construcdan in Britain The;r are bulic of reinforcad concrete. and are
designed to give & maximum of dayiight. fresh air and convenience, Flar dwelling is 3 new form of
living whict ie still insufficiently understoad in this country, in comparison with other counsries

MODERN COUNTRY HOUSE IN SURREY
Thiz-house was designed by Maxwell Fry, F.R.LB.A., one of the leaders of modern architestiral

design. It it of Concrete comtruction. Maote the horizanml rreatment and the balcony arrangement
on the top foor. Flat roof construction i becaming increasingly popular in ecountry houses.



CHAPTER 14

TECHNICAL TRAINING

Future developments and opportumties. Techmeal colleges. Apprenticeship.
Junior schools. General education. Technology and drawing. Craftwork.
Evening classes. Examinations. Administration and estimating, Architecture.

building industry will be required 1o
play @ vital part in the new world
developments, nol only in the replace-
ment of buildings destroyved by entmy
action, but in the erecdon of the many
kimds of buildings which are essential 1o
the proper advancement of civilization,
The demands which will be made on
the inchustry and associated professions
will lie on a scale without precedent;
their magnitude, complexity nnd urg-
ency will provide far greater and maore
numeroms opportunities for individual
siill and collective effort than ever
before. But there will be difficulties, not
the least of which is the rainmg of the
nccessary: anchitects, surveyors, engin-
oers,  building:  administrators  and
orgatizers, supervisors and crafismen;
and it is the lsst-named category that
is likely to present the greatest problems.

New Maicrials

The many recent changes in building
technique are not likely 1o displace these
crafismen, but there will undoubredly
be a great increase in the number and
types of new materials and prefabricated
umits of comstruction which mavy, in due
sourss, result in the creation of new
classes or categories of crafismen.

It is not here intended o speculiite
om  the precise nature of these new
trades. but it s reasonable o assume
that a craftsman who has a sound
educational foundation, general and

IT is generally realized that the
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technical, in addition to his craft skill
and experience, is not likely to find
exceptional difficulty in dealing with
new methods and maternals.

It is important, however, that a man
who has not this educanonal advantage,
and whose efficiency depends solely on
his practical experience, should consides
this- aspect of building activity; it =
rarely too late to study, and technical
colleges in most towns olfer excellent
facilities in evening clasmes for adill
workers as well as juniors.

Entering the Building lodustry

I+ & not possible o refer in decail 1o
courscs suitable for senior erafismen,
nor for those older men who may be
attracted from other nnmpal:ium mto
the building industry; their problems
will be largely individual, which can
only be wlved by consultation with the
heads of technical colleges and others
experienced in education.

At present. entry lo the craft may
be direct—on leaving the elementary
school—or sfter a pre-entry training ol
two or three years in a jumor technical
school. Tn either case upprenticeship is
necessary, but the boy who has had full-
tHme cducation in a junior technical
schoal ohtaing an extended lundamental
education. All bovs with ambition
should attend part-time classes for the

purpose of supplementing their experi-
ence and obtaining varned training in

both theoretical and practical building
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The good crafisman, whateyer his
trade and however he is-trained, must
not only be well skilled in the use of
tools, but he must also have a thorough
theoretical knowledge, so that his abality
is pot limited to the particular kind ol
experience his daily work may provide

Success for the student depends very
largely upon the niture of the business
undertiken by the employer, Where the
work is of a high standard and carried
ot locally, the apprentice may not only
gain valuable expericnce, bur also i
able to attend regular part-time classes,
I, however, the work is of poor
quality or has to be carricd out in con-
ditions of great wgency, and is some
distange from the spprentice’s bome,
he may have little opportunity of gain-
Ing and developing craft skill, and none
of atending evening classes,

Thedifficultics of present-day appren-
ticeship are appreciated by employery,
and under the rules of some organize-
tions, they are expected to allow or
reqguire lppr:unnumalrmd # teehnical
college on two hali-dayr in cach weeck

Junior Technical Schools

Full-time schools for boys destined 1w
become crafianen were introduced in p
few centres belore the last war; sinee
that time others have been established
iu:lhnmh‘mﬂmmyhﬂylwhuhaw
found successful careers in the building
industry. The number so trained, how-
cver, has at no time represented the
major source of supply of craftsmen, and
it 15 already recognized that post-war
requirements will involve the opening
of schools in all important centres of

aetivity.

Junior schools ol building may vary
wmewhat in different parts ol the
eountry, but they penerilly provide o
two-yenr or three-year course, the
of entry being thirteen to fourteen ycﬁ
In some cases the whole course |y of a
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senernl charaoter with little cophasis
on any individual craft; but the tvpe of
school most likely to be established is
that which aims at a sound Dasic train-
ing in the general work of the huilding
industry,

Workshop  study taught in schools
may provide for some or all of the
following: bricklaying, and
joinery, plumbing, painting and decor-
ating, masonry, plastering, and woed-
cutting muchinists’ work,

The subjects of the curriculum fall
generally inte three main categpries:
(1] menecral education; (2) building
technology emd drawing; and (3
criaftwork,

General Education

The age of entry i3 such that a boy’s
weneral education is by pe means com-
plete, and it is essential to his future
progress that jt should be continped
throughout the whole course of his
technical fraining,

English subjects, including history
and geography, may not appear to have
2 direct vocational value, but besides
enubling a student (o express himsell

*clearly and intelligently, these subjects

are now taught in such a way as 0
rneourage a better understanding of the
cultural, social, and economic structure
within which every craftsman must live
and work.

Mathematics and science are first
tuught an general lines, bui their appli-
cation to simple technical problems
soon reveils u close connection with
building technology, and some degree
aof specinlization may be passible in
respect of each of the trades. Mathe-
matics, which includes arithmetic,
algebra, geometry, and perhaps clemen-
tiry trigonometry, leads naturally to the
study of menmmtion and  builders’
quantities, und also to the application of
sclentific principles to those problems
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of structural and mechanical design
which may be encountered by the
crafisman.

Science, which comprises elementary
chemistry and physics, enables a student
it study intelligently the propetties of
building materials, and the principles
which underlie the engineering practice
which forms part of the industry, such
as heating-and ventilatime,

It will, however, be clear that a junior
student cannot devote sulficient time to
chemistry and physics to be able to
stuly exhaustively the scientific prob-
lems related to his crafl, but it is impor-
tant that he should be made aware of
the pature of those problems so that he
can recognize them and appreciate the
principles of both traditional and
modern techmical processes.

Technology and Drawing

All craftemen must have a sound
knowledge of the materials they use:
many of these materials have been used
for hundreds ol years; their character-
istics are well known and their we in
craft processes is based on rule of thumb
methods evolved by lomp experience

Students are taught that those methods

will not always apply in conmection
with: new materials intended 1o serve a
similar purpose; hence the need for a
knowledye of the properties and uses ol
materials, based on the scientific laws
which govern the behaviour of those
materials,

It is also important that students
should appreciate the general scope of
other trades o which their own crafi-
wufkisrﬂlated, so that in the setting ot
of work in the shop or on the site, they
may muike adequate provision for other
trades and avoid umnecessary cutting
awny and making good.

This general knowledge of building is
known as building ¢onstruction, a sub-
ject which i wsually taught to all

.4y

students in cach year of the course. It is
not to be expected that the subject can
be studied to an advanced stage; indeed
it iz betier o restrict teaching to the
general charncteristics of gimple typical
examples of traditional and modern
methods of construction.

It will be appreciated that the study
af building subjects and the practice of
building crafts involve at all times a
sound knowledge of technical drawing,
while in some cases considerable skill in
draughtsmanship is an essential qualifi-
cation. Drawing is, in effect, the lan-
guage by means of which techmnical
details and instructions can be most
effectively communicated.

Technical drawing is developed from
simple geometrical principles which are
usually taught in the first year. During
the secand and third years, the study ol
geomeiry fmay be continued Ly students
in some trade with special reference Lo
practical problems in wasonry, plaster-
ing, etc,, while ability in making and
reading tochnical drawings is developed
with the study of building construction.

Freehand drawing i usually tanght
10-all students in order that they may be
able to makeclear and accurate sketches,
but in some trades the subject is of con-
siderable importance.

Craftwork

As we have already stated, most tech-
mcnl:rimhamhkc[',r to give a boy the
opportunity to select and 10 work in
the eraft which attracts him. This is
no doubl a very desimble procedure,
but the choice of frade must be made
carefully in the knowledge that it may
well be the mest important decision in
his life,

This may best be achieved by arrang-
ing for all Arst-year students 1o spend o
period in each of the workshops. where
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they may attempt simple characteristic
exercises in order to discover whether
they have the aptitude and interest
which are so essential to a successful and
happy carcer. From the second year
onwarchi 2 boy may specialize in work-
shop practice and in those other sul-
jects which are specially related to his
craft; ]

It is highly impormm to disunguish
clearly between workshop practice in a
school of building, and masual trainiog
in &0 elementary or secondary school,
While the junior technical schoal is not
imendded to produce a fully trained
eraftanian, it s esséntial that the teach-
ing and practice of craft processes
should be related, as far as possible, to
shop and site conditions. "F'ools, equip-
ment and materials onght o be iden-
tical with those In normal wse, while
extrcises should, wherever possibile, be
carried out to fll size

Evening Classes

There are few towns which do pot
provide some form of evening education
for those engaged in the building
industry and certain of the closely allied
trades and professions, The nomber and
grades of clusses must depend upon the
number of students 1o be provided for.
In some cases, for example, it may only
be possible to provide one course or
group of classes in each of the Frst,
seconid and third years, stodents in
various occupations: being required to
study collectively such subjects as
mathematics and calculations, geo-
metry, technical drawing and building
COnStriction.

It some of the larger towns, however,
it it pasible to provide complete and
specinlized courses lor each of the im-
portant trades, for persons engaged in
building organization, management and
supervision, and for technical assistants
m the offices of architects and survevors

TECHNICAL TRAINING

The objective in every class, however
reneral’ or specialized it may be, must
be to provide the fullest possible train-
ing in the basic princples which
govern practical wark. It is essential for
teachers and students alike to bear in
mind that day-to-day experience in an
office or on the sitc is often very limited
in scope: technical eduration must Bl
in the gaps, anid enable—and encourage
—a student o advance his knowledoe
systematically so that he may ultimately
become proficient in all branches of his
calling, and qualify himself for the more
respotssible, more mteresting, and better
paid posts which are always open.

It is neither possible nor necesary 1o
set forth the various kinds of evening
courses which are available, but the

following is a four-years' course
which has been planned for apprentices
and improvers in the plumbing trade.

First Year
Prowmmeo Timosvy  Lecrure. Tools and
materisls in common e ; simple detalls of sheet-
bezzel work and pipe work; fittings in peneral wse.
Curcoations asp Deawme,  Calenlstie
of nreas ol pipes and capacities of fanks, ete;
mensurement of lemperatore, and celemeniary
scignice in felation o plumbiing proctice; geo-

metry and drawing to seale of simple plumibing
detaila.

Pracmican Wons. Smple exercines in shees-
lead and pipe work,

Second Year

Purvmso Lyomome. More adwanced  detaile
of sheet-lead werk and the introduction of sheet-
copper work; slmoenmry prnciples of hot and
ould water supply systers and materialy and
Bittinggs wsed; sanitary fittings in general use and
methods of fixing and jointing.

Carouiamoms awn Deawoe. The use of
dusdesimals and more sdvanred cloolatiam;
Mldﬁlﬂﬂﬂjmkn:tinr:hﬁunmdmpm-
perties af water, water and air pressures, sod the
meanurement af heat) deawing to scale of more
shvanced techinicul details sudied in - second-
year lectures.

Paacrmicar Wome. More sdvanced exercises
i sheet-lead and pipe work; sheet-copper work;
mnﬁ- light-gange copper pipe work: lead

Lnrming.
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Third Year

Prommmn  Twmowy lecrome. The further
considerntion of the principlts and practice of
hot and cold water supply for dommiic amd
miduestrial | purposes; draimage detaili; sanitary
fittings and connections to drains; materials and
frints for industrial aod oflies special purpedes.

Prysszns’ Wonkno Deawixcs. The scromg
ot of shent-lead work from plans and messre-
ment of quantities of material tequiced; the
setting out of gropps of seaitry fittings and the
Bl‘mngm:u:ntnmi detailing of nll waste, soil mnd
ventilating  pipes; the lay-our of draios

Pracnicat. Woux. The development of skill
. sheet-lead and pipe work, and m sheet-copper
and copper pipe work s bending ol wrought-iren
pipes; Jead burning aud ornamental tesd wark:

Fourth Year

Pruseme Tneopy Lecromn, Water nupplies,
storage, |reatment snd dismibution; the prin-
ciples of practice snd design of hut water heating
wysterm: ather methods of 3 ventilation

ol e, saeitary fitings wed o humpitils,
tiotele s public Bulldines: by-laws; drainage

schermes; sewage disposmal; drain t=ting.
Prumens’ Womsis Daawrwas, Calculaticns

sl bayaout of systems of heating by hot waters;

melh:dauftuhngﬂl'q-unuuﬁ drving o

buming; beasng and welding; bending and
Jomming of lead pipes up o d4-in. diameter;
exerrist in the imtallation of wenoos types of
W.W.Pa and other {ittings,

This course, although not set forth in
complete detail, illustrates the progres-
sive nature of study which should be
{:hamueriaxin of the cyemng traming of
Junior craftsmen in all of the crafts, The
student is first of all given a basic train-
ing in mathematics and
science and simple technical drawing, a
knowledge of the tools of his trade, and
is required to carry out simple practical

-exercises intended to teach him the feel
and properties of the materials m
common ose. From this basic
develops the study of all branches of hus
trade, in theory as well as in practice, so
that however limited his opportunities
in his daily work, the student is given
the widest knowledge of his eraft
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The relationship between education
and cxaminations 18 a matter about
which there is a great deal of contro-
versy, but it &= generally conceded that
a sound system of cxamination has
definite educational advantages. Sto-
dents of the building crafis are [ortunate
in the existence of the City and Guilds
of London Institote, whose examinas
tions are recognized throughout the
country by teachers, l:mployﬂs. and the
various institutions whose registration
is an mmportant qualification, Examina-
tions are concucied annually in the
following subjects: carpentry and joiin-
ery, Wwoodcutting machinists’ work,
brickwork, masonry, plasterers’ work,
puimm and decorators” work, plumb-
crs' work, *sanitary and domestic

i in refation o phimbers’
work, builders' quantities; and hearing
and ventilating engincers' work.

Exuminations for Crafismen

In each subject there are intermediate
and final stages, and cach examination
usually includes a practical and theory
test. The whole svstern is under conistant
review by advisary committees, each of
which includes representatives of tech-
nical education and cmployers’ and
operatives’ associatinns.

Candidates usually have the advan-
tage of being able to take the City and
Guilds examinations at their own tech-
nical colleges. In conclusion it may be
painted out that the examination sylla-
buses are drawn up by the advisory
committees, and are so darranged that
they constitute an invaluable guide o
progressive study over a period of years.

Maost large rechnical colleges provide
excellent facilities in evening classes for
those employed in the offices of huilding
exmtractars, but it s to be rrgrr_uui that
although the building industry is one of
the largest and most bnportant in the
country, little advantage has been taken
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ol the long-standing opportunities of
organizing large and importani full-
time senior school of building.

It appears to be a popular view that
the industry does not offer safficiently
aftractive careers (0 young men of
secondary school education to justify
lull-time technical training for a perind
ol two or three years. There is also some
evidence that most firms kuve a definite
preference for mking boys straight from
school and providing traiming for them
in their own offices.

Senior Schools of Building

Thete are, however, alew seniorschonls
ol building throughout the connury
which lave teained a nunber of men
who now occupy posts of responsibility
and ‘whose careers are a complete
justifcation of this form of education.
These schonls provide a two or three
years' cowrse, and  the curriculum
includes those subjects referred 1o o
same  detail under jumior  techmical
wchools, but with 4 general traming in
all of the crafly, and advanced study of
building comstruction, includine steel-
framed buildings and ceinforced con-
crete construction.  Builders” quianti-
ties and estimating are introdoced at
uppropriate stages when students have
a sufficient knowledge of constructional
details and mensuration, while drainage
and sanitation, land surveying, specih-
cations, building law and accountancy
are alin included.

Building Diplomas

National building diplomas and cert-
ficates were introduced some years ago
by the Board of Education in conjunc-
tion with the Institute of Bailders, and
provide for a system of examination by
the schools in relation 1o & course of
imstruction previously approved. The
courses are more or less uniform through-
out the country, having building con-
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struction as the principal subject
The Ordinary Certificate is awarded
at the end of three years evening study,
and the Higher Certificate al the end ol
a further two years. Diplomas are
awarded to full-time students who com-
plete satisfactorily a more or less similar
programme of study, _
Perhaps the most appropriate quali-
ficntion by examination lor the builder
is Licentiateship, Associateship or Mem-
betship o the Institute of Builders,
lollowed in due coume by election
Fellowship after approved
#s & master builder. The Institute
examination syllabuos is closely related
t the professional qualifications of a
master batilder and his administrative
staff, and requires of candidates a sound
business experience as well as school
training, klthough the Licentisteship
or first examination may be considered
to muark the completion of a1 three
years' full-tfime course.

Architecrure

During the last twenty-five vears,
miny architectural schools have been
established in many parts of the
country, and a large proportion of those
who enter the profession do so after 3
three or five vears' full-time course of
study. Schools wiich reach and main-
min a sufficiently hish standard, and
fulfil certain other i are
recognized by the Royal Institute of
British Architects, and the school exami-
nations are accepted as a quakification
for election, in dur course, to Associake-
ship of the Lustitute.

Mast of the schoals offer free place
and scholarships, while a large namber
of mainterance scholarships is offered
ammually by the Architects’ Registration
Coancil,

Thaose who desire further information
should write 1o the Secretary to the
Board of Architecrural Education.



CHAPTER 15

BUILDING LAW

Public Health and other Acts. Model by-laws. Contracts and their condifions.
Warranty and Negligence. Accidents. National Health Insurance. Unemploy-
ment Insurance. Workmen's Compensation. Apprenticeship. Fire Insurance.

RE-FMINENTLY amongst Building

Acts; the Public Health Act, 1936,

concerns  the  builder operating
outside the Metrapalis,

Those operating within the Melro-
polis- are mainly concerned with the
Public Health (London) Act, 1936,
the London Building (Amendment)
Acr, 1935, the London Buoilding
(Amendment) Acy, 1939, and the
Metropolitan Water Board Aet, 1932,

Those operating cither outside or
within the Metropolis are concerned also
with the Housing Act; 1935, the Shops
Act, 1934, and Factories Aet, 1937,

Section 61 of the Public Health Act,
1936, requires loeal authorities o make
by-laws with respect to huildings and
sanitation, including temporary build-
ings. Local authorities are under an
obligation to pass the plans of & building
within one month of the date of these
being submitted, if they conform to the
by-laws.

A local avthority has power under the
Act o require houses to be supplied
with water (Sections 137-141).

Section 3 of the London Building
(Amendmemt] Act, 1935, requires the
construction of every buildimg or shelter
existing on August 2, 1935, to be in
accordance with the London Building
Act, 1930 (1ee, now, the London Build-
ing (Amendment] Act, 1939), the
Act of 1935, and any by-laws under the
latier Act. [Section 4 of the Act of 1933
empowered the London County Coun-
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amee of arcas and

cil to make by- !m in respect to nine-
teen matters affe ings: and
Section 97 of the Act of 1939 increased
the. number of these natters wvery
considerahly.)

- Section 16 of the Metropolitan Water
Baard Act, 1932, empowers the Metro-
politan Water Board to make certain
classes of by-laws. These are 1o deal
with the construction of pipes, materials
0 be used, joints, taps, valves, cisterns,
testing and stamping of fittings, and
similar matiers,

The Housing Aet, 1936, is mainly
concerned with making provision for
securing the repair, maintenance and
sanitary condition of howses; the clear-
redevelopment;
abarement of overcrowding; and the
provision of housing accommodation
for the working classes.

Model By-laws

Alrerations and additions to buildings
and the construction of new buildings,
[or the maost part, are regulated by local
by-laws,

Section 68 ol the Public Health Act,
19536, provided that outside the Metro-
polis all by-laws in force ac the date of
the pasing of the Act should expie on
July 31, 1939; and that by-laws made
undﬂ["nn.'!ul'ﬂmtﬁﬂﬂmtﬂdmxm
have effect on the expiration of ten
years Irom the date on which they were
made, unless cither period should be
extended by the Minister of Health,

17
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By Section 61 of that Act every local
authonty may, and if required by the
Minister must, make by-laws regulating
the construction of buildings within its
area, and the materials used lor the

i+ the space about, and the
E;F&q and ventilation of, buildings
and the dimensions of rooms intended
for human habitation; the height of
buildings, and of chimneys above the
roofs; sanitary conveniences, drainage,
cesspools and ashpits; stoves and other
fttings (but not electric stoves and
fittings) in so far as these affect the
health of the community, and fire pre-
vention; private sewers and communi-
‘cation between drains and sewers.

By-laws may require the giving of
notices to, and the deposit of plans with,
the local suthorities; and when plans
are deposited the local authority must,
within four (of in cermim circumstances
five) weeks, give notice of their accept-
ance thereol; or In the case of rejection
their reasons for this '

If work to which plans relate iz not
commenced within three years, the local
authority may declare the deposit of the
plans 10 be of no effect.

An appeal from a local suthority’s
decision liess to a court ol summary
jurisdiction. By Section 67, questions
hetween local authorities and persons
who have executed, or are proposing to
execute work may, on joint application
by the parties, be referred e the
Minister of Healih for determination

Contracts

All business firms at some Lime enter
mito contractual relations with others,
so that a working knowledge of the law
of controets is exsential to assure the
legality of business dealings,

A contract = a mutual promise en-
ioreeable av law, The contract creates

i lor all parties thereto; and
each party has the right in law w0 the
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performance by the others of their
obligations in his interest. There are
promises which are ot enforceable by
law, and the term “contract” should
not be applied to these.

Essentials of a Contract

(1) OrFEr AND AccepTasce. In a
simple contract, whether oral or written,
offer and acceptance must be inter-
communicated by writing; actual words
or conduct; mere moral, social or
honorary obligations cannot create a
contract. Words or writing ¢reate an
express contract; but a contract inferred
froth the promisor’s act or conduct is
termed an implicd contract, that s,
implied in law. In all cases it must be
clear that the parties intended that the
offer and acceptance should be certain,
and establish legal relations betwren
them; and the acceptance must be in
the same lerms as the offer,

An offér can be withdrawn by notice
al any time before it 5 accepted. A
letter of acceptance is effective as soon
as it is posted; unless, of course, the
notice of retraction has already been
received by the party accepting.

(2} CorsmEraTioN. Simple contracts
are only valid when some consideration
is expressed showing that the agreement
made & not for gratuitous services or
things, But 4 promise made by the
solemn form of a deed in writing—
signed, sealed and delivered—is a valid
contract in absence of any consideration.

{3) CoxTRACTUAL CAPACITY OF ALL
Parmies. To make a contract binding,
all the parties must have the capacity
to efiter intoit. For instance, a corpora-
tion must contract under its seal, A
conitract is not required to be umder seal
when the matter is of trifling import-
ance or of daily necessity, or where the
work to be done was included among
the general objects for which the con-
tracting corporition was created.
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{4) Gesurvexess of Coxsext. In all
contracts there must be evidence thar
the parties were of the same mind when
contracting.

{5) Lecairry. Some contracts are
illegal by the rules of Common Law or
by Statute.

Ax Esemy Aums cammot make a
valid contract with a British subject.

A contract may become invalid by
reason of the following:—

(1) Mistaxe. A contract made under
a mistake may be avoided,

(2] MisrerREsENTATION. If misrepre-
sentation 15 innocent, that s, if it
consists of an unirue statement made
without knowletdge of its untruth, the
contract so made is voidable; il the mis-
representation is fraudulent the contract
is voidalile, and, further, the wronged
party may claim such damages as he
can prove. Fraudulent misrepresenta-
tion is that made with knowledge of its
untruth, and with intent to deceive and
to cause the other party to act on the

coerced and his consent to a coptract
extorted by duress or imdue influence;
these circumstances may make a con-
tract voidable.
Contracrs v Werrmine. Certain con-
tracts are not valid unless in writing,
e.g., bills of exchange and promissary
notes. Certain contracts must be evi-
denced in writing: () those coming
umtler Section 4 of the Statue of
Fruuds, as agreements which are not to
be completed within one year from the
contract date; (8) those contracts which
come within the scope of Section 40 of
the Law of Property Ace, 1923, as
wansfer of land. In this instance there
must be a memorandum setting out the
terms of the contract for sale, the con-
sideration, and the names of the parties,
and it must be signed by the party
wha is to be charged or by his agent,

Hh

Cowrracrs By DEED. Some contracts
are pnly valid when made by deed, ¢, g e
when a eorporation is one party, when
there 18 no consideration. and again
when leases covering three ar maore
vears, or sales of sculptures (with the
copyright thereto), are involved,

Vom  Coxrpacrs: This is really a
misnomer. They are not real contracts.
The parties acqguire no contractual
rights or liabilities,

Vomasre ContracTs. These are con-
tracts which muay be held valid or
rendered void at the option of ane of the
partirs. 2 _

Lupcssmiery  oF PERFORMANCE OF
tHE Coxtracr. This is not really a
substantial ground for avoiding con-
tracts. IT & person binds himsel’ un-
conditionally 10 do something which
eventually provesto beimpossible, he will
still be held 1o his bargain and have, in
addition; to pay damages. As to this,
see the Law Reform (Frustrated Con-
tracts) Act 1943 which adjusts the
rights and liabilities to parties w
frustrated contracis.

Ducaarce oF Coxtracr. This may
be effécted by: (o) agreement of the
parties hefore the contract has been
performed;; (#) performance; (¢) breach
of the contract; (J) in some instances
the operntion of law.

BreAch oF CowrracT may occur by
prevention, refusal, or default of the
parties severally.

Building Contracts

Building contracts are governed by
the general rules applying 10 all con-
wracts, but they have been held to be
specially complex. The parties to a
building contract are the building
employer and the general contractor.

Other persond who may be concerned
with the contraet, though not parties to
it, are: architect, surveyor, clerk of
works, contraotor's agent or foreman;
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in some instunces there may also be a
msulting engineer or other specialists,

Nowadays, much of the work is dele.
gated to sub-contractors and suppliers;
but none of these is party to the main
contract, and the building emplover has
no privity of contract with any of them.

MeasvreseEnTt CoxtrRaAcTs, These are
of’ two types:—

() A schedule is prepared of all the
itemns likely o be required in the con-
tract work, and a unit price i put to
each. A copy is issuéd o the contractor,
and his tender i in the form of an
nverage perceptage on, or off (or it may
be that he accepts) these prices; this
percentage is added to; or taken lrom,
the roral sum for the work done, calou-
lated afvthe unit prices of the schedule.

(8) A similar schedule is provided,
but the eontractor s asked w tender by
the putting of his own unit price to each.
item. In either method, payment is
made by measwring up the work.

PrME-CosT-PLUES-FERCENTAGE CoN-
TracTs. The contractor agrees (0 do the
work and to keep a prime-cost book.
He i= paid on the total shown in the
book plus a percentage agreed upon as
his profit. The tender i in the form of
this percentage. Overhead charges are
ineluded] in the prime—cost.

Tanoer Centracts. In inviting
tenders for & target contract the em-
ployer, or his agent, prepares a rough
estimate of the proposed work based on
similar work already executed., This
figure is put to contractors who are
miked to tender in the form of a per-
centage they would require on this
figure for their services (ar fees], on the
basis of the rates for labour and prices
ol materials prevailing at the end of the
first four weeks of work on the propased
building. These are the target prices.
Subsequently, if any of these vary the
cogtractor receives, in addition 1o his
fees, an agreed percentage of any.sum
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by which admissible coss are dess than
target costs; and forfeits an agreed per-
centage on the amount by which they
have increased. In calculating bonus or
penalty, variation in increased labour
and materials costs are allowed for.

Dermamions, Section 42 The London
Building (Amendment). Aet, 1939,
defines a builder as “the person who is
employed to build, or to execute work
on-a huilding or structure: or; where
no person i so employed, the owner of
the building or structure, ™

No statutory definition of a building
appears to be extant; though the Courls
have given many legal definitions. For
instance, that it = a block of brick or
stone work covered in by a roof. A bay
{or bow) window or an addition to an
existing building has been held to bea
building, as has also a structure of
wood 1o be wsed permanently as a shop,

' Where an architect is employed, there
is no implied warranty, Le, a contract
collateral to the main contrace, that his
plans and specification can be carried
out. When a quantity surveyor is em-
ployed to prepare bills of quantities,
there is no implied warranty that his
hills of quantities are correct.

Architect’s Respansibility

An architect is churgeable with negli-
genee il he neglects to examine the site
before completing the contract docu-
ments; he must decide on the practic-
ability of cirrying out the proposed
work on the site. It seems to be a duty
laid on the contractor also to acquaint
himsell’ with the conditions of the site
before tendering. To some contracts,
only the drawings and specification,
with the formal contraet, are involved.
In this case, all work which can reason-
ably be said to have been contemplated
must be done, and ar whatever cost, in
order that the contractor may claim
payment for the whole work. This holds



ACCIDENT LIABIEITY

for items not shown in the deawings or
specially named in the specification,
Approval oF Wors. Sometimes the
contract provides fur the approval of the
work: (4) by the employer alone; (b) by
the architect alone; (¢] by both the
emplover and the architecr. However it
be, approval ust be given without un-
reasonahle demands on the contractor,
It is the duty of both employer and
architect to give all facilities to the con-
tractor o enahle him to carry out his
contract with advantage to himsell.
Couprermion. Most building contracts
include a cluuse providing for the work
to be completed at @ stated dare, and
for penaltics by way of liqudated
damages {agreed damages) if’ the time
is exceeded. Further, what is called a
maintenance period s provided for,
during which the contractor has to
maintain, that is, to ke good defeets
in, the contract work, The end of this

perioel limits the contractor’s liability |

for any patent defects, though he may
be liable for defects which appear after-
wards (up to six years) il it can be
proved that they are latent defects;
that is, defects due to defective work
carried out by the contractor during
the contract period.

CerTIFICATES, As previously stated,
where an architect is employed, he &
usually the eertifier under the contract
in respect to payments to be made to the
contractor. The certificates are of three
kinds: (1) interim, for payments on
account during the progress of the
works: (2} penultimate (or completion)
certificates, when the work is virtually
completed; (3) Anal certificates.

. Provision it made for an amount,
usually 10 per cent, to be held back on
each certificnte. Thess amounts are
called retention moneys; they are paid
in full on the final certificate and serve to
insure that final adjnsrment of accounts
mav be made before final payment

£21

Some contracts provide for the final
certificate th be conclusive and binding
on both partics, leaving no opportunity
for review or redress for either In such
matters as claims for extras, delay in
completion, defective: work, over- or
under-certifying of the final account, or
other things about which one or other
conaiders himsell agerieved.

But the usunl form of contract pre-
serves a way for redress by an arbitration
clause. Then the final eertificate is
reviewable by an arbitrator.

Accidents

Every artisan or workman employed
by a building contractor has the legal
status of a servant, and it 1s-his duty w
obey the lawiul instrictions of, and tn
serve; his master faithfully.

The contractar is not a servant. His
status is thiat of 4 person carrying on an
independent bisimess.

An architect or surveyor is the agent
of the building owner, but he must meet
the building owner’s wishes and not act
arbitrarily or capriciously.

On employment, an artisan or work-
marn irmplicitly warrants that _he pos
sewes, and will exercize, reasanable kill
and competence in his craft or labour.
He must take due and proper care of
property entrusted 1o him; and, i he
dots pot, and any accident or' damage
results, he becomes Tiable for negligence
unless he can prove that such darmage
was due 1o accident or to other careum-
stanices beyond his contral,

On an accident being cansed 1o build-
ing works by an employee, the loss falls

imarily on the contraclor for the
works; for the tendency & to absolve an
employee from any liability. . Special
circumstances such as gross carelessnes
may modify this general rule.

A building contract usually provides
that the contractor shall mdemnify the
building owner against hahilicy  for



40

darmage or injury to the works on the
part of the contractor and his workmen.

A sub-contractor is liable to the general
coniractor i his turn,

If the building owner lends men to
the contractor, or a contractor lends
men to.a sub-contractor, then the person
under whose control any workman
causing damage was, at the instant of
his defiult, is liable, A person accepting
the loan of a workman and yet not
actually paying for the loan, is still
liable, because the real employer of the
workman has handed over the control
of him fro fem,

Mational Health Insurance

With few exceptions, all employed
persans over the age of sixteen years are
imsurable compulsorily by their em-
ployers against  sickness under  the
National Health Insurance Act, 1936,
the National Health Insurance, Con-
mibutory Pensions, and the Workmen's
Compensation Acts, 1941 to 1943, They
are known as “employed contributors.”
Pesomy of the same age, bul not
employed, may insure themselves vol-
untarily under the Act. Thqrax: known

as “voluntary contributors.”

Mrdim] benefit is also payahble

who becomes employed
bmmm school-leaving age and the
age when insurance becoms com-
pulsory (sisteen),

The total weekly sum payable by an
employed contributor s, for a man 11d.
a week, and for 1 woman 104d. OF
these amounts the employer contributes
54d. A man therefore contributes 5§d
and a- woman 5d. The employer pays,
in the first ins1ance, the whole amount;
but he recovers the contributions paid
by him on behalfl of the contributors,
by deduction from: wages,

A wvoluntary contributor contributes
at the employed rate if he is entitled (or
when his total income from all sources
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does not exceed £420 a year) to recave
medical benefit.

Bexerrrs. In general all msured per-
sons are entitled to the following
benefits: (a) medical trestment and
attendance, including proper and suffi-
cienl medicines, cte. ; but medical treat-
ment and attendance in respect of a
confinement is not includeéd [wee below) 3
(b) sick benefit; that is, o series of
weekly periodical payments commenc-
ing on the fourth day of incapacity; and
contimming for twenty-six weeks; (¢)
disablement benefit; that s, periodical
payments after the determination of
sick Lenefit. This s not available until
104 weeks after the contributor's entry
into inspranee, and at least 104 weekly
contributions have been paid. This
benefit ceases at the age of sixty-five.

Unemployment Insurance

Under the Unemployment Insurance
Acot, 1935, all persons of either sex,
whether British  subjects or not, il
employed in insurable employment,
must be insured against unemployment.

In order to receive benefit a claimant
must prove: (a) his payment of thirty
contribtitions under the general scheme
of insurance, and twenty under the
agricultural scheme; (b) that he has
applied for benefit, and that since the
date of his application he has been con-
tinupusly uncmployed; (¢) that he i
capable of, and available for, work;
(d) that when required to attend at
authorized or approved courses he
attended such, or that he had good cause
lor non-attendance,

Workmen's Compensation
The employer has a liability to pay
compensation o workmen who sustain
injuries during the time of, and as a
result of, their employment. The law
relating to this is contained in the
Workmen's Compensation Acts, 1925
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to 1943, Since 1925, many amendments
have been made to this Act.

By Section 3 (2] (g) of the Act, per-
song whose remuncration exceeds £350
ayear (made up of monetary remmunera-
tiom or other things of pecuniary value)
arc expressly excluded from the provi-
sions of the Act. This limit. was, how-
cver, increased (a8 from January |,
1942) to £420, by Secction 13 of the
National Health Insorande Contribu-
tory Pensions and Workmen's Com-
pensation Act, 1941,

No compensation is payable unless
the injury disables the workman from
earning full wages for more than three
days. IT it can be proved that the acci-
dent is due to the workman's serious snd
willitl misconduct, compensation is only
payable if the injury results in death or
serious and  permanent  disshlement,
Alsa, where a workman i Incapacitated
for more than four weelks, no compenda-
tion i payable in respect of the hist
three days.

Juvesile Traini
The Nationil Federation of Building
Trades Operatives recommend, amongst
ather things, that boys on leaving schoal
should be under the supervision of local
advisory committees; that jovénile un-
employment centres should be set up;
thit juveniles should be absorbed  the
building mdustry mmediately on leav-
ing school; and that vocational mraining
should be given locally throughout the
period of apprenticeship,
ArpresmicEmr ScHEsmes. There are
many and varied apprenticeship schemes
existing in Great Britain, In Scotland,
the number has been reduced to two;
one general scheme operating south of
Dundee only, and another agreed be-
tween the Aberdeen master builders and
the Aberdeen branch of operative
masons, In [reland the apprenticeship
schemes consist of local agreements.

25
ArprexTicessir 18 Lonnown. It might
be usefill to oitline the mode] scheme in
London. The minimum entry age i
fifteen, and the leaving age twenty-one;
the maximum period five vears, mini-
mum four years. Il a boy satisfactorily
completes a three-years' coursc at an
approved technical school prier 1o
apprenticeship part of this counts in
the apprenticeship period, and he starts
practical work at the third year wage
with other special privileges.
Other apprentices must, in liey, attend
a day techmical school during the first
year for one whole or two half-days per
week, which is done in their employer's
time. All apprentices must attend tech
nical classes on two cvenings a week.

Insurance

Fire Insurance, The contractor of 4
new building is liable w the building
owner if the building is damaged or
destroyed by fire prior to completion.
When, however, the contractor is carry-
ing out alterations, additions or rephirs
to an cxsting building and it 5 des-
troyed or damaged by fire, the owner
of the building bears the los.

A contractor for a new building
usually insures against fire, and most
Forma of building contracts include 5
provision that he shall do so. He should
also see that all sub-contract work is
covered by insurance. In this way, the
building owner is. protected aguinst
damage by fire if it occurs prior o
completion.

A fire policy i a contract of indem-
nity. The insurers sually reserve to
themselves the right or option of re-
instating damage by fire a3 an alter-
native to the payment of the insurance
money.

No person can insure a property
against loss by fire or otherwise, unless
he can prove beyond doubtr thar he
has a definite financial interest in it
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SCIENCE AND BUILDING

New materials. Building Research Station > tests and experiments. Damp.

Use of plasties.

Alternative methods of construction.

Future possibilities.

Prefabrication methods. American methods,  The house of the future.

important part in modern building,

It is greatly increasing the number
and varicty of methods and materials,
Today there are many synthetic mater-
ials, cements, piutm:, plasters, buildme
boards, partition and nailing blocks and
various types of paints all developed by
scientists. Some combine strength and
light weight. Some are designed. w
deaden sound: others 1o resist damp;
othets to protect against fire.

For over twenty yecars the Building
Regearch Station at Gamston, near
Watford, has besn studying all aspects
of building, and it has been of great
service 10 the building industry, Some
of its many activities are mentioned
in this chapter.

Hunddreds of cases of smoky chimneys
have been referved o the Building
Research Sation, where examination
found that generally the root of the
trouble lay in the fireplace design
Builders often try to abate the nuisance
h'; providing more ventilation, by add-
ing various chimney pots and cowls and
by reconstructing Hues. Bul scientific
teats have proved that usually recon-
sirnction of the freplice in accordance
with proper plans can alone provide a
complete cure.

In recent years the volume of normal
building has been largely reduced, but
the lange programme of construction for
war purpiss his brought up fresh

Shplayiugnnm'and more

problems. An example of a war problem
i5 that of fire resistance. For a number
of years scientists have been testing the
fire resistance of the structural elements
of buildings. The Iumlcdgt BCCimil-
lated has been of great value in provad-
ing lor air raid protection.

Vertical Fire Stop

There is no doubt about the effective-
ness of a vertical fire stop. Fig. | shows
an actual pest of setting a tmber
roof on fire, and any damage, or even
the charring of the timber bheyond the
stap, being effectively checked. As
shown in the photograph, the fire stop
consists of a screen of fre-resisting
material fixed at right angles to the
roof surface from caves Lo

Progress has also been mm]r under
wartime conditions in the building of
factories and econpmizide in building
materials and labour, Examinaton of
such materials as steel, tmber, cement
and bricks, has mucde it possible to cut
down guantities very considerably be-
low normal peace-time standards. In
the design of steel-frame faciories parti-
cular care has been taken to minimize
damage from bomb explosions,

The [ollowing are some interesting
examples of research recently carried
aut. Until a short time ago we had little
practical knowledge of the sirength ol
bridges. We kpew that certain bridges
would carry certain weights, from
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VERTICAL FIRE STOP TEST
Fig. |. General view of a timber roof immediataly after a fire test, showing how the vertical fire
stop, which is fixed at right angles to the roof surface, has effectively prevented damage or :harr'rn%
of the timber beyond it. (Reproducéd by permission of the Conroller, H.M. Smtionery Office.

centuries of expericnce, and we could
calculate bridge designs theoretically.
But to what extent certain bridges
wore mecessarily strong or weak i
practice was doubtful.

The decision of the Ministry of Trans-
part to pull down seventeen bridges, and
replace them by new and wider bridges,
provided the opportunity {0 carry ouat
tests an the dispersion and distribution
of an applied load and the exira
stremgth. contributed by the paapet
walls. Laboratory tests were made on
some of the specimens of east irom, brick
and stone, which had been removed
from the bridges,

The actual tests were made at might
when the traffic was at its minimum.
The results were of great value to the
Ministry of Tramsport. Fig. 2 v a
picture of the Alcester Road South

e —0"

Bridge, Birmingham, erected in 1795,
This wias tested so a8 1o determine (4]
the dispersion and distribution of an
applied load and (§) the strength con-
tribution of the parapet wall and Hlling.
In one test a load of cighty tons was
applied. From these and other mvesti-
gations on highway bridges much 1
being leamt of real value for the future.

Damp Problem

Another subject of general interest i
that of damp. Many thousands of house
pwners have complained  bitterly in
their new homes of damp coming
throurh brickwork. In some cases it
appeared that the rain penetrated
through brick. In order o test this out
in a laboratory a small rain machine
{Fig. 3) was constructed. This enabled
| sq. fi. af wall to be exposed to a- wind
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blowing at 30
m:p.h., accom-
panied by. an arr-
ficial ain ol a de-
sited intensity.
Tests were made on
various types of
brick panels.

It some cases the
panels were pene-
trated by the wetin
farty minutes, while
others remained dry
at the back after
treatment  for - four
hours. Inguiries duced
into damp buildings showed that pot
all the eases were due to the brickwork
[ailing to resist rain peneiration. In
many the cause of dampness was con-
densation, the presence of saly in

SCIENCE AND BUILTING

BRIDGE USED FOR LOAD TESTS
Fig- L Erected in 1795 thi bridge of stone and brick éonstruction
stood up ro 3 load 1est of over eightystons before callapsing. (Repro-
y permission of the Controller, H.M. Scrtionery Office.)

plasier, or the misplacing or absence of
damp courses,

All these experiments have incressed
our knowledge of the sire
weathering properties of hri

and

ARTIFKCIAL RAIN MACHINE

Fig. 1. Machine hrg‘rnduun; the effect ol drivin
of resivtance of brick walls

the praliminzry 1ty

g rain en | sq. fe ol brickwork panel and used in
o riin penetration, (Reproduced by permissian

of the Comroller H.M Stitionery Office
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vastly mecreased demand. for building
in the near foture it s of vital import-
ance that we shall have proper stand-
ards for such commeon building materials
as atones and bricks.

Not only the outside of a home, but
also the inside, can be greatly improved
in. comfort and convenience by ithe
application of the results of scientific
research.

An example of this i heating and
ventilation, We do not wish to spend
unnecessary money upon fuel and at the
samie time warmth iz essrntial for good
health, Tests have been made in relative
advantages of hat water radiators; tubu-
lar heaters and plenum heating. Much
valuahle miormation has been learnton
this subject and also oo the kindred
subject of ventilation of a warm room.
Fig. 4 shows the Eupathetmcope used
lor measuring th= equivalent lempera-
ture ofa wirmed room and thus helping
to investigate the wvarious  physical
[actors influencing human comlort

Comparisons were made of the venti-
lation of a toom heated by an open coal
firc or stove: by a normal gas fire;
by a radiant elecone firm on the
hearth : and a wmit electric: heater in
the corner of the room and a
hot-water radiator under the window,
Speocial | attention was directed to the
following paints: the circulation aof the
air in the room; whether there was any
stagnation or il there were any pro-
nounced draughts; and how frequently
the air in the room was changed.

These and many other experiments
will help to ensure better and more
comfortable homes in the future. Tt is
anticipated that upwards of 4,000,000
new houses will be required during the
next few vears, a8 well an offices, fictor-
icd and public buildings.

Clearly new methods and new mater-
utls will have to be used if the losses are
1o he made zood withio a ressonable

Fig. 4. The Eupathecscope Mark fl used for

mexsuring the equlvalent tempersture of a

warmed room and thus helping to investigate

various ' physical faccors In. human o

(Reproduced by permission of the Controller
H.M ionary Office.)

period, as well as the design and equip- .
ment mecting modern needs.

We -must therefore expect to see the
use not only of brick, stone and cement,
but of new and untried systems. Fortu-
nately scientilic research has now been
developed 8o that the houvscholders of
the furure may be more protected
againdt damp snd insecure homes: We
must always remember that the eriterion
of design mm a home 5 warmth and
weather resistance, The jHustrations
which are shown in this chapter will
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give every reader,
whether he has
scientific raining or
not,; some idea of
the fmportance of
scicnce tor batilding.

Fig. 5shows, for
example, an experi-
mental roof. All
bailders have had
experience at pne
time or another of
the leaking rook
Investigation by
scientists shows de-
fects to hedoe towet-
ness of roof tmbers,
or domage o tles
from: {rost or faults
in comstruction, On
the experimental
rood the behaviour
under artilicial
weathering condi-
tions of tiles Iaid at
different pitches was
observed.

Figs, 6 nnd 7 {Hus-
trate the effect af
chemicals on a
house, Sulphates
derived froem lrick-
work by moisture
entering at the
exposed parapets,
causcd the cement
rendering of the wall
to crack and lifx
aveay, An upwarnd movemeni ol the wall
followed, due to the expansion of the
euter leal of cavity brickwork. This
caused o crack anside the bullding ex-
tending horizontally lor a distance of
about 30 f. As a result of rhis and
similar investigations, builders can be
advised' om the composition of stuccas
that resist the penctration of water.

With the extensive use ol concrete

ARTIFICIAL WEATHERING OF TILES

Fig. 5. Expsrimenm! roof for observing the tehaviour under artificial
weatharing condition of tes lsid ar different pltches. (Reproduced by
permission of the Controller. H.M. Stationery Office)

now and in the fature, it will be more
necessary (o avaid defects. The ageing
ol the concrete makes these defecis all
the more apparent,

As, penerilly speaking, greater care is
taken an the Continent to emsure a well-
finished structure, special study was
made before the war of the exposed
surfaces of many concrete buildings
m Continental couniries. A series of
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specimens have been exposed to natural
weathering in South Kensington and
elsewhere, and Fig. 8 shows a place of
cxposure at Sheflicld. These and many
other tests will influence future standard
specifcations for cement and building
regulations,

A new and ingenious method of con-
struction devised by the Building
Research Swation is shown in Fig. 9.
This method enables an arched strue-
ture to be built without the use of
centering. Thus, in view (b}, the next
bltck to be fixed will be held up, owing
to its semicircular ends resting on the
concrete dowels; and in the centre of
this block will be another projecting
dowel to suppert the adjoining ends of
two subsequent blocks.

Possibilities of Plastics

Perhaps the most important modern
building development is the range of
materials known as plastics. These are
synthetic resing, of which there are many
varieties, phenol formaldehyde being
the best known This synthetic resin i
‘the chief constituent of Bakelite.

79

The unique property ol synthetic
resing s that they are thermig-setting;
that s, when the resin powder i com-
pressed and hieat applied, the plastic
sets, and when further heat is applied it
has ni effect. Plastics can thus not only
be conyeniently moulded to any shape,
but they are highly hcat and water
resisting, Usually the resim s mixed with
a filler, such as wood flour, An mmport-
anit uscof plastios is for glues, and the
best plywoods are now bonded with
synthetic resin adhesives. These ply-
wonds are so water vesistant that they
can be wsed for outside work.

Probably in the near future plastics
will be msed in the manufacture of
windows, doors, door frames, window
sills, Imtels, skirtimgs, staircases, Hoor
slabs, roof slabs, and shecting. Indeed
it may be possible to establish & new

structural method of plastic building

technique, but all this must be subject
to costs, and, of couise, durability and
weathering: Plastic materials are light
and can be easily handled. Tt may be
possible to manulacture in workshops
sectiond of the new homes of the people,

Fig. & How sulphates, derived from the brick-

by molsture entering 3t the urﬁeﬂl

parapets, have cused the cement rendering of

the wall to erack and |ift away from the brick-

wark, |5 shown in the above photsgraph.

(Reproduced by permission of the Controller.
H.-M, Stationery Offics. )

Fig. 7. The crack inside the buliding sxtended

horizantally for a distance of about 30 fr. and

was caused by an upward movement of the wall

due to expintion of the outer leal of cavity

brickwork and arising from sulphate action,

(Reproduced parmission of the Controller,
H.M. Stationery Office.\
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TESTING CONCRETE WEATHERING QUALITIES

Fig. 8. Specimens of warious concrete mixes, made up into chin slabs, expesed on roof to determine
their weathering qualities. {Reproduced by permission of the Controlier. H M. Stationery Offize.}

and then transport them direct 1o
building sites. At present, however, the
cost of plastics 5 too high, and the
sirpplies are 160 limited for them to be
used a3 structural buatlding marenals. Ty
is for the future to show that they can
be effectively used in combination with
other materials; and a pew building
technigque evolved.

Plastics can be coloured both in gloss
and matt. Our future bouses moy be
brightly coloured and do much to cheer
ip drab neighbourhoods. We may even
see the colours of ltaly in our industrial
towns. Theze are the hopes of the advo-
cates of plastics, but hopes may prove
w be illisory when tested scientificaily.

In &ll these and many other ways the
scientist is cnabling the architect gnd
the huilder to be free from ourof-date
limitations, Although science moves
slowly it moves surely. Those who wish
o study its developments as applied 1o
building should read the various pub-
Heatione of the Building Rescarch
Smtion, details ol which can be ob-

tained from HM. Stationery Office.

Apart from pure scientific rescarch
tor which the Building Research Sta-
tion, ar a cost of some £80,000 from
public funds, as-well as the laborawones
attached w private firms, are respons-
ible, there is also the Important question
of ecanomic reseiarch aimed at improv-
ing building efficiency. Waste of labour,
materials, and manofactuore have im-
posed unnecessary burdens in the past
on the community,

Several years‘ago a Commitice of the
Federated American Engineering Soci-
etics estimated that 53 per cent of
building operations represented waste-
In Great Britain, out-pi-date reguli-
tions, thoughtles demands made by
owners, bad organization by elerks of
works and foremen, and slackness by
the operatives, have admittedly slack-
ened the pace of bullding, Every day's
delay means that capital s unproduc-
tive for an unnecessary period.

In the United States, as well asin
Europe, there has recently been an
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engrmous advance in both mechaniza-
tion and standardization. By the use of
{abour-saving devices, including clectric
handsaws;, planes, hommers, screw-
drivers, mortisers, drills, ernders and
polishers, much time has been saved.
There has been a guickmming up i
certain service centres, The influence of
Amedican. and Canadian  technical
soldiers and alrnien doing constructional
wark will be considerable upon British
workers. Bur it is sl e w say that the
actual process of asembling various
materinle so as to form 4 building has
lagied behind ather indusins.

There will be a very great demand
for new home: in the liture, and
economic seience will have to be allowed
to play its part in order to bring the
house-building industry up to date
This has already been recognized by the
Ministry of Works, which recently sent

—
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wr the United States several experts
who have studied American building
tnethods, which in some respects are
ahead of Great Britain.

Prefabricanon

Ol particular interest is what is known
as the prefabricated house., The walls
windows, floors: and rools of small
houses are built in fHctores; and then
carried in sections n sites, where they
anly require to be bolted together. In
the United States thousands of such
houses have been erected in whrkshops
and carried on trucks, In this country
dur scientists may he able to discover
new ways of treating timber and its
derivatives such as plywood and wood-
fibre board, and psing these as suitable
materinl for prefabricated .  houses

Already the Forest Products Rescarch
carrying ol

Labearatory has  been

NOYEL METHOD OF COMCRETE ARCH CONSTRUCTION
Fig. ¥ iLeft). View taksn during the construction of the curved rool of 3 20-f. span arched soructw
showlng arrangement of the concrets blocks and dowe:s 1o dispense with centering. (Right) Onr:.]‘]
of cancrete dowel block thowing the me of wooden wedges to adjust the curve of thearch. (Repro-
duced by permizmsion of the Contraller, H.M. Stationery Office.)



452

-
interesting experiments on home-grown
ambers, such as beech, binch and poplar,
and it has been found that these woods
can be wsed for the manufacture of
excellent plywood.

Future Building Materials

For exammple, i place of the ordinary
brick or stane house, we may see in the
furore many thousands ol homes for
ex-Service men and others buill of a
mixture of plywood and synthetic
Tesir, .

[t has, however, to e remembered
that whatever advances scicnce may
tnake in the laboratory, the results have
i be applied to the building. This
necessitates knowledge on the part of
the men actually doing the wark. Tech-
nical education will be the handmaid
of ‘scientific advance. It is therefore
hoped that we shall see a development
of technical schools- lir Ahe buoilding
industry, which have suffered much
during wartime, and which go lar w
micet post-war needs, The training given
should form part of a definite appren-
ticeship,

Junior Technical Schools
- The Ministry of Works experts are
responsibile  for a circular  recently
Bsucd by the Board ol Education,
urging the importance of greatly in-
creased provision in junior technical
schoals for the raining of recruits to the
bilding industry. But higher education
st start with the architects;, and it js
satisfictory 1o know that the Roval
Tustitute of British Architects 18 recon-
sidering and. revising s own views
During the past fitty years architectioral
education has passed from a training
mfluenced by the braux arts to a greater
BEPMEL[I‘HD!I ol stientific and technical
Tits.

We shall, in tact, m the tuture, bave
w take every posible advaniage of

SCIENCE AND BUILDING

science in order to rebuild quickty the
bombed cities, which will be the tragic
legacies of war destruction in so many
countrits,, We shall have o avoid the
mistakes made in Great Britain after the
last war, and weleame every possible
improvement in material, machinery
and methods which may eliminate
waste and improve production.

Mass Production of Houses

Although there 5 much prejudice
against mass production of houses, it
may well be that good houses, well
designed, and equipped with such
amenities as refrigerators, thermostatic
controls, central hearing, which have,
up to now, been mainly confined to the
wealthy, will be made available for the
mamy. Rationalivation, based on the
more recent discoveries of science, may
well  provide the 4,000,000 houss
needed in o reasonable time,

The advocates of mass production
and prefabrication do not want all
Hotses to be built alike, but that the
houses shall be built of layer pre-
assembled sections of many desgns, $0
that building operations will be greatly
speeded up. A nch variety of form,
colour and texture can be made avail-
able if only prejudiced influcnces can be
put on one side, The advance that can
be made by making the fullest possible
use of science will have immense social
possibilities. 'With a greater efficiency
and speed in building, more con-
vement homes ut less. cost can be
provided; and there is little doulbt that
the building trade will meer all the
demands: made by the acute housing
shartage,

It needs no Utopian vision to see
that soon there may be crested in this
couniry new domestic and civie forms
ol building construction which will have
a lasting and beneficial effect on the
present and future penerations



CHAPTER 17

BUILDING AND ARCHITECTURE

Three conditions. Evolution. Periods in architecture : Prehistoric, Egyptian,
Greek, Roman, Byzantine and Early English, Gothic, Renaissance, and the
Transitional Period. The Great Hall.~ Town and country houses.
Use of new materials. Twentieth-century development. Present and future

* end of architecture 1 to
build well. Well building hath
three conditions: commoditie,

firmness and delight,” wrote Sir Henry
Wotten in 1624. These three conditions
are timeless: Commaodity: the armange-
ment of the plan units © satisly the
social requirements; firmness: the dis-
position of the structure Lo give shelter
and stability; delight: the ability of
combining firmness and commaodity to
give visual and sensual pleasure.

Creating Architecture

' This book is mamly concerned with
the second of these conditions, ""Arme-
ness.” The pumber of trades and tech-
niques discussed in the many chaptess
revenl how complex has become this
side of building. At the same time the
growth of civilization has produced an
increase in the number of uses for which
buildimg s required. The vast amount
of information in these two fields needs
to be organized so that out of it all can
emerge Luildings which are both stable
structurally and convenient lor use,

This is where the architeet comes in.
The architect’s task i to co-ordinate
building needs with the resources of
science and industry—and 10 create
architecture.

Throughout history architecture has
evolved naturally in this way—by a
blending of exsting technigques and

marterials with (he social requircments
of the tmes. And throughout history
the third requirement, delight, bas been
present @t this blending through the
skill and knowledee of the blender,
Fromm ecarlicst thnes new social de-
matids and new materials have ever led
to continual adjustments in building
and thus te a continuous scries of new
styles. Wherever in the past we have
found a bad period of huilding, it has
always taken place because the co-
ardinator—the architect—has lost touch
with one or other of these aspects. The
chactic flounderings of style in the
Victorian era, for instance, were the
result of the architect fhiling to adjust
himsell to the new materials of the ome
—iron and glass, This failure 1o adjus:
technique to new circumstances and
materials has occurred in varying de
grees through history, but always, in-
exorahly, in the end the far-seeing man
is justified; and out of chaos a new
building era begins and a new style is
founded, This is how history is eréated.

Prehistoric

At the beginning of life on this globe
the separation between human and
beast was comparatively stight, and men
and women lived in conditions similar
to the animals. Bul a primitive desire
for shelter soon arose and caves prob-
ably formed the earlicst homes, Then

433
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the mse of wood was dis- =i
covered together with meth-
ods of cutting it. This led 1o
a primitive tent form in
which: boughs were |eant
against each other, bound
atthe spex and covered with
brush and moss to keep out
the weather, Later a simple
post and lintel system wis
evolved by making uwse of
the same materils:

Egyptian
The Egyptians with their early civil-
igation took this post and lintel a siage
further by the discovery of new mater-
als—stome and, o a Iesser and Jess
suceessful extent, mud bricks, Life was
still primitive, and the pricss, who did
imost of the building, took care 1o keep
the people in ignorance and subjection.
Their slave labour, therelore, was com-
pletely umskilled, and buildings were
formed from massive rough blocks of
stone uwsed vertically a8 colums and
horizontally as beams. Little decomtion
was used and the scale was huge, as
can beseen from the Pyramids {F_ig, 1)
still standing in Egypt today.

DEVELOPMENT OF THE ARCH

THE PYRAMIDS

Fig. |. The pyramids are one of the exrfiest building forms,
end were erecred by means of an uniimited supply of shve
labour. They are bullt of masive rough blocks of stons

Greek
With the advent of the power ol
Greece came a new mode of life, Greek
culture and philosophy reached a very
high standard, and more than any race
belore or since, the Greeks evolved a

philosophy of life bused on simplicity,

The post and linte] form of construction
was still in use and cominued through-
out this era, in spite of the faet that the
arch form (Fig, 2) had been discovered
and rejected as being too complicated.

The Greeks approached bhuilding as
they approached life. They were artists
rather than architeets; and the incred-
ible subtletics and refinements which

m—ivlﬁﬂﬂl L:l;n:fﬂ. {Centre) Post and lintel. (Right) Archand barrei vault. These sketches show
Tml" huleinmunm af Spanning 8 compartment and of forming an opening in & wall.
& construction s dependent upon these twa simple requirements.
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THE PARTHENOM, ATHENS

Fig. 3. All that r!mairrsluf the Parthenan, The smll s@=ie and direce simplicity of the Grecian form
of construction are in strong contrass (to the complicated grandeur of Roman architecture

they managed to produce from their
simple building forms were revealed by
the brilliancy of the Mediterrunean sun.

Their buildings became largely back-
grounds to their sculpture, and the lay-
out of these was governed more by
aesthetic reasons than by ceasons of
circulation and accessibility, This is
shown inthe Parthenon, Athens (Fig. 3).

Homen

With the ascendancy of the Roman
Empire came a completely new form ol
planning and structure. The simplicity
of Grecian life was supplanted by a very
highlydeveloped civilization. Rome's
conquests and trade gave her new
interests, new visions and new wealth,
As the centre of & vast Empire her life
became more complicated and complizx,
and her buildings and rowns became
more magnificent and splendid, Our of
Roman Imperalism came the “grond
plan.’ The ruins of many examples of
huge amphitheatres, baths and temples
may still be seen in Iisly wday.

The Romans were helped in their
new jdeas of biilding by the discovery
af pozzolana, out of which was made a
strong form of conorete. With this homo-
geneous jointless marerial they devel-

oped the arch form, the barrel vaul
(the arch over a long cell);, and the
dame (the arch over a crcular cell).

With their structure the Romans
were, for their times, incredibly daring,
with their acsthetics absurdly timid,
They were lascinated by the aesthetic
perfection of the Greeks, and used Greek
motifi and decoration merely to mask
their new structural forms. In conse-
quence the detail in their buildings
became coarse and meaningless.

With the defeat of her armies abroad
and the inability to replenish her sup-
plies of wealth and slave-power began
the {all of the Roman Empire, Inexor-
ahly the greatness of Rome faded and
the extent al her achievements was losi
Her greatest contribution to architec-
ture, her essays in grand planning with
large-scale  buildings, were, forgotten
for centuries until the Renaissance
brought new interest in Classical design

Byzantine and Early. English
With the rise of Christianity came a
new religious bellel to the people, and a
demand for new types of buildings. The
first Christian churches were very
simple and consisted of a nave and aisles.
Columns, many of them: from Classeal
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DEVELOPMENT OF THE DOME

Fig- 4 (Left) Dome over circular cell. [Right) Domme an pendantives,
Earfler domes developed directly from the barrel vault and were
copstructed over cirtular compartments. The discovery of the pen-
dentive permitted the use of a dome over a square compartment.

temples, were used to line the nave, and
spans and openmgs were bridged with
stone or wood lintels, the sutside walls
being solid. Later the arch was exten-
sively used, and then the dome (Fig. 4),
not only over a circular cell, but; en dis-
covery of the penidentive, over a square,

With the end of slave labour, con-
crete construction was found to be un-
economical, and light velcanic stones
and small bricks took its place. The
lightness of the new matenial belped
considerably in reducing sideways
thrusia and thus diminishing the mam-
ive thickness of walls necessary to with-
stant them. At the begimiing, domes

“'were even formed in recular diminish-
ing- nngs of hollow earthenware urps
bedded in mortar,

With the mse of the power of the
Church its mfluence spread and its doe-
trine and its building incrensed through-
out Europe. 1n each country the build-
ings adapted themselves 1o the peculiar
circumstances governed by local climate
and materials.. In England this devel-
oped into the Norman style.

Gothic
It was soon found that it was possible
o interpenetrate two similar barrel
vails to lorm what is ealled 3 cross
vault, When this is done the ourved

BUILDING AND ARCHITECTURE

T suriaces intersect Lo
", form sharp edges known
¥ asgroins, cach edge being
: siaight on plan. Later,
prerhapsasemphasis, pro-
jecting Hls were used
along these groins, and
also directly across the
barrel vault from pier to
picr. These ribs finally
became the  serucrural
members, and the spaces
flled with stone slabs.
This form of con-
struction was only
possible over a square cell, and the
width of a nave and the distance be-
tween wall piers had of necessity to be
equal. If barrel vaults of different radii
were intersected the top of the narrower
one must be lower than that of the wider
one, and a satisfactory simple penetra-
tion cannot be achieved

Paointed Arch

Many attempts were made to solve
this problem, but none were satisfactory
until rthe discovery of the pointed arch.
This form of arch (Fig. 5) can be any
height in relation  its width, and
vaulting over a rectangular space can be
achieved by using two arches of differ-
ing widths but of the same height. The
pointed arch marked the beginning of
what we now know as the Gothic style
—although the term Gothic was not
invented until Renaissance times, when
it was used as'a term of disparagement
about whar was then considered an im-
pure form of Romanesque architecture.

Gothic architecture lasted in this
country from the twelfth century to the
fifieenth century, Tt is largely an eccle-
siastic form of architeeture and finds
expression in a host of great churches
and: cathedrals, There was now com-
plete unity of religious belief in Europe
and the Roman Catholic Chureh was all
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DOME OF 5T. SOPHIA, ISTANBUL

This mew Bymntine form of church construction wes brought about and mada possible by the
advances in doms and pendentive design, as shown in Fig. 4

powerful. Medicval life centred around
the cathedril and in bullding it king and
serf did more than provide a place for
worship: through it they erected a
monument o their belicls.

Gothic 13 an architecture of small
stones. Stone wog less easily obtained
and trarsparted in Western Europe than
il had been in the Mediterranean cradle
of the world. With the increase in the

number of stone joints came a reduction
In scale and a gradual disuse of Classical
detnil, which relied mainly for itz cffect
on-a monolithic appearance, The reduc-
tion of the size of the building unit and
the now scale produced a lightness of
structure in direct contrast (o the heavy
mass canstruction of the Romans.

A Gothic cathedral, unlike a Roman
building, is a frame structure, Its weight

DEVELOPMENT OF THE GOTHIC ARCH
Fig. 5. (Left) Cross vault, (Centre) Gothic cress vaule, (Right) Gathie rib-barrelling structure. The
cross vaule formed by the intersection of two barrel vaulcs can only be formed over a square
comparement. The pointed arch obviates the necessicy for this, 23 It can be any haight relative to
is 1pan. Final developmant was to use the ribs 8 pruectural members te support stone slabbing.
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WESTMINSTER ABBEY A
Fig: &. Motz the complicated denil and the dynamic flying burrrass system of this fine example of

the rer development of Gathicarchitectyre. Burr

is brought down to the ground at a
number of selated poinis rather than
on continuous walls. The wall areas
between thiese points of support now
served me other purpose Jthan to be
weather-resisting screens. The discovery
of stained glas provided an ideal
material for these wall areas, and the
size of windows grew until they Rnally
oocupied almost all the space between
the supporting piers. Built with a mulii-
tode of small stones, each ECAnSIIELing
thirists on to each other, this form of
building was alive, dynamic and elastic.
In direct contrast to the inherent stiffe
nes of the Roman concrete vault, each
arch and rib produced sidewnvs thrusis
that had 1o be resisted. [t was the
buttress that assimuilated these throsts
and by virtue of its own dead weight
tramsfrrred them w the ground (Fig. 6).

The stary ol the evolution of Gothic
architeciure is the story of the crafis
man’s mastery over the complicated
series of thrusis that thess s and
arches produced. Tt wis an architecture

resses assimllace the sideways thrusts of the walls,

of crafismen, and it was this craftsman-
ship which brought about its charm,
With each new cathedral and church
the builders grew mare daring. The ribs
became more numerous and smaller,
and the columms thinner and more
widely spaced. The windows became
larger and imterlaced with intricate
patterns of stone tracery. Burtresses be-
came parrower, and, as the huildings
grew in height, the outward thrust of
the complicated roof vaulting was
counteracted by flying butiresses.

Beginning of the Renaissance

Gothic architecture passed through
three main phases which are known as
“Early English,” “Decorated™ and
“Perpendicular.™ By the time the
last phase had been reached in the G
teenth century, the style had come to its
logical conclusion. The wiriness and
thinness of the design and the enthusi-
astic daring of the masors coused &
series of structural collapses which eon-
vinced builders that they had reached
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the limit of their material. Even il
there had been’ no new stimulus o
encourage desizn into other direciions,
there could have been no further
development bere But there was this
stimulus. The Renatssance had hegun.

With the decline of the feudal system
in Western Europe, power shifted from
the Church 1o a new land-owning class.
Travel became easier, and therr was 3
revival of interest in the antique. The
invention of printing brooght abour a
new @ccess to ancient learning, and
admiration for the literature of Rome
led to admiration for its buildings. The
Classical infiuence brst showed ftsell
the design of the i and detail
on Gothic buildings; then these build-
ings lost the traditional informality and
drregularity of Gothic architectare, and
became much more formal both in plan
and in elaboration of derail,

Classic Architecture

Finally, Gothic construction was
largely superseded by the mare rigid
Classic approach to form, These changes
were very pradual and spread over a
number of yens It was in Tialy that
this new style started, the Renadssance
style based on the Classic architecture
of ancient Rome. Classic Roman detail
was used again, but with move refine-
ment; and the “grand plan™ was reintro-
duced and developed with a freshness
which the Romans had lost.

An important advance was in the
design of domes, Whereas the Romans
e binailt s sumber of domed buildings,
externally they had hidden the dome by
their roof structure. Renaissance archi-
tects, however, gave prominence o the
dome as an architectural fentore by
raising it on a cylindrical drum, usually
encircled by a colonnade. There was now
no unlimited slave lnbour and these new
fine buildings were ereoted slowly and
laborivusly by a team of crafismen

8

These were the craftsmen who produced
the finc detail for which Renaissance
architecture is famed.

In England the change between
Gothic and Renaissance occupied what
is called the “Transitionnl Perind.™
Tudor and Elizabethan England alsg
experionced a great change. In the
middle of the sixteenth century Henry
VTIT dissolved the monasteries, assumed
the - title of the “Supreme Head of the
Church of England,” snd distibuted
thewealth and lands of the Church to the
people. This new land-owning elass
started ar a time when emerprise was
being encouraged by new waorld explor,
ation and discoveries. Trade ofall kinds
increased, and wealth was now begin-
ning to enrich merchams ind traders

This was, in fact, the birth of the
Middle Class. With it came a general
mecrease in learning and educavion and
& desire for houses to suit the new needs
Life had become more secures, and the
necessity for castles built for defence
had disappeared.

The cvolution of the house play
sprang from the great hall of the
medieval castle. Tn medieval  times
this hall waz a multi-purpose. room
which served as shelter 1o the whole
household. In it the lord and his family

‘and their retainers lived. The hall was

heated by an open fire in the middle,
and smoke escaped as best it could
through a hale in-the ool, The walls
were of rough stone and the pool was ol
timher covered with thateh, Windows
were small both for defence reasons and
because glas, when it was obtamable,
could only be used in small sizes
Kitchen quarters were added later, and
an entrance gallery formed by placing
a screen between these and the hall,
Then sleeping accammodation for the
lamily, often two storeys high, was
added at the other end of the hall.
These changes came gradunlly until,
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BLICKLING HALL, NORFOLK
Fig. 7. A bezutiful exampla of the development of the country house in Renaissance times, when

3. more’ general appreciation of good

with the Renaissance in the sixteenth
century, the retainer became the servant
and now bad his own quarters, while
the accommodation for the family had
been extended o include 4 series of new
living-rooms in addition to the private
deeping apartments,

Brick came in as a boflding material
and houses were built on several Aoors.
With the new Classical approach these
plan units were assembled in a3 more
formal manner. Plans became sym-
merrical and balanced about a central
axis. With the increase ol cultural know-
ledge design became all important, and
buildings tended to become wvisunl
works of art. To gain this; [unction was
often - forferred and the service rooms*
incfhiciently placed in relation to their
mse, There was, however, 1 more uni-
versal appreciation el good design, and
the arts now held a high place in the
social structure (Fiz, 7).

This period produced many fine
architects such a3 Inigo Jones and Wren
The Classicsl influrnce also spread 1o
layout, garden design and  town-
planning, Many fine examples af these
remain today o ouwr London squires,
and the lormal gardens atached to such
great houses as Blenheim

Towards the end ol this Renaisance
period there came a gradually increas-

esign In architecture and building began to develop.

ing demand for town houses, The extent
of the overseas trade gave a new promi-
nence to towns and many more people
came to live in them. This new town
dweller now developed into a new land-
owning class whe possessed a very pro-
nounced cultural education and a keen
civic sense. The design of a town house
was a completely new problem,
Whereas the country house was usi-
ally surrounded by many aces of
land, the town houss had of necesity
to be near to its neighbour. Architects
therefore were niow confronted with a
new factor—the design of a street.
The Georglan town house of the
eighteenth century was a natural solu-
tion 1o this problem. Here the house is
used as a unit in the general strect
design. Selfish individual preferences
are sublimated to the advantage of the
community, and through this good taste
on the part of those responsible for
building a high degree of design reigned.

Nineteenth Century

Meanwhile, hiowever, other influences
were at work. The [ndustrial Revolo-
tion was gradually changing Britain
from an agricultural into an industral
country. The invention of steam power
produced a stream of inventions lor
epeeding up all forms of manufacture
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With it came a demand for labour n
the coal mines and in the now growing
industrial centres. Britain's facilitics for
overseas trade increased these demands,
for the strength of her navy ensured
deliveries of her commereial under-
takings abwoad. Thiz expansion and
drift of population did not spread isell
everly through the- whole of the
coumtry, but concentrated ©in arcas
where cheap power made manufacture
and commerce easier,

The uncontrolled and rapid grnwth
af these towns produced a whuole series
of new requircments for building types
which had never existed in the past,
The old factory bulldings became un-
suitable for the new machinery, and the
existing houses quite  insufficient to
house the growing new army of workers,
T'he invention of the railway brought a
pew need for brideges and milway
stations; increased imland  traffic de-
manded better roads; and the growing
merchant service required new docks
and dock huildings. The new large and
cver-increasing communities created an
unprecedented demand for hospitals,
schools; shopsand other public buildings.

New Materials

Adong with these new demaonds came
new materials, Iron, steel, and glass
provided untold possibilities or new
ways of providing shelter for the new
activities, They also provided builders
of the times with countless troubles, The
architect of those times was still en-
grossed by the artistic side of his pro-
fession. Returning from his travels in
Rome and Greece he was cxercising his
talents by scholarly handling of (lasical
detail. The type of clients for whom he
built encoursiged this, and from it came
fine houses for the wealthy and an
occasional church and civic building,

Now the new and different social
requircments and the newly available

&1
materials produced problems which
could not satisfactorily be answered in
this way. It took a long time for this
et to sink home both to the architeets
and to those for wham they built. T
is. not universally appreciated even
to this day.

To start with, the architect continued
to muask his buildings with ‘a veneer ol
classical detil. The absurdity of this.
grew with the complications of the
buildings' requirements. The newly
obtainable building heights, and de-
mands for gond natural ighting, were
gjuite incampatible with correct classical
proportions and the solid monument-
ality of heavy clossical masonry. The
cost and labour involved in providing
this mefficient and complicated face to
a huilding were great and unjustified.
Through this false vision architecture
was becoming separited [rom its natural
function of building, and degenerating
inm a mere decorative ari. This degen-
eration led to the Classie and Gothic
Revival styles for which the Victorian
Age became infamous.

Structoral

Now that the architect had become
interested only in decoration the devel-
opment of structure was being handled
by a new professional man—the engi-
neer. The enginecrs were responsible
for the advinees in the use of the new
materials. Progress was necessarily slow
bur while the public were blinded by
the writings of John Ruskin and William
Muorris into accepting the self-conscious
pscudo-art of the time as the beginning
and end of architecture, the engincers
were too intrigued by the possibilities of
the new materials and techniques to be
affected by these negative consequences
af the Industrial Revolution, With calm
deliberation they examined and experi-
mented with the possibilities and limit-
ations of these new materink
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The strength of steel and iron in
relation toits size was soon appreciated
and many original new structures ap-
peared, moatly in the form of road and
rallway  bridoes. Spon, slender  iron
columns were used to support the new
iron arch forms, and the spans of the
arches became bigger, giving wrand
opportunities for large buildings with an
uninterrupted floor space.

The fll effects of this change were
first very forcibily revealed in the Crystal
Palace designed for the Grear Exhibition
of 1851, The designer of this intercsting
building was neither an architeet- nor
an engineer, but & gardencr. Joseph
Paxton, head gardener to the Duke of
Pevonshire, baseidd his desien on his
previous experience of greenhouses. His
building wis an ron skeleton sheathed
in glass. The weight of the glass and of
the suppurting arches was trunsferred 1o
the ground by a grid of uniformly spaced
cast-iron columns.

The building units were carefully
designed-and standardized throughout.
Every sheet of glass n the building,
lor instance, was the same size.

i This type of construction was adapred
with great success to the now rapidly

BUTLDING  AND ARCHTTECTURE

growing railways, and examples of its
use may still be seen today at many ol
the great rmilway termini, such as King's
Cros, St, Pancras and Paddington.
But, whereas the engineers af this
titne prodieed by their detschment and
experimentation logical forms of strue-
ture using the new materials, they did
not necessarily prodice fine architec-
ture. ‘The training ol an engineer does
not include a knowledge of the e of
form and masses to produce beauty. A
well-trained engineer will produce =
sound building, but not necessarily good
architecture. The nineteenth century
wias lortunate in having a few areat
engineers gified with a sense of form.

Famous Enginzers

Among these, such men us Tellord,
Brunel (Fig, 8) and Barlow distinguishiecd
their work by using this aesthetic sense.
Apart from these brillisnt exceptons
and their great influence on the furure,
the buildings of the time had litle 10
offer, The separaton of the architect
and engineer had split up the three
basie requirements of commodity, firm-
ness and  delight, and architecture
suffered accordingly. The design of 2

CLIFTON SUSPENSION BRIDGE

Fig. & Brunel's famous bridge near Bristol shows the new approach to bullding design brought
aboui by the discovery of the many varied possibilities of iron snd stesl in buil ingmi:nrutdgn-
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MODERN DESIGN IN SHOP CONSTRUCTION
This seriking design for Messre. Peter Jones® Stores Intreduces many original ideas

the maximum of daylight B Ihtroduced;

MNote how

also how skiffolly a3 hesvy mass effect ls avoided.

{Architects: Messrs. Slater, Moberly & Uren, associated with Mr. W. Crabrree and Prof. C H, Riley.)

building can never be disassociated
from itz structure.

Twenitieth Century

Many of the woubles arising [rom
the Industrial Revolution are with us
tnday, Inaddition, the speed of modern
civilization has jven us many other
problems.  The new matcrials of the
nincteenth century, still not completely
mastered, have been supplemented by
a growing new list

Today, while we are still in the pro-
oess of perfecting the use-ol stes] and
g!ay:l wWe e Li_lll!-l'l.'lhll'.ﬂ 'I.'|.'i1!i| IILI‘ neEw
possibilities of reinforced concrete, and
of light-metal alloys and the rapidly
developing field of plastics

In addition, new factors have altered

the whole cotrse of our lives, The motor
car, the acroplane, wircless, televizion
and the many other inventions and dis-
coverics of the twentieth cenmury have
chanwed our whele mode of lrang.
From these new social conditions and
the new marterjals, must come i
architecture: At present we are in the
midst of growing paims. Progress has
come too fast for us to keep up, Never-
theless now, as throughout history,
arising out of the confusion is & band of
pioness architects who are continually
strpvingg b0 find a mew expression to
satisfy the new conditions and materials,
It is upon the work of these men that
the new architecture will be founded,
an architecture firmly based still on
“eommodity, firmness and delight,™

new
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