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MODERN BUILDINGS

VOLUME V

PART 1
ECCLESIASTICAL BUILDINGS

CHAPTER 1

ESTABLISHMENT CHURCHES

At all periods of the world’s history, and in all
countries, the greatest architectural monuments have
been those of a religious character ; and not only has
an effort always been made to render them archi-
tecturally the most beautiful, but also structurally the

needs of particular congregations and of certain
varieties of ritual. This is particularly the case with
Christian places of worship, with which we shall
deal almost entirely, the plans of which are based upon
those of the Roman basilicze or justice halls—though
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most sound, as they are built not for a single genera-
tion but to be of a lasting character. As a natural
sequence of this, a certain type of plan which developed
many ages ago has been adhered to with wonderful
persistence, so that at the present time the buildings
erected vary comparatively little in this respect,
differing only in certain minor peculiarities to meet the
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certain modifications have been introduced from time
to time, until at the present day it is possible to discuss
the subject with but little reference to antiquity.

The simplest type of edifice now in use in the Church
of England consists of a long narrow hall for the use
of the congregation, this hall being almost invariably
placed so as to lie east and west, and having an
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" Modern Buldings

extension at the east end, known as the chancel, to
serve for the use of the choir and the sanctuary, while,
either at the west end or at the western extremity on
either north or south, there is generally an entrance
porch. Of such a type is the new church at Four Oaks,
designed by Mr. C. E. Bateman, F.R.L.B.A. (Fig. 1), in
which the porch is placed upon the south side. It
has two doors, and so there ought to be little draught
entering the building. The seating is arranged on
either side of a central passage way. The font is
placed at the western extremity, it being a generally
accepted rule that its position should be as near the
entrance to the church as possible, to symbolise the
entry of a child into the Christian community.

In such a church as this there is no difficulty about
either seeing or hearing, but the archway which
separates the choir or chancel from the nave ought to
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be of almost the entire width of the chancel, so as not
to obstruct sight or sound, and to allow a broad
passage way for communicants and for processional
purposes on such occasions as weddings and funerals.
It is also essential that the clergyman’s reading-desk,
and the lectern from which the lessons are read, should
be in full view of the congregation, and this is even
more necessary in the case of the pulpit. In the
present instance the pulpit is placed on the south side,
and is reached by a passage way through the wall
which forms the abutment of the chancel arch, access
being also obtained by the same means to an open-air
pulpit—an exceedingly rare feature, particularly in
country churches, though it is coming somewhat into
use in the crowded parts of towns, as giving an
opportunity for preaching to a class of congregation
which can be reached by an open-air service, but will
not enter a building. The organ is now admittedly a

necessity, though its right placing is still a matter of
considerable discussion. In a church of this character
it is particularly difficult to so place it that it may be
heard and yet not obstruct the view from any part, and
the difficulty has been overcome by placing it over the
screen which has been introduced between choir and
nave, where, although it obstructs the view of the
chancel roof, it does not interfere with either sight
or sound of what occurs in choir or sanctuary, as
will be seen in Fig. 2. The choir space is contrived
under a central tower, which is utilised for the bells,
the choir seats, as is usual, being ranged longi-
tudinally. Beyond them is a sanctuary occupying the
whole width of the nave, giving ample kneeling space
for communicants, and wide steps for the clergy. As
is usual in English churches, there is a square east end,
for not only is this traditionally correct, but it is also
economical to construct and convenient for the clergy,
who are by no means so cramped as when the end is
semicircular or semi-octagonal. A small recess on
the south side is intended for the temporary deposit
during the service of the vessels used in the com-
munion.

In earlier times a single small vestry for the use of
the officiating clergyman was all that was necessary,
and in some of the older country churches even this is
absent, and a small portion, perhaps under the tower,
has to be screened off for the purpose. At the present
day, however, even the smallest village church has its
surpliced choir, and as a result two vestries become
necessary, one for the choir and one for the clergy.
These are often arranged on the north side, but in the
present instance have been placed at the extreme east
end, a position which they may very well occupy,
especially if the ground rise in that direction, when they
can be easily placed on the same level as the choir—
which it may be noticed is generally raised about four
steps above the level of the nave, while three more steps
in all lead to the level of the communion table, which
occupies the extreme east end of the church. The total
number of seven steps, it may be mentioned, is scarcely
ever departed from. In the case where the ground
falls towards the east it is by no means uncommon for
the vestries to be placed underneath the chancel.

When a church is required to seat a larger congre-
gation than can be accommodated by means of the
simple hall plan, it is usual to add aisles either at one
or both sides of the nave, as shown in the Hill Church
at Sutton Coldfield (Fig. 3), also designed by Mr. C. E.
Bateman, the aisles being separated from the nave or
hall by means of an arcade. The nave has a central
passage in this as in almost all cases, while other
passages are found to the north and south, serving the
seats which are in the aisles, these being generally
arranged between the side passages and the walls. A
good deal of trouble is often taken to so place the
pulpit and reading desk that the view of these may not
be obstructed from more seats than is unavoidable, a

Establishment Churches

great deal depending upon the placing of the columns.
In the present instance a western tower had to be
provided, and the space within it has been utilised for
seats, though this is somewhat unusual; and the
porches are made to extend within the church, occupy-

3

the external effect of a transept (Fig. 4). It will be
observed from this illustration that the aisles are lean-
to roofed, without parapets, this being'the general
arrangement, although flat parapeted roofs are some-
times found, and span roofs more occasionally, It
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ing positions whence the view would be obstructed if
seats were placed there. It will further be noticed
that all the seats face eastwards, as is always advisable

though in some cases it is not practicable. The ChOiI,'
and sanctuary are of the full width of the nave, so that
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may be noted in passing that the nave passage must
always be at least 5 feet wide ; and although the aisle
passages may be somewhat narrower, they should
always permit of two persons passing with comfort.

In the church of St. Andrew, Catford (Fig. s5),

Architece: Tt VIEW FROM Sw

F1G. 4

there is.a good space between the choir seats for
't(fom@umcan}:s to line up; but the vestries, instead of
orming an independent building, are obtained by an
extension of the south aisle, the choir vestry having an
organ chamber above it, and thus being utilised to give

_designed by Mr. P. A. Robson, A.R.L.B.A., the nave
1s made of much greater width in proportion to the
length of the church, while the aisles are narrowed till
they become mere passage ways, as may perhaps be
better seen by the photograph in Plate I. As a result
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of this there is scarcely a seat'in the whole church from whole congregation was not, however, obtainable in
which a clear view cannot be obtainéd of the wide open this'nave, so that transepts have been thrown out at
chancel. The main entrances are at the east end of its east end, served by the aisle passage ways and |
the two aisles. Sufficient accommodation for the seated to face eastwards. A good view can still be £

ST ANDREW - TORRIDON- R?
(CATFORD.

T T T T T IR e~

SECTION THROVGH NAVE

SECTION THROVGH CHOIR

LOOKING WEST LOOKING WEST.
g
] .
=X
I
H g
Q.
E
= S
3
) E | SwaL Ha. |
w1 AR . Y
™ .
{ CLass R [ Scver |
- ] 4
B, R B & em PHILIP-A-ROBSON : ARIBA .
SCALE OF FEET.

FiaG. ;.

.E_. )t ] i
L %
°
? - I "
i 5
; s é o o
[ i i i i :
| il l ol | {18 LI LU g |
Piog BRE , — ; 81 E T i 7
3 e T, % : TSRS, Aspsty PR
[ .1_.._51 ol il f-_amrf" f“k £ "\J




I "uu\.i.:it___x ] zh::._l:_
"
‘- _
e
0 Lll..l.n.!.!llﬁl..llLﬁ. =t -
o > =
PR ....NO
— & SOx
o s ERO
R o m e C o
o ¢ O .
e 5 Nﬁm
(3 &< O =
n -
- il i
- =@ .
p | L
i
B i ar-anet P /
SR .:__..ﬂ, Lr

2.

PLATE

\

L1l

.-

I 1f




PLATE 24

M it ST MARTINS CHURCH-

e i
A _i__ir_J ~\\>L‘z'
& (NS TH EPSOM- SURREY
| | : _ i ®
8 B X SRR ’ 10 )
— | 5 SREELE o scaL keunl % P
} I ;l AN i
FIREI | RN
| _l | : |[: \/E,J[\/{/ | £ =
Fol (T
' Nz i
GUANE]  Gmemt o )
| |SACRISTY AISLENS : - Hiow Al
= =@ | | . ‘}ijr\\\g\\ : l;k L 3 % ; s
CLERGY VESTRY | ,' - T T = : E:
& AW VESTRY U L i N : %J% N 3
' ey | 5 LA
00 | \\\\{\@Bj/j —— 4 s E— = — i H_ﬁli. - ]
___r\!\_:;z__ :E = . lﬁ‘ 5
GROUND PLAN ¢ z
o ‘_" - SECTION ACROSS NAVE

NICHOLSON & CORLETTE

e |
e GALL RY PLAN Z'NEWSQ/S/%%TLEC?LEE INN- W-C-




| g Establishment Chur‘ches

obtained of the reading-desk and pulpit, though not of
the communion table. The chancels are of nave width,
with very little to mark the separation save an archway
which springs from corbels. Use is made of this great
width to provide return ways for communicants on
either side behind the choir seats, this being almost
essential in order to avoid passing where there is a
large congregation and many attendants at the com-
munion. The extension of the north transept is used
as a small subsidiary church or chapel, known as a
Morning Chapel, and intended for use at early com-
munions and week-day services when only a small
congregation is anticipated, while the additional seats
are useful on occasions when the general body of the
church is full. The organist sits in the southern
extension, but the organ would be bracketed or
corbelled out in the flank south bay of the choir, and on
its east wall, facing west, in the south transept.
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parishes at any rate. A smaller hall for committee
and guild meetings, penny banks, etc., is also of great
value, and is shown in this example as being separated
from the vestry only by a sliding partition.

The group of buildings is completed by the vicarage,
which differs but little from an ordinary detached house,
save that a quiet study has to be provided for the
clergyman, so placed that he can receive parishioners
in it without their necessarily entering the body of the
house.

The new church of St. Martin at Epsom
illustrates a parish church on a larger and
developed scale. There is the same general arrange-
ment of nave and aisles. A central entrance is
contrived at the west end, so as to secure a clear
passage way for processional purposes, there being
subsidiary entrances at the north and south extremities
of a species of narthex or transverse hall at the west

n

(Plate II.)
more fully
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A village hall having been built simultaneously with
the church, the vestries have been provided between
the two buildings, so as to serve both, and a communi-
cating passage has been arranged so that the clergy
can reach the Morning Chapel behind the principal
communion table, which is much preferred by many
clergy to passing across the body of the church.

In many town parishes it is found that there are two
different classes of congregations, one of which will
attend the church proper, while the other, generally of
a class which does not feel it can dress very well, will
take no part in the full church service but will willingly
enter a parish hall where a service of less formal
Character is conducted. Thus has arisen the need for
such a building, which, as seen here (Fig. 5), is served
from side and back roads, and has a platform at one
end, accessible from the vestries but containing no
Communion table. This hall is used also for many
Other parish purposes, such as lectures and bazaars,
and is, in fact, kept in constant use, in most London

FiG, 6,
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end—a screened-off portion enabling members of the
congregation to obtain access to all parts from either
entrance without passing within the body of the church.

This building has the somewhat unusual modern
feature of a western gallery, under which the narthex
occurs. The font is temporarily placed here, but the
tower on the north side is intended to form the per-
manent baptistery as well as a secondary entrance to the
church, and is planned with a view to its being built
after the completion of the rest of the work. Again,
the choir and sanctuary are of the full width of the
nave, the return ways being arranged in the chojr
aisles, underneath the organ on the north and down
the central passage way of the morning chapel on the
south. The vestries are all placed on the north side
and are of considerable size, there being a large choir
vestry with stands and cupboards for vestments, be-
sides a clergy vestry and a sacristy. This church has
been planned for vaulting, all the others mentioned
having been roofed with timber, and a beautiful
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external effect has been obtained by carrying alternate
bays of the aisles up to the level of the nave, barrel
vaulting these higher portions while the low parts are
cross vaulted. On comparing it with the other
examples it will be seen that this secures very mtfch
better lighting of the interior, the high level.msle
windows shedding a flood of cross light, such as is not
to be obtained with clerestory lighting, unles-s the nave
be carried up to a height which is not consistent with

the organ round one of the nave piers in a position
from which it can be well heard. The external ap-
pearance of transepts is secured, but actually they form
no part of the congregational space, that on the north
being occupied by the morning chapel and so screened
off from the main building as hardly to be available for
a nave service, and that on the south being devoted to
vestries. An elaborate system of vaulting is shown,
with the resulting stout buttresses, the church being
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economy of construction. The ample height also gives

the opportunity for placing the organ at a high level,

and in such a position as to be heard all over the
church.

Fig. 6 represents a church designed by Mr. W. G
Kerby, upon lines such as were frequently adoptffd in
the Middle Ages, the tower being placed in the middle

‘of the west front and the main entrance being obtained

under it, so that there is a clear passage way from west
to east. The choir has been brought forward into
what, according to the general plan, might more
properly be considered to be the nave, accommodating

designed for architectural display rathef‘ th:%n for
economy, and probably for a somev\.fhzft high ritual.
Exceptions other than mere variations from the
generally accepted type are rarely found, but an
entirely unusual church has just been erected as the
chapel to the King Edward viL. Sanatorium at
Midhurst, from the designs of Mr. H. F’er(.:y Adams,
F.R.I.B.A. (Fig. 7). This being an institution for t}fe
treatment of consumptive patients on the open - air
system, it was necessary to plan the church on e'n‘flr.ely
new lines, and the device has been adopted of dividing
the nave into two arms which open out from the

Establishment Churches %

chancel like the two arms of the letter V, having an
open colonnade or cloister along the inner side of the
arms to serve as aisle passage ways from which the
seats are reached, and perfectly open to the air. A
considerable amount of trouble had to be taken with
the plan, in order that the whole of the chancel might
be visible throughout both the arms and to give archi-
tectural effect. An organ space has been contrived
centrally opposite one arm and the vestry door
correspondingly opposite the other, the chancel occupy-
ing half of an irregular octagon at the junction of the
arms. Between these arms is a courtyard, with a
second pulpit at their junction for the purpose of hold-
ing open-air services whenever the weather permits, so
that the closed-in church will only be utilised occasion-
ally or for communion purposes; while if a shower
should occur in the midst of an open-air service the
congregation can pass into their seats immediately by
means of the cloister. There is a narthex at the end
of each arm to provide approach independently of the
courtyard, up a flight of steps, and a subway is con-
trived beneath the cloister for the necessary pipes for
heating and lighting purposes.

Another somewhat exceptional building is a school
chapel. Like a hospital chapel, this is a comparatively
private edifice, and so need not strictly conform with
the Church of England rubric—in neither case, for
instance, is a font necessary, and in each it is desir-
able to provide special seating for the inmates and for
visitors, and sometimes in hospitals for the separation
of the men and the women, or for different classes of
patients. The chapel shown in Fig. 8 is one which
is attached to a small private school designed by
Messrs. Seth-Smith & Munro. The boys are scattered
over a considerable area of land, where they live in
separate houses, and so approach the chapel by an
external porch, though in many schools it is reached
by a cloister. In this case the visitors are seated in
the gallery, the stairs to which occur close to the
porch, while a special pew for the headmaster’s family
is arranged at the east end, so as to be accessible from
the corridor communicating with his house. There is
no separate chancel, but a small space is screened off
at the east end to serve as a sanctuary. The prayers
are read from the private pew, and only a lectern and
pulpit are provided. As the singing is entirely con-
gregational there has been no necessity to provide for
a choir at all, though in many schools this forms an
important feature. Of passage ways there are two,

neither of these being central, there being no necessity
to think of either weddings or funerals, the only
requirement being that of easy access to all the seats.
The organ chamber is scarcely part of the chapel at
all, being arranged as one of a suite of rooms at its
north side, which are devoted to musical purposes.
It is by no means uncommon in school chapels to
arrange the seats longitudinally so that the boys face
one another instead of looking eastwards. This renders
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supervision easy, which has probably been the reason
for its adoption, but it somewhat restricts the accommo-
dation. Another plan, followed at the Felsted chapel,
is that of placing the seats for the masters and visitors
with their backs to the wall, while the boys’ seats occupy
the body of the chapel. The masters’ seats are on a
higher level, and consequently the rows of boys are
under inspection from both sides, with the result that
undetected misbehaviour is almost impossible.
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CHAPTER II1

ROMAN CATHOLIC CHURCHES

RomaN Catholic churches differ but little from those

usually found at the extreme east end of the church,

of the Establishment, partly on historical grounds, and but has here been placed in the south chancel aisle,
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partly because the needs of the ritual are somewhat
similar ; but it always has to be borne in mind that the
English Establishment Church is an offshoot of the
Roman Catholic, and that the great majority of the
older churches in England were originally built for
Catholic worship, and have been used since the Re-
formation without material alteration, save the de-
struction of side chapels and any intrusions within the
general body of the edifice. These chapels, however,
are essential to the Catholic ritual, and, as will be
seen by referring to Fig. g—the well-known church in
Spanish Place designed by Mr. E. Goldie, F.R.I.B.A.—
they have to be provided for. In this case it is done by
means of double aisles, the outer aisle, both to the
north and south, being given up to chapels, each of
which occupies a bay or space between column and
column. At present there are only four such chapels
in this church, but it will be quite possible to increase
the number by simply introducing them into a greater
number of bays. These are independent of the large
Lady Chapel, which, in the older places of worship, was

corresponding very closely in position and arrangement
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to the morning chapel of the Church of England,
and, like the example at Catford, served by a passage

wall, to allow the steps to be introduced where shown 3
but there are few necessary obstructions,
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behind the east end of the chancel. Even more thanin desk, lectern, and litany stool being absent. At the
the Church of England is it necessary that the altar same time, provision must be made for processions, so
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; a general rule movable seats or chairs are preferable to
the reading fixed pews, to enable the congregation to face in any
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direction. As the vestments and other church furniture
are frequently of considerable value, a treasury is
occasionally added as an adjunct. At any rate, a
good deal has to be made of the working sacristy,
while, if possible, an altar is contrived in the greater
sacristy.

Figs. 10, 11, and 12 represent smaller Roman
Catholic churches on the hall principle, for use in
connection with special buildings where subdivision
of the congregation is necessitated. Fig. 10, for
instance, represents the chapel in the Convent of
St. Mary at Ascot, designed by Mr. E. Goldie, and
is provided with nave and aisle passages, so that
processions can be formed and easy access obtained to
the four chapels which extend as transepts to the north
and south. The seating is all arranged to face easterly,
but is divided into sections for the inmates of the con-
vent of different classes, and for the children belonging
to the attached schools. A separate entrance is
arranged to the sacristy. A view of the exterior will
be found in the upper part of Plate III.

In the Priory of our Lady at Hayward’s Heath, also
designed by Mr. E. Goldie (Fig. 11), the division is
carried somewhat farther, the central portion of the
church being given up to lay sisters and pupils, who

Modern Buildings

obtain access to it by a door from the cloister, while the
western end forms the nuns’ choir, with seats facing
inwards, except for two for the use of the superiors,
which are so arranged as to overlook those of the nuns.
This, as observed in Chapter I., is a common arrange-
ment in schools and colleges, and is often known as
the collegiate system of planning.

Hawksyard Priory, again designed by Mr. E. Goldie,
the chapel of which is illustrated in Fig. 12 and in the
lower portion of Plate III., shows a similar arrange-
ment save that the sacristies are placed on the south
side, and there is a cloister also along that side to give
access near the western end of the nave for processional
purposes. In this case there is an external door for the
use of the public, who are admitted as far as steps
which rise to the choir, while a door at the northern
side of the nave enables approach to this portion of the
chapel to be obtained from the cloister also. In the
Priory at Haywards Heath there had been no provision
for chapels except one in the transept, but there is a
large one on the north side and a small one on the
south at Hawksyard. The separate entrance for
priests from that used by the choir will be noticed,
but otherwise the plan presents few additional or new
features.
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Nonconformist and Exceptional Places of Worship

£

CHAPTER II1I

NONCONFORMIST AND EXCEPTIONAL PLACES OF WORSHIP

SPEAKING generally, Nonconformist churches and
chapels differ but little in plan from those of the
Establishment, this being particularly the case in the
Wesleyan and Congregational bodies. In all instances,
however, the ritual is rather one which gives promi-
nence to the pulpit, so that there are cases in which the
arrangement corresponds more nearly to that of a
theatre than to that which is generally associated with
a church, while in all instances galleries are more
frequently used. It is difficult to understand why this
should be, save on the score of economy, galleries
being open to the serious objection that they are
always difficult to supervise. A hundred years or so
ago it was customary to put seating galleries into Estab-
lishment churches, but they have been given up almost
without exception, as has the custom, still common on
the Continent, of placing the organ and choir in a west
end gallery.

The Wesleyan Church at Upper Tooting (Figs. 13
and 14), designed by Mr. J. S. Gibson, is an example of
planning upon the generally accepted lines for English
and Roman Catholic churches. It has a wide nave,
and narrow aisles which serve as passages only, but
the seats in the tran]septs are made to face inwards, the
communion table being brought well to the front of
the choir instead of being placed in a sanctuary at the
east end. It is thus in a position from which it can be
seen easily from the transepts, just as can the pulpit.
As the church is somewhat close to a noisy road, the
entrance has been very carefully screened by means of
a narthex vestibule having a gallery over it, stairs to
which are carried up on either side, in one case within
the lower part of a tower, not yet completed, for the
accommodation of bells. The construction of this is
well explained in Fig. 14, and will be further detailed
in a later part of this volume. The plan at A is
particularly noticeable, as showing how the spire is
arranged to sit upon the tower, the angles being
corbelled across so as to form the octagon ; while the
plan at D, with its circular stairs in different corners,
according to whether they go up or down, is somewhat
unusual, the evident intention being to give access to
the nave roof.

This matter of access is one which particularly influ-
ences the planning of churches, and requires a great
deal of consideration, as all parts of the exterior, and
Particularly the windows, both externally and internally,
should be accessible for cleaning and repairs without

necessitating the erection of scaffolding ; and it leads
to the introduction of staircases in unexpected places,
and of passages often contrived within the thickness
of the walls.

The section AA on Fig. 13 is worthy of a good deal
of attention, as the roof is of unusual construction,
while sufficient buttressing is obtained to resist the
thrusts by means of the transverse walls which are
carried over the aisle passages, these being themselves
slightly buttressed externally., One of the results of
using the barrel form of plastered ceiling which is
shown is that the acoustic properties of the church are
unusually good.

The Wesleyan Church at the Haulgh (see Fig. 15),
designed by Messrs. Bradshaw & Gass, is of a some-
what different type ; for though it has transepts there
is no nave arcade, the seats being reached by two
aisle passages and by corridors which are external
to the church itself, roofed at a sufficiently low level
to allow clerestory lighting to the nave. At the
extremity of these corridors there are staircases to
side galleries which occupy the transepts, while they
also serve a west end gallery over the entrance
vestibule. A central rostrum takes the place of the
pulpit, the choir being ranged round it, with the
communion space in front. This is a reasonable plan
to meet the requirements of the community, and the
choir, rising as on a concert platform at the extreme
end, should be able to produce a much greater volume
of sound than in the ordinary Establishment church.
Two choir vestries are provided, one at the low and
another at the high level, but the minister’s vestry
is upon the other side of the church, communication
between it and the choir-vestry being obtained beneath
the rising seats of the choir, as shown on a special
plan. In Fig. 15 a complete series of church buildings
is shown, including a denominational schoolroom, with
several classrooms and an infants’ room, having the
main entrances in front through corridor cloakrooms,
which are distinct for boys and girls. There is also
what is called a ‘‘ church parlour ” provided for small
meetings, with a servery so placed that it might act as
a refreshment-room when the schoolroom is utilised
for such purposes as bazaars, there being a kitchen
in the basement as well as proper arrangements for
heating. It will be noticed that the group of build-
ings corresponds somewhat closely with that of the
church at Catford already illustrated, except that the
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schoolroom takes the place of the vestry hall, for
many of the purposes of which it would probably be
employed.

The Baptist Chapel at Farnworth, also designed by
Messrs. Bradshaw & Gass (Fig. 16), is somewhat
different, owing to the necessity of placing the large
baptistery for the total immersion of adults within full
view of the congregation, while further conveniences
are added in the form of cloak-rooms attached to the

Modern Buildings

accommodation as in the Wesleyan Church at the
Haulgh, but differently arranged, the principal school-
room being in this case on the first floor, while the
kitchen service is contrived above the hall or passage
which connects the church and school.

There must be separate ways for men and women
both down to the tank and up again, and it is particu-
larly necessary that there should be a separate heating
apparatus, or at any rate a separate system of pipes, so

i . L]
- UMY 7 Dol [0 1 1
B | gon
_________ S NN Lops
’ﬁFAHT:) Inrm mm&: r/'.f, \\\\ :ri“-lm""m
: 150: (B0 Foom; | g{mm@om}} Qa0 Rom
ocHool. | (WL AN /8 T
.300. PN
T QeoRor; | SN=== :@mﬂ
450. . ;
e =
E‘W: B =3
@M:D»PIL@H
Kchen
IIRVICE:
MMM ORean: Ha
9] G : (ROIR;: ,
(BRC %
e S5 -
. 410. i
GALERIED 7 X
. 164 2 I \
0[ 5 - |' N a8 BE
% e /
o N
- 5
o
9
= =4
<
L 1
’ =8 9
) D T Upe D E
e FWORTH:
> <
= L —
-::h p_o 19 2o 30 “o i
Man “ale of feelr
Crrance:
. £99R2 BRADOMAW 3 GAYTRIRA:
N@TM\' i ARCHITECTY: =

FiG. 16.

vestibule. The seats in the hall are arranged to radiate
much as in a theatre, while the gallery is carried round
three sides, so that from every seat there is a view of
the baptistery and of the pulpit behind it. As in the
last example, the choir is placed behind the pulpit,
while the organ is behind that again. The choir reach
their seats by means of stairs shown on the ground
plan. There are separate vestries for men and women,
which could be utilised also as dressing-rooms. At the
back of the site, which extends along a side street, is
a school and church parlour providing much the same

that the water may be warmed independently of the
room, it being essential for the sake of aged and infirm
people that the water shall not be quite cold even in
summer time.

It is not often that any other than Christian places
of worship are erected in England, though Jewish
synagogues are built occasionally, and it is contemplated
at the present time to erect a Mohammedan Mosque
in London, of which we are able to illustrate the plan
and elevation in Figs. 17 and 18, as designed by Mr.
W. I. Chambers. The principal features in such a

or:
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building is a large open hall or ‘‘ Maysura,” in which
the worshippers may assemble and kneel where they
please so long as they face towards one particular
portion of it, the ‘* Mihrab,” so arranged as to be in the

Fi1G. 17.

direction of Mecca. In the present instance this is
o.btained within the arcade, the greater part of the
aisles being capable of being screened off and used for
committee-rooms and other purposes, and thus not
actually considered as part of the ritual Mosque.

Another essential requirement is the tall tower or
Minaret, from which the Muezzin may call the faithful
to prayer. It is usual for such a building to be
rectangular in plan as this is, the domical roof being

| Eelra s i i e

r1c. 18.

commonly found wherever the Mohammedan religion
prevails. In the present instance the design is based
upon Indian work, but it is intended to use mosaic and
other richly coloured material to a large extent for the
purposes of decoration.

W. 1. Chambers, Architect.
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CHAPTER 1V

MORTUARY CHAPELS AND CREMATORIA

(Contributed by Arsrrr C. FrREEMAN, M.S.A.

Author of Crematoria in Great Britain and Abroad)

THE subject of provision for the dead is one of those
questions which most men consider unworthy of more
than a passing thought. Many do not care to think
about or arrange for death, which must come to all of
us ; and even if they wish to do so there appears, at
present, to be a feeling that nothing can be done but in
the usual and old-fashioned way. It is clearly evident
that the disposal of the dead, and the manner in which
it is performed, is a question of vital and far-reaching
importance. As our cemeteries become full we shall
have to decide whether we are prepared to purchase
large tracts of land, at exorbitant prices, and at some
considerable distance from the centre of our towns, or
adopt the more sanitary and hygienic method of dis-
posing of the dead by cremation. There is no denying
that as soon as a new burial-ground is opened the
land and property in the immediate neighbourhood
deteriorates and goes down in value. This would not
be found to occur in the vicinity of a crematorium, as
there would not be anything in regard to the process
or the appearance of the building to effect any radical
change. The advantages to be gained by the adoption
of cremation are undoubted, as a great saving would
be effected in the purchase of land, maintenance, and
disposal of the cremated remains, and the bereaved
would be relieved of the ill-effects and danger con-
sequent on those gathered at the graveside in inclement
weather, and the needless and extravagant expense of
processions to distant cemeteries. Its adoption would
also prevent a continuation of that crude and often
ridiculous art of the so-called sculptor or funeral stone-
mason, who fills our cemeteries with a hideous vista
of tombstones, void of beauty or proportion. It would
result in place of this in the erection of noble memorials
of great men in appropriate places, such as would
benefit the living and beautify our cities.

Of the many classes of building which an architect
is called upon to design, it would perhaps be difficult,
if not impossible, to find one of which so few have had
any practical experience as that of the design of
Crematoria and Columbaria. The arrangement of a
mortuary chapel is a subject on which all are more or
less conversant. These small buildings, designed in
an indifferent style of Gothic architecture, are familiar
to most of us, while the design of Crematoria, of which

so little is known, will, in the near feature, form most
profitable work for the architectural profession, and
open a new field of design which possesses great
possibilities.

Italy was the first country to erect crematoria.
Without exception the whole of the apartments are
placed on one level, and in no case is the cremating
chamber arranged beneath the chapel. At the Milan
Crematorium provision is made of an entrance hall with
a cremating chamber at the rear ; but columbaria were
subsequently added at either end of the building in the
form of two large halls, with a crypt beneath each
for the storage of urns of the poorer classes.

The crematorium at Turin (Fig. 19) is a masterly
piece of design, which reflects great credit upon the
architect. Here is an open colonnade, with niches for
urns, encircling a small garden. It will be seen that
a large hall or chapel is provided with a cremating
chamber at the rear. At Florence and Bologna,
provision is made of a hall with a cremating furnace
standing in the centre,—in the former building the
furnace is encased with marble in the form of a sarco-
phagus. Here the friends and relatives witness the
introduction of the coffin into the furnace. Precisely
the same arrangement is in vogue at Gothenburg, but
the custom is one which is not allowed in this country.
The crematorium at Paris comprises a large hall with
three cremating furnaces, each standing within a small
apartment at the rear.

At Rouen (Fig. 20) two distinct apartments are
provided, a chapel and cremating chamber, similar in
plan to the buildings of this country. In Germany the
crematoria are arranged in two distinct forms, one
with a cremating chamber at the rear of the chapel or
hall, the other with the incinerating apartment beneath
the chapel. In America, many interesting examples
are to be found, varying both in plan and accommodation.
The crematorium of the Odd Fellow Cemetery Company,
at San Francisco, may be said to be the finest example in
America. It has a chapel with seating accommodation
for 140 people. Directly beneath the chapel is a
reception or waiting-room, cremating chamber, and
preparation-room. The coffin is carried into the
waiting-room on the ground-floor level, and placed
upon a lift which silently raises it to the chapel above,

The Cremation Act 17

where it remains until the conclusion of the funeral
ceremony ; when it is again lowered to the ground
floor, to be subsequently placed upon a steel carriage
and conveyed to the cremating chamber. Connected
directly with the chapel is a gallery, running round

- [EMP10 CREMATORIO~
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6 inches wide and 82 feet long, giving access to the
cremating hall or chapel, which is 20 feet 6 inches
wide and 56 feet long. Running parallel with this
apartment is the incinerating chamber, which has
accommodation for two furnaces. At the rear of the
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three sides of the incinerating chamber, which is
provided for those who wish to witness the work of
introducing the casket and remains into the retort.

The crematoria at Troy (New York), Boston, Oregon,
Buffalo, Oakland, and elsewhere are planned with the

CREMATORIUM .
KGOUEN.

F1c. zo.

chapel and cremating chamber on the ground floor ;
while those at Milwaukee, Philadelphia, St. Louis,
San Francisco, Fresh Ponds (New York), Chicago, and
Davenport are constructed with the chapel either at
the ground or first-floor level with the cremating
chamber beneath. The crematorium at Montreal,

Canada, has provision of a large conservatory, 4o feet
VOIL. V.—2

conservatory are three large vaults or columbaria for
the storage of urns.

Passing to the crematoria in Great Britain, of which
the example at Leicester is illustrated in Fig. 21, it will
be found, with one exception, that provision is made of
a chapel, cremating chamber, waiting-room or vestry,
—and in some cases bier shed or small mortuaries,
—the whole on the same level. At Glasgow the
cremating chamber is arranged beneath the chapel,
the coffin being lowered upon a lift, after the funeral
service is read, to the chamber beneath. This form
of plan has, however, its disadvantages, which will
be explained when dealing with the design of the
catafalque.

THE CREMATION ACT

The first crematorium to be erected in this country
was at Woking in 1879, but no cremation was per-
formed until 1885, owing to the law forbidding the
burning of human remains. In 1883 a cremation took
place in Wales in defiance of the coroner’s authority,
followed by legal proceedings. These resulted, in 1884,
in the decision of Mr. Justice Stephens declaring that
cremation was a legal procedure, provided it was
performed without nuisance to others. In 1884 the
House of Commons refused to pass a bill for the
regulation of cremation. The Government, however,
in 1902, passed an Act for the regulation of the
burning of human remains and to enable burial
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authorities to establish crematoria. This Act, which
came into force on the first day of April 1903, pro-
vides for the maintenance of crematoria and burial-
grounds or anything incidental thereto, and stipulates
that no human remains shall be burned in any crema-
torium until the plans of the site shall have been
approved by the Local Government Board, and until
the burial authority shall have given notice to the
Home Secretary that the building is completed and
properly equipped for the purpose. It provides that no

crematorium shall be constructed within 200 yards of

any dwelling, except with the consent in writing of the
owner, lessee, and occupier of such houses, nor within
50 yards of any public highway, nor in the consecrated
portion of any burial-ground of any burial authority.
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F1G. 21.—Crematorium and Mortuary Chapel at Leicester.

It might be mentioned that an exception was made in
regard to the Ilford Crematorium, which is erected in a
secluded portion of the Consecrated ground of the city
of London Cemetery.

A great consideration in determining the plan of a
crematorium depends upon whether any provision is to
be made for the storage of urns, and as to the design
and number of cremating furnaces to be installed.

In considering the particular position of the building
on a site, it is well to remember that, though unconse-
crated, they are in a great measure sacred to their
particular calling, and therefore should be placed so
that the head of the catafalque faces due east.

It must be borne in mind that the relative positions
of the catafalque and the incinerating chamber should
be such as will allow of the removal of the coffin and
its contents from the chapel to the furnace with as
little time and handling as possible.

[Goddard & Co., F.R.1.B.A.’s, Architects.

the size, the first point to consider is that its superficial
area shall be sufficient to allow of the provision of
seating, clergy’s desk, and the catafalque, in addi-
tion to any niches for urns. The chapels in the
crematoria at Hull and Ilford are so small that
little space is available for seating. The following
are the dimensions of the principal crematoria in this
country :—

Woking, 48 feet long by 24 feet 6 inches wide ;
Golders Green, 70 by 25 feet; Manchester, 50 by 25
feet ; Leicester, 43 by 24 feet, with a chancel 17 by 17
feet 6 inches; Birmingham, 50 by 25 feet; Ilford,
25 by 24 feet, while the one at Hull is only 24 by
24 feet.

The chapel or hall ought to have a minimum floor
space of 1200 superficial feet, which will allow for the
provision of seating and the catafalque, and leave little
or no wasted space.

R R e e Ll
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THE CATAFALQUE

The catafalque, or table upon which the coffin is
placed during the service (see Fig. 22) should be fixed
with its head abutting the cremating chamber. When
this is constructed beneath the chapel, then the
catafalque should be so situated that when the coffin 1s
lowered it will descend in front of or in close proximity
to the furnace. It has been thought by some that, by
placing the cremating chamber in the basement, the
lowering of the coffin would be a less departure from
the old custom of earth burial. It has its
advantages, but it also has many disad-
vantages. The lift is liable to get out of
order and, more particularly, the working
of the lifts in the continental crematoria has
been found to be far from noiseless.

The catafalque in general use is about 12
feet long, 3 feet 8
inches wide, and 4
feet high; and the
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F1G. 22..—Design for Proposed Crematorium in connection with
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top is fitted with an apparatus worked by means of an
endless chain, which causes the coffin to pass from the
catafalque to a carriage inside the cremating chamber.
It is subsequently transported upon the carriage to the
front of the furnace, into which it is quickly placed by
the same means by which it is removed from the chapel.

Considering that the catafalque is the principal
feature of the chapel, it should be of an artistic design,
and the opening into the cremating chamber should
also be in keeping with the purpose for which it is
adapted. It is well if the opening at the head of the
<atafalque be fitted with a hammered wrought-iron or

bronze grill in place of the iron doors and velvet
curtains which are at present in general use.

CrREMATING CHAMBER

The first question to decide in the planning of this
portion of the crematorium is the number of furnaces to
be installed, and whether it is proposed to form it as
an open chamber or with an intermediate or receiving
room. It will be found quite sufficient if the portion of
the chamber occupied by the carriage, while waiting to
receive the coffin, is enclosed with black drapery to
obstruct any light and view of the cremating chamber,
and the increased cost of the receiving-room will be
saved.

The following are the dimensions of the principal
crematoria incinerating chambers in England: Golders
Green, 62 feet long by 4o feet wide (four furnaces);
Leicester, 43 by 24 feet (two furnaces); Birmingham
38 feet 6 inches by =25 feet, including intermediate
chamber (two furnaces); Sheffield 36 by 36 feet (one
furnace) ; Hull, 20 by 24 feet (one furnace) ; Ilford, 30
by 37 feet (two furnaces). When planned for a single
furnace this chamber should have a minimum width of
20 and 23 feet in length, which will be sufficiently large
for any furnace at present in use. In considering the
design of this apartment it must be remembered that
the front of the furnace should, in every case, stand 10
feet from the wall of the chapel, this being necessary
for transporting the coffin from the catafalque. When
one of Messrs. Simons’ furnaces is installed a base-
ment is required 6 feet 6 inches in height, to receive
the lower portion of the furnace, and for the purpose
of stoking and commencing the fire. With this furnace
it is advisable to construct the floor over the lower
chamber with a clear space around the incinerator, so
that any expansion or contraction which takes place
will in no way affect the structures.

FURNACES

There are at present four types of furnaces in opera-
tion in this country. Messrs. Simons’, Toisoul, Fradet
& Co.’s, the Carbon Oxide Company’s, and the one at
the Birmingham Crematorium, designed by Messrs.
Wilcox & Raikes.

Messrs. Simons’ furnace consists of three chambers,
the two lower of which are surrounded by air passages.
The lower chamber contains a coke fire, and the upper,
or cremating one, is that in which the body is reduced
to ashes. The fire is lit some time before the apparatus
is to be used, and is supplied with air in the usual way.
Before the introduction of the body, the air supply to
the coke fire is greatly restricted ; and after the body
has been placed in the furnace a separate supply of
heated air is introduced to the hot gases from the fire.
The incinerating chamber is thus filled with intensely
hot gas in a state of incandescence. The process
occupies about one hour, and for each cremation an
average of 12 cwts. of coke is consumed.
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Messrs. Toisoul, Fradet & Co.’s is a gas operating
furnace. The heating gas is introduced through
Bunsen burners at the back end of the chamber con-
taining the body, and the products of combustion pass
out at the side near the front or entrance end of the
chamber. The hot gases are then conveyed along
flues and pipes underneath the furnace in such a
manner as to highly heat the air supply to the bunsen
burners, as well as a separate air supply that is
arranged to enter the chamber at each side of the body
at the latter stages of the process. The air supply to
the bunsen burners is controllable, as also is that
supplied separately to the sides of the cremating
chamber.

It is estimated that about 6080 cubic feet of gas is
consumed for each cremation, including that used in
the pilot fire in the chimney, which at 2s. 2d. per 1000
feet (the price of gas in Leeds, where this furnace is in
use) costs about 13s. 2d.

The Carbon Oxide Company’s furnace, which is in
operation at Golders Green Crematorium, may be said
to be the most satisfactory of any used in this country.
It is said to only consume about 7 cwts. of coke per
cremation ; and further, that there is not found so great
an amount of expansion and contraction, during the
heating and cooling, as is noticed in other furnaces.

CHIMNEY SHAFT

The chimney shaft should be placed in close
proximity to the furnace, the internal measurements,
at the base, being at least 2 feet square, and should be
carried up to a height of 6o feet, though for the Carbon
Oxide Company’s furnace 5o feet is sufficient. The
chimneys at Hull and Ilford are 7o feet, while the one
at Birmingham is 8o feet high. It will be found
from a study of the crematoria throughout the world
that only in England is the chimney clothed with a
tower ; abroad, no pretence is made to hide its true
purpose.

It is necessary to provide, at the base of the shaft, a
pilot fire to warm the flue and assist the furnace when
lighting up, consisting of a small fire grate, or, better
still, a series of bunsen burners.

COLUMBARIA

Having now given consideration to every phase of
the crematorium, the next matter for our attention is
the provision for the storage of urns. There are at
present only two columbaria in this country, but they
are not of any magnitude, but the Portland Crematorium

at Oregon is planned with a chapel between 60 and %o
feet in length, having at each side four small apart-
ments fitted with receptacles for urns, each columbarium
having accommodation for the storage of about 250
urns, and at either side of the chapel latebra are also
provided, making a total of about 500 niches. The
columbarium of the Odd Fellows Cemetery Company,
at San Francisco, is designed in the form of a Grecian
cusped cross, with the arms terminating in porches.
and connected by means of a pair of circular concentric
walls. The rotunda formed by the inner walls is sur-
mounted by a crowned dome. Provision is made for
upwards of 1700 niches, varying in capacity from two
to twenty urns on the ground floor ; the first floor is a
duplicate of the ground floor, with the exception of the
quadrants being lighted from the top instead of the
sides, and contains 1600 niches; and the second floor
is similar to the galleries of the ground floor, with the
exception of the wings and quadrants being omitted,
and contains upwards of 700 niches, the capacities of

which vary from one to ten urns, making a total of

4000. The columbarium at Golders Green Crema-
torium, London, is a tower-like building, 22 feet square,
with four storeys and a crypt, having provision for the
reception of 1700 urns. At the Liverpool Crema-
torium a small columbarium is provided in a crypt
under the chapel. It is in the form of three corridors,
on cither side of which are arranged niches for the
storage of urns, some of which are arranged to
contain one and some as many as three urns.

In designing urn receptacles or columbaria, the
latebrae or niches should be arranged to hold from one
to five urns in a single compartment. The urns in use
are known as the ‘“box” or ‘“ vase” shape ; the former
measuring 16 by 8 inches, and being 8 inches high,
while the latter are about 12 inches diameter and 18
inches high. The urn in general use in this country
being of the ‘“box” shape, provision should therefore
be made, with few exceptions, for this design. In
constructing the niches special attention should be
given to the materials used, so as to occupy as little
space as possible in the framing and divisions. The
niches in the columbarium of Golders Green are con-
structed of Victoria stone, but the use of terra-cotta
lathing, or thin partition blocks, plastered in Keens’
cement, and painted or distempered, will allow of more
artistic decoration. The fronts of the receptacles are
closed with marble and glass tablets, or copper and
wrought-iron grills, bearing the name and date of the
deceased whose ashes are stored therein.

PART 11
ARMOURED CONCRETE AND MASONRY CONSTRUCTION

CHAPTER 1

ARMOURED OR REINFORCED CONCRETY: CONSIDERATIONS GOVERNING ITS ADOPTION

(Contributed by P. R. STrRONG)

CoNCRETE has long been used in such positions as in
the foundations of walls or in the construction of heavy
retaining walls, etc. Its use in such positions is made
advisable by the ease with which the component
materials may be obtained and put in place, and also
on account of the monolithic nature of the resultant
mass.  The small strength of concrete in tension
restricts its application, when used by itself, to
positions where the stresses to be resisted are almost
entirely compressional.

The strength of concrete in compression may be
taken to be roughly ten times as great as that in
tension. Thus if a beam of plain concrete be con-
structed, its strength will depend upon its resistance
to tension, which is small, while its high compressive
resistance will never be brought into play. By rein-
forcing with steel or wrought iron those parts which
are placed in tension the full compressional resistance
of the concrete as well as the full tensile resistance of
the metal may be made use of (see Fig. 23).

Probably the matter which most affects the advis-
ability of using any particular form of construction is
that of original cost as well as cost of upkeep. Although
concrete cannot be disposed quite so advantageously
as can steel, for instance, as regards its distance from
the neutral axis, and although the weight of the
resultant structure is greater, while at the same time
flmch carpentry is necessary for moulds, yet the con-
Junction of concrete and steel is found, in the majority
of cases to which it is applicable, to be cheaper than
metal alone, even for bridging spans as large as 150
feet, and in some instances considerably greater. As
th.e span of a structure increases, the weight of concrete
militates against its economical use.

The second part of the question of cost, that of
Maintenance, is particularly small with this form of

construction, which all experience gained hitherto goes
to show is practically permanent and immune from
deleterious effects of atmosphere. In fact, it may be
said that the strength of concrete will improve for an

indefinite number of years after construction, while the
steel is apparently perfectly protected from deterioration.

ADVANTAGES IN THE UstE oF ARMOURED CONCRETE

1. Small Cost, and consequently reduced Capilal
Lxpenditure.—The difference of cost between this and
other methods of construction must, of course, depend
largely upon the locality and the readiness with which
the various materials may be procured, as well as upon
the form of the structure in which it is to be used. In
cases in which the use of armoured concrete is suitable
it will generally prove to be cheaper than either steel or
masonry, while a saving of as much as 20 per cent. is
sometimes obtained by its use.
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2. Permanency.—As stated above, concrete is un-
affected by weather, rain, frost, smoke, etc., while the
embedded metal is thoroughly protected against corro-
sion (see p. 165, Vol. IV.). The saving in cost of
maintenance as compared with that of simple steelwork
1s considerable, while the dangers attendant upon the
disregard of the prevention of corrosion of steelwork
are at the same time obviated. In this respect the
contrast between the metal embedded in armoured
concrete and that encased in a steel frame building such
as was considered in Chapters XIV. to XVII. Part II.
Volume 1IV., is particularly worthy of notice.

3. Adaptability.—The ease with which it can be
applied to almost any form of construction renders this
material particularly convenient; for instance, in an
ordinary building it may be applied with economy to
foundations, walls, roofs, pillars, floors, and girders.

4. Resistance to Fire.—The value of concrete as a fire
resistant was discussed in Chapter II. Part III. Volume
IV., where its value as a protection to steel was set forth.
It 1s clear, then, that armoured concrete in which all
metal is entirely embedded may be rendered eminently
fire-resisting ; but it must not be concluded, as is fre-
quently stated, that all armoured concrete is satisfactory
in this respect. As set forth already, the resistance of
concrete depends largely upon the aggregate of which
it is composed, while for prolonged protection the metal
must be surrounded by concrete of moderate thickness ;
1l inch is generally considered a suitable thickness be-
yond the surface of metal in beams, while this may be
reduced to 1 inch in the case of slabs ; but this thickness
should never be decreased.

5. Rapidity of Ewrection.—Steel in the form used is
readily obtainable, and there is little fear of delay in
procuring it. As compared with brickwork, the wall
thicknesses are much reduced and the walls are conse-
quently constructed with greater despatch, while when
compared with steelwork the girders and pillars would
be in place long before girders and stanchions of steel
could be constructed at the steel works. The rapidity
with which a building can be constructed and made
ready for use is a most important point, for the land on
which the building is erected, as well as that part of the
building already built, represents so much capital lying
idle. Thisis a point which is apparently hardly realised
in England. The possibility of constructing quickly
and at the same time soundly is not one of the least
important of the advantages of armoured concrete.

6. The Use of Unskilled Labour.—The actual mixing
and putting in place of the concrete can be done by any
labourer of ordinary intelligence ; but at the same time
a high standard of carpentry is necessary for the ex-
tensive moulds and centering that are required, while
much ingenuity may be displayed in its design and
arrangement. A reliable clerk of works is an absolute
essential on works of this description.

7. Economy of Metal.—No metal is removed for the
insertion of rivets, etc., and therefore the whole of the

embedded metal may be usefully employed. The
labour required upon the steel is extremely small.

8. Freedom jfrom Vibration.—Vibration depends upon
the ratio of live to dead load, and also upon inherent
stiffness. In both these respects armoured concrete
has an advantage over metal structures, and, as com-
pared with the latter, vibration is very small indeed.

9. Absence of Joints.—The absence of joints gives
increased strength and rigidity, while girders pass
through those at right angles to them without break,
thus rendering one another mutual support.

10. Light Awrches.—As compared with masonry
structures the weight of arches may be considerably
decreased, for it is no longer necessary to restrict all
stress to that of compression.

11. Permanency in Sea Water.—When used in the
construction of maritime works it does not suffer from
corrosion as does iron, nor does it suffer from the
ravages of marine worms as does wood.

DI1SADVANTAGES IN THE USE OF ARMOURED CONCRETE

1. Quality of Resullant Material cannot be seen before
it 1s embedded in the Work.—Unlike steel construction,
in which the strength of all material may be tested,
and in which the workmanship may be inspected at
intervals, in the case of armoured concrete the quality
of the work will not be evident until it is thoroughly
embedded in the structure, unless indeed the various
parts are moulded in advance and are afterwards set in
position, as is sometimes done. The latter method has
the further advantages of requiring fewer moulds, of
saving the need for timbering, and consequently giving
greater freedom from props between floors, while also
the moulding may be done under cover, and the pieces
may be set in position when thoroughly set.

2. Bad Workmanship.—Strength is much impaired
by faulty workmanship, by insufficient mixing, by using
wrong proportions, by allowing concrete to partially
set before putting it in place, by frost during setting,
by misplacing the reinforcements, by vibration of
moulds during setting, and by the use of faulty
materials. All these possibilities of wrong -doing
go far to render scientific design useless, and unless
they can be avoided the use of armoured concrete is
not advisable. However, they may in a great measure
be overcome by careful and continuous supervision, and
this must be looked upon as an absolute necessity,
particularly where an attempt at lightness of construc-
tion has been made.

3. Calculations.—Strictly scientific calculations in
design are practically impracticable. The properties
of concrete vary largely with the materials used, with
the quantity of water employed in mixing, with the
method of mixing, and with the after treatment. It is
impossible to arrive at any very definite figures on which
to base calculations, while at the same time the dis-
position of stresses in beams, etc., has by no means
been accurately established. If care be used, however,
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moderately uniform and satisfactory results may be
obtained.

a. Time taken in Sefting.—This results in much
obstruction of space by the props necessary to support
floors and beams, which must be left in position for
several weeks while the concrete gathers strength.

5. Interruptions in Concreling.—It is necessary to dis-
continue concreting in order to stop work for the night,
and at other times while further moulds are being
fixed. This slightly affects the continuity of the con-
crete. In the case of beams the joint between old and
new work should be arranged if possible to come
immediately over the pillars, or at any rate at those
points where the concrete is under compression and
shearing stress is small.

6. The Invistbility of Metal.—The metal being com-
pletely embedded and hidden in the concrete, the
strength of a beam already constructed cannot be
ascertained by measurement and calculation.

7- Monotonous Appearance when used for external
walls. The chief use of armoured concrete is not in
this position ; but architectural effect may be produced
with the aid of cement rendering and by carefully
forming reverse details on the wooden moulds (see page
137, Vol. I.). A strong feeling very rightly exists against
the imitation of stonework in this material. Buildings
should not be designed to ape massiveness, and all
ornamentation beyond the beauty of lines should be
confessedly the decoration of a monolithic material.

Uses.—The uses to which armoured concrete may be
advantageously put are extremely varied. Probably
one of the most important uses is in the construction of
floors.  In this position concrete has been largely used,
but generally with almost entire neglect of its consider-
able resistance in compression. Thus economy 1is
evidently to be expected in this application of its use.

Masonry walls are made sufficiently massive to
ensure that the various thrusts which must of necessity
come upon them will without doubt bring the resultant
thrust within the middle third of the thickness ; thus
avoiding tensional stress, which bricks or stone blocks
set in weak mortar are only slightly capable of resisting.
In the case of armoured concrete, bending stresses are
no longer to be feared, and the thickness of a wall may
with safety be considerably reduced. The advantage
gained in this direction is still more evident in the case
of arches and their abutment, where the weight may
often be reduced toa third or a quarter of that necessary
in stone.

As compared with steel construction, the use of
armoured concrete is particularly advantageous in its
complete protection of the metal, in the absence of
vibration, and in the freedom of condensation upon its
surface, besides its economy in cost of construction.

It must be borne in mind that the many advantages
in the use of armoured concrete can only be attained
by careful design and by still more careful super-
vision.
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CHAPTER 11

ARMOURED OR REINFORCED CONCRETE : GENERAL PRINCIPLES OF
THE VARIOUS SYSTEMS

(Contributed by P. R. Strowc)

GENERAL PRINCIPLES.—The general arrangement of
reinforcement in the construction of floors and pillars
may be seen in Figs. 23 and 39. It will be observed
that floor slabs and beams are reinforced with rods
close to their lower surfaces, except where beams pass
over pillars or where secondary beams are supported
by primary beams; or again, where slabs are sup-
ported by beams—in which positions the rods are
transferred to the upper parts of the concrete, for it is
here that the tensile stress is then found.

)

FiG. 24.

A section through a floor slab and floor beam is
shown in Fig. 24, in which the slab is seen to be one
with the beams. Fig. 25 shows another method that
may be adopted, in which the beams are distinct from
the slabs, the latter being moulded in advance and
simply resting upon the beams. In thjs case, as the
slab is not continuous, the reinforcement is not trans-
ferred to the upper surface over the supporting beams.
The method shown in Fig. 24 has the advantage that
the beam is of tee sections, and that the concrete of
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the floor slab assists in taking the compressional stress,
while the concrete in the tensional portion of the beam
may be reduced to the minimum ; while at the same
time the fact that the slab is continuous over its sup-
ports affords to it additional strength.

Yet another system, that of Stuart’s Granolithic Co.,
designed by Mr. E. P. Wells, is illustrated in Fig. 26.
Continuous rods, carried over the beam, are introduced
in the lower part of the floor siabs, which are generally
4 inches thick, the rods being # inch diameter, spaced
at such distances apart as will give the necessary total

of reinforcement. The cencrete is filled in, bay by bay,
to half-way across each girder, further reinforcing rods
being introduced, as shown in Fig. 26, to connect the
bays and take up the tension near the top due to the
continuous nature of the rodding. The lengths of these
rods vary as may be necessary, and each is cranked
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or split at the ends to give it a firm grip on the concrete.
The longitudinal rods, parallel with the beam, are only
introduced to distribute any fixed load or the effect of
unexpected impact over several working rods, and are
generally placed at 12 inch centres.

It will be noticed that the pillars also are reinforced
with rods, and it might be thought that this was un-
necessary in a pillar properly loaded, in which there
should be no tensile stress ; but the rods serve a further
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purpose, for, besides taking part in the resistance to the
load and thus reducing the section of the pillar, they
help to bridge over any variations in the strength or
elasticity of the concrete, and thus give the material
more uniform resistance.

SHEARING STRESSES.—Besides the rods embedded in
the slabs and beams there are also vertical members,
as in the Hennebique and Wells systems, or inclined
members, as in the Kahn system.

In Volume IV. it was shown that besides the simple
tensile and compressional stresses in beams there exist
shear stresses, both horizontally and vertically, the
average horizontal stress being equal to the vertical

IG. z27.

shear stress per unit of length at all points in the
length of the beam. Concrete alone is found to have
insufficient resistance to shear, and it is for the purpose
of resisting the horizontal shear that the vertical or in-
clined stirrups are used. Iig. 27 shows the Hennebique
stirrup. It is common to use sufficient of these stirrups
to take the whole of the horizontal shear, but their
employment at the same time materially assists the
concrete itself to resist the same stress, in that they tie
the layers of concrete together.

The greatest horizontal shear is at the neutral axis,
and in a rectangular beam has been shown to be equal
to I of the average shear. The horizontal shear there-

fore has greater effect than the vertical shear, while
the use of vertical members is particularly necessary in
the case of the tee beam ; for at the neutral axis, where
the shear stress is greatest, the section is reduced to
the minimum.

It is common to make no special allowance for the
resistance to vertical shear, and in this case it has to
be met by the concrete and increased stress upon the
tensional rods.  In order to meet both horizontal and
vertical shear it would be well to place the stirrups in
an inclined position, so that they will offer their section
in both directions. The horizontal and vertical shear
may, in fact, be regarded as the horizontal and vertical
Components of diagonal, compressional, and tensile
siresses.  Thisis clearly illustrated by the lattice girder,

as in Fig. 28, in which all tensional members are
represented by full lines, while those in compressicn are
shown in stout dotted lines, the unstressed members
being indicated by small dots.

In a rectangular beam the tensile components of the
shear stresses, together with the longitudinal tensile
stresses, produce resultant tensile stresses acting in
curved lines, as indicated by the full lines in Fig. 29,
while the compressive stresses produce similar resultant
compression lines as indicated in dotted lines. The
effect of the tensile stresses when the beam is loaded
to failure is to produce cracks along surfaces at right
angles to the tensile stresses, for it is here that the
maximum intensity of tensile stresses will be met.
That is to say, cracks will be produced along the
dotted or compressional lines. Fig. 30 clearly shows
this effect. At the centre of the beam, where the ten-

FiG. 20.

sile stresses are horizontal, the stress has been entirely
met by the horizontal reinforcement; but at the ends,
where they take an upward direction, cracks have been
produced due to the absence of vertical reinforcement.
The curved disposition of the tensile stresses could

probably be most thoroughly met with the greatest
economy of metal by the use of many small rods fol-
lowing these lines; but this method. is found to b:a:
impracticable, and the many and various ‘‘systems

that are in use, or that have been used, are merely so
many solutions of the most practicable method of meet-
ing these stresses. ‘ . ;

It is clear that if stirrups be used in conjunction with
horizontal members, to resist the curved disposition of
tensile stress, some rigid connection is necessary
between the two. This connection is generally supplied
by the ‘“adhesion” of the concrete to the metal, an.d
under ordinary stresses there is little doubt that this
is generally sufficient to meet the case; but if they are
rigidly connected the beam will be doubly secure in
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this respect. This condition is met by the ¢ Kahn
trussed bar” (Fig. 31). This bar is rolled with pro-
jecting wings on either side, which wings are sheared
and bent up to form the inclined reinforcement. The
condition is likewise met to some extent in the Henne-
bique system by the sloping up of the reinforcement to
pass over the supports ; and most frequently by the
Wells system, to be explained immediately.
SysTEMS.—As before stated, the various systems all
endeavour to meet the same theoretical requirements
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in the most simple and practical manner. Many firms
secure patentable systems by the employment of special
forms of reinforcing bars. For instance, the Ransome
system, much used in America, employs a reinforce-
ment consisting of a square rod twisted throughout its
length, the object being to prevent its slipping in the
concrete, while at the same time the elastic limit of the
metal is considerable increased by the process. Fig.
32 shows another special bar by the Patent Indented

Steel Bar Company Ltd. Other systems again employ
special arrangements of bars of ordinary section.

The Hennebique System.—A system which has been
much used in England is that of M. Hennebique (Fig. 23),
the special feature in this being the hoop-iron stirrup
(Fig. 27). Fig. 33 shows the general arrangement of
rods and stirrups in a beam. It is seen that the rein-
forcement consists of two rods vertically over one
another, and that where they pass over the supports
the upper rods are bent up to the upper surface. Fig.
34 shows a detail at a point where a beam passes over

a pillar. The join in the rods is formed by simply over-
lapping them, their ends being slightly split; and in
order to connect them more intimately with the concrete
small stirrups are placed about them at these points.
The beam being in the form of a tee, the necessary area
of concrete to resist compression is provided in the
horizontal arm, while a comparatively small area exists
in the lower portion of the bezm. Over the supports,
however, where the stresses are reversed, the concrete
to resist compression is reduced to that in the lower
portion of the beam. It is assisted, however, by the
lower reinforcing rods, which are carried straight

through, and also to some extent by the splayed portion
at the top of the pillar.

A detail section through beam and slab is shown in
Fig. 35. Small stirrups are seen to be used in the
slabs as well as in the beams. Where either slabs or
beams are freely supported the rods are not bent up as
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shown in these illustrations, but are carried straight
along the lower surface.

The reinforcement of pillars may be seen in Fig. 34,
while a detail showing the wire ties which bind the
vertical rods may be seen in Fig. 36. The splayed
portion at the head of the column is further reinforced
by horizontal rods (Fig. 34).

Coignet System.—In this system the principal rein-
forcement is carried along the whole length of the
lower surface of the beams, while smaller bars are
introduced near the upper surface in order that, with
the addition of stirrups, the tensile and compressional
portions of the beam may be connected in a practical
and mechanical manner (see Fig. 37).
These upper or secondary bars also
assist in resisting the compressive stress
and improve the resistance of the con-

Fic. 36. Fi1Gc. 37.

crete itself as mentioned elsewhere. All intersections
between bars and stirrups are secured with annealed
wire, thus producing a framework with a certain
amount of rigidity, which, when formed, can be
lifted up and fixed in position in the moulds, and the
concrete can then be filled in and packed about it.
Slabs of large span are constructed in the same
manner as are beams, as in Fig. 38, while thinner
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slabs, 3 or 4 inches thick, supported by ribs only a
few feet apart, are formed as in Fig. 39. Annealed
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wire binding is used at every other intersection of the
rods of slabs.

Kahn System.—Figs. 40 and 41 show the general
adaptation of the Kahn trussed bar, a detail of which
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was shown in Fig. 31. The sizes of bars used are
given in the following table :—

Section of | Width across ‘ Thickness of Weight per 1
Diamond. ‘ Wings. Wings. Foot Run. |
- I | |
Inch. Inch. | Inches. | Inch. | Lbs. |
Pxoy 1 L 1.4 |

£ X 3 | 21% 16 2.7
I X1 | 3 1 l 4.8 |

1 1 3 1 f =
IgX 1y ‘ 31 4 ‘ 6.9 |
1

The diagonals are ordinarily placed opposite one
another, and in deep girders they thus come rather
far apart. To avoid this they may be staggered,
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being placed alternately on either side of the bar.
In this way diagonals 24 inches long may be obtained
I2 inches apart. Where a beam or slab passes over
Its support, reversed bars are used with their diagonals
sloping downwards, as may be seen in Figs. g0 and
61. In deep girders the straight reinforcement along

the bottom may be supplemented by a shorter bar
sloping upwards from the centre, as shown in the top
illustration of Fig. 41.

Fig. 42 shows the Kahn system of reinforced
hollow tile floor. This floor is light, produces an
even surface on the under side, and gives improved
resistance to the transmission of sound. The con-
struction is extremely simple, for the secondary beams,
which take the form of joists at 10 to 16 inches
between centres, are formed between hollow tiles,
which are simply laid upon a flat centering. The
tiles are made from 4 to 12 inches deep. Floors of
this description may be constructed up to 25 or even
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30 feet span, while primary beams are formed of the
usual construction.

Wells System.—The Wells system, of which the floor
slabs were illustrated in Fig. 26, consists in its essence
upon the arrangement of the main reinforcements of
the beams. The rods, as shown in the general drawing
(Fig. 43) and the detail (Fig. 44), are twin, each pair
connected by a very short web, and so somewhat like a
pair of dumb-bells in section. These lie either side by
side or above one another at the bottom of the girder
along the centre of the span; but the web is cut back
to the point of contraflexure, and one of the twin rods
bent up to pass over intermediate supports. The two
rods thus separated are again connected by strap
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hangers of small bar section, indented so as to cling to
the concrete, these straps being twisted round each
rod. The rigidity of the Kahn system is thus obtained,
as the steelwork of each girder can be built up before
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for the production of slabs. It produces a thoroughly
even distribution of reinforcement, while it offers resist-
ance in both directions. A further advantage in the
use of this material is that the tensile stress upon the
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being lifted into place and the concrete inserted, with
the theoretical rodding of the Hennebique, and without
any difficulty being experienced in keeping the bonders
or stirrups in place as the concrete is filled in or while
it sets; any additional vertical bonders being driven

metal tends to close up its meshes, thus producing
compressional stress upon the concrete at right angles
to the tensile stress, the effect of this being to improve
the elastic qualities of the concrete.

A HorLrow FLOOR.—A hollow floor may be con-
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into the concrete immediately before setting commences,
and keeping their places from the outset owing to their
indented form.

ExpPANDED METAL.—For illustration and description of
this, see page 185, Vol. IV. This material is of great
use inthe construction of armoured concrete, particularly

structed as indicated in Fig. 45, the ceiling slab ana
the beams being formed on a flat centering, while the
floor slabs are moulded in advance and are set In
position. The assistance of the floor slab in taking
the compressional stress in the beam is lost by this

construction, and to make up for this a compressional
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reinforcement is introduced, while the considerable
advantages of a hollow floor and flat ceiling are
gained. .

Roors.—Tlat roofs are constructed on precisely the
same principle as are floors, while the slight slope
necessary is readily provided in this material, and there
need be no question as to the efficiency of the protec-
tion of the metal against fire. By giving the roof a fall
in both directions from the centre line the cross beams
may be given greater depth at the centre, where the
greatest bending moments are to be met.

Fig. 46 shows the construction of a roof on the
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HANGERS

Kahn hollow-tile system. The simple form of the
centering is here visible.

Frame BuiLbings.—The most economical method of
constructing a building in armoured concrete follows
precisely the same principle of concentrating all loads
upon evenly distributed points as that described under
the head of ¢¢Steel Frame Buildings” (see Vol. IV.),
with the following advantages: The structural load-
carrying framework need not be encased either for
protection or for appearance sake, although if archi-
tectural effect is desired a stone facing may be applied
here as in the case of steel frame buildings. With
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proper care and thorough supervision there 1s no fear
of the failure of the building from the corrosion of the
metal. The material particularly lends itself to the
satisfactory protection of the metal from fire, and the
difficulty of properly protecting the spandril framing is
completely overcome. The rigidity of the joints between
the various members is necessarily good, and needs no
special provision beyond the splaying out of pillars
at these junctions. Variations in the original design
can be readily effected, while in the case of steel
framing this is governed by the steelwork already
supplied or ordered.

MouLps.—The construction and arrangement of the
moulds call for much ingenuity, in order that they may
be thoroughly rigid, that they may cause as little
obstruction as possible, that the damage to the wood

FiG. 46.

may be small, and that it may be possible to re-use the
moulds as often as possible. Skilful arrangement will
expedite erection and considerably reduce the cost of
this part of the work, which forms a large item in the

total cost. The rigidity of the moulds 1s particularly
necessary, in order that work which is being carried on
may not cause vibration in concrete which has recently
been put in place ; for it is found, as might be expected,

I1c. 48.

that vibrations in the concrete, while setting, very
seriously affects the strength of the resultant material.

Fig. 47 shows an arrangement of centering adopted
with the Coignet system. The beam here shown has
been moulded in advance, and when set in position it
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supports the slab centering. Fig. 48 shows the con-
struction of centering, also used with the Coignet
system, when the beams are not moulded in advance.
The moulds about the sides of walls or pillars and on
the vertical sides of beams should be left in position for

not less than 48 hours after moulding. The centering
under floor slabs should be left in position for at least
a week, while props supporting the beams and slabs at
the centres of their spans should be left in position as
long as possible ; but not less than one month.
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CHAPTER III

CONCRETE AND ITS PROPERTIES

(Contributed by P. R. STrRoNG)

MaTterIALS.—Cement, in bindingthe aggregatetogether,
may perhaps be considered to be the most important
ingredient of concrete, and none but the best slow-
setting Portland cement should be used. The quality
should be undoubted, and every consignment should be
tested by all the tests allowed for in the specification.
The quality of the cement may well be specified to con-
form with the specification of the Engineering Standards
Committee.

The aggregate should have strength at least as great
as that which the cement alone will eventually possess.
Aggregate containing pieces varying up to those of
moderate size make the strongest concrete, but for
armoured concrete the size must be small on account of
the thinness of the members, and in order that the
reinforcement may be thoroughly surrounded. Thus
for beams the aggregate should be capable of passing
a 1 or 1}-inch ring in all directions, while for floor slabs
this should again be reduced to §inch. The properties
of various aggregates as regards fire resistance has
already been discussed. Aggregates of sharp hard
nature, such as broken stone of good quality, make the
strongest concrete, while the strength of coke-breeze
concrete may be only one-half to a quarter of that
similarly formed with broken stone, and may be even
less than a quarter, so that this material is evidently
unsuitable for pillars or beams or wherever heavy loads
are to be carried.

Sand, which must be hard and sharp, should prefer-
ably be of coarse quality—that is to say, it should be
of the nature of grit.

Water may possibly contain chemical impurities
which will deleteriously affect the setting of the cement,
and unless the water is of known quality it should be
analysed.

All materials should be thoroughly clean, for dirt of
fine nature will prevent the proper adhesion of cement
to aggregate, or of cement to cement. All aggregate
and sand, unless thoroughly clean, should be washed,
and dirty water should on no account be used.

ProprorRTIONS.—It is of the first importance that the
mixing of concrete should be in correct proportions,
and this part of the work being in the hands of labourers,
the exact proportions of all ingredients, cement, stone,
sand, and water should be laid down, and the use of
-accurate measuring boxes should be insisted upon.

The strength of concrete depends largely upon the
amount of really hard aggregate that can be put into
a given volume. There is little doubt but that the
strongest concrete could be made with material varying
evenly in size from pieces of moderate size down to the
size of the grit grains, the spaces between the larger
portions being filled by those of smaller size, and the
whole being cemented together with cement. That is
to say, the concrete would consist of two ingredients
only, namely, aggregate of varying size and cement.
This condition is not easily met in practice, so that the
mixture is generally regarded as consisting of aggregate
of moderate size embedded in a mortar of cement and
sand ; and on account of the usual method of pro-
portioning the materials by volume, the latter method
may appear on the face of it to produce an equally
strong or even stronger material, but this will in reality
be obtained with an increased proportion of cement, as
will be shown.

It 1s evident that, in order to form a solid mass, the
quantity of cement and sand should be just sufficient
to fill the interstices caused by the coarseness of the
aggregate. The extent of these interstices may be
found by filling a receptacle of known capacity with
the aggregate, by then ramming it, and by measuring
the quantity of water required to bring its surface up to
the level of the top of the aggregate. If the aggregate
be composed of coke-breeze, broken brick, or other
porous material, it must be thoroughly soaked before
making the experiment. The volume of the voids
in proportion to the volume of the aggregate, as
ordinarily measured, is thus found, and this quantity,
increased by about 10 per cent. of the total volume
to ensure the thorough flushing of the work, gives
the necessary amount of mortar. This volume is
constant for the particular aggregate, no matter what
strength is required: the strength of the concrete
must be regulated by varying the strength of the
mortar.

For example, if the extent of the voids in a particular
aggregate when rammed is found to be 45 per cent. of
its original volume, adding 10 per cent., the proportion
of mortar necessary becomes 55 per cent. As cement
and sand when mixed with water will decrease in bulk
by approximately 20 per cent., their amounts must be
increased by a quarter, and the volume of mortar will
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be 55+‘1—5=69 per cent. Then if the mortar is to be

composed in the proportion of 1 : 2, the volume of
aggregate required with these three parts of mortar

= ——2=4.35; that is to say, the proportions should

T
.

I:2:4 is a very usual proportion with ordinary
aggregates, and has been found by experiment to yield
high compressive resistance.

Considering an aggregate of the nature assumed
above, as long as the mortar is mixed in the proportions
I1: 2, a variation in the volume of the mortar, whether
in the way of increase or decrease, will diminish the
resistance of the concrete. Supposing that it be desired
to form a stronger concrete with mortar mixed with
cement and sand in equal proportions, the aggregate
being the same as was assumed above, the volume of
the mortar must remain the same, and the proportions
will become 1} : 13 : 4}, orsay1:1: 3.

If stone and sand be intimately mixed the resulting
mixture will be found to take little if any greater space
than that taken up by the stone alone. Thus if a
concrete of the proportions 1 : 2 : 4 be taken and the
sand and stone be mixed, the proportion will become
one of cement to four of a mixture of sand and stone.
Therefore if the aggregate consist of a natural mixture
in these proportions, the concrete mixed in the propor-
tions of one part of cement and six of this mixture will
have considerably less cement in proportion to the mass
of finished concrete than would be the case if the sand
and stone were measured separately. Thus when an
aggregate itself contains sand it is impossible to
proportion the ingredients accurately, and for this
reason the apparently extravagant process of screening
out the sand is often resorted to, and is the only way
by which the proper proportions can be continuously
and mechanically measured.

There exists much confusion as to the proportions
intended by the expression 1 : 6, some reading this as
1 of cement to 2 of sand and 4 of stone, while others
will read it as 1 of cement to 6 of stone, the sand being
added to the cement in the proper proportion. To
obviate all confusion the measure of each ingredient
should be specified as 1 : 2 : 4 ; while it should be laid
down that measuring boxes shall be used for each
ingredient.

QuaNTITY OF WATER.—The question as to the
correct quantity of water has called forth much
unnecessary controversy and unconsidered faddism.
Mixtures are very generally known as ‘“wet” and
““‘dry,” some preferring to use the concrete in an
almost sloppy condition, while others add the least
possible amount of water. The very terms ‘“ wet ” and
“‘dry,” indeed, suggest excess in either direction.

All concrete, no matter how mixed, will always
contain cavities, and the best mixing will be that which
reduces the amount of these cavities to the minimum.

If a ““dry” mixture be used, a greater amount cf
mixing and turning over will be necessary to thoroughly
coat the aggregate with the mortar, while there is
every possibility that part of the cement will not receive
sufficient water for its proper setting. The mixture,
however, in this state is easily rammed, and will shrink
much in the process.

If a ““wet” mixture be used the fluidity of the mass
will result in a fair degree of consolidation without the
employment of ramming ; and indeed, if the mixture
be very wet, ramming will be impossible. The excess
water distributed throughout the mass must leave
cavities on drying out; but while the voids in concrete
mixed dry may take the form of actual cavities, those
in concrete mixed wet will be distributed throughout
the cement, which will be left of a porous nature, and
although the material is devoid of any large cavities
the strength is certainly much reduced.

There is little doubt that concrete made with only
just sufficient water to thoroughly wet all the cement
will, if mixed with great care and well rammed, produce
the strongest concrete; but the necessary degree of
care cannot be ensured in actual work.

It seems reasonable, then, to use suflicient water to
leave no doubt as to the thorough wetting of the
cement, which will allow efficient mixing to be easily
accomplished, and at the same time will not produce a
concrete too wet to be thoroughly rammed. Any
water in excess of this may be considered as deleterious
to the production of the strongest concrete.

A shingle or similar aggregate, besides not permit-
ting such perfect adherence with the cement as will
broken stone, at the same time, if fairly wet, becomes
too fluid to be efficiently rammed. In certain cases it
is not possible to thoroughly ram concrete on account
of its position in the work, and in such cases a wet and
fluid mixture will give the best result.

In armoured concrete, as regards the thorough
protection of the surface of the rods, a moderately wet
mixture is desirable to ensure a cement coating ; whilc,
on the other hand, closer adherence” between metal and
concrete is obtained when excess of water has not been
used.

THe PrROPERTIES OF CONCRETE.—The properties of
concrete, its resistance to various forms of stress, its
elasticity and expansion, must all depend upon the
proportions of the concrete and the nature of the
component materials, the amount of water, the extent
of mixing and ramming, the expedition with which the
work is effected, the absence of vibration during
setting, and the age of the finished concrete. However,
before calculations can be entered upon to find the
necessary dimensions of parts it is first necessary to
know something of the behaviour of concrete under
stress, and to fix values on which the calculations
may be based. For important works it will be ad-
visable to make tests with the materials to be used,
mixed and treated in the same manner as they will
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ordinarily be treated in the work; for very different
results may be obtained if the concrete to form the test
pieces be mixed in small quantities in a laboratory.

CoMpPRESSION.— For concrete mixed in the proportions
of 1:2:4, carefully mixed with good materials and
hard stone aggregate, the crushing strength may be
taken as roughly 1 ton per square inch at the end of
1 month or 6 weeks after mixing. The strength
increases rapidly at first, and more and more slowly as
the age of the concrete increases. At the end of six
months the crushing strength will probably be half as
much again as that indicated above. After concrete
has been made for about a year the strength increases
very slowly but indefinitely.

The age at which the concrete may be called upon to
carry its full load will generally be uncertain, but for
safety it may be assumed that this will take place after
4 to 6 weeks, and the crushing resistance may be taken
as 2240 lbs. per square inch.

The strength of various mixtures is found to vary
much as does the proportion of the cement in the
mortar. Thus if the proportion of cement and sand in
the concrete be 1: 1,—7.¢e. 1 of cement in 2 of mortar, the
crushing resistance of the concrete will probably be
nearly twice as great as if the mortar is composed of
I of cement to 3 of sand (or 1 of cement in 4 of mortar).

Factor oF SAFETY.—In deciding upon the factor of
safety for steelwork it was shown that the elastic
limit, which is roughly half the ultimate strength, must
never be reached, and that this value was halved for
satety, thus producing a factor of safety of 4 on the
ultimate resistance. In the case of concrete the elastic
limit cannot be clearly defined as in the case of steel,
although attempts have been made to fix its value ; but
even if such a point exists the advantage gained in
deciding upon it will be largely nullified by the use of
a further large and arbitrary factor. In using a hetero-
geneous material such as concrete it is obvious that a
larger factor should be used than when dealing with
steel. It is the usual practice, then, to employ a factor
of safety of 5 or 6.

Sare Loap in CowmpressioN.—Taking an ultimate
load of 2240 Ibs., and applying a factor of safety of 5,
the safe load becomes 448 lbs. per square inch; or
using a factor of 6, it becomes 373 lbs. In order to
obtain a round number, the safe compressional load
will here be considered to be 400 lbs. per square inch,
assuming that the concrete is 1 : 2 : 4 stone concrete
of good quality and carefully mixed.

For concrete of coke-breeze, one-third of above value
may be taken ; or, say, 130 lbs. per square inch.

The above safe values apply to members in direct
compression only. For beams, they may be increased
l:)y about 25 per cent.; but this will be considered

ater.

TENs1ION.—The resistance of concrete in tension is
I . =
generally accepted to be — of that in compression,
10
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and, considering the same qualities as assumed above,

the tensile resistance becomes 2—2‘-@:224 Ibs. per
10

square inch ultimate resistance, or ‘—}I%O=4o Ibs. per
square inch safe tensile stress. This value will, however,
seldom enter into the calculations of armoured concrete.

SHEAR.—Much doubt exists as to the resistance of
concrete to this form of stress owing to the difficulty
of producing simple shear. The ultimate stress is
variously estimated at 120 to 440 Ibs. per square inch,
and using a factor of safety of 6 the safe stress
becomes 20 to 73 lbs. The first of these values is
undoubtedly unnecessarily low, and there is not much
doubt but that shear resistance is at least as great as
the tensile resistance. The Prussian Government
regulations allow 64 lbs. per square inch, while the
New York regulations allow 50 lbs. per square inch ;
and it would seem that the latter allowance may safely
be made.

““ ApHESION ” To METAL.—The resistance to sliding
between concrete and reinforcing metal varies con-
siderably, according to richness and wetness of concrete,
upon the condition of the surface of the metal, upon
the length of the embedded metal, and also upon its
shape and sectional area. For rough rods just as
supplied the resistance is apparently 200 to 500 Ibs.
per square inch ; and these values may be halved if the
surface of the metal is turned smooth. This resistance
per square inch decreases with the length of the
embedded metal, while it increases as the sectional
area of the metal increases. The resistance is distinctly
improved if the surface of the metal is slightly rusty,
and, as was pointed out in Chapter XVII. Part II.
Volume IV., this will have no bad effect upon the pre-
servation of the metal, while the reverse even seems
to be the case. Most regulations allow the same resist-
ance to sliding as to shearing, and the safe resistance
thus becomes 50 lbs. per square inch.

There is little doubt that the resistance to sliding
is great enough under all ordinary stresses in beams,
but it does not follow that the same factor of safety
is allowed in this case. Many patent reinforcing rods
have been introduced to increase this resistance, such
as that used in the Ransome system, which is a square
bar twisted spirally, and also the patent indented bar
and the Kahn bar already described.

MobuLus oF Erasticity.—The results of experiments
show largely divergent results on this property, while
for any particular concrete it is greatest at low pres-
sures and decreases as the load increases. Apart from
extreme results, values are obtained varying from
2,500,000 to 4,500,000, while 3,000,000 may be con-
sidered as a safe average value. The actual value
matters little, but it is the ratio of the modulus of
elasticity of steel to that of concrete which is of import-
ance in calculation. The modulus of elasticity of steel
was given in Volume IV. as 13,500 in inch-ton units ;
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and, multiplying by 2240, this becomes 30,240,000 in
inch-1b. units. Representing the latter by E, and
that of concrete by E., and taking the value of E.
as 3,000,000, %=r= 10 approximately ; that is to say,

C
to produce a certain strain in steel will require a load

per square inch 1o times as great as that required to
produce the same strain in concrete.

The value 10 is recommended for adoption by many
authorities. The Prussian Government regulations state
that these moduli are to be taken as 1 : 15, while the
New York regulations fix the ratio as 1 : 12.

THE PROPERTIES OF STEEL.—These were discussed in
Chapter IV. Part II. Volume IV. No punching, rivet-
ing, or similar work is done upon the metal in the case
of armoured concrete, and therefore there is no need to
take very low values. Putting the value in Ibs. in order
to conform with the allowable stress upon concrete, the
safe values for steel may be taken as—

Tension, 16,000 lbs. per square inch.
Shear, 12,000 lbs. per square inch.

EFrecT OF TEMPERATURE.—The coefficient of ex-
pansion of concrete is approximately 0.0000055, while
that of steel is 0.0000066. The difference is apparently
sufficiently small to have no appreciable effect upon
the adherence between metal and concrete, while the
small conductive power of the latter prevents the
metal from being affected by any sudden or local rise
of temperature,.

Exransion anp ConTrACTION. — Concrete shrinks
when setting in air, the effect being greater the richer
the mixture be in cement. When setting under water
the reverse is the case, and here expansion takes
place. The greater part of the contraction or expansion
takes place during the first week after mixing, and the
variation is small at the end of a month.

The shrinkage of concrete when drying in air places
the reinforcement in compression and the concrete
itself in tension, with the result that before the concrete
is put in compression and the steel in tension the
stresses have to be reversed. The effect of this is on
the side of safety, and its extent need not be considered.
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CHAPTER 1V

ARMOURED OR REINFORCED CONCRETE—BEAMS

(Contributed by P. R. STrRONG)

BENDING MoOMENTS.—Armoured concrete lends itself
particularly to the construction of beams which are
continuous over their supports and of beams with
fixed ends. As pointed out in Volume IV., the fixing of
ends cannot be entirely relied upon, and it is usual to
consider the bending moment at the centre of such

beams as 1%2, while the BM at the supports should

be taken as not less than 2”_22. In the case of con-
tinuous beams carrying a live load, one bay alone may
be fully loaded, when the BM at the centre of this beam
will be greater than that given in Chapter IV. Part II.
Volume I'V., and it may well be assumed that the BM at
)

the centre of each span is %ﬂ. When, however, a
dead load only is carried the BM shown in Fig. 7o,
Volume IV., may be considered as appertaining ; but for
sake of uniformity it will seldom be advisable to alter
the section of the beam in accordance with these varia-
tions in BM, nor the section of the pillars to the varying
reactions.

TENSILE STRESSEs.—At the outset it will be assumed
that the resistance of the concrete to tension is neglig-
ible. As a general rule, however, it is probable that
the concrete aids in the tensile resistance to an appre-
ciable extent, and it is maintained by some authorities
that it offers resistance right up to the breaking-point
of the beam, even when strained far beyond the point
at which it would naturally break, this property being
produced by the reinforcement, which prevents exces-
sive elongation at one particular point and spreads the
effect of strain throughout the length of the beam. It
is common knowledge that concrete when setting and
hardening in air will contract, and if prevented in this
it will crack. This is largely overcome in armoured
concrete by the distributing action of the reinforcements
just mentioned ; but, considered generally, the tensile
resistance cannot be relied upon, while, by neglecting
it, the safety of the beams will be increased. Thus in
the considerations of the longitudinal stresses in beams
the concrete on the tensile side of the neutral axis may
be regarded as non-existent, as shown in Fig. 4q.

STRAIN.—In the consideration of beams (Chapter II.
Part II. Vol. IV.) it was assumed that on the beam

‘being deflected the extension and compression would

be as illustrated in an exaggerated form in Figs. 49
and 62 in the same Volume, the section plane before
bending remaining a plane surface after bending. On
this assumption strain is proportional to the distance
tfrom the neutral axis; and, as it was shown in that
case that stress was proportional to strain, intensity

g ' 3
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of stress also varies directly as the distance from the
neutral axis.

The assumption that a plane section remains a plane
section after bending will be again assumed here,
although its absolute truth is more than doubtful ; for
even in the case of a homogeneous material the shearing
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stress between layers will produce a wavy surface,
while the shearing stress between reinforcement and
concrete produces a hollow in the originally plane
surface. The result of deformation probably takes
somewhat the form shown in Fig. so. However, the
assumption may be most conveniently adopted, and is
sufficiently accurate, while the result will be on the side
of safety.

e
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DisposiTION OF STRESs. — When considering steel,
stress was shown to be proportional to strain, with the

result that intensity of stress increases evenly from

zero at the neutral axis to its maximum at the extreme
fibre. In the case of concrete this law of proportion
does not hold, the stress becoming less in proportion
to the strain as the latter increases; that is to say, the
modulus of elasticity decreases as the stress increases.
Fig. 51 shows the approximate form of the stress
strain curve. Thus in the case of a rectangular beam,

STRESS
N\

STRAIN
FiG. 31,

as the strain increases regularly from neutral axis to
outer fibre, the area representing total compressional
stress (Fig. 52) is bounded by the same curve as that
in Fig. 51. This curve is found to follow very closely
the parabolic form for the range of stress applicable in
practice. Many prefer to consider the stress as being
directly proportional to the distance from neutral axis,
as in the consideration of steel (Fig. 53); but the
parabolic form is certainly nearer the truth, while its
application introduces no greater complication ; for the
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area contained by a parabola=$% 44, while the height of
its centre of gravity above the neutral axis =3h. It is
even probable that the curve bounding the stresses
actually produced will take a still more curved form,
on account of the shear stresses producing a distribu-
tion of strain, as already pointed out in reference to
Fig. so.

The actual strength of a rectangular beam as found
by experiment is considerably greater than that found
by theory, and this is probably due in part to the
assumption that a plane section remains a plane sur-

face after bending has occurred, and in part to the
continuous support aind resistance to lateral swelling
or contraction afforded between layer and layer. In
armoured concrete the latter effect will be increased by
the use of stirrups, and is the basis of the results
achieved by M. Considére’s hooped concrete (see page
41). It is usual to meet these uncertain quantities by
increasing the safe limiting stress, which may safely be
raised to 500 lbs. per square inch, a figure which is
commonly used ; but it must not be forgotten that this
value may only be used in the consideration of resist-
ance to bending.

The safe stress upon the compressional side of the
beam thus becomes 2 4% x 500 Ibs.

RESISTANCE OF BEAMs.—Before being able to calcu-
late the strength of a beam the value of % must be
found ; for as the value of E in compression and tension,
is not the same, the neutral axis is now no longer fixed
at the centre of gravity of section.

Assuming that %z 10, and that the limiting stress.

c

of concrete and steel are simultaneously reached, and
taking these values as ¢ = 500 Ibs. per square inch, and
Ji= 16,000 lbs. per square inch, then—

Maximum strain in compression : maximum strain in.
500 _ 16,000 16,000
= 5 =T 3 =
E, B, 500 X 10
Then from similar triangles (see Fig. 61)—

h:d—h=1:3.2.

tension =

=T o

— LIS L]

ok _ 1
a4+ (d-4) 1+3.2
k=

A2

.*. Safe resistance of concrete in compression —
o bd
% 02 x 500=% = x 500.
4.2
For equilibrium the reinforcement must have equal
tensile resistance.
. *+. At 16,000 lbs. per square inch, necessary area of

, 0d
. "o .2' . 500
reinforcement=_—1"_____ =0,00504.
16,000

That is to say, in order that both concrete and steel
may simultaneously reach their limiting stress the re-
inforcement should have a sectional area of .5 per cent.
of that of the concrete.

If wrought iron be used for the reinforcement, with a
safe tensile strengthof 11,000 lbs. per square inch;; taking

Ei = 10, as before,
II1,
hid-h = I:ﬂ: i g
500 X 10
Y R
3.2
bd
. 3 3.2 300
and area of reinforcement = > = .0095 bd
11,000

=.95 per cent.

Eus
=
=38
=

g

i
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Thus if 1 per cent. or a larger proportion of reinforce-
ment be used it matters little whether it consist of steel
or wrought iron, and whichever can be obtained most
cheaply may be employed.

It should be noticed that all concrete below the centre
of the reinforcement has been left out of the calculation,
for whatever thickness here exists the strength of the
beam will not be affected if, as is usual, the resistance
of the concrete in tension is neglected. Many formulae
assume that this extra thickness of concrete is a par-
ticular fraction of the depth of the beam. For a beam
12 feet deep, one-sixth of depth may be a very suit-
able thickness, but this factor when applied to a beam
24 inches deep will be excessive.

Only the concrete above the centre of the reinforce-
ment will therefore be considered, while a certain per-
centage of metal will be taken as indicating a percentage
of the concrete above the reinforcement.

It will be seen in Fig. 54 that only a small portion
of the concrete is of use in resisting compression, and

M

NeuvTRAL
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it does not follow, although the greatest use is made of
the steel, that this proportion of } per cent. will produce
the cheapest and most convenient arrangement.

The effect of employing a reinforcement of 1 per cent.
will now be investigated.

Let a=area of reinforcement.

Then resistance of concrete in compression = resist-
ance of steel in tension.

2 bhc=af;;

but @ = L , and ¢ = 500.
100

. zxsoo”:éd _
e —g bh IOOﬁ
. _ 100,000/
R o
A 20/
oty 3 Bl 520N g B0 R
= 3d X 500 X 10 y 3d (3)

ad
ch= — 20]2=.319d.

3d

Substituting this value in (A)—
fo= 199’_?0;’; 3194 _ 10,633 lbs. per square inch.
The moment of resistance—
3 bhc (d— %) (see Fig. 52).
2 bhe x .87d.
92.77 bd>.
To arrive at a general formula, let @ =sectional area

I

I

of reinforcement, and » = gi.

Then 2 bhc=af.

2 bhe
R
hid-h=1: 20 :
R "3axcxy
ad
h:z'b%'
- o
3 ar
_ _3ar(\/8bd_ ,

bdp

or if p=percentage of reinforcement, = 100’ and sub-

stituting this value in the above formula,

_3pdr, \/ 800
fi= E—( I +3pr I)J
and the moment of resistance,
Mr=30bhe (d -2 h).
The following table gives information found by the
above formule for various percentages of reinforcement,
which it should be noticed are percentages upon the

area of concrete above the level of the centre of the

reinforcement, the concrete below this being neglected.

= =10. Limiting stress on concrete = 500 Ibs.

E
" - | o N
. Percentage of Distance of Tendile Slregs
Reinforcement = Neutral Axis | |\ einforce. Moment
! upon Concrete = trom Surface | medt when of
above Level of |at Compression | = 500. Risiiatomen
! Do. Side of Beam, 7 ~ :
' P Y3 1
|
| | Py
| 0.50 0.238 d | 16,000 lbs. | 71.8 bd?
1 0.75 0.284 ,, . 12,622 ,, | 83.9 ,,
| 1.00 0.319 ,, | 10,633 ,, 92.8 ,,
| i | 0.349 ,, 0,307 5 I00.1 ,,
I.50 0.375 » 8,333 1 106.2 ,,
1 2.00 0.418 ,, 6,966 ,, 116.0 ,,
2.50 s T - T 6,040 ,, 123:6 55
3.00 0.482 ,, 5,356 129.7 ,,
350 0.508 ,, 4,838 ,, Y340 s
4-.00 0.531 4,425 139-4 s,
|

In Fig. 55 are shown the sections of four beams
with varying percentages of reinforcement, all being
calculated to give the same moment of resistance of
360,000 inch-pounds. For the sake of comparison their
widths have been kept constant. It will be seen that
very little saving in depth is obtained by the use of a
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higher percentage of reinforcement than 2 per cent.
For simple beams of this description a reinforcement
of 1 per cent. is very suitable, and has been largely
adopted ; while for tee beams, { per cent. on area B x D
may be adhered to (see Fig. 57).

Srass.—A floor slab is usually supported by beams
along its four edges. The slab thus supported may be
considered as acting as a beam in two directions at
right angles to one another. If the slab be square, the
load will be evenly distributed among the four edges,
and the maximum bending moment and shear will con-
sequently be only half such as would occur were the
slab supported on two edges only. Thus with a square

2
slab BM=%, or if the slab be continuous, and the

reinforcement be transferred to the upper surface in

passing over the supports, the BM at centre may be
wl? ‘wlz
taken as L and over supports, say
20"
When a slab is twice as long as it is broad the sup-

ports at either end only very slightly reduce the bend-
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+

' o T
-4 E‘lt :
EUT i :
[ NeutraL § L _Awis) — |Neutrary |Axis|
' i
. E
3! o
0 ]
8 :
i [}
E l?(é R0d9 i
7% Rods: “-.““%’_—
-__.‘—_= .__, n
X '“_ ----- l """"""" i
[ aRTEEE AR ¥

Buildings

includes the weight of the slab, and that the slab will
be freely supported at its edges.
BM across short way of slab—

‘wB” L4
-8 L4 + B4
160 % 8

3 % 124 gt foot-lbs.

= 12826 inch-]bs.
BM across long way of slab—
wl.2 Bt
§ “TirB
_ 160 X 122 8t
T8 K aiis
= 5701 inch-1bs.

foot-lbs.

Assuming that a reinforcement of 1 per cent. is to be
employed (see table above)—
92.8 0d? = 12826, but b=12.
g 12826
92.8x 12
‘. d=3.4, or say 3% inches

3." > T
o : &
S | Ly
NEuTRAL, |AXI b
—1 T T o _{NevrraL ¢ Axrs]
H e
&
; I+ Rods!
P Rods _% __: +®
R :
asppT s S ST R A
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ing moment at the centre, and the slab may then be
considered as a simple beam supported along its two
long sides.

For intermediate proportions the BM parallel to

" v o Lt
the short sides may be found by multiplying by [ G
that obtained when considering the slab as a simple
beam of length B; where L=1ength of slab and B=
breadth. The BM parallel to the long sides may be

similarly found by multiplying by the BM

B
L+ B
obtained when considering the slab as a simple beam of
length L.

Slabs are usually reinforced with rods at right angles
to one another across length and breadth of slab.
These reinforcements must be capable of meeting the
BM as found with the aid of the above factors. The
dimensions may be ascertained as set forth for beams,
a strip of the slab 12 inches wide being taken for calcu-
lation. Suppose that a slab 8 feet x 12 feet is to sup-
port a load of 160 lbs. per square foot, which load

3L x12

100
per foot of width, say 4 — {-inch rods to the foot,—that
is, 3 inches apart.

Now, considering the reinforcement in the length of
the slab—

d = 3% inches (see Fig. 282), and representing the co-
efficient of 4d? by £,

And area of reinforcement = =.42 square inch

kbd? = gqo1.
‘. RX 12 % (3%)*=g5yo1.
. £=48.6.

On turning to the table given above it is seen that
something less than 4 per cent. is required. }-inch
diameter rods 4 inches apart may, however, be used,
which is equivalent to .39 per cent.

The full depth of the slab will be 3% inches plus the
covering to the reinforcement,—or, say, a total of 44 or
5 inches (see Fig. 56).

Calculations of this sort will not often be necessary,
as uniformity in size and arrangement of rods is to be
aimed at as far as possible.
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In either slabs or beams it is preferable to use a
number of rods of fairly small section in place of a few
large ones, in order that their effect may be evenly
distributed, and also that the metal may be removed as
far as possible from the neutral axis.

TeE Beams.—Where floors are entirely moulded 77
situ the floor slab, together with the beam attached to
it, form a beam of tee section, the portion of the slab
on either side of the rib affording resistance to compres-
sion, while the rib itself chiefly acts in holding the
tensile reinforcement. The form of the beam produced
may be seen in Fig. 57.

As the slab is continuous on either side of the rib, the

&3 >
5 IVS,’ 522:)
» : |
—8 ¥ #‘_4“—_&* 41C_! ®
FiG. 56.

width that may be considered as forming part of the
tee beam must be decided upon. In the case where a
simple series of beams supported at their extremities is
used the width of the flange of tee may be taken as
extending to points centrally between beams ; where,
however, secondary beams supported on main beams
are employed, the compressive stress induced in the
horizontal member in carrying its load as a slab will
act in the same direction as that induced in the flange
of the main beam. Thus in the latter case the full
width of slab cannot be considered as taking the com-
pressive stress of the beam. It will be safe, however,
in all cases to consider that the flange of the beam

Fia. 57.

extends to a quarter of the span on either side of the
rib.

The calculations for tee beams will be precisely the
same as those for rectangular beams, provided that the
neutral axis does not fall below the lower surface of
the slab. Fig. 37 illustrates a case in which the
neutral axis is above the lower surface of the slab.
The formula given on page 37 may then be applied,
substituting B (or half width of bay) for 4, and total
depth D for ; while p, the percentage of reinforcement,
must be taken on area Bx D as shown dotted. This
dotted area, in fact, represents a beam of equal strength
to that of the tee beam,—that is, if the resistance of
concrete in tension be neglected ; however, in the case of

the tee beam the use of an ample supply of reinforce-
ment passing through the depth of the beam is most
necessary.

The formulse become—

3ar(\/ +83Ba? )

h= 3pDr(\/ I ‘
400 3pi"
Mr =3 Bhe(D - %h).

It will be noticed that the width of the rib does not
enter into the calculations. It should, however, be
proportioned to the depth of the rib, and should be
sufficient to allow the concrete to be well packed round
the reinforcement.

Fig. 58 shows a tee beam with its stress area, in
which the neutral axis falls below the lower surface of
the slab. The above formula are not strictly applic-
able to this case; but formule deduced on the same
principles are too complicated to warrant their
adoption.

COMPRESSIONAL REINFORCEMENT.—It is sometimes

I1G. 58,

desirable to use a metal reinforcement in the compres-
sional portion of a beam as well as in the tensional
portion, in order to gain a reduction in depth, while
some systems always adopt it. Its use, however, in
this position is not economical.

The metal must be strained to the same extent as the
surrounding concrete, and as the stress required to
produced strain in steel equal to that in concrete

=E”T.c, the stress upon the reinforcement will be ten

times that upon the concrete. Thus if the sur-
rounding concrete is stressed to 500 lbs. per square
inch, the stress upon the steel will be 500 x 10= 35000
Ibs. per square inch ; but as the steel must necessarily
be embedded below the surface of the concrete, the
actual stress will be less than this.

In Fig. 59 the compressional reinforcement is shown
at depth g below the surface, and according to the
theory of similar triangles the strain at this point will

be /‘7’/ & % strain at surface; consequently the stress in
(2

: 7 —
the reinforcement becomes 7.¢ /zg’ where =

c

Let @, = sectional area of compressional reinforcement,
and @, =sectional area of tensile reinforcement.
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Total compressional stress =total tensile stress—

e ; bkc-{-acc.r.k;zg =a,f7r.
. fi= 2bh%c+ 3 acr(f—g)
‘ 3a

Again, Z2:d—/l=1: /i
cr

.2 oh®+3acr(f—g)

| 3 aer )
ad

20/ +3ar(h—g)

— ol

. 5 _3F 8b 2 _
X h—4—5 {\/3r(atd+acg)+(at+ac) (at+ac)}

Moment of resistance =moment of resistance of con-
crete + moment of resistance of compressional reinforce-
ment.

0.0;2=—'
L

: _2 2 “9d 0.
; .Mr—gbhc(d—sh)+ac0rhh (d-9)

A compressional reinforcement is particularly useful
where a tee beam passes over a support ; for here,
where the stresses are reversed, the comparatively thin
rib has to meet the compressional stress without
the aid of the horizontal member which resisted com-
pression at the centre of the span. This reinforcement
is readily provided by simply carrying the members,
which served as tensile reinforcement at the centre,
straight along the lower side and over the supports.
Further compressive resistance is provided at this
point by the splaying out of the pillars immediately
below the beam, as seen in Fig. 34. In using the
formulze just given it should not be forgotten that
the use of compressional reinforcement adds to the
strength of the concrete by bridging over weak points,
as pointed out elsewhere ; thus the latter formule, as

compared with those given on page 39, probably err
on the side of safety.

SHEAR.—The necessity for the use of members to
resist shear has already been discussed.

If the total vertical shear at any point in a beam’s
length=S, where depth of beam =4 feet, the average

horizontal shear at this pointuz, while the maxi-

3 2
2%
clined stirrups should be wused, offering sufficient

mum shear at neutral axis= Vertical or in

' ol
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|
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_7/_..
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sectional area to resist this stress. The resistance
of steel in shear may be taken as 11,000 lbs. per square
inch.

All stirrups used in a beam will, for convenience, be
of equal dimensions, being placed next together at the
supports where the shear is greatest, and farther apart
at the centre of the span. In the Hennebique system
the tensile reinforcements which are sloped up over the
supports are usually considered as meeting half the
shear at the ends, while stirrups are arranged to resist
the remaining half.
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CHAPTER V

ARMOURED OR REINFORCED CONCRETE FOR VARIOUS USES

(Contributed by P. R. STRONG)

PiLLArRs.—As already seen, vertical reinforcement is
employed in the construction of pillars, its use being to
help to distribute the load past weak points in the
concrete, and to give to the concrete more uniform
properties, and at the same time to reduce the cross
section of the concrete by assisting in carrying the load.
The hooping of concrete has a further use.

As stated when considering beams, the reinforcement
in compression must be strained tothe same extent as
the concrete which surrounds it, and the stress upon it
will therefore be c7, where ¢ = stress upon concrete and
E;

ET:.

The safe load for a rectangular pillar is thus SL=
bdc +acr=c (bd + ar), where b and d are the dimensions
of the section of the pillar, and «=sectional area of
reinforcement.

The above value may be allowed for pillars up to
a length of about 15 4. Thus, taking a safe load of
400 lbs. per square inch, a pillar 12 feet long and 10
inches square with 2 square inches of vertical reinforce-
ment will carry a safe load of 400 (10%+ 2 X 10) = 48,000
Ibs.

Having proportioned a pillar by the above formule,
the safety of long pillars against flexure is usually
supposed to be calculated by Euler’s formula, in which
safe ]oad:Eclgz, where E.=modulus of elasticity for

F—=

concrete, S=factor of safety; while 2=1 for pillars
with both ends fixed, 1 when both ends are hinged,

and -~ when one end is fixed and the other hinged.

I
N2
The moment of inertia, I, for a reinforced section,
3 -
may be taken as b + ary®?, where y = distance of
' 12
reinforcing bars from the central axis of section.
Euler’s formula, however, is only accurate for very
long pillars, and is not at all suitable for use in the
case of concrete.
An adaptation of Rankine’s formule would be more
suitable—

SL=—2¢
I+ A
Z

where A= bd+ar

c=safe load per square inch on concrete =say,

400 lbs.
{=Ilength in the common unit.
bd? ”
oo L_12 %7
A od + ar

The value of coefficient £ may be taken as

40,000
According to this formula the safe load for a pillar
20 feet long, 10 by 10 inches with 2 square inches of
vertical reinforcement, the centres of rods being 2
inches from outer surface or 3 inches from axis, is found
as follows—
A=r10x 10+ 2 X 10= 120 square inches.

10* )
+2 x 10X 32

120 X 400
1 (zox 12)
40,000~ 8.4
HoopreEp CoONCRETE.—All solid materials will resist
an unlimited pressure so long as the part subjected to
the load is prevented from expanding or escaping
cither laterally or vertically. Thus in considering the
bearing resistance, or resistance to local compression,
of steel, a considerably larger value was allowed than
was done for ordinary compression ; for in this case the
metal was prevented from escaping laterally by the
metal on either side. This result may be obtained with
concrete by simply winding it round with steel wire,
producing M. Considére’s “Hooped Concrete.” In
this way an ultimate resistance on the concrete of over
10,000 lbs. per square inch may be obtained (see Fig. 60).
In order to more effectually confine the concrete and
to prevent it from escaping laterally, vertical rods are
also used, producing a network, the vertical rods trans-
mitting the thrust caused by the swelling of the concrete
to the helical binding, while in long pillars their use is
further necessary in the resistance to flexure.
According to M. Consideére, the resistance of hooped
concrete = the resistance of the vertical rods and the
concrete at their elastic limits + 2.4 x the resistance
that would be offered by the metal in the hooping if it
were used as vertical reinforcement in place of spiral
binding. He also states that the hooping should be

+, B
I+

»=40,975 lbs.
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PiLEs.—Where the use of piles is necessary, those
formed of concrete are highly to be recommended for a
structure which is intended to be permanent, as they
are not only practically proof against damp, but they
form one with the structure above.

Fig. 65 gives a section of the Coignet pile, in which
a spiral rod about % inch in diameter and having a
pitch of 3 or 4 inches encircles the longitudinal rods.
To prevent unwinding and to add to the rigidity of the

framework, another spiral wire of very long pitch runs
in the contrary direction to the first. The two flat
surfaces shown in the section are intended for guiding
purposes during driving operations. With the excep-
tion of the increased pitch of the winding, this con-
struction is very similar to the hooped pillars considered
with reference to Fig. 6o. Square piles are also made
on this system.

Fig. 66 shows the reinforcement of a hollow pile on the
Hennebique system before the concrete has been filled in.

HOLLOW DIAPHRAGM FERRO-COMICRETE PILEO).

Fi1G. 66,

Fig. 67 shows the construction of a pile on the
Williams system, it being reinforced with a rolled steel
joist, the web of which is cut away and the flanges bent
in to form the point of the pile. Around the joist, at
intervals of about 12 inches, rings of %-inch wire are
placed, while the flat steel bars « are added when
increased bending resistance is necessary in the direc-
tion at right angles to the web of the joist.

Concrete piles are pitched and driven as are ordinary
timber piles, and the fact that this is possible forms
abundant proof of the resistance of the material to
shock. In driving the piles the head is protected by a
steel cap containing a pad of sawdust, the upper side

of which is fitted with a hard wood dolly about 3 feet

long ; this arrangement being used to bring the blow
evenly upon the head of the pile and to deaden the
shock.

When the pile has been driven the concrete about its
head is cut away, leaving the reinforcement projecting.
The latter is then embedded in the concrete super-
structure, or the pile may be lengthened in the same
manner as it was originally constructed. Fig. 68
shows a pile foundation to a pillar, in which the intimate
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connection between the pile and the spread foundution
may be seen.

Another variety of pile, the ¢ Simplex Concrete Pile,”
is shown in Fig. 69. In constructing this an iron tube
is first driven into the ground to the required depth,
being closed in at its lower end by an ¢ Alligator Point,”
the driving being done by the ordinary pile driver.
After this form has been driven it is filled with concrete
to a height of about 3 feet above its bottom end. The
form is then pulled up 2 feet, the jaws of the alligator
point opening wide and allowing the concrete to pass
through. The concrete is then rammed with a 600
Ibs. drop hammer. The process is thus repeated until
the pile is complete. The first diagram in Fig. 69
shows the process of withdrawing the metal form and
ramming the concrete; the second shows the pile
completed, and also the bucket used for discharging the
concrete ; while the third diagram shows a wharf pile,
the upper portion being reinforced to meet lateral
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pressure and shocks, the reinforcement in the form of
a cage being lowered into the tube while it is being filled
with concrete, and the tube being left in position for
so much of its length as would be surrounded by water
or friable earth.

The advantages of this system are that the piles are
made on the spot to the exact length that is found
necessary ; that the sides are rough, and offer great
frictional resistance between pile and earth, while the
shape of the pile is also conducive to great carrying
power.

ReTAINING WaALLs.—These form a particularly strik-
ing instance of the economy that is attainable with
this form of construction. In the case of masonry,
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very heavy massive walls are necessary to resist the
overturning effect of the earth pressure, and at the
same time to avoid the presence of tensile stresses.
In armoured concrete, ledges may be formed at the
back of the wall, and the earth vertically above these,
which they support, adds to the weight of the wall,
and greatly assist its resistance to overturning ; while,
at the same time, a toe can be conveniently formed at
the face of the wall which will bring the pressure
more evenly upon the foundation-bed. Fig. 70 shows
such a retaining wall reinforced with Kahn trussed
bars. It will be observed that the face of the wall
acts in the same manner as a floor slab, the reinforc-
ing bars being placed nearer together at the foot where

the pressure is greatest. The top half of the wall
forms a simple cantilever of tee section, the ‘‘ counter
forts ” or webs being in tension and the wall slab in

compression.
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Fig. #1 shows another example of this form of
construction, in conjunction with concrete piles, for
a quay wall on the Hennebique system. The lightness
of the construction is very noticeable.

ARcHES.—Arches of armoured concrete have the
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considerable advantage over those of masonry that
the line of pressure need not necessarily pass through

SECTION . Rear ELE.VATION
T T

KAHMN SY3STEM
or REIHFORCED COACRETE

APPLIED TO A 20'0' RETAH‘I 111G WALL
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F1G. 7o.

the middle third of the depth of the arch ring, for the
tensile stresses, set up by the departure from this

FiG. 71.

rule, are taken by the reinforcements, and the depth
of the ring may consequently be much reduced.

A double reinforcement, such as is shown in Fig.
72, is generally adopted, but if the only continuous

reinforcements be placed near the lower surface,
further reinforcements should be used at the upper
side of the arch, enbedded in the abutments, and
extending inwards for not less than a quarter of the
span.

The exact position at which tensile stresses may be
induced cannot be definitely ascertained, and depends
upon shape of arch and distribution of loading. Thus
the line of pressure may be disposed as shown by the
thick dotted line in Fig. %73, producing tension at the
points marked T. It is therefore advisable to use a

Fig. 2.

double reinforcement throughout. Stirrups or similar
members are also advisable in order to bind the layers
of concrete together.

In the case of a three-hinged arch—that is, one with
hinges at springings and crown—the line of pressure
must pass through these three points, and can be
located fairly accurately. Also, the arch is independent
of the effects of temperature and of the uneven settle-
ment of the abutments. It will seldom happen in the
case of an arch without hinges that the line of
pressure will pass through the axis of the arch at
these three points, and the disposition of stress and

: |HHllllllﬂlINHilNlHlllllIIIIHIIIIIIINNIIIIM

Fra, 74

the effect of temperature or unequal settlement must
be uncertain.

It will probably not be far from the truth if it be
assumed that the line of pressure passes through the
axis of the arch at its crown, and that the horizontal
thrust for an evenly distributed load = H —%l{:

where w = total load per foot-run (dead + live).
/ =span of arch in feet.
R =rise of arch in feet.
The depth of ring may then be proportioned to resist
this load by the pillar formulae given at the commence-
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ment of this Chapter. The strength of the arch at
any other point may be calculated as follows : —

T =thrust at point under consideration. (This may
be split up into two thrusts parallel and normal to the
axis of the arch. The latter will produce shear only,
and may be neglected.)

Let P =component of T parallel to axis,
and e =the eccentricity, or distance between pressure
curve and axis of arch.
The effect of P will be to produce a total stress P
distributed throughout the section + the stresses pro-
duced by bending moment P . ¢

Let ¢, equal the compressive stress produced by the

direct compression of P.
P
Then T od 10(a, +a,)
Then, if ¢ =400 lbs. per square inch=maximum allow-
able stress on concrete, the maximum stress per
inch available to resist the BM=c¢,=c—¢;

Now, applying the beam formuleae (near the end of last
Chapter), and having found the value of % from the
formula there given—

Myr=3blcy(d — 27) + (zﬂcﬂr]_l_; g(d ~2).
2

The latter value will check the ring’s resistance to
bending, which must not be less than Pe.
The stress in the tensile reinforcement

= s

The greatest bending moment will, as a rule, be in
the proximity of 1 span, where the thrust may be
taken as roughly—

20h%c 4 3a.cr(h—g)
3afe

cl'

2
wgi{ (2w, + w,) sec. a.
I
45, 7B
and BM = Wl 5
04

where w, = dead load per foot.
w, = live load per foot.
/ =length of span in feet.
R =rise of span in feet.
@ =angle between axis of arch at point under
consideration, and the horizontal.

By the use of reinforcements, bending moments

may likewise be allowed in the abutments, producing
proportions which at first sight might appear to be
much too slight to resist the thrust of the arch. This
is seen in Fig. 74, in which an evenly distributed load
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on the arch will produce tensile stresses in the rein-
forcements T shown in full lines. The arch may, in
fact, be considered as springing from ground level,
instead of from the apparent springing level, while
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the line of pressure becomes somewhat as shown in a
heavy dotted line.

Fig. 75 shows the pleasing effect and lightness of
this construction when used for floors (Hennebique
system), the span being 46 feet.
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CHAPTER VI

THE GEOMETRY OF MASONRY

(Contributed by Warrer HooKER)

IN considering the application of the principles of
masonry to practical use the object has been to
eliminate from the examples given, as far as possible,
the introduction of calculations of an abstruse nature.
By this means it is hoped to bring within the under-
standing of both the mason and the student such
principles as are needful in meeting with and solving
all ordinary problems that may occur in actual practice.

As a considerable amount of skill both in plane and
solid geometry, and also of projection, is required to
enable the mason to determine the shapes of the stones
of the various features of a building, this chapter is
devoted to the subjects above named ; and the several
diagrams and their explanations which it contains will
be found sufficient to clearly and concisely demonstrate
the more useful problems that may be required in
ordinary building work. One or more problems are
inserted that more strictly apply to engineering, but
their utility will perhaps be appreciated as showing
the principles of stereotomy outside of the architect’s
legitimate sphere.

Each problem is illustrated by outline diagrams, and
in the more advanced stages by perspective views or
by isometric drawings.

It is presumed that the reader has already a fair
acquaintance with the rudiments of practical geometry,
algebra, and the elements of Euclid. It would be
impossible otherwise within the limits of this work
to give sufficiently detailed instruction to enable the
student to benefit materially by its introduction.

PROPORTIONALS

Problem.—To divide a line in extreme and mean ratio.

Fi1c. 76.

Let AB (Fig. 76) be the line. On A erect the
perpendicular AC=3} AB. Join CB. With C as centre
and radius CA draw an arc cutting CB in D. With

centre B and radius BD draw an arc cutting AB

in E.  AB is then divided in extreme and mean ratio
at E.

That is, AE : EB :: EB: AB.

Problem.—To find a mean proportional between two
given lines.

P P I SN B

B D X

T i
IG. 7‘1.

/
/
[

A L

Let AB be the greater and C the lesser line (Fig.77).
Prolong AB indefinitely to X, and cut off BD=C.
With AD as diameter draw a semicircle AED. Draw
BF at right angles to AD to meet the semicircle in F.
Then FB is a mean between AB and BD, which
is =,

That is, AB: BF : : BF : BD or C.

Problem.—To find a fourth proportional to three
given lines

F1a. 48,

Let A, B, and C be the three given lines (Fig. 78).
At any convenient angle with one another, say 35 or
40 degrees, draw DE and DF. From DE cut off

nals e i SNSRI R s et - "
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DG=A and DH=C. From DF cut off DI=B. Join
IH, and draw GK parallel to IH, cutting DF in K.

KD is a fourth proportion to the lines A, B, C.
That 1s, DH:DI:: DG:' DD, or in other words,
CeBisa s KD,

The above problem produces a proportional less
than the given lines.

To produce a greater proportional, join GI and draw
a line HL parallel to GI cutting the line DF in L.
Then A: B:: C: DL, because DG: DI: : DH : DL.

CircLES AND CURVES

Problem. —To set out the cusping in a circular window,
say a trefoil cusp.

FiG. 7q.

Let ACBD (Fig. 79) be a circle with diameters
AB, CD at right angles to each other.

From D divide the circumference into 6 equal parts
in E, F, C, G, H, and D. Join FH, EG. Join CB
cutting FH in I. Through I draw a line IK parallel
to AB cutting GE in K. IK is the diameter of one
semicircle of the trefoil.

With I as centre and IK as radius, describe an
arc cutting DC in M. Join IM and KM. Then the
points marked 1, 2, and 3 will be the centres for the
arcs of the trefoil, with radii 1 C, 2 H, and 3 E
respectively.

Nofe.—Any number of cusps can be set out in the
circle by dividing the circumference into twice the
number of parts that there are to be cusps.

Problem.—Given any portion of the circumference of
a circle, to find a point that will be within the cir-
cumference if produced. It is presumed that the
portion of the circumference is too large to use the
centre.

VOL, V.—4

Let AB (Fig. 8o) be the given portion of the
circumference.

Take any convenient point C in this circumference,
and join AC, CB, and AB. From B draw BD =AC,

F1a. 8o.

making the angle CBD =to the angle BCA. Then D
is the point in the circumference required. As a check,
join CD, which should be equal to AB.

Alternatively, instead of making the angle CBD = to
the angle BCA by the use of an angle-measuring instru-
ment, from the centre B, and with radius = AC, strike an
arc. Similarly from C with radius = AB, strike another
arc. These arcs will intersect at D.

Problem.—To find the length of the semi-circumference
of a circle.

Note.—The ratio of diameter to circumference is
denoted by the Greek letter = in all trigonometrical
treatises, z.e. Diameter : circumference : : 1 : 3.14150,
etc.

The geometrical method of determining the length
of the circumference of a circle (shown in Fig. 81) will
be found to give results which are quite accurate
enough for practical purposes.

Fia. 81.

Describe any circle as ABC, and draw a diameter AC.
From A draw AD at right angles to AC and equal in
length to 1} times the diameter. From C draw CE
parallel to AD.

With C as centre and with a radius=1 the diameter
(that is=to CH) draw an arc cutting the circumference
in F, and with F as centre and radius CH draw an
arc meeting the first arc at G. Join GH, cutting CE
at I. Join ID. Then ID is very approximately equal
to the length of the semi-circumference.
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THE PROJECTION OF SOLIDS.

In this section a few of the more useful projections
only are given, it being presumed that the reader is
already acquainted with the elementary principles of the
subject.

The following projections will prove useful, as leading
up to an understanding of the system employed in
drawing a solid body in any position and projecting its
surfaces horizontally and vertically, or at any angle or
on to any plane as may be required. In the setting out
of cylindrical or other curved surfaces a knowledge of
this important section is most essential, and a careful
study of the methods employed will greatly assist the
student in grasping the system of projecting the shapes
of regular or irregular stones forming the component
parts of Vaults, Domes, etc.

Note.—In all the following problems the line forming
the junction of the vertical and horizontal planes is
called the ZLine of Intersection, and is abridged in the
description to ‘‘ L. of I.”

Problem—To project the elevation of a solid triangular
prism one face of which forms an angle of 30 degrees
with the vertical plane. Vertical height=¢, /.

Let abcd (Fig. 82) be the plan of the prism, at an
angle of 30 degrees from the L. of 1., and ¢, /; the height
above the horizontal plane, while gg¢ is the plan of the
apex line.

Through e, 4, ¢, g, and & project lines to the line of
intersection,those from e and g being prolonged to the
proposed height of the prism at /] and g, respectively.
Make g,2,= ¢, f;, and join fig,. Join f,b,, £,¢,, and g,d.
The figure 4, f,0.d; will be the required elevation.

fi 82

C

Fic. 82

The dotted line connecting fia will be the remaining
arris, in this case not visible.
Problem.—To project a pyramid having a square base,

one of its sides being at an angle of 30 degrees with the
L. of I. Height ¢, f (see Fig. 83).

f

Lofl.

C.
FiG. 83.

Let abcd be the plan, with ¢ as apex.

Project lines of construction from points 4, ¢, and d to
the L. of I. ; and from e to a point /] above the L. of 1.,
making the height equal to the given height ¢, /.

Join £, to &,, ¢, and &, thus completing the elevation
of the required pyramid. A dotted line connecting
f, and « will give the position of the remaining edge.

Problem.—To project a right cylinder having a
horizontal axis at an angle of 30 degrees from the L. of
I., and at a given distance above the horizontal
plane.

In this case the plan will form a rectangle, as abcd
(Fig. 84), 3odegrees from the L. of I.

Let ebcd be the plan of the cylinder, placed at an
angle of 30 degrees with the L. of I.  Bisect é¢ and ad
in e and £, and join ef. Then ¢f will be the plan of
the axis of the cylinder.

Draw a line g4 parallel to L. of I., and at the
required height above it. Through b, e, ¢, 4, f, and @
project lines at right angles to the L. of I., intersecting
ghin by, e, ¢,y d,, f;, and a, respectively. Make e 7 and
Sk each equal to &c. Join jk. Bisect je, and £/, in
/and m, and join these points. Produce /m both ways,
meeting the vertical lines 46, ccy, and dd, in b,, ¢,, and
d, respectively. Make an ellipse jc,e,0, with je, as
major axis, and d,c, as minor axis; and a semi-ellipse
kd, f, (the other half, not visible, is shown dotted), thus
completing the elevation of the cylinder.

Problem.—To find the plan of a cone whose axis is at
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30 degrees from the horizontal and parallel with the
vertical plane.
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_Let abc (Fig. 85) be the elevation of the cone, the
axis ad forming an angle of 3o degrees with the line of

a
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intersection. (The elevation of the cone in this instance
forms an isosceles triangle.)

Project a, 4, d, and ¢ on and beyond the L. of I. to
the horizontal plane, making d\d,=bc. Bisect d,d, in e,
and draw b,ea; parallel to the L. of I. Make ¢f x b,¢;
and with &d, as major axis, and &, f as minor axis,
construct the semi-ellipse @,/db,. Draw ad, and a,d,
tangentially to the ellipse, thus completing the plan.
The hidden portion of the circular base of the cone is
shown dotted.

[t is as well to remember the following axioms :—

The plan of a circle lying parallel to the horizontal
will be a circle; its elevation will be a straight line.
If inclined to the horizontal its plan will be an
ellipse.

If vertical, it will be a straight line on plan.

A cylinder, if its axis is parallel with the horizontal,
will always be a rectangle on plan; its elevation will
be a rectangle if it be parallel with the vertical ; if at an
angle, the ends will form ellipses.

A pyramid standing on its base will be a right-lined
figure on plan and a pyramid in elevation.

A cone with base parallel to the horizontal will be a
circle on plan, in elevation a triangle.

A sphere is a circle from all points of view.

INTERPENETRATION OF SOLIDS.

By interpenetration is meant the intersection of two
bodies of similar or different form, resulting in a regular
or irregular figure, as the case may be.

a (8] }
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Take a simple case, namely, a cylinder penetrating
a rectangular prism at an angle of 6o degrees.

Let abed (Fig. 86) be the side elevation of a prism ;
¢f the axis of a right cylinder, and g#7/ the outline of
the same.

It will be seen that the line of intersection g7 is on a
plane oblique to the axis of the cylinder ef; and g7
will therefore be of greater length than %7, the diameter.
Thus at the line of junction of the two bodies the
contact line will be an ellipse, with major axis &7 and
minor axis = /4z.

This is a simple form of interpenetration, and one
frequently met with in masonry work.

Problem.—To determine the interpenetration of a cone
and a cylinder.
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Let abc (Fig. 87) be the side elevation of a cone, and  the cylinder in the same manner, as at RB,;SA,; that
defg a cylinder with its axis at right angles to that of portion shown by RA,S being dotted. as not visible.
the cone. Draw in the outline of the prism.
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SIDE: FLEVATION.

In this case the two bodies in question have curved To find the curves formed by the contact of the two
surfaces. In front elevation the face of the cylinder bodies.
shows as a circle. To find the curves of interpenetra-
tion in plan and side elevation, divide the semi-circum-
ference of the circle on side of x into any convenient
number of equal parts, say 16, and draw lines through
the points thus determined at right angles to the axis
of the cone, prolonging them to the plan and side
elevation. Where these lines cut the slant side of the
cone, project vertical lines to the base ; and with the
axis as centre and the points marked off by these lines
in the base as the extremities of the radii draw con-
centric arcs on plan from the centre of the plan of the
cone, cutting the lines previously drawn. Through the
points of contact draw a curve ; which will be the curve
of interpenetration on plan. The curve of contact on
the side elevation is found in the following manner :
Make /7, &/, and %2m on side elevation equal to %4z, kI,
and A7 on plan respectively. A curve drawn through
/, 7, and m, and points similarly found, on the horizontal
dotted lines of Fig. 87, will give the curve of penetra-
tion on side elevation.

Problem.—On the interpenetration of a horizontal
cylinder with a vertical prism.

Let ABDC (Fig. 88) be the plan of a cylinder with
its axis forming an angle of 18 degrees with the L. of
I.; and EFGH the plan of a vertical prism penetrated
by the cylinder.

Project lines of construction from A, B, C, and D of
the cylinder, and from the ends of the axis as shown by
NO, above the L. of I. Project similar lines from the
points E, F, G, and H of the prism. Let the cylinder

D

be above the L. of I. Make O,P and O,Q equal to F1G. 88.
OD and OC on plan. The lines PQ and D,C, will
form the axes of an ellipse, which can be drawn by any With N as centre and NA as radius describe a semi-

of the usual methods. Proceed with the other end of circle, and divide the semi-circumference into any
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convenient number of equal parts. In this case a
quadrant only is shown, divided into eight parts.

Project these points, by lines parallel to the axis of
the cylinder, on to the side FH of the prism. From
the points of contact thus found project vertical lines
at a convenient distance above the L. of I., as shown.

From the divisions of the quadrant draw lines parallel
to the diameter BA, cutting NT in 1, 2, 3, 4, etc., and
from N;R in the elevation cut off parts Ny1,, N, 2,
N,3,, etc., equal to N1, N2, N3, etc., on the plan, and
through 1,, 2, 3,, 4,, etc., draw lines parallel to B,C,
cutting the lines projected from the intersections of the
side of the prism FH. The crossings of these two
sets of lines mark points on the curve of penetration,
and through them the required curve is drawn.

etc. A curve drawn through these points @y, by, €45 etc.,
gives the plan of the line of penetration.

The curve shown on the left-hand side of Fig. 89 is
that of the plan of the line of intersection of a cylinder
cutting another cylinder obliquely, and is similarly
obtained.

Fig. 9o shows the method of finding the curves of
penetration for a semi-cylinder intersecting a sphere,
as is the case of a cylindrical vault interpentrating a
spherical dome, the semi-cylinder standing on a prism,
whose width is equal to the diameter of the semi-
cylinder, and therefore springs from the line XY. ABC
is the plan of the sphere, and ADEC the plan of the
cylinder. Draw the sections of the sphere and cylinder
as B/GF and DHE respectively, Divide the line DE

F1G.89.

The curves of penetration of the cylinder with the
other three faces of the prism are also shown, but the
construction lines have been left out to prevent confu-
sion of the diagram.

Fig. 89 shows the method of finding the curve of
penetration of a semi-cylinder intersecting another semi-
cylinder, as is the case of vaults. ABCD is the plan
of the large cylinder, and AED is its section. FGHK
is the smaller cylinder, and GLH its section. Divide GH
into any convenient number of equal parts 1, 2, 3, 4,
e¢tc., and through these points draw lines parallel to the
axis of the smaller cylinder and cutting the section at
'y 23, 315 4y ete. From ME cut off parts M1,, Mz,
M3,, Mg4,, etc., equal to 11, 22, 33y 444y ete.
Through 1,, 2,, 3,, 4,, etc., draw lines parallel to AD,
cutting the section of the large cylinder at a, 4, c, d,
etc., and from a, 4, ¢, d draw lines parallel to FM and
cutting the lines through 1, 2, 3, 4, etc., at ay by, ¢, 4,

into any convenient number of parts at 1, 2, 3y 4y BfCy,
and through these points draw lines parallel to BH,
ciutting' DHE at 1,y 255 315 445 Ste:

Set the heights 11,, 22, 33, 44,, etc., up XG above
the springing line XY, as X1,, X2,, X3,, Xy,, etc., and
through 1,, 2,, 3, 4, etc., draw lines parallel to B,F
cutting the circumference B,GF ata, b, ¢, d, etc., respect-
ively. Through «, 8, ¢, d, etc., draw lines parallel to
GK, cutting BH at a,, 6, ¢y, d;, etc. With O as centre
and Oa,, Ob,, Oc,, Ody, etc., as radii draw concentric
arcs, cutting the lines drawn through 1, 2, 3, 4, etc., at
@y by €y dy, etc. A curve drawn through the points
@y by Cy d,, etc., gives the plan of the curve of penetra-
tion required.

To find the curve of penetration along BH, draw
S, E; and mH, representing the springing line and crown
line respectively of the semi-cylinder. Project the points
@y by, cy dy etc., to aly, b, cly, d% on the line fLE,
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and set up the heights &g, clyp, d%,0, e'sn, €tc.,
making them respectively equal to 11,y 22y, 331, 441, €tc.
A line drawn through 2, n, 0, p, ¢, and Y, gives the
curve of penetration of the semi-cylinder with the dome.

The curves of penetration below the line fLE, is
found in the following manner. Divide »F and #C,
cach into 3 equal parts at s, £ and sy, respectively, and

| =

same span intersecting at right angles. The plan of
the lines of intersection are obviously straight lines in
this case. It will be necessary in working the stones
for such a vault, to determine the curve of penetration
along one of these diagonal intersection lines. This is
done in the following manner: Divide the diameter of
either vault up into any number of equal parts as at
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erect the perpendiculars sv, f, s;v;, and #u,. Make 5,7,
equal to sz, and 4w, equal to Zu. A line joining Y, v,
and #, will give the required curve of penetration on
the section BH.

The curve for the penetration of the prism with this
hemisphere on plan is obviously a straight line.

Fig. g1 shows an example of two semi-cylinders of the

a, b, ¢, etc., and through «, o, ¢, etc., draw lines parallel
to the axis of the vault to cut the circumference of the
vault in ay, 6, ¢y, etc., and the diagonal XY at a,, &,
Cqy €tC. At @y by €y €tC., draw lines at right angles to
XY, making a,a, equal to aa, and 6,0, equal to bb;, and
so on. A curve drawn through the points aj, &, ¢;, etc.,
gives the required curve of the section along XY.
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CHAPTER VII

ARCHES—PLANE

(Contributed by Warrer HOOKER)

THE nature of the various forms of arches and the
technical terms used in connection therewith have
already been explained under the head of Arches in
Volume I. of this work, and need not therefore be
repeated here.

A SEGMENTAL ARcH is struck from a centre at some
convenient point below the springing line (or junction
of the arch with the supports), and the voussoirs are
struck from this centre, the intrados being divided into

but this renders the work less homogeneous than if
tabled surfaces are used. On the right-hand side of
Fig. 93 the tabling is shown set out from the semi-
circular dotted line, but this method makes the courses

a number of equal parts to mark the position of the
joints as shown in Fig. gz.

A SEMICIRCULAR ARCH is somewhat similar to the
above, with the exception that the centre is on the line
of the springing and the radius is equal to half the
opening. The curve of the intrados thus dies into the
vertical faces of the supports, as shown in Fig. g3.

It is customary, though not universal, to table the
upper surfaces of the voussoirs so that the arch ring
may bond in with the coursing of the plain wall,
thus adding stability to the work. Sometimes the
extrados is cut to the same curve as the intrados, as in
the case of the segmented arch shown in Fig. gz,
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of the wall unequal in height. The method of setting
out shown on the left-hand side allows greater latitude
of adjustment of the courses.

TurREE-CENTRED ARCHES.—One method of setting out
a three-centred arch is shown in Fig. 94.

O
Fi1G. o4.

Take XW as the span and YZ as the rise.

Let YP =the difference between XY and YZ, and on
YP construct an equilateral triangle YPK. Bisect the
angle XKP by a line PN cutting the line XY in N.
Mark off NM on the line YX =KN, and from YW cut

e s e S L e
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off a part YQ equal to YM ; and with MQ as base
describe an equilateral triangle MQO.

M, Q, and O are the centres for the arch. If OM and
OQ are produced they will meet the arcs at their
junctions. The joints above the intersections of the
coreater and lesser curves arc struck from O, and the
others (or those approaching the springing) from M
and Q.

It is an obvious fact that an infinite number of
different three-centred arches can be constructed ; so
long as the centres of the side segments are on the
springing line and the centre of the middle segment is
on the centre line of the arch.

It should be noted, however, that the rise should be
at least equal to one-third the span, otherwise the arch
will be weak.

BrrLipTicalL ArcHES.—Take the distance between the
abutments, as at AB (Fig. 95), and equal to the span
and bisect it at C. Draw CD perpendicularly to AB
and equal to the proposed rise of the arch.

The curve of the intrados is struck by means of a

IF1G. g5.

trammel, or a number of points are found upon the
curve by means of a lath of wood used as a trammel.

A lath is cut whose length AC (see Fig. g6) is equal
to half the major axis AB of the ellipse, and a point J
is marked on it so that A] =CD =half the minor axis
DE. The lath may then be placed in any oblique
direction, so long as the marked points, as C; and ],
lie on the minor and major axes respectively, when the
extremity A, will mark a point on the circumference of
the ellipse. A succession of points thus obtained will
outline the ellipse.

Another good method of drawing ellipses is as follows
(see Fig. g7):—

Draw two semicircles, one with radius equal to the
rise, the other with radius equal to half the span.

Divide the circumference of each semicircle into the
same number of equal parts, as in Fig. 97. From
each divisional point in the larger circumference draw
vertical lines. From the divisional points of the
smaller circumference draw horizontal lines to cut the
vertical lines. The crossings of these lines mark
points on an ellipse.

To obtain the joints, the foci E and F (Fig. 95)

must first be found. This is done by striking an arc
from the centre D with a radius equal to half the
major axis of the intrados, cutting the springing line in
E and F. Divide the intrados into a convenient odd
number of equal parts. Join each of these points to
both foci, and bisect the angle between each pair of
lines. The bisecting lines give the direction of the
joints. The operation is shown in Fig. g95. All the
other joints have been found in a similar manner. The

D
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joints will be found to be normal to the curve of the
intrados.

The elliptic arch has been described in previous
paragraphs For estimating the length of its semi-
circumference, the following computation may prove
useful :—

Let A be the transverse diameter and B the conju-

A% + B2 :
gate ; then \/—zf x w = the circumference, and

consequently half of this gives the desired dimension
T = 3.14150.

Fic. o7.

PoiNTED ARCHES are such as form a point at their
apex, as shown in Figs. 98, g9, and 100. The method
of setting out the various forms of pointed arches is as
follows :—

Lancer Arcues.—Let AB (Fig. 98) be the opening
between the abutments and also the springing line, and
CD (greater than AB) the apex height. Join AC and
bisect in E.

From E draw EG at right angles to AC, cutting AB
in G. G is the centre of the arc AC. The other centre
is found in the same way, as shown at H.
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In this case it is seen that the centres fall without
- the abutments, causing the apex of the arch to be
acutely pointed ; for which reason this type of arch is
termed a Lancet Arch.

EQuIiLATERAL ARcHES.—Fig. 99 shows an arch in
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which the centres fall on the springing points A and B.
In this case the triangle ABC is equilateral, and hence
such an arch is termed an Equilateral Arch.
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DEPRESSED OR DroP ArcHES.—This name is applied
to pointed arches with the centres within the abutments,
as in Fig. 100.

The joints in all three cases radiate as shown from
the centres from which the arches are struck.

Four-ceNTRED ArRcH.—Fig. 101 shows the method of
setting out a four-centred arch. The centres of the

lower portion of the arch are on the springing line,
while the centres of the upper portions are below it.
The joints must radiate from the centres from which
the curves are struck, as shown in the figure. It
should be observed that Fig. 101 shows but one case of
the infinite number of four-centred arches that may be
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found. So long as there are two centres such as A
ard B upon the springing line, and two centres such as
C and D below the springing line, D being collateral
with A, and C with B, a satisfactory four-centred arch
may be drawn.

Parasoric ArcHeEs.—Let AB (Fig. 102) equal the

N A N N TN N DN
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span, and draw FD bisecting AB in C and perpendicular
toit. CD is the rise and CF is made equal to CD.
Take a point E on AB produced, make EA=AC, and
join ED and EF. Divide EF and ED into any con-
venient number of parts in 1, 2, 3, 4, 5, etc. Join 6 to 6.
5 to 5, 4 to 4, etc. A curve drawn tangentially to all
these lines will be a parabola. Half this curve is used
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for one side of the arch in Fig. ro2. The other half of
the arch from D to B has been found by the same method.
Arches are sometimes made of the form shown by
the curve DAF placed vertically.
To find any joint of the voussoirs of the arch, divide
the intrados up as before, and from each of these points
drop perpendiculars on to AB the springing line, such

in Fig. 104. Let AB be the § span, and BC the rise.
Prolong ABto D. Make AD=AB. Draw CE parallel
and equal to AB. On CB mark off any number of
equal parts in points 1, 2, 3, 4, etc., and join these to D.
On CE mark off the same number of equal parts and

join them to A. A line drawn through the crossings

of these lines as shown on the left-hand side of Fig.
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as GH on the right-hand side of Fig. 102. Produce
CB to K, make BK=BH. Join KG. Then KG is a
tangent to the curve; and at K erect a perpendicular
to GK. This will be the pitch of a joint at point G. The
pitch of the joints at all the other points is found in a
similar manner,

HypersorLic ArcHES.—Let AB (Fig 103) be half
the span and BC the rise. Draw AE=2% of CB, and
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parallel to it. Join EC. Divide AE and CE into the
same number of equal parts, as 1, 2, 3, 4, etc. Join 1
to 1, 2 to 2, 3 to 3, etc.

A curve drawn tangentially to these lines will give
the outline of the intrados of the required arch. The
direction of the joints is found as shown for parabolic

arches. ;
Another method of striking a similar curve is shown

104 will give the curve of one side of the arch. The
other side can be found in the same manner.

OceE ArcHEs.—These arches are variously described
as of 1, 2, 3, or more parts or divisions of the span or
opening.

To draw an ogee arch of one part. Let AB
(Fig. 105) be equal to the span or opening at the
springing line, and bisect it in C. Draw CD, the
centre line, at right angles to AB. Let E be the most
prominent point of the hood-mould, as shown on the
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section of the moulding, and with centre C describe a
quadrant EF. Bisect the quadrant EF in G. Through
G draw EG prolonged to cut CD in H. Draw HK
parallel to AB, and through G draw CGL, cutting HK
in L. The point L is the centre of the upper or reverse
part of the ogee arch.

For an ogee arch of three parts divide the span into
three parts (see Fig 106). Find the centre C as before,
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and erect a perpendicular CD. Then with centre C
and radius CE describe the quadrant EF, and divide
EF into four equal parts. Join E to G, the last division
of EF, and produce to cut CD at H. Through H draw
HK parallel to EC. Join CG and produce to cut HK
in K. This fixes the centre for the upper part of the

though usual, is not a hard and fast rule, and the lower
arcs may be taken from any other point if the design
permits of it.

FrLAaT ArRcHEs.—The use of a whole stone without
joints, Z.e. a lintel, is the most economical method of
carrying a load over a small opening. Where, however,

Fi1G. ros.

ogee. In this instance the ogee is flattened, and
naturally becomes more so the more points the span
is divided into.

The design of ogee arches admits of infinite variety.
Thus in Fig. 107 an arch is shown in which a similar
process is employed to that described above, but AB,

F1aG. 106.

BC, and CD have all been made equal; while in
Fig. 108 an arch is shown where the span has been
divided into eight equal parts, the centres taken where
shown, while the lower curves are divided into five
equal parts.

The object of taking the most prominent point of the
hood-mould when striking the lower arcs is to make the
mitre at the apex work conveniently. This, however,

openings are large,—or from the nature of the stone
scantling lengths are inadmissible,—various systems
of jointing are practised, as shown below.

Radiating Joints (Fig. 109).—In this case the skew-
backs are projected down to meet at the point C, from
which the dotted curve AB is struck. The arc is
divided up into an odd number of equal parts as in
the case of a segmental arch. Lines radiating through
these points from centre C mark the joints.

Stepped Joints.—The same method is adopted in the

F1G. 107.

case of stepped joints (Fig. 110). The joints are,
however, not continuous, but, as the name implies, are
rebated or stepped. The work is more expensive, but
is certainly very stable.

Joggled Joints.—Another form, somewhat similar, is
termed joggling, and consists in leaving a rounded
projection on one face of the joint, and a hollow on the
corresponding face of the adjacent stone, as shown in

I

s Sl S

e
U, | BRSNS~ SEpTONE N

i

B S e o

Fia. 108.

44

——
P ———
—
————
—
e ]
—t ]

Fic. 111.

Fic. 112.
61



D2 Modern Buildings

Fig. 111. This is perhaps more applicable to terra-
_ cotta work.

For small openings some method such as is shown
in Fig. 112 may be adopted. This is expensive on
account of waste of stone in working, but it gives a
very fine effect when well treated.

To set out the stones for cutting to the shapes re-
quired for the various positions of a square-headed
window, see Fig. 113, which shows the elevation of a
window head formed as a flat arch. In order to show
the method of working the stones, take, for example,
the angle stone AIBCD, whose elevation is its face
mould. The bed mould ADFE is simply a plan of the
above AIBCD with the moulding and rebate worked
upon it.

The joint mould would be a projection on the raking
plane IB, making the moulding somewhat elongated.
This joint is set out by applying the mould to the
square end of the stone, as shown by the dotted line 1K,
and cutting the mouldings back to the mitre line IH,
the vertical portion of the moulding being worked up
from the bed to meet a line drawn horizontally from the
point I, and then continued as necessary to form the
mitre with the horizontal moulding. The bevel is then
set to the raking plane IB and the stone cut back to
the joint.

To illustrate this more clearly, Fig. 113 shows an
isometric view of the stone AIBCD, the plane face

B,C,D, representing the similarly lettered face BCD on
the face mould.

The letters A}, K;, Y, and V represent angles of the
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squared block from which the stone is cut, which have

to be removed in bringing the stone to its required
form.
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CHAPTER VIII

ARCHES—CIRCULAR ON PLAN, OBLIQUE AND BATTERED

(Contributed by Warrrr HooxER)

A pPROBLEM of some difficulty is encountered when an
arch has to be constructed in a wall which is circular
on plan, or in a battered wall, or when the axis of the
arch runs obliquely to the face of the wall. The follow-
ing examples will show how to set out such arches, and
how to work the various stones for them :—

Arched openings in circular walls.—To set out and
construct arched openings in circular walls is a problem
frequently met with in buildings of the rotunda class,
or circular apses of cathedrals, etc.

Fig. 114 shows an opening in a circular wall with an
arch surmounting it having the intrados of its outer
face semicircular on development.

In this instance the reveals of the opening radiate
from the centre, from which the plan of the wall
is struck, and as the external arch is semicircular and
the soffit at the crown is horizontal, the interior arris of
the arch will form an elliptic curve on development,
with half its major axis equal to the height of the arch
from springing line to the crown, and its minor axis
equal to the length of the arc BC on plan.

Fig. 114 shows a plan of the opening with centre
line OX, where AB and CD are the reveals.

On any horizontal line YY, with X, as centre and
with radius equal to the length of the arc AX, set up
the quadrant AE. Next set out the points B,, etc.,
making B,X, and C,X, each equal to half the length of
the arc BC, and draw the half ellipse B,EC,.

These two curves AJE and BE will give the
development of the outer and inner line of the stones
composing the arch of the soffit. Divide the outer curve
AE into any uneven number of equal parts required to
form the voussoirs, and draw lines radiating from the
centre X, which will give the joints. From the points
of contact of the joints with the outer arc draw lines
parallel to the springing, and cutting the ellipse as shown.
These will give the line of the bed joints on the soffit.

Draw GH on plan radiating from the centre O,
making AG equal to the required depth of the arch.
Make X, G, on the springing line equal to the arc XG on
plan, and with the centre X, and the radius X, G, describe
the arc G,K. This arc is the development of the
extrados of the outer face of the arch. Make X,N, on
the springing line equal to half the arc HN on plan,
and X, M equal to X,G;. Then with X,N, as minor axis
and X, M as major axis describe the quarter ellipse MN,

shown dotted on elevation. This quarter ellipse is the
developed elevation of the internal extrados. Complete
the outline of the bed joints, which will be parallel to
the springing line on the extrados and will radiate from
the centre X, on the internal face as indicated by the
dotted lines on the right-hand side of the developed eleva-
tion. Project the points a, &, ¢, d, etc., horizontally

SEMI-CIRCULAR ARCH CIRCULAR O71 PLAN
MALFCONVEX SIDE  HALF CONCAVE SIDE
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on to the curve EC, at ay, 8, ¢, d,, and ¢, respectively,
and through «,, &,, ¢, d,, etc., draw the radial joints.
The arch may be constructed with the extrados
and intrados forming concentric circles, as described
up to the present. In practice, however, it is almost
invariable to step the extrados so as not only to
make a sounder job by bonding in the arch stones
to the adjacent masonry, but also to save the labour
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of working twisted faces on the stones next to the arch
wing. For this reason a stepped extrados is shown in
the figure, the steps being set out upon the developed
elevation. It will now be seen that on the left-hand
side of the line XX, a front developed elevation of the
arch has been drawn, while on the right-hand side of
XX, a development of the internal face is shown.

From f drop the perpendicular fo on to YY, and
from the arc XP cut off a part X/ equal to X, . A line
drawn from /£, radiating from O, marks the position on
plan of the joint f%, in the elevation. In the same way
all the other bed joints can be found, thus completing
the plan. The object of the above drawings is to find
the shape of the moulds from which the stones are to be
worked. For the sake of example the springer on the
left-hand side of the arch will be considered, every

S m

developed elevations respectively of the stone, as shown
in Fig. 114.

In working stone No. 1 a roughly square block
is taken and the top and bottom beds are worked
parallel to each other. The bed mould is then scribed
upon both beds, as shown at T, Fig. 115, where afySee
represent the block from which the stone is cut, with
the bed mould scribed upon its upper surface. Next,
the stone is cut along the face Pp and Ka, care being
taken to keep PQ vertical. The convex and concave
faces are next worked, being boned across from the top
and bottom beds, the stone then presenting the appear-
ance of U, Fig. 115. The face moulds are then bent
against and scribed on to their respective faces and the
joint fKam is boned across. It should be noted that
there will be a slight twist on this joint. A chisel
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operation required to bring it from the rough block to
the required form for setting in the arch being explained
in order.

7o set out the moulds.—For-each stone a bed mould
and two face moulds are required, one for the internal
face and one for the external face. In Fig. 115 the
moulds for the springer and the next stone above and
the keystone are shown. The bed mould of the springer
is simply a replica of that shown upon plan in Fig. 114,
each point of the bed mould being similarly lettered to
the plan of the springer in Fig. 114. The external face
mould is similarly a replica of stone No. 1, as shown on
the left-hand side of the developed elevation, and the
internal face mould is a replica of the same stone on
the right-hand side.

The moulds of stone No. 2 and of the keystone are
also replicas of the plans, and the external and internal

£

draft is cut on both faces along the lines A% and C,a,,
and the stone is completed by boning the soffit across.

The same method of procedure is carried out for
the remaining voussoirs, the keystone being a little
different, as the soffit and the outer and inner face only
would be curved. The soffit would be in this instance
of very flat camber and slightly twisted. In actual
practice the joints would be slightly spiral.

OBLIQUE AND BATTERED ARCHES—To find the beds,
faces, and moulds of the stones in an oblique arch, one
face of which has a batter of 10 degrees off the
vertical.

Let ABCD (Fig. 116) be the plan of an oblique
opening in a plane wall battered on the external face,
ADEF and BCGH being the plans of the bed joints
of the springers.

Let A;]B, be the elevation of the arch as projected
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on to a plane parallel to the face of the wall. This
elevation is made semicircular.

Divide the arc A JB, into 7 (or any other odd
number) equal parts, and draw radiating lines from
the centre X through the points thus found, as «a, &,
¢, dy ¢, and f. These lines will show the joints of the

ELEVATION ON 4

From the points «, 4, ¢, etc., let fall perpendiculars on
to and beyond AB on plan. From the points a, &, ¢,
etc., draw lines parallel to A,B, intersecting H,K, and
with H; as centre describe arcs from these intersections
cutting the battering line H,L at 1, 2, and 3. From
1, 2, and 3 draw horizontal lines cutting H;K at 1,, 2,,
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voussoirs of the arch. Complete the elevation. The
extrados may be stepped as explained in Chapter VII.,

or it may be a semicircle as shown.
At H, draw H,K perpendicularly to F,H,.

From H; draw H; L, making an angle of 10 degrees
with H;K to indicate the batter of one face of the arch.

VOL. V.—5

and 3,. Then @,a, and f| £, on plan are each made equal
to 11,; 8,6, and e,e, are made equal to 22,; ¢, and
d,d, are made equal to 33,.

A curve drawn through a,, &, ¢, etc., will give the
plan of the intrados. The points a,, &, ¢, etc., are
found in a similar manner, and a line drawn through
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them will give the extradosal line (or plan of the
extrados).

To obtain the rectangular section through the arch,
let MN be drawn at right angles to AD produced.
Project the points of the voussoirs both of the intrados
and extrados to meet MN and parallel to AD. Mark off
the heights of the joints—shown above A, B, in elevation
—above MN, as at a,, &;, c,, etc., and connect as before.
The intrados of the arch will then be defined by drawing
a curve through the points a;, b, cy, etc., as in the illus-
tration. The points a, by ¢4y etc., are found in a similar
manner, and the elevation is completed as shown.

To project the faces of any voussoirs :—

Take, for example, the keystone. Draw any con-
venient straight line y= at right angles to AD on plan
through the stone required, and with this as a base
take the distances above and below, and mark the
same above and below any convenient straight line

YZ ; the distances of the faces along the line of YZ
being transferred from the upper elevation as Ry £ €y
Coy dyy dyy and 4.

These points being joined and the curved surfaces
transferred will give the bed moulds and joints. The
faces are found by rotating the lines on a base such as
the soffit mould, until they form the true shape of the
stone as shown in the projection.

If the development is set out on the above lines on
a piece of cardboard and rotated as above described an
accurate model of the stone should be the result.

An isometrical view of the apex stone is also shown
.wi15h the projected faces in true juxtaposition, enclosed
In 1ts corresponding block of stone.

A somewhat similar though rather more complex
example of an oblique arch in a battered wall is shown

in Fig. 121, where the arch is shown penetrating a
semicircular vault.

Cylindrical or
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CHAPTER IX

VAULTING

(Contributed by Warrer HoOKER)

A vaurr is an arched covering over an apartment.
Vaults usually take their name from the nature of the
curve forming the intrados of their cross section.

CYLINDRICAL OR BARREL VaAuLTs

The most simple form of vault is one having its
cross section semicircular, as shown at AB in Fig. 118.
This form is sometimes carried out with stones of
even thickness throughout, and sometimes with stones
decreasing in thickness towards the crown of the arch,
as the thrust increases from the crown to the springers.
Heavy masses of masonry must be provided to form
the supporting walls, to ensure stability against the
thrust and weight.

The details are simple enough, each voussoir being
of regnlar section, with its beds and faces similar as to
bevel except as to the magnitude of the stone. For
instance, the bevels for the joints are at a regular
angle with the axis in all cases, as are also the face
bevels (intrados) which would be parts of the semi-
circle of the vault.

Fig. 117 represents a stone in perspective, being
one of the members of a plain cylindrical vault struck
from centre C. The dotted lines described around
the stone show the squared block previous to being
shaped ready for its final use in the vault.

The dotted line DD represents the axial line of the
stone, and serves to set out the bevel or rake of top
and bottom beds. The intrados and extrados are cut
to bevels set to arcs of circles with centre C.

A further advance is made where side openings or
subsidiary vaults are introduced.

Fig. 118 shows the simplest case of the interpenetra-
tion of cylindrical vaults, in which the space to be
covered is square, the vaults being consequently of
equal span and rise. The groins, or intersections of
the vault surfaces, form diagonals which on plan are
at right angles to one another, and cross from corner
pier to corner pier, both on the intrados and extrados.
These form straight lines on plan. A section through
one of the diagonals from corner pier to corner pier
gives a semi-ellipse, as shown in Fig. 118 and explained
in Chapter VI.

The method of setting out such a vault is as follows :
Draw the plan ABCD, showing the bed joints of the
springers and the groin lines. Set up the sections of

the vault as shown, divide them up into an odd number
of equal parts, and draw in the joints radiating from
the centres from which the intradoses are struck. The
first joint from the springing line is wusually made
horizontal, and the second stone has its upper surfaces
formed as shown. These lower stones are not
invariably treated in this manner, but it is only waste
labour to cut away the stones to form the true inter-
section of the cylinders on the extrados, especially as
the load is required at this point to resist the thrust of
the vaults ; and, moreover, this method of treating the
joints enables the building in which they occur to be
carried up and the timber roof constructed before the
rest of the vaults are completed under cover.

The joints can now be indicated on plan; the radial

FiG. 114

joints or beds of the intrados being projected to meet
the diagonals for the plan looking up, and those of the
extrados being similarly projected for the plan looking
down. The plan looking up is shown on the left-hand
side of Fig. 118, and the plan looking down is shown
on the right-hand side. The transverse joints are made
vertical, and those occurring at the groins are drawn
in first, and are projected from the junction of the bed
joints on the extrados of the section, except in the case
of the keystone where the four arms have been made
of a convenient length. The other vertical joints are
drawn in anywhere so long as they break-joint on plan.

The sections along the intrados and extrados are
also shown upon the plan, the dotted lines being
ordinates which have been made equal to the ordin-
ates of the cross section taken from the springing
line.
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To make the drawing clearer, sketches of the three
lowest corner-stones and the keystone are shown.
Bed and face moulds of stones Nos. 1, 2, 3, and
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work the top and bottom bed joints parallel to each other,
making the vertical distance between them equal to the
vertical height above, as shown on the face mould, and
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the keystone are also shown at the bottom of the

figure.

To bring the springer No. 1 to its required shape,
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faces square with the bed, scribe on the face moulds,

and work the curved soffits, care being taken to keep-
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the groins absolutely true. For stone No. 2, work the
top and bottom beds parallel to each other and at
the correct distance apart, scribe on the bed mould, and
work the two vertical faces, scribe on the face mould
and work the splayed surfaces through, and then work
the curved soffits, keeping the groins quite true.

In this case only one face mould is required, as both
the arches are similar.

Where the space to be vaulted over is rectangular
and not a square on plan the vaults may be arranged
in several different ways. Either one of the vaults may
be cylindrical and the other elliptical, or the smaller
arch must be stilted to bring its crown to the same
level as that of the larger arch; or the smaller arch
may be cylindrical and spring from the same level as
the larger arch—in which case the groins will not cross
at the crown. The method of finding the curves of
intersection has already been shown in Chapter V1.

Fig. 119 shows a vaulted roof over a rectangular
space, in which the smaller vault is made semicircular
and the large vault elliptical, to accommodate itself to
the smaller vault surfaces. In this case the smaller
vault is set out to full in section. The bottom beds of
the springers are represented at the corners of the plan,
and the diagonals are drawn straight across from corner
to corner. The soffit joints are now projected from the
section of the smaller vault down upon the diagonals,
and the points thus found upon the diagonals are
projected up at right angles to the springing line
of the larger vault. Portions of these lines are cut
off above the springing line equal to the ordinates ot
the smaller vault above its springing line. A curve
drawn through the points thus found gives the intrados
of the larger vault. The extrados of the larger vault is
then found in a similar method, and the joints are found
by joining the ends of the ordinates. The joints on
plan are similar to those shown in the case of Fig. 118.
The bed and face moulds for the three lowest stones
and for the keystone are also as shown on Fig. 118.
The shape of these stones is similar to the correspond-
ing stones of Fig. 118, as shown by the sketches.

Fig. 120 shows the case of a vaulted compartment
such as would be occasioned by a semicircular vault
passing round a circular building. ABCD is the plan.
AEB is the section of the semicircular vault, which has
been made of even thickness throughout, save for the
two lowest stones at each corner, the joints radiating
from the centre. Develop the line AOD along A,OD;,
and by the method of ordinates set up the developed
section as shown in Chapter VI. Next find the curves
of interpenetration as shown in Chapter VI. Project
the joints on the soffit of the smaller vault on to the
springing line, as at @, b, ¢, d, etc.

Using the centre from which the lines AD and BC
were struck, draw concentric arcs to pass through the
points &, b, ¢, d, etc., and to cut the line of the groins ;
and from the points of intersection thus found
draw radial lines as shown to cut the line AOD at

aly, b1, ¢y, d'}, etc. Along OA, develop the distances
Oaly, O}, Ocl}, etc., as shown at Oay, 0b,, Oc¢; ; and
from the points a,, 4, ¢, &, etc., erect perpendiculars to
cut the intrados of the larger vault section. The points
of intersection thus found will give the position of the
joints on the intrados. The joints on the extrados may
be found in a similar manner. The vertical joints are
put in as shown in Fig. 118, save that in this case they
radiate across the vaults on plan and are concentric
with the lines AD and BC along the vault. The smaller
vault section may be found in a similar manner. The
bed and face moulds for the lowest three stones at
the corner A and for the keystone are also as shown
in Fig. 118. The shapes of these stones are similar
to those in Fig. 118, save that the vertical joints
radiate.

A more difficult case is presented in Fig. 121, in
which an arched opening penetrates a cylindrical vault,
having the external face of the wall at an angle with
the axis of the vault and also battering vertically.

Let the angle of skew of the face be ro degrees and
the batter of the wall 1 : 3. Let CB, AD be the lines
of contact of the beds of the voussoirs at the springing,
and B, J, I, H, G, F, E, A the points at the joints
of the stones which form the semicircular arch, the
centre being K.

Project lines parallel with the axis K, K, from C,
B, A, and D, and draw LQ) the thickness of the wall at
the springing line at C. Draw LM at right angles to
the axis, and set off MN the difference between the
thickness of the wall at L and M. Set NL at 10 degrees
off the line NT (drawn parallel to LM), and draw LO
at right angles to LN. This will form the line of set
back for the projection of the points on the battering
face.

From C erect a perpendicular CP to the springing
line, and draw CQ, at a slope of 1 in 3 from the
vertical.

Project lines parallel with the springing through all
the points of the voussoirs on to CQ, through CP.
The various distances from CP to CQ,, transferred to
LO, will give, by means of lines drawn through these
points and parallel to LN, the positions of the joints
and planes of the several arch stones. Similar lines
projected parallel to K, K, etc., will at their points of
contact with the former define the edge of the arch in
front. Transfer the points to N;R, of the section, and
from a centre whose horizontal distance from R, is
equal to the radius of the vault describe an arc upwards
from R;. This will be the boundary line for the back.
Project the various members as before. The points of
contact thus found transferred to the plan will give the
points for the curve of the arch at the back.

To develop the surfaces of the voussoirs, take, for
example, the keystone H%Z ¢G. Draw a horizontal line
ik, and from % erect a perpendicular %4, equal to Ak,
on plan.

Note.—The four-sided figure %4, g, 2 on plan gives the
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the surfaces, as at gg,2,G, can be taken from the
elevation, the other faces being treated in a similar
way.

The developed figure with its sides revolved on the
joints H#z,, Gg,, and gg; (see Plan) will then form the
voussoir or keystone.

An isometrical projection of the keystone is also

shown, with the enclosing squared block indicated by
dotted lines. Another voussoir is shown both developed
and in isometrical projection.

It should be borne in mind that in using bevels for
the curves of the intrados great care should be exercised

to apply them at right angles to the true axial line of
the arch.
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CHAPTER X

POINTED OR GOTHIC VAULTS

(Contributed by Warrer Hooxrr)

THE term ‘‘pointed” is applied to vaults in which the
surfaces rise to a point at the apex. They are called
equilateral, drop, four-centred, etc., according to the
method by which the section is set out, as explained
in connection with pointed arches in Chapter VII.
Pointed vaults are also termed Gothic vaults, as this
form of vault is the fundamental structural form of
Gothic architecture.

The simplest form of pointed vault is a continuous
pointed tunnel, and ancient examples of this form exist
in the Channel Islands and south-west France, but it is a
form which is very rarely used in modern work, owing to
the continuous thrust that such a vault exerts upon the
walls. It should be noted that the primary object of
Gothic vaulting is to concentrate the load upon certain
points, which are made of sufficient strength to resist
the thrusts ; and to achieve this object the whole vault
is supported upon a series of arched ribs, as shown in
Fig. 122 and Plate IV. The spaces between the ribs,
known as Severies, are composed of comparatively small
stones, arched from rib to rib, thus bringing the centre
load on the vault down to the ribs, and concentrating it
upon the four corner supports. The masonry between
the ribs is also called n/filling or panelling, and work of
this nature is often spoken of as 7% and panel work.
The courses of the infilling are usually, in English
practice, made at right angles to the line bisecting the
angle between the adjacent vault ribs at their springing.
According to French practice, they are parallel with the
ridge rib or joint.

It is interesting and instructive to note that in
Renaissance vaulting the groins were made subsidiary
to the vaulting surfaces, while in Gothic work the
reverse is the case.

The English method of coursing the infilling (see Fig.
122) throws the joints out of winding at the vertices,
and to make good the deficiency diagonal stones,
forming serrated edges or toothing, are introduced to
complete the vaulting. These engage with the courses
of the panel stones and render the fabric homogeneous
and stable.

The diagonal ribs (presuming the vertical arches to
be formed of arcs of circles) will be elongated and
flattened.

Fig. 122 shows how the simplest form of Gothic vault is
set out, ABDC being the plan of a square compartment.

The ribs in this case comprise :—

1st. The wall or longitudinal ribs or ribs against the
side wall of the compartment, as at BD. These govern
the curvature of the vaulting in a great measure, as on
them depends the height of the arch above the
springing.

2nd. Transverse ribs, or ribs running transversely
across the opening, as AB and CD.

3rd. The diagonal ribs AD and BC.

It is customary to set out the curves of the wall or
transverse ribs first.

In this case it is also presumed that the apices of
all the ribs are in a horizontal plane, so that the radii
of the diagonal ribs will require to be proportionally
less than that of the transverse or wall ribs in order
to bring their apices at the same height and keep a
similar curve; and all the centres must be upon the
springing line.

In this example, the compartment being square, the
curves of the wall and transverse ribs are struck with
the same radius. The diagonal rib is struck from two
centres, the lower arc being struck with the same radius
as the wall and transverse ribs, whilst the upper arc is
struck from a centre within the radius of the former
and on a line at right angles with the tangent to the
curves at their point of junction. The variation of
curvature in the diagonal rib should occur where it
becomes entirely clear of the transverse and wall ribs.
This can be so arranged that the apices of the two ribs
are of the same height from the springing.

The feet of the ribs on the springing line now require
to be adjusted.

If there is a cap forming the base of the ribs, its
spread or abacus will form the seat of the members of
the ribs, and the faces of the mouldings should be so
adjusted as to evenly separate as they rise above the
springing line. In the present case the outer members
of the ribs are adjusted to form a neatregular figure, as
shown on plan.

Elevations of half the wall and half the diagonal rib
are now drawn showing the nosing line and the thick-
ness of the infilling (see Fig. 122).

The first few courses are always worked with
horizontal beds, and it is not until the ribs begin to clear
each other that the beds are made radiating from the
centres from which the arcs are struck.

Pointed or Gothic Vaults

dicular from the point of contact E of the outer faces of
two adjacent ribs on plan until it cuts the upper outer

This ‘“‘tas de charge,” as it is called, enables the
walling to be continued and the roof covering put above
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it, and for the vaulting to be added later under cover
when settlement has ceased.
The point of clearance is found by erecting a perpen-
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edge of the rib in question on the elevation.

lines Ea and Eb.
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into inclined planes at right angles to the several ribs
- which spring therefrom, as at ac and é4.

The springers are worked from a stone of dimensions
sufficient to contain the ribs at the springing line,
together with sufficient material for bonding into the
wall, as shown in its plan on Fig. 123.

The top and bottom joints present no difficulty, as
they are horizontal and parallel. Having brought these
to a surface, mark off by means of templates the
moulding on the bottom bed and the spread due to the
rise on the top bed. The templates for stone No. 1 and
No. 3 are shown in Fig. 123. It will be seen that the top
bed mould for stone No. 1 forms the bottom bed mould
for stone No. 2, and the bottom bed mould for stone No.
3 forms the top bed mould for stone No. 2. It should
be noted also that, save in the case of the bottom bed
mould, the sections of the mouldings as shown upon
the bed moulds are not the same as those shown in the
section of the ribs, but the former are projections of
the latter (which have their true section along radial
planes cutting the curves of the ribs) upon the horizontal
planes of the joints.

The position of the curve of each rib is found and
marked on the stone, and templates cut to the curve
are applied to the nosing of the stones to which the
faces are worked. The mouldings are then cut into
the marks on the top and bottom beds.

The intermediate stones present no difficulty, as they
are simple sections of each rib with the beds cut to
bevels radiating from the several centres of the arcs
or curves (as the case may be) from which the ribs
spring. The backs of the stones are rebated to form
a key for the panelling or vaulting surface between
the ribs.

The keystones usually require somewhat different
treatment, as the junction of the ribs being on different
planes the mouldings do not mitre correctly. It is
usual in this case to form the keystone as a boss or
carved projection, and to let the ribs disappear behind
the carving.

In the present instance, as the ribs intersect at right
angles, mitres could be applied with propriety, a plan
of the key being shown (see Fig. 123) together with an
elevation giving the bevel of the joints and the face of

-one of the joints with the moulding of the rib in section.
The dotted lines indicate the outline of the squared
stone before the operation of cutting is proceeded with.
The face of the joints would be worked first by means
of proper bevels raking from the squared surface of
operation.

In all cases the joints are worked to a plane surface
first, and to the true rake ; and on each joint the section
of the moulds is punched in on the faces thus formed by
the aid of zinc templates accurately cut to shape.

The stone is then worked to the mouldings back
towards their intersection or mitre iine, and the raking
bevels are applied to give the curve to the face of the
moulds. The top of the stone can follow the same
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bevel or may be left square, the rebates as shown being
used to key the panel stones.

In the case of the panels, the work is built in regular
courses at right angles to a line bisecting the angle
formed by two adjacent ribs on plan. The surface is
slightly concave, thus forming a flat arch. Where two
of these vaulting surfaces unite, the stones along the
groin line are formed as shown in the section of rib in
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Fig. 123, in order to bond with the coursing. In this
case no rib is projected on the groin line. The joints
of the panelling frequently present a twist when seen
from below. This is termed ‘‘ploughshare” coursing,
from its fancied resemblance to that implement, and is
employed to render the thrust on the panel units even
and within the limits of stability.

Reference has been made to cases wherein ribs,
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not meeting at the apex at right angles (such as in
cases where the vaulting surfaces are not square but
oblong) the intersection of the mouldings would not form
true mitres. In these cases the defect, as just said, is
hidden by employing carved bosses, projecting from the
keystones in such a manner as to absorb the mouldings,
which die into the carvings without contact with each
other.

To set the keystone out with its boss proceed as
follows.

Lay out a template with one edge square and the
other laid off to the curve of the diagonal ribs. From
the square edge lay off a line perpendicular to it,
forming the axis of intersection of the various ribs.
Set out similar templates, with the curves of the other
ribs forming the junction at the key, and with square
edges as before; and lay off adjacent to the perpen-
dicular line the portion of the boss that would be required
to cover the mitre were it to be carried through. Cut
away the stone to the curve of the template for the
main rib, and proceed with the intermediates by
applying their several templates at their true angles
with the surface thus formed, and cutting down
until the faces are out of winding. The surfaces will
then show the curves of the ribs on the soffit, the
stone for the boss carving being left for the final
operation. The remaining part of the work is pro-
ceeded with similarly to that described for the ordinary
rib stones. The joints will, of course, be formed at
right angles to the curve of the ribs with which they
are designed to engage.

Plate IV. the work of Mr. John Ormrod, A.R.[.B.A.,
shows the plan, sections, and setting out, together with
details of a continuous groined vault of more elaborate
design than the one previously detailed.

In this case it will be seen that ridge ribs and
intermediates are introduced in addition to the trans-
verse and diagonal ribs. Another feature may be
noticed in that the height of the wall ribs is lower
than the diagonals and transversals. This admits
of a certain amount of rise in the ridge rib connecting
the apices of the wall and the diagonal ribs, and may
be considered as adding both to the beauty and
stability of the general vaulting.

An enlarged plan of the ribs at their junction on the
springing line, together with outlines of the mouldings
at different levels, serves to show the gradual clearance
of the members of the mouldings on the ribs, until, at
EE, their final severance each from the other is com-
pleted and the panelling between them emerges from
the mouldings.

The sections of the rib faces are clearly shown by
the dotted lines over the plan, with the points of
departure from the springing line and the centres from
which they are struck.

The wall ribs in this instance are stilted.

As the transverse ribs more frequently govern the
general characteristics of the structure in this type

of vaulting it is usual to set these out first. The
height of the vault being fixed, the ribs may be struck
either as one or two centred arcs. In this instance
it is one centred, but with the centre well beyond the
half of the span, to give a well pointed arch.

The next point is to settle the diagonals. The
radius should be as nearly as possible similar to that
of the transverse and the centres on the springing
line of the vaulting. The vertical height being set
out by drawing a perpendicular to the centre of the
diagonal on plan, and marking off the vertical height
of the transverse ribs, an arc with the centre of the
boss and distance equal to the height will give the
curve of the diagonal. The intermediates are obtained
by a similar method as respects those engaging the
longitudinal ridge. The cross ridges (from the apex
of the wall ribs to the boss at the junction of the
diagonals) are curved, and are governed by the
difference in the height of the apex of the wall ribs
and that of the junction of the diagonals were they
allowed to meet (presuming the boss to be removed).
This is set out in cross section, and a centre found
that will give a flat cambered arch suitable to the
difference of vertical height between the two points.

The intermediate rib VV can be set out from this
as respects its height, as the position of the point of
junction between this and the cross ridges at the
centre of the boss is shown in the curve of the cross
ridge already laid down, and its springing line is
common to the other ribs.

It should be further borne in mind that, with
reference to the primary ribs more especially, but also
with all the ribs, it is necessary that the separation
of the members of the mouldings and of the disengage-
ment of the ribs as a whole should be effected as
nearly as possible at a uniform level. To effect this,
commencement may be in this instance made with
the transverse rib, which presents no difficulty, as a
simple segment of a circle suffices to define its outline.
The diagonals, however, should be set out as far as
the line of severance of the ribs on plan by a vertical
line, such as Ea or Eb, as shown on Fig. 122, the
joint being shown here as a radiation from the centre
of the curve forming the soffit line of the transverse
rib. The projection is therefore a fixed dimension up
to this joint for all the ribs.

It will be seen by a reference to the plan that the
diagonal has a greater projection from springing to
apex than the transverse rib. It results therefore that
an arc will have to be found that will be tangential to
that from the springing to the joint face, and that
will touch the apex height at the point of contact of
the diagonals.

This can be done by means of the methods set out
in Chapter VI.

The system of arranging the joints and the moulds
and templates required for the various stones has
already been described.
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The bosses, however, merit a further description.
Take, for example, the centre boss, which forms the
Junction of the diagonals and ridge ribs, and is there-
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fore a stone having 8 joints or stumps to engage with
the 4 diagonals and 4 ends of the ridge ribs.

The bed mould is simply a replica of the stone on
the plan, with the adjoining stone work removed, as
shown in Fig. 124.

Buildings

skewbacks for the adjacent stones of the ridge ribs,
as shown in Fig. 125 and in Plate IV. By this
means additional stability is given to the apex stone.
A section through the diagonals, and giving the
radiating joints, appears in Fig. 124. '

The bevels are applied from the surface of operation,
as cd, which is at right angles to @b, the centre of the
stone and the axis thereof. The moulds are used only
to obtain the curves of the ribs, as their direct applica-
tion is not practicable.

The bed mould is scribed on the surface ¢d, and the
direction of the ribs from the common centre thus
accurately gauged.

The radiating joints of the diagonals are next ascer-
tained, and the cross sections of the rib moulds scribed
on the ends both of the diagonals and the ridges.
These are worked up to the boss, and the curves worked
in, the ridge ribs being cut back to the skewback as
required.

The bosses are generally carved, as is shown in
Plate IV., either with a conventional design of foliage
or with monograms or heraldic devices ; but this work
is usually left until the stone has been placed 7 si7u, to
avoid injury to the finished work in fixing it in position.

To more clearly illustrate the method of applying
templates to the centre stones as above described, a
simple example is taken. The mould is shown at efg7
in Fig. 124, the arc fo being struck from centres corre-
sponding with the centres of the arcs of the circles of
the ribs required. This is the mould for the curve of the
diagonal rib, its base being at right angles to the
vertical or axial line. By revolving the mould around
the line @b into the positions shown on plan, the curves
of the other diagonals are ascertained.

il
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The sections are more complicated, and it is better
to arrange the joints in such a manner that those of
the diagonals are struck from the respective centres
of the curves of the ribs. The ridges are better cut
in reverse, and either rebate jointed or made to form

The template for the curve of the ridge rib is also
found and used in the same way.
The curve £/ represents the boss, and would be cut

out from the mould, and the corresponding stone left
on the key.
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CHAPTER XI

DOMES

(Contributed by Warrer HooxEr)

Tue full-page drawing, Plate V., gives the general
drawings with constructional details of a small Mauso-
leum in stone, designed by Mr. E. L. Hampshire,
A.R.I.B.A.

The general scheme will be seen to embrace a severe
Classic chamber, with a vault below, and porticoes on
each of the four facades, approached by flights of steps
in concentric semicircles.

The main principles involve the application of a
domical roof over a four-sided chamber, with the angles
curtailed by splays with salient rings over, forming
pendentives.

The chamber measures 24 feet square from the main
walls, and the diameter of the dome is of the same
dimension.

The walls are necessarily of massive design, to resist
the thrust of the heavy masonry in the dome. These
are further strengthened by the porticoes, and the
stability is increased by the weight of the pediments on
each facade.

The inner curve of the dome is struck from a centre
on a line with the under side of the cornice, and in
section is a semicircle.

The weight of the dome is minimised and economy
studied by reducing the thickness of the dome at the
apex and increasing it at the haunches and springing
line.

The centre for the outer arc of the dome is found, there-
fore, somewhat below that of the inner or intradosal arc.

The setting out for the stones of the vertical walls,
columns, and their entasis, pediments, etc. needs no
further comment, as general details of the method
usually employed are given elsewhere in this volume.

The pendentives and dome, however, require more
particular attention.

It will be seen that the pendentives are generated
from a plane surface oversailing in a curve vertically
to meet the periphery of the dome.

To set out the stones—lay out on a plane surface or
even floor the plan of the wall at the springing line of
the pendentive, which is a right angle formed by the
two main walls, having the entering angle splayed at an
angle of 135 degrees with each face, as shown in Fig.
126.

From C, the centre of the circumference of the dome
at the springing line, and at 12 feet distance from the

wall faces, draw a circle tangentially to the same. This
will give the projection of the pendentive.

The vertical curve is found by setting out the projec-
tion from the wall face and the height at any convenient
point, and proceeding in the usual way when a centre
is to be found, zZe. by means of arcs dividing the
chords. A line drawn through the points of contact of
the arcs will contain the centre of the curve of the
pendentive. This also is shown in Fig. 126.

In setting out the joints, which are shown in Fig. 126
asplane surfaces and not as joggles as in Plate V., each
should be struck to the radius of the circle on plan,
while the beds are commonly set out horizontally,
though it is permissible to radiatethem from the centre
of the vertical curve.

All stones should break-joint. Any one stone can
now be set out by a reference to the plan and section.
(Fig. 126). An isometric view of stone A on plan is
shown in Fig. 126.

The method of bringing the stone to the finished
shape has already been described.

The particular bevels required in this instance are
obtained by reference to the plan, and additional bevels
are taken from the arcs of the pendentive, both hori-
zontal and vertical. There is one feature worthy of
note respecting the obtuse angle at the base of the
stone dying into the curves of the upper portion. The
joggles present no difficulty, provided that care be
taken to allow sufficient stone for the salient joggle
when sawing out of the rough.

A similar system is applied to the setting out the
stones of thedome. As these all have radiating beds
and joints, one set of bevels will apply to nearly all the
stones.

It may be noted that, as the horizontal and vertical
beds and joints are in neither case square with the axis
of the stones, the bevels will have to be made
accordingly. This is illustrated in Fig. 127, showing
the axial line of one of the stones, with the dotted lines
representing the enclosing squared block. These
stones can be prepared in pairs, the saw cut dividing
them being utilised to form a bed or joint, as may be
convenient, and thus save time and labour(see Fig. 128).

Isometric views are shown on Plate V. of various
stones, with the method of joining and details of the
application of secret joints and of the cornice mould,
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Access is given to the main entrance by a flight of"

The plan is laid out on the basis of an octagon, with
buttresses at the salient angles skilfully masked as
four broad steps of semicircular shape on plan, the

columns supporting the well-proportioned cornice.

elevation of the central tower for a new dyehouse
The lower portion is entirely of stone externally with
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Domes

lowest of which is carried well outwards, the end
cutting into the base with a flat sweep.

The pedestals of the columns are carried on a plinth
mould at the floor line, the main portion being of
ashlar with recessed joints running continuously between
the pedestals and forming a regular base to the
building.

The upper part of the pedestals is finished with a

81

composed of two curves of contrary flexure, with a
horizontal band at the junction, the angles abutting
on the blocking course being finished with moulded
consoles. The apex stone is surmounted by a moulded
base carrying an ornamental metal finial.

The entrance is recessed between the pedestals of
the front elevation, with a flat arch in one stone
moulded on the edge and carrying a projecting tran-

NEW DY E HOVSE

| /

Part Plan

4
\

7/ Part Plan

lookirg 227

(@ REMOVE

=

PAvER WITH
BracK Arp WHiTeE Tiies

of’ Pore

‘Winoow HERE AMD O
X, COF RCOFONDING 210
\OPEXT SRRAL STAIRD

N\ PorTERD OFFIcE & §
e —— = — o

a) s
TO SHOW\PL THO N\, KA

<

;

IRoM GRILL\E:

/

Half Plan of Zzwzwee #2777 ete:

(o} 1 2 3

5 =] 7 8 a 10 1" 12
} } Il ]

h]mtllu% | } |

1 i 1 i
I 3 E j ——|

|

Scale oF FEET

Fic. 129.

cornice mould of regular design, on which the bases of
the columns rest.

The columns are of rounded section on the face,
their backs being jointed with the brickwork of the
main wall, and their lower portion interrupted with
alternate squared stones and completed with a cap and
neck mould. Over these a heavy entablature is
supported, with architrave, frieze, and cornice, finished
with a blocking course.

The whole is completed by an octagonal domed roof,

VOL. V.—6

some over, which also forms a sill for the window and
constitutes a horizontal band with the adjacent walls.
Light is provided by semicircular openings with
alternate arch stones and brickwork, the stone
voussoirs being salient.

Circular bullseye lights or lunettes are provided with
moulded arch stones and keys at right angles to each
other.

Respecting the individual portions of the stonework,
such as the doors, windows, columns, entablature, etc.,
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