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PREFACE TO THE 1918 EDITION OF SECTION II—MASONRY.
Ters section has been entirely rewritten and brought up to date.
New chapters have been added on Plant and Scaffolding, Con-
crete, Pointing and Plaster.  Appeudices have also been added
regarding mortars and specifications for different kinds of works,

Chapter VI— Masonry works in foundation and wells,” merely deals
with the general question ; details of complicated foundations are given
in Section VII—Bridges.

I wish to thank Messrs, Darley and Stampe, Executive Engineers,
for the useful suggestions which they have made in certain chapters which
they have examined.

G. T. BARLOW,

Chief Engineer and Secretary to
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ROORKEE TREATISE.
Section IL—MASONRY.
CHAPTER I.

DEFINITIONS AND PRELIMINARY OPERATIONS.

1. Masonry is the art of raising structures in stone or hrick.

Masonry is classified exther from the natnre of the mutetil, as Stone
or Brick Masonry ; or from the manner in wiich the material 13 prepared,
as Cut Stone or Ashlar Masonry, Rubble Musonry, Cyclopean Masonry
Concrete, Plum Concrete, Reinfurced Concrete, ete. And in India there
are also pukka, Lachehaspukka, or kacheha stone or brick masonry ; pulka
consists of burnt bricks or good stone laid in lime mortar ; kecheha-pukia
of burnt bricks or stone Iaid in mud, und kackcha of sun-dried bricks
laid in mud.

In England the word masonry is seldom used in as broad a senta
asit1s in India : for there it rafers only to strnctures buily with stone
while those built with bricks are called brickwerk, and a mixtare o1
small pieces of bruken brick or stone with mortar is known as concrete.

2. Definitions of terms used in masonry :—

Face and Facing.——The front or outside of a wall or structure is
called the Face and the materials which form 1t are called the Facing.

Back znd Backing.—The inside of a wall or structure is called the
Back, and the materials which form it are called the Backing.

Filling is the interior portion of the work between the Facing and
the Baching.

Bed or boild. ~The lower surfaces of thestones or bricks of each
course are termed the bed or builds.

In stones the bed is always parallel to the layer or strata of the rock.

Bides are the surfuces which bound the bricks or stones in & girection
transverse to the faces and beds. )

Joints,—The mortar joints between the courses normal to tho pressure
are called the bed points; the joints transverse both to the beds vad taces
are termed side joints or simply joints,

Course —Bach norizontal layer or slice of a masonry structure taken
between two bed joints is called n Courre. When the layers are of equal

1



2 CHAPTER L

thickness throughout it is termed regular coursing ; if tho thickness varies,
it is termed random or unequal coursing.
Batter is the slope of the face or the back of & masonry structure.

Fg I

Sped Foce
celted batter

Header is a brick or stone which lies with its greatest length perpen=
dicnlar to the face of the work. See Fig. 2. .

Stretcher is a brick or stome which lies with its greatest length
parallel to the face of 2 work, See Fig. 2.

Through is a header which reaches from the face to the back of a
structure.

Binder is a header which only reaches part of the distance between
the face and the back of the wall.

Bond is the name given to the arrangement of bricks or stomes in
each course, so as to ensure the greatest possible amount of lap, and also
to prevent the vertical joints between any two courses making a continuous
straight line. See Plates 2, 3, and 4.

Closers are pieces of brick which are inserted in alternate courses, in
order to prevent two headers from being exactly
over the stretchers of the lower course and to @
obtain a lap. See Fig. 2.

Queen closers are bricks cut longitudinally King Clamar
in half, or specially moulded bricks of this size.  See'Fig. 2.+



DEFINITION AND PRELIMINARY OPERATIONS. 3

King closers are bricks cut Itke Queen closures on one face, but cut
at such an angle as will give the full width of the brick on the other
face. See Fag. 2.

Breaking joint occurs when the bond is properly carried out, or when
there is no continuous straight line between tho jomts of any two bricks
or stones either honizontally or vertically.

Bats are small broken pieces of bricks.

Frog is an indentation on the top surface of a brick, made with the
object of forming a key for the mortar, and also for reducing the
weight,

Footings are the projecting courses which are built at the bottom
of a structure, with the object of distributing the pressuro over a greater
area of foundation.

fg. 3,

A
g sy

Plinth is a projecting base of a wall, and is built to increase the
stability, and frequently to improve the appearance of the structure.

\F-Corcrets foundation .

Quoins are the external corners of building, The term is also
applied to the specia) bricks or stones with which these corners are formed.
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They are of Jarge size, and form the header of one face und the stretcher
of the other face.

FES
pAi]
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Furrgwell Ovoins:

Corbel is a stone or brick which projects from a wall in order to
support some projectin feature, such as a cornice, parapet wall arch,
ete.

fig 6

Cosseting a besch wa

Cornice is a projecting moulded or ornamental course or courses near
the top of a wall.

Fig 7

g5 N

Cormce

Coping is the top course of a wall, made of a special shape or form in
order to protect the masonry from wet, or other injury, snd alo to
jmprove the general uppesrance. In stone-work it is generally made
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of ashlur, and the blocks are prepared to cover as large a space as pos-
sible,

Voussairs are the blocks ot trick or stone which compose the courses
of an arch. &er Fig. 9.

Skewbacks are the upper surfaces of the abutments or piers from which
an arch -prings, and are so formed as to radiate from the centre of the
urch. See Fig. .

Fig.9.

- vssow

Skrwbacke=Ye — -Span- —-— x> =,
p Skewback="| gt Skewback
Aeutment A Springing e Ceatre R gputment
’ —

Springing live is the intersection of the arch with the body that
supports it.  See Fig. 9.

Key is the central souseoir at the crown or top of an arch.  See Fig. 9.

Intrados or Boffit is the under or concave side of an arch. See Fig. 9.

Extrados or back is the upper or convex side of an arch.

Haunch —The pame given to the lower half of an arch, from the
springer midway to the crown. See Fig, 9.

Bpandrels are spaces directly over the extrados of an arch, and under
the horizontal line drawn through the crown, See Fig. 9.

Abutments are, in the case of a single arch, the structures which
support the arch and from which it springs ; and in the case of a series of
arches the structures swhich support only the ends of the series, See Fig. 9.

Plers are the infermediate structares between the abutments which
support & series of arches. See Fig. 9.




8 CHAPTLR I

tested as above deseribed, doing the same at both ends of the building. This
will effectually check the large rectangle. The measurement of other
necessary parts of the building, and of cutting lines, ete,, should be laid
off from this corrected rectangle. Any inaccuracy is thus avoided as it can
only accur within these limits, and then must show itself, as the number
of roums and walls must fit exactly. Each corner of cutting line of each
room or passage should he marked with a small peg, and its position
checked both with regard to its own diagonals, and to the main rectangle.

In laying down this first rectangle, it will be found most convenient
to place the pegs at the corners, but as the sides of it represeut face
lines, and not excavation lines, their prolongations must be marked either
with Jong pegs or pillars, as above described, according to the length of
time likely to elapse before the mason requires to refer to them.

‘The cutting lines may now bo scored on the ground, or marked with
Tines of surkhi, and 2ll pegs and strings, not required for future reference,
taken up so that the lahourers may work unimpeded.

The foundation trenches can now be excavated, hut before any con-
crete is laid the Engineer should always satisfy himself that these have
heen dug to the full and correct depth.

When the concrete is completed its top surface level must once more
be most carefully checked, and on this the lines for the superstrueture
laid down with absolute accuracy, This is done as already described
above hy measuring from the guiding pillars.

The lines are usually traced on the concrete surface by stretching
strings which have bren previou-ly dipped in 2 mixture of charcoal
dust, and water, between mearured points; these when pressed on the
concrete surfuce leave a fine black line,

The foundation for the superstructure of the whole building having thus
been traced aut, the Engineer should satisfy Limself that all is carrect, for
the least mistuke here may lead to an error which cannot be rectified later.

6. Should it be required to lay out a building on very broken or
sloping ground the Engineer would use his discretion ns to previously
levelling the site entirely or partially. Sometimes it would be suflicient—
on rocky sloping ground, for instance—to render the slope sufficiently
uniform to admit of the Lypotenuse corresponding to the several distances
murked on plan, and the regular slope of the ground, Lemy laid down;

but it would, as a rule, be a quicker plan to level the site, sny, down to the
lovel of the top of plinth, or down, say, to tlat of top of foundations,
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Circumstances wonld, however, fix tha point down to which it would bo
most advisable to cut away the ground.

7. In the case of a bridge the first line to lay down 15 the contre of
the roadway, marking on 1t the centre of the stream, canal, or railway. All
measurements across the stream are taken on this hine, and the breadths of
the work sel out half on each mde of it. When this has to be done on
level ground it is sumplo, but to do 1t at the bottom of a foundation pit
blocked up with baulks and shores, and ankle-deep in mud requires both
practice and patience.  Let us take the case of patting i the abutment of
a bridge, any error in the position of which would render the work uscless.
The leading lines baving heen lad down on the drawings, the first thing
to be done, before breaking ground, is to set out tho centre hino of the
roadway very carcfully with a theodotite and rangmng rods, for a
considerable distance on each sido of the work, and to fix its position by
erecting the maconry pillars with cuts on them, m some part of tho line
where thero is no chance of therr being disturbed. [t must always be
remembered that this centre line should be most caretully placed with
reference to the line of the stream.

Next, the exact position of the abutment on tho centre line should be
decided upon, and fixed by setting out another line at right angles to the
first as ¢ d, which would also bo cxtended beyond thoe works, and its
position fixed by masonry pillars, the exact position of the live on the head
of each pillar being marked by a cut.

[eguti]
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10 CHAPTER]I.
The reduced level of the top of these pillars should be the same, and
its relation to the bridge floor should be carefully recorded.

These guiding lines having now been permanently secured, the plan of
the abutment may be set out on the ground, the dams constructed, and the
carth got out to the required depth. By the time the excavation is ready
for commencing the work it generally presents a forest of stays, struts,
and shores that would defy any attempt at setting out the work on its own
level; it must, therefore, be set out at the level of the top of the dam, and
the points transferred or dropped as follows:—

Furst, the position of the centre line is ascertained by reference to the
main pillars, and nails being driven imto the timbers at the sides of the
dam, a fine line is strained across, the position of the line ed is found, and
a second line strained across 1n the same way. In a similar manner other
lines are strained from side to side at the required distances, the lengths
being measured from the line ed, and the widths from ab, antil the outline
of the foundation course is found; the angle points are then transferred
to the bottom of the excavation by means of plumb-lines, and the work is
commenced, its accuracy both horizontally and vertically beng easily

tested by measurements from the lines ab and ed until it 15 so far advanced
as to render this unnecessary.

In very large works snch as a big bridge or masoury dam where
accuracy is essential, the guiding pillars are built bigh up either side of
the work as described. The distances between pillars may however be
very great and therefors intermediate points are given with a theodolite
as the work proceeds. Strings can then be stretched between theso
intermediate points for constructing the work as already described.

8. Preluninary operations.—No nttempt should be made to start a
masonry work till all thy preliminaries bave been arranged; and the
collection of plant and materials is in foll swing, The preliminary
operations for a large wotk may take many months, but the more thorough-
ly they are dome the quicker and smoother will be the execution of the
actual work.

The Engineer should consider and arrange for the plant, maternls,
labour, and staff, that he will require at each stage of the work, otherwise
there will be most disappointing delays, the contractor’s expenses will
increasn, and he will give trouble when he realises that the work is no
longer a paying one. Arrangements should be made for a continuous
supply of bricks, stone, Aankar or lime, sand and fuel as may be necessary.
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Roads or lines are required to ‘bring the materials to the sites of the
works, and machinery may be required for pumping or for water-supply for
grinding lime or mixing mortar, for stone-breaking or hanlage purposes.
Lime kilns and godowns for storing lime and other materials are generally
mecessary, and often some accommodation is required for the staff and
workmen.

A proper supply of good drinking water is probably the most urgent
of all preliminary operations, and it is the one that is most commonly
neglected. Local wells are sufficient for small works, but large works
require special wells and arrangements for the prevention of pollution; or
it may even be found to be necessary to construct a water works system,



CHAPTER IT.
PLANT AND SCAFFOLDING.

9. Plant —In England it is customary for contractors to supply all
the tools and machinery, the scaffolding and falsework which may be
required for the proper execution of the works, and these are included in
the contract rates. In India smaller contractors are generally employed,
80 it i3 customary to provide all machinery, pumps, tram lines, ete.
Seaffolding is generally provided by the contractor, but when there are
elaborate centerings for large arches, or falsework for reinforced concrete,
it is customary to carry out the work by departmental agency or by a
separate contractor.

10. Machinery.~—~For small 1solated masonry works no machinery is
required. Burnt kankar can be ground, and mortar mixed wet with the
ordinary mill stone drawn by bullocks. On large works, or when there
are a large number of small works near each other, a better outturn both
in quality and quantity can be obtained by the use of disintegrators and
mortar mills driven by portable engines; and tram lines and trncks
should be used ifor tho carriage of bricks, stone, Xankar, and mortar to
the works, or from one part of the work to another.

Tho ordinary steel tip truck which is used for earthwork (see Chapter
I11 of the Earthwort AManual) 1s most usoful for the carriage of lime,
mortar or ballast from ono part of the work to another. For the car-
riago of stone from the quarries to the works tho truck should be removed
from tho wheel frime, and a base for the stones should be made with
thick wooden planks. |

11, Instruments used in buildings —The Level and the Theodolite
are required for setting out all large works, and later on for checking and
setting out the courses as the work proceeds.

Tae mason’s 6pirit level is very useful for laying out short horizon-
tal lines, or lines where absolute accuracy is not essential and it is
generally used in cogjunetion with the siraightedge.
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A mason’s level i3 also used for checking the accuracy of bed and coping
stones, and in other places when a horizoutal surfacs is required.

Tae Straightedge 1s a thin strip of wood or steel 2 to 3+ long; it is
continmally used for checking or laying down short straight lines or plain
surfaces.

The Bquare i3 used for setting out right angles; 1t is formed of iron,
having one arm 127 and the other 24 long. Large sizes of squares are
made of thin strips of wood and are useful 1 laying out right angle.

Fig I3,

£ 23008 1y02der Sguare:

The plumb-rule and plumb-bob are used for seiting out or testing
vertical lines. The plumb rulo consists of a flat, straight-édged thin piece
of board, with a line marked on it parallel to one of its edges. When the
instrument is vertical the plumb-bob falls directly over this line.

fig 1

<

bbb Fite

F#tumb 8o

—
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A Batter in a masonry wall is laid ot with a bevel plumb-rule (see
paragraph 32 of the Earthwork Manxal). The rule consists of three strips
of wood which are fastened together in the form of a triangle to make
the batter required. One stiip is horizontal, the second s vertical witha
plumb-bob like a mason’s plumb-rule and the third side gives the correct
batter.

Fig 18
AN Rt

@ Flums 8ed

When the face of a wall is curved it must be set out by a face mould.
This is a narrow flat board with one edge cut true to the required curve of
the wall, and with a straight line marked on it, which is set truly vertical
by a plumb-bob.  Large face-moulds are made of several pisces of timber
framed together.

The trowel is used for spreading mortar, and in England where it is
larger and heavier than the tool used in India, it is also used for breaking
bricks or cutting them into a sloped form, .

fig 16.

i

In India bricks are geaerally broken and cut to a required shape by a
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TLANT AND SCAFFOLDING. 15

light iron teol called Busult, hammer headed on the ene side and a chisel
on the other side. See Fig. 17.

¢ig 7.

|

The tools and machines used for cutting, dressing, and lfting large
stones are described in paragrapbs 30, 31 and 32, and of Chapter I11I
(Stone Masonry).

12. Bcaffolding,—Scaffolds are temporary erections of timber or
bamboos which support platforms closo to the work, and on these plat-
forms the workmen stand and earry on the construction.

The scaffolding ased for brick and for stone masonry is much the same
except that for stone walls it is customary to provide two rows of stand-
ards, instead of one row, so as to be totally imndependent of the walls for
support to the scaffolding.

In brick-work when 2 wall bas been built as high from the ground
level as the bricklayer can conveniently work on it he commences to erect

scaffold by fixing a row of poles in the ground.

Fig 19
Y

Letodger
S-Signdard
3 Feritiog

These poles are called standards, and are placed from 10 feet to 12
feet apart, and about 43 feet from the wall. Horizontal poles, called ledgers
ate then fixed to the standards at the Jevel of the work which has been
completed, The ledgers arg fastened to the standards by nails, bolts, or
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rope lashings, and upon these are laid short tramsverse pieces called
putlogs which are about 6 feet long and 3 inches thick. The working
platform which 13 made of planks ot bamboes is then placed over the
putlogs. Header bricks are temporarily omitted, and inte these holes one
end of the putlog 1s inserted, while the otber end rests on the ledger
and is secured by nals or ropes. The putlogs arc placed from four to six
feet ap-rt, the distance depending on the strength of the platform boards.

As soon as the masons are unable to construct the wall to a farther
height without ditfienlty another row of ledgers is fastened to the
standards, fresh putlogs are laid, and the platform boards are raised to
the new level. [he ledgers and putlogs used at the lower stages are
left 1o position to steady the scaffolding, and when the building is a
high one or 13 mm an exposed position the scaffolding is stiffened with
brace ;poles placed diagonally across the outside of the standards and
ledgers, Care must be taken not to load the scaffold too beavily, lest the
putlogs should injure the green masonry upon which they rest. - Materials
are carried up to the working platform by ladders or by inclined planes,
in baskets, buckets {or hods in England) and on coolies’ heads. Pulley
wheels or windlasses are used when heavy weights have to be raised. A
constant and steady supply of bricks or stose and mortar on the part of
the labourers (withont overloading the scaffolding) should bo arranged
for. In India the scaffolding 13 generally made of bamboos, or sal or
teak poles, and the working platform is generally made with small
bamboos instead of planks. Squnared timbers fastemed by bolts or dog
jrons are seldom used. For low swalls the scaffolding is frequently dis-
pensed with, and a rough working platform is made with the trestles or
empty casks, and a bambon floor laid on top.

13. Scaffolding for stone walls,—The scaffolding for stone masonry
js very simnlor to that deseribed in the previous paragraph for brick
masonry. The courses of stone masonry are however not so regular as
those for brick-work, and consequently the putlogs cannot conveniently
be inserted into the face of the masonry. It is thercfore customary to
make two rows of standards and ledgers, one insido and one outside the
wall, and on theso the putlogs are fastened so that the scaffolding is entire-
1y independent of the building.

On large stone masonry dams the wall itself is used as the working
platform, anl stomes and other matenals nre carried up on an easy
inchine madn with poles und bamtoos and old cement casks. For the



PLANT AND SCAFFOLDING. 17

top portion materials are also sometimes carried to the site in tip trucks
which run on lines laid on top of the wall. This is however a slow method,
and only permits of work being carried on at the two termini of the lines.

Gantries, cranes, windlasses, etc., are seldom used in India for lifting
large stones and other weights up to the work, but when used the scaffold-
ing must be made much stronger than it is cnstomary to make it,

A common method for raising heavy weights, such as rolled beams
for roofs is to haul them up an inelined plane made of sal or teak poles, or
rails.
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rope lashings, and upon these are lmd short tramsverse pieces called
putlogs which are about 6 feet long and 3 inches thick. The working
platform which is made of planks or bambocs 1s then placed over the
putlogs. Header bricks are temporarily omitted, and into these holes one
end of the putlog 1s 1pserted, while the other end rests on the ledger
and is secured by nails or ropes. The putlogs are placed from four to six
feet ap~rt, the distance depending on the strength of the platform boards.

As soop as the masons are unable to construct the wall to a farther
height without ditficulty another row of ledgers is fastened to the
standards, fresh putlogs are laid, and the platform boards are raised to
the new level. Ihe ledgers and putlogs used at the lower stages are
left 1o position to steady the scaffolding, and when the building is a
high one or is 1 an exposed position the scaffolding is stiffened with
brace ipoles placed diagonally across the outside of the standards and
ledgers. Care must be taken not to load the scaffold too heavily, lest the
putlogs should 1njure the green masonry upon which they rest. - Materials
are carried up to the working platform by Jadders or by inclined planes,
in baskets, buckets (or hods in England) and on coolies’ heads. Pulley
wheels or windlasses aro used when heavy weights bave to be raised. A
constant and steady supply of bricks or stooe and mortar on the part of
the labourers (without overloading the scaffolding) should bo arranged
for. In India the scaffolding is generally made of bamboos, or sal or
teak poles, and the working platform is generally made with small
bamboos 1pstead of planks. Squared timbers fastened by bolts or dog
rons are seldom used. For low walls the scaffolding is frequently dis-
pensed with, and 2 rongh working platform is made with the trestles or
empty casks, and a hambon floor laid on top.

13. Scaffolding for stone walls,—The scaffolding for stone masonry
is very similar to that described in the previous paragraph for brick
masonry, The courses of stone masonry are however not so regulur as
those for brick-work, and consequently the putlogs cannot conveniently
boinserted into the face of the masonry. 1t is therefore customary to
make two rows of standards and ledgers, one inside and one outside the
wall, and on theso the putlogs are fastened so that the seaffolding is entire~
Iy independent of the building.

On large stone masonry dams the wall itself is nied ns the working
platform, snl stones and other materials are carried up on an ensy
incline made with poles and bamboos and old cement casks, For the
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top portion materials are also sometimes carried to the site in tip trucks
which run on lioes laid on top of the wall. This is however a slow method,
and only permits of work being carried on at the two termini of the lines.

Gantries, cranes, windlasses, etc., are seldom used in India for lifting
large stones and other weights up to the work, but when used the scaffold-
ing must be made much stronger than it is cnustomary to make it.

A common method for raising heavy weights, such as rolled beams
for roofs is to hanl them up an inclined plane made of sal or teak poles, or
rails,



CHAPTER IIL
STONE MASONRY.

14. Classification —There are two main classes of stone masonry
which are known as “Ashlar” and “rubble,” and between these two
classes there are many gradations. The classification 1s based on the size
and shape of the stones and on the manner in which the joints (whether
bed or side joints) are formed and executed.

Ashlar 15 stronger than brickwork, but is more expensive becanse
each stone has to be carefully dressed.

Rubble is generally cheaper than brickwork, when the stone quarry
and the brickfield are about the same distance and close to the work, and,
if well done, is more durable. Bricks are however of uniform size and can
therefore be lad according to a recognised system ; stones vary greatly
in size and shape, and considerable skill and judgment is reguired to
secura a satisfactory bond.

Fig 18

Aedar Face:

Different kinds of masonty ate frequently combined. For instance,
walls may be built with an ashlar face and rubble backing (see Fig. 19),
or with o stone face and brick backing, Again, in weirs and in thick
walls coursed rubble facing, see para. 23, is combined with plum concrete
filling.

15. @eneral principles and precautions.—The general principles to
be observed in the construction of all classes of stone masonry are quoted
below from para, 240 of Rankine's Cwil Engincering. These principles
are tho essence of good work and should be carefully noticed, Most of
them rre equally applicable to brickwork,
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(1) #Build the masonry, as far as possible, in a series of courses,
perpendicular, or as nearly perpendicular as possible, tothe direc-
tion of the pressare which they bave to bear, and avoid all long
continuons joints parallel to that pressure by breaking jont.”

(i) “Use the largest stones for the foundation counrse.”

(1i) “ Lay all stones which consist of layers or beds in such a manner
that the principal pressare which they have to bear shall act
in a direction perpendicular, or as mearly perpendicular as
possible, to the direction of the layers, This is called Jaying
the stone on its natural bed, and is of primary importance to
strength and durability.”

(iv) “ Moisten the surface of dry and porous stomes before bedding
them, in order that the mortar may not be dried too fast,
and reduced to powder by the stone absorbing its moisture.”

(v) “Fill every part of every joint, and all spaces between the
stones, with mortar, taking care at the same time that such
spaces shall be a3 small as possible.”

TUnless the Engincer is most particular be will find that masons willtry to

scamp every one of the items mentioned and especially numbers (iti) and (v).

In addition to these general principles there are many other precau-
tions which it is necessary to take to ensure the oxecution of good masonry
work of all descriptions, both in stone and brick. A few instances will be
uvsefnl to the student, and will help him to learn the full details after a
hittle practical experience.

Top surface rock which is weathering, or soft rock should never be
used in any important work.

In Europe the atmosphere is generally so damp that it is seldom
necessary to keep the completed work wetted by artificial mens. In
India, however, it is so dry that all the work must be kept damp during
the construction and on completion  Both masonry, plaster, and pointing
shonld be watered for at least a fortnight. If this is not attended to the
mortar will not set, and will be of very little more wse than mud. It is
essential, but often most difficult, to ensure the mortar being good. The
kankar may not be piopeily cleaned or broken, white lime may be
insufficiently slacked, under or over-burnt. Bad kankar may be mixed up
and ground with some that is good ; the wet grinding of mortar may be
shirked, an excess of sand or the wrong proportion of eurfhi may be
mixed with the lime,
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The contractor will always try touse up any lime which has been
damaged by rain unless this is removed from the site and measured up,
80 that it cannot be bronght into use again. If the masonry contractor
also supplies the materials, he may endeavour io use such as are of an
inforior quality. Should any inferior material be found at the site of
the work it should at once be removed at the contractor’s expense, for,
if left near the work, it will certainly be used when no one is looking.

In brickwork and concrete with brick ballast the materials may be
insufficiently sonsked with water before use ; in pointing the joints are
sometimes not properly cleaned out, aud thesurface may bs insufficiently
wetted before the pointing is made ; in plastering the work is hable to
ba rashed and insufficiently beaten, and is often allowed to dry too
quickly.

16. Method of Building.—The usual method of building a masonty
wall to the correct dimensions of the drawings, is to set twa face stones
atcurately to the required dimensions of the wall, at some distance apart
in the same course. These stones are set truly level, as well as plumb
with the face of the wall. The end of a fine string is then wound once
or twice round a loose stone, and this is adjusted on oue of the fixed
stones, and the string is stretched to the other, and then also wound
round a loose stone, so that it can be stretched and adjusted just to
mark the top onter edge of the course about to be laid. The face stones of
this course are then laid to toneh it, and when the same thing lias been done
on the ather side or face, the centre is filled in and the course completed.

To lay each stone_the mason spreads the mortar carefully on its bed
a little thicker than be requires it to be, and also plasters it against the
end of the stone last placed. e then places the fresh stons carefully,
and by pressure or smart blows with his trowel or hammer, beds it
firmly in the mortar in its proper position, and strikes off any mortar
that has been squeezed out of the joint in front with his trowel. VWhen
a course is completed, the guide string will be laid for the next,in a
manner similar to the method already described. Throughout the work

the face must be constantly tested with the plumb-rule.

17, Ashlar Masonry consists of carefully-dressed blucks of stone,
cut in regular figures, generally rectangular, and laid in courses of
nml‘orm depth which are seldom less than one foot. Ashlar masonry is
used in India for cut waters of piers, springing and keyetones of brick
arches, arches, beds for steel girders, copings for inferior types of
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masonry, top of crest walls of falls and dams, floors of falls, etc., and in
buildings for ornunental and face work, also for quoins, cornices, ete.

Ashlar is by far the most expensive type of masonry, it depends for
its strength mainly opon the size of the stones, the accuracy of the
dressing, und perfection of the bond and but slightly upon the quality of
the mortar.

In England the jomts seldom exceed 1~ in thickness, but in India this
fine dressing is seldom possible, and considerably thicker joints are prefer-
able. Itis impossible to fill very fine joints with mortar and a moderate
amount of ronghress adds to the stability by a better adhesion of the mor-
tar, and thereby o greater resistance to sliding. The size of the stones
used in ashlar masonry varies with the kind of stone, the nature of the
quarry, and the apphances which are available for lifting and moving the
stones. From some quarries (such as many of the sandstone quarries
near Agra, Dholepur, and Mirzapur) practically any size of stone can be
obtawmed. The weight of these stones varies from 140 to 160 Ibs. per
cubic foot, the size of the hlock that can be used is therefore frequently
lupited by the power of the ifting appliances which are available.

“In order that the stones may not be liuble to be broken across,
no stone of a soft material (such as the weaker kind of sandstone, and
granular limestone) should have a length greater than three times its
depth, In barder materials, the length may be four or five times the
depth. The breadth in soft material may range from one and hulf times
to double the depth, in hard materials it may be three times the depth.”*

18, The faces of ashlar stones are sometimes dressed smooth, and
sometimes left rough, but in the latter case a carefully chiselled border
or “draft ” is cut round the four edges of the face, forming sharp and
straxght edges with the chisel draft of the beds and joints, to enable the

stone to be accurately laid, and also to improve the appearance of
the work.

fig 20

NI, .
‘Certre of Stone tef? rough

* Rankine's Ciril Engineering.
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Tha bed and side joints are accurately dressed to plain surfaces, but
cars must bo taken that bed joints ore not dressed hollow, this may
sometiten b done to show a fine joint on the face without the trouble
of earefully dreraing the whole bed, The entire weight of the super-
stenettirs in then thrown on the front edge, and small pieces are linble
to b apdinteped off Cace lignre 21) 5 the stone fs then said to be * Bushed,”
at this potnt,

g 3,
?7//; pr g0 00 Btons brohon off
)

W

VNN

Agnin, whon n stono is being dressed, the back of the joint is fre-
quontly loft hollow in order to save trouble. To pive the block of stone
its proper set it has to be under-pinned by small pieces of stone, see
figuro 22, Tho stone
is then only support-
el at the front and
at tho back, and is
liable to crack in the
centre  from  the
weight of the super- L .
structure, see figure -
22, This i3 neces-

g2z

sary in rubble work ‘
but must never be 1 .
allowed in  ashlar .

masonry.,

Every stone should be fitted dry into its proper place and all irregu-
larities rectified before it is finally laid in mortar.

19. Bond between two types of masonry.—When the face of n w
consists of cut stone and the fillng or backing of rubble, plum con

or ather kinds of masonry, it is most necessary ta make a  god bo
connection between the two types.
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The cat stone should be dressed and bedded fair for a certamn
distance, say one foot from the face, but every third or fourth stone
should run in much deeper than this, so as to lock 1wto the backing, and
these projections may be thinned off or altered to suit the filing or
backing ; but wherever 1t i possible they should be lett larger than the
dressed portivn, and the bachmg or hillmg bumlt round them, so as to
form a firm connection.

20. Bond.—Various methods are used by butlders for the bond of cut
stone, but the strongest system conasists of alternate header and stretcherstones
10 each conrse, similar to Flemish Bond m brick-worlk (see paragraph 39).

In no case should the ends of the headers form less than ne-fourth
of the whole area of the face of the work.

On the face of a2 work the vertical jownts of a course must never lie
directly above the vertical joints of the course below ; all stones must
overlap or break jomnt and, as far as possible, the vertical joints of one
course should lie over the middle of the blocks of tlie course below, or at
Jeast from 4' to 6" on one s1de or the other of the vertical joints of that course.

The bond across the thickness of a wall is of the greater importance,
in some cases * through bonds ™ extend from the face to the back of a wall
at regular iolervals, m other cases beaders start alternately from opposite
sides of the wall, and 1n the case of thin walls cover about two-third of
the thickness, while in thick walls they merely tie well into the filling.

“Through ” for anything but very thin walls are not recommended,
because the beds are seldom true, and then the pressure of the super-
structure comes on a few points and thus the stone is liable to crack.
Through bonds should not be placed ditectly over one another ; the bond
stone of one course should lie over the centre of the distance between

the two bonds in the course below. It is a good practice to lay all the
bonds of & course in position before the remainder of the course is built 3
these stones are generally from 4’ to 5" apart.

21. Block 1 course resembles ashlar in that it consists of
rectangular blocks of stone, which are dressed on all sides. The dressing
is, however, rougher than in ashlar, and is done with a bammer ; the
courses are also smaller than those used in ashlar, the depth varying
from 6" to 9°. The term “block in course” is seldom used in Indiaj;
it would probably be called ashlar or rough ashlar. The same rules as
bave been given for ashlar for bond and proportion of stones, hald
when applied to this class of masonry,
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The cat stonc shonld be dressed and bedded fair for a certmin
distance, say one foot from the face, but every third or fourth stone
should run in much decper than this, so as to lock iuto the backing, and
these projections may be thinned off or altered to suit the fillng or
backing ; bt wherever 1t is possible they should be lett larger than the
dressed portion, and the bachmg or hilling buwlt round thew, so as to
form a firm connection.

20. Bond.—Various methods are used by builders for the bond of cut
stone, but the strongest system consists of alternate header and streteher stones
1 each course, sumlar to Flemish Bond n brick-work (see paragraph 89).

In no case should the ends of the headers form less than vne-fourth
of the whole area of the face of the work.

On the face of 2 work the vertical jounts of a course must never lie
directly above the vertical joints of the course below ; all stones must
overlap or break jomnt and, as far as possible, the vertical jomnts of one
course should lie over the middle of the blocks of tlie course below, or at
Jeast from 4* to 6" on one 21de or the other of the vertrcal joints of that course.

The bond across the thickpess of a wall 1s of the greater importance,
in some cases ** through bonds ™ extend from the face to the back of a wall
at regular intervals, in other cases beaders start alternately from opposite
sides of the wall, and 1n the case of thin walls cover about two-third of
the thickness, while in thick walls they merely tie well into the filling.

“Through ” for anything but very thin walls are not recommended,
because the beds are seldom true, and then the pressure of the super-
structure comes on a few points and thus the stome is liable to crack.
Through bonds should not be placed diiectly over one another ; the bond

stone of one course should hie over the centre of the distance between
the two bonds in the course below. It 1s a good practice to lay all the
bonds of & course in position before the remainder of the course is built ;
these stones are generally from 4° to 5" apart.

21. Block 1n courss resembles ashlar in that it consists of
rectangular blocks of stone, which are dressed on all sides. The dressing
is, however, rougher than in ashlar, and is done with a hammer ; the
courses are also smaller than those used in asblar, the depth varying
from 6" to 9°. The term “block in course” is seldom used in India;
it would probably be called ashlar or rough ashlar. The same rules as
bave been given for ashlar for bond and proportion of stones, hold good
when applied to this class of masonry,
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22. Rubble masonry.—There are many kinds of rubble work, such
s “coursed rubble,” “uncoursed rubble” or # random rubble” masonry,
“TKentish rag,” etc, the different names depending on the arrangement
of the stones, or on the work required to be done upon them ; but the
only two varieties which need be mentioned here are coursed and un-
coursed robble masonry.

In all kind of rubble work the stones are merely ronghly dressed
with large hammers, so that the strength of the work depends greatty on
the excellence of the mortar, the bond, and the skill and eare with which
the irregularly-sized stones are fitted together.

Headersand through bond stones must be regularly provided, the remarks
made in paragraphs 16 and 19 regarding the number, the size, and the posi-
tion of these stones in ashlar masonry apply to all kinds of rubble work.

It 13 most important that all stones should be placed on their natural
beds, and be as nearly horizontal as 1s possible. The hearting must be
filled with good stones, and chips or spalls used to fill the spaces between
the stones, A mason, if left to himself, will invariably place all face
stones smilarly to bricks-on-edge, and will fill up the hearting with any
sort of rubbish, and will frequently leave large empty spaces.

23, Coursed rubble consists of a series of horizontal courses vary-
ing from 6 to 18" in thickness, each of which is correctly levelled before
another course is built upon it. The side joints are not necessarily
veitical, the thickness of the courses varies, but the thickest courses should
always be placed at the bottom and the thinner courses higher up in the
work., Rach course is usually the thickness of the stone, but occasionally
the whole or portions of a course is made with a depth of two or more
stones. All headers must, however, be of one-stone thickness, Ceursed
rubble is commonly used in India for all kinds of large and important
engineering works, If the materials are good and the work carefully
carried out, it is suitable for every kind of work except cornices, copings,
arches and ornamental work.

214, Uncoursed rubble is not built in courses, but otherwise it is
very similar to coursed rubble masonry. The stones are of more irregular
size and shape, but the rules regarding bonds and headers are applicable to
both types. The cost is practically the same as for coursed rubble, and
as it is weaker and more difficult to construct really well, it should never
be used in engineering works of any importance. The resistance to crush.
ing is little more than that of the mortar whteh it contains. The angles
or qucius should be construoted with cut or hammer-dressed stones,



STONE MASONRY, 25

25, Dry stone masonry is bwlt n a simiar manner to coursed
rubble masonry, with the exeeption that mortar 1s omitted from jt. It
is used for fence wails, for retammng walls m cuttings, for walls at the
toes of high embankment» and ako as pitching in channels to prevent
scour. In such wails a coping of stones on edge with mortar is generally
added to preserve the wali tromn being hnoched about. In retaining walls
a top coping 1s often added with stones laid on edge, and without mortar.
(Alzo se¢ paragraph 111}

26. Method of strengthening jorots —The adhesion of the mortar
and the weight of the supersiructure are sometimes isuificient to keep
stones trom movement ; so metal or hard stone connections of various
forms are used to 1ncrease the stability of the structure.

Cases 1 which these methods are applicable are in light-houses and
sea walls 1 exposed positions, 1n coping stones or mchned walls, in the
tops of weirs and floors of falls, and 1n detached stones which are not kept in
place by the surrounding masonry, or mdeed in any position where lateral
movement of the stones 1s likely to occur by thewr own weight or by
shocks caused by wind, water or machmery. The best metal to use is
copper or bronze as neither of these rusts, but the cost makes the ugse of
these metals prohuibitive 1n India, When iron 1s used 1t must be thorough-
Iy protected from the air and moisture, or 1t will rust, merease in bulk
and split the stones.

Cast-iron is less liable to rust than wrought-iron.

Panting or gal ing 15 times done for protection, but the best
method for preventing rust 1s to cover the metal with Portland cement,
or several coats of cement wash.

27, Dowels are pins about 1" thick and 3™ to 5° long which fit
into the holes made 1n two adjacent blocks of stone. These pins are made
of hard stone, slate, or metal and of any shape found to be convenient.
Dowels are placed vertically and Lorizontally to assist in the connection
of the joint ; they are also used in the centre of 2 stono to prevent sliding,
s¢e figares 28, 29, 30, and 31.

Fig.28

Heenental Tapared Poval 2anted Gone g Coamp +
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Fig. 3t
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28. Joggles —Stones are said to be joggled together when a projection
is cut out on one stone and fits into a hole or groove which has been
made to correspond in the other stome. This entails great labour, and
waste of stone and consequently is seldom done. A more economical
Joint is made by cutting grooves in both the stones, and then inserting
a hard stone or metal tongue.

29, Metal eramps are used as fastenings on the top of copings
and 1n similar sitmations, but they should be used as little as possible
ag they are liable, by rusting and expansion, to injure the stones in which
they are placed. See paragraph 26.

Cramps are made from thin pieces of metal of varying length and
sectional area according to the requirements of the work, and both ends of
the cramp are roughened and bent at right angles for a distance of about

13* and fixed in grooves cut in the stones, see figure 83, The cramp
must be thoroughly embedded in lead, rsphalte, or cement mortar, but the
Ja st is recommended.

Fig 33. oghened et
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80. Dressing of stones.—For blasting purposes holes are sunk into
the solid rock with jumpers and sledge hammers, and for ordinary rubble
work the stone thus removed is ronghly dressed into suitable shapes by
heavy hammers. There is great skill required in dressing the stones.
A good mason dresser will examine the irregnlar block as it comes from
the quarry, and, with a few blows of a heavy hammer of a special shape
will quickly knock off pieces here and there, and form a roughly-squared
block, which is suitable for coursed rubble masonry.

Sandstones are generally quarried without blasting, the blocks being
removed by kammers and wedges.

For fine dressing, mallets, hammers, chisels, saws and mason’s axes
are used,

The usnal method of ‘dressing a surface for ashlar work is to cut
narrow channels or drafts around and across the stone with a chisel and
mallet, to the depth of the fair surface required. and then to use the
chisel, axe or hammer to work down the intermediate portions into the
same surface as the drafts.

Finely-grained stones are sometimes brought to a smooth face, and
then rubbed with a small piece of stone and sand to produce a perfectly
even surface. The harder and more coarsely-grained stones are general-
ly tooled, that is, the marks of the chisel are left on the fice. When the
stones project beyond the joints the work is said to be rusticated. In
massive erections, when the stones are large, and a bold effect is required,
the fronts of the blocks are left rough, as when they come out of the
quarry, and are called quarry-faced. In all ashlar work, even when
quarry-faced stones are used, there must be a chisel draft round the
edge of the face, in order that the stone may be accurately <et.
Polishing of marbles and granites is seldom required in engineering

works, but when it is done machinery is generally used. The method
of procedure is to rub the block with revolving pads on which iron, sand,
und water aro used, and then with softer pads on which there is emery
powder, and finally with soft pads covered with putty powder.

fig 34
Afa of the Toels ussd by Masons
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31. Methods of securing stones to be lifted.——Rough and hard stones are
generally lifted by chains which are passed round them, but when softer or
finely-dressed stone is hoisted, or when it is necessary to lower the black aceu-
rately intoits final position, a special tackle (such as a Lewisor Nipper) is re~
quired. Thereareseveralkinds of Lewisas shownin figures 35,36,37,38 & 39.

Lewis in separate pieces—A hole taping upwards, abont 3* deep is
cut in the upper surface of the stone thai, has to be raised, see figuro 85,
the two tapering side pieces a, a, of the Lewis are inserted first, and placed
against the side of the hole, the centre-picce b is then inserted, and
secured in its place by a pin p passing through all three pieces, and also
through the ends of the ring L, into which the hook of the chain is iusert~

ed when the stone is raised. When the stone is being raised, the Lewis
on account of the wedge shape of the side pieces, becomes tightly jammed

and cannot be pulled out. rig 3

Lewis i several pieces
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Lewis in one piece. —This is an improvement on the ordinary Lewis
mentioned above as all the pieces are connected and thus much time is
saved in fitting the tackle,

The chain is fastened to a ring which passes through the eye (e} of
the centre-piece (), of which the lower part is wedge-shaped,

The side-pieces () are connected by and hinged to cross-pieces (p) of
flat iron on each side of the centre bar. When the stone is being lifted
the centre-piece of the Lew1s is pulled up, the wedge at the bottom forces
the side-pieces out upon the erdes of the hole, and the greater the pull the
tighter becomes the grip of the Lews,

To remove the Lewss a blow of the hammer must be given on the
head of the centre-piece, which is then driven downwards and thus the
eide-pieces are loosened and the Lewis can be removed.

Lewis for use under water.—Stones can be lowered and set under
Twater without difficulty by means of a Lewis shown in figure 87. The
wedge-shaped piece (a) is first inserted in the hole, and then the rectan-
gular block (4) to which a rope 1s attached. This block is pulled vut by
a rope whenever it is required to remove the Lewis.
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Other types of Lewis are shown in figures 88 and 89,
Fg 38

In the type shown 1 figure 39, two pins are let into holes which slops
towards each other. The pins fit the holes closély. When & strain is
applied to‘the hifting chains these pieces jam in their places and support
the weight of the stone, Fig 39

Nippers.—A small cut is made on both sides of the stone to be lifted
30 as to give the points of the nipper a hold, The upper ends of the
nippar-are attached by short chains to a central ringrwhich-is fixed dt the
end of the hoisting chain. The uction is clear, but. to avoid.accidents care
must be taken that the claws of the nipper are placed above the centre of
gravity of the stone, and also at a sufficient distance below the top to avoid
the risk of the edges being broken off.

g 40

Stone

Nipper
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32, Machinery for tifting stones.—Tho ordinary scaffolding described
in paragraph 13 is oot strong enough to carry the machinery which is used
for the lifting of heavy blocks of stone. In such cases a gantry is erected
with squared timbers, see figure 41

Fig.4l.:
Gantry and fraveller,

The uprights are placed from 10’ to 20’ apart according to the size of
the timber which is available, and the work required. On top of these
uprights are fixed horizontal beams called runners, these are also supported
by struts marked S, S, which butt against straining pieces S P and rest on
cleats C.

The uprights should be strotted at the ends and on the outside as
shown in figure 41,

The timbers are genorally joined by dog spikes and not bolts as the
latter are apt to injure the timbers.
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The traveller consists of two trussed beams about 47 or 5/ apart and
connected at the ends by a carriage with a pair of wheels. On top of the
beams are fixed rails and on these a travelling crab 1s placed.

The materials to be lifted should Le brought from the quarries in
trucks, and ron under the traveller. The traveller can move from end
to end of the grantry, and the erab can be moved across from side to side
and thus a stone can be lifted and placed in any required position. A
vory useful type of gantry is shown in figure 42,

This runs on rails and can be moved from place to place wherever it
may be required.

Fig.42.
w?yeable gantry

1
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Chhawala or method of carrying a stone by six men.
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A common type of Derrick crane worked by hand is shown in figure
13. It is very weeful for hfling stones from the quarry to tho trucks or

ecarts,

Fig. 43.
Derrich crane

Machinery 15 being more and more used every year in India, but still
it 15 only on the very Jarge and mportant works that any is used for
Iifting heavy stones. There is always the difficulty regarding the timber-
ing for the special scaffolding or gantries, the difficulty of moving the
machinery from place to place. It is generally cheaper to use poles, chains,
and special weight-carriers as 13 deseribed below. A chain is passed
round the stone to be hited or carried, and fastened to a stout pole,
two, four, s1x, eight, sixteen or any number of men, according to the
weight to be carried, then lift and remove the stone to the required site.

If only two men are reqmired, one will remain at either end of the
central pole, and rest 1t on their shoulders,

When four men are required, a cross pole is attached to each end of
the central pole and the ends of these cross poles rest on the men’s shonlders,

When eight men are required, other cross poles are attached to
the ends of the previously-described cross poles, and in the same manner
the ends of those cross poles rest on men's shoulders. Similarly, the
number of poles and the men to bear them can be increased to any
number that may be necessary to lift the stone,
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Actual photopraphs of 6 and L6 men raising large stones and carrying
them to the work are given in photos. I and II. The men alwaysicarry
stout sticks in the form of a crutch to steady themselves.

Sometimes heavy weights weighing several tons (such as sluico gates
ina weir) are lifted up and placed in position by means of ropes, poles
and pulley blocks. One or more tripods can easily be made with stout
poles and to these suitable pulley blocks may be attached and very heavy
weights oxn then be raised. Another simple expedient for lifting heavy
weights is to fix a stout pole on a firm base, guy it up carefully with ropes,
and at the top end of the pole attach a suitable pulley block. The pole
resembles the jib of a crane, and one or mora of these poles will enable
large weights to be lifted without trouble.



CHAPTER 1IV.
BRICK MASONRY.

83. A full deseription is given in Building Matorials of the manufac-
tare of the various kinds of bricks. It will therefore be sufficient to state
bere that in all purely engineering works nothing bt first class bricks,
namely, sound, fully-barnt, and properly-shaped bricks should be used.
Badly burnt or shaped bricks can however be used for temporary struc-
tares and unimportant buildings. When good bricks and mortar are used,
and, proper bonding is done, brick mesonry is quite as durable and strong
s coursed rubble stonework, though it does not compare with special
stone work such as ashlar, or block-in-course masonry.

When there are stons quarries near the site of a work, rubble masonry
is generally cheaper than brick mesonry, but elsewhers brickwork is much
the cheaper.

For thin walls such as in dwelling-houses, it is advisable to use brick-
work instead of stone masonry unless stone is much thé cheaper.

For archwork bricks should always be used, if possible, as a good arch
cannot be built of stone except at, grent expense in dressing the blocks.

Bricks of different sizes and shapes should never be allowed in a work
except for special purposes, and then the correct shape or size should be
especially moulded and burnt to suit the work. For circular piers, cornices,
coping, and such like works specially burnt bricks are most useful and
much time is saved in the dressing. They also give a better weathering
surface to the brick. If the bricks are not burnt to the shape required,
care must be taken to prevent the bricklayers from selecting and cutting
the softest bricks they can lay their hands on.

34. General principles and precautions.—~The general principle and
precantions to be observed in the construction of all classes of stone masonry
are described in paragraph 15, and most of them apply equally to brick-
work. Bub as they cannot be too carefully remembered, those that refer
to brickwork are repoated below, and other points which are specially
applicable to brichwork ara added.

(1) Only such bricks should b used as are properly burnt, and pro-
perly shaped “Bats” must be nsed when it is necessary to
make a closure,—that is, to finish the end or a corner of a wall,
or side of an opening, and even then no piece smaller than half
a brick sbould be used.
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(2) The beds of the courses must be perpendicular, or as nearly perpen-
dioular as possible, to the direction of the pressure which they
have to bear ; and the bricks in each conrse must break joint with
thoge of the courses above and below it, hy overlapping to the
extont of fiom one-quarter to one-half of the length of a brick.

(8) Thesurfaces of all bricks must ba cleaned and then soaked thoroughly
in water before they are laid, in order that they may not absorb
the moisture of the mortartoorapidly, Allcampleted wark should
be kept thoroughly damp for a fortnight after it has been built.

(4) Every joint must be thoroughly filled with mortar, care being taken
that the thickness of mortar does not exceed about a quarter of
an inch, also that the height of four completed courses measures
one foot.

(5) The thickness of walls should be made an even multiple of half
a brick. In India it is customary to burn bricks to measure
10" x 5' x 3" including the mortar joint, the thickness of all
walls should therefore be some multiple of 5.

(6) Unless brick-on-edge is apecified, all bricks should be laid on their
proper beds with the “frog” on the upper side. Bricklayers
in India will prefer placing the frog at the bottom of a course
as this enables them to use less mortar.

() Mortar must be ground wet before it is used. Reject over-burnt
and under-burnt kankar, and imperfectly slacked white lime.
Only use clean sharp sand, and surkki that has a distinct reddish
tinge. Be most careful that the mixtare used for the mortar
is according to the specifications. Reject mortar that has been
left standing and has commenced to set.

85. Settlement.— All possible precautions must be taken to diminish,
as far a3 practicable, the danger of unequal settlement of the earth both
in the foundations and in the wall itzelf. When the ground is treacherous,
it is advisable to give deep foundations so that the work be built on earth
that is not affected by atmospheric conditions ; and it is also advisable to
reduce the intensity of pressure (by stepping out the foundations) to a
low limit as well as to eqnalise this pressure at all points.

Walls that are heavily weighted must be built up uniformly, and great
attention must be paid to the bond and the correct fitting of the courses,
The materials used should be uniform in quality and size, and the mortar
jointa should be kept as fine and as uniform as possible. In India it 3s
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particularly difficult to follow these directions, as the size and quality
of bricks are seldom uniform, it is difficult to grind the mortar finely
enongh, and if the Engineer insists upon fine joints, he is likely to find
that the mortar filling has been <camped.

36. Bond —A goad bond is just as pecessarv in brickwork as in stone
masonry, and the varions forms adopted are only fised types which have
been decided upon, so s to avoid delav among the masons, who would
otherwise lose time in thinhing ont how to lav each brick. These fixed
types also allow of anv number of men to work on a wall at the same time
and ensure their work fitting together accurately. The art of bonding
consists in laying each brick <o that 1t <hall close up s many joints as
possible (both sideways in its own course, and also downwards in the
course below), and in avoiding continuons joints. Bonding of one wall
to another is equally pecessary, and when a brick wall is being built,
which i3 likely to be extended at a faturo date, it ie customary to tooth it,
by which is meant that each healer course should project a quarter of a
brick beyond the stretching courses above and below to epable the new
work to be bonded to the old,

When, however, there is a likelihood of unequal settlement between
the new and old work, or between two adjacent parts of a mew work
(due to unequal beighfs or nmequal weighting), it is advisable to have no
bonds between the parts, Each portion should be built independently, and
when settlement has taken place the joint should be closed by painting.

37 In eflecting repairs of mas<onry, when new work is to be
connected with old, or when a continuous wall is built up in portions,
the ends of each portion should be racied back, or built in steps, and
the wedge-shaped piece A (see fig 44) shonld form the junction between
the two. This must not be built till both portions are thoroughly set Jest
there should bo a erack at the junction.

Whenever new work 19 joined to old, the old woik should be
Sthoroughly scraped, cleaned and wetted.

Fig 44,
.
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38. English bond.—There are many kinds of bonds used in brick
masonry, but the two commonest are English and Flemish, and of thess
the Euglish is the stronger and should be used in all engineering works.
In thin walls of 14 bricks or less there is very little difference in the
strength of the work dene with either bond. -

In plate 2 are given plans and sections of walls from 1 to 3} bricks
thick, showing the junction of two walls af right angles with one of the
two walls ended and cnt of square.

In building this bond the following points should be remembered :—

(a) The courses are alternately headers and stretchers.

* (8) The closer brick should always be next to the quoin or corner

header.

(¢) In walls the thickness of which is an even multiple of a whole
brick, the same conrse will show either headers or stretchers in
both the front and back elevations, but in walls when the thick-
ness is an uneven number of half bricks, a courso that shows
stretchers on the face willshow hendersatthe back or viee versd.

(d) Bricks do not break joint with each other in the same course.
The joints across the thickness of a wall are straight and.
consequently it is very necessary to flush the joiut fully.
Some ohject to this bond because, if it is not correctly
flushed, rain may come through the wal, but any attempt to
break these transverse joints is a source of weakness and is
therefore not to be recommended.

(e) There are twice as many vertical joints in a beading course as
there are in a stretcher course, therefore the vertical joints
between the headers must be made thinner than those.

between the stretchers, otherwise' the lap obtained by means
of the closer would soon disappear.

{f) Bricks are laid as stretchers ouly on the faces of courses, the
fillings of all courses are entirely headers.

“(g) A returned end of a wall bas a bond similar to that on the face
of the wall, .

(k) In detached walls when the length of the face is an uneven
number of half bricke, 2 bat will be required in the stretcher
course of the face ; when the length is an even number of
bricks a hat will be required in the stretcher course of the
back of the wall,



BRICK MASONEY. 89

The student is recommended to draw out the plans of the courses
for the different thichnees of wall, and f ke remembers the rules men-
tioned above he will realise low easy the bond is to build.

In plates 11, 11T and IV the closer brichs ure mutked 10 red to enable
them to be casily distinguished.  In plate 11 for the Lnghsh bond the
closers fur the night angle junction of two wulls are shown dugonally.
The first cloter must be next to the corner header, but the closers tor the
Elling and inner portions of the junction mipht bo mado sumtlar to those
¢hown in plate IV, nately, near the vuter tace of the wall.  Both methods
are sound, but most Engiucers preler that shown o plate 11

Ia walls of greater thichness than 1} brichs there 15 a deficiency of
stretchers in the centre ot thy wall  Lhis 15 comettmes remedied by
introducing courses of brichs placed dragonaily (see plate V).

39, TFlemish Bond.—There ases two variettes of Flemtsh Bond, called
Single or Double Flemish Bond, In both varietes the elovation of the
face js the same, every course cunststs of alternate headers and stretehers,
ang every header 15 nmmediately over the centre of a strotcher mn the
course below 1t; closers are placed n wlternute courses next to the
corner header to give the Jap. The elevation ot the back 15 the same as
the front for Doutde Flemssh Bond (see plate IV,

In Bingle Flennsh Bond (sce plate 111) the filling and backing consista
of English Bond. This bond 15 used when expensive or special bricks
are required for the face of the wall; it 13 also recommended by some
People in the belief that some of the detects of Double Flenush Bond in
the interior of the wall are thus obviated.

Flemish Bond is weaker than Enghsh Bond because a larger number
of bats and stretchers are used, but the appearance of tho face is con~
sidered to be superior, 1t 15 certmnly more economical as a Jarge number
of broken bricks can be used up. The sections given in plate 11i show
that in certain parts of the wall straight joints occur throughout the
whole depth, The plans of the courses show that in all wall consisting
in thickness of an odd number of bricks, a Jarge number of halt bricks have
to b used in the centre of the wall, 1n addition to these defects in the
bond it will be found in practice that many masons only pay attention
to the bond of the face, the hllng and backing bemg done anyhow.
Again, they are spt to make false beaders, which are half bricks and
49 not bond with the interior of the wall. In the plams of the courses
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2,4, 6, ste, m plate LT the headers are shown as talse headers which are
usually adopted, but they ean he altered 1ato true headers,

It will ba seen from the above remarks that there are many objections
to Flemish Bond. By 1ts use it 1s harder to keep a wall to the correct
bond than by the employment of Lngli~h Bond, and 1t should never be
adopted for inpoitant Engineering structures, but for dwelliag houses and
works of that nature 1t may be used without causing anxiety.

40. There are many other varieties of bond which are known ns
Duteh Bond, Suetching Bond, Heading Bond, Garden or Bouadary Wall
Boud, Facing Bond, Raking Boud, Diagonal Bond, Herring-bone Bond,
ote. ‘These are seldom used 1a Engmeering works with the exception of
the Diagoual Bond.

Dutch Bond consists of alternate header aad stretcher courses, but in
every alternate stretcher course a header s 1ntroduced as the second brick
from the quoun ; three-quaiter bricks are used 1n all the stretoher courses
at the quoias, and closers are omutted 1r the header courses.

Stretching Bond 1s used for haif brick walls such as partition walls.
Al bricks are lutd as stretchers on the face.

Heading Bond.—All bricks aie placed as headers on tho face, This
brick boud 13 used for toundation footings, corbels, cornices and enrves.

@srden or Boundary Wall Bond.—This bond 1s used for walls one brick *
thick and consists of streteher courses with a header inserted after overy
third stretcher.

Fating Bond consists of three courses of stretchers to one of he'lders H
closers are only used 1n the header courses.

Raking Bond.—Lhere are two varieties of Raking Bonds, namely,
Diagonal and tetring-bone Bond (see plate V). Raking courses are
sometimes used in thick Englsh Bond walls in every 4th to 8th course,
with the object of increasing the strength in a longitudinal direction, and
thereby remedying the want of stretchers. Raking Bonds are placed in
the stretcher courses in walls of an even number of half brick in thickness.

Alternate courses rake 1 opposite directions.

Diagonal Bond is used in walls frem 2 to 4 bricks in thickness. Care
must be taken that the triangular spaces at the back of the facing bricks
are filled in with properly cut pieces. The bricks are laid diagonally,
at ‘such an angle with the face that they will just 6t in without being
cuts
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Herring bome Bond is used in walls of more than 4 bricks in
thickness ; it is also used to form ornamental panels i walls and in
floors. This is a bad bond for anything escept ornamental purposes, The
triznguolar spaces at the back of the facing bricks and the central
squares must be carefully filled with cut bricks. The bricks are laid at
an angle of £5° commencing at the centre of the wall and runnrug towards
the front and back faces.

41. Hollow walls are frequently built in England to obtain a drier
interior than wonld be possible with solid walls The cavity between the
two walls prevents the conduction of dampness, and also makes the inside
temperature of the walls more equable.

An onter half brick wall is built and connected with the inner wall by
small pieces of hard stone, brick, brick or iron ties. The space between
the two walls varies from 27 to 87, and this space must be carefully
ventilated with inlets and outlets at the top and bottom of the wall,
Gratings with small perforations are fixed at the opening to prevent rats
and other vermin from entering. No economy 1s effected by the use of
this type of wall.

1In stone walls a thin brick wall is made on the inside and the thicker
wall on the outside, but when both inner and outer walls are of biick,
the onter wall should be the thinner one. The roof is arranged so as to
rest upon the thicker wall.

Figure 51 shows a few of the ties which are used, but whether
specially moulded bricks or iron ties are}used, a slope;or hollow should

Fig 5t
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Bonding brvck

Hollow wall with iron tie
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be given so that water is not run into the inner wall. Ties are placed nbout
8" apart horizontally and 1’ apart vertically. Iron ties mustalways be
coated with tar to prevent rnst. They are mot liable to be broken if the
walls settle unequally, but are nevertheless unsuitable for India on account
of their expansion from heat.

Hollow walls are seldom used in India, but there is no doubt that they
wauld be useful in securing greater coolness for the interior of buildings.
The solid brick wall becoming thoroughly heated up daring a day,
radiates the heat at night and so in hot weather the rooms never cool down,
Hollow walls are naturally weaker than ordinary walls of the same thick-
ness, and consequently are not suited for factories or Engineering works.

42. Remforced brickwork.-—Strips of hoop-iron about 1° broad and
1/16° thick are sometimes inserted 1n the horizontal joints (especially in
half brick walls) when the bond of the brickwork is defective. The hoop~
iron must be thoroughly protected from the action of the atmosphere lest
it should rust and injure masonry ; when it is used in thin walls it should
be built mto cement mortar. The strips should always be tarred and
sanded before being used, and the ends should be bent, so as to hook on to
one another at all t! e joints.

X
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*A superior method for reinforcing brickwork is to use galvanised
stesl wire netting of conical mesh in the horizontal courses of the brick-
work when cement mortar is used.

Walls built en this peinciple are usnally hollow, and consist of a 5° fla
brick outer wall, 13 cavity, and a brick-on-edge inner wall. Such walls
are said to give perfect insulation, to resist damp cold and heat, to main-
tain an even temperature, and also to shut ont sound. A 43" thick wall

* Details supphed by Messra, A, J, Main & Co, Calentta.
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built in cement and thus reinforced is said to bo as strong asa 15" wall
built in tho ordinary manner, and a 3" reinforced wall to be as strong as
an ordinary 9° wall.

Fig 53
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SECTION TRROUGH WALLS

For mill buildings, godowns and dwelling houses of single storey,
walls ara built with piers which are placed to correspond with the spacing
of the trusses or the roof girders (se¢ Fig. 53). The weight of the roof
is then borne by the piers, which also carry the weight of the intermediate
portions of the wall. Three inch reinforced walls are built m a similar
manner for partition walls ; they 1uiposs no loads on the floor and aro self-
supporting between ihe piers.

Black cotton soil is tho most dangerous as a foundation for any
masonry structure. The soil expands with the addition of moisture and
contracts in the hot dry weatier, Many methods have been tried for
making fonndations on this soil, but the only safe method is to excavate
right through the layer of black cotton soul and found on good soil,

The expense of the deep foundations and the thick walls is heavy, so
that the method described above of buildings piers and thin intermediate
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walls which only rest on the piers will save much labour, and will
frequently be found to be cheaper even though cement is still expensive
in India. The high price of cement mn India bas so far prevented any ex~
tensive use of reintorced work, but several manufactories have lately been
started 10 different parts of India with most satisfactory results, go that
the price of cement 1s likely to fall, and this will enable reinforced work
to be used on a much larger scale than is economical at present.

43, Burnt brick m mud mortar.—(Eatcha-pukka masonry) s
frequently used m India for reasons of economy, or when it is difficnlt
to obtain lime, DMost houses of one storey in height, and other light
buildings, especially temporary buildings, are built with mund mortar,
The method for the constructton of these works is exactly the same as
has already been described for works where lime mortar is used, and if
they are carefully pointed they last nearly as long as works in which Jime
is used and the repairs required for them are mot greater. The mud
mortar should not be too rich ether in clay or in sand, but an admixture
of the two kinds of earth should be used. The addition of a little
chopped straw and cow-dung improves the mortar.

Lime mortar should always be used in foundation work up to plinth
level, in archwork, for the top portion of walls, for cornices, corbelling
and around doors and windows,

44. Bun-dried bricks with mud mortar.—(Katcha masonry) is
frequently used for temporary buildings, and for the interior walls of
larger buildings. The bricks are made of good brick earth, and are
moulded and dried in the same manner as bricks which are intended to
bo burnt. The bond of katcha masonry is the same as is used in pukka
masonry, The unburnt bricks crush easily, so.this kind of masonry
shoold never be heavily loaded, and must not be used for foundation
work, for work within 1/ of the ground surface, or for the top parts of
a wall, because the dampness of the soil and the rain is likely to destroy
the bricks and ruin the strocture. In such places burnt bricks with
lime mortar should always be used.

In buildings above plinth Jevel walls are frequently built with a face
of burnt bricks in lime wortar and with o backing of sun-dried bricks laid
in mud mortar. When this is done, the face is pointed with lime mortar,
and tho backing plastered with mud plaster.

Bricks always shrink when they are burnt, so when walls are made
of o combination of burnt and sun-dried bricks, care should be taken to
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85 Pisowalls gre of Lok eanh which contains a small smount
?rm:“":f@- Ths v exvavated and Lruken vp ns Sinely as possible. It
S rbe ¥ oot b e e on 7 0

"y T, faraliel toards which form the fron! ;mi ’ 1aid o tho
thgey ;‘F”h 1 then nghtly ramfxwi, and frcs‘l n,arsd. P
i b top of the boarding s reached. The bour mf; s t
"201ed and fixed 1n poution far unother purtion of the work. When
M" any i being cammed 1t will often bo found advisshio to add a
U Wer to a1 An ordimary watenng can with s vose fixed to the
#PRLEs tho tan canvenient method for dong this. This kind of work
Hmore expunsive than ordinary mud walls described in paragraph 45, ond

* 80 advantage over them, cxcept that it Tooks better.



CHAPTER V.
ARCHWORK,

47. Arches.—An arch is an arrangemens of wedge-shaped blocks,
mutually supporting each other ; 1t is built in the form of a curve, and
supported at both ends by abutments or piers.

Certain forces act on each joint of the blocks (or voussoirs) of an arch.
The joint divides the structnie to two segments, and the forces which
act on the upper of the two segments must be considered. These forces
are the weight of the blocks in the upper segment, the weight of the
superstructure on these blocks, and the load which is carried by these
blocks.

The centre of pressure of each jaint is where the resultant of the
forces mentioned above cuts the joint,

The polygon formed by the intersection of the lines of action of the
resultants mentioned above i3 called the ulygon of gressures, and a
coutinuous curve drawn to touch the sides of that polygon is called the
eurve of pressures ov line of pressures. The polygon formed by- joiming —
the centres of pressure of the different joints is called the polygon of
cenire of pressures, and a continuous curve drawn through the centres
of pressure 13 called the line of sesistance. If the joints were indefinitely
near each other the two polygens would comncide and become one curve.

Joints of rupture are those where the line of resistance is nearest to
the intrados or extrados of the arch.

It 15 at these joints that the failuie of the arch 1s to be apprehended
as it 13 here that the joints tend to open. It the arch were built of
perfectly compiessible and infinitely strong matersals, it would be
stable 1f the line of resistance touched the intiados and extiados respec-
tively at the joints of rupture. But materials are compressible and have
only a finite strength; it therefore becomes a necessary condition of
strength as well as stability that the cenire of pressure of a joint of
rupture should not approach nearer to the edge of that joint than a
certain limiting distance, and in archwork this+1s generally taken as one-
fourth of the width of the joint.

Sometimes the cdges of the voussoirs near each joint of rupturs are
rounded, so that as the arch settles the voussoirs will roll slightly on the
oconverse surface, In this case the gaping of the joint would be slight,
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bot this can be pointed when the arch has thoroughly settled. The best
and strongest stones should be reserved for the voussoirs in the neigh-
bourhood of the joints of rupture.
From the calculation of the line of resistance {see applied mechanics)
it can be ascertained whether the thickness of the arch is sufficient, and
the line of resistance determines the line of action, and the amount of the
resaMant thrust acting on the abutment, Till this 15 known the dimen-
sions of the abutment cannot be determined. For small works the line of
resistance is seldom calcnlated, as for them it 1s best to study existing
works and adopt dimensions which bave been found satisfactory. An
arch built so that the lino of resistance was centraily situated, would
staud even thouph no mortar were used in 1ts coostruction, and even if
the voussoirs were aghly pulished on their bearing surfaces. In practice,
howerer, the extent of the surtaces of the arch joints, their friction and
the tenacity of the mortar bet: een them renders a departure in the form
of an arch from the true lme of resistance, unimportant within certain
limts. In heavy or large arches, however, it is advisable to avo: any
approach to the degree of compression which the materials employed are
incapable of endming, and consequently the best form should always be
caleulated (aee detasls given in applhed mechanics). If this is not dono,
there is either danger of the arch collapsing or of a waste of material.
Again, it must be remembered that in all permanent masonry
striictures, a suitable allowance must be made for unknown factors, such
as storms, earthquakes, floods and the deterioration of the materiuly
employed.

The imporiant points to be observed in the construction of nn arch
are briefly abstracted below :—

(1) That there should be sufficient weight and strength in tlo
abutments to safely resist the overturning moments of the
thrust of the arch.

(2) That there shonld be sufficient area in the pier and arely to
prevent failure by crushing.

(3) That there should be a sufficient thickness fo prevent the
superimposed load and weight from crippling the arch, or
in other words, the centre of pressure at all joints ulguld Jie
within the middlo half of the arch. (Rankine even considers
that it should lie within the middle third,)
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(4) That the line of actjon of the resultant pressure on each Joint
should not be inclined at more than a certain angle with the
normal to the joint. The angle is that whose fangent is
#ths of the co-efficient of friction.

All bed joints should, therefore, be perpendicular to the line of
resistance. In actnal constroction they are made pormal to the curve
of the arch, in which position they nearly approsimate to normals of the
line of resistance.

48, Arch Forms,—¢ An ideal arch would fake the (inverted) form
which the eables of a suspension bridge assume for the particular condi-
tions of loading which are imposed ; for then the horizontal reactions at
the abutments will relieve the arch ring of any bending moments whatso-
ever, the stresses throughout being purely of axial compression. Such
arches are called linear * arches.”

There are numetous types of arches, named from the shape of the
intrados, such as semicircular, segmental, Gothic or pointed arches, ellipti-
cal, oval, parabolic, and catenarian, ete. The form which is selected for
any particular site depends on the nature of the loading and of the
obstacle to be arched. The form of curve which i3 selected will affect
tho thickness of the arch ring and the economy of the whole structure.

49, Circular Arches consist of two types, the semicireular and the

1, where the intrados is less than a semicircle. The segmontal
is not quite as strong as the semicireular, but is suitable for long spans
and s the type most commonly used in Engineering works. It has the
advantage of not bulging upwards, or being depressed at the haunches
when subjected to Jive concentrated loads. A segmental arch may subtend
a central angle from 60° to 120° but a 90° arch which gives a rise
of §th span is recommended for most works. In semicircular bridges the
bulging at the bhatnches must be guarded against by suitable spandrel
filling.

From observations of the manner in which Jarge cirenlar arches
settle, and from experiments mado on a small scale, it appears that in
all cases of unlosded nrches (swhero the rise is not greater than the half
span) they yield by the crown of the arch falling inwards and by the
thrusting of the lower portions ontwards, presenting five joints of rupture,
one ot the key-stone, one on each side of it, whick limit the portions

* Frye's Engiacening Pockot Book,
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that fall inwards, and one on each side near the springing lines, which
limit the parts thrust outwards,

Fig 54,

The figare represents the manner in which such arches yield by
ruptare : o, joint of rupture at the key-stone: mm, joints of ruptare
below the keystone : nn, joints of rupture at springing lines.

50, The Gothic or pointed arch has an intrados which is formed
by two equal ares with radii greater than balf the span. This type of
arch is seldom wnsed in Engineering works. These arches yield by the
Jower portions falling inwardy and throsting the parts near the erown
upwards and outwards.

51. Four-centred Tudor arch,—This is considered n graceful form
of arch, but is only used in architectural work. Figure shows the method
of describing the arch.

Fig 55
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52, gemi-elliptieal arch.—To set out a semi-elliptical arch, draw o
line 4 I equal to the span or transverse axis of the ellipse. On this at
right angles draw C D equal fo the rise. Then from the vertex C, with

7
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radius 4 D or I B equal to half the span, deseribe an arc intersecting
A Bin Eand F. These two points will be the foci of the ellipse. If two
nails or pegs be fixed in the foci, and a line attached to them equal in
length to A B, then the curve traced by a nail keeping this line stretched will
be the ellipse required ; the lines E G F, E HF, EIF, etc., being all
equal to the span A B and to each other.

53. Many-centred circular or oval arch curves formed of arcs of
circles of unequal radii, and similar in appearance to the ellipse, are
sometimes adopted for the arches of bridges ; with the same rise and span
they may be constructed to give a greater watcrway than segmental
arches, and in stone bridges they have been preferred by practical stone
cutters, butin brick brid ges they have no advantage in simplicity over elliptical
arches. They may be described either with three, five or other odd number of
centres, The number of centres will depend on the relation between the span
and rise, when the latter is one-third, or a greater fractional part of the
former, three centres may be used, but if the rise is less than one-third of the
span, then five or a greater odd number must be taken, In practice it
will bo found troublesome to describe arcs from & Jarge number of centres,
nor indeed will occasion be found for using curves of this description. The
following is a method of describing a curve composed of three arcs, each
of 80°. Let 4 B (sec Fig. 57) represent tho span and € D the rise, take

D G=dA D—D C, and on it describe an equilaferal triangle D G 4,
Fig. 57
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let fall the perpendicular J27 and take JE= HI. In the sime wiy the
point Fis found. On K F describe tho equilateral triangle EFE, theh
E, Fand K will be tho centres required.

1f the oval arch riso one-third, bisect the balf spans 4 D and D B (see
Fig. 58) in the points £ and F, and produce versed sine € D to G making

Fig 58
[

N G =D C, then E, F,and G, will be the three centres with which the
curve may be described, In setting out arches the praetical diffeulty
arises from the elasticity of string. Instead of a siring, soft wire, about
a tenth of an inch in diameter, should be used. When the radius does not
exceed 12 or 15 feet, a shp of wood may be used with a nail at each end.

In oval arches the rise is seldom less than 1{3 of the span. American
Engineers recommend the 3-centred oval arch as the best form to use for
spans of ashlar work up to 200, and the 5-centred arch for greater spans.

54, The parabolic arch 1s used when a vertical space greater than
the span 1s required within the arch.
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radius 4 D or D B equal to half the span, describe an arc intersecting
A Bin Eand F. These two points will be the foci of the ellipse. It two
nails or pegs be fixed in the foci, aud 2 line attached to them equal in
length to A B, then the curve traced by a nail keeping this line strotched will
bo the ellipse required ; tho lines E G F, E Il F, E I'F, otc., being all
equal to the span 4 B aud to each other.

53, Many-centred ofrcular or oval arch curves formed of ares of
circles of unequal radii, and similar in appearance to the ellipse, are
sometimes adopted for the arches of bridges ; with the same riso and span
they may be constructed to give a greater waterway than segmental
arches, and in stone bridges they have been preferred by practical stone
cutters, butin brick bridges they have no advantage in simplicity over elliptical
arches, They may be described either with three, five or other odd number of
centres. The number of centres will depend on the relation between the span
and rise, when the latter is one-third, or a greater fractional part of the
former, three centres may be used, but if the rise is less than one-third of the
span, then five or a greater odd number must be taken, In practics it
will be found troublesome to describe arcs from a large number of centres,
nor indeed will occasion be found for using curves of this deseription. The
following is 2 method of deseribing a curve composed of thres arcs, each
of 80°% et 4 B (sec Fig. 57) represent the span and C D the rise, take

D G=A DD C, and ou it deseribe an equilateral triangle D G H,
Fig. 5N
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let fall the perpendicular J/7 and take IE = HI. In the samo wiy the
point Fis found. On £ F deseribo tho equilateral triangle EFK, theh
E, Fand ‘K will bo tho centres required.

It the oval arch rise one-third, bisect the half spans A4 D and D B (see
Fig. 58) in the points £ and ¥, and produce versed sine C D to @ making

Fig 8,
[+

D @G =D C,then E, F,and G, will be the threo centres with which the
curve may be deseribed, In setting out arches the practical difficulty
arises from the elasticity of string. Instead of a siring, soft wire, about
a tenth of an inch in diameter, should be nsed. When tbe radins does not
exceed 12 or 15 feet, a slip of wood may be used with a nail at each end.

In oval arches the rise is seldom less than 1f3 of the span. American
Engineers recommend the 3-centred oval arch as the best form to nse for
spans of ashlar work up to 200', and the 5-centred arch for greater spans.

54, The parabolic arch is used when a vertical space greater than
the span is required within the arch.

Fig 58
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In concrete arches the elliptical are may be used for any length of span,
and the semi-ellipse for any length of span where the rise isjconsiderable.

Inverted arches or inverts are similar to ordinary; segmental arches,
but are built with the curve downwards. They are built] under openings
in order to distribute the superincumbent weight equally over the sub-
structure or along the foundation, as thelcase may be. They are also some-
times used where there is an upward pressure from springs.

Other unimpo:tant kinds of arches are the stilted arch, the skew arch
(e paragraph 68), the groined arch, and the straight arch.

Groined arches’are those which intersect one another (see figure).

Fi13 0.

nwuiil

Groined Arches.
Arches semi-cireylar

Flat or straight arches are used instead of wood or stone lntels
over square-headed doors and windows. They are generally a Lrick
and a half thick, and the bricks should be carefully cut or moulded to
shape and set in tho best mortar. They must always have semi-cirenlar
or segmental reliering archesjover them. The extrados of the flat arch
is borizontal, but the intrados is often given n camber of 1/8° per foot
of span to counteract any sottlement and correct the apparent sagging
of a horizontal line.

A stilted arch is ono that does not spring direct from the pier or
abutment, buf i3 raised as it were on stilts for some distance sbove them.
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85, Jack archesaro small span segmental arches which rest on steel
beams or girders in placo of masonry piers, and nro frequontly used for
roofe, for floors of factories and road and railway bridges, etc. They are
easy and cheap to build, but their use for floors and bridge decking has
diminished since reinforced concreto work has comie into common use.

The arches sometimes spring from the top flange of the rolled steel
beams, sometimes from the lower flanges (s¢e Fig. 61 and 62). The
opinion of Engineers varies greatly as to which of these two is the better
method ; but there are many advantages in the first, and the only dis.
advantages are that perhaps it does not look so well ns the second and
that in buildings birds and bats find a resting place on the lower flange
and render a houso that is not in constant use very offensive.

Fig. B, Fig.62.

Fine concrete.

lron p/ar; %

In Fig, 61 the arches spring from a properly shaped skew-back,
while in Fig. 62 3 bad joint is made with the steel girder, the girder is]
mate likely to be affected by changes in the temperature, and any marked
expansion or contraction is bound at best to cause vracks and a leaky joint.

Four feet to six feet is the best span for Jack arches; they should never
bo tmade with a greater span than 8. For roofs the brick arch is gene-
rally segmental, with & rise of 1/5 span and half brick thick, This should
be covered with fine concrete from 3" to 6 thick.

Floors may be made with one brick arches, and the top surface
levelled off with erdinary concreta.

When the arches spring from the top flange, the centres ara rested
on the lower flanges, and they can easily be fixed and removed. When
the arches spring from the lower flange, the centering, which is generally
slung from the Jower flange, is more difficult and less satisfactory.

At the end of a series of Jack arches tie rods mnst be used to
neutralise the thrust on the outer wall, which is seldom strong enongh ~
to stand the accumulated thrust of all the arches (ees Fig. 61).
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56, Piers for arches.—A pier should be of such a thickness that the
two arches can spring clear without intersecting each other. In o long
series of arches it is advisable to make at least every fourth or fitth pier
an abutment pier (that is a pier which has sufficient stability to act as
an abutment), so that the whole work'may not be wrecked if one of the
arches is seriously damaged.

* ¢ FBach pier of a series of arches ought also to have sufficient stabi-
lity to resist the thrust which acts upon it when one only of the arches
which springs trom 1t is loaded with a travelling load.”

The thickness of piers 13 generally made from 1th to }th of the spa
of the arch, -

High piers can frequently be cheapened by building them hollow, or
by making archways through them, with inverted arches at the base.

57. Domes.—Doomed roofs are frequently built in Indie, but their
construction refers more to buildings than mascnry, and consequently
details will be found in the building sections.

Syrian roof.—This roof is made with & specially moulded hollow
brick. The arch is hght and consequently the supporting walls and the
centres can be reduced in strength. This type of roof is seldom used, so,
farther details are not given.

Bindh reof.—This 10of is made with hollow bkorizontal tiles. It is
only suited for localities where the rainfall is very light, and is seldom
used,

58, Underground arches, Tunnels, Culverts—In an underground
archway or tunnel, special attention must be paid to the mateiial or
soil in wlich it is to be built, If this is very loose and liable to slip,
there will be pressare on the walls as well as on the arch and even on
the bottom and therefore the cross section of the masonry should more

or less approach to the cylindrical, in which form it would need to be
made in the loosest material or in water. The calculations must depend
on the conditions and are not gone into here, the need for them only
being noted.

It appears that in the brickwork of varlous existing tunnels the
factor of safety is as low as four. This is sufficient, because of the
steadiness of the Joad ; but in buried archways exposed to shocks, like
those of culverts under high embankments, the factor of safety should be
greater, say from eight to ten.

* Hautlne’s (1Vil Engocening.
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39, The mazon, in order to put a design into execntion, must set
out the arch fall sizo in clevation on a levelled surfaco with the joints
marked thereon. The next process is to make the monlds for which
thin sheets of zinc are best adapted, the zing being out to tho form of
the required sections of the voussoirs, both on the Zed and on the fare,
Where arches are formed of one eurve, and the voussoirs are all of one
tize and shape, ono mould will be sufficient, except for tho key-stone.
The moulds heing thus ohtained and aumbered or lettered for their
respective situations, the stono is to he worked to a level face, and the
face mould npplied and marked, the joints worked and the section or
bed mould applied and marked.

60. Theoretically the thickness of the nrch should be greater at the
springing than at the crown on aecount of the larger tangential thrust.
Brick arches should be divided into several portions, and the increase
of thickness in each portion should be half a brick or one brick in order
to secure u proper lond  In actual practice, however, no diffecence is
made in small arches. The thickness of arches depends on the rise of
the span, on the weight snpported and on the material of which the
arch is composed. French writers give yyth of the span + 1°1 foot.

TRankine’s formula for the thickness of an arch at the crown which is
adopted by most Engineers is :—

For single circular segmental arches thickness

= +/{12 x radios at erown) in feet.

For single semi-circular and oval arches the co-efficient 0°12 should
be increased to 02,

For segmental arches in series the thickness

= /{017 X radum 8t crown) 1 feet,
and for oval and <emi-cirenlar arches in series the co-efficient 0°17 should
be incieased to 0-25

For brickwork in rings about 12 per cent. should be added to the
thickness caleulated from the above fignre,

The theoretical thickness at the springing varies from 13 times to twice
the thickness at the crown, though there is seldom as much difference
made in practice.

In America the following equations are commonly used.

For highway bridges thickness at crown in feet.
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For railroads = J'ol span (

For high railroads = Jo-o] span (“L‘” + 5) + 025,

nse

gt 4) + 0°20,

rise

Thickness at springing in feet =,
thickness at ecrown [1 + 0:002 (span 4 2 x rise) ].

61, Arch Centres,—A centro isa temporary siructare composed of
wood, iron, earth, stone or brick, or a combination of these materials, by
means of which the voussoirs of the arch are supporied uatil the work is
complated and capable of supporting itself. TWhen the arch is comploted
the temporary structure is removed.

Wood or iron centres are seldom used in India for small unimportant
arches, but wooden centres are generally used where the span is large,
the work important, and espacially when there are a series of spans to
be atched. In all kinds of centres the two chief points to attend to are—

(1) The upper or bearing surface should be correctly shaped to agree
with the design of the arch.

(2) The centering should be strong enough to bear the weight of the
arch, of the materials and of the workmen, ete,, which may be
placed on it, without sinking or changing its form at any time
during the construction of the arch,

TWooden centerings consist of ribs or trusses the upper outling of which
is of exactly the same form as the intrados of the arch to be supported,
These ribs or trusses are placed from 5’to 6’ apart, and connected by
boards called laggings upon which are laid the stones or bricks of the arch.

The construction of wooden centres for small arches requires but little
skill, The ribs are made with two or more thicknesses of planks nailed
together with the grain of the wood finjjalternate planks crossing one
another (see Fig, 62).
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The centres required for large arches and the mothods used in lower-
ing and removing thom (commonly ealled striking) are described under
the section ¢ Carpentry.”

For long lengths of arching it is customary to construct o 10’ or 12’
length of centering, consisting of tbree ribs fastened togsther with the
lagging boards, When this length of arch is completed, the centering is
struck and moved forward for mnearly its whole length, leaving o few
inches of the part completed undernenth to make 2 good joint. It is then
properly fixed at the correct level in this noew position and a second
portion of arch work is now built upon it. After this it is again struck
and the process is repeated till the arch is finished.

The Indian workman is very clever in making rough centerings for
small span arches. They are quite good enough for most parposes, are
cheaper than wooden centerings and can easily be removed when the arch
is completed. .,

For low bridges and calverts the usual method of construction is to
build rough walls of brick or stone in mud at both ends of the work, and
then fill in the space between the walls with well rammed carth, The
top is then curved off nearly to the correct shape of the arch, and plastered
with mud or ime mortar. When the work is completed the end walls are
pulled down and the earth removed.

The method of making rough centerings for arches in houses is by
building two or more piers of brickwork in mud and laying rough
timbers or bamboos on them, On this platform the same process will
be repeated, and then tho shape of the arch may be made with small
preces of stone or bricks and mud, and the structure may finally be
covered with lime plaster to give 1t the correct shape for the arch.

The great objection to these kinds of rough centerings is that the
shape 15 very hable to become distarted due to the workmen moving abeat
on top, and also to the setthing of the earth as a result of the water used on
the masonry atselt.

62. Various opmnions bave been expressed as to the period that shonld
lapso between the heying and the uncentering of arches, though there
15 a concensus of opimion that 1mmediately after the completion of the
arch tho centerings <hould be slacked a hitle, so that the bricks may
close 1n and compiess the mottar. Undoubtedly this should be dome
before the facing, spandiel and outside parapet walls are built upon the

prches. A trfng change of form in the arch might occur by its settle
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ment without in any way impairing its strength, but such a settlement
would probably crack and disfigure the external face walls if they had
already been built. Arches have been known to have been safely un-
centered immediately ofter koying, and yet to bave changed their shape
but slightly ; also centerings have been left up one, two or even six months
and though on their removal the arches have not sunk at all, they have
oceasionally cracked after the addition of the weight of the superstructure,
1t is clear that any change of shape in the arch must be less prejudicial to
its strength while the mortar 1s soft than after it bas set, for should any
settlement then take place, the work must become crippled.

When, however, a large arch has been buwilt on a solid centering, or
on one that cannot be properly and equally lowered, it may be advisable
to allow the arch to set, at least partially, before proceeding to remove
such a centering.

The length of time which it has taken to build the arch is an impor-
tant factor in this question. If the lower part of the arch from the spring-
ing has been made some time before the upper part it will have set, and
then, if the centre is struck directly the arch is keyed, the compression of
the soft part will very hkely cause cracks in the bardened part.  But if the
work has been evenly and quickly done, and kept thoroughly moist (as it
ghould be), then no doubt a gentle slight lowering of the centres is the
correct thing, to allow the arch to be slightly compressed and to bring all
its joints into fair bearing. This lowering should not be dome while
the mortar in the last finished jomnts is still so soft that it might be
squeezed out. .

In conclusion it may be said that it is better to remove the centres
quickly than te leave them too long, to wait till the mortar is firm than
to wait till it has bardened.

« The centre of an arch should not be struck till the backing has been
built and the mortar is no longer shaky. Again where an arch is one of a
series of arches, with piers between them, no centre can be struck till the
next erch is well advanced, unless the pier is what is called an ubutment
pier.

63. Bond of stone arehes.—The same general principle is followed in
arranging the joints and bond of the masonry of arches as in other
stroctures of cut stone. The beds should be perpendicular to the tion
of the thrust, though the arch ring and the o joints beo
normal to the beds and to the surface of t! and the
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any two systems of joints should be normal to each other at their lines of
intersection,

Fig 64.
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In semi-cireular and segmental arches the vonssoirs are equally made
of the same breadth, measured along the soffit. The joints of each course
of voussoirs between the faces of the arch are made continuous, each of
these courses being termed a string courss (as course b a ¢ d), and théir
Joints coursing joints (as each of the joints ba ord¢). The planes of the
joints alonp the soffit are not continuons, but break joint ; the stones which
correspond to two consecntive series of these joints being termed n Ring
course (as the ring of stones 1,2, . . . 10, shown with dark lines in
the figures), and its joints heading joints (a3 joint f g in figure). By this
combination of the ring and string courses, the fitting of the blocks, the
settling of the courses and the bond are arranged in the best manner.

64, Bond of brick arches.—Brick is the material most usnally
employed in India for the comstruction of arches. The principles of
construction are the same both in stone and brick, but in using the former
overy voussoir has to he cut to an exact form, with a depth proportionate
to the weight of the arch and its superincumbent load.

In brick arches nlso the gemeral direction of each joint shonld be
perpendicular to a tangent to the eurve at that joint.

The simplest approximate method of keeping the joints in their proper
direction is by the use of pieces of hard board of from 1 to 13 feet in length,
These are cut out to the curve of the arch on their lower edge, whilst their
sides, made perpendicular to this curve, show the direction of the joints.
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65. §ince the crushing strength of granite and of good varieties of
limo and sandstone is greater than that of the best bricks, stone should
be used when available in preference to bricks for arches of all large
spans.

Considerable difference of opinion exists among Enginsers regarding
the best method of laying the bricks in a brick arch.

The three principal methods of bonding brick arches are shown in
figa. 65, 66 and 67, namely :—

(@) Concentric rings of whole or half bricks (se Fig. 65).

(5) Alternate rings of whole and hali bricks, sometimes called

header and stretcher bond (see Fig. 64).

{¢) Block in course bond (see Frg. 67).

fig. 65 Fig 68,
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In the first method (e Tig. 65), the bricks are laid in sectlon as
stretchers or headers 1n cencentric rings. The average thickness ‘of
jomt s least in thuis method, and consequently more bricks and less
mortar are u<ed. It 15 the castest mothod of construction, especm]ly
when the stretehier rings nre used, and is used more often than any other
method, A plin of the one brick ring arch Jcorreiponds to Heading
Bond. .

If radial joints were made contintious throughout the thickness of the
arch as in Fig. 68, the mortar joints or the upper rings would be very
thiek, and 1n large arches might be unable to withstand the pressure upon

&lo, r1g thech marter ety
. PRI tegs
‘ Loy S

them, e<pccnlly if the centerings were struck before the mortar’ had
had set. ln such cases 'the crown would settlo down and the whole
arch would be thrown out of shape, creating such unequal pressures as
might cause its fall. Wedges of slate or stone are sometimes fixed in
the thick mortsr joint, but the practice is not recommended as it is liable
to crack the brick and cause unequal pressure.

1t is not recommended that brick arches of more than 307 span should
be built with concentric rings, because the line of pressure in passing
from the extrados to the mtrados tends to separate the rings, and the
whole pressure might momentarily be sustained by a single ring. .. In this
case the ring would probably be crushed, “hen the pressure would be
transforred {o the next ring, which might give way in D«mmlar manner,
and then the whole arch wonld fail.

On the other hand, thers are many instances of large span railway
arches which have been made of concentric brick rings and have been
built snccessfully and have given no trowble. If bridges of large spans
are made, great care must be taken fo use ouly the best lime and bricks,
and (if possiblo) cement mortar, iu their construction.
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65 Sinee the crushing strength of granite and of good varieties of
lime and sandstone is greater than that of tho best bricks, stone should
be used when available in preference to bricks for avches of all large
spans.

Considerable difference of opinion exists among Engineers regarding
the best method of laying the bricks in a brick arch.

The three principal methods of bonding brick arches are shown in
figs. 65, 66 and 67, namely :—

(a) Concentric rings of whole ur half bricks (see Fig. 65).

(b) Alternate rings of whole and half bricks, sometimes called
header and stratcher bond (see Fig, 65).

(¢} Block in course bond (see Fig. 67),

Fig. 65. Fig 68, N
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In the first method (see Fig. 65), the bricks are laid in sectlon as
stretchers or beaders in cencentric rings. The average thickness of
joint is least in tlis method, and cobsequently more bricks and less
mortar are used. It is the easiest method of construction, especially
when the stretcher rings are weed, and 1s used more often than any other
method. A plin of the one brick ring arch jeorresponds to Heading
Bond.

If radial joints were made continuous throughout the thickness of the
arch as in Fig. 68, the mortar joiuts or the upper rings would be very
thick, and n large arches wight be unahle to withstand the pressure upon

P ‘

them, especially if the centerings were struck before the mortar had
bad set  In such coses ‘the crown wonld settle down and the whole
arch would be thrown out of <hape, creating such unequal pressures as
might cause 1ts fall  Wedges of slate or stone are sometimes fized in
the thick mortar joint, but the practice 1s not recommended ag it is liable
to crack the brick and cause unequal pressure.

1t 12 not recommended that brick arches of more than 807 span should
he built with concentric rings, because the lne of pressure in passing
from the extrados to the intrados tends to separate the rings, and the
whole pressure might momentarily be sustained by a single ring. In this
case the ring would probably be crusbed, when the pressure would bo
transferred to the next rng, which might give way ina snmlar manner,
and then the whole arch would fail. B

On the other hand, there are many mslnnces of large span railway
arches which have been made of concentric brick rings and have been
built snccessfully and have given no trouble. If bridges of large spans
are made, great care must be taken to use ouly the best lime and bricks,
and (if possiblo) cement mortar, in their constraction,
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65. Since the crushing strength of granite and of good varieties of
lime and sandstone is greater than that of the best bricks, stone should
bo tsed when available in preforence to bricks for arches of all large
spans.

Considorable difference of opinion esists among Bngineers regarding
the best method of laying the bricks in a brick arch.

The three principal methods of bouding brick arches are shown in
figs. 65, 66 end 67, namely :—

(2) Concentric rings of whole or half bricks (sez Fig. 65).

(2) Alternate rings of whole and half bricks, sometimes called

header and stretoher bond (see Fig. 64).

(¢} Block in course hond (see Fig. 67).

Fig 5. Fig. €8,
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In the first method (e Fig. 65), the bricks are laid in section as
stretchers or headers in cencentric rings. The average thickness of
joint is least in this method, and consequently more bricks and less
mortar are used. It 13 the eastest method of construction, especially
when the streteher rings are u-eld, and 13 uszed more often than any other
methed. A plan of the une brick ring arch [corresponds to Heading
Bond.

If radial joints were made continuous throughout the thickness of the
arch as in Fag. 68, the mortar jomts or the upper rings would be very
thiek, and 1n large arcli~ might be upahle to withstand the pressure upon

Fig €8
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them, especially if the centerings were struck before the mortar had
had set. In such cases 'the crown would settle down and the whole
arch would be thrown out of shape, creating such unequal pressures as
might catee 1ts fall. Wedges of slate or stome are sometimes fized in
the thick mortar joint, but the practice 15 not recommended as it is liable
to erack the brick and cause unequal pressure.

It is not recommended that brick arches of more than 307 span should
be built with concentric rings, becauso the hine of pressure in passing
from tho extrados to the intrados tends to separate the rings, and the
whole pressure might momentarily be sustained by a single rmg . In this
caso the ring would probably be crushed, “when the pressure would bo
transforred to the next ring, which might give way ina slmxlar manner,
and then the whole arch would fail,

On the other hand, there are many instances of large span railway
arches which have been made of concentric brick rings and have been
built successfully and have given no trouble. If bridges of largo spans
are made, great care must be taken to use only the best lime and bricks,
and (if possiblo) cement mortar, in their construction.
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Bometimes bricks are apecially moulded to suit the arch, with a greater
thickness at one end than at the other, and then there is no increase of
thiskness of the mortar joint nt the back of each ring. Still, with more
than one ring the radial joints will not be continuous, as in Fig. 68, but
broken as in Fig. 65, Such bricks are expensive to make, and in order
{0 €uily answer the intended purpose they must be made of several patterns
8o a3 to conform with the radii of the different rings.

To avoid the objecti tioned above to trio ring arches, it
is oustomary to provide %eys made of blacks of stone or of blooks of bricks
of a different bond as are shown in Fig. 69, 70 and 71,

The proper position for the bond blocks is where the joints of the
varions rings coincide.

Another arrangement consists of introducing headers so as to unite
two half brick rings whenever the joints of two such rings happen to
coincide. The rings are sometimes united in consecutive pairs right
through the thickness of the arch, ses figure 70,
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ARCHWORR. 63

66. The sccond method of bonding brick arches mentioned in
patagraph 65 is shown in Fig. 72,

Fig.72.

and whols breely

This consists of bricks laid alternately in section as headers and
stretchers like Flemish Bond and with continnous radial joints. The
plan consists of alternate courses of headers and stretcherd similar to
Englisk Bond. The plan of a 1-brick arch can either bé similar to
English or Flemish Bond. The average thickness of joinﬁ is grealter
in this method than with tric rings, and quently more mortar
and less bricks are required, Many people prefer the appearance of this
bood to any other, and consequently it is largely used in the fronts of
buildings.

67. The third wethod, shown in Fig. 73, is generally called block-in-
course, This method of bonding sims at obtaining with bricks the wedge-

Fig.73.

Boch ircourst bord
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Sometimes bricks are epecially moulded to suit the arch, with a greater
thickness at one end than at the other, and then there is no inorease of
thickness of the mortar joint af the back of each ring. Still, with more
than aye ring the vadial joints will not be continuous, as in Fig. 68, but
broken as in Fig. 65. Buch bricks are expensive to make, and in order
ta fully answer the intended purpose they must be made of several patterns
g0 as to conform with the radii of the different rings.

To avoid the objecti tioned above to tric ring arches, it
{8 oustomary to provide teys made of blocks of stone or of blooks of bricks
of & different bond as are shown in Fig. 69, 70 and 71,

The proper position for the bond blocks is where the joints of the
various rings coincide.

Another g t ists of introducing headers so as to unite
two half brick rings whenever the joints of two such rings happen to
coincide. The rings are sometimes united in consecutive pairs right
through the thickness of the arch, s¢s figure 70,

Fig. 21,
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ARCHTWORR, 63

66. The second” method of bonding brick arches mentioned in
paragraph 65 is shown in Fig. 72.

Alternote regs of bl
and whols brecks

This consists of bricks laid alternately in section ns headers and
stretebers like Flemish Bond and with continuous radial joints. The
plan consists of alternate courses of headers and strotchers similar to
English Bond. The plan of a 1-brick arch can either bé similar to
Englisk or Flemish Bond. The average thickness of joint is greater
in this method thau with concentric rings, and consequently more mortar
and less bricks are required. Many poople prefer the appearance of this
bond to any other,and consequently it is largely used in the fronts of
buildings,

67. The third method, shown in Fig. 73, is generally called block-in-
course, This method of bonding aims at obtaining with bricks the wedge-

Fig.72.

Blockn course pord
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shaped voussoirs of the stone arch. The bricks are grouped in blocks
which are bonded by continuous radial joints. Adjacent blocks are made
of different bonds, but any good bond may be used. Ths method is
seldom used in India,

68. Oblique or skew arches.* —When a road, rulway or eanal crosses
any other such work in any direction eseept at 1ight angles, a skow or
oblique bridge will he required. Skew arches are of figures derived from
those of symmetrical arches by distortion in a horizontal plane, The
elevation of the face of a skaw arch, and every vertical section parallel
to its face, is similar to the corresponding elevation and vertieal section
of a symmetrical arch. The forces which act in a vertieal layer or rib of
n skew arch with its abutment are the same as those which act i an equally
thick vertical layer of a symmetrical arch with its abutments, assuming
it has the same dimensions and figure, and 13 similarly and equally loaded,

Fig 74.
ol
H lvln;ltofs&cw
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The sngle of shew or ‘obliquity is tho angle which the axis of the
archiway, f.e., A C, mikes with the line at right angles to the face of the
arch suchas B D. ¢ B 1 will bo the angle of skew. The span of the
arch on the sguare is the perpenticular distance between the abutments,
the spun on the sew is parallel to the face of the arch.

A skew arch differs from ar’ordinary-symuctrical arch in that the
bed joints are not parallel to tho nbutments, but are placed as nearly ns
possiblo at right angles to the face of the arch, because the best position

¢ Parts of paragraphs €3 to 70 are cop.ed from Rankinc's Cinil Enguncening,
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ARCHWORE. b5
for the joint is perpendicular to the thrust along tho arch. If thoy wero
placed parallel, it s clear that a largo portion of tho arch would have no
sbutment on one side and must fall.  Joints of tho best form are ditheult
to constract, so spiral jonts are used 1 practico as an spproximation.
Skew arches are much easier to buikd with Uricks than with stones, as with
stones each voussoir has to be carctully cut to the correct shape,

69, Before a skew arch 43 constructed, « large scalo drawing of the
soffit must be prepared, showing the exact figure and position of each
arch stone.  That drawing represents the curved surface of the soffit, as
if it were spread out flat, and 1s called tho development of that curved
surface. In general 1t s sutficisut to draw one hall of the soffit, tho other

hall being sumlar. The following are the processes by winch that

drawing is prepared.
(I) To draw the development of the soffit and of its vertical sections
on the skew.—L"1zure 76, Plate VI, represents tho plan of one
balf of the arch, /f A A bemy tho crown ot the soffit, and
I 3 L the face of nne of the abutments. The line A ¢ 8
represents the position of a vertical section on the skew,
and A & D perpendicular to £ K, that of a vertical section
on the square, the angle 2 A U bewng the ungle ot obliquity,
Assume any conventent number of powntsin £ 1, through which
draw a set of lines parallel to A K, and also a st oI boes ug
right angles to 2/ {. Draw O # parallel ta & £ cuttmng the
latter set of lines ; and on O B as balt span, construct the
vertical sectton of the arch on the show shown in Iy, 75, in
which 4 C & 13 the line on the sotht corresponding to 4 2
in Fig. 76, Then construct the vertical section on the square,
- Fig. 77, by drawing O L parallel to 4 U to 1epresent the
half span on the square, transferring the ordinates of Fig. 75
to the corresponding pownts in kg, 77; for example ¢ & is

made equal to F C.
The development of the half soffit £1 L K is constructed as

follows :—

Produce the centre line of the soffit to £ A A in Fig. 18,
making the lengths 7 A and A K equal to f .l and 4 & in
Fig, 76, Thendraw A £ D st right angles to I K, and
make 4 X, A D, etc., equal in length to the ares A 40,
etc., which are cut off on the curve A £ 0 of Fig. 77 by ity
Vv
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several ordinates. Then will the straight line A E Din
Fig. 78 bo the development of the section on the square,
corresponding to 4 E D in Figs. 76 and 77. Through the
points of division of A E D in Fig. 73 draw lines parallel
to II K such as B Cand I U, B L, etc., on which lay off
ordinates such as £ C, D B, etc., equal respectively to the
corresponding ordinates £ C, U B, etc., in the plan Fig, 76,
and through the ends of these ordinates draw a curve 4 (' B,
Fig. 78 ; this will be the development of the vertical section
on the skew 4 C B Figs. 75 and 76.

Draw also the curves H I, A L parallel, similar and equal to
A C B. Then I # K 4 wil be the developfnent of haif the
soffit. Draw £ M and L N perpendicular to [/ L, then
M I L N will be the development of part of the face of an
abutment. Draw also any convenient number of inter~
mediate curves, such as those shown by dotted lines, parallel,
similar and equal to A C B, to represent the development
of several parallel skew vertical sections of the soffit, and to
indicate, ut the same time, the direction of the thrust at
each point which they traverse, These may be called
curves gf pressure.

dan To draw on the development of the soffit, the bed joints and

side joints of true courses.— Tho bed joints are drawn by
sketching by free band a series of curves, cutting all the
curves of pressure at right angles, and called the orthogonal
trajectories of the curves of pressure. The sido joints being
perpendicular to the bed joints are parts of curves of pressure
themselves (see Fig. 80). Tho courses becomo thinner to~
wards the acnto angle of tho abutment, and thicker towards
the obtuso angle, so that it may be sometimes advisable
to introduce intermediate bed jomts near the obtuse apgle,
s shown near L in Fig. 80, In the figures tho urchsprings
vertically from the abutments,“so that nono of the bed
joints intersect the line of springing J L, to which they
are ail asymptotes. If tho arch bad been segmiental some
of the bed joints would bave intersected that line obliguely,
making necessary the use of skew backs of the kind shown
iy Fig. 79, but not o oblique.
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(1T} To draw on the development of the soffit, the bed joints and sine
joints of spiral courses (see Fig, 79.—On the development
of the soffit draw a series of parallel equidistant straight
lines, perpendicular to the direction of the thrust at the
crown of the arch; these will represent the hed joints,
and the side joints will be perpendicular to them, Between
I and L are shown the skew backs or stones which connect
the starting courses of the arch with the horizontal courses
of the abutment.

Spiral courses are perpendicular to the thrust at the crown of
the arch only, and become more and more ohlique to it the
nearer they are to the springing.

70, Ribbed skew arch.—The difficulties attending the construction
of skew arches are sometimes avoided by indenting the face of the abut-
ments and building the arch in cylindrical rings (se¢ Fig. 81), but though
this has been successfully excented n many places, it is manifestly a
make-shift and cannot be recommended.



CHAPTER VI.
i
. MASONRY WORK IN FOUNDATIONS AND WELLS

* Tl: The term foundation is used indifferently either of the lower
edurdes of a structure of masonry or for the arrangement, whether natural
or artificial, on which these conrses rest, and which may be more precisely
tormedl the bed of the foundation.

% THp strength and durability of structnres of masonry depends greatly
upon the hed of tha fonndation. In arranging this, regard must be had
tibt only to tha permanent pressure of the superstructures which the
bed"mav have to sapport, but to that occasionally camsed by wind,
témboraturs, loading of floors, thrust of arches, voofs machinery, ete.
The foundation hed should, in all cases, be placed so far helow the surface
of the sail that it will not be liable to be uncovered or exposed or undaly
softened by the penetration of floods or rain water ; and its surface should
not only he normal of the resnltant of the pressure which it sustains, but
this resultant should intersect the base of the bed so far within it that the
portion of the soil between this point of intersaction nnd the outward edge
of the base shall be broad enough to prevent its yielding from the increasoe
of pressare thrown on it.

72. Tho object to be attained in the construction of any foundation
is to form such a solid base for the smporstructure that no movement
shall tako place after its erection. It must be remembered, however,
that all masonry structures (whether brick or stone) will settle to a
cortain extont, and that, with a few exceptions, all soils will become
compressed more or less nnder the weight of n building, however trifling
its character. Tho aim, therefore, shioufd b not so mueh fo atfempt to
prevent settloment, 13 to ensure that this settloment should bo uniform.
It cannot e tao strangly impresced on the mind of the stadent that it is
not an unyielding but a uniformly yielding foundation that is required,
and that it is not tho amount «0 much ns the inequality of settlement that

* does the micchief.

The second great principle in preparing foundations is to provent the
Tatoral escapo of the supporting material.

Tho principles, therefore, to bo kept in view in the treatment of all
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eates where the nataral soillis at all of a doubiful character, may be thus
briefly stated s~

Ist.—~To distribute the weight of the stracture evenly over a large area
of hearing antface, and to keep the intensite of preswaroe within safe limits.

211,~To prevent the lateral escape of the sapporting material.

3. Nalure of sub-soila—Tho first proliminary stap to be taken,
in determining tha kind of hed required, is to ascertain the nature of
the enheeoil on‘whit‘h he etrnctiire i to ba erected, This may be done ip
ordinary enses and to ordinary depths by <inking a pit; but whera the
enh-soil ic composed of various sfrata and the atructure demands extra
pracantion, desp horings must be made with the tools nsyally employed
for this purpose.

Tt is 2 comman practice’o carry down the foundations to a fived depth
frrespactive of the <oil strata. The result is that the straciure is
frequently founded on an inferior base; a cheaper and more satisfactory
strnctnra ean wwmetimes he obtained by founding on a firm stratum higher up.

74, Soils for Fonndations mny be divided into three classes :——~

The Ist class consists of soils which are incompressible or at least
so slightly compressible as not to affect the stability of the heaviest
masses laid npon them, and which, at the same time, do not yield ina
Tateral direction. Solid rock, compact stony soils, hard clay which yields
only to the pick or to hlasting helong to this class. Such soils will atand
from 5 to 18 tons per square foot. . !

The 2nd class consists of soils which are incompressible, but require to
be confined laterally, to prevent them from spreading out. Pure gmvél
and sand belong to this elass. Such soils will stand from 3 to 5 tons per
square foot.

The 3rd class consists of all the varieties of compressible <oils, under
which head mav be arranged ordinary clay, the common earths, and
marshy soffs. Some of this class are found in a more or less compact
state, and are compressiblo only to a certain extent, snch as most of the

varleties of cliy and common earth. Such soils will stand from 1 to 23
tons por squaro foot.  Others are found in an almost fluid state, and yield
with facility in every direction, Such soils will only stand from §to 1
tan per square foot,

Thf London County Council Regulations are that the prassures of
foundations on tho natural ground shall not exceed the following s~

Scft. clay or wet or loose sand—1 ton per square foot.
Ordinary clay or confined sand—2 tons per squaro foot,
- Compact gravel, bluo clay or chalk— 4 tons per square foot,
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%5. Rock.—To prepare the bed for a foundation on rock the
thickness of the stratnm of rock should first be ascertained (if there are any
doubts respecting it) ; and if there is anv reason to <uppose that the
stratem has not sufficient strangth "to hear the weight of the structure,
it should he tested by a trinl weight, at least twice as great as the one
it will have to bear permanemtly. The rock is next properly prepared
to recaive the fonndation eonrses br lovelling and filling the inegnalities
with fine conerete or stepping, so that its plane or planes are normal to
the acting forees. All perishable or disintegrated material should be
removed. and the exposed surface should he roughened, if necessary, to
prevent sliding of the superstructure, This is specially necessary in the
caso of dams which are often founded on rock which has been polished by
the nction of the «ilt or stones carried by the water, If fissures or
cavities are met with of so great an extent as to render the filling of them
with maconry too expensiva, an arch mav be formed, recting on the two
sides of the fissures, to sunport that part of the stracture above it, This
treatment is not suitable for dams, where nll dykes and fissures should he
opened out and refilled with good concrote, not only under the dam itself, .
bnt for a considerable distance upstream and a short distance down-
stream of it,

76. Hard earths.—In stonvy earths and in hard elay the bed is
prepared hy digging a trench wide enough to receive the foundations, and
deep enongh to reach the compact soil which has not been infured by the
action of frost or heavy rain; a trench from 4 to f feat will generally he
deop enongh for this purpose for the heaviest huildings, but ordinary
one-starey houtees can he given shallower foundations,

In comnaet gravol and sand, whero there is no liability of Jateral
yielding, cither from the artion of rain or from any other canse, the
bed may be propared s in the case of sfony earthe. If, however, thero
is dny danger of latoral yielding, the <0il on which tho fonndation is to
rest must be <cenred by confining it laterally by meane of sheeting piles,
or in any other way that will offer snfficient security.

77 Black cotton soils.—In many paris of India seils aro fonnd
which contain a lirze pereentage of eliy, and are commonly eallod black
eotton <oil, Thore are «evoral variotirs of this soil. hnt all expand or
contract to n greator or Iess degreo whon moistore is added or removed,
and are nneitable for fonndation bade nnless some special precautions
are taken.  Even then they should bo avoided if possible,
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If the black soil stratam i> a shallow one (as frequently happens),
the foundations should boe carried ryght through the upper layer and
bedded on the good suil unlerneath.  Sometimes, however, the black
cotton stratum is deep, and 1t would be very costly to carry the masonry
right throughat. In such cascs the it is gemerally excavated right
through the black cotton sorl and refilled with thoroughly rammed ballast
or sand and the masonry structure bmit on top.

Sometimes the whole of the soll 15 removed for a few feet in depth,
and a concreto platform with or withont reintorcement built right across
the bailding, and ou ths platform the masonry walls are constructed.

Other methods ure to reduco the 1ntensity ot pressure to a Jow figure
by means of broad footings, and built either on the soil or on a small
depth of sand or bajlast.

Whatever system 13 bosever adopted, 1t 15 absolutely necessary to
take the foundatrons down deeper than are necessary in other soils, so
as to obtain a toundation bed which 13 ontside atmospheric nfluences,

78. Compressible earth.—The beds of foundations m cowmpressible
soils require peculiar care, particularly when the soil 13 not homogeneous,
presenting more resistance to pressure in onoe potnt than another ; for,
in that case, it will be very dufficult to guard agmnst unequal settlement.

In ordinary clay or earth it 1s customary to dig a tiench to the width
of the foundation, and the bottom of the trench is then levelled off and
the concrete Jaad.

Before any concrete woik commences, it is advisable to soak the
bottow of the bed with water and dig out any holes or cavities which
this shows up. The bed should then be thoroughly rammed and consoli-
dated, and all holes filled with concrete before the concrete foundations
are commenced.

There are, however, many objections to the excavation of a trench
of tho same width as the concrete, because the tull width of the concrete
edges caunot be rammed without distuibing the earth sides, and the
edges of the concrete remain poor and spongoy. Where the soil is not
stiff, it is frequently necessary to hold up the sides of the trench with
boards or other means ; the system is then not so objectionable.

A beiter method i3 to dig a wide trench and Isy the concrete as is
shown n Fig. 126 ot paragraph 127, This method enables the stdes of the
concreto to bo ramwmed, and also gives a better bearing surface.

9. Wet soils.—The arrangements for builling the foundations
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when there are springs in the excavation pit, are necessarily of great
variely and vary nccording to circumstances, If the springs are con-
fined to cortain points they may be treated by introducing vertical pipes
or building masonry cylinders, or even, if clear of tho actual foundations,
an earthen dam round them, to the height to which the water will rise,
or to which it can be kept down by pumping from the cylinders, By
such means the fonadation pib exn bo kept dry and the work carried on
easily + but this cau only bo done when the pipes or cylinders can be mado
with 8 water-ught connectton with the bottow of the foundation, so that
the water can ondy rise 1 thew and not into the pit. When the founda-
tion masonry bus veen put 1o and bas set, the pipes or eylinders can be
plugged tight at foundation level, and the upper part cut off. The
water 13 then confined under the toundati

When, however, the water rises all over the foundation pit, the
procedure mentioned above would be impossible. The general custom
is then, after pumping down to ground level, to provide a system of
channels well outside the voncrete by which the water can be led toa
pit or sumph, as 1t 1s called, 10 which the pump works, The sumph
will of course be deeper than the toundation level, so that by pumping,
or by ordinary hfts, the luvgl ot the water can be reduced below the
level at wlnch the misomy or concrete has tu be lail. Sometimes the
chantels poted above are mere excavations, but if the eoil 13 looso they
may have to be made uf pipes with shts or pertorations for entrance of
the water,

An endless variety of arrangements may be adopted, but generally
one or other of the two plans noted above are adopted, e, cither to
isolate the springs and choke them with their own rise, or to pump or
drain down to a certain lovel, by mnaking free drainage to a lower point
thon the bed, and either pump that level down or provide a natural
overtlow frum it to some lower ground. The first method-hus many:
sdvantages, in that the spring level bas mot to be reduced as low as
in the other. Iu this connection may be meationed a plan that was
successfully used on the Siwebind Canal Works, where tho springs threw
up fand, or the pumping drew itup. The spoings were partially choked
by pouring into them much coarser sand, wluch was too Leavy fur the
velocity of the spring to move, and yot alluwed the water a free passago.
It was not posatble te chobe the springs altogether, as when this way
tried they Lroke out 10 other places
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Considerable trouble is frequently experienced in proventing the

aarthen sides of the foundation pit in wet soil from sloping forward and
tambling into the pit. Whenever possible 1t 13 advisable to give very
easy slopes depending on the naturs of the sotl such as 2 or 3 to 1 above
spring level, and 4 to § to 1 below spring level; but when this cannot
be done, the earth must be supported by piltng, walls or other expedients.

80. Foundations have frequently been made with complete success

in wet and marshy soils, some of the methods adopted are—

(a) Make a platform of concrete, or reinforced concrete, of such a
width that the masonry superstructure which is built on it
will only give a very small mtensity of pressare such as the
soil may be expeeted to bear.

(5) When a firm stratum of soil exists at a small depth, the marshy
soil may be removed and the treoch refilled with concrete ;
or piles may be driven down to the bard earth and a plat-
form of rewnforced concrete or planks constructed on top of
the piles on which the superstructure 15 built,

(¢) When the depth of the marshy soil 13 considerable, the simplest
method 18 to dnve 1n reinforced concrete piles of such a
number and depth that they are able to bear the superstructure,
On top of the piles a platform of reinforced concreto is built,

(d) Drive sheet piles down to hard bottom, but not necessarily
into it, so as to encloss a circular or rectangular mass of
soil. On top of this hurdles or faggots are lsid, and over
these a timber iplatform is constructed. Or in place of the
hurdles and timber platform, a better method is to build 5

reinforeed concreto top. The stability of the structure de-
pends entirely on the power which the sheet piles Ppossess
of resisting pressure from within, aed cousequenﬂy this
method is seldom used.

(€) Another method which is said to give good results, where the
ground, though soft, is of tolerable consistency, is to hore
holes with a large augur io a considerable depth, and then
to 8l them up with sand. The sand acts almost as a flnid
and distributes the pressare over a large ares, and does not
injure the ground by vibration,

81, Piles are made in numerous shapes and of different materials,

but wood is the usual material I;i’ed in ordinary works, though for
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permanency reinforced concrete or steel piles are the best, and are year
by year being used in larger numbers. Ordinary wooden piles may bo
tircular or squared and are generally from 97 to 187 diameter, with a
length not greater than 20 times the diameter, otherwise they are liable
to be bent during the process of driving. For important works squared
timber is generally used, but if saplings or rough timber is used. they
sbould be prepared for driving by stripping them of their bark, and
paring dowa the knots, so that the friction in driving may be reduced as
much as possible.

To prevont the head of a pile from being split up by the blows of the
ram, it is customary to fit ona strong hoop of wrought-iron. The foot
of the pileis also generally fitted with a wrought or cast-iron shoe of
suituble shape and fastened with spikes or bolts.

82. Bheet piles are very commonly used in wet ground or in water
to form a vertical, or nearly vertical, sheet for the purpose of preventing
the materials of a foundation from spreading, or to obtain a more or less
water-tight compartment for the construction of the masonry work,

Sheet piles are made of many different forms, the thickness varying
from 2° to 12' ; somo of the commoner forms are ehown in fignres 82 to 84,

g, 62.

Lo spre e,

Fig. 04,

Fig.65
i e
ST 2

The bottom ends of tho piles are_penerally cut on the slant so that in
driving they will pash against those already driven home and make a close
joint. Sheet piles are nsoally driven betneen girders or horizontal waling
pieces which are supported by round piles. 1f the piles ato traly driven
a tight joint is generally secared by tho swelling of the wood from moistare.

fig 87
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permanency reinforced comcrete or steel piles are the best, and are year
Dby year being used in larger numbers. Ordinary wooden piles may be
eircular or squared and are generally from 97 to 18” diameter, with a
longth not greater than 20 times the diameter, otherwise they are liable
to be bent during the process of driving, For important works squared
timber is generally used, but if saplings or rough timber is used. thay
should be prepared for driving by stripping them of their bark, and
paring down the knots, so that the friction 1n driving may be redaced as
much as possible.

To prevent the head of a pile from being split np by the blows of the
ram, it is customary to fit on a strong hoop of wrought-iron. The foot
of the pile1s also goperally fitted with a wrought or cast-iron shoe of
suitable shape and fastened with spikes or bolts.

§2. Bheet piles are very commanly used in wet ground or in water
o form a vertical, or nearly vertical, sheet for the purpose of preventing
the materials of a foundation from spreading, or to obtain a more or less
water-tight compartment for the construction of the masonry work.

Sheet piles are made of many different forms, the thickness varying
from 2' to 12° ; somo of the commoner forms are shown ia figures 82 to 86,

Fig.82. ‘ .
:
Lo s e,

fig.8a

i B8 . -
N I

Tho bottom ends of the piles are generally cut on the slant <o that in

driving they will push against those al

joint. Sheet piles are vsually driven . - .

Pieces which are supported by round RS et

a tight joint is generally secured by tho swelling of the wood from moistare.
fig 87
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8. Ncmerous types of steo] sheet pilec are on the market ; the best

kind consiet of epecial rolled gectiozs shich do not require any risetting.
278y
c%@;/@::

To protrct the hetde of the pilez, pepocially sheat piles, from injory,a
teparate pison of wool ealled = dolly is generally placed on top which
receives the blow of the ram and tranemits it to the pile.

Interlocking steel and reinforeed concrete piles have now quite ousted
the uee of cast jron or iron scraw piles.

Sand piles are formed by driving ordinary wooden piles in firm
Rrroond, removing them and then quickly filling in ‘with sand in thin
Iayers which are carefolly rimmed. If the ground gives snfficient
lateral sapport the piles will have a greater bearing power than the
original piles.

81. A pile driver, or pile engine, consists of two vertical or inclined
uprights firmly connected at the top hy n eross-piece, and suitably,
ttratted or tied. A ram, known as o monkey, is lifted by a crab or
hoisting engine or by hand and allowed to snddenly drop on the top of &
bile. When rising or falling it works in groves of the uprights which
are called guides. When hand-power is used the driver is commonly
called a lringing engine, and then only a light monkey is wused.
Several men raiso the monkey with short sharp pulls and allow it drop
on the pile, giving a light but rapid succession of blows, Types of pile
drivers are shown in plate VII,

85. Bupporting power of piles.—Piles are generally of uniform
section, but where the section varies the larger section should alwaya
be on top and the small section lowest down, as this method gives vertical
support along the sides in addition to the incressed !friction. A pile
driven with the large end at the bottum wonld also be extremely difficnlt
o drive.

*The Wellington formula for the safe load on a pile js—

p=2Wh

When P = safe load in tons on p-i'ie,

W = woight of monkey in tons, I
b = height of free fall of monkey in feet,
§ = penetration of pile at last blow in inches,
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Major Saunders’ formula js;—

12Wh 15Wh

= or ———
8x8 N
This gives a factor of safety of 3th of the ultimate resistance.
A pile is ordinarily driven till the penetration at the last blow is fess
than §7, but care must be taken not to aver-drive and injure the pile.

86. In place of  series of piles to support the superstructurs, it is
customary in India to sink, by various processes, a well, or a sories of wells
and in Europe metal shells or tabes, which are filled with masonry
or concrate,

These shells are gonerally circular in shape, and the necessary width
or length of the foundation is then formed by a series of thesa shells,
wihich are firmly joined together near the top, and form the requisite base
for the superstructure,

Metal cylinders are somefimes sunk by divers or by the use of
compressed air, and are then ealled pneumatic cylinders or tubes, Sinking
is carried out by (1) weighting the wells or tubes with steel ruils or other
weights and excavating or dredging inside, or (2) for great depths under
water, excavation in n warking chamber under compressed nir ; this is called
tho pneumatic process and the cylinder a pueumatic caisson. The pneu-
matic caisson is really an inverted, air tight, open metal chamber which
forms tho working chamber, and'is fitted with ajr—shafts, air locks, air-
compressors, and lifts or pumps for removing the sand or mud. These aro
seldom used in India, and if used they would only be used for large bridges
and need no further description here.

37. Well foundations.— Well or block fourdations have been in use
for very many years in Tndis, and they sre peculiarly ndapted to the deep
eandy beds of Indian rivers, and aro extensively used both for bridges and
buildings. A foundation may consist of a number of wolls sunk close
together and connected together afterwards, or of a block or blocks, which
are square or rectangular, or other shaped wells of masonry made to the
required shape ; the latter, howover, require experienced workmen, and
circalar wells are thereforo generally uvsed. In both cases tho method
employed is tho same. An open excavation, larger than the well, is made
4l the foil becomen too moist to stand. At this level a wooden curb of
dorable wood (which is sometimes shod with iron), and of u thickness
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varring from 6 to 18 inches, ie made of the size of the well or black, and
fa breadih of the thickness of the well masonry, On this the masonry
well is bailt vp till it is abont fonr feet above the ground, the sand
iaride i¢ then scooped ont, so that the curb and masonry descend. The
earb is fatened to the matonry by long tie-bars built in as the well is
coastracted.  Another four fest of the well is then built, and again the
same process je reeorted to, and the well again made to descend until any
required depth is attained.

Great cara hae 1o be taken that the and is scooped ont gradually and
evenly all round, to that the masonry may descend straight and not crack
in its descent. The mavonry mast bo properly bonded, as has been described
in previous chapters, and madse of the best materials, In important works
hoop-iron and vertical iron rods in the masonry are used to give additional
strength,

€8. The wells or blocka arn either driven down to the solid soil, clay
or kankar or rock, or they may bo saspended, as it were, in the sand by
mere friction, the forco of which is very great. If this lattor plan be
resorted to, however, the depths of the wells must be considerable, as when
the river is in flood the aand may be scoured out for a considerable depth,
the weil then bo deprived of its support for this portion of its length.

In Madras, when the wells are used to carry bridge piers, it is usnal
to only sink them for a short depth in the sand, the piers being connected
together both at their up-and-down-stream ends by a line of wells acting
a3 curtain walls, to prevent sconr nnder the flooring of masonry or concrete
which is made between the piers. A talus of loose stune is also added on
the downstream sido beyond the Jower curtain walls as a further protection
sgainst sconr. This arrangement toay be a trifle cheaper, but is not
Tecommended for general use.  When the wells are finished, they are filled
in with bricks or kankar, nrched over, and connected together by arches, on

the top of which the saporstructare is built, or they may be filled with
Concrets from the bottom, thus forming a series of solid cylinders.

In alf eases where the area of the foundation is composed of several or
many continuous wolls, it is advisable to sink them sl together, as it is
diﬁic}dt to sink a fresh well close o ono already down,

89, Excavating apparatus.—As long as tho water in the interior
can be kept out by pomping or lifting, the work of sinking the wells
Proceeds quickly, but when tho work has to proceed under water, it is
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very slow, and many different imethods have beon adopted to olear out
the water and the earthen core of the wells,

90. The jham.—The simplest, and indeed the original Indian plan,
is the use of a tool called a jkam, which is a huge phaora or hoe, with
8 straight socket to it, in which a pole is fitted, and by which the jham,
when lowered into the water, 1s kept upright with its edge downwards.
The jham can then be worked into the sand from a staging above by
pushing with the pole or by blows of a heavier pole guided by the diver
on to the head of the straight socket. The polo is then withdrawn and
by means of a windlass and a rope, which is attached to the inclined
handle in front or centre of the jham, and so tips it hurizonal when pulled
on, the jhem with its load of sand 1s dragged up and emptied. In some
parts of the country the well-sinkers dive every time and work the jham
into the sand by their bands, and divers have generally to be employed
in case of any obstruction to the regular descent of the well, (Vide
Plate VIIL)

A useful form of jham is shown in Figs. 89 and 90.

The jham iy made of wrought-iron with a scoop two feet two inches
wide and two feet four inches long, made thin and sharp at tke front edge
and supported by two stays fixed to the sides of the scoop, and also made
thin god sharp at their front edges for penetrating the ground readily,
the whole weighing about § ewt,

- Fig. 50.
Fig. 8% .
kﬂfzg} Sectfon. Flan of scoop
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very slow, and many different methods have been adopted to olear ont
the water and the earthen core of the wells.

90. The jham.—The <implest, and indeed the original Indian plan,
is the use of a tool called a jham, which is a huge phaora or hoe, with
a straight socket to it, in which a pole is fitted, and by which the jham,
when lowered into the water, is kept upright with its edge downwards.
The jham can then be worked into the sand from a staging above by
pushing with the pole or by blows of a heavier pole guided by the diver
on to the head of tho straight socket. The pole is then withdrawn and
by means of o windlass and = rope, which is attached to the inclined
bandle in front or centre of the jham, and so tips it horizonal when pulled
on, the jham with 1its load of sand is dragged up and emptied. In some
parts of the country the well-sinkers dive every time and work the jham
into the sand by their hands, and divers have generally to be employed
in case of any obstruction to the regslar descent of the well, (Vide
Plate VIIL)

A usefal form of jham is shown in Figs. 89 and 90.

The jham is made of wronght-iran with a seoop two feet two inches
wide and two feet four inches long, made thin and sharp at the front edge
and supported by two stay< fixed to the sides of the scoop, and also made
thin and sharp at their front edges for penetrating the ground readily,
the whole weighing about § cwt.

Fig. Ba Fig. 90.
Vertical Section, Flan of scoop
LU
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anything hard is met with, the pump can bo lifted about four feet, and
jumped up and down until the cutters have broken it. When once fixed in
the sand, the piston of the pump 1s worked up and down by means of a
rope and pulley, causing a current of sand and water into the cylinder,
of which the sznd settles into the cylinder and the water passes out
throngh tho top valves, until the resistance shows that the larger cylinder
is fall, or nearly 30, of sand, when tho whole machine itself is raised to
the surface. Then one of the trolles, which work on a tramway, being
ran over the centre of the pier, receives the pump. The pins being then
knocked gut, and the lags tarned round, the body of the pump is lifted,
and the bottom 1s teft ou tho trolly with 1ts load of sand. The trolly is
then pushed away, another ran under with a spare hottom, which is fitted
and the pump descends whule the tirst bottom is being cleared out.

The pumps can ba lowered and rased either by a gang of men work-
ing by an ordinary pulley and chain, or, what 1s better, by a steam hoist.

The work done by moans of these sand pumps is very greatly in ex-
cess of what can be doae by the ordmary jham, espacially when the depth
of water is great. [Lhoy will also Lft bricks and stones if not too large
for the suction pipe.

92, Bull's Dredger.—( Vide Plate X.) A short chain foar feet long,
with a ring 1 the centre, should be attached by its ends to the rings on
the chains working the machune. Lo the centre ring the chain for lower-
ing and raising the machine 1s to be tixed, of a leagth greater or less accord-
ing to the depth of the well. On the well two ballis should be fixed, with
an iron block made fast to the junction. The ballis should not bo less
than 10 or 12 feet in length, stayed on either side to tho ground. A
wooden platform, 6 feet X 4 feet, composed of stout planhs made fast to
two under cross-pieces i3 also required, and two § inch ropes, ono mado
fast to the koy keeping the jaws of the machine open and the other to the
centre riag in tha short chaia first mentioned.

In working, tbe machine is opened on the woolen platform and the
key fixed. It is then lowered into the well, and on reaching the bottom
tho key is withdrawn ; the ropa attached to the latter should bo coiled
on ono side of tho platform realy for use. A gentle pulling-and-
gicing motion should now be applied with tho rops attached to the
centre ting of the short chain, alowly at jirst, and as this peculiar
motwon causes the jaw of the maching to sink or cut into the sand, the
atrain should be inercaecd) (il thore is no farther yielding to the pull
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which two men can put on the rope, The machine should then be raised
and landed on the wooden platform. The operation of re-setting it, for
lowering, releases the subesoil brought up, and saves all trouble in empty-
ing.

The average quantity brought up, when the machine s properly
worked is two cubic feet : and in a well of 12 feet 6 inches in diametor,
88 feet decp, there is no diffienlty in working it 25 times in an hour.

Three men on the top of the well (not including those employed in
removing the sand, which is best done by contract) and 15 men to puil
ore required to worh the hand dredger. The average performance per
day in & 12 feot 6 inches well is threa feet of sinkage for regnlar work;
and, practically epeaking, the depth of the well is of no consequence,
the difference of time tahen by the coolies walking 10 or 50 feet being
inappreciable ns compared with the time taken by each operation.

The dredger is principally intended for working in sand, but brings
p enything which 1s cut up so that it can grip it. The motion of the
wells being constant, they should not require weighting; and up to
85 feet it 15 geldom necessary to weight the wells.

This dredger is wvsed extensively on the large bridges throughout
India in preference to any otber form of excavator. [tcan be made of
very emall width, for use in long slits in narrow curlain wall blocks
which will not admit a man,

93, Strong and expensive well curbs are needed for heavy blocks or
wells in loose soil, but in many ordinary cases, where sinking is even and
easy, curbs made of two thicknesses of ordinary plank are suﬁicienti
18-feet wells gre easily sunk on such curbs, Well curbs bave also been
made with platforms of solid hill bamboos, laid close side by side, well
lashed at the corners and with under-cleats of short lengths lashed on for
strengthening, All crevices wero stuffed with grass, and care taken
that no bamboos projected beyand the masonry.

{ 94. Foundations in water.—In laying foundations in water two
difficulties bave to be overcome, both of which require resource and great
/ care on the part of the Engineer. The first difficalty is the preparation
{ of the bed of the foundntion ; and the second is in securing the bed from
the action of the water, to ensure the safety of the foundations. The
last is sometimes the more difficult problem of the tiwo, for a large
volume of water when the velocity is grest will gradually scour, not
ouly every variety of loose soil, but also sonie varieties of rocks, such ns
. 11
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the softer varieties of sandstone, and the calcareous and argillaceous
rocks, particularly when the stratification is thin or of a loose toxture.

The only diffieulty whioh exists in the preparation of a foundstion
bed in staguant water i3 to exclude the water from the area on which
the structure is to rest. If the depth of water is small, this is done by
surrounding the area with an ordinary water-tight bank of clay, or of
some other binding earth. It may be necessary to first remove the soft
Toose stratum on the bottom before the bank is commenced ; the bank is
then made by throwing in successive layers of earth or by constructing
walls of bags filled with earth. When the bank is completed, the water
is pumped out from the enclosed area, and the bed for the foundation is
prepared gs on dry land.

95. Coffer dem.—When the depth of stagnant water is great, and in
running water of any depth, the ordinary earth bank is generally replaced
by the coffer-dam, or big crates filled with boulders and staunched with
clay on the upstream side.

A coffer-dam is nn enclosure built around the proposed fonndation
with the object of excluding the water and slushy soils during the con-
struction of the masonry works.

A coffer-dam is made of wood, metal or reinforced concrete piles and
sheet piles, and placed in the form of a single or doublo shell erib. In
single shells the joints aro canlked, and in double shells the intervening
space is filled with puddle to exclude the water.

The width of the easing between the sheeting piles shonld be so designed
a3 to serve as a scaffolding for the hinery nnd materials reqaired
about the work., This is particularly y where the coffer-d
encloses an ieolated position removed from the shore, The interior space
enclosed by the coffer-dam should have the requisite capacity for receiving
the bed of the foundations and such materials and machinery as may be
required for the masonry construction.

The width or thicknees of the coffer-dam, by which is understood the
distance between the sheeting piles, shonld be sufficient not only to Lo
fmpermeable to water, but to form by the weight of the puddling, in

bination with the re«st of the timber work, n wall of sufficient
strength to resist the horirontal prewsure of the water on the exterior,
when the interior space i1 pumped dry, The resistance offered by the
weight of the puddling to the pressure of water can be ensily calealated ;
that offered by the timber works will depend upon the manner in which
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the framing is arranged, and the means taken to stay or buttress the dam
from the enclosed space.

96. The usual construction
of a coffer-dam is shown in the
figure which 15 a section of one
wall, It consists of a row of
ordinary stout piles (a) round the
area (b) to be enclosed, placed
about four feet apart. A second
row (d) is driven parallel to the
first, the respective piles being
the same distance apart; the
distance ad between the contre
lines of the two rows being so
regulated as to leave the re-
qgnisite thickness between the
sheeting piles for the clay, etc.,
forming the dam. The piles of
eack row are connected by a horizontal beam of square timber, termed
a string or wale-prece bV, placed a foot or two above the highest water-line,
and notched and bolted to each pile. The string piece (3') of the inner
row of piles 13 placed on the side mext to the area enclosed, and those
(b, of the outer row on the outside. Cross-beams X of square timber
connect the string pieces of the two rows, upon which they are notched,
serving both to prevent the rows of piles from spreading from the pressure
that may be thrown on them, and as a joisting for the scaffolding. On
the opposite sides of the rows, interior string pieces cc are placed, about the
same level with the exterior, for the purpose of serving both as guides and
supports for the sheeting piles. The sheeting piles dd being well jointed
are driven in juxtaposition, and agamnst the mterior string pieces, A
third course of string or riwbbon preces f f of smaller scantling confine the
sheeting piles by means of large spikes against the interior string pieces.

As has been stated, the thickness of the dam and the dimensions of the
timber of which the coffer work is made, will depend upon the pressura
duo to the head of water, when the interior space is pumped dry. For
great depths, the Engineer must venfy by calculation the equilibrinm
between the pressure and resistance.

In Figures 92 and 93 are shown cross-sections and the floor of &
coffer-dam consisting of n singlo line of sheet piles, which is suitably

/s
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for sites where the soil is fairly stiff, or where difficulties in well-sinking
are nnﬁcipntcd
Fig 92, showing foundations built between a single casing coffer-dam.

Flg92. .
wring found stens buitt betweena Sagle ¢a2lry eoflen Jord

1y ey

Fig. 93, Plan of single wall coffer-dam and fonndations.

Fig. 93,
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least as deep as this point, and generally below it if the resistance offered
to the driving does not prevent it.

The puddling should be formed of a mixture of clay and sand, as this
mixture settles better than pure clay alono. Before placing the puddling,
all the soft mud and loose soil between the sheeting piles should be
carefully removed ; the puddling should bo placed and compressed in
layers, care being taken to agitate tho water as little as practicable.

With proper care, coffer-dams may be used for foundations in con«
siderable depths of water, provided a water-tight bottom can be found
for the puddle. Sandy bottoms offer the greatest difficulty in this
respect, and in consequence masonry wells are generally used.

98, To give proper security to foundations in running water, the
soil around the bed should be protected from the action of the current.
The most ordinary method of effecting this is by throwing in loose masses of
broken stone, block kunkar or concrete blocks, of sufficient size to resist
the force of the current, This method will then give necessary socurity
where the soil is not of a shifting character, like sand and gravel. To
secure a soil of this last nature it may occasionally be necessary to scoop
out the bottom around the bed to a depth of from three to four feet,
and to fill this excavated part with concrete, the surface of which may be
jprotected from the wear arising from the action of the pebbles earried
over 1t by the current by covering 1t with cobble-stones.
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for sites where the soil is fairly stiff, or where difficulties in well-sinking
aro anticipated.

Fig. 92, showing foundations built between a single casing coffor-dam.
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Ay the masonry rises, good strong clay wil) be rammed round the
+work, #o ¢ to complately Gl the space hetween the dam and the pler.
. As there wonld be danger of disturbing the bed by drawing the
-piles, they should Le cut off on completion of the work belosw the water-line,

87, The unin inconvenience met with in coffer-dama arises from tho
difficulty of preventing leakage under the dam. In all cases the piles
mast be driven into o firm stratum, and the sheeting piles shonld equally
have a firm footing in a it pact sub When excavati
18 necessary in the interior to uncover the subesoil on which the bed
‘ef tho foundation is to be laid, the shecting piles akould be driven at
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least a5 deep a3 this point, and generally below it if the resistance offered
to the driving does not provent it.

The puddling should be formed of a mixture of clay and sand, as this
mixture settles better than pure clay alone.  Before placing the puddling,
all the soft mud and loose soil between the shecting piles should be
carefully removed ; the puddling should be placed and compressed in
layers, care being taken to apitate the water as little as practicable.

With proper care, cofferdams may be used for foundations in con-
siderable depths of water, provided a water-tight bottom can be found
for the puddle. Sandy bottoms offer the greatest difficulty in this
respect, and in consequence masonry wells are generally used.

98. To give proper security to foundations in running water, the
80il around the bed should be protected from the action of the current.
The most ordinary method of effecting this is by throwing in loose massos of
broken stone, block Aunkar or concrete blocks, of sufficient size to resist
the forca of the current. This method will then give necessary security
where the zoil is not of a shifting character, like sand and gravel. To
secure 2 soil of this last nature it may occasionally be necessary to scoop
out the bottom around the bed ta s depth of from three to four feot,
and to fill this excavated part with concrete, the surface of which may, bo
Jprotected from the wear arising from the action of the pebbles carried
over it by the current by covering it with cobble-stones.
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CHAPTER VII.
RETAINING WALLS.

99, Walls built of stone or brick masonry, concrete, ferro-concrete,
or of a combation of any of these, for the purpose of holding up water,
sro called dams. But when such walls are built to support earth and to
prevent it from shding, they are called retaining or revetment walls.

Breast walls area kind of revetment wall, erected to protect the exposed
surfaces of cuttings from the deteriorating effects of tho weather, Both
retaining and breast walls aro built either with or without mortar,

A combigation of high-class masonry on the face of a wall with rubble
or concrete at the back of the wall is suitable for all forms of retaining
wally, because the pressure on the wall is concentrated towards the face,
while the inferior kind of masonry in the backing gives stability by its
weight. A wall built of two kinds of masonry must however be carefully
bonded fogether with farge beaders, It is advisable to step ont the
foundation courses at the fromt of the wall in order to distribute the
pressuro over a greater area than that of any bed joint in the body of
the wall, and distribute that pressure mors equally by bringing the
centre of pressure nearer the middle of the baso than it is in the body
of the wall.

100. [fhe thrust of an earthen baok against a wall depends on »
variaty of conditions which it is very difficult to ecaleulate accurately,
When eand, gravel, and earths of differeat kinds aro in a perfectly dry
state, jt is possible, by nctual experiments, to calculate the thrmst
oxerted by them. In practice however the soil may bo found to bo more
or less saturated with ,water, and this would rednce the cobesion of the
particles of the earth ; while il the saturation were great, tho earth wonld
form into a semi-fluid, in which case its action would be more or less
similar to that of a fluid.

The tendency of earth fo slip will also very greatly depend on the
msanmer in which the material is filled in behind the wall. If the ground

is beached (see Fig. 94), and the earth is well rammed in hyers whieh
tleps away from the wall, the pressure agsinst the wall will be snull,
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assamiog that proper attention has been paid to both surfaco snd back
drzinage.

1f, however, the earth is tipped carelossly, in the manner tea frequent.
Iy followed, or in layers slanting towards the wall, a greater pressurg of
the earth i3 exerted sgainst the wall, and ii must then be made of corre..
sponding strength.

In ordinary cases the following s the rule :—The slops which tha
earth mssumes, if left totally unsupported, is called the natural
BF (see Fig. 95), and it has been found that the Jine of rupture (e
along which separation takes place in case of a alip of earth) gen
divides the angle formed by the natural slope and the back of ¢he
when vertical, into nearly equal parts (see BE).

alope
r {hat
“rally

welf,

The centre of pressure is that poiut in the back of ¢,
the horizontal thrust of the sliding mass acts, and this has
experiment and ealculation to be at two-thirds of the ver
the wall from its top.

3 wall at whiel
boen found by
tiea] height of

101. This wall may fail as a whols by sligin,
ward on its base, or by some portion of it sl{ling a:':,:;:nn,"m”l for-
below, In this last case the fore part or foe of thy orent ﬂm‘mi! on l!n!
may fail by croshing of the materials Taking ¢h, uhn"mm;{ Vfrhvm
estth DEB as sliding down BE, with or withont fygp alar roction of
Jjudgment, aa the force tending to cause the wally, &;'Wn, lBo(ermg ©»
of the wall as the resistance, the caleulation isq simply m;}‘ﬂ:"{ba weight
essily solved graphically to give the direction anq g “aniza) prolles
thrast for the wholo or any portion. 0 of the rernitent
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If this falls without tho baso the section will fail by overturning,
and if it falls within the base (but too near the outer edge), the toe will
be crushed. In cither of the above cases, the section must be altered
till tho rosultant falls far enough within the base, The pressure may
be considered as distributed over the breadth between resultant and outer
edge, plus twice this distanco to the rear of the result.

The following are the natural slopes or angles of reposo of various

soils 1 —
Coefi-|  Customary
Deseription of earth, Angle of reposa, | cientof | desiguacion of
friction.| pataralslope.
| From  To
Dry sand, clay and mixed earth " e 21° o138 1'83t01
Damp el " o1 O
rp elay . . - o
Webelay . s . . i 1w o3l 323t
o 4 tal
Shingle sad gravel . . . LE 1d 111 0 9tal
070 1431

Rankine's formula is the one geserally used for ealenlating the carth,
pressure on the back of a wall; it must be noted howeover that it errs on
the side of safety, becanse it takes no accoant of cohesion of the particles

of the carth, and of the friction at’ the back of tho wall, Tho formula is
Horizontal resoltant earth pressure = !ﬁ;. T’ﬁ:‘:
When W = weight of carth in lbs per cubic foot
¢ = anple of repose of the earth

b 22 height of the wall in feet.



RETAINING WALLS.

B9,

The following table shows the base to be given to irlangular retain-
ing walls of specific gravity equal to that of the earth sustained (supposed
to be twice that of water) in terms of the height ; the substance supported

being supposed to be level with the tap of the wall :—

Nature of sabstance supported

1, Vegetable earth, carefully taid, course by course .

2 Clay, well rammed . -

8 Earth, mixed with large gvavel " "

4 Band - . .

& Sand, or mud, 1n a flmd state . .

6 Water

102, Best form of retammg wall. —At the tnp of o

Length of base in
terms 'of berght of
wall ; 138 by, por
cnblc fon
. ‘186
. *195
. 260
" 250
s 700
500

wall the pressure

isnil. Going down from the fop it increases as one descends till { is
greatest ut the bottom. Hence a gradual diminution of the thwkness of
8 revetment wall towards the top is indreated, to prevent overturumg
by the action of a prism of earth at its back, This diminution in the
thickness of a wall should be in direct proportion to the height, and the
form of the wall should be that of a trisngle. Agninst the pressure of a
fluid tending to thrust the wall forward by destroying the cohesion of its
joints, the diminution would be as the square of the height, which would
give a concave batter in the form of a parahola for the euter surface of
the wall. In practice, however, this is an esxpensive form, due to the
extra labour required in building. For masonry intended for permanent
esposures to destructive influences, the top of the wall should not be
brought to an edge, but must have a cermin thickness, a frustrom of a

prigm being the best practical form.

The followjng general rule is often z\dopted for practical pUrposes.
Let the width of the wall at the base be as in the table above given, ac-

cording to the nature of the substance to be supported ;

the thickness at

top being about one-tenth of the height of the wall, up to 30 feet of vmll

the minimum thickness under any cwrcumstance being 1% feet, the
wam threo feet, which need never be exceeded whilst the surface

is Ieve] with the top of the wall.

T}w front latter may be made to suit the circumstance of 5.

regard.to conyenience, appearance, ete, It may with . * L.
equal to half the difference in thickness between the botlom

150

wall ; the front face of the wall should bo smooth, but thn rear
be sot off in equidistant steps at the back. The bncL

rough as the nature of the materials will admit of.
12

L<
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Ln a large structure, however, these empirical rules might add to its
mags and to the expense of uuilding with an actual diminution of
strength s 8o that for theso structures it will bo necessary to caleulate
the correct form according to Moleworth’s or Rankine's methads.

An excollont set of tables has been published by Mr. D. (. Harris,
Exocutive Engineer, United Proviaces, giving the hase widths for
different heights, batters, and top widths and for different natural slopes
of the earth backing. These tables show the importance of giving a pood
front batter, and the very slight effoct that an increase in the top width
has in reducing the base width, and also the wselessness of a stability
diagram for judging whether a design is economical or not.

103. Another pownt to be considered is, whether 1n addition to the
weight of the ground behind the revetment, this ground be loaded by
earth, buildings, ete., resting en it 3 if this additional welght is not thrown
back beyond the line of rupture, allawance must be made for it by caleulating
the dimensions of a triangular revetment as for o height of earth cqnira]euz
to that weight, and then by cutting it down to the height to which the
wall is to be built, so that it shall form a frustny, of a prizm whose thick-
ness at the top will bear a due proportion to the thrust on the rovetment
on that line; of course the thrust will he modified br the hreadth of
the berm or distanco to which the oxten w cight is thrown back.

104, Depth of fonndations, —The friction between the wall and the
ground will always bo muwel loss gpan the cohesion of the Jjoints of
masonry, for.whilst the co-efficient
of friction for stones and bricks in
contnet with each other is from *65
ta 75, (irrespective of the cahesion
of the mortar), it may, in wet
clayey eoils between masonry and
slippery earth, be as low as 0-30.
It ig, therefore, requisite that the
foundation should be of such depth
) that the paseive resistance of the
earth in front of it (marked x in figure) combined with the friction at the
bottom, may counterbalance the active pressure of the earth on thé back
of the wall ; and the greatest care is requisits to give rovetment walls
securs foundations, so as to provent their either sinking or sliding forward ;
as if the earth supported by o revetment is once set in motion, the
destruction of tho revetment wall is certain.

Crourd surlees
it
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Every course of a revetment wall should be built perpendicular to
the outer faco of the wall. This saves labour 1n cutting the face of the
bricks or stones to a splay corresponding with the angle of the face line,
and also increises the friction at the base and 1o every course,

The batter should be cairied down to the bottom of the wall as this
assists in keeping the revetment in place. In marsiy or other compres-
sible =oxl a footins of conerete ~hould be provided and in some cases n
row of piing with plank tender along the trant or toc of the revetment
to keep the foundation from shpping forwards.  This expedient is however
only recommended when more durable matersals cannot bo employed at a
reasonable cost. The previous figure shows the best form of revetment,
answering to No. 3 mn the tible with foundation, counterfort piling, etc.

The earth bachtng behiod & revetment wall should be cavefully laid
in thin layers and should be well rammed ; 1t should also be laid continu-
ously with the wall, bat at a depth of about four feet below the top of
the wall, as 1t advances Tlus saves scatfolding and ensures the earth
being thoroughly trodden down by the workmen employed on the
bulding, and 1s not likely to cause an njurtous pressure on the partially-
set masonry.

TWhen the material at the back of the wall 1s clean sand or gravel, so
that water can pass through 1t readily, and escape by “ weeping-holes ” it
35 only necessary to ram 1t in layers. But if the material retains water,
like clay, a vertical layer of stones or coarse gravel (at least a foot thick)
or a dry stone ruabble wall, must be placed at the back of the retaining
wall, between the earth and the masonty, to act as a drain.

105, Precautons aywnst water~—~Water may almost always be
prevented from getung to the back of a revetment, and this is a point
that should be most carefully attended to ; but when there is & likelibood
of water collecting bebind a revetment wall, small drains called weepers

should bs made thiough the revetment, taking care to fill in behind them
with pebbles or such other matetials as will allow the water to pass
through without bringing earth with it lest the drain itself should be
blocked. The weepmny holes or weepirs are usually two or three inches
broad, and of the depth of a course of masoury, and are distributed at
regular distances, an ordinary proportion being one weeper to every four
square yards of face of wall,

Along the base and in frout of a retaimng wall there should run a

drain, Jike that at the foot of the slope of a cutting, A eatchwater
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‘drain also behind a retaining wall i» often useful. Il may either have an
‘independent outfall, or may discharge its water through pipes into the
drain in front of the base of the wall.

106. Theio arc cases m which revetment walls, however massive,

‘will give way, such as when a stratum of emith with an inclination
towards the revetment 1s, by some change of its relations with the strath
below it, set in motion. In such a cuse, instead of attempting to resis
‘the motion by a thick retaining wall, the causes inducing it should be
investigated and, if possiblo, removed.

Slips are often caused by draming off water from a saturated sand

dayer, or by allowing water to collect 1n sand which was previously dry
Clays of different composition lying on each other sometimes shp,'from
‘water penetrating between the strata; chemical changes sometimes tak
place from the exposure of certamn soils to the air, causing motion and
‘gften occasioning slip. Ketaining walls cannot be buit to withstand
'thrusts of this nature, which must either be allowed to expend themselves,
“or a state of rest in the strata must be restored 1 some other way.

‘When material at the back of the wall is of a loamy deseription,
and liable to be reduced to quicksand or mud by saturation with water,
‘and there are no means of preventing such saturation by efhicient draind
‘age, one way of making provision to resust the ndditional pressure1s bi
caleulating the thickness of wall that would be needed if the earth wer
‘o finid.

Another way of providmg against such a contingency is to construct
sloping against the back of the wall, a bank of shivers of stone or coarse
‘gravel, whose angle of repose is not affected by the presence of water, an
“then to fill in the softer material. The pressure against the wall mn-this
‘case will not at any time greatly cxceed that of a bank of the firm materia
‘employed, sloping at its own angle of repose.

Another mode of relieving retaining walls from pressure is by the ai
‘of arches, as described in paragraph 109,

107. Counterforts —Retaining walls are often built with counter.
“forts, or buttresses, at short distances apurt, These allow of the averag
‘section of the wall being made less than would otherwise be the case, by
enlarging the base of the structure in a greater proportion than 1ts mass §
care must ko taken to thorcughly unite the brickwork or masonry of: thh

revetment with that of the counterforts, or the former may be forced for.
ward, leaving the eounterforts behind,

)
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Counterforts well united with a retaining wall are of tha samo-advan-
tage to it as cross wallain tho superstructure of houses. Duttresses,in
front of & wall are more advantageously sitanted to provent overturning
‘than counterforts, but are of course inapplienble shere a straightfaced wall
is required, Counterforts too have the advantage of ‘bresking mp cor
dividing the pressure of the earth bebind a rovetment, and especially when
this precsnre 1s caused by the filterntion of water.

The size of counterforts will depend on the height of tho revetment ;
but about one-cighth of the caleulated mass of masonry or brickwork muy
generally with advantage be thrown into this forin; the distance of the
counterforts from each other may range botween the limits of 20 feet'for
high, to 10 feet for low, walls; they need not reach to the top-of the
revetment by double the thichness of the revotment at top<(that portion
being already stronger than is requisite for stability); their length at
top may be equal to the top thickness of the rovetment, and their breadth
one-fifth of their distance apart. From these dimensions the length of
the counterforts at the bottom can be found. Thin counterforts at frequent

intervals will be more efficacious 1n breaking up the pressure to be sustain:
ed than thicker connterforts at longer intervals.

Thus in a revetment 30 foet high, three feet thick at top, six feet thick
at bottom, with counterforts 20 feet apart, the length of the counterforts
at bottom, will be found easily, their breadth Leing four feat—

X+3 N s+
@ —nxe= L 3 g0 xoer S0 L6yt |
which gives x = 664 feet,

‘American'Engineers consider that forts are a waste of money,
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they believe that the masonry would be of greater value if it were given as
extra footing in the foundations.

108. Hollow revetments.—In cases where the mass of brickwork
required is sufficient $o enable it to be divided into walls of not less than
two feet in thickness, revetments may with advantage be built hollow, with
partition walls taking the place of counterforts at intervals : 1n cases where
an average thickness of more than four feet throughout is required, the
front wall may be made thicker than the others with a batter, as in
ordinary revetment walls,

109, Arches are twined on the couaterforts, as piers, to carry the
superincumbent filling, tho counterforts being of such length that the
earth scarcely comes tnto contact with the baek of the wall. The wall
is thus a me1e shell biocking up tho faces of the archways,

fiz 08
Section Bock Elavaten

The arches may bo in one or more tiers, and their length should bel
such that the lne of the natural slope of the earth, touching their intrados
at the crown should not cut the line of the back of the wall above the
crown of the extrados of the next tier (vide section).

110. Breast walls —These are used rather to protect the surface of
the cutting from the weather, and thus keep it from falling by disinteg-
ration, than to support any part of the niass behind it. 3lost soils will stand
at & much steeper slope when first cut than afterwards ; in these cases a
mere facing of masonry will often be sufficient, care being taken to build
it as soon as possible after the cutting bas been made (before the surface
has suffered from exposure) and not to leave the slightest interstice
behind the wall; such interstices if they exist, should be filled in with
small gravel carefully rammed, or with clay puddle.

Sloping resetments of even thickness not exceeding two feet are
often used in such enses ; and when the slope is very great and approaches
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the permanent angle of repose, planting grass, sodding or covering the
tlope with rough flat stones provents disintegration of the surfce,

Fig §9

% uuu,, "

'{a;{r‘,'.’,,"//';

/’f

In cutting through strata which dip considerably, it will often be
necessary to have n strong revetment on one side, whilst a thin facing
will be sufficient on the other, as shown in the above figure.

As the permanency of breast walls is entirely depandent on motion
not taking place in the mass behind them, special care must bo taken to
prevent the access of water to the back of such walls.

111. Dry stone retaining walls are bwlt in a similar manner fo
coursed vubble masonry walls with the exception that wortar is omitted
from them. A dry stono coping composed of stones laid on edge, is
generally added at the top of the wall. Retaining walls require great care
in their construction, as their stability entirely depends on the accuracy
with which the stones are laid, and on the correctness of the bond,
Unless the workmen are carefully watched, they may make a good face,
while the filling and the backing may be laid carelessly and with unsoit-
able material  For such reasons it is a good plan to collect all the mate-
rial required before tho work commences, and not to sllow the earth
filling at the back to be put in till every few feet of the work bave heen
passed,

The correct section of a retaining wall depends on the nature of the
stone used, the nature of the soil to be beld up, nnd the skill with which
the work is carried out. Roughly speaking, howeser, it may be said
that a dry stone rotaining wall shonld not exceed 20* in height, the top
width should bo about 2%, the faco batter 1in 3 or 1 in 4, and the back
vertical, The whole work should be built from the outside face up to, or



96 OHAPTER VII.

« Kttle over, the full width of the wall, according as the stones may work
out, any small excess in any particular coursq being disregarded. (See
figure 100,) The courses should be laid at right angles to the front
batter,

Fig 100
Sectlan ot 0oy Stone Retdnng Wl

K

When a wall has to be built to mora than 20” in height, it is adyisable
to build the lower portion wijth mortar. Sometimes the interstices are
filled in with mud or Bajri, and the fave of the wall pointed with Jime
mortar to prevent the mud or bajri from being washed opt. Insuch
cases the stopes should be Jaid touching each other, and only the jnter-
stices gronted, Numerous weep-holes should also by provided ip the wall.

The Enginger must be careful fo see that the weepers in mortar or
clay masonry are built right through the wall. As weepers interfore
with the bonding, the masons, if no{ logked after, will blind wespers tiwo
or three foef deep from the outside, and these cannof be rectified Jater on
without pulling down the entire wall. A good precaution, fherefore,
in byilding such walls is to seo that every weeper hus a stick left in it
of the full thickness of the wall. ¥When the Engineer fnspects the complef-
ed work, he pulls out the sticks and tests the lengths of the weep-holes,

112, "Drystone walls in the Naini Tal District *.—“Two types of
walls are nsed, the first is known as the retaiaing wall section and has &
top width of two feet, a face batter of 1in 3, anda vertical bapck. The
second Aype is knowa as a breast wall, and has a top width of two feet, a
fago bajter of } in 2, and n back batter of 1 in 3.”

# Detatls given by Mr, OLE Lee, Assistaut Engineer,
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“No dry stone wall is made of n greater height than 107, the
portion of any wall below the level of 10 feot from the top is built in
lime.”

“The masoury in adry stone wall consists of courses of roughly-
dressed large stones lud as alternate headers and stretchers with 6lling

pleces as shown in the sketch below. Ienders are marked II, stretchers
S, and filling pieces F.”

Fig 10t

“All courses are laid with their plane at right angles to the face
batter whether the case is abreast wall or retaining wall ; sketches of
both are shown below.”

Fig 102, Fig 103,
P

2

N

o
=

b SR

orruLtle concrete Flloy

1]
G-cast ol Retsiirg el

“ No course is allowed to consist of stomes of a less thickness than
6” and the largest stones are used m the lower courses, No stone in
the wall may havea bed of less than 67 X 9" except the filling pieces
proviously described.”

 All stones must be laid on their natural bed. The length of a
header must always be a minimum of 47 greater than the breadth of
the stretchers on each side of it, «o as to break joint by at Jeast 47,

13
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“The masonry in the wall described above is locally known as
¢ pathao’ work, but, in order that the face of the wall shall be given a
better finish, this face is specified to consist of a coursed rubble facing to
a depth of 6' from the face, This merely means that the contractor is
required to carefully hammer-dress all face stones to a depth of 6' from
the face of the wall, so that no joint on the face shall be greater than 3*;
Jjoints up to " thickness are allowed in the pathao work.”

113. Masonry dams ave fully described in the Irrigation section,
80 a lengthy description will not be given here. The great difference
between revetment walls and masonry dams is that the former are
designed for earth-pressures only, and amy fluid pressure would be fatal
to them, whils the whole object of the masonry dam is to hold up water
with the mimmum of leakage, and it is designed accordingly,

114, Masonry dams are built of many types, but the gravity dam is
the one generally adopted in India, Good formulae to determine the form
to be given to masoury dams of gravity section can be found 1n books of
reference, but Moleworth’s formulae are generally uwsed.

In masonry dams the conditions differ very little from those of earth
retaming walls described in the preceding paragraph, except that the
water-pressure always acts at right angles to the surface impinged on, and
in Raokine's formula for the resultant pressure the angle (angle of repose)
maust be taken as zero.

High masonry dams are liable to crush in vertically from their great
weight. It follows therefore that to add more material than is necessary
is not to strengthen, but to weaken the work. As mortar may be
nssumed to be the weakest materal in the structure, the calculations
must be based on the strength or weakness of the mortar, and the pressure
on a horizontal layer of the dam should never exceed the safe amount of

. compressionf to which the mortar may be subjected. Assuming then a
practical width for the top of the dam, and proceeding downwards,
1mmediately that layer is reached where the pressure approaches the safe
smount (say 80 lbs, on the square inch) the width of the layer must be
inereased, so that no portion of the masonry wall shall be called upon to
rosist more than the allotted amount of compression.’ Such a dam,
moreover, is subject to two different sets of conditions : wiz, (1) when
the reservoir is empty, and the pressure on the inner face becomes most
intense ; and (2) when it 19 full, and from the thrust of the impounded
water the pressures on the outward face are most intense, When Hoods
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water is passed over a weir, the levels of the flood above and below the
weir should be calculated, and the stability of the weir tested, as this
sometimes gives a worse condition than when the reservoir above the
weir i3 full, and there is no water on the downstream side.

In & weir where flood-water falls on the face of the work, it is most
important that the face should be smooth, and that the face stones are of
proper size and thoroughly bedded in mortar, otherwise the force of the
falling water will laver outjor loosen the stones, or get behind the stones
and force them_out.



CHAPTER VIII.
CONCRETE.

115, CQonerete is composed of “matrix™ or mortar (possessing
chemical binding properties) and an aggregate of hard material such as
broken stone of varying size, gravel, or brick ballast. The matrix and
aggregate are thoroughly mixed so that the voids in the latter are com-
pletely filled with the binding material. The latter is then wetted to
sot up chemical action causing the binding properties of the matrix to be
exerted. Such a mixtare when set forms a compact mass, but is only
able to withstand compression stresses. When the concrete is required
to withstand tensile stresses steel bars are added, and the mass is called
“reinforced concrete” When large stones are placed in a concrete mass
the structure is known as rubble or plum concrete.

The sirength and other qualities of concrete depend mainly on the
“matrix” or mortar which is used in its composition, but it also depends
on the size, hardness, and quality of the aggregate, and on the method
by which the concrete is lmd. These points are described later on.

116. Plain concrete is very largely used for the footings of all
kinds of work, and it is also sometimes used in their superstructure and
frequently for floors and pavements of building and for the haunch flling
of arches.

Reiforced concrete is msed for practically every kind of work in
buildings, bridges, and arches, ete. It is also used for such works as
piles, pipes, columns, cistorns, dams, posts, tanks, etc. So far its use
has been restricted in India on account of the high cost of Portland
cement and the wooden formes, and also by reason of the difficulty of
supervision ; but in spite of this it is frequently more economical to adopt
this method of construction than to build ordinary masonry, and its use
is increasing rapidly every year.

117, The “matriz" or mortar used in concrete consists of a mixturs
of clean sharp sand with varying proportion of white lime, kankar lime,
or Portland cement. In the case of white lime concrete “surkhi” is
frequently added to give additional hydraulic qualities to the concrete.
Concrete is sometimes called after the kind of lime which is used; for
instance, it may be termed cement concrete, or kankar lime concrete.
Reinforcement is seldom used with concreto made with white lime or
Lankar lime, as such concreto is seldom sufficiently impervious to protect
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the steel from eventunl corrosion. It has however been nsed with success
in thick beds of Ranlar lime concrete footings where the foundation
gtrata were uncertain.

TWhite lime concrete, on account of its non-hydraulic qualities, is
seldom suitable for foundation works, and should only be used for such
works as spandrel-filling. The sddition of sur#hi (a chemically semi-
action ingredient) has been found to give a measure of hydraulic property
to white lime concrete.

The mortar receives less assistance in concrete, from the form and
arrangement of the bodies it binds together, than it does it masonry
work, Itis therefore mecessary that the mortar should be of the best
quality which is available.

118. The Lime or cement and sand are thoroughly mixed wheu dry
according to the specified proportions on a wooden or brick or stone
platform, water is then added gradually in sufficient quantity to form a
paste which can be easily worked wp. The mixture is then carefully
kneaded and mized in the correct proportions with the aggregate ; kankar
lime mortar which is mixed in a wet state by machinery or in a
bullock chakki is far superior to that mized by hand, Wet grinding
is generally insisted on for masonry work but seldom for concrete though
it is of equal importance when good work is required.

The following mixtures of mortar have been found to yield good
results in practice :—

Eankar lime Surkin Sand
IHY 3 1
White lime Sand Surdhi
{a) 3 t ¥
@) 2 1 1
©) 2 . 1

When mortar ia not ground wet and when the lime and ballast are
not machine-mixed, the ballast is stacked to an even and convenient
height on a temporary platform. The correct proportion of the lime and
sand mixture is then placed evenly over the ballast, and the ingredients
ate first mixed dry. Water is then added gradually and the mixing is
continued by turning over the mass with phaorahs till the mass is
thoroughly mixed and of the correct consistency, A good test of mizing
is the degree to which every piece of aggregate is covered with mortar,

The thorough mixture of the mortar and the sggregate is of the
greatest importance ; hand-mixing when properly done is excellent, but
machine-mixing is better because it gives more consistent results,
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concrete work, A dry mixtore enables much longer and more severe
ramming to be done before the lime flushes to the surface, and the mass
is therefore generally more compact. On the other band, a wet mixture
enables the concrete to be placed more evenly, and it ensures all hollows
being filled up, but it cannot be rammed, for if 1t were the lime would
flush immediately to the surface. The mortar in drying must leave small
hollows, sa the concrete 1s liablo to be spongy.

In wet concrete “laitance”™ or the accumulation of overhydraulic
cement flour 13 Lable to occur at the planes of junction between the
layers. These can ve detected 1 any exposed section of concrete and are
sources of yreat danger in dams and uther structures subject to pressure.

The best muxiure is probably the one which has enongh water to
enable the concrete to be efliciently worked and pushed into hollows, but
not so much water as to prevent a fair amount of ramming or to cause
spongy layers between the “ works and planes” Such a mixture can
gasily be worked 1nto all hollows ; 1t 1s compact, because 1t can be properly
rammed, and is not spongy because thers 15 not an excess of moistuie.

A drier mixture can be used tor large blocks or thick slabs of concrete
than it 15 possible to use for remntorced or plam concrete.

Contractors unless watched are apt to lay a thick layer, with a sloppy
mixture, and then ram 1t {oo much. In such cases the top of the layer
has an excess of mortar while the bottom of the layer will be full of voids.

It bas been observed in laying cement reinforced concrete, that the
labour charges are halved by using a wet concrete, Excessively wet con-
erete causing bulging of the frames and forms when laying reinforced con-
crete, and expensive stages are necessary to heep tho 1o1m in alignment.

The amount of mixture at the mising floors will of course vary with
the temporature of the days, the lead to the work, and the nature of tho
members to be converted, but care is to be tuken that, as noted above,
excessively wet concrete 15 not laid in the work.

124. Ramming has no eftect at the bottom of a thick layer made
trom on ordinary imixsture, layers about 6 thick are therefore recom-
mended for all important works. In reinforced concrete work and
plun concrete 1t is adviable to lay the munture carefully between the
steel bars or stones for o small depth such as 67, then to level 1t off and

pusk the concrete into all hollows and fically to ram gently tor o few
minutes only. With quick setting cements a minimum of ramming should
bo dome,

VWhen concreting curved girders or arch ribs it is advisable to tamp
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the stecl from eventval corrosion. It hae however been need with succesa
in thick beds of Janlar lime concrete footings where the foundation
strata were uncertain.

White lime concrete, on secount of its non-hydraulic qualities, iz
eeldom svitable for foundation works, and should enly be ueed for mc.h
works as spandrel-filing. The addition of surkht (a chemieally semis
action ingredient) ha« been found to give & measure of hydraulic property
to white lime concreto

The mortar receives less nesictance in concrete, from the form and
arrangement of the Lodies it Vinds together, than it does in masonry
work. Itis therefore neceeeary that the mortar should be of the best

ality which is acailable,

f lsi& The hme or coment and sand are thoronghly mix.ed when dry
according to the specified proportions on a wooden or bn.ck orfaton::
Platform, water is then ndded gradually in sufficient q‘unnhf-)' p 0;"1‘1
paste which can be easily worked up. The mixture is then ?ﬂxm ‘:Ia);
kneaded and mized in the correct proportions with the n[.!g.reﬂllko i Aan N
lime mortar which is mived in a wet stato by machinery or"('ili
bullock ehakii is far superior to that mixed by hand. Wet ll"t‘l‘)‘ u"ﬁ
is generally incisted on for masonry work but E{Idgm for concrelo thoug
it is of equal importance when good work is required. .

Theqfollow?ha mixtures 0‘; mottar bave been found to yield good
Tesults in practice :—

Kankar lime Su;lM S;mﬂ
! :
Whml Iime Sand Su;nu
(a) 1 | )
) 2 1 !
© 2 o

When mortar is not ground wet snd when the lime ul;ﬂ bﬂ“:’:i:::
not machine-mixed, the ballast is staclﬁed to an even a?lh:ol?m: nd
beight on 4 temporary platform, The cdrrect proPOrho: :Jb ingredicats
#2nd mixture is then placed evenly over the ballast, am ” :h’ xiixin is
are first mixed dry. Water is then .added‘ gradually an " tl‘: m“f i
continued by turning over tho mass with phaoraks t;( geefmixin
thoroughly mized and of the correct consistency. A E°°d e'slh mortar g
is the degrea to which overy piece of nggregate is covere e 1 of the

The thorough misture of the mortar and the nggr'agn e 1"e " bor
greatest frportanco ; hand-mixing when properly ‘dane is elx‘ce at,
machine-mixing is better because it gives more consistent results.
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119. The aggrogate, or ballast, as it is generally called in India,
is wade from any hard stone, gravel or brick and broken to small pieces.
Slag and coal cinders are also used in places, bat are wusuitable for
good work as they frequently contain some chemical impurities which
will deteriorate the concrete. Quartz and flints are unsnitabls for concrete
work because their surfaces are smooth and the malrix is unable to grip
them, Ballast for ordinary work is generally broken so that no dimension
of any plece exceeds 13 inches. A better concrete is made with one inch
ballast, but this costs more and jis use is only justified in important
works. The advantage of small Yallast is that only hard stone can be
broken fo this size, less mortar is required to form a solid mass, and
there is far less chance of cavities in the completed work. When stone-
breakers are used it is fmpossible to specify more than a limited percentage
of small ballast, such as three-fourths or one inch, as these machines cannot
break it small without powdering up most of the stone.

For reinforced concrete good gravel is generally used in preference
to broken stone or any other materisl. The dicadvantage of gravel is
that the surface is inclined to be smooth or rounded, hoth of which con-
ditions should he avoided where possible. The smallest particles must
not pass through a 1 inch mesh, and the largest particles must be less
than the cl et the reinf t and the centre or between
the bars which form the reinforcement. # inch is s suitable size for
beams, and } inch for slabs and thin walls,

An ideal form of aggregate for reinforced concrete is what is known as
graded sggregate’” 60 per cent. of say 3 gravel would be mixed
with 80 per cent, of §* gravel, with 10 per cent. of }” gravel. The voids
in the aggrogate are thereby reduced to a minimum.

120, Sand.~—The importance of procuring pure sand for concreto
work cannot be too strongly emphasised. Caarse, sharp new sand should
be got at any cost. Conerste made from fine sand however pure, is
rately sound in practice.

8ereenings from broken ballast down to a minimum size of }* % 3" and
up to & maximum of §* % 1" can be classed as sand conveniently, if natoral
sand cannot be got.

The sand should be washed in running water if possible and a good
test is to take a handfol and hold it in clear water, and pote whether there
is a cloudy residue or not.

121. The proportion of lime or cement, sand and ballast used in
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concrete work varies with tho Jkind of work and with the natare of the
sand and ballast.  In making mortar the lime or cement is mixed with the
sand and the flour-ltke particles of tho hme or cement fit in between the
grains of sand occupying a part or all of the voids.

In the same manner the mortar, which is composed of the mized limg
and sand, mixes with the ballast and fills up the voids, The best Pro~
portions for the materials which compose the concreto are such ay wil| fill
sl the voids properly, and this can only be determined by practical tety
First find the voids 10 the sand by filing up a vessel of known c“l’ﬂcig‘
with damp well-packed sand and adding water by measuro ti]] jt ovcrﬂowj‘
Ina similar manner the amount of water which is required to g up gh;
0ids in the ballast can be tested by measure. Suitable proportions for the
ingredients can then bo calculated.

Experiments show that the voids in gravel vary_ from 8¢ to 45
cent, and with broken stone the vords seldom exceed 50 per cent,
voids in damp, well packed sand are much less than in logse dry
Band voids vary from 30 to 40 per cent.

A common proportion for cement concrete, either plain or rejpf;
is what is known as the 1: 2: 4 mixture, namsly 1 parg cement
parts of zand to 4 parts of ballast.

When concrete is made with white or Xanrkar lime the
the mortar are similar to those used 1n ether kinds ot mase
dix [). Rifty per cent. of mortar is generally used with s
83 per cent. with brick ballast.

122, Plain concrete should be laid in horizontal® layers frop, [
12" thick and the surface should be levelled with the trowel op phag,
and then steadily rammed till the lime flushes on the surface. "

Lo make a good joint between any two layers, the upper layer hq !
be laid before the lower has set. When the lower layer hag set, the uld
surface should be cleaned, roughened with a pickaxe, and d“mpe’d b tth
the next layer is laid. ltis also generally advisable to lay a littlg elufe
mortar over the old layer in the torm of plaster to ensure a good Ifo"‘ln
between the two layers. Belore plastering the layer it is ad\'isnbfqmt
serub it with a stift wire brush. ¥

123, Opinions vary greatly regarding the amount of rammip
should be done, and as regards the proper consistency of the mixy
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*1u the case of concrete subject to oblique presdure, ¢g., 1 the hearting ;l\d-;,\
the downstream toe, 1t 1s sometimes sdvissble to lay the concrete in eloping layer, a Beay
angles to the direction of thrust, ey
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conorete work, A dry mixtare enables much longer and more severe
rammng {0 be done before the lime flushes to the surface, and the mass
is therefore generally more compact. On the other hand, a wet mixturo
enables the concrete to be placed more evenly, and it ensures all hollows
being filled up, but it cannot be rammed, for if it were the lime would
flush iminediately to the surface. The mortar in drying must leave small
hollows, so the concrete 13 hable to be spongy.

In wet concrete “‘laitance™ or ths accumulation of overhydraulic
cement flour 1s hable to eccor at the planes of junction between the
layers. These can e detected 1n any exposed section of concrete and are
sources of great danger m dams and uther structures subject to pressure.

The best misture 15 probably the one which has enough water to
enable the concrete to be efhciently worked and pushed into hollows, but
not 50 much water as to prevent a lair amount of romming or to cause
spongy layers betwuen the “works and planes”” Such a mixture can
gasily be worked into all hollows ; 1t 15 compact, because it can be properly
rammed, and is not spongy because there 1s not an exeess of moisture.

A drier mixture can be used for large blocks or thick siabs of concrete
than it is possible to use fo1 reintorced or pluwn concrete.

Contractors unless watched are apt to lay a thick layer, with a sloppy
mixture, and then ram 1t too much. In such cases the top of the layer
has an excess of mortar while the bottom of the layer will be full of voids,

It has been observed in laying cement reintorced concrete, that the
labour charges are halved by using a wet concrete. Excessively wet con-
crete causing bulging of the frames and forms when laying rewforced con-
crete, and expensive stages a1e necessary to keep the rorm m alignment.

The amount of mixture at the mixing floors will of course vary with
+ the temperature of the days, the lead to the work, and the nature of the
members to be converted, but care 1s to be tuken that, as noted above,
excessively wet concrete is not laid in the work,

124. Ramming bas no etfect at the bottom of a thick layer made
from an ordinary mixture, layers abouy " thick are therefore recom-
mended for all mnportant works. ln reinforced concrete work and m
plum conereta it is advissble to lay the muxture cmefully between the

steel bars or stones for a small deptk such as b”, then to level it off and
push the concrete nto all hollows and finally to ram gently for a fow
minutes only. With quick setting cements a minimum of ramming should
be done.

When concreting curved girders or arch ribs it is advisable to tamp
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the conerete ronghly tangentiallv, i, o radial working planes, go that
the consolidation shall follow the direction of ultimate pressure.

Concrete should not be thrown on the site from a height, or run
down a shoot, as in such cases the heavier stones go first while the mortar
remains behind and the result is an imperfectly mized mass

125, Completed concrate should measure a trifle more than the
ballast measurement becanse the mortar is generally specified o little in
excess of the actual voids to bo filled. For instance it has boen found that
100 cubic feet of gravel (agaregate) plus 50 cubic feet of sand and'25 feet of
cement yield 100 to 125 cabic fest of finished concreto as measured in tho
work—sun increase of 20—25 per cent. over the amount of gravel nsed. It
is ndvieable therefore to pay the contractor on mixing floor measurements
or £o “ corract ™ the rate for measurements taken of finished work,

126. Rubble or plum concrets is cheaper than stone masonry and

13 very useful for the interior of thick walls, or for large spandrel fillings.
It i3 also easier to baild than ordinary masonry, as it merely requires only
one experienced man to =upervise, and he does not need the nssistance of
any masons ; labourers also quickly learn the proper methods of carrying
on the work, When plum concrete i3 used for the filling of thick walls,
the outer and inner faces are first hnilt with stone masonry for a
convenient height, euch as two feet, and then the central space is filled
in with plum eoncrete. Before the filling in is commenced the completed
work should be cleaned (preferably with wire brushes) roughened and
thoroughly wetted. If the old work has “set” it is necessary to apread
a coat of mortar-like plaster before the new concrete is laid. A few
inches in thickness of concrete are then laid, and on this stones of any
convenient size are carefully bedded. These stones should be laid ay
irregularly as possible, so as to cut joint both horizonally and vertically,
These spaces between the'stones are then carefully filled with plain concrete
in thin layers, and thoroughly worked into all bollows and operings ; the
conorete is then gently rnmmed and nnother laver laid. Contractors like
to fill in the spaces hetween the stones in one thick layer, but when this
i3 done, it will be found imposeible ta fill in the hollows Properly.

The Interal intervals hetween stanes eannot be exactly specified, but
should be sufficiently large to permit of thorongh working and remming
of the concrete. Contractors natnrally prefer to overstock the concrete
with plums, and it is advisable to lay down a maximum percentage of
“plems " for any particular work in the specification,

14
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128, For walls, arches, etc., for which cement concrete or reinforced
concrete is used, it is customary to construct wooden or metal formes or
frames which will retain the concrete in the required shape. Metal is
seldom used except in formes for pipes and ties for wooden frames.

The materials nsed in formes and staging are expensive, the cost of
erection and removal is also considerable, consequently the greatest care
should be given to the design and construction.

Slight alterations in the design of the concreto may enable the formes
to be used over and over again for different parts of the work, and this
means a great saving in cost.

In the actnal erection of the formes endeavours should be made to use
sizes of planks and other scantlings which require a minimum of cutting
and to nse clamps and wedges, where possible, instead of nails. In re-
erection workmen frequently cut up timber to save themselves the
trouble of searching for the right piece, and this resnlts in great waste.
A large contractor’s foreman satd that to supervise this was his principal
work, and if peglected there would be no profit from the contract,

In a manual of this size it is impossible to give details of the formes
and staging which have been nsed with success in the different kinds of
work for which concrete is suitable, but the following general details
may be found usefal :—

(1) Economy in timber.—The timbers used must be strong enough
to stand without distortion ; also that when removed, they should be
suitable for re-erection  Possibly thin sections of timber might serve the
purpose for one work, but if they were unfit for further work it wonld
generally be found to be more economical to use a thicker section.

(2) Economy in the carpenter's work.—Clamps and wedges should
be substitated for nails, and extra work should be put inte framing the
formes to withstand the stress of repeated use. This will generally be
found to be economical.

(A} Soft waod should he used, such 58 gaad. chaix ar deadar, hnf.manges
may be used for erdinary works when other kinds are not available, The
timber should be dressed, as it permuts of tighter joints and gives a
smooth surface finish to the concrete ; it also simplifies the removal and
cleaning of the formes, Undressel wood may bo used for the backs of
walls or work below ground level.

(4) Economy in taking dowz, removal, and re-erection,—The formes
thould be designed <0 as to come apart in units by removing bolts,
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Stones must be Jaid so that there is always sufficient space on FII si§es
to ram the plain conerete filling., They should also he laid \vit'h the
thinnest side on top and the thickest at the botfom, unless this is done
hollows caunot be filled and ramming is impossible.

It is also a good method to lay the stones in such a manner that when
the filling betwesn them is half done, there is sufficient space for’ anot‘hel‘
Tayer of stones to ho commenced. This ensures the cutting of the joints
in a vertical direction, but contractors uvoid laying them in this way
when possible, because it adds to the workmen’s difficulties in carrying
the stones and concrete, The face masonry should be bonded into the
Plum conerets by the use of irregular thickness of stones or courses.
For instance, if the thickness of the front and back faced are entersd a3
two fest thick in the dtawings, the first course should be abont 2’8
thick and the next about 1/ 9% thick and so on,

197, Conorets is a plastic material and consequently reqaires
wooden formes or some other support to keep it in the required shape
untit it has hardened ‘sufficiently to stand without assistance, For the
thick fonndation blocks of plain concrete itis usualin [ndia to excavate
to the tequired section and use the earth sides of the foundation pit to
retain the concrete in tha reqaired shape (see Fig. 105%. It is, however,
fmpossible to ram the edges without displacing the earth and mixing the
varth with the concrute ; it is therefore much better to dispense with the
varth moulds and lay the concrete as is shown in Fig. 106. This enables
the sides to be rammed and the whole mass of the concrate to remain
sound instead of the edges being spongy and week. It also gives a

greator foundation base without inereasing the quantity of concrete.
When laying expensive kinds of concrete in open foundations, especially
in unstabla soils, where the excavation has to be carried well beyand the edga
of the work, it is often_advisnble to lay the concrete in dry brick monlds.
Fig. 105,
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128. For walls, arches, etc., for which cement concreto or reinforced
concrete is used, it is customary to construct wooden or metal formes or
{rames which will retain the concrete in the required shape. Motal is
seldom used except in formes for pipes and ties for wooden frames.

The materials used in formes and staging are expensive, the cost of
erection and removal is also considerable, consequently the greatest care
should be given to the design and construction.

Slight alterations in the design of the concrete may enable the formes
to be used over and over agan for different parts of the work, and this
means a great saving in cost.

In the actual erection of the formes endeavours should be made to use
sizes of planks and other scantlings which require a minimum of cutting
and to use clamps and wedges, where possible, instead of nails. In re-
erection workmen frequently cnt ap timber to save themselves the
trouble of searching for the right piece, and this results in great waste.
A large contractor’s foreman said that to snpervise this was his prineipal
work, and if neglected there would be no profit from the contract.

In a mannal of this size it is impossible to give details of the formes
and staging which bave been used with success in the different kinds of
work for which concrete 1s suitable, but the following general details
may be found useful :—

(1) Economy in timber —The timbers used must be strong enongh
to stand without distortion ; also that when remaved, they should be
suitable for re-erection  Possibly thin sections of timber might serve the
parpose for one work, but 1f they were unfit for further work it would
generally be found to be more economical to use a thicker section.

(2) Economy n the carpenter's work.—Clamps and wedges shonld
be substituted for nails, and extra work should be put into framing the
formes to withstand the stress of repeated use. This will generally be
found to be economical.

(8) Soft wood should be used, such as good chair or deodar, but mangoe
may be used for ordinary works when other kinds ave not available. The
timber should be dressed, as it permits of tighter joints and gives a
smooth surface finish to the concrete : it also simplifies the removal and
cleaning of the formes. Undressed wood may bu used for the backs of
walls or work below ground level.

(4) Economy 1n taking down, removal, and re-erection,—The formes
should be designed <o as to come apart in units by removing bolts,
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clamps and wedges. The removal and re-erection can usually be done
by labourers only with a carpenter to superintend. Dattens of sal wood
are economical to stiffen the forme planks at intervals, depending on the
depth of the member. Angle irons are also useful. Planks should be
dowelled together at the joints.

(5) All concrete formes require a coating of some lubricant to prevent
tho conerete from adhering to the wood with which it comes in contact,
The use of a lubricant also gives a smoother surface to the concrete, and
assists in saving the wood and reduces the cost of removing the formes.
Crude oil, soft soap or other greasy substances are used.

(6) No hard and fast rule can be given for the time that staging
should remain before removal. A great deal depends on the atmospheric
conditions and on the nature and form of the concrete. (oncrete walls
usually require the formes to be retained for a few days only. For beams
and girders and long span slaps two or three weeks are sufficient, while
the staging for arches of large spans should not be removed for two or
three months,

129. Concrete has frequently to be laid under water, and if there
are any currents or waves, most of the mortar will be washed away, unless
some special method of laying is adopted. Even m still water i is

generally pecessary to take special measures, lest the concrete be greatly
weakened, the lime or cement floating up in suspenston and forming a

scum on the water.
The methods which are generally adopted in laying the concrete under

water are :—

(1) By constructing temporary walls such as coffer-dams mrde with
wooden sheet piles, and laying the concrete inside in the still
wator, or removing the water and laymng the concrete in the
wsual manner in the dry. As the cost of the cofer-dam is
considerable, this method should only be resorted to in
important works, when other methods are impracticable.

(2) By conveying the concrete 1n steel boxes or bags and depositing
it in the correct position.

Qonereto is filled into specially prepared steel buckets or boxes which
have a trap doar at the bottom. The box 15 then raised by a crane and
lowered through the water into the correct position. The trap door at
the bottom is then opened and the concrete dumped..

Strong gunny bags are sometimes used to carry the concrete throngh
the water, and tip it at the bottom. A much better method is, however,
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to (fill thin genny bags with concrete and lower these through the water
into their proper position. The bags quichly adjust themselves while
the mortar oazes through them and forms a solid mass.

130. MNethods of water proofing concrete.—Licsistance to ponetration
by water is essential in structures such as tanks, reservoirs, roofs, floors of
agueduets, ete. Ordinary concrete 15 pervious to water. Many methods
with more or less success have been tried for water-proofing it, but at
present it cannot be said that any one of them 13 absolutely satisfactory.
The methods for water-proofing are classified as follows : —

(1) The use of mixtures so proportioned as to be impervious.

(2) The admixture of substances designed to produce imperviability.

(3) The use of water-proof coatings, washes, or diaphrams.

(4) Plastering the mnside of tho tank with unbydrated lime mortar
and then filing the tank. The walls are subjected to
pressure whereby the white lume 1n solution 1s forced mto
the pores of the comcrete, which are thus filled up by
crystallisation, and cease to leak 1n the course of a few weeks,

In ordinary concrete the most impervious mixturo will be given when
there is an excess of cement and of mortar, when the sands consist of
different size of grains (the propoition of medium size grains should be
small, and the proportion of lurge and small size about equal), and when
the mixture 15 sufhciently dry to be worked satisfactorily,

A small admixture ot slaked lime, which has been worked into a milky
condition, undoubtedly improves the water-tightness of both kankarand
Portland cement concrete ; tho best mixiare greatly depends on the sizo
and nature of the stone and sand, and shouid be decided after tests have
been made ; 1t may vary from one-third to a quantity equal to the cement,

There are numerous patent water-proofing compounds on the market,
the best known be..g the “ Medusa™ compound which is mixed with the
concrete and gives good results. Concrete 1s made watertight and the
strength also 1ncreased by using from 2 to 5 per cent. alum in the water,
and also by adding fiom 3 to 10 per cent. fively-powdered clay.

Numerous washes have been tried with more or less suceess, but if
there 15 any crack 10 the concrete their value is entirely lost. The
Sylvester water-proofing process 1s as follows :—

“ Dissolve 4 lb. soap 1n one gallon of water, and 4 b, of alum in
4 gallons of water. Apply the soap wash at boiling heat with a brush
on & dry surface, care being taken not to froth the soap. When the soap
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diameter are generally used for tho reinforcement in slabs, and 314" to
13" diameter in beams. There are also many kinds of patent bars (some
twisted and some indented) which are designed to increase the adhesion
between the steel and the concrete. Their use is not recommended as
there is a great difficulty in flling every crevice of the bar with concrete
unless an objectionably wet concrete is wsed. If tho calculated adhesion
stress botween the concrete and steel does not exceed 100 lbs. per
square inch, there is no fear of failure occurring due to “slipping.”’

Bars must never be painted, oiled or rubbed to form a smooth shin-
ing surface, but all dirt, grease or rust scale should be removed before
they are embedded in concrete. A thin rust film is not objectionable,
because it increases the cohesion between the steel and the conorete.

The ends of bars are turned upwards to prevent sliding of the bar
in the comcrete, When ome har is not of sufficient length another bar
is added and a lap of from 24 to 40 times the diameter, etc., of the bar
is given. In slabs and beams the lower surface of concrete is laid and
then the reinforcement barg are laid on top in the correct positions. If,
however, there is anv likelihood of there bsing a delay in the correct
placing of these bars, it is best to place the steel bars in the correct posi-
tion befors concrete work is commenced. The steel bars are kept in
correct position by spacing of pieces of wood at suitable distances, or in
deep pirders and ribs by supporting them on transverse bars through
the framing, The concrete is Iaid all round the bars where there are
no spacing blocks, and whea the bars are properly held in position by
the concrete the wooden blocks are removed.

Sharp corners should never be given to reinforced concrete work ;
they can easily be rounded off by wooden pieces cut to the right shape and
fixed to the centres.

134, Preservation of concrete.—~Protection of cement concrete against
extremes of temperatura for some time after laying is most necessary.
Frost rarely ocenrs in India except on the frontier, but protection against
heat is essential. The side formes retain moistare and protect the surface
of the concrete, hence this is an argnment against early removal of formes.
Ths tops of ribs, girders and slabs should be covered over with wet sacking
immediately after “initial set” of the concrete has occurred, and kept
wet for at least seven days. It is advisable to flood the level surface of a

finished work, e.g., a floor or slab; concreto so treated has heen found
entirely free from oxpansion hair cracks.

\
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POINTING AND PLASTER.

135. When a masonry work is completed, it should be pointed or
plastered with Portland cement or with lime mortar. There are many
ways of pointing and several kinds of plasters, and one or other is used
in accordance with the conditions of the work, which will be described
Iater on. Plastering consists in applying different compositions resem-
bling mortar, in thin layers of ote, two or three coats (as may be
specified) to the external or internal surfaces of a work, in order to
improve their appearance and protect them from the weathering effects
of the atmosphere. * Plastering” is times called “ rendering.” Tech-
nically speaking, *plastering™ refers to the covering over of wooden
laths or steel netting, while “rendering” refers to the coatings placed
over masonry walls. In India the word “rendering” is seldom used,
o in the following pages the term “plastering™ will be used for both
“rendering” and “ plastering.”

The interior of a building is generally plastered, but the exterior
should never be plastered if the materials of which the work is composed
are sble to withstand the deteriorating effects of wet, heat, frost, smoke,
etc., to which they may be subjected. Engineering works are nearly
always pointed on the outside with specially prepared cement or lime mortar
in order to give a neat finish, aud also to protect the joints from the action
of the wenther and of w'\ter

Before p ing or pointing is d, the masonry joints are
thoroughly c]eared ot for a distance of from 3" to 17 from the face,
according to the nature of the work, and then the whole of the face' is’
thoroughly demped. If this damping is not fully carried out, the mortdr
of the plaster or pointing will rapidly suck up the moisture from the
completed work, and will scon crack off. In large weirs the joints are”
cleaned out for a distance of 27 to 37 from the face.

All pointing work should ba carried out a3 soon as possible after the
masonry course is completed and before the mortar has ‘properly set. If
this is not done, a good contact will not be secured and the pointing or’
plaster will crack and fall off.

Some Engineers consider it is best to point with Portland cement after
the masonry work built with lime mortar has set, their argument being

15
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that, if the pointing is done before the lime mortar has set, oracking may
rosult, as Portland coment dries more readily than lime mortar. This
nrgument may seem sound, but axperience bas shown that better results
are obtained when the pointing work is dome quickly. The probable
explanation of this is that the pointing in this case is kept more system-
atically and longer damped together with the masonry itself, when done
immediately after the pletion of the masonry work than when the
pointing is done at a later date. ’

It is a good practice for the Engineer not to allow plastering or point-
ing to be commenced till the cleaning out of the joints has been examined
and passed by a responsible man, Care should be taken that the complet-
ed pointing or plastering iz kept damp for at least & fortnight, otherwise
the work will assuredly crack and eventually fall off. ,

Specifications for pointing and plastering are given in Appendices
X and X1,

136. Pointing.—The mortar which is used for pointing is specially
prepared.  For cement pointing a richer mixture of cement and sand is
used than is castomary for masonry work. A finer sand isalso used. |
The usnal proportions are 2 or 3 parts of sand to one of cement, A richer
mixture than this is lable to crack.

For white lime pointing a pure lime is selected, and this is specially
made into what is called lime putty, Hydraulic lime is ground very finely
in band mills and made into putty.

Plat or flush pointing.—The mortar is placed in the joint and pmssed .
tightly and smoothed by a trowel till the surface is flush with the rest of
the wall (se¢ Fig. 108, Plate XI).

This is not an ornamental kind of pointing, but should always be
nsed for dams, falls and other works which are subjected to the action of
water. It is also used for all internal surfaces of buildings which are
white-washed. For internal or rongh work no new mortar is used, bnt
the mortar forming the masonry joint is smoothed off flush with the
trowel. ,

Flat joioted poioting.—This is prepared very similarly fo flush
pointing, and is often called line pointing in India (see Fig. 109 and 110,
Plate XI). On the flush surface an iron rod called a jointer is pressod
against the centre of the joints. This marks o narrow line which improves
the nppearance of the work, and has also the cffect of making the mortar
more dense,
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that, if the pointing is done before the lime mortar has set, ¢
result, as Portland cement dries more readily than lime:
argument may seem sound, but experience has shown that | N
aro obtained when the pointing work is done quickly. =~
explanation of this is that the pointing in this case is kept @ ~
atically and longer damped together with the masonry ite
immediately after the completion of the masonry work i
pointing is done at a later date.

1t is & good practice for the Engineer not to allow plaste
ing to be commenced till the cleaning out of the joints has t
and passed by a responsible man, Care should be taken that
ed pointing or plastering is kept damp for at least a fortni
the work will assuredly crack and eventually fall off.

Specifications for pointing and plastering are given 1
X and XI.

136. Pointing.—The mortar which is used for point’
prepared, For coment pointing a richer mixture of cemen:
nsed than is costomary for masonry work. A finer s:
The usnal proportions are 2 or 3 parts of sand to one of ce.
mixture than this is liable to crack.

For white lime pointing a pure lime is selected, and '
made into what is called lime putty. Hydraulic lime is or
in hand mills and made into putty.

Flat or flush pointing.—The mortar is placed in the
tightly and smoothed by a trowel till the surface is flush
the wall (sec Fig. 108, Plate XI).

This is not an ornamental kind of pointing, bu-
used for dams, falls and other works which are subject:
water. It is slso used for all internal surfaces of
white-washed, For internal or rough work no new
the mortar forming the masonry joint is smooth~’
trowel.

Flat jointed pointing.—This is prepared 1
pointing, and is often called line pointing in Indiz (

Plate XI). On the flush surface an iron rod *
against tho centre of the joints. This marks 2 nar-

the appearance of the work, and has slso the effi.

more dense,
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Struck poizting ie made by pressing Jback the upper portion of a
Jeiat while the mortar is moist, the fower sido of the joint being cut off by
atrowel to a strmght edge, (ece Fig. 111, Plate XI).

This method of ponting makes an excellent joint, becauso the upper
edge of the mortar 1s pratected by the masonry and water runs off easily
from the Jower edge. The reverso is frequently dono and the resulting
Point is then n bad one (eee Fig. 112, Plate XI).

Reyed peizting.~The jont s first filled up flush and then a circular
thaped puece of 1ron (called o jointer) of the sato diameter as the thick~
oess of the )oint 15 drawn along the yoint, pressing the mortar in beyond
the faco of the wall (see Figp. 113, Plate XI).

Masazy or V pointing,—This 1+ 4 common type for stone masonry,
but 2t 45 liable to be brohen off, as 1t projects from tho face of the wall in
tn angular or V eection (ree Fug, 114, Plate XI),

Toex pointing 15 generally used in brickwork to give a neal
2ppearance to infertor work, and 13 not recommended when the bricks or
£tones are sound und have sharp edges.  The jowut, after it has been raked
out and cleaned, 15 filled op flush with mortar, and the surface is coloured
with some colonring matersa) or rubbed over with a soft brick, until the
wmortar of the jownt and the bricks are of the same colour. A varrow

8700ve Is then wmade with a jointer along the centre of each joint, and
the mortar ailuwed to set. The groove is then filled in with white lime
Eatty und made to project slightly, the edges are cut off neatly, leaving
@ white band ubont * or moro 1 width (see Plato X1, Fig. 115). By
this process false joints are struch and bad work is disgnised ; it is con-
Eequently not recommended tor cngineeting works,

Bastard tuck pointing is very sumilar to fuck pointing, except that
the ridge is wider and 13 made of the same mortar as tho filliog of
tho joint,

137, Varieties of plaster.—~There arc many varieties of plaster, those
best knowy, being called pukka and kacha plaster. Of pukka plaster

pamed by tho materials of which they are

200 there are many kinds
Y i white lime

Somposed, such us cement plastor, kankar lime plaster,
plasxer, ete,

In all hydraulic works cement or kankar lime should ba used, but l:or
buildings, especially the interior of buildings, white lime ?la.ster is quite
£992 enough, Tho methods of construction of all varieties are very
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may be preserved from ecracking., For plaster work on the Solani
agueduct, near Roorkee, the fullowing proportions were used :—

3 parts kankar lime.
1 part white lime.

Water is added very gradually, and the mixture is then carefully
stirred and worked up till a smooth appearance is produced.

If the walls to be covered are uneven, their irregularities should first
be carefully flled in with concrete made of fine shingle or small pieces
of hard bricks mixed up with the mortar mentioned above. When this
has nearly set, a coating of plaster from §" to 4" thick shonld be laid on
and brought toa smooth and even surface with a long straight edge. It
shonld be then well beaten with small pieces of wood or strips of bamboos.
This patting should be continued day after day ull the plaster coat
bardens. [Kf this 1s not dome, the plaster will crack badly ; butif the
patting be continved after the plaster has hardened, it will cause injury
to the work. The final coating consists of a mixture similar to the lower
coating, but much more water should be added to 1t, and the ingredients
shonld be strained through a coarse cloth to remove any coarse pieces of
borat kaokar, etc., which might have remained 1n the mixtare.

This liquid misture should be washed over the surface with a rough
brush ealled a “kunch,” and then well rubbed with a rounded stone.
Sometimes a thicker liquid lime putty is prepared, and this is spread on
the surface with large troweis, and thoroughly rubbed till it becomes
smovth and even. [t should uot be permitted that layers of plaster
exceeding ' be used for the first or second coats as 1t 13 nearly impossible
to work them ap sufficiently. The final coat should always be very thin.

140. White lime plaster is male of varying proportions. A good
plaster for outdoor work is made with one part white lime and one part
soorkhi. The soorkhi should be made from bricks which are peither
underburnt nor overburat. .

Horse, buffalo or goat hair, or finely chopped “sun” should he mixed
in the proportion of 1 chitak to 4 cubic feet of the lime and soorkhi
mixture before water is added. The water should then be added and the
mixture atirred, as described above for kankar lime plaster.

For inside walls of buildings a good plaster is made in‘!he propor-
tion of 1 part white lime to 1 part of coarse sand. A larger proportion
of sand is frequently sdded, but when this is done, the plaster is not, strong

nd is lisble to suck up the white-wash or colour-wash tog quickly.
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similar, and assuming that good materials are used, the excellence of the
work depends mainly on :—
(a) The proper raking out, cleaning and damping of the joints and
the surfaces to be plastered ;
(b) The fineness to which the lime used for the plaster has been
ground ;
(¢) The care and time taken in patting the mortar laid in the
different coats of the plaster, and in keeping up this patting
till the mortar has dried ; .
(d) The care and time taken in keeping the work damp.

Good plastering cannot be done hurriedly arnd it should never be
done during the hot weather, as then it dries too quickly and due to the
“heat it is impossible to work up the plaster properly.

138. For ceilings and partition walls thin coatings of plaster are
laid on thin strips of wood called laths or on wire netting, Wooden
laths are about an inch wide and $" thick, and are nailed to the rafters
of the ceillng or to the wooden framing of the partition walls, A space
of about § inch is left between the laths ; the plaster is pressed through
this space, n protuberance at the back is formed, which, when it
hardens, makes a key and holds the plaster in position. This first coat-
ing is called the “rough” or “scratch * coating ; it is about § inch thick
and is laid roughly. When it is nearly dry diagonal lines are scratched
across it with a pointed stick to give a good hold for the next coating.
The second coating is thimner than the first, but is of much the same
consisteney ; the third coating is only about § inch thick and is made of
pure white sand with a larger proportion of white lime than in the frst

two coatings. Horse, bullock or goat bair or chopped “sun’ or wood
£bre are mixed with the first two coatings to make the mortar more
cohesive and less liable to crack. For fine polished work the final
coating may bave an admixture of plaster of Paris, or the plaster may
be made as described in paragraph 142, Plaster on masonry walls
generally consists of two coatings—the rough and the final.

13y, Kankar lime plaster is used for work in water, or where the
"work may be exposed to the action of water. The best proportions for

the mortar which isto! .ed varies with the chemical constituents of
the kanker. In some places, such as in the north of the United Pro--
vinces, eand is seldom used, whereas in the south, where the]kankar more
resembles white lime, it is necessary to add eand in order that the plaster
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may bo preserved from ecracking. For plaster work on the Solani
agquednct, vear Roorkee, the following proportions were nsed :—

3 parts kankar lime.
1 part white lime.

Water is added very gradnally, and the mixture is then carefully
stirred and worked up till a smooth appearance is produced.

If the walls to be covered are uneven, their irregularities should frst
be carefully filled in with concrete made of fine shingle or small pieces
of hard bricks mixed np with the mortar mentioned above. When this
bas nearly set, a coating of plaster from 4" to 4" thick should be Iaid on
apd brought to a smooth and even surface with a long straight edge. It
shonld be then well beaten with small pieces of wood or strips of bamboos.
This patting should be continued day after day till the plaster coat
bardens. If this is not dome, the plaster will crack badly ; but if the
patting be continued after the plaster has hardened, it will cause injury
to the work. The final coating consists of a mixture swmilar to the lower
coating, but much more water should be added to 1t, and the ingredients
should be strained through a coarse cloth to remove any coarse pieces of
burnt kankar, etc., which might have remmoed 10 the mixtare,

This liquid mixture should be washed over the surtace with a rough
brush called a “kunchi,” and then well rubbed witha rounded stone.
Sometimes a thicker liquid lime putty is prepared, and this is spread on
the sucface with large troweis, and thoroughly rubbed till it becomes
smooth and even. It should uot be permutted that layers of plaster
exceeding }* be used for the first or second coats as 1t is nearly 1mpossiblo
to work them up sufficiently. The final coat should always be very thin,

140. White lime plaster is made of varymg Proporttons, A good
plaster for outdoor work is made with one part white lime and one part
soorkhi. The soorkhi should be made from bricks which are neither
underburat nor overburnt, R

Horse, buffalo or geat hair, or finely chopped “sun should be mixed
in the proportion of 1 chitak to 4 cubic feet of the lime and soorkhi
mixture before water is ndded. The water should then be added and the
mixture atirred, as described above for kankar lime plaster,

For inside walls of buildings a good plaster is made in'tbe propor
tion of 1 part white lime to 1 part of coarse sand, A larger proportion
of sand is frequently added, but when this is done, the plaster is not atrong

rnd is liable to suck up the white-wash or colour-wash too quickly,

5
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It is a good thing to sprinkle the plaster during the process of beating
with a mixture of 3} seers of “gur™ (coarse sugar) dissolved in half a
barrel of water to which 2 seers of bael fruit is added. This mixture
quickens the setting of the mortar, and improves the quality of the
plaster.  Gur is, however, seldom entered in the specification as it is very
hard to keep the workmen from eating it.

141, Kacha or mud plaster is composed of stiff powdered clay and
chopped straw, miged dry, and in equal proportions. In the hills
pive needles are often used in place of the chopped straw. Water is
then added, and the mixtare ailowed to soak for a few days. It is then
worked up with phavrakis and the foet, and more water added, as may be
required, till the whole mass assumes the consistency of stiff mertar.
The mxture 1s then spiead over the surface to be covered with the band
or with a trowel, and worked to an even surface with 2 wooden straight
edge. The plaster 1> then ailowed to dry, and any cracks which form
are filled with hquid cow-dung. The whole surface is then washed over
with a hqud mixture of cow-dung and clay by hand or by a trowel and
straight edge. This process 1s known as “leeping.” The cow-dung and
clay muxture menuoned above is prepared by first steeping the cow-dung
1n water and removing the grass straw or other impurities, Equal quanti-
ties of cow-dung and powdered clay are then mixed with water and
thorouglly worhed up,

142, Polished plaster® 1s made in four stages: first the rough coat,
secondly the **kara” coat, then the polishing, and finally the fixing.
The rough coat 1s made in the ordinary way, as has been described in
previous paragraplis, and when this has been thoroughly beaten with
wooden beaters und bas nearly dried, the second coat is added. Before

this coat is added, the surtace of the rough coat should be washed and
all greasiness removed by rabbing it with a piece of stone. The second
coat is made ot two parts treshly slahed white lime and one part of pure
white stone, ground into a paste by the addition of a sufficient quantity
of water. This misture is applied with a trowel and “flonted” with a
struight edpe, and beaten with wooden beaters.

Jhe third stage consists in the application of a specially pre;mre.d
For this the second coat is washed, and the paste is
brush. Three very thin coats of the paste are given, and
ubbed with a piece of white marble. Then two

polishing paste.
applied with a :
the suriace each tiwe is
« The deails of this process were given mo by & mistri who wan rsnowned for the

! excelieaco of hut work,
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more coats of white lime pasto are added with a brush, and the surface
is then rubbed with pieces of wood. When just dry, the surface is given
a wash of white lime and rabbed with a polishing stone.

The surface is then washed with cocoa-nut water, and Bually rubbed

with a cloth pad, till it b glossy and translucent,

The polishing paste consists of four parts white lime paste with 1} to
2 parts of ¢ jhiki ™ or pure white stone powder. These are mixed with
a trowel and made into a thin paste.

The white lime paste is made as follows :—

A solution of slaked lime is passed through muslim, 4 seers of curds
are added to each mannd of slaked lime and the mixture passed through
calico, This should stand for 20 to 25 days, the water being changed
every third or fourth day. Only very pure or distilled water muat be
used.

The ¢ ;hiki* or powder is made by powdering marble and sifting it
through fine muslin.

To make the polish permanent, the following solution is applied to
the surface and rubbed with a cloth pad :—

Cocoa-nut v «s 4 chitaks (rubbed in water).

Country soap ... w2, (dissolved , ).

Clarified butter (ghee) . 2

Slaked white lime w4, (dissolved in water).

The solution should be heated to the boiling point, and applied whils
lukewarm,

143, Polished cement floors,—The ground floors of most Indian
dwelling houses are made with a thin layer of concrete covered with lime
plaster, This surface, however, wears out readily unless 1t is covered
with matting or darrics. A much more durable, more sanitary and
prettier flooring is made with cement in the following manner.

The lime concrete base is laid one inch below the required floor level ;
it is then thoroughly cleaned and the top surface roughened and watered
before the cement floomng is laid. A mixture is made consisting of two
parts dry cement with three parts of clean sharp sand and spread over
the lime concrete. Water is then poured on till the whole surface is

semi-liquid ; it is then levelled off true with trowels and wooden straight
edges.

n

If the floor is to be coloured red, a mixture is made of 1 part finely
ground red powder, called ¢ Hiranji,” with 8} parts of water, and this
is poured over the floor and worked in evenly over the surface with
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wooden straight edges. The floor should then be sprinkled over with a
dry mixture of 1 part red powder with 2 parts of cement, and the pdste
so formed should be worked in with trowels and straight edges. As
soon as the floor begins to dry it can be polished to any degree that may
be required. In the same manner any other colour that is desired can be
produced by the admixture of other colouring matters.

The whole of a floor must always be finished on the same day that the
work has been comntenced.

It is almost impossible to prevent large floors from forming tem-
perature cracks ; but if they are marked even with very shallaw lines
into any convenient size of squares, the cracks will form along these lines
and will not be noticeable later on.



APPENDIX 1.
Notes on Mortars.

14£. Fall detads regarding the quabties, chra-terstics and manafacture of materials
ueed in masonry work are given 1 the Building Maturial Manual, A clear knowledge
regarling **Mortar” 1, howerer, so essential to the Engiueer that the following brief notes
are given, evea though they may appear i a more detuled form elsewhere

145, Every kind of mortar consists ot & muxtare of burnt hme and other ingredients
which vary according to the class of work and purpose tor Which the work 18 required

Limes may be divided mto two clawses, e2s, Fat Limes and Iydrauhe Limes

Pare limestone, or Calcznm Carbonate (Ca Co,), 18 the base of all imes, and » fat lime
js one where there are very few \mpurities

Pure limestone (Ua Coy), when burat, 2ives off carbon dioxade (C Oy), and becomes
queklime (Ca U), which, when mixed with water, form [Ca (O H,) ), or slaked hime,

If this slaked !me 15 mixed with water and allowed free access to the air, 1t will
harden or set by absorbing carbon diwxide from the s, and form once more ealcinm
carbonate

Hydranhe hmes are those which are capable of setting under water without the
action of air. [hey are preparea from himestones which contmna fair percentage of clay
(Silicate of Alumina), and when burat, a chemical mixture of alwmmate or sihcate of lime
iaformed The subsequent setnng aceion 13 due to the erystallwing of the Alammate or
Silicate

In the case of both fat and hydraulic times, 1t 15 essential to keep the mortar damp while
the aetting action 13 1n progress bu.ause water 13 necessary to allow the chemieal action to
take place For thisresson the Engweer must1asat on all masonry wors being kept damp
for 15 days after the work has been completed,

146 Portland cement —Fortiand cement 1s the most perfect hydraahe binding
mixtore in ordinary use

Roughly the constituents of Poctland cement are —

, Lame 61 per cent,
sihea . L,
Alamns .. -
Oxide of Iron -t
Magnesia ... Loy,
Lime and clay these are bly mixed wet, and are then

dred in cakes aad burnt till vitrification nearly takes place It 1s then ground mto fine
powder and stored

Two to four parts of sand are generally mixed with cement before vse, and this mixture
is safficiently strong for all ordinary purposes,

147, Limes —Limes prepared by burming kagkar nodules or hmestone are generally
wsed in India

There 13 liftle to choose between the two af properly prepared and nsed, but kaukar Lime
is recommended where 1t 15 available, as 1t 19 hydraulic ana Jess hikely to deteriorate,

148. Kankar Lime —Kaokarin the raw state oually contamns a certan amount
of elay (Mil'cate of Alumina), which, when burnt, renders the hme hydraube, It sometimes,
however, bas & tendency tobe “ fat”, when there 19 pot & sufficient quantity of clay in the
mixture  In such cases s hitte  Surkhi,” o bumt clay, should be added, ss it has the power
of rendering the Lune more or less bydrauhic.
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Sometimes kaukar contains impurities which are harmfal, )f present i excess. For
instance, 3f there 12 too much magnesium carbonate, the resultant magnesia 1 the hme
will cause 1t tof slake slowly with & very small rise of tempersture, and the lime so formed
will be poor.

* It 14 very necessary to burn some kankar and have its setting properties tested before
astag 1t in any 1mportant work.

Kaokar hime is ssually atrongest 1f nsed plain; 10 moit works, however, some sand
or surkhi may be added without danger and the resiltant mortar will bo cheapened
consderably.

The best results can only be obtained by testing each variety of kaukar lime with different
maxtares, bat kankar hme car seldom stand more than I part of sand or sarkh to 1 part of lime
withoat undue loss of strength. '

Very common muixtures are 1 partof sand to 1 partof lume, or 1 part sand, | pact
surkhy and 1§ parts of lime

149. Stone or White Lime —Stoae or white lime 13 obtaned by baraing s lime
stone, and, a3 1t generally has very tew impunities m the form of silica ot alumina, 1t 13 there.
fore not naturally bydraulic,

1t can, however, be rendered somewhat hydraalic by adding surkhu after buruing, and, as
m any case white lime will set more quickly when muxed with surkhi than when sund is added,
the former 1 therefore more generaily used as a dilating agent.

150, The purest white ltmes barnt in MNorthern India come from the country round
Satna and Katai

An analysis of some Sutna Lime guve the following resalts :—

Lime . .o 94 percent
Silterons matter . - 3,
Oxide or Iron and Alumina -2,
Magnesia - o,

Such limes cannot be used plain, and since they ure very nch in lime, it Is powible to
dilute them with a mach larger perceatage of swnd or surkhi than is the case with kankar
lime

One part of white lime to two parts of sand or surkhi is a veiy usual mixtare

Satna and Katni limes can, however, have even more matter added, and & mortar con.
sisting of one part of lime 1o 2 parts of sand and 2 parts surkht was ased in bmlding the Fust
Indisa Ruliway Bridge over the Sone Ruver,

151 The roakers recommend the following mixtares, which, on acconnt of the
admixtace of sarkhi of ashes ara stated to be sufficiently hydraulic for wet foundations.

Sand.  Surkhi.  Ashes.  Slaked Lime (Satna),

2 2 . 1 =4t
2 1 1 1 =4l
2 . 2 1 =401l

152, Adhes have begun tobe nsedin plice of surkbi foa great extent for railway
works, as this materisl is avatable fn large quanutes from the refuse raked ont of the
locomotire fire boxer Of course only sshes from bumnt coal can be so micd, wood ashes
would be quite nnsastable.

153, One of the great dixadvaatages of white stone lime is the care which mnst be
taken in nsing it,

Ttean usaally be bought ready slaked, bat once alaked it detenorates quickly, and
therefore nnslaked imo should always be purchassd as it is impoaible to aay how old the slaked
Lize may be
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The Htme will gradaally slake from tha mofstura in the air, especially during the rafns;
it eannnt, therefore, ba stored for years with anccess as kankar lime can be.

Good white lime will double its volume when slaked Dealera therefore always prefer
to sell slaked lime even at lower rates,

The greatest care must be exercieed in fally sleking the lime before wse in any
work, For this reason 1t fansual to specify that the lime must be slaked for 48 hours
befors use

The best method s toslake theimein vats or “pukka'® cisterns, adding enough
water to make n paste This paste vt be mixed with the snrkki and sand end used before
it haw dried

Only by thus conking the lime can it be made certawn that no lomps of unelaked time
will go 1nto the work  Any slaking that takes place after the lime has been used will damags
the work and make It Inok very unsightly.

Stone Hime is generally cheaper than kankar lime and for many works s just a1 gaod,
ut It slways requires more care

156, Surkhi—The enrkhi osed with lime 19 almost alnays obtained by breaking up
the broken bricks and refuse over from the brick kiln, though sometimes clay has to be burnt
for this purpose,

Engineers differ 3 to what clasa of bricks make the best sarkh. Some claim that
st class bricks are beat becanse the clay w5 folly burnt, others say that 3rd class are best
because they caa be poswdered fine, which 15 very difficult with hard well burnt bricks  Most
Engineers, howeser, agree that 2nd class bricks mske very good surkhu, so these should be
med where possible

155, Sand —Sand used m mortars should always be as coarse 25 obtainable, and of
sharp grmuns, free from clay or other 1mpunties,

156 Grinding and mixing —Cement 13 porchased ready gronnd, and white stons
fime powders when slaked, and therefore these need no grinding before mixing with the
ather ingredients of the mortar Kankar lime, however carefully burnt and picked after.
wards, always bas some buts which are not fully Lurnt, and thess muet be groond up fine
before mixing to form the mortar,

For large mportant worke disinfegrators are meed for this purpoee, and a 21" size
dwintegrator can gnnd from 20 to 100 catie feet of kankar lime per hour with 3 10 H, P,
portable engtne to drive 1t,

For smaller works the grinding and mixing can be done at the same time 1n bullock
“chakkis ” These are gemerally made to hold about 40 to 80 cubic feet of mortar, and the
whole 1s mixed and gronnd wet in from 2 to 4 hours, thst is, two or three “chakkiz” full
are turned out da'ly

One hundred cubie feet of dry mixtare will tamn out about 70 to 75 cabic feet of wet
mortar after mixing.

In large worke the kankar hime, after it has been diintegrated, 1 mixed with the
aand or aarkhi and grownd wet in mortar mills (these are neually ran in pairs dnven by
portable engue) One pair of 7 feet pans will easily tum out 50 cubic feet of wet mortar
per hour -

Wet grinding <honhl o br ilone uhere ksokar hme is ased,

157. Mortar required —The amount of mortar required for the different elagses
of masonry differs considerably,

For ordinary stone ballast concrete, abont 43 cubic feet of mortar will £II fhe
interstices ; it in better however to specdy that 50 cubic feet shall be used for every 100
cubic feet of concrete, Oue hundred cubie feet of brickwork, on the other hand, only
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takes 30 enbic feet to fill the joints, while rubble stona masonry may take snything from
40 to 60 cubie feet according to how the stones are laid.

158, As alveady explained, 1t 13 very difficalt to tell from the look of any lime whether
1t will make & good mortar or not and whether 1t will be hydraulie, or what proportion of
sand or sarkhi shonld be added to get the best resnlts.

By far the simplest method of testing lime is to actually build several kmall pillars nsing
different proportions 1n the ssparate mortars Iikely to be employed , leave these to set fora
reasonable time and then dismantle and study the results,

This, however, is nnsatisfactory unless a very long period, suy 6 to 9 months, can be
given up to experiments before work sstarted Some limes set quickly and are apt to make
the Engineer think they are better thau they reslly are, while others are often rejected hecauss
they take & long time to set.

The best recogmized methol 18 to test the tensile strength of the varions mortars by
means of a standurd testing machine (deseribed 1n all treatises on matenals).

Bnquettes are made 1n monlds so that they bave nt the narrowest portion a section of
one square inch exactly Some of these ave broken mn the machme after 7, 15, 30, 43, 60, 90
and 120 days, and the results tabulated,

The briquettes are kept ander water for & varymg penod after bemg made 5o that the
hydeaulic properties rauy be fally tested

Even this method 13 apt to lead the Eagineer astray, for many limes which give the
poorest result 1a the laboratory are found to do quite well 1 actual work,

Fxperienca and common sense backed by a few simple experimenta are therefore often the
best guides,

Engneers duffer greatly as to the tenwle strength a mortar should give if it ia to be
suitable for nse 1 masoney works. Some even gu 8o far that any mortar wall be nsed which
will nltimately give a tenule strength of only 40 pounds per square 1nch,

A usual mixture shonld, however, give a strength of over 100 Ibs. per square inch if
the Kime isat all good, and some very good kankar hmes will give 800 l1ba per square inch

eventaally.

A few average tests are mven as a gmde s to what may be expected after varians
periods of time :—

Proportions. Tonnle streagth pov square inch after days,
Material.

Limeor| gand, | 15 30 4 60 ] s | 120

1| .. awol soo| seo| soo| s00| 00

Cement . 1 1| es0) aoo| se0. se0| a0 300
1 sl 1sof 20! =0| 200] 200) 200

Rankar . . 50 so} 120] 160} 180] 200
Lime . 1 ) 35 ) w0 | wol| e

Different cements and hmes, however, differ so much that these are only givenas
# tough guide, and even resalts as showa are never obtained in practice,
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A olightly different method of mixing the mortar or preparing the briquettes wall
alter the subsequent tests so much that, as stated before, the Engieer must often rely
on ks common sense and expenience, if he 1¢ to obtamn the best resnlts on the works

themselres.

159 Finally, the following pomnts must always be most caretully sttended to, af the
resultant masonry 1a to be satiefactory

2.

The lime must be fully barnt,

Fat Lime thoold be brought to the work mnslaked, but shouM be alaked at least
48 hours before use

In the case of kankar luze, all under or overlurnt nodules should be picked out
before gnading

Lime must be finely gromnd snd¢ muxed carefully, 1f there sre any admrxtures,
before use.

Kankar lime mortar should always be ground 1n & wet state before use on works

Mortar should be tested mn Fome mauger and not used nnless these tests show that
1t is satisfactory,

Masonry shonld be kept dawap for 13 days after beng Inud, to give the necessary
dampness to enable the mortar to set
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Specification for Brickwork.

160, Description of brickwork —First class brickwork will consizt of stock-made
bricks of uniform colonr and shape, thoroughly well burned, and of a deep red or copper colour,
Fach brick mnst be square and well shaped, mast ring clearly whea struck and must be perfectly
sound in sll respacts

Second class brickwork will consist of bricks which are thoronghly burned, sond well, bat
are Bot so perfectly chaped as first elass bricks, They will be much the same as first class brick,
with the exception that the colour and shape need mot be of quite so high, or nmform a quahty,
The 1nner bricks may be of a lighter colour, but for all face work bricks should be selected for
uniformity of eolour

There will bo no difference whatever between first and second class brckwork, either in the
mortar used, in the method of laying, or in the bond

161, Firat class bricks are to be made of grod brick earth. well kneaded and free from
kenkae of vegetable matter; they nre to be sand moalded, well shaped and square, with sharp
regular arrises, free from cracks or shakes nnging clearly when strack, burnt to an upiform
deep red or copper colour, not vitrified, bat hard enongh to stand expasure to the action of
water

Second class bricks are similar to first class, except that the colonr need not be fo deep or
uniform. They must, however, be well burnt, fit for backing and dry walls, bat need not be
hard enough to resist the action of water,

162. No brick shall exceed the following dimensions :—Length 10 inches,
breadth 4} inches, thickmess 23 inches, or shall be less than 93 inches in length, #3 inches in
breadth, and 2} inches in thickness,

163, AR bricks are to be soaked in the tanks for at least 12 hours before being put into
the work.

164, The bond to be mnsed in all brickwork will be * Engleh' bond, sce plate 2,
8nd no half-bricks or brick-bats will be allowed o be used except where necessary to complete
the bond.

No atretcher is to be leas than three-quarters of  brick

*Che use of half or threa.quarter bricks 3 to be strictly limited to the requirements of the
preserration of the bond,

165. The uvre of bats is 8s & role prohibiled, but in special cases, such as the flling
of arch haunches and mawive abutments, the mse of s percentage of bata may be per-
mitted

In soch special cases the percentsge of bata to Le nwed sbonld be specified, and with
a provuso that every fourth course shall be free from bats except where reqoired for the
bond.

166, Mortar I to be need av stiff as s conmstent with the proper filling of the jointe,
10 ona of which is to exceed a qoarter of an juch §n thicknen

Mortar is to be delivered on the work from the mills, of the proper consistency, and the use
on the work of water pats for thinning the mortar s strictly prohitited,

167. Every brick §e to be dmwn up i the mortar and Grmly bedded with a wooden
mallet,

To entare that the frog of the brick ¢ Alled with mortar, bricks are to be 1aid In the work
with the frog apwanle,
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168 The top of all brickwork 13 to b kept corered with water when brick laying 13 not

actually 1n progress, and also for 2 weeks after cumpletion of the work.

For this purpose 1t should be provided with a mortar dowoak all round the cdge, and be
divided 1nto kyaries or compartments,

169. The face of each unbattered wall 13 to be perfectly vertical, and the bed of each

course 14 to be lerel ncrow and perfectly horizontal unless otherwise ordered

170, Batlered or cnrved walls and ornamental work are to be bult in stnct
aceordance with templates made up from the workiog drawings In battered walls where
the course beds ate ordered to be homzontal 1a place of square to the face, the face bneks
are mot to be ent, but are to be stepped buck to give the required Latter, or special
moulded bricks may be vied

171. Where pesible, the work will be carried up regularly throughout and, except
where required Ly the des1gs, 2o part 15 to be more than J feet higher than the rest.

Returns, counterforts, buttresses, etc, are tobe built course by course with, and
bonded into, the mad work,

172 \When the entire work cannot be carried up tn even courses the break 1s to be left
in regular step~, each of a length at least 1§ timests height

173 The surface of each course 14 to be thuroughly cleaned from all dirt vefore another
course 14 laid on the top of 1t

Should the mortar in a0y course have begun to set, the joints must be raked ontto s
depth of one 1nch beforc enother course 1s laid, and the whole surface well levelled with water
for 2 days before the new work 15 commenced, Lot when the top course has been exposed to
the weather for any length of time 1t should be removed, and the surface of the second course
thoroughly cleaned and wetzed before any more conrses are added,

174 The jomnts of all work which 1 to be pointed or plastered are to be raked out
$0 a depth of £ inch before the mortar has begun to set.

In cases where the mortar has unavordably been allowed to set the josntsare to be
caked out with & tool made for the purpose, and acé on na sccount to be cut out with any
sharp wnstroment  And in all cases the surfaces must be thuroughly soaked before the new
mortar 1s apphed

175. In brick-oo-edge flooring the course below the brick-on-edge should be Iaid frog
dowuwards, care being taken that the frog 15 filled with mortar Letore the brck s laid.

176 Brick on edge 15 to consist of picked first class bricks Jaid in mortar. So long
as the bracks are perfectly shaped they may be slightly overburnt,

Che mortar joints should be a3 fine us possible and the bricks are to be laid with a break
of jont equal tu half the length of the brick

177. Brickwork in clay.—Walls will be bailt of bricks laid in clay when ordered
or specified. Lhus work will be se epeaified for brickwork 1 mortar with the following
exceptionn

(s) The cementing material will be well knesded clay wstead of mortar.

(#) The top cousves of unfinished work need not be kept eovered with water,

178. The mnd mortar is to be made of s white ar red clay acconding to localisy,
which ia to be broken up into & fine powder freed from stones, grass, ot other impurites. It
is first rmixed with water on & brick or wooden platform and well worked up with the feet to
the conustency of clay for brick making It is then to be gradmally thinned with water
until it axsumes the consistency of stiff mortar when 1t will be ready for usé,

17%. Sun-dried bricks in clay mortar —Walla will be built of sun-dried bricks
in clay mortar when ordered or specified, 1hey will nsually consist of unbarnt stock bricks
16id ae specified for burnt brickwork in clay.




APPENDIX III.
Specification for Stone Masonry

180 The masonry to be used will be ashlar work, coursed or wncoursed rubble or
other variety, as may be directed by the Divisionsl Officer, or asindicated on the working
drawings, lud 10 mortar.

181, The mortar to be used will be as spectfied for brekwork,

182 The npecifications as ta watering the work and carrymng it up evenly, as lad
down for brichwork, are to be adhered to for stone masonry,

183  Ashlar work,—Generlly speahing, for all eshlar work. the coutractor will
be supplied with the exact dimensions of each stone or with a plan of each conrse of masonry
showing the necessary dimensions

184  Ashlar work will havets beds and jomnts finely dressed, free {rom any winding,
and troe and square 1n every respect

185 All joints and beds will be perfectly vertical and horizontal respectively ; they
will never exceed } mch 1n width or depth, and each stone will be well set and flushed op
1 mortar

186. Al Joints and beds of ashlar work will be constructed as Isid down in paragraph
185, but the outer face or faces may be rock-faced, finely chisel dressed rocksfaced wnth chuel
margin etc,, or as may e descnibed, either in the rpecifieation, or on the ground

187  Asblar work shall never be luid 1n conrses of lers than 10 inches in height: no
stope shonld be of less rolame than 1} calie feot, 15th of the face should be headers, lnd no
stone ehould have & less width of bed than 14 times 1ts height,

188, YWhen achlar quoms or ring atones are provided, the arrices must be dressed clean,
sharp, trne azd free from all w.nding, 1n the former quite plamb and vertical, and 1o the latter
Iying exactly 10 the Lt of the pemeter of the circle mndicated or durected.

189 Coursed rubble —Coorsed rublle will be lald in coutses varying in beight as
may be most and to the natare of the stone pmcnred from

the quarry, 88 regards eather the depth of the patural beds of the stone or the manner in wkich
it will cleave, but 1o couree should be less than €” in thickness,

190, Coursed rutble may bave itx conreea erther of equal or of uneqmal height but in
the latter 1mstance, the deeper courses must be laid towards the Lottom .of the structure,
and may gradually get ehallower within the Limit given above as the wall progresses fn

height.

191, Al Loldings constrcted with ronreed robble masonry shoold be supplied with
ssblar quoins of the height of one or two courres, and care chould be taken, when equal courees
are specified, that the height of the wall s divided into an exact number of courses, end an
exact number of quoine,

192, AN bteds and joiots must be perfectly true, both horizontally and vertically
throaghout They must never be more than half an inchin width ot depth respectively, the hine
of each courre must be perfectly level and free from winding, and no Joint mnst overhie another
Yess than 4} inches, meneured on the face of the wall.

193 Mo stune shonld Le bred which 18 lens than a cabic foot in size, ita bed must never
Yo Teas than 1§ times ity beight.

198 One-fifth of the face of the wall should ke headers, and in walls up to 8 feet thick,
a1l headers shonld be throogh-stones, All other atones sball be in half bond, or should overlsp
each otker never less than 173rd of the width of the wh
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195, Every stone must be earsfully and traly laid, and will be flashed up in mortar as laid
down under brickwork.

196. Rubble or random uncoursed rubble —The stones will be laid at random
withoat being brought up to any level conrses, each stone will be laid on its querry bed, will be
bedded 1n an ample supply of mortar, and wmll be wedged or pinned strongly into its posttien in
the wrall by spalls or chippings, which may show on the face,

197, No fixed ruls can be lud down for sires of jornts, but they must be kept o3 smsll as
possible. This work 13 enbject to the same ralea for through or bond stones as specified above
for other classes of rubble masonry

198, Masonry in clay.—When any of the above kinds of stone masonry 19 specified
to be laid in clay, 1t w1l be carried ont as specified for mortar except that—

(a) the cementing matenal will be well kneaded elay mstead of mortar,
(3) the stone nsed need not be soaked previons to use,
{¢) the top course of unfimshed work need not be covered with mortar.

199, The clay will be prepared a3 specified under Brickwork, paragraph 178

200, Dry rubble —All the atove kinds of masonry can be carned out dry, that ia
withont the use of mortar This sost of work 1s 1 very general use for breast and retaming
walls 1n Bl roads,

201 In these cases the front batter should never be les than §, but where base room can
be obtmmed, 11 may advantageously be made §  The Lack slops should be about 3 The course
1ng will always be normal to the face of the wall, and there will always be a projection or broad
footing at the base The top of the wall should not e less than 2 feet thick 1In surcharged
walls this thickness must be incrensed to 3 feet

202, Through bond, from front to back consisting of & single stone or of several stones,
put together, must be given m every course at every 5 feet along tho face of the wall, Where
boni stones of length equsl to the thickness of the wall aro procurable, they are always
to be useds

17
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Specification for Boulder Masonry.

203, Boulder masonry will consist of three classes as follows *—

st elass —In this class only the beat and largest boulders wil be selected. They will
be nestly squared on all mx sides, and the blocks will be laid m the same way as specified
for coursed rebble masonry. The mortar joints must not exceed one inch, but the mortar
need not be ground Owing to the extreme toughnews and want of lamination in boolders,
it is very dsfficult and costly to square them to proper shape; but at the same time if they
are squared on all eix sides and the conrses properly built up, the walling can be made of
smaller section than in the second and third classes, so that the nltimate cost is not much
more,

In works which have to withstand the action of water it 15 advisable to point the joints with
Portland cement,

2nd elass —In thia class the bonlders will be aplit and roughly dressed, and the blocks bailt
up in the same menner aa for random uncoursed rubble The undressed surfaces of the sione
should be on the ontaide,

3rd clast —In this class the boulders wmil not be eplit. The interstices between the larger
boulders should be filled up with smaller stones and mortar freely used, Such masonry is only
smuted for dry walling which is not submitted to any great pressure.

204. Tnimportant works it is advisable to 1ntroduce several coursen of brick bond, st
tegalar Intervala apart, 1n order to distribute the pressure more evenly The appearance of
a bmilding wll alo be amproved if the corners and arches and jambs of doors are faced
wth brick,



APPENDIX.No V
Specification for Archwork

205 Archwork to be of picked first class bricks laid 1n mortar

206. In bridges with elliptical or with 5-centered arches, the portion of the arch near the
haunches will be bmlt wm concentric nings bonded by headers at every nataral comncidence
of jmat ; where the natural comeidence of jount does ot occnr n less than eleven bricks, a
forced coincidence must be made at every teath brick Ly closing with a chipped or dressed
bnek,

207.  For the remainder of the arch Englich Bond 1s to be wsed The stretchers must be
121d without chipping, the summer to be preserved by dressing the headers only.

208. In elbiptical arches the backing at the haunches 13 to be bumlt amultaneously with
tarming the arches  The backing to be built to a height of 5/10ths of the nae before the center.
1ng is strock,

209, In segmental arches Enghsh Bondi s to be used Archea of small spans are to be
bult 18 concentric nings bonded a1 every tenth brick at least

210, Archwork 1s to be buiit np equally from both haunches, and the work to be carried on
without wntermireion  The jomts are to be hept as fine as possible and of equal thickness, and
each brick 1s to be completely embedded 1 mortar.

211 When the work 15 bult 1n concentric rings, no bricks are to be chipped or dresced,
except those required to secure a forced comneidence of yount

212 Centertngs of either esrth or tmber may be used, Wooden centerings should
be msed m a senes of brudges of the same span, in ellptical arches and tn srches of very large
€]

213, In skew arches the spiral coursea are to bo calculated snd traced on the eentering
before the skew hacks are commenced W hen the angle of skew 15 not less than 80°, direstion
of the courses may be everywhers taken perpendicular to the face of the bndge.

214, Centerngs should be elacked a ittle 83 soon as the areh s keyed, and should be
gradnally slacked as the arch settles down  This gradual slacking should be arranged so that the
centering 1 completely struck at the time the mortar begna to set,

215, This gradual strking cannot be carrted out with earthen centerings, and where therg
wre employed the centering should be struck as soon as the arch 13 keyed,
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Specifleation for Bonlder Masonry. R

203, Boulder masonry will consist of three classes a3 follows :—

12t class —Tn thia class only the best and largest boulders will be aelected. They will
be neatly squared on all mx sides, and the blocks wall be laid in the same way as specified
for conrsed rnbble masonry. The mortar Joints must not exceed one nch, but the mortar
need not be ground Owing to the extreme toughnews and want of lammation in boulders,
it i very dufficult and costly to square them to proper shape; but at the same tme if they
are equared on all mx sides and the courses properly bmlt up, the walling can be made of
smaller section than in the second and third classes, so that the ultimate cost is mot much
more,

In works which have to withetand the action of water st is adwisable to point the joints with
Portland cement.

2rd ¢lass.—In ths class the boulders will be split and ronghly dressed, and the Blocks bmlt
up in the same manner as for random uncoursed rubble. The undressed surfaces of the stone
should ba on the outside.

3rd class —In this class the boulders will not be sphit, ‘The 1nteratices between ithe larger
boulders should be filled up with smaller stones and mortar freely used  Such masonry is only
euited for dry walling which 13 ot swbmatted o any great pressure.

204, Toimportant works 1t 13 adviable to introduce seveial courses of brick bond, st
regular intervaln apart, 1 order to distnbute the pressure more evenly. The appearancs of
& bulding wll aleo be 1mproved 1f the corners and arches and jambs of doors are faced
wmith brniek.
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Specification for Archwork

205 Archwork to be of preked first class bricks laid 1o mortar

206 In bndges with elliptical or with 5-centered arches, the pottion of the arch near the
bronches will be bult 1n concentrie nngs bonded by headers st every natmral comeidence
of junt, where the natural comncidence of jomnt dues not occur 1n less than eleven bricks, &
forced comncidence must be made at every tenth brick by closing with a chapped or dressed
brck,

207. For the remawnder of the arch English Bond 18 to be used. The stretchers must be
lad without ¢hipping, the summer to be preserved by dressing the headers only

208. In elliptical arches the backing at the bannches is to be bwilt mmnltaneously with
turmog the arches  The backing to be built to a height of 7/10ths, of the rse before the center-
ing ie struck,

209, In segmental arches Engish Bond 1s to be used. Arches of smalf spans are to be
brlt 10 concentric rings bonded st every tenth brich at least,

210, Archwork 1s to be built up equally from Loth hannches, and the work to be carrred on
without wtermison  The jowts are to Le hept as fine as possible and of equal thickness, and
each brick 1s to be completely embedded 1 mortar,

211, When the work 18 built 1 concentric rings, no bricks are to be chipped or dressed,
except those requared to eecure a forced coincidence of Joiat

212 Centerings of either earth or timber may be used, Wooden centermga should
be wsed in & series of bridges of the same span, 1u elliptical axches and 1n arches of very lsrge
Epan, N
213, In skew arches the spiral couraes are to bo calculated and traced on the centering
before the skew backs are commenced. When the angle of skew 18 not less than 80° direetion
of the conrses may be everywhere taken perpendicular to the face of the brdge.

214, Centenings should be slacked a little a3 soon as the areh 1e keyed, and shonld be
gradually slacked as the arch settles down  This gradual slacking should bo arranged so that the
centenng 18 completely struck ag the time the mortar begins to set,

216, Thie gradual stuking cannot be carned ont with earthen eeatenngs, and where thers
ate employed the centernxs should be struck as soon a6 the arch 13 keyed,
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Specification for Concrete.

216, Concrete for orditary foundstions 18 to consist of 3 parts 1§" gange brick ballut to
1 part kaokar mortar; when stone ballast 1s ascd 2 parts bailast to 1 of mortar are generally
naed,

T'he brick ballast 19 to be cleaned and soaked 1 water tanks prior to mixing, for not Jess
than three hours,

217, The mixig 15 to be dons on a floor of brichs laud flat, frog downwards, or on &
portion of the completed work by Inying out the bullast eventy and spreading the proper propors
tion of dry lime or wet ground mortar over 1t,

The maternals 1 the stacks should then be turned over with shovels or phaorahs and
thoronghly mixed at least twice from end to eud, vuthuient water bewng added to tarn the lime
mto o thick paste .

218, After mixing, the concrete is to be laid i layers not exceeding 8 1nches in thickness
and rammed with 1ron rammers, until the hme fushes up to the surface, when the ramming
maost at once be stopped, as farther rammung 13 3njurions.  The layer will then have consolidated
to abont 6 inches m thickness,

219, Springs 1n open founlations may often be staunchied by layiog aver them a layer
of concrete thicker than above speulied, and ramming 1t lightly, In this case the proportion
of mortar should be increased. The thickness of the layer of concrete andithe amonnt of
consolidstion must be deternuned by the condition of the soil 10 the foundations and the force
of the springs

220. dhould a spring be too strong to be staunched by this means it should be left open
and aliowed to run freely through an 1ron pipe, which can be plugged later on with Portland
cement, either pure or mixed with saud, or asmsll mater-tight wall mey be built round it
allowing some apace, and after the water has risen to it maximum level, It can be stannched
with cewent conerets lud qukly 1o the atill water, aud abore its level and wesghted with

bricks. ‘

221, In very slushy foundations s threench layer of thinl class brickbats ehonld, i
availablo, bo rammed below the finst layer of woncrete ; or rough gras matting may be laid
down, These prevent the slush bewng foried up wto the concreto when belng rammed, If
the’ slash rashes i too freely from the mdes of the excavation, sheet piling should be
used to form a cofferdant, but this s best rerceame by the prurision of draud roand the
work.

222, Conorete is mot to be thrown from a beight but mum be deposited geatly In
position.

223. The surface of toncrete in process of consolidation fs to be kept sprinkled with water,
ta compensate for loas by evaporation, but great care should be taken that excess of water
18 not wsed,

The surface of concreta laid abave sprang level 10 to be kept wet, when work ispotin
progress, for at leest 10 days after complenon.

334, Pomping or taling should not ba allowed from open foundations, whith hare be-
come filled with water alter the conerete is lud, until it bas sct, er the Lyne will be washed
ot
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225 The surface of’cach layer should be thoroughly cleancd from dirt and ronghened
with picks, befure another Jayer 1s lawd aboveit Defore the new layer 1s Ind & coat of plaster
shonld be rooghly Ind.

226, Concrete in beartng deep wells.—Foundatien wells may be hearted either by
plagging the bottom, unwatering, and ramming m ballast concrete, or by laying concrete by
means of ckaps without unwatering.

227, Shsllow wells may be plagged with equal parts of kaokar hme snd sand gronad
into mortar and depocited m skips. The well 18 then unwatered, and the remamder of the
bearting consints of 125 parts kankar or brick ballast broken to 14 gange, 30 parts kankar
Lime aod 15 parts sand, rammed 1 8 layers

228, Concrete containing certain propottions of Portland cement should be used where
quick setting, extra etrength, or resistance to the action of water are required

Snch cares often occur 1n cArryIng out repairs to masonry which will be exposed to the
action of water immediately after the masonry is built

229, Vanous proportions of the different materials are used in ths class of concrete,
and the following are Jaid down as a geners guide —

Ballast §° gavge B parts Ballast §” gauge 6 parts
Portland cement 2 ,, TPortland cement 1 part,
Kankarhme ) part or

Sand 1 part Rankar lime 2 parts,

‘The former is the quicker setting of the two  When eprings have to be dealt with the
proportion of kankar hime shonld be dimimished, and that of Portland coment 1creased.
230, When Portland cement and kankar lime are used together, the hme should, as far
s possible, be of the same finene<s a3 the cement
The cement and ltme should be very thoroughly mixed in a dry state befora bemg mized
with the other matenials, for on this 1ntimate mixture depeads to & large extent the good
quality of the concrete,
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Specification for Portland Cement Concrete.

231, The proportion of matenalsin Portland cement conerete varies with the matare
of the ballaat and the natare of the stuation of the concrete. Snfficient mortar shoulc be used
to eatirely 11 the vordsin the ballast. The proportion of materials generally vanes between
oue part of Portland cemewt, two parts of sand aud three parts of ballast, and ome part
Portland cement, three party sand and mix parta ballast, The sand should be perfectly cloan
coarse sharp sand,

232 The cement used must beof a well known braad, Care muat be taken that
the cervent be not too fresh, in thin case 1t shonld be laid outon & floor for & few days
under cover, 1n order to get nd of any heat, which woald caunse 1 to blow or awell in
sething, If expoted thuain dry weather for some time, up to three weeks, 1t 1ncreases in both
strength and bulk,

233, Cement concrets will be mixed and Isid as specified under concrste, bat the
following ndditional precautions must be taken —

‘The ballast after having been well sonked shonld be allowed to dry externally and be
mixed fim¢ with dry sand and cemeat Water should not be edded antil just before ftis
intended to lay the concrete, 1t should b poured on gently thromgh the Tore of &
watenng pot, care leing taken that the mass 1 not allowed to become too fluid in
conmatency, It shonld be laid as soon as mixed and sll ramming neceseary must be done
within two hourm from the time the materials are first wetted, Oan the following day it
should be corered with water and kept sa for 15 dsys. In places where this cannot be dope
wet rand in to be nsed 1ostead of water,
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Specification for Plum Conerete.

224 Plam concrets consints of large stones called “Plums™ embedded in concrete.
The specification 1s sumilar to that given for concrete (Appendit Vo V) The proportion
of plums should not bs more than 25 per cent, and the plums shoald not be less in size than
5 cabie feet.  Plums should be placed safficient!y far apart to allow of the conerete being fully
rammed between them, and should be placed as unevenly as possible, 8o a4 to break jorat m
all directions.  Stones must al+ be pla ed so that the greatest width s at the bottom, and the
least at the top, Rough stoues must not be atlowed a3 the concrete cannok be properly filled
round the stone.
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Specification for Pitching,

235, Pitching i+ to be of block kanksr, atons or brick, as may be specified. Where
thers is heavy scouring action a special form of pitching, romposed of blocks of brickwork,
or rubble 1n Lime or of concrete may bo employed Pitching may either be grouted or
prcked
236 Blotk kankar or stone pitehung shoald be of the largest blocks pracurable, limited by
facility of handling with the appliances provided. No block shonld be less than one cubic foot:
when rough drewed

237, In pitching slopes, oare shonld be taken to give a good tos, and not to attempt 8.
steeper angle thau 1 to 1 An easier slope must be given if the height exceeds 10",

235 Every effort should bo made to give a rough sarface on slops pitching, 5o 8 to break
the velocity by mducing frction  In case of bricks, thi is easily done, by laying the bricks in
herring-bone fashion

239 Where no heavy material existy, it is better to protect the earthwork by continaons
walls of masonry than hy means of cubes of brickwork ot conerete  The latter become detached
and often rull away, or cramble to pieces

2(0. Crates —Where there 1¢ heary scoor 1 & channel {n the neighbeurhood of
masonry works, and the action of the water 140 great that ordinary pitching will not stand,
the material may be confined 1n wonden crates of suitabls size, dependent apon the circumstances
of the case, earo being taken that the bars of the crates are snfficiently clowe together to prevent
toaterial being sconred oat  The crates shonld be well made and be constructed of some hard
wood which 18 not perishable under water, and the bars shonld bs securely natled together with
stout nails and, if necessary, bound with wire of about 8 B W G.

2{1. The crstes shonld, wy far ms posuble, be all of the rame mze and laid with their
uppet sarfaces on the same lavel, so that no obstraction may be offered fo the flow of water,
and where more than one lina of crates i required, they shoald be laid ao as to bresk joint
with each other.

212, Care should be taken to sce that the top crost bars of the crates are scenrely fixed, )
after Wie Latter bave been filled with the material,
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Specification for Plaster.

243, Rough casting —Plaster mill be conposed of Portland coment, kankar lime or
white lime mortars. For white lime plaster a3 fat a lime a3 possible will be used, on acconnt
of the readiness with which 1¢ slakes 1nto a fine powder,

244, Plaster will be lad n one £wo, or three coats, 11 may ba fonnd necessary,

245. Brickwork will never have more than two coats of plaster but masonry may have
three, and no single coat shall ever exceed § 1nch in thickness,

246 Previoas to the appliration of the plaster, the Jomts of the brickwork or masonry
most have been Taked ont 10 8 depth of at lewst half aninch, and this 1 best done as the work
progresses in constraction, and while the mortar 1s still green.

247, After the jointa shall have been raked out, tha wall must be cleaned down xnd kept
thoronghly damp for two days before the plasterng 13 commenced,

243, The plaster may then be apphed, and, before each cont sets, 1t must be well beaten
with long thin lathes (to comwohidats and compress the mortar), until such beating makes no
impression on the surface

249, When two or three coats are ordered, the first must be allowed to completely set
before the second 19 laid, and the surfsce should be left rough, and freely seored all over with
the edge of a trowel, to prepare it for vhe next coat

250, If 1t be thought deursble, the plaster may, during the process of beating, be well
sprinkled with a mixtare of 3} seers of gur (coarse angar) dissolved m half a cask of water,
towhich may be added 2 scers of baet frmt  thie will quicken the setting of the mortar and
improve the quality of the plaster.

251 Floating —After the “rongh cast” has been applied as above in the number
of coats directed or specified, and has become quits firm, the next operation will be * floating,”
which will be done with & long straight edge called a float.

252, A sufficient qusntity of fine plaster should be thrown on the wall ea a9 to allow of
its being brought to a completely smooth surface, by drawing over it the plasterer's floar back-
wards and forwards

253, Rendering or setting coat.—As soon as the enrface is perfectly troe and
Tevel and quite dry and set,1t will bs “rendered” qute amooth by having lime putty spread
over it with the face of a large trowel, with which it must be rabbed in matil it becomes per-
fectly smooth and even.

254, In order toguard against the setting coat showing numberless fine cracks all
over ita suriace, as frequently happens from the mnequal shrmking of the different coats
1t should zot be applied till the previous cost {s quits dry, otherwise, beinz very thin, it
will harden from exposure to the mir before that previously lid has done shriaking, the
result being that, if there 14 a proper n therence hetween the two coats, the setting coat will be
disfigared by numberless fire cracks; whilst where the conts have not adbeed well together,
bollown will be fonnd, and the setting coat will be hialle to como off at those epots.

255 Mud Plaster —Mud Plaster will be composed of stiff clay and chopped straw

in the plamns, and of stiff clay and pine epines in the hillsin equal proporttons in bolk. The
— clay, after bewng excavated, is to be spread ot to be scorched by the sun. It isthen to be
reduced to powder and stacked in heaps s required,

1s
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256, The straw will then be thrown over the clay and mized with phaorshs ina dry
state till thoroughly incorporated. Water is then to bs added, and the whole left for two days
to soak, It will then be mixed with the feet and phaorahs, water being added asrequired till it
sasumes the consistency of etiff mortar,

257, It willthen be apread evenly over walls of roof with the hand or trowel to tho
thickness of 1 inch on roofs, and § to 3 inch on walls, and be foated to sn even surface with
a strarght edge about 3 feet long. ‘The plaster will then be allowed to dry, and the cracks that
open out during the process of drying will be filled in with hiquid cow-dnng

258. Lieeping.—The surface will then be leeped over with a mixturs of cow-dung sod
clay, Thiswill be dons by hand on roofs, and by troweland float on walls, Care will be
taken to preserve all Lines, 1d etc., that existed previ

259. The cow-dung is prepared by first steeping it in water to free it from grass,
straw and other impurities, then one cubic foot of finely powdered clay is added to one

cnbic foot of cow.dung, and both ingredients are mixed in a tab and thoroughly worked vp
together,




APPENDIX No XJ.
Specification for Pointing.
260. The Joints should be raked out to a depth of at least § 1nch and the face of the
masonry should be thoroaghly clesnsed and watered.
The joints should be raked out with a hooked 1601 made for the parpose. The joints
should never be hacked ont with a basult or simlar tool a5 the edges of the bricks sre chipped

by domng so.
261. The jomts are to be filled flush with kanksr lime or cement mortar, as may be
epecified. -
“The ingredients are to be ground as fine a3 poveible and should be impalpable powder,
not granulated,

262 After flushing the joints, the homzontal lines are marked by stretching & string
which 1s beaten into the mortar with a trowel, 8nd the line »o obtained 18 deepened by
ruoming a tool called & jounter (sumilar to a beotnyl) pmded by o straight edge slong the
fine, or fimshing by other methods as described 1o UBapter IX, as may be directed by the
Engineer 1n charge.

The verical lines are then struck with the « jointer  and straight edge,

263 All lines are to be perfectly straight, traly horizontal, or vertieal, and the mortar
should be ea shiff that the pomnting tool leaves a clean cat pe, with no mppearance of ragged
edges,

264 Pointing should be done from the fop of the work downward, and after completion
should be kept well watered for at least scven days

265. Pointing must follow the actunl joints and is not 10 represent false jomts.

266 Pointing must be carmed ont as quickly a8 Possible after completion of the portion
of the wall and before the mortar used 1n the wall has set,
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286. The straw will then be thrown over the clay and mixed with phaorshe ina dry
state till thoroughly incorporated. Water is then to be added, and the whole left for two days
to soak. It will then bo mixed with the feet and phaorahs, water being added asrequired till it
axsames the consistency of stiff mortar.

257, It willthen be spread evealy over walls of roof with the hand or trowel fo the
thickness of 1 tuch on roofs, and § to 4 fnch on walls, aud bo foated to an even surface with
» straight edge about 8 feet long. Tho plaster will then be allowed to dry, and the eracks that
open out dunng the process of drying wall be filled {n with liquid cow-dung

258, Leeping.~—The surface will then bs leeped over with a mixture of cow-dung and
clay, This will be done by hand on roofs, and by trowel and float on walls, Care will be
taken to preserve all limes, mouldings, etc., that existed previously,

259. The cow.dung 18 prepared by firat steeping it 1n water to free it from grass
steaw and other impurities, then ome cabic foot of finely powdered clay is added to one

cabic foot of cow.dung, and both ingredients are mixed in a tub and thoronghly worked op
together,



APPENDIX No. XI.
Specification for Pointing

260. The joints should be raked out to & depth of at leaet } inch and the face of the
masonry should be thoronghly cleansed and watered.

The jomts should be raked out with & hooked tool made for the purpose. ‘The Joints
should never be backed out with a basal or mmilar tool as the edges of the bricka are chipped
by doing sa.

261, The jomta are to be filled finsh with kankar lime or cement mortar, as may be
spraified. -

The ingredients are to be ground as fine as possible and shoald be impalpable powder,
not grapolated.

262, After flushing the jomts. the bonizontal hnes are marked by stretching a string
which is beaten 1nto the mortar with a trowel, and the lne so obtained is deepened by
susning 8 tool eslled & jointer (stmilar to & bent nai) gmded by o straight edge along the
Line, or finishing by other methods 88 described 10 Chapter IX, as may be directed by the
Engueer 1 charge,

The vertical lines are then struck with the * jointer ” and straight edge,

263 All Limes are to be perfectly straight, traly horizontal, or vertical, and the mortar
should be s stiff that the pointing tool Ieaves a clean cut line, With no appearance of ragged
edges,

264 Pointing ehould be done from the top of the work downward, and after completion
shonld be kept well watered for at least scven days

265, Pomting must follow the actual Joints and 18 not to represent false yomts,

266. Pointing must be carned out as quickly as possible after completion of the portion
of the wall and before the mortar used 1n the wall has set.
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Specification observed during the construction of the Lachura Dam,
Dhasan Canal

267. General description —The dim 11 to be constructed of the type section shown
in plan No 1 attached herewith

Below sab-way level, it will be faced up and downstream with rubble masonry and it will
be bearted with conerete

Abore sub-way level 1t wail be of rabble masonty, fimished off with wshlar copisgs and with
selected ratble block pasing.

263 Masonry —On the upstrcam face, the face atones mant not be lexs than 2 cubic
feet, and on the duwnstream face they must not bo leas than °6 cubic feet and, excepting
epawls, no atone 13 to be uved 1n any part of the work of less than § cubic feet dimension.
A gond band must be muntaned sn the face wall masonry of the facing stones both np and
downstream, 1/3 mtt be laid ae headors, The stone must be of sound quality and no stone
showing sizns of wentherng, decomposition or cracks shall be put n the work. All the
stones are to be placet on thur natoral bed  The speeial face blocks must be bedded fa
mortar, special tare by taken to see that the jomt 18 completely fillel amd the stones
well bedded, With thus exception of belding Jomts, all the rubble masonry below and up
to sub-way level will be set tn conercte tmortar and oo jomtis o be of less thickness than
8", The gauge for this concrete mortar is to be not greater than 7/87 mng. The Exccoive
Enginerr or his Assistant 19 to hare power tostop quarrying at any place if, in his opinion,
the stone {s an=mtable, or the quarrying 19 Lable to endanger the stability of the reef on which
the dam 13 to be balt. During constraction, the work 13 to be carried ap uniformly and
& greater dufference of level than 8 feet mmst not ocear without the specil sanction of the
Engineer,

The face jomts on both faces of the weir are to be raked ont toa degth of 3% for
pointing with cement mortar cousisting of one part of cement to 3 of fine hard sand by measure,
to be slightly stiff, and dniven tightly wnto the joints with wooden implements, and meatly
finushed off finvh

All the ime need 14 to be ground hy disintegrators and the mortar mixed in a mill
Specification for the mortar 33 given 1 the scheduly of rates attached,  If the quantities actually
nsed in the work are found to differ from tno<e given in the analys:s, the rates will be adjasted
scconlingly.

269, Concrote —The cement concrete wsed for filling in the trenches In the fonods-
tona skall be coniposed of 15 parts of Vortland cement, 5 parts of sand and 110 parts of 13
Yallast, the sand and eenent to be tharonghly well mixed befure water fsalded, The concrete
nsed in the hearting of the dam shall Le eomposed of 30 parts of kaakar lime, $0 of sand and
of 110 of bard sharp stone. 1f the sctusl quaztities need 1n the work ahall be found to differ
from this, the rates will be afjustel nccordingly. Mo stone {4 to be weed fn the concrets
except such ar fo approvet by the Execstive Engneersnlintobe perfectly free from sand
or dirt and Lroken to pass through & 34" nng  The mortar for the concrete ks to be hand
mized wer, an) the ballast 30 1o be thircughly wetted Lefore the mortar fa adled to it, and
the whole agsregate is to be well tarned over 8o ensure perfect incorporation epon a close
jolnted timtrr ur other saitable foor of mmjle area, nal! conveniently nitosted near the site
of the works In ho case fs the conzrete 1o be tlped or shot, but o be lad 1n carefally in
orirontal layers o nine fnches 1n thckness and to be afterwatis remmed with wooden or
froa pammery aatid the mortar Badhes crenly at the top,

© Tho1e now ade lows
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Plums may be beed 1n the concrete, the proportion of plums tojbe rot more than 25
per ceot. and the suze ta be not fess than 5 c. ft,, but if they are used they must be properly
bedded 1n Lime mottar, No concrete or mortar 1s to be worked up a second time after partial
sotting nor to be spphied to & dry eurface Should the weather be dry immedistely following
the completion of auy portion of the work, the concrets or masonry, when pufficiently set, shall
be regularly watered 1o order to prevent the crscking of the surface Any portion that
in left for a few days, Lefore work 13 restarted on 1t, 16 to have 1ts surface well swept, picked
and cleaned,

270, Sand.—lhe whole of thesand used on the worhs to be clesn and sharp, not
over coarse, and, when ordered by the Execuuve Engineer 1n charge, to be well washed
before use.,

2711, Lime and mortar.—A sample of each batck of hme burng 13 to be given to the
Assietant Enginecr for testing

Each gnantty of mortar 13 to be brought to the same cousistency as that previonsly used,
sufficient oniy bemg tsed for 1mmediate requirewents, all mortar snowing sigos of setting
before bemyg put 1nto the work to be rejecied

272. Tools and Plant —1he contractor 1s to provide the whole of the Jabour,
carnage, tools, implements, tachle, legs, stagtug and all other things requuite for the con.
straction of dam slmicy, etc., gantry and tackle necessary for emplaung the sluces will be
sopplied by Goverament. If steam pumping 15 necessary fo uswater the toundations of the
daww, the pumgp and engine wilt be supplied by Government but woved sud Worked by the
contractor at his own expwnse Government wil also provide on: mile of tramway and
forsy trucks for conveyance ot matertals to the dam, these wil be delivered at the cana]
head and all subsequent expenses ineluding erection and repaus will by borae by the contrsctor,
Goveroment will also provide engines and disntegrators under the same cunditions s the
tramway

273, Clearing site dam.—The contractor sball remove all trees, bushes and clear
away all monnds, rubbush and loose earth within the area to be oceupred by the dam,

274, Excavations, Foundations—Trenches are to be cat at the upstream aad
downstrears toes, 40 broad respectively, of ench s depth as fo effectuslly cut out all false
seams, springs, vews of soft matenal, etc , and to such further depths at any part of the sounda-
tions 83 may b found necessary, by the nature of the ground o, as may be ordered by the
Executive Kogineer. All unsound sud weathered portins of the rock Letween the trenches
wilt be atnpped off 1o the sold 10 the sansfaction of the Lxecunve Eogimeer. The cleared
foandations must be inspected and spproved by the Execative hugimeer or other oficer deputed
by lum before any masonry 1s commenced,

275, Waste —The excavated waste from the stripping snd treach shall be removeq
sul depostted at sach & distance and piace 83 mag be indicated by the Execouve Engineer
or Assistant Engineer 1o charge, Any of the excavated material which 13 good enongh
to bd used m tbe work must be first approved by the kxecutive kugineer, No deductions
mil be made front the rates {a the schedule oa account of the vafue of any suih excavated rock
used 1n the dam,

276 Materials and workmanship —The whole of the works, both as regards
quality of materials and mode of excavanon, must Le perfurmed and completed 1n the ooy
approrved, workmenhke and sabztantial manger, under the direct.on sud o the entire satiyfaction
of the kxecutive Engineer or bhis Assistant,

277, Royalties —All royalties to be pail for stove, kankar, ete., will be pard by the
coptractor and sre ty be taken as included in the contract rates,
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218. Protection of works.—Any concreto or masonry which may be loosened or
wjured danng the construction of the wurk by the passage of floods will be removed ard
mado good, and paid for scparately at the schedule rates, but all surfaces which are not
injured soas to require removal must be cieaved and prepared for the nexs seascn’s work
Bt the contractor's expense,

219, Goneral conditions ~Omiston of details on plans, ete.—All the works,
slthongh parts of the fame only may be marked on the plans aad secions, src part of the
contract, and fngluoded therein, ns much as 1f such works had Livn parucularly vet forth and
desenbed 1n the speaificaton also  buch of the Wurks as may be mentoned 10 the specification
oniy, withont Leing drawn on the plans or scctions, are incladed 1n the contrect as af they
bad been purticuiarly drawn on the plans or sections alo, and as there may be details not
particelazly mentoned 1n the speaitication nor drawn 1n the plans or atctions, the contract
must be taken tw wclude all such ditails 8s may have been omitted, it Leng cleatly
understood that the contractor 1s to execnte all the works requusite for the perfect completion
of each and every of the several pacts according to the troe intent and meaning of the
speaification,

280. Alterations and Deviations--The enguncer may increase, dimunish or
alter the work without viuating the contract, the valus of such 1acreases or diminutions or
alterations being ascertained from the schedule of rates annexed to the contract, aud being
added to or dedncted from the contract sum, &5 the case may be.

281, Temporary huts.—Shoald the contractor require to erect temporary buts for
his workmen, or other temporary buildings, the sites must be approved of by the Execative
Engeer or hus Assistant,

282, Trespassing.—The workmen are to be prohibited from causing any fojury to
the neighbouring property, whether in British territory o in Mative biates, unu the contractor
11 t0 dismuss at once sny workiman or foreman so engaged.

283, Foreman.—The contractor shall employ at hir own cost aud chsrge a competent
sgent or engineer, who 1¢ to be constantly on the worl to ensurs efhcrent control and
supenintendence, and who shall be duly authorised to act and receive fnstructions from the
Eogneer or his Asastant, and apy instructious given shall have equal vahidity s il gaven to
the contractor humself, No person shall be ercployed or allowed o remsin on the work or aoy
part thereof who shall be objectionable to the kugineer,

284, Period of completion —The entire work ahall Le cumpleted by the contractor
within thizty mueths of the date on which the 20unéations ars sct vut, under a torfeitare of one
thousand rupees for ench week Bnd every week the work shall remain unfiuished after the
expiration ot the period abore mentioned, Any delay cansed by cpideinics shadl be allowed for,
and the amount of time so allowed sbail be fixed by the Xxecauire Eagineer,

285, Disputes —!f st any time during the progress or after the completion of the
wotks aay -disputes or diferences aball anse as to the manner of executing the works, or
a5 10 the quality 6r materiate employed, or as to any matter of chargs or mcconnt betwoen
the Executive Logiueer aud the contractor, they shall be referred to #nd Saaliy setted ty
tho bopenatendicg Eagineer as sole arbiler, whose decision shall be final and tiading on both
the partles

265, Payments—Fayments sball be made at the discretion of the Amistant Englneer
12 charge and & deduction of 10 per cent. will be mude ooall billy, the amonnt deducted
1T 13 & secuni'y depont, Bl it ahall Eave amounted to N 20,000, No matenal shall te
Taed for watl 2 §s delivered At ke mte of the work, nod then oaly at rates 23 per cect, belaw
the ratry allywed for the material in the ackedule,
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287, Progress~—It at any time doring the construction of the work it may appear
ta the Brecative Engineer that the made by the are
%o secure the eompletion of the work within the penod specified, he shall give due notice
ta the contractor and ioform the Superintending Engineer If within one monthof the
date of the fisme of such notice, the contractor fails to complete hls arrangements for the
completion of the work to the mtiefaction of the Esecutive Engineer, he shall aerve the
contractor with & notice to closa his work and remove his establishment within one month
sad the Execotive Engmeer may make whatsoever arrangements appear to him necessary
for completing the work. The work actually done by the contractor in sach case sball
Muﬂy mearared by the Executire Engineer o Assistant Engineer on the date on which
removes hir Llinb ard before ithe Execntive Fngmeer commences
vork by other agency. ANl plant and materials shall be hsted and measured up and
may be nsed by the Execotive Engincer for the prosecution of the ‘work at rates 23 per
cent. below the schedule valne in the case of materialy and the plants may be taken
orer under mutual agreement aa to price.
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278, Protection of works —Any concrete or masonry which may be loosened or
wjured durtng the comstruction of the work by the passage of floods will be removed and
made good, and paid for separstely at the schedule rates, but all surfaces which are not
injured 80 as to reqnire removal must be cleaved and prepared for the mext seascn’s wotk
8t the contractor's expense,

219, General conditiops.—Omission of details on plans, etc.—All the works,
elthongh parts of the eame only may be marked on the plaus aad sections, are part of the
contract, and 1agluded therewn, as much as 1f such works bad been parucularly weu forth and
described 1n the specification also, Such of the wurks us may be mentioned 1n the specification
only, withoat being drawn on the plans or sections, are incladed in the contract as if they
had been particuinrly drawn on the plans or sections also, and as there may be detals not
particularly mentioned 1n the specification nor drawn 1a the plans or sections, the contract
maet be taken to milude all such details as may have been omitted, 1t bang cleally
understood that the contractor 18 to execnte all the works requite for the perfect completion
of each #nd every of the several parts according to the trae intent aud meanmng of the
epecification, N

280, Alterations and Deviations--The engineer may mcrease, dunmish or
alter the work without vitiating the contract, the value of such 1nereases or diminutions or
alterations being ascertained from the schedule of rates annexed to the contraci, and beng
added to or dedacted from the contract sum, as the case may be,

281, Temporary huts.—Should the contractor require to erect temporary huts for
s workmen, or otber temporary bmldings, the sites must beapproved of by the Execative
Engneer or his Assistant,

282 Trespassing.—The wolkmen are to be probabited from eausig any injury to
the neighbouning property, whether in British territory or in Native bates, and the contractor
18 to dismiss at once any workman or foreman o engaged.

283 Foreman.—The contractor shall employ at his own cost and charge a competent
agent or engineer, who 15 to be constantly on the work to ensure eficient control and
superintendence, and who shall be duly authorzsed to act and receive justructions from the
Engneer or his Assistant, and any Instractions given shall have equal validity as if given to
the contractor lumself. No person shall be employed or allowed to reman on the work or any
part thereof who shall be objectionable to the kngineer,

284, Period of completion.—The entire work shall be completed by the contractor
withm thirty mynths of the date on which the roundations are set vut, ander a forfeture of one
thousend rupees for each week and every week the work shall remain unfimshed after the
expiration of the period above mentioned, Any delay cansed by epidemucs shal be allowed for,
and the amount of time 8o allowed shall be fixed by the Executive Knguaeer,

285. Disputes —If at any Ume dunng the progress or after the completion of the
works any.disputes or differences ehall anse us to the manner of executng the works, of
8 to the qualty or materials employed, or =s to any matter of charge or accomng berweea
the Execunive Epgineer and the contractor, they shall be referred t®nd hnslly setued Ty
the Supenntending Engineer ae sole artuter, whose decision shall be finst and kinding on both
the parties.

286 Payments.~—Payments shall be made at the discretion of the Ansistant Engneer
mn charge and a deduction of 10 per cent. will be made on all bills, the amonnt dedncted
formmng & secanty deposit, notl it shall have amounted to Rs, 20,000. No materal shsll be
paid for wntl 1t 13 delivered at the aite of the work, and then only at sates 25 per cent. below
the rates allowed for the material in the schedule,
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87, Progress—I! st any time during the constrnction of the work Itmag appear
¢ the Ezecutive Engineer that the arrangements made by the contractor are insafficient
to secure the completion of the work within the period specified, he shall give due notice
%o the contractor and inform the Superintending Engineer If within one month of the
date of the ssve of such motice, the contractor fafls ts complete bis arrangements for the
completion of the work to the satifaction of the Fxecntive Engineer, bo shall serve the
contractor with s notice toclose his work and remove his establishment within one month
and the Execatire Engineer may make whatsoever arrangements appear to him necessary
for completing the work. The work actaally done by the contractor 1n such case shall
‘*ﬁﬂly meaared by the Executive Engieer or Assistant Engneer on the date on which

the removes his Lhishy and before ithe Execattve Engineer commences
work by other agemey. Al plant and matensls shall be lsted and measared up sad
may be nsed by the Executive Engneer for the prosecution of the work at rates 23 per
ceot. below the schedule valoe in the case of materials, and tho plants may be taken
QTer ander mntual agreement as to price.
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Bricks, cleamag and soaking 1n water before use | 34 36

i 163 125
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Cellings, plaster for 188 128
Cement in reinforced walls 42 1
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Cement, gnndmg of .- 156 123
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Clay i stone masonry 198 129
Clearing site for dam 273 141
Clossra (defimtion) 2 2
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Concrem before Aumn ort for . 126—8 103
- vaten 129 108

. . . 130 109

. . 131 110

' .- to. . . - 132 1o
e e s . ; 134 13
Concrete, compression atrew o s 138 m
Conerete gnbject to oblique pmsm, laying in sloping layersof .. 12 193

21

Concrete, mixing of o
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G.

. . 13 17

G.u:g and traveller . . . H 3t
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Ground tracing .- " 4= [
Gur used in plaster . .. . . 4o n7

H.

Hair ued 1n plaster . . «« 128 and 140 116, 117
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Headers 10 uncoursed rubble . .. 24 24
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. . . 236 183
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. - L) .- . . 40 40
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Honse. method of laying ot a . . . 56 7
Houses, walls for - . - 42 42
Tonzontal hnes 1 pointing ... . 262 139
Hats for workmen .. 281 1452
Hsdraulic qualities of concreto . nz 100
Tydranlic hme, formation and retting of .. .. 45,149 | 121, 122
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Tmportant powmtn 1 the preparation of mortar . . 169 125
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" . - - 74 69
- 5 203 130

. - 2 5

. 11 12

“ 1 15
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. . 1 14
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Jack archea B B8 53
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Jhka ... .. 142 119
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Joints betwecn two layers of concrete 12, 103
Jowter 186,262 | 129, 129
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Jounts 1n stone masanry, rules for aizes of . 192 128
Jomts 1n boulder masonry ) 203 150
itk 210 131

- 247 187

265 189

261 139

260 18

e 268 140

KRankar for Lig works 3 [

Kanlar lLine plaster, pmporbon of the constitaents and m

of applyiag different conts - 139 e




Subject, Para. Page.
Kankar lime, preparation of . 148 121
ankar lime, grinding aud mixing of 156 123
Kankar lime, use of 148 121
Kankar Lime, used with Portland coment 229 183
Kacha brick masom - 44 i
Kacha-pukha brick masonry . 43 4
Kucha or mud plaster 141 18
Kotn lime, muixing proportions of 150 122
Keutish Bag masonry - 22 2
Kug closers {defimtion) . 2 3
Key . " 2 4
Lubour, collection of 10
Lachura Dam spcclﬁcntmn 267 140
Latauce 123 104
Laying rtone on 1ts natural bed 15 19
Laymg of concrete 218 132
Ledgers . 12 4
Leepug . 258 188
Levelling sites for hm]dmgs 6 8
ove 11 12
Mason’s spirt level . 1 12
W13 I separate pieces 31 28
Lew:s m one piece .. 31 29
Tews for use wnder water 31 20
Latting stones, method of 31 28
Taght houses . 26 25
Lamut of pressuro of {oundu.twn on |\|b-smln T4 09
Lime (kankar) plaster 139 116
Tame (white) plaster 140 1u7
Lume, classes of . <145 121
Lame'(fat), pmpmmn of U5 2L
Tame liydraulic 143 1zt
Vime haked .. 145 121
Tunestone, formula of 145 121
Yame generally nsed 187 L
TLame, stone or white 149 124
Lame, slaking of ... 153 122
YLome'of hankar and 11s quality 118 izt
Lime of kankar, constituents of 148 121
Yame and mortar ( Lachura ) 271 141
Line of pressures on an arch 47 4
Line of resistance of an arch ... 47 45
Laue of achon of the resultant pressure m lrchwork—nngle of 47 46
Linear arches i8 43
Lane of rupture of earth 100 81
Liaes 1z pomnting, hortzontal and vertical - - 262 189

M.

Machinery for works 810 10,12
Machinery for polishing stones 30 27
Maclnnery for hiting mfones st—z 28
Machinery for exeavating 8 4
.- pCst e 53 50
P . . 80 73
- . it 12
‘. : - 1 i
s . . 22 o
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. b of . ] “ »

. - . 1B . 22

- ’ . o 20 28

. . 20 28

: - - 15 19

e . 22 24

) . . 16 20

Masonry, keeping damp . v 1 3

lhmng'conhei:l\bb]e . o 8 3
M, wncon - - . I z

Masonry wcourel Tublle, raes regarding bonds and henders 1+ 24 2

Aaeonry, dry stons . I . N 23 25

Masonry ltmctureu—n!lomnce for unknown factara “ s &

Masonry dams, object of - . 13 98

Masonry dems, types and pre<snr€s on the faces of . . Hag lgg

Hlsonry in chy ~ - - . 158 120

. . . 268 140

- . 3 8 10

: - . 276 1

k . .- . n7 100

) . . 5 7

o - - 153 122

Vv . 167 126

N ' . 26 25

Metal eram 29 2

Setal chelis or tubes for fonndations 8 %

Mensnrements of conerete 125 108

31l buildinge, walls for % o

Mixiag of mortar, fmportaaty of 18 o

Mixing of lime = e hil

Muxing of conereto . . b 12

Monkey to drive piles . o i

Mortar milla § i I i

N 3t 25

18 101

18 101

us 101

. 18 101

136 114

. 147 121

N 150 122

Mortars, yolumes of 158 123

Mortars, fall details regarding im 121

Mortars, conatituents of 145 121

Mortars, expériments for testing of 158 124

e muved.foe 4\ Tarent cjomes of works e 2

Mortar for brickwork - . 166 125

Mortar for prickwork _ : 100 122

. ) . 201 19

: . 261 139

Ny 2 et

N - - . - at 43 "

N ) 4 4

Biu - . H "

Mud cr lndm pl.mer . . 141,255 118, 137

Mud mortat . - " s e




Subject. Pars, Page.
Kankar hime, preparation of .. 148 121
Kankar Lime, grinding and mixing of 156 123
Kaakar hme, e of 148 121
Kankar hme, wsed with Portland cement 299 133
Kacha brick masonry - 44 4
Kacha-pukhs brck masonry - 3 #®
Kuchn or mud plaster 141 18
Katoi hine, mixing proportions of 150 122
Kentish Rag masonry . 22 %
Kmf' elosers (defimtion) 2 3
Key - .. 2 5
Lubour, coltection of . 8 10
Lachura Dam epecification .. 267 140
Laatance 123 104
Taying stone on 1ts natural bed 16 1
Laymyg of concrete . 218 132
Ledgers . 12 15
Leeping 258 158
:I[:evtllmg sites for hulldmgs [
- 1l
Mason’s spinit fevel ., u
Lowis i separate pieces a1
Lewis 1 one plece ... 31
Lewis for use under water 3t
Yafting stones, method of N 31
Light housos - 26
Luaut of presture of loumlatmn on subsoils 74
Lime (kankar) plaster 139
Lime (whute) plaster . 140
Lime, classedof .. 145
Jame (fat), preparation of 145
Limo hydrauhc 143
Lime slaked 145
Limestone, formula of 155
Lime generally used . 147
Lune, stone or white 14y
Tame, dakng of .. 154
Lime of kankar and m quﬂhty 18
Lime of kunkar, consituents of us
Lime and mortar {Lachura) 271

Tano of pressires on an arch v
Liue of reststance of an arch . - e 47

Lme of action of the mulum pressure in archworl €7
Linear arches - 48
lane of rupture of earth . 100
Linex in pointing, horizontal and vertical 262
M.
Machinery for work 8, 10 10, 12
Machigery for Pohehing stones 80 7
Macknnery for hfang stones -2 28
Macbunery for excarating 89 i
Jany centred, errealar or oval arch 53 80
Marshy wonte, moethods of mnkmg foundations in 80 3
Mentds pisit Jevel 1 12
Mysonry {defimtion} e 1 1

‘Masonry, ratble, kinds of
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Bubject. Para Page.

. CAMe Assemnbian af . . . 14 18
. - - 1) . 22
“ .- 20 28
.- o 20 23
- . 15 19
- . 22 b
. - - ic 20
- - . ” 15 19
: ” - 23 24
. . . 21 21
Beaders 2 24
. . . . 25 25
. L a7 46
. - 113 98
- - 114 03
. - - 198 129
- P - - w 27 187
. . E - 268 140
: . . 8 10
.. . - 218 141
. - 17 100
. - 5 7
. o 153 122
. - 167 125
.. ) - 26 5
W . o 29 26
\ - 86 76
- o 125 105
- . 42 4
b 18 101
166 121

Mixing ot e I3 -
ang of concrete <. " zéz 132
Monkey to dnve piles . 8t n
Mortarmilla, " - 84 35
“ - . 81 35
- . o - 118 101
. - o - 18 101
. . o . 18 101
" B - . 118 101
. . : - s 14
Mortars, commonl med . . T 121
Mortars'of Satna 150 122
‘Mortars, volumea tl)£ i :ﬁi ;g?

Als vegardin, -

[ it bowhic i - 145 121
. : - 158 124
. . : - 187 123
. - I 166 126
. . . . 181 128
: - 201 129
N . - 261 189
N . . - 271 14
"o . . - . 13 i
. . . . - n m
 Wasis . . I 4
Mo or tacha plaster o . U125 | 118, 137
tud mortar . - 17 127




Subject. Pars Page,
Kankar lume, proparation of ... 148 2l
ankar Lime, grmdm" and muxing of . 156 123
Kanhar ime, te o 148 121
Kankar line, used thh Portland cement . 229 133
Kacha brick masunry . m u
Kacha-pukha Lrick masonry . 43 44
Kucha or mud plaster p 14l 18
Katmt lime, mixing proportions of . e - 150 122
Kentish Rag masonry . 22 24
King closers (deﬁmnon) . 2 3
Key 3 &
. L.

Labour, collection of 10
Lachura Dam spccnﬂcunon 267 10
Laitance 123 104
Laying tone on 1t3 ataral bed 15 13
Laymy of concrete 218 132
Lcllgers 12 15
Leep: 258 188
Len.llmg sates for bmmmgs [ 8
evel . i 12
Mason’s spirtt level 11 12
Lewis in separate pleces 31 28
Lews m one piece 31 29
Lewas for use under water 31 29
Lafting stones, method of 31 28
Light houses 26 28
Lamt of pressuro of !oumlatwn on sub-sotls T4 vd
Lime (kanksr) plaster .. 139 118
Lime (white) plaster . .. 140 n1
Luoe, classes of - ] 121
Lame'(fat), preparation of - 145 121
Lime hydraulic 145 121
Lime sfaked 145 15
Limestone, formula of .. 145 12t
Lame generally used 147 llﬁ
Lnne, stone or white - 149 193

Lame, slakung of 153 i
Yamo'of kenkar and 1ts qunhty 148 21
Lame of kankar, constituents of 148 121
Tame and mortar (Lachars) 0 1
Line of presaures ont an arc 47 46
Line of ressstanice of an arch .. 47 16
Line of action of the resultant pressure in 47 44
Lanear arches " 18 18
Lane of ruptare of enrth . . 100 87
Lines in pownting, horzontal and vertical 262 139

M.

BMachinery for worka “ 8, 10 10, 12
Machnery for polishing stones .. H 21
Maclery for hiting stones ... 81—=2 28
Mackunery for exearating 89 i
3 oy cetred, circalar oF ovalarch . 53 ;g
R T it 1
L) - \ 1
Ve e s s . 2 1
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Subject,

Wayoe M. Aasarintinn nf

Muonn' dry stone

Masonry strictores—allowance for unknown factors i

Maconry dams, objest of

Masoney d.smu, types and yrmures on the faces of .,
Masonty 1a clay P
Masonry, coats nf plmer on ..
Masonry (Lachura Dasm) "

Matenals, collection of
atenals used 1v Dam (at Lachura)
Matrix or mortar for conerete ..

Method of laying out a honse ., " -
Methods of slaking ime » - -
Method of laying bricks in work N -
Metals ased m masonry to sh’vngﬂxen stability v -
Metal cramps .- -
Metal shella or tubes for loum\mom . - .-
Measurements of concrete - . . -

Mill buldumgs, walls for
Mixing of mortar, importance of

Mmng of me v .
Mixing of concrete .. .
Monkey to drive piles

Mortar muils .

.

.

Hortars, commerly wrod -
Mortars'at Sutiss I .

Mortars, volumes of
Mortars, full detaily re%ardmg
Dlortars, constitnents of
Mortsts, experiments for testin
Mortars required for different ¢
Mortar for brickwork

‘Mortar in stone magonry
Mortar for boulder masonry
Mortar for painting, ingretients o

- . .
Muu #aus .

o or Facta ptum .

Mud mortar -

wes of works

.- .
. '
. . .
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Subject. Para,
N.
Nature of sub-soils .- . . .« 78
Nataral siope of earth - - - “ 100
Netting of wire in brickwork  +0 " . .~ 42
Ktppers . . . . " 51
0.
Oblique arches . .“ . . 89
Oparations, prelminary . . ]
Oval arches o - . .- - 2]
P
Parabolie arch . o .~ B4
Payments to contractors for concrete work . .~ 125
Paymenta to contractors . . .~ 286
Pogs and pillars for zronnd tmcmg . . “ 4
Period of soaking of b e - .- “ 183
Do, weting of ol - - " 13
Do,  keeping brick works moist . . .~ B!
D do,  cement concrete wet . . . 18¢
Do, do plastering or pointing wet . .~ 135
Do, do  masonry works da; . “ 145
Do, do  buckwork wet mer comyleuon " 168
Penod of completion . 284
Pieces of bricks 163
Piers (defimtion) 2
Piers, brcks for . 83
Piers for arches . . 56
Pire . . . .- 48
. . ~ 233
. .- 2371
. . » 73
- . . 81
. . . . . . 82
sy e . . . .- .- 83
Piles, rand . . . . 83
}:ﬂe driver or pile enrvme .- . . . gl
1les, Bupporting power of . . .- .~ 5
I’l}v:' iomh igurpgale load on . . . 85
Plan of work at fonndation level .- .- . 4
Flanks for forms ta holll concrete . . . 128
Plant, supply to contractors - .- 9
Plant used for constraction of Dum (Lachnn) - . 272
Plastenn; . . . 183
Plaster, sarietiesof o N 187
Plaster of kankar lime, pmpamon of m const ,m
method of laying .- 139
Plaster for ceiling and pnmuun walls .- 138
Plaster of white fime . 140
Plaster, kacha or mud . . 141,255
Plaster, coats of . . . 244
o B 4
. - . - 247
. . o et . 243
o e et 218
Tlaster, fioating of - 251
Plaster, cracks 1n . 254

1
118,




dobject.

Jumous o1 v pumum,
Thek poratin

Bastard mck pom(mg
Pomnting

Pomting upeclﬁ:‘nhon

-

3viuang yement ..
i .

"o
 Precaations pltchmg worle
Precautions 1n pomting
Yrelminary operations

o o

nol

Frotection of works

Para,
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Sobject. Para. Fage.
Palleys . . - - . 12 16
Pump for excavation of sand in foundations . .- 91 7%
Puroping water from foundations . . . 224 132
Put Joga e . . . . 12 14
Q.
Quality of plaster . . . 250 187
Quartz not suitable for ballast « . .. 119 102
Queen closers (definition) - . . 2 g
Qroms (definitlon) “ .- . . 2 3
Quoins, ashlar - . . .- 188 128
R. *
Racking bond in brickwork  «+ .- . . 40
Raking out jolats 1n masonry .+ . . .- 173 40
No do. for plaster oo . . 245 127
Do do for pointing . 260 137
lemmg of concrete . . . 123 189
Do do . 218 104
Rammung of Portland cement concrete 233 182
Ramming of plom concrete . . 284 184
Rankice's and American formnl® for thickness of are .- 60 lg:
e v - 2
- .- °2 4
. . - ' 116—-7 42
. .t . 128=4 100
. . 13 104
. .- . .- . 183 1o
- - - 185 m
. . . .- .- " 253 1138
. \ . .- . a7 197
. - ' . . .- 71 87
, oy . . . 25 ]
. .- . 9 25
- . « ’ ' 9 86
. . " . - 100 86
. . 101 86
. L) . . 101 87
- . 102—3 83
- 102 89
. LB 106 92
. m 23
N 112 26
. . 200 129
. . . . 104
P ' . 104 2
. - . . . . 106 22
- . - .. . 108 o4
. . . . 30 27
g Mot .- - 188 128
Ringing Engine . . 84 75
Rise (defintim) . . 2 6
Roada leading to works, conatruction of 4o 8 n
Tond and rulwsy Lridge arches . 113 83
Rock for foundstions, preparation of . 5 70
Roof—domes . v . 57 5
Ttoof —Sindh . I - 24 &
Roof —byrian " .- . &7 5
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Subject.

Rongh easting of plaster .
Royaldies for stane, kanlar, ete,

Rabble masoury, care i filling the beartig ol

Kulitle masoury, deseniption of «e

Rubble masonry, kinds of v
Hubble coumed .. .
Rublle tncoursed  +v .

Raltle and reinforced concrete o«
Tubtfe concrete, mmux of fayog
Ratble dry

nnners
Rust, metholds (m p'mtecmm imm
Rusticated work

S

Sand pamy

Sand, 1ts qudn,v tor concrete purposes
Band, mportance of punty of ..
Band arhificial .
Sand wsed 1n mortar -

DUALLUIUILE JOF bIICKWOTK
Scaffoldmg for atone walls
Sea walls

Security depost -
Semuircular or regrental arch .
Semy-elliptical arches

Series of ]aLk»anhes thrust of
Settung out of archwr

Settng coat on plmer
Betttement of bnckwork .
hettlement pew and old work ..
Scttlement of foundations of structures

dettlng of arches .
Sules (defintion) .

1n:
bite cleanng for construction of Forks
fize of stone for m:amy .

Sizes of crates for 10g
Site for bulding, levelhng of
Skew

Skew An‘he:

&pm.l Courses
Skew uches Tibbed
Slag used 1 ballast
Slaked hme
Slaled lime, (wrmstmn of
Slaked lime, semng of
Slaking of bm
Slacking of ummngs
Blding of retaining walls
Slppaig of revetment walls, canses of
blope patchiy
Soaking bmlu in water befors us use
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Sabjeet Para. Page.
Sonp (country) used 1n plaster ... . 142 18
Sofhit (mm?m) A. o 2 5
Sofht, development of . 69 €5
Sails for foundations . 42 43
Boils, clas~cs and strengths of .. .- T4 69
boils, natara of . 73 69
Soils, bard, for foundations “ . 76 70
dail, black cotton, for foundations . . 77 70
Sotls, compre~sible, for foundations “ 7 T
Soily, wet, for foundations . 7980 7
Sails, compresible and mcompm:xhle . 7 69
bouls, angle of repose of 91 81
Solawalla 32 83
Span (dehmition) 2 6
drels 2 5
Spnugug ne ) - 2 5
Springs 1 foundations—treatment of A
Hquare 1
Stability of arches . . 47
tability of piers for arches 56
Staff, accommailation for 8
Staff employed by contractors 288
Stagng, removal of - 128
Staudards .- 12
bteel, tensle stress of - 133
bteel bars tor remforcement, !h.)pe and sorface of - 133
dtepping out the foundation courses at the front of rcmmng wally... 99
dulted archey “ .- . 54
btone tor big works - 3
Stone masoury, clawthestion of . "
Stone, laymyg on uataral bed . 15
Stone, Hoshed . . 18
Stoue, underpinned 18
Bbtone, dresng ot 20
Stoue, tooled 3n
Stone, quarry faced 30
Stone, method of Wftng .- 31
Steus nuoury, diy “ 25
Stone dre~ang, woly for “ 30
Stone blasting 20
Stone or wetul connection to !mngtbzu mbnh:y of stone wsll 26
Steue Lime " 149
Stone Lme, prepuration of 149
Stone pitcisig 235
Strasgue edge 11
Struiyht or tut arches 54
Straw (chopped) for plaster .. 141
dtrength or dambiliy of atructares 71
ntowngth (tesiie) of mortars .., 153
drrengthening jounts i stone masonry 26
sthtnts b anchwork 207
strosdang tond 1 imckwork .. 10
strkiog arch centenings 61
Sugat (course) geed m | laster 140
Avua tsul i plaster Lo
Sunharged walls 201
purtace of loulders for musnry 203
gurtace of patcheld alupes - i‘?;

Surkli tsed o concrete
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Para Tage.
Surkhi used in plaster o o ur
Surkh used 1 mortar . . 14 11
Surkh, a diluting agent . .- 149,151 122,122
Surkk, bow obtained . . 154 123
Sutua Jime, constituents of and mixing proportions of .. . 131 122
Sylvester water-proofing process e - - 120 109
yrizn roo P . o . . 87 54
T
‘Temporary buts for workmen .- 281 142
Tensile etreugth of steel . . 133 111
‘Tensile etrengtha of mortars - 138 124
Testing kankar hime . 148 12
Testing mortars .+ “ . 138 124
Theodolte . . 1 12
Thicknee of arhes—Ttankine's and Amencan formules for - 60 35
. Through (defimtion) . . o .- 2 2
20 23
Through bond in stone masonry . - 202 120
Thrust of a reries of jack arches . . 55 £3
Thru-t of earthen tank agamst a wall . 100 6
Timber for forms to holl concrete . 128 107
Tools for shaping bricks . 1 14
Toole for dresting stone 30 2
Tools for rasing stone: - 31 28
Tools and plant for contruction of dams 10 . 272 141
Toothung brick-wall v - . 36 37
Tram lines . . .- . 10 12
Traveller - . “ . 32 a1
Travelling crab . P .- . 32 31
Trenches for fonndafions . . 5 7
Trenches for fonndations, width of - . - 7% 71
Trenches for foundations, slopes of aiden of .- . 8 71
Trenches for foundatons, support for the sides of  +» - 79 72
Tres;vmwmg by v\orhmn I . 282 12
wel . 1 14
Tmcn 10 12
Tubes, pneumatic, for foundations - £ i
Tuck pownting - 136 15
Tador arch - - . &1 49
‘unnels . . . . .- 58 5
U
Uncentering of arches . . . 62 4
Uncoursed ruttle - . 24, 196 24,120
Underground arches a . . 58 5¢
Underpinned stone - - - 18 22
V. .
Vats .- . - . P
Vertieal line« 1n pornting - - " ;gi :53
YVolume of white lime
. . - 153 1:3
Volume of lune mortars .- . - 156 { 123
Vouscorre tdefimtion) . .- .- - 5
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Subjeet Yara Page.
Soap (country) used 1 plaster . . 142 s
Sofhit (Intrados) . .. 2 5
Solht, development of P o
Sals for foundations . 42 43
Soils, clawes and strengths of .. .- . T 69
Sotls, nature of . 73 o]
Sonls, bard, for foundations 76 70
Sonl, black cotton, for foundations . . 7 70
Sorls, compressible, for foundations - 8 71
Soily, wet, for foundations . 79-80 71
Sotls, compresible and wcompressible . 74 69
Sotls, engle ot repose of . - . 1 87
Solawalla . . 32 33
Span \dennmon) - - .. 2 3
Spanr - 2 H
pnugu.lg hine . . . . 2 5
Springs 1 foundstioni—trentment of .. o o
Hquare “ 11 18
Stabihity of arches “ . 4 46
otability of piers for arches B 56 54
Staff, sccommodation for - 8 1
Staff employed by contractors .. . 283 142
Staguig, removal of ) 128 107
Standurds 12 135
steel, tensile stress of " 133 111
Steel bars for rewforcement, e]upe and surface of e 133 u:
Stepping out the foundation courses at the front of rmmmg walls 99 86
Suited arches 54 82
Stone for big works . - 3 [
Stone maoury, Udsheation of ... . . 4 18
Stony, layuig on natural bed ... . 15 18
Stone, Hushod . . . 18 21
Stone, nnlerpued . . 18 22
btone, dresang ot 80 27
Stone, tovled . - 30 27
Stoue, quarry faced . . - 30 Fid
Stone, method of lifting - . 31 23
Styue masonry, dry . . 25 25
Stwns dresing, woly for . . 3¢ 27
Stous blastuyy 2 2
Stono or Bitul couneetion o strengthen smbllxly of ewue wall 26 2
Stone hme 149 122
stone lime, proparation of 149 22
stone pitching 233 136
Strarght wlge i 13
Struig it or tat arcbes 5t 52
Stran (chopped) for plaster L. 141 us
strougth or durability of structures 71 €8
strougth (tensle) ol mortars .. 153 24
Btrngthieing Joits 1 slone Mo 26 b2
,u\u'm P> in ﬁr{m ork i 207 13t
Strotching bond in bnickwork v 10 10
sinking arch censerings .. 61 57
Suggar (loure) uwd 1n placter .. 10 nr
Sun el {lasier 1o tor
unlurged walle - - 201 12
Bartace uf loulders for Ty 203 120
Surtact uf pitched slopes - b H
7

Surhhi et in concrete

———e
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Pam Page.
Surkht ured in plaster - . . o nz
Surkhi ueed n mortar . . . 148 121
Surkhi, a dilnting agent . . .- 149,151 122,122
Surkhy, how obtained . 54 12
Satna hme, conshituents of and mlxmg pmpomom of . . 151 122
Sylvester water-proofing process . 130 109
Syrian roof . . . 57 51
T
‘Temporary buts for workmen .« . . 281 12
Tensle strength of steel . . 133 11
“Tensile <trengths of mortars .« o 158 12¢
“Testing kankar Lime . . 148 121
Testing mortars  »» . .- 158 124
Theodohite . u 12
“Thickness of srchew—Rankine’s and Amerean formulss for .- 60 33
. Through (defimtion) - . . . 2 2
Through bend m stone masonry - -1y 2 B
Thrust of & #erics of Jack arches 55 £3
Thrurt of earthen lank aganst a wall 100 66
“Timber for forms to hold concrete 128 107
Tools for shaping bricks " n 4
Tools for dressing stones . 30 a7
“Tools for ra1ang stones 31 28
Tools and plant for construiction oi dams . 272 141
Toothing bnck-wall . 36 37
Tram hnes . s 10 12
Traveller 32 81
Traveling crab 32 3
Treuches for fonndabions 5 7
Trenches for foundations, width of = 78 7t
- : . - . 78 7
B .- 79 72
' . . 282 142
. . n 1t
10 12
Tnbe!, preumatuc, for (olmdnuom 2 r
‘Tuck pomnting - . 136 115
Tador arch - 51 15
Tunnels - - 5 54
u.
Uncentenng of arches .
Uncoureed rubllo : 24,152 o 1o
Underground arches . 4 -
Underpinned stone - H o
V. .
Vats
Vertical Iines in pointing - 153 123
Volume of white lime .- 262 129
Yolume of hme mortars v 153 123
Voussorra tdefinition) .- 156 123
. 5
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Suhject, Para Page.
w.
Walls of masonry, method of building 16
Walls 1nclimed, coping stones on 26
Walls of hricks, thickness of .. 34
Walls (heanily weighted,) constroctions o( . 33
Walls hallow . - 41
Walls of reinforced hnckvrork . to42
Walls for mull baildngs, goaowns and dwemng homu . 4
Walls, kacha.pokka 43
Walls'of kacha bricks in mnd - 4"
Walls: of mud .- 45
Falls, pise - Ces - 6
Walls. retaimng or revetment . . 99
Breast walls . . . 29
Walls, failure or shding of . . . 101
AN~ wnee = o R b S e -~ . 1023
- . . . 11
.- 125
138
. . 10
e
! . 200
Retaimng walls .- . 200
“urcharged walls . . 201
Wa-te from excavation (Lachura) . 275
Water-works fystem . 8
Water in fonndnuom—dnumng nf 79
Water in concrete, cnrrect guantity of 123
Water proofing concrete, method of 150
Watening of stone masonry 182 3
Watering sarface of concrete work . 223 132
Weeping holes or weepera 105 0
Weights, common methods of msmg 13 17
Weight carriers 82 21
Well or Bock ionnd:\hom, types ot 87 76
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