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PREFACE TO FIFTH EDITION.

E first edition of this book was prepared in 1877 by

Mr. R. T. Tyndall, M.I.C.E., Superintending Engineer,

third eircle, Military Works, for use in the Meerut, Agra,
Bareilly and Morar Divisions of Military Works.

The value of the book soon became widely recognised and
it eame into general use, not only in the Military Works De-
partment, but in the whole of the Public Works Department.

The second edition was prepared in 1885 under the
direotion of Colonel J. J. McLeod Inmes, R.E., Inspector-
General of Military Works : the work of revision was super-
vised by Colonel Ward, R.E., assisted by Captain Turner,
R.E., and Lieutenant Tanner, R.E.

On & reprint of the second edition becoming exhausted, a
third edition was prepared in 1000 under the direction of
Major-General 8. C. Turner, Director-General of Military
Waorks. e ;

The fourth editiqpn was isguad“‘i'ﬁ 1908 8aving been pre-
pared under the dirdotion’ S Myjof-Genérdl H. W. Duperier,
Diractor-General of Military Works.

Owing to the great demand for this book a fifth edition
has become necessary sooner than was anticipated.

The book has now been entirely rearranged and largely
re-written by Captain W. H. Evans, R.E.: important addi-
tions and changes have been made‘in the sections dealing
with estimating and caleulations, while specifications for
reinforced concrete work have been included.

It shotild be noted that this book is not intended to
supersede standsrd works on the subjects dealt with, but
is merely a Handbook -for use generally in the preparation

of estimates.

v @. WILLIAMS, Major-General,
mmf-aim Miljery Weeke

(TAia book inalwles all corrections up fo, uad incluviee of Ldsl No. 3, dated 250A
December 1011)
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Military Works Handbook

SECTION L

Estimates.

1. Estimates are of three kinds :—Rough or Approximate, Genesl
Plinth Area and Detailed.

2. Rough estimates or approximate statenients of cost are foush
usually required only in the case of Inrge schemes to enable Govern- St
ment or senior officers to decide whether the scheme is worth
further investigation. Thus in the case of & proposal to estublish
a factory, before sanctioning any particular sum for the buildings,
ete., Government require to have the whole oost of the proposed

‘soheme before them, including land, water-supply, buildings,

machinery, establishment for working, ete., so that they may decide
genérally whether the project should be gone on with. Such
sohiemes are laid before Government by the department or other
seninr officers concerned, and the préliminary rough estimates are
called for through the depuriment from the Assistant Commmnding
Royal Engineer of the District.

3 1t is to be understood, therefore, that a rough estimate or
spproximate statement is not submitted for sanction to a definite
gum. It must generally in the case of buildings be based on plinth
areas. but thess neod not be ncourately taken out. In the case of
lines for troops, the aress, as given in Army Regulations, India,
Volume X1L Appendix V, will be sufficiontly near. Iu the case of
rosds, rates per milo, or rough ealenlations of the amount of exca-
yation, walling, ete., will generslly suffice. :

4. When Govérnment have decided that the scheme is to be Plinth Area
proceeded with, plinth ares estimates, in the case of buildings, and Bk shast
alatmact estimates, in the case of roads, water-supplies, ete., are
callod for through the Director-General of Military Works., These
pstimates are forwarded to Government for sanction to a defluite
sum fud must therefore be carefully taken out. Thua in a plinth
area estimate for buildings, it must be decided of what materials
the different parta are to be constructed, how thick the walls are
to be, ete., eto.

5. The notes on the plinth area estimate form require that the
estimate shall ontain & repart, a genersl specification, an expls-
nation as to how the rates have been arrived at, and the detats
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Plinth Area - giving explanation of the buildings required, skeleton plans, plinth

areas, rates snd pmonnts.

B. The report should briefly detail the correspondence which
has lod up to the preparation of the estimate, and should explain
how it is proposad to provide the necessary accommodation, and.
if any aliernatives have been considerad, why & particular scheme
ia recommended : the specification slhould stete of what kind of
materials each part of each kind of building is to be constructed.
The detail of rates should explain how the plinth area rates have
been arrived at. In the detail sheets the builiings will be dealt
with in the same order as in Army Regulations, India, Volume
XII, Appendix V. In column 3 it should be explained clearly
how many men, horses, ete,, have to be provided for, and in what
buildings they are to be accommodated. If any existing buildings
ure available they should be detailed and outline dimensioned plans
given of them as well s of any new buildings proposed.

7. In the case of abstract estimates for water-supplies, ete., the
same genersl principles should be followed,

8. -After administrative sanction has been given to o plintl ared
estimate, tochnionl sanction i8 required to the detailed estimates.
A detailed estimate may also have to be submitted for works or
repairs for which no plinth area cstimate has been sanctioned.

9. A detailed estimate will consist of a list of references, report,
reneral specification, detailed specification, ealculations, details of
measuraments, abetract of cost and drawings: Rough pencil draw-
ings sooompanied by a specifieation will usually be firet prepared
and submitted to the sanctioning authority for approval.

10. The pages of the estimate should be numbered eonsecutively.
After the yaport an index to the drawings scoompanying the esti-
mate should be siven and. in the case of large estimates, an index
to the vanous portions is also necessary.

11, On the first page will be given a list of references with a
précia of the cortespondence calling far the work. The references
should be prranged in chronologieal order.

12. The raport should be arranged under the fellowing merginal
headings :— '

(n) History of case:. The circumstenees leading up to the
preparation of the estimate and the necessity for the
worle are to be briafly stated. If the estimate forms
part of a sanctioned plinth ares estimate, it is sufficient
to quote the number of the item in the plinth area esti-
mate and the amoont there entervid for the work.

() Accommodation authorised, The refrrences to the ifem
in Army Regulations, Indis, XI1, Appendix V, is to be
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quoted and the sccammodstion there suthorised given Baport—
in detail, foanbl-);

(¢) Accommodation existing. This will be given in detail and,
if necessary, the stote of repair, ete., mentioned.

(d) Accommodation proposed, The accommodation it is pro-
posed to give will here be dealt with ; sleo the manner
in which it is proposed to ntilize any existing sccommo-
dation. Awy altéernatives should be diseussed.

(e) Design proposed. Any reasons for departing from the
standard plans should be given. The methods of con-
struction and material proposed should be discussed.

(/) Site. The reference spproving of the site selected by the
Standing Barrack Committes should be quoted ; if no
sits has been selected, it should be stated where it is
proposed to loeate the building and when the Com-
mittee will be convened.

(g) Time. Tihe time the work will take to complete should be
given in munths: as tho period here mentioned will
wsually be entered in & contract, this point should be
earefully considered.

(h) Cost. The eost of the work, the plinth sres of the building
and the plinth sres tate will be given. Auy consider-
able difference between the amount of the estimate and
the amount entersd in the plinth area estimnte should
heuphinfd:whﬂnunpﬁnﬂ!ltﬂﬂﬁmﬂlm
the rate should be compared with thst of buildings
recently constructed in the same station add any large
difference explained-

13. The general specification will state briefly of what kind of Gensral
mntérisla each part of the building is to be constructed and should EPa
be srranged under the following marginal headings —

(a) Clearing and levelling site. _

(b) Foundations. State the pature of the soil, the depth to
good sail, the depth and width of the foundations snd
the material to be used.

(¢) Plinths, Give the height of the plinth above ground level
and the materials employed in its construction ; also
the nsture, width and depth of any plinth protection
to be provided. Damp proof or white-snt proof course,
if any, to be deseribed.

(d) Superstructure. Detail the materials to be used for the
walls and how the surfaces are to be finished off,

{¢) Roofs. Describe nature of roof and materials to be
used,
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(f) Ceilings. Btate materials to be used and whether horizontal
or sloping.

{(7) Floors. Describe generally.

(A) Joinery, Mention wood to be used, and whether panelled,

 battened, eto.

(v) Fittings, such as punkahs, armracks, sinks, ete.

(}) Water-supply.

(k) Rosda.

() Drains,

(m) Miseellansous, Any itens such as dressing site on comple-
tion, fencing, ete., that cannot well be included wmder
the previous headings should be dealt with here.

14. Where duly approved District Specifications exist, s tefer-
ence to-them for each item of the work will be suffioient, but, in
the case of any work ol s special nature or for which no specifica-
tions have been embodied in the District Specifications, s detailed

specification must be given.

15. The caleulations should bhe as concise a8 possible consistent
with giving all that is really neccssary. For all timber and steel
besms and trusses snpporting either roofs or floors, and any other
itema such as strength of retaining walls, eto., calenlations should

BCCOMPANY every project.

16. The headings given under the genoral specification are to

e followed. Where diffssent fnrms of floors or rouds’ are used in

different parta of the building, the main heading should be further
subdivided thus (i) main roof, (17) versndah roof, ete. Quantities
should not sually be taken to decimal places except in the case of
woodwark, ironwork and moulded reinforeed concrete. The seant-
ling of timber, éto., 18 to be given in inches and not in factions of
u foot.

17. The arrangement of the abstract will follow that adopted
for the detail of measurements. After the headings rools, floor

and ceilings, will be miven the total area of the rool, Boor or ceiling
and the avernge through sute per square foot. The estimates

having besn totalled up, canfingeneies at 5 per cent. will be added,

If it is considered that any special work establishment will be
required to supervise the work, due sllowance should be made, but
the amount should not ususlly exveed two per cent, of the estimate.
At the end of the abstract the probable amount due to the con-
tractor's percentagy above schedule rates will be added if neces-
sary : o full explanation of the reasons for any such entry being
given. In the last column of the abstract a reference will be made
against each item to the corresponding itefn in the District Schedule
of Rates: in cases where no rate has beoon fixed for any particular
worle. an explunation should be given of how the rate or lump
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sum has been arrived at, Lump sum estimates for large amounts Atstrct of
are to be avaided. The abstract will be signed by the Officer who m;
actually prepared the estimate and by the clerks who checked and

copied it : adequate space should be left for the signatures of the
approving officers. _

18. The North point is always to be given on all plans, also the prawings

direction of the prevailing wind., The direction in which doors and
windows open should be indicated; and the position of the cleres-
tory windows by & small cross and the letters C, 8. W. The follow-
ing scales should usually be used : plans and elevations 8 feet=
1 inch ! sections 4 feet=1 inch: details 1 or 2 feet=1 inch.
At Jeast one scale should be drawn of saitable length on each plan.
All drawings are to be fully dimensioned in feet and inches, Out-
side dimensions should be shown conspicuously and not left to be
found by the addition of subsidiary dimensions. All sheefs of
drawings accompanying an estimste should bs on tracing cloth of
the same dimensions. folded neatly into foolseap size: tracings
shonld not he folded vntil the requisite number of ferrotype copies
have been taken. Adequate space should be left on the drawmgs
for the signatures of the approving suthorities ; each plan will be
signed in the first instance by the officer who has actually prepared
the estimate.
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SECTIONIL
General Specifications.

FouspaTmions,

1. Foundation trenches should always, where possible. be taken
down to, and & few mohes mto, good sound seil. Belore an esti-
mate for an important building is prepared; trial pits should usu-
ally be dug at each of the four comers of the propesed building in
order to ascertain the nature of the soil,

9. Wherever practicable it is advisable to tale out the trenches
for the main walls st the same level thronghout. Tn & Jong build-
ing, such as 8 barrack, on sloping ground steps should be given in

the foundations. _
4. Where great; depths of bad soil are met with, such ss black

“ootton gall, it may be nocessary Lo resort to piles, which msy be of

wood, steel or reinforced conerete. Where the depth of the bad
soil is mot excesmive, the foundations may consist of beams or
conerete arches on concrete pilliars, the pillars being taken down
into good soil. Tn some cases the strieture may be built on a rafs
af cinerete, reinforced with a grillage ol R. B, beams.

4. Foundation trenches will nsuslly be filled in with lime con-
creto : where the depth of the concrete exeeeds 18 inches”it is
more econonieal to use rabhle lime conerite.  For buildings of an
inferior nature sbonsin mud or rammed moormm msy beused. The
plinth masonry should wsually commence 6 inches below ground
lovel in the case of outer walls: for inner walls the foundation
should be talen up to ground level.

5. Piles shogldl usually be driven until they are able to bear
2.000 to 5,000 pounds per sguare inch with only a very smsll
movement, The working load will then be from 200 to 1,000
, pounds per square inch depending on whether the pile is resting on
soft soil or has its point resting on hard soil.

PrisTHs.

1. Plinths in the plains should be not Jess than 13 inches high
for hospitals, 16 inches for main buildings end dwelling houses
gnd # inches for unimportant buildings which are not inhabited.
In zome situations higher plinths may be required. On uwneven
gronnd the height of phinth adopted is the minimum height.
9, For all important-buildings the plinth should be of burnt
h&ﬁkprghmwin]lmﬁmmm: in other caseés mud mortar may be
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used. The whole of the extariar face of the plinth should be lime
Pginm [rm-l'i.j.

3. 1f an offiet between the superstructure and the plinth is
considered necessary, it should be given level with the lower sur-
face of the concrefe for the floor,

4. U the height of the plinth exceeds 6 inches; steps should be
given in suitable positions : the rise of any steps shonld be between
0} and 7 inches and the tread should be between 0 and 13 inches,
5} by 15 being adopted for the fronts of residentinl buildings,

8. In black cotton soil it is sdvisable to remove the soil within
‘the plinth of the building vo & depth of 2 to 8 fest and 1o replaecs
the soil so removed with good soil of & sandy nsture. If this is
uot dene the black cotton soil is likely to absorh moisture, expand
and min the foor.

8. In dsmp sites, or as a protection against white-ants wlare
pukka floors are given, it is advissble to provide a damp proof
coursa at plinth level : this may consist of slate or impermesbls
stone in cement, asphalt (except in the plains whers it is too soft),
fine cement concrete or cement plaster 1: 2. It ahould not be less
than § inch thick. It shotill be laid at floor level, and closely
jointed to the foor.

7. Whete roof gutters are not provided, plinth protection is Phinik peos
desirable exvept in dry climates, In the case of more important ™o
buildings this may be of & well sloped layer of cancrete or rammed
stone for a width of 5 feet : for inferior buildings the plinth pro-
tection may consist of rammed moorum to & width of 3 feet. The
plinth protection should not be less than 3 inclies thick and it s
usually advisable to provide un edging of brick or stons along the
outer edge to prevent the concrete, ete., bresking sway. If ex-
potiad to drippings from the roof, lime eonerote will not stamd
well.

SUPERSTRUCTURE.

L. For outer walls bumnt bricks set in mud mortar and [ims Ouue valls
pointed will generally be used. In the case of stons masonry, unless
the stones have & level bed and the mnd moriar is good, the
masonry should be in lime. For inforioe buildings or in iy
climates sundried bricks mud plasterad may be used. Where
exposed., such walls may be faced with burnt bricks, but this work
roquires to be done with great care to securs & good bond and
avoid unequal seftlement ; with besvy flit roofs the main roof
beams must be supported on pillurs of bumt bricks.

2. In double storied buildings the lower storey will generally
be in lime motiar.
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3. For interior walls either burnt bricks of 2nd or 3rd class or
guniried bricks m mud mortar should be used.

4. (Care should be taken that the sbutments of all arches are
wide enough ; whera sufficient width cannot be given, it may often
o to build the abutment in lime or coment mortar, or in certain
pases, as over doors al the corners of buildings, a tie rod may be
given, The abutments of all impertant arches should be i lime
mortar. Lime mortar should be used for all door amd window
openings-for an sverage depth of 9 inches, except when steel or
reinforead concrete chowknts are used. Fire places should be
built in brick, not in stone masonry.

5. The thickuess of main walls of important buildings should
generally not be less than 18 inches. Where they are entirely
protected by verandahs, or in cool climates, main walls may be
134 inches thick. Partition walls and the unexposed walls of
verandsh rooms may be 13} or 9 inches thick.

6. Small partitions may be made of hooped brickwork 3 or 41
inches ‘thick. 'They should be in tement mortar if exposed. I
fime mortar is used, the hoop iron should be not less than g inch
thick, Partitions have alsn been successfully made of 3 inches of
lime or mud plaster on wire netting. _

7. Hollow walls should generally be nsed for magazines | they
may also with sdvantage be used for any walls exposed to much
damp ot to the direct rays of the sun.

8, Iuterior walls of living rooms sheuld usually be lime plas-
tared. if of burnt brick, and mud plastered if of sundried brick.
Tnterior walls of stores, ete., if of burnt brick, need not be plastered.

9. Exterior walls should not be lime plastered anless the bricks .
are of a very inferior quality.

10, Walls for a height of 4 or 5 feet round bathing places, for
% 4o 8 fost round sinks, snd dwarf walls in bath rooms. should be
cement plastersd 1 @3

I1. In some localities it may be soonomical to build walls of
reinforeed conerete, or of moulded hollow cement conerete blocks.
In others lime concrete walls have proved economical snd for
inferior buildings pisé und mud conerete is oceasionally used @ for
descriptions of the latter see Specifications, Rates and Notes on
Waork by Captain E. L. Marryat, B.E.

Roors.

1. Tiles are of varions-patterns, the princips! forms nsed m
India Being Mangnlors, Allshabad and Country, all of whick may
be laid single or double. Mangalore tiles sre monlded in a sorew
press and are more satisfactory than the hand moulded Allahsbad
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pattern : they are laid on battens at 121 inch intervals, but the Tiled roole—
spacing difiers slightly with the various patterns manufactured. O
Allashabad tiles are loid on battens at 1 foot intervals. Country
iles should only be used if the quality is very good, und even then
raofs of this class are expensive to muintain. They should be
prohikited in localities where Mangalore or Allahatiad tiles are
obtainable at reasonable cost. Tiled roofs should not be laid at 4
flatter slope than T in 2, otherwise they will leak. In exposed
situntions the lowest course of Mangalore tiles should be serewed
down, Allshaliad and eonntry tiles should not be laid at a steeper
slope than 1 in 2 or they will alip : Mangalore tiles may be laid at
any slope, tut the filss require serewing down if the slope
excoeds 407,

9, 108 Mangalore (Cawnpore pattern) tiles are usually Tequired
for every 100 square feet of roofing, but the number-varies a good
deal with the pattern, and in the South of Indis is sbout 130,

3, For single Allahabad tiling 105 flat tiles and 105 hakf rounds
are required for every 100 square feet : for double tiling twice this
wamber of flat tiles is required and in-addition 105 semihexagonal
tiles. At the eaves the semibexagonal and half round tiles ghould
have closed ends - all the tiles at the eaves should be set in lime
muoTtar.
4. For single country tiling 1,200 tiles ure usually required, Country
but here sgain the number depends on the pattern @ care ghouli] S
be taken that sufficient tiles are used or the roof will leak. For
doubile tiling n seeond layer only is given, hexagomal tiles not being
used. They form a useful covering on G.. 1. sheeting but should not
otherwise be used in good work

5 Galvanised iron roofs may be laid in several ways. In the Calvanisd:
hills the Naini Tal pattern is usually adopted erther with plain or ison roofs.
corrigated sheets ; except for @sthetic reasons corrugated iton is
hest Iaid in the erdinary way, f.e., without the rolls, ete. Ordi-
parily 22 puuge sheets should be used for corrugsted iron and 24
psuge for plain sheets: in factories corrosive fumes are liable te
destroy galvanised iron quickly and it is best to nse some nther
farm of roof, but if it is considered necessary to employ corrugsted
iron 20 genge should be used. Corrugated iron roofs should not
be laid at & fatter slope than 1 in 4 ; Naini Tal pattern roofs at a
slope of 1 in 2. Purlins for 22 gavge oorrugated ron sheets; even
when garrying tiles, may be spaced st 5 feet intervals ; with 24
gauge sheets the purling should not be more than 4 fect apart.
Tt is best to usé an Jong sheets as possible and & purlin should always
be placed under each end.  See also page 7.

6. Galvanised iron toofs should slways be firmly secured to
the walls, both ut the eaves and at the gables : this is best done

B
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by means of u stesl angle or flat plma&nwr the um'mgntmlmm
and held down at about 4 fset lutervals by means of wrought iron
bolts ghout 15 inches long with 6 inch square plates embedded in
the masonty.

7. In Central and Southern Indin Mangalore and Country
tiles are often laid on corrugated ron ; this form of roof has many
advantages, it is cool, dust and rain proof. Mangalore tiles are
Inid om battens fixed to the corrugated ron by small galvansad
won bholts or seciired by screws from below : an sirapace is thos
provided between the tilss and corrugated Iron. Oountry tiles are
Iail direst on the corrugated ironand a batted is fixed at the vaves
to prevent the tiles slipping’; as an additionsl precaution againaé
slip, s band course of lime mortar i often given from the ridee to
the saves ab-intervala. This is not necessary for slopesa of 1 in 3
or less. -

8. Terrace:or lime concrete toofs shonld he laid at a slope not
flatter than 1 in 20 : the concrete shonld not nsually he less than
§ inchies thick. The terrace may be sapported on tiles, fags or
jsck arches. This form of roof is liable to crack in places where
great ranges of temperaturs ocour and should slways be inspected
and sttended to just before the rains break. R, 8. jolsts should
always be used for terraced roofs in preference to woodan supporis,
as the liahility to erack is muech less, The conerete is bedt;made
from broken bricks or tiles.

9. Reinforced oonorete roofs have been used in many places
with considerable success ; for isolated works, howevet, the cost of
the centering renders the roof & very expensive one.  Boofs of this
material require very careful supervision during comstruction.
Expansion joints should be provided at intervals of about & feet :
they are best made by leaving & space of about halfan inch between
adjacent alabe, the edges of which are turned up and the opsning
covered by & half round tils of eonerete.  The thiokness of the slab
should never be less than 3 inches,

Af Jabalpur muany outhouses kave recently been roofed with
reinforesd cement concrote moulded slabs, 3] foet by 2 feet by 1}
inches thick, caloured red on the upper surface : the slabs wers
laid ﬁﬁ-m._amﬂnp at a slope of 1102 on contrete rafters. The
roof proved economical and satisfactory but steps should always
be taken to render the slabs waterproof by adding slaked lims to-
the concrete during manufacture.

10. Mud roofs have the advantage of being cheap, but ara
sy and require a good deal of attention.  Thev are lnrgely usad
in places whare the rainfall is light, sach as the Punjab, but sheuld
be avoided in loealities where snow oceurs. The form of roof
usually adopted consists of & inches of mud laid on tiles or corru-
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gabed iron at s slops of 1in 8 : thuurfnnaiuphstumiudiwpud.lnamﬁ—
The leeping requires renewal snnually and the plaster oecasionally, (4>
Bupports should be R. 8. joists if possible.

11. Timber that is unseen, 1.¢., above ceilings, should not be Woodwork in
planied. Tn some cases battens, rafters, bressummers and pillars 0%
may all be mada of reinforced concrets. Bed plates are usnally of
stone but may be made sconomically of conorete : they should not
be larger than ia neceasary.

12. Roof timbers exposed to the action of the weather should
always be pminted or trested with solignum : timber in ocontact
with walls should be treated with solignum of some similar pre-
servative especially in localities where white-ants are prevalent :
all other timbers should be olled. Earth olling should not usually
he done till the wood has bean in place for soms months ; if applied
to unseasoned wood it is liable to induce dry rob, All steelwork
should he painted.

Cemraxos,

1. Lime plaster on wirs netting is about the hest and cheapest Limi 3 ke
all round ceiling.  The notting is either sacured to the undurl:daﬂfmm

e tafters, which should not be more than 1} fest apars, or for

isontal cetlings, it may bo fixed to ceiling joists similarly spaced.

2. In dry situations, where white-ants are not prevalent, ss nm:ﬂ-ﬂ-ﬂ
Quetta, mud plaster on wire netting forma a cheap and efficient o
ceiling.

3. In Bouthern India ceiling tiles are largely used under Man- Celling btlles.
galore roof tiles. They are laid sloping, supported on the battens
uzed for the roof tiles.

4, Venesta, eternit or poilite sheets form excellent but rather Patent csil-
expensive ellings. Ceilings have also been constructed of gn]-’“":"“L
vanised iron sheets, the jointa being covered with wooden fillsts,

5. Boarded ceilings of teak, deodar or deal should he hung Desried
froni ceiling joists at intervals of 2§ to 8 feet. Boards shonld | e coilimg=.
tongued and grooved.  Joints may also be butt joints with poveEring
fillets, or lap joints luid thng e —_ Threo
ply boarding, such s venests, is to he recommended for cailings
as it does not crack or warp if tle edges are supported, nor do
the joints open out in the same way as in ordinare boarded
cn[[ingx it @ however readily eiter by white-ants.

B. Oeiling clothe are chenper than boardsd ceilings but ate {‘u&ihlduth-
very unsatisfactory in the long run. 1f unavoidalle they snould
be mn&r up in frames not exceeding 5 faet by 5 feet, the joints
being covered with wooden fillets. Special whitewnsh s essential
to provent the fabrie rotting,
Bl
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Frooks.

L. Good stone flagging 1} to 2 inches thick forms the best flooz
for barracks : the flags should be laid on 3 inches of lime concrete.
Jaints should be not less than § mch, and made with P. €. mortar,
except where really well dressed flags capable of giving very fine
joints are availahle,

9, Lime coucrete or terrace floors, if msde with really good
Jimé under esreful sapérvision, are suitabls for officers’ and’ sub-
ordinstes’ quarters but must not be nsed in barracks.

3. Cement concrete floors may either be lald dn mitw or flags
may be moulded separately and laid when thoroughly seasomed.
Work of this kind requires very careful supervision and should
wenerally be carried out by Departmental labour : the specifica-
tion far the work should be very earefully prepared and the pro-
portions of sand and cement required to Gll the voids m the aggre-
gate should bo ascertained by actual experiment. When the work
i done in sitw, the floor should be laid in strips or squares, as large
expanses of cement concrete ure very liable to crack, As the cost
of the cement is the main item in floors of this nature, labour
should never be stinted. Even the most carefully laid cement
floors are apt to turn up at the edges of strips or corners of
squates, owing to the upper surface contracting more rapidly
than the lower surfacs on setting and drying out, and for this
reason it i8 perhaps better to use moulded fiags, though rather
more expende is involved : the flags are laid on 3 inches of lime
conctete in the same why as stone flags. Cement floors may
be easily coloured by the addition of calouring matter to the top
surface.

4. Tndia Patent Stone, Stonewood, Porphorylite, ete., form exs
cellent floors but are very costly.

5. Brick flat or brick on edze floors laid on 3 inches of lime
concrete can be used when really hard, well msde; bricks are
available ; m some places tiles of good quality are obtainable
Glazed biricks and tiles form wood: floors. though rather expensive :
this class of floor may be used with advantage in certain cases,
as for irrigstion stands in veterinary hospitals.

6, Floors of shoeing sheds sre best constructed of 8 inch cubes
of hard wood, such as babool, soaked in boiling tar and laid on
3 mches to  inches of conerste.

7. Floors of inferior buildings, outhouses, ete., may he of
rammed earth, rammed moorum or Devonshire Bam.

6. Upper floors may be constructed in amy of the ways men-
tioned above, the floor being ususlly supported on jack arches.
Boarded floors will usually be supported direet on wooden joists,
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but in such cases & ceiling shonld be given to the rooms below. gpper flear
Upper floors may also be made of reinforced concrete, either hy —(eosit)
means of slabs supported on rolled steel joista or by monolithic

tee heam construction, in which case the floor and beams are laid

at the same time,

9. Where sanitary considerations are of primary importance, Juintles
flonrs should e jointless as far as possible and in such situstions Boom.
brick or flagged floors are unsuitable,

10. Staireases may be supported on brick walls, an inclined Siaire
beams called stringers or the steps may be cantilevered out from
the wall. The rise for ordinary stairways shiould be betwesn 6 and
T} inches and the tresd between 10 and 12 inches: handrails
should be 2§ to 2§ feet above the outer edge of the tread and at
landings the height should be 23 feet. A landing should be given
at every change of direction and at intervals on a long straight
staircase. Sweepers' staircases are ususlly of cast iron arranged
in spiral fashion round o central east iron column.
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SECTION IIL

Detailed Specifications.

These detailed specifications are given to serve s & guide but
may requirs modification to suit local conditions. Special apeci-
fications shonld therefore be prepared for each district or group of
distriets, and in these it should be stated elearly anid exactly what
work is covered by each rate in the schedule of rates, eg., if the
mate for doors inclides the cost of hinges, furniture, ete,, tle dis-
trict specifications should make this clear.

FanrawoRK AND FoUuxDaTIions.

1. In ordinary excavation work, such as for rifle ranges, em-
bankments, ete., pillars, the positions of which are to be fixed by
the Garrigon Engineer, are to be left at sufficient intervals to per-
niit acourate measutements to be taken on the completion of the
work : such pillars are not to be demolished without the orders of
the Garrison Engineer.

2, The positions and depths of borrow pits will be indicated
by the Garrison Engineer, also the steps to be taken for their
drainage if necessary.

3. Before any blasting is carried out, the orders of the Garrion
HEngineer are to be taken regarding the hours for firmg charges, the
nature of the explosives to be used and the precautions that are to
bie taken for the safety of the general public.

4. The excavation for foundation trenches is to be in exact
accordance with the drawings furnighed, and care must be taken
thst the bottoms of trenches are truly level in all directions, that
any steppings ordered are strictly sttended to and that the sides
are kept plumb. The spoil is to be kept well olear of the edges of
the tranches.

5. If rock is met with, & report is to be made at once to the
Garrison Engineer and the lowes surface of the trenches will be
made as level and true as possible, any small inequalities heing
filled with concrete.

0. The hottoms of all trenches ure to be well watered and ram-
méd, care being taken that too mueh water ia not used. Seft anid
defective places are to be brought to the notice of the Garrisan
Engineer, and the holes will be filled with conerete or trested in
sueh away as he may diroct,

7. On the completion of the excavation, and after the work has
been measured up by the subordinate in charge and the measurs-
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ments agreed to by the contractor, & report is to be made to the Eseavation
Garrison Engineer, withant whose writton permission no building {0
work in foundations is to be commenced. {comtd.).

8. As soon as & building las reached plinth level, the space
betwasn the masonry and the sides of the trenches is to be cleaned
of all debrie and filled with earth laid in 9" courses and rammed.

9. As soon as the superstructure has reached 2" above: plinth
level, the interiér of the building will be flled up to plinth level
with earth Inid in 9° courses, watered and rammed.

10, The ground in the immediate neighbourhood of a building Clessing and
will be clasrad of all jungle, ote., and sny hollows filled in. Trees dresing
will not be cut down without the arder of the Garrison Engineer.

The roots of any trees, ete., on the actual building site sreto be
geabbed up.
11. On the completion of the building, the ground all round is
to De carefully dressed and given an outward slope of 1 in 40.
Where no gutters or downtakes are given, or where thers &re no
drains under the eaves, the plinth should generally be pro-
teeted by the provision of rammed moorum, stons, or broken
brick for a width of 3 ft. to 5 £, all found the building. )

12. All earth filling should be carried out in successive hori- Eacth filling
gontsl layers. In the cass of large embankments ete., the fol-
lowing allowances should be made for sabsequent settlement :—

In firm compact earth 1” to 13" per foot.
Tn ordinary loose earth 1" to 27 per foot,
In blaek cotton soil 2° to 3" per foot.

MogrTAR.

1. Portland cement must comply with the specification of the Cement,
B. E. 8. Committes : it should be obtained through the Directar-
General of Stores, Cement is supplied in barrels weighing 400
Ibs. and eontaining 4'4 ¢ub, feet.

2. Lime may be ohbtained sither from stane limestane which Lime.
generally yislds a fat lime, or from knokur which yields & more or
Juss hydraulic lime. The best kunkur comes from deep beds and
shows n blueish surface on fracture.

3. A design for & lime kiln is given in Plste 111, Coul, chareoal
at wood may be used for firing the kiln. The stone or kunlkur will be
Troken to 8 4" gguge. The two following methods have bean found
suecesaful :—

(#) Pack the metal in 3% layers with }" of coal dust between
each layer. The burnt material should be drawn out
every morning and replaced by fresh kunkur and
charcoal at the top.



feenid.)

Mixdng
mortar,

18 MORTAR.

(b) Pack a layer of 43 feet of wood followed by alteruate layers
of 2 feet of metal and 2 feet of wood. Cover the top
with mud plastered over, having a 2 feet dismeter
hole in the centre.

4, As a rule lime should be nsed within 14 days of its removal
from tha kiln - if it is stored it must be kept perfectly dry. Fat
lime should be stored in an enclosed space in a large heap and the
air excluded in wvery way possible; or it may be kept for many
weeks mn tanks if covered with water,

5. Lime may be either slaked, or ground fine in properly made
mills (vide Plate 1V). - Before nse it must be passed throush a
sieve of 64 meshes to the square inch.

6. Sand muat be gharp, elean, coarse river fand fres from all
sdmixture of earth or other impuarities. For cement mortar, and if
cangidered necessary for lime mortar, the sand must be thoroughly
washed and sereened through a sieve containing 64 meshes to the
aquare nch.

7. Surkhi must he made of burnt bricks or clay (free from oxer
or under burnt particles) by grinding or ponnding, and must be
passed through a sieve containing at least 64 meshes to the square
inch. It must be perfectly clean and free from any admixture of
Foreign matter.

8. Cinders can often be obtained from railways, pumping in-

stallations, ete., free of charge. Only clean clinker shonld he nsed,

any. wood ash being screened out. The cinders will be ground
fine in 8 mill and screened as specified for surkhi. At Calcutta
cinder mortar is composed of 1 part slaked Sutna lime, 3 parts
sand, 2 parts crushed einders : at Ambals, 1 pari of slaked lime is
miixed with 2 parts of erushed cinders, no sand being used.

8. The mortar will be composed of lime, surkhi, and sand in
vatious proportions sccording to the nature of the lime used, to be
fixed by experiment for each station and approved hy the C. R. E.
In some stations cinders are used and occasionally it may be desir-
sble ti add & propertion of cement to lime mortar. The addition of
surkhi to fat limes makes them more or less hydraglic.

10. The mortar will be mixed by measure, not by weight, op

a elean platform close to the mill.  For measuring, either brick
bins or wosden hoxes may be used. The ingredients will he
turned over dry on the platform, pliced in the mill, and water
added as required, cave being taken that too much water s not
used : the morfar will then be ground for at least 4 hours, heing
stirred up by # beldar continually during the process, The
blowing of lime can only be prevented by fine screening snd
kesping wet for at lenst 24 hours before it is used.
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11. Lime mortar should be kept ready for use in troughs and Mixing of-
in liot westher it should be covered over with mutting. Mortar Borst=
whicl L onee sat or-wiieh has laiu for more than 24 hours on
the ground must on no account be used for any work. When
using kunkur lime for plustering, it is, liowever, better to leave .
it for some {ime to sour,

12. Cement mortar will be composed of eement and sed in Mixing
varying proportions as may be considered most snitable for the U
particular work in hand. The quantity of water to be used in
mixing should also be decided. The cement and sand will be
thoroughly mixed together on i cloan platfom in a dry state
until the colour of the cement is thoroughly distributed through-

.ont the sand : after which the measured quantity of water will
be added tlirough a rose and the mortar thoroughly mixed.

Ouly & small quantities should b mixed at o time, and esech
Bateh should be used within 15 minutes of mixing.

CoxcarrE,

1. Concrete will ba composed of an aggregate of broken stonie Ingredisnta.
«or other hord substance mixed with lime or eement mortar in
the proportions found most suitable for each particular wurz
and approved by the O. R. E.

2, It is necessary that the morigr shall il the voids in the

aggregate: for conorete under flooring o 10 per cent. surp. 1s of
mortaris desirable, The quantity of the voids can be nscertain-
«d by thoraughly wetting the aggregate, placing it in 8 waler-
tight box and noting the quantity of water necessary to fill the
hox : gemerally the voids amount to from § to} of the aggregate,
if the aggregute is all of one size, but this may be considerably
reduned by using an aggregate composed of stones of varying
-size. The most suitable proportions should be found by experi-
ment ut each station.

3. The proportions of eement, sanid, and contse aggregate in
vement concrete will be specified in figures thus 1:2: 4, whick
indicates 1 of coment, 2 of sand, 4 of ponrse aggregate,  Anotlier
method is to give the proportion of sand and aggregate Lo | of
eement, thus 1: f concrete means | cement to 6 of sand nud
aggregnte.

4. The aggregate may consist of broken stone; thoroughly ssmegate,
well burnt or overburnt brick, or gravel : it must he perfectly '
clean und free from sll impurities, and have besn soaked in
wator for at least 4 honrs hefore being mixed with mortar. For
woncrefe in floor roofs, efe., the aggregate shonld be of such »
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size that it will pass through a 11" ring and be refused by o 4
inch sisve. For concrete in trenches, ete., the gauge may he
ineresised to 27 for both lime and cement concrete. For re-
inforeed work the gauges ahould not exceed §7 for ordinary work
und 37 for moulded work, bul should be evenly graded down o
1" stuff.

5. The aggregate, previously well soaked, will be measured
and laid on @ clesn platform of brick, flagging or wood, of
sufficient size to give ample room for mixing 8 to 10 cubic feet.
The mortar will then be measured nnd Inid om the agprepate;
the whole will then be turned over until thoroughly incor-
porated,

6. Lime conereto must he nsed while quite fresh and should
be laid in-the work in courses of about 67 in thickness: each
course is to be thoroughly rammed and consolidated before the
next course is laid : the lower course should be olean and wel]
walerad before the next conrse is Inid. Conerete must never be
thrown from o height in large quantities.

7. When: it is
necessary to  make
S joints in layine they
SR h'* ghoull be arranged
Tl ) am shown in  the
~ margin.

8. No conerete j& to be laid in the work after 2 r.u. : this is
to ensure its being properly consolidated before nighifall and to
prevent ramming the next day after the mortar has kad time
1o set.

9. Conerete must not be laid of too fluid a eonsistency: no
water should be added during eonsolidation, but the surface
must be kept continually damp for at least 7 duys.

10. Iron rammers weighing not less than 12 ths. should he
ueed aml the ramming should coutinue until the lime has
partially set or until o walking stick, dropped endways from =
hoight, will rebound from the surface. Bquare hesded ram-
mers should be used for corners of trenches. Witk brick bhullasi
wooden rommers may be nsed. Ramming is not complete i1}
a skin of pute mortar covers the surfsee and completely hides
the aggregale.

11. Cemenl éoncrate should be mixed in small batohes and
lnid st oneé in the work. The concrete shoyld be laid in
Iayers not exceeding 67 in thickness. The whole work should if
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possible be completed in one day: if it is found necessary to m
Iay conerete on work that has already set, the old work should ) oreis
be wetted, hocked, and covered with cement grout. The —fconti)
strface must be kept damp for 14 days.

12. A 6" layer of ordinary conérete will first be Inid in the Hubble con-
trench and rammed. On the top of this will be laid 3" of con-
prete, on which will be bedded s layer of bonlders. The top
surface will then bo levelled up with concrete and rammed. This
process, exclusive of the original 6" lnyer; will bie repeated until
the full depth is obtained. Care should be taken that the fop
of the nppermost layer of boulders iz some 3 inches below (he
level of the finished concrete. -

18, The boulders ate to be cleaned and are to show no signs
of decamposition. Hach stone is nof to be less in voluma than
b, cubie fest or more than 2 cubic feel. Every boulder will be
at least 67 from the stone nexi fo it

14, Specifications for this class of work are given in Speci- ;i:m“dﬂné.
fientions; rates, and noté on work, by Capiain E. L, Marryst,

R.E., Gth edition; pages 52, 53.

Brrex Buasisa.

1. Details of Bull’s pattern kiln are shown in plate 1. Hrick burn-

A cirenlar plan is the best; but kilne can also be made 18
siraight or oval.

The dimensions given are for the most suitable size of small
kiln, eapable of burning 10,000 bricks daily, divided into 20
sections containing 14 concentrio walls of bricks, and requiring
one chimney.
 Where it is required to turn out o larger number of bricks o
broader kiln (up fo 30") may be built, requiring two chimneys.

2. In hard seil the trench may be unlined, with the bottom,
sides and top edges dressed off 10 a true surface. In soft soil the of kiln
walls will be of burnt lrick of the dimensions shown in the
ﬁg’ﬂﬂ:

In damp sandy soil the excavation should nol exvesd 4,
leaving ' 6" to bank up. '

The damper spaces and combustion chsmbers sz shown in
figure 3 must be carefully marked out on both walls.

3. The chimney is 35" high, mouuted on s cast iron hase
plate on wheels, the axles of which radiate so that they will
travel routid the wall. They should run on & sheet iron path-
way, and thegaps at the chimney ppenings require to be
bridged as shown in figure 4.
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4. When two chimneys ure used, the chimney openings on
the inner sides will be opposite those on the outer hut will be
only 2/ 6% in width, and the chimney will be only 25/ high.

h. The upper outlet into the chimney is controlled by an
adjustable dampor,

In the lower outlet from the kiln to the vhimney the arch
und ils hacking project 5" to prevent the earth used for closing
the outlet while working going into the kila too far and thereby
interfering with the draught. :

6. Cross dampers;, fipure 5, are required to divide off the
various sections of the kiln. These should be made 27 smaller
than the width gf trench to prevent the centre kev jamiming,
When fixing the cross dumpers, great care must be taken to
make them fif tightly. Tt is a good plan fo drop a little dust
or fine earth down bebind them o close up uny possible inter-
stices owing to irregnlarities om the floor.

7. The bricks should be thoroughly dried before heing
loaded. 'The method of setting the bricks is shown in figure 6.
Oare should be tuken when loading to leave a space between the
bricks except those spanning the combustion chambers, This
space shonld not be less than §7 in the bottom courses, decroas-
mg fo 1" in the upper ones.

The dranght passage between walls increase as they get
further away from the centre. The setting out is done with the
aid of a templet such as shown in figure 7.

Ounly one wall oun be exactly like the details shown, owi
to the decrease in the distance hetween the lines of feed holes
from the outer to inner walls of the kiln.

The bricks next to the combiustion ehiambers from hottom to
top and frow side to side ghould, however, be'exactly as shown.

B, There are five combustion chambers to each damper
lengih, As each length is completed it is covered, excopt over
the combustion chambers, with twno layers of bricks laid flat
breaking joini

The feed hales are then formed with the aid of the templates
ghown in figare 8: there should be a fead hole over each of ihe

* two onter walls, after that over every alternate wall.

Nine inclies of esrth 15 then evenlyspread to the top of the
brick temporarily placad over the feedholes.  This earth shonld
be made ns tight and impervious to 6ir 03 possible.

9. Between the second and third and all subsequent lines of
feed holes lovel bricks for ascertsining the settlement should be
fixed. There should be one level brick for each pair of feed
holes and from the settlement of each level brick will he known



ARICE BURNING. i3 |

when to closa the pair of feed holes in front of it. The levelLoading—
hricks should be frmly bedded in the earth covering, (eombd-

10, o start the firing a temporary cross wall 2%, see figurelising
1, is built, with furnaces for bottom fring.

The chimuey opening of the first section (a,) is closed and
the chimuey fixed at the second opening (b,). Cros dampers
are put down it by, and e, ; and the chimney opening U, ¢losed
with a sheet iron cover provided for the purpose..

11, About 160 msunds of clesn rubble coal is required for
starting the firing of & 14 wall kiln and 250 for o 24 wall. Tor
top firing good dust eoal is reqitired and should Live a certain
proportion of nuts or smull rubble in it

12, 1o meet all the varying canditions of temperature, damp
floor or hricks, four sizes of ladle are required fur top firing,
These are given in figure 9.

13. When the fine conl will burn freely in the first line, it
can be started, coal being given with No. 1 ludle at regular
intervals of 15 minutes.

When there is a good hottom heat in the first line, fire the
second with No. 1 ladle and the first with No. 2. When thems
is a good bottom Leat in the second line, fire the third line with
No. 1 ludle, the second with No. 2, snd temporarily stop firing
the first, except the two onter feed holes. Take on the 4l
line in the same woy temporarily dropping the 2ud. When
there is & good bottom heat in the 4th line, take on the 5ih with
No. 1 ladle and fire the whole of the other four with No. 2 ladle.

Up till this the bottom firing shonld under no circumsiances
he pushed, but now it should be cautiously increased. This,
heing the critical time, should if possible be in the day time.

If No. 2 ludle does not seem to give sufficient heat nfter
eloaing the bottom firing, use No. 3 or even No. 4 ladle: this
will only be necessury in cold rainy weather.

14. If intellipence is used, by the time there is a pgood
bottam keat in the fifth or front line, the socond line from the
front will e 1ke hottest, and the back line can, all but the two
ouler feed loles, be clased, .

1f at the same Hme there is o settlement Letween the first
and séeond lines, or hetween the second and third of say an inch
or sm inch and a hall, glacken down the bottom firing but do
not close it altogether until two or three lines are closed finally.

For opening a fresh line in front two conditions should
ulways be fulfilled : there must be a good bottom heat in the
front ling, and the heat in the second line from the first must
be greatest.
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At this time, with the bottom firing slackened down and one
linn of feed holes closed, grent judgment should be used 85 to
the sufficiency or otherwise of the wave of heat. If from a
deficiency of settlement or from the appearance when looking
down the feedholes there seems to be insuilicient hent to
thoroughly burn the bricks the firing should be inoressed. As
long as the bottom fring is still poing on abselute control is
retained.

15. Having by the time the 2nd or 3rd line is closed got a

thoroughly sufficient wave of heat, stop the battom firing entire-

IF. (Mlose the furnace mouths entively and the ashpit mouths
rather loosely, leaving interstices in the latter equal in the
agpregate to 3 square inches in each.

When o line in front 18 opened, one behind should be ready
to close, TIf however it i= seen from the setilement that this i
not the ¢ase there 18 no harm in delaying the opening a litile,

The kiln will now be in full working order, the chimnevs
and dampers having been moved on as required.

16, Take out the first cross damper when there isa good hot-
tom leat in the first line, {.e,, the 8th from the chimney, and
fix it in nexi yacant line. 'The chimney is moved on when the
bottom heat has got as far as the ifth row from it.

17. The sdjustable damper should he lowered three bricks,
when the bottom lieat is T lines from the chimney, and all but
one brick removed, when the bottom heat reachies & lines from
the chimnay. '

It is olosed down entirely when the chimney is moved, und
the outlets are hlocked.

After moving the chimney, the upper and lower outlets
being open, a stroug draught is created which prevents the
bricks vitrifying owing to stoppage of draught at the current
when heat is maximmm, and the draught at the combustion
chamber is kept uniform.

18. Tt is imporianl that the working of the kiln should he
as regular as posaible, and a five lins chamber should be worked
to daily,

189, When twelve damper lengths have been hurnt off, the
temporary cross wall can be taken down and unloading com-
menced,  Before doing this a cross damper should be fixed at
two dampers lengths from the end.

20. When it is desired to finish off burning, a cross wall
similar to that constructed it starting but without the furnsces
shoald be run up wi the end of any convenient chamber G
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Testing half on this and half on the green bricks, build tﬂﬂuhh.hg
Jummy chimneys 5 long and 6 high of bricks und plastered "“'f" _
with mud. THES
When the time for moving the chitaney from its last pos-
sihls position hus arrived, these fwo dummy chimneys, which
ap 1o this ghonlid huve been closed at the top, should be opened,
and will finish off the burning.
91. These ura worked in o sanewhnt different way. No far- Wood fim
unces are equired for starting, wood is packed fo a depth of 3 kiba.
i & pombustion chamber T wide, and lit through fire holes 97
square al the bottom of the wall.
Every altemnate foed hole only goes down half the depth o
the kilu, the object being to inerease the heat near the top.  The
feed holes should be not less than 147 squere.
22, When & sufficient length hus been loaded, the wood in
the combustion chamber ja lighted. When the wood is nearly
burnt away, top firing is started inio this chamber only, and
continued until the bricks forming the first line of feed holes
are sufficiently hot, when regular top firing will be commenced.
The chimney can be kept two or three lines further nway
from the burning, thun in the case of conl firing.
22, When dry wood is procurnble this method of starting a
Jiln may be used with advantage for a coal fired kiln, and the
furnoce hers saved-
' BRickwoEE.

1. First oluss bricks will consist of stock-mude bricks of uni- Rricks.
form size, shape and colour, and thoroughly well burnt, Each
brick must be free from defects, quite straight and rectangular,
ring olearly when struck and be perfectly sound in all respects,

%o brick should ab#orb more than }th of ite weight when soaked
in water. The usual size of n brick is 9% x 437 x 2}7. -

2. Socond class bricks will only differ from 1st class bricks
in that the eolour and shape need not be so good or uniform.

3, Third class bricks may include overburnt and distarted
bricks, but never underburst or ** pila ' bricks. Under this
class come kumhar or Country bricks which must he well burnt
and thoroughly sound und should mot he smaller than
LR LD B L

4. Sundried bricks will be made from stiff clay thoroughly
warked up, exactly in the sume way as for 1st clase bricks; for
good work they should be sand-moulded, for inferior work slop
moulding will do.

5. Burnt bricks may be lnid in cement, [imo or mud moriar Mocter
sundried bricke will be laid in mud mortar. '
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6. Cement and lime mortar will be prepared us already
specified. The cement mortar will ordinarily becomposed of 1
part cement to J parts sand. -

T. Mud mortar iz to be prepared from stiff clay, which is
to be broken up iuto a fine powder and feed from grass, stones,
eto, It will then be mixed with water on o clean platform snd
worked up to the consistency of clay for brickmaking, Before
uss it will be gradunily thinned.with water until it nssumes the
cousistency of mortar. If necessary sand or chopped straw
may be added at the diseretion of (he Assistant Ovmmanding:
Royal Engineer to prevent exeessive shivinkage, Holes, if dug
near buildings, must be filled in; the Garrison Engineer will
mdicate the places from where mud is 1o be oblained. Good
mortar can be made out of hlack cotton soil, if sufficient sand
is added.

8. All brickowork will be laid in ** English ' bond (vide
plates ‘¥, VI) and no half bricks or hats are to be used txcept
where necessary to complete the bond.

8. All bricks that are to be Iaid in cement or lime mortar
must have been soaked in water for at least 2 hours before being
put in the work.

10, Each brick is to be thoroughly well bedded and flushed
in mortar. Joints are to he of uniform thickness, not exceed-
ing 3", 3" and 1" for 1st, 2nd and 3rd cluss brickwork respective-
ly. Hoch course is to be quite level and in perfect hond.

11. 1st, 2nd and 3rd class brickwork are the same as regurils
specification, except as noted for thickness of joints. The class
depends ou the shape and quality of the bricke. Also in 1st
tlass brickwork the vertical joiuts must be quite symmetrieal
and truly plumb. In every case precautions must be taken to
ensure careful handling of hricks by coolies and cart-men, other-
wise the edges and corners will pet destroved.

12, Where pointing or plastering is specified. joints will he
raked oul the same day : where no pointing or plastering is speci-
fied, the joints will he neally finished off fush with (he facs
of the wall.

13. The brickwork must be carried up truly plumb gnd
eveuly throughout a building : uo step, left temporarily during
construction is to exceed B conrses in depth. When brickwors

‘in one portion of & building has to be delayed, the work must

be raked back in regular steps, one course each.

14. The joining on of new work to old requires 4 good deud
of care, as the new work is bound to setile and snuse o el
When time ia no objeet, the new work can be dons in sections
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of a fiw feel wt o time, and the uext section should not be begun Laying—
until the first has dried out. Setting in cement with fine joints, 66k
stote bonds, ete, have been sutisfoctorily used. Another
meihod is to ont a vertical groove in the old masosivy snd o
build the new masonry with o tongue fitling into the groova :

this method can be msed with st olyss peinted work or where
sundried masonry is joived to a burst brick wall, _

15, Care must be tuken that a ths work proceeds, all jron
and stone fixtures, eto,, ave built in and peckets left in positions
o= directed,

16. Walls 4« they progress are to be kept thoroughly well Keuping wet
witered on their faces aud tops: when work is left off ai niglhit, e 8
# fillet of mortar about 147 high will be mode round the edge srment,
of the last course lnid, so ns to form a trough, which will le P00
fillod with water, .

157, All new work must bi kept watered and damp for gt
least Tdays. Ol work is to be kept wetted snd saturated for
2 days before any uew work is put an it

I8. This construction is only to he adopted for inferior Brmtrled]
buildings or in & dry climate. Care must be taken that tlie walls faced
sundried and burnt bricks are of the same size, that {he Joints :,P:h
arg of the sume thickness and that the unburnt und Yurnt hrick-
work are bondad together in the work. The sindrisd beioks
used must be absolutaly dry. The top two or theee courses of
a wall must be of burst brick in lime, and where loaded beamse
or frusses rest on the walls, pillars of burnt brickwork must be
hmit up from the foundations. The height of walls of this
type should not exoeed 18 faei,

19. Tor honsyeomb work fitie lime mortar must he used, and Honeyonmb
the bricks must have & bearing of 3" on engh side, so that {e work
opening will messure spproximately 3% x 37, The Joints must
be struck finsh 56 a5 to give an even surface on all sides.

2. Hollow walls of brick in lime or coment morter may be Hellsw walls,
usad in certuin sitaations, sueh os mogasines and walls Exposed
to'deiving min ar to great heat. The outer wall will wsually
be 42 nehes thick, and should carry. to pirt of the lopd. The

outer and inner faces will not be more than 27 op 27 apurt,

21, The outer gnil fungr faoes are to be conuected by eust
iron or wrought iron cranps 07 long with splaved ends: or 1*
Loop iron may be nsed, the ends heing puncled to give o erip.
The eramps should be bant or twisted in the ventes in order fo
stop the possage of water, nnd should be tarved ond sanded.
Cramps should be spaced not more tha 2} apart horizontally
or 4.courses apart vertically: the cramps in successive oourses

¢
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Rallow wuls should break joint. Extra cramps are to be wiven near cOrners

—{oantd.)-

Arphes

Bentuldant

and openings. ' - .

9. Mortar is to be prevented from falling down into the
hollow portion of the wall by means of bwisted bands of hay
laid longitudinally : these are to be removed as the work pro-
cends,

93, The top foot is to be built solid snd also 417 on either
side of openings. No putlog holes for seaffpliding will be allow--
od iy the outer skin. %

94. Partitions may be Luilt economically of hooped hrick-
work in cement, half a brick thick, or in {he case of small
partitions, the bricks may be laid on edge.

25. e hoop iron will be built in and sepnred to the main
wall at its junction with the partition. At corners care must
he token to join securely the strips of lhoop iron on either side.
Hoop iron not less than gy # thick may be used also in hme
mortar for-walls nof exposed to the weather,

96, The hoop iron should be tarred nnd sanded and enre
must be taken that it is everywhere embedded in the mortar and
not exposed to the sction of the air.

21, In building arches, concentrie rings are not to be used ;
wich course of the arch must be regulariy and systematically
honded (see plate VI).

o4 All bricks for each course of mn arch must be reguluriv
and earefully summered; when practicable special- bricks
should be moulded and burnt for arches. Where the amount
of work is small, the summering muy be effected by cutting
and grinding: the whole of the bricks for uny particular arch
are to be prepared on the ground.

20, Refors the building of an srch i commenced the shew-
backs and the whole of the bricks for the work will be passed
by the subardinate in charge.

4. Lime moriar for arelies is to he gronnd specially fine.
No joint in an arch i lo excend 17 in thickness and must be of
the snmp thinkness throughout the conrse.

21. Centerings mnst be stiff and are to be struck within 24
hours of the completion of o m}.fnhﬂnful arch, bt in the case
of semi-vireular, semi-elliptical or peinted arches, not until the
adjncent brickwork hus renclied two-thivds of the height of the
urch.

a9 All seaffolding should wanally be donble, i.¢., there must
bé fwo sets of uprights: Clare must be taken that only headers,
aud not more than one header per putlog, are left out for the
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scafiolding. The beight of the scaffolding muel be kept within Seffolding
a fow feet of the top of finished work. —f(poudl.)

Brone Masosmy,

L, Tha stoue to be used will be taken from quarries specifiad Gemenl
by the Garrissn Engineer. Tt should be hard, durable and
tough, and eich stone must be laid, when in the work, on ita

natural guarry bed. For illustrations of stops musonry see
plates VII, VITI.

2. The specification for brickwork as regards mortar, Iay-
ing, keeping wet, and seaffolding will apply, exeept us other-
wise provided for below.

3. Generally for all ashlar work the Garrison Engineer will Ashlar work.
supply the contractor with the exact dimensions of each stone,
or with a plan of sach course of musonry showing the necessary
dimensions.

4. Ashlar work will have its beds and joints finely dressed,
free from any winding, und trus and square in every respect:
Joinits are not to exceed § inch, and must be perfectly level and
o,

B, The vuter fuce or faces may be rock-faced, finely chisel-
dréssed, rock-faced with chisel margin, rock-faced with chisel
margin and chamfered edge, or as may be described by the
Garrison Engineer,

6. Ashlar work shall never be Taid in courses of luss thau 10
inghes in height; one-fifth of the face should be headers, and no
stone should have a less width of bed than 1} times ity helwhl.

7. When ashlur quoins or ring stones are provided, the
arrises must be dressed, clean, sharp, true; and free from all
winding; for quoins quite plomb and vertical, snd for ring
stones lying exaetly in the line of the perimeter of the pircle
- nidicated

8. Coursed rubble will be laid iu courses varyiug in hoight goussed
@5 may be most convement and cconomical, secording o {l Rubble
nature of the stone procured from the quarry, ns rezards the
depth of the natursl bed of the stone or the manner in which
it will be cleavad, bul no course will ever be lsas than 4L inches,
or more than § inches in thickness.

9. Coursed rubble muy have its courses either of equal or
unequal height; but in the lstter instance the deeper courses
must be laid towards the bottom of the struciure, and muy

c2



Rapdom
mjuane

ikl

235 . STONE MASONRY.

gm&uulrj get shallower within {he limit given above, as the
wall progresses in height,

L]

10, Buildings constructed with eoursed rubble musonry may
be supplied with sshlar quoing of the liight of one or two
conrses, und rare should be taken, when equal courses uve
specified, that the height of the wall i divided into an exact
apumber of courses, and an exact number of quoins,

11, Joints are to be as for ashilasy work but may be L an
ineh thick. No joint must overlie snother less than 43 inclies
measured on the face of the wall.

12, No stone must he used whick is less than half a cubio
foot in size, its hed mnst not be less than 1} Hmes its height.
and care st be taken thai the interior of the wall is carvefully
constructed with proper sized stones set in mortar and vot filled
up with spalls-and chipa.

13, In ench course there should be o Dond stone ut every fve
feet.  In walls of 2% feet thick or nnder, the bond stone must
be one sfone; in thicker walls two stones overlupping ut least
9 inched may beo nsad.

14. This deseription of masonry will be coursed every 18
inohes in height, and will have quoins of equal or unequal
height, but there must he two quoins to every 1B iuch conrse—
sen plate VIL : '
15, Eath courss will he made up of unequul wizeill stones,
dressed perfectly squars and true to whatever size is possilile

* from its dimensions as it comes from the quarry,  Joints will

be as for coursed rubble.

16. Two stones may have their joints immediately over one
another, but the third stone should always overlsp st least 34
inehes. One &fth of the fuce of the wall shonld consist of
through lieaders. All othor stpues shonld he it half honil, or
should ovetlup each other at least one-third the thickness of the
wall.

17. No stone must be laid whose bed is not nt least 11 fimes
its height.

8. For this deseription of masoury see plate VIII. Hiacl
stone will he hammer dressed to the number of sides to which
it wan he most conveniently dressed, and will then be fitted into
the wall s0 thet the joints shall never exceed hnlf an inch
throughout. The vertical jeints of ench conrse mamst break-
joint at lenst 3 inches with those of the conrses above and below
it, and no Fase is on any account to be narrower or shorter thau
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its height. 11 it be of irregular shape is length at vight angles Random
o the fuce of the wall must be nf least 1} times ity haight.,  fommed

10. Random coursed rubble masonry should be supplied (eenti)
with equnl or unequal guoing, snd should be coursed svery 18
inches, one-fifth of the fuve shoulid be through hesders, and no
stone should be lesy in depth than 1} times its height, evary
store being wall fushed in morlsr as deseribed for musonry
under other heads,

20, All stones which nre tot headers slinll linlf bond or over-
lup” with one another, at least one-third the thickuess of the
winll, und the quoins may be éither of equal or anegqual height;
but there must always be fwo queihe fo evers 18 inch pourse.

21, The sones will be laid st rendom withoot hetng lrouglt Randow
up to wny level courses, mach stone will be luiil on its quarry S0
bed, will be bedded in un ample sopply of mortar, and will be
wedgzed or piumed strongly into its position in the wall by spalls
ar pchippings which may show on the face.

22, No fixed rule cau be laid down for sizes of joints, bhut
Ahey must be kept as small ps posgible.  This work is subject to
the sume rules for through or boud stones us specified above for
uther olnsses of rubble masonvy. .

23, Tiver bonlders uud large pabliles woy be used for this
zork of work, ‘efther Inildl fn their natorul forms, or split, and
their fractured surfaces dhown on the face of the work.

4. When walls are built of this material. bands of brick-
work, or musonry of u more regular deseription should, st fixed
verticil intervals, run through the whole thickness of the wall,
to assist in tying it ol together.

25, All the above kinds of masonry can be carried om dry, Dry rubibie,
that is without the use of mortar. This sort of work is in very
general use for breast and retuining walls in Lill roods.

26, In these cases the front batter should never be less than
4+ Theback slope should be about . The coursing will always
be normal to the front face of the wall, and thers will ulways
be a projection or broad footing ut the buse. The top of the
wall must not be less than 2 feet thick. Tn surcharged walls
this thickness must be inerensed 1o 9 feat,

27. Through boud front to back, consisting of a singl®
stone or of several stones puit together, must be given in #VEry
course at every B feet along the face of the wall. Where bond
stones of lengih equal to the thickness of the wall are procur-
able, they are always to he used.
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Dry mibble— 28, In thiskness heyond this limit the through bond will

I given 4s shown in the marginal
sketeh. Clare must be taken that
the spnuners hear normally on the
other stones, s that with the
superinenmbent weight, they may
act truly as hinders.

29, The limit of height for such
walls will depend on the quality
of the stone, and on the space
svailable at the buse, Ilry stong
walls ean be 16 feet in height if
carefully made. Above this height
bands of lime masonsy both vertical and horizontal, 2 feet to
4 foet wide, placed at varying distences aecording to the nalure.
of the soil and weight behind, should be given.

30. The filling immediately beliind the wall shonld vonsist
of stoni refuse and chips. Tortl is oot € be used if it can be
avoided. Suitable arrangements for drainage must be mode.

#1. Stones will be not less than 10 inches long by 6 inches
wide by § inches thiok. The faces are to be roughly squared,
and all interstices are to be flled in with chips, ste., as the work
proceeds;  The backing is to be filled in béhind the pitching a=
the latter procends.

‘32, The stones will be obtamed from the quarries specified
by the Assistant Oommanding Royal Lngineer: they will be
éut and dressed to the exnet size of the deawings, fuces to be
true and sguare. For bed plates, fencing posis, ete., the stone
is ta be chisel dressed : for pillars, etc., the stons, if so ordered,
will be fine tocled.

PorsTixe.

1. When pointing is specified, sll joints are to be raked out
to a depth of 37 before peinting is comnienced.

2. No pointing is fo be begun umtil the wolls have been
passed as Teady for it by the officer in charge,

3. The face of walls to ba pointed must be cleanesd down and
kgpt thoronghly wet for at least 2 days hefordhand. ATl dust
miust be brushed out of the joints after mking out old work.

4. Lime or cement mortar may be nsed.

5, Lime mortar muy be made as specified under that head,
bt should be further gronnd in small hand ** chakis ** until
there wre no lumps or grit in it
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6. Cement mortar will be composed of 1 part cement and 1 ﬂnl-':;?—
part sand, or a3 may be directed. s
7. The mortur will be pluced in the joints, well pressad in, Applytue
and maode smooth and flush with the surfsce of the wall, cure
being taken that it is not allowed
to spread over the masoury,

~ 8. The horizontal jointe will then
wg’mmﬁm be struck back with the trowel slong
the vpper edge as shown in the
pketeli. The verfical joints should
be struck semi-ciroular or V shaped
by weans of an iron tool, 1 invh
digmeter. Fur interior work, which
iz not to be plastered, the jointa
should be finished flush as fhe
masonry proceeds.

The sketel in the margin of the book showing the seetion
of lorizontal joints 2 a  struck weatherad joint ' for use with
brick masonry and is useful in sitnations expesed o beating
rain und with indifferent mortar,

In mawt cases the ondinary
“struck  joint" with the mortur
kardly indemted at all is recom-
~ mended,

s E—— The section of this joint is shown
in the sketeh,

When ordinary stone masonry is
pointed the mortar should simply be
struck off with the trowel and left
=0, showing frankly such irregu-
lurities ns are produced by the cor-
responding  irregularities, of line
and surface of the stones them-
selves, No groove or line to be
made in the mortar;

9. The work will he kepl geoping wet

W thovoughly wet for at Ieast 3 &s;:u

in the case of lime pointing and 10
Garr of rerticol jonrts days in the case of cement pointing.
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1. Walls will be prepared us for pointing. Walls may be
plastered with lime, cement or mud plaster, a< may be prdered.
The plaster may be applied 10 1, 2'or 3 coats, but no single coat
slionld ever exceed L7 in thigkness: Un very rough walls o pre-

liminary cont must be given to Al up hollows before the first

plastering cost is laid on.

2, Before work is sturted patehes of plaster 67 5 6" should
be put on about 10’ apart us guuges: by this means an even
thickness will be obtained., Clement plastering must be in
squares or strips, or eracks will appour if a barge surfiace is done,

4. Lime plaster will consist of mortar mude as specified
under thut bead, or as may be specinlly ordersd. TFirst class
lime plaster will sonsist of 2 coats und @ rendering  coaf.
Ordinary plaster will consist of one or two couts, with o pre-
Liminary coating if necessary ; on brickwork one cont only is
noeessary ms o rule.  With stone or slow alacking limes i is
essential for the lime to be fifely sereened and kept wel, or
bettor sctually under water, ot least 24 howrs hefore plustering
is commenoed, otherwiss hlistors will appesr, The addition of
10 Ths. of gulgal (gum) boiled in water to every 100 cubin fest
of mortar improves the plister. A small quantity of hemp,
cliopped up smull, is often ndded to the mortsr and well mixed
by beating with hammers. Fud limes make the Dbesl plaster
ue any uhsliked nodnles i hydmulio Hme will eause blisters.

4. The mortar will be applied by trowels and will be well
pressed into the jpinis nntil the necessary thickness usually 17,
lias been obtained. It will then be bepten with lomg thin laths
uutil such beating mskes no impression on the surface. T 1%
ia desired to quicken the setting of the mortar, the walls may be
sprinkled during beating with j mixture of 3% seers pur (ooarse
sugar) dissolved in 20 to 30 gallony of water und 2 seers of bhael
friit (wood apple) added <this improves the guality of the
plaster,

5. Eavh cost must be nllowed to sel before the next is
applied und the surface should be left rough and freely scored
over with the edge of a trowel, to give a key for the nexi eoat-

6. The finul surfoce will, when it has become quite firm, hut
befare it has sot, be foated by meaus of o straight edge drawn
bockwards and forwards until quite smooth., Tf nevessary a
sufficient quantity of fine plaster will be thrown eu the wall
during the process. |

« 7. I 50 ordered the surface, when perfectly dry and set, will
be * pendered ** quite smooth by having lime “putty ** spread
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over it with a large trowel and rubbed wotil smooth and even. Lime plaster
A surfuce finished in this way should be so smooth ax to leave —(¢@sth):
no impression of grit when rulibed with the thumb nail,

8. The plaster will be kept wot for i leust § days,

4. Cement plaster will be applied as specified for lime Coment
plaster, The thickness of the plaster and the proportion of Phler
cement to sand will vary with the particular work.  The plaster
is to be applisd within 15 minutes of being mixed and must be
kepl wet far at loast 10 days. The surface is to be polished
smooth by means of polishing stones or trowels: mortar com-
posed of pure cement or 1 cement to 1 sand may be applied
during the process if necessary.

10, Tf larpe surfaces are to be denlt with, such ne racquet
courts, i is advisble to fix vertical woolen sereads to the walla
4" apart and to npply the plaster in altruate seéctions: when the
plaster has thoroughly set the sereads are vemoved snd lie
intermediste layers filled in. Tn the case of small reservoirs it
is best to complete the whole of the internal plaster in pne
operation if possible. Cement plaster may be rendesed witer-
proof by the addition of 8-12 per cent. of lime to the weight of
wcement used.

11. Will be composed of stiff elay, to whioh will be adiled, 3l plastor.
il ordered. an equal bulk of chopped straw or pine needles.  In |
certain cuses it miy be necessary to order the adilition of sand.
Dluek cotton soil will make a good plaster if plenty of sand is
addad,

12. The clay after being excavated will be spread out in the
sun and powdered ; the chopped straw or pine needles will then
be added and thoroughly mcorporated in the dey state with
phowrahs. Water will then be wlded and the whole Teft for 2
days to souk. It will thes he mixed by phowrnhs and trending,
waler being wdded as required nti] the consistenty of =tiff
wortar is obtained. .

13, The pluster will be sprond evenly over the surfuce to the
thickness ondered, nsually ¥ on rofs, 17 to 77 ou walls, and
be Hosted with o straight edge until the surface is perfectly
smooth, trun and level.  Any eracks that open out during dry-
ingr ave to be filled with lignid cowdnng.

14, When the mud plaster has dried it will be leeped, with o Leeping
mixtare of cowdung, elay, and, if necessary, sunid, applied hy
hand on roofs and with trowel and float on wells.

15. The cowdung is to be prepared hy steeping it in water 10
free it from gruss, straw and other impurities; if found neces-
siry, it sliould be pussed through u five sieve 1o exclude seeds.

One eubic foot of finely powdered elay is added to every cubie
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foot of cowdung and the whole mixed in & tub and thoroughly
incarporated.

16. The insides of chimney fiues will be plastered with a
mixture of 3 parts cowdung to 1 part lime mortar.

Warre axp (onovnwasm.

1. The wulls are to be thoroughly cleaned down and freed
from ll foreign mutter, and lonse flakes of old whitewash : any
pitelies of damaged or loose plaster are to be hacked off and
replacsd. T so ordered, the walls will be seraped in order to
remove the old whitewnsh. T{ whitewashed walls nre discolonr-
od hy smaoke, it is advisable to give a wash of a mixture of wood-
ashes and water, before a new coat of whitewash is given.
Whalls shonld be seraped with o special tool made of a flat iron
triangle, 4 inch side, with a handle in the centre: the tool is
worked with a downstroke.

2. The wash will bhe prepared from shell lime, when avail-
able, otherwise from frosh stone lims slaked on the spot.

#. The limne will be ploced in tubs: water will then be add-
ell, mixed and stirred until i attains the consistency of thin
ereams ; it will then be strained through a coarse cloth into
earthen pots or other veceptacles. Gum in the proportion of 4
ounees ty one enbic foot of ime will then beadded and the whols
boiled together. 1f considered necessary, the proportion of
gum may be increased and rice size sdded or used instead of
R

4, The waeh will Le Juid on with u brush, eacli coat congist-
iug of one vertical, followsd by one horizontal stroke: each coat
is to he pllowed to dry hefore the next is applisd. Three couts
will be given for new wark.

5. Will be usually prepared by adding the necessary colonr-
ing matier to ike strained whitewssh., Ouly sufficient wash
for the day’s work will be prepured ench morning,

6. A suitable buff colonrwash for external use may be R
pared in the following way:—

(o) Slake 4 Ibs. of lime with 16 pints of water.

(b) Dissolve 10 pz. of ramm) (brown earth) in 2 pints of
water,

(c) Bail 2 02. gum in 1 pint of water.

{d) Boil 4 oz. rice in 3 pints of water.

Aftar the lime has slaked, strain all the above through a

‘cloth into s non-absorbent tub or dram.



7. A suitable pale green colourwash may be prepared s fol- t

lows 1 —
(a) Slake 4 lbs. of lime in 18 pints of water.
(b} Boil 7 Ibs. of fresh mango burk in 4 pints of water for
2 minutes.
(o) aud (d) ssin paragraph 6.
(¢) Boil 2 lbs. tootya (blue stons) in 1 pints of water.

Adter-the lime hias aluked and the tootys partially cooled,
strain all the above in the order given intoa non-absorbent tub
or drum thoroughly mixing the i i in the meantime:
the lignid should then be sgain strained to remove auy lnmps
that may have formed.

8. Walls will be prepared us specified for whitewash, Walls
that luve previously been colourwashed anotler colour will be
first whitewashed until the original coluur has been obliterated.
T new work the walls will be first given 2 coals of whitewash,
which must be allowad to dry before the colourwash is applied.

9. Colourwnsh will be applied m the ssme Wiy a8 white-
wash. The wash is to be stirred continually during use. To
test white or colourwashing when finished, rab with the fingers.
1 the surfiee iy powdery snd comes away readily, ar if the
general appesrance is streaky, the work should be rejected.

(alonrwash—
soniid lnl-

10. Distempar should be used for internal work. (ool Distemper-

roanlts can be obinined with Shalimar or Hall's distemper or
Muraline. Muraline lins the greatest covering power; Murs-
line and Shalimar ure easier to work than Hall’s. A priming
cont should he used with distempers, if recommended by the
mukers. The priming coat may be of ordinary size, made by
boiling glue in water,

11, On mew walls 2 coats of distemper should be given over
1 coat of priming, on eld walls 1 cout of distemper should be
sufficient. Ggod distemper will not rih off when tested with
the fingers ten days after completion.

12. Distemper should only be applied on thoroughly dry
walls and in dry weether: hard siiff hrushes shonld be used,
Distempered walls should only be washed in dry wenther.

Frogus,

1. The plinth filling will be watered und remmed in 67
luyers until thoroughly oonsolidated ; a sufficient quontity of
earth will then be removed und the surface levelled off to the
height shown in the plans.  Toner flotrs are to be perfectly level
and verandah floars are to be given nn outward alope of 1 in 40,

Minth fillog.
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L]
Plinth flling Old briok from demplitions form an excellent Alling, if properly
—{oond:). rummed.
" Derraced 2. Slionld not be less than 67 thick Tt will consist of lime
flooring. conerete prepared us specified under the bead concrete, pxcept
that the gauge of the aggregute should not exceed 1% inches.
1 0. It will be luid on the Hoor to the thickness specified,
usuully 6 inches, and bw besten with hiesvy rmmmers as used for
: foundutions uutil consolidated. The surfave will be frequently
’ tested and kept perfectly true und evex,

4. A= zoon i tlid mortur Las thoroughly come to the surface,
the ramming is camplete, snd the mortar will be smoothed sud
vendered with the trowel, sprinkling it with water i fecessary,

. Thie surface will then be fairly polished, o litile lime putty heing
used during the operation, but no plaster is on sny acconnt to be
luid over the concrete.

5, Dhiring the process of mouming and polishing, the surliee
will be liberally sprinkled with a mixture consisting of 31 seers
gur (coarse sugnr) wnd 2 eers of bael froit (wood apple) dis-
solyed in 20 to 30 gallans of water,

6. After the surface las been polislied it will bie covered
with Linehes of fine sanl or gruss and kept domp for 21 diys.
Freiok wd 7. This form of Hoor will consist of 1st class brieks; either
Fiks Sosming.  flat or on edge, or of tiles laid on 3% of lime coucrete. Pefors
the concrete iz load, the surfuce helow must be pussed by an
oificer.
8. The lime conerete will be rich in mortar, as the same
amonnt of compression when rimming vannot be obtained as m
fonudation work. It wall be laid as specified nnder **Conereto,”
care being tuken that the surfuce, when completed, is truly level
and uniform aud that auy sopes shown in the drawings hava
bieen ullowed for.  The oonerets bed will be passed by an officer
Twifore any hricks ave i,
8, The brinks hefore use must have been sosked 1m water for
4 hours. They will be Iaid in lime moriar, true and level,
either in parallel rows hreaking joint or in hefring-bone bond,
aud all joints must be troe snd parallel. The joiuts pre not
to exeeed % th inch in thickness, the sides of the bricks being
- rubbed s ueceesary, Care must Be taken that the sides are
worked aguare with the face of the brick, and not tapering
dawnwards (o give u fulde joint on top,
10. The joints will be finished off fush and no mm-tnr must
. be allowed to spread over the bricks, If cement pointing is
; specifigd the joints will be not less thap 1 inch in thickness,
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and will be ruked out while the mortar is still damp and t!m%w@

floor will be puitted a5 specified under pointing. -—{WHH.I.I_I;
11, The floor munst be kept wet for T days after laying, 10

days if cement pointing hos Leen done.
12. This will consist of the best stone locally provurable on m’

rammed earth and 37 lime conorete as specified for hrick floors, © &
18, The flags may be of unequal sizes, but must be Lard,

even, sound and durable. They will not he less thuo 137 0

thickness, never less than 147 wide or grealer in length thao

2}/, For muchine shops and stores, larger and thicker flags are

required, on 47 to 6° of lime conorete.  The flpgs will he dress-

e true and squire, both on the upper surfaces and on the

fures of their edges, to which lotter on no acconnt must o wedge

shipe he given. Flags projecting over the edges of verandulis:

or steps will have their onfer ediges neatly ** nosed,™

14, The flaps will be well sosked in water hefore being laid,
and will be well Dadded in mortar so that the whole slab rests
on mortar: by tapping with a hammer places not properly
bodded cun be detected.  The floor, when Enished, will e kept
wet ag specified for brick floors, No eross joints in wdjpes=nt
courses shull he less than 8% npart, Courses are to he of uniform
widih parallel to the shorfer side of the room.

15. When such #Hloors ure cement pointeld, the stones ashoull
he Laid agalust wood or iron slips of aniform thickoess, so as to
form joints not less than 17 wide, After each row is laid the
slips are removed, and the open joints at once flled in with
Portlund cement mortar 1 to 1, the surface of the pointing
being if anything below the top of the stones. -

6. This type of floor will eonsst of T fugh Lo 11 inoles of Cement zon -
cement ponevele laid on'lime vouerste over rimmed eartly nn'-'-,;";'&”"
spocified for heick flooring. Specinl care must be taken that
the filling under the limo eonerete is wetted and thoroughly
consobidated, ar the whole floor will be linble to crack.

17. In new work the cement conerete must be laid before
the lime conerete has set. The surfuce of the lime conerete
wust be thoroughly elean and must o motstenied before laying
the cement coneréte.

18, The cement poncrete will be prepared as speeified wuder
that heading. The sgorapate will cousist of hard stane broken
and graded from | inch to 1 inch, The best proportion of
cement, sand, if sny, and sgeregate must be determined by ex-
periment : but generally 1 of cement to 2] or 3 of graded
aggregate will be found suitable.
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The following mixture hes bern successfully used at Bom-
Lay:—

1 of metal §" gange: 1 of shingle pes size and smaller: I
sand @ 1 cement,

Al Bareilly 7 of metal, 1 gauge and smaller: 3 of bajri:
4 of cement,

Ai Caleutia cement conerete cnnatats of 1 cubic foot of
cemant to 21 enbic feet of hard stone; not excesding { inch

gauge: {the of the cement is mixed with the stone, while

the remiaining bth is sprinkled ou_after romming, and trowel-
led in.

At Jubalpur, cement cancrete floors were made by firsd
thoronghly consolidating 47 of dry stone metal 117 pauge:
an Hiis was Inid §* of cement eoncrete, consisting of 1 cement
to 3 of sand to 6 of hroken stone 1* gauge, followed by o
similar layer of concrete enmposed of 1 cement to 2 of sand
to 4 of aggregute. A finishing Jayer sbout 1* thiek of cement
plaster; 1 cement to 2 of sand, was then put on: the whole
operation, apart from the ramming of tha dry metal, being
completed in a few minutes.

19, Large areas of cement concrete are linble to crack, due
to contradtion during setting. To prevent this it is advisable
tn divide the floor, either into sirips extending across the
width of the room or into squares or rectangles: the width of
eiach strip, ete., should be from 4 to 8 feet.

20, The edgo of each section into which the floor is divided
should be defined by flal bars of steel or wood, their depth
being the same an that propesed for the finished floor; they
should be whitewashed, in order to prevent their adhering to
the econrcrate. oining sections of the floor should be com-
pleted oo dl&'erenl.]

21. The mme:nt Mumie, which should not be tn-u dry,
will he nsed immedintely it has been mixed and spread even-
Iy, nsing a straight edge to insure this: it will be ot once well
besten with 5 Th. wooden ** thaupies.”

22. Different men must be emiployed for esch of the opera-
finns of mixing, spreading and beating, 20 as to keep them
vontinnous.  As many men should be employed beating us
these is room for: the labour costs little compared to the
cement, and it iz very important that the consolidation should
be carried out quickly. The work is best done departmental-
Iv to ensure careful work.

28. The eonoreie is 1o be beaten until the mortar comes to
the surface, whicl should be in les: than 15 minutea from the
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time of commencing the mixing. It must be remembered thltﬂmaﬂm-
cement sets quickly, and the work is speilt either if the bent- 7 —{oontL).
ing is continued too long or is not sufficiently thorough.
24, When the mortar Lia eoine to the surface, the floor will
be polished with trowels; the men engaged on this sit oy small
beards on the new floor if they vannot reuch the work other-
wise,
25. The joints between the ssctions will be filled in with a
mixture of 1 of cement to 2 of sand, and finished in the same
wuy as the rest of the surface.

26. 1f il is desired to fine polish, when the concrete has set
the surface will he rubbed over with small hard polishing
stones: §f found necessary peat cement can be sprinkled on
sparingly throngh a pepper pot.

27. 14 it is desired to eolour the floor the following materials
will be mixed with every eubic feet of the mortar used for the
fop surface.

Red. One twelfth cubic foot ted oxide of iron powder,
{obtainable from Olpherts Paint Works, Katni): or in certain
cases red earth may be used.

Black.—One sixth cubic foot Manganese dioxide.

Buff.—{ne gixtesnth cubie foot ochre or pils math

08, The surface of the floor will be covered with 2 inches
of grass, sand or sawdust, and kept wet for from 7 to 14 days
according to the state of the weather. If possible the floor
should not be taken into use for a month sfter laying.

290, This will consist of flags of cement concrete moulided Moulds
separatoly and thoroughly seassned, laid on lime concrote [Hefil oo
over rammed sarth es specified for stone flagged flooring. The floce.
fings will be moulded as specified under monlded rumim'r:d Col-
crete. ‘A conveninnt size for the flags is 2'x 1V % 11", M is
essentinl that the lime concrete foundstion nhuuld be care-
fully laid to u true surface so that the glabs may be thorough-

Iy bedded on a thin and even layer of mortar.

30, The proportions of eement, sand and aggregate should
bo decidod by experiment. bul generally the same specifivation
a3 for ement concrete floors laid i situ may be adoptad. The
slabs may sither be of the same composition all through, or
richer in cement in the top layers.

31. Will be laid on lime econcrete and rammed earth as J._.Fh_.,u
specified in pumg‘rﬂ.ph 1.

32. Asphalt i= uwsually imported in hlocks, known as
*“ mastie,”” in which the naturgl asphalt hos been mixed with
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Asphalt floozs sand and bitomen, Val-de-Travers and Sevssel's Asphalt are

the best known brands.
di. The following proportion will be used: —

Asphait (mastie) . . ., ., 32 parts
Bitumen = s - - 1 part.
43

Conrse aliarp sand or fine grit, 26 to 40 per cont. of mastio
by weight. '

34. The sind or grit must be quite free from dust, clean
and dry, It should pass throngh a sieve of 12 meshes but not
throngh one of 18 meshes to the lineal inch

35, To mix the asphalt, first luy in the bottom of a caldron
ahomt § of the bitumen to be used and heat over a wood fire.
When this is dissotved, fll the ealdron one third full with picces
of mastic weighing not more thon & Ihs, esch. As the mastic
softens and melts it must be well stivred and more pieces added,
until the ealdron is nearly full, adding } of the bitumen
grodually. When the whole is ‘well melted and thoroughly
stirred, the sand or grit will be added gradually and the whole
stireed until the grit is well incorporated with the mastic: the
rest of the hitumen (1) will thén be added. 'The mixtiire is
ready for use when small jets of stenm are being given off and
whien it will fall freely from the stivrer. None of the composi-
tion should adhere to o elean cold iron rod when dipped into it.

A, Striet supervision is required in mixing to prevent teo
lavge # proportion of the hitumen being added. Workuen are
tempted to do this as the ssphiall when so mixed is laid with
grenter sase than when the proper proportions sre nsed. In
hot elimates the smullest possible quantity of bitnmen which
wil] ennble the men to work the materin] will be ndded.

37, When the preparation is ready for wse, the hoiling
mixture ia to be taken from the ealdron with an fron ladie
and lnid on in rectangles 3' = 2' hatween wooden gauges, ond
sprenil evenly with o ot trowel to the requikite thickness. After

_ ang pigce is spread, the surface is fo be sprinkled with clean

sund und robbed smooih with a hard wood rubber, The
ganges are then to be removed and the process continmed.

8. Beforp o fresh pisce of asphalt is spread, the sdge of the
spread asphslt is to be melied by passitg @ red hot iron over
it, to make the conmection between the two pieoss perfect.
Should there bo o defect in any point, live charvoa]l should™be
plooed on the part to soften the asphalt, and if necessary fresh
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asphalt added, and the part rubbed smooth with a hof trowel Asphalé fisors
or hard wood rubber. - ] i
39. A ton of pure Val-de-Travers' asphalt with 30 per cent.
of fine grit will cover the following areas in superficial yards—
1" thick, 40 yards; §* thick, 30 yards; 1* thick, 20 yards; 13
thick, 17 yards; 147 thick, 15 yards. Work thicker thau 17
must be laid in two coats, the first coat being allowed to set
before the second is added. When two coats are required, each
cout should be laid in strips 3 £t. wide, the second coat breaking
joint with the first, _
4. The floor boards will rest on joists usnally 15 inches Wood foors.
apart, which in the ease of ground floars will be fixed on dward
walls of masonry or on pillars on 2 foundation of 3 lims con-
crele oin rammed earth.  Free ventilation under the floor must
be provided.
41. The floor beards will be of teak, or as otherwise speci-
fied, wall sensoned, and free from knots or shakes and other
imperfections. They will usually be from 1} to 13* thick,
from 4" o 6" wide, and & to 12/ long..
42. The boards will be dressed and planed squard and true,
with the sides and ends parallel. They will be lsid parallel to
the long walls of room. The ends will always rest on a joist,
and will hreak joint.
43. Their edges will be jointed ns specified in one of the
tollowing ways:—
(a) shot, (b) rebated, (o) rebated and filleted, or (d), (¢}
secrel joints may be given.

'ﬂ- & & A
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44. Serews or nails, as specified, will be given, two at sach
end, and one at every intermadiate joist alternately on opposite
gides of the plank.

The planks are to be forced together with a carpenter’s
eramps of wedges. The eramp will not be removed until the
sorews or nails have been fixed.

45. After it lus been laid the floor will be planed, and made
perfectly true and smooth. Tor high class work nail holes will
be filled with *' Besumontage ™ (see paragraph 48); or round

D
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Wood losrs  Woord plug-:n cut plankwise may be used over screws ua in ships'

—{contd.}.

Basumont.
B,

i}

Barn foor

decks. But usually the best plan for s first elass floor is to
adopt joint & ore (see paragraph 43). .

46, ** Beaumontage '* or stopping ont wax is an exeesding-
Iy useful preparation for concealing all defects in floors and
woodwork penerally. Tt ean be made as follows: —Put » cup-
ful of common shellae in sn iran pot, add a teaspoonful of
powilerad resin, a piece of beeswax the size of half a walnut,
and # teaspoonful of powdered lemon chrome or other colour-
ing watter. Heat until the whole is melted, and stir with a
stick to mix properly. The mixture ean be made into sticks
by rolling between boards while still plastic.

Tt can be used either in sticks, in which ease it is applied
with the nid of 4 hot ivon as if it were solder, or it may be kept
only just melted in o lndle and applied Tqnid with a hel spoon.
In sither case; except where the defocts have well defined sdges,
it 14 advisahle to make o few holes with 4 bradawl $o nasist in
holding the stopping in place. oo much heat in malting will
spoil the wax. When guite havd, elean off smooth with =
sharp chisel or pline, snd finish with glass paper. The wax
will not take staing so it must be coloured to suit the finished
work.

47. The earth used must be n loam or clay, sandy soil or
ordinary mould being unsuitable. TIf the earth is fresh and
damp no water will be used ; otherwise a liftle water is to bhe
sprinkled on with the hand. The less woter used, the better
will the floor be.

The sarth will be thoroughly consolidated in 6" luyers until

vory litile mark can be made on it with the heel of a boot.

Gravel or moorum will e econsolidated in the same way bul
witer should be freely used.
48. In the case of renowals the whole of the old earth will
he dug np and removed, before any new earth is pui down.
49, A better type of Soor is made by finishing with a 310 8
inch laver of earth mixed with lime as follows: —

The cloy or other suitable soil will be finely powdered and
mixed with lime in the proportion of 5 Iha, lime to 1 enbio foot
of earth. \

Water will be added in sufficient quantity to make a thick
paste. The mixture will he Inid to the required depth and
beaten. Tt will be kept moist until the lime has sef, This
class of finor smcceeds only with certain natures of soil, the
suitability of which must be determined by experiment.
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50, Stone snd concrete findrs can be prevented from becom- Prevention
ing dusty by well rubbing in s mixture of uuboiled lingeed oil *f ***
and beeswax; after the floor has thoroughly set, but before it is
taken into use.

Wooowonrr.

1. The timber will be of teak, sal, deodar, kail or other Gensml
sound wand loeally procurable as specified. o

Tt must he thoronghly seasoned, free from sapwood, shakes,
cracks, large knots, or serious defecls of any kind.

2. The Iraning or timbers will be dressed and planed to the
faull dimensions shown on the drawings. Tmseen timber will
not he wronght,

J. All mortice and tenon joints must fit fully and troly, Joiste
without wedging or filling. Joints should be as simple g8 pos-
sible, and the bearing surface exposed to view, if possible; to
ensire correct fit and good workmanship. This does not apply
to high class doors and furniture, in which the end of the tenon
shiould not show, TFramed joints will always be coated with
white lead before the frames are pul together. Joints of planks
in battened doors will not be coated with glus or white Jead.

4. In constructing trusses a full sized drawing of the truas Tross
is first to be made on a level platform, from which templates of
all tenoms, mortises and scarfs, ete., ave to be made as a guide
to ensure all the trusses being of the same size.

5. No woodwork is fo be placed in position in a building, or m
painted until passed by an officer. A steel hammer with R eut ;
on one side gnd /A on the other is useful for marking timber
that has been rejected or passed.

6. Timber buried in the ground should be charred and well Painting, ete.
conted with solignum or tarred. Woodwork exposed to the
wenther should be painted or treated with solignum, if the wood
i semnsomed, otherwise it should be allowed to remain until
sensoned, as eoating it will do more harm than good by confin-
ing the nainrsl juwices of the wood, and fhus hasten ils decay,
7. The ends of all beamy, ste., which are to be embeddod in
walls, aud the sides of timbers which are to abul against
walls are to be treated with solignum,

8, Where the end of a beam or any woodwork is buried in
musonry or hrickwork, an air space of ] inch is to beelaft at the
end, sides und top. No woodwork of any kind will be laid
within 2 #t. of a fireplace or flue.

ng
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9. The exposed edges of beams, purlins, and rafters; are
best finished with a small bead for the sake of appearance.

10. The contract rates will inslude all lifting and fixing in
position of timber, with the cost of all necessary scaffelding,
ladders, tackle, unils, spikes, etc., that may be required for the
propar execution of the work; also the cost of the fitting of ull
iran work.

11. All earpenter’s work in poaition will be paid for by net
measurements, 1o allowance being made for wastsge nor for
dimenxions supplied beyond these ordered.

Dogrx axn Wmpows.

1. Drawings of several fypes of doors are given in Plates
XXXIXXXIIL

Doots will be battensd, framed und battened, panelled, o2
pimelled snd glased us specified.

Doors for puthunsss or unimpértant buildings may be con-
structed of corrngated or plain G. T chesting.

2. Tuternsl doors should not be less than 2/ 0" wide by & 6
high. Doors of greater width than 33 feet will generally be
made in two leaves,

9 (lowkats will be of wood, reinforced concrete or angle
steel, as specified. For ordinary doors and windows the chow-
kats shonld not weunlly exceed 4% %37 in acction, and may he
even lighter in ceriain cases.

Single hung doors require no rebate sl floor level, bul the
sill may be raised half
au inch or so, as in the
sketeh, 0 allow of the
door clearing matting
or carpely, while ex-
pluding draughts.

A guitnble arrange-
ment for donble hung
doors is shown in the
skotoll opposite,

4. Clereilory  win-
dows should he  pivet-
ted and many be &0
balanced ns to close by
yravity : one Tope can then generally be dispensad with.

" 5. Joinery will be of the best wood obiainable of the kind
specified. The planks should be cut from the log some months

before being used.

(@ may be omitted ond b mode 1)
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8. The styles, rails, panels, sach binrs, ete., are fo be necu-
rately out and fitted to the dimensions given in the drawings.
The width of rails for doors will not be less tham 43", and for
windows up to 3" wide not less than 3}7. Where mortice Jocks

“are used, the look rail will be not less than 8" wide, to allow
room for the lock between the tenons.

7. 'The tenons of all rails are to pass right through the style
with & thickness of not less than § of the style. This does not
apply to really Ligh elass doors (see Woodwork, paragraph 8).

8. PBefore being put together all joints will receive u prim-
itlg comb. .

0. Sash bars will vsuslly not be less than 137 wide, the
yebates therein to be 2 wide and 3" deep.  Sash bars are to be
properly jointed and pinned to the frames, halved into each
other, glued with English glue;, and no naoils or sorews used. « .

10, All fittings such us handles, bolts, sto., must be strong Fitting,
and well sequred. Stout ring handles are fo be preferred to
knob handles, which latter should be cast or filled in solid, to
prevent their being indented.

11. Al doors will be provided with three iron Dt hinges Hinges.
of suitable size to esch leaf unless otherwise specified. For
-wire gauze doors spring hinges are genemlly required, but in
some cases self-olosing 15 better obtained by wesns of a weighted.
eord and palley.

12. Tron rim locks will be used for all ordinary barrack pur- Looks
poses where locks are réquired, but in barrack rooms o hasp and
staple earrying a padlock ie gmerally sufficient. The length
of locks should he specified in inches, also whether right or left
kand are required, a right handed lock being ane which 1s fixed
on the right hand side of a door. TIn forfified places, arsenals,
or Government factories, the locks should be in series on the
master key prineiple, with duplicats keys and Iabels.

13. Eeya shonld have solid hows; ring keys with an open Keya,
how, shonld be filled in with brass before issue. The bow should
he engraved or stamped with 3. W. on one side, and with the
namher of building or room on the other.

14. BEach door or window will nsually be furnished with one Tower balts,
or more hest iron tower bolts per flap. Their length, which "
must be specified in inches, should not usually exceed 12 inches,
but the upper bolt must be of suech a length as to be within
easy reach of a man standing on the foor,

The staple must nlways be fized with two sorews on each
side. Screws used for seenring bolis and exposed fittings must
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Tower balte, he either round-headed or else must be countersunk with their
“Sbo—{@mbl). fueqdy flush in the fitling.
15. For out-pffices, and where otherwise specified, the Nor-
folk thumb latch, large, middling, or small, will be used,
Tn loose boxes of stables, horse infirmaries and looalities in

which projections are inadmissible. flush latches will be nsed.

Clating. 16. The glass will he sheet glass, free from flaws, specks or
hublles. Stabdird sizes of panes should beé used whese pos
sible, .

For officers quarters 21 oz. seconde, and for other buildings
15 ox. thirds wilkhe used unless otherwise specified.

17. The distance hetwein rebutes should be slightly larger
than the size of panes, sinee the glass must nowhere fouch the
woodwork of the frame, otherwisg any jar to the frame would

« be liable to crack it.

18. The whaole sagh har, hut especially the rehate which is
to recaive the putty, will first be well primead, to prevest the
wood drawing the oil out of the putty, 4

19, The baok putty is then drawn slong the inner edge of
the rebates for the glass fo bed ou: the pane is put in posi-
tinn, well hedded all round on the back putty, and secured in
the rebates by four or more brads snd by front putiy, sloping
from the inner to the outer edge of the rebate. Cure should be
taken to keep the putty a little within the nner edge of the
tobate, #0 thal none of it mas show through the gines froin the
inside. Putiy should always be put on with a proper putty
knife.

20). Both the front and back putty (where exposed) should
tlien be covered with u coat of paint, to protect it from the air,
or it will shrink and get loose as the oil dries out of it.

21, In reputiying punes of glass, all the old plitt}' is to be
carefally removed and replaced by new. The rebates are to be

' thoroughly clesned and moistened with taw linseed oil before
‘being repuitied.

22. The glass both in new work and in veploving broken
paties is to be thoronghly eleaned before the work is accepted
s finislied. ‘

Putty. Eﬂ.Puttgwﬂlhcmndaﬁu_ﬁﬂlnﬂ- Take 1 seer finsly
d whiting, 1 ehittack white lead (dry), 8 chittacks raw
Ainseed oil, 2 tolss litharge, mix well together and heut with &
wooden mallet until thoroughls incorporated. 1f the putty
becomes hard it can be restorad by heating it and working it up
again whils hot.
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24. For window sills, parapet copings, etc., a gensral use of Putty==
this type of detail is recommended : — (conbl.).

A\

Sf——" —8rickan :
[TTITITT] sledai e 7
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SECTION

ELEVATION

viz., u brick on edge coping surmounting a tile “ereasing,’
the whols oceupying exactly the height of two ordinary courses
of brick-work. The coping to be set flush with the general
wall face and the creasing to have not more than ons inch pro-
jection.

For the creasing, tiles § inch thick can be used in two layers
hreaking joint or a single course of tiles about 1} inch thick-
ness,

[egswonrK.

1. Al wrought iron or steel articles are to be manufactured Gegeral.
from iron equal in quality to best Staffordshire, or from miid
steal, and are to be approved by an officer before being fixed.

They are to be forged elean from the anvil, and neatly, soundly
and properly finished. For any speciul work a special specifica-
tion must always be given.

2. All edges must be filed square when directed. All bolt
and rivet hioles may be punched, unless drilling is specified.

8. All bolts and nuts must be to Whitworth standard, both Bolws snd
as regarids threals and sizes of heads and nuta. The heads and ™™
nuts are to be hexaponal unless otherwise specified. All bolts
must be screwed for o length of three diametors. The serews
of all bolts should show & full thread above the unt when the
Iatter has been sorewed up tight, any length beyond this heing
cut off as required. Machine mads bolts and nuts should
usually be specified.

4. Al rivets must fit folly and troly; the holes made for fives
them must be of the sizes and in the positions shown on the
drawings; and if the rivets shoke at all from the blow of n
hammer they must be cut out and replaced. To test rivets
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place o fnger on tne rivet and tap with & hammer on the oppo-
sité side.

8. All castings must be clean and sound and entirely free
from airkoles or defects of auy kind. They must not he painted
till passed by an officer,

6. Straps, holts, and other fronwork will be thoroughly
cleaned from rust, and dipped in bailing linseed oil hefore being
fixed in the work.. Unseen renwork auch as lold-fasts, trusses
hidden by eeilings, ete., will be tarred.

7. All fronwork will he tendered for and paid for hy the
owt, and nat by the mannd.

Parmvmosg.

1. All exposed woodwork will be painted, unless otherwise
directed and interior moodwork will he painted, ofled or
varnished.

All woodwork must be properly seasoned and free from mois-
ture in its pores hefore the application of puint, oil or varnish,
or dry rot may be eawsed. Painting should as far ss possible
only be carried out in dry weather.

2. Painting 1s best done deparimentally or by piece work,
and in all cases it is essentinl that all materials should be
supplied and mixed departmentally, and precsutions taken to
prevent the nddition of chesp bazer vils to the paint. The pre-

‘anrvative quality of paint depends on the tonghness and imper-

meability of the skin formed by the hoiled linseéd pil in com-
bination with pigments, Everything added to this, such as
driers, turpentine, inferior pigments, ete., tends to weaken the
paint and reduce its life. 1t is therefore important that none
but the best boiled linzeed oil and the soundest pigmenis should
be used ‘and that no more driers, turpentine, ete., be ndiled
than is found to be absolutely necessary.

3. The paint used will he the best Silieate paint obtained,
through the Indin Office, or Bhalimar paints obtained from the
Shalimar Paint and Varnish Company, Caleutta. The paint
should be ordered ground in oil: Shalimar Paint may be
obtained ready mived.

4. "The best quality of boiled linseed oil, known as pale hoils
ed oil, will he used, Tt can be obtained of local mannfacture
and good quality from Ghorepore and elsewhere,

8. A proportion of raw linsesd oil will he used for white
paint and may be used for other light colours in interior work.
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6. The proportions in which the paint should he mised Mixing.
depends on the nature of the pigments, elimate and other con-
siderations. The following is given as a guide, but the correcl
mixture should be determized by experiment in each station : —

e Iuf el [ Qi poat.
Silieats Paint - ; i ! o | T b Tl
Hided Tiwswod ml - i . . . | B} pints . | &} pints,
Ditfees . . : . - o i . - | b
Turpention . ; y - . | 1§ pints. |

The oil and turpentine will be first mixed, and added to the
groand pigment, mizing well until the paint flows freely from
the brush. The driers will be added just before uming. In
finishing coate, if a specially good surface is required, 4nd to
th of the thinning may be of copal varnish instead of oil.

7. Before applying the puint the woodwork must bep
thoroughly ¢leaned. all projections removed, knots or linles ot woodwork.
covered or filled in with a preparation of red lead and glue size
laid on hot, ealled knotting. The knots in resinons woods such
as depdar should ba painted over with hot lime. After 24 hours
the Hme is scraped off and the knots painted with red and white
lead and linseed ol

R, This will be of red lead, or of red and white lead mixed puming coat.
in boiled linseed oil only (Tibs. red lead to 4 pints boiled hin-
seed 0il). When dry, all eracks or holes are to be filled np with
putty and the whole snrfaee rubbed down with pumice stone
or ssndpaper and well dusted.

. The second coat will be of any desired colour, mized 88 g woat
dirécted, and will be Iaid on in the same manner as the priming
coat. When dry.the surface will be rubbed down with pumice
or glass paper.

10. The third coat will be applied in the same manner s Third cost.
the preceding omes, greater care being necessary to prevent
brush marks being visible on its completion. Tt should be o}
a slightly different tint to the previous coat, -

11. The paint will be applied with brushes and spread as
evenly nnd ns smoothly as possible. To effect this, as soon ns
the whole or s convenient quantity is covared, the brush should
be passed over it in i direction confrary to that in which it is
finally to be laid off; this is called crossing. After crossing,
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Third coat— it should lue luid off softly and carefully in a direction cou-

(conid.).

o

Varnishipg,

trary to the crossing, bui with the grain of the wood, taking
gare that none of the crossed brush marks be left visible.

The eriterion of good workmauship is that the paint be Inid
avenly, snd the brush marks be noi observed. Il laying off
the brush should be Inid into that portion of the work already
done, =0 that the joining may not be perceived.

12, Every cont should be perfectly dry and passed by the
Officer in chatee of the work, and all dusl carvefully vemoved,
biefore the sucereding one 1s laid over it.

13, The paint must not be allowed to setile in the eans; to
prevent this each painter will have in his tin can a small
smooth stick, with which he must be muds to stir up the paint
sccasionally. Tf it has to be laid on oue side for a time in an
open vessal, it should be covered with water to prevent oxidisa-
tion and drying,

14. The old paint will be carefully examined. Tf firm and
sound, it will ba well Tnbbed down with pumice stone, greasy
places being rubbed with turpentine. 1t will then be given
one renewal coat.

If decayed, or nnsightly from the sccumulation of many
old coats, it will be entirely removed and two or more new
coats, with or without n fresh priming cost, as examination
indicates, will hé given as for new work.

The old paint will be burnt off with air pressure flare lamps,
or remioved with Shalimar or other suitoble Puint Tlemover.

15. The surface of the wond having besn thoroughly
eleaned, stopped and sandpapered over, one or more coats of
glus size will be given. Thiz will be made of selectod clear
glup of consistency to run freely in a hrush when hot. When
dry; & cont of copal, oak or wainsestting varuish will be given,
followed by u second cont if necessary,

The hard drying copak or cak varnishes are suitable for in-
teriors nnd furniture and the hesvier oil varieties of copal
varnish where protection from the weather is sought.

, 16. Earth oiling consists in the application of crude earth
oil or petroleum, warmed till 1t flows freely from u brush, to
the surface of the woodwork.

In the rase of Shingle roofs, a proportion of oxide of iron
should he added to the ¢il to colour the shingle 1ed.

Where employed as a préservative on teak houses, 6s in
Burma, an annnal cost is required both on roofs and exposed
wulls, In India a cont applied every third year or so on un-
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painted timber, us in verandah roofs, efc., preserves the work lﬂ‘fﬂ-‘ﬁr
to some extent from insect attacks and the weather, whilst the ' '
woodwork assumies & peal varnished appearance in time.

17. The plaster must ba earefully lnid, and its surface frep Paintiog
#rom uir bubbles or flaws eaused by the blowing of the lime. ™"

1t is essential that both the plaster and the wall be perfeatly
dry before the paiuting i8 commenced.

18, The plister will either be primed with glue size to pre-
veut absorption, and then four couta of ordinary paint apphid,
or it muy be primed with two or three coats of bailed limseed
oil, which, when dry, is covered with a thin cost of weak size
tinged with red lead to stop all absorption and give the work
o uniform pppesrance; it is then finished off with two coals
of ail paint,

19. All ironwork should have the surface protecied from Painting
rust before the work leaves the Assistant Commanding Royal ioswos
Engineer's workshop, for when oncs the metal begins to oxidise
the process is most difficult to arrest. Paint or other protecting
coat will peal off if applied to a surface contuining uny parficles
of rust, Whenever possible the metal, while siill black hot,
will e immersed in a trough of the best boiled linssed oil.

20. H the metal hoe heen allowed to grow cold before cont-
ing, it must ba tharoughly cleatied from rust and dirt by scrap-
ing or brushing with stee] wire brushes and kerosine oil, and,
when dry, coated with best hoiled linseed ol

21, Ironwork such as door holdfasts, emmps, straps, ele.,
will be coal-tarred, the tar being mixed in the proportion of 4
parts tar to 1 part kerosine oil heated together and applied hot,

22 If it is considerad desirable to paint the ronwork, red
lead paint should be nsed for important structural iron or steel
work., This will be mixed in the following proportions: —

Bodileed . . o o . 100 Ibs. (see below) °
Y White zinc . . ; . - 20

Raw linseed oil . . . b gallons,

Turpentive . .« + « « 3{ pints

For 8 cout work, 60 Ibs. red lead for the first coat, 80 ll:.s.
for the second and 100 Ybs, for the third to be weed.

23. For miimportant ironwork, or for roofs, red oxide of
jron paint will be used. This is obtainable of local manu-
facture from Olphert’s Paint Works, Katni, In mixing ita
small quantity of turpentine is necessary.

22967
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a2 TILE BURNING.

Tree Brexing,

L. The construction of the Bialkot pattern kiln for burn-
ing tiles is shown in plate 11,

2. On the brick flooring is packed a layer of semi-hexagonal
tiles on end, placed one with its neck, the other with its broad
end downwards alternately, and the spaces at the sides of the
kiln are packed with semi-exlindrieal tiles.

The succeeding four layers are of fat tiles on edge, placed
in gquares of eight, alternate squarés ot right angles to ench
other. Odd spaces sre filled with semi-cylindrion] tiles.

Over the 5th laver a course ol kotcha bricks laid flat are
placed, with small ehimneys of sheet iron 157 long by 47
diameter, '

Over the bricks a layer of charcoal 8 deep; s as to bumn
the upper portion of the bricks. Success depends largely on
careful loading.

3. Sufficient fuel must be at hand to burn the kiln com-
pletoly, for this from 150 fo 200 maumds of wood are requirad.
This shonld be in pieces 3" to 6" diameter nol exoeeding 5/
in length.

Fires nre kindled in a1l 7 fire holes simultaneonsly and gre
kept at the mouths of the kiln for 16 hours; and are graduslly
fed till the tiles and the interior of the kiln are thoroughly
dried. This is indicated by the smoke from the kiln turning
from a dark to a very Light eolour,

The fites are then pushed to the far end of the kiln, and a
brisk fire kept up for three hours. During this siage the char-
eoal at the top catches fire, and as it does so it is stopped down
with damp elay. The fires are now gradually slowed down for
6 hours,

Then another brizk firing for 3 hours, this sequence being

followed all through the firing operations. The total length

of time taken in firing will ha 72 hours.
After the firing is comploted and the kiln left t0 cool, the

feed holes should be blocked up with bricks, and the c]l.lmnm
closed.

4. For use with conl fuel fire bars are required. Thess may
be of flat steel bars, 1}¥ x }¥, supported on steel angles,

The amount of conl required is sbout 60 owf.

B. This type of kiln has heen used successtully at Bareilly.
The tiles there are stacked in 7 tiers; the brick flooring in
omitted, and the tiles stacked directly on the fire. The flat
tiles are also stacked in rows and not as described above.
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BooriNe.

1. The tiles will be thoroughly well hurnt Mangalore tiles, Mangalors
gound, of & uniform celour, giving o elear ring when struck, Ties
dnd free from fwists or aoy other defect.

9. They will be luid square and properly fitting, with the
eatches resting fully on battens, nailed to the upper surface of
the rafters and ot right angles to their direction, Care must®
be taken that each eourse is laid perfectly parallel to the rafters.

Thie spacing of the battens varies for different makes of tiles.
For Basel Mission tiles the spacing is 124" ; for Cawnpore pat-
tern tiles 1337 eentre to centre.

The lowest or esves batten will be of exira depth (3) to
nisnke the slope even and continuous from ridge to caves,

3. The ridge and hip tiles will be set in lime mortar; the
eavns tiles will be surewed to the eaves batten except when
bedded in masonty. Tiles at gable ends must be similarly
fixed to the battens.

Special ventilating tiles sre obtainable for use either on
glopes or in ridges. '

4. Bingle Mangalore tling is not sbsolutely water tight in
very heavy or driving rain, Where such is anficipated, the
tiles may be [aid on Corrugated Trom = specified in
18, efe., or & ceiling mny be given, Special ceiling tiles for
use with Mungalore tiles are obtainabils from the Busel Mission
aud alsewhere.

#. The tiling will be single or double as specified. Allabatmd

"6, Doble tiling will consist of o layer of flat tiles laid on &
battens, The side joints of every two adjacent fiat tiles will be
coverad by semi-hesagonal tiles. Over these semi-hesagonal
tiles will ba laid another lsyer of fut tiles, the adjscent edges
of avery two of the latter being covered by a semi-cylindrical
tile:

7. Single tiling will consist of o layer of fist tiles as for the
lower layer of double tiling, the edges of every two adjacent
tiles being coversd with a semi-oylindrical tile,

B. All tiles must be thoroughly well burnt, sound, of
uniform colour, free from twists o other defects. Thes must
be of a dark red oolour and ring elearly when struck,

9. All files must fit closely and well, the moulded niche ut
the lower end of each flut tile fitling completely into the head
of the tile next below it, nod the buttons ut the upper end
must have a firnt hold on the wooden battens placed at 1’ inter-
vals to receive them,
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Each semi-hexagonal must it exactly in its position, both
on the Hat tiles under it, and also into the bed specially formed
in the upper part of the next semi-hexagonal fo receive it.

10. The upper lnyer of flat tiles must be exactly the-thiek-
ness of the ssmi-hexagonals, They will then exactly overlap
ench other by 3 inches, and yet fit in the position made for them
on the semi-hexngonal tiles, the lower buitons taking the lugs
moulded on the sides of the semi-hexagons (o vecoive them,

11. Over this upper layer of flat tiles und covering the two
adjacent edges of every row will be laid a row of semi-cylindri-
oal tiles, which again must fit exactly on the flat tiles, the
ghoulder of the niche eut out of each coming in clese con-
tract wilh the lower edge of the flat tile wnder it, and the but-
tons lowards the lower end will lie exactly on the upper edge
of the semi-cylindrical tile next beneath it. The three lowest
tiles in each luyer will be set in lime mortar.

12. Specinlly manufactured tiles will be used for ridges and
hips, which will be set in lime mortar. Tiles to be set in lime .
mortar will be soaked in water for 4 hours hefore laying, and
kept well watered for five days Lfter laving. Speciul ventilat-
g rides tiles are also often used.

13. The ends of esch row of semi-hexagonsl and semi-
eylindrical tiles will be filled up with lime mortar and in the
case of douhle tiling the space between the two rows of flat tiles
will also be so filled. Special eaves tiles with closed ends may
also be specially manufactnred.

14. A wood rasp may be used for making the tiles fit elpse-
ly: but any tile which cannot be made to fit without injury
from rasping must be rejectad.

When the roof iz completed all the lines of the tiling must
be perfectly eveu and straight. This will best be observed by
noticing the disganal lines made on the roof by the euds of the
smmi-oylindrieal tiles,

15, Full details of the manufacture of ull thess tiles will be
found in “ Roorkee Professional Papers' Volume ITI, 2nd
Series, page 146, by Major G. P. deP. Fuleonnet, R.E,

16, Tiles will be the best wheel tiles, woll burnt from gooil
tempered clay, free from crocks and flaws; they shonld average
10" long by 4" broad ot one end tapering to 37 at the other,

17. They will be laid =single or double as specified by the
Officer in charge af right angles to the ridge, fitting clogely inta
one another. A 47 lap will be given, and great care is to be
taken that the upper tiles are tightly locked.

Ridges, eaves and hips will be set in lime mortar.
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18, The corrugated iran will be laid as specified for onr-¥ﬁnn.§lhr
. 3 = ; aver
. rugated galvanised iron roofing. C 6L
19, Battens will be secured to the corrngated irot by means mofiag.
of 2% palvanised bolts spaced

at about 287 centres, the heads

heing countersunk, aswin the

sketeh, to udmit of the tiles

resting on the hattens.  Galva-

nised iron screwe may also be

usedl,

90). The files are lnid on the battens as specified for Man-
galore tiling.

1. Country tiles will be luid directly on the corrugated Conntry tilss
jrom, @ batten being fixed at the eaves o prevent the tiles )T TTRER"
alipping.

09 The corrngated iron will be of the gauge specified.  The Cormgsted
surface of (he sheeis must be clean and bright and free from m
rnst. Aty sheets showing a white powdery deposit should be
* rejected.

93. The sheets will be laid on horizontal purlins. There
shienld usually be one at each end and one in the middle of each
shoet.
- 24. Tach sheet will be laid with o lap of 6 inches in its
yili. The side laps will extend over two corrugations, and
will be turned away from the rainy quarter.

25. The sheets may either be rivetted, or jointed by means
of Price’s limpet washers.

95, When the sheets nre to be rivetted, they shonld be made
wip on the ground in sets, gonerally thres cheets in length, and
thres ar four in breadth,

27. The sheets should be placed on trestles about 27 high,
so0.a8 to allow men to work underneath.

The rivet holes will be drilled or punched from helow np-
-wards so that the arris may be ot the top.

" All holes will be in the ridges and never in the gutiers of
‘the corrigitions,

Tlhe tools miust be very sharp so that there may be no tear-
ing of the shest, and the holes must be clean punched out.

Fach sheet will he rivetted at the corners and at least onee in
its breadth, and rivets will be spaced evenly at from 1 to 27 feet
intervals nlong its length. At the corners, where the rivets
have to go throngh four sheets, it is better to drill the holes.

28, The rivets will be of galvanised iron, and will be passed
through from below, and held up firmly by a bolster resting on
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Cormugated g block of wood placed on the ground. A leaden washer fitting

iron mefing  tightito the shank of the rivet and extending 1 inch all round

—f{eowtd)-.  beyond the edge of the hols will be put on, and the rivet head
will be made over it with a light hammer, and finished off with
4 eapping tool. Girest cure must be taken that the sheet is wall
supporfed undernesth, snd that no indentstion be made on
the npper surface of the eorrugation.

2. The sets will then he hoisted on to the roof and will
there be rivetled together in the manner already described.

30. The sheets will be secured to the timbering by means of
galvanised screws, clips or hooked bolts passing through the
ghests and ronnd he timber. Each sheet will be held down to
the purlins by two or more screws or §” holts. Bolts or screws

will always be placed at corners where four sheets overlap each
other,

Excellent roundod iron elips with Tittle bolts and washers
are now provided by all makers for fixing the sheeting to stesl
purlins, and their use is recommended. All clips, bolis, or .
hooks must be galvanised.

d1. The bolt holes must he alightly larger than the dia-
meter of the bolt, so as to sllow of contraetion and expansion
of the mass of the roof covering. These holes will be covered
by & limpet or leaden washer fitting tight to the shank of the
baolt, and extending ¢ an inch all round beyond the hole.

42, All rivets, holis, ele,, will be set in white lead.

33. Limpet washers make good and impervious joints and
skilled Iabour is not required s in the case of rivelting. These
washers when screwed down adapt themselves exactly to the
curve of the corrapation and need not be set in white lend,
Pateut bolts to suit the peculinr shapa of the wanshers are made
and should be used with thom.

4. The ridges and hips will be coversd by plain galvanised
iron sheeting, which will be rivetted or fastensd with limpet
washers to the corrugated iron. This shesting will be Iaid in
lengths with an overlup of at least § inches, the joints heing set
in white lead.

The sheeting should not be built inta fhe gable end parapet
walls, Thelong edge should be well bent up, nnd & drip eourse,
built into the parapet, should cover the end by at least 9 inches,

#5. When galvanised iron 3= loid on deodar framing, steps
must be taken to prevent the deodar touching the galvanised
iron, otherwise the galvanising will be destroved by rhemiesl
action. L
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30, In windy or exposed situstions it is necessary to fasten Cormmated
down the sheetz at the eaves and gables by continuous ]sng-th-f’m'l roafing
of steel flat ahout 2% x 1" balied down to the manonry at about —{contl)
4 intepvals. These bolts should not be less than 1L feet in
length, with 6 squars plutus embedded in the masonry.

37. The toof covering will consist of plain or mgnleﬂ Nainl Tal
galvamised iron sheets, 24 8, W. G. or as muy be speeified, Mns-

38. The sheeting will be luid on planking of chir, dendar
or vther wood of the thinkness specified. The planks in barrack
rooms will touch ench other luterally, and in eubeidiary build-
ings be spaced at intervals, squal to their breadth. The plank-
ing will be secured to the rafters by 8 inch serews, spaced as
may be directed.

If corrnguted iron sheeting be used it may be luid on pur-
ling spaced as directed in parograph 23.

39. The battens B {see Plata XX, Fipg. 2), 2% x 11*, will he

- secured to the planks by serews 3 long and 3 fut apart, driven
from below. The ends of the battens at the eaves will be
rivetied through to the planking with in iron rivet {* dinmeter, ~
with washers 1"« 11" x 17 at each end of the rivet (see O,
Plate XXT). Planking hattens and fillets will be tarred before

40), The sheets will have their longitndinal edges curved by
first hammering them with o wooden mallet, with a enrved
head, on a wooden platform ; the other side of the sheet being
gradually elevated, until the edgo nnder trentment has assumed
the form required approximately.

The edge is then finished of by being hammered with the
same mallet roionil o wooden har of the required shape.

Thy sheet thns prepared will be placed on the roof, and be
secured to the planking ut its npper edge by one 11* screw (vee
F, Plate XXT) placnd 11" from the upper edge nf the sheet,
and half woy betwern the battens.

The sheets are hald down at their ¢dgees by three iron clips
31" x 4"« 1¥ (see E. Plale XXT) countersunk into the hattens.
The elips are made from the iron bands, which sre nsed to bind
the bundles of iron for transport, and will ba serewed down to
the battens with 11* serews, ! inch spart in the clear. The
sheets will be Iaid with & 6 overlnp.

41. The rolls or covering sirips (see A, Plate XXT) will ba
of plain galvanised sheet iron of 228, W. G. The strips will
be hammered round a bar of proper shape with the wooden
mallet mentioned above, und when nearly of the shape required,
&n iron ring of proper shape will be placed over the roll and

B



L

-~ 58 ROOFING,

wooden bitr at one end and husmmered down the bar to the other
end, thus forcing the roll to sesume the exacl shape of the bar.
The rolls will then be slipped on to the battens;, and each
gevured by one 11" serew (see H, Plate XXT), placed 11Y from
the uppoer edge of the roll.

42, The ridge will then ba covered in with specially shaped
ridging or plain galvanised iron sheeting, of 18 8. W. G.
These sheets will be 2 feet wide, and will be enrved along
(heir upper sdges in the mannsr deseribed in paragraph 40,
They will be lnid on the batlens supporting the rolls, or on
planking screwed to the battens, with a 9 inch overlap (see @,
Plate XXT), the joini or overlap being set in white lead,

To securs these sheets, clips, KK, 13% 5 17 57, will first
be screwnd down fo the battens (through the planking) with
two 27 sorews (Plats XX, Figs. 1-2). The lower edpe of sach
sheet will then he inserted iu the clips, and the upper curved
edpe of the sheet brought against the ridpe board, where it will
be senured in the monner desoribed in paragraph 40 (Plate
XX, Fig, 2), thus leaving neither sorews nor rivets axpossd.
A wonden fillet 1/ 8% 137« 2" should be inserled undor the
end of the rolls A to prevent the scrows holding down the olips
K flattening them out (Plate XX, Fig. 1).

The special shaped ridging, if used, will be fixed at its edge
by similar elips as described above, and if considered necessary
will be further sscured by galvanised ifron serews to the ridge
plate. .

43 The ridgs shests being fixed will be coversd by a rall
gimilar to those specified in paragraph 41 running along the
whole length of the ridge (Plate XX, Fig. 2),

44. Euch shget and roll at the eaves must be held down by
mn iron olip (see I and M, Plate XX) screwed to the planking,
and passing over the end of the sheet or roll (two clips L ahould
be given to sheets more than 2' wide). This is to prevent the
wind getting between the sheot and the 'pinn'.ll:ing, and reiding
the former up at its lower extremity.

45, All clips and serews used are to be galvanised.

46. The Inbour of bending sheets and rolls, and the cost of
roofing is reduced by using » machine of the shown in
plate EIIII i

47, When ungalvanised fron is used, the sheets will he
given a coat of tar Inid on kot on the underside before being
placed in position, wnd on the completion of the work the roof
l‘-‘ﬂ"ﬂ'ﬂf;ﬂﬂ will receive two coats of Dlpheri's paint, laid on as
epecified under ' Painting,"" after the surface has been
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thnrmgiﬂy cleaned and all signs of rust removed by SCTRPIDE Nain Tal
and brushing. This must be dons in fine dry weather, ~ pettom

¥
48, This s a modification of Naini Tal pattern roofing, &%
which hos been suocessfully used in the Dharmsala distriot. pattemn
The shests will bo laid on planking in the seme manner s’
for Naini Tal roofing with the following exceptions. The
wooden battens B will be omitted, and the sheets will be Inid ot
an interval of 2%. The curved edges of udjacent sheets will be
held down by four clips of hoop fron 13" 17 %17, screwed
down to the planking with 27 screws (see Plate XXT).

49. The covering volls will bs smaller, 4 width, snd will
be slipped over the pair of ourved edges, und seonved by 4*
screws uf their upper ends,

b0, s » modification of Naini Tal pattern roofing in which Rimingan
the wooden hattens (B) are replaced by stripe of hoop irou }:::f;
shaped ae in Plate XXI.

In other details it is similar to the Naini Tal pattern roofing.

#l. This is a modification of the Le Mesurier pattern roofing, yiron
which has been successfully used in the Rawalpindi Division. i‘uém

52. The roof covering will be 24 8, W. G. plain galvanised ™"
iron shests lxid on 17 planking. The sheets will ba bent and
laid as shown in Plate XXT. Ench sheet will be hold down by
fwo 17 galvanised sorews at the top edge, and three 23* gul.
vanisedd iron screws with limpet washers throush the rolls.
There will be a wooden fllet 6° long, section us in the drawing
raferred to, under each washer,

Each sheet at the eaves will also be secured by two 17 gal-
vanised screws with washors. The sheets will be Juid with a 6"
end to ond overlap.

3. The roofing will be supporied on jask arches 6r on 414 Teeraood
or flags laid en steel joists over Rolled Steel benms s may harods
specified.

54. The lime concrete will be mixed ns specified for eon-
erete. The aggregate will he of hroken brick made from hard,
sound, well burnt or over-burnt bricks broken to 1% gauge.

55, The lime concrete will be Inid and finiched as specified .
for terraced fooring.

6. The roofing will consist of § inches of mud Inid on tiles Stud ronfing.
as may be specified. The tiles, which are usually 127 , ¢ L&
should be well sonked before being Inid in mortar on the bat-
tens. The upper sud lower surfaces should be carefully point-
ed, and no earth should he laid on the tiles until they have
been inspected by un officer. The mud will be stiff elay, nod
after being excovated will be spread out to be scorched by the

x 2
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sun. It will then be powdered und stacked in heaps of abount
100 cubic feet, Water will be added and the clay well mixed
by treading with the feet, until the whole assumes the con-
sistency of stiff mortar.

Tt will then be laid on the roof snd beaten until quite hard,
It will be finished off with a coat of mud plaster, and leeped us
described in the specification for mud plaster.

37. The rolled stecl beama should be free from rust pits,
thoroughily freed from tusi by means of wire brushes and kero-
gine oil, and given at least 3 conts of puint before being lnid in
position.

58, The venterings way be made on pillars built up from
the ground, or may be suspended from the rolled steel beams.
In the lutter case the cross timbers eatrying the centering
should be suspended from the outer Hsnges of the rolled steel
beams by weans of stout hook bolts of square section, to

prevent the beams being displaced by the thrust of the arch
doe to the centering settling under its load.

As the weight of suspended centerings is not usually in-
cluded in caleulations for the heam, it is desirahle that the
later should be propped to prevent eracks in the terracing due
to the spring back of the besm when relessed from its load.
The top surfacing of the centering should consist of as imper-
meable a clay as possilile to prevent the mortar running through
the joints. The courses of brickwork should be marked out
on the surfacing and the curvature cheoked by means of u tem-
plate eapable of application after completion,

Centeringe should not be moved till after consolidation of
the conecrets ferracing.

5D. The lricka lor the springing éourde should be cut to
templato on the ground in sufleient numbers before the com-
mencement of the areh.  The remaining bricks are not usually
cut 1o aluspe, the radial joint divergence heing made good with
martar, or specinlly moulded bricks may be used.

The birivks sre penerally Taid with their bed faces (97 « 411)
normal to the arch throst, with the advantags of having less
mortar joinls under compression, and opposing some bond o

the lmngityldinal erack which sometimes forms ulong the erown
of » faulty srech.

60, In hipped roofs, ribs or groins, consisting of courses of
bricks laid on the centering on edge along the lines of inter
soction of corresponding juck srches, are first formed ; and the
bricks of the juck nrehes on each side are butted up agsinst
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them at the required angle of incidence, An angle cleat is Tick arch
rivetted on to the lower end of the rolled steal hip beam to tuke (gne),
the thrust of the groin.

fil. The rods are placed in the end arches of & given length
of Toof, or in the larger of two unequal span arches where such
spring from the same beam.

Small section tie rods such ss }* and 37 diameter distribute
tha thrust better and do not need any angle iron bearing pieces
for stiffening purposes.

The centering should not be allowed to rest on the tis rods.

62, The rise of the arch should Bterais

. be about L of the span, and i o
. ey Sanis most desirable span s between 4
.,ia A and 6 feet.
{ ' i3, The slates will be laid on

battens spaced at 91" contre o
ventre,  The lowest ar eaves hat-
ten will be spaced 74" from the
next nhove,

64, In laying the slutes, the
first row at the esves will be
alates A (see marginal drawings),
next of slates B, the remaining
rows being of slates C. € is the
standard size of slate, out of
which either A or B can be cut,
They will be laid with au over-

J‘ lap of about 237,
¥
]
1
S 2

65. Blates A and B are fixed
with galvanised iron or copper
nnils, slates U with nails snd
cramps.

66. The cramps eonsist of u disc and pin (see margina]
eketeh). The dise s  slipped
under the adjacent edges of two
elates, and throughthe corner of
the slate above, binding all three
together,

67. Aboat B2 slites cover 100
square feet of roof aren. The
standard size of slate is 1637 %
1537, and is made in three colours, grey, red and black.

Crane
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Yrasmww, GUrress asp Varreys,

1. Gutters or flashing will be of milled lead weighing Blhs.
per square fool, or, where cheapness is of importance, of zine
sheeting 18 8. W. G. or as otherwise specified.

They must be arranged so as to give fres play for expansion
and contraction in sny direction,

2. When the eilges of slieeting are turned up, as in putters,
against the side of u chimney shaft or against s wall, the edge
in left free and o flashing, secured along the joinis of the
musonry, is bent down over the up-turnad sdge of the gutter
sheeting, which it should overlap about 4 inches; thas one edge
of each piece of shesting is left free to expand and contract.

3. The upper edge of the flashing will be fixed by being
tuoked into the joints of the brickwork or masonry, which will
be raked out for a depth of about 27, and wedged in with small
plugs of wood. The joints will be finally flled in with
mortar.

4. The Hashing should be stepped, each step being cut back
&0 a5 to keep out the weather better.

b, Gutters ghould have a fall of st least 1 ineh in 10 feet.

6. Rain water down pipes will be made of galvanised sheet
iron, bent on a eylindrical eore and rivetted with a lap of §*
beyond the rivet heads, or light quality cast iron pipes may be

ke,

7. Valleye of lead, zinc or galvanised iron sheeting will be
not less than 67 wide at the bottom and turned up under the
roofing 217 on each sids.

Crnawes.
1. The wire unetting shounld be of ungalvanised wire not

~more than 7 mesh: the smaller the mesh fhe better. When

galvanized wire netting is used, Lhe preliminary wash describ-
ed in paragraph 3 is partionlarly necessary,

It is ordinarily fived to rafters or hattens. nol more than
1’ 6" centre to contre.

2. The roll of wire, usually & in width, is stretohed at right
angles to the battens or rafters and fixed thereto by means of
11" wire nails at intervals of 6% or leess. The nails being driven
into the timber for 17, and the remaining 17 bent over o strand
of the wire and hammered down, eare should be {aken that the
wire is stretohed quite tight before muiling; this may easily
he effected by inserting a small iron rod inio nne of the meshes
anid using it a= p lever against one of the battens. The edges
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of separnte lengthe to be tied together with soft iron wire lime plaster
-about 5" apart; no overlap is necessary. fing pelfing—

3. When all the required wire notting has been stretched "%
the whole surfuce iy hrushed over with a thin mixture of lie
mortar to which & quaniity of fine chopped jute has been
added. This rongh-casting gives the plaster which is after-
wards applied a botter hold of the wire netting.

4, The lime mortar nged for the eeiling is mixed in the same
way 4 that for ordinary wall plaster, i.e., one part of lime to
two parts sand, exeept thut o quantity of finely chopped jute is
added (25 Ibs. to every 100 cubie fest of mortar). The lime —
mortar s applied o the wire netting from ubave or below, with
an ordinary meson’s trowel; the first or rough cost being allow-
ed to sot partially before the finishing coat is applied.

5. Tt is not necessary to apply a board or any support above
the netting whilst plustering from below. '

6. The whole ceiling should be kept wet for several days.

7. The wire netting may be of 17 mesh and is laid in the ¥ad phstes
manner specified for lime plaster ceilings, . =) 5 8

8. The mud plaster will be mixed as specified for ordinary
mud plaster. A songh coat will be applied from sbove or
below. and a= soon as it has partially set o second layer will he
applied below and floated over with a straight odge. When
the mud plaster is dry the underside will be leeped. _

f). The bosrds will be of the hest Burmn teak, or other wood poarded
specified. They must be well seasoned, sound und frep {rom seilings.
all imperfectinns.

Boards will be not less than §* thick and must not exceed

6% in width.

10. The boards will be laid truly parallel and fixed to roof
purling or to ceiling joists spaced 2' apart wad fixed to the
underside of the tis beames of trusses as may be specified. The
joints will usually be tongued and grooved with shot ends, ana
must be neat and close, the planks being foreed up against one
anather before being fixed. Another form of joint is made

by laying the hoards thns s=—a_F——e—u0

The heading joints will break joint, and the boards will be
fixéd with nails or sorews, two at each end of a board, and one
at eoch intermadiate joist, alternately on opposite sides ol the
board.

11. The underside will Lo planed smooth, and free from all
irrogularities, and varnished or pointed os directed. The
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tipper side should be painted with solignum in localities where
white-ants ave prevalent.

Cloth oellings . 12, The cloth will be stout dungry cloth, and will e fixed

on frames, not exceeding 5'x®, with fillets 3" x14". The
cloth will be domped, stretched over the frame, and fustened
with tacks on the inside.

13. The cloth will be whitened with the following mix-
ture ;—4Glbs, Paris whiting in & coversd vessal, with enough
water to cover it will be mixed with 1 quart of double size made
with Ohina glue, and left in o cool place to cool, till it becomes
& jelly, and then diluted for use; 1ib. of jelly is enough for
Bl square feet of celling.

1f the above muterinls cannot be ohtained, the-best chalk
procurable must be used, ground very fine. Rice size moy be
substituted for glue in the same ecircumstances; about {ih. of
rice should moke 1 guart of size. On no account should white
whall be nsad, as it soon rots the cloth.

14. The Frames will then be screwed to the roof timbers or
eeiling joists, and the joint will be coversd with moulded fillets
of wood, serewed to the frame.

15. The venesta hoards will ba 24" x 24", aud #; inches
thick. They will be fixed with screws or nails, as specified,
on hattens spaced 2 centre to centre either way, either under
the roof purlins or the tie beams of trusses. The joints will
be butt joints, and will be covered with moulded filleta of wood
serewed to the Lattens.

16. The underside will be finished off by painting or wvor-
nishing as may be specified.

{ REmsvorcen CoscreTe.

1. Reinforced concrete can be adopted for many varieties
of work, and has many edvantages over other materials such as
durability, immunity from white-ants and economy in upkeep.
Tt must be remembered (hat the centering and mwoulds form a
considerahle item in the cost, and may determine the advis-
ahility of employing this form of construction. Roafs and
floors muy be mude of reinforced comerete slabs, supported either
on rolled stee] joists or on reinforeed concrete beams and pillars
of monolithic construction. For verandnhs, pillars, tafters
and hottens may all be of this material. Piles, chowkats,
fencing posts, lintels, brackets, eto., can be mounlded horizon-
tally and used when seasomed. Its use is also applicable to cul-
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verts and bridges, retaining walls for tanks, stands for lavatary Ues—
basins, stairs, pipes, channels, saddle racks, mangers, sic., ote, (oonid)e

2. Onlenlstions for the simpler forms of beame, pillars,
slabs, ete., are given in Section 4. For more complicated
designs standard works-on the subjeot should be consulted.

The design should aim at including only standurd sives of
retnforcemsnt rods, and sz few varistions in the sections of
beams, columns, otc., as possible, to minimize the sizes of
monids required.

8. The concrete will be composed of Portland coment, sund, Materisls.

ond sgeregate in the propovtion of 1; 2: 4 or as otherwise
specifisd. For thin slabs 1: 13: 3 comerete should he used.
For pillars, bedplates, wte,, 1: 3: 6 will wsually do. The
materials and mixing will be ns specified for cement concrele.
Tlie aggregate will be of hard non-porous stone, graded from 1"
to 37 gouge, bui for small monlded work nothing larger than
1" gauge should be usad.

4. The type and quantity of reinforcemént required ynries Reinforee.
with each case; and depends an calenlation, Tt may be in the et
form of steel bars or wire, bars of patent section, or mesh work
such as expanded metal. For ordinary work plain hars are
suitahls and economieal.

Surplus maferial from Arsenals, factories, ele., should ba
used ns far as possible, otherwise the bars, ete., should be
ordered from England or Cossipore.

5. The steel must be clean and free from loose seales, oil or
grease of any kind. A thin 8lm of rust =0 long as it is nol
scaly or loose is not detrimental, When lurge bars are used
they should be washed over with cement grout before heing
embedded, Steel which is likely to remain stored some time
before use shoyld be whitewnshed.

Reinforcing metal must be immersed in water or thoroughly
dnmpéd before being embedded in the concrete, if it has been
exposed to the sun’s heat for any length of time.

6. For columns, rods are armenged vertienlly round the
face, and held together with hoops, ties, or spiral coils. The
whole must be rigid and the ties tight..

7. For slabs the reinforcement may be of expanded metal or
other mesh reinforoement, or a network of rods wired together
at intervils slong the breadth and length respectively. The
reinforeement will be at the bottom of the slab, held firmly in
position by blocks or elips which are removed as the concrete
jssplaced, Where the slubs are continuons over beams, rein-
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Aforcement is required in the upper surface over the beams.

The rods are bent at the points of coniraflexure.

8. For beams rods are embedded in the lower portion to tuks
the tensile stress. When fixed or continuous over points. of
support, reinforoing rods are also roquired in the top portion,
extending some distance beyond the point of confraflexure g
deterwined by calculstion. Some of the rods in fhe lower
portion may be beut up at the points of contraflexure for this
purposs, E

Bhear memliers compoesed of stoel rods or stirrups ars Lound
to the fension rods at intervals where neceseary.  The lower
bars are fixed by means of hooks suspended from the top; flat
iron pauges grip the bars and keep them parallel. Aj the con-
cretn is filled the hooks and gauges are removed, Tor ordinary
beams and slabs shear reinforeement is ustully unnecessary.

8. No reinforcement should be nearer the surface than 17
for alabs or 14 for large beams and colmmns, The ends of
reinforosment bars are turned up £* to 117 to prevent shipping.
Welds are to be avoided as far as possible: if found necessary
they are only to be made mt poitits where the steal is stressed ns
little ns possible.

10. The reinforcement will be fixed in' exact accordancs
with the drawings. ot will be held in pogition firmly so that
the placing of the voncrete will ot move it. No concrate will
be plated until the remforcement has bosn inspected by an
officer.

L1. 'Will consist of boards 17 to 27 thick, framed with bat-
tens or carefully designed falsework. The centering must he
rigid, well braced, and sufficiently strong to stand the pressure
of wet concrets and the stresses of mmming, ate. Strols must
rest on firm gronnd not lishle to subsidence.

It should be designed to pdmit of heing essily dismantled
and used over again, Balts ure proferable to nails: tonpues
and wedges should be used where posaible, Nails should not
be driven home, but the heads loft out so that they can be easily
withdrawn,

12. Tnsides of moulds must be planed smooth and thorough-
Iy clean. Ta pravent the concrete adhering to them, they
should be lined with oiled paper, or coated with whitownsh,
goft sosp or ail, Joints must be tight enough to prevent lonk-
age.

13. The timber forming the moulds may haye one edge
splayed so that if any slight expansion oeeurs the splayed edgs
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can slide over the adjucent plank without causing any marked m
deformation of the congrets surface. Ings—{contd.),

14. Moulds for small pleves will generally be of well season-
ed wood. For pieces which are required in large quantities
it may be econmmical to muks the monlds of metal.

Wooderi moulds ¢an generally be used 200 to 300 times
before repairs are necessary,  For occasionnl pieces moulds may
be made on a lavel platf,unm of bricke mud plastered.

15. The concrste will be placed in the monlds as soon &s Filling
mixed (not later than 10 minutes after mixing). It must be *O"or™®
worked round the reinforcement snd well rammed in layers
not more than 37 deep.

18. In fllling edlumns the conersta will be poured into the
motlds in 3" lavers and eonstantly puddled with a rod to expel
air bubbles. The work must not stop until the coalumn liaa
been completad.

17. The work of filling in benms aud slabe should be com-

in one operation s qmck]]' a8 possible, Tf -:unnrei:n:;
must be stopped before the work is completed, the conerete in
beumns w{l] ba stopped in a vertical plane over the centre of s
support, in slubs in o vertical plane over the centre of a beam.

18, On recommemeing to lay eoncrete, all edges of previous-
by deposited conerete will be thoroughly eleaned, and, if order-
ed, roughened with a chissl, The edges must then be well
fioodad with cement grout.

19, The surface of the conorete will be trowelled, rendered Finlshing.
with 1 : 2 cemont mortar and floated over. The work must
be kept in the shade and well watered for 10 davs. Small
moulded articles will bo kept in o tank.

20. Centering will not be removed until [mrmms]m has been Sriking
_ obtained from the Officer in charge, The concrate must be "mlering
sufficiently hard and should ring when struck with a hammer.

21. All centering will be removed earefully in sueh n way
ns not to shuke or othefwise dsmoge the wark,

22, Centering for eolumns will nsually be removed after 7
days, that for floors and sides of beams after 14 days and that
for the under sides of besms sfter ¥ doys. In siriking the
centering, the wedges will be loosened 24 hours before the struts
are removed.

Whiate there is no strain on the eonorete, the centering may
be removed after 24 hours,

In enol demp weather the above periods should be mnrmmd

23. The waterproofing of conereto, especially in roofs, is Watarprood-
important. A dense concrete iz naturally waterproof. The i
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faefioust). following rules should be followed if water tightness is
rvequired: Use (1) Sands of mixed grains. (2) Moderately wot
concrete. (3) Suifficient cement. (4) Care in mixing, Con-
erote wmay be waterproofed by the addition of 8-12 per ceént. of
slaked lime to the weight of cement used. Another method is
to use alum, abogt 2} per cent. dissolved in the water,

=4. The uddition of up to 10 per cent. of residual peirolenm

to the cement when mixing has been found to render concrele
waterproof. The presence of the oil does not affect the tensile
strongth; the compressive sirength is, howeyer, shightly re-
duced, while the adhesion is diminished, and it is advisable

fiiso o uze indented bars,

conrzete 25, Lime concrete should not ordinarily be employed for

seinforesd.  reinforced conorete work. Reinforced lime conerets roofs lisve,
bowever, been successiully made at JThonsi, The roofs were
supported on_rolled stoel joists. The lime roncrete was rein-
forced with No. 4, 7 ply galvanised fencing wire. The contar-
ing was made up of bullies und rammed earth mud plastered,
supported on corrugated iron sheeting.
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SECTION 1IV.

Calculations.

1. Caleulutions should be us concise g possible consistent
with giving all that is really necessary. ATl ealeulations
should be in secordance with the formulm, ete., given here and,
to ensure facility of reference, they should be submitted in the
form given in the sxamples. 1

A Eble giving the notation used will be found at page 90.

2. For tranaverse stress a factor of safoty of § is to be faken
for Hmber and 4 for steel. The working strength of timber is
piven in table 2. For steel, ele., the following table may be
used : —

- s Tmﬂm.l Com- Br_uricg,inmmiag.l e

Materinl, crengths. | Preesion, ity

T t 0 n W | B
Mild stoed b | nii B 8 ' B | 12,000
Weonght iron . 5 il 8 5 4 | 1000
Cast firen k) 14 § 10 | 2 | 7,400

d: The safs crushing strengih of musonry may be taken

asi—
Burnt bricks in cement mortar 110 tans per square foot.
Ist or 2nd class bricks in lime or
mud mortar . . . ; Ditto.
drd class bricks in lime or mmud
mortar . i a <8 Ditto,
Brickwork, sundried-bricks Py | Ditto,
Lime concrete : i Ditto,
Gwalior sandstorne .10 Ditto,

4. The following stresses may be allowed for reinforeed con-
vrete work, whers the conerete is of such a quality that its
nltimate erushing strength is 2,400 to 3,000 Ibs. per sguare
inch after 28 days and the steal has an nltimate tensils strength
of not less than 60,0001ks. aud o yield point of not less than
31,000lbs. per square inch : —

Conerete in eompression in

beams 600 Ihs. per square inoh.

e 5 columns G0 Ditte.

w 1 n shear in beams , fil) Ditto.

Steel o tenmion . b . 10,000 Ditto,
Adhesion between steel and con-

orate . . k « 100 Ditto.

Form of eal-

tulintions.

Pormissibil
I eSHE.
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5. The deflection of any beam is not to exeeed one-thirtieth |
of an ineh for every foot of span. In the ease of beams sup-
parting plastered ceilings, flat mud or concrete roofs or floors
of all deseriptions; the deflection should not exceed one-fortieth
of an mch for every foot of span.

6. For foundations the fullowing loads are not to be ex-

Frondutiona.  ppadad

Loads fo,

allowed

Light loamy soil, or soft clay, dry B tons per square fool,

Btiff clay, or dry p:rnw! . 13 Ditto.
Boft rock . . Ditto.
Hard rock 5 . 10 Titto;

The intensity of pressure should always be uniform through-
out a building.

7. In ealculating beams, trusses, ete., the temporary Joads
mentioned below nre to be added to the weight of the structure
including that of the beam or truss itself.

B. Temporary loads on roofs: —

(@) SBupw: 5lba. vertical per square foot for every foot in
depth of snow that is likely to sccumnlate.

-(b) Workpeople; on sloping roofs 15 lbs. vertical per
square foot for roofs ap to 20 feet and 1ib, extra
far each additional foot of span up to and including
30 feet span. Nothing need be allowed when wind
pressure is tnken into account. On fat roofs which
ars enly likoly to he used by small sumbers, sllow
30 lbs. per square foot; if the roof is to be used by
rrovwds, londs us for floors should he allowed.

(¢) Wind pressure; the normal load to be allowed depends
on the span and slope and is piven 10 the table
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Wind pressure need not be taken imfo account for roofs Londa te be
with a slope fiatter than I in &, or when the :pmim?
is lese than 30 feet, unless the glope exceeds 1 in 1,
when a pressure of 40 Ibs. per square foot will be
taken.
(d) The span of & roof, as regards determining the amount
of wind pressure or occasional Youd to be allowed,
is 0 be taken as the internal width of the main por-
tion of the building, irrespective of whether the
verandali roof is in the same plane as the main roof
or not. In the sase of open sheds, as stables, the
spun should be token as the distance between the
outer pillars.
9. For horizontal ceilings an oceasional load of 15 lhs. per
sijuare foob is to be allowed for in caloulating eeiling joists
nnless special gangways are made for inspaction purposes; thia
load is not to he taken into account for roof caleulations,
10. Temparary loads on floors: —
Barracks and (fficers’ messes . 112 lhs. per square fool,
Officers” quarters, ete. . . 090 Ditto.
The ahove ere dead louds. TFor store rooms and factories
special caleulutions must ba made: for light machinery, 150
1bs. per square foot may be tuken, whils for heavy machinery
200 Ibs. per square fool will usually be sufficient,
11. The bendimg moment for 8 beam of uniform eross ssotion 1auvorss
uniformly loaded throughout its length and supporied at either stress.

mﬂ_m‘%} Theé mament of resistance for any uniform oross section

LS To investigata the strength of the beam, it is necessary
;o

to equate th: bending moment to the moment of resistance, thuas

Wi_eI 1 _15WL

B ¥y ¥
For steel seotions, where r=T} tons per square inch ; E;—:E

T D
: I hds
For rectangular besms, where =

- “ l
b=t ":'_L.= WL Winlbs). Seetabls 2, page 92.
m

For round beams, where 1 = D982 d".

‘s
153 WL _ 1.7 WL
=t m

qa (W in lbs.), See table 2, page 93




Deflpotion of
l=nmm.

72  QALCULATIONS.

12, The general formula for the deflection of & beam of
nniform cross seotion, uniformly loaded throughout ity length

_und supported st either end is:

v_BWi_ 225 Wi
T 8B4El  EI
For a maximum def{ection of one-thirtieth of an inch for every
foot of span the formula becomes:

L 225 W12 6756 WL*

or[=
9. Bl
For steel sections, where B =12,000 tons and W is taken in tons

WIiL=
=15

For rectangular beams, where L=b'r

2

e = 100 WIE_ WIS (W in Tbs), - Soe table 2

For tound beorms, where i=‘ﬂ~491 d*,
13,750 WL* _1-7 WL,
d"___T‘.._' T “2, (W in lbs). See table 2

For a deflection of one-fortisth of an inch for every foot of
span, the right hand side of the above equations must be multi-
plied by .

For beams otherwise londed and wrranged, see table 3.
Values for bd*, bd*, d*, d*, are given in tables b and 6; tables

of T amsll‘m tables 10 to 12.

The !urmulu! for Etmngﬂ: and deflection (of 5 '_I will give the

same rosulls, whan a=_ for wooden and 1°78 for stesl beams:
these figures being multiplied by 1 for a defloction an;ﬂ

Below this proportion the strength formula will give the higher
result and shove it the size of the seetion will depend on the
deflection formula.

13, For ahort colutnne where the langth does not exceed 8
times the least dimsmsion or 30 times the lenst radius of gyra-
tion, the formula 15—

i C=Ac

For long columus the value of € in the above formuls must
be modified in accordance with Fidler's formula,

C=A “tﬂ-ﬁnﬁﬂ’—‘*‘* o p
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where ¢, =ultimate compressive sirength : for timber the safe Unzml

stresses given in table 2 should be multiplied by 8,
p=%Ex (- for rounded ends.

p=a'E :.:‘(Iaii‘)' for fived ends:
ﬁﬂx{%j' for one end fixed and one rounded.
for rectangular wooden struta k="289 b,
The maximum length of any strut or column is not to ex-
coad 45 times its least dimension or 150 times jts least radius
of gyration. Principal rafters of trusses muy be caleulated
as half fixed ; siruts s with rounded ends.
See lables T 'to 12 for steel and timber struts.
14. Where A is the net ssotionnl area after deducting for Tension snd
rivet holes or portions cut nway : S

T=Atand 8=As.

The dismeter of & rivet hole should be tuken as the dismeter
of the rivet plus 3*.

Table 15 gives the tensile strengih of iron and sleel bars.

15. No general formula is given for beams under comhbined Combined
bending and tensile or compressive stress. A section musi b
assumed and the intensity of the stress at the extreme fibres in-
vestigated. The fibre stress must bo kept within the limits

For rectangulir beams the simplest method will be to work
out the hresdth and depth to resist tha transverse stress alone
and then, using the depth thus found, to ascertain, the addi-
tiona! hreadth necessary to vesist the direct stresa,

In other coses n section must be sssumed: sacertain the
percentage of the section required to resist the transverse strees;
the percentage remaining must be capable of resisting
the direct stress.

When n rafter, ete., is caloulsted for direct as well as the
transverse stress, its deflection need not be considered.

When a sirnt is under transverse siress, the beam, ete.,
which Brings an the stress will usally prevent any linbility to
bending in the direction of the plsne of the roof. In such
eases, when calenlating the resistance {o compression, k (pan.
18) may be taken as about an axis normal to the load, from the .

formuln kz\,/{, should this value prove greater than the

minimum value of k given in the tables. Similarly for wooden
beams the lenst dimension may be taken as d instead of b.
14
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E:“U'ﬂh 16. When ealoulating wooden and steel battens, rafters and
wi. purlins, the vertical load is to be reduced to normal by multi-
plying it by the cosine of the angle of slope. In the case of
ndﬂ'ﬂ]mlﬂa which take up the tangential pull in the rafters,
in adidition to earryving a normal load, the vertjeal load should
not be resolved to narmal.

17. Purling, which divectly earry the roof covering, e.g.,
sheet iron, or a sloping ceiling, also battens and rofters, are
oflen continuous over two, or more spans, but in order to allow
for the stress due to the vertical portion of the load resolved
down the slope and to avoid the lenpthy ealeulation that s in-
volved, they sliould be treated as suppoerted beams,

18, Purlins carrying rafters or corrugated iron roofs, where
the spun is mot very grest, are not affected by the tangential
pull 1o the plaue of the roof, provided that the rafters or cor-

- rugated iron are securely fixed at the ridge and the eaves.
. They may be treated as continuous beams and calenlated for
transverse sivess only. Where purlins are not actually con-
Hrunue over trusses, care must Be talen to moeke the foints so
that continuity is secured as fur as possible: wooden purlins
should be halved into' one ancther and apked or holted into
the truss or wall plate, whily for heavy purlins fish plates must
be given; sterl purlins should be ¢ .onnected by fish-plates whose
width is equal to the depth between the flanges of the beams
and two bolts or rivets should be used on either side of the
joint. Where heavy purlins are used over long spans, to pre-
vent their sngging in the plane of the roof, & tie-rod should be
tnken through the web from the centrs of the span to the ridpe
and joinad to o eorresponding rod on the other side,

19. For purling, which directly earry the roof covering, and
for battens tha proportion of b to d should be from 2 10 8 to 1
to 1 depending on fhe steepness of the slope. For purlins,
which carry rafters or cormagated iron, ridgepoles and rafters
tha proportion of b to d should be 1 to 2. but. where hasms are
well fixed to prevent Interal motion, u deeper section may be-
uged, b being 117 to 27 88 a minimum according to the nature
of the wood used. Bressummers carrving sloping roofs shoulil
be placed vertical and made syusre or nearly so: this rule
u;m.ﬁgs to veramianh wall plates under transverse stress.

201, Tn heavy roofs. to seanre the maximum economy in
rafters and battens, the rafters should be roughly spaced in ac-
pardance with the followimg rule:—

- Spacing="10" 4. 67
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Tt bus been found in practice that, to prevent warping ﬂimﬂﬂ“
sagging and to preserve evenness of appearnnce, battens ahould m-—c:"ﬁn
not be less than 1% 137 if of teak or sal, or 117 13" if of
deodar: in sither case the maximum span should be allowed
subject to the eeonomical spacing referred to above,

91, Asit is usually not economical to load russes snywhere . 4

except at the joints, the form of truss to be adopted will dapend fur trus=i
on the span considered suitable for rafters or corrugatad shesis.
For rafters o span of 8 fest shonld rrely be exceeded. For
corrugated iron sheets supported at their ends the maximum
spans should be 43 feet for 22 gauge and 4 feet for 24 gange:
if ndjoining sheets are overlapped 9 inches and comnected
together by u.double row of rivets, these spans may be increased
to 5} and 6 fest respectively. Thus for spans up lo 14 feet col-
far beams or couplad rafters ure suitahle: for spuus up to 28
{eet kingpost trusses may be nsed: for spans over 28 feet steel
trusses are to be preferred.

99 The most economical spacing for a kingpost truss may

be taken as— .;_H; for steel trusses a good general rule is,

#
spacing=—" I# & catling is given requiring special eeiling
joists, thess spacings should be alightly reduced.

23. In each cuse Wondaa
W —load oo the truss or pair of miters= wLI sec § pr—
W, =lond dus to hiorizontal ceiling =W, LD,

Where I is the spin and D the spacing of the trusses: w, w,
ihe weight per square fnot of the roof covering and ceiling.

{a) Coupled rafters, collar-beams and couple close roofs. Com-

jon in rafter—=4 W cosec 1=0.
Tension in fis-beam, if provided, =3 W cot 1=T=0 cos 5.

(b) Kingpost trosses | it is nssumed that thie common rafters
vest side by side on & ridge pole and are not continuous over the
purlins.

Compression in principal—=§ W cosec #-+3 W, rosec i=0.

Tension in tivbeam=3 W cot 33 W, cot §=T=0C coa i
ession in struf=3 W eosco b

Tension in kingpost—=} W4+ W,

24. Coupled rafters and rafters that butt against one another
at the ridge are subject to s higher degree of compression than
ordinary ralters: to caleulate them as beams under curnbined
stress would be lsborious and a sufficiently accurate result can
usunﬂfhaohhlmih;rhﬂt‘mgﬂemumppormdhmmhﬁng
W as the vertioal load instead of s the normal load.  Where miters

¥i
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are united by a collar, it must be understood that the collar,
wherever it is placed, in 5o wsy relieves the miter of trinsverse
stress: the object of the collar is to tnke up the thrust on the
walls and, for this purpose, the lower it is placed the better;
it should only be placed one-third or half-way up to the razser,
when the extra head room thus obtained is essential.

"25. Caloulations for wooden trusses may be limited usually
to working out the sizes ol the prinvipal rafter, the heel strap
and lLeel bolt. If a stee]l orivon tie-rod 39 to be osed, it should
also he esleulated.  If the tie-beam corries s ceiling, it should

be calenlated as o supported besm for a deflection of iéﬂ The

most economiesl section for the prineipal rafter, if it is only
subjected to direct stress, is square ond this section should be
used with a tie-rod; but in practice the width of the tie-beam
is mado the same as the width of the principal and it is there-
fore usual to muks the principal rather deeper thin wide, but
tha depth should not usually be move thun twice flie width.
26. Wronght iron He-rods are to be preferred to stoel, if,
in order to obtain the correct length, welding is necessary.
[Tnless the ends ame upset to take the sorew thread, the fie-rod
ghould be ealenlated ns with  minus” threads, t.0., for the
section at the base of the threads, see table 15.
27. For section of the strap at the heel of the prineipal
rofter, if T is the tension in the tie-beam :
T
A=g
five-aighths of this effertive section is to be pgiven on either
side of the eye, if the ends are forged, otherwisy the area of
the balt hole must be edded to the area found necessary to
resist the stress.

Dinmeter of bolt at foot of rafter= L

b x%

28, The siresses in steel trusses must be obtained from
disgrams. Where wind pressure is allowed for nnd one end of
the truss is free to move, the diagram shonld usually be drawn
on the assumption that the wind is blowing on the zide of the
truss with the fixed end. Tn special cases a disgram is also
1o be deawn on the assumption the wind is blowing on the free

 gide of the truss.

Table 14 may be used for symmetrical Fink trusses, resting
on walle and symmetrically loaded at the joints.

29. Though in the ealculations for wooden trusses it is un-
necessary to consider the weight of the purling and of the
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triss itself, for steal purling and trusses this item must be
taken inth account, The weight of a steel trussin Ibs. may be
taken as —"08 DL
30). The principal of a steel truss msy consist of a single
tee or a pair of angles back fo back. Strats may consist of
single or double angles or lees. Ties of small trusses usually
ponsist of o single flat: for larger frusses, to ensure stiffness
during erection or in open shods, eto., where a reversl of siress
may oocur, the ties should consist of singla or double angles.
I£  revarsal of stress is likely to occur, trusses should be cross
conneeted ot joints of the tie-beam. When one mamber of &
truss is maile double, it is nsual to make all the members double,
in orier to avoid the eccentricity in stresses that would othar-
wise oconr. - Denible members shonld be connected together
at one or more paints intermediate between joints by means of
a rivet and o small §lling pisce, equal in thickness to the gusset
plate: for struts the distance apart of these connections should
not excesd the unsupported length of a single strut capable
of resisting half the stress. Single gusset plates of the same
thickness as the truss members are requited for trusses with
double membere anid double cover plutes § inch thick for trusses
with single members. No member in o truss should be less
than & inch thick and no plate or Sange through which n rivet
should be less than 2 inchea wide, if § inch rivets are
used. Rivets should not usually he less than § inch diameter.
ATl members of o truss should, as a rule, be of the same thick-
ness, otherwise packing pieces must be used where necessary.
31. When appearance is of importance, the tie-beam of a
steel truss should be given a eamber of about 1in 20 to 1in 30.
The tis-beam of 4 large truss, where it is considered that 8 hori-
sontul tieheam may be allowed, should always be given a elight
camber during construction, in order to counterbalance the
deflection that will ocour when the truss is loaded up. Tt should
be remembered that the provision of camber reduces the depth
of the truss and therefore increnses the stresses in the members.
82, Trusses should be seonrely held down especially in the
case of light roofs and open sheds. For trusses up to 30 feet
span no provision need be made for expansion and contraction :
between 30 and 00 feet span it is usnal to pass the holding down
holts at one end of the truss through slotted holes in the base-
plate. For large trusses over 60 feel apan it is necessary to
provide rollers or Muntz metal plates ut one end in order to
allow the truss to move freely in # horizontal plane. Tt must
be rememhbered that the end, at which provision is mudas for
expansion end contraction, ean only supply & vertical reaction :

St trusses
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any horizontsl stress due to wind pressure; ete,, must be hhm.‘up
#t the fixed end. - In trusses supported on stanchions expansion
joints are impracticsble, unless the stanchions mre strutted.

i CorT ; Lol
33. For shearing N= T for bearing, N. = m—.
‘II‘KT)H

whirs N=nmumber of rivets required.

The largest number of rivets given by either of the above for-
muise is to be used : see table 13,

The dianieter of the rivets to be used depends on the thickness
of the plates : it is usual in first class practics to use J inch riveta
with } inch plates and § inch rivets with § inoh plates. Rivets of
the same size should be used throughout snv particular truss,
ete. '

The pitch or distance from centre to centrs of rivets hould
usually be 3 times the diameter of the rivet and should never be
less than twice the diameter, The distance from the end of & bar
to the edge of a rivet hole should usually be twice the dismeter and
never less than the dismster of the rivet.

34. The most economieal arrangement of any svatem of main
and secondary beams is given by the following rough rule :

D=0,
4
when D, I = spacing and span of main beams.

Dy = spacing of gecondary heams.

The nearest higher value of D should be used.

35. When subsidiney sieel besnms are joined to main beams
the angle conneetions should be desigied to take wp the stress,
A pair of steel bearms used side by side under transverse stress should
be comnectad by asparators pliced fi to 6 fect BPArt ; sepatators,
which ean be obtained ready made, should also be used immedistely
under any eoncentrated loads: Designs of E¥pe connections and
sepatators dm given in wanufacturers’ eatalogues.

30. Light floor beams embeddsd in walls and provided with ®
stone bedplste above and below may be treated as half fixed, i,
their deflestion may be negleeted and they may be caloylated for
ltrmgth-i_w aupported beams. Subsidiary beams resting on main
Boawns may he tronted in the same way. if connected xg desoribed
for [.-_l_l.rllm h:t paragraph 18. Subsidinry beams connected to the
flanges of main beams should be treated gs supported only.
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37, The rise of arch should be one-eighth of the span: the
span should be betwoen 4 and 6 feet. '

The section to be given for the tie-rods may be found from the

followiny formuls ;

1'fwL2
T= R

Where T = throst of the arch in Ibs. per lineal fost, which has to
be resisted by the tie-rods, w — weight per square foot of live
and dead load supported by the arch for end spans and of the
extra super-imposed load only for mtermediate spans.

L = span of arch in feet. B =rise in inches.

The spating of the rods is not to exceed twenty times the width
of the supperting besms.

End span rods must always be used : intermedinte span rods
nead only be used when larce concentrated loads are anticipated.

38, The material in steel and wooden beams 18 homogenpous
throughout and, if o beam s made strong enough to resist the
maximum bending moment, it will safely resist sy negative bend-
ing moments at the supports and also, as & goneral mle, the shear-
ing stresses. Ramnforoed eoncrete iz a composite gttbstunco and
lailures are likely to ocenr, unless care is taken to investigate the
design of & beam, ete., in every particular, having due regard to
the external canditions, i, the methods of loading and supporting,
and to the internal structure, 1.e., the position of the steel re-inforee-
ment. provided to resist bending and shesr. The design of sinple
columns, heans and sinbe presents no great difficalty, but for more
complicated structures a thorough lmowledgn of the subject ks
casential. Apart from sccurate designing, the employment of
good materials und eareful supervision are absolutely necessary.

30, The general formuls for rectangular beams are s—
(@) with single celuforeement.
n = d{y/3 p+(1a pj*—1ip} e T
%] 1 *?
o — 2 X bending moment s ‘ol
ba(d—> 3 Y
ba( ) * f 4
__E0en i ! :
L W sl

Jack archis,

Onnarehe,
Gemeral

i etanpulas
boams,
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Retstorend (1) With double reinforcement.

SOTEERR . S TS T T SRS SRR el _
ipccas. Lt n=y/-3d (pd+pd)={-15d (p+p) 1 —154d (p+p))
Eowtt:) e — _ 2% bending moment
~ n‘dt
bn (d— ;—Hvi*ﬁ P bdx——x {d—r&,}}
— St
n % - T I i
s 4.
= T, R
= 1be : i
0 o 5 ‘:, T 'I‘f
40, For a wniformly Joaded sud sup- | b
ported beam, these formils may be put 1 ® o -4 1

into the form -

b ae .—._“I'_;'_ Wi Ibs,

where m has the following values, it being assumed that d:=

Pirvemtage of tousile reinforecmuont,

1 i' 'II
Flele!ly ]| ulu u[:|=§|n

—_—— - —— — — — ——

A=0 . | 25| 49| 67| 72| 5| si| s5| s8 na| )
A.=—2A | 25 @8] e8| 37| B3| Ba| 4 B8 | 106 0 112
A=4, - ;.-; B | o [ 82| &0 | e | A0 | Loh lmi b d
A=04, . .| sa| i8] 60| 87| o6 10| 112 s | aue I 148
A=ap, ., || o2 &ni BR[| 0108 | opas ) 1 | 150 | 148 | 15T
A=A, o o os| as| ow| i ao | 0= | am | | s | m
A=y, . .| o) e8| o8| 6| s 138 | e | 171 | 106 | e
A=%, . .| m ﬁl 00| 06| 1] ez | tos | 1ns | vna | v

b should naally be taken as equal to -6 d: 4, it must be remem-
beted, is the effective depth, iz, fron the top of the concrete to
the centre of gravity of the reinforcing steel,
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41. The effective spaa is to be taken as the distance betweeh Rsintsost
cantres of bearings : for continuous beams the effective span hﬁmm
the distance between centres of supports: for -beams resting on beams—
walls, the depth of the section should bo added to the clear span to )
obtain the effective span.

42. With & wniformly distributed load, the bending moment
tor a supported beam 15 1§ WL inch-Jbs. For beams continmous
over more than 2'spans the bending moment may be taken-az WL
both at the supports and at the centre of span and W in the formubs
. should be multiplied by § For beams embedded in walls & bending
moment of 1} W L may be taken and W in the formule molt-
plied Ly 3 at tlie centre and by § at the supports. Bending moments
at supparts are negative, i, the upper snrface of the beam is
in tension. I should be clearly understood that to consider & beam
a8 supported and to caleulste i only for the bending moment at
the centre of the spar may lead to o failure ; in many cases the beam
may be more or less fixed at its ends and the nepative bending
moments that may ocour there must be provided for.

43, In singly reinforced beams the concrete and the steel ars
stressed to their permissible limits, when p is equal to -675 : this
is often termed the °economical percentage.” If, however, the
relative costs of the steel and cement are taken into account, it will
be found that, within limits, the higher the percentage and the
greater the amount of compressive reinforcement, the more eco-
nomical the beam. The percentage of tensile reinforcement should
not usually exceed 2 and A should not be more than A,. Beams
moulded away from the work should alwavs be reinforced on
both sides in order to prevent fracture during handling,

44. Beinforcing rods should have a clear space between them
of at least 1" horizontally and §* vertically exvept at joints or at
points where the bars are in direct contact and transverse to one
another : the distance to the sides or bottom of the beam should
be not less than 1} diameters, subject to a minimum of half an inch
clear covering over the steel, For large important beams, or where
fire protection is of importance, the outer edge of the concrete should
be 2 inches away from the outer edge of the bars.  Joints should be
made &t points where the stress in the steel is & minimum : it is
sufficient to lap the bars for a distance of 24 diametors and to hind
with fine wire.

Nore—Exsmple § of the esleulstivns lor & reinforresl conmrote  Hoor  haa
ST e
rn the sxamples it might hhumm;hn-thnint:fm.

45, When for sny reason the hreadth and depth of a heam are
fixed and it is desired to find A, and A,, the formuls in para. 40
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may be solved for m and the table used or the following method

Reotunzulsr MY sometimes be found useful. The moment of resistance for a

beams—
(comeld.)

beam with p=675 is 95 bd®: subtract this from the bending
moment : steel twinforcement will then be required to resist the
excess bending moment : _

éil_Enmhnﬂmg moment

10000 (d—d)
64 d
36 d—de
675 bd
Tota! A —A L0 !
A=A, o0
d, may be taken as 27,

46. Blabs are calenlatod as beams, a strip 12* wide being consi-
dered. When a slab is continuous for more than two spans or when
it is supported or continuous over four sides, the bending moment
is reduced and W in the formule given may be multiplied by -

_{a) §if c.I:I'.lItinﬂuﬂs for more than two spans.

{b) X if supported on all four sides.
{0} § X if continuous on all four sides.
where X hus following values, L; being the lagth and L, the
breadth of the slah :
-5 if Li=1, B4 if Ly=13 L, Laioh Ca
Tl . =1Ly | @ , =1L 1 if L,=2L,
For end spans reaid $ for § in (4) and (c) or make these spans

A=A

-shorter.

In cases (b) and (o) the slahuis caleulated for the shorter span,
Ly Where Li=L,. an equal amotnt of reinforcement should
be providid in either direction. Where I, is greater than L, abous
balf the area of steel given in the direction of Ly should he pmn&nd
along L;. Tt is slwuys an sdvantage to reinforce sliba in both
dirertions especinlly where heavy cancentrated londs are expeoted.

When  independent reinforcing bars are provided in one
direction only, distributing bars should be provided on the tap of
the lower tensile bars at right angles thereto. Such distributing
bars are not to be farther apart than 18" or four fimes the effective
depth of the alab whichever is least and to have an aggregate eress
sactional aren of at least 0-08 per cent of the effective cross sectional
urea of the slab and the dizsmeter of each bar should pot be less
than 1 of the effective depth of the slab,

47. Blabs are rarely doubly reinforeed, except in the esse of

‘eulverts, eto,, where the depth may have to be limited. Where

heavy loads have to be provided for, the depth of the slab should be
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L L

himm:ml : for light fioors the depth may be as small
L i

88 52, but, practically nothing smaller than a 9 slab, with d=

2", should be used,

48. When reinforoed concrete is used for an upper floor, it is
usual to construct it of a thin slab resting on beams monolithie -
with the slab : the slab may be carried on main beams, which span
from support to support or on sscondary beams between the main
beams, thus :

Eenlrg of pressucz o famarele

sl e S :
SRS S i &
= ===l e J
a Newlral aris '
3 ',
et e Lt =
..‘r

Another metlind is only to use beams between pillass in either
dirsction, thus taking full advantage of the great strength of u slab
pantinnons on all four sides © the pillars are usually placed at the
cornets of squares. A development of this method that has been
adopted very generally in America, is to omit the beams altoygethar,
thereby arriving at & slab continuous over columns atits four
corners : the alab is remforeed in fonr directions, from column to
column both ways wlong the edges o8 well as disgonals between
eolumns at opposite corners : the ealumn head is eantllevered out
to rednce the span of the slab : the advantaces claimed for this
method are simplicity of construction and economy in centering.

49. For tee benms, the depth of the slab is caleulated as px-
plained in para. 46. The main and secondary beams may both be
assumed to receive assistance from the alab they support and can
be considered ns tes beams. Where a deep heam is used with a
relatively thin slab, little advantage is to be gained from this

Bainforaed

(censd. ]

T beama.
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Reinforeed  mathod and heavy main beams are often calonlated as ordinary
Tu bawms— rpotangular beams, d being messured to the top of the glab. It
fod). is also open to question whether the slab ean be considered as acting
us the upper Hange of the main beams when it has alfeady been
taken into considerstion when ealenlating the secondary beams.
b, the width of the slab considered to be mcting with the rib,
should not exceed the following limits ;—
{o) One-third of the span.
(b} 15 times the depth of the slab,
(¢) three quarters of the spacing of the beams.
d, the effective depth, should be talken at between 7 and Jgth
of the span. b, the bresdth of the rib, must be wide enough to

take the reinfoteing bars and should not be lees than :E‘
50, When the peutral axis does not fall below the slab, the
formulie in para. 39 apply. When the neutral sxis falls in the rib,
“the following formule mast be used :
(a) with single reinforcement :—
d® +-Spd?
i [ .
Ed,—'ﬂpd.
ddn—2d2
5 e T ey
__ 2x bending moment x n
&= %, %d, % (20, xa.
__ bending moment
A xa

(b) with doubls reinforcement :
- d® +-3d (pd+pd)
2d,+3d (p+p.)
r— bending moment <0
'b,d, (n*—nd,+ ';L'J-F--Iﬁb.d{ puin—d)*+p (d—n)?]

£ =15 uf’%" :and e, =1b¢

n—d,

51. By the following procedure the depth of the rib and the
reinforeement necessary can be found essily. ;

Find p and d by the formula given in para. 40, b, being sab-
stituted for b and W being multiplied by § in the ease of continnous
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besms. If the proportion of E, does not exceed the following Ew

values, the neutral axis does not fall below the slab and the design ETH "““"I”_
may be sccepted ;

p= 3 i 1 1
.j_.= 416 312 267 2.38

1 this proportion is exceeded, the nentral axis falls in the rib
and p and d must be obtained from the curve given below. To
bending moment in inch Ihs,

bidl'
portion of d to d, can then be read off for any percentage of
tenaile reinforcement, I will be observed that an inerease of p
over § means very little reduction in the depth of the beam.

use the curve evaluate, : the pro-

2%
o7 %
i%
N
TS

- - g

. pav
- 274

1

\\\\

o
%7 =il
T ,4/

2 2 4 &
d!@ l‘ L e e o

62. At the supports, the bending moment being negutive, the
flange can no longer be considered as acting with the rib and the
seotion muss be regarded as an ordinary beam of width b, Az the
ares of the concrete, available for resisting compression, s pow
mnch reduced eitherthe beam must be deepened towands the sup-
port or additional compressive and tensile reinforcement added as
described in paragraph 45.
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58. In & beam, uniformnly loaded with w lba. per foot run, the
almnﬁngﬂtmmaquﬂ'tothnmthn.'—h. at the support and
. gradually diminishes
to nothing at " the
cemtre of the span.

Thus if A ia the sup-

pors, AB= _Ié_ and

oo — W=
A0 =%, then the -]x

shearing stress ab any Y g e + F=rr=o B
pont F will be rte-

presented by EF,

while the total shearing stress over the half span will be represented
by the trinngle CAB. Conerete can safely resist a ghearmg stress
of 60 Ihe. per square inch, which is considered as distnbuted over
an aréa boa @ then if AD iz mads equal to 60 b s, the figure ADEB
will represent what the conerste can resist. 1f AD is less than
AC, web rinforcoment must be provided to resist the exoess shear,
repregented by triangle CDE.

(1) Thenat support . - E=Ai:=“TL the.

() st X fiet from support 8 = EF — w ([_é—m Ihe.

(8) over the Wil sgan < 8 = "‘ﬂ’;ﬂzt-s |
(1) Exceas over a length 8 = U%ED

8  wL :
! {_ﬁ_ — 60 ba)® inch lhs.

54, Blabs do oot ordinarily require any ahear mﬁ:fnm:qiut.
nor as o rule do singly reinforced rectangular beams, though it is
usual always to turn up half the tensile reinforesment in sl beams

ut a dlstance not exceeding %&um the support. T'ee beams sud
all :luuhlzr reinforeed beams must always be tested for shear, thus
8 st support - 568 wl

ba Tl

where o is taken a8=-=88 d and b, 1s substituted [or b in the case
.pftmhea.m;; If = exceeds b0 Ibs. per square inch web reinforce-
ment must be given : if s exceeds 120 lbe. per square i ber b,
should be increased. it sk

5=
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55, Web reinforcement is provided for by either turning up not Rainforeed
more than half the tanmlnrm.{ntmghnrntnmdathnauppurtm

ﬂ_ndmuuufnuhmdmg Tf.m thstmﬂﬂmnnghﬂm'm”

the horizon or by means of vertical stirrups. In ordinary beams
provigion is only necessary for the excess shear, but m important
beamns stirrups are provided to take up the whole shiear, some of the
tensile reinforeing bars being turned up as well.

Bars tuniied up will be in direct tension and

ks 8 B B
16,000 a sin @~ 14,080 d sin §

: . 8
ifg =15 'A':'ln.{.lﬂﬁ i
with vertical stirrups, the steel is in shesr and
B ]
A= is0s iias0d
8 is taken [rom 53 (3) or (4) ss the case may be, while X may be
found by equating, 80 ba=52:8 bd in 53 (2), whence

CDxAB L 528bd
x-DxA8_1 S8k p
.ndmgbms=%iﬁ 62.8 bd)®=b wX* inch.ibs. B

T provision for the whole shear is mquimﬂxmakmu;

vide 53 (3).
6. Each vertical stirrup has two fimbe and stirrups are often
provided in pairs. Having found A and the minismm number of
stirrups required (N) the area of one stirrup can be ascertained.
The stirrups are of equal size and as they resist the game amount
of shear, they are gpaced 20 as to divide the triangle D) C E into an
equal number of parta, being closer together et the supports than
towards the centre of the span, A graphie method of finding the
spacing i given in the examples ;: the same thing is given by the

following formula: :
Support to No. 1 stirrap =

X
\xf+u(¢ze—;.1_‘ x)
No, 1 to No, 2 sticrup =

\/H-;-](,/‘M—V w_.l)

No. (N—1) to No, N ﬂjﬂuﬂ=m(¢h)
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The spacing must pever exceed d aod in important beams
it is usual to carry the stirrups at this spacing across the centre of
the span. The minimum onmber oMstirrups pormissible may be
found by the formula

246X2
as
57. The adhesion stress along the reinforcing bars is equal to
s e ond should not exceed 100 Ibs. per square inch, otherwise

gmaller and more numerons bars must be used. Important beams
should always be tested for adhesion. The ends of all bars, for
whatever purposes used, must be split or turned over.

68, In caleulsting the load on a columu bronght on by a conti-
nmous besm, it must be remembered that the end reactions are each:
equal to one-third of each intermediate reaction. The length of &
column should not wrdinarily exceed 18 times its loast dimension.

50, Two forms of column are usaally smployed - —

(¢) Bquare or cironlar columms reinforced with, 4 for square
and & for ciroular, longitudinal rods, whose area amounts
to not less thay -8 per cent of the sffective area of the
golumn mensiured between the outer edges of the rods :
the rads are bound together with wire, eto,, at mtervals
not exeeeding 9 inches or 15 times the least dimension
of the rods, this interval being incremsed to double
the above amount at the ends. For this fype:

C=800 A (1414 pj=A ¢
en A is the eficotive area of the column and p the percentage
of longitudisal reinforcement. The value of ¢ may be taken ss
follows ;—

N=

Perceotepe of reinforcement.

4
-
i

Dzl | 180

e= k2 mﬁ| fEd | TB5| FA& | BIO

(b) Circular columns composed of § or more longitudinal rods
enclosed in 8 helical hinding. The longtudinal rein-
forcement should mot be less than -8 per cent. or more:
than 4 per cent. and the helical hinding should not
exceed 3 times this smount with & minimum of § per
cent.
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The pitch of the helix, r, should be between 4 and §d; the internal Reinforeed
diamster of the helix Colunms—

{camid.}.
Tﬂﬁnﬂ.

C= 1+ Hp]_-ﬁﬁl.'l d%1+-14 p)

where p=py-+p, the sum of the percentages of teinforcement
in the helix and the longitudimals.

For the section of steel required for the helix
wd®  py,

BLx — x==
A volume of helix 4 100 rpd?
length of helix If_l-lv,—“mi ]fﬂ'v"n"d‘—f-!‘

60, For long columns with fixed ends whers 1 exceads 18 times
d. the least diménzion, ¢ must be reduced thus —

Batho ol 1 e o

* ' 24 L | 1T

s ] ] . |

s

1f the ends are not fixed o must be further reduced, thus - —

One end hinged. one end fixed . . o%+5
both ends hinged . - - P . 0«33
One end fixed, one end free . - . ox-0625

81, The base of s colnmn is usually made square, the area

raquired being found by dividing the weight of the column and base
plus the load supported by the pressure per unit area that the soil
can support safaly.

The height, b, of the base of the
oolumn above the bottom of the
foundation slab must be sufficient to
prevent any tendency for the eolumn

to shear through the slub and is found
thus & . i
p W—2smie el i .
~ wia

where W is in bs. t is the remstance per square inch offered by the
oil and s the safe shearing stress per square inch==60 lbs.
G
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The bending moment in the foundation slab. s oqual to
%{h — 80 d)
b end d being in inches,"W in Ibs,

NoTaros,
A=sany ares in sq. inches: ares of remforeement m R. (.
o L
beams, sto. 160"
AL A A, A, Aj=area in 8q. inches of reinforcement in R. 0,
beams, eto,, respectivély for eompression, helix in columns, longi-
tudinals in columns, shear and tension.

‘a=lever arm in R, . bﬁ.mm=ﬂ.—-: for rectangular and

d — s, for tee beams.

#,—distance in B. C, beams from the upper edge to the centre
of pressure of concrete.

b =breadth of any heam, efc., in inches.

hy,=nbreadth in inches of the rib in & K. €. tes beam.

b,—effective breadth in inches of the slab in a R. . tee beam.

0, e=total smount and mtensity per sq. inch respectively
of compressive atress,

¢,—compressive stress per sq. inch in steel in doubly eein-
forced R. C. besms.

D=distance apart in fest, centre to centre, of heams, trusses,

ete.

d =depth i inches of any beam, ete.: for R. O, beams the
afiective depth, from the upper surface to the centre of gravity
of the tensile reinforcing bars.

d,=depth in R. €. beams from the upper surface to the ventre
of gravity of the compressive reinforcing bara.

d,=depth of slab in R, (. tes beams,

d,=total depth, out to out, of R. (. heams.

B =moduluz of elasticity for any material,

h =any height in inches,

I =moment of inertia of any tross section.

E=mﬁhdmﬂhndmymuqdmm/1_
A

L. L=span of any beam, etc., between centres of supports

in fest and inches respectively. '

© m=a constant in the formula for strensth of beams.
n=distance in R. C. beams from the upper surfnce of the

eoncrete m compression to the neutral axia,
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N=number of riveta at each end of a member of & truss : nam—xﬂ'é:if?“—
ber of stirrupe in the half span of & R. . beam. s

O=total perimeter i inches of the tonsile. reinforcing bars
in w B. C. beam.

p—percentage of steel reinforcement in R, C. beams : sub-
soript letters as for A.

q==4 constant in the formuls for deflection of beams.

r—extreme fibre siress per sq. inch in beams subjected to
cross bending : any radiss in inches: pitch of helix m R. C.
columns. Safe resistance per unit area of soils.

1y=—bearing streds per sy. inch.

8, s,=total amount and intensiby per sq. mch respectively
of shearimg atress,

T, t,=total amount and intensity per sq. inch respectively
of tensile stresa,

t,=thickness in inches of steel plates.

Y=deflection in inches of any beam, ete.

W=total weight supported b'_'r any beam, eto.

w=uweight per aq, foot or per foot run supported by any beam,
ete.

y=distance from the neutral axis to the extreme fibre in &ny

f#=angle that any beam, etc.,, makes with the lorizon.

ST~ .= ¢ foroed cunezete

ud
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TABLE 1.

* Weighis of building materials,

Maserial, N

Clay a : a | 3t
Loam , : (N1
Sand - . . 2%
Ranued werth 5 . 1in
Erickwork, burnt bricks 120
o auniried brie o {11
Stone mesanry. (i
Litne poterete . 4 - 115
Cemoni concrets - 3 150
150

Retuloroed conorete | 150
Lima plesier , e
Limemoriar . . = 00
Shingls . - . - L

Cormngated iron 24 0
Corrugated from 282 | .

Glalvanised frow 21 0 oy
L inoh boanting.

Mungnlorn tiles  mmil

haitena

Sipgle Allahabad - piles
ani bnlirns

vmbls  Allnhabal tilss
nod baitens:

Binpgle oounbry tiies
ing'dimg frames

Bouble ™ country  tiles
inoluding frames

Limy o sl plester
ociling on wire netting,

Eternit sheets ar tle=g"

Vienemits or pine oclling .

4" thatoh sod fames

8" thatch and frumes
Bisgle Bomith's tiling .

Double Smiths tiling

1]

¥ )

Ll

14
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. TABLE 3.
Bending moment and deflection constants for beams under transverse stress.
Muli Mults
fumnid hnnd
Comadibion of enda. Nabure of Jaad. pide wl sils of
sirength | defleotion
formmid | (ormala
by by
Hath cods supported | . + | Distribot=d : = 3 1 i i
.DG\- - p . | Conventrated sk oenlrn d < s 1+
Onr end fixed, one vod free | . | Deatributed : . = . | 1 i
B, - « | Consentimieil st the rep end - ] up A
Onx enel fizesd, one el supparted | Dhetributed | - : s 1 -+
T, . | Comeemtrated a2 contrs % 2 5 | -7l
Botl ends fixed . . - | Distributed p : " . i | 2
D : . : v | Conesntrated ab centee g - | 4
Bupported aud contimuous over 2 | Distributed . ., 1 -4
e und s, *
TABLE 4.
Trigonometrical functions lor varions sngles of lope.
Slnpe. I Acgla, Bing, | Comme Soeank; | Cosrennt
I.. —_—
1inl | 457w 07 i [ 1412 1-414
Bind B anr wHfile M2 [ |-
Has S 4T S8 | L11&, | ]
| in 2 L ) A7 428 147 2461
Vw3t 15% 80° Bid =Bl | l-l’ﬂ-! 3 [
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CALCULATIONS,

TABLE 12,

Properties of standard rolled steel beams,
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108 : CALCULATIONS,
Notes on Tahle 14.
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CALOULATIONS.
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EXAMPLES OF CALCULATIONS,

Exawrirs oF CALCULATIONS,

Natwra of roof,

Arrangement of
‘e fiers.

{a) With ridgepole
Batienas,

"

Tenle = 7 21"
(1" apart.)

Bafters,
Tesk: 1}° x5
[2-19" apark.)
Ridgepoie.
Teak; 3"« 71"
er B. & beam
& X1 @ 6} L

L Itoef of & Follower's grarter.

Bingle Allahabad fiie=s on teak battens
and safters.  Slope of ool 1 n '3,
size of quarter 12* fong by 10" wide =
all walls 15%

Bearing in mind that a-vory litge mim-
ber of such quarters will be required
and that economy s therefors of
impartanee, ik i= coneftered that, for
so amall & bmilding, allowsnee for
otcasiona] load may Te asgloctad

v anmid only the demd foad dus to the
Hilies tudeoh into nooomst

Thim vertioal load =17 Iba: g ft.
normal load =10 [h=. sy, f

The raftirs muy be sepporied on o
ridgepolo of eteal or wood or they
mny be coupleld by a ti= joining their
lowes ende, thoreby forming’s collier
bewm truss and disponsing with o
ridgepole. Eaell wmen will be
worked out mod their costs com-
parnmd, .

Span ol raftar =!¥.‘—mi=!§.@'
=} userly,

Bpdcing of ultm:!?+ﬁ' =Ii‘_;_ﬂ.'
=2}* nearly,

The length of the mom between csn-
tres of eroces walls s 13)" snd ths
tingreat higher spacing to the abovo
will bs 210, giving § miters por
rOom.

Bpacing of battens =1*

Bas_ WIX (5 % 1xS10) x$10xE10
= 25

215
Sl ee Pxl”

 Boe parngrspl 20, pages 74 snd 75

Bpan 8}, Spachg 2-10°

win (15 2 =10 » &) > 0F x 0F
K = N

o =370 or 1" 17 ]

Span 15},  Width of toof supported

l-ﬂ!'.

Land not redueed to normal,

109

b i

Tablo 1.

Talila 4.

th

Para, 12,
Tabls b

Pars, 12,
Takls 6,

Pars, 16.



110 EXAMPLES OF CALCULATIONS,

L Hoof of & Felliwers glecrier—{vontid, )

Ridgepole—{contd.). T of wood :
Wi
- b&'=ﬁ=_ﬂ?!ﬂix ,,‘“j“ 135% 104
=1118 ar 3" = 74"
1 of =teef :

WA 7 x » I8 'M."I.“H-'-l“
lcm'iﬁ“—'_'lﬁiuii—'

or 4}  1§" BE beam @ 61 Iha.

(6) Withont ridgepoio. Raltors muy he spsced somewhat

(L1 Efﬂuu further apart, 20 & t6 avnid & forest

Teak: 1" 14" (1" apart) of tisheams ; 3 ralters pee room or a
epaoing of 3-28° will do.

B — ';I: (IEx 1= 35 % FB|xHE

=248 or 1" 13",

Rafters, Span 6}, Bpackig 3237, Lond not re-

Teak: 13" x3}" duced %o normal, ss the raftes is
{328 apart.) amaler combine! stress

bt WLL 7 x 858 w0} % 8 x £}

s
=053 or T§" x3}"

Tie. Tension=1W cot §=4 (wLD poc. §)
Steel hoop: J* x i@ oot §,
=313 The, = ITR1L 328 x 1182
=683 The.

A wooden tae wil] work out very amall
and a steel fie will be better.

,a:_f:r_.:‘m = U406 o 1T W
" net.

To allow for serows a seotion §° x 1@
310 tha, may bo taken,

" o compare the costs for one room in
& hblock, nsglecting wall plates,
balle, ste, 3

{a} With ridgepale :
Ruttemsm 20 1330 LA D0t
m:usuﬂu“-_u’;‘xa-r-ﬂ

Wooden riggepale.
-1xlux.'l"_ﬂ"'ix=-m

willy s

1 ;ﬁﬂ'lh ]
Hiepola

M#—-Ixiﬂx-—”%—xa—m

¥
() Without ridgepale.  ®
Bultems e By 0 2 15§ 2 £ :l:l % B8

Reflers=B 3% T il x 3
% T o X =b08 -

Tim =3 w18 x 20 =
TiE XM=ra

Relerencen

Para. 12
Table 6.

Para 12

Thable 12

Pars, 12,
Tahle 4.
Pars, 24,

Pars. 12,
Tahle 8.

Pars 23 (a)
Tahle 4

Para. 14..
FPara 2

Table 17



EXAMPLES OF CALCULATIONE, 111

L. Roof of & Follmerr's quarter—{oomcld.)  Reforences.

Thus the collavheam troes ja mors
soanomical,

(Nores,—Ii white-anis ure prevalent
o extra saftor per room may be
given o a5 to avoll resting battons
on o wallplate on the oross walle
For married soldiers’ and Tndisn
Officers’ quarters, whore s plaster
ceiling ja’ given under rafiers 18°
upart,. s ddgepels should be  pro-
wided. }

2. Roof of m Sergoomts’ Mesg,

Nedure of building. The building eonsists of—
1 room: &0 = 247,
2 rooma, éach B0° 424"

with n veraadoh 10° wids in the
olear all round.  All walls 1§ thivk.

A MAIN ROOF Dyuble Allahabad iles on Sal bottens,  Plate xvi
Nature of roo). rafiors, purling and i frns-
ses. Slope af roof 1 in A hori-
zonfal eciling of Hme plaster on
wire netting to be given under the

tiehesm of the truss.
Loada, Tiloa v - . « Hlbe Tahle L.
Oeeasional load for 24" span. 19 ,, Pars. 8{})
Coiling . . - - = Tahle 1,

Oceasions! lond o cedling . 15 ,, Parn, .
Lowad for roof timbers =53 [be, vertical  Tabla 4.
or 53 aos § =53 504 =4Tibs nor
mal,

Load for ceiling timbers=22 Ths, v
o e B

Baitena, Span of rafters="F aee §BAXIIE  mupy g
Sal ;1 x 1§ (I"apart). =T}~ ¢
Spacing of miters _
'}i\r ‘!‘rﬂq-'—;—r—ﬂ-m', Para. 90,
Langth of rool
=§+ li-g—ﬂ:l-rli +30+ 1430+
1eri=11
Nenrost Iughn- r-&ar spacing {0 snit
roaf =2-3".

Spacing of hntens=1’,
WIS . (47h = 1 % 897 % 8 x 30
e X Para. 12

=303 Table 6
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Batters—{oontd. ).

Raffrrs.

Bal : 2° x43° (2} apart).

Porline
Sal: 3" =63

Ridgepole.
Bal: 2" % T1".

Principal Bafler,

Bal 1 4" % 4" (7] apurt)

Siruta s sl 3" 0 0,

Kingpost : sl ; 4% = 4",

Tiehenm.
Sal : 4" w B}".

EXAMYLES OF CALOULATIONS.

2. Koot of o Sergmnts' Mess—{oontd.)

Keapast suituhle gevtion 17 x 147, whers
BiFe=d: this may be used to ita
miaximum periuiasible span

M 4='I"CFL" =HxEAn M

H5 (o7}

and L~ 25,

Thin spscing for mfters will snit the

Span 7!:'. Bpacing—2-5"
Mt - WA UTXEXTHXTR XD
] 2
—195 or & 5 43"

Bpusing of trivees = !P“_‘_Hi=ﬁ:ﬁ

=10,

T hea to be romembioeed Lhot the tie-
beam is to earry A osiling und; to
aveld & tvery licsvy seotion, a
smaller ppacing i= desirabile, fuy 7§
for the smaller Tooms and 7-36° for
e Inrger roodn.

Wiilth of roof aupported =54 Beams
euntinmone

Bt WL _ G7h % T4 % T x %
T 8
=120} or 8" 2 03",
Conditiona b= for purline, bul Ioad not

reduoed to normal.

__ 1S Siriians
bt = i it )

Unmuipjusrted lengih of principal=5§"

W=wLD ker. § =58 % 25] <73 % 11118
=11000 s,

W, =w LD =7 351 x 7= 1,400 Ths.

O=F W oo, § L1 W, coven §
={ 2 11900 2 2:956) -+ > 1400
« B 206} =D075 +T86=10,764 [ba

A 4" pquare strut with ends hall fixed
takes about 080 lbe over T} :
kseping he width at 4%, the depsh
would Lave to bo X150 _ g
neariv.

Chee fd A exdmple s

% :':.!-“ o Pie o
gafo strese with ends holf fixed of
67 e por g ime

A f:l’;’i- 15 my oo 2 A4S

The struzs sud kingpost need not be
wiielosd gub s strvits sy bo 37 %37 ;

4 4",

As thy tichmam & mder transverss
Eiress, on aoconut of dhe seiling, &
:LEI b calimlnted for o deflection of

w

Para. 12
Table &

Parn. 22

Purs )8

Pors. 1L
Tahle &
Fura, 10,

Para. 11,
Tahle 5,
Pora: 25

Parn. 23 (b}
Talle 4.

Table i

Tablo &

Para 13,
Para. 25

Porn. 55
Pars. b



EXAMPLES OF CALCULATIONS, 113
2 Roof df i Sergeaids’ Mizs—(contd.).  References.

Tieheam—(contd.)  Span=21—123" Spacing =73,

Load =210 s, . L
it R g (ERTEXIB NS pars, 12

=v1m wd” w A Talilen,

To roduse the soolion of the Lehesm,

it would b pennissilile to susperd

it half way between the support

.uu]tﬁsgﬂngpuu:hglruihﬂmthu

principal just above the sirut.

-

Huel joint. Tonsicn In Hebosm, T=0 cos § =  Pars. 33 {0h
Strap, ends forged 13* % m.ma B =0,023 |be.

i bolt, 13" dinm. A = = _Wm g TEIT TRV L A
=L Ml?\}’ﬂthamhnmfurgnﬂ.
Diany, of bolt = — T _— 2988 bl "
Exima
| 5 ’: l:r.w“—'
=1},

-t onds of the strag are not forged,
b whiith musd be 237

B, CHILING. The eeiling jolsta, whinh must aot bo
more then 18° apart, ey be sop-
ported in ellher of the following
WHYE—

{#] direcs 1o the endersiile of the tis-

. beatt, Joists being pamllel to
: the jong walle

(b) below brosdbesme letwesn  ie-
bapms, joiste being st right
nnglis 10 longwalls,

(e) as in (e) snd slso abtached toos
beaon sinng liv rods from the
pucline snd tha ridgepole,

() sa In (b)) but atteched to cross
beapms slunp 6é [ (e), no use
being made of the tisbeans

In ceses (L) %o (d) jomwts-wonld hsve
shiort spsne wul milght well be trest-
pd as conifnvens For oases (£)
and () the porins wonld have to
be strenpthened, With steel tros.
sos-{d) wonld be the best nreange-

§IT L
In the jresent fnstance (o] may bo
worked out.
Criling foists. Span 7y, Bpacingli’, Tolecalouls-  Pam B
Bals 1)° 4" Inted ne anppnrtﬂd only for n defles-

thon n,i—- Load 22 lbe sq. 0,
Wb . T
bt T g (XWX TXTIY P, 1L
=970 or 137 x4" Thble &




114 EXAMPLES OF CALOULATIONS.

O VERANDAH 2. Boof of o Sergpeants’ Miss—(oomtd.).  References.

Natwre of the roof,  Bingle Allahabad tiles on Bal battens
and raftess and seinforend congrebe
bressummers,  pillar caps end
pillars ; pillars to be not more than
1 apart.  Slope of ool in2

(Nore—Baitns ond raflesy of rein.
foreed comorsto have been used st
certmin  ztations : they hsve not, -
however, proved economical when
compared with timber.)

JLoads. Tiles . . « 1T lba Table 1,
Ooensional lond . I6Tha Para, B {5).
- 32 1be, yeetical or 28] 1b= normal por
. 5. foot.

Batiens. To avoid confmsion. it will be as well
Enl 2 1" % 14" (1" npart).  to sdept the sme section of batian
u'hlmiugm:d!mthﬂmﬂnmf,
wiz, 1” % 11", spaning 1°,
bt Wi o :i_[ﬂuiu L2 5 Parn, 127

——n \
whermos L2 =28'25 and L=3" Table &,
Bafiers. Span={11"+ halt width of pillar) sec.
8al 128" x0° (3 aport).  §=(104%) I-118=11} nesly,
| T ey x 8 up 11
Bt = XA TP XIP X Para. 12,
-m‘?ﬁr X b Table 8.
Hip rafler, A mnd B sre two verandahka, 0D the
Bal: 34" x7" hip raftor and OF, EO the ordi

rafters  on cither side. Tmagine
CFE, CE to represent the sctual span
on fhe rafter an the ulope, in this
case 11} and ED, FD the length
of ench raftorin plan, in this osse
105" Then span of hip rafter
=, /T & Ev
=/ 4+ (oA =159




EXAMPLES OF UALOULATIONE.

2, Roof of o Sergeants” Mess—({conid. ).

Hip rafler—(contd).  Load on hip ralier=Ioad  on  a&rea
= = CGIIH.- podnis
I:y jmnjng a. b
. cettre
p-um!ad_ﬂ'ﬁ'm,
== of urea CFDE x

284 The
=} % CEx ED %

284

=} 13l ®
2&#* Ody
=1113 lhe

Tt iz wessumed that jaokenfters are weed
to distribute the load between the
hip rafter snd ihs bressummers,
otherwize the Joud on the hip rafter
would be represerited by the arsa
CEDL

w.:% Hjlxli‘ﬂxw_lm or
BET.

Jock rafters. Jack rafters niny be of tlie some eeotion

Bl : 25" % 0" (3" ppart sa ordimary rafters : they are placed
o i i mthltlhamudmmmuu-

° where excoods 37,
Bressummer. I{ the pillar cap i made 3]* long,
Remioreed conorete 43*  the span of the bresummer will be
T 4 (10 —3§1=8}" ar sy T allowing
2 bottom rods 4" dism. for the bearing.

2 top rods " diam,

Width of roof supported =1 span of
ralter + wuhlngu}# + 1=83"

W =Superincnmbent load - weight of
brossummer,

=28} x 6] x 7) + (1 x 205150,
18474 107=1544 The,

Asanme psection 41" < 6° 3o, tho effec-
tive dupth being taken aas 5.

_ lkaaxT
H‘-—-—--—I:Il'll. -“—m—" EOTEe.

sponding to 14 per cont. tensils rein-
forcement, with A —4At

At agﬁ%“a-ﬁT o, in

or spy 2 rode 37 diane =23 1983
=+3028 =q. in.

Ap=wd At=+4 % 33T=135%

or éay 2 rods 37 diam =2% 0707
=+1534.
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References,

Para. 12
Table 8,

Table L

Parn. 44,

Tablo &

Parn 43,

Table 15.

Table 15



116 EXAMPLES OF CALCULATIONS,

8 Reof of a Sergeunts Megs—(coméd,) Beferences

Bressummer—{oonid.), Testing lor shewr
) S o e

8. i, which the® conceete con
easily resigt.

Para, 54.

As the beam may bt momw or less  Para, 42,

fixed ot the wds, | rod should be

wirned up et F=1}" from the end

of the esp nad ear riedalong the

NPT partion, &0 %8 to resiid mny

possible nagative bending moment.

Fillar caps. Epm::?:l[‘. Widih of roof sup.
Beinforned pomorota portod =81

B
2 bottom rods, 47 dinm,. . The osp i= o osntilorer gorrying an
2 top rods, | dism. end Jead ds follows +—

muhmm-mxux?—m

i@dmaﬁ:gﬂlﬁ!x 710 e
ISllmEl 3
Thi=: is equivaleni to 8 distriboted
load of 2% 716=1432 lba. There is
‘ aleo w distributed lond @ the cap,
thus :—

Buperinonmbapte 283 8§ x 1} =357

Welght of lremummer=1§ x%ﬂ'
3 100 20, Py Sy

Welght of sp=1} x!':-:_‘i X 160 m il

Total! distributed load — T432 + 41
=186 1ba
Assnmeing a seciion 41" % 6}*, with 8
es 44" :
WL
Lt T:—r-!ﬂrm_ “r;"’“um
10 & ila - rom-
forcement 0f 2 parcent. with A —A
A, =Fg XM 104 ag, i or say
2 rods §° diam. =2 51063 =-5026,

top and botioem,
Pillar. W=2 x load nt enid and o oap
Reinforesd conerote =(2 x TI0) - (22421) =1422 L 849

$wdl 4 rods, 1° =2274 Iba
: Assumn a seotion 4§" % 4" : then it
' the pillar from the bass to the un-
dersics of the eap is 6’ Jong
323220}, and the volumn is o
*long ™ one, Init o8 preswire per ag.
inch, ¢ :-WT‘ =186 I a0 gmmall,
I gpeciul ealoulations cre mmneeessnry,

Tnl:!u-'a.
Piera: 400
Tahls &

Table 15

Para. 68

Para GO



EXAMPLES OF CALCULATIONS.

Pillar—(contd.),

Nahtre of rouf.

Batiene.
Deodar : §"x1%

Deodar : 1§ % 33"

Purling and Bidgepole.

BE X1} @ 4 Ibs,

2, Roof of u Sergeands’ Mese {concld. ).

Theoretic no reinforcomoent ab
all &= bt fone rode, esch 17
dinme, G 01 bs., should ba pro-
vidlm!, ons al eacli omes, Tt will
be seen that the efective aro hes
betn taket $4° =887,

3, Reof of en Fudian fofoniry bervack.

Hinple Mangnlore files on deodas bat-
tens und rufters, ad stoel purline
ared trosses. A limg
i Lo pivem below the rafters, whis
mmst not be spaped more than 18
npart. Blope of yoof 1 in 2. Mhe
building oonsigta of 4 roomns, esch
i e 20, with two roome for havil-
dars,; vach 12" % 9%, ol one end, Al
walls 1B wide

Tiles 10, Occnsiviad lood 15, Ceiling 7

82 Ibe -vertical or 23} lba normal
pet w. [

On hationz 25 e, vertical or 22 [he
“normil per 8. fi

Spacing 13" =1-145",
mi-n‘lu:i!n vl x 1)

=

Bpan 11'
i T

=51 or §"%1° if good timber &
wvailable : ¥ fot the minimoes per-

misgible gantling.

Span =Tk g TEXLS 6. Spac-
ing=1}" ﬂ-ﬂmimimmmaaﬁ
o secount of the ooiling.

H*"‘I'%’"“ w (BBFXTIRO X O X E X d

¥ o=y
=783 or 13" (345

It will be best perhaps 1o cacry the
pruirline entirely on trasses from snd
wall to end wall, making no ves of
fhe orows wally, which ean be entire-
lg'lﬂattndhﬁl brizkwark.

I.mgthn[humck betwoen oentres of
end walls,

=330 +30- HHMJ—IH—
364112 bl-la&]'

thie length is 8-18-.

117

HBeferences,

Plate XX

Tahla L
Paru. B {b).
Table 1.

-
Parn. 12,
Tabie 8.

Pura. .

Fars, 12,
Tablo 6.

Pam 22,
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3. Bvof of an Indian Infuniry barrack Referonces,
—{eontd),

Purline and Ridgepals  Width of roof supported=0-,  Berms
—{oamtd), oontinaes Para. 18
1_WL XIS IDxaTn
R Rt = 14123, Para, 11,
Far the ridgepole, where the load 35 Tabla 12
nuLI &ﬂm{ fo normal
1_toesxan,
oo s .
AR5 beam 3 %13 @ ¢ Ibm with £
=1:108, will do for both the pur.
ling snd Lhe Adgepole

Truse. Bphm= 1}, Spacing—=-18, .
Bteel frums with }* members, §* diam.  Para. 90,
rivets ond donble }* gu=set plates;
Truay to bs cumbered s & asmber
may perhsps bo unnecessary, bul
in o amall truss the increase in the
Btreeaey ju sonll,

B ™

T'recss diogram, Ikaw fha span AR =21,
biseot it at O and erect CT), 2 per
vendipular=0 59, Join Al
BI) and biseot ‘enih eresting per.
pndionlars B, FH-—;F-&}'.
Join AR, GIy, OH. BH, ani DL
Then AL BD are Frinsipal mitors +
EG, FH wtruta : AG, B Ll L

GD, HD  apper ties and GH  the
sontre o



EXAMPLES OF CALCULATIONS. 11%

3. Roof of un Indian Infaniry tarrack  References.
—(eontd:),

Trusa dizgrom Now draw the external formes, the
—{contd. ) loads vertionlly downwards st E, I,

tipwarcts st A, B, the oonizee of the
walle

The of designating the foroes
et Ty

trose. members  dsuadly
adopted is " Bow's" Lotter sll
the spaces as shiwn + then 4 desig.
nade: the lond st B, p the member

s EG, eie,
Loads on fruss. Thers mre nn loads at A,B; the weight
Y of the reof between the midpaint of

AE and A being carded dipeotly B
thes wall.  Tha loads &, fm, ma, u{
called the pspel losds and in the
presemt case are aqual to ono
nrother. To the roof load oy Ly
ardded to weight of the purling and
of the fruss

Weisht of trus—O8D1f=-08x818 P 207
22T x21] =507 Ibe. of this } Is
curried »t esdch pahel point and §
at cach sapport

Fanal loadsrool losd weight of

‘ puriin =} weight of tross

= (32 818.0) 4 (818 x 5§) + 2
=504+ T8=1,687  Tbe=-Ti3
tonE

Totul lom] osrried =3 x-763=2-250
OTI.

Hall of this, 1205 tons, B carrie] st
each support, no, ks,

Siress Dingram. Lirsw the load line vertioal marking
uff on §p ths panel londs B, fa, s
hﬁn?lniﬂn:t&mm.humm

Siresned, The stresssd are then read off and
tabulstod, To neertsin  whothes
any particular membeer by iy longion
or pomypression, take k joint in the
trus disgram, which inohedes ths
member and fallow # reoud eloclk-
wise I congmontion with the stress
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3. Boof of un Iugdivn Infantry barmick - Referencel
—{contd. ),

b »
Biressts—{comtad. ), iagram ¢ & Howe dmwn tawieds tha
Juint I the siress disgram  Ddi
eate pompresion amd, =ior versf,
n ling drawn swsy om Ehe joind
eignifies tenson,  Thus taks the
joint D, starting st [ b 3 the load
_ downwaeds towanls the Joink s e
B towands thit jolit, judiesting
compression : s it awsy from the
- <joint and §s therefore & tis,

' £indingtes comipression ;—tension,
Stress in principal, kp, — 332 tons

1 4o EEPLE: P = 87 'y

& v hew] Uy Bp, =30,

I I uF‘P& ﬁE—E‘h =—1-34 o

] v I'JEEIfI'E'ﬁ_-E, iy =175 w

Begnospal rofrer. Longih, =6 Stross—=-3-32 toow
T8 x5 & @ &5l The lighimt I thad fs shrong enoogh
1bs be T L2 AT @ 064 1be, which  Table 10
| hllhk:-!'ﬂzhm:ﬁvurllnnglhnl
B, with ends !u.l! fleed. At o pimeh
8 23 2 w7 @ &01 lhe wonld
de = b gan ke §-23 tous over B
If these sectionz wro not avallsble
6 3721 (@ 502 s, should
bo used. :

‘:; ; B =47 fons
L!"xlj ):1','@‘2-11 ]i‘uru fivet, & piimmnm width of 2 Pam
e i mespszary, so (he amallest possibls.  Table
" Eection, thomgh o good doal | Loo
strong, is an anele 3 1" 8" @
211 [be.  for & more fmportent bross
the thickness would have to ba §%

£ 8

Higl He. Btress=3:) toni Pars. I4
P PR AnTepledf or 19 xi" net
. T *

Adding 7* for the hols for & 3" rivet, s Talle 17,
etoel fiab 2§ 31" G0 2-34 1be will bo
Tegmired,

s  Upper hie Etmsu—l'ﬂm
= Fld 2 ) @ 170, A—7 <28_M3 ar -859x}" net, Parn, 4.
' A'stos! iat 2 £ ¥ @Il willde  Table 17
Condre lie Hiress = 1TH tons.
5 Flat T3 @17Ihe A=Z oS0 112 x4 met P 4.
. * A erest b 2 %3 @ 17 lbe will Tablaif
da.
Hivela As Lhe gesset ;nlntm arg doubie, ull
) - mvetz will bo in double ehear, Tea

find the number of rivets required




EXAMFLES OF CALCULATIONS.

Bivele—{contd. },

Tabie of sectivna,

3. Reof of an Tudinn Fafaniry barrack
I —{eontd. ),

at each end of esch mombor, the
stress hs to be ind by the
i Sage o i
or doulile shear in tahle 13,
the pringipal, which iz & thick, the
fuotor is -84 ; for the other members
R
Number of rivets at end of—
prinvipal . o =34Ex0d=3
strit . o = "8Tx-8-=1
haed i . « =940 x-8 =3
“upper tin o o =8B =8
ventre fis , . =P75%8 =2

The sections ealoulated for members
may be tabulated Tor relerence

123

Refersmees,

Table 13.

M b,

Beotinn.

Principal -

Strox . 4 . .

Helthe . . . .

Upper th v 4
Cantre tis - . i

T a75 27 % @l 554 [bas h
L3 %0 oy i 2410 Tl . '
Fhat 2"~ |7 (@ 204 lhe ay Hs
Fi 2"« & 171 . .
Fabs<r@miabe: o . .

Truss'for double titirg,

b

As s examply of the oee of the cone
Tants given in tahle 14, & truss to
earry doulls tling will be wurked
ait for tke ssme lr!:lld'.ing.

w, load por s1q. = weight of tiles

oceaeional
qu‘:.
=34 154 I
vortical.

Tnitv w & much hosvier load than pre-
wiously taken and it will be battee
to wen heavior purline, say 4% < 13"
2 B Iha, thin o epace the triuses
cinzer Bopether,

Cunsidering tho ridgepole, where the
lsad & not eeduced to  normal ¢

rrpmnmqﬂ 3 : .

! _ feewEx
g5 on 183 — UEKRC
or [P =70 and T.—8-38.

The building being 188§ long, the
mwmget goitalile spacings are 818
and 8-61 ¢ the latter may be chose.

Para 1),
Tahle 12
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4. Rool of an Fadian Jafontry barrack References,

—foonnld)
Truas for double tiling. Then for a 4 punel tross cambered 1
—{oonkd. rpon. 214° and spacing #-61%
\ W—roof load+ weighl I packieay  Tableld.

weight, of truss cerried.

wiw Ta 10 x -84) 4+ (weight of
piarding -+ (L2 3 D x08)

={49: 214« £61 % 84) - (3 801K
B+ {21 % 21 = 8-B1 x-41)

—7680 -+ |20-+230=T055 [ha- =358

TomEs. .
E " apabar. | fbresk boos. nmm| Bonthim. ﬁmi?uﬂ
[
Prinsipad . | S8 1-47 & | eyt g ke | BSRyeEd
el [ ] | =3 |
g [ -3 g o E N1 ,E" B 20| IUEXE=]1
, - clgwere | A |RFAEm Tabds 14,
Fasarmm, |
‘Haslte . | 358x3325 Enuivalint o 0 % | ¢7Ex =t | Tabla10,
=AU | R i |
=T B L1 ¥ LA f
» A" Din Tha | “Tabkls 11.
3 | MH 11'1
Upperils , ti!;tu:’m ﬂala Eqwlﬂhukl‘ :n]:! l:-u:r.--: v | spEx-E=t
= =5 i eEmel Mok 2 xd”
% 14 Ihs ¢ Tabls 13.
Cemtre ide , | SB0% TR 481 | Equivaleet, o T1T85" %47 | 27881
1 =TE -l af & peel o u"-i'
i@ =15 s
|

1. Hool of & Gumsfeed.

a _Nature o] roof. Single Mangalore tiles on teak battens  Plate XXL
nnd 24 G comrugstad imn, on steel
purking and Arusses.  The shed has
un intermnd spem of 48° and i divided
- into baya, each ' wide, end bays
! baing 110 2 trusses are an
pillas  between  the i The

pillars in the front wall aze @ wide, .

while the back wall is 13°.  Blope of
roof 1 in & Corrugated iron shasts

— are [apped 9° and doabile rvetted
. Load. Tilessqibattens ., Mlhe  Tablel
Uerrugabol fron « Hlbe
114 1b. vorgicsal or 10} The.
. normnl perag. it
Wind pressurs 31 lhs, por sq. ft. Pama B (3]
U uormal, for & dpan of J.H.'E - and ()

Total nermal losi==21 I[ba pg, [E




Teak: 1"« 1%

. Purlina.
R. & beams 4* % 1}" @
5 Iba.

Bidgepole.
Double: B 8. heam
2" x13" o4 lhe

Truse,

4. Ronf of u Cundhed—{eontd.).
Battenn odiry no Joad ond imsy be

made the minimnm gize phat s

possiile with the timber Grailabls

Pnﬁrlilzuntmmﬁbe'[mihﬂ apart Linn

The widih of the boilding iz 48" snd
the Jength of th roof slops on ons

shile from the ridge to the nner edpe
ot the wall will be 3 sec

= OXIVR_057,, To wmit  this

lenpih  puclion  mosd b spaesd
B =514 sprt.

End spens=T: reet 0. Beama con-
timunma
I WL (ixsux1fixi0—1-80 or

T b Bx 95400
4" % 1}" G O lbe is near enough.

The ridgepole will bo doulils, snd, s
tha proportien of vertical lood ie sa
nmﬂlr}my bt talen = hali that
for purline=-§8. A 3*x1§" besm
i@ 4 b= will do,

Ta prevent any Umifeney for the ook
to slide downwards, the tidgepoles
on efther side shonid be connesied
together by bolts ot 2 ot & interme.
dinte points between troeees,

Allowing for & fall bearing on the back
wall and » similar bearing ol the
frott piller, tho epmn of the froes
will be 45.4(2: 1 j=477"

Spacing 9",

The front end of the tross over the
pilllar will be fris to move, to permit
of expansion wid confriction; fha
et Testing on tho baek wnll will bo
fixad.

There am 4 purline on each side, o a
10 ool tross will bo reguired. The
kmgth of the cettre litie of the prin-
eipel from apat to brel will ho £7F
fd, !-ﬂ’i‘tl—l-' =% As par
ling are spaced 514" apact, the nppar
panals will each be 514 long. wnd

the lowest pausl on sither shls
B6T8— (4 3% 511} = 610",

As pppesranco is of Tittle Lnportance,
oo eatihier noed bo given: during

Referrncea

Pum. 21,

Takile 4,

Parm. 11,
Tl 12

Farn, 10
Taklilz 12,

Tahla4.

Para, 1.

12
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4. Eoof of o Qunshed—(contd.). References.

Tross—{eonid. ], poustruetior, however, & cember of
" should bo arcanged for, to aliow
for deflection.
= Though the pensls are not guite equel
the trues might be workied out by
tha oonstaits given in table T4 : as,
bowever, several principles are in-
. - wvolved, which were not ounhed on
in example 3, the truas is worked out
in iwll dstail.

Trusy dingrom. The truss disgram i= drawn ns ex-
plained  in exmmple 3, the paoel
inte falling under the purline
I ; %a position of the joint connesting
the houl alfl centre tie is obtained
- by bizecting the principal snd drow-
- ing i perpendienliar to tha horizontnl
lime: joining the feet of the truss.

Loads, Vertheal load on each pansl —=rool
lond+weight of porling < weight
of troes,

The weight of the truss==08 DL! Pam. 29
- =18 o 03  ATF 2 4TF=1740 lbs,
of this Jr or 174 Iba will be carried
gt each of the D panel points and
gp n0 vach swpport.
ab={FBEFU 945 114)
4t %8t % 5) + 174 = 814 - 43+
174=838 Iba. =378 tons.
be, e, de=(5-14% 0} 1) -
+il <8 %6 + 17 = 502 - 484
154 =784 [he. =10 tons.
B of={014 2B 1L 4 (2B % 5)
174 =5024 054174
= =831 Tbe. =-371 tons,
For wind Joad :
ub—_ﬂﬂi.ﬂ xap xRl
=1005 The. =744 ‘tom.
be, od, de=514x0) 21
=1004 Jhei, =677 tone
if ="% 4R

- _ = THT s 338 tons.

Strese diograms,  First deaw the dingram for doad load,
fig. 5 the position of E is found by
higecting the load line. Tt will be
founil t the point § esunot bot
Bxod divectly: take suy poink g}
on d ¢ sl bomplets the tnangle
Urip/: desw pip paraliel 1o J'g
sodt thiis will give the posttion of pv




EXANFLES OF CALCULATIONS,

4. Foof of & Gunshed—{ocontd.),

Slreaa dingrams With wind ¢he foliowing conditions

—{eontd.).

mey ool :

{a) wind blowinj on one eife of the
tmss, both enda being fxed
iue bo rusting, ete,, ol tha
bearing that i supposed fo be
enpable of moving : fig. 3.

(b} wind blowing on left, right snd
iree to move : Ag. 4.

ic) wind blowing on right, right
end free to move : fig 5

_ With symmetrival -and symmotricslly

losded trosses of thiz form, (he
maximTm Etrepses  slanye  ooour,
when the wind & blowing on the
fizxed side and tho disgrem for thiz
case anly noed ba drawn, Diagrama
for ull the cases arm given hers Lo
illnstrats the principles involved,

Caze (o}, fig. 3. Drow the foad e

abede [ take nny point X aml
~draw the polar diagram by Joining
X to the poitts on the load Hne
Then in the truss disgram betwesn
the load lines st the penel points
drw the fonioular ﬁfﬂ-‘““- A B
being parallol to Xk, BC, CD, DE o
X¢, Xd, Xe respoitively » from the
painia A, E deaw AK, BEK pacaflal
to Xn, Xf, the outer lines of tha
polar disgram, K givea 4 pointon
the ling of rosoltant wind pressire,

To find the resctions, which, whm the

endds npe fixed, will ba parallel to the
wind pressurs, draw LN, MO the
redption Hnes amd parallel linez {5,
a0 from the ends of ihe load line,
Join KO and lrom P, where it ents
the resultant wind pressure line,
draw Pk to the Joad line paraflel to
a4, Thenak, fi are the resclions.

The strels d

' presents
difficulty wt g, but ean be complet-
el readily by working backwards
along [ 18 p2 {, 5 ate coimeident,

Luso (B), g 4. As the right hand and

af tho truss 2 froe to move, the wall
can only supply a vortionl reaction,

"the entire horfzontal componant

baing taken mp st the fixed end,
To find the ructions daw M
wortical, cutting the lines of resnlt-
ant wind presvure, KoP, in Q. Join

Keferduies

Parp. 28,

Piro. 32,



EXAMPLES OF CALCULATIONS.
4. Roof of a Gunehed—{contd.).  Refrrences.
‘Kiress diverens 1. 'Q; which gives the firsctice of
—{onmeld. ). the  resction ef the fixed end.
T Froon the ends of the lsad line
drow ok [, parallel to LQ, MQ :al,
% ars tho resctions.
Case (o), fip. & L R the direction of
resuitant ad the fladd end is found
- in ihe semo wiy as for case (§).
Sipdasis I will b peen #hat the mexinmm
sliessos oocny when the wind fu -
4 blowing wm the fxed sids of the
bruse coss (b) Bz 4, and the other
oases neell not be ooneidersd amy
= further. The stresses csn now he
mishnnred aff and  tabuolched.
Tead | Wind | fotal
$omi her. load P13 .= slress,
slTeEa. tana.
i -
Frincpal, af ' L4 + 4408 + 700
Centro gtruf, ba . F 4 -Gl + 107 4173
Side strul, i . L ] + 22 | 448 | +11
Heoltle, 4 . . - —331 | —400 | —3=
Tppes tie, re - i ; —I43 —5-0 —iad
Contro e bs . g i . F —1-87 —1-98 — E5
. Hide tiz, = A = — A5 — B =l 1
= The stress i3 not = heavy one: the
mtre mipartant membors may b
dentble : gussot plates |* : fivets §7, Par= M.
Principml, Loogth G416, Stres=+765 toos
ir e hall Hxed,
J i Lol d- 145 0 A palr of 2° 21" » }* wnglee, auch Table 11,
o @361 L. #81 The, will do, long legs bem! Pars, 40,
) dowanwanls, If fiot svailabls 9 Table 30y
: #3 x]" mngles gn 404 {he ench

will do. The lightest T that oan
tako tho sbross s R x§ B
548 Iba., so the sngles ure lightur,
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'EXAMPLES OF CALOULATIONS.

Centre atrut,
AT @
310 iha

Side atrul
L2 w2 2 }*
3-19 Ib=

Heel tie,
Lol 4073 ol
310 Ibe

[Tpper fis.

4. Roof of @ Ganshed—{oantd.).

Length 744 Siress 4 173 foos

Ends rounded,

Talie Il doss oot go beyoml 5 for
struls with ¢nds rounded, bul it
ean ba seon thal & poir of 2% 2% < 3*

angles ought to do: b= and

A wef S-AEHL

-E:“%’=H&. oorrespondding o
n giress of 1-3 tans per sq, inch for

enids roundeml

C=Apml-3x3x 038244 tonms, =0

Ehus sovtion will Jo,

Length 2. Btressd1-1 tons

Ends romidod.

A mingle, 2« x]" angls aun fake
2:4% bons over'3° ; this makes suffi-
vient ullownuee for eecentricity, duo
tar L miomber being on one side of
the goeset plate and not cemtral,

Stress — 83 fond,

=:"._I!=1.:1 or 524"x3": with
dotible momibere, each, 2-62°x 1%
Adding §* for the rivet hole, 337" x

¥, panie

The wildth of an sogls equivalest to
that of w ot i= joond by edding the
Hanges and gubitracting the thick-
ne=s: for 82" @ xc{" angle, nqu:[

valent whith =2+ 8 138" A
pair of such sogles will da.

Stress =— 440 Lops

Two fiats, 2" x{" A%}’:ma or 2RI %} :

@ 191 The.

Cenire tic.

Two fate, 2 |* @ .1=?—I5 16 or 246"%}": sach
128" x4 Adiing §° to the width,

17 b

Side pe.

dotible mombers, sach 1437 x %
Adding §* for the rivet hole, 2-17°

Tiouble sngles with & minimum width
of 2% wonld be mther oxtravagant
and thn frowe & banlly hesvy
eticngh to jnatify their use, nor is

nuy yuvurss] of plross oxpeated.

A pair ol 217 x§ finta may be meeds

Stress =—3-80 1ons

a pair of 2% 1" fints will do.
Etreme= —1-15 tonm,

Fst 2" x I & 1-71he A.:_‘_:; =-184 or T3 x{

2* 3 4" Flut will do.

127
Heferences,

Tatilo 11.

Para. 13-

Para 14,

Para. 4.

Para. 30,

Table 17,

Para, 14,
Tablo 17.

FPara, 14,
Table IT.
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e

Sag e,
¥ dism. rod (@ 606 lhe.

DHslance pieces.

Hivets.

Bassplale.

EXAMPLEE OF CALOULATIONS.

4. Koof ofa Grunshed—(contd. ),

An the centre tio is wri:r lomg anid there-

fors likely to gag by rensm of fis
vwn waipht, 8 sug tie slould be
given from the apical gusset plate fo
the pentrw of the tie. A 21" (lif
or & }° dian, rod will do: the sods
of the rod muet be forged to take
a §* rivel -

Double mombers must be connetted

togethier af intermedinte points Ty
muans of & Blling pieve sl & rivet ;
with gtruts the specing of this dis-
tanse pieces ju governed by the
langth of single sbrug thai' will
support hali the Joad and in the
present instancs one distance plese
is required in the poineipels od
'p?.f‘ struda 'Fn]l} tiew divtance

e2 ara not rezlly required but
thoy render the truss siiffer during
eroofion: one may be given |[n
the heel and ‘vpper ties snd ono

eoch alda of the sag s in the.

cenfre fie,

In douhble mombers the rivets arn
donble shear and the [actor for bear-
ing in 8 §}° plate should be taken.

rs hovn the rivets in
-singls ehear, but the bearing factor
in o §" plate gives a higher result.
The number of rivets &t sach #od
of oach membor are:

Prineipal « =700 03=0
Centre strmt . =178 %+53=1

but give 2,
Bids strut o =11 28 =1
Hpoal tis . o =Hl Gl

Upper tie , . =4-dfw-58=3
Contrs tis « = I-BENS8=3
Side tie . . =D15%8 =1

As tho truss in not very beavy, & }
baseplate will do. Tho baseplate
may bo directly conneoted to Lhe
bawl snglos : rivets arn sctually only
required to resist the horizonts]
companmt, o 8 ffig. 4], of ‘the wind
nressure, but Sotunl practice
more are provided sod in the
present justanes 3 sach wide wifl
do. The witith of Lha plite is muds
euificient to take the holding down
boits mnd the length should bo

')

Réferences.

Talile 15

Para. 30,
Takle11.

Para. 33,
Tahle 13.
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4. Boof of o Gunshed—{pontd. ), Hoferences.
Bassplate—{contd). ~  wbout squal to the width: it will :
be found that the plate is amplr
large snough Lo distribote the Picrn 32,
mre on the bedetone. Over
d the pillor the boles i the beseplata
for the holding down holts should
ba slotted.
Table: of sectionz.  The sections choson may now b
falinluted +—
. Kumber
Member. Seotloy. af
i rivits,
Principal . - sath, PP @ S .| B

Contre gtrol " .
Biide strme . .
Heel tie » ‘ 2
Uppertie . . .
Centré the - . . .

Sdetie . .

L2 x2xi @ 3100k, .

2 flats, wich, 237 V7 @ 101 Ibs:
2 flats, gach 8% 3" @ 17 lbs,

Vst 2" % & 171hs

"wd i We e . .

i oach 2720 40 B 10 1he

= bbieh, 2RI @ 310 The

-

L

. i
. 5_
i 3
J i
149 s

Principal wider
combined atress,

better to mee & frus wilh fewer
psnals and to  place the purine
along the prineipal irrespective of
where the tross joints eams, theraly
mibjecting the principal to com-
bined trangverse and compresive
eiress.

In the present instance the lsngih of

the principal from spex to heel i=
28] snd to kesp the tma

length of each seotion under 8/, an
wight panel tross woold be requined,
with each panel %67 fong

Tt wight be argoed thet it would be Pars 2L
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4. Roof of & Gunshed—(cancld.).

Principal under combivied Wherever the purline come, it may be
atrese—{oontd. | asamminel thut bho load is ovenly dis-
i tributed over cach span. 1t may ba
showtt that - in  any  eontinmons
svetemn of loading, wherover the
loads are applied, the maximdiem
bending womumt will ulways be an
ordinate of the paraboln represent-
jug the begding momant for & wni-
formiy distelbutod Jond,

References.

Thy eompressive atress will be muoch
the seme pe-for tho truss worked
oot above, O=T40 lonz over 67"
Bpacing of trusses k- 3

I WL (41} x 03 % 07 % &7 1
e ) = 107 Para 1L

Try & pair of 2" 531" =y englee @  Tahlell.
T84 1be each, whers A=231-244
— 5408, T2 Td6=502 ;-
=Fx 22 =044,

Ths strut i= fixed from moving in the  Pam. 15
flirection of the purtine, =0 F may be
tokon for an wris normal to the losd

Foo/ E— =120, the bsma as

the minimum valne for & so ths
striet tably may be need,

"

L . For strength L available<2-44 i
required=T-07, ‘=0 ihat H;"i_
=4-3 per oont. s employed,
For direot strees strut will take 102  Table1l.
tons, while O=7'65 toms, =0 that
I | 1'%%““:31]-3 por cant. of the avail-
. y uhlo sfrongth s aeed

Thus 64-14+30-8=104:1 por cent. of Pama 15
the availalle al—rmg:h ia umad
and the strut may be considered

_  #tromg enough.

It will be eeon that the principal now
weighs more than double that for
tho truss worked ont above.

B Reof of o slabls,

Nuture of rouf, Rinple Allsbabiad lils on  doodar
batiens, tafters aud purlion on ghee]
eanitiiover trosees,  Dresspmers of
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] E—;ﬁaof of e atable—{con'd.)

Nature of reoj—{vontd)

Lead.

Fadlena.
Deodar: 1" x11%

Bufters.
Deodar - 2* x 44",

deodsr. Blopeofroof 1in2, Stall
& WIT in tweo rows with a
4 wlear pescage between T
stall ie 14°, measmred hotwesn inner
edgos of pillars, Uy T, measured
tetween contres of pillars along the
stable. Al pillass, 14" square,

Tiles and buttens 17 Ibe. vertionl or
16} Ibe normsl, wind pressuce for
o gpan of 38 =57 The. . It

Total normal Josd =48F ibs. aq. ft.

*Length nf roof from fidge 1o eentre of

bressummer=18]*  dee. §=18] =
[-118=20-4*. As thorewill be two
purling, the avemge spen of tha
ralter may be taken u-=$=l5~$'.-

Bpacing of mhm:‘.?q.at_l%&fw-
=23

Spaciig of lint =17
h:;%‘_igimmxﬂwﬂ oy,

The nenrest larger DLatten smif-
able.is 17k 1}, with fd%=34 sndl
this ms r be spanned tuiitan;]tmoti.

3 ¥ I*
!'H':—I-ia- ar 3“{: :l;n (1] 9
L¥ = 1067 and L=2-4".

Az the load s lasgely due-io wind, a
epacing of 21° for rafierd may safely
bes aanpten) and this suits the langth
of hay, 7~

At the enves the rafter overhangs be-
voud  Abe bresummer, with the
resill that thn betuding moment (o
the rmfter sbove the bressmmmor =
podivend when compored with that
of & beam if supparted on the hres-
eurmmpy s lower purdin snd not
overhonging. Conssguently  the
pper two spans of the refier may
be mads somewhal shorier than
the lower span, though the bending
moment in eneh section will remain
tho swmi,  This point B sob oodi-
natly aonuddersd, bnt with & eanti-
liver truse, every inch of leveragoe
saved monne & substortial reduc-
tlon fi the stresses,

Takig 1.
Pari 8.

Tahle 4,

Para, 20,

Para 12,

Tahie i
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6. Reof of v slable—(contd.), Keferences,

Ratrers—{oonkd. ). The length of the roof slopo &2 found.  TFablad.
above ie 202, I & olear horizontal
overhing of 14° ia given beyond the
ontor edge of the piller, the lmgth
of the eantilevered portion will be
(14+]) =ooe § =2 1-118=2}

nesrly,

IHABCis & boemn with the: portion
B T ovehanping, the hending
moment dingram & represented by
the shadid portion, while the dis-
gram for the beam, i only sup-
ported at A and B with no over-
hang would be VAT, 16 will be
soen that the effect of the over-
hang s fo reduce the maximum
bending momont by shout half
the maximum bending moment
for ‘the vverhsnging portion, B D.

Thet # w=Jond per fool rmm on (ke
boam, z=the lower span of the
rafter, the bunding moment for s
cantilever being four times that
for & supported beam :—

1w ) (6w 2hx2p=1} w
)
S5 180 215601
= 156+ (68 —-8 =74,
Esch dpper apan ”-—-—.";H = A

{Nore—The permisible atnonnt of
overhang |2 limited by tha dellea.
thon and should not exoeed opes
third of the span of the rafter, )

bel' span of ralter=61". Spaing=

L A
fei® ?ﬁciﬂx“!l*@'lxqﬂq Mm
=172 or 2 = 4}". Table 8.
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E.L- Roaf of a stablz—{oomtd.). HReferencen.

“Parling and pidgepode.  Bpan T§. Width of roof carrind
Doodar, 3}° x6)" ?.-*;;E.Ln A5 (Cantinuoms.

M THKT
it = YL _GRIXOMETIXT) 445 Para, 11.
or 34 —64" ~ Table 5,
The width of woof, carried by the
ridgopole 48 rather less, olio. &
large proportion of the load
nortal 1 thisame section will do,

Bressummer. Span T¥. Width of soof earried
Deodar, 43" ¥ 54" T"+.'H-=ﬂ*2'. Continnons, Paa. 1L
YL (E_ItL._t
h'm—m 5 =128 or Table®
erﬁir

Trums dimgnem. First draw a line representing the

lower edge of the raftor, marking
on it the centrs lines of the ridge.

Eﬁ::'pnﬂim and bressummer ; 67
, il depth of the puriins,
drmow in tho frues.

Loads b bruss. Vertical Josd=weight of tiling4  Parn 3
weightof truss. Welght of frus
= 0BDLE = <08 30 7] x 22§:.323
=310 Ibe of which §th=02 lhe
may be taken s coming en each
panel point.
b t{'-’_....'“;“mrixi:;-s-m

be, —[ﬁ'ﬁh?l:ﬂ:l?]-f*ﬁﬂ—m‘l“
82=50] lbw, =308 tons.
= Wind load ;
b TAE88 . Thc 2T = 0B bs
=-{ZH tona,
be=05%Thx2T=1317 Ibs.=-588
tons.

od =4 he=-204 tons,

Stress dingram. I4 is gonsidared that the worst eondi-
ting likaly to oceur will e when
the wind & blowing downwands on
one side amd the npward force of
the wind on the opponite wide i
just gufficient 0 neutmlire the
weight of the tiles, If the upwand

' foroe ingrensus the tiles will blow
nway, imstanily rolioving the
frres=nre. ]

Three diagramms will be roguired.
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G. Roof of o stable—(contd) Rejerences
Stress diagram—{contd. | (dl) doamd Tond, hoth sides loaded,
(1) dead lowd, oie side only leaded,
{e) wind lnad.
Case (a), fig. 2 presents wo diffionity
and need oniy be dedwn for half the
tross. -
Cose (B), Ug, 3. Thaeo will only be &
bulf lond, <199 tons, al the spex
The position of the resultant may bo
fatnd by the metlod expliined in
cxsmpls 4 or by luking momonts
abomt the lsal of the troas: if =
the distenes of (he esalbant from
the heell
F:  [4HE4-2084-100) = -3 2 5]
{180 12:7),
b N2, -
The mammitodes of the resctions are
found sz desoribed in example 4,
Cuee (£), fig. 4. The same procaduzs
ie followed os for cose (B).
Nireascs.
| Maxinyum
i Pead load | Daad load
i bothsidss, | moside, | Vnd. | tutsl stres
10T
Uppee hoom, ok " " a = —1-35 —i-H l —2-0
Lonwer Livam, outer part, sh. = =| 4 HS < s 188 +oaq
+ 18
Tawer boom, contral part, iz - . + =70 SUE = -mi
— M
Hdosbmt, RE ' : . vl A3 + <87 + 2 -4 00
i _ﬂ{ <4171 +1:85 4356
Apical strut, . : . |+
: ' — 80 | —88 | —paE
The Lruss is not & large one, buti soms  Pars. 31
of the strute wre long wod Tether
heavy ssetlons will be required,
The more important membors mey
b demible : nivels " goewt plutes
sityile 3.
'pper boom. Stres=—260 tons
L2 %2 xi" @ aﬁ.‘f___%iﬂfm of BITxi. Pus bl
361 Iba. Allirwing for |7 bols, 2§* 1% ls TableIl

required. . In ordor o suppord the



Steel cantilever truss forstable

Trwis aiagiram—feald a=f

Stress drogram—smie o fuweag =
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5. Boof of & atuble—{contd, ). References.

U ppes boom—(eanbil), purtine an ongle seetion will be con-
veniont, eay 23" x 2" %" with an

i sren of 4} x§": this

allows plenty of margin for the

= vavantricity dne to uwsing s single

member with o singfs guasst plnte,

Lowier baom. Outes  part, strees 220 tons;
S = x ) length 87
1 022 28461 i -

Central ru.rl:.' slresi+T6  tons
loagih 54"

1f the samop seution is used throughont  Pam. 13
ends may bo telen pehalf fixed. If Tabla 1L
. Irllkn[rt_u:u:lnr 150, & mmat be not
fass tlmn"-’%biﬂb":*ﬂﬂ&. Tho lights
. est eeotion emthdying Lhis valee of
ki o pair of B} 2% " ungles,
long legs together : the soction can
ke 5-38 tang ovar 8%

For the eéntre portion a single 2* %2 Tahle 11,
# 3" mnglo would db, but it will be
lettor to oarry the larger geotion
sighl throvgh, as Lhe Horizantal adod
- siress Wil be disriboted battor be-
tweon Llie twor pillses

Bide atrut, Biress+-00 tons Length 4% Pnds  TahlelL
L2 =2« aEial sounded, A 2% 2"} angle would
Iba do, but 1o allow for sedantricity with
a gingle mewbor use, 21" x2" % }"

Apical strut, Btrese +3-50 toms or—1-72  tongk  Tahle 11
b Tac 1 xﬂ@t Ends roundesl.  Length 6-3'.  From
w30l an inspedtion of table 11, T will be
pezn thit s palr of 20" x27x}"
sngles, as used for the lower boom
shoulddo : k=77, A=1-063,

“r:%ﬂ—lﬂm corresponding  fa  Tabla 7.

24 fons por squies inoh. Pam 13
C=MAo=1-008 32 %24 =51 tons,
u
Rivels. Nonber of rivets si esch end of sich Table 13,
mimber.

Upperboom =200 %-8=3
Lower boom =223 v §=2
Hido strut =bxB=]

Apleal ptruk -~ =350 % -B=3
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Siability of pillars,

6. Bavl of n stlli—{contd ).

The renctions. meastured from the dia-
groms ares—

Referaneces.

Fillar.

| YusTmar

Dead load

ime zide fig. 4. ToraL.

fig. 3,

Horizontal
Wind
fir. 4.

. |ug:l-‘rl down feg < 21 down | 3:0 dewn. | as s 1:07

. |§I'd': Thup | pd: FTup | LS up

po: 30

The downward snd horizonsal pres-
Bures Mo essily resisted, but the
upwind reaction of 1-50 bons—3470
s  pequires  congideration. The

bolding l:lﬂ‘l:’ls Bolts wonld  huve
a4 :

to bum:m-ﬁu long, - if

there wes nothing bob the MaEnnry

to resivt the forpe,

Baofore, bowever, the trmss can over
turn, the raflters must be broken
at the end of the truse on either
Eide : also the sdhesion of the mwor-
tar in tho pillars affors some resist-
afine

To find the fores P ot the.ond of the
fruss, taks momoents sbout the
oppoaite snd -—

(B 2085 {1555 58] we (395
14-1);

P =183 tons —4100Ibs var-
tival or 3,060 [he. normal,

The rafier has n span of Bedr, and &
esition 2*cd)”: h‘:% ar W
1185 B0
or 142} Iba. concentrated &b the
centre, with & factar of safety of
B I the raftors arp jointed aftee.
nutely at the opper and. lower
purting, bound with hsop  from
pethaps, mud peoursly splkod  ta
tho puclins, they should oach  be
capable of resisting u load of 150 Jhe,
without breaking. Thero nre thres,
Talters each side mnd thaey
eun. pediel @ 150=p00 Tbe gr

e —say 255 of tho tatal foree,

Tabla L

Parn 11
Table 6.

Takls 3.

I T J—
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Btabiluy of pillars—
{eomtd, |,

Tabie 0) seciions,

5. Boof of & atable—(consld.)

Taking the sithesive sivength of the
lime mortir st 2§ Ik per sgusre

Inch, the pillar can resist, in this.

reapioct 185 183 23 wB10 T, or
%:ﬂmmu of the totai forea,

The top of the windwnod pillar oan
uleo afford a good desl of resstance
and, taking nll these fecfors -into
wonsiderstion, 5 Tong holding down
bolta eliould b strone -snongh.

The seotions closen may now ln
abmlate] :-—

137
Rejerences.

Mimber,

Upperboom . . .
Lowerboom . .
Bidegtrop . -

Numbar
mrets

oo Teaysemrse 3T 301 el
- o | TreId mch dou

<L e i,
- | TrDo each do,

A WDOLEN HEAM
WITH: BINGLE
STHUT,

Lomd,

Bartens,
toodar: 2 54",

Streedes in mombrrs,

I¥ there is any dfticulty sbont obtain-

big the abova secfion, s 2}" <2} «
i" L, which weighs the same, may
[-RTEEN A

6. Tradeed beame.

Tmmdhmnfdhod-;rﬁhnuiﬂgh
strut, spoced anl earrying
aoroof of 07 mod on Had tiles on
n]i:ochr battens, Width of building

Cluy, 2180 = 105 1bs, sq.
Tilew and botiess =10 fpat.
Ovessional load w20

Sput 5% Bpading 1'.  Dellsstion net

to exveed L. Minimus width 2.7,
b Wk _jlﬂﬂl:l}m

- LUEL R

=238 .
bei? =‘1'"-’ X § = T«

Ixlx M ubunind

X3 =103

N allowing for 07 bearing
wale, 15, Spacing 3. Tinglh

n _ 1Ex18
Iﬂllﬂn.:%: 5 = 18%

Tahls 1.
Para § (b)

FPoru. 5.

Pares. 11, |12
Tabls= 8, 8.

Ed

aa
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Strezass in members—
' {oomtd. ).

6. Trusied Geame—{oonid.)
Dreaw the diagram and stross dlagram.

W

I e}

Hdeadar : Fﬂﬁ"lﬁ'
apart),

Sirul,
deodar : 2§« 21",

T,
1° dimmsten rod 1 snils

B. STEEL BEAM
WITH TWo

Rafrences.

g *- b d x
c * s

W=ad=103% % »5=03,M0 Tha
Btress in boom—ad=ac cob § =
¥ w %— =0.850 lhe, eompresion.
Btreus i strul=de=W=23,040 Ihs.
E’h_-u in fin =ed=e oomec | =

“'# xq@ =10,080 Tba

The hteasm is under sombined stress,
bt a2 i i= fixed by the hottens
from moving i the dircotion of s
widih, its depth msy be taken as
the lesst dimemsion, FEnds  half
flxed, ke the besm s contindons.

We=3.840 1be. a2 calmlnted above.

For trunsverso siress :

M':%:”‘:'" =25 or 313"
o,

With = depth of 9 lﬁ-.:ﬂ._i‘f._“
==10, gorresponding to & stress of
E%ﬂiba.m;:ruqnut et

A=.;;._m =152 sguure inch
or 174" % 0",

Adding the widbhs, 57 o 0 will do.

Siress, 3,000 The, Lengih 11,

Assyme =Ei"‘._-é-- -aﬂ—““ =T
The strot iz w short one snd e=
T [he, square inch,

A=§-= .i,&_m =63 or eay 2w

¥

Strees= 10,020 ls —4-1 tons,

‘With enids upset a 1% rod will do: if
the eodd are not wpest n 13° rod f
ragunipend, '

Trussed beam of stes] with tao struts,

tonded a8 befors. Width of ]
20, Bteal battens to be npad,

Parn 15.
Para. 13.

Para. 1L

Tahle 5

Para. 13

Tabls &,

Para. 156

Para. 13,
Talbls 1.

Tulifs 15,
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. B Trassed beswio—(contd. ). Beferences,
Battens. Spun 6% Spacing 14 Ti 15 lengths
T2 x¥x{ @32 ars uned, tread as continuoos,
s (17 apart),
or Pars. 11
T e 2 i, Table 12,

Slresaes Epan allowing for G° bearing oo sack
wall=21", Strote to be !Il%‘;-=.
=2-1% ' Bpecing &,

Allowanco must be made for the

m of the battons et 32 % 6=

per 5. oot : essuming that

wooden  battens  were takon gs

weighing 2 Ihe, squaro {eet, lpad =

106—2+18=110 Jba: square feot.

Proveeding as belore :

W=ad or be=" %52 110=4,170 lba
= 186 tons.

‘.hﬁm in boam -se—=ab cotf
=1-ux%=ulzm

Compression in  struteeef =W =188
toms.

Teansion in ontor He=de=ab cosscl
=188/ TEEE_548 tom,

Tension in ocombre (e s e =f?
tonz.

The ventral rectangle must be oross .
brneed if & molling load = anticipat- g
ed, paon o Lridge e o

Beaw, Span 7. W=180 tons. (=62tons
R R & =3 @ 11 ha: Fnds ball fxed, and the rulius

(5 apart), aof gymitkm may be  taken  shosid
the shorter axiz Paras. 13,

Try "% @ 11 lba: A=3215 Tuble 12
1=13.81- :_=a-gu. b mar—

Vi /B8 30

£ T Tt gy, o St

e — 1“‘ =

¥ ] —-l—- —2"&1. of —ﬁi'—' Pﬂll-u—
=48 per cent of the awmilnble

strength is utilized.
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Beam—(ooutd. ).

S,
Lzr;;_-:uuyrg 211

. e
13" rod : smils npanl

Nature of flovr,

Fnule,

4 ; Jorats,
. Tale, 1" = 80"
(11" nparty.

EXAMPLES OF CALOULATIONS,

6. Trussed boome—{ conchd.

quti:l-:ntnm

LT T

s=an—1l oomesponding o &
stress of 4-58 tons por squams inch,

C=Ae=3-205x 4-89=10"1, Thus
E2x 100 __
= =38} por cent  of the

available strenpth is required. 4
Tharefors ms only 48-+I8=3564 por

ermit. of e svailable strength =

required the beam is strong enough.

Stress 1B tona:  Lemgth 2-1. Fngs
ronnded. An angle 27130 57
will'do,

The sireas varjes bl little and the
smmie goption mey bo dsed thropgh-
oot Masximym  sress=048 louns,
A 1) r6d with upset aids or 1§ with
enda diroetly serewed will do

7 Boarded floor,

Room 16°x 14" in the upper story of a
sahordinate’s quarter. Floop 1o
ponsiat. of 13" tesk boands on teak
joiste on gleal beams.  Joists
to be not more than 18" apart.

{Nors—The bosrds wonld aetually
be strong enopph o span o gond
deal ‘more, bui, fo ensow stiffness
anid to provide lor wear and tear,
the spacing of the joirts should ook
exared 15%)

imsin 1 o A AR

For spacing of main beame, taking the
spun &a 15, allowing for beerings :

The next hisher spacing thsuit a length
of 17" allowing for bearings is 4}".
Span ol joists=4}’, Spacing 13"
Defloption not to exossd Iﬁ. Mini-
umum widih  bo take scrows=I§"

b&lz%ﬂlw}lﬁ= 15-80 or

i, (9820 T 410 4 df e
M-—-—-mx = TR
=B0e 1§" = 3"

1f the joats rest on the moin beames,
they may be trosted & continuous

and the smaller pection taken.

Pari 13,
Tabis 7.

Parp. 16

Talds 11

Talle 15,

Tabils 1,
Para. 10.

Para. 34,

Para. &
Pars; 11.
Tabls 5
Parn. 12
Tabilad



EXAMPLES OF CALOUBATIONS,

7. Boanlal floor—(coneld, |

‘xﬂ‘lhm Hpﬂn 16~ 'Epmiﬂﬂ"-i'. Hﬁhﬂﬁnﬁ%
B8 T 2xd” (@ 16 b= _ : :
(44 wpartl. 1ML _oMxUxWxi_ gy
0""’;_:"_"@1& oy 18} 18x 162 d
X g M 15) ¢
: =gEix= ® IO KT
=463 or 8" 24" @ 18 (ba.

Tlor 8 734" beum=30-21: Ths load
= not very heavy and the semi-
HAxing of the beamis in the walls will
redong the deflection. anffchntly to
jusiity tho use pf the lghter beam.

8. Jock arch foor.

" Nature of floor. Bootn d4” x 30" in the upper floor of an
Institute, Floor to consist of 14°
stone Hapging on & minimum thiok-
ness of 47 of Jime concrete, on 43
brick arelws om steel joista and
steel muin beam.

Armangment of flior.  The arcangement of the floor is shown
:  inthe sketeh, A 5} span for the

joek wrebes will suit the width of
31 uliowing an extra 87 either side
tor vhe end spana, Bm#_a
=74 The average thigknesa of
the conorete may bo taken us 7,

For apaving of pinin beamas, :

beng 317, e
IL+D =m '
DoLER_R4H_goy.

Allowing 6 wither und for bearings, s
epacing of " will it the length of
Al

Esad, Flngging = | « 150=111} 2341t =
Contrete = Lx HIG=5874 | 1045 tona
Brick arches - ? w120=43 [porsquace
Tranparrary Ko 112 ] foot,

141
References,
Para. 5.
Pama. IL

Table 12,
Pars. 12]

Para. 36.

Para. J7. v+

Pars 3. |

Table 1.
Para Lin
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BT x4 @16 lbs,

J° diam : {5} apart).

Xatwre of floor,

Arrangement of ey

Jorla

(55" apart).

Madn bemmas,

1L 8. 247 7" @ 100 Thi
(0" apart),

-

Tie roda,

and pillaes.

Tan -.-.':'t’l 1- i=
1-1“5:“1111“3:#11::“

EXAMPLES OF CALOULATIONE,

B. Jaek areh floor—{oontd. ),

Span 0. Spacing 5§ Defleetion ¥
I WL _ [0iExEx0)xg
¥ B F)

560 x4 @
16 b

ITEW3 2
Bpin 31, Spasing o, Duﬂ.whf.m.!i.

L WL (A0S w6 1) 5
¥ iE .
M uT
I35y 00
[CIMER IS 3l Blxd
ITEX
T

Suffirient margin is allowed n each

euss for the weight of the beam,

For el &
T— 1—éﬂl= T 1odbxEx D —507

Loms per foot pon,

Bpaciug of rods not to exeesd 20 %

width of supporting beame=203
A" =0T

A §° rod; not upeet, will resist o tensile

strozs of 2:84 tons and so may be
spaced ot %:ﬁuil r eay o}’
intervels

{Nore—With such a heavy Hoor, the

on the walls under the
snd on the foundations
should be investigatod. )

Y. Reiuforeed eonerele floor.

Tpper fioor for & lautary: aven to be

foored 00 48" To consist of a
reinforeed conorete slab on boama
and columns of the sine material
ry Hight um?';ﬁ““m“m
carry e “urvl -
imonmbent load of 160 Ihe. 8 square
foot must be allowed for, i
of polnmnz supporting the floor=
18", Eoil can safely withstand »
pressre of 1§ tane o square foot,
The wear and tesr on the foor will
niit b very great, bod, ae the load
id mioddritaly bokvy, o 4" dlab may
e given. To develop tha full
strengih of the slab, so as to uss as
faw ribs as possible, # shoold be
cantinuons, on all four sides, the
span in  both directions being the

same,

References,

Para, &

Paras, 11,

, Table 12

Pare. 5.

Purns. 11,
Tnh-l:u 12

Para, 7.
Para, 37,

Para. 10.

Parn, 45,



EXAMPLES OF CALCULATIONE.

.Armnnum of beaia
amd pilfars—{contd. ),

Elab.

Baperin
Slab % x 150 =50

{18 .Rdiﬁfﬂﬂ:u’mncﬂl‘e Hoor— (onid. ).

20 | b pier 81
foot on slib,

Effestive depth=3". Consider 2 12°
gtrip in & slab continuons on' &l
four sides, with 1I=LL;

mm'iml:-lﬂﬂ}

b= WL 8= wi or 18=
-x.‘l.’ll'-xtx!xl 152:1.
E ¥
With g=4. m-48, L'=1-62x48=
778 and L=8:82"

p=§.  m=87, L¥=102:A7=108:8
und L= 10-434,

p=1, m=72, 12=1H2xT72=1166
ol L=10-8%

A spaciug of 8-82" is rather too gloss
for columns and it will be better to
adopt 104

Lengthways, intermodinte spams 104°

X

ond  spanE— =8}
Crosawayr, mt-n-m-d:m spans 104"
end Spaiin M =8}. Im

wath ocsse o food h sidded to the
dimepaions of the rrea to allow for
bearings,  The reduction in the end
epans will make suffivient allowance
for non-eantinmity at the walle

A single row of eolumins muy be given
down the centre : if thure was no ob-
jection to more numerous columns,
the best arrangement would be for
eolnmng 104 spart in either direotion.

A 4" slab, 3 effective depth, with | per
eent. reinforvement in both direp-
thons, will be used.

N !1:?‘ _$x18x0_ g7 syuare inchesy
per foot.
i rods, wrea <1704, HRXIE 4,
:|l:: &" wpart iu both directions will
[« 1

Orvor she sepports, whore there will bo
a nepdiive banding moment uqu.ll

the same area of metsl most be
given along the wppor odge: this
may be amangsxd for by fuming wup
sl the yoxts i & distaion of ".__"L
Eilﬂirmthmppulurhrtm-
ing-up ball the roda anly wnd pro-
villing additional rods over the sup-
port, extending on esfithor side to the

143

References.
Tahle 1

FPara. 44,
Para 44

Pars. 40,

Fara 41.

Tahbls 15
Pura. 45,



EXAMPLES OF CALCULATIONS.

0. Eeinforeed eoncrete ﬁm-&mu.;

more muiled b hoavy concentrated
Fanele plaeed sywhere an the wpsn.

Bpan 103 Spacing 104"

Suparmrrmbent = 10§
160 =1575 200 |ha,
Slab=1D0} < gw 1=  >foot mun,
o2h
Rib= say 108 i
By=lkxapan=4§ 3 [2 5 10} i
155 d, =10< 4=80 tikn
¥ npacing =3 12 42%,
=81

Assume p=1{ : bdnm ommtinmum

bt =Ty ;%x X%_ 2370
ord2 x Q.

d:ﬁ%ai:itixqmn and will o
1=i=*=i wnd so the newtral sxis falls
in the alsh
gln%hl.’!r‘%i‘.!ilﬂuqumimhn
Bay 8 rods, " dinmeters§x 2445
;ﬂ;ﬁ.“:'gfnrm

SoEwL_ CG08 X 20x10§ .

&Eﬂu:...ﬁ..z TR AT 103 s,
!qumlnnh.

This s near enongh : lerger rods womld
be found Lo give (oo high an adhesion
HEFpae.

b, mnzt ot be le= than ?:!&','j'.

Forshear,

_SEEwL  hAE ik $000 %
s—"SHwL hsx i % _213  |ba

This is to0 high snd o bring s down
to 120, b “must . BT _12.35¢ gy
G r
aay 1T |
Por rods i one jow, width required =
B 1= A=0F"
B =0 [T ) =y 107,

At the suppirts w wegstive bending
nmunnent, ogqual to the centrel bend-
ing moment, must ke provided for,
A the width of the compresion wren
at thiz point 5 enly b =12, dithar
the Bedn tost bo deepeied or addi-
Hamal reinforcement pravided or the
two alternalives muy be combinnd.
To avaid diffivnlties in srrnging the

Refererces.

Tahls L

Farn, 4D

Para, 5.
Para. 40,

para. 4.
Para, 61

Table 15.

Para. 57,

Para, 49

Para. 64.

Pors. 4k



Becamdary bewms—{eomiid.

Aain beame.

FXAMPLES OF OALOULATIONS.

Heamforeed coneretn floor—{contd. ).

rods, it will be eonvenient fo use the
samw number anid seotion of roda aa
v Tor the apan,

Ty d=10}".
WL

b 3 -ximm_mxlﬁ_’:t »8_

T BKIEXIDG
182, pomwapunding to p=13 Ay
-i

A.u%'z_i__’ X1 180 pgquare

inches, sp B rods § 7 dismeter, msy
By usml pop and Lotiom.

d, at support may bomude 117,

Provision need only be made for the
exeess shear anid hall \he trmaile re-
inforcing  rods may he turned
up’at 45° ;Li:#—&i from the

snpport.

K=:—‘- uiu_‘m BEANIEND _ xox
2-50=2-68,".

A, B SV o0 B000% E00 X E6E

10,0001 10,0004 10,000 % ¥
=103 square inchos. .

Aren of hall tomaile minfordements
L9900, which fsnoar enough.

Hpan ¢ =241'. Spacing 104",
Superinenmbent=10§ > 150 ") 2,700

=175 T
Blab =1} x | oot
I50=5625
Secundary ribs, —say 2100 | o,
Miin #ibe _say =400

b= cepan=}x 34« 12
i~ =08° | 607 to be
153d, =16 4= 00" taken.

§cspacinge={ » 104

o 12=04}"

As the siab s thin compareld to the
mininiin perpiissible depth—2X 2
— 164", It is eloar that the neutral
axiz will foll in the db for any
minfproenunt over § por eetit.  Tha
henin {s mod too large, however, ta be
treated & & toe beam: if valonlnt-
il ma & sectingular besm, It wonld
roquire 3 timos ag nimnh stoel for the
sanis depthe

145-

Beferancer,

Table 1.

Pars. 4%

an



144 EXAMPLES OF CALCULATIONE,

Main beams——{ooutik ).

U Reinjorecd conervte forr—{eonud ).

Allowing for partial fixw T

AR WL 14 % ET00% S48 x 4E
hd? [ETET] 3

Yor p=} this corresponds mi- =053
o e 303 5 4= 3125,

Eqiivalent to !i'il';'!ﬁ-ﬁl'i ¥ EpaL,

e

inches or ssy f-bars, sach 17 diam,
=8 TR =63 sauac: inohss.

Testing for adhesion
; ipeSwl 508 ET00 Bej
Stres = — a0 0
Iha per sqoore  inch
which is not oo much and [arges

bars sould be nsed.
b, sk nob be Jess than =49 107
for ahoar,
= AT b,
prer sjunres inch.

This is too high and, to rednos & to 120,
b, must be not less than E”FWH=
Hy. '

Widih sequired for rods in one row=
= iix 1=13§"

Heing un imporisnt besm a 2% covess
::-hnuhl be given or make d =
235"

At the supporis to provide for the
megative bonding monemt, we may
ArTangs Lo uee the same nomber
anid section of rods as vsed for the
span, fnd iporessa the  depth to
suit,

T R
i _ ot ey Mh x 8

i e
1324
enivespujuling o p=1-8 and A, =A.

Ay % =§24 square inches,
80 § rods 1° diamoter may be used
top s} batim.

i, at the supports may he made 2557,

Hueing an tmportaut beam tho resist-
snee of the donigote Lo shear will be
mogleated;, but hill the fonsile re-
irllmul?:rnt iy be tamed wp ab
457 atg =] from the suppart.

3 bswld | 5% 5700 X 200 w0
A= e ssen

= | 148 nquare nohes

Relerencea,

Pam. &2,
Piirn, 51,

Para, 42,

Table 15

Parm 57,

Para, 49,

Para. od.

~ Paga, 44,

Para 6L
Para. 42,

Para. 40,

Tabla 10,

Para B5



EXAMPLEE OF CALOULATIOKRE.

_Muin besms—(eonield, ).

e L T c
"E -F_._T__}‘I__

o, Heinforced concreie flogr——{contd. ).
-

Area of half  the, reinforeing
rode=3-16 . sguaes  inche:;, 0
they will take up F18 — 274 of
the stress and vertleal stirrops may
he provided for the remiinder.

A _ B LEWEAwetse

L T T} T IEEDd

18 BTO0 3 2d o B 5c 720

- e
mehes

Mirmum mumbes of stirrups =252 x
S ,_m:;g:gj =1
(:I ATXIE

Donbite stirrups will be sed, vach stir-
rop tohave 2 limbe.  Seetion of steel
mnim&%-»-ﬂ]ﬂ or say § dia-
meter, area 1065 squarn inches.

Theepacing of the stirrups cun be foomd

- 8

graphically as followe Draw AB=

#=1!}'. On it erecy s parsbola
to yepresent the bending moment.
Divide BO into N4+1=10 equal
Parte and draw horizontals to the
ourve, from the ends of which pec-
pendiculare. are  dropped to AR
The feel of thess pah:;[mudiuu]nrr E;;b
the positions of the stirrope, o
eotktraetlon of the parabols is
shiown dotied, | Additional stirrops
shauld be Ziven &t distances not
pxooeding d=21-2" agmrt betwomn
the last stirrup on either side of
the veatre of the span.

147
References.

Para. 56,

Tabile 15
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Cotemn. foundations.

EXAMPLES OF CALOULATIONS.

9. Beinforced concreds foot—(eontd.).  Refereneen

Load varried by one main beam seross
the Luilding
=40 5 2700=132 300 Tiw.

of this § = barried at ench support
and 3, or 70, 380 [be: by the coliumm,

A wirrilur hooped colimn may be used
and; for the sake of bppearance, its
dismeter may be made the same
as the width of the main beam, 1437,
the effective dinmeter boing taken
at 13E"7,

dthon— 288 - %,xlmgthund!ha
colunm is & “ short ™ one

O=T00T ) o - lap)

’m_.agu:%ﬂ.mﬂu;.-uﬂ_
P==7—; & mings quantity, :

mmhﬁmm-himwhmyh
given, -8 per cent. in verticals sod
I per cent. in the hefix.

kg
AI. qffﬂ‘ = ‘Bx llmﬂ .=..,m:|'

&

6 rods, enchy}* dinmoter, —6x 1508 =
9018 square inches will be nesr
enough,

Tha pitch of the haliz muy be taken

u_l_-‘$=-“’- -

2O sxoomim

1T e 17 (T o 1gyboc (e
LS squnre inches.

A=

AL" dlamster vod, apos 0767, may
mned il the piteh foorvased o

OO XT_pay 247,

Load on solinmisn = 380 4 B2 250 [he
Weight of do, — 16 +

o baess
“_m_‘;“*‘“ % 150 = 3,240 [ 88,930 fhe.
Weight of buwe—gay 8,000 ) an andl,

Pars. a4,

Paro. 50 (b)s

Parn. 58.

Parn 59 (&)

Tabls 15.

Tubls 15.



Exampple 3.  Reinforced concrele floor

»

Section through centre of secondary /6.

ettty et S

Mafﬁwﬂ -
/{ L -'I
-ta-‘E.-.—p FY

g

T {'f — - TR o "

ol &7 ppart = o

1 L i 7 roas &

| ' ssosenwg ||

| - -4

3

-
q—---------.-.--.?f— _—— e - — -

- ————— e =

SSS

| Seckint through main rid ai fanctizn with Secondary rib
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EXAMPLES OF CALCULATIONS.

0. Heinjirord conerets floor—-{oontd. ).

Colwmn foumintione— Ares of m‘—ﬁu =26:25 or 5}
(eoitd. |, &l

For height of tase nnder columm
= w—asTiey
Tis
sE e asx X Il Mk A E)
WA Mg X B0
=28-17 oraay W7

Bemuding moment in hase
= T (b—8ad) o B2 (501285
< 14§)=540,000,

In the formuls bi* —¥F, the bending
mivmanl talken I 1-5 WL amd so it
may also be written thos ;

ml=_i-’ﬁ+w e

Tnhnllrnﬁnpmdﬂunrl‘l' o,
baing 20,

iﬂ-" mxi

B0, 00 2
R T 77 ET . C1 R

vorrsspanding to sbout -4 per cant.
A=t = S 1200
- aEGex1e
or 1 dismerr rods, “The
71" spart in either diroction and »
. similar rod doross each diagonal.

Stierups of }° siee! may be given on
overy other rod at intervals not ex-
cesdmg 277, this interval being de.
eransatl 10 about T° ub the centye,

The toprof the foundation mav b
tapered off to 20° deop st the outer
etdpes.

The eolumn rods shonld be secured to
the beam reinforcement &t the top,
and to the fenndstion reinforcement
nt the botton?

Paru. 40.

Table 15.
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4150 EXAMPLES OF CALOULATIONS.

B. RBeinforced concrele floor—{oonohd.).

Table of resulis Siuh 4" thick, reinforped in both directions with §*
dinmstar rods, 6 apsrt. Half the rods to
tumed up st 23 from the sopport and enrcied
slatig the uppor edge over the support Lo the s
ristanse on the other side: widitional rods to
be given over the support, 0. as to preserve
=paving of 5 plong the upper edge.

% secondary rife—Hib to bo 12° wide and to project
0" below the undeeside of the slab ; the b to b
made 11" desper st the supporta  Reinforce-
mant to vonsist ol § rode, ,?’ dinmeter ; hulf the
vods to be tumed up st 23 from the support and
carried alomg the opper edge : (he lower rods to
e bent downwerds eorrespomding to the inorease
in the depth of the rib ot the = For 2§
on sither side of the swpport, 4 additi rode,
vy Qisanster Lo lie givon fop snd battom,

Aein riba—Rib W be 145" wide and 6 projeck 192°
hﬂurlhnnud&-nﬁdnﬂf tho slal = the tib to he mudes
2 despes ab supportz,  Reinforeament to oo
aist of '8 rode, I'Idhnnt»!lh.e:, Tl lrunmi. to. bu
turmsd st 6} [rom Eappor oarried
:Ihngi!‘:rupf:rindgu: thi lower rods to be hent
downwands comrosponding to tho juoresss in the
depth of Lhe rib ot the support.  For 83 on ejfler
-?En of the support, 4 ndditions! rods, 1* dismeter,
to bo given top and bottoni.  Double stirraps of
1" steel to be given st the intorvals shown in the
culimlstions.

: tofamme—To b 144" dinmoter, reinforsed with 0
vortionl rode,  * diamster, surrounded by o halix
of T atedl wound round ot o piich of 23, Ver-
tieal pods to by peoured to the upp of the
m-hbummﬂtutlmnulumfummm

Column joundation—To be 51 equare by 30° high
under the colomm, tapering to 207 st the obiter
sdges, Raoinforeoment to he frovided oo the
lower odge, consisting of 17 diameter rods, nr

b spart, both ways snd o rod to be given seross

' b sach diagonal  Stirrups of |° sieel to be given
along alternate rode nt intervals deoreasing Fromi
27° ot the onter edie to 7° &6 the comtre.

The arrangement of the stesl §= shown in ithe
dingrams.




WATER-8UPPLY. 151
-~ L
SECTION V.
Water-supply, Roads and Drains.
Warer-Sorery.

1. Estimates of the cost of a water-supply may be required muimates.
m either of the following forms :—

(¢) Rough estimates as when computing the probahle cost
of a new cantonment. Conditions vary greatly, but
when a supply can be obtained close st hind and filtra-
tion 15 not needed, the initial cost should work out
to between Rs. 1-8 to 2 per gallon supplied daily :
if the supply is obtained from a Municipality, the cost
ghould not exceed half the above figures.

(6) Project estimate for submission to Government. This
conglsts of a full report, caleulations, specifications,
plans and an spproximate estimate of the cost of each
subhead. It will usnally be advisable to give estimates
for pipes, fittings, and resérvoirs in full detail, rough
estimates for the pumping plant snd plinth area rates
for any buildings, If the supply is to to be obtained
from & Mumeipality, & draft sgreement should accom-
pany the project.

{¢) Detailed estimates [or the various subheads of the sane-

- tioned project, .

2. A project will be arrunged as follows :— Projesta.

(a) List of references, with précis of the correspondence
leading up to the preparation of the project,

(b) Report arranged thus—

(1) Brief history of case.

(1) Nature of existing supply.

(##%) Quantity of water required,

(i) Bources from which water éan be obtsined. Discuss
the quantity svailable and the quality, stating
whether purification is necessary, and whether
the local medical authorities accept the scheme.

(v) Method of supply proposed: any altarnative mgthod
shonld be discuszed.

(vi) How the cost of water consumed by non-entitled per-
sons i3 to be recovered : the method adopted in
the adjoining Municipality should be stated.

L
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(). {t41) Time required to carry out the work.
i (visi) Initial and recurring cost of the scheme and the actual
oost of water per 1,000 gallons.
- (¢} SBpecifications.
{d) Caleulations for—

() Quantity of water required, giving sepurately the
amount that will be constimed by non-entitled persons.
(1) Pumps and rizing main.
(i) Capacity and stability of any reservoirs.
(iv) Distribution pipes.
{v) Maintenance charges, working expenses and rate for
water.

(¢) List of pipes and fittings required. losd for joints, ete.
{f) Explanation of rates,
(7) Estimate.

Quantity of 3. The following allowanees of water are authorised as maxi-

‘wiler e

- mae g GALLONS PRE DIEM.
: In the plains, In the hills.
Europeans ' . 20 15
X Indians . . . 8 b
Animals . a A 10 10
In addition special provision should be mads for—
Bungalows 200-300 gallons per diem.
Messes 500 gallons per diem.
Soda water factories . . ]
‘Workshopa .
Dhobi ghats . Amounts depend on
Grass and daivy farms .. plocal circumstances.
Road watermg
Drain flushing g .
Allowines for expansion. . y

The total daily supply for any cantonment should not excead
15 to 25 gallone per head of the population.
Eaucie sl 4. Water for & Cantonment can either be obtsined from sn
aupply. existing Mumcipal sipply or from an independent source. [t
muy be sdvantageous for & City and a Cantonment to instal a
joint supply or for Government to supply & Municipality, The
jornt ownership of & water-supply, however, usually gives rise to
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diffioulties and an arrangement by which one pariy buys water
from the other is to be preferred.
5. The draft agreement with & municipality, from whom water E“"F#Jr fmlE
is to be obtainad, shonld clearly specify :— 1_,,_
(a) Puint at which water is to be supplied : usually the sdge
of the Cantonment. All pipes within ecantonment
himits should be the property of Government.
(b) Minimum pressure in the Municipal main at the point
of supply. It may be more convenient for the Muni- ~
cipality to agree to fill & reservoir of & certain size in
& oertain position and at a certain level once a day
or during specified hours.
{c) Maximum and minimmm quluht-ma to be supphad daily.
(d) How the water supplied iz to be measured : where the
meter is to be placed and who is to provide it.
(¢} Rate of pavment for water,
(f} Term of duration of the sgreement.
fi. Water is collected from catchment areas by channels to Boureesim
intercopt springs and streams, which are thus led to collscting ' PN
reservoirs, The catchment area should be soquired and fenesd
in. A design for & collecting reservior is given in plate XLIT.
7. The viald of u spring should be testad at the driest time
of year by means of a board with a notah plared scross the stream
tables for ascertaining the yield in this manner are given in Moles-
worth’s pocket book.
8, It may occasionally be necessary to supplement the supply
by catching roof water in tuhs, efe., and using it for washing and
fire protestion. Arrangements should be made for the first portion’
of a fall to Tun o waste.
9. River water is wmally much pelluted and requires to be Rivers
ified before nse. If below a village; the intake should be not
less than 5 to 10 miles down-gtream and should be situsted at a
point where the river is not likely to change its bed. Water from
village ponds and eanals should never be used for drinking purposes
10. The source of supply in the plains usually consists of wells Wells
sunk near or in the bad of a river or nto any stratum econtaini
subsoil water. Water may mither be obtained from shallow wella
where the water ia found in the premeable subsoil immediately
below the surface or in deep wells, where & permeable water bearing
stratum underlying an impermeable bed ia tapped.
11. As shallow wells are very liable to poliution from sewage, Jullnl'
manuring of fields, etc., their sites ghould be chosen with grull
ecare and the imnuundmg area for o considerable distance inspected
with a view to discovering possible sources of contamination. In
L2
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the case ol wells near rivers, training works may be unecessary
fo prevent the river changing its bed.

13. Deep wells are ususlly borcholes of only a few inches dia-
meter, just large enongh to taks the necessary tubing for the lift
pump, But sometimes a well several feet in dismeter iz sunk
for part of the way, wsally to an impermeable stratum, and
then & bore hole is sunk down to the water bearing stratum. The
upper lined portion is then used as a storage reservoir.

13, Artesian wells are those in which the level of the water in
the water bearing stratum being higher than that of the ground
at the mouth of the well, the water rises in the bore hole near to
or above the level of the ground

14, Tt has been found in many cases that the driving of horizontal
galleries helow the water level is more effective in incressing the
vield of wells than deepening thom, as the area for callection of
water is thereby increased. and there is a greater likelihood of
striking the fissures through which the lergest volumes of water
nare mOving. :

15. The vield of a well may ba tested by pumping until the water
level has been deprossed to the safe maximum head : the speed
of the pump should then be adjusted so that the amount of water
withdrawn is equal to the amount entering the well. The yield
ghould be tested at the driest time of the year and enquiries should
be mude locally reganling the lowest known water Jevel,

16, There are often practicsl difficulties in carrying out 4 pump-
ing test on o well and scewrate results may be obtained by means
of recupetation tests, If the normal water level in a surface well,
wrea A square fest, is depressed by pumping H feet and, if, as
the well recuperates, it takes ¢ hours for the water to rise to o
level b feet below normal water level, then the specific capaeity

of the well or the yield in cubic feet per hour under a head of 1 foot
will be —

R i H 5

-;"E_wil] be constant as long as the velocity of inflow does not exceed

the * eritical "' velocity, below which Hmit the EurmTounding: gofl

Is not disturbed. The velocity of inflow in fest per honr, v, and

the capacity.of the well, y, in cubie fest per hour are given by
v=];_‘h and q=Av=Kh,

The results of several tests should be plotted in a curve with Hye

ordinates and § as ahacisse ; if the value of K js not ennstant it

4 T > , I
18 an indication that the critical velocity hae been exceeded.
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Further information on this subjeet will be found in Punjaly Public ield of
Works Department paper No, 63 of 1909, The maximum yield "
will be obtained from o well whan it is worked eontinuonsly without
agceading the eritoial velocity. It has been sscertainsd that the
safe head for wells in fine sand is 5 0 7 feet, the yisid being about
16 gallona an hour per square fool of peroolation area and the valua
n{ii-.hm:t i Iummndorgmvgl tha vn:lmaufg- may be
us high as 1 and the safe head can then be increased. TIn clayer
aoils the value of E¥ is only about §. The yield having been

ascertained, a certain " factor of safety " should be applied,
depending ou the considerations mentioned in the next paragraph,
for ordinary purposes u factor of safoty of 2 to 4 shonld be taken,
but it may be remarked that wells have been known to yield
eventually ouly one-tenth of their original supply.

17. A well from which large quantities of water sre regularly
drawn will gradunlly produce less water. One reason for this is
that the subsoil round the well is acting like a filter and, like all
filters, tends to get clogged : a point will eventually be reached
when the supply becomes fairly constant. Other reasons for the
supply becoming dimimished are that wells sre placed too close
together or that the gensral level of the subsoil water becomes
lowered. When water is drawn from a well, the level of the subsoil
water in the immediate neighbourhood becomes depressed : the
area thus affccted is termed the ** cone of depreszion ™ and usually
#8°a circle of 200 to 00 feek radius. Wells should be sited so that
tha removal of water from one well doas not sffz=ct tgighbouring
wells, As to whether the subsoil water level is likely to be per-
manently lowered by continuous pumping, a careful consideration
of the geology of the neighbourhood is neesssary with a view to
ascerfainipg the ares of the catchment that sapplies the subsoil
water and the rate st which it gets replenished.

18. Water may be drawn from a number of wells by nither
of the following methodas -—

(a) The wells may be connected by adits or pipes at some
point below the lowest water lavel : this is a difficult
operation, mthumm-hutnhahptumhrhypump

ing.
(b) The wells may be connected to one another or 1o o central
sumph by siphons : the siphons may give trouble,
(¢) A suction pipe may lesd from u suction chamber nar
the pump to each well ; thisis the most usual method,
(d) A pump muy be placed in each well, power being supplied
from & central station.
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19. In alluvial scils water may be obtained by means of per-
colation tube wells, The tube well is so designed thet water is
freely admitted to the interior through openings that are fine
enough to exclnde sand : to attain this object copper wire or tape
is wound on a steel framework st close intervals so as to leave
narrow elits, or a wire mesh ia emploved : the wire (* Ashford ™
patent) or tape wound patterns, are tlhe best and on sccount of
the greater strength and the fineness of the apertures, they can
safely be used under a congidernble head without sanding up. The
tubes are made in lengths of 5 to 6 feet and of 5inch to 10-inch
diameter. Joints are made by mesns of s divided ring bound with
wirggatid rendered water-tight with lead wool: agap fgg closing
the base 1s conneeted in the sume way.

A trial boring should always be sunk inorder to ascertain
the positions of the water bearing strats. A plain tube, whose
diameter is large enough to admit the tube well is sunk in the
ordinary way. The tube well is then placed in position and the
plain tube withdrawn. Where the tube well passes throngh strata
that do not produce water, plain pipes are used. The suction
pipe of the pump can be conneeted directly to the tube well

The yield will of conrse depend on the pumping head, the nsture
of the subscil and the water available. At Amntsar, where the
conditions are particularly favourable, a 10-inch well sunk to a
depth of 95 feet yields continuously 538 gallons a minute, while
a 5-inch well yields 120 gallons a minute. Ten inch wells can be
spaced BOO feet apart : G-inch wells 200 feet spart. It may be
taken that ares for area a tube well is 20 times as efficient as an
ordinary well,

The cost of an ** Ashford ™ tube well per foot run is, 1€-inch
diameter Ha. 14 and 5-inch diameter Ra. 8. The cost of the outer
tube, which can of course be usiad sgain, is Ra, 11 per foot for
13-ineh tubes and Ba. 34 per foot for 7-inch tubes: these rates
apply to "' eresged und swelled ** tubing, which is suitable for the
purpose. The cost of sinking varies from & few annas to Hs 3.
per foot depending on the natura of the soil.

2. Thes exeuvation for the well will be marked out to the
requizite diameter, which will be two feet larger than that of the
outside of the steining, and will be contimued vertically downwards
until the water level is renched, care being taken to keep it of the
snme dinmster thronghout: A shaft 4 feet in diamoter will then
be sunk to assertain whether a water bearing stratum hus been
reached. which will give a permanent supply of at least 10 feet.
of water. Should any sandy or shaly soil be met with, the side,
of the excavation must be cased with planking, Rock must be
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carefully blasted out, the charges used being first approved by Will sinking
the officer in charge of the work. ey
91. The enrb will eonsist of sound hesrtwood of shisham, ‘
mulberry, or other hard wood, cut to the requisite curve, dove-
tailed, dowelled, and fastened with bolts, straps and trenails.
Tt wil] first be put together on the surface of the ground, and after
being passed by the officer in charge of the work. will be taken
to pleces, tarred, and lowered down to the bottom of the well,
where it will be put together and firmly fived and levelled. Curbs
may #lso be made of reinforced conerets, stesl or cast iron.
24 Bix 1" vertical iron rods, rising above the curh as high ss.
the depth of water proposed, will then be passed through the curb
at equal intervals, and be secured below with nuts, to tie down
the steining under water to the curb.  These tie rods being secured
g0 a8 to keep them vertical, the bulding of the steining on L'!mcltth
will be commenced ronnd them.

23. The staning will be of brickwork or robhle masonty laid
in mortay. If of brickwark, it will be 1} feet thick for wells not
exceeding 40 feet in depth. TFor desper wells the steining must
be thicker. 1f of mbble maszonry, the steining will be 2 fect thick
for wells 40 feet deep : the stones will b roughly dressed with the
hammer to the requisite shape, and the work executed otherwise
as specified for conrsed rubble masonry in mortar. The steining
will usually not be plastered or pointed : if however, the exclysion
of surface water is & matter of importance, the steining should be
lime or cement plestered.

24, On the completion of s height of steining equal Lo the pro-
posed depth of water, a circle of flut iron 3° % 3" will be laid on the
top and firmly secured to the iron tie rods.  Weep-holes 67 3 for
the admission of water are to be leff at intervals in the steining
gs may be directed : in the case of shallow wella, these weepholes
ghould be omitted, ss they admit contaminated surfuce water.
The brickwork or masonry will then be allowed to stand until the
mortar has set, when the sniking of the eylinder may be commenced,
the permission of the officer in charge of the work having first
been obtained. The earth below the water level will be excavated
and the eylinder londed, care being taken that it descends evenly
and vertically,

25. All soil and rubbish will be removed from under the curb
until the sole has an even surface, and as the stening descends,
it will be carried up to the ground mrface, the vacant spuce round
the steining being filled in and thoronghly rammed as work pro-
peeide. For a depth of 8 to 10" from the surface, the steining will
be surrounded with puddled clay.
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26. Round the well u brick or terrace floor 87 wide will be laid
with s alope to a drain round the outside of it. The steining will
be corbelled out to sapport that portion of the flooring which
rests over the filling, 80 as to provent any settlement, and will be
mised 2' above the floor leval to prevent water flowing back mte
the well. The well may be also provided with & cover to prevent
contamination.

27. In many localities in India the water bearing sand has
gmall layera of kankar and e¢lay interspersed in it ay irregular
deptha. These form very useful platforms on which to rest the
ourb forming the bottom of the well. It is desirable therefore to
make s few boringa with a sand pump st the site of o proposed
well to ascertain whether any of these layers exist at s suitable
depth, before deciding on the exact spot at which to commence

28. The excavation, laying of curb, and building up of steining
will be carried out much a8 deseribed for bard seil, but below water
level the sand may be excavated by a Bull's Dredger, and layers
of clay met with by a native ™ jham.”

20, The well should be sunk if possible until the corb rests
on a Inyer of clay, which is well below the water level in the driest
season of the year. If thiy layer o clay iz only a amall mass in
the mididle of water bearing strata, it may be pierced in the
centre, when the surface of the sund underneath will gradually
ssgums the form of an inverted cone of such an ares that the
water will come sway from it just slowly enough not to take any
sand with it. The layer of clay forms & platform above this hole,
o which the well rests securely, without silting up or giving any
tronble. 1f however, the layer of clay is of large extent it must
not be pierced unless it can be ascertained that good witer exists
below it, ar the whole of the supply may be lost,

80, When such & layer of clsy cannot be found at o reasanshle
depth, the eyrb must rest on sand, and the steining be supported
by friction only. In this case any rapid drawing of the water
will eause the well to silt np, or it may creste a hole underneath
the curb into which the latter, with part of the steining, may fall,
thus ruining the well,

31, On the first signa of & well going crooked during sinking,
the dredger should be worked on the opposite mmgm
to that towards which it ie inclined. In extreme eases the ** jliam "
may be used instend of the dredger, as it stirs up silt leas and sllows
5 bole to be made on une side, The well may also be

an one gide by rails, oo,

83, Whenever the minimum rate of yield of a source of supply

is less than the demand, the excess of the demand over the supply
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must be furnished by storing up water during periods of greaer Unponndisg
yield in impounding reservoirs. The ondinary method in Indis of jemant)
aftaining this object is to construct a dam of earth or masonry

-aeross o valley.

33, Tlie section of the site for the dam and ite construction
requires great care und text-books on the subject should be con-
sulted, The following data are given as a guide to the preparation
of Tough estimates-and to gauge the merits of various slternative
sources of supply.

34, The minfall stetistics of the district should be consulted
in order to sscertain the mean average annual rain falling on the
estchment ares and the recorded departures from this figure
noted: It may be assumed that the percentsge of the rainfall
that will reach the reserveir will vary from 35 per cent. for fut
loealities with sandy soil to 60 per cent. or more for steep rocky
hill sides. )

35, The site of the dam should be chosen with & view to economy
in construction : the depth to impervious soil must be ascertained.
1f possible the situntion of the reservoir should be such that pump-
ing can be dispensed with.

36. The ontlet of the dam should be well above the bottom,
due allowatwe being mude for silf depositing. A waete weir should
always be given. 5 .

87. The capacity of the reservoir will be the quantity of water
contained between the waste weir und the outlet levels. ¥From
this amount a percentage should be deducted for percolation,
evaporation and allowance for dry years. In places where the
sainfall is precarious the maximum eapacity shonkd be sufficient for
&t least two years without replenishment. The mean daily evapor-
ation amounts to -2 inches : the maximum may be as high as 58 )
inches,

The eatchment area must be protectad from contaminstion und
all villages on it must be sequired. It is possible that compenss-
tion will also huve to be paid for existing water rights.

38. Samples of water from the source of supply 1t is proposed purifostion.
to adopt should be analysed by the Divisionsl Sanitary Officer,
who will areange for their collection. If necessary the water will
‘have ta be purified either by settlement or filiration or both:

30, Solid matter in suspension may be removed either by storage settling
for & certain period or by allowing the water to pass very slowly #ok=
through large tanks. For absolute quissence three tanks at least
are needed ; one empty for cleaning, one filling and one emptying :
the outlet should be through s floating srm, For continuous
flow. long narrow tanks are needed with baffle walls to prevent
o current Torming : a small cateh-pit fitted with a sludge drain
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to eatoh the heavier mattere in suspension should be given. The
continuous flow method entails less loss of head, but is usually
more expensive,  The amount sod form of settlement Tecessary
must he nscertained by experiment. It may often be convenient
to add alum to the water hefore settling vide paragraph 45,

40. Filters are ravely required in the hills, but are usnaily
necessary in the plains. It may often be more economieal to obtain
water near at hand roquiring filtration rather than to make use
of & more distant though purer source. “The usual methods of
filtration adopted in India are ordinary sand fHlters or Jewell
filters. Tt will often be necessary to settls the water bafore filtering
it. Generally it will be advisable to locate the filters at. the pumps,
85 this economises supervision and svoids the necessity for pum-
ping wash water,

41. The filter bed consists of a water-tight ressrvoir divided into
compartments and filled with filtering media to a depth of 5 feet :
spare units must be allowed for cleaning. The floor is gently
sloped to an outfall drain leading to the clear water well: on it
will be pluced hritks on the flat followed by u layer of 6 clean
gravel 17 gauge, two or three layers of finer gravel 3" to 4" thick,
each Inyer rather finer than that the last : finally 1 foot of codrss
and 2 feet of fine clean sand. Ventilstors will be provided from
the centre of the filter to allow the air displaced by the water to
escape.

42, The water will be gently introduced on to the surface
by means of a pipe discharging vertically npwards, For the first
diy or two the water passing through the filter should run to waste
es no purification will have taken place. Gmdually a gelatinons
film will form just below the surface and efficient filtration will
result. The rate of filtration should be kept uniform at about
1 to 2 gallona per square foot per hour, depending on the finensss
of the sand and the yuality of the watet : to keep this rate, the
filteming head, i.e., the difference in level between the water on the
filter bad and in the clear water well will have fo be gradually
increased. The depth of water on the filter bed should be not loss
than two feet,

45. Cleaning will be effected by removing the top surfuce to
& depth of §* to 1" and washing it in special sand washers. Filters
ahioulll be filled from below with filtered water to a depth of 57
above the surface before being put into use again,

44, The clear water well should be of smfficient capacity to
equalise the demsnd, say 2 or 3 hours supply. If water has to be
pumped the capacity will depend on the number of hours that the
pumps are 6t work during the day.
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45. A Jewell filter plant consists of three essential portions i— I‘i‘hﬂm
(@) the coagulating basin, where } to 3 grains per gallon of
sulphate of alumina is added and settlement allowed
for 6 to 12 hours. i
() the filter tank proper on to which the setiled waber is
passed by gravity or under pressure. The filter tank
ig filled with pure quartz sand resting on gravel A
strainer system at the bottom iz employed to collect
the filtered water and to distribute the washing witer.
{c} the clear water basin.

The effect of adding sulphate of alumins to the water is to
produce a flocculent previpitate of hydroxide of alumina, which
settles down, entangling and carrying with it many of the impuri-
ties contained in the water. A certain percentage of the pre-
cipitate is carried forward to the filter on the surface of which
it settles as o gelatinous film, which plays the same important part
as the organic film that forms on the surface of the ordinary slow
sand filter.

1n Jewell gravity filters the filtering head commences at 3 foet
and is gradually increassd to 12 feet : the rate of fltration 18 125
million gallong per scre per day. The filters have to be washed
every 12 to 24 homs by forcing filtered water in a reverse direction
through the sand under & head of 40 feet and at the same time
operating n revolving take: for the first 10 to 10 minutes after
restarting, the filtered water i+ run to waste sz good results ure not
obtained until the gelatinous film has formed. f

The pressure type of filter is supplied in eylindneal drums of
12 to 78 inches diameter. In some casea primary settlement is -
dispensed with and the raw water is forced straight through the
filter.

The gravity filiar gives much better results than the pressure
filter, whick should only be used in cases where a high degree
of purification is unnecessary, e.g.. for washing water, ete.

At Cawnpore the Puech Chabal system of filtration has recently
been instslled. ‘The principle ia to run the raw water through a
series of conrse filters, the first full of 1] inch gauge granite, the
last of coarse sand, before passing it on to the slow sand filter
beds. No chemieals or sedimentation tanks are required, while
the sand flters work more rapidly and can run without clegning
for from 6 to 12 montha,

46, The water will be conducted from the source by gravity Method of
or pumping, either to service reservoirs or direct to the points of wupply:
supply. With a pumped supbly or & very long gravity main the
provision of & reservoir is always necessary to guard agsinst break-
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downs, If the tising main passes through the area whare wates
ia tequired it may be conveniently nsed as thesnpply main.  Doble
pipe lines are not economical but may sometimes be necesdary Lo
guard against breakdowns.

Pumping 47, The type of pumping plant to be adopted will be decided
by the Tuspector of Machinery at Army Head:quarters, who will
Tequire the following information, which shonld De given in the
project :—

(@) Full yeport on any power that may be wvailsble, wiz..
electricity, water-power, existing boilers, ete. In the
case of electrical power the source of the supply should

. be given also its nature and the price per unit; if to
. be obtained from a company, etc,, it should be stated
what, if any, electrieal apparabus, ete., they are pre-

pared to supply and maintain. )

- (8) The priceof firsl ¢lass stewm eoal delivered at the pumping
station, stating the volliery from which obtained. Also
the brands and prices of il or liquid-fuel obtainable,
how stared snd what arrangements can be made for
delivery. Where coal and il are very expensive the
price of wood fuel should be given and if possible its
calorific value.

(¢} A sketah of the surroundings giving the site proposed for
the pumping station. If near a river the site must
be chosen so that the floor s at least one foot abaut
highest flood Jevel.

(d) Quantity of water required daily,

(¢) Numbers of hours it is considerad that the puinps should
work. For small plants 8 bours pumping daily is
usually allowed and this permits of expansion when
necesaary. For lsrge steam plants continnous pumping
is more econo

(/) Vertical wnd horizontal distance in feet from ground
level at the engine room to maximum and minimum
“water levels in the well, ete.

(9) Vertical and horizontal distance in fact frons the ground
level at the engine room to the floor level at the
resErvolr,

(k) Depth and capucity of reservoire. -

(1) Height of station ahové sen lavel,

fusting 48, It is an advantage for the water to gravitate to the pumpa
PiE under x emall hend. The maximum suction Lt i
i8 17 (L—F), where I, ia the theoretical suotion lift, 33 feel at sen
level and one foot for every 1,000 foet above ssa level, snd, F, the
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friction in the suction pipe. With small pumps the suetion fift Soction
ghould he kept at least 5 feet below the figure thus obtained. The m
sietion pipe should be as short as possible and contain fow bends

it should be laid with a slight falling gradient from the pump

to the source of » The veloarty of flow should not exceed 2

feet per second. ere should be a strainer at the lower end :
the sum of the areas of the holes in the siramer should not be loas
than twice the area of the pipe.  Above the strainer a foot-valve
is required : this is o reflux valve to allow the pipe to be flled
from & bypass from the rising main. I1f the suction pipe ie at all
long, an air vessel is Tequired on it near the pump to equalize the
witer pressure and the flow of water. When the tise and
fall of water in the stream is mich that the max'mum suction
lift is likely to be exceeded, it may be mnecessary to form a
sumph fed by an adit taken from o point higher up on the
SITCAIT.

In certain cases it may be necessary to obtain water from n series
of wells placed some distance apart so that the infiltration of
adjoining wells may not interfere with one another, Long lengths
of suction pips will be required to such wells : these pipes should .
each be fitted with a sluice valve and led f0 & common suction
chamber, fitted with an aircock at the top and & bypass to the
rising main. Where long lengths of suction pipe are used it is
essential to successful working to have all joints water-tight and
only flanged or screwed jointa zhould be used. .

49, The rising main will be fitted with & reffux valve close to Rising main,
the pump, to relieve the pump from the pressure due to the eolumn
of water in the main ; on long mains it is necessary to give reflux
valves af intervals to restrict the loss of water in thé event of &
burst.. Above the reflux valve s branch pipe with a sluice valve
on it should be given to enable the main to be washed out when
necessary. A sluice valve is usually provided on the main shove
the reflux valve to emsble the latter to be removed for TEpAITSE.
Below the lowest reflux valve a pressure relief valve is essential,
if either & aluice valve is given on the main or & self-closing valve
st the reservoir : in certain types of pumps a relief valve ia nesded
an the pump itself, With pumps, where it is necessary to start
with & light load, & bypass with n cut-off valve is given from the
riging main below the reflux valve to the washout pipe below ita
gluice valve. A 2° bypass piped fitted with a cut-off valve should
be given round the reftux valve in order to fill the boiler. Air and
scour valves may be necessary, ride paragraphs 70 and 71. If a
meter is needed at the pumping station, it should be placed on
the suction side of the pump, where the lower pressure is less
likely to damage it.

-
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50. The pamp horse-power requited for & plant is formd thus—
PHP.= T2 (00

where W=weight of water lifted per minute in Tbs,, equival-
ent to the flow in gallons per minute multiplied
by 10.

H=height to which water is raised in feet, equivalent
to the difference in level between the strainer
on the suction pipe and high water level in the
reaervoir,

F=iriction in suction pipe and rising main.

The P. H. P. will vary between b5 to B0 per cent. of the
brake horse-power depending on the type of pump used and the
B. H. P. will sniount to asbout 80 per cent. of the indicated
horse-power.

In every case two pumping sets each capable of duing the whole

wark should be allowed for,

The initial cost of the installstion may be taken at—

e B E
S.000 per- B, B, P, forsmudl plente above . . . . &
Laid for phied of abeonid . . . . . (L]
Loine i i, i ! - a . = )

780 da, du, e 3 5 r . | ]

BOG i, s, o, 5]

The working expenses per P. H. P, hour may be taken roughly
at B ammas for small plants of 10 H. P. and under: 4 annas for
modium size plants working 8 hours a day and 1 anna for large
plants working continwously ; thess figures include all charges
for stalf coal, oil, ete., but nothing for repairs, deprecistion and
interest on capital outlay.

Gl. The most economical combination of pumping plant and

rising muin requires consideration. The diameters of rising mam

with & velocity between 1 and 3 feet per second should be taken

and the friction calenlated. The P. H. P. required for sach size

of muin ean then be caloulated ; rough out the cost of the main

-and the plant for each size of main : work out the annual cost

made ap of the working expenses plus 9 per cent, on the post of the
plant and § per cent. on the cost of the pipes for depreciation

‘repuirs and interest on capital outlay.

52, Bervice reservoirs are required to balance the fuctuations
in the supply and demand thronghout the dsy and to provide s
reserve in case of fire or breakdowns, Their capacity should not
us & role exceed one day's supply for elevated tanks and gravity
supplies.  With a long rising main and pomping head of over 100
feet, 2 to 4 days’ storage should be allowed according to ciroum-
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stances, I more than two duys' storage is allowed, the gquality Servicere-
of the water, if Sltered, is likely to deteriornte, Where the rising i)
muin is used for supply or where water is obtained from several
sources the capucity of the reservoir may be safely reduced to

half 4 dsy's supply.

53, The reservoir should be sited on ground high enough to
maintain suffiient head in all the distribution pipes and should
if posible be centrally sitwated. Where barracks are situated
at great differences of level or are very far apart, it may be eco-
nomical to provide more than one reservoir, In some cases it
may be advisshle to provide s main reservoir st gronnd level and
o small subsidiary elevated tank to supply buildings close to the
Feservoir.

54, Reservoirs may be entirely below ground, with masonry
ar concrete walls, which need not be thicker than is required to
withstand the earth pressure : or they may be built entirely ar
partly above ground of reinforced contrete or brickwork, stesl,
wronght or cast iron; or they may be elevated on a base of
wasonry or steel framework. A circular reservoir is the most
<economical, but difficult to roaf. An above ground reservoir is
easier to repair and clean out. Reservoirs should slways be rooled
and ample means of access and ventilation provided. A deserip-
tion of a reinforced brickwork tank was issued with D. G. M. W.'s
memorandum No. 3282-B of 10th August 1004. Tt is often cons
venient to line reservoirs with some kind of continuous bitumen
ahesting in order to prevent leaks,

55. A bypass should usually be provided round the reservoir,
which should be divided into two compartments; to {acilitate
cleaming. An external indicator worked by a float should be
provided to show the depth of water. In the case of s one day
reservoir fitted with a bypess two compartments are not as 8
ritle nocessary.

56, The mlet pipe should discharge at the top of the reservoir
ovier the gide wall. It should be fitbed with an ordinary sluice
valve for each compartment and a self-closing equilibdum valve
worked by a float. If oo eguilibrium valve is provided a man
must be told off to wateh the oir and to gignal to the pumping
atation when the reservoir iy ful .

57. The outlet should be at least 5" above foar level 20 g ba
Lie shove any sediment that may have boan eollected. Tt abiould
be ftted with a strminer, the agoresate nres of the holes in which
should be st least double the ares of the pipe. A sluice valve
should be fitted on the outlet pipe from each compartment. The
outlet in any reservoir should be kept 23 feet ot least below the
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minimum water lovel or air will be sucked into the pipes. To
avoid wasting storage space the outlet can be made thus—

| A

08, The floor should be gently sloped to a shallow sumph
containing the wash out pipe : a valve will be fitted outside the
teservoir on the wash-out pipe from each compartment. An
overflow pips of slightly larger capacity than the inlet pipes
should be provided and conneeted to the wash-out pipe beyond the
valve,

9. The following table gives the costs of certain reservoirs
and filters -—

Comt ;

4 ) O i .
Biation. Type of reservile or filker. !‘m Cost, | 'por eemts
Ha:

Allaliala) - | Btel, clpoular, 607 Ham. x P00, 000 | 35,000 175
113 deep; ruised 36° oo
EemslT Y

Banigulors s | (=) Partly  abive  grommd, | 4,000,000 11,11,000 28

MOFONTY, masnnry  pood, .
two comparimente  ssch
LU BT % 10 foet dopth
of waler.

(&) Jewell flters, § acts; Blters | 3,000,000 {7,00,000 T
per day,

(e) Band jilvers, 3 setm, 2 in | 1,000,000 | 55,000 85
r uf b time, Glers per
¥,

Bareilly . Ll Bteel  tank A8 x4zt 110, L0000 | 36,1XK) 57y
msed 34 fi, eormgsted
iron roef, obe eampary - ‘

— el

Dagahai . « | =) Pumplng reservoly, stons, 0,000 | 10,000 18
[ 4 Tmptrlrpim.!lh. {Dmily
OO 1om 35,600
pulluns},
(1) Bervien msrvoir, stope, 2 S0,000 | 1,500 o
o TE T

(e} Bamdar sossrvols, sons, 2 | 30,000 | 12,000 171
et R i e
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Georvicn re--
Cost ErTOIrE—

gallone

Jabalpur, Ridgs .

Bulathu .

Quetta,

meats, sach 240" dmm. x 10
deep.  Tiled ol on
eorrugaied inme

Undsrgrommd.  Btone tnason-
ry 1 4 comparimenis.

§ Viiter besds, pach 75°%38':
5 in use ot s time,

Steel reeeryoir, comular, 45§
g, x 11§ deep (1 1o
viertlow), raised 47" above

ground  on | mEsonry.

Cormpated fron roef. Uns
compariment.

Abeve promml. Bmavemy L
compartinenta,

Storege pserveir, 2 oom part.
meuts, stone, [Bervice re.
e=rviin esnetly similar).

{9} Cantonment  peservoir,
stesl, raised w few fest

[ﬂIK(?Htﬂnlmmtmd:

i 1, two tanks, masonry,
bulvw  ground, eormugaied
irom rogf, each.

(k) (4 eantomment resernic
Ko, '2: twb tonks ma
shove, each,

(8] New camtonment reser-

L o) L1000

200,000, | 14,000

250,000 | 18,500

T20,000

126,10

|
AT, 000 ‘
7, 000 1
|

22 5O

2], 500

2na0h

woir 1 iwo, tanks, wa above,

(d) Etall College reserveir

twits timks ss shive, pael,

240,004} | 19,000

| BA000 | 4000

1T
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;:I;:gu.hﬂum 60. (a) Cylindrical reservairs. The bursting pressure, P, in
" Ibs. st a depth H fest below the surface of the water in u Teservoir
of diameter 1 feet is found by the formuls :—
P= w per lineal foob.
For the thickness of steel plates to resist this pressure

_ 623HD,
s 2x13x11,200
For reinforced brickwork or conorete tanks, if A ia the srea of
the cirommferential stoel required in a depth of 1 foet.

A= 511200
(b) Reservoirs walls of masonry. The resultauf pressure
R of W, the weight of the masonry, and P, the water pressure,
musb not pass outside the centre third of the wall.
625 H®

P= and acts at §rds of the depih.

W=weight of masonry in 1’ length of wall, acting at
the centre of gravity.
=Y s e e

e

e
\‘
o]

e Oy

The thicknsss of wall required may he determined graphieally
by trinl and error, or by means of the fullawing formuls ;—

—1  4h%4yt
all A gt oy TN TY
(b Wall S 35H3: g013 9543

0

] -
(3} Wall B, 2*bay—y*— ;—=u
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where g—spicified gravity of the masonry B tievoi
 weight per eubic foot of masonty A g
= weight per cubic foot of water
(c) Stability against sliding. The resultant horizgontal force,
¥ in this case, must not excesd p times the resultant vertical force,
W in this case, where
g =T for dey masonry.
—-51 for masonry on dry elsy.
=33 for masoney on wet clay.

() Reservoirs with arched roofs. The thrust of the roof must
be combined with P and the resnltant so obtained combined with
W to obtain R.

(£) Stability against earth pressure st the back. Draw B Cat
an sngle to A B =&
vertical line immediately
at the back of the wall :
continue thenantursl slope
of the sarth tocat B Cin
C: draw AE perpendicular
‘to BC outting a semicircle
l_mbpﬂ-aﬂ on BO at E. £
make (D=CE ; then

P—w (BD) ,
where w is the weight
por cublts foot of the soil.
1f the back of the wall
slopes, A Bis drawn vertical from the foot of the wall. ¢, the
angle of ropose of the soil,=36" fur dry ssnd : 39° for gravel :
477 for dry earth ; 54° for moist earth,

61, The distritiution mains should be arianged to run through Vikstribmiions
the areas where the grestest supply is required by the most direct s
routes. Itisan advantage, but by no mesns a necessity, to cannect
mains at their extromities. All pipes should bo designed to deliver
the sapply in 8 hours. The velocity in mains should not excend
the following : 4"—3 f. 8, : 6"—4 £ 8. : 10" D £. 5. : 16" —6 f. =

62, The velocity in service pipes should nob ecxeeed 7 feet Bervios
per second, otherwise they ard likely to suffer from water hammner, Pi™
The delivery from & tap should not be less than 5 gallons o minute,
double this being allowed for large baths © it may be sssured that
one tap in-a small and two in & laxge building will be turmed oo st
once.  Na sorvice pipe should as rule be less than § inch diam.,
but with high pressures § inch diametor may be usod. The head at
the end of a pipe open full bore is mil, but to allow overcoming

N2z
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the friction in amall pipes in a building, at taps, ete., & residual
head not less than 5 feet should be allowed af a tap, which may be
taken as nsnally equivalent to 10 feet at ground level just outside
the bulding.

Fire sarvice. 63. For fire hydrants s flow of not less than 120 gallons s minute
i# necessary : it should be assumed that all valves in the neigh-
bourhood will be cloged a0 as to give the maximum delivery at
the hydrant, For very important building two hydrants should
be provided snd the main calenlated for a flow of 240 gallons =
minute. For harrscks in India a fire service is genenlly
NHNECESSATY,

Calendatiome 64. A disgram, which noed not be to seale, should first be drawn.

for pp= chowing the lengthe of piped, the points of supply and the Jevels
st all connections; thus '

e H
'3%
L]
c 700 D 5
7 17 & v { glions
. & & rrverrufe))
£
)
A
750 K

The supply in gallons per minute required at each point
should then be worked cut both for fire and ordinary service and
entered on the digicram, thus—

F 50 Europeans at 20 gullons . =1.000

200 Indinue at 8 gallons .. =1,600 >3, 600=T1 g.m:~
100 pnimals at 10 ., ... =1.000
(i Bungalow 300 gallons ... =Hpm. (mimmum  per-

missible).
Stackyard 120 gallons a minute for fire service. «

H 0 Indians at § gallons = 400: hgm.
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K 1,000 Indiens st 8 gallons .. =8,000

600 amimals at 10 gallons
Dhobi ghats ., ., ..

oo =000
canass s« =100

48 g.m.

D (1,000 Indians at 8 gallons .. =8,000:17 g.m.

171

Caleulsbicns
for gi
{ -

The sizes of the pipes required can then be worked out in the
following form, making use of the chart ; fire serviee, if provided,
will determine the sizes of pipes necessary in some cases, but the
pressures available must be based on the normal sapply —

Flow | Los B L or Resi.
Liength | ‘i o e = il
Point, | of Fipe |l dismeter | head | | beaal |Hawanns,
D infeet, | per | ol Fipe. by in
i~ irig- HM.G. Groand.| feel
e, tham.
[ ]
. —n ks
Fire servive (il retguired),
A | =iy Rmtrnir.
| 1500 | 120 [ 4-:1|
I T0G7 763 | 307
| o0 | 120 i 137
E - a2 763 | 170
oo | 120 1 iR
G II ; | o= THO | 1oa
| Normal sersice,
T B ',
LEN | 82 (8 s
i 7072 T65 | gz
a0 | 24
Looo | T i
200" | 211
[ _ T80 T | 39
| w n| 2 | 15
n | i 758 745 | 130
| |
# 172 Tan | | 3ea
o T S 4 '
- 507 T68 | 320
o | o
E B ' TEE-4 708 | g
T
I
4 T 0| 30
5K B r—sm | 34
—tiy | 57
H | | TH2E T8 | 148
Ll ! | 3 e |
] Tap 750 a
| | # Twe]| ©
K — T30 700 | 1340
]
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vistsiesii The above caloulations are not quite correct but afford & smple

{eanid.}. method of sttaining the correct result. For instance sf F, the
residual head with o flow of Th gallons a minute is given ss 20-4 i,
1f the tap at F iz § {i. above ground and & ft. of head is required
to overcome resistence in the tap, internal piping, ete., the actual
residnal head will be 10 ft, only.

The following formula (Fatning's) has been used for the chart
on the next page . —

o OtxmxL,
T 56767 dF

where H—loss of head in feet. G—=discharge in gallons per
minute.

T—=Length in‘fest.  d—internal diameter in
inches.

m is & coefficient having the following values :—
3* pipe-016 - $ pipe 0156 . . )
1* gipe 01614 pipe 01475 . . . wfoul pipes.
13" pipe -0145: 2° pipe -014: 23" pipe 0135 |
3° pipe 00802 : 8)" pipe 008435 . .

4" pipe 005825 : 5" pipe 007985

4" pipe 00772 : T* pipe 00752 . . | Slightly -
: - berculated
8" pipe -00733 : 9" pipe 00710 . - Pipes,
- 10" pipe -00704 : 12" pipe -00680
15" pipe00646 . . . . .

It may be useful to note that
1 Pressurs in [be. per sq. inch=head in fectx-433

) 1 Cubie foot a second=375 gullons per minute.
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The following formuls may prove useiul when it is desired to Cule ot
ascertain for a length L of pipe, with an available head H, what LAY
partion X may be & larger diameter than the remainder, the friction
‘pér 100 feet in X being f, and in the remainder f-

“Li,—100H

==
Thus if we have a pipe 500 feet long, delivery 5 gallons & minute,
head availahle 16 feet or 3-2 feet per cent. : & 17 pipe would require
46 ft. per cent., and a 1}" pipe 2-2 feet per cent.

e M}—iﬂ:ﬁg —=3RT ft.
fi-f—2.2

Thus 387 feet of 1} inch snd 113 feet of 1 inch pipe would
be wanted.

65, Levels should he taken along the proposed pipe line und & Fipe fine.
longitudinal section drawn, The pipe line can then be put inat
depths, to the top of the pipe, from 15" to 10 feet or so below
the surface, depending on the nature of the soil: where severe
frost ocours the pipe should be kept at least 3 feet under ground.
Freqient or abrupt changes of direction or grade are to be avoided
The hydranlic mean gradient (HM.G.) for the mains should then
be drawn : an illistration on & small seale is given for the pipe
A B CD in paragraph 63:

& - g r

o] e ks

3 SoF

Air valves would be requited st a,,8; aid scour valves st 8, &,
The pipe line ghould, if possible, be kept well below the HAMLG.
and in any case should not rdse more than 6 or T feet shove it
It must he remembered that above the H. M. . the presure will

* benegative and water can only flow by symphonic action..  Inerusta-
tion or other causes may lower the H.M.G. bringing it down so
low that symphouic action will cease alcogether.  Thus, 1f, m the dia-
grani above &, st the pipe happened to be 30 fost or more ubove a,
e the HM G, the deliveries at B, O, ete,, would not be as caleulated.
Water would flow to a, provided it were lower than A : the flow,
however, would be small owing to the lttle fall wvailable and the
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usmomnt having ben ascertained; the calenlstions for the HM.G.
for the rest of the pipe would have to start at o,

054, Cazt fron or stee] pipes should be usail for dinmeters obad

Aand upwands and galvanised wrought iron pipes for dinmeter®

under 3%, Cust iron pipes of the thicknesses usnally made should ba
guuranteed to safely resict o head of 300 feet und wrounght- iron
pipes 700 feet. Bteel pipes are made to any thicknesses requived :
when-ordering, the head of water they have to withstand should
be specified.  Bteel pipes are more economical than cast iron pipes;
whera the cost of carringe is eonsiderable, but their life is variable

sod depends on the natura of the soil in which they are lnid

and which ghould aways be ascerfained before steel pipes sre
uséd.  They ahould be dipped in Angns Smith solution, wrapped
in Hessian ¢loth and re-dipped : if the wropping is damaged in
transit, it should be renewed and the outside re-costed with Angus
Smith solution.

66, Angus Bmith solution eonsists of pitch, to which 5 per
cenl. of linseed oil has heen added, heated to a temperature of
300° F: every pipe must attain a temperature of 300" F belore
removal from the vessel containing the solution.

B67. Cast iron pipes are supplied with Banged, turned and bored
or spigol and adeket joints < Lhe latter have lead juints, Flanged
joints are required &t a meter, valve, ete,, which may have to be
removed for repairs, or gomnetimes for suction pipes where & close
joint I8 wanted to prevent air being sucked in or where special
lengths are required st reservoirs ; a blind flange should be speci-
fied 3 & mule and holes drilled where required. - For long straight
lengths of pipe under ground, turned and hored pipes should be
used, but at every tenth pipe n lead joint is necessary to allow
for expansion and contraction : a8 a pliin spigot will not fit » turned
socket, 80 per cent. of the pipes should be turned and bored, 10
per cent. turmed spigot and plain socket and 10 per cent. plain
spigot and turned sockets, It may often he convenient to order
all pipes turned and bored and to out off the spigot of every tenth
pipe 4o aa to form a lead joint. For pipes exposed to the sun or
when the line is very simious spigot and socket joints should be
wsed throughtoat.

68. On a steep hill side the cumulative weight of the pipes may
be =0 great as to injure the joints : to remedy this the pipes shonld
he anchored at intervals to masonry pillars.

B0 To regulate the flow of water sluice valves should be used
on east iron pipes and screw down etop-cocks on- wrotght ivan prpes.
A valve should be given at each nﬂn:Pentinn with 2 main and on the
main iteelf at intervals of about 1,000 feet. Bluive valves should be



WATER-EUOPPLY. 175

ordered with tail pieces, on e side flanged and spigot, on the other i)
side flanged and sockst. s Smbana

70. At every low point on the muin, where st is likely to Boaur valves
collect, 8 bottom conmection with & valve should be given o ullow
the pipe to be scoured out. Af dead endy & seour valve iz also
‘nueessiry, unless o stand post or tap happene to be sitnated there,

71. At every high point on the main an wir valve should be Airvel=

given. In long lengths of pipe it is often advisable to provide
sir valyes st sharp horizontal bends, as well as at all high points.
‘Whes the pipeis under considerable pressure & smgle or double
cast iron valve is necessary: a 2° valve will do for pipes up to
10" dimmeter : the pressure in the pipe and its dameter should be
specified. The valve should be fitted on u connection with a stop-
cock.

72. When the pipe fine lies quite # short distance below the
hydraulic gradient, the most satisfactory form of air valve is & §*
dismeter pipe carriad up to within s foot of the hydraulic gradisnt :
the pipe may be coversd by a cap bt the pasage of air should not
be interfered with. .

73. Where & pipe rises above the hydraulic gradient, 1t is
wseloss to provide an sir valve, A short connection with & stop-
oock should be given at the highest point and a velve on the main
lower down. To release the uir, the valve should be closed and
the stop-cock apened for a fow minutes,

74. When ordering bends, tees, ete., 8 drawing should be given Specis}
showing sxactly what is required, thus HEE

ﬂp:.é of.

Sodckef [ @ tnch M{gﬂi

."‘\';? 3tneh
B ==t Sprgol.

[ ]
Soeker

For npright pipes in reservors, etc., duck foot flanged bends should
be used at the base. |

75. In the hills it is often desirable to nie break pressure tanks Break
in order 10 keep the pressure in the pipes within safe limita. The [T
eapacity of the tank need not be mare than 500 gallons ; it is fitted
with @ ball valve at the inlet : the outlet should be at least 24 feet
below the inlet, Pressure reducing valves may also be used.
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76. A connection to an empty main is made by means of in-
serting u nipple, a short length of pipe with & male sorew through-

- out, With small dinmeter pipes the nipple will project into the FIPG .

and interfere with the waterwny : to obviate this, special pipes
with cast iron bosses should be used, BSpecial expansion nipples
can be obtained which render the joint more secure. If it is
necessary to make & connection to a pipe under pressure, 8 special
main drilling apparstus must be used and a ferrule with & plug
inserted.  Special reguluting ferrules can be obtained, by which
meany the supply can be controlled. If a cast iron pipe has
to be connected to s large main and no tes is available, a special
saildlo piece must be fixed on to the main at the point of connen-
fidn.  Where a length of pipe has to be introduce d into a wrought
iran system, it 1s customary to employ & ' connector " a short
picce of pipe, one end of which has screw thread cut on it of sufficiont
length to take the collar : the joint is wade tight with spun yam
and & back not.
71. Standpaosts, taps, etc., will be required as follows .—

(o) }" serew down bibeocks in bathrooms, pantry and cook house
sinks and one in the verandah of barracks and dinning
halls ogeupied by British troops,

(#) 1* waste not taps, in lavatories in the proportion of 1
tap to every 2 basins.

() §* gerew down hibeocks for large baths ; msuni!;r the taps
are supplied with the baths.

(f) §* shower baths worked by a galvanised iron chain in
private ablation rooms.

(e} §° waste not taps, for standpests in the lines of Indian
troops, bazaars, for servants' quarters sttached to
officers and subondinates’ quarters.

(/} ¥* ball cocks in o separate closed compartment for
water froughs. There should be no outlet from the
water troughs.

(#) Wheel valves for cartwatering standposts: thess stand-
posts should be about B0 yards apart on roads that
have to be watered. There shonld be & platiorm of
stone setts large enough to take the eart.

In sll cases suitable drainage arrangements must be made to
CAITY EWAY Waste water,

78, Ample provision should be made for fittings for wrought
iron pipes such as tees, round elbowa, bends, reducing sockets,
plain sockots, reducing tees, nipples, back nuts and plugs.

8. Cistarns should be used ss little as possible and should be
of small size; us the water in them is likoly to get foul ; if posaible
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they should not be used for drinking water. They are required
far intermittent sapplies or when the pressure to a house is very-
high in order to act as a break pressure tank to relieve the pipes,
or when the pressure iz very low, so that there may slways be
supply of water available, They sare ftted with « ball vaive.
80. Meters are of three types:— _ Miters
{g) Venturi, expensive but accurate: should only be used
for large supplies and where skilled supervision s
available,
(b) Positive, where water enters and leaves mieasured vessels.
The best patterns are the Kennedy, Worthington general
" gervice, Beck's, Kent's standard and nuiform patterns. ¢
Positive meters are best {or domestic purposes,
(¢} Inferential, where the passing water revolves a fan o
turbine. The best patterns are Siemens, Worthington
dise, and Tylor's Inferentinl meters are e
than the positive patterns and shouold be used for water
in large quantities ss dhobi ghats, este.; they are
gmt'rally sutisfactory except when there is ]tui.-le to be.
uir in the pipes.

T the water is hard, the working parts of the meter should be.
af delta metal gni the interior of the cast 1ron body should be coated
with silica enamal.

B1. The loss of head in positive meters is often considernble and
they should always be ordered of the same mze pa that of the
pipes to which they are to be fitted, If plenty of head is available
it is sdvieable. in the case of inferential meters, to use 5 smaller
meter than the size of the main : for instance u 6° meter may be
permitted with & 9% muin  Every important meter should have a
dirl hox and tws vilves one on cither side, to facilitate its removal
for repairs and clesning : & bypass with & valve should be given
round the meter or duplicste metérs ghould be used : sometimes
the bypass is dispensed with and a flanged pipe inserted in the
place of the moter. Meters should be provided on distribution

pipes to bazaars, sets of lines, ete., in order to dE'[-E{ﬂ'. and prevent
wWeste,

82. The pipes will be lined up on one side of the alignment Pige Tagit g
of the trench with ends touching, snd sockels fucing the diroction
from which the water will flow,

In the case of pipes less than 5° diameter, they may be placed
st suitable intervals in stacks of not more than 25 pipes.

§3. The bed of the trench will be truly and evenly dressed
throughout from change of grade to change of grade. "The =pai ll
will be thrown on the opposite side of the trench to the pipes.

i,
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B4. All road crossings will be excavated half at a fime, the
mundhulfbmng commenced pfter the first has been refilled over
pipes luid. Road metal will be stacked on one side ready for gab-
Adjuent Te-nsE

85. Befors the pipes are laid, the bottom of the trench, if the
snil is loose, will be well rammed, 50 a5 to form a solid bed on which
the pipes will rest.  Any soft places or hlack cotton soil met with
during excavation should be excevated and filled with sand or
rammed earth, Where blasting is necessary, the rock will be
removed to a depth of at least 6" below formation level, and the
bed of the trench made up with sand or rammed earth. Care must
be taken that there is no rock at hends for the pipe to rest against
aml thershy interfere with its free expansion and contraction.
In mains under high pressurs it may be necessary to smbed all
Tbends in concrete, in arider to resist the thrust,

§6,-In crossing marshy sites the gmde ean be préserved by
sinking slabs of stone or slate vertically throught the soft sail (if
of no great depth) to & firm foundation and adjusting their tops a8
required, a concave noteh forming a sest for the pipe. IF steel
pipes are exposed in long lengths, it is necessty to tie down the
Ppipes at ntervals,

&7, The minimum depth of trench is to be 1” 6% plus the diameter
of the pipe to be laid : under roads the depth should not be less
thian 8°. The minimum width et the top will be:— ~

For pipes 4" ta 6%, 18" wide,

10" ..... 24"
12-—20" ... 35"

88. When a trench is left open st night » chowladar mnst be
left in charge and a lamp placed at each end and at intervals nlong
the trench. If necessarv a barmer will be put up to prevent
danger to passengers.

89, The bottom of the trench must be carcfully graded. A
series of honzontal bars, fixed on supports on cither side of the
trench. should be first levelled off to the correct grade. The
invery of the trench will then be a fixed depth below the bars anil
can be easily checked Thess aght ruils should be not more than
300" wpurt, No pipes will be laid until the grading of the trench
has been ehecked and passed by the officer m charge,

90, Beiore laying, pipes will be examined for faws and cracks,
and will be thoroughly clesned inside. Cradked pipes sre to be
cut with dismond pointed steel chisels, at least 8° beyond the visible
extremity of the crack

1. The pipes will be lnid with sockets facing the way the water
will flow, Work will be commenced from the end furthest from

-
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the source of supply, and upwards from valves and otlier specials.
Heveral sections can be laid st the ssme time if it 15 necéssary to
work quickly. When pipes are laid on brick pillsrs, the socket
should be well clear of masomry to allow the lead joint to be
caulked.

92. Lead rogured for jomting should be supplied depart-
mentally, otherwise, as it-is an expensive item, contractors will
starve the joints.

o3, The open end of the last pipe is to be securely cloged, on
eeasing work for the day, with & strong wooden plug fitting the
socket of the pipe.

94. The pipes will be carefully lowered into the trench nndh“# aiigs

nnmthinﬂmtentrﬁ,}utsbﬂnglnﬂitthu]mfﬂ:wsﬂ_
leading. The spigot will be truly centred in the socket with steel
wedges. Tle socket will then be caulked with not less then three
laps of white spun yard, twisted into ropes of umiform thickness,
pucked up to the shoulder of the socket and leaving the correet
depth for the lead. The minimum depths will be :—

e’ ineh,
For pipes 3tod | . * . .
EROB v v e o« s 14
Ptold . . o T v 1§
- 14 to 15 . . . -

The laps. of yam must be all rather longer than t.hemmum
ferenve of the socket ; no make up pieces are to be allowed,

G5, To lead the jointa first clear them of earth and pebbles.
Then make a wrapper of spun yarmn worked up with clay having
thie consistency of putty. This should be sbout 3" wide and § inch
‘thick and 4" longer than the cireumlerence of the joint. Wrap
this round the joint with the overlap on top, mnd make a hale
in it to admit of the molten lead being poured in. This must be
thoroughly liguid and the ladle for pouring it into the joiut should
Jiold & little more than is required for one joint.  The flling should
lse one operation and the lead should be powred in quickly. Then
strp off the wrapper and wee it for the next joing, and so on.

96. When u section of 8 few hundred feet is leaded, the caulking
will be put in hand. Each gang of cuulkers should conetst of ub
lrsst four blacksmiths, und for large dinmeters the numbers should
be inereasod. One of thess must be o good smith, Place the men
in line, the worst man in front, and let them proceed to caulk &
jnint each with a caulking iron and blacksmith's hammer. Every
15 minutes move the gang on 1 joint, thus esch joint receives an
bour's caulking; and ix worked on by all four smitha. The Jower
portion of the joint requires especial sttention and supervision.
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iﬁ“‘s'ﬁmh wet stuations it iz advisable to use lead wool for the
skt

i
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joints,

1 97. Should it be necessary to work quickly, several sections
can be laid at the same fime, Where their ends meet, they may
be joined by a slesve joint, or by cutting the final pipe to II!‘I!-gﬂ!,-
when the spigot can be slipped into its socket by liffing one or two
of the pipes laid loosely on eitherside of the lust joint to be laid,

98. The turned and bored rings of the spigot und secket of
each pipe are to be thoroughly eleaned and polished. The polished
rings will be wiped round with a eleai cloth dipped in water, o
any solotion aper ificd before being fitted in position.

99, The pipes are driven home using the next pipe to be laid
swang on ropes as & rans This must be done with great care,
particulurly: with pipes of small calibre, the sockets of which are
apt to split if the spigot is drven in too far. Tt is advisable to
use a wooden block to protect the end of the pipe being driven

100. No external joints will be given, except at points difficult.
of subsequent sécess such as under railways, drains, ete., which
will be leaded as an additionsl precaution

101, All piping will be at & minimum depth of 187 below the
surface of the ground. Care must he taken that branches do nob
project unduly into the water way of the pipe to which they ure
connect =

102, The pipes will be laid truly to grade. Pipes may be bent
throngh angles not exceeding 45°, but piping of more than 27
diameter cannot be bent to any great extent. Hends must not be-
made at ini_ntu or the screw threads will be damaged.

103. The joints are made by screwing the end of the pipe to be
luid into the socket of the pipe last laid by means of pips tdogs.
Care muset be taken to prevent the pipe already laid turning during
the operation.  Sections of piping may be joined by sciew eollars

104, Pipes should always be laid winding in the trench to allow
for contraction when the cold water is run in.  For the sime reason
at a curve the pipe ghould not bear against the mmer side of the
trench.

10D, Steel pipes are solid drawn or lap welded and sometimes
have specigl joints. At Murree, steel nngs earefully turnsd were
shrunk on to the ends of the pipes, one end being tongued and the
ofher grooved, A rubber washer was placed in the groove, und
thie tongue of the next pipe was then fitted into it, and heavy
cast iron collars fixed behind the steel rings. The joint was then
gecured by serewing up six cross bolts, passing through holes in
the cast iron collare.  Such connections are only required under a
very heavy pressure and for such cases fibre washers have besm
found to be less perishable than rabber.
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106. To provide for expansion and contraction, slesves made !
from Immﬂh\'a buffer tubes were placed over the ends of tubes .

&fkr the eteel rings had been removed. A deep lead flling mmm
run in and estlked. To prevent tlis blowing out segments of {coud ),

stsel were placed round (he tubes, bearing against the lead at the
ends of the sleeve. Over these sepments the ordinary east [ron
collars wers placed, and drawn together by the longitadinal bolts
until the segments pressed firmly sgainst the lead at either end of
the sleeve, Thie jrint worked wﬂl under 8 head of 1,400 feet, The
iden was that contraction and expansion took place by the stesl
tubes sliding in the lead jackets, For spigot and socket pipes lead
wool is to be preferred for the joints when there is any difficnlty
in using molten lead.

107. When the pipe line bas been luid, the joints will be tested 7oing
by turning om the water. Thie msy be done by closing cwoss pie=

glnice valves snd thos producing rams, This should be continued
in each section for two days. If uny leakage occurs in lead joints,
they will be remade, if in turned and bored joints, the jonts are
to ba leaded.

108, After the pipes have been tested the trenches are to be
filled in with earth laid in 6" lsyers, watered and mmmed. All
gxtrs earth and rubbish is to be removed hy the contractor on the
completion of the work.  Great care must be taken that the space

undsrneath the pipes is propedy filled in, and that the socksts

are adequately supported. Any sinkage from defective laying
within three months of complétion will be made good by the con-
tenctor st his expense.

100, In laying these the faces or raised strips mist be thoroughly
cleaned, und when bolting up after the specified insertion has been
pleced m pesition, care must be taken to tighten the fange holts
gradually and evenly all round. When washers of rubber or other
material are vsed, they must be held m position by loope of thin
twine through the bolt holea befors the flanges are bronght
together, cars being taken that the washer s not ullowed to
encroach in the least on the bore of the pipe. Chalk rubbed upon
the faced strips of p flanged joint before inserting the washer
facilitates subsequént removal, by preventing the lstter from
sdhering to the metal foces. Leaks through bolt holes of flanged
joints can be stopped by the insertion of lead washers under the
head or nut of the holt as may be required.

110. The eovers and glands of all valves are to be mmﬂmd
packing adjusted, spindles and gates examined, and the whole
refitted in free and perfect order before being sent to site. In
sotting, the valves must bo carefully sdjusted as nearly vertical

®
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as possible in both directions before the lead joints of the connecting
tailpisces are made. '

111. Fora period of two years after completion, the whole line
of main ghould be carefully patrolled daily by chowkidars, to
digoover subsidence of the ground, sigs of leakage, ete. Alter
this period the muin lines nesd not usually be inspected more than
nmes a week,

112, Tha whole nres supplied with water should be divided into
convenient divisians, each division being placed in charge of o
chowkidar or Iuspector. This man's doties are . —

To inspect every tap and line of main in his daily district.

To exchange taps found defective. 5

To ses that standposts and platforms are kept clean.

To open the ssour valves periodically.

" To report breaknges, or ill-usage of taps, and waste of water,

To ail the valve spindles and see that the valves are in worling
order,

He shonld know the position of every valve in his district
and to what extent the closing o opening of fhe valves
affects the general distribution ; also how, in case al
fire, to arrange the valves so thut the whole supply
of water can be directed to n certain locality.

By judiciously transferring these inspectors from one district
to unother, they sradually learn the positions of the taps, valves,
mains, #te., in the whole station.

113, Each standpost or tap should be numbersd and a map
ghonld be maintained and carefally kept up to date, showing the
positions and numbers of standposts, taps and valves.

Copies, preferably ferrotypes of this map, should be provided
{or the Cantonment Magistrate, Deputy Commissioner, and Staff
Officers o others, who may have to refer in correspondence to the
water-supply.

Standposts require repainting every third vear. Toavoid
ohliteration of the numbers and the sxpense of re-numbering, it
is sdvisable to liave the numbers cast on the standpost covers by
the makers, -

114, When oarrying out the distribition scheme of & waber-
wotks, eareful rocord shonld be kept of the postion of every pipe,
wilve, ete., showing sizes of pipes, depths below ground level, and
the sccurste positions ol all valves, hydrunts, ste., with referénce
to some permanent building. Neglect of these precautions causes
endless trouble sometimes, nsafter a lapse of years and with frequent
changes of officers and subordinates, valves and sometimes long
lengths of pipe are apt to get lost.
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115. Registers postod daily should be sarefully maintained to Mumtensnce
show 1— supplice—
Quantity of water in reservoirs received from head works, ™

pumped, nsed, and so on
Diagrams showing the consumption, ete., posted monthly
or weskly are very useful for easy reference.

Whare pumping machinery ia used, registers should be kept to
show the boiler and engine 1n nse, the quantity of water raised,
number of engie strokes and of fuel and other stoves used. These
are necessary to keep a constant check on the operation und to

enable the return required by 1) (. s (Srcular Jetter No. 281-E of
1st Jane 1900 to be filled in,

116. The recurring charges incurred in connection with water Maintensnce
supplies are divided into Maintenance Charges and Working Charges; :ﬁ“ﬂ;ﬂtm‘
both debitable to M. W. estimates.

(1) Mainfenance charges include;

(2) the reparr and renewal of such works as buildings,
maing, tanks, standposts, connections and fittings to
Government buildings ; g

(6) the repair and renewal of machinery ; _

{¢) the pay of establizshment engaged in supervision and
eare of plant or buildings.

{i1) Working charges compriss expenditure on—

{a) Paymaents for water supplied by munic.palities or other
local bodies ;

(B) pumping and working expenses, including fuel, «il,
sand or gravel, ete, for filtering purposes; shelter
snd upkeep of animals employed on the supply of
water ; salanes of engine house staff.

(¢) the supply, fixing and repairs of meters (except those
on mains, which form an mtegral part of the water-
supply installstion) and other means of controlling
the distribution or of messuting the supply of
wWater :

(d) pay, housing and all incidental charges in connection
with establishment eclerical or otherwise e
in the supervision and check of the distribution of
water and in the collection of water rates or taxes.

117. All persons in cantonments, not entitled to a free supply Wales thx,
of water, will pay a tax for water-supply on the annual rental value ;TL?“
of the buildings, or pay for quantity consumed secording to meter
measurement, Separate payment will be made by the Cantenment
x3
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fund for all water used for Cantonment purposes suoh as dhobi
ghuts, road watering, etc.

The pates are fixed by the Cantonment suthorities, and should
be such as will give s fair return on the ontlsy and cover main-
tenance snd working expenses on the proparfion of the water
supplied to non-entitled persons, vide D. 0. M, W.'s Cireunlars
Nos. 17-B of 1903 and 25-B of 1904.

118 The total anonal vost of water will be taken a5 the sum
of :—

Interest 3% per cent. on total initial cost.

Maintenanos charges {exclusive
of any addition for super- | 5}9, on cost of machinery,
vision charges, but including >23%, on cost of pipes.
renewals snd repairs and | 29 on cost of buildings.
sinking fund.

Workiug expanses,

The cost of water per 1000 gallons is obtained by dividing the
ghove by the number of thonsand gallons cousumed in the year,

Mhe ainual cost of water supplied to non-entitled persons is—

No. of gallon au]_:ipl.ied to sm:!l PersOns. m o1 L cost:

Total annnal consumption

Table of Weights of cast Iron pipes.
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All pipes are supplied in & lengths excluding sockets,

Depth of lead in spigot and socket pipes is 13” for 3*—4" pipee :
1)" for 5°—T° pipes : 2° for 8°—12" pipea and 2}" for 15" pipes.

Weights of lead and yamn given above ure for spigot and socke t
pipes only.

Merarren Roavs,

1, Road metal will consist either of broken stone, hnhl'rr flond metal.
laterite, or vitvified brck

When stone is used, it must be hard, tough, and durable
a0 boulders weighing less than 4 seers muost be used.

Bandstone ghall not be vsed, unless thoronghly indurated by
the action of heat.

Kankar, laterite, or vitrified brick shall be as tough-and heavy
as can by procured in the Jocality. A dark blue Fucture will
generally indicate o good specimen of kankar. Kankar should be
obtained from a elay soil in preference to that from sandy.

2. Before soling a road, it must be properly graded with a level .
or theodolite to remove minor undulstions. Boling is given fﬂ'fm]'.m"
all roads carrying heavy traffic, except whers the formstion
comzigts of really demse materinl. It should not be lnid on em-
bankments till they are thoroughly consolidated.

The road surfsce will first be barrelled as in paragraph 6, watersd
and well rammed. Usually the soling will be 6" wider on each
gide than the proposed width of metal. Soling should usually
be laid 6* thick, and will consist of large stones, laterite, kankar
or ovarburnt brick-bats carefully hand packed, with the inter-
gtices filled in with smaller pieces of the material nsad.

3. The metal must be square, sharp, and fres from pebblea or
long splinters. The specification as to size will vary necording and ccllsction
to the naturs of metal snd weight or roller available, from 13" ta©
2%, The size specified is the dismoter of a ring through which each
pioce shotld pass in any direction. For laterite the specification
may be for a 4" nng. Btone or brick road metal should be passed
over & ) sereen in sifw, the soreenings being collected in heaps
between the stacks and the edge of the road. When it is imprae-
ticabile to soreen out the small stuff, & good deal can be done by
riking out the piles of stacked metal befors loading into baskets
for spreading. The effect is to let much of the fine stuff fall
through to the bottom, where it can be left till required for top
dressing.

4. The screened metal will be stacked in long continuons hesps
along one side only of the read, and clear of the rondways, openings
for drainnge being left as required. The stacks will usually be
13" high, which will ba counted as 137 only for the purpose of
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mensurementand payment, and of such a section as to gve
sufficient metal for the corresponding length of rosd. At cross
roads a sufficient length of double stacks will be given and eare
must be taken that the stacke do not encroach on either road-
WAY,

The metal will be measured for payment in the stacks,

5. Earthen hunda, puddled on the inner side, and of the height
of the metalling, will be made along the edge of the soling, so
as tcf give the exact width of the metal, and to prevent its spreading.

. The camber to be given may vary from & for nurrow roads
in very wet climates to 1 for wide roads in dry climstes, For
most plains stations a slope of 45 18 about right for 16° to 20
roads of good metal. The camber should not exceed the mininmm
found suitable for local conditions.

Templates of the full width of the suriace to be metalled are
required and must be freely used in shaping the surface prior 10
goling spreading the metal and checking the surface during con-
solidstion.

7. Rolling should be commenced from the edges, and carried
on townrds the centre of fhe road.

The metal will first be rolled dry twice, after which it must be
freely flooded with water during consolidation.

Not more than 67 of metal will be consolidated at one operation,

The metal will be rolled until it is quite hard snd compact,
g0 that u light cart passing over it makes no mmpression on the
surface.

8 The frst principle of macadamizing is thoroughly to
eonsolidate clean, square, evenly graded stone metal. No hinding
or surfacing material must be used till the consolidation of the
metsl is complete. The number of times each section must be
traversed by the roller, depends on the weight of roller used, the
size und hardness of the metal, the amount of watering and the
=kill of the engine driver, but it is the womst kind of economy to
oeut’ the rollmg fine, =

9, After thorough econgolidation, the sereenings, supplementad
85 necessary by gravel or sand, will be spread evenly, watered
and rolled.  The object is to il the interstives hetween the metal
and produce an even water resisting surfuce. The surfaring
should niot be thicker than §* before rolling and may often e less.
Ordinary earth must not be nsed for this purpose if avoidable.

10, After o [ength of new metalling has been finished it is essen-
tial to keep it well wutered anid to attend at mee to sny patches
which ghow sigus of working losse. Constani attention for some
weels ia necessary to get the hest resuliz,
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11. The junetion of old and new metalling must be made with
o long ramp or stope, which must not be terminated with a feather
sdge, but bunied i the old metal.

12, When kanker, laterite, or brick metal i8 used it should he
rammed tu the first instance with iron rammers, or rolled with enly
& light raller until partially consolidated. Care must be taken that
the roller used in all cases is not 20 heavy as to erush the metal

13. These will be dressed off at a slope of 1 in 40 for & width Berus
of from 6 to 12 feet, -

14. The preparation, collection, spreading and consolidation g peritng
of the metal will be as desoribed for new roads. vkl roads.

16, The surface of the old road will be cloanad, well roughoned
with piokaxes, all ruts and hollows filled with broken metal, and
thoroughly soaked with water before the new metal is laid.

18, The contractor shall nse-all due precaution for the. safety cenoml
of passengers by placing an efficient barrier scross esch end of
the length of road which is being worked upon.

Bright lights will be kept alight on each barrier all night, and
a chowkidar will be maintained to give due warning to persons
using the road

17. Notraffic will be permitted to pass over a road when under
repairs, which means that proper barriers must be provided. If
necassary to meet the convenionce of the public, only one-half
of the width of a road will be repuired at a time. :

18. It is most important that all ruts and holes in a road should Pateh Ra-
be repaired us soon as they sppear. The wom place shonld be #*™
cut out to the full depth of the metal of & rectangular form, en-
closing the pateh, with sides parallel to the centre line of the road,
the edges being kept vertical.

19. Road metal. as specified above, is thex to be laid in the holes
its surface being hall its depth above the read. 1t is then to be
eonsolidated with water and bheavy iron rammers after which a
top dressing of fine stuff is put on and rammed in, until the finished
suriace of the new patch lies perfectly even with the surface of
the road.

20, When o curve has to ba given to jein up two roads the Curms
following is an easy method of laying vut the eurve.

Produce the lines of the two roads till they meet . From the
point where they meet, mark off s number of equul lengths along
ench line, us shown in fig, 1, sad join the points 1—1, 2—2 33,
stc. The points of intersection will be the position of points on
the surve.

21, In order to keep o record, in compact form, of all metalling Heed
operations, & book should be kept in the following manner. Pomuii
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Each road should be shown diagrammatically on a separate
page of the book, all cross roads or conspicuons objects being
entered, and miles and furlongs marked on the plan, The opposite
page should be divided up into squares, and marked horizontally
with the number of the mile or furlong, and verticslly with the year.
See Ags. 2 and 3.

As metal is collected and consolidated, the corresponding
squares will be hachured as shown.

Uxsmeratres Roans avn Beinie Patss.

22. All repairs shonld be carried out on eommon sense prinei-
ples, 80 that the causés of the dumage as well s the effects are
removed, to prevent auy possiblity of recurrence of the dimsge

In mauy cuses, a short re-alignment will be found the most
satigfactory method of executing repairs, &0 s& to bring the road
on to harder or more suitable ground.

23. The main objective in road repairs ia to keep the water off
the rond, This e effecited by means of—

{¥) catch-water drains ;
{it) side drains ; and
(i#1) cross drains under and over the rond.

The construction of a road along a hill side alters the whele
syetem of natural drainege. Drainage works will at first be con-
fined to what is obviously necessary until after the experience of
qmne IRINY Beason;

24. Cateh-water drmins are intended to divert water coming
from the ground above the road, so as to make it pass across the
road atthe crossdrains,  Thevare worse than neeless on treachercis
hill-gides,

(!'n slightly sloping gronnd the herringbone pattern of drain-
age is the best, care being taken that the draing TULNINgG &CTUSS
the slope overlap or join those runming up and down, The ends
of these eatch-water drains should meet about 30 fest sway from
the road, if possible. =

On undulating ground a continmons drain over the high ground
between the low places should be made sbont 30 or 40 feet away
from the road. The nstural slope of the ground will give the fall
necessaty to bring the water on to the cross desiq, -

On staap ground it is wsually sdvisable to give continuous
eateh-water drains, a2 in undulating ground, but te place them
elose to the road, generally about 10 or 15 feet awsy,

-
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Arrangements for getting the water sway after it hes mmﬁ;—m

the rond must be specially looked ta.

On rosds where embsnkments have been made, if there are
bridges, continuous drains leading the water ynder the bridges are
required. Iitﬁmmﬁlﬁngumdnnlﬂiﬂgﬂ,awnﬁnnmsdnin
as in fig. 4, sloping slightly hoth ways and taken aercss the read
where the cutting and flling meet, should be given,

= —

Fig. 4

Celnbil

0%, Bide drains take the water, which falls between the catch Side dmins.

witer drains and the road, 1f they are liable to scour, they should
be paved. if possible, or scour prevented by providing at intervala
small stone walls, whose top surfaces should be st the Jevel of the
bottom of the drain.

Tn order to allow traffic to use the whole width of the road, the
bottom of the side drain should be a continuation of the slope of
the barrel of the road.

26, Water may be carried under a road by :—

(1) Permanent bridges and culveriz

(%) Dry stone culverts

(##1) Corrngated iron or reinforced conerete pipe culverts.

(iv) Percolating causeways of large boulders assembled with
ample intervala, -

Water may be vcarried over a Toad by—

Paved canseways or Irish bridges,

Cpoes deain.



Bridjes and
pulverts:

Trish beldes.
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27, Wherever possible, cross drains éhould cross the road at
right ansles. Trish bridges on the skew eause grest discomiort (o
travellers and damage to vehicles,

28, A cateh-pool should be, provided at the head of every cross
drain of importance for arrestine  boulders and debris washed down
from sbove. The bottam of the eateh-pool should be a foot or more
below the flnor or sill of the cross drain,

20. Rain-water must be given s clear flow both above and
below the eross drain in the” direction i which it is desired to make
it g0, Clearing is therefore wenerallv necessary ahove the road
and diverging bunds of boulders will often serve to lead the flow
into the cross drain,

30. Drainage on steep hill roads with zigzag turns requires much
care, to direct the drainage of the upper portions to the cross drains
of the road below,

-81. For permanent bridges; arches should be used wherever
possible. They are more permanent than girders or galvanized
iron sheets, and require less looking after.

82. Bkew arches areeasiest built with their courses purallel to
the abutments, as the end stones ouly have to be ent to special

33. Culverts up b 4 feet span can be economically built of dry
stane, the cover being made of stone slabe, or reinforced concrete
or the: sides corbelled out and then slahbed over. 12 mehes, at
least, of earth or metal should be placed over the slabs.

3. Reinforced concrete or corrugated iron eylinders can often
be used as culverts. Fach end must be completely protected by
masonry so that water does not form a false channel along the
outer gkin of the pipe. In the latter case, if concrete ia rammed
round the eyiinder, & permanent eulvert is formed.

35. The fluors of culverts must be sloped. This slope should
be that of the hillside, but shonld never be less than 1 m 12,

36, A good curtain wall should be given at the lower emd, and
large stones rolled in front to hreak the impact of the water.

37, No culvert should be less than two feet span, so that a boy
tan get up it to clean it out.

88. In general, it is better to provide a culvert too largethan
too-small,

#. Where big boulders, logs of wood, ste,, are likely to block
a eulvert, or bridges cannat be given from want of funds, Irish
bridges nttst be moade, oy
) :I:ﬂ. "Akn“:hnall; bridge should be lnid out with three curves—as
in the ig- 5, to avoid bad bywmps. The = ows &R
Irish bridge constructed on n slope. B e skgieit Y

o
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Fig. 6 shows & section aeross the road of an Irish bridge with [’i'h'“h&”&!f‘“
considerable all’ below. =tp

41. A suitable section for n guiding bund is shown below. Bund=
Fig. 7.

1§ it is thought that floods muy overtop this class of bund, it
must be pitched on the top and at the back, the back heing sloped
4t 1 in'3 and the tos excavated, similarly to the front. '

This deseription of bund should be set. at an angle of not more
thian 45° with the direction of the flood, or it would probably be
washed awa®.

The bank end must be well housed into the hank of the stream,
anil protected as far as possible to prevent any chance of flowing
water getting at this end.

The stream end of the bund must be pitched on both sides, and
as a flood after passing & bund makes a small whirl-poal down-
stream of and behind the bund, sume pitching or filling of lirgs
boulders must he given at and behind the end of the bund.

49, Ramps into river beds are often badly cut up through Bamps.
wont of drminage.

The drainage should be arranged as shown in the drawing,
which also gives & snitabls section of a ramp. Fig. 8

A small bund placed on'the upstream side of, and close to the
ramp is frequently of use to provent the river bank from being eub
AWAT,

43. In side cutting, all debris should be thrown down hill Clearing ssd
Inthrongh cutting, & berm at least 2 feet wideshoulil be left between **=oF
the edge of the cutting and the thrown up esrih, etc.

All big stones and boulders should be removed, by blasting if
neeessary, to a depth of 6 inches below the roud sirface. The
surface is finally hrought to the desired shape, by means of tem-
plates used with masons' levels fo ensure their being pluced level
peross the road.

44, Whers necessary, the road must be protected by short Gunrd wills.
lengths of patapet walling or large blocks of stone with suitable

pe for dramage, I walling is used, it must be strong, say 2 feet
thick and 3 feet high, TIf blocks of stotne are nsed, esch stone
ahould be of sach a size that one man cannot move it o

45, Miles stones should be provided, and furlong posts as well Milw stomes,
on roads for wheeled traffic. These stimes ghould he fxed ns
acourately ns possible and if the widtl of land taken up for the road
i= 10t too great, they can be used s houndsry pillars to dematcate
the land.

The letters and numbess should be large and clearly marked
in' black on u white ground.
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48. (i) For wheeled traffic. Maximum gradient 1 in 20, with
nok lese than 300 feet of practically level length in each mile—ihe
rize par mile not to exceed 240 leet,

(if) Camelroad. Ruling gradient to be 1 in 10, with & maxi-
miim gradient of 1 in 8 for short lengths of not more than 400 fest
provided that & similar and adjacent length in pach case is 1in 19,
andd that the total rise in any mile does not exceod 500 feet.

(i) Mule road. Ruling gradient to be 1 in 7, with a maximum
of 1 in 5 for lengths of 200 feet or 1 in 6 for lengths of 300 feet,
provided that immedistely adjoining the steep portion, a reduced
gradient of 1 in 9 and 1 in 8 is mads for & corresponding length and
that the total rise in any one mile doss not excend 750 fost,

47. On roads for wheeled traffie, curves should not be less thin
60 feet radius, except at re-entering nugles. In ull curves eh
than 100 feet yadius, the rise in 100 fect should be one-twentieth
of the radius.

On camel roads the curves are not to be less than 10 feet
radius at the centre of the road, and all curves less than 20 feet
wadius sre to be level for a length of 20 feet. =

For mule roads the curves at the benids in zigzags are not to
be Jese than 6 feet radius at the centre of the roud, and for a lengpth
of 10 feet are to be level.

Nores ox Sreau Roan Rorimss.

L. Motor rollers are only useful for light work ; for road work
the steam road roller is unequalled. Rollers eapable of being
canverted into traction engines have not proved a sucoess ss & rule.

For roads metalled with kankar or soft, engily crushed, metal,
or for district roads, where soling is -often absent or lightly pro-
vided, & light 6-ton roller is: suitable.

For bhard metal 8 10, 12 or even 14-ton rollars should be tised,

It should be remembered that the nominal weight of a roller is
based on its weight empty and that when the boiler, ete,. are full,
the sctual weight is 10 to 15 per eent, greater,

Compound rollers cost Ra. 450 to Rs, 600 more than single
eylinder rollers, but are about 50 per cent. more economical in fuel
and waer consumption when actvally at work, easier to handle,
make less noise and last longer. Unless fuel and water are exCep-
tionally cheap and repairs difficult to carry out properly, eom-
pound rollers shonld be used in preforence to single cylinder
rollers,

2. H possible the firm supplying the roller should be called
upon to areet it. When, as is tusual, this course is impragticable a
mian with seme experience in this form of work should be amployed,
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the man should be supervisad carefully and the instructions fur- m‘;‘_
nished by the makers followed in every respect, A spare part
catalogue will be found vsaful in this connection,
8. T'wo men, a driver and steersman, are required for every Lebost fo
Inﬂn: The driver should be 8 man r[nnllﬁnd to taks churge of o i
stenm boiler with experionce of road rollers : m the absence of the.
latter guelification some tution by an experienced man should
be givan lum. The pay of a driver varies from Rs30 to 60 per
monsem,
Any intelligent eoolie will do for u stesrsman: heis often
termed the fivreman, but it is the duty of the driver to attend to
the fire, when the voller is at work, A dirty roller j5 the sign of &
earelesy slovenly driver.
I ponl 14 used, a good quality Indian cosl is suitable. I wood g
fuel is msed, the fire box and firebars should be espesially adapted
for the purpose and the point should be browght to notice when
the roller is ordered. Generslly good dry wood ecan be- burnt
“writhout a special firebox, ete., but not wood of inferior calorifie
yalae, In a working day of 10 hours, T maunds of good coal will
be requirad for a 10-tom eomponnd roller and double or treble this
quantity of wood. A single cylinder roller will use 20 per cont,
~ maore, If the fire i3 banked up every night, economy in coul and
lighting up. wood will result. To bank up, damp down the fire
with small coal and half burnt ashes, close the damper and pluce
& cover over the top of the chimney. Drivers avoid banking up
as it means trouble after the day’s work i3 over : instead they often
-arrive late in the moming and force up steam quickly with a
large amount of wood fuel, which is bad for the boiler md resnlts
in leaky tubes. An eéxcessive consumption of lighting up wood
f# & eertain indication of this practice. When working a thin even
fire should be maintained,

0. The cleanest waler.pbtainable should be used : any water Water.
from u muddy rosdside pond will not do. Saline water isto be
svoided and its use can be rendily detected by -slight incrustation
appearing ab the glands, cocks or joints. Both muddy and saline
water eauge ‘' priming ", ie, water geifing mixed with the
steam ; priming damages the valves and eylinders : it is av once
inilicated by violent asitation of the water in the gauge glass and
may be checked by keeping the water lavel in the boiler as low as
possible. Saline water may injure the boiler seriously and, il its
use ia unayoidable, expert advice ghould be obtained. A 10-tan
componnd roller will require shout 300 gallons of water daily
and & single cylinder roller about 33 per cent. more,

6. Castar or other vegetable oils are often used for cylinder o
lubrication ; they tend to'earbonise at high pressures and to choke
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Oti—{eontd). thys steam passsges and the exhnust with deposit. A high class

mineral cylinder oil should always be used. :

A vegetable oil will do for besrings but o heavy miteral engine
dil is generally cheapor and better, The manufacturer's advice
may always be taken regarding the nature of vil to be used,

In gold or wet climates grease 1s used for the geanng, but ina
dusty country a heavy engine oil. as recomended for the bearings,
18 0 be preferred ag the greass merely collects and retains the
dust, forming an abrasive compound, which will canse axpesive
wear in the gearing,

7. Thiz i the most fmportant part of & road roller and the
Gartizon Engineer should see that it is treated with proper care.
Every weelc or fortnight, depending on the amount of work and
pitrity of the water used, half a day should be sef. aside for cleaning
the boiler, packing the glands; ete., refilling and raising steam.
The hoiler must only be eleaned when guite cold. The plogs or
mid hole doors below the firebox must all beremoved and all mud,
ete.; tharonghly worked out from all four sides by means of a small
foree pump if possible. 1f the mud is allowed to acenmulate above
the level of the firsburs, the firebax plates may become overheated,
when they will bulge or erack and the stays muy lesk or even get
broken, involving expensive repairs. The manhole door in the
hoiler barrel shonld be removed once a year at least, more froquently
if the water is bud, and ss much clearing and scaling done as possible.
If inerustation of the tubes and other surfaces is very marked,
expett advice should be obtamed. The fusible plug which is
provided in the firehox exown plats shauld be regoved at Teast onoe
a year, oftener with saline water, and carefully cleaned. An
encrusted fusible plug may not melt when the boiler i¢ short of
water and the result may then be an axplosion. Spare fusible
phugs are usually supplied and if there is any doubt about the
one inuse, it should be changed. Tha boiler tubes should be kept
clean fnside by sweeping one or more  times daily with a tube
brush ; if this is not done; they may get encrusted with seals
requiring the use of special tube cleaners. 1f the tubes lsak at
their junction with the tube plates, as a result of bad fead water or
from working for long periods on steep gradients and not aseing
that sufficient water is used to keep the ends of the tubes covered,
they should be expanded with a tube axpander, but repested use of
thia tool is inadvisable, Leaky tubes always indicute improper
working. Before lighting up, the water in the gauge glass should
Eﬂ half way up: this height must be maintained by a uniform

8. Raising steam will take 1 to 1} hours, depending on the
fuel and whether the boiler is cold : the process should not be
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hurried by using 4 blower, which is a cock that sends & jet of steam Stesm
np the funnel to increase the draught : the blower is only intenided fomat.)
to lightes a dull fire, when the engine has been kept standing, If
stean i3 raised too yuickly the boiler may be strained through
utequal expansion, .

Compound rollers usually work st o pressure of 186lbs. end
single cylinder engines ut 140lbs. The boiler should be worked
continionsly at full pressure: mumy deivers think thst SCOnomy
results in working at low pressure, but this is not the case. There
is no excuse tor frdquent blowing off from the safety valves.

The pressure gsuge should be tested periodieally.

A roller should not be reversed without shitting off steam, as
the practice causes wear and tear and if done when travelling at
high speed. & breakoage may result.

9. In the mim of the hindwheels thero will usually be found  Prost splken,
wumber of holes plugred with wood. When the rollse is ripuired»
to travel over slippery ground or on atesp slopes, these plugs should

be removed and the boles fitted with the frost spikes supplied with
the roller.

10. The following stores will be required for & 10-ton compound g g
rollex, working 10 hours a day :— : = '

(a) Good eoal, 7 maunds u day ; or, if wood fuel {s used, 14 to
21 maunds,

(8) Wood fuel for lighting, 1 to 2 maunds & week.

() Cylinder oil, § gallon u day.

(f) Heavy engine oil, § gallon a day.

(e) Cottan, waste, ilb. a day.

(f) Kerosine ail, for cleaning only, 1 bottle o weok,

(g) White and red lead, 2 to S Ibs. of white and 1 to 1} of red
amnually for jeint making,

1K) Fine copper wire and worsted, 2 or 3lbs, of each annually
for oil cup syphons.

{#} Jointing materinls, one sheet pabestos millboard 4° 547w 1171"
snnually for mudhole and manhols joints, ete, Mudhole
joiuts can be obtained specially peepared o MAY
be made up of asbestos twine: the furmer give leas
trouble. 1f used ouly once the number required
represents the number of times the boiler Is washed
out, multiplied by the number of mud holes - but if
joints are carefully opened and if & little black lead
and tallow is smeared over one surface, the joints can
be used 5 or 4 times. Specially prepared joints should

always be used for the manhole and will ngually only
serve once.
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ptisn () Packing for glands, about 1lb, of nssorted sizes per mensam.

of storme=—
ponhl,).
Gt

Dimipnaions
of ‘ollers,

Gedtaenl,

11. A fair day's work under ordinary conditions for a 10-ton
roller is the effective consolidation of from 1,000 to 1,500 super-
ficinl yards.

12. The following dimensions of a 10-ton roller may be found
usefal m designing bridges, ete. —

(a) Diameter of front wheel 3° 91", Each hind wheal & 87,
() Width of front wheel 4' 0" Each hind wheel I 27
(¢) Load on front wheel 4 tons. Each hind wheel 3 tons.
(@) Distance betwean hind wheels, centre to centrs, §° 4%,
(e) Distance between front and hind axles. 9 8%

DRAINAGE.
1. In Indian Cantotiments a system of underground sewers is
_rarely practicable on account of the flstuess of the ground, the
seattered arrangement of the buildings, the difficulties of disposing
of the sewage, ete., all of which entail & very heavy initial cost,
Urine and nightsoil are disposed of by trenching or incineration,
leaving only sullage and stormwater to be considered.

2. In lines of troops small quantities of sullage water can often
be disposed of in sbsorption pits, provided thut the soil is of a
guitable nature. In bazaars and in lines; ete., situated on clayey
sofl & system of sullage water drains is essential.

3. Ordinarily the rosdside dring, natural nallahs, ete., can be:
relied on to carry away all stormwater and in most cases the slop-
ing off of the ground surrounding s Luilling to auxilisry earth
drains will be (uite sufficient. Cases, however, may oceur when,
on account of the nature of the soil or in crowded localities, auch
as bazaars, the storm water drainage will need careful considera-
tion and masonry channols muy be found necessary,

4. When the necessity for the drainage of any particulsr loca-
lity arises, the cantonment as a whols should be considéred and
any small scheme, found to be especially urgent, should be armnged
g0 that it can be linked up with the scheme for draimng the whole

* eantofmert. It should be remembered that the introduction

of a piped water-supply into o station will sooner or later lead to
stepe being found unecessary for the removal of the water after
it has heen used.

5, Whaere the soil is highly ahsorptive, the oxidising properties
of the upper layers may be taken advantage of and the sullsge
discharged into shallow pits, 2 to 3 fect deep. If, however, ini-
mediate sbhsorption does not take place, decomposition will peeut,
snd the pit will become oflensive : disinfectanits must then be used
and the depth of the pit may be increased.
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6. ‘Tho pit should be filled with hard broken stone, 14 to 3-inch i far
gauge, the lurger picces being placed at the boftom : the top ig wmllage
finished off with & lnyer of rammed gravel, All grease anid solids [IW'!-I-
st be removed in o trap : for this purpose a kercsine oil tin placed
i the centze of the pit-may be used, the tin being well perforated
towards the bottom and filled with sawdust covered with grase
Pits must be kept well sway from buildings, wells and water.

pipes.

7. For sullage water it may be assumed that the whale of the {2reeitz ot
wister-supply will find its way to the drains, which must be large
enough to carry away the whole quantity in 8 hours. For bazaars
it iz usual to make an allowance of 2 gallons per head per
hour,

8. The capacity of stormwater drains will depend on the nature
of the soil, the slope, the maximum rate of rainfall and the propor-
tion of the ares vecupied by buildings. When the rainfall is heavy
and frequently exceeds 1° per hour, draine should usually be
designed to carry gwoay s run off of §*an hour : in dry localities,
where heavy falls nre rare, a run-ofl of }" an honr may be assumed
for main desing and as low az %" lor side drains. A run off of ¥
is equivalent to & flow of § cusee from wn more or 0116  cusecs
per 1,000 square feet.

The practice in regard to the run-off allowance to be made
variea s great deal . —

() In Bombsy 1" an hour is allowed : 70 per cont, of this
being tuken for suburban areas and 15 per ceut. for
rural districts.

{8) Bilk gives for towns in Bengal West of Burdwan §” per
bour in urban and |° in rural districts ;: double these
allowances for towns East of Burdwan,

{o} The United Provinces Governnfnt rules give [° per
hour, unless the rainfull is very heavy when }" to be
allowed : for main drains $* per hour,

9. Tt will often be necessary to use the same drain for earrying
off sullage and stormwater and its size will depend on the latter
considerution, i

10. The lirst requiremient is o lurge scale plan of the area, fully ‘m‘“
contoured nd showing ull buildings, roads, existing drsins, oo,
The drainage system should follow the natural drainage of the
country s far as possible. The sraa will then be divided mto
gections, the water from each being collected in branch drains

O
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lendding to the nuin outfsll deain. The alisnment of the main
deain muet be settlod first, having regard to the outfall,

11, The outfal]l is & muatter of priviary imporiance and will
reguive carefo] conaiderstion, It musl be remambeared that smilige
yater from o bazsar is nothing less thun & form of sewage: it
it i3 allowed to trickle along & large nallah, evil smelling pools will
resnlt. A perenmially flowing stream i= to be preferred, in which
the sullsge water is ot once well diluted. I only a dry nallah is
available it may ba necessary to pess the sullage water through &
settling tank before passing it to the nallah, A method that has
severa] advantages, i to use the silluge water far irrigation on
fields, but such operations should be under efficient supervision
and carried on well away from ecantonments: clay soil will he
found uneuitable unless large aress ean be made available,

12, The hest form of gettling tank is perhaps the septic tank,
whinh is meraely » settling tank in which the sludpe ia allowed to
remmin and partially to decompose into liquids and gases. An
arrengement which has proved smocessful is illustrated here :

The sullage water fisst anters ono of the grit tanks, A, A which
are small tanks, eapacity } bour flow, depth sbout 34 feet, where
sand, clay, ete., settle. Grit tanks are provided in dibpiiﬂntc, T
in e, one thrown out for cleaning : cleaning can be done by hand
the sludge extracted beng trenched. B is 4 sereen to arrost l.'tlall.'d:-l
ing matter : it is made of nclined 4* bars about 4° apart. C, O
are primary tenks and D, D, D secondary tanks, brd:mnly the
sewnge is let into both the pnmary tanks and then Jed throngh the
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sasomilary fanks in series. Mogt of the dludga-will sattle in mmﬁ
primary tanks and sludge valves shoold be provided at the bottom
near the sntmanes, the bottom of the tank being sloped to this-
point,  The sludge pipes should lead to o valve chamber E, whence
the pipes ure livl away to teenchies.  The aluday outlet level should
be 3 feet below the waber laval to allow sufficient head (o force the
sludge through, Tanks D, D, D, muy be made flag bottomed

dee will aeemmmlate m them very slowly and clesring out can
ba done by hand. The sewage enters and leaves each of the tanks
over o level erested weir, hoyond which is placed & shdge board,
dipping about 0 inches nto thie water. The total cupacity. of
the primary and secondary tanks should smonnt to ahout 12 houra
flow : their length should be 3 times their braadth and their depth
6 fest ¢ they should be coverdd with looss boards or sume covering
that perinita of fres vestilation, bub prevents mosquite breeding,
Sturmwater should be excluded and i may be neceaszry to provide
some form of starm overflow or mathod of diverting the dminsge to
a nallah. Grit tanks will probably require clearing daily ; for
the septio tunks, the sludge shonld be measured periodically snd
the depth should not exceed 1 foot: the sludge vslves of the
primary tanks should be opened once a month until -the water lovel
m the tanks haa dropped 1 foot: ~ Beum should not be allowed to
get miore than 3 inches thick. Penstocks, ie, bosrds sliding in
grooves, are provided where marked X and enable any tank to be
cut out.

18, If storm water only has to be dealt with, the cheapest Design of

s form of deain should bé adopted, which will withstund the

erosion. Where sullage water is to be carried, the driim should

te narrow and deep in order to obtain the maximum veloeity of

flow. For small Aows semi-circular drsins may be nsed, but whers

the drain his to be calenlated for & large stormwater fow the

_ seotion is suitable. The How of water in such draing can be

culonlated by means of the tables attached.

14 For a dmain 10 be self-cleansing, the velocity should be not
les= than 3 feet a second : in the plainsg, the grades will be too fat
to permit of this velocity being sttained and flushing will have to
be resorted fo. The following welocities should not be exceeded :
2} 1. 2. for sandy sail to 4 £ & for firm soil. T} £ = for masenry to
10 f. = for rock. At cnlverts the grade should be doubled. Large
unlined drains should not have o steeper slope than a7, other
wise seouring will oceur, I & steep grudient is unavoidable, drop
walls and water cushions should be provided at intervals; the
water cushions must be drained.

ol
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15, Tn plite 45 soveral forms of drains are shown. The invert
may be of stonsware pipes, specially manufactured by Messrs,
Burn & Co,, st Rancegunge and Jabalpur or cement cancrete
moulded in 3 feet lengths or lime concrete cement plastered. The
gidlos of the drain may be of stone or brick, cement pointed or of
lime concrete, cement plastered.

16, Moulded lime (hvdraulic) conerete invert blocks are largely
nsed in the United Provinces. They are made in well ciled monlds
in the reverse position to that which they deoupy on the work :
the lime conerete is rammead in layers and the final famping is
continued until the top becomes soft and pulpy. The concrete is
left for 3 days to set. being kept damp the whole fime : the sides
of the moulds ean be removed after 24 hours, When finally
removed from the mould, the blocks are placed in s tank for 24
hotrs snd the invert iz then cement plastered with plaster of 1
coment nnd 1 sand well rubbed in and polished. When the plaster
heg set the hh;hm;dnmdlnnmnklnrfﬁn;m. Blocks are

‘made? tod feet long,

17. The trench is excavated and levelled as specified for cast
iron pipes. The concrete, ete., is laid and finished as described i
the detailed specifications’ for thess classes of work. Btoneware
pipesshould always be laid on a bed of limne concrete : they are joint-
ed with cement mortar composad of 1 gement to 1 sand. Bende.
tees. wte., can he obtained from the mukers of the pipes, or they
may be made of 1.2.4 cement conorets fn ifw.

18, For amall side drains & bhisti and & sweeper can clean up
8,000 running feet morning and evening. For langer drains special
finshing srrangements are necessary ; sn efficient method ia to
place vertical boards in grooves ut intervals of 150 to 200 feet and
to let-the wuter pond up, when it will proceed with a rush on the
board Deing ramoved. For main drains o flush of 250 gallons
Ewice a dav will be necessary,

19. The bed slope of a cnlvert should wsually be shout 1 in 30,
The wing walls ure spliyed at 45° and the embankment sides lopes
may be taken s 1 in 13, The bed should be made pakks and o
an-ﬁ apron given downstream to distribute the flow and to pre-
vent underentting. For large onlverts, where considerable flows at
high velocities may oocur, n low bund, 50 feet down stream. will

wnally prevent any geonring round the foundstions of the




. DRAINAGE. 201

30, To wscertain the probuble maximum flow of water through Culvers
the culvert, the catchment aren of the nallsh should “be roughly e

estimated and the following run off per hour allowed :—
3] inches per hour for eatchments op 1o 10 acves.

- of 100 seres,
4 - a i of 1 sq. mile.
LE L 3 5 of 20 g, miles,
| ST R of 100) &gy, milea,
T . " of 500 5q. miles:
"o T T of 1,000 . miles.

For localities where the catchmient is everywhere steep and
rocky, 50 per cent, should be added to the above figures, A run
off of 1 inch per hour from 1 acre is squivalent to & low of
1 cusen.

91, The colvert must be large enough to carry the How with-
out any heading up at the entrance. To provide for this culverta
should be sssumed as only flowing half full, when the approach
pallak s wids and shallow : if the banks are steep and the nallah
narrow; § full may be token, For arched culverts the top of the
culvert for calculation purposes should be assumed as lying half
way between the springing and the crowm.

99 Having ascertained the height available for the eulvert,
_the depth H of water flowing and the flow Q in cusees, seloct a
‘breadth B, then - —

Wetted perimeter, P=2H+B

Area, A—RBH

Hydraulic mean depth, R= %

On the chart align R with 8, the slope, ;-h~=1%audmd

the velocity V: as N, the constant in Kutters formula, =017,

;xultiply V by §: align V thus modified with A and read Q the
oW,
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Values in fced of R, hydraulic radius, and A, area, of Pegtop and
i semi-gironlar drains,
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SECTION VL

Contracts and Rates.

1. Assistant Commanding Royal Engineers ar® advised to carry Contmots.
‘out all works in their distficta by contract with respectuble nutives :

not ouly are worls execiyted, s 4 role, more chsaply in this manner

than by daily labour, bnt the supervising establishment is thereby

gaved n large smount of extra work.

2. Tenders for ull worlks proposed for execution by contract
should be invited m the mosi puhblic manner possible. Ths'is
nsually done in practice by posting netices on the preseribed form
outside the Assistant Commanding Royal Enpineer’s office, on
public notice boards, snd. by sending copies to the local Civil
officers. The date and hour for the recepfion of Contractors’
tenders should be stated, ae well g2 the date on which the work fs
to be commenced and finished.

3. While the potices are ont, the estimate and plans for the
work should be open for the mspection of all persons proposing to
suhmit tenders, und every assistunce should be given to enable
them to understand thoroughly the details of the work, for the
exeoution of which they proposs Lo tander,

4, All persons, who subunit ¢ tender, should fill in the ]munnlmd

form, and, whenthey forward the tender, it must be secompanied
by the necessary earnest-maney.

5. Tenders should, as far as possible, be opened in the presence
of all the tendorers und the result at once made known to them.

6. It is difficult to lay down any fixed rule for guidance in
accepting tenders. There 18 little or no doubt that the practice of
accepting the lowest tender in all cases induces Contractors to tender
et lower eates and econseguently chespens work. On the other
hand, many failures of bad Contractors oéeur under such a system,

7. A plan often adopted with success is to allow only known
and reliable Contractors to tender for sn important work, but to
make it a rule to pecept the lowest tender from wmong those who
have been granted permission to send in tenders.

8 As soon gs the tender has been accepted, the Contractor
shiould be given notice of the fact in a book kept for the purpose.
At the same time he should he directed to forward his security
depaait aud be mformed of the date on which work is to commence.
Hie signature and that of the Sub-Divisional Officer concerned
ghould be recorded jn the book aguinst this notice,
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9. Contractors are bound to make use of the articles on the
Government stock as fir a5 possible. Tn all cases & price Tist of all-
stoek articles which may be issued to the Cuntractor 18 to ba: pre-
pared. This will be attached to und form part of the contraet
snd will be signed by both parties,

Whare the contract is st so much above or below schedule mtes
a similir Jist most be prepared showing all rates included in the
contriet, This list must be signed by both parties, a8 il is an
infegral and essential part ol the contract. The stoek prices of
materials issued to & contrector will be deducted from his bill, ar
be will pay the money in cash as muy be divected by the Assismnt.
Cammanding Royal Engmoer,

10, No women are to be imployod on any work within the fines
of British troops, while those lines are oconpied by them.

1L, Written authority signed by the Assistant Commandmg
Royal Engineer or the subordinete in charge of the work must
be produced for any deviations from the measurements or
gpecilications of an estimste. H no such authority can be pro-
duocad, then the Contractor will be held responsible for the devias
tion. The measurements referred to are those in the drawings :
those in the satimates are for purposes of culonlations and not for
the mformstion of Contractors,

12. All rates for work should be based oy carefully propared
specifications. These specifications shonld be numbered, printed
sud bound up with the Bcheduls of Rates.  Even when the local
specification coincides with that given in this Hundbool, the fulf
text should be printed in the district specifications ; the Handboole
gpecifications are to be used as a guide only and local specifications
will be amplified from them. Al specifications should state exactly
what work and materials are to be included in the mte, Tt must
tiot be forgotton that the distriet specifieations form an essontial
part of most contracts, and that it is hardly reasonable to expect
n Dontractor to possess himaslf of u copy of the Handbook or some
other book of reference. p

13. The compilation of detailed rates for work involves much
time and labiour, but though no mte con be practically more than &
mean, owing to the personal fastor of the workmen employed, it is
important that for each station there shoald exist weeurafe mud
inialligiblo details of the rates in the schedule, Thess recorda are
best kept bound in-a book to #void confusion with tentutive mates.
The rates in the book should be endorsed with the detnils of the
sanetioning letter s oll new rates and changes in existing mtes
require the sanction of the Commanding Royal Engineer, Deiniled



rates are nof to be nsed for settfing Contractor's objeotions. The Rater—

contract is based on certain specifications, rutes und prices of kock
muterials, which form an indispanssble part thereof, nud the
method of arriving ab the retes has nothing to do with the
soniraet

14. Bubordinstes in charge of works should froquently be
ordered to keep notea of the labour and material employed on
various classea of work in progress, both for their own informa-
tion, and a2 & check on the recorded detail of rates ; such informa-
tion is also very useful in disposing of the complaints of Con-
fractors, :

15, Existing rates will usnally be affected by—

(a) Changes in the specifications.
(b) Changes in the adjusted stock tes for materials.
(o) Fluctnations in the market rates for materials

Changes in the specifieations almost invariably necsssitate
getting out a revised rote and should consequently only be made
when really necessary. -

18, Changes in stook mtes for munterials need not necessurily
involve a change in the schedule mates concerned. Bub if any
chunge is made when a contruet is running, the Contradtor must
continue t0 be charged at the stock rate entered in his coniract,
Any profit or loss due to the change muat be borng by the estunate
and vot by (e Contractor.

17 Fluetuations in the murket retes for mutevials may neces-
sitate o revision of rates from time to time, but so long s& contracts
based on scheduls rates can be pleced st or within a lew points

of par, un generul revision of rates will be necessary,

15. When, however, rates have to be revised; it is cssential
to oonslt the district specifications and the existing stock rates
for wnterinls and to make the necessary changes in all of them
conourrently,

18, The specification in use should make quite olear what the
rate provides for, and the schedule should contain a column in
which & relerence to the specification 12 entered against each item:
it is & convenience if the item in (he schedule is deserilied reason-
ably fully. For mstance under ** ceflings ™ an item in the schedule

**1* ai planking " conveys but litile, but if the item reads “1° rai

planking, bourds 6" broad, fastensd with 24" nails ™ t_..hu muttar is
clear at once. Free use should similarly be made of the column
of remarks when neeessary.



200 RATES.

m 20. Again in the submission of detailed ratas by Sab-Divisional
Officers, an otherwise unintolligible rate may be made clear by
gving & few nobes or a handsketeh, showing how the rate is
arrived at.

21. The rates which follow are based on notes taken of work
ectually carned out, n most instances in the sfations to whick the
rates refer. They would not be correct for uther stations, but firm
& basis for comparison and & guide as to the points which have to
be considersd m preparing a similar detail.

Task for an experienced artizan per dieys.

Brickwork - : : : . 10 cubin Feat,
Flat archwork z : g B ==
Cireular . . . SN s § T g
Honey-comh work : = 4 35 o
Coursed rubble masonry | +  dte 10 %
Random squared coursed rubble . 5to 12 o
Random coursed rubhle . 2 up to 15 =
Dresed ashlar . - . 1t012 o
Ashlar in arches 5 Ua A Lte 1§ .
Plastering | coat - : . + 60 sq. feet.
4 - ‘ - .. = B &
" - R 7 e - . 20 g
Pomting . . . . . . 100
Terraced floors or roofs & e 0 =
Brick-on-edge foormg e - 45 i

Flagged flooring ., ., | 9

- - ] lm i
L pairbattendoars (4x7) . . 8 duys.
Teak wood framing, ete, . , ., 1 cubicfoob.
Lpairpanel doors . . | 15 days.
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Load Jor a theo bullvek oart. ﬁ:&—;
Bricks (9" < 4" % 2{") = - 380
Broken stone . - a - ‘ 15 cubie feet,
Gravel . : : . N . 16 3
" Kanlarlime, . . .+ . . 13 g
Bkedtine . . . . - 18
Bandatons - . ' 5 . q "

1. Stone Lime Burning,

| - I Rare | I
Shons sl materiale per 100 5| G000 ==
b RS hﬁm!ﬂlﬂ!ﬂ.ﬂﬂi e £ ;jl‘.j' 1 A, Tirir,
) ik, I Tee |
LATHIL e I Bs | R
Quurrying jome = . + N L] -
I'ﬂ-.r e e - L0 s
Dasthitg st 400 Franb b Whorl s i w N ' 5% :
Brmling sl=n : 5 . s - I i 3
Lomding ke withfesl .. . . . 1-00%
Tubaltlng . . .. . . . “ FTH
Boresalog and sincking e ‘ 1-0758 Tk
MATERIALS,
Blsetinr powdor sod Fuse . . . . da ia = 313 e
enmd wood) . = 5 g i 1 i

M ] M L 14ivE S0 Lﬁz 1oy s -
iﬂ'l = s . L - e . | = | =i
Repin M . ., o, . . . @ e =105,
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-8
Conk pee %, owbin fee) slakod llime E . ==I :':I-{HJ -Epp 4]
L]
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mphu, i uehnAlly pmmalon posluied. :ﬁ:ﬂ lﬂﬂﬂ;ﬁkﬂ o alr-slaking
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2. (a) Eonkur lime manufacture,

(0] Lime maorgar,
Station—Bareilly,
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4. Lime conorefe,
Btation—Bareilly.
T
Tesals O Wi sl malesials o7 109 e 1. f,":“.;‘i.' Amaunt. Tonst,
LaEt. Fur
o -
WATEREALS, s, s, .
Brieituits i s e | e pm | B [peom e
Eotlofisse waitis . .~ &= | sees | meEme | w TE 7l
LABOTI.
Clanglag Sl bbb ile
Bl . . e = v s | New, P T i '
Cooltes: .. . . - - . % i1 - L
M......ﬂaij_#.-:nm:n s i1
Clarihiyy and Al berriig mertar ol 42
Hildiss = B = Wi, A J88 | nash i
Coolles . & : I i oL L]
oay - : TFripe "]“:5 2 | wip 38 =
R T ity =
Brvaking ballast . v ot 16| 16  |poe seni, 1T8a
‘Omreyme el dacking, conlles . . | Fow, 2| s | sl 25
‘Currytng mumday, wonliss » - t 15T - TR b i i}
Mizipg wanar aud bollsar.
Bettam . . - - Tos. 8| o1 | esch 35 5
Corrping wnsd  fugiea  wwieed =omorets.
Dooliew . - - os: 2l 57 | esch a0z B H
Bumnreng.
Holdas . Kom 3| ibs | ensh T52
M . ., . i <4y B Y s’
Falarsiy,
e . - : Fum 1| 155 | eneh 8% anE
. =T
10 it cant. EMI i
1TAT,
| e
Tome—fpoeificidlen 11" ballzt m:_
fi' Tk Bt ghom 100 1.0 bollan
Wi.'l-ﬁ!hd ok 100 e R mrlm‘l
2. Thia Tnak it e pacd e e mup-rrmhrummm-ﬂwﬂ
m-m%- i s ¢ S e S & s tie
T ALY fabs waier

. 1 ek oﬂmmu!u,-hmu-m eotr will be reduiced Iy el of carrdage of briok hade,

ir,

J hﬁmt-hmhmmm isid witrting & el Lomeme ana 15 eooiios per



RATES. 211

5. Brickwork, 2nd class in lime in foundation.

Station—Bareilly.
Bare
Detalls of labour and matertads per 733 e fh m— | dmiuni., ToTat
3 | & T
MATERIALZ s B=, e
Bricks . . . - v Hom: 10808 | 6125 Tper eend, &34
Dmsmortar = . . . e fi BE) | 1B3TE " a4 i S
LARGIR.
Bricks essiimg . , . ., . |e;n 10005 = | tip 10-500
rips =
" loading, itscking wie. . . | tookiss 1= B | each T8
p--
Morisr, eariteg r.I.l't1 T krip
v looding and taking out ofmiD . | coolizs i 22 | e 58
Wething bricks e mesonry.
Ehistis = . s IS e | Bow 4 25 each 180
Digging muf limisg pid for ogaking bricka
I
Mpsm . - 5 1 The= 78
= Heom, ‘| - ik
(ool - . . SE-IM=TIR
1063
L]
Cawrmpieg bricks and smivfor.
Beber® v« ., - o . o] em I:EnEh 152
] - " . . .| -t Hi 153 - B-045
Skilied tateme.
Miid . Fim :| BTN | ensh 175
Musers . . - p . tz| -3 " 1140
B ) 6| = " T 41T
|
75T
10 ger eent, Inboter F4-178
1] | 145058
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T Eay 280
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8. Archwark, 18t class bricks in lime, clerestory windows,
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7. Stons masonry, coursed rubble.

(@) Quarrying.
Station—Sabathu.
Al
- - EeSs——
Dieluils uf faboat sid matecial, o Iy Amonut. ToraL.
HE | D | fe
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7. Stone masonry, coursed rubble—(conid.).
(e} muainx Stones,

Station—Sabathm.
C I s
i . 4 A .
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7. Stone masonry, coursed rubble in lime, 18" thick—({concld.).

(i) Complete rate.
Station—Sabathu.
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8. Pointing Brickwork,

Pure Eunkur Lime.
1
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9, Poinking, on () rubble masonry.—(b) Flagged flooring.
i
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Havy, |
1 -
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BaTs.
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12, (v2) White washing,

(b) Colour washing,
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13. 1* P. C. Concrete Flooring.
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14. Wooden Flooring.

RATES.

(@) Butt jointed fized with nails,
(B) Rebated, fixed with screws, boards 6” broad.
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18. Woodwork wrought, framed and fived, as in trusses, chowkals, ete.
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17, Bawing sleepers,
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18. Lime plaster ceiling on {* wire neiting.
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18, Ceiling.
(a) 17 chir planks 6 broad, rebated, with beading 1" x1}" over joinis
tb}nﬁubnﬁiﬁuhdmdnm
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" )
£0. Chir panelled door, 11" thick, in two leaves.
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£1. 1} chir, 64 mesh wire webbing door in fwo leaves.
Station—Naini Tal.
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22. Window, 11" chir, glazed, in two leaves,

Station—Naini Tal,
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Bolts and nuts.
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24, Ironwork,
Cold work and rivetting,
Station—Bareilly.
| | mam
| Hocer =
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25. Ironwork.
In trusses,
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26, Iromwork.
Forged.
Btation—Bareiily.
- % | Rare
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27. Rolled steel beams,

Fixing oniy.
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28. Roofing.
8. A T, 1st Class,
Station—Bareilly.
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. Roofing D. A. Tiling.
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30. Roofing,
0. G. L 24 G, 32" Sheets.
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I.T.Pnham,u.ﬂ L sheets 327 -24-8.. P, @, L rolls 24-G., chock battens
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32. Roofing.
N. T. Pattern.
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33. Painting.
Scraping iron roofs,
Station—Solon,
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5. Painting.
Sheet iron 100fs.
Kuini red oxide paint, one coat, inclnding cleaning as in quadrennial repairs.
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37, Printing on wood.
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38, Painting on wood.

Station—Solon. !
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General wotés on painteng rates.

The painting rates are the mdst difficult to solve satisfactorily, First, the
amount of cleaning and seraping required often varies considerably, in
repainting old woodwork, iron roofs, ete. Secondly, the guantity of paint
required per 100 sq, ft, will depend upon the absarbent nature of the surface
painted, and the skill of the painter. Thirdly, the srea painted per man
per daylepends both on the skill of the man, and the nature of the surface
to be painted and it position, A man will paint much more quickly on a
plam surface than he will on doors, windows, jaffri work, ete., and more quickly
on & boarded wall than on a ceiling. Frequent fluctuntions in the cost of
linseed ol also affeet the rates largely.

2. The following may be taken as the tpaks for an nrdinary painter :—

(2) sheet iron roofs, if the paint iz running fresly 1,0008q. f,; i the
paint is thick about 600 aq. f1. ;

(b) on a plain surface, such s bearded wall or the sides of s reservoir,
J00 =q. H, :

(¢) doors and windows, pillars, rafters, jufires work, an aversge for sl
Yinds of work in s big barrack, 150 &g, it.

In addition allow 1 ¢oolie to every 5 or 8 painters,

3. As regards proportions for paints, and the amount required per 100
eq. ft., the following table shows the SBhalimar Compuny’s figures :—

-Eé EQU[\".I.LIIT | LHd, OF MITED FAINT FEE
= oronL 2ty 1T EVESNS &
=5 | GALLONS
- - %- Tﬁl‘iﬂi & - . = ,g
Lo ' M :I =
é"’ mixed =_§ E; E 5 Eg
P pia of gk E% Hailed M 35| B |5 @es
;5T Tospim ity @7 2 |=gE ‘E
B o | M=t TSR] Tewkid - i % =B
=2 P ] s bkt |2 = |32E =t
80 2| 5 | 8% --g -
g5 & | F E ;% sk g £3
] - | ¥ 1] 8 | 1] 7 B 1]
Epa Wiihty host &5 aom | 1= (a1 ‘ a5 | ves| e | 98
L L T I - | M | 35 | vez| vee | ags
Girven puint, luei 16 e | vin | 1 5 LY AT
Clistlnte, I=si o it | 8l ‘ 149 | a3 s | gl gl
Siate oolonr, fwet . 0 186 | 042 183 | 376 | 206 349 |. 188

. 7o “ﬂ_ﬁ}' iz p.n_iufﬁ ate largely nsod, as though their cost is higher than
that of paint ground n oil und mixed locally in a paint will, posble mistak
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and fraud in mixing are more easily avoided, and the ingredients are more
intimately incorporated than it is possible to ensure by local mixing.

3. It will generally be found in practice thai these figures for the amount
of palnt per 100 &y, ft. ave low, This is due partly to lack of skill in applica-
tion ; and to obtain a relishle rate for each station expariments should be
carried out on the surfaces und muterial used locally for which the rate is
required. The figures given in the above detsiled rates will illustrate this.
As a further instance, af Ranikhet it was found that for painting chir
wood in quadrennial repairs, 1 coat, 2-70 Iba. of ready mixed Shalimar paints
were required per 100 aq. £, ; less absorbent woods sach s teak nnd sal would
require less paint and the quantities required would approximate mare nearly
to the figures given in the table.

6. The following is the short table of factors given by the Shalimar Com-
pany to be used for obtaining the quantities of mixed paint of their manu-
facture required on certain surfaces, the quantity of paint required on smoath
iron (col. 9 of table in paragraph 3) being faken as unity —

Burfaer, et comta, 21l pomte
Teakwood - . ‘ . A . L 1-8 111
Des) . . . - . - . . 24 12
Trom . . . . - . . . . 1-1 140

T. For copal varmish, the approximate figures on a deodar coiling, after
Enotting snd stopping nre :—

Area covezed per gallon st coat . 520 sq. f.
- Znd coat . 670,
drdcoat . L0
39. Oiling woodwork.
Station—Bareilly. New sal wood, two conts.
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40. Laying cast iron pipes; 6" diameter, spigot and socket joints.

Station—Bombay.
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41, Laying galvanised wrought fron piping, 1" diameter,
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Consolidation of kunkur for renewals.
Station—Bareilly,
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. 43. Rondwork.
Collection of stone metal.
Station—Chakrata Cart Road.
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- 44. Road work.
Consolidation of stone metal by 6 ton
Station—Chakrata Cart Road. ‘
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Rates for work in prin
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cipal Stations in India.
July 1813,
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. cipal Stations in India.
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cipal Stations in India,
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SECTION VIL
Miscellaneous.

TraveRsIzG.

Ohjects In the Military Works Services traversing iz genevally required
in eounection with the demarestion of Cantonment or Zone bound-
risg. The objects to bé attained are (1) to get an sccurste nnd
permaneit record of the positions of the pillars so thut ssy pillar
can he subsequently refived within a foat or two, (2) to map the
boundary sceurately on the Cantonment map, and (3) to obtain
the data required for the notification of the boundary in the Gazette.

2, The points requiring attention may be classed under the
following heads :—
{a) Instrumental.
(%) Angular messures.
(¢} Limear measures.
{ff) Recoriling observations in the Field book.
{#) Computation of resnits.

Insiramental. 3. The theodolite used must be put in good order to start with,
See thersfore to the following points :— *

(i) The upper and lower plates must revolve freely—if not
the axles want oiling. .

(#) The clamping srrangements must be in good order and
the slow motion scraws must work easily and without
appreciable Jost motion or backlash,

(i) The levelling serets must be fres from shake and yet
not too stiff.

fie) The tripod itself must be stiff and free from shake.

The last two points can best be tested by crecting the instyu-
ment, fooussing on and intersocting a well defined object and clamp-
ing both plates, Then press the telescope firmly and gently to
either sile wnd note whether ‘the object remains intersected pfter
the presgure is removed.  Tf not thers is a slack screw spmewhers
which peeds adjustment,

Pavdbes 1t is also of course essemitial to get rid of parallax before com-
mencifg work., This is a simple matter if curried out as follows:
Without attempting to focus the telescope turn it towards the sky,
¢0 that there ia & well illuminated field with no object in view,
Then move the eyepicce in or out il the eross wires are us sharply
defined us possible.  When satisfiad with the definition remove the
eyo to rest it apd then look again. The wires should still look
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sharp without having to strain the eye in any way. If not, try & pamiies—
alight adjustment of the eyepiece and repeat the experiment till %)

the definition is perfect at the lirst glance, It is then a good plan
to mark the position of the eyepiece by scratching & fine line on
the tube against the end of the socket neing u sharp knife or needle
point. . 1
Then when focussing any near or distant object, keep the wtten-
tion fixed on the wires and move the object glass to and fro till the
distant object i¢ quite sharp and does not move relatively to the
wires when the eye i moved laterally, This result must be at-
tained by moving the object glass only and not by sttempting to
Sfiddle with the eyepieoe for this hus already been adjusted and is
known to be correct, It may be noted that different obeervers will
uenally need different adjustments of the eyepiece, but that the
individual adjnstment, when once found does not vary appreciably
from day to day.
Unless the sbove points are attended to before commencing
work, the results are certain to be very indiffecent. ;
4. (o) Having carefully levelled and centred the theodolite

over the mark, the back station is intersected nsing either tangent
screw siter hoth plates have been clamped, particular care being

taken to clamp the lower plate firmly : the horizontal reading is

then faken and nterad in the feld boolk.

(B) The upper plate is then released and the Yorwmd station
infersected] wsing the upper tangent screw, und the horizontal
reading is agnin recorded.

(¢) Keeping the upper plate clamped, the lower plats iz released
and the instrument turned sgain to the back station, intersecting
by the lower tangent sorew. The reading of the aro should
obviously nat be altered by so doing ; nevertheless the aro should
be read again to see thut po change has taken place.

(d) Next reloase the upper plate, and, having again intersected
the forward station with the upper tangent screw, recurd the third
resding.

(e} Then by subtracting £he frst from the second reading, we
got -one measure of that angle which lies to the laft of the ob-
gerver whett facing his forwurd  station, and similarly, taking the
sevond from the third, we get suother independent measure of the
same atgle, from a different portion of the are. These angles are
taken out immediately afterrecor ding thethird rdading and entored
on the right side-of the field book : if they do not agres within 2
of are, a third indepeodent messure is taken in u similar way, and
entered above the others,

Angylay fres-
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258 TRAVERSING,

This accordance is & test of the interseetion and reading of the
theodolite. Error due fo incorrect centering of the theodolite over
the station peg, and observations made to a sloping staff are quite
independent, and are dealt with below.

5. Tt will suffice to read angles on one vernier only provided

" the ssme vernier s slways used.

The back station must be intersected first, otherwise the supple-
ment of the angle, deseribed in paragraph 4 (e) above, will be
meaaured, and this being unnoted and unknown to tha computor,
the traverse will not prove.

The time oceupied iu taking the second measare ie very small
as compared with the total time required to centre and level the
instrument, and if the above method be strictly carried oud, it is.
quite jmpossible for any gross error to cresp into the angulsr
measurement,

The instrument must be carefully centred over the station mark.
Also the staff must be accurately placed over the forward pillar
or peg. For very short distances it iz a good plan to oheserve to a
chain pin held vertically on the pillar,

An error of 1 inch in the centring of the theodolite or the in-
tersection of the mark will produce an sogulsr error of nearly 5
at A distance of one chain, snd the angulsr error inoreases as the
distance diminishes ; consequently the smaller the distance between
stations, the grenter is the necessity for care both in centrmg the
mstrument and staff, and slso in making the interseotion of the
latter. When therefore the distant peg cannot be seen, the staff
must be held in a vertical position. The observer must also see,

by bringing ths vertical cross wire of his teleacope on to the staff,

and gwinging the telescope aboul the transit avis, that the siafl
is traly vertical, v.e., that s seen in the telescope it eoincides with
and remuing on the vertical eross wire, [£it does not he must signal
to the men holding it to move the staft in the sppropriate direc-
tion, until it is correet.  This done he must carefully set the cross
wire to intersect the lowest visible portion of the stafl

fi. As the officer who is muking the traverze is not likely to be
i regular pratice st such work 1t will be best for him to confine
his attestion to the angular measurementy and leave the chain
messurements to & snbordinate. He will hawever book themy and
check them i every case as desoribod bolow.

Distances between stations are mensured either directly with »
clisin or indirsetly by means of a subsidiary triangle or & subtense
bar. The latter niothod ie far the best in really steep broken
ground, but no deseription of it will be given hore. I wark kas to
be done in sich localities, it will be best to obtain (he pamphlet
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“ Traversing and ita computation " published by the Survey of Lisesr me-
Indin, Wood Street. Caloutts, and read up the subject. T
Rach traverser should be supplied with one chain 100 feet long, Clain pus-
onie whain #6 feet long, snd one steel tape 100 fest long.  The lutpar =i ©
is to be nsed as the standard for cheeking the chaing and for this
purpose only. Before starting wurk check both chains by mesns
of the steel tape and reduce them to the correct langth within half
an inch by removing ns many shoro links as may be - necessary,
which ig easily done with a pair of strong pliers. Also soo that the
10-link metal tubs ave in their proper piaces or ferminal measures
will be incorrect. All ¢hain men should be given strict orders
‘that the marking pins must be put into the ground truly vertically.
Much scouracy is lost by pins being put in on the slant.  Measire-
ients also should be made to & point of the pin near to the surfuce
af the ground.
Two men are required for each chain-and the long chain should
the shorter becauss it will go faster. “The subordmate will
actompany the short chain, keeping his eye on the line taken by the
fong ehain fo prevent deviation. Intermediate measures and off-
sete are galdom requirad but see specimen Field Book at parsgraph
§ for an cxampla of the former.
On arriving at the forward station the traverser first records
* the total distance in terms of the short chan and on the [me
ahove, the distance given by the men with the long chain. Before
_d{ﬁngmmﬁngehaharr&;mmammnmm&tm i leet
by the long chain to links by the rule of thumb method shown
helow —
12:72—vecorded long chyin measitre,
6:36
12:08 (abtained by adding half)
<18 (Add the first two figures of the thicd line remoyed
two places to the right),

1927 reduced messnre o short chain.

Becond exumple—
F41=rocorded long chain mensure,
1-505
{115
061

5160 =reduced measyre in short chains,
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Assuming the chains and chaining free from error, this resnit
must correspand exactly with the recorded short chain measure.
In practice, however, the two measures rarely agree exactly, but
provided the difference does not exeeed one link for every five
short chamns, the measures may he accepted. Thus in & line of

- 19-27 short chains, the long chain messurement would be sccepted
a4 correct if, when reduced, it lies between 19-23 and 1931, When-
ever 8 lurger difference ocenrs, the whole line must at once be re-
measurad by both chain squads, the new messures being recordad
ahiove the old ones, which are then erossed out and initialled (sep
Z3 in specimen Fiald Book st puragraph 8).

At first, no doubit, time will be lost in remessoring lines. but
ifter sending the men back a few times, they will becowe more
rarefol, and the work will proceed as rapidly as if messured by a
single chain only. This method of chaining requires more men
than for a single chain and is therefore more expensive, but if con-
soientionsly earried ont gross errors are almost fmpossible.

On sloping groond all chain measureminta bave to be reduced
to their horisontel equivalents. The carrection applied depends:
on the vertical angie recordsd. This angle, as will be seen from
the following table, is only required to the nearest half degres and
cant be obtained either with the theodolite or more simply by
nging & hand elinometer. The observation must of course be taken
to n point &b aboul the same distance above the ground as the
telescope of the theodolite.

The correction to observed length of ene chain B—100 (1—
¢od §) liuks, 7 being the slope of the ground. Tt is always negative
and js given in the following table — '

Correction to | chain.

Ylorps.  Linike, Alope, ldnks, | Slope Linka Slope.  Links.
= 02| ! LU 5

0 —i a% Ww—Da8 W We—iai H® =247
[ 5 0 —o-di [ R 14% 30318
1® ol 0 —ed 10° 30— 4-f e =gt
Fo—ol L T e g 15 30" —304
2 w—0 0 T D 11* 30°—201 10 0—3-57
—irie T M—bes 12— 18 30—4-12
4 80— ¥ bt 2" w237 70—
- o—n B* S0°— 110 l 13° r—25m 17 30" —4-0a
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When the slope is less than 4 degrees it is hardly necessary fo Redacing
m:lhﬂfﬂurrnﬁﬁ_nu. “Mﬁ:!h

slupe
gromaG—

7. Occasionally an obstacle will prevent any kind of chmmngm
between stations, and the traverser, if not provided with a sl by triangle.
‘fense bar, may mvoid the dificnlty by laying out s base of suitable
Jength on any level or evenly sloping piece of ground. One end of
{lie base will coincide with the traverse station and its direction
should be, as nearly as poasible, perpendicnlar to the line whose

is réquired (see specimen Field Book st para, 8, ® 1 to
@A)

In addition to making accurste measurements of the base itaslf,
» autisfactory vesult can only be obtained if the following condi-
tions are satisfied -—

(@) All three sngles of the triangie must be carefully measured,
seading all verniers il any angle is less than 107,

(6) The sum of the angles at each end of the base must nob
exceed 1707, 8

(c) The vertical angles alang each side of the triangle must be
recorded to the nearsst half degree if the slope exceeds
4.

8. -4 specimen field bock on a reducod scale i8'shown facing this Recording
page, trom which the method of making entries may be seen. Tha Phesrvsiim
fly leaf should be entered wp as shown, as a record that'the chains Book,
‘wara corrected, when neeessary, before use each day.

Between peg Tand Z1 is an example of how to enter a trisngle
when direct measurement ie rupracticable. 1t will be noticed that
the hase | to A has u slope of 4° #o that the recorded measures
will hsve to be reduced to the horizontal by the table in pars-
ernph 7. Also that se none of the angles are less than 107 only
one vernier s read.

Fram Z1 to peg 2 is an exumple of chaining over broken ground
with the aid of & hand clinometer. Pillar £2 being inacoe—=ible, a
peg bad to be nsed us described in pamgraph 21

In measuring from pug 2 to Z3 it will be seen that one short
chain was dropped, the mistake being detested by comparing the
Jorgr and abort chain results on the spot. '

9, To computa u truverss it is necessary to know the horizontal Compata-
lensgths of eseh side and their bearings from true North. The tra- 1o
verse may be computed either in feet or links. In either case the
mean of the measures given by the two chains may be used, or else
the measures given by the long chain only which should perhaps
be the more acourate of the two.

82
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All Survey of Indin Cantonment maps are based on traverses
which are worked out in chains and links (one chain =100 links—
66 feet). Work which isto be embodied an Survey of Tndis plans
siould. therefore be computed in the same manner and not in feet,
8o that the rectangulur co-ordinates can be plotted direct on the
map. In other cases it will generally be more convenient to work
in feat,

10. The distances s measored on  the ground have to he cor-
rected for {4) elope of ground and (5) error in length of chain.  The'
first of these corrections is dealt with in paragraph 7 above. The
second eorrection ean be neglectod provided the chain s kapt
corrected as expluined in parsgraph 7.

11. Tf the corract heariug of one line is known, the bearings of
all other lines ure readily obtuined by applying the angles ob-
served at each traverss station

But it is not always easy to get s correct value for a bearing.
It can of conrse be obtained by observing the nwimuth between
two stations and then applying a correction for tha convergency
between the meridians passing through the origin of the survey and
the station of observation respeotively. Excluding this methad
which camnot be dealt with in these notes, there are two alier-
natives. The first is applicable only in the cass of maps which
have been executed by the Survey of India, In sush maps the
reotangular co-ordinates of every Cantonment boundary pillar
are known and the best plan is to write to the Superintendent,
Trigonometrical Surveys, Dehra Dun, and ask him for the- boarings
and distances between the boundary pillars and their co-ordinates.
if these are not already tabulated on oue of the survey shests,
Given these data it is only necessary to influde aiie or mora of the

Jmown pillars in the traverss.

Figure 2 shows another case, in which stations 1 to T again re-
present-the new traverse, whilst, A, B, X and ¥ ure Cauton-
ment boundary pillars whose co-ordinates and hearings have been
obtained from the Survey of India. The traverse A 1 2 X is first
run with the sols object of getting the positions of 1 und 2 and the
bearing between them, whenes the remuinder of the new travarse
can be readily computed.

13. But if no data are obtainahle from the Survey of India, a
fnirly acourate initial hﬁnﬁugmbﬂﬁ'ﬂtb}‘ﬁ-ﬂdingf:hu magmatio
beanng of ono of the lines and then applying the meay magnetio
vaniation of the plase in order to get the bearing from trus Norkh,
l']:lhg mq:: n;gn?&c mi.n'rinn changes from ¥ear to vear, bt can

WHYR e outiined on application to the Superintandent Toiw
metrieal Survey, Dv.hupam. ¢ i e



ﬁgurc /.

The above figure represents & traverse including the pomts X
and Y which are mtervisible adjoining Cantonment boundary
pillars. The co-ordinates of X or Y and the bearing between
them having been obtained from the survey records it is obvious
‘that the whole traverse can be computed withouot difficulty. In the
above figure stations 31010 moy represent some of the pillars of
a new zone boundary which has to be demarcated. The lines from
X103 and Y to 10 are subsidiary lines which have to be run with
the sole object of utilising the known data of the points X and ¥
without which it would not be possible to compute the traverse
3 t0 10 and aceurately locate it on the map.

A

Frgum Ao
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To get a good value of the magnetio bearing of the traverse Mathod of
line. the following precautions hre necessary :— B
(a0) The magnetic teedle supplied with the thendolite must
be in good order,
(b) The station of observation must be away from large nnder-
ground pipes, iron fences or other masses of metal
which would vitiate the result.
The nesdle box having been seeurely clamped in position and
the theodolite centred and levelled, the lower plute is securely
cclamperd. The needle is then set free and the upper plate turned
till it is swinging in the magnetic meridian.  When the needle has
almost steadied itself the box should be gently tapped with a pencil
to overcome pivot friction

When quite steady the North end of the needle = brought
exactly opposite the mdex mark by clamping the upper plate and
uging the slow motion screw. One vernier is then read to the
nearest minute and recorded. The nesdle is then disturbed and
the South end is similarly dealt with, the reading of the same
vernier being recorded. Several pairs of readings are thus oh-
tained, the mean of which X gives the reading of magnetic North
on the lower plate, Releasing the upper plate the distant station
3 then interseeted and a smgle reading Y of the same vemier
recorded. Then the difference between X and Y gives a value of
the magnetic bearing of the line from the theodolite to the distant
point. These observations should be repeated on several days
and the mean of all the results used.

It may be noted that if consecutive readmgs of the same end of
the needle differ by many minutes of are, or if the results obtained
pn different days vary more than say 107, it is certain that the
needle i out of order either from lasck of mngnetism or from &
blunted pivot. A defective needle should be sent at onee for re-
pair to the Mathematical Tnstrument Office, Wood Street, Caleutta,
if it cannot be put right locally. With care and n good needle the
bearing from true North canbe obtained within & quarter of »
degree or less, which may suffice in the case of work which iz not to
be entered on a Burvey of India sheet.

13, The example worked out on p. 364 shows o convenient gy of
form for the computations snd the various stages sre explained in e i
the following paragraphs. Before entering up the observed data, t:j:_nutm:
it ia generally convenient to make a rough plnrt of the traveme by
bearings and distances (see Figure | which s & rough plot of the
computed traverse),

It is convenient to enter all kmown bearings and co-ordinates
and also the corrections in red ink, the observed data and caleu-
lated results being in black.
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The stutions are entered eonscoutively in the first column com- Foom of
mencing with these at each end of the side whose bearing 18 lmovwn, ompitation.
in this case X Y. On the line opposite to each station is entored planstion—
the angle observed ut that station and the distance to it from thie (7"
provions station. The starting bearing X to'Y is written opposite
Y. 80 that when all bearings bave been ron down as explained
below, we have opposite each station the bearing and distance te
thut station from 1ts predecessor.

14. In the case of & closed cironit (Fig. 1) the angles to be entereil Viesd Ciz
in eolumn 2 sre the interior angles. As pointed out in para. 4(e)
the angle observed at each station is the angle lving to the left of the
observer when facing the lorward station. Hence if the stations
ure traversed inan ant-oleckwise direction, e, as numbered in
Fig. 1, the observal angles are the interior sngles of the polygon
and muy be entered divectly in the form., But if the work had
been dome in the opposite direction the supplement of each
observed angle must be entered, e, 560° minus the angle
observed.

The sumof all the mterior angles=(2nx 90°}—360°, where i
is the mumber of smdes of the traverse. In practice the sum of the
oberved mternal angles will be grester or Juss than the correet
amonub by s few minutes. This errér must be distributed with
it correet sign in the next column.

16. Tt is generully credited to stations kaving one or more very Uisinbution
short legs for Teasons given in para. 65—, but in careful work thufm';fﬂ“
error iz always small and no greater correction than 1° should be
given it any station. Or the error may be distributed more or less
symmetrically ne in the example, :

16. In the case of & traverse which does not close iteelf (Fig. 2) Vi vizeult.
‘the observed angles may be enteved as booked,

Beaning in mimd the situation of the observed angles with
reference to an observer facing. the forwand station, it is easy to
earty down the hearings from the given initial bearing to the given
closing bearing. The difference between this given value and that
darived from the traverse is the closing sngular error which is
distributed ks above explained either symmetrically or slong the
shortest aides. 3

It may happon that the traverse eloses on a point whose oo-ordi-
nates are known but thst s closing bearing is not available. In
this ease the angulur error cannot be determined and adjusted and
the observed angles must be taken gs correct, the whole of the
errors being then distributed amongst the urdinates a8 explained
in patagraph 18. But this should not be done if a closing bear-
ing is svailable,
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17. Having thus obtuined tlie corvected bearings and horizontal
distavices, the co-ordinates of each station referred to the previous
point a= origin are found from the equations :

Meridian =L cos B ) Where L=Corrected distasnce.
Perpondienlar =L gin B B=Hearmg from N.

These quantities ure requred to the nearest link and are best
workerd by using tables of loganthmir® sined. cosines and numbers.
Five place logarithms are nsed in the computations.

The bearing muy be anything from 0 to 360, but in ordinary
tables of log sines and cosines the values are given only for angles
from O to B0, It will be convenient therefore to work with s
diagram before one like this.

A
9

If the bearing is say 314 27" take out the log sine and cosine
of 314° 2T —2707=44° 27, and add the log distance to each.
Take out the numbers whose logarithms ure represented by each

of khe sums s0 obtained and these numbers will give the mumber

of chains and links in the co-ordinates. In the half quadrant be-
tween 270° and 157 it is clear that the Westing must be greater
than the No , 80 that the bigger of the resulting co-ordi-
nntes must be the Westing in this ease.

Similarly for a bearing of say 265" 17 take out the log sine and
log eos of B5° 17° (i.e., 265" 17— 180°) and obtain the co-ordinates

&5 before. In this half quadrant the Westing is always bigger

than the Southing and this consideration shows which co-ordinate
is which withomt further thought.

® Dhatibers Tablesa new suitable, s obtainsble on indent frone
the Mathematics] Instrument Office. Wood Street, Caleutta.
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The following is sn example showing liow best to srrange the hw:wpur:fﬂm

computations of the co-ordinates — Pt
Travats Distnss ot
station: Tenring. F2

= loz (‘n—tnd..:ﬂn]:iﬁﬁﬁ=ll}g of 1:37
135 {¢kains) ——
log gine  B7-40=0-09964
| aBiT loe 1-37=0-10572
Jog i AT =8-800TS

log cocord  =2-T46045=log of 0-06

Iu the half quadrant containimg 357 40/, the Northing munst
be grester than the Westing. Hence the co-ordinntes are 157 X,
und 006 W.

When working ont & number of co-ordinates it will be found
eonvetient totake out all the log numbers first ; then take out all
log sines and cosines, add up the two upper and two lower lines
and finally take out all corresponding numbers.  The co-ordinates
are then written in their proper columns in the traverse form undes
N. 8 E or W by inspection of the diagram as above explained
wihont any refersnee to whether the sine or cosine has been used
in the caloulation, This method is quicker and less liable to com-
putation ervors than thet of completing the computation of each
station before going on to the next.

1R 1In the case of & closed traverse, the sum of the Northings Distribution
should equal the sum of the Bouthings and similarly for the Enstings ©f linear
nnd Westings. The difference between corresponiding sums re-

rits the error which hes to be distributed proportionstely to
the length of the ordinates sa shown in the example.

In the case of o traverse starting from and closing on different
knowy pointé (as in Fig, 2) the difierence between the s, of the
Northings and Southings of the co-ordinates shonld equal the
difierence between the X or B, co-ordinstes of the known starting
and closing points. I not the error is distributed proportionately
and the Eustings and Westings are then similarly dealt with

The linal step is to deduce the co-ordinates of esch point with
reference to the common origin, the method of domg which is
spparent from the examples given and needs no explanation

19, If the work is to be on to s Survay of Indin map the best pioisne
platt i to draw pencil squares acenrately across the sheet from the travess.
co-ordinate lines which ar= always printed on the marginal sheets,

Az there are 8 chains in o mile, on the vsual scales of 12 and 16°
to & mile. one chain is representad by 3207 and 1)5° respectively
and it is an edsy matter to consiruct paper scales accordingly, By
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platting directly on the map, errors due to the distortion of the
paper are minimised snd a better result js obtained then ean be
got by plotting on tracing paper and then pricking through, After
plotting all points by co-oodinates, the result shanld ba ehesksd by
the distancea entered i the Traverse form, 1f the points fall very
cluse together, extreme accurncy i plotiing i essential, as other-
wise 8 very slight ervor will o displace the point sa to make ita
bearing from ita neéighbours differ considerably from what it shondd -
be as recovded in the fornl

2. The object of the traverss being to obtain the co-ordinates
of certain boundary pillars with the bearings and distances be-
tween them. the theodolite shonld always be centred over the-
pillar, with or without the use of the tripod stand.

In starting & fraverse from old pillars whose co-ordinates ure
imowm, 1t 15 essential that this shall be done in the ease of the first
pillar observed at, even if & temporary platform has to be erented
for the purpose.

21. But it not mitequently happens chat a pillar is embeded
i or lies so close to o wall or fence that observations eannot be
taken over it. In such & case & peg mav be doven close by und

‘when taking the anglés from the back station, readmgs will be

taken to the pillar a5 well as to the forward station. The distance
from the peg to the pillar is also messured and recorded.  From the
bearing and distance thus obtained it is essy to calenlate the
po-oxdingtes of the pillar from that of the peg station. 1

22. As however the distances and bearmngs between pillars are

- required for publication in the schedule of the boundary it will,

in such cases, be necessary to eonipute these quantities from the
oo-ardinites,

If A and U are two points whose co-ordimates pre N. K. N* E?
respectively, the bearing of (* {rom A is the angle whose tangent

. B—E
BN Here E1—E, N'—N may ether or both be positive.

E—E
- wiidiout

or negative.  Let @ be the angle such that tan Er_Nl—-N

regard to sign,
HE'—Ei= Land N* N is--the bearing iz , . #
i = " = i : . ABo—t
" 3 i - 1 . . ]-ﬂl"""‘E
SR = " € " - . 8s0—98
The distance AC=_/(EI—E)= 1 (NI—N}E.
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Example :— .
A co-ordinates 181 TEN 2185 E.
by — 1525 B(KY) 11170W (EY)

Here B} E=—11179— 21-85=—188-14.
NL_N=—1528—181-T1 =—196-94.
—13514 log 133:14=2-1247].

=

“A0604  log 19604 =2-20433

log tam 0—=9-83948
and H=34" 4
Heonoe the bearing A to C=180°+34° &
—214* ¢
Distance A (=, /133147 196-047
= 2B7-72 chaite= 1563 faet

This latter compulstion is best done from tables of Quarter
Squares.  (Chambers’ Tables

ADIUSTMENT OF LEVELS.

L. The following notes spply to the Cooke’s Reversible and Y
pattern levels, which are the types most commonly used, Adjust-
wments should be made in the following order —

() Eliminate purallax, ie., make the focus of the eyopiecs

- und the image formed by the object glass coincide on

the plang of the cros wires (see page 258),

(i) Adjust for collimation, 1., axis of the socket or hottom
of Y's parullel to the fine of =ight.

(#7) Muke these lines parallel to the horizontal plate, i.n.,
perpendioular to the axis of rotatian.

_ {iw) Make line of axi of-bubble parallel to all thres.

The line af sight is a line joining the optical centre of the object
glass with the inforsection of the cross wires, ’

2. Having set up the lovel on it stand, torn the te s GVer
i foot sceaw and direet it ona clearly defined object so ua to inter-
sect it with the cross wires. Then clamp the instrument, withdraw
the fixing sorew (in tho éase of the Cooke's level) and turn the tale-
goope hall wey round in ita socket, so that the cross wire ia again
horizontal but reversed. If the cross wire doss not now intersect
the objeot, the error must be vorrected half by means of the foot
sorew und half by the diaphrgm screws, by means of which the eposs

wire is adjusted, the operations being repented till the adjustment

e}
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is perfoct. In the case of the Y level, the telescope is turned in the
¥’s, and the error adjusted in the ssme manner,

3. To make the line of sight parallel to the horizontal plate
intarsect an object with the horizontal eross wire as before. Care-
fully reverse the telescope end for end in the socket or Y's, un-
elamyp the horizontal plate, and turn the telescope throngh 1807
If the cross wire does not agaiu intersect the object, the error is
porrectd half by means of the foot screw and hall by means of
the screws controlling one ring of the socket in the pase of the
Cooke's level, or one of the Y's in the vase of the Y pattem, Asa
chock teverse the telescope again and take another resding, sl
gontinue as before until the error is eliminated,

The instrument need not be level when making either of the
above adjustments

i, Adjpstment of axis of bubble :—To level the instrument
place the telsscope over one foot sarew, and turn the latter until
the bubble is in the esntrs of jts run. Tum the telescope through
90° so that it is over the other two foot serews, and turn bath seraws,
i sach & manter that hoth thumbs move inwards or both out-
warnda, so 85 to bring the bubble to the centre of its run. Bead
ane end of the bubble (say the object gliss end) turn the telescops
through 180°, and read the sams end of the bubble as before. Adjust
the foot screws until this same end of the bubble reads the mean
of the above two readings say 7. Turn the telescope over the first
foot acrew again and adjuss it till the same end reads 7. Hepeat
this peocess till the object glass end  of the bubble reads the sane
for any pusition of the telescope,

5, The instrament is then traly level, but the bubble may not
ba exactly in the centrs of its run. If the displacenent from the
central position is consideruble, the whole bubble is moved by
means of the antagonistio onpstan headed screws at one wnd of i,
cire being taken to release one screw before tightening np the.
other.

It is a very tronblesome matter toget the bubble exactly oen-
tral withont disturbing the general level of the instrument, ‘and,
provided i i= within one or two divisions of the correot position,
o attempt should be made to improve matters. Ryen if the
adjustment is made perfect it will seldom remam so for Jon.
'@, Bat there iz no difficulty in levelling an instrument the
bubble of which is elightly out of adjustment, if the procedurs
deseribed in the fiest part of this paragraph is followed.

7. Unless a level has been tested and is lmown to be in perfect
adjustment, the only way to get good resnlts is to make the front
and back shots of equal length by messurement.  Thisis advisable
in any case where great socuracy is desired, as by so doing the



LIGHTNING CONDUCTORE. 271

same foousaing of the telescope will serve for both shots, thereby ::in u:"_-

eliminating a source of error over which there is no control, (contd.),

LHHTRING CONDUTTORS.

A lightning fissk from & clond to earth occurs as the result of Genernl,
the elootrical tension produced between a cloud heavily charged
with electricity aud the earth beneath it. The flash tends to pass
to the nearest point, i.e., to anvthing projecting from the earth
such as buildings, trees, ete. Several successive flashes may ocour
from: the same cloud.

2. A lightning conductor consists of a metal rod, provided with
one or wmore sharp poiuts, in metallic connection with the earth,
fixed on a salient feature of & structure to protect it from damage
by lightning. It acts in two ways —

(1) The points dissipate the charge and o tend to relieve the
tension. A flash may thus be averted, or should it
ogcur, its force will probably be greatly reduced.

(2) 1 a flash tskes place the conductor provides a better
path to earth than that through the buildings and ec
condnets it safely td earth.

In eertain circomstances & flash may ocenr suddenly befare
the points have time to act ; m such cases the conductor acts enly
a8 in (2) above.

3. To fulfil these objects the following conditions ure neces
s8Iy I—

(4) The conductor must provide an efficient metallic connection
from the rod to earth, which shall not tierely have u low
electrical resistance, but must fallow s direct s route
as practicable without sharp angles or upward bends.

ib) All parts of the condustar, including the rod and joints,
must, be of sufficiont aize not to be melted or damaged
by the fash.

te) The rod should have one or mare sharp points.

(@) The connection to erth must be the best obtainable in
each case having regard to the nature of the soil.

In order to oomply with (b) and (o) the rods on main festures gre
usinlly fitted with several sharp tupered points, the rod itself being
of stouter section with & blunt paint,

4. Lightning conductors should he provided for all magazines,
whether above or below groand, and important buildings, such as
vhurches, ete, Uu‘h‘iﬂgtmuiahe]lm:mdupmamngtﬂnﬂ
need not be fitted with lightning conductors, except in cases where
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they ocoupy very exposed sites, or have much metal connested

5, Barmck bulldings it exposed position should be provided
with conducturs when expeérisnce has hown that the locality i8
liable to lightuing. In such easee the use of metal rods or ropes
for punknh suspensions should be avnided.

6. There is no relinble rule concerning the area of protection
given by a conductar of given height. Any vbject to be thoroughly
protected from lightning mmst he fumished as described with pro-
par ganductors. 1t is oonsidered that & number ofsmall conduotors
well éonnectsd st top and bottom, provide-a better protection o &
builiding, than an equal amount of metal, in large conductors, dis-
posed at preater intervals

7. The angles and prominent partions of a building being moss
liable to be struck, the lightning rods should be fixed on gable ends;
ohimneys, turrets, ste,, and they shoald all be connactad together
by continuous condnctors along the ridges. '

8. The main lightning mods on the main festures of the building
ahauld be spaced at intorvals not exoeeding 50 feet, so that o point
on the building is more than 26 feet horizontally distant from soch
a rol Fach of these mam rode shoald be connected by & vertical
conductor to earth by the shortest prasticable path outside the
building. Where thes is any chvice, it ia desirable to carry the
vondactor down the side of the building which is most exposed to

sain.  Subsidisry eonductors from minor frstures und ad o general

tule, all metals on the roof, such ss chimney cowls, fashing, ridging,
ventilators, guttors and zain water pipes, should be connected to
the system by the shortest romte. '

9. In all situstions; whers more thans ene vertical eonductor
15 used, all of them, in addition to being connedted at the top, shonld
alss he conuested by a horizontal sonduotor near the grovnd line.
This lawsr horizontal comduetor should be carefully vonnectad,
fo the eartl in amol u way that the earth connectiona form direot
confinustions of the verticul conductors  All junctions in. the
lower horimmmtal eandnctor should he above ground both o sdiit
of inspection and to prevent local galvanic ackion ; it i desiralile
thut those for the earth connsctions should ba made by serew elam)is
to feilitate disconnection for testing. ‘

10, The * lightning rods or terminals shonld project whout 3
fest above that portion of the building to which they are attached
sl should prefernbly be of the same metal as the conduetors. At
the main festures u four point rod should be provided. aingle point
rods being nsed for subsidiary features. Whare eopper or iron
wire rope conductars are used and where appesrance is not of greas
moment; the rod or terminal may consist of the rope eanductar
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itself, the strands of the being opened out to form the pointa. An
The oxidation of the pﬁdﬂnﬂl impair the value of the rod. W

H, When & tall chimney or other inaceessible erection has to (ot
be protected from lightning the best plan is to carry a continnons
conducior up one side snd down the other, to nse two earth
comnections, and to employ & connecting conductor just shove the
ground line and slso one round the outside of the top of the cap
and a few inches below it with terminale projecting 1 foot sbove
the tap of the shaft at intervals of 3§ or 4 feet all round. A similar
arrangement is suitable for church spires,

12, In barracls with iron roafs it is sufficient to connect the roof
eavering to earth by means of iron conductors rivetted to it &t the
eaves ut each corner of the building. Where masonry chimneys
exist, & vonductor, which may consist of & strip of sheet iron 6 inches
wide, must pass over the top of the chimney and be rivetted and
soldered to the roof covering on each side of it.. Tron verandah
roofs must be conneeted with iron main roofs.

13. Conductors should not be insulated from the buildings to
which they are attached ; they should be fixed to the walls with
holdiasts of the same metal as the conductars themselves snd the
fixing arrangemests shoulil be snch as to allow free expansion and
cantraction, which with copper conductors may &mount to about
1 inck in 60 feet,

14 In erecting conductors unnecessary bends are to be
avoided ; all bends should be gradual; sharp re-entering angles
ure not admissible. In order to ensure this the conductors
miy be led with an esasy curve round large projections by means
of boldfssts supporting the conductor u few jneles sway from the -
wall. When_this is- impractivable conductors should be taken
throngh the projections,

I5. ‘As & general rule & conductor should be connected to all

_metals which muy be within 4 feet of its course an the outside of &
bmiliding ; this ingludes such spparently insignificant metals 4
eramps and ventilators sst in walls. -A conductor should be either
connected to, or kept as far away as possible from, iron girders or
other masses of metal inside a building. Conductors, including
suy metals connectod to them, which thus become part of the ton.
ductor system, should not be within 5 feet of gan pipes, internal
or external electric wiring, or water pipes, except as provided in
paragraph 22. Tv is advisable to connect church bells and turret
elocks with the conductors,

16, The ronduetors may be of iron or copper, whichever is most yyteriate

. conveniont in each cuse, but they should be of the same material

throughout. The conductivity of the copper used is absolutely
unimportant, except that high conductivity increases the SUrges

r v
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and side flashes and therefore is positively objectionable, For this
reason jron is more suitable, and where appearance and rust are
not of much importance, iron conductors should always be used
from motives of ezonomy.

17. Bolid rods, tubes, strips, and wire ropes of the same sectional
ares of metal, either of iran or copper, are considered to pessess
peactically the same efficiency as lightning conductors. Conductors
in the form of tape, rope or wire have the advantage of ease. of
fixing and also of requiring fewer joints.

18. The following may be taken to be the mininmm sizes of
conductors suitable for ordinary buildings where there sre usually
two or more condoctors interconnected : copper or galvamised
aoft iron wire rope of § ineh diameter the rope to conmst of stout
wires, no individual wire being less than No, 12 8, W, G.; ropper or
iron rod % inch diameter (say No. 0. 8. W, G.) ; copper tape
§ meh x| inch.

18, For isolated or very long conductors, such as those on
church spires or tall chimneys, s rather larger saction ghould be
wzed, n.g.; 4 inch diameter copper or iron wire rope | copper tape 1
inch by § ineh; copper or iron rod § to 1 inch dismeter. When,
however, iron wire Topes are used in these or other insecessible
places, it is desirable to use & sill larger dinmeter on account of
the difficulty and expense of roplacing them when rusted. Subai-
diary econductors for connecting mefal ridging, etc., may with
advantage be of iron andof a smaller ganga, such as No. 5 8. W. G
galvanised iron wire. )

20, Metallic pontinuity should be ensured st the joints of all
pondustors. The joints should preferably be rivetted, screwsd,
spliced or othorwise mechanically joined. They may lso Be brazed,
welded or soldered, but no relisnce should be placed on a soldered
joint without mechanical connection in addition as the solder is
suldom sweated throngh the joint and often consists of an imper-
festly adhering mass of metal hiding badly fitting gnd dirty surfaces.
For these reasons it is considered preferable to ensure good metallic
vontact by mechanical means and to excluode damp from the joint
by paint or otherwise. In rivetting tapes five riveta should be used
and the holes should be bored, not punched. The sharp edges being
removed and the surfaces brightened with emery, the joint should
be brought together with a hollow punch before rivetting. When
solder is used it should consist of equal parts of tin and lead for
copper conduetors, and for iron conductors molten zine should he
used. There should be no joints underground, but, if unavoid-
able, such joints should be voversd with tarred tape. The joints
should each possess a surface area oqual to st lesst six times the
sections] ares of the conductor.
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21. Where tape is used the connection between the lightning
rod und the canductor is made by means of a slotted clamp similar
it design to those employed for test or other joints, The lightning
rod torminutes st its lower extremity in a bolt, which js screwed
into the elamp, thereby making firu contact with one or more tapes
inside it, or the rod may be screwed mto & metal support, extensions
of which are formed into one or more clamps for the attachment of
the topes; This joint admits of visual inspeetion.

22. The earth connections shonld each have st least 18 aquare
feet of external surface and may consist of copper plates 3’ by 3
by not less than %" thick, or galvanised iron plates of the same
dimensions but 1" to 1* thick, well rivetted to the ends of the con-
duckors ; ar the earth may be formed by coiling one snd of the con-
durtor spirally on 8 wooden frame ubout 4 feet diameter sand 4
foet wide; the furns being 3 to 6 inches apart. 100 to 200 feet of
conductar, depending on its size, are requred for this form of earth
which obvistesthe necessity for any undergeound joint. Iron water
mains form good earth connections and may be used for earths, the
eonductor being secured to the pipe, ay or below the ground level
by clamps or solder, or preferably by both methods. Soft metal
pipes and gas pipes must not be wsed for earths : and should be
kepl ga far away from conductors as possible :if, however, their
prozimity to a conductor underground is unavoidable, they should
e econnected tw i,

23, Where the level of the water or permanently wet soil lies
within & few feet of the surface, the earth plate or coil, as described
above, should be buried in water or wet soil 15 Lo 25 feet from the
building. Where, however, the permanent water level is doep and
iron water mains are not available, a deep earth must be provided.
This may be done by sinking the earth plate or eoil at the botton
of a well which should not be less than 3 feet dianseter and should
be carried down several feet below the water level in the deiest
season. The lower portion of the well should be built without
mortar. Copper earths ahiould not be used in wells which supply
drinking water. The conductors leading to the earths should be
lnid mn trenches and surrounded by a few inches of coke or
ashes,

24. When neither a well nor iron water mains are available
for & deep earth the earth plate or coil should be burisd in a mass
of coke at the bottom of s pit, which should be sunk down to the
dampest soil available, at a distance of sbout 30’ from the building,
In oxtremely dey orrock situstions the best plan is to bury
several hundredweights of sersp iron round. the coke, and carry n
pipe up from the centre of the whole mass to the surface of the
ground, Whenever practicable surface drainage and roof down

T3
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pipes should be arranged to discharge into the pit, and during.
the dry season water shonld be poured down the pipe.

95. Where deep earths are used, It j& necessary, in mmportant
cases, to provide shallow esrths in addition, The resson for this
is that after a long period of dry wéather the induced earth charge
may he collected on a damp substratum, while after min it may be
on the surface. 'These shallow earths may consist of trenches, from
1 foot deep in clay to 2 feet deep in sand and shingle, leading away
from the building. The trenches should he from 235 feet long in
ordinary soil to 50 feet long in dry soil. The conductor should be
laid slong the bottom and through the whole length of the trench.
A fow inohes of powdered coke or ashes should be spread above and
below the conduetor and the trench flled in with light soll. Whier-
ever cole i3 specified in the preceding paragraphs, clean smith's
ashes or charcoal may alse he

28, Structures provided with lightning conductors should huve

" 85 a role, at least two sepurste earths, in addition to one or two

shallow earths, which mav be necessary in cases where deep earths
are wsed.  The conductors leading to the earths should be con-
nected at the base of the structure above the ground linw (vide
paragraph 9). n

In the cass of buildings having 3 or 4 conductors, and where
deep earths ire necessary, the sonductors at each end of the build-
ing should as & rule, be connected fo deep éarths and the mterme-
diate conductors to shallow earth. Where the depth is consider-
able, 2 or more conductors may be cannected to the same ** earth
i such onses the size of the earths should be made proportionstely
larger,

27, Comiuctors should be tested immediately after erection and
onee o year st the end of the dry hot weather. Thus will be carnied
out by the garrison Engineer, ar competent Subordimates, i the
manner described in the * Code of Instractions for the Guidance
of Public Works Officers in- the Erection and testing of lightning
Conductors,” 1904, published by the Govermment of India, but
visual inspeetion as to the mechanical and elestrical conditions of
the oomductors above ground is to be chiefly relied upon, and eloc-
tyical tents for the condition of the earths.

28, A record of suck tests should be kept wp in o book ineach
A. O, R, E.s office, which should contain a description snd plan of
all important conductors in the district. This record should be a
tabular statement showing fa) state of soil when inspected ; (b)
date of inspection ; (¢} lightning rods, state of pomta and connee-
tion ; () conductors, end condition | (¢) earths, condition and
amount of resistance in ohma at each test,
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Freroryre Privming.

1. Paper lor ferrotype printing can be obtained ready senaitised Seusitising
tiut it is often an advantage to prepare the paper as required ™ PoPes
Prepare the following solutions . —

(#) Citrate of iron and ammonia . . . 100 grams,
Distilled or tain water . 1 ae.
(i) Ferrie Cyanide of Potassiom {Red;mm.te
of potash) : . . 70 erains, -
Distilled or rain water . g Rep L 1 om,

Mix equal parts of the two solutions in a dark rocm immediataly
before use, and coat the paper with & sponge or cloth. The coating
should be done twice cross-ways, taking care that no streals are
visible. The paper should be pinned to a drawing board during
the operation and afterwards hung up in the dark to dry.
2, The exposire will vary acoording to light = it will be aboat geposins
& minutes in & clear sun, and mote—up to 30 minntes—in clondy
weather,
3. After exposure take out the print in & sulbidued light and
waeh it for about 3 minutes in at least two changes of cold water,
until the whites in it ate clear : then hang up to dry.
4. If the blue colour i faint and appears to wush out, it is o
gign of too little printing.  Tf the whites are not clear, the printe are
overprinted, or the sensitised paper haa been kept too long and has
gone bad.
5. To obtain blue lines on s white ground s paper negative P‘W "'l"'“ :
must fiest be prepared : this ean be done as follows :—
Make 2 fracing on bank post paper in commeon bazar writing
ink, mixed with a little water until it is quite smooth and will
just work freely in a pen
The lines should b deawn fairly firm snd black. Thoroughly
mix & small quantity of lamp hlack and linseed «il, the amount *
depending on the size of the tracing und add about 15 drops of
gold size. A fresh mixture mnst be made for each time of nsing.
6. Work the greasy mixture up with the edge of a velvet coversd
peraper, and coat the face of the tracing all over with it. The paper
ghould be coated as evenly as possible by parallel strokes, no
clots of ink being allowed.on it, and it should appear almost perfectly
opaque when viewed by transmitted light. Great care should be
taken to keep the back clean. Now without delay, immerse the
tracing in & large basin of cold water, and soak for & few minutes,
It should then be drewn out and placed on 4 clean surface fate up-
wards, und the fuce gently washsd with water, using a camel hair
brush on it lightly and plenty of water. If properly dove, all
the traced lines will clear ont, leaving the design in white lines on
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an opaque ground,  If the brush is used too heavily, it will lighten
the ground too much. The ink shenld dry hard in 24 hours.

7. Should there be much difficulty in elearing the lines, it is
generally 5 sign that the greasy ink is oo thick or that too much
gold size has been sdded, it should therefore be thinmed with a few
drops of linseed oil before attempting another negative.

8 The ferrotype prints should then be printed from the neg-
tives, as previously deseribed.

9, Various methods of obtaining prints with dark lines on a
white ground are desoribed in the Roorkee treatise on Drawing,
section X111,
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