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Foreword

Indian authors have only recently come forward in
publishing Engnm:mgﬂmh to suit Indian conditions for
the use of students and practising engineers. Shri Kulkarni
has prodncad an excellent book on Building Construction,
right from foundations to roofs.

o

The book is written in a clear style and studded with
 over 600 illustrations, It is Hoped that students and practi-
| sing engineers will find it useful both as a text and as a

.+ reference book.

i

J. A. Taraporevala
B, 81 (Bom. & Edin:) M. [ struck E., (Len,)
M. Inst. C: B, (Load,] M. L E. {India)
Director of Technical Education,
Government of Bombay,
Bombay State.
Bombay,
220d Sept. 1850.
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Preface
{ To the first edition )}

The book is written to zerve as a text and reference
book to students of Engineering and to those engaged on
construction works, It is specially intended to serve the
needs of graduates fresh from Engineering Colleges who have
to face the duplicate problem of preparing seli-explanatory
drawings and sketches for use on works and also of
executing the works themsalves,

With these aims in view, the respective details of con-
striiction are explained from the foundation to the roof and
final finishing. In arcanging the chapters, the sequence of
construction is also maintained, as far as possible. As &
result of extensive practical experience on varied engineering
works for several yearsand teachinglexperience to the students
of the Engineering College, Poona, the author experience
that this method of approaching the subject is very helpful.

The use of numerous illustrations and solved problems
further help to impart the fundamentals of constructions to
& beginner in the subject. These illustrations form a specisal
feature of the text.

Haubli .
l‘ﬁ“lm Glr J- Kulkarai

A Note on Second Edition
In this edition the chapters on foundations ace rayizad
and enlarged. Two more chapters are added an heat inzulation
and sound insulation to complete the aspects on building
construction.

The author takes this opportusity of expressing his great
satisfaction for the appreciation the first edition of this book
received at the hands of students and practicing engineers
alike. It is hoped that the second edition will also continue
to serve them to their satisfactiom,

e G. J. Kulkarni.
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A Text-Book of
BUILDING CONSTRUCTION

CHAPTER 1

Foundation Soils

FOUNDATIONS:— Their mesning & purpoes. laads on structures
and besring powar of soils Safe compresiive siTesses, Friliminary
invastigations and axamination of ground. Tesiing bearngy power -of
soilz. Precautions io prevent uneven sstilement end foundsticn faflurms.

Art, 1. Foundations—Their Meaning and Purpose,
Foundation is the term applied to the base or the lowest
part of a structure. It rests directly on the solid ground
below, or it is supported by side friction, or bv both, This
solid ground is specially prepared for the purpose of receiv-
ing the load of the structura and is called the Foundation
Bed. The entire load of the structure is transferred to the
soil through the agency of good foundations, which ars
essential for the stability and durability of that structure.

Though itisoften understood that foundation supports
the weight of a structure, it may besaid that foundation is
a device provided at the base of a structure to transmit the
load to the soil on which it rests. In the following pages
are enumerated the varions cenditions to be satisfied belore
a proper foundation is designed for a structure,

Art. 2, Londs on Structurss and Bearing Power of
Soils—Before any method of providing foundation to a
structure ‘could be specified, the following data is quite

essential :—
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(a) A detailed analysis of loads acting on various parts
of the structure, such as on walls, on columns, etc. should
be made with a view to obtain the final load to be transmitted
to the soil below, and the intensity of this load persq. ft.

(b) An examination of the nature and typeof thesoil
for determining its bearing power or its capacity to with-
stand the load of structure, mentioned in (a) above, alter
it iz boilt on it

Table No. I. Deadloads.
,{ Weights of common materials and buill-up paris,

No. \ Description Weight
(A)” Ibs.fcu, ft,

1. | Broken stone metal 100

2, | Dry Sand o o0

3. | Cement g

4. | Timber = o wes =0

5. | Steel e e e 430

6. | Earth filling (dry) - 100
(B)” | Tbs,[eu. ft.

1. | Plain concréte o eis’ | 120

2. | Reinforced concrete =3 144

3’-. Sm m’ﬂﬂnf? ras - 155

4, | Brick masoory aa - 125
(C) Ibs. [3q. ft.

1. | Plaster 1 in. thick o . 5

2. | Floor finish 13 in. thick . i 12 to 18

3, | Teak wood door - 8

4. Tﬂk W’ﬂﬂ& mdpw s e i)

5. | Clay tiles including battens 15

6. | C, 1. sheeting with fixtures d ] 203

. When the abovetwo factors are ascertained, 2 suitable
foundation could be designed and constructed in oneof the
methods uphil:l.ﬂﬁ later.

Art, 3. Loads on Structure—The loads comisg upon
the foundations are commonly classified,into three typesi—
(i) Dead loads; (ii) Live lsais; and (i) Wind loads,
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(D) Dead Loads-These are static loads duoe to the weight
of the respectivestructural members. Permanent hrmrm to
these members arealso treated as dead loads, In table No. |
on page 2 are given the valoes of dead load.

(i) Live Loads-These areincidental loads due to mate-
rials stored temporarily on the floors or due to people
ﬂmﬂp}"lng the floors. Their &qmmlmt dead load values are
taken into account. The various live loads aregiven in the
following table No., II as equivalent dead load values.

Table No. I. Live loads on Structures.

Nn.‘ Type of Building. Ibs./sq. it
""‘l.r. Residential hml&lngs = e =

2, | Public buildings . - 80 to 100

3. | Garages es aea = 150

4. | Factories, warchouses and stores .. 200 to 300
Z 5. | Flat roofs o 30 to 30

6. | Stairs in residential bu;ldlngs o 80

7. | Stairs in public hmidmgs - 100

8. | Balconies - wn 100

In the case of multi-storied buildings, a reduction in
live loads specified in table No. Il sbove is recommended
at the rateof 10 per cent per floor downwards, No reduction
should be made for the top-most floor and also after a
value of 50 per cent is reached, i. e, the sixth floor from
the top. All the subsequent lower floors will 'be assumed
to transmit only 50 per cent of thelive load coming upon
them, to the respective supporting members.

(iil) Wind Loads—The effect of wind loads on the face
of a structure is to cause an uplift on it so as to reduce the
pressure on the foundation bed on the windward side and
to increase it on the leeward side. This effect of wind
pressure gets reduced as the proportion of the depth of the
structure in the direction of the wind to its height increases,
Usnally a lorizontal wind—pressure of 20 Ibs/sq. {4 of the
projected exposed area is taken.
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In addition to the shape and proportion of the structure,
the other factors which affact the wind pressure upon a
structure are the wind velocity and the angle at which the
wind strikes a surface.

Table No. I
Safc Compressive Stresses In Masonry and Concrete.

Serial S Tons/
Description
No. ¢ sq. ft.
; |
1, Cement concrete 1:2:4 [ 25
2. Cement concrets 1:3:6 15
3 Cement concrete 1:4:8 e 8
/4. Lime concrete &
i Hrickbat concrete 1: E lime murtnr 2ta 3
6. Broken stone concrete 1:2 lime mortar, Bin &
(A Ashlar masoncy 1A
8. Block-incourse = 12
; 9 Coarsed rubble masonry in lime mortar, 7
/10, ist class brick masonry in cement
mortar 1:3 in pillars - 12
73, 1st class brick masnnrym lime mortar
in walls e 8
A Ordinary brick l:l:tﬂmur}* inlime mortar 4

It may be noted that an allowance for the soow load
on flat roofs and on roofs with gentle slopes, is made at the
rate of 8 to 13 bhs. per sq. it. for every foot depth of snow.
No allowance is made for roofs sloping at 45° or steeper.

Art. 4, Safe Compressive Stresses-The Cumulative
effect of the different types of loads mentioned in the pre-
vious articles is worked out for each linear foot of wall and
for each column or other supporting member of the structore
for which the foundation has to be provided; and it is seen
that asufficient thickness or section i5 provided for the sup-
Pgning member so that the material used for its construction
is mot stressed beyond its safe compressive stress, In table
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No. 111 on pags 4, are given the safe compressive stresses
in concrete and masonry which are the most commaon matsrials
used for foundation work,

Art, 5. Types and Bearing Power of Soils—Having
considerad the different types of loads on structure to be
transmitted to the soil below, we shall now investigate the
nature and typa of the soil with respect to its ability to
receive and withstand thiz load, Becauss the stability of a
structure depends upon this.

The materials on which a structure nltimately rests may
be broadly classified into Rocks and Soils. Solid rock masses
are usually satisfactoryand provide sounds [oundation beds
for structures to rest upon. The conditions in which soils
accur are principally’of two types. those overlying a hardpan
with increasing stiffness-and strength, and those that are gene-
rally loose and extend over a considerable depth as in the case
of alluvial track, sanfly regions and estuaries, Soils generally
occur as (i) clayey soils, (i) sand and gravel, (iii} a mix-
ture of clayey and sandy soils with or without gravel and
pebbles. Some clayey soilsare treacherous ‘as they expand
and contract considerably when wet and when dry. Rock
beds are not always available and the enginesrs havs to
design foundation on-anything varying from clayey soils, sand
beds, hard morum, to soft rock. Each soil has its own bearing
power or capacity to receive and withstand loads, which is
determined by one of the methods mentioned in the following
articles.

It should be remembered that the same sail if confined,
will have a greater capacity to sustain loads than when
free to squeezs out under loads; and this condition is fairly
veached if the soil lies at greaterdepths, Sometimes sheet
piling is driven to enclose the soil and to produce the same
effect artificially.

The bearing power of a s0il is expressed in terms of tons
peesq. ft. and is the basis of all the calculations for design of
foundations for astrocture. The intensity of load coming
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(b} Open Excavation Pits—Where foundations are pot
deep, trial pits are excavated to investigate the sctual
conditions below the ground level. The size of the pit
depends on its depth. 1f the soil is soft and sides of exca-
vation do not stand a vertical cutting, supports of timber
planks will be required to prevent the earth from falling
in. Excavation sheuld be carried slightly desper than the
proposed fouondation bed,

{c) Probing—In saft soils like clay, sand; and gravel,
a steel crowbar of 1 to 1] in. diam. with a pointed end is
driven to & suitabe depth, either by allowing it to fzll
wnder its own weight or by means of a hammer. The amo-
unt of force required to thrust the crowbar into the ground
is taken asa rough index to determine the typeof soil and
its compressibility, Occasionally the crowbar is drawn out
and the particles of soil sticking to its point are examined.
This i1s however a rough method and is not suitable for
deep holes.

(d) Use of Post-Hole Auger—TFor shallow foundations
Post-hole augers with lengthening barsare used upto a depth
of about 6 to 8 ft. At the top there is a lever arrangement
to rotate theauger for driving. Samples of the soil are taken
and thier examination is made. Sometimes theauger is placad
inside a casing pipe for more accurate work. With an
encased pipe deeper borings could be taken, und in clay
sand borings upto 30 ft. are possible,

Art. 7. Examination of Ground ( Contd )—The exa-
mination of the conditions of the subsoil for Toundations
of Beavy structures, asin thecase of tall buildings, towers,
resérvoirs, dams, and bridges, ete. has to be made in an
accurats and systematic manner. The following three
methods are employed for the purpose..

(&) Percussion Borings=Whenthe strata is compact and
hard a jet of water is used to help the driving of the pipe
for taking borings. The steel pipe used for the purposeis
hollow and has a diam. of 2" to 4 and is known as the
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casing pips or the drive pips. It is driven into the soil
with the help of blows delived froman eccentric disc of 2
percossion boring machins. For every revolution of the disc
the steel pipe is raised and allowed to drop down, Thus
the cutting sdge provided at the end of the pipe breals up
and pulvarises the hard soil below. The soil is softeped
in this. manner in front of the cutting edge, Inside
the casing pipe is a wash pip= of about 1 inch. diam,
and extends to the bottom of the casing pipe. Through
this pipe; water is forced downwards, and is allowsed to
rise up in the annular space between the wash pipe and
the casing pipe, The pulvarised material is thus washed and
brought upto the surface under pressure, and is thén exami-
mned and tabolated for a detailed stody and interpretation,

() Wizsh Borings—I¥ the soil issoft like clay and sand,
‘the boring can be done by forcing the drive pipe with the
aid of only a hydraulic jet under pressure, This gives a
fairly good idea of the character of the soil but does not
give the exact position of the soil in the formation or strata.

(g) Core Boring—For studying the subsoil rock condi-
tions and specially when large boulder are encountered, a
'more complicated method of taking drills by a core drilling
machine isadopted. The machine consistof a hollow rotary
pipe with a cutting bit and stesl balls, These muke an
annular ent intherock by the abrasive action due to rota-
ition and consequent grinding. A cylindrical core of 1} in.
diameter is thus cut out of the rock:mass and is reinoved
to the suriace for examination.

(h) Test Cyplinders—In the case of heavy foundzation for
ibridges, etc., and when the spil consists of clayey and
sandy formations extending over great depths, iron cylinders
.of diam. varying from 3 to 5 ft. open at top and battom,
are driven. Samples of soil are taken out and examined.
‘Subsequently these cylinders are sealed up from inside and
are loaded from top for testing the bearing power of the
=oi} also,
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The various testing methods enumerated above should
be carried out in 2 reasonsble number of spots over the
entire gite. The results of allsuch tests should be properly
recorded in log-books and carefully studied before any type
of foundation is specified for a structure. 1t should be
remembered that water causes the greatest trouble in all
foundation work, particularly with porous soils. To exclude
this water and also to lower down the ground water level,
heavy pumping has to be resorted to, Ground water alse
alters the structural properties of soils which results in
damages to foundations by uneven settlements and cracks
by irregular tension.

On large works where the foundation problems are very
often complicated and present different aspects, as in the
case of those for bridges, dams and tunnels, preliminary
investizations should also include a gealogical report about
the soils and their formations at the site, at the hands of
expert geologists.

Art, 8, Testing Bearing Power of Soils—Normally
mvestigations are carried out Qy the respective town and
city authorities for determining the natureof the soils and
their bearing powers within their town limits. The results
of thesz investigations are expressad in the form of regula-
tions in their building codes. The foundations of all build-
ings designed within these limits have to comply with such
reculations.

The lollowing methods. are used for detarming the
bearing power of any desired type of soil. Butfor impor-
tant buildings and in places where such regulations do not
exist, bearing powers are determined by actual load tests
on soils. There are diffarent methods of applying loads 10
the sails.

(1) Methods of Loading the Soils-First Method—One
of the methods in its simplest form consists of & timber
vertical baulk 10% to 12" sqoare and 6to § feet long placed
in & tranch excavated for the purposs, The excavation is
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carried to the firm soil on which the structure is to rest
and whoss safe bearing power is required. Aniron plate of
a size slightly bigger than the section of the baulk is placed
at its foot (See. Fig. 1). On top of the baulk a suitable
platform P is provided to support the load to be transmit-
tzd to the soil. Horizontal cross struts or guide struts are
provided in the trench for the lateral supportof the baulk
and also to act as gunides, as it sinks under loads. The

LOAD, \
SAND BAGS , RAILS Efel

LU

P. LOADING PLATFORM™

Figs. 1 and & Diffsrant mathods of losding a soil for its bearing power,
contact betwesn these struts and the baulk is kept well
preased to facilitate easy sliding, The test load is applied
gradually and symmetricallyand usually consists of sand
or earth bags, bricks, old rails, pig iren, etc., of known
weight W. The desired load can #lso beapplied by means
of a hydraulic jacks with a pressure gauge., Anchor blocks.
have to be provided to take up the reactions of the jacks.

(ii) Second Method—In Fig. 2 is illustrated another
method of applying test load to soils- If the trench is shallow
or the bearing power of the soil is high, guys or inelined
struts are provided to facilitate the smking of the baulk
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in the wertical position. A movable collar contact is
made between the baulk and the inclined struts, The plat-
form P carrying the load W is fixed rigidly to the baalk
with the aid of four bolts at right angles as shown. To
ascertain the corresponding sinking of the baulk at =ach
stage a level is planted nearby for taking readings, A per-
manent bench mark is made nearby with respect to which
all readings are taken. A couple of pegs may also be driven
in the tredch and readings taken on these pess to watch
the settlement, if any that has taken in the adjacent
ground surface,

FRAME-WORK OF JOISTS m‘J
SuPPORT Loadding Plalro

SECTION

iFigs. 3 Aacther mathod of loading a Sofl Fig. 4 Plan of lesding
for ascsrizining ils bsaring - powar. Flallorm

(iii) Third Metkod-In the third mathod of loading soils
to ascertain their bearing power, an arrangement shown in
Figs, 3 & 4 is made. Four independent beams B are placed
with their one end on four separate timber crib supports
marked C. S. and their other ends are brought to—-gether
and are made to rest on a single central support marked
(1)and (2), The support (1) hasan approximate contact
area of four squre feet with the ground. Iron plates should
be used at top and at bottom of the central suppart for
proper distribution of loads to the soil.

The loading platform is supported on 2 frame-work of
joists as shown in plan, Two main joists M. J. are placed
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directly over the beams Band the secondary joists S, J. are
placed over them, Thus the load coming on the soil is only
hall of the totalweight on the platform, if the main joists,
rest on centré points of B. At free ends of the loading
platiorm, snitable bolts and jacks should be provided to
prevant its tilting, and also to effect a balanced loading.

Art. 9, Remarks on Test for the Bearing Power of
Soils—IF it is intended to carry out a conformatory test to
determine whether the expected safe bearing power of &
known soil could be safely relied upon, the following proce-
dure is recommended. A test load of the value of about 4
to 5 times the expected safe bearing power of the soil is
placed on the platform and settlements of the baulk are
observed every day at a [ixed hour, until no - settlement
oceurs in 24 hours, See part A inthe table No. Vof results,
Then the test load is increased by about 50 percent and
obeservations are made every day until again no settlement
occurs in 24 hours, See part B in the same table, In both
the cases, the total settlement should not exceed about 2/3rd
of an inch and 1inch respectively. A method of recording
results is shown in Table No. V on page 14.

While drawing conclusions about the bearing power of
a soil, based onths above experiments, the following points
should be noted:—

(i) That the values of the results are greatly affected
by the manner of loading, which should be done gradoally
without giving shocks to the loading platform.

{ii) That small area will bear a larger load per unit of
area for & short time than what a larger area can bear
perpetually.

{iti) That the ares of contact of the soil with the load
should be as large as possible.

{iv) That three to four different sizes of plates 5hnu1&
be used for loading and an avarage value should be taken,
This makes due considerations for the experimental results
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Table No. V.
Bearing Power Of Soils—Record Of R esults Of Testing.
Note-Type Of Soil : Compact Clay, Dry.
Serial Date, Test Increa- Total

No. time load ments Settle- Eemarks,
in settle-  ment
,ment
PartA 10.00 Tons. inch inch Loading
A. M. Cwis. completed,
12.0 7—12 0.21 0.21
3. 13.0 —do- 0,10 .31
3; I*pﬂ "liﬂ" ﬂuﬁ"‘ ﬂ. 35
4. 15.0 ~idn- 0.02 0.37
B 16.0 i [V 0.01 0.38 No settle-
ment,
fi. 17.0 ~do- 0.00 0.38
Part B
1. 1R.0 11-6 0.15 0.53 Loading
completed,

2. 19.0 —do- 0.03 0,56
3. 20.0 ~-do- 0.03 0.59

4. 21.0 —da- 0,01 Q.60

i 22:0 —do=- 0.00 0.60 No sattle-
ment.

51' 23-0 ""dﬂ‘" ﬂ-m ﬂ;ﬁﬂ

simce the bigger plates have & proportionately lesser total
shear resistanceat their perimeter due to smaller perimeter-
area-ratio. If x is the direct normal pressure of *the soil
and ¥ is its perimeter shear, then the bearing power of
the soil is given by :—
- L P = Perimeter of plate,
P=ahy gt Azﬂmofplate?h

The values of x and y are determined by & minimum

of two values of loads Ap for an equal settlement,

{ v ) That the tests should be continued for as langa
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period as possible. Usually it takes 3 to 5 days for a soil
to adjust itself to the load placed upon it.

To determine ultimate bearing power of the soil, loads
are applied to the platiorm as mentioned in the previous
methods, in suitable increments which are uspally § ton.
The load is allowed to stand after each increament until
settlement ceases. The recording should be doiie in a masiner
shown in table No. V. Usmally a2 masimum settlement of
11" to 2" is reached. The results of loads with their corres-
ponding values of settiments are plotted graphically and
the value of the load which causes the curve to suddenly
bend down is ascertained. A factor of safety of 3 to 4 is
applied to the ultimate bearing power as determiped above
and the safe or allowable bearing power on the soil isesti-
mated. If the foundation area is great as in the case of
‘heavy structures, a lower factor of safety could be used.
But if the foundation area is less and if there is a good
deal of live load and loads causing impact jare acting, a
‘higher factor of safety should be adopted to havea lower
value for the safe bearing power for the soil.

"‘-/Artlﬂ. Frecautions to Prevent Uneven Settlement
-and Foundation Failures—Uneven settlement of foundations
is dangerous in as much as it causes cracks in buildings,
which in the long run bring about their failure, If these
cracks occur on the external faces, in bathrooms, lavatory
blocks, roofs, etc,, moisture gains access into the body of
the building, sets up decay and causes distruction. This is
prevent=d in the following ways:—

(a) Great care should be exercised to adopt a suitable
value for the allowable pressure on the soil giving due
consideration to the magnitude and sature of the loads
coming upon it and to the effects of the subsoil water
-conditions have on bearing power of the soil.

(b} Much also depends npon the choice ol rizht type
of foundation design to be adopted in each case
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() A sulficient base area should be provided below
walls and columns so that the intensity of pressureat the
bass doss not exceed the safe bearing power of the soil,

(d), The intensity of pressure at the base of a structure
where it comes in contact with the foundation bed should
be uniform and the same for any one structure,

\e) Foundations for & structure should be taken suffi
ciently deep below the decaying surface layer of earth, so0
as to reach a subsoil which is uniform and homogeneous
and possesses the necessary bearing power.

(f) The bearing power of the soil should not be affe-
cted in the course of time by the changing atmospheric
conditions and by the presence of the sub-soil water. Black
soil requires special mention for its behaviour when wet
and when dry, This soil becomes slushy when wetr and
thereby greatly loses its bearing power. When dry vertical
cracks are [ormed resulting in & lateral movement in the
soil. This introdoces tensile stresses in foundations and
causes lateral movement in the different parts of the bass
af the stracture.

As a precautionary measure, the excavation for founda-
tion should be taken desp beyond the reach of these eracks
and the materials used for foundation work should be capable
of taking the tensile stresses;, R. C. C. foundations or the
. drivingof piles upto the hard pan or rock are recommended.
It is also necessury to introduce a layer of loose material
such as rubble and coarse sand between the foundation ani
the clayey soil to prevent the structure and the treacherous
soil from coming in contact with each other.

(g The line of action of the resultant load of the
structureshould be concentric with the area of the foundation
Base on which itstands. This results in an even distribiution
of lnad on the foundation bed, Any eccentricity betwesn the
above load and the resultant of the soil reaction causes an
overturning couple and an uneven distribution of pressure
at the base,
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4 (i) The materials used for the foundation work ghould
t be such as would deteriorate or disintegrate in the courss
of time due to atmospheric action. Stone masonry and con-
crete, either of lime or of cement, are invariably used for
work below ground level and up to the plinth. If any material
which is liable to deterioration is used, it should be properly
protected to increase its durability.

(j) No disturbance of the foundation bed should be

permitted under any circumstances, by careless adjoining
excavations either for the construction of new building or

i -
=] IMPERYIOUS

Frg. S, Drafpage of loundation.

for the laying of pipe lines, etc. Such an excavation induces
lateral escape of soft materials like loose sand, clay, ete.
from underneath the foundation, and causes settlement,

(k) The ground round about a structure should be kept
fres from underground water troubles, particularly when
there is a basement to a building. Permanent water troubles
and those due to the spaking of surface water conld be
avoided by sloping the ground surface away from the building
and also by constructing special drains as shown in Fig, 5.
Another effective method of deep subsoil drainageis illuste-
ated in Fig. 6.

2
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(1) The filling of the sides of trenches after founda-
tion is laid should oot be done in & slip-shod manner;
Fig. 7. indicates the method of filling in the ' foundation
trenches in horizontal layers under dry conditions and when
there is no water trouble.

FILL}HEJ

R

LS

A morMAL
GROUNMD
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DRAIH PIPE WITH METHOD OF SIDE FILLING
BPEM JOINTS IH IHCLIMED CUTTINGS

Fig. 6. Drainage of foundstion. Fig. 7. Sofl filllng in inclined cutting.

Art 11, Improving Bearing Power of Soils—In some
cases it will be found necessry to improve the bearing
power of ths soils for strengthening the foundation beds.
The following are some of the methods commonly used :—

(i) Cheap materials like rubble, broken stone, gravel
or sand are forced into the soil by ramming, A conieal
weight is dropped to form & depression on the sucface and
the above materials are filled in and well mmmed,

(ii) By driving short timber piles or concrete piles
and mechaically compacting the soil, its bearing power also
can be increased,

(iii) Another method is to conting the soil in an enclosed
area with the aid of sheet plies. This process in known as
cupping and Is very elfective,
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(iv) The soil can also be hardened by the cementation
process, by which a grout of cement or cement and clay is
pumped under pressure into the pores of the soil. The
pores are thus sealed up. To ensure & proper distribution
of the cement grout, the ground is drilled and perforated
pipes are introduced to force the liguid. In some cases
pressures as high as one ton per 3q, in. are used for deep
soil impregnation. Special chemical solutions are also wsed
in place of rement grout. Cement and the chemicals set in
course of time and harden the soil which can thus take a
proportionately greater load from spread footings. Emul-
sions of bituminous materials are also used for soil injections
and for soil stabilisation. They keep away water from any
part of the soil by virtue of their waterproof qualities,



CHAPTER II

Spread Footings and Raft Foundations

Methoda of providing foundations o structuras, Spread foolings
for walls and columns, Orillage. foundations, R. C. C. spread foot-
ings. Comblosd footings. Cantilsvar spread footings, Failures of
spredd foctings. Raft foundation,

Art. 12, Methods of Providing Foundations to
Structures—Principally there are four methods of providing
foundations,

{i) Spread footing; (ii) Raft foundations;

(iii) Pile foundations: (iv) Cylinders, caissons, piers

and wells,

X L
C.C.PLINTH | FL, FINISH I‘.-'.z‘lI
e

|

"3 COMCRETE FOUMDATIOR FOoR BRICK WALL

5

Figa, B and 0. Spread foolings for walls.

(1) Spread Foolings in geueral include all methods of
widening the base of a structure to suit the bearing power of
soils on which they rest. Each column and wall baye inde.
pendent footings, See figs. 8 and 9. But if the bearing power
of the =oil varies or alters dus to changes in subsoil condit-
ion under any footing, uneven settlements will occur in differ-
ent parts of the same building, and cause foundation failures.
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(ii) Raft or Mat Foundualions are in the form of con-
tinugus slabs covering the entire area of the bottom of a
strocture, like a raft or a mat. They are often used if the
bearing power of the soil is very low and spread footings
do not give enough area as these footings either come too
close or overlap one another. Rafts and Mats are also used
when thereis a possibility of uneven settlement to occur. Sea
figs, 10 and 11; fig. 10 whenno basement is used and figs, 11
when basement is used. In heavey structures where the inten-
sity of load cannot be reduced by any widening of the base,
deep excavations are taken to s harder stratum of s0il or
to a bed of rock to provide the necessary foundation.

AL )

Fige 10. and 11JRafl foundationa,

(iii) Pile Foundations, include the method 'of driving
piles of wood, concrete or metal to a depth until their lower
end rests upona rock bed, or their length is enough to offer
the necessary frictional resistance to support the structural
loads. The base of the structure is then made to rest upon
their top. Pile foundations are specially suited for made-up
soils as deseribed later,

(iv) Cylinders, Caissons, Piers and Wells=When loads
of very heavy structures are to rest on rocks or hard strata
extending over 2 considerable depth, as mentional above,
special types of foundations have to be provided by sinking
steel or R. C. C. cylinders, caisson, and wells or hy
building piers. For ordinary buildings these are not generally
provided. For details see next chapter.
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The above methods of laying foundations are described
in the foregoing articles.

Art. 13. Spread Footings-Spread footings are of two
types, (a) Wall footings; and (b) Column footings.

{a) Wali Footings—The nature of loading in walls and
columns is intensive and uvsually exceeds that permissible
on soils on which they have to rest. For this purpose, the
lower parts of walls and columns are widened out to form
footings which rest on a concrete foundation. A Typical
spread wall footing is shown in fig, B. The same loundation
is shown in isometric view infig, 9. It is necessary that the
foundation bed i= prepared horizontal.

On a slopiog ground steps are arranged longitudinally
so that the foundation bed is always maintained horizontal
by giving a wvertical drop at suitable intervals. They follow
the general contour of the sloping ground, and the drop-
down depth of each step is generally equal to the thickness
of concrete but not more than twice this thickness, While
providing the steppings careshounld be takan to see that the
foundations are taken deep to anchor the building to the
sita, If necessary anchor piles should be driven. Otherwise
there will be a slip.

The offséts of concrate should be not less than 6 ins.
bevond the edges of the lowest footing on either side. To
obtain the thickoess oi concrete required to resist shear
stresses, 2 lioe is drawn from the face of the wall at an
angle of 435 degrees, Brick foatings should have an offsst of
2% insy which is the size of a quarter brick and those of
stone masoncy 3 ins. Sometimes the lowest footing is built
in two' courses to increase rigidity at the base. The footings
may be built of concrete also, in a stepped fashion similar
to masonry ones described above.

Art. 14. (a) Plank Foundation for Footings-in soft
soils and marshy grounds, concrete base [or footings or raft
is sometimes replaced by timber sections nsually 9% x 12¢
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laid in two layers. In the lower layer the pieces are laid
crosswise to the wall and in the top layer length-wise. In
such cases suitable timber should be available and that it
should remain permanently under water and should not
be subjected to alternate wet and dry conditions.

(b) Column Footings:-Isolated Foundations to Brick
Masonry Pillars —In Bg. 12 are given the details of
providing concrete foundations to an isolated masonry pillar.

3 £]
METHOD OF PROVIDING FOUNDATION W
Fa
TO MASONRY PILLARS SET AN

%

1-—_/,L 78—
TRANSVERSE ReinForcEMTS
B.R.C. FABRIC OR

IROM ROPS AS SPECIRED

Fig, 12 Mathod of providing Fig. 13. Rall foundation
{foundation o massmy pilisrs for wall,

It will be noted that the footings and the concrete projec-
tions are arranged symmetrical on all the- four sides to
distribute the coocentrated load in the pillar, unilarmly on
the soil below, so that the bearing power of th=scil is not
exceeded,

Art. 15. Grillage Foundation to Columns—Sieel
stanchions are provided with independent grillage footings
cansisting essentially of two tiers of horizontal-rolled steel
joists embedded in cement concrete, The arrangement of
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the two tiers one over the otherat right angles isillustra-
ted in Fig. 14, Lower tier consists of 7 — 10" x 5" @ 30
Ibs. R. 5. Joists and upper tier of 4 -15" %X 5" @ 42 lbs.
stanchion. A base plate is introduced between the stanchion
and the top tier flanges. The sequence of load
transmission from the stanchion to the foundation bed is
through the base connections, base-plate, upper tier, lower
tier and the monolithic concrete mass in which the entire
grillage work is embedded. The concrete encasing for the

| |IF Sranchion ano
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Fig. 14. Grillage Foundation for steal stianchion,

tiers protects the steel from corresion in addition. Note
the nse of tube separators with a long iron bolt passing
through them to maintain the spacing between the respec-
tive R, S, Joists.

Art. 16. R, C. C. Spread Footing for an [Isolated
R. C. C. Column—R. C. C, Columnsare provided with a
special tvpe of spread footing as shown in Figs. 15 and 16.

The footing should be sufficiently strong to prevent its
failure in the following ways :(—

(i) By punching shear between the column and the
base of the column.
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{ii) By loss of adhesion between the column rods and
the concrete in the footing.

(iii) Diagonal shear in the footing concrete.

(iy) Due to bending in the projected portions of the
footing beyond the face of the column.

Art, 19, Combined R. C. C. Spread Footings—In
Cities often the exterior columns have tobe located along
the boundary lines of the property. But at the same time
it is not permitted to spread the footings beyond the boun-
dary into the adjoining property, equally on all sides of

e
h
PLAMN
!
Fig. 15. H. C. C. spread fooiing Flg, 16. Plan showing
for lzolated colummas. roinforcements.

these boundary columns. Consequently one or more of these
interior columns are designed to have a common base with
the exterior column to form a combined footing. When
designing a combined footing, the following points are
%kept in view :—

(i) The combined base area of the footings should
be equal to or more than that obtained by dividing the
total load of the column and the footing, by the bearing
power of the soil. The shape given to thisareais usnally
cectangular or trapezoidal, as shown in Figs. 17 and 18.

(ii) Whatever may be the shape of the area of the
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base, its centre of gravity and the centre of gravity of the
combined loads should lie in the same wvertical line.

(iii) For columns, the distance between which is great,
independant footing iz provided for each, and each pair of
columns is connected by a footing beam,

Liv) 1f the combined footing is extended lopgitudinally
beyond the column faces the bending moment in the section.
between the columns is reduced.
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COMBINED FOOTINGS: -

Fig. 11 Combhined . C. C. spread feoting; Rectanguiar typs;

Sometimes combined footings are provided between in—
tarior columns alsp gnd the loads on these columds may be
equel or unsquel.

Art. 20, Cantilever Spread Footings—\When the
exterior column méntioned in the previous article has to be
taken flush with the boundary line of a property, when
building area is restricted, cantilever footings orearranged.
Tlie two columns, exterior and the interior, Pz and Py
respectively, see Figs. 19 and 20, are provided with inde-
pendant footings which are connected by a cantilever beam.
Tt will be noticed that for the exterior ecolumn an eccen-
tricity of "&"' is provided between the load P; and the
reaction of the soil, whereas the load P; and the corres-
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ponding reaction of the soil are concentric, The tendency
of the exterior load Py acting at oneend of the cantilever
to over turn, is balanced by the whole or a part of the
downward pressure of P; acting at the other end of it.

P 1
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| cu!.u:::/, |5
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Fig: |8 Cenulavst spreact footings. Fig. 20. Flan of the abovs.
Cantilever footings may be constructed either of R.C.C.
beam and footings, or of steel beam and grillages,

Art. 21, Combined Footings with Grillages and
Steel Girders—Raolled steel joists and built-up stesl sections

]
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Fig. 21, Indapendent arillagas. Fig: 23, Combined slab
St=2l glrdar method. fommdation with girdas.

are dlso employed for providing combined footings tostran~
chiong. The principles of ' design are similar to those for
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R.C.C. combined footings, except that in the case of grillage
footings, concrete acts mainly as a casing material and is
therefore not fully taken advantage of.

(i) Steel Girder Method—Independent grillages, This
method is illustrated in Fig. 21. Indepedent grillages
are provided to each of the two stanchions carrying loads
P; and P; and they are connected by a steel girder.

(ii) Combined Grillage Slab with Girder—5See Fig. 22,
In soft soils where more footing area is required, 2 com-
bined grillage slab is designed and the two stanchions are
joined by a girder on [top.

Art. 22, Raft Foundation—Sometimes a wall rests
directly an a concrete base without any footings as shown
in Fig. 23. The foundation base is of cement concrete rein-
forced transversly either with B. R. C. fabric or with iron
rods, to take up the bending stresses due to the cantilever
action of the projected portions beyond the face of the wall.
It should be noted that it is always advantageous to lay a
levelling course ofa minimum thickness of 3 ins.of 1:4:8

W.WALL OR COLUMN LOAD  C CONCRETE FOOTING

E
= F, DIFFERENT TYPES OF FAILURES.

Fig. 3. Faflure of Fig. 24. and 29. Fallira of looting by
footing by shear. bending or Tupture.

cement concrete below all R. C, C. work which comes in
contact with the earth in foundation. Floating foundations
are the extreme cases of raft foundations or mats when the
entire structure rests on a practically monolithic raft or
footing. They are suitable in soils of more plastic in nature,
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Generally raft foundations and mats are adopted when
soils are very weak and the large areas of spread footings for
columns and walls make them one another meet. A conti-
nuous mat or raft foundation is shown in Figs. 10and 12,
One of the draw-backs of a mat is that it requires to be
rigidly connected with the plinth and the upper Hoors.
The basement or the basement and the first floor, are desi-
gned as a rigid frame. Secondly for perfect stability, the
centre of gravity of the reaction of the soil on the mat
must coincide with the centre of gravity of the loads of
the structure acting on the mat.

Art. 23, Structural Failures of ,Spread Footings—
Footings are generally found to fail in two ways:—

(i) By Shearing; (ii) By Bending or Rupture;
(iii) By Crushing (iv) By Spreading.

{i) Tailure of footing by shear, is indicated in Fig. 23.
The wall is forced through the base under its own weight
and the two projecting sides are thrust in the upward
direction.

(ii) Failure of footing by Bending or Rupture. This
type of failure is shown in Figs. 24 and 25. It will be
noticed that though the central wall portion is stable, the
base has failed by bending stresses either at the faces of
the wall or directly below at the centre of the wall.

(iii) A footing may also fail by direct crushing of the
materials composing the footing under the supported load.

(iv) If there iz a lateral movement in the foundation
bed, as is usual in the cass of clayey soils, failure of
footing takes place by spreading. It may be noted that these
last two types of filures are very rare,
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Pile and Well Foundations.

Plia foundations. Wood pilesand . C. C. piles. Pres-cssl condrete
spiles, Pile driving. Bearing powsr of piles. Diffsrent formulae usad,
Caut-in-shiy piles. Stmplsk, Vibro, Frankl, and othar piles, Band piles.
Greuplng of plles and pile caps. Pier fcundstion. Stesl rylinders.
Caisson and well foundations.

Art. 24. Foundations on Piles :—The third method
-of providing foundations to structures with the aid of piles
as stated in Art. 12, will not be considered. Generally pile
foundations are used when the ground near the surface is
very weak ar is of a made-up type and consequently spread
footings or rafts could not be provided. When the subsoil
~water trouble is great, piles arealso used. Pilesare classi-
fied into:—

(1) Bearing Piles; (ii) Friction Piles ( iii ) Sheet Piles.
-according to the Method in which the load carried by
them is transmitted to the =oil; and the Functions performed
by them, Bearing piles are the usual type of piles which
are driven until their ends rest upon rock or hardpan below,
4o which they transfer the load of the structure vertically.
Bearing piles may be of timber or of concrete. Friction
piles support the load by the frictional or skin resistance
‘between the surrounding soil and the sides of the pile. The
piles in this case, are not driven to hard rock or hard-pan.

Sheet Piles—This class of piles is essentially used
.during construction of foundations and not as foundation
member of a structure, Their main function is to enclose
& certain area of the ground within which the {oundation
laying work could be carried out, and also to confine
loose soils to inprove their bearing power.

Depending upon the materials nsed attempt is also made
to classify the piles as:—Wooden piles. Concrete piles,
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R. C. C. Piles, Steel piles, Composite piles, Further classifi-
cation of piles based on the methods of driving them is
discussed in the course of this chapter.

Art. 25. Wood Piles—For ordinary building work
and in situations where they can remain permanentlyina
wet condition, wooden piles are commonly used to provide
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cheap foundations, Only suitable timber shiould be used for
the purpose. Wooden piles are either circular 8" to18" diam.
or square 6 x 6" to 18" x 18" in section.

Wooden piles-are driven by blows delivered by a drop
hammer, as described in the next article. To receive the
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shock of the blowsand to prevent the timber from brooming,
an iron ring is provided at the top of the pile. See figs. 26
and 27. The lower end of the pile is made pointed and is
also protected by a conical iron shoe to facilitate driving.
The tops of the piles are cut off below permanent low-water
mark and & frame work is provided to lay concrete and foot-
ings of walls and columns. This often needs deep excavation,
gheet piling and pumping.

Art. 26 Concrete and Reinforced Concrete Piles
—Precast Piles—For all permanent work where heavy loads
have to be sustained reinforced concrete piles are used. They
are either pre-cast or cast in-situ, and are suitable in almost
any situation. Plain concrete piles are also used for short
lengths, and are cast first by driving a steel tube toform a ver-
tical hollow portion where concrete is subsequently filled in.

Pre-cast Concrete Piles can be manufactured covenient-
ly at a place away form the site of works and coveyed to the
place where they are to be driven, They are always rein-
forced to withstand the handling and driving stresses. The
main reinforcement which is longitndinal, should be placed
symmetrical in thecross section of the pile. See Figs. 28, 29
and 30 for typical sections of square and circular R. C. C.
pre-cast piles. Proper devices should be provided for
lifting and slinging the pile, which is sufficiently strong to
withstand the stresses while being conveyed and driven.
Pre-cast piles are given sufficient time for curing and
gaining strength in the manufacture’s yard. But they are
‘subjected to heavy shocks and vibrations while driving,
particularly when the pile is slender and longer than 60 to
75 feet. Thus in some cases it is uncertain to say inwhat state
of strength the pile remains when finally driven in position.

The length of the piles to be cast for each group ef
piles is pre-determined by a test pile. But in some cases
piles have to be lengthened after being driven, and joints
have to be made for extra lengths, sither on account of the
hardpan being at a depth greater than that previously
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estimated, or due to the shattering of the head while driving,
This is not only expensive and leaves a weak point in the
pile, but involves loss of time in making a jointand allowing
it to set and harden. The size and the length of & pre-cast
pilz is also determined by the [acility of transporting them.
Often a large number of slender piles is preferred to a
smaller number of thick and heavy piles.
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Figs. 33 and 34. Pile driving machine Drop hammer typs.

When it is difficult to ascertain the exact length of a
pre—cast pile required for any work due to the varying
depth at which the supporting hardpan occurs, certain
standard minimum lengths are cast and small pieces of
pre—cast lengths are added as required, tongne and grooved
or spigotand socket joints being used to conunect each other,
Sometimes standard lengths of pre-cast R. C. C. units are
cast, which are assembled and driven,

3



4 AUILDING CONSTRUCTION Lo 3

Ast, 27, Pile Driving—Pre-cast and Cast—in-silu,
(i) The Drop Hammer Type—In its simplest form, the
device for driving a pile consists of a drop hammer of
sbout 2 to 4 tons weight. A rope is 2ttached to the hammer,
and is nsed for raising it with theaid of a winch. The forge
required for driving a pile is derived by raising the hammer
to the required height and then allowing it to drop down
through the guides, on the hood of the pile or pile cap.
A typical pile driving machine is shown in froat and side
elevations in Figs. 33 and 34 respectively. The top of the
pile is protected by a pile hood containing 2 cushion of
hard-wood blocks and the lower pointed edge is reinforced
by an iran shoe for effective driving. Fora drop hammer
type, the frame i3 of timber and rests on rollers for lateral
movement from place to place for driving. For driving batter
piles i, &, piles st an angle or inclined piles, the guides are
capable of eccupying a slanting position at a desired angle,

(ii) The Steam Hammer Type—The driving force in
this type is derived from steam hammers for quick work,
and a larger number of blows could be delivered at the
head of the pile in a short period for driving. Both single
acting and double acting steam hammers are employed,
Steam hammers are specially used for driving sheet piles,
steel tube casings of cast in—situ piles, and where small
vibrations are required to be set up in the casing tube,
They are mounted on specially designed steel [rames which
could bs conveniently used for driving piles under different
conditions. Mobile type of pile drivers are also designed and
are mounted on caterpillars. They have guides suspended
from the edge of a crane, which replaces the frame of a
normal pile driver. For pile driving work, in water, pile
drivers are also mounted on boats.

(§il) Use of Water Jets—For soft driving, the effect of
damaging the piles by a hammer could be minimised by the
use of water jets, Noszzles are provided infront of the pile
shoe and by the sides as well, and water of the required
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pressure, upto even 100 1bs, per sq. in. is jetted through
them. The front nozzleis intended to soften the loose material
and the side ones to lubricate for easy driving. Driving
of piles by water jetsis often accompanied by difficulties in
maintaining the piles in plumb, An internal pipe placed
longitudinally in the body of the pile is more advantageous
to supply water for the jets and gives a better balanced
drive, than external side pipes.

(iv) With theaid ofa Driving Drum and Winck Crab-
The driving drum is fixed at the head of the pile and the
pile is rotated gradually by applying a torque from winch
crabs through ropes. This method is used for driving the
sceew piles and disc piles of iron and steel in clayey soiis
and silt of a lhomogensous nature and when it is free
from burried boulders and trunks of trees, ete.

Art. 28, Bearing Power of Piles:—In the case of
bearing piles their bearing power depends on their safe
cesistance to crushing, The pile is considered as a column
and its bearing power is caculated on the sectional area and
the safe permissible stress in conorete of the pile, Bearing
piles are ** driven to refusal™ i &, until no penetration takes
place under the last few blows, This results when a pile
reaches a bed of hard rack or bardpan on which it rests
and to which the load is trausferced.

But the bearing power of friction piles is determined
by a study of their behaviour under theeffect of last few
blows. As they are not driven to rock level, under ench
blow a propartional penetration always takes place. On
this basis several imperical formulae ars framed’

Load Tests on Piles—Piles are also tested for their
bearing power by applyingstatic load tests. A loading plat-
form is built up on the head of the pile to be tested and is
foaded by sand bags or heap of iron and rails, as m the
case of soils. Settlements are obsaerved and the magnitude
of the failure load is determined. A graphical study is
generally resorted to. A suitable factor of safety is applied
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for obtaining safe load an the pile. Jacks are also used to
deliver the test load to a pile,

Art, 29. Iron Piles—Disk Piles and Screw Piles, Tron
is also used as a material for piles. A disk pile consists of
a hollow shaft of upto 12 ins, diam. and & disk of upto 6
feet diam, These piles are guite suitable for homogensous
types of sandy and clayey soils with silt. For greater depths
screw piles are used. Usually a pilot screw of a much
smaller diameter is provided at the lower end. Disk and
screw piles are driven by a capstan wheel or drum of about
15 ft. to 20 ft. diam. fixed rigidly atthe bead of the pile.
This drum is rotated by means of ropes worked by winches.
Water Jets are also used to facilitate the driving process.

Art. 30, Pile Driving Formulae—(i) When a Drop
Hammer is used, neglecting the effects of elasticity, Accor-
ding to one formuls, considering the effect of impact on

in-elastic bodies, we have, safe load on pile, given byi—

P = lgui tons ( This is known as Brix formula. ).

Where, W = weight of drop hammer in tons.
H = fall of drop hammer in ins.,
D = distance In ins, that the pile is driven by
the corresponding blow.
C = constant, usually taken as 6 to 8 as factor
of safety.
I the weight of the pile w in tons is taken into account
then, we have,—

- =| W*H
Safe load on pile, P = CW+ w D tons.

This is also known as Dutch formula with € as ths
factor of safety.

(i) When @ Drop Hammer is nsed, considering the
-elfect of elasticity. If elasticity of the pile and the drop
hammer is taken into account then, safe load on pile,

i 4 W wlf D
CIlW+w)P
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For the value of D in the above formula, an average
of last five to ten blows is taken. It should not be less
than 17.

(iii) When a Steam Hammer is used, Engineering
News formula :—

2WH

Safe load on pile, P= C+D

Where H is in fect and D is in inches. The value of D
is an average of last 20 blows.

C=1 when a drop hammer is used and 0.1 when a
single acting steam hammer is used.

For a double acting steam hammer, we have
p=2(WHapH) _a=area of piston, 5q. ins.
D+ 0.1 P = steam pressure, |bs./sq. in.

This is also called *Wellington * formula.

{iv) Hiley's Formuls—For steam driving—Recently
attempts are made to elassify the type of driving needed
for different types of soils, such as, easy, medium, hard and
very hard driving and assign different values for the respec-
tive contrants appearing in the piling formulae, Thelength of
the pile also has an effect on these constants, Hiley's for-
mula is stated as the total resistance of the ground:—

R = Ultimate resistance of the ground to penetration,

plus wt. of hammer W, plus wt. of pile w.
_xW. yH
=ppesg .t

For obtaining the safe or permissible load on a pile 50
percent of R is only taken, -

x = efficiency of hammer blow, which depends upon
the ratio of weight of pile to that of hammer. Ses table VI,

y = conversion factor for actunal fall to obtain effective
fall. 0.8 for drop hammer; and 0.9 for steam hammer and
1.0 for a freely falling weight. H in inches.

C = temporary 'elastic compression in inches, See

table VII,

= tons.

tons
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Art, 31, Reinforced Concrete Piles, Cuast in-sifu
Piles—These piles are cast on site, in the position which
they are intended to cocupy finally. Principally the castingof
such pilks involves the operation of first boring a hole in the
gronnd and subsequently filling up with concrete after
the necessary steel reinforcement is. introduced,

Table No. VI. Values of z for R. C. C. piles.

Wiw 3 1 14 2 3 B 5 7

RC:Closs 063 035 050 042 036 031 0.27

Table No. VII. Temporary elastic compression C Inches.

1
Type of driving and stress intensity in pile
Length of Ibs/sq.in.
?51: ft. =G :

R.C.C. | Easy driving—500, Medium driving - 1000;
Hard driving—1500; Very hard driving - 2000

20 0.28 0.47 0.65 0.7
40 0.34 0.59 0.83 1.03
60 0.40 0.7 1.01 L.27

This class of piles has some advantages over pre-cast
piles. There is no wastage due to cutting off the top. or
delay in lengthening, curing and transpoting as in the case
of pre-cast piles. If the cast in—sity piles are sunk by boring,
instead of by driving, disturbances in the soil and the proba-
ble dangers to the existing heavy structures could be avoided

The cast in—situ piles fall into the following principle
catagories,—
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(i) Piles whick are protected by a steel tube or shell—
An outer stecl shell or tubeisdriven into the ground with the
aid of aninner stesl core, The inner steel core is collapsible
and removable after the required depth is reached. Reinfor-
cement is then introduced in the steel tube, which is then
filled with concrete. The outer steel tube is usually corro-
gated and reinforced laterally with {* diam, bars, In Fig.
31 is illustrated such a concrete cast in-situ pile with the
outer corrogated steel shell left in position as a permanant

#
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Figs 35. 35: 37 and 38. Showing the different stages of cant-in-
st piia driving-Simplax fype.

casing and the inner collapsible core partly drawn out.
A view of the completed pile is shown in Fig. 32

(ii) Pilesin which concrete is not protected at the sides,
and is allowed to come iz contact with the soil in which it is
driven. This is the second catagory of cast in-situ piles.
The hollow steal tube which is used while driving, actslikea
form work for concrete. Tn hard ground and in made up
soils & cast iron shoe of the inverted conical type is nsed to
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facilitate driving. Otherwise in soft and homogeneous soils,
n quality of dry concrets of about 3 cu. ft. is putat the foot
of the tube instead of the cast iron shoe, and is driven by
a rod hammer from inside.

Art. 32, Cast in-situ Pile Driving—{a) With C. I,
ghoe—The section of the pile is the same as the driving
tube. The following is the sequence of operations generally
adopted in the type of concrete pile known as Simplex
concrets pile, where C. L shoe is used,

T  / CABLES FOR DRAWIHG
UP THE CASING TUBE
LEVEL]
I mrER Lone RoD
HAMMER FOR E
CABUS BTN pRIVING,coMPAC- B
L8 H TING B FORMING
|_- HAR.DFAH

Flg: 32, 40 =2nd 41. Driving of Bulb Filas.

(i) Cast iron shoe is placed is position on the ground
where the pile is to be driven.

(ii) A hollow steel tube is placed on this C. L shoe
and thetwo aredriven into the ground to the raquired depth.
See Fig, 35, The driving force is applied to the stesl tube.

(ii1) Steel reinforcement is then lowered centrally into
the tube.

(iv) Concrete is poured into the tube about 3.0 ft,
each time and under its own weight gets consolidated.
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A long steel rod hammer induces the downward decent
and cosolidation of concrets. Ses Fig. 36.

(v) The stesl tube is then drawn out s shown in
Fig, 37, each time a 3 ft. length is filled up.

(vi) The final pile after completion with pile cap
on it, is shown in Fig. 38.

Art. 33, The Bulb Pile or Pedestal Pile—The lower
cast iron shoe as mentioned in the previous article is omitted
and in its place a small quantity of dry concrete is placed
at the foot of the hollow steel tube before driving and the
driving is effected by ramming this concrete from within
and with the aid of 2 long rod hammer. See Fig. 39

After the final depth is reached, 8 fresh quantity of
about 3. ft. concrete is poured in and the steel casing tube
is partly drawn up. On ramming, this concrete bulges out
aud forms a bulb which increases the bearing capacity of the
pile at the foot. Ses Fig. 40. The reinforcement is lowered
after the foot bulb is formed. Similar Concrete bulbs wonld
also be formed at intermediate points in the whole length of
the pile, which improves the side grip of the pile in the
ground, See fig. 41, In another system, the foot bulb is
formed by a small explosion.

Art. 34, Tamped piles or Expansion Piles—The
section of pile is more than that of driving tube. These are
cast in a similar manner to the Simplex Concrete Pile,
except that at the lower end of the tube a sleeveis fitted
as shown in Fig. 42. For every 2or 3 ft. of withdrawal of
the tube, it is again forced downslightly to drive the concrete
out of the lower end of the sleeveand to ram it as well,
The piles thus formed areslightly thinner in section. SeeFig.
43, The piles thus formed are also dense and homogeneous.

Sometimes the cast iron shoe is omified and at the lower
end of the hollow driving tube, the sleeve of the tamped pile
is replaced by an alligator point, Thealligator ssrves the
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purpose of a driving edge and its jaws are closed when the
tube is being driven. See Fig, 44, When ths tube is being
withdrawn, the jaws open and the concrateis forced out,
as shown in Fig. 45,
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Fig. 42 & 43. Cast in-situ piles. Fio. 44 & 48, Cast in-sjn plles,
Temped type with C. L shoo. Tamped type with aliigator palnt.

Vibro Piles—In this process, the consolidation of con-
crete in the hollow steel casing tube is sffected by vibrating
the entire bulb, By this it is claimed that more dense con-
crete is formed and the work would be dope rapidly and
that the piles are stronger.

Art. 35. Sand Piles—These are [lormed by first
driving holes in the soil for the required depth and
then filling them by sand. After the sand is consolidated a
concrete cap is placed on these piles to take up the load.
Usually these piles are not more than 10 to 12 feet long and
10 to 12 inch. diameter.
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Art. 36. Grouping of Piles and Pile Caps—While
driving friction piles in groups, it should be remembered:—

(1) That the intensity of loading on the soil due toa
group of piles does not exceed the bearing power of the soil.
Otherwise the whole group of piles will sink bodily.

(i) That if the piles are driven too close (o each

OF PILES |

Sl

SROURING
Fig. 48, 47 and 48. Datails ol grouping ol Pilss and plle caps

other the compressed soil confined between them is likely
to be squeszed out in the course of time, and thereby the
piles may loose their bearing power.

Om acéount of this, the spacing is kept usually not less
than 30* so 36* from centre to centre between two piles.
See Figs. 46 and 47,

After the piles are driven igto the pround, their tops
arc cut to s uniform level and a frame work of beams and
a platform of slab is provided for the structure to rest
upon. It is necessary that the loads over the group of piles
is distributed vniformly as far as possible. Butin the case
of tall towers and chimneys, due tolateral forces of wind
acting on them, the supporting piles are not uniformly
loaded. On the windward side the load on piles becoms=s
coksiderably less than that on the lee—ward side. In such
cases, the aumber of piles required is calenlated by taking
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half the load on piles without wind pressure. The conerete
footings of R. C. C, columns are supported directly over
the piles. See Fig. 48. Note the reinforcement of the
R. C. C. piles extending into the pile cap.

Batter Piles—In the case of foundation for retaining
walls, quay walls, jetteys, piers, abutments, and chimnyes,
etc., where there are horizontal forces acting on foundations.
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Fig. 48, Fier foundations.

inclined piles called *Baiter Piles ' are provided, These
piles are driven by giving an inclination to the guides of
the pile driver, as required,

Art. 37, Pier Foundations—This is another form of
pile foundation. The piles are replaced by mass concrete
or masonry piers of 4 to 6 feet thick and tops of these
piera are connected by mass concrete arches or arches of
brick or stone masoury, below the footing level. This type
of foundation is more suitable for very heavy loads of
framed structures on shallow types of soft ground, and
marshy or wet places, overlying & rock or firm strata. The
piers are founded on the firm strata and thus transmit the
load safely. See Fig- 49.

Art. 38, Steel Cylinder Foundations—In the case of
very heavy structures, it isadvisible to take the foundation
upto solid rock below, If this rock strata is deeper than
about 15 to 20 feet from the ground level and particularly
when clayey soil islying overit, piles become veryslender
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and greater in number, To overcome this hollow steel cylin-
der 3/8" to 3/4”* thick and about 4 feet in diam are usad
to provide the foundation. They are sunk in lengths of &
to 10 feet by any ome of the following methods :—

(i)} By blows delivered from a steam hammer.

(ii) By pressure from the hydraulic jacks.

(iii) by excavation with aid of compressed air or
buckets or dredgers.
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Fig. B0, 51, and 52, Steel cylinderz and caiszon plers.

(iv) by their own weight or by extra weight added
on top, with the aid of a loading platiorm.

After reaching a firm foundation bed, the cylinders ara
filled with concrete, One or more cylinders may be sunk,
for each column. See Figs. 50, 51 and 52, The first two
are suited for rock beds while the last one with a widened
base, is designed for resting on a hardpan or hard compact
soil, ;The steel cylinders used for casing, are sometimes
left permanently to protect the concrete.

Art 39. Caisson Foundations—These are very similar
to cylinders. Sometimes only ope large pile is used under
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.each column, At the lower end there is a strong box called
working chamber, in which is carried out the excavation
work for sinking the caisson pile. Usually it is heavy
enough to sink under its own weight. 1f there is under
ground water, it is prevented [rom entering inside the
caisson by maintaining the necessary air pressure in the
working :chamber, supplied by means of snitable compressed
air pipes from the top. In thisease the top is closed. Air
locks are provided for the passage of men and material
between the working chamber and the ground level, The
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Fig. 53. Calssond Fig. 84. Well-sinking.

caisson is then said to be sunk by pneumatic process. See
Fig. 533. The main body of the caisson foundation can be
of either R. C, C. or stesl platas,

~ Art, 40, Well Foundation—Wells of mmsonry or
canerete age also psed to provide foundations for columns
aod piers carrying very heavy loads, They are builton a
curb with a cutting edge of the reguired thickness for the
wall, and are sunk by dredging under this cuotting edge.
Single w_:'lls are circnlar and their diameter varies from 5 to
15 it. inside. The well gradually sinks under its own weight or
by added weight on top, until it finally rests on hard ockr
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“The well is then filled with concrete. The space inside the
well bebween the battom cancrete seal and the R.C. €. cap
on the top; is filled with either concrete of low strength,
sand or water. It should be noted that cylinders, caissons
and wells have to be maintained in & vertical position while
sinking and when left in their final position as well. They
should be perfectly plumb. A typical well foundation for
a bridge pier is shown in Fig, 54

Well-Sinking—The normal procedure for well-sinkisg
is as follows:—To excavate on the surface of ground toa
smull depth. To place the well curb or steining with cutting
-edge on the bed of above excavation in the required position.
To build masonry or cast the concrete wall to a height of
about 6 to 8 fect. To dredge from inside, sufficiently lower
then the cutting edge to a depth of about 2to 4 fest. To
load the well on top by preparing aloading platform to effect
the sinking of the well. To dredge again until 6 to 5 ft. of
sinking is obtained. To remove the load and the loading
platform. To build the next height of 6 to 8 ft. of masonry
or concrete. To repeat the above process in the same order
‘as above, If the water pressure is great and thereis heavy
inrush of water which could not be coped np with pumps
to expose the bed for excayation under dry conditions, dre-
dging under water has to be resorted toand coutrolled from
‘the top of well. The dredgers commonly used are grab dr-
edgers, orange peal dredgers, and bucket dredgers. Suction
dregers ure very seldom used in well sinking.

Art. 41, Compartmeat wells and Caissons. Very
often, while sinking, wells and caissons go out of plambdue
to various reasanssuch as : uneven dredging and jetting soft
pockets of clay met with by a part of their base; boulders
touching a part of their base; the base rock surface on which
they are to rest being not horizonal; unequal and careloss
loading on them while sinking; etc. In the case of small wells-
this is set right by careful dredging, excavating and loading
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on’their side opposite to that towards which it is inclined,
or by operating hydraulic jets, if they are used, or by
pulling them against an anchor weight.

But in the case of large size wells and caissons, their
total cross sectional area is divided into regular compatments
of about 10 ft. by 10 ft. size, arranged symmetrically with
respect to their two axes, and the entire process of sinking is
controlled by symmetrical dredging and loading of these com-
partments. If the base has to rest on an inclined rock surface,
extra lengths of R, C. C. are built up below that part of the
base which overhangs 'and does not touch the rock
gurface, Alternately the hump of the rock surface which
touches the base of the caisson or well is excavated and
removed so as to give a horizontal foundaion bed for it
to rest upon,

Art, 42, Resistance of Piles, Caissons and Wells—
When piles, caissons and wells are driven in soils, they
have to overcome three types of forces :—

(a) The resistance of the soil at the toe or the base
for direct bearing.

{b) The friction along their sides and the scil,

(c) In the case of tapered sides ths vertical compo-
nent of the mormal pressure acting on the sides.

Thus the equilibrium equation for the stability of the
above could be written as :—The ultimate load,

L=pA+ S+ Nsinv.S

$ = the unit bearing pressure of the soil acting on a

base area of A.

f=the unit side friction acting on the total side
contact area S of the pile, calszon, or well,

N = the unit normal pressure on the sides and v is
the angle of the tapered side (if a taper is provided) with
the vertical,
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The approximate valueof f for different soilsare given
below in pounds per sq. ft.:—

(i) Soft clay and allnvial deposits 75 to 150
(i1) Compact clay and silt 200 to 400
(iii) Compact sand and silt 500 to 1000

(iv) Compact coarse sand and gravel 1200 to 1600
(v ) Unexposed firm shale and compact :
gravel. 1600. to 2200
It is very seldom that througout its depth, a pile will
pass through only ene type of soil. If trial borings at the
site indicate different type of materials; say lor ezample,
soft sand and clay, silt, coarse sand, coarse sand and gravel,
etc, the thickness of the layers of these various materials
as certained from the logs of borings, and the correspon-
ding frictional resistances are worked out and added to
obtain the total frictional resistance of the pile.

Prestrased Concrete Piles—It may be noted that with
the advent of prestressed concrete, piles of the precast
catagory are also made of that material. The prestressing
cables are passed through ducts in the corners of the piles.



CHAPTER IV

Excavation and Foundation Concrete

Foundstion plans and satting out. Dry excavstion, Looss sofls and
dry evcavation, Sheet pifing. Excavation In rock. Waier in excavation
Conerete and ifs-uses in foundation. Aspscis of concrete making,

Excavation

Art. 43. General-Foundation Plans and Setting
out—The methods of providing a suitable foundationtoa
structure at its base, for transferring its load to the soil below,
have been hitherto explained. The next step is to excavate,
into the ground to reach this soil of the required type and

bearing power and to prepare a bed of foundation on which
is laid the foundation of a structure,

After the foundation designs are ready for any structure,
foundation plansare prepared for the guidance of theconstruc-
tion engineer showing the widths and depths of excavation.
The widths shown in the plan are thoze at the bottom and
the depths indicate bow deep the excavation should be taken
to reach the desired soil, It may be noted hiere that though
the excavation depths are marked on the plan,they are merely
a guide, and it is the responsibility of the construction engi-
neer to see that sucha soil of the estimated bearing power
is actually met with, For this purpose, the excavation
depth may be changed as required.

The next step is to set out the centre lines of the respe-
ctive walls and columns on the ground together with the
corresponding foundation widths to facilitate excavation.

Ordinarily the common implements used for excavation
are pick axes, showels and spades. But for removing boulders
crow=bars and chisels with heavy hammers are best suited. In
hard rocks the operaiion of blasting is quite essential to
procesd with excavation,
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Art 44. Dry Excavation—The excavation of foundation
pits is very simple, if the soil is firm, the depths are
moderate and no underground water is met with, But in the
case of soft soils, such as loose earth, clay and sand, the sides
of excavation require supports to prevent them from falling in.
The supports essentially consist of boarding planks or poling
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Fig. E%TE'J. Supporting (ha sldes and adgas of excavation al intsrvals,
figs.51.58. Supponing thesides and ad zas with continuous waillng board
boards, wailing pieces and struts, The various ways in which
the above members arzarranged, depend upon the strangth

and the type of the support required. The arrangement is
known es Timbering or Shoring.

In Figs. 56 and 57 are shown the methods of supporting
the sides of excavation where the ground can’stand a vertical
cutting during excavation but afterwards may yield and the
edges may crumble down. The vertical boarding planks are
kept at a suitable interval and are supported by struts, the
wailing boards being omitted in this case. 1f the earth is
slightly softer, continuons wailing boards at top and bottom
of boarding planks are used as shownin Figs. 57 and 38.
The boarding planks are slso used ata shorter spacing.

38185
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Art. 45, Loose Soils and Deep Excavation — In the
case of clayey and sandy soils, the poling boards have to be
arranged in a close manner. The usual practice is to arrange
these planks vertically as shown in Fig. 60 and 61 but some-
times it isalso found convenient to place them horizontally
as shown is Fig, 59, In ths latter case, vertical poling boards

HORIZANTAL & POLING BOARDS
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Fig, 60. 80. Showing and strofiing of lbcse solls

Fig. 8l Showing the lowar ends of shest pilas
have tobeuged at regular spacings. Horizontal boarding is
used specially when the soil can stand cutting for some
time. They can then be spaced at some distances instead
of touching each other., The vertical arrangements of
the poling besrdsas mentioned inthe former case is comm-
enly known as sheet piling. To facilitate driving, the planks
nsed for sheet piling are pointed at their lowsr end as shown
ia Fig. 61, and in hard ground they ace provided with iron
shos and iron cap. They are ordivarily driven by-afalling
weight, but for speedy work steam bammers are nsed,
Sheet planks should be tongued and grooved where water
and running sand have to be retained.
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Steel sheet piles are also used instead of wooden ones,
and have the following advantages:—{ i) They can sustain
greater pressure; (ii) They can be driven in advance of
excavation; (iij} They can be driven to a greater depth;
(iv) They could be reused for a greater number of times,
{v) The interlocking between the piles can be secured more
effectively. However, steel sheet piles are more costly than
the wooden ones.

Dezp Excavations—With ooe length sheet piling, &
depth of about 8 to 10 feet:can be reached, But for deep
excavations the timbering is carried out in different sections.
For éach section the width isincreased at the top by about
1'-6" to 2'-0' on either side. In Fig, 62 is illuostrated a
method of timbering in two storries, in the case of a strench
for deep excavation for a wall.

For ‘Basements and cellers of buildings excavation has
to be carried out for the entire area and it is often not
possible to arrange the struts horizontally against the two
sides of excavation. This difficulty is overcome by placing
the struts in an inclined fashion. Note the use of bearing
plates and pairs of wedges in Fig. 63 at the lower ends of
inclined struts for transferring the earth pressure to the
ground below. The wedges facilate the remowval of struts
quickly and easily. For basement and cellar excavation
nearby a road or anadjoining buildig, steel shest piling is
used, as the banks of excavation have to be held with
rigidity and strength.

Art. 46. Excavation in rocks—This is carried out with
the aid of blasting. The various operations in blasting are:—
(i} Drilling a hole of about 13" diam. either with 2 jumper
or a rock—drill; (ii) Filling the hole with the required quan-
tity of blasting powder and closing the remaining portion
of the hole with a selected tamping clayey material; and
Brally (iil) Blasting the rock. A fuse of a sufficient length
is used to ignite the blasting powder and to allow the person
to run to & safe place after lighting.
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Art, 47. Water in Excavation — As the excavation
depth increases, itis generally expected that under grovnd
water will be met with, The presence of water makes it
difficult to proceed with excavation, The following are the
varions methods used to deal with water in excavation,

(i) Simple Drains and Sumps—Moderate amounts of
water are disposed of by means of drains excavated by the
side of the trench, all draining into commen sumps provided
at the lowest point, and from which the water is bailed out
by means of buckets or hand pumps.
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(i) Cofferdam and Pumping—But large quantities of
water require special methods to be vsed to control and re-
move them. The common methodlof keeping away the water
from the site of excavation is by putting up a colferdam
of earth, 'sand bags, puddle clay, sheet pile or ecrib
cofferdam. They enclose the area whithin which the
foundations are to be laid, A typical puddle clay sheet pile
cofferdam and crib—sheet pile cofferdam are shown in
Figs. 64 and 65,

Cribs are used where there is rock at the bottom of
water and sheet piles could not be driven. They are stabi-
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lised by rock spoils filled inside them and seet piles are
fixed on the water side.

Leakage and Boiling—After the site for excavation is
enclosed and when the inside excavation is in progress, if
there'is a strong underground water currentor water pressure,
particles of small size gravel and sand are forced up from
the bed of excavation and thereby give an appearance of bosl-
ing. Such hoils cause serions disturbances of soil in the
foundation material and should not be allowed to form. It
should be remembered that the purposé of a colferdam isnot
to completely exclude the water, but to minimise it within
the limits of practical pumping. The cofferdam isconstructed
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in advance and the water is pumped out to expose the bed
of soil and to create dry conditions for laying foundation.

(iii) The well-point Wethod—In this method, the area
to be excavated is surrounded by a row of pipes sunk
vectically to a depth deeper than that to be reached by
excavation. At the bottomof each pipe a perforated metal
tube fitting is provided, known as “‘well-point’’. The tops of
all pipes are connected by a common horizontal suction
pipe. The underground water is drawn out through this
piping system and the entire area is thus dried out to take
up normal excavation by showels land spades. Sometimes,
the well-point method is assisted by a barrier of sheet piles.
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(iv) Caisson and Well Excavations—By dredging and
pueumatic process. For deep evcavations asin the case of
foundations for bridge piers, caissons are used to keep away
the water during excavation of foundation, The required air
pressure is maintained in the caisson box or the working
chamber, sae Art. 39, which is sunk gradually by excavating
inside and around the working edges.

{v) Chemical Process—Under favourable conditions
where soils are of 4 permeable character, their stabilization
can be effected by chemical methods, The scils areimpreg-
pated by suitable chemicals which subsequently harden and
form one haomogeneous mass with increased power of resist-
ance to lpads. The pores in the soil are sealed up. By this
process an entire ares may de hardened or any weak part
of & foundation may be treated. The cementation process
adopts the impregnation ol sandy soils, alternately, witha
mixture of silicate acid and water under high pressure, and
a salt solution. In some cases, cement grouting through
perforated pipes is also employed. The cement used may
be also in a dry state,

{vi) Freezing Method—Ii water is present im very
finesand, and clayey soils, excavation for fountation becomes
very difficult. To keep out the water from the foundations,
freesing of the soil is sometimes resorted to around the site
of excavation where the foundations a&re to be laid. A
freezing mixture is circulated through the pipes whichare
driven into the soil all around the site to be excavated.
After a certain period which may extend over several days,
the soil round about the tubes gets frozen and forms into
a wall of impervious mass. Within this enclosed area,
excavation for foundstion is carried out easily.

Though the above methods of dealing with water in
foundation are described separately, very oftes, a combi-
pation of two or more is required. It shonld be remem-
bered that while removing the onderground water, the
stability of the strata should not be disturbed.
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Foundation Concrete

Art. 48, Concrete and its use in Foundations—The
use of concrete is very common as a material to be laid
directly over the foundation bed for transferring the load of
structure to the soil below. It possesses both the essential
structural properties ol strength and durability and is adap-
table to almost any condition in foundation. 1t offers a solid
base to walls and columns to rest upon, This is quite essen-
tial forsupporting structural members which arebuilt up of
independent small units such as stones and bricks, It 18
essential that a foundation engineer must have’a fundamental
anda thorough knowledge of the technique of making con-
crete of the desired properties from the available materials.

Concrets is an intimate mixture of cement, water,and
aggregate, designed to imitate the structural properties of
@ good naturzl stone. Instead of cement, under ordinary
conditions; good lime is used as a binding material, But
only hydraulic lime or cement should be used in wet founda-
tions. Plain concrete has great compressive strength but has
less stremgth in shear and tension. In fact, it is used in
combination with steel to resist great tensile ‘and shear
stresses. [t is then termed as Reinforced Cement Concrete
or R. C. C. Bath plain and R. C. C. are widely used in
foundation work. The following is & note’on the respective
ingredients of which a concrete is made up.

Aggregate—Coarse-Should pass through a sieve of the
maximum specified size and be retained ona 3/16 in. mesh

siave. It should consist of equal parts of material between
the maximum:size and the middle size. the middle size and
3/16 in. For example if 3/4" is the maximum size, then the
middle size is 3/8 in. No oversize materials sre normally
permitted in the aggregate; but in mass concrete work 12
ta 15% of the over size material by weight may be used.
Either broken stone or shingle may be used as aggregate.
and should be clean, free from loam and vegetable matter.
The particles should be angular and approximately cubical
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in-size. It should vary insize to secure perfect grading and
dense, uniform concrete with all the voids filled up.

Aggregate — Fine — This is obtained from broken stone
or sand from streams, rivers and pits. All grains shall pass
through a size of 3/16 in, mesh sigve and shall consist of
properly graded and sized particles upto 1/16 in. Sea sand
should not be wsed for making concrete. Sand should not
be too fine and the grains shounld vary uniformly in size,

Cement—The cement used snould be of approved manu-
facture and should compiy with the latest British Standard
Specilications for the type of cement to be used on_the works.

Water—Only that water which is fit for drinking shall
be used for concrete work. The water-cement ratio and the
exact quantity of water to be added each time for any
type of concrete is specified by the engineer in charge, for
mixing concrete.

Art. 19, Aspects of Concrete Making—The following
are the salient features in the making of good concrete. It
should be remembered that each stage has its own import-
ance in imparting strength and durability to the resulting
concrete and also in making the entire operation an econo-
mical one,

(i) Propartioning Concrete—The stren gth of concrete is
governed by the ratio of its ingredients and size of the aggre-
gate, whereas its durability depends upon its density or the
closeness with which its ingredients are packed. Itshonld
always be the aim of a concrete designer to produce a dense
and homogeneous concrete which will give the desired
strength with a minimum paste of cementing material,
For the theory of concrete making, the reader is referred
to A Text Bookof Reinforeed Concrete, by R. S, Deshpande
and G. |. Kulkarniand a Text Book of Engineering Materials
by G. ]. Kulkarni, or any other text book on the subject.

(i) Mixing of Concrete—The aim of mixing is to prepare
a homogeneons concrete so that each particle of the aggre-
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gate is covered with a film of cementing material and the
whole concrete is workable, The materials are measured
in each batch mix and are mixed eitherin machines or by
hand. The present practice is to adopt machine mixing in
all superior works.

(iii) Transporting Concrele—On big works extending
over wider areas, the problem of transporting concrete
from a central mixing position deserves a careful conside-
ration. Ducing the transport of concrete segregation
of the ingredients should not be allowed to take place,
and its homogenzous nature developed during mixing should
not be lost. It should be depesited in its final position of
rest in less time than that specilied for the initial set of
cement, from the commencement of wet mixing, On large
acreas, concrete towers are constructed when ready mixed
concrete is raised and distributed for depositing with the
aid of chutes or inclined troughs or pipes radiating from
it, For easy and quick transporting, concrete pumps are
also adopted, and the use of pnenmatic guns and concrete
pumps isalso becoming common in large construction works.
However the transporting of ready mixed concrete should

ot be recommended for very great distance as this may
fect its homogeneous natnre and set op initial setting,

(iv) Placing of Concrete—Conerete should be deposited
on a foundation bed with careso that the ingredients are not
separated and honsycomb texture is eliminated. It should not
be thrown from a height. It should be laid in regular hori-
zontzl layers of thickness not exceeding 6" to 9%, Similary
electrical or pneumatic vibrators are used to produce dense
concrete, In any case, concrete should on no account be

disturbed after the intial set commences. Expansion joints
and construction joints should be deligently provided
wherever required,

(v) Curing—Freshly laid concreteshould be kept tho-
roughly wet for about a fortnight for curing. During this
pariod, certain chemical changes take place in concrete and
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the whole mass hardens and gains streagth. Wet gunny bags
-soaked with water are spread on concrete. Earth bunds
longitudinal and cross-wise are put on the surface of con-
crete and kept filled with water during the curing period.,

(vi) Form work—Wherever required, form work should
be provided to sapport fresh concrete until it hardens
sufficiently tosupport its own weight and the superimposed
weight, The essential requirements of a godd form work

“arethat it should be rigid and should not be deformed when
in use, It should also be capable of being removed easily
and guickly after use

The thikness of foundation concrate below walls ‘and
columns is shown in figs. 8 and 11, but its minimum value
is taken as 12 ins. to 15 ins. If the structure rests on solid
Tock, the layer of concrete may beeliminated and the wall
or column could be made to sest directly on the prepared
and chiselled rock bed.



CHAPTER V

|~ Stone [Masonry

G=naral coppidsration, Classes of masonry—thelr tmportant fea-
tures. Walls and thair typas-load bearing, panal and composite walls.
Framad struciorss. Terms used,

Dressing of stomas, quarry drassingand dresning st site; General
prinoiplas of stone masonry construction. Classtfioation of stone
mssgonry, Ashisr magoary. Bubbla masonry-coarsed mbble and
random rubble, Mathods of sscuring lesvy =tonss to be lifted. Use
of jaggles, dowels and cramps, '

Art. 50, General Consideration—Classes of masonry
and their important features—Masonry is the art of build-
ing in stones and bricks. Except in thecaseof dry masonry
some kind of mortar is invariably use as a binding material
for these uiits. Sometimes the term masonry is confined
where only stones are used and the term brick laying being
used if bicks are employed instead. In some casesstone is
used in combination with brick or concrete to form com-
posite masonry.

Following are the salient features of the two principal
classes af masonry:-{i) Stone Masonry, (il Brick Masonry.

(a) The materials used instone masonry wallsare either
natural stones worked to rectangular blocks and roughly
dressed, or artificial stones manufactured from concrete to
the required size and to resemble a stone. On the other hand
bricks are clay products designed to prossess zood strength,
durability and insulation properties at & moderate cost.

{b) Stone walls built of solid cubical blocks are stronger
and more durable than brick walls. In public building and
works of monumental nature and of vational importance
where cost is not a primary consideration, stone masonry
iz best suited.

(c) When compared with rubble masonry, brick masoney
affords proper bonding, rapid construction and requires

»
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praportionately a smaller guantity of mortar. The work of
canstructing a brick masonry wall is more mechanical in
nature, whereas for stone masonry some extra time is spent
in dressing a stone and setting it into the wall.

{d) Brick walls can be smaller in thickness-up to3" to
41" whereas & stone wall is not ordinarily buit of a thick-
pess less than 15 ins. Unless the bricks are of a firstclass
«quality; the exposed faces require protection'by plastering
10 prevent the absorption of moisture. This increase the
cost of thin walls. But thin wall havea distinct advantage
«of giving a greater available floor area in the interiorofa
building for occupation.

(e} When heayy architectural mouldings with greater
projections are required, stone is better suited. But for light
ornament! work bricks can be conveniently shaped and
subsequently covered by plaster.

(1) Stopes are quite unsvited to certain atmoshperic
conditions and consequently distingrate badly, Hence great
care should be taken in the selection of a building stone
o suit the local atmospheric conditions.

(g) For external wall faces, stones do not require ren-
dering while bricks have to be protected in many cases
with a plaster coat.

Art. 51, Walls and Their Types—Structurally walls
-are classified into—(i) Load bearing walls; (ji) Panel or
Screen Walls; and (i) Composite walls. A brief discription
of these types of walls will now be given,

{i) Load Bearing Walls—Due to the introduction of
new materials such as concrete, simple and reinforced, pre-
cast block both solid and hollow, light weight partion panels,
ete., the traditional method of constructing a wall as load
bearing member, modified in many ways, But Joad
bearing walls serve both the purposes of supporting the floors
and roofs and that of screening and partitioning to enclose
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a space in a building, They shounld therefore be designed
to withstand the loads to be carried by them and should be
built on a continuous foundation to rest on a firm soil.

(ii) Panel or screen walls are primarily intended for secren-
ing and partitioning with a view to enclosing space. They
are very commonly used in framed structures and are built
between columns and beams as filler walls, They are non-
foad-bearing members and are only strong enough to stand
their own weight. The main load of the structure is borne
by the columns, beams and floors. Bricks, hollow or solid
pre-cast blocks, and such other light weight matefials and
propritory products are used for their construction.

{ iii } Composite walls are those in which the facing and
the backing cosist of diffierent materials. The common
variety of a composite wall consists of blocks of stones as fac-
ing materials bonded to bricks or concrete as backing, Other
materials like stone slabs, facing bricks, glass, tiles, etc, are
also used. The facing blocks are sometimes secured to the
backing by means of metal ties and cramps. Detailed method
of constructing composite and other varities of walls are given
later. In this chapter the construction of stone masonry walls
is dealt with. They are essentially ioad bearing walls,

Art. 52, Framed Structures—In a framed structure, the
{loors and walls transfer theirloads to the supporting beams,
which in their tutn, by virtue, of their resting on columns,
transfer their loads to them. The columss then finally traps-
fer the load to the soil below by any of the method givenin
the early chapter. Framed structures have some advantages
over walled stroctures, They are given below.

(i} Possilnlity of keeping in progress the work of several
building trades at a time. The frame work of the building
can be kept in progress on the upper floor and the walling
and the gther finishing work can be carried out on the lower
floors, This results in a greater speed of erection.
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(i) Costly materials of greater strength can be used and
the sections of the members can be smaller. Consequently
an increased floor space may be claimed.

(i) In made-up soils and for pile foundations, framed
structures are the best suited.

(iv) The classification of load bearing and non-load-
bearing members enables cheaper materials to be nsed for
the latter where strength is not the criterion.

(v) Buildings in esrthquake areas are better desined
as framed structures.

{ vi) In thecase of multi-storiad buildings, sterec-typed
construction work from floor to floor is always econamical
Framed structure admits of such a design, and if it is of
reinforced concrete, the form work for slabs, beams and
columns can be used several times.

Howeyer proper care should be taken tosecure bondage
between the members of the [rameand the panel fillings. 1tis
genesally obssrved that small buildings arequickly and very
conveniently disigned and constructed #5 walled structures.

Thres materials are commonly used for the constriction
of the frame work of 2 huilding:—{a)twood, (b) steel, and (b}
reinforced concrate. Each has its own advantages, The [irst
one is u=ed for cheap and temporary work whereas the lost
two are the best suited fora permanent work, Steel hasa
disadvantage of recurring cost of maintenance’and also cannot
be used alone when fire proof qualities are nesded. These
disadvantages are ovecome by the use of reinforced concrete,
and in addition the sections can be ecenomically designed
due to the continuity of beams and calumnps and to the mon-
olithic mature of the structureas a whole.

Art. 53, Terms Used—The following are terms used
in the constraction of masonry wallsi—

(1) Strefcher is a stone or brick which is laid length—
wize with its [ace paralls] to the face of the work, It may be
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noted that all khandkies in stone masonry are stretchers,
Strechers add to the longitadinal strength of & wall,

(2) Header is & stone or brick which 15 laid with its
length perpendicular to the face of the wall. In thicker walls,
instead of & single header a row of headers is used. If the
wall is of stone masonry these headers overlap a distance of
not less than b ins. and the joint thus formed between the
headers is koown as “‘stone joint,"" Headers arealso termed
as “‘through stones’ and they extend from one face of the
wall to the other. ‘“Bond stone' is also another name which
is applied to header in stone masonry. Headers add to
the transverse strength of a wall and secure bonding bet-
ween the facing and the hearting.

{3) Band is the method of arranging stones or bricks in
masonry work so that they are tied together to forma solid
mass with proper cohesion. The essential operation in bond-
ing is the breaking of joints. Stretchers and headers secure
longitudinal and transverse bonding, In 2 good bond the
variots umits are properly interlocked longitudinally and
transyerszly so that the resulting work 15 self supporting
and stable under loads, Thers are no continuous vertical
joints in any two SUCCESSiVE COUTSES. See Fig. 69. The
principal types of bonds in brick mmsonry are English,
Flemish, Dutch, Raking and Herring Bone bonds.

(4) Course is a layer of masonry in which are bounded
essentially stretchers and headersand a suitablebacking when
required. The thickness of a course is measured between two
bed joints. Normally in brick masonry four courses are arran-
ged in a foot as shown in Fig, 69, Usually the thickness of
a course is not greater than that of the course below it

(55 Rubble consists of stones of irregular size and shape
but approximately cubical, being suitable for use in the con-
struction of stone masonry. Spaills are also irreguiar sized
chips of stone, which are usually angular and more or less
flat. They are used for interior filling of walls and should
be always placed vertical in a wedging fashion.

5
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(6) (Juoins are external corners of walls and are specially
treated by using quoin stones to impart strength and appea-
fance to a structure. Quoins may be of a different material
than that used for the same walling, Quoins break the joints,

(7) Closer Bricks—King closer is a special sized brick
with its one end half the width of the brick. See Fig. 7.

They are used in the construction of splayed jambs and
reveals. A full size brick is shown in Fig. 66.

QUEEN | | 1]11

CLOSER - e

i

Fig. 66, Normal size of Fig. 87. A king closer
a fall brick. brick

Queen Claser is a hall brick having the length same as
that of = full brick but width-only a half at both ends. See

Fig. 68. They are used to secure bond in brick work and
are placed pext to a quoin header.

Squint Bricks—These are corner bricks used for forming
scute of obligue corners in brick masonry. Fieces of bricks
are called bats. Bats lessthan the size of half brick are not
psually permitted in good work.

(8) Frog—Bricks are provided with indentation marks
called frogs on their flatter face to form a key for the mortar,
Frogs also reduce the weight of bricks. They sometimes



ART, 34 ] TERMS USED 67

carry impressions indicating the mapufacture’s name, A brick
is laid in the wall with the frog nppermost.

Art. 54. Terms Used (Contd). (9) Wull faces and
Back fillings—The external face of a wall or a structure is
termed as face. The materials used for facing should be
specially selected to withstand atmosperic weathering action
‘and also to give the desired appearance toa structure. The
internal surface of wall is termed as Back. In stone masonry
and composite wallings the back is usually constructed of
a material which is defferent from the facing.
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Figs, 10 and 71 Wall footings

(10) Hearting—The interior section of a wall between
the facing and the backing is termed Filling or Hearting.
(11) Joints—These are of mortar used for binding the
units of masonry intoa mass. Bed joints are so arranged that
the pressure acts normal to their plane. Side joints ars trans-
verse to the bed joints and also to the face of the work.
(12) Footings are the offsets provided at the foot of 2 wall
to widen the base area. Thesejare necessary when the intensity
of load on th= wall is greater than the bearing resistance of
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the soil. For brick work the footing projections are usually
23 ins. and those for stone masonry 3 ins. See Figs. 70 and 71.

(13) Plinth is the term applied to the horizontal project-
ing course or courses, at the bottom of 2 superstructure wall.
See Fig. 72. The top of plinth is at the level of the ground
fioor, It is intended normally to protect the interior of a
buildig at the ground floor from the rain water and frest. In
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Fig. 72 Ssctien showing cul stoms Fig. 72 section showing ont sione
plinth coursa, siring coures.

superior and monumental work the topwost course of the
plinth or the plinth course is often provided with heavy mou-
\dings. The hight of the ground floor above ground is rlso
termed as plinth. From the hygenic point of view & raised
plinth or base is always an advantage, Note the location
of plinth and plinth course above ground level in the
above figure.

{14) String Course is a continnous horizontal course of
masonry, projecting from the face of a wall, intended to
throw off rain water at intecvals of height. A string course
may cither be plain or moulded, See Fig. 73. String course
also adds to the architectural festures of a building and
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also stregthen s weak wall. Thongh string courses are
mainly located at floor levels; their use at window
heights is not uncommon.

(15) Cornice is & projecting ornamental course or cou-
rses usually moulded to add to the appearance of a face
work. A cornice is placed at the top of a wall or at the
junction of wall and ceiling, The top partofan entambla-
ture is termed as cornice.

CAVETTO
Cymn RECTA

Figs, T4 o 79. Diffsrent types of mouldings.

In Fig- 74 to 79 are illustrated different types of
moulding suited to produce an architectural effect for the
projecting courses in the face work of masonry, for use
in plinth, string course, coping, eorbels ete.

(16) Stretcher Course isone in which all the bricks are
laid as stretchers. In walls thicker than one brick, a
stretcher course is one which presents all stretchers on the
exposed faes.

Header Course is one in which all bricks are laid as
headers.

In Figs. 80 to 83 sre shown the uses: of header and
stratcher course in walls of different thickness.
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{(17) Bilocking Course~The topmost course of stones or
bricks placed on top of a cornice. Its object is to add
extra weight to stabilise the projecting cornice and thns
prevent it from overturning, It should therefore be selected
of heavy units. A blocking course adds to the appearance of
a building, A typical blocking course is shown in [lig. 85,

{18) Coping—The exposed top of a wall is finished with
& special course to prevent the entrance of rainwaterand
moisture into the interior. If of stone, the coping masonry
should be of heavier units, each extending for the full width
S LT
[ =~ Bem

Figs. 8 to B3. Showing the usas of headers and strelchers In walls.

of the wall and properly secured to one another and to the
wall below by means of cramps and dowels, and laid in good
hydraulic mortar or cement. The tops of copings are finished
in several ways for the purpose of throwing the rain water off
the face of the wall. To facilitate this, drip moulding is provi-
ded at the underside of the projecting portion, This
device iscommonly known as weathering and throating,
See Fig. 84.

(19) Corbel and Corbelled Course—Corbel is a stone or
brick projecting from a wall to provide a support, as in the
case of wall plates for loors or for detached rools. Corbels
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should be sufficiently embedded in the wall. Brick corbelzs are
formed by projecting headers by not more than 25 ins. each
time bevond the lower ones. Corbels are also used to support
the cornice. Sometimes a series of corbels are arranged to
form a corbelled course. This method of construction is
known as corbelling. See Fig. 85.

(20) Jambs and Reveals—Jambs are the vertical lsides
of doors and windows or openings in general showing the
wall in thickness. They may be either square or splayed.
Splayed jambs are better since they allow the shutters to be

BLOCKING &
CUT STOME WEATHERING \ )
COPING COURSE \\ Ay

e I SO

Zl HEOATING

STRING j

COURSE

Fig. 84 Showing detaile of coping. Flg. 85. Blocking Course.

opened at an obtuse angle and thus allow more light to
gunter a room.

Jambs are provided with a recess or rebate toforma
réeveal for receiving a door or a window frame. The width
of the revesl which is on the exposed side, is usually
3" to 5 and sometimes carries a moulding to improve the
appearance. See doors and windows.

(21) Parapet—A low wall built round a terrace in the
case of buildings with flat roofs or alony the edge of the
gutter at the eves of sloped roofs or in front of open
verandahs. Tt is intended primarily to act as a fence wall
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for persons moving on the terrace, but italso serves to imp-
rove theappearance of 4 building, in whichlcase it may be fini-
shed in a decorative manner. A parapet may be of a solid wall
or it may be of an open type with ballustrades and jali work,

. |WEATHER MG
=t
A e TS TONE GLAZED WINDOW
HALL WITH FARLIGHT
THRoATIMG
Wi L
F . —

WiB. i/psly GALVAMIZED 1RO
WEATHE 8AR EMBEDDED i /"
MASTIC

CoMBINED DOOR

WIMDOW " WiTH
FAMNLIGHT

Fig, 68, Siils for windows.

(22) Sills—These are horizontal parts of opening for
windows. They may be of cut stone or of concrete slabs and
timber planks are nlso used as sillsc When placed in external
openings they must project beyond the faceol the wall to
throw off the water. See Fig. 86, A weather bar is provided
betwesn the sill and the wall on which it rests, It may be
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noted that the bottom horizontal timber piece of a window
or a door frame connecting the two vertical members, is
also termed as “'sill"’.

(23) Setting out Rod isa specially prepared piece of wood
for marking accurately thenumber of horizontal courses to
be built ina fized height of &8 wall, A setting—out rod is appr-
oximately 26X 2" x 1" scantling of the required length. Itis
very essential to coatrol the vertical progress of 8 structure,

(24) Buttress is a projection from the wall intended
to give strength at intervals along long walls, They have
to resist a thrust for which their size is designed, A pina-
cle is often placed on the top of a buttress to add to its
“stability when used for walls in 3 building.

VA 53 Dressing of Stgne-Stone is removed from the
quarry by blasting and wedging the blocks from the solid
mass. Before it is sentout for building purposes, itis roughly
worked or dressed in the quarcy. It is then -sent to the
required place where it is subjected to some form of cut-
ting for being put finally into the wall. Dressing is, in
fact, the art of imparting an appearance of suitable chara-
cter to the face of a stone and also includes its shaping
to & proper sizs, Various implements and tools are used
for dressing stones. The more commonly used onescan be
classified as:{i) Quarry hammers of different weights, (ii)
Frame saw with a blade of chise!l, [(iii]) Club and mash
hammers (iv); Chisels of differant sizes, and (v) Mallets,
The following is a brief description of the different
types of dressings ussd in stone mesonry work:i—
fao- (a) Rough or Quarry Dressing-When a stone is obtai-
ned from a quarry, it°is broken up into suitable sizes
such as khandki, corners, headers, and rectangular blocks.
Typical khandki stretcher and header stone are shown in
Figs. 87 and 88, These are roughly dressed by means of
quarry hammers, If the stone i3 soft it is cut into squars
blocks and slabs by a frame saw. Circular stone sections
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fot columns and pedestals are turned on lathes in a ma-
nner similar to wood.

(L) Dressing and preparing a stone i Building site—
This consists of accurately squaring the face of a stone by
chisals and hammers, Marginal grooves are cut for the pur-
pose and the stone is worked onall the edges with respect
to 2 fixed datum edge, The required widths at right an-
gles to the face for the square bedding joints and side
joints are also worked.

The operation of surfacing & stone on the exposed
faces in general depends on the particular type of finish
requiredl in each case. In all surface operations, the aim
is o reduce the irregularities of the surface of & quarry
faced stone and to impart it a plane surface. To secure
thic marginal chisel drafts of about an inch width are cut
and squared around the four edges of the stone. The enc-
losed space is subsequently worked, For & larpe face of
a stane, subsidiacy drafts are cut to ensure the accuracy
of the work.

The different types of surface treatments for stone
masonry work are illustrated in Figs. 89 to 92,

Chisel drafted margine—The general surface of the
stone is leit rough and a margin of one inch width is sunk
about the four edges, See Fig. 89

Tooled surfaces—Figs. 90 & 91 may be rough or fine
pointad, but are often accompanied by chisel drafted margin.

Cut ‘stone work has a surface dressed true with & sharp
chisel as shown in Fig. 91. The chisel marks are hardly
perceptible.

Rubbed Surface and Polished Surface are shown in Fig.
92, They are special varieties and are recommended where a
<mooth finish is required. One piece of stone is rubbed
against avother andl if pecessary, water and sand are added in
the initial stage. To obtaina polished finish, grit alone or
pumice stone may be used, and very often, if the work of
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polishing is done with the aid of machine power, the resuits
are found satisfactory in addition to quick work.

L

ROCK OR GQUARRY FACED TROUGH STONHE
FiNiSH - KHANDK), STRE[cHER, OR HEADER

DRESTING GF STOMES
DIFFERENT VARIETIES.

BOUGH FIRISH WITH CHISEL SMOOTH FINISH WITH
ODRAFT, PROJECTIONS VARY OR WITHODT DRAFT
FRom % Toit (QuoiN)  TooLED FINISH (PoinED)

I s —

CHISEL DREGSED RusBED & POLISHED
COT-STONE WORK

Fig. 41 and BE. Ehadki siretcher and a through stone.
Fig. 83 and 92 Dillerent typss of stone dresaings.

Art. 56. General Principles of Stone Masonry
Construction—The following are the general principles to
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be followed in order to ensure strong and durable stone
masonry work:—

(i) Masonry may be constructed in cement mortar or
lime mortar. Sometimes mud is also used as a binding
material for the construction of masonry above plinth level.
But for all underground construction where damp-proof
qualities are required and for all acqueous foundations,
good hydraulic mortar or cement should only be used.

(ii) Natural Bed of o sfone—The dressing of a stone
should be carried out so that when it is placed in a wallor
in an arch, the pressure coming upon it should be at right
angles to its natural guarry bed, i e., the surface on which
they were lying before being quarried. Only good variety
of stones should be selected.

(iii ) Breaking of Joints—Careshounld be taken to avoid
the formation of continuous vertical joints in a wall face,
No two vertical joints should come one over the other in
any two consecutive layers, By this principle, each stone
is well bonded in a wall which thus becomes strong enough
to receive load, For rubble work, the breaking of joints
should be specially attended to.

(iv ) Through Stones or Headers—to connect the two
face of a wall,—tha facing and the backing,—and thos add
o its transverse strength; a sufficient number of through
stones or headers must be introduced in the wall. They
should be well distributed in the whole wall by arranging
them in & staggered fashion in successive courses. Thespacing
of benders in the same course should not exceed 3to 4 feet.

{v) The faces of walls should be constructed truely
vertical or trae to any batter if this is specified, Plumb
tule and wooden templates should be used to ensure this,

{vi) The masonry in the entire lengths of walls in a
building should be raised uniformly. If it is necessary to
raize any part of & wall in advance, proper toothing must be
formed by giving projections to bond to the wall to be built
later,
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( vii) Itshould be remembered that when any particular
kind of stone is selected, the strength of ashlar masonry
depends more upon solidity and dressing of stones, while that
or rubble work depends upon the strength of mortar and
compactness of interior filling of walls, or in general on the
quality of workmanship,

In rubble masonry wherever reguired, chips should be
used and inserted vertically for interior filling. The useof
feather edged stones in the face work should never be allowed.

(viii ) The work should be kept wet until the mortar
sets and becomes hard. The watering period varies from
15 to 21 days, Stones should also be wetted before they are
placed ina wall, as otherwise a dry stone absorbs moisture
from the mortar and thus weakens it.

(ix) When solid bedding of & stone is specified, great
care should be taken to see that the bed joint are not dressed
hollow. The effect of such a hollow bed joint is shownin
Fig, 106, Lo rubble mazonry work, the bed joints should beat
least 14 ins. to 3 ins. in depth as otherwise, theedpes of stones
will fail along the face, as shrown in fig. 109, Chips and spauls
should never be permitted ia the bed joints lor setting a stone,

(x) As far as possibile the load should act axially and
centrally on masoney sections, If non-axial or eceentric loads
and oblique loads have to be supported by masonry, every
precaution should be taken to see that there are no resulting
tensile stresses in any section in the masoncy,

{x1) Joints are weak points 1o masonry and on exposed
faces they should be throughly protected from the ravaging
effects of atmeospheric agencies, by proper pointing with
cement or good hydraulic mortar.

Art. 57, Classification of Stone Masonry Work—
The two principal classes of stans masonry work are—

(i) Ashlar Masonry; and (ii) Rubble massonry.

The following is & brief description of construction of
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these two classes of stone masonry with their modified
varieties as used in different types of stone wallings.

(i) Ashlar Masonry—Ashlar masonry consists of finely
«Iressed and regular shaped blocks of stones. The courses are
nsually thicker, being seldom less than 10 to 12 ins. But
deeper courses are often used in heavy plinths and monumen-
tal work, Ashlar masanry is too costly to beadopted for the

( RUBBLE MAL ﬂHF."L#___

BLOCK-IN-COURSE MASBONRY EZMpOM RUBBLE
MWITH RUBBLE BACKING FACE WORK
" 2

Fig. 93. Ashlar omaonry, Fig. 84 Random rubble fece work.

entire thickness of the wall and hence it is used mainly for
the face work, the backing being flled in with rubble of brick
work. As stones are regular blocks the joints inashlar work
are uniform and seldom exceed 1"in thickness, See Fig, 93

Ashlar masonry is classified on the type of dressing
adopted for surface finishing, as;~plain or fine ashlar, rough
tocled ashlar, and chamferrad ashlar. Ashlar masonry is
generally built in courses, When it is not built in regular
courses, it is called random azhlar.
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Block-in-Course is the name applied to a variety of
ashlar where heavy type of masonry is requirad @s in
embankment walls, harbour walls, piers and abutments of
bridges, etc, The courses are deep and the face is usually
hammer dressed or rongh tooled as specified, with or
without chisel draft.

Art, 58 (ii) Rubble Masonry—A rubble wall is built
of smaller sized stones which (a) may have a rectangular
face to form course rubble, or (b) may have irregular
shapes to have uncoursed and random rubble,

(a) Conrsed Rubble Masonry—The stones used in rubble
masonry are not solid rectangular blocks as in the case of
ashlar masonry, or brick masonry. Hence bonding and break-
ing joints cannot be done quite perfectly and uniformly.
Rubble walls are therefors weaker and require to be nor-
mally thicker. They consume a greater quantity of mortar
proportionately and their strength depends greatly upon
the strength of the mortar and the quality of workman-
ship, Precautions should be taken in the construction of
rubble walls to avoid any hollow space in the interior due
to bad workmanship.

Face Stones of Khandki—For the face stones, the bed
joints shoald have a solid bedding of at least 1§ in. from
the face, and the side joints should be solid to ‘a depth
of at least 1 in. Each face stone should tail into the wall
to a snfficient depth to ensurs through bonding.

In Fig. 95 is illustrated an isometric view of a cour-
sed rubble masonry wall in three courses, Note the khan-
dki facing and rubble backing with the hearting of small
sized stones in between them. The locations of quoins and
headers are clearly indicated in the figure.

Through stones, Bond stones or Headers shonld be nsed
at a spacing of about 3 to 5 fest, asalready stated. Care
should be taken to see that they are not placed one above
the other in successive courses. For walls of vpto 13 ft.
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thickness, & through stone should extend from one face of
the wall to other; but for walls of greater thickness over—
lapping headers forming 2 stone joint should be used.

Corner Stones or Quoins—At the external angles of
walls corner stones or quoins are built to give strength and
appearance to the wall. Ordinarily they are of the same
thickness as that of the counrse. But for massive work they
are selected [rom heavy stones, hammer dressed and cha-
mierred, Quoins are worked to show two sidesand as they
have no lateral support, their beds must be dressed square
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Fig. 85, Coured robbis mascnry wall

at least 4 ips. from the face toafford them the nécessary
stability.

To secure the breaking of vertical joints, one of the
two sides iz longer than the othier and guoins sre placed
alternately with their longer and shorter sides along the
same face of the wall in successive courses.e
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Art. 59. Uncoursed and Random Rubble Masonry.
(i) Square Faced Uncoursed Rubble—The second—variety
of rubble masonry in which square faced stonesare used is
shown in Figs. 96 and 97. The stones need not be of the
same height as that of the quoins nor are there any regular
courses of stones of the same height as in the case of
coursed rubble masonry described in Art. 58. Square faced
uncoursed rubble can be built to course so that in Fig. 96
it may be noted that 2nd, 3rd and 4th quions are all included
in one course. At the top of these courses which are usnally
of 1 to 2 feet in height, the masonry is levelled up before

: |
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= |
SQUWARED UNCOURSED SQUARED COURSED
- RUBBLE MASOMRY RUBBLE MASONRY
Fig. gb. Equared uncoursed Flg. 87, Eguared coursed
rabble magonty mubbls masonry.

the top conrse is laid, This type of work is cheap as it
allows the use of small sized stones, and is used for unim-
portant buildings. Uncoursed rubble masonry can be also
built with irregular faced stone for very chesp construe-
tions as in the case of compound walls andjout-buildings, etc.
(ii) Random Rubble Masonry—The {ace stones of this
class of masonry bave no regular shape, For superior work
a fairly uniform size and shape of stones are used for the
6
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face work. See Fig. 95, It is nscessary that the face stones
should tail back sufficiently into the hearting [or proper
bondage. In Figs. 98 and 99 are shown the two types of
random rubble masonry walls which are used where great
strength and solid construction are not in demand.

Are, 60, Methods of Secusing Heavy Stoner to be
Lifted—Ordinary heavy stones are lifted by means of
roap or chain passing round them and with the help of poles
two or more people are employed to lift them. This is a
rough method and is not suitable for finely dressed heavy
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Fig. B8 and 99, Random robtle masonry.

stones with mouldings on their faces particularly when they
are of asofter variety. They reguire to be lifted and hoisted
with great care for being placed in their final position in
the wall, In the following figures are illustrated some of
such devices.

(i) Lewis or Leswises, isan appliance which fits in the
tapered hole cut in the top of the stone. The lewis in Fig.
100 is suited for heavy stones and carries two dovetailed
pieces A=A and = central rectungular piece B. A-A arefirst
intserted in the hole and then the piece B. The thresare
then secured to a hoistening ring by means of a pin anda



ART. 60 ] METHQDS OF SECURING HEAVY STONES 83

HOISTENIN S — SHACKLE wzmsaﬁnnrrﬂ
() ) cevlRal Piece, t

P )

R,
AR

A~ DOVETAILED PIECES |2
4 8- CENTRAL 5Q. PIECE

Figa. 100, 101, and 102 Difierent types of Lewises.

key. Another lewis is shown in Fig "101. The central piece
is wedge shaped and can slide through frame A-A. In the
drawn position while lifting the central piece presses against
the two sides A-A of the frame, and prevents the lewis from
being drawn out. This is very quick in operation either to
set it in the stone or to remove it.

P. STRAIGHT PINS

Fig. 102 Pair of Fins, Fig. 104. Pair of Curved Pina.
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The lewis shown in Fig. 102, is a modified simple form of
the lewis shown above. Its action can be easily followed
from the figure. The pullisapplied to the ring of 4, and
not to B

(i) Pair of pins—Thbe two pins P-P shown in Fig. 103
offer a very simple lifting device. On account of their being
inserted in an inclined position into svitable holes made in
the stone, the pins exert m grip on the stone when they
are being pulled to raise a stone.

Fig. 108, peir of nippers Fig 108 and 107, Defectlvs conatmo-
Hon In stone masonry work,

A pair of curved pins fitting in a dovetailed hole
in a stone is slso shown in Fig. 104, and serve the

(iil) Nippers—Another device for lifting stones in the

form of nippers is shown in Fig. 103, The points of nippers
fit in the notches cut in the sides of the stone.

Art, 61, Use of Joggles, Dowels, and Cramps in Stane
masonry—Heavy stones are kept from movement in a wall
by the use of dowels, crampsand lead plugs or joggles, The
dowels should be of copper, brone= or slate and should be set
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in cement mortar. Ordinarily iron cramps oxidise and cause
splits and discolouration in masonry. They are shown in
Figs, 108 to 113. The stones used in coping, cornice and
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Flgs. 103 1o 113, Joogles, dowsls and crampa,

blocking course, etc, require special fixing between them-
selves and the supporting masonry by the above devices.



CHAPTER VI
Brick Masonry

Genatal Printiples of brick masonry consiruction. Bonds'Inbrick
work,— English bond. Flemish bond, and ather types of bonds, Bonds
In pillar magonry aod loctiag, Hollow wallz and Cavity wails, Fire-
place openings.

How 1o constract hrickwork. Thickness of brick masonry walle-
Siresssa-in brick mesonry. Axial snd chlique leads! Wind pressura
on walle, Putireszes.

Art. 62, General Principles of Brick Masonry
Construction—While studying the principles and methods
of cantruction of stone masonry walls in the previous
chapter, references were also made to brick masonry and the
common terms used in its connection. In this chapter, &
detailed copsideration regarding the varions types and
methods of constrnetion of brick masonry will be explained.

In addition to the geseral principles mentioned in Art
56, the following ones are of importance for brick masanry:-

{i) Only good, well burnt bricks of regular shape, and
manufactured from selected clay should be used. The use
of small sized bricks should be avoided except when it is
required to secure bond.

The common size of a brick is 87 in. x4} in x 23 in;
but when built into a wall its size may be taken as 9 ius.
x 4% ins. = 3 ins. including mortar joints. See Fig. 66.

{ii) Bricks should be thoroughly soaked in water belore
they are placed in masonry. The stoppingof the air bubbles
from a brick after it is placed in water indicates thatitis
properly soaked.

(iii) Bricks should be bonded well in the wall by one

of the standard methods given in the following articles, so
that the resulting masonry is structurally sound,
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(iv) Unless the bricks are of a perfect durable quality
to withstand the_distructive effects of atmosphere, every
exposed face of Brickwork should be coverd by rendering
coat of plaster. Otherwise the joints only could be solidly
filled and pointed.

Art. 63. Bonds in Brick-Work—I[ bricks are laid in
a wall without any care and in an irregular fashion, the
resulting wall would lack in cohesion and fail under loads,
as pointed out in the last chapter. under "bond’. There-
fore itis essential to lay the bricks ina systematic manner
in & wall. Also regular methods that are more mechanical
in pature, facilitate speedy construction. This is possible
dus to aniformity of shape of bricks and certain standard
systems can be laid down for the laying of bricks in a
wall to secure good bonding,

It should be remembered that the bonds in which mare
stretchers are used, imparts proportionately 8 greater lon-
gitndinal strength, whereas the use of more headers impa-
rts transverse streagth to a wall.

The fundamental bonds used in practice for constru-
gting walls in genéral, are—

{@) English Bond; and (b) Flemish Bond.

In the following articles is given a briel description of
these two types of bonds,

Art 64. Bonds in Brick work (Continued }—
{a) Eaglish Bond—I i) The courses consist alternately
af headers and stretchers,

{ii) The bond commences from the quoinor the stop-
ped end in a wall, with a header, and a closer brick is
placed immediately mext to the above header. This is
followsd by a succession of headers on the same face in
the same course.

(iii) In walls which have an even number of  hali
hricks in thickness, the course which shows headers en
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the face also shows headers on the ‘back. Conversaly, a

strecher course on the face will also M@w stretchers at
the hack.

(iv) 1n walls which havean odd number of half bricks
in thicknes, :a course which shows headers on the face
shows stretchers on the back, and stretchers on the face
show headers on the back,

[ = STRE TCHING
BonD

Figs. 114 to 117. English bond for {; 1; 1}; and 2 brick walls.

{v) The bricks in the interior of thicker wall are not
laid as stretchers; but they are laid as headers, This prevents
formation of straight vertical joints in the heart of masenry.
Thus for thicker walls more headers are used than the corres™
ponding number of stretchers. This difficiency of stretchers
results in the weakening of masonry longitudinally, and is
overcome by the use of diagonal bond in the interior.

Figs. 114 to 117 show the English bond for §; 1, 1} and
2 brick walls. The locations of closer bricks are indicated by
hatched lines, In Fig. 118 is shown the method of construct-
ion of 23 brick wall according to English bond.

(b) Flemish Bond—A Flemish bond bas the lollowing
aspects of construction.
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(i) Each course represents headers and stretchers
alternately,

(ii) Every alternate course commences with a header at
the corner and is followed by a closer as in the case of English
Bond, But a stretcher is placed pext to this closer brick
which is then followed by header and a stretcher alternately.

(iii) The centre of the header should be on the centre
line of the stretcher in the course below it.

(%) HEADER COURSE ® STRETCHER COURSE

TWOo-AND-A:HAl - ENMGLISH
S sriexs (2%) BOND

Fig. 118, Eaglish bond for 2} brick walle.

{iv) In the same course, the headers and stretcherson
one face should come opposite headers and stretchers on
the other face, except in the case of a " three half brick"

wall, where alternate joints in the sectional bond are stop-
ped by a stretcher,

The Figs. 119 to 122 indicate the arrangement of bricks
in the Flemish bond for walls of different thickness. Single
flemish bond for 1} brick wall is shown in Figs. 123 and 124,
The use of false headers on the external faces give the
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appearance of a Flemish bond. On the inside, header and
tretcher conrse are used alternately as in an English bond.

1t may be noted that Flemish bond admits of the use of a
greater number of bats and hence is claimed to be economical.

Figo: 118 1o |22, Flemish bond for 1, i1, 2 and E; brick walla,

English bond is stronger than Flemizh bond for walls
thicker than 1% brick. But for walls of 1 or 15 brick, the
two bonds have practically equal strength.

It is claimed that Flemish bond is better inappearance,
and thus sometimes, thick walls are constructed with a
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facing of Flemish bond and a backing of English bond,
This system combines the strength of the English bond
with the appearance of the Flemish bond.

Art. 65. Other Types of Bond—In addition to the
two principal types of bonds detailed in the previous
articles, the following are the other types of bonds which
are also used,

SINGLE ® FALSE

1/ - BRICK WALL g

A Z
e oz
[ B f

ALTCRAMATE COLRSES !

Fig= 123 and 124, Single Flemish Bond.

(i) Stretching Bond is the one where all brick are laid
as stretehers. See Fig. 125. A hali-brick wall is built in this
bond. It is also used for building brick—on-edge patition
walls. The stretching bond is also termed as **running bond.™

(ii) Hesding Bond is the type where all bricks are
laid as headers. See Fig. 126, Along the face of the wall,
the longitudinal bond has only a lap of 23 ins. This boad
iz followed in [poting courses.

¥

Wiii) Garden Wall Bond—Garden walls have to present
loth the faces and at the same time have to be ofa greater
longitudinal strength owing to the absence of cross wall at
intervals, For economy, they are only of one brick thickness,
1t may be noted that usually a single brick wall presents
ane face only; and hence special bonding which is a slight
modification of English and Flemish bond is psed, Also a
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stretching course has the advantage of showing a true face
on both the sides.

Thus an English Garden Wall consists of one heading
course to threa or five stretching conrses. The heading course

g, STRETCHERS

1o 1o L
L

H HEADERS

[EIII?JEI@I
|
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=
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T ) i

HEADING BORD

i Y e

| STRETCHIMG BOND

Fig. 125 Streching bond., Fig. 126. Heading boad.

is laid in specially choosen bricks of uniform length from
the bricks avilable at the site. See Fig. 127.

(iv!. Flemish Garden Wall—In this bond every alternate
header of the header course inthe English Garden Wall is

GARDEN WALL BOWDS

|

. | I I

I EMGLISH &0HD

IfiiiIIIIIII
i T I I 0 |

FLEMISH  BOND

7 I I P==f Sii=ag:
@] » Tli_[lllrﬁalr
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Flg 127 English Garden

Fig. 128 Flemish Gardan
Wall bend,

Wall bond.

replaced by a stretcher to incorporate the principles of
Flemish Bond. Inaddition sometimes a header is introduced

after every three or four stretchers in the stretcher courses,
See Fig. 128.
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(v) Raking Bond—It is already remarked thatin walls
which are more than two-brick in thickness the longitadinal
bonding is weak, on account of header being used far interior

DIAGOMAL BuND

Fig. 129. Raking bond, Diagonal type.

filling. This defect is overcome by using a diagonal bond and
placing the bricks oblique to the face of the wall, every
Ly &

LY

HERRING BONE BONDS I

Figa. 130 and 131 Herring bona bonda.,
alternate or every fourth course. Raking bond cap be either

diagomal or herring-bone.
I the Diagonal Bond, the'bricks arelaid ina row [rom face
to face of the wall, See Fig, 129; whereas in the Herring bone
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Bond, this inclination is changed at the centre of the wall in the
same courses. Ses Figs. 130 and 131, Herring bone bond is
suitable for very thick wall. Both the types of -raking bonds
require the extra cut pieces of bricks sincethe trangular space
at the ends require to be filled up by small pieces.

| NTERMAL .
T / waLLE ~
‘I [ P
1]
"‘*--..qll-: XTERMAL WALLS A
Sy
sy [[ ] |

Fig. 132 1o 133, Bonding ol internal snd
extarmal well meetng at right angles.

Art, 62, Other Types of Bonds (Contd.)

(i) Bends at the intersection of walls—Walls meeting
at fight angles. When two walls intersect as in the case of
an internal wall, no staight vertical joint should be lelt
between the two walls, The internal wall should have a
bond of 2} 1ns, with the main wall in each alternate conrse
See Figs. 132 to 135,
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(i) Walls meeting at Acute or Obtuse Angles—The
types of bonds suitable for these two angles respectively
are shown in Figs. 136 to 139. When the walls meet and
form an angle, a wedge—shaped closer pext to the quoin

| e
i

WALLS MEETING AT ACUTE AHGLE

P

L wALLS MEETING AT OBTOSE ANGLE

Figs. 138 ‘and 137. Walls mesling al an acule angie,
Fige, 138 and 133, Walls meeting at an obtuse angls.

header is used; and to form an obtuse angle a special squint
‘quoin brick of the required angle is used. The side angle
is formed with a special interior angle brick.

Art, 67. Bonds in Pillar Masonry—The bonding of
‘bricks in square pillars, in English and Flemish Bonds is
shown in Figs. 140 to 146 and 147 to to 150 réspectively, One
course is shown with its face marked “A''. The next oourse
is Inid on it so that the face marked “'B"" liesalongside the
previous face marked ""A".



96 BUILDING CONSTRUCTION [cu. 6

Art. 68, Bonds in Footing Masonry—At the foot of
walls where they rest on a concrete foundation, the brick work
is spread out to form footings for extending the base of the
wall, Each footing extends § inch which is termed offset.
Figs. 151 and 152 explain the bond suited in footing. All
bricks projecting out are laid as headers.
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Figs. 150 1o 146, Pillar masonry English bond.

Art, 69. Bond In Simple Hollow Walls—Hollow
walls are often constructed by the use of stretchers and
headers in each course laid on edge. See Figs. 153 to 156,
H and S indicate headers and stretchers respectively. Itis
often recommended that all corners and sides of opening,
solid masonry to & distance of ons brick should be built.
A suitable reinforcement such ss binding wire, B. R. C,
fabric, expanded metal or galvanized strips, is used to
strengthen hollow walls at every alternate or fourth course,
The use of hollow walls is very cammon in framed structures.
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Art, 70, Cavity Walls (i) Purpose—In place where
buildings are exposed to extreme weather conditions, external
walls are constructed in two sections with a vertical cavity
of about 2 to 3" wide in between. Such hollow walls have
several advantages. The outer section acts likea covering,
which together with the adjacent cavity prevents moisture
from penstrating into the inner section. The rooms of the
houses are thus kept free from damp conditions, The air

. %|%
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8, PILLAR MASONRY

Figs. 147 to 750, Plliar mssonry. Flemish bond.

in the vertical cavity affords insulation in the rooms
against outside atmospheric changes and sets like a sound
insulater also.

(ii) Bond and Constrnetion Details. The usual practice
to construct these walls is to provide a thickness of 9 ins. for
ths inner section and 43" for the outer. The cavity between
the two gives very good results for a thickness of 2} inch.
The top of the two sections of the walls is built solid for
gupporting the npper floor of the roof.

The two sections should be tied together by lateral
ties to afford the necessary trapsverse strength. The. ties
are placed at 3 feet intervals borizestally and at 1'—0"
interval vertically. They are either of vitrified bricks spe-

7
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Figs. 151 and 153, Bonding of bricks in footings,

cially moulded for the purpose or of galvanized iron of =
suitable design. See Fig. 156 for various construction details.
In Fig. 157 is shown the method of construction at the

tops of openings.

Air bricks are provided near the base and below the
eves to set up circulation of air for ventilation. At the
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Figs. 163 10 155 Sinale hellew wall copstruciion,
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bottom of the cavity a coving of cement is madeto drain
away the water, if collected, through weep holes provided
at intervals. At all openings in such walls care should be

L

soLip Tor =
| =
= = Z
VITRIFIED - ‘L.EAD
: Sy
4 oufER "\\ ible s e
secTios || = & Y lRr.cc
- == S INMER LINTEL
! SECTION
METaL 42 »
e T L 24 VERTICAL
= | CAVITY
WikDOW SECTHON
AR ™S
BRICK - = e i
,f:‘:r';' —
WEES
BOLE- CAMP = PROOF
| COURSE
| I
a5 o e g SR CAVITY WALL
. B B A S
o A . O, =,

Fig. 155, Cavity wall construction. Fig 151. Cavity wall at (he openinga.

taken to prevent the entrance of moisture. The brick work
should bebuilt solid around the opening and a thick buarrier
.of a damp proof material such as slate or lead should be
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ingerted at the junction of the outer and the inner sections.
Similarly a damp proof course is provided just below the
commencement of the hollow wall.

Art. 71. Fireplace Openings—The provision of fire
places and the connecting chimney flues is also animpor-
tant aspect in house construction. Fire places are usually
a source of trouble, if not properly constructed. The pre-
cautions to be taken while designing them arei—

(i) No wood framing of floors'and roofs, and no other
wood work should be placed within 12 ins, of any flue.

(ii) When a common chimney is designed to serve
several fireplaces on different floors, a separate flue should
be provided for each fire place.

FLUE | [ EXTERMAL WALL | TS s .
L,J../.f_y-,_ ) E:; .- -.;_]_ J_ | '\} \
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FLACE 2 1
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Z || PLACE
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° PLAN ‘ELEVATION -

Figs: 158 and 139, Showing Jthe srmngsmants of flues.

~ Liv) No flue should be inclined at an®angle less than
45°, and the bends in each flue should be properly rounded
off, No abrupt offsets should be given as these will cause
large accumulations of suit, in addition tojtheir obstructing
the draught. Ses Figs. 158 and 159,
{ v ) Flues may be round or rectangular. Round flues ace
conveniently formed with vitrified stoneware pipes. The
normal size of a rectangular flue serving a single fireplace is
U" % 9" The size is increased npto 14" X 14"depending upon the
number of fireplaces connected toit. The inside of the flue
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should be preferably lined with fire-clay. Alternatively it
may be pargeted, i. & rendered with mortar which is a
mixture of cement, sand and a fire proof material,

(vi) A fireplace usually requires greater depth at right
angles to the wall, It may thersfore project into a room
or project outwards in the external face of the wall. Tire-
places are also placed cornérwise ina room. The opening far
a fireplace is provided with an arch or an R.C.C, lintel, The
formation of jambs, hearth and the supporting trimmer arch
are shown in Fig. 160,

The chimney stack is carried sufficiently high above the
roof and is fitted with a suitable capping. Smoke outletsare
provided in the side walls of the stack.

Art. 72. How to Construct Masonry—In order to
construct brickwork in proper alignment, a corner of the
wall is first built upto a height of one foot to form s lead.
A setting out rod or gauge rod should be properly marked
cut to indicate the number of conrse per unit height. At
the other end of the wall or at intermediate points,—if the
wall is very long,—separate leads are also raised. Each
course is then laid between these leads with the aid of a
mason's string or line string.

Mortar is first spread uniformly on the lower course
already laid, and each brick or stone is placed and finally
set in position, by pressing it and gently moving it hori-
zontally, until mortar squeezes out at the joints, The extra
mortar is then cut off from the joints by a trowel. During
this operation it shonld be noted that the line string when
once tied up, is never touched until the whole course is
laid in alignment with it. The uvse of a distance piece is
recommended for the purpose. During the censtruction of

masonry all the precautions as detailed in Arts. 56 and 63
should be obseryed,

It is necessary to see that the leads mentionsd above
are built perfectly in plumb. A plumb bob is used for the
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purpose. When the height of a wall exceeds 4 to 5 ft. above
the ground level, the bricklayers require raised platforms
for the whole length of the wall to procesd with the
work vertically. The platforms are provided by a system of
temporary timber structure known as scaffolding, the details
of which are given in a different chapter later.

Art. 73, Thickness of Masonry Walls—The strength
and stability of a brick masonry wall depends upon the
thickness: to which it it built up, assuming that other factors
such as the type of bricks, mortar and bonding, are the same.
The naturs and intensity of stresses set up at any section dus
to different kinds of loads acting on it, also have an effect
upon the stability of awall. As brick masonry is made up
of independent units, any stress that tends to destroy the
cohesion between these units is detrimental to it. Hence
brick masonry should not be stressed to bending or tensile
stresses. It should be stressed only in direct compression
and shear, which shonld not exceed the safe limit permissible
for that class of masonry.

The lcads acting on a wall are, (i) partly due to its
Bwan weight (dead load), and (ii) partly due to the other
members of & structure resting on it (dead and live loads).
In addition there is (iii) the wind load acting on exposed
walls. These loads and their effects are studied by conside-
ring the stability of one foot length of that wall and the
required thickness is then specified,

Various regulations are laid down for the minimum
thicknesses of walls in relation to their height. Stone
walls are generally thicker by 3 ins. to 4 ins. than brick
or concreteiblock walls, The usual thickness for the later
iz about one-gixtith of its height.

But for these walls when they extend owver several
stories, the thickess for the top 25 feet is kept as 12 to
13} ins, and could then be increased by 4 to 4} ins. for
the next lower 25 ft. and so on.
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Stresses in Brick Masonry—(1) Axial Load acting at
the centre of a saction canses direct stresses so that if P
is the total axial load in tons acting centrally at any
gection in masonry, the axial pressure p' is given by,

= %—tuus,,l's.q. ft.: A=1 % ¢t sg. L

whers A is the area of the wall section in sq. ft. and & is
the thickness of wall in ft,

{ii) If the sam= axial load P acts eccentrically at the
saction, then banding stress p" is given by,

= —EF‘ tons/z=q. ft. whereeis the eccentricity in ft.
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Fig=. 181 and 164, Suass distribution on foundation due 1o
accentriz lcading.

fiii} As the bending stresses are acting in opposite
directions on either side of the wall, the maximum and the
minimom stresses at the extreme edges of the wall or at
the two wall faces, are given by,

[ P fiPe P 6Pe
f.r#-" +? nr§=1 et

P(1+—- ar p= (I'T)=
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Taking the negative value, since no tensile stresses are
permitted in masonry, as previonsly pointed out, the per-
missible eccentricity is limited to t/6 4. e, the thicknesso
a wall should be six times the eccentricity.

The positive sign in the above value of extreme stre-
sses gives the maximum direct stress at the outer faces of
the wall. This should not exceed the sale stress limit,
permissible for the type of masonry specified for the wall.
The weight of brick masonry is generally takenas 125 Ths.
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Figs. 183 end 163 Showing deails of Bullresses

fen. ft. In Figs. 161 and 162 are shown the two types of
stresses given sbove,

For a circular section of masonry, the permissible
ecc:ntri::iry for an axial load is ;d where d is the diamster
of the column.

Art. 74, Wind Pressure and jts Effect on Walls—
Wind pressure acts on walls in a direction transverse to
their axis, and consequently produces bending and sliding
effect an them. Of these two, the bending effect only seed

be considered.



106 BUILDING CONSTRUCTION [cu. &

The tensile and compressive stresses at the extreme
faces of a wall, due to bepding, are given by,—

B_endmg%?énﬁut in ft. tons. fons. I s, Bt

wher= | is the thickness of wall in feet,

The pressure due to wind is usually taken as 15 to 20
ibs./aq, ft. on the projected area of the expossd face, For
buildings in costal towns; a higher value should be used,

‘The combined effect of the various types of forces.
enumerated above should be considered while: designing a
wall and testing it for stability.

Buttresses-Walls also carry eccentrically placed heavy
loads or oblique thrust dus to arches; at intérvals of their
lengths, In such cases, intead of designing the wall of a
greater thickness uniformly for the whole length, buttresses
are provided so that their vertical weight together with
the eccentric lead or the oblique thrust forms a resultant
force to cut the base of the buttress within the middle
third. If necessary a& pinacle is built on top of the buttress
to add to its weight, See Figs, 164 and 165.

Sometimes, the widening of the buttress at intervals @
and b as shown in Fig. 164, Is necessary to bring the
resultant thrast within middle—third and thus stabilise the
buttress against over-turning.




CHAPTER VII

Composite Masonry and Partition Walls

Compaeite work of stone and brisk masonry-ashlar facing ands
mikible or hirick backing- Stone facting slabs with brick or comersta
backing. Ussof emeorats in walling—-Cant in sthi snd pre-cast concrata
walla, Fre-oast conorete block masonTy,

Erickand lsira-cotla panition walls. Brick negping: Glass parfi-
flops, Lath apd plasier partitions. Uss of Turring in pariitions-recons-
fructed wood boards and malal lath,

Art 76. Composite Work of Stone and Brick
Masonry-The common type of masenry in this varity
adopts stone work on the face and brick work for the ba-
cking. Stone facing may be either of natural or of artifi-
cial stone and the bonding between the face workand the
backing can be secured either by means of headers proje-
cting into the backiop or by means of metal cramps,
joggles, dowels and lead plugs. It should be noted that
on account of a greater number of joints in the backing,
the mortar used in thar masonry work should be
somewhat stronger than that used for the face work. It
may be claimed that this prevents the unequal settlement
and the consequent separation between the facing and
the backing,

(i) Ashlar Facing and Rubble or Brick Backing—The
selection of stone work for facing is mainly due to its
appearance and massive imposing character in addition to-
its durability. In Fig. 165 is shown composits masonry
walling of rubble backed ashlar work. The method of pro-
viding brick backing to ashlar facing is indicated in Fig,.
166. In addition to the quoins being placed alternately as
shown in the above two figures, through bond stones from
face to back of the wall are also provided. For ordinary
‘work, rubble facing is also backed with brick masonry.

(ii) In another form of composite masonry, finely
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dressed stones are nsed as quoins incorners around openings
and in architrave, and specially selected well burnt bricks
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ASHLAR FAE!H{S (D RODGHLY SQUARED RUBBLE BACKING

Fig. 165, Composita masonry. Fig 168 Composils m=sonry.
Ashlar Iscing rubble backing. Ashler faging with brick kscking

of miform colour are used for facing. In such case, backing
aay be’of rubble or of ordinary bricks. Figs. 167 and 168
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Figs. 187 and 188, Sione [aving to brick cancrets
backing In plinth- and parapat,

indicate methods of using stone facing to brick or concrete
backing in plisth and parapet respectively.

Ast, 76 (a) Stone Facing Slabs with Brick or Concrete
Backing-Veneered Walls-1n modern practice, large stone
<labs 4" to 6* thick are used as facing to brick or concrete
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backing instead ofsmall independent units as already stated,
The stones may be natural stones obtained from a good
granite or sand stope guarry, or artificial ones specially
moulded for the purpese. Similerly the bricks used for the
backing may be solid or hollow, and the concrete also may
be plain cement concrete or reinforced cement concrete,

Figs 180 and [20, Datalls o! composite masenty with siona facing
si=bz flasd 1o zolid or hollow brlck Backing or concrets babking,

See Fig, 169 and 170, Stone facing can be provided tosteel
framed buildings alse or to buildings framed in reinforced
concrete, Over this wide range of materials good many
varieties of composite masonry could be built. Metal cramps
are used at all horizontal and verticle joints to fix the stone
facing slabs to brick backing, whereas dowels are used at
these joints to bind the stone slabs with each other,

(b) Brick Facing—Similarly brick facing could be
used with rubble backing for external walls. Special type of
glazed tiles of clay are manufatured as facing tiles to effect
the desired decorative appearance. In lavatory blocks glazed
tile facing is very common for sanitary purpese. Terra cotta
products and marble slabs are also used as facings for walls.

Art. 77—Use of Concrete in Walling—Concrete
used in the construction of walls,—(i) either as plain or
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reinforced concrete cast in—situ, (ii) or in the form of panels
or blocks,—either solid or hollow, which may be cast in
—situ or pre—cast. The nsual ratio of cement, fine aggregate
and coarse aggregate is 1:2:4 respectively, It may be
said that in general concrete canstruction is strong, rigid
and permanent and ultimately results inthesaving of both
labour and materials. It has water-proof qualities asa ho-
‘mogeneous and a monolithic bedy, when properly cast.

R. C. C. Walls (i) Cast in-Situ—For thin walls upto
4" the reinforcement is placed centrally and consists of
sither B. R. C. fabric or stee! rods tied horizontally and
vertically. But for thicker walls, reinforcement is used on
‘both the sides, 'and rods are placed both ways. Proper
shuttering or form work should be provided for placing
the reinforcement and pouring the concrete. A R. C. C,
wall of this type is shown in Fig. 171. The steel rod
weinforcement is placed centrally in the wall thickness,
and the wall is cast monolithic with the R. C. C, column.
‘The use of plain concrete in walls is already explained in
the previous article, For basement walls and foundation
walls, cement concrete, properly reinforced, is generally
recommended. They withstand earth pressure and exhibit
water—proof qualities. For vaults and strong rooms R.C,C.
walls are invariably osed.

(ii) Precast R. €. C. Walis—These are built of
precast horizontal slabs which are inserted in the grooves
-of precast concrete posts. See Fig. 172. The joints are then
filled with neat cement mortar. Such walls are well suited
for cheap and quick construction of small buildings,
garages and fence walls.

Art. 78. Precast Concrete Block Masonry-The uze
of pre—cast concrete blocks and tiles as independent units
for the constriiction of walls, is now a very common practice
in many construction works. This is mainly due to the
_posaibility of attaining a greater spesd in the construction
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of walls, The walls are also thinner and possess greater
resistance to extreme changes in the atmosphere, specially
when the blocks are hollow.

WalLl
REINFORGCE M

R.C< sLafs

1']4,/ I

Flig. 171, Cast in-shin B C. C. wall with stes] for rod rainlorcoment,
Fig. 112 Precast R, C, C, slab wsll.

Concrete blocks are fmade in various sizes; but the
slandard size of blocks i5 16 ins. % 8 ibs, x 8§ ins. This
gives & wall 8 ins, thick with feach course 8 ins. Hollow
Partition blocks are thinner in section, varying from 4
ins. to 6 ins, But their height and lenght are the same as



12 BUILDING CORSTRUCTION [cm 7

those of the standard size. Concrete Building Tiles have
& size of 12 ins. ¥ B ins. X 5 ins. It may be noted that
the lengh and height of the above blocks and tiles include
a side and a bed joint of ¥ in. each.

The common types of concrete blocks and tiles given
aboye are showsn in Figs. 173 and 174. Some concrets
blocks are also made in two pieces, the varieties of which
‘are shown in Figs. 175 and 176

The amount of air space is approximately § rd the
volume of hollow blocks. But sometimes this air space is

Figs. 173. and 174, pre-cast concrete blocks Single unite.
figa 175 and 178. per-cost concrate blecks, Doabble unlls

increased to 40 per cent when light and more economical
units are aimed at, Special types of blocks and tilés to
spit the requirements of corners, sills, lintels, jambs fox
openings in walls, are also moulded.

The vse of hollow comcrete blocks for sound proof
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and heat proof construction, is explained later.

Art. 79. Concrete Wall Finishinga—Concrete wall
facings can be finished in various ways. In a finishing
termed as Form Finish, the surface is left as it is after
the forms are removed. This requires form work to be
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exact and accurate, In Plaster Finish, an additional
rendering coat of plaster of }* to 3" is applied after the
forms are removed. While in a Decorafive Finish, orna-
mental tiles, marbles or terra—cotta facings could be used
as befors. The type of finish generally depends upon the
purpose to be served by the wall.

Art. 80, Brick and Terra-Cotta Parlition Walls—
Bricks and tarra-cotta blocks, like pre-cast and cast in-sitn
concrete, are also ussd for constructing partition walls,
Bricks may be used on edge or on flat and to give strength
ta brick masonry, every third or fourth course is reinforced

8
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with hooliron, B.R,C. fahric, expanded metal roll or wire
netting. The thickness of the partition wall including that of
plaster on both the sides is 43 ins. when the bricks ars laid
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Figm, 185 and 186, Detaila of brick-nogged partition wall.
Fig. 187, Lina dlagram of ths sbova.

on their edges, and 6 ins. when they are laid on their flat
side. In Figs. 177 to 184 are shown typical clay and terra
cotta hollow and soild blocks commonly used for constru-
cting ‘partition walls. It is desirable that cement mortar
should be used for building thin partition walls for strength,

Art. 81. Brick-nogging—Sometimes timber frame
work consisting of horizontal and vertical members, known
as nogginy ‘pices and studs, is built to [orm panels of app-
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roximately 3 feet square. the top and bottom horizontal mem
bers are called head and sill, The panels are subsequently
filled with brick masonry, which is plastered on both the
sides, if required. This method of construction isknownas
Brick nogging and is shown in Figs. 185 and 186. The line
diagram of a complete partition is shown in Fig, 187

To secure connection between the two studs and the
bricks, 11 x {” battens are placed as shown in the figure.
Similarly the brick work is reinforced in the manner men-
tioned in the previous article at every alternate or third
course. The ends of the reinforcement are bent up about
an inch and nailed at the sides of the vertical members or
studs. Brick-nogged partitions could be proyided with
plaster and metal lath shonld be used in such cases as
shown in the above figures.

Art. B2, Glass [Partitions—Transparent and opague
varieties of glass, =et in wooden or metal frames, have
been in vse for many years as materials for light partitions.
But these ordinary varieties of glass have one objection
that they are breakable, But in modern practice this defect
is avercome by improved methods of manufacture so that
the structural glass of the presest day is properly tempe-
red to increase its strength and resistance to shock. Sheet
glass is reinforced with woven or welded wire netting for
the same purpose. It does not produce splinters if it bre-
aks. Bullet-proof glass consists of very thin sheets ceme-
ated togéther under heat and pressure. Another varisty of
shatter proof safty glass is the three-ply glass where three
pieces of glass ere cemented together with thin laminae of
transparent celinloid.

Structural glass is available in sheets of thickoess
varying from 3/8 to 1§ im. and in diferent coloor. Some
varieties have a highly (polished surface and decorative
foatures. Structural glass is widely used for partitions and
as lining forconcrete and brick walls, in lavatories, kitchens
and dining hulls where good sanitary conditions have to
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be maintained. Glass blocks are not suitable as load
bearing members.

The use of glass blacks to which structural properties
are imparted, for the construction of partitions, is also very
recent. Glass blocks may besolid or hollow. Solid blocks carry
side and top joggles to facilitate construction, Thin block and
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Figa. |66 -and 183, Lath and Plaster partitions.

slabs are provided with grooves on all sides’throngh which
slender reinforcing bars are passed and embedded in cement
mortar to impart strength.

Art, 83, Lath and Plaster Partitions— For permanent
and superior work only metal lath should be used. It is
available in different patterns, such as, woven wire lath,
expanded metal lath, ribbed metal Jath and corrogated
expanded metal lath.

Metal lath, by virtue of its open spacesand corrogations
in its suriace, forms a rigid backing or foundation for plaster,
Cement plaster is struck on both the sides of the lath and the
resulting partition iz very thin and strong. Sau Figs. 185 and
189, Lath and plaster partitions possess fire resisting quatities.



ART. 83 ] LATH AND PLASTER PARTITION 117

Teak wood framed partitions are also used, as expla-
ined later under sound insulation, covered on both sides
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Figs, 180 w 108, Stendard wall board partitions.
by teak wood plantes or hard wood boards. See figures
on page 118 for outlines of such framed partitions.

Art. 84, Use of Furring in Partitions—The use of
frame work of wood or metal to provide an air space for
ij_:q'sulal:‘mn and to provide a finished level, surface, is termad
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as furring. In its simplest form, furring consists in providing
a frame work of timber, on both the sides of which are
fixed patent wall boards of reconstructed wood of various
designs, such as ply-wood, maszonite and asbestos wood, ete.

:# b = &

- “

4 z

4 S 3

3 paoR 4

-3 -

? v

. 4

# S

- I
4
3

* b

DoDi : QUTLINES oF TRDASED

4 DR FRAMED PARTITIONS
R
he
y

Qutlines of trussed or framed partitions.

The wall boards ars availble in standard sizesand the frame
work also carries panels to suit them, to which they are
fixed by screws. Specially prepared strips may be used to
lap over the joints to improve the appearance. Anair space
is locked up between the two sides and acts like good
sound and heat insulator, See Figs. 190, 191 and 192,

Instead of wall boards, metal lath is employed witha
continnous rendering of cement plaster, and the frame work
of timber may be replaced by vertical studs of I-sections
or channels. See Fig: 189.

Existing masonry partitions may also be provided with
metal lath and plastering with an air space formed in
between them. Differnt ways of providing furring to walls
are shown in Figs. 193 and 194.

Masonry Columns and Pillars could also ba provided
with facings with any of the following:—tiles, marble slabs,
lath work and plaster, wood boards of proprietory produ-

cts; plywood, etc.



CHAPTER VIII
Arches and Lintels

Arches and lintels-thsir functions and structural aspscts. Arch
&nd fis stahility, Tarms yead. Classification of drchas, Mathoda of
construcling brick arches—rough arch; axed er rough-cut arch and
guaged arch. Bond in brick arch, Stone =rches, Toncrele arches;
Arch caplerings. Thicknsas of srch Tings.

Lintals of wood snd stone. Lintels of rolled steel sections plaln
and encssed. Lintals of reinforced concrete. Reinforced brisk linlels.

Art, 85, Arches, Lintels and their Functions—
Purpose—Openings are required in walls for various purpo-
ses, such as for the location of doors, windows, cupboards
and for passages between rooms. An opening in & wall isa
weak paint and affects its strength in general. It therefore
requires to be very carefully and soundly built. The verti-
cal sides of openings are called jambs and the method of
constructing them with the aid of quoins is explained un-
der “'masonry'’, In this chapter, the varions methods of
bridging the tops of opening with the aid of arches and lintels
are explained. The construction of sills or the bottoms of
these openings also has to be carried out according to
standard methods and is detailed under the chapter on
“doors'” and "windows', Thus it will be seen that all
the four sides of an opening require proper attention during
the construction of walls, and particularly those in exte-
rnal walls, which should be weather proof in addition,
and the exclusion of sun and rain areoften primary factors.

The chief functions to be performed by an arch or a
lintel are :—

(i) To support the load of the wall above them.

(ii) To impart the npecessary strengh and unity in
wall binding together the jambs at their top,

(iii) To give facilities for fixing the door and window
frames, wherever they are used,
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(iv) Asthetically ,toadd to the appearance of structure.
(v) To provide stroctural facilities for fixing chajjas
and weather shades.

Archesand lintels serve the sams purpose, but structurally
function in a differeat manner. An arch offers a horizontal
thrust and tends to push the wall outwards, Thislateral thrust
is mare, if the arch has proportionately a smaller rise. For
arches that are built in & wall with their plane coinciding
with the face of the wall, proper supports should be con-
structed to take up this thrust and transfer it to the main
body, of the wall. For arches abutting againsta wall, tie
rods are provided for binding their two ends and thus to
make an arch partly self—supporting. But it is claimed that
arches give s better scope for providing and creating several
varieties of architectural effects in monumental structures.
Lintels, on the other hand, do not exert any oblique thrust
on the supporting wall, but rest on the sides of openings
like a beam and transfer the load vertically.

Act 86, Arch and Its Stability—An arch is () a
mechanical arrangment of wedge-shaped blocks laid in mortar,
{ii) mutnally supporting each other, and (iii) placed over an
opening in the form of some curve, {iv) to carcy the wall
and load above, The stability of an arch depends on the
-requirement that the blocks with whichan arch is built up
should press mutually; and that there is no-tension -at any
‘saction in the arch. This iz anly possible if the thicknessof
the arch and its curveare so designed that the lins of resi-
stanceatany section falls within the middle-third of the arch,
The safe resistance of ths material of anarch should not
also be exceded; and the bed joints should be arranged
pormal to the corve of the arch,

Art. 87, Terms Used—The following are the terms in
ased in connection with arches and lintals. See Fig, 195,

(i) Voussoirs are bricks or stones ar precast blocks,
forming the courses of an arch. They are usually wedge



ART. 86 ] ARCH AND {TS STABILITY 121

shaped. Springer is the voussoir placed next to the skew back,
and Keystone is the uppermost or central voussoir ofan arch,
(ii} Extrados, back or top of an arch is the upper or
convex side of an arch. I'ntrades, soffit or bottom of an arch
is the underside or concave side of an arch, Crown is the
highest point in the extrados.
(iii) Skew-Back is the inclined surface in the abntment
or pisr, specially worked in a radial direction to form a
bearing surface for the end of an arch, The springer or the
first voussoir rests on this surface.
KEY ~ STONE

J SPANDRIL ]
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EXTRADOS
SKEWBALCK OR BAGK

LINE OR SOEFIT
giza |=——35FanN

ARCH CAEUTHEHT
ceENIRE

ARCH DETAILS

r

[

e
Fig. 193, Showing differ=nt terms usad In eToiL

{iv) Springing Points are the points from which the
curve of an arch springs or commances.

{v) Abutment is the end support of an arch designed
to resist the inclised thrustof anarch or a series of arches.
They are wider and have more Weight than ordinary piers.
1f lintals, beams and girders are used imstead of arches,
their end supports ars alsp termed &3 abutments.

(vi) Piers are intermediate supports ol a series of
arches or &n archade, This terin is also used in connection
with lintels, beams and girders.

(vii) Span of an opening is the horizontal distance
between the supports of an arch, lintel or beam. HEectoa
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Span'' a3 distinguished from “Clear Span'', is the horizontal
digtance between the centres of bearings, and is invariably
used for all design purposes to calculate the strength of a
member. Rise of an arch isthe vertical distance from the
springing point to the highest point in the intrados.

{viti) Haunch is the lower part of an arch betwsen
the skew back and halfi way up to the crown.

(ix) Spandril is the frregular trangular filling to the
right and left of an arch, on the eéxtrados and upto the
horrizontal line drawn tangeat to the extrados at the summit.

Art, B8. Classification of Arches—The classification
of prches is usnally made:—

(i) By the number of centres from which the arch
curve is struck.

(ii) By the type of -workmanship employed in con-
structing an arch.

Sometimes archesare also classified by their historical
or architectural features,

(i) Classifying the arch by the oumber of centres

from which the arch curve is struck, we have the following
ﬂriethp_

{a) OneCentred Arch, such as semi-circular, flat,
segmental, Moorish or horse shos, and wheel or Bull's eye.

A semi-circuiar arch see Fig. 196, has its centre at the
springing level whereas the segmental and horse—shoearches.
are struck with their centres below and above the springing
point respectively. A Bullds eye is anarch, the ring of which
is a complete circle, see Fig. 203, A flat arch, also known
as the Camber arch, is set out as shown in Fig. 201, All
the bed joints are laid radial from the corresponding centre.
Flat arches are given a camber of } inch per foot of span
The construction of a fiat arch and the formation of skew
back and jambs ara shown in Fig. 200,

(&) Two-Centred Arches are those wlose curves are
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struck from two centres, such as equilateral, Fig. 197
acute and obtuze arches, Fig, 198,

(c) ThreeCentred Archorapproximately Ellipse, True
Elliptical arch, Sse Fig, 199, parabolic arch, pointed arch
are the other varieties of arches.

THICKNES OF JOINT AT
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Fios. 184. 1o 199, Different types of srches.

(d) The Ocoid Sewer section shown in Fig. 202 is struck
from four centres, each centre being separate for crown,
invert and the two sides. Fig. 284 is an illustration of an
inverted arch, commonly amployed for foundation designs, to
distribute the pressure on the foundation bed.

It is sa called on account of its inverted position, since
the crown is balow the springing and the centre isabove the
springing.

(¢) Relicving arches are built over some lintels and flat
arches for the pucpose of carrying the weight of the wall
above them, and thereby relieve them of the load which
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they would have otherwise borne. Such a relieving arch is
shown in elevation and section in Figs- 205 and 206. The
woad lintel shown in the above figures is in two pieces
and bears only the load of the filling between itself and
the relieving arch. A relieving arch is also termed as a
“Discharging Arch'.

. FLAT ARCH AND THE!
1% GAUGED BRICK ' RELATING CIRCLE “
r

];F' LAT ARCH

'

Fig. 200. Flat arch shown in elavation-
Fig. 201. Devalopmant of & {ist arch,

Art. 89, Methods of Constructing Brick Arches

10 Classification—{ ii ) According to the second classification of

arches, as stated in the previous article, depending on the
workmanship and the bricks ussd, we have,—

{a) Rough Arch;
(h) Axed or Rough-cut Arch ;
(¢) Ganged Arch.
A brief description of these is given below i—

(@) Rough Arch iz constructed of standard bricks with
paralle lsides. The bricks are not wedge shaped but have their
sides tangential to a small circle around the arch center, the
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diameter of which is equal to the thickness of the brick. See
Fig. 207. This results in the formation of wedge-shaped or

V—shaped bed joints,
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Fig. 282. Ovoid sawer saction. Fig, 203. Ball's eya.
Fig, 204. Invetted arch:

A rougharch, if built with whole brick on edge as shown
in Fig. 208, will have bigger sized V-joints. This necessitates
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JAXED &4 BONDED RELIEVING ARCH.

Figs. 205 and 208. Ralixing srch.

a rongh arch to be huilt of half-brick rings, each of 4} ins.
thickness, Ses Fig. 209, This has the effect of V-joints less
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pronounced. The springer is used as a whole brick to spread
the load on a buoilt up skew back.

(b) Axed or Rough-Cut Arch—In this type of arch
voussoirs are formed of bricks that are roughly cut to a
wedge shape by means of a brick-layer's axe. The sides

HALF-BRICK RINGS oF
ROUGH BRICK ARCH l

V- MORTAR JOINTS

ROUGH ARCH WITH
WHOLE BRICK
oM EDGE

ROUGH ARCH WITH
A-RINGS OF HALE 2RIKKS

¢
< NOTE THE THICKNESS OF V- J0INTS AT EXTRADOS

Fig. 207. 9" thick roubh brisk sroh with hall brick rings
Flg 206. Rough brick arch with whole brick oa pdge
Fig. 209 Rough brick arch with S-ring with hatif bricks

radiate from a common centre, as shown in fig. 205. Thus
forming the bad joints of regular thickness throughout.

(c) Gaugzd Arches —The principle of constuction of a
gaugad arch i3 the same as that of an axed arch, but the
waorkmanship is of & superior quality. The bricks are accura-
tely cut and peatly dressed toa wedge shape. Thus joints
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in-a ganaged arch are fine, thin and truely radial, For high
class wark the bricks'are alsorubbed to show a very smooth
surfacs. Oftea bricksarsspacially moulded to the required
wedlgeshapa, for this class of work, to suit the radins and
the span of the arch. In such a case, the arch is termed as
moulded brick arch.

Art. 90. Bond in Birck Arches—Arches are built
(i) either in ths form of concantric rinzs whole half-bricks;

or (ii) by the arrangement of voussoirs as headers and
stretchers,

(i) In the first method, the concentric rings are usully
of half-brick thickn=ss, and all bricks are [aid as headers,See
Figs. 199 and 201, The radial joints in each ring are non-con
trinuous. Sometimes in arches of bigger spans, bond blocks
are introduced between two concentric rings to prevent them
from being separatzd from each other and thus from causing
a failure,

(ii) In the sscond method of constructing an arch by
placing the voussoirs as stretchers and headers, proper
tansverse bonding in the intecior of the arch i3 secured.
This is necessary in & wide ora desp arch, Unlike the type
of concentric rings, the bed joints in this method ar= kept
continuous and radial, See Fig. 205,

Art. 91. Stone Arches—Like brick arches, stone
arches may be circular, segmental, elliptical, pointed, or
flat. They are built with voussoirs which are dressed to
a wedpe shape of the required size, for each arch, Hence
it is possible to kesp all bed joints radial. The full sized
arch is first set out on a level piece of ground and sizes
.of each voussoir and the key-stone are worked out Ly slight
adjustment. Templates are then prepared for being supplied
to stone dressers for dressing them.

Ashlarand cut stone arches are the principle varisties of
-stane arches where better stones and good workmanship could
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be employed. They are adopted for superior work where
great strength and appearance ars essential. For ordinary
work rubble arches are also constructed.
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Fig. 210. Stone arches. Stepped FI- 211. Flat arches of stome.
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In fig. 210 are shown the two types of stone arches,
iz, the stepped arch and the round arch, It will be noticed
that the former is maore stable than the latter inas much;
each voussoir initcarriesa shoulder which securesa proper
bond into the conrses of the wall. This also prevent the
slinding tendency of the top wall load on the back of the arch,

A flat arch is shown in Fig. 211, The methods of
securing the voussoirs by means of rebatesane joggles are
shown in Fig. 212 and 213,

Ast, 92. Concrete Arches—The use of concrete in arch
work to span the openings in walls of building is mainly
in the form of precast blocks without reinforcement. The
cast in-situ concrete work for monolithic arched floorings
is given later. Similarly cast in-situ concrete arches are
employed for arched culverts and bridges.

Voussoirs, keystonss and skew backsdre spacially monlded
for the type of the arch for which they are to be used, Theg,
are thereiors gauged arches. Well geaded and corréctly pro-
portionad cement cancrets is used for the purpose. Complete
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curing of the blocks is necessary before using them. Once
the precast blocks of concrete are manufactured, other
details of construction are similar to those of stone and
brick arches.

Art, 93, Methods of Constructing Arches—Arch
Centering—All arches prior to their construction acressa
span; require the provision and erection of some formofa
temporary structure to support them. This temporary
support is known as Centering.

The requirements of an arch centering are,—{i) It must
be sufficiently strong to support the arch and rigid enough
as not to bedestorted under loads of materials and workmen
moving aver it duripg the construction of the arch. (ii) It
must be capable of being removed after the arch is set
without causing any ditsurbance to it.

Ordinarily in buildings, the centerings for arches are
constructed of wood, though steel centerings are employed
when 2 aumber of similar arches have to bastruck, loits
simplest form, & centring consists of a pair of solid ribs
cut from planks of the required thickness and width. The
tops of the ribsare worked to the intradoes curve of thearch.
On top of these ribs are fixed laggings which consist of
battens driven across from face to back of the arch and
joining the two ribs. See Fig. 214,

At the two ends of theribs, bearing piece are fixed to
rest the centering on supports. Between the bearing pieces
and the supports, wedges are provided to [acilitate the
easingof the centering. Proper care should be taken tosee
that the supports, rest an a hard base. In Fig, 215 is shown
the section of the same centering at the centre,

The types of centerings suitable for bigger spans as met
with inbuildings are shown in the following Figs.216 to 219,

Instead of uging one solid rib, built-up ribs are empl-
oyed, and to impart rigidity, braces, and ties are provided.

Q
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Temporary supports for small arches are made in a
very simple way. A thick horizontal plank is supported on
four to six props at the springing level and bricks are aranged

E -

- -
o — 5| ——

N
2= LACGG

\ ARCH
P
- Bx i:"ra RS

TN

AT
M AL
e § . L =
_ELEVATION SECTION AT CENTRE

Fig. 214, Arch cantering for small spans.
Fig, 215, Arch canlering in section.

on this plank roughly to the shape of the intrados. On top
of this brick,~work, a plaster of mud is applied to give a
aniform surface for the intrados of the arch to be
constructed.

When the centering is erected then masonry work or
concreting as-specified for the construction of the arch,
iy taken up.

Art. 94. Thickness of Arch-The thickness of important
arches iz usually determined by drawing theirstability diagr-
ams for the span, rire and the loading in each case Butf or
amall ‘arehes ns nre commonly met with in buildings, the
following rules may be used to determine their thickness, T.

(i) Single segmental arch,

T = +0.12% Radins, feet.
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(ii) Single semi-circular arch,
T = +0,20% Radius, feet.
(iii) Series of segmental arches,

T = + 017 xRadius, f[eet.
(v) Series of semi-circular arches,

T = 0.25x Radius, feet.
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Art, 95, Lintels—Early in this chapter, the various
functions of lintels have been ennumerated, The details abont

their constroction and the materials used

will now be
considered,

Lintels ara constructed of varions materials 'such as
wood, stane, rolled stesl sections either alone or in combi-
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nation with other materlals, reinforced concrete, reinforced
brick work. A typical lintel resting across a clear span of
3'-3" is shown in Fig. 220.
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Fig. 220. A typical lintel Span 3'--3" clear.
Figs 221 to P22, Lintel R, & section= and concrsts.
Fig. 223, Lintels, R, 8, jolstz and cul stones.

SECTION

Wood and Stone Lintels—The use of wooden sections
and stone slabs for bridging across an opening and to bear
the top load of the wall, is practised from very early times.
But wooden lintels are costly and are laible to be destroyed
by fire and decay. Single sections of wood or built-up
sections of two or more pieces held together by bolts, are
employed for the purpose. Similarly stone lintels, except
in locality where suitable ston= is available, are very rarely
used on hceount of their high cost of transport.
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Art. 96. Lintels of Rolled Steel Sections—These
are suitable for wide spans and heavy loads. The use of
R. S, Joists with cut stone glabs is shown in Fig. 223
Proper bedblocks or templates, either of stone or of cement
concrete, should be provided at the supports for the ends
of lintels to rest upon. L-iron and T-sections are suitable
for lintels in a similar manner.
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Figa 224 and 235, Reinforced concrete lintels

Lintals are also formed of rolled sections embedded
in cement concrete asshown in Figs, 221 and 222, The follow-
= ing points deserve attention for such types of construction :-

(i) Cast iron or steel distance tubesshould be introdu-
ced batween the adjacent rolled steel sections, and balts
should be passed through to hold them in pesition.

(i) At the underside of the sections, metal lathing
shonld be provided to give & proper grip to concréte for
adhering to the stesl section.

Art 97. Lintels of Reinforced concrete—Plain cement
concrete and brick masonry have very little flexural strength,
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Their use to spanan opening in the form of an arch, where
only direct compressive stresses bave to be resisted, has been
already considered, But if these have to be employed for
lintels where flexural strength is needed, some form of steel
reinforcement is necessary to resist the bending stresses.

In Figs. 224 and 225 are illustrated R. C. C. lintels
commonly used in buildings. They are either pre-cast or cast
in—=itu, The ons shown in Fig. 224 carries a chajja or a
canopy in front of it. Owing to the possibility of casting
concrete to any shape, -and to its low cost of maintenance,
R.C.C. lintels are invariably used in modern practice. From
the construction point of view, proper care should be taken
to see that the reinforcement is correctly placed in position.
and that the concrete is homogeneous and thorougly cured.

= * !
Figs, 228 and 227. Form work for R, C. C, lintels.

As in the case of arches, concrete lintels also require
a form work for their laying and construction. In Figs, 226
and 227 are given the details of form work commonly used
fer the purpose of casting R. C. C. lintels,

Atr. 98. Reinforced Brick Lintels—Liniels are also
constructed of bricks reinforced with steel bars or flats, The
reinforcement is introduced between the courses of bricks
in a manner similar to that in reinforced concrete, The
brickwork which is built with bricks placed either on edge
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or fiat, takes compression and steel reinforcement takes
teosion. A gentle camber is gives to the lintel and the
transyerse joints are arranged to radiate from a common
centre to improve the appearance. The loogitudinal joints
are arranged continuous and the reinforcement is placed in

I : e
| |
WIRE ;
STIRRUP
SPAM OF THE
OPEMING l
e ]

Figa. 226 and 229, Relnforced brick lintel.

these joints, Cement mortar is used for the constructon of
this type of lintels. To impart lateral strength, wire stirrups
are also provided transversely to tieup the reinforment
and to hold in position the bricks in the lower course. See
Fig, 228 and 229 fordetails of construction of such lintels.



CHAPTER IX
Joints and Joinery
Woad work-wrought and pat up. Tamporary and psrmanent
cirpspiry. Non-losd bearing and load-bsaring timber membsra,
Tarms usad In carpsutry and joinary.
Prinzips] joints used In carpentry. Lengthening jointsi Widen-

fng jaints; Transverss ljaints—bearing joints. framing joints. Mostlse
and tanan joints and fts varisties. Obliqua |oints, Fasteming.

Art. 99. Wood Work—" 'Wrough and Put up''—
Structural timber as obteined [rom depots is rough and
pnwrough. [t requires to be cut, planed and framed for
employment in building work. This art is known as
“Carpentry’” and ‘““Joinery ' and has to be carried out
according to recognised methods to impart requisite stru-
ctural qualities te the finished work. Timber which is thus
finally placed in position in building is termed as " Wrou-
ght and Put Up."

Art. 100. Temporary and Permanent Carpentry
work—The use of timber for construction falls into two
principal catagories :—

(i) Temporarily during construction as in the case of
scaffolding, shoring and strutting, timbering of excavations,
fals= work, and centering to arches, etc. This timber as the
nams implies, does not remain in position after the struc-
ture is finally constructed. Its use is only during construction,

(ii) Permanently in @ Building asa part of it, as in
the case-of trusses, columns, girders, beams, joists, board-
ing of wood floors doors and windows, ete, Timber trusses
and roofing, partitions and doors ete. In this chapter are
given the details and the methods of using timber perma-
nantly in a building,

Art. 101. Permanent Carpentry—Structurally for
permanent work timber is used for two distinct purposes,—
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(i) Non-Load Bearing.—for doors, windows, partitions
and decorative work.

(ii) Load Bearing Membes: for timber members used
in {loors and roofs, posts and staircases. etc.

Joints play an important partin the work of a carpen-
ter, though the final finishing of the exposed faces of
wood work has to be duly attended to whenever required.
The essential raquirements of joints are tightness and deli-
casy. They should not as far as possible be prominetly
visible to the eye. The differnt typesof joints in carpentry
are given in the following articles.

Art. 102. Terms used in Joinsry—The following are
the terms commonly nsed in describing joinery work.

(i) Chamfering indicates the process of cutting away
the edges or arrisis of a timber piece. The exposed edges
of wood are usually rounded off or chamfered. This also
adds to the appearance of the jointed work. The inner
edges of horizontal rails and stiles of a door panel are
usually chamfered, and a V-joint is lormed at their junc-
tions. If the chamler is not continued to their junction
point, but ends either in another chamfer or ina slope, it
is called as stopped chamfier.

(i) Plough Grooving is the operation ol cutting
grooves parallel to the grains for decorative work. When
@ groove is cut accross the grains it is called Trenching.

(iii) Rebating consists in cutting away a rectangular
portion from the edge of a timber piece af suificint depth
for another piece similarly cut to fit in. Sometimes one
timber piece is only cut to receive the whole of piece,
(a) The joiuting of floor boards, and (b) the formation of a
cehate in the door Frame to receive a shutter, are tha
examples of the two types of rebating.

(iv) Mitring indicates the method of intersecting two
pieces ol timber meeting at an angle. The intersection Is
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termed as metre, Special mitre blocks are provided to cut
the edges of pieces 18 the required angle, Different types
of mitred joints are described later.

(v) Veneering consists in providing a thin sheet of
timber, wsually of a superior quality. to cover the exposed
face of anather timbsr which is ol an inferior variety. The
aim 15 to mainly improve the appearance of wood work,
The inner wark is intended to satisfy the structural peeds.
whereas the vensered facing is intended for ornamental or
decorative purpeose,

(vi} Mortising is the cutting of a rectangular recess in
one member to receivea projection, or tenon at the end of
another member, If the mortise does not pass through the
entire thickness of the member, it is termred as Stub-mortise.

(vii) Tenoning consists in forming a projectien or
tongue at the end of a piece. Usually the ssction of the
piece is reduced to form a tenon, The tenon fits into the
mortise cut in  the other timber piece to form a joint
commonly known as Mortise and Tenon joint. Mortise and
Tenon joints may be, shouldered, dovetailed, tusk, haunched,
stub, housad, chass, forked, etc,

(viiif Dowetailing is the method adopted to join two
boards usually at right angles to each other. In the end of
one board are formed fanshaped pios to fitin the similarly
shaped sockets or mortises cut in the other. There are
differeat types of dovetailed joints which aredcscribed later,

Art. 103. Principal Joints Used in Carpentry—
Joints are classified according to the purpose which they
are intended to serve in each case,—

(1) Lengthening Joints. Theseare employed for length-
ening ties, struts, and members subjected to bending. These
joints are necessary as very oftsn the lengths of available
timber sections are not sufficient and have to be extended
to suit the required purpose.
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_ (2) Widening Joints—are used to increase the width.
by jointing the planks of available smaller widths, as in the
case of floor boarding or timber ceiling to roofs.

(3) Transverse Joints. These may be classified iuto-
two main types.—(i) Bearing Joints when one member-
rests transversely on another member and it is intended to
transfer some load to the latter, In the formation of bearing
joints due consideration should be the strength of the joints
thus formed; and

(4) (ii) Framing Joints—used for framing doors, wind-
ows and partitions, where strength is not the main factor
as rigidity and appearance.

(5) Obtigus Joints, designed for framing heavy timber
section at an angle which may be either acute or obtuse
as in the case of trusses, heavy partitions, etc.

These joints will now be described in detail.

_ Art. 104, Lengthening Joints—These include lapping.
joint, fished joint, scarfed joint and built up joint. A single
lap joint with U-~stirrups of iron is shown in Fig. 230.
Bolts should be used if the joint has to withstand tensile
stresses in addition.

The two common varieties of fished joints are shown
in Figs, 231 and 232. The two ends of the members to be
jointed are butted against each other and iron or wooden
plates, known as fish plates, are provided on each gide of
the joint. The respective members are then fastened by
means of bolts.

In Fig. 233, is shown a scarfed joint suitable to resist
compression, Another form of scarfed joint is shown in
Fig, 234

Figs. 235 and 236 show a scarf with oblique surfaces with
a pair of hard wood keys, used to tighten the joint. This
is used to resist tension.

The joints shown in Figs. 237 and 238 are suitable for
resisting both tension and compression. The surfaces are
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jointed by indenting or tabling the parts together. In Fig.
238 hard wood keys are inserted with advadtage to streng-
then the joint.
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Timber members are also lengthend by building wp
smuller sections in'o several layers as in the case of curved
builtup ribs oc laminated ribs. The jointsare broakenand the
respective pisition are held in position with the aid of bolts.

Art. 105. Widening Joints—Some types of widening
joints are shown in the accompanying Agures from 239 to
240, These joints are :—rebated joint, Figs. 239 and 240;
tongued and grooved joint; Figs. 241 and 242; simple butt
joint. Fig. 245; ploughed and tongued joint, Fig. 246 and
247: and rebated and flleted joint, Figs. 248 and 249, In
addition to the above joints, we also have dowelled joint
which is a butt joint to which additional strength is given
by inserting round pins of hard wood or of metal in the meet-
ing surfaces. Thesurfaces of the joints are preferably glued
to prevent separation.

Art. 106, Transverse Joints—Bearing Jointse—The
following are the different types of bearing joints :—

(i) Halving-Two pieces crossing or mesting each other
are jointed in a simple manner as shown in Figs. 250 and 251,
Half the thickness of each piece is cut away to fit one end in-
to the other, The upper and the under surfaces of the joint
are made flush, In Figs. 252 and 253 areshown bevel and
dovetail halving, These joints are used for wall platesand
for fixing collar beams to the principals.

(i) Notching—254 and 235 indicate the method of
jointing by a single notch; and that shown in Fig. 256
indicates double notching when the notch requred is a deep
one. Hall the notch i3 cut in each piece. Notchingis very
commonly used for fixing joists to wall platesina timber
figor. The shoulders formed in a notched joint prevent the
jpists from lateral movement.

A Birds-month Joint, in which notching is also used, is
employed for fixing @ common raiter to a wall plate or
post plate. See. Fig. 476 onder single roof.
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(iii) Cogging—In Figs. 257 and 258 are illustrated the
methods of makinga joint where cogging is employed. Two
notches are cut in the lower piece on either side of an un-
cut portion in the middle, The uncut portion is termed as
cog. The upper piece contains a small notch which fits

the cog of the lower piece. Joints are usually copged o
to theE‘W‘iﬂl plate. R

BEVEL HALVING

BOUBLE ]
Do B 5

I
2 1.54 halvi Fig- 252 Bevel halving.

f’ii:'. %ﬁgﬁjﬂ nﬁih:g. i il l"ifl;‘ 254 and 255. Shnple woiching

Fig. 256 Double sotching Figs, 257 and 258, Cogping,

- (iv) Housing—When the entire end of ope piece of
timber fits for a short diistance into a notch c#t into
another piece, a housed joint is focmed. In Figs, 256 and

250 are illustrated the methods of housing bsidging joists
into wall latpes and binders,
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(v ) Dovetailing—See [ viii) in art. 101 also. Single
dovetail joint when a vertical piece meets a horizontal piece
1§ shown in Fig. 268. The method of fixing the ends of
trimmed floor joists to trimmers is shown in Fig. 262

Lap dovetail joint is shown In Fig. 263,
A BRIDGING JOIST BRIDGING | JOIBT

WaALL PLATE

HOUSED  JOINTS

L)
B2 TRIMME

SMIGLE

POVETAIL DOVETAIL
HOUSED JOINT Iy

I

B2 TRIMMED LAP DOVETAL

FLODOR JOI5T

Figs. 758 and 23, Housing. Fig, 251, Single dovatai] jalnt,
Flg. 252 Use of dovetail joint intrimming; Fie. 253 Lap dovetalid jotnt

Art. 107, Framing Joints-{ i) Angle Framing Joints-
Mitred Joints. The different types of mitred j%ints are
shown in Figs. 264 to 269, Simple mitre and butt mitred
joints are shown in Figs, 264 to 265. Plain mitred joint
has the disadvantage of showing light through the joint.

Rebated metred joint or ctherwise known as double butt
joint, shown in Fig, 266 is used for superior work. Thougued
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ae keyed mitred joint, lipped mitred joint and grooved and
tongoed mitred joint are used where strenght and good work
are essential, See Figs. 267 to 269, Glue is used in the
making of such joints.

(1) Mortise and Tenon Joints—The general deacription
of mortising and tenoning is given underart. 102 (vi &vii). It

=

SrPLE ruTRC BuTTY METHEQ REBATED METRED

[

ToNGUED METRED LIOPED STRED GroovED & TonGUED

| =

Figs 2684 and 865 Simple mitrsd and butt mitred joint=.
Fig. 256, Rebated mitred joint,
Figs 267, 268 and 250,

Tongued, lipped, groovedand tongued mitred jonts Tespectivaly,

is a form of joint very commonly used for Bxing two piece of
wood at right angels to each other,

Inan Open Mortise joint, the mortise is cut on the end
of the piece and the tenon cut from the other piece fits in. A
dovetail may also be formed in this case, See Fig. 251

Fig. 270 show a common form of mortise and tenon
jointand a wedge piece may be used to tighten the joint. The
width of thetenon is one=third the total width of the piece.

In the case of howsed tenon joint shown in Fig. 271,

10
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the entire end of one piece is fitted in the recess cut for
the purpoge in the piece and in addition a simple mortice
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Fig. 210. Wedged mortise and tenon Filg. 271. Housad tsmom joint.

and tenon joint is provided in front of it. The housing may
be upto about half an inch to one inch.
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_ Figs. 272 and 273, Tusk tanon joint.

(ii1) Tusk Temon—is shown in Figs. 272 and 273.
The joists and binders are fixed to heavy girders with the
help of a tusk tenon joint. The joists carry load and have
to tranimit it the girders, A pin is driven to prevent
any lateral movement in the joists or binders, Trimming
joist and trimmers are also jointed by the tusk tenon.
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The tenon projects beyond the trimming joistand a pin is
driven to tighten the joint, See Figs. 274 and 275,

TRIMMING JOIST TRIMMER :
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Figs: 274 and 275. Tusk tenos joint mijth pin,

(iv) Jogele and Tenpn joint is shown in Fig. 276.
This is used for fixing the vertical studsofa timber partion
to the horizontal sills of the frame.

JocGLE & TENON ELEVATION  \WEDGED MORTISE &
- TEMOMN JOINT

Fig. 276. Joggie and Tig 277, Wedged Fig 278 Wedged moriiss mnd

lenon joinl. mortise snd tsaon enon; iSOmetric view.
: with shouldr

In Fig. 277, is given the elevations, of a Medged Mortise
and Tenon j%int used for timber partitions. The mortise is
provided with a shoulder to support the cross piece, Thn
joint is tightened by means of a wedge. The same joint is
illustrated iu isometric view in Fig. 278.
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Lock RAIL HAS
GROOVE FOR FAMEL A

Fig. 278 Framirg Joint Haunched {enom, for top rail and stile.
Flg. 380 Framing joint. Hsunched tanon; for frisze rall snd stila.
Fig, 281 Framing joink A pair of single kaunched tenon.

LOCK RAIL

Fig. 282, ‘and 263 Framing |oints |or Inck rall snd diminished gills,

{v) Framing Jointz for door and window shuottérs.
Special types of mrotise and tendn jnints are used for fixing
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the rails to stiles for forming frames of door and window
shutters. Figs. 279 to 251 indicate such joints with their
details shown in isomstric. The thickness of tenon should
be one-third the thickness of the piece, and its width should
not be more than four to five times its thiceness.
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Fig. 284. Flat panal. 2835. Flush panal,
Fig. 243, Salid panel. 2895. 1o 280, Ealsed pansls.
Fig. 29\ and 381. Mouldad panals.

(vi) Haunched Tenon, Fig. 279. Used for fixing top
rail to the stile. One or two haunches are provided in the
tenon to reduce its width, A tenon with two haunches in a
freize rail is shown in Fig, 280. A groove is also cut along
the piece for the shutter panel to fit in. A pair of Single
Haunged Tenon is shownin Fig. 281 for fixing the bottom
rail to the stile
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‘When a door has partly glazed and partly panelled
shutter the lock rail and the diminished stile are jointed
as shown in Figs. 282 and 283, This facilitates the top glazed

“portion of the shutter to be of greater area to admit more
light and at the same time the bottom panelled portion can
be of normal size and strength.
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Figa. 232 and 283. Demaila of planted mooldings for panals,

Art. 108 Panelling—The essentintial parts in panelling
are,—(i) a fame work of stiles and rails; and (i) a flat
‘board framed into it with a system of grooves along the
inside of the frame work. Panelling is very commonly used
in doors, partitions, wood encasementsand in cabinet making.
Only well seassoned wood should be used for such work,
23 also workmanship should be of a high quality.

Panelling Varieties—{i) Flat Panel shown in Fig. 284,
is the simplest of panel. Flush Panel and Solid Fanel
are the other two varieties of flat panel. See Figs. 284 and 215-

(ii) Raised Panls are illustrated in Figs. 257 to 289.
The panel is given & margin which is slightly at a lower
level than the general plane of the panel. The margin is
also given a gentle splay.
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(iii) Mowlded Panels, the varieties of which are shown
in Figs. 290 and 291, Moulidings of various designs are
provided along the edges of panels and at the junctions of
panels and stiles. These mounldings may be either carved
on the panels and stiles or may be mounted as shown in
Figs. 292 and 293.

Panels are also formed of ply wood of 3 or more plies.
These panels ara not linble to shrink and are also light in
addition to their strength, and durability.

Art. 109. Oblique Joints—For jointing the members
in a frame work which meet atan angle other than a right
angle, oblique tenon joints are commonly used. Such
joints eceur in timber roofs and in the frame work of heavy
partitions, Sometimes these joints are strenghened by iron
straps overlapping them.
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Figs 234, to 301, Various fastenings for wood work.
Fig. 302, Hand-mil scraw.

i

The method of jointing the principal rafter with the
tie beam and the inclined strut with principal rafter is
shown in the various figures under doors. Oblique mortise
and tenon joint is used between the principal rafters and
the king post, and king post and inclined struts respectiv-
ely. It will be seen that the above joints are further stren-
gthened by means of iron straps and bolts with washers.
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Various types of oblique mortise and tenon joints are also
required in the framework of a heavy timber partition.

Art. 110, Fastenings—The various [astenings for wood
work, wrought and put up, are shown in Figs. 269 to 301.
They are,—brads, clasps, wronght iron nmails, wire nails,
lath nails, ordisary and coach screws, Hand rail screw
shown in Fig. 302 is used to strengthen a continuous hand-
rail at bends,

The use of lron straps, hardwood wedges and keys for
fastening and lengthening s joint has been already discribed
under the descriptions of the varjous joints in the previous
chapter.



CHAPTER X

Doors and Windows

Doors and windows-thelt component Parts. Revaals and jambe,
Typea of doors-ledoed doors, ladgsd snd braced doors; {ramsd
and ladged doors; framed and panalled doors: glared or sash doors;
fourved doors, {losh doors, Doors without hing=ss; rolling doors, shid-
ing doaors: collapsible doors: revolving doors, cazament doora.

Windows:—thafr component paris, window top and sill Mstl
casemants, Skylighta; lantetns.

Art. 111. Doors and Windows and their component
Parts—The two materials of which doors and windows are
made are timber and steel, though for glazed portions of
shutters glass is invariably used. The modern practice is
also to use R. C. C. frames for doors and windows. In the
following articles, the detailed methods of constructing
teak wood doors are described,

The Component parts of a door are,—

(i) A door frame of the required size to fit correctly
in the opening formed in the wall; and

(ii) Shutters to fit in the door frame. For small open-
ings single-leafed or single shuttered door is used; and for
wider openings, doors with two shutters are used, The two
shutters may have each of them fixed separately on either
side of the frame, or they may be hung on one side only.
with hinges fixed between the two shutters to admit them
to be folded. Sometimes doors are provided with shutters
on the two sides of the frame, and the inner shutters may
be fully glazed or fitted with mosguitto proof wire netting,
while the outer shutters are fully panelled.

Raveals and Jambs—The frame of a door isbuilt upin
reveals formed in the sides of the opening leit in masonty.
Reveals are of widths varying from 3% to 5%, On the opposite
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side of the revesl, the jamb is given a splay as previously
stated, see Fig, 76, page 78.

Fixing of Door Frame—The frame is fixed in the wall by
a hold-fast as shown in Figs. 303 and 309, The hold fast is
fixed at its one end to the frame by means of screws, and its
other end is opened out to have a grip in masonry. Preferably
hold-fasts should be embeded in cement concrete ina wall.

Door Sise—The size of a door or a2 window is nsually
expressed by the over all dimensions of its frame which corr-
seponds with thoss of the opening formed in masonry for the
purpose. The minimum height of a door is 6'-3" and the
width 3°=3", though single shuttered doors serving unimpor-
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Fig 203. Door frame details. Fixing method.

tant sections of 8 building conld be made 2'-6" wide, Ifa door
includes a fanlight or a ventilator attached to it on top, its
height will bz 7°-9", The maximum size of a door is not
usually more than 4'-6" x §'—6",

Doar Frame Details—A door frame is formed by jointing
vartical pasts, a head and asill. It may be noted that sills are
somztimes omitted, The post carriesa tenon which fits into
the corresponding mortise in the bead orsill, The head and
sill project beyond the posts to admit of the frame being fixed
into thewallatits ends. Theseprojectionsare termed as horns,
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When the bottom sill is omitted the posts are fixed into the
floor below by means of iron dowels, ar shown in Fig. 308
on page 156,

The size of scantling of a door frame may vary from
3" % 3" to 6" X 4", the thicker dimension being accross the
wall, The outer edge is either shamfered or moulded as
desired. On the inner edge of the frame, a §~in. thick rebate or
a rectangular recess is formed to receive the shutters, See
the same figure given above.

Art. 112. Types of Doors—Doors are classified
usually into the following types according to their methods
of construction and unse,—

{i) Ledged doors.

{ii) Ledged and Braced doors.

(ii1) Framed and Ledged doors.

(iv) Framed and Panelled doors.

(v) Glazed or sash doors,

{iv) Louvred doors.

tvii) Flush doors.

(wiii) Deors without hinges;—

(@) Sliding Doors. (&) Rolling Steel Doors.
(o) Collapsible Doors. (d) Revolving Doars.

(ix} Casement doors.

The salient featores and the methods of construction
of these types of doors will now be described.

Art. 183. (i) Ledged Doors—A simple method of
making 2 door is shown in Figs. 304 to 306, Battens usu-
ally of 6 ins. width and {* to 1" thick are jointed together
to form a door shutter. Toogue and grooved joint should
be used to prevent the appearance of splits betwesn the
planks, The upright planks are fixed to horizontal rails or
ledges whicl are three in number. viz. top ledge, middle
or lock ledge and bottom ledge.
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door stops could be fixed as shown in Fig, 306, The shutters
are fixed to the frams with the aid of T or garnet hingss.
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Fig. 34 to 303, Dalsils of ledged and braced doors.

(i) Ledged and Braced Doors—For wider doors,
-additional diagonal pieces called braces are used between the
ledges as shown in Fig. 304. Oblique mortise and tznon
joints are used for [fixing the braces into the ledges.
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(iii) Framed and Ledped Doors—A better method of
preparing battensd doors is to form a frame work, consist-
ing of a top rail and a bottom rail and two stiles, To
strengthan the frame and lockrail, braces are also provided.
A framed and ledged door is illustrated in Fig. 307. This
door is stronger and has a better appearance than tne
privions two types of doors of the sams class,
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Fig. 307. Framad and ledged door;
Fig. 308, Use of dowe! pins in fixing door Imme,
Fig. 300, Hold tasts for door trame fixing.

In Fig. 308 is indicated a method of fixing the post or
a door frame in the floor, when the bottom sill is omitted.
A dowel pin 3/4" to 1%, either of hard wood or of ironis
used for the purpose,

An isometic view of the details of a wrought iron hold
fast and the method of fixing it to adoor frame are given
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in Fig. 309. Hold fasts shonld be screwed down to the door
frame. They shonld be embedded in concrete for stength.
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Fig. 310 Foor panel, =zingle shuter door.
Fig. 311. Double shuttered, ralsed panel deor,

Art. 114, Framed and Panelled Doors—In Fig, 310
is illustrated a four panelled, single shutter door very
commonly tsed in'practice, The door consists essentially of
a framing made up of a requisite number of horizontal rails
and vertical stiles- A detailed description of panelling has
been already given in the previous Chapter, Art. 107. The
jolnery invalved in this cennection is also detailed therein.

A double shuottered door with raised panpels is shewn
in Fig. 311, The thickness of the frame for the shutters
varies from 1}" to 2", The number of pannels in any single
shutter is usually limited to six, Insucha case the various
horizontal rails are termed as, top rail, bar rail, lock rail



ART. 114.] FRAMED AN PAELLED DOORS 159

and ‘bottom rail. The central stile s termed mullion
of muntin.
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LI: pailly PANELLED ‘DOOR DODR.

Fig. 312. Partly panellsd and partly glazed door.
Fig. 313, Fully glazed door, or sash door,
Fig. 314. Plate glass door,

Art, 115, Panelled and Glazed Doors —Sometimes,
when light has to be admitted inside a room, doors have
their upper part provided with glazing. The lower portion
of the door is panelled as mentioned above, The height of
the glazed portion is usually 2/3rd and that of the panelled
portion is 1/3rd as shown in Fig. 312, The usz of diminished
stiles or gun stock stiles on the sides of the shutter frame is
also indicated in the above figure. Partly panelled and partly
glazed doors also have double shutters. The glassesare fixed
in the rebates of the frame—work of sash bars, and they are
secured by nails and putty, or by beads bradded to the frame.

In Fig. 313, a fifteen glass-panelled, fully glazed door is
shown. In Fig, 314 adoor witha single panel of plats glass
is shown. These doarsare specially suited to light lobbies
corridors, halls, staircase landings, show cases ete, and
supplement the light ordinarily admitted by windows,
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Art. 116, Louvred Doors—If it is intended to allow
a free passage of air and at thesame time to maintain snffi-
cient privacy in & room, louvred doorsas shownin Fig. 315
are provided, A louveris aninclined board fixed ina [rame
work. To form a door or a window shatter, they are fixed
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Fig. 315. Louvred Doors. Figs. 316-& 311, I'Pat':i.lls of fixing louvres.

in a series so that the upper back edge of any louver is above
the lower front edge of the next higher louver. See Fig. 316,
The usual inclination given to louvers is 45 Sometimes the
loavees are attached to the shatter frame by pivots and in
addition all the louvres are connected to a common vertical
piece of timber with double ayes, This facilitaste to push
‘down or lift up all the louvers; in series, inorder to admit
light inside the room, and also to obtain a horizontal vision

on the other side. See Fig. 317,




1OUVRED: DOOES

161

e =
AN 4 RAILS
HOLLOW FRAME

)

THE HOLLOW 15 EI
WITH GRANUL ATELLED

CoORK OR LAMIMATED
CORE OR EVEN LEFT
HOLLOW.

i 3% PLywoop
CASING

SOLID LOCK-BLOCK

ARE PROVIDED

L
ﬁ% FRAME STYLE

DOOR FRAME I(

AT

NG

FENIIT S =5 E BELGW

T
222

‘II

HNATED CORE
b 1 Yo" PiECES

Wi
N

]
W

by

| i WIW“
\

Al

e
8

sl
¥

-

|

; 2%
Vg T
152

5 ALTERHATIVE FRAME
FoR FLUSH DOORS

=

ENGE OF
HARD-WOOD

ALL MEMBERS l:&-;."
|

il

Figz 318 1o 381 Details of lush dcors
Art. 117. Flush Doors—A flush door consists of a
sueleton ora hollow frame of mils, and stiles, covered with
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ply wood or any other type of reconstructed wood as shown
in Figs, 318. to 321. Flush doors are manufactured in stan-
dard sizes to facilitate mass production, The internal hollow
patels of the frame work of a flush door may be filled with
granulated cork or any light material instead of being left
hollow. Sometimes laminated core pieces are also used to
fill the hollow space in the frame work. See Figs, 319 and
320. A lock block and a hinge block are also provided to fix
a mortise lock and hinges to the shutter. See Fig. 32ZL
Proper marks should be left on the outside to indicate the
locations of these blocks, In modern practice of building con-
struction the use of flush doors has become very common.
They do not catch dustand are easy to clean, and could be
made decorative by the use of proper wood for the facing.
Art. 118. Doors without Hinges—{i) Sliding Doors.—
The use cf hinges for fizxing shutters to frames of doors is
eliminated by the use of rolling doors as shown in Figs.
322 to 323. They are commonly used for the entrances of
godowns, shops and garages and are moved on herizontal
runners, The lower end of the door moves between the guides,
which prevents an undue lateral movement in the door,

(ii) Rolling Steel Doors —These doors are capable of
being rolled up and canse no obstuction while opening by
occupying unnecessary floor space. They are commonly used
for show-room openings, doors and windows, and for
entrances of shops, garages, etc. They are sufficiently strong
and offer proper safety toglass and the interior when closed.

(iii) Collapsible Door—This is another form of door
where hinges are not used for opening and closing the
shutters of & door. The door essentially consists of a mild
gteal frame work of rolled steel sections. Flat iron pieces
of ¥ to § wide, 12" thickare used crosswiseand are fixed
to vertical [lat iron pieces at 43" to 5" centre to centre apart.
Rollers are provided to support the entire door and the
door moves on these rollers when being opaned or closed.

(iv) Revolving Doors—Sometimes revoling doors are
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provided where a constant foot trafic of people going in and
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Tigs: 322 to 324. Datalis of sliding doors

coming out of an entrance in a public building has to be
handled. These doors keep the opening automatically closed
whan it is not in use, Usually there are four shutters arrange!
diagonally on the sides of a centrally placed pivot. A circular
space ol entrance is also provided into which the four shuti-
ers mentioned above revolve, Revolving door also helps 1
exclude a draoght of air through them and are therefore
better suited at the entrance of an air-conditioned building.

Art. 119, Casement Doors—For thin partition walls
the sides of openings to take the door are often lined by a
single board as shown in Figs. 325 and 326, This is intended
to provide strong jambs for the door shutters to be fixed.
Atthe junction of the wall plaster and the lining, archit-
sctrave mouldings are provided to improve the appearance
at the entrance. The lining is formed out of the solid in
one piece and is usually termed as rebate, Theside linings
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or posts are framed into the head or the top lining by
mortise and tenon joints, and the ends of the head are ke
projecting 6 ins. beyond the post to enable them to be built
into the wall, The posts arc fined to the sides of the
openings by means of backings as shown in the above figare..
These are termed as "‘grounds' and serve as foundation
for the lining and the architrave.
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Figs. 325 and 338, Details of czsement doors,

Art. 120. Windows and Their Construction—The
warious construction aspects and their classification gener-
ally follow the principles employed in the making of doors.
A fully glazed window with the details of construction
showing the frame of the shutter and the meathod of fixing
the sash bars is shown in Figs. 327 to 328. The window
shutter is lixed to the window frame by means of butt
hinges. In Figs, 329 and 330 the method of providing =
cut stone sill to an exterior window is shown.

The following are the constructional terms used—

§1) Sash Bar—This is & special type of frame of a
lighter section designed for carrying the glass Saslies consist
el horizontal and vertical sash bars fixed ina frame work
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as shown in the above figure, They may be fixed, made to

slide up or down or sidewiss, hunF at the top, bottom, pr
sides, or be pivoted on the central axis.

FULLY GLATED WINDOW

A

REBATE FOR
ALASS

HORIZOMTAL
SABH BAR

b
(;thH BAR,
(VERTICAL)
E"?*T‘Q‘&r; 3% PLASTER
Q{: : RasTr HINGE BEAD GLASS
NHHEZ —
\\\: = :
o STIL SASH ERAME
N SECTION AT P-P,
X
N WinDow FRAME

Flg. 321, 'Futl glazed window. Details of garh bars,
YQ&B Glazed window datalla.

(ii) Frume—ﬁashe; are fixed or made to slide in 2
frame which is either solid or hollow. A solid frame is shown
in section in Fig. 330 and similar to the one described in the
case door in Art, 102, The frame may carry a single rebate or
a double rebate. Sometimes the opening of the frame between
the bead and the sill is divided into two parts by horizontal
picce, called a Transome. Very oftena transome is employed
to separate the main window portioa from a fan-light if
provided at the top. Mullions are vertical members placed

between the two posts and divide a window opening inta
two or more vertical parts.
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(iii) Boxed Frame or Cased Frame is employed for
sashes sliding vertical, In Figs. 331 to 333 the details of &
casement window areshown. Cast iron counter weights are
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Fig: 322 Window opening, Glassd window wifh fanlight
Fig. 330, Combined door, window and fanlight.

provided to enable the sashes to slide up or down and a
purting bead separates the two sashes,

Art. 121. Windows, Tops and Sills—Special precaution
should be taken in providing sound and solid construction
wark at the top and at the hottom of the window opening,
specially in the case of window openings, located in
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external walls, since n the latter case the exclusion of
rain water from entering inside a bujlding has to be
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Fig. 331, 322 and 333, Datalls of double-hung sash window.
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attended to as in Fig, 334 A cut stone sill is shown
with a weathered top and B drip moulding. A water bar
is placed vertically between the cut stone sill and the wooden
gill of the window frame to prevent the water from entering
through the joint.

In Fig. 335 the top of the opening is provided witha
R, C. C. lintel which is cast monolithic witha chajjaora
sunshade. In this case the window sashes open outside.
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Figs. 334, Datail of window =lll. Fuia. 3358 Celdlls of B

Art. 122, Metal Casements—In modern practice metal
sashesand frames are generally used for all classes of building
but their use for public building has become very common.
Metal sashes can be fixed into wooden frames as shown in
Fig. 336, or into a stonesill with the aidof a screw and a
hard wood plug as shown in Fig, 338, Metal sashes and sash
frames are made of light rolled stections of angle, tee, or
channel, though some proprietary typesadopt & combination
of these sections. The glass is held in position by a metal
pin and putty iz applied at the joints as before, Metsl
windows cerrode very quickly and therelore require to be
preserved by paintng before fixing and also at intecyals
subsequently,
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Art. 123 Skylight-Skylights are provided to admit light
from a roof. They are fixed specially in sloping roofs and
also serve tosecure ventilation in addition to admitting light.
The details of a typical skylight are shown in Fig, 339,
The common rafters are trimmed as mentioned later in roofs.
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SASH
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Flg- 3345 Matai caspments with taak wood Irame.

On the four sides of the opening, 2" thick and 97 1o 11" deep
curbs of tinings are provided to torm a solid frame known
as the curb frame. On top of the curb a sash is provided
lining are provedd to from a solid frame known &s the curb
for fixing the skylight glass and is made to project beyond
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the curb frame, Lead flashiug is fixed on the outside of
thecurb frame to form a gutter to direct the rain water
around thesky light.

Art. 124. Lanterns—Lan-
terns or Lantern lights are win-
dows fixed in a flat roof for ad-
mitting light. They project above
the normal surface of the roof.
They are also fixed across the
ridge of a roof. They are pro-
vided for lighting passages or
interior section of a building
where normal lighting cannot
be secured by window. Some-
times ventilators are provided Fga 537 mad 333. Metat
at the sides of a lantern light. casements in matalirames

CURD FRAME
8"1o 11" pEEP

SEYLIEHT DETANS

Fig. 339, Skylight details.



CHAFPTER Xl
Timber Floors
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aspects.  Single floors, Hlastrative problam.  Doulle floors, Methods
ul ficing icists, 1o bindera, lllnstrative problem. Framed lloors, |lusirative
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Upenings in timber floors. Fire place openings, Flooring and floor
hoards, Heading joists, Struitirg of joisis- - heting-bone and  solid
airstiing. Floor ceilings: closed and open ceilloge, Cailing joist-(roard.
floors of timbher and sound proofieg.

The provision of floors to buildings and the principles
under-lying their construction, together with the methods
and materials used will pow be considered.

Art. 125, Ground Floors—These include all floors built
at the plinth level at a suitable height above the surrounding
sround. Unless accompanied by a basement floor, a ground
floor usually rests ona fillng of murum or well packed rubble-
and murum above the ground level. On this compact filling,.
a layer of concrete either of lime or of cement, and of a
thickness varying from 4} ios. to 6 ins. is Jaid and the surfaca
of this layer is finally finished 2s explained later. Fig. 340¢
gives_the details of constructicn of such a floor, It is neces-
sary to ensure that the filling is thoroughly rammed, as.
otherwise uneven settlements occur subsequently, resulting
i the fomation of irregular cracks in floor finishings.

In damp foundations, ground floors are constructed with
special precautions by introducing a damp-proof course and
making the floor concrete slightly water-proof by the grading
of aggregate and adopting various integral methods.

Murum Floors-Tn the case of ground floors of unimpor-
tant buildings, the layer of concrete and the special finishing
of surface are omitted. Instead, a wellselected” and screer
layer of murum is laid in tnickhess of 3 ins. for the top 12
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ins, These layers should be properly watered and rammed.
Small quantities of chopped straw is often mixed with murom
to prevent the formation of cracks.

Upper Flpors,

Art. 126. Structural Aspects—Classification of Floors-
‘Wooden floors are classed into three main types as follows,—

(i) Single [loors;
{ii) Double floors: and
(iii} Framed floors.
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Fig. 340 Detalls of grousd foor,

Component Parts. From the structural. point of view
these floars are treated as consiting of two parts,—one part
comprisingof the supporting members which are joists,binder
and girders as required, and the other part, of [loorboarding
which is laid on top of the first. Sometimes a ceiling is also
provided at the underside of supporting members. During
construction the supporting members are placed first and the
floor is then termed as siaked floor.When all the rough work
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of construction is over, the floor boarding i3 lixed. The ceiling.
may be fixed subsequently or before the floor boarding is laid

In"all wooden floors, the floor boards rest directly on
the joists which are commonly known as bridging joists.
These are timber supports, aad the strength and rigidity
of floars depend on these supporting members. For bigger
rooms, binders and girders are employed to support the
bridging joists as described later,
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B8 BRIDGING JOSTS OF JOISTS a//‘
rrd |

Figs, 341 and 344 Details of singis loors. Wall platea.
joists and flooring boarde.

Strength and Rigidity—It should be remembered that
a member which is strong is not always rigid and wvice
versa. The strength of a member indicates its capacity to
carry 8 load without over-stressing the material, whereas
its rigidity relates to its capueity for resisting deflection
or sag under a load. Floors which are not streng will
yield under loads by a failure in the material, ns also
floors that are not rigid enough will vibrate as pepole
walk on them and lience they are not comfortable to use.
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Art. 127, Single Floors—These floors consist of light
joists, commonly known s bridging joists laid acrass short
spans of rooms, and are covered with a [inishing surface
consisting of floor boarding. The economical span for the

Table No, VIII
Safe Spans for Floor Joists.
Spacing al 158 fos, ofc E'= L3 10%ibsfag in. [=1000 1b=. a3, in,
Spaninfest for Max Span in featfor i
Bl:? flatural strength atifinoss
losit Liveload Iafsg it. | Liveload.Sq. .

ft==Ina

40 | 60 | 80 | 100 | 40 | 60 | 80 | 100

2x6 ho-ov 8'=6*| -0, 7-0+ho'—o», 8'-6'| 70" &'-5
2%8 [13-0"11-0"10'-07, 9-6(13"-0 11'-0"| 9'-6% 9" 1)
2X10 60" 14-0"13'-0" 12" 16'-0 14'-6"12'-0" 11" 0

3%6 (116" IG'—B'| 9'-0% 1'=0"12 c10°-6" 9'-0" 5-0'
3x8 159" 13'-0" 120" 11'-0% 16" - 614*4“12'_0"11_0*
3x10 19 4"|15-M|15 n*|u 1*‘20 —ﬁll? -ﬁ‘ru'-n*]u-u

joists of a single loor varies from 6 ft. to 10 ft. but spans
upto 12 fi. are also sometimes covered by bridging joists
to from single floors. If the joistsi-are of steel they con
be of much grecter length than timber joists, as could be
seen under “'steel and concrete floors' described later. The
-convenient size for timber joist varies from6* x 2" to 107-
x3", spaced usunally at 12" to 16* centre to centre, Details
about the methods of consturucting single [loors are shown
in Figs. 341 and 342,

The joists rest on wall plates at their ends and a notch of

4 in is provided here to hold them in position. In addition.
square nails of the required length are also driven, one at cach
end. Sometimes cogging is provided for bearing of joist. The
ends of joists should not touch the wall, but should leave
a clearance of about 2 ins. Wall plates; inaddition to distri-
-buting the load on the walls,help to secure the ends of bridging
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Joists on the wall, They are usually of size4"%3" to 6" x4¥
and are placed with their greater dimension horizontal.

In the accompanying Table Mo. VIII are given spans
for the different sizes of joists ranging from <€" X 6* to
3" x 10", for maximum flectural strength and maximum
stiffness. The values of stress and modulus of elasticity for
timber are taken as 1000 1bs-/sq. in. and 1.2x 10 Ibs/sq. i,

Art. 128, llustratjve Problem—~Calculate the size of
timber joists for a single floor to span a width of 5-0%.
Permissible stresses in timber in tension and in compression,
S and ¢ are, each equal to 1000 Ibs./sq. in. Modulus of
elasticity for timber is 1.5 x 10 Ibs,/sq. in. The joists are
sSpaced at 12 ins, apart. Permissible shear stress in timber
is 80 1bs/sq. in, and deflection ydz of the span.

Sclution—
(1) For Residential Buildings,

Loads
Live load 50 1bs./sq. ft.
Dead load due to floor and joists 30 1bs./sq. ft.
Total load, W = 80 Ibs./sq. ft.

Since the joists are at 12 ins. c/c, the load on each
joist is 80 lbs/sq. ft.

If 1 is the effective span of the joist in fest, then the
bending momeant at its centre, equals,

B. M. = = Wit —% XPP=101*"=101"ft. Ibs.

*  =1201 in. lbs.

Faor all practical purpeses, & joist of b = 2 jus, width
is enough. The required depth 4, can now be calculated
as follows,

B. M. =/f2, where z = {bd?,
the section modalus isin®. b and d, the breadth and depth
are in ioches.



176 BUILDING CONSTRUCTION [cH. 8

. 120 0 = 1000 x ¥ x 23°

] g 3R 5 . ~
i e d? = 1000% 2 T =0.351
ar; d =061 feat .. e (1)

In the present case,

d = 0.6 X 8 = 4.8 inches,
+« Size of joist is 4.8" x 2"
if the joists are placed at 14 ins. ¢/c apart, thes load
on each joist =43 % 80 = 94 lbs./3q. (t.

Depth of the joist = v/}£. 0.6 = 0.651 s (2)
=0.65 x 8 = 5.2 inches.
.". Size of joist is 5.2° x 2,

{(11) For Office Buildings—

Total load, W = 80 + 30 + 110 lbs,/sq. ft. 1f the joists

areat 12¥ clc, then for a span of 8 feet, bending moment
at the centre of joist equals,

B:. M.=¢§ 110 X ? x 12 =1657% in. Ibs.
If a section ot 2" width for the joist is adopted, then

= 000% 2 — 0.495 I* as before,

Ocr d = Q7L 1in feet (3)
.. Size of joist is 5.6" x 2,
H the joists are placed at 14 cfc apart, we have
d= J130.71=0,7551 _ (W)
= b inches,

Size of joist is 6" x 27,

Note—In the above example we have assumed a constant
width of 2 inches for the joists, But considering the greater
lomds the bigger spans have to carry, it is better to increase
their width with the span; e, g. for spans of 6’0", §-0",
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and 10-0%, the width of joist should be 2, 23" and 3"
respectively. _
Shear Stress in Joists
The load carried by each joistin (1) above is 80 X 8 x
- L167 = 750 Ibs, where the joistsarespaced at 14 ins. clc.
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Sincehalf of this load is carried by each support theshear
stress in the joists near the supparl. equals,

1
5=§~x—x 730 —— =34 Ibs, /sq, in.

272 EXS"

which is less than the permissible value of shear stress in
timber, See Fig. 343 for details of single floors,
12
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Art 129. Advantages of Single Floors—Single Floors
are very simple and easy to construct. For a given quantity
of timber to constructa floor, they are the strongest and the
cheapest, As they lie entirely on the wall upon which they
rest, the floor load is distributed equally on that wall, an
advantage usually claimed by walled structures.

Disadvantages-For greater spans, single floors require
deep joists which conssquently increase their wight and
cost. Usnally whea the span exceads 12to 15 feet, if they
are designed oanly for their strength, their depth becomes
less and therefore they are liable to band and sag, This
also cracks the cailing balow the wall, if ceilng is provided.
Whea opeaings have to bz made in the floors, they require
a good deal of trimming. They rest equally on the walls
over doors, windows and openings, so that the weak por-
tions in thewal sare loaded to the same extent as the strong
portions. They require the use of wall plates to be built in
the wall for the whole length of the long sides, In addition,
single floors allow the passage of sound from floor to floor.

Art. 130. Double Floors-1i the width of a room is more
than 10 to 12 feet and a timber floor has to be used, the
method of construction is to adopt a double floor, In this
case the longer side of the room is sub-divided into one or
more shorter spans with the aid of binders asshown in Figs.
346 and 347 thus forming two or more panels. In these
panels single flooring is arranged as given in Art, 118,

The spin between the binders ja usually kept at 6 to 8
feet. Tae ends of binders should rest on templates which may
be either of stone or of concrete to distribute the load on the
wall. They should not normally rest over openings in walls;
but when this conld uot be avoided, lintels or beams properly
desingoned to take the loads of binders should be placed
over- the openings.

Art. 131, Methods of Fixing Joists to Binders—In
one method notcnes are provided on top of the binders and
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the joists rest in these notches as showen in Fig, 344. By
this method the binders are weakened since their section
is reduced by cutting the notches in the compression side.

In another method, the ends of joists arecut and additional
fillets are provided along the sides of the binder to support
them. This is a better method than the first one, See ig. 345.
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Art. 132, Advantages of Double Floors—The load
on the binder is usually grast sa that their economically
designed section provides for a depth which is aften enough
to keep deflection within practical limits, Thus double
floorsare generally rigid, Plaster ceillogs are not liable to
crack, The transmission ofsound between floors is also very
muchless effecfive. If a wall condists of many openings double
Hoors provide a sound construction, since the binders could
then be made to rest on the pillasters between the openings
and thug leaving weak parts free from load.

By provididg additional binders cloze to the walls, the
ends of joists could be made to rest on them instead of
being built into the wall. This protects the timber from
decay by keeping the flooring timber out of masonry, which
i3 an advantage under damp conditions,

The Disadvantages of Doubls Floors are mainly due to
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extra labour and complications invelved during their con-
struction, and also due to the cutting away of the tops of
binders for providing notches to receive the joists.

The depth of the floors is increased by the joists resting
on the binders, This reduces the available head room in
the lower floor. Alternatively for a fixed head room, the
height of walls has to be increased and consequently the
cost of the building is also increased.

Art. 133, llustrative Problem— It is required to
provide & double floor for a room in a residential building,
The room measures 18" ~0" X 16~ 0". The relevant data to
be taken from the illustrative problem given for single
floors; Art. 128, page 175.

The problem is solved in two cases :—

Casa (A) One binder is placed centrally on the two long
walls, thus dividing the room into two pansls of 16 % 9 each,

Case (B) Two binders are placed on the long walls
dividing them into three equal parts. In this case three
equal panels are formed, each of 16" x 67,

Solution—

Cases (A) Span for joists is 9 - 07, spaced @14" cfc.

(i) To determine the loads and bending moment—The
procedure is to design the binder for strength and then to
test the section for rigidity.

Total load on each joist = 9% 94 =846 Ibs. of which half
is taken up by the wall and the other half by the binder
on which it rests. The joists are at 14 ins, apart and there
will be 14 Joists in each panel. The centres of the joists neae
the wall are at a distance of 5 ins. from it. Sez Fig. 346.

.*. Load on binder at sach point where the joists from
the two adjacent panels rest, equals & X 846 x 2 = 846 Ibs,
But the load on the joists near the wall is slightly lessso
that they transmit only (7 + 2.5) Hix 9 =064 x =576 1bs.
to the binder, at each end,
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Total load on the binder,
W=2x3576+ 12 % 8156
= 1152 + 10458 = 11610 1bs,
Add self load of binder, 10” X 18" size assumed,
10 X 18 X 56 %X 16 % iy = 1120 lbs,
Total inclosive load = 12730 Ibs.
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As the joists are quite close to each other, the above
inclusive load of 12730 lbs. will be treated as distributed

load taken up by the binder. Thus the maximum bending
moment is given by,—

B.M, (max.)=1 % 12730 x 16 x 12
= 3,05,500, in, lbs.
(1i) To Calculate the size of Binder. As before we have
section modulus given by, —
=2 =M*

/
—?ggﬂ[B:aﬂSEm.

or bd” = 305.5 X 6= 1833 in?
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It should be noted that the width of a binder should be
sufficient to receive the joists from both the panels. Usually
6 inch width is enongh. This width is increased in the case
of binders carrying heavy loads, and bridging across greater
spans, While specifying the size of 2 binder, the ratio bet-
ween its depth and width should be kept between 1} and 2}.

For a width & = 6 ins. the depth of the binder in this
case, is given by,

d=Vfx 1833 = v 306=17.5 ins.

The ratio between d and b is nearly 3 which is rather
high.

The following trial sizes for the binder are written down
to suit the value of bd—

fu) 10 x 18° =10 x 324 = 3240 in.?
(b) 9 X 16*= 9 x 256 = 2304 in.?
(¢) 8 X 15':= 8 x 225= 1800 in.?
(d) 81 % I5* = 8} x 225 = 1913 in."
From the above trial sizes, the adopted size of binder
is 817 x 157,
Weight of the binder is 62 Ibs./r. [t., which is not much
different from its assumed weight.
{1it) Test for Regidity,
: 5 12730 x 156 x 12°
Deflection, d = g1 + 5100 X x85%15
=10.332 inch,
This i3 equal to 0392 w3 of span, which is well
1612 580 !
within the limit to maintain rigidity of the floor.

(iv) Test for Shear Stress,
312730 1
2% 2 *E5x1s
= 74.81bs./sq. in.
which iz permissible.
(v) Bed Block to support binders on walls, Load at the
end of each binder equals, § X 12730 = 5353 lbs, = 2.83 tons®

Shear stress, s =
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The bed blocks should be for the full width of the wall
praferably, Adopting a size of block as 2'-0"% 1"-0" x 6'-5*,
as shown in the figare, the stress in the wall masonry equals,

stress = 222 = 1,42 tons/sq. .

The bed block may be either of cut stone or of cement
concrete as already mentioned,

3
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Flg. 348. Double (lo3r datalls showing the mathod of construstion.

Note—Assuming that the binder rests for a length of 817
o1 eich bed block, the baaring stress in timber, whare it
rests equals,

Bearing stress = E{?jf 5
= 87.5 Ibs./sq. in.

Art. 134, Case (B)—See Fig. 347. Usinig two binders,
span for the joists is } x 18 =6 feet. Spacing.the joists at
14 ins. cfc as before and adopting a width of 2" for them,
the depth reqaired equals 0.65 X 6 = 3.9 ins. say 4 ins.

' Size of joist is 2'%4",
Floor load oa each binder, calculating on the load area
supported by it, equals,
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60" x 162- 00 x 80 = 7680 [bs.
Self laad of binder assumed, size 8" 2 12"= 597 |bs.

_

Total inclusive load = 8277 1bs.

B. M. (max,) = §xXB277x16%x12
— 1,98,600 in. Ibs.
bl = 1.336%@* 6 = 1192 in®

Trial siz2; for thz binders can bz written down thus,—

(ag) 8xX12" =8 x 144 = 1152 in."

(b) 8 x13* =7 x 169 = 1235 in.”

(¢) 7x14 =7 x1%= 1572 in."

(d) 8} x 13* =81x 169 = 1437 in,*

Adopted size 8" x 13"
Weight @ 43 Ibs/r. ft.

Tests for deflection and shear stresses, and the design
of bed blocks for each binder can now be made on the same
line as detailed above for a single binder,

Nofe—The advantages of using smaller spacings for
binders are,—

{ i ) Binders of smaller ssctions could be used. These
are cheaper than binders of heavy sections.

(ii) More headway is available by using binders of
smaller lilepﬂiﬂ-

(iii) By using more binders the span for the joists also
becomes less and consequently lighter sections counld be
more econamically used for the joists,

(iv) Floors lormed by placing the binders at a closer
spacing are more rigid,

In the case of timber sections which are heavy, there

are more possibilities for the inclusion of hidden defects in
their interior; and thns there is a factor of uncertainity

regarding their strength,
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Art, 135. Framed Floors:—In the case of big halls
having spans, of say 22 feet and above, even in their shor-
test dimensions, framed floors are adopted. Girders are used
across the short span to support binders, and they are
usually of a very heavy section. To avoid the loss of head-
way and to minimise the heights of buildings, binders are
framed into girders instead of directly resting on them, See
Figs. 349and 350. Tusk tenon joint is used for framing the
binder into the girder. Note the method of resting the bridg-
ing joists also on the binders in the above figure.

o
£ X7 BRIDGING JOISTS
F e

GIRDER

Figa 348 and 350. Framed floors, Detalls showleg the meafiiod of
framing binders Int girdets.

It shonld be remembered that two binders should never
be framed into the girder at one place from the opposite
sides as this would mean the weakening of the girder greately.
The binders should be framed at a sufficient distance apart
in a staggered fashion, as shown in Fig. 351. A spacing
of 10 fect is generally found enough for the girders.

Another method of fixing the binders to the girders
without cutting the later is to employ on iron stirrup which
has a support to receive the hinder. The iron stircup is
secured to the girder by bolts. In such a case it is neces-
sary that’two adjacent binders should be fixed to the girder
at one and the same place to balance the load taken by

the stirrup.
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Art. 136. [llustrative Problem—Design a suitable
framed floor for a hall measuring 300" x 24'-0*, Show
also a method of providing ceiling to the above floor.

Solution—

Considering the large size of the hall, it will, be assumed
that the live load coming on it will be similar to that in
an office building, The general arrangement of flooring is-
shown in Fig. 351
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(i) Loods and Bending Momeni—
LOADS
Live load - 80 lbs.[sq. Ft.
Dead load ( due to self load of
members, {looring and ceiling) ... 40 Ibs./sq. ft.

Total load = 120 ibs./sq. ft.
It is furth=r assomed that the loads due to the binders
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act at zrd points on the girder. Thus we have total load
at egach jrd point due to both the binders resting on the
girder, given by,

Load, W; = 8 x 10 x 120 = 9500 |bs.

Bending moment in the middle-third lenuth of " the
girder equals,

B, M,y = 9500 x B x 12 = 9,22,000 in, lbs.

The bending moment B, N,y due to self load of the
girder may be calculated by assuming a girdes section of
12* X 18*, and be included in the * value of B. M.

® 1
o B M,y =l13 I.H_s o~ 55} X 24 »(—
=84 X 24 x 24 % L5 = ?2.3&0 in, Ibs,.

-+ Total value of bending moment for which the girder
has to be designed, is equal to,
B. M. = 9,22,000 + 72,300,
= 9,94,300 in lbs.
( ii) Design of Girder Section—Using a specially select-
ed timber ane allowing a working stress of 1350 1bs./sq. in.
we have,

9,94,300__
Z = 1350 — 737 in?

Or bd® = 737 X 6 = 4422 in®

Adopting a width of & = 13 ins. the required depth for
the gl.rder equals, d = 18,5 ins.
-'+ Adopted size of girder is 13" x 181"
(iii ) Check for Defection—Deflection at r:nntlu of span.
is given by, —
B = 2x 000 X248 X122 _ Wy P
S6XL5%X10°X Gx13%18.5° ~ S E1
= 2 X 0.4 = 0.8 inch,
Deflection due to sell load of the girder,
. g 84 % 24 % 24°
= R TE X T0° X oy X 13 X85~ 006 inch.
++ Total deflection,
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d = 0,80 + 0.06 = 0.86 inch,

0.86 1
24%12 — 300 OF sPam.

(iv) Shear Stress—Total shear force at the supports

equals,

9600 + 84 x 12

9600 4+ 1008 = 10608 lba,
el 10608 _

Shear stress S =3 x® 13% 185

= (6.2 Ibs/sq. in.

(v) Bed Blocks—Girders also require bed blocks for them
to rest on the wall for distributing the load carried by them,
In the present case, load on the wall at each end of the
girder is,

S = 10608 lbs, = 4,75 tons.

Adopting 2 ~6" +1'=0" + 0'—6"" as the size of bed

blocks, as shown in the figure, the stress in the wall equals,

stress = '?‘2‘?; = 1.9 tons/sq. ft.

S
8

I

(vi) Binders and Bridging Joists—It will be szen that
the binder size suitable in this case is 7% x 10".

Similarly, the size to the joists, @ 14" ¢fc. fon 10'-0" and
9'-0" spans is 2" X 7'; and for 7"0" and 6'-0" spans, the
size is 2" x 5",

Note—It will be seen from the above calculations that
when the span is great, the required sections for the girders
become too large for practical purposes. The girders thus
become too bulky and uneconomical. Consequently sections
for bigger spans are designed either of steel or reinforced
concrete or sometimes of built-up s=ction of wood and steel.
The method of providing ceiling is given later,

Art. 137, Openings in Timber Floors—Trimmers and
Trimming—Openings in floors are required either for a stair,
hearth ora lift well. As openings are-weak points in a floor-
special methods of construction have to be adopted. Trim,
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mers and trimming joists are used around the openings and
a complete. frame work is made to secure strength and
rigidity. Along the opening, the normal bridging joists are
trimmed and are connected by & cross beam called a "Trimmer.
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Fig. 232, Frams-work arround a stafr well.

trimmer is secured at its ends by tusk and tenon joint to the
bridging joists and tightened with the aid of a pin driven
in the projected tenon. See Fig. 352 where the general
fram= work around a stair well is shown. In Fig, 353 and
354 ara shown the details of the two types of joints
required for this frame-work.

The bridging joists to which the trimmer is secured
are made slightly of a section thicker than the other bridg-
ing joists ms they haye to be stronger for carrying the
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simmer. The trimmed joists are also framed into the timmer
by means of tusk and tenon joint, except that the tenon does

ot project out to carry a pin, as already described above.
4

Asanalternative method of fixing trimmed beidging joists
"o the trimmer, dovetailed hoasing is employed. Se= Fig. 255

Tﬂfﬁﬂlﬂwﬂ THHHHER!}

(o S
’THIHHERS %EHW leHMim:iJ[ﬁ

3 SOIST

Figs. 353. Tusk tenon jolnt with pin,
Fig. 354, Tusktenon joint betwsen trimmed bridging jeist and 1rimmer.

on page 145 under joinery. The trimmer carries the housing
into which is inserted from top the dovetailed projection
cut at the edge of the trimmead joist. One side of the pro-
jection is dovetailed while the other is kept square.

In all the above cases, during construction the trimming
joistsarelaid in position with the trimmer placed across,
and then the trimmed joists are finally inserted in position.
When this is complete, the wedges are driven in position
iin the two tenons of the trimmer, to tighten the frame work
of the opening.

Fireplace Openings-The trimming required for providing
-«openings for the place is shown in Fig, 355. A trimmer arch
s turned from the wall to the trimmer to support the hearth.
1f the arch is a complete one, a tie rod should be wsed to
tiethe trimmer with the wall, The tie rod is properly secured
dn the wall by means of a steel plate of about one foot
‘square, Stesl tie rods of about §” diam. placed ata spacing
wf 12" to 15" are wsually found sufficient,
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Art, 138. Flooring and Floor Boards—The flooring
over the bridging joists consists of floor boards laid continu-
ously side by side in a close fashion. The thickness of the
boards varies from 3" to 1 ¥, The following are different
ways of laying and jointing boards.

I E - - AR w2
: 3 — - SIS
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| TR TRIMMER

TR TRIMMED JOISTS
T. 4. TRIMHAMIMG JOIST

Fid. 554, Trimming for {ira piaca,

(i) Fig. 362 Pigin Jointed; Straight or Square Jointsd-
The boards are laid with their j oints straight or plain, and
fitted in as close as possible. Nails are driven through the
hoacds to Bx them to the joists.

(i) Rebated—Figs. 356 and 357 to overcome the defect
of opening of the joiats through the entire depth of boarding
by shrinkage, many devices are used. In one cass the sides of
the boards are rebated longitudinally to froma lapping joint,

(iii) Tongued, and Grooved—Figs, 358 and 359. One
side of the board is grooved and the other side has a tongue
which fits in the groove of the adjacent board.

( iv ) Rebated, Tongued and Grooved—This is 2 combina-
tionof tongued and grooved joint and rebatad joint, a= shown
in Figs- 360 and 361. This jointing admits of secrst nailing
on the tongue for lixing it to the joist below, and thua
gives a n2at and clean appearance to the fioor.
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Figs 355 and 257. Hebaled joint Figs. 358 and 359 Torgued and
grivaved  foints. PFigs. 360 and 30). Rebaled, tongued and grooved.
Fig. 36z Sumple butt joint. Figs. 363 snd 364. Ploughed sod fongued joint

36t and 366 Rebated and filleted Joink
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(v) Grooved Joints, shown'in Figs. 363 and 364, with
independent tongues are also sometimes adopted, The tongues
are commonly of hoop iron. These joints are essentially
straight or plain, but parrow grooves are cut in the sides
of each boarding inte which are inserted hoap iron tongues.

(vi) Rebated and Filleted—TIn this case the boards are
ebated on their lower face on both sides and a filles piece
15 laid to cover the joint in the rebated portion, See Figs.
365 and 366.

Sometimes plain or straight joints are improved in their
strength with the aid of dowel pios of iron driven on the
sides,
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Figs. 337 15 372, Heading jeiate for floot bearding.

Art. 139 Heading Joints—Usnally the flooring boards
are tiot of sufficient length to cover the whole length or width
of rooms in ous piece. Thay have therefore to be jointed at
their ends. These joints are termed as heading joints and are

13
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essentially the same as those mentioned above, and could be
easily understood from the sketches given in Figs. 367 to
372. All heading joints should be formed on joists. It is
necesssary to break these joints oo alternate joists so that
two adjacent joints conld not come on the same joist.
The thickness of the boarding is uniform throughout the
floor and varies [rom § in, to 1} in, for any floor as aleeady
meationed. The floor boards can be of any width from 4"
8" buta width ol 6 ins. is very convenient to obtain and to use
also. It is a usual practice to use planks of the same width
throghout each floor to have straight longitudinal joints
and also for appearance and convenience of construction.

FLOORING ~
| . :

¢

L |
= :
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Fig. 313, Hatring-booe strutiing.

In special floors with much wear and tear, twa layers
of floor boardsareused, one laid directly over the other. The
lower one may be of § thickness and the npper wearing surface
of 1" to 11" thickness, It is a sound method of construction,
when two layers of flooring boards are used, to lay the
lower layer diagonmally on the joists and the top layer
normally and at right angles to the joists,

Art. 140, Strutting of Joists—Joists laid across greater
spans are usually desper in section as compared to their
width. Such deep narrow joists are liable to side buckling
and side tilting. To prevent this they requiré to be strutted
at intesvals of 5.te 6 feet, This offers the necessary stifiness
and rigidity to the floor as & whole and helps the flooring
boards to distribute the load effectively over the joists,
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Uptospansof 13 feet one row of struts is enongh; but for
longer spans two rows of struts have to be provided.

The following are the two methods of providing lateral

(i) Herring-bone Strulting—This consists in providing
a system ol cross bracing of two diagonal 2* x 13" size,
in each bay, as shown in the figure. It is preferable that
the diagonal pieces should bave their ends splayed and fixed
to the joists leaving 3 in. clear at their top and bottom.
This prevents them strutting against the floor boards and
ceiling planks, See Fig. 373, The struts are fixed to the
joints by means of nails 2" to 3" long,

- i'DIA oLt 258" ouisTs @ 4" cf |
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Fig. 374. Salid strutting of fioor joists,
Fig. 378, Solid strulting: |some:ric view.

(ii) Solid Strutting or Stemming. A simple method
of providing lateral Sfrutting is to'insert short pieces of
timber 2* to 3*'wide and 1* to 11" thick between the joists
in & row, and to tighten firmly with the aid ofa 1" diam,
bolt as shown in Fig. 374 and 375, The bolt passes conti-
auously through the joists alse, This methoed is not as sound
in action as the previous onesince the strutting pieces tend
to become loose by shrinkage in the course of time.
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Atr. 141, Floor Ceilings—Ceilings are provided to
floors to improve their appearance from below and to
prevent the passage of sound and smell between the rooms.
The ceiling can be either of planks or of lath and plaster
or of special plaster boards.

B8.J. BRIDGING
FLOORING b JOISTS
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Fig. 378. Closed ceiling.
Figs 377 and 3i8. Op=n caillng with fillat plesas and wilh grooves
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Fig. 318, Indaseadont floor callleg
(i) Clésed Ceiling—Ceiling plunks arg fixed directly to
the underside of the briding joists, Thongh this methed
is & simple one, it has the defect of causing the ceiling
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planks to crack as the floor vibrates and deflects under
moving loads. Fig, 376.

(ii) Open Ceiling—In open ceiling, the flooring joists
appear from below. 2' % 1" fillet pieces are nailed on the
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Fig. 3B0 Celings ior single floors.
sides of the bridging joists to fix lath from below. Lath

is then plastered over as shown in Fig. 377.
If ceiling planks or plaster boards are to be used for
providing open ceilings, grooves are chased in thesides of
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Fig- 581. Cellings far double floor.

the bridging joists and planks are inserted inserted in them
shown in Fig. 378, Usully some type of moulding is done
at the under side of the joists io the clearance between
their lower face and the ceiling planks.
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Avt 142, Ceiling Joists—It is always a better method
of construction to make the ceiling independent of the
members which support the main floor. Ceiling joistsare
provided to support the eeiling independently. In a single
floor, ceiling joists are fixed to ceiling beams and runat right
angles to the bridging joists asshown in Fig. 379, Ceiling is
then fixed to their under-side. It may be of planks or of

l I Y FLOUR BOARDING
A Sy P NN Pt MANNN SEA |
F BRIDEING e JOISTS
ol Tl i
i )
MOTCH TN gl BINDER
|, 1':_ CE!L”‘:[G gl LX b= JOISTS %_
CEILLET 1 =" CEILING ——

Fiq. 882 Ceilinga for double ficor,
lathand plaster as required. Sometimes, instead of separate
ceiling beams, bridging joists at mterval of 5 tobfeet are
of a deeper section to support the ceiling joists, This
method is illustrated in Fig. 380 where herring bone strutting
is also shown.

When a ceiling is provided fora double floor, bridging
joists and ceiling joists are both connected to the same
binder as shown in Figs. 381 and 382, In sucha case, the
following points should be noted :—

(@) The bridging and the ceiling joists may be fixed
with the aid of parallel fillet pieces driven along the sides
of the binder. This is the best method as no part of the
binders or joist is weakensd by notching.

(b) Either the bridging joists or the ceiling joists are
fixed by cutting notches in the binders, and the other by
employing the fillet pieces,

{¢) The bridging joists and the ceiling )oists may be
fixed to the binders by cutting notches in each case. Though
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this is a simple method, it weakens the binder at top and
bottom by a number of notches cut in it and therefore
should be avoided as far as possible. The total thickness
of the floor is also increased.

Art. 143, Ground Floors of Timber—Sometimes
gronnd floors are constructed of timber as in the casge of
carpentry balls, ball rooms, dance halls, and for rooms of
buildings in cold countries. Sleeper walls are built above
the gronnd to support the bridging joists as il lustrated in
Fig. 383. Slesper walls are dwarf walls built with their
top just below the floor level and are intended to reduce the
span for the joists. They carry wall plates to allow the
bridging joists to be fixed on them. In the construction of
these floors propsr precautions should be taken to prevent
the rise of damp into the building. Usually a damp-proof
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Fig 383, Ground foor of timber,

course just below the wall plate solves the problem. On
top of the bridging joists foor boards are provided as in
the case of other floors described before.
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Art. 144, Pugging and Sound Proofing—The usual
objection to timber lloors, apart from their susceptibility
to. catch fire, is the pepetration of sound through them.
Several melhops are adopted for preventing the passage of
sound [rom one room to the ather through timber Moors.
One of the methods is to provide pugging which consists in
filling a plaster (coarse stuff ).—a mixture of mortar and
chopped straw—on the special supports provided for the
puropose at a lower level by the side of the floor joists.
On each side of the floor joists 117% }* fillets are nailed
for supporting the sound bearding to carry the pugging as
in Fig. 381. The fillets are sometimes replaced by 1" x1*
angle irons screwed on to the sides of joists. The pugging
material may also be held in position by suspending it in
felt bhung from joists.

MsrRAw CEILING  BoARD S L.F L-ifop FiLET
BOARDS TO SUPPORY R F RECTANGULASR FILLE]]
SR ROOF FURTEMAL D.F. DIAGONALLY cUt w

Fig. 384, Sound-Proofing of timber fioors.

Since the idea in providing pugging is fo absorb and
deaden the sound, materials like saw—dust, asbestos and
silicate cotton ure also used instead of pugging plaster.
In fact the method of pugging is becoming old-fashioned,
as different t\ pes of plaster boards and acoustic preparations
are now available, Moreover pugging prevents the access
of &ir to the interior of flooring and hence it is liable to

et up rot and decay in timber. The lormation of hollow
spaces in floors could be preventsd by using a solid filing
of siag wool.



CHAPTER XII
Stairs and Stair-Cases

Purp g3 and logatlon of stalrs. Malarials of stalre Terms nsad.
Stapa, Strings, Hand  talls. Hesd room. Diffetent lerms of stairs,
Hoquirewents of riser and trezd raletions.

Design of tssk-wood stalrs, Diustralive problems. Meml stalra.
Ralnforced conurete stmirs. ljustratve problem, Composiia Elmirs,
‘Bione sieps snd smairs

Art, 145, Purpose and Location— Stairs are provided

in buildings to facilitate the ascent or descent from one
Tloor to another, They consist of a set of steps so designed
that this ascent and descent may be made with ease, comfort,
quickness and safety, A llight is formed by a series of steps,
and between two floors there may be two or more flights,
Between two flights of steps, horizontal platforms called
landings, are provided.

Stairs are placed in a building either in a space which
is a part of a big hall, or in a separate room. The enclosure
provided for locating the stair is called a staircase. The
position to be allotted to a staircase in a residential building
or in a public building requires 8 careful consideration
depending upon the purpose of use in each case.

A stair essentially consists of a horizontal portion called
a “tread’’, connected to a vertical portion called a “riser'’.
both ol them constituting a “'step™, The ends of steps are
connected to stout inclined planks called “sérings’’ and the
steps rest on them.

It is often desirable, for provision of both light and
ventilation, to have ope wall of staircase, an external wall.
The lighting of a staircase, needs special consideration at
all tournings and landings. Semetimes top lighting may be
arranged in open-well stairs.

Art, 146, Materials of Stairs - Depending upon their
cost, durability and asthetical importance, stairs are built up
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of various materials such as, wood, stone, bricks; steel,
wrought iron or reinforced concrete. Sometimes twe of more
of the above materials are used in the same stair., The
selection of materials for a stair-case also depends upon

# B
Il TOS GOING
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Fign. 383 and 38, shuwing daigiis of treacs and risara with the
methods ol tizing them ™ sach cther. Fig. 383. Inclinsd risars.

the fire-resisting qualities expected of it. Occasionally treads,
risers and soffits of a stair are finished with special materials
guch as marble, patent stone,—plane, mosaic or checkered,
fath and plaster, etc.

Art. 147, Terms Used—The following are the terms
used in the design and coustruction af stairs :—

Tread is the horizontal member forming the opper
surface of a step on which the foot is placed. See Fig. 385.

Treads are nsoally of the same material as that used
for the general construction of the stair. For timber stairs
they shouold beof specially selected hard wood to withstand
wear and tear. In public stairs steps are provided with
special metal strips at nosing. But occasionally treads of,
special materials are fised to concréte or brick stairs to.
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improve their appearance and to provide a hard wearing
surface, Marble, polished stone, precast clay pieces, or cement
tilss are some of the materials used for finishing treads.

For design purpose the width of a tread is measured
as the horizontal distance betwean the faces of two conse-

—
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Frg. 288 Curtaits seps Fig. 380, Bull nosad alep.
Fig. 350, showing commoda stepy, balinsed staps and winders.

cutive risers. But the actual width of the tread available
for placing the foot iacludes the nosing also which is usmlly
provided.
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Riser is the yerical front member of a step, and connects
the front of the upper tread with the back of the lower.
Its use is measured as the vertical distance between the
tops of two consecutive treads. The total rise of a Hight
is the height between twa floors or landing to landing, as
the case may be. See Fig. 385.

Nosing is the projecting front edge of a tread, It is
the distance between the front edge of the tread and the
face of the riser immediatly below it. The projection of
the nosing is from 3* to 11" See Fig. 387. Sometimes the
nosing is proyided by giving an inward slope tu the riser.
See inclined risers in Fig. 386,

Line of Nosing is a line drawn touching the projecting
-edges or nosings of the treads of a flight.

Scofic Block—In addition to ordinary rounding of
nosings, specially moulded scotia blocks are provided, mainly
for apperance. But scotia blocks aiso add to the stremgth
of the tread at nosing, when the latter hasa longer projec-
tion. A small groove is cut at the underside of the nosing
in which the scotia block fits in, See Fig. 387.

Art. 148, steps—A step consists of a tread and a riser.
A step of uniform width and rectangular in plan is termed
a “flier."

A Curtail or Scroll Step is the lowest stepof = flight
with its ooe or both ends finished semi-circular or spiral
in plan, Ses Fig. 388. Whea a curtail step has itsend hall
round, in plain, it is called a * Bull nosed step.’ See
Fig. 389.

Commode Steps have a curved riser and tread. Their
vertical face is convex on the plan. The lowest few steps
of stair are sometimes commode steps. Sea Fig. 390.

Winder Steps are used where the direction of a flight
is changed. They nre traingular in planand radiate from a
point, which is usually the centre of n newel post. Unless the
space for a stsircase is limited, the use of winners in =
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main stair should be avoided owing to inconvenience of use.
The central of theze winders, shown in Fig. 390 is called
a Eite winder, on account os its shape. Along the walking
line or the line of travei, sse Fig. 413, the width of a winder
should not be less than the normal width of a tred.
Sometimes diminished fliers with their one of the edges.
narrrowed down are used between the fliers and the winders,
and are called danciug or balancing steps. Theseare shown
marked 1, 2, 3, and 4 in Fig. 360. A balanced step does
not radiate from a common centre and has a normal width
along the line of travel and is therefore more safe to use.

Going or Run of a step is the horizontal distance bet-
ween the faccs of two consecutive risers. Gee Fig. 301, It
is exclusive of the nosing which forms an additional pro-
jection to each step, The going of a [light is the total
horizontal distance between the face of the bottom riser
and that of the top riser measured along the travelling line.

Art. 149, Strings ( also called Stringers )—These are
the inclined members for supporting the steps. For each
flight there are usually two strings, one on each side.

(@) There are two principal methods adopted for fixing
tie ends of treads and risers to the strings, Accordingly
strings are classified into two main types, as follows:—

(i} Closed or Housed Strings.

(ii) Cut, Open or Notched Strings,

The following are the constuctional features of these
two types of strings.

(9 Closed or Housed String, has top and bottom edges
parallel and on its inner face grooves arecut toa depth of 1
to 3* as shown in Fig. 391 to receive theends of treadsand
risers, The sides of these grooves on the upper and on the
front side are kept true to the correct shape of treads and
rises, while the sides of the grooves towards the lower edge
of the string are splayed out to form a wedge. shape, The
treads and risers are housed into ihe grooves and wedges
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Ty 391, to 333. Details of teck wood stairs

are driven to fix them up finally. See Fig. 392, To give
rigidity at the joint, 3" triangular blocks, 3 or 4 perstep
are fitted from the inside connecting the tread and the riser,
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The two strings of each ilight, together with the
correspoding number of steps, are held in position by three
or more iron bolts with washers, each passing through from
one string to the other.

The string which is placed against a wall is called a
wall string and the one on the outside is known as outer string.

In the case of reinforced concrete stairs, if strings are
provided, they are cast mouolithic with the steps as
explained later.

{ii) Cut. Open, or Notohed String has its top notched
as snown in Fig. 393, and the ends of treads and risers rest
on the horizontal and vertical parts of the notch respectively.
If the tread projects beyond the outer face of thestring so
that thesame projection of the nosing is turned on this
side alsy, it forms & returned nosing., The lower edge of
the cut string is kept parallel to the line of nosing, which
touches the projecting edges of treads.

(b) Carriers-1f stairs are very wide, oneor more strings
are provided at intermediate positions in addition to the
end ones. These are called rouh strings or carriers. Their
tops are either notched to receive the treads and risers, or
additional rough brackets are fitted, one under each step.

{¢) Soffit is the under surface of a stair and is usually
weatly finished with a ceiling of planks or plaster.

(d) Spandril—The underside triangular space between
the outer string and the floor, is often covered with a wall
or planking and is termed af spandril.

Art. 150, Hand Rail, Newel Post, and Landing—

(i) Hand-Rail-is a special rail, usually rounded or moul-
ded, fixed above and parallel to the string at a convenient
height. 1t i3 intended to afford:assistance and safe-guard to
persons while going over & staircass, Its size and shape should
enable an easy grip by the hand, See Fig, 395, Usually a
ftand rail runs betwesn two newel posts and is supported
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by balusters. Se= Fig, 394. On the wall side hand rails
are convenently fixed to brackets as shown in Figs. 39
and 397. It may be noted that wooden hand-rails are very
convenient and pleasanient to use.

lii) Newels or Newel Posts are vertical members squ-
are, moulled or turved, placed at the ends of flights to
connect hand rails and steings into a frame work:

(iti) Balusters and Balustrades—Balusters are short
vertical members fixed between the hand rail and the string,

4% 3 MAND RAIL 2

BALUSTERS

2!‘ E,l'i-
2.2 AALL
%3- — HAND
=11 &
= SUPPOR]
m:.l.g -
ZISEEL BRACKETS
9 ﬁ-:

Figs. 394 to 357, Datauls of baaa ratis snd methoda of fixing,

intended to support the former, and also to protect the
open space by the side of a flight. The complete frame
work comprising balusters, hand rail, newel posts and the
swpporting strings is called an open balustrade. 1f the open
apace is covered up by panelling instead of balusters, it is
rexmed as solid balustrade.

(iv) Landing is a platform between two flights to afford
provision for turning 2 stair and to serve as & rest. The
width of & landing is not less than the width of a stair.

Art 151, Terms Used (contd.) (il-Head Room is the

\ clearance height measured vertically between the line of

‘\nesing and the soffit or landing of the flight immediately
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above it. The head-room over stairs should not be less
than 7°-0". See Figs. 398 and 399

(ii) Pitch or Slope of a flight is the general inclination
of the line of nosing to the floor or landing,

(iii) Walking Line—A person ascending or descending
a stair normally travels along a line whieh is usually 1-6"

STAIR WELL 4
i

Pigs, 308 and 300, Showing xead-rcom In a stairoass,

from the centre of the hand rail. This line of travel is
known as the walking line, See Fig. 415.

(iv) Storey Rod is a specially prepared piece of wood
for marking accurately the number of steps between any
two floors. A storey rodis approximataly 3 x 14* scantling
sufficiently long to extend from floor to floor.

(v) Stair-case is the enclosed area provided for locat-
ing the stairs in a building, the floors of which are served
by the respective stairs.

Art, 152, Different Forms of Stairs—

14
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Stairs are classified as follows:—
(i) Straight flight stairs,

{if) Turning stairs.

(iif) Circular stairs.
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The following is a description regarding these varicties
of stairs.

(i) Straight Flight Stair, is one in which all the steps
lead in one direction. It may consist of a single flight, or
two or more flights in a length, each separated by a lan-
ding. See Figs, 400 and 401,
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Figa, 410 and 411 Ceomstrical or continuous stalra.
Fig. 413. Bifurcated stair.

(ii) Turning Stairs —These staris include the following
varieties,—

(&) Quarterdurn Stairs—Sez Figs. 402 to 403. When
the direction of the flight is changed at right angles either
to the left or to the right, quarter turn stairs are nsed.
At the turn, quarter-space landings or winders ars used,

(b) Half-turn Stairs—In these stairs, the consecutive
fights are in the opposite directions and are separated by =
balf-space landing as in the case of dog-legged stairs, orat
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quarter-space landing and winders, or two quarter-space
landings and & flight ( usually ashort one), or by winders
alone. See Figs. 406 to 408,

(c) Bifurcated Stair—This has the bottom flight divi-
ded at the landing into two narrower [lights, ons to the'right
and the other to the left, The bottom Hight is wider than
the top two flights. Sometimes a bifurcated stair is formed
by having one common flight while descending upto the
landing and dividing itself into two narrower flights for
the remaining part of the descent. See Fig. 412,
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Fige. 413 end 414, Spiral stair with a central pewsl post

(d) Open Newel Stair—When space is available and it
ia intended to locate a lift in the middle of staircase room,
a rectangular well hole or opening with a distinct corner
at every change of direction is provided, The respective
flights are arranged arround this epen well. At the head
and foot of each flight of stair are placed newsls which
form a conspecuous featurs for the stair to be called as
“*mewel stair’’, The stair well also'gives facilities for lighting
from top. In public buildings stairs are usually designed |
ps open well type, See Fig, 409,

(¢) Geometrical or Continuous Slgir—The strings and
the handrails are continuous and curyes are introduced
between the flights to eliminate sharp corners. This enables
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the winders introduced at change of direction; to be wider
and hence more convenient to use than those in a pewel
stair. Geometrical stairs can be circular, elliptical, or of
any suitable curve. See Fig. 407,

WALKING LiNE SPIRAL STAIR

J b \exfkance

e

CAMTILEVER

TREAD 12" Rise 7 STEPS SUPPOR
TED On WALL

Fig. 415, Spiral stalr with a ceniral circalar wall-licla,

(it} Circulars Stairs are biult up of stepswhich are all
windersarranged either around a central newel post, see Figs.
413 and 414. or arranged as canti-levers from the supporting
wall with a circular well-hole in the middle as shown in Fig.
415, Circular stairs are builtof R, C. C, stone, or iron and
are enclosed in a circular stair-case. When all these steps
radiate from a central newel post, they forma Spiral Stair,
Iron spiral stairs are very common and are specially used for
service purposes. They arenot usually enclosed in a stair-case,

While designing a circular stair, the width of tread along
the walking line which is at a distance of 1'-9" from the
outer circle of the stair, and the provision ofan adequate
head requires proper consideration.

Art. 153, Requirement of a Stair—The following are
the essential requirments of a well-designed stair which can
be used with ease, comfort and safety.

(1) 1t should be lpeated in buildings in & position where
there is both light and ventilation, specially at all turnings.
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It should be in a position that it can bz conveniently approa-
ched. :

(2) The width af a stair must be adequate to serve
the needs for which it is intended. Anaverage value of 3-0"
is nsually taken for the width of a stair in a domastic
building and 4'-6” in a public buildiog,

(3) It shonld not be too flat or toosteep, The propor-
tions of treads and risers should be as given in  Art, 134,

{4) Each flight should not contain more than 10 to 12
steps. To facilitats this, adequate number of landings should
be provided at intermediate positions. Half-space landings
are always recommended. If quarter-space landings have to
be adopted, a regular flight of not less than 5 to 6 steps
should be introduced between two consecutive gquarter
space landings.

(5) There must be enough head room in a staircase.
Though the minimum head-room required is 6%6°, a greater
value should always be aimed at to facilitate the conveyance
of furniture and articles, A height of 7'-0" may be adopted
as a fair value for the head room.

(6) The recommended valuesof tread and riser in any
pasticular stair should be uniformly maintained for the
whole height to avoid accidents.

{7) Winders should, as far as possible, be avoided in
a stair. If they have to be introduced, their design should
comply with the requirements given under winders.

(8) Stairsshould be provided with properly designed
handrails and balustrades on the outer side. The height of
an inclined bandrail should be 2-9"and that of a harizontal
one Ehﬂtﬂd h 3""‘1_}.|-

(9) Stairs should preferably be constructed of materials,
which possess fire resisting qualities.

Art. 154, Riser and Tread Relations-For convenince of
use with esse and comiort, the following ratios are used
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between the rise and tread in a stair, This also entails a
minimum expenditure of energy.

Rule 1.—The sum of going and twice riser should be
between 22 and 24, An 11 inch going will require 6 inch
rise. Thus we have the following variations,—

Casge (1) 11" + 2 x 6" = 23 inches.

Case (i) 10* + 2 % 63 = 23 inches.

Casze liif) 9" + 2 x 7" = 23 inches.

Rule 2. The product of going and rise should be between:
64 ins. and B8 ins. Thus in the above three cases, we have,

Case (4) 11" X 6" = 66 ins.

Case (#i) 10" x 61 = 65 ins.

Caose iéf} 9" x 7" = 63 inms.

It may be noted here that the valus of * going ' in the
above rules does not include the nosing of the step as uspal;
and that stairs with narrower treads, are uncomfortable to
use while descending, Treads are seldom made less than
9" or more than 11}* wide.

TEAR WOOD STAIR

Art, 155, Dog-legged Stair, lllustrative Problem—
The height from floar to floor is usnally predetermined and
it is necessary to design a stair and to fix up the number of
flights and the steps in each flight.

The height from floor to floor of a residential building
is 12" —9"", Design the stair to serve the respective floors
of this building.

(i) Tread and riser details—Heigt of riser—A trial
size of 7" is assumed and two flights are proposed between
the two floors.

12' - 9" =133 ins,

Number of risers = %j- = 19 Naos,

As there are two flights, it is desirable that the number
ol steps in each flight should be equal. Then 18 or 20 steps
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are required. [f the space is restrictsd, a smaller number
will be found necessary. Otherwise, taking 20 risers, the
value of each equals,

Riser = -1.,?}:' = 61% ins.
-
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Fig. 416. Shewing details of construciion at landing.

Such odd fractions are usually met within stair designs
and = story rod is prepared, by setting out, to give this rise,
( Alternately if only one stair between ground and first
floor has to be designed, then 19 risers of 7" each may be
adopted and these can be distributed at 10 and 9ineach flight.)
Width of Tread.—
Rule 1. Going = 23-2 X 633,
= 23-13.3 =97 ins. Say 9} inches,
Providing & nosing of 1} inch, the width of each tread
equals 11 inches. But for the purpose of setting out a stair
9} ins, the value of going, is only used.
Rule 2 — 9} % 6}4=64.2
Art, 156, lllustrative Problem—{(Contd.) (ii} Detaiis
of each Flight—Number of risers =10, Number of treads=
10-1=9. The construction details of steps and risers
are shown in Figs. 385 and 386,
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Figs. 417 and 418, Rough sirings or Carrisrs.

Strings—Housed strings are adopted. The treads and
risers are supported on two closed strings, each 10"x3",
as shown in Fig. 392, If open or cut strings are used, a
sige of 127 X 21" may be adopted for them. The rigidity
of the flight as & whole is maintained by means of three
5/8" diam. iron bolts with washers, as shown in Fig. 416.

At the two ends of the fights, 4'x4" newel postsare
fixed and the strings are housed and pinned into them, as
shown in the above figure.
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A rough string or carrier of size 4"X 3" may be prm:
vided between the two strings. Treads are supported on
this carrier by means of rough brackets 6% 1" which are
fixed alternatively, one on each side of the carrier. See Figs.
417 and 418,

The underside of the flight may be covered with 4" lath
and plaster or with 1" ceiling, planks, asa finishing for the
soffit, In such a case rough carriers are always recommended
to avoid cracks in the finished soffit.
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Fig- 419, Plan of a dog-legged siair.

(iii) Landing—At landing, 3 trimmer beam 8" x 3" ie
provided to support the newel post and the landing joists.
The jointy work required in this connection is shown in
Fig. 416. Similarly at top floor level, another landing beam
will also be required,

A hand rail of suitable size and design is also provided,
Some types of hand rails commonly adopted, are shown in
Figs. 395, 396 and 397.

It may be noted that in places where noise dus to
persons moving over & stair has to be deadened, the steps
and landings are covered with carpets or coir matting.

The entire arrangement of the staircase with the stair
is shown in plan in Fig. 419,
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. TABLE No, IX
Detanrls of Siasrs.
Sarial . Rdopted
Ho. Description. Biza
l Hﬂight b&twﬂn ﬁﬂi&hnd ﬂmﬁ - —aw 1.2._5”
2 Size of stair-case room ... aee] 13704
10"-4*
3 Number of flights ... 2 Nos.
4 Type of stair... == - -«+| Deglegged.
5 Width of stair s e . 3'-6
6 Horizontzl span of string s s 7'-33"
7 Size of housed string e | 10" % 23"
8 GOUWIE we  woe  sea  sss == oo 9% ins,
q T - - essl 11 ims.
I'u Ri“ www L - e waw [Tl ﬁ}! im.
11 Thickness of tread ... - = 11 m.
12 mlﬂm Hf rim e T o . i Iﬂ..
13 Sirz of carriage ... — ee e 47X3Y
14 Mid-landing beam. span 7'-0% ... o e 7
15 Top landing beam, span 10'-6" ... | 10" x 5"
16 Landing joists @ 12" cfc - e FLE 6L
17 Nevel post ... S 1= ot o Y L
18 Moulded hand-rail .- 7 - 4¥ 23"
TABLE No X
Loads on Stair

Distributed load in lbs, on each
string per r. ft. of span.

Type of stair Width of stair.
3’-0" [ 3'-6" | 4™-0" I 4'-&*] 5-0"
Domestic @80 1bs./s. ft. ...) 120 | 140 | 160 | 180 | 200
Public @ 100 Ibs./s. ft. ...] 150 | 175 | 200 | 225 | 250

Art. 157. Loads on Stairs - Stairs in domestic build-
ings should be designed for loads not less than 80 lbs. per sq.
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ft. For these in public buildings, this value should be
increased to 1001bs. per sq. ft. The following table gives the
valuoes of loads on the respective stairs for design purpose—

Art. 158, -IMustrative Problem—Desion of Timber
String. Width of stair, 4'-6". Horizontal span of string
7'-6°. For a pablic building, the load on the string will
be 225 lbs [r. ft, distributed, Add dead load dueto treads,
rigsers, railing and seli-load of the string @ 60 Ibs.fr. ft.
Hence total load on string equal, 225 + 60 = 283 lbs,/r. ft.

B. M, (max.) at centre of string

=286 % 75 % 1.5

= 28900 in. |bs.

28900
1250
23.9 =143.5 in.*; where b and d are the breadth and depth
of the stringer. Taking a width of 1} inch effective the
depth of the string is given by,
+/243.5 =y
depth, @ = I3 =V %
= 10 inches say,

For honsed string an allowance of #* should bz made
over the above width of 13 inches,

." Size of housed string required is 10"x23",

For a cut or open string, a width of 3 ins. may be
taken for calculation, and a snitable increase is made over
the designed depth. In this case it will be noticed that a
very heavy section will be required, Thus cut strings be-
coms uneconomical for bigger spans and heavy loads.

Art 159, Metal Stairs—Metal stairs are very commonly
used in Mill-constructions, where rough wear and tear and
fire-proof qualities are mainly required. The strings are of
closed type. A metal stair in its simplest form consists of
cast iron or rolled steel strings to which are fixed metal trea-
ds by means of angles at their ends, See Figs. 420 and 421

Section modulus, Z = =231 in®*, Or bd* =6 %
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below. Metal balusters with pipe handrail or teak wood
handrail are provided on the outer string.
Very often risers are omitted,

11

|

MARBLE TREAD

CEMENT CONCRETE
TREAD 5 CAST IM-SITD

METAL STAIRS

STRIGS b

(limﬁ TREAD '}

Z-1Ron SurrorTs.

SECTION onf A-B

Figa. 420 and 42!, Datalls of metl stairs,

The angles supporting the treads may be fixed to the
string by means of rivets or they may be welded. Where
better appearance is desirable, marble or polished stone
treads may be laid on metal treads in cement. Sometimes
concrete treads are cast on metal treads and 3 metal nosing

is provided in addition,

Metal stairs are obtained in stock patterns for diffe-
rent dimsnsions and spans, from the manufacturers. They
are usually designed for heavy loads. Treads arealso made
of bronze, aluminum and pickel with specially treated sur-
faces to give hard and non-slip surface, and also to inc-
eease their streagth and durability,
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Spiral stair of cast iron is another form of metal stair
very commonly used for service purposes in pablic as well
‘as residential buildings. In power-houses and pumping
stations, this type of stair has very wide application,

Art. 160, Reinforced Concrete Stairs—Plain concrate
steps are used when they have a solid |backing or when
they rest on firm ground. Bat even in such cases, it is
advisable to use some form of reinforcement to prevent
cracking from settlement.

Reinforced concrete stairs fall into two distinct cata-
gories.—

(i) A stair when steps are designed to bridge across
the two end strings which act as inclined R.C.C. beams.

(i) A slab design where each fightis designed to act
as one inclined slab whose width equals to the width of
the stair.

In each of the above two types, the inclined beams or
the inclined slab span from floor to (loor or from floor to
intermeadiate landing, or from landing to landing. Some-
times the inclined slabs inclode the width of landing in
their span length,

Cancrete stairs resist wear and tear, and pessess fice-
wresisting qualities. They can be cast to any required shape,
‘The treads and risers of concrete stairs are fnished either
-cast-in-situ or in any other way by providing marble, or
pelished stone, as mentioned in Article 138. The provision
of form work requires special attention and has to be
carried out accurately during the construction of an
R. C, C. stair.

Art, 161, Ulustrative problem—

R. C. C, stair, Slab type. See F ips. 422 and 423,

Tread .. = 11* (going)
Rise «u =G0
Effective span = 9'-3"
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Loads and Bending Moments— Live load @ 100 Ibs/eq.
ft. equals 9.25 x 100 = 925 Ibs, per foot width of stair slab.
B. My =925 x9.25 x 1.5
= 12850 in, Ibs.
Dead load equals 33 1bs. (due to step) + 78 Ibs, (due to
waist) + 9 lbs, (due to fAnish) = 120 Ibs. per step. Since
there are 10 treads, dead load equals 120 x 10 = 1200 Ibs.
per foot width of stair slab,
B, My = 1200 < 9,25 x 1.5
= 16600 in. 1bs.

Total bending moment equals 12850 +° 16600 = 29450
in. lbs, per foot width of stair slab,

Thickness of waist, effective, equals

/29450 ¢

Lever arm = (.88 x 4.4 = 387 ins. Over-all waist
thickness 15 © ins.

Main longitudinal reinforcement,

e = S

Area of steel, A _I—Bﬂﬂﬂﬂ'ﬁ'_ 0.42 sq. ins.

Use $"rods @ 4% cfe.

Alternate rods are bent up, Distribution steel is used
@ 3/§" under each step.

The planand sectional elevation of the above R. C. C.
stair are shown in Figs. 422 and 423.

Atr. 162, lllustrasive Problem—R. C. C. Stair With
Strings—Height between floors is 10'—0". Geing =11"":
Rise=6""-Thersfore horizontal span =17'-3", Width=4*_¢"*

(1) Design of Steps.

Loads and Bending Moment—33 1bs, (step) 4+ 39 lbs.
{waist) + 24 Ibs. (finish) = 96 lbs, dead load/r. it. of step.

B, Mo =9 x4 x 4 x 1.5 = 2300 in. 1bs.

Live load @ 300 Ibs, per step. centrally placed.

g ==
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B. M., =} %X 300 2 4 x 12 = 3600 in, lbs,
Total B. M. = 2300 -+ 3600 = 5900 in. 1bg.
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Figs. 422 and i23, Dotails of R. C. C. stair slab design.
This requires a value of d = 2.5 ins. effective or 3 ins.,
over all thickness of waist for each step.

Reinforcement required is @ 2—3" bars under each
step, but 2-§" bars are provided.
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(ii) Design of String-Dead loads, on eace string = 96
X 2=1921b, + 66 Ib.(self) + 151k (hand rail) = 273 Ibs.
per step or 300 lbs. per r, ft.

o

RISERS & TREADS m™ay &E
FINISHED WITH MARBLE SLABS
OR TILES

i+
-

- 6

R.C.C STRING
-

WITH STRINGS

Figs. 424 and 428 Demils of R. G, C. Swir with R, C, C-strings.

Live load @ 100 lbs. pers. ft.=200 lbs per string per r. ft,
Hence total load = 500 Ibs./r. ft.
B. M. =500 x 17.4 x 1.5 = 72700 in. 1bs,
This requires a depth of 9.57"" effective or 11"" over-all,
The width of the string is taken as 6 ins,
++ Adopted size of string 11" x 6"
3=V rods sufficient as main longitudinal stesl,
The complete arrangement of this type of stair is shown
in Figs. 424 and 425,

Art. 163. Composite Stairs—Composite Stairs are
sometimes constructed with metal strings and concrete steps
with soffits of flag stones. The tops of treads may be fini-
shed with 3* cement plaster, or additional pieces of marble

15
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or tiles may be provided. One type of such a stair is shown
in Fig. 426, In Fig. 427 & section across the fiight is also
shown. It will be noticed that intermediate T—carriers
are provided to support the fiag stones at the soffit.

s e
CONCREIE STEPS

R.S.4 STRING
= BEAM SECTION DM AR

AR CONCREIE FILLING

i i fT”?FﬂR STEPS
o AR A RS CHANREL

_L STRING

2" THiCK STOME SLASS

1 T-CARRIER
Figs. 425 to 428, Detalls of composlie Stalra,

The metal strings which are usually® colled steel sec-
tians, either I-sections or channel section, are sometimes
embedded with cement concrete as shown in Fig. 428,

Ast. 164, Stone Steps and Slairs—Stone steps are
built in three main types—

(i} Rectangular type;

(iiy Built—up type, and;

(i) Spendril type.
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Stons s a suitable material for stairs, but it should be
sclected of a strong, hard and durable variety. The steps
leading to the ground floor of a building from the ground
level are osually of stons.
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Figr, 429 and 430, Ractangular or aquars stons staps.

(1) Reotangularc or Squaro Steps—Figs. 429 and 430
show this type of steps. Each step is a solid square stope
in section and rests on the top back of the step below it,
The backing may be either of stone masonry or of brick,

(11) Built-up Sieps—The treads and risers are formed
of independent thin:slabs of stoneasin the case of wooden
step. See Figs. 431 and 432, Usually the slabs are 2 ins,
thick and are firmly held in position by dowels, and cra mps
faid in cement mortar,

(ii1) Spandril Steps—When a regular flight has to be
constructed between the floars, spandril "steps of stone are
used. Each step is approximately triansular in section and
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has its one end square which is built inte the wall. The
steps are rebated to put one over the other, the rebate being

. A
I ooor B f
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CONCRETE , RULALE
OR BRICK BACKING ] ELEVATION
I -

COPFER CRM‘";P‘;.J{/ 77

Figs. 431 and 432. Built-up steps.

arranged at right augles to the zoffit. The soffit may be
either continuous, broken or moulded. Sometimes the steps

L | -
SPAMDRIL STEFS
WiITH PLAIN SoffiT

RETURNED NOSING

:__——__:r‘) soFFiT ¢
ELEYATION : '>
- ll BROKEN

- SOFFIT

Figs 433 end 434, Spandril sieps
are given a returned nosing, Spandril steps may also be
supported at both their ends either by menns of a wall or
a steel section. The various details of spandril steps are
gshown in Figs, 433 and 434,



CHAPTER XIII
Cnh:phlite. Floors
{ Fire~-Resisting Construction )

Sieat snd coaorate {loors. Doubla flag stons floors. Jack arch
floorg, Fullsr joist lloors-floor finishings. Salid and holiow tile arch
ficors, Flat loors of clay tlles, Expandsd matal rib-mesh floors-Jack
srch and fiat typs. Cantinuous “Noars-expanded matal &ad  fib-mat
typa R.C.C.[nors-beam and alab typa; glrdarless typs. precast
/. C. O, Floors,

In this Chaptaer the constructions of composalt [loors with materd-
als like, steal concrote slmple and reinforeed, bricks, and spacislly
shappsd alay products, ate., will be described,

Art. 165, Steel and Concrete Floors—Owing to its
inflammable quality the use of timber cannot bespecified
far construction when fire resisting properties of building
have to be mainly attended to. Similarly when greater
spans and heavier loads have to be dealt with in a design,
stesl and concrete are widely used, on account of their
strength and the consequent smaller sections, In these cases
timber sections become heavy and uneconomical. This limits
the use of timber as a main constructional material ina
a modern building. Steel in various forms is used in com-
bipaticn with concrete in the construction of floors of
buildings, particularly when durability and fre-resisting
qualities are needed.

Stesl and concretefloors also admitof great compactness,
and flexibility of design which are not possible in timer floors,

Thie framed structares that are now adopted in the design
of modern buildings, also damand a fres ose of stesl and
cancrete, as these materials are generally the best suited
ones for their frame work of columns, beams and {loors
Sometimes clay products such as bricks of different shapes,
usually bollow and specially moulded for the purpose, are
employed with stee! and concrete in many propriefory floors.
Composite floors are also constructed with steel sections,
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flag stones and concrete. It may be mentioned that these
floors, oy accunt of their general homogeneous character,
are rigid and behave satisfactorily under heavy loads.

Art. 166. Double Flag Stone Floors—A simple form
of floor construction where steel sections are used with
flag stones is shown in Fig. 435,

—

1 CONCRETE OR

1fa FLAG STONE
;2 FLOOR FiIMIGHING g HURAM FILLING

.f‘/;/"ff FFE TS ,r.f T .'IEWI |
f:;; re— 1210 15" ——) R.5 FLOGR Jnt&‘f.!*
y’

‘:'h\\\\\w

1;5 FLAG STOMES

R:S, BEAM -}Tﬂ

BB SUPPORT R.S. FLOOR JOISTS.

cuT 3

'2 TEMPLATE ¢
Fig. 435. Double flag stona flooring.

The rolled steel joists are placed at a spacing of 13
ins. to 21 ins. c/c, and the lower layer of flag stones is
placed on the lower flanges of these joists. Concrete or
miurum is fllled on top of this layer, and is well watered
and rammed. The top layer of flag stones is then laid on
this murum filling. The flag stones are properly jointed
with mortar and are finally pointed in cement mortar. In
its simple form of consrruction, the lower layer of flag
stones and the concrete filling are omitted.

Sometimes inverted T-sections are also used for flag
stone floors, the lower layer of flag stones being supported
on the flanges of the T-gection. The top layers of flag
stone may be replaced by any other type of floor flnishing
described later,



ART. 167 ] ILLUSTRATIVE PROBLEM 231

Art, 167, Hlustrative Problem—Calculate the size of
the steel joists to support double flag stone flooring shown
in Fig. 435. Span of the joists is 11'-0" and the working
stress in steel is f= 8 tons/sq. in. in compression and in
tension. Modulus of elasticity is 13500 tons./sq. in

Solution. (i) Loads.

Live load s ‘o . . 80 Ib./sq. in,
Dead load,
(@) Due to flag stones at 12 lbs./in

thickness " sen 30 1 "

(3) Due to murum flling at 8 Ibs./in.
thickness, 4" filling between
flag stones is assumed, mw By ow
(¢) Due to joist load ... Bw »n
Total lond W = 150 1bs./sq. in.

{ii) Section Modulus, Z.

Flag stones are availble in various sizes; for any one
floor, they shounld be of the same width so that ccntre to
centre spacing of the joists is constant. In this case 15°
clc spacing is taken.

." Load on each jaist is,
150 x 1.25 =188 1bs. /[ r. ft.
Total load = 188 x 11 = 2070 lbs.
= (93 ton per joist.
‘di
B. M, = -a—=183 ¥ 11 %11 % L5

= 34000 in. Ibs, = 15.2 in. tons.

From the table it will be seen that 43" % 1§" size is
suitable. Modualus of the section = 2.83 in.?; Permissible
load for 11 feet span s 1.1 ton per joist,
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Weight = 6.5 Ibs./r. ft.

Moment of Inertia, z.2'= 6.73 in.*

(iti) Deffection—The designed section ‘should possess
stiffness as well as strength and therefore it should be tested
for deflection also. The central span deflection for each
joist is given by,—

_ 5 0@mxlidxiz
d=31° 1300x673 — = O-3imch.

st b
T 1Ix12T §p O spas

which is permissible,

(iv] Shear Stress—Assuming that all the shear is taken
by the web, we have,

Intensity of average shear stress,

0.93 ‘
5= Gisx4l — 126 tous./sq. in.

whers, web thickness = 6.18 inch, and
depth of web, = 4.75- %20.325
=41 inch.

Art, 168, Jack Arch Floor—In Figs, 436 to 438 one
illustrated a method of constructing jack arch flooring,
where concrete forms the main body of the {loor and is
used in the form of arches spanning between stesl joists.
These arches are known as concrete jack arches and theie
span varies from 2'-0" to 4'-0% The rise is usually kept
at 1 inch por foot of span. The thickness of the arch should
not be less than 3" at the crown, and the R. S, joists
should have a cover of at least 11" on their tap flange.

Construction of Jack Arch Fiooring=For the construction
of this floor the R, S, Joistsare first placed on the walls
at the required spacings and the arches of conorete are then
cast. While laying concrete for the arches, the haunches
are filled in, and then then the sides and crown portions upto
the specified thickness, The floor finishing is finally laid,
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Centering for Jack Arches—There are various types of
‘centering for casting jack arch concrete. They are convenie-
nutly support=ds on the lower flange of the R.S, Joists and are
‘struck off readily after the concrete is set. In one form the
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centering consists of 3* steel plate bent to the exact shape
of the intrados, and is held in position by a pair of 3/8"
round bars. The bars are provide with eyes at one end,
as shown in Fig. 438. The central portion of the centering
plate is supported by a block of wood.

Art. 169, Iustrative Problem—What size of R. S, Js.
should be specified to support:the concrete jack arches for
the floor of a residential building, if the span of the arches.
is 3 fect, and that of the R.S. J*, is 12 feet ?

Solution—Assuming an average thickness of 6" for the
floor, including 11" tiled finishing on top, it will be seen
that the total load coming on each R. S, Joist, including its
own weight @ 11 Ibs.[r. ft., is (66+11+80) = 157 Ibs./eq. 1t
= 157 x 3 = 471 lbs./r. It

B. M. =471 % 12 x 12 x 1.5 = 1,08,000 in. lbs.
= 45.3 in. tons.

St lon Modnios 2 = 4&'-_.3 — 5,66 in.®

Use 6% % 3" @ 11 Ibs. B. S, Jaists,

The section should also be tested for deflection and shear.
The arrangefent of the floor system is shown in Fig. 436
and 437,

Tie Rods—Jack arches exert lateral thrust on the walls,
They should there'iorebe’tied down by tie bolts 1* to §* diam.
for the end two or three spans: (One end of the tie rod is fixed
in the wall with an anchor plate and the other end is fastened
to the R, S, ]., with a bolt as shown in Figs. 436 and 437,

It will also be noted thatonaccount of the riseto be given
tothe jack arches, such floors increase the height of a building,

Art. 179. Filler Joist Floors—{a) Ralled steel joists
can also be used for constructing flat reinforced concrets slab
floor. They are embedded in concrete as shown in Fig. 439,
and actas reinforcement. For casting such floor, itis necessary
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to first erect the centering and then lay the R. S, Joist at the
required spacing. Tt should be noted that proper coverings
‘of concrete should be provided for the R. S. Joists at top and
bottom, and they should preferably be held in position at the
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Fig, 44L Ancther type of flat cancrats floor.

required spacing with the aid of tie rods passing through
the web, Sometimes old rails are also used as reinforcement
and thus the cost of the rail is reduced.
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For spans upto 12 ft. the spacing of the joist may be
keptas 15" to 24". Usually heavier loads require shorter
spacings. For spans larger than 12 feet, some type of trans-
verse reinforcement should be nsed for concrete between the
joists as explained later,

Floor Finishing—{ i) Fig. 439 is illustrated the method
of providing timber finishing on concrete floors. 2 x 2"
teak wood bearss are fixed by means of clips. at 15" ¢jc
and teak wood boarding is laid across them.

(ii) In another method, the floor finishing may consist
of cement tiles, as shown in Fig. 440. In ordinary case,
the floor finishing may consist of a layer of {* cement plaster,

CEMEMNT TILED FLOORING, LmE ConcrReETE Filling
P .
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B} In Fig- 441 is illustrated a modified method of
constructing composite floors where R. 5. Joists are embed-
ded in cement concrete separately and flag stones are laid
between them on their lower flanges, as in the case of double
flag stone flooring. On top of flag stones, light weight con-
crete or earth is filled and well-rammed, The finishing on
this may be of any type meutioned above.

Art. 171. Hollow Tile Arch Floors—Stesl beams aret
used in eombination with hollow tiles in the construction of
arched {loors. Sec Fig. 442, Rolled steel joists are placed a0
the required spacings which usually vary from 2 5" to 4'-",
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and are encased with cement cancrete as shown. Hollow tiles.
specially moulded for the purpose are arranged in the form of
arches between these R. S, Joists. On top of these arches a
filling of lime concrete is laid to the required thickness, The
floor finishing may consist of a paving of cement tiles or
simply of a §" cement plaster properly ruled as per design.
Alternatively when the substructure of the {loor, viz.. R, S.
joists and hollow clay tile arching together with the lime
concrete filling is ready, any other desired floor finishing may
be laid on it. The last arch or two arches should be provided
as usual with tie rods at 3 to 4 feet centres. Sometimes the
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Fig- 443, Flat floors of hollow clay tiles of rectangular 'mn-t:
lower portions of the R. S, Joists are encased with specially
moulded bricks, instead of cement concrete; and the lime
concrete is replaced by 1: 3: 6 or 1 : 8 cement concrete,

(ii) Solid Brick Jack Arches—A similar method of
constructionas detailed above is adopted for the construction
of solid brick jack arch floors in combination with steel
joists, except that solid bricks are used instead of hollow
clay tiles. See the same figure.

Art. 172, Flat Floors of Clay Tiles—Several varicties
of proprictary floors sre now available in the market. In
ane veciety rectangular hollow patent clay tiles are employed
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in combination with reinforced cement concrate which forms
an inverted channe] section as shownin Fig. 443, The over-all
thickness of the floor varies from 7" to 10" for spans irom 12
to 20, Tn some cases the reinforced concrate ribs between the
hollow tiles are replaced by rolled steel sections as shawn in-
figs, 444 1o 448, Two types of hollaw clay tiles areshown in
the above figares, the rectangular type and the traingular
type, Main beams and rolled stell joists are used in the cons-
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Fig, 44410 448 Datails showing the method of conatrocting fiat foors
of triangular and rectangular hollow clay Hlss.

truction of such floorsand thehollowclay tilesspan the dista-
nce betwieen the R. S, Joists as lintels. These floors do not
require any centering. As usuala layer of concrete is laid on
top of these tiles to provide @ bearing surface for floor
finishing.

Art, 173. Expanded Meta Rib-mesh Floors—( i)
Special type of reinforcement known as Z—type ribmet, 1s
employed to construct jack arch floors of concrete a3 shown
in Fig, 449. The normal rolled steel joists are placed at the
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required spacings and the Z—type ribmet is laid in the from
of an arch between these joists. Cement concrete is then
laid on top of this ribmet reinforcement to the required
thickness. At the under side of the joist and around the
lower flange, B. B. lathing is flsed and the entire soffit
of the floor is finally rendered with a coat of cement plaster.

{ii) Ribmet floors can be also cast with a horizontal
soffit. X-type ribmet is spread horizontally to span between
the R, S, joists asshown in Fig. 450, The ribmet reinforce-
meiit rests directly on the top of the lower flanges. Other

1;&'nm. COVER )

T, A RN RPN R
E.5. ). OF REQUIRED RIBMET OR
SIZE (@ SUITABLE SELF SENTERING
- SPACING.

Fig. 448, Expanded mstal rib-mesa lioots-Jack arch type

Fig. 450, Etpa.n.d&d matal rib-mash {late floors.
principles of construction are the same as those adopted
for Z—type ribmet jack arch flooring detailed above.

From the strcutural point of view, these [loors actas
independent or noncontinuous units or slabs between the
rolled joists.

Art. 174, Continuous Floors of Expanded Metal Rib-
aesh—{ i) A simple type of continuous floor is shown in Fig
451, 1t will be noticed that the rolled steel joists are replaced
by reinforced cement cancrete T—ribs and & concrate slab of
the required thickness is cast monolithically with these ribs.
The usal placing for these ribs varies' from 16" to 24°
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and the depth of the T—ribs varies from 6" to 12" below
the underside”of the concrete'slab, Correspondingly aslab
thickness of 2" to 4* should be provided for the respective
gpans, A flat continuons ceiling of hy-rib and plaster is

- »
P'_'.'“ ’—l_.'l"_‘zl Tﬂ?—ﬁul—- 'E*
-I,-..‘.."'.l - a T - “-.r.’._‘ -._-‘ ,’ﬁ
= - — . ‘- . L
4 o[ @ 7 e
: i - :‘%_
-l FLAT CEILING OF HY-RIB

AND PLASTER

‘IEF REINFORCEMENT OGWER 5uﬂPoﬂ.‘___, ._L
e A T L e et

I \ EXPANDED METAL |__F___\
RTE“'":E&_“ R.S.J. WHICH MAY BE
fe—— 4 -6 — | ENCASED WITH CONC

L1

N
)
|

L]

Hu:pmc FLooR Fimzm")

e T
= - = — = — = _
‘,l.._
] P 4\
o

jm——— 46" ——+| CONCRETE FLOORING I

s 57

Fig. 451. 8ibbad continnous {lecrs of reinforced concraie.
Flg. 452 and 453, Different types of confinucus floors oftexpended
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hung at the underside of the T—ribs with the aid of
teak wood fillet pieces as shown in the above figure.

(ii) Sometimes the T-ribs of reinforced coocriete are
replaced by R. S. Joists and a continuous slab is laid an
top of them. See Fig. 452, A continuous laver of aypanded
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rib-menesh is placed on thetop flange of the R 5. Joist to take
up the bottom tension in the slab, while indepent strips of top
reinforcement is placed over the supports to take up the top
tension in the slab due to negative bending moment at these
points. The spacing of the R. 5. Joists may beincrased to
4'—6" for these floors, Concrete is then placed an the
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Figa. 454 10 457, Beam and slah K C. C. Floors-

R. 5. Joists to encase the bottom and to preinforcements.
The thickess of the. concrete should normally be not less
than 6 for heavy floors and 43" for ordinary floors.
(ifi) The rolled ste=l joists mentioned -in the above
type of floorare sometimes encased with cement concrete
and the expanded metal reinforcement placed slightly below
16
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their top flange. See Fig. 433. The top reinforcements over
thesupports placed abovethetop flange as required to form
a continuous floor.

. Triﬁgmv BEAMS, Il suxs
M e e
HAUHETH MAIN BEAM A HAURCH

l coL .|

Fig. 452 Beamand slabslab R C.C. floar wiih thres sacondary beams.

Ast. 175. R. C. C. Floars—The special type ol rainforce-
ment for the concrete slab resting on the rolled steel joist
mentioned hitherto in Arts, 164 and 165 may be replaced by
<teel rod reinforcement to form an R. C. C, slab, Sometimes
B. R. C. fabric is also employed for steel reinforcement.
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(i) Beam and Slab R. C. O. Floor—Diffent types of
beam and slab R. C. C. foors are shown in Figs. 434 to 457,
The beams supporting the slab rest on the columns whic are
20 located as to form economical floor panels. The panels
may be square or rectangular and between the columns there
may be one or more than one pénels. In the latter case
secondary beams are introduced to rest on the main beams,
In Fig. 458 the section of a floor with three secondary
beams is shown.
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(ii ) Girder-less or Flat Siab. R.C.C. Floor—In another
type of R.C.C. floors, beams and girders are eliminated, and
tHe slabs are designed to rest directly on columns. Such
floors are called flat slab floors. The columns supporting
flat slabis are circular in section and a column capital or
head is provided at their top to receive the slab. In the
dropped panel type of flat slab a portion of the slab around
the column capital is cast slightly thicker than the rest
of the slab. See Fig. 459

L

? PRE-CAST ENCASING
STANCHION BLOCKS ARE PLACED
ROUND LOWER FLANGE
OF JOISTS TO SUR
PORT SLABS.
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SOLID OR HOLLOW.
& f'n:l t?'THIQK .8
i} B TO I SPAN
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Eig. 453. Pre-cast R, C. C. siab Hoars.

Construction of Cast In-situ R. C. C, Floor—The fallow-
ing is the brief description of the sequence followed in the
constroction of cast in-situ type of R. C. C. floors.

(a) A False Work or Ceniering should be erected first
to support the beams and slabs during and after construc-
tion until concrete becomes self supporting. The false work
may be either ol timber or of steel and in either case it
should be sufficiently strong and of the correct dimensions
of the finished floor, Facility for erection and for striking—
off should be the main features in their design.

(b) Placing Reinforcement—After the form work is
ready and the joinis in it are examined for leakage the
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surface which comes in contact with concrete is given a
thin coat of cil to prevent concrete from adhering to it
The beam and slab reinforcements are then placed in posi-
tion as per detailed drawings pertaining to the slab, Proper
precaution should be taken to ses that steel reinforcement
is free from rust or greezy matter and is embeddad well
in concrete. This is ensured by giving & cover of the requ-
red thicknes ontside the rods,

(¢) Laying Concrete—Concrete of the required strepgth
and consistancy is then placed around the rcinforcement
and for the required thickness of the slab.

(d) Curing and Striking-off Form Woark—Concrete
is then given sufficient time to harden by keeping it wet
for 10 to 15 days. Finally the form work is struck off and
the soffits of slabs and beams are treated as specified.

Art. 176, Pre—cast R, C, C. Slab Floors —Solid or
hollow pre-cast R. C, C. slabs are employed in the cons-
truction of these floors. Very often pre-cast slabs of thes
reguired dimensions for different spans are available, The
slabs are placed between the rolled steel joists lengthwise
to span the distance as shown in Fig. 460. Cement mortar
is used to grout the joints and the floor finishing may be
of any one type hitherto mentioned. These floors are con-
sructed quickly &s compared to cast in-sitn floors.



CHAPTER XIV

Timber Roofs

Purpose and [usction of roofs, Typas of 1oofs—pliched 1oofs and
Hat roofs. Commeon lsrms usad In roof constroction. Diffarent types
of raflers, Eaves board, perlins, wall plates and post plates, valleys
and ridges Trimming.

Structural aspects of roofs. Single roofs, doubls recls, und trussed
roofs. Lean to rools: couple rools, coaple close roofs; Double roofs
or purlln  roofz. lustrative problem, Trossed rools ¥iug post and
Quesn-podt trassas, Various joints in trusses. parapat sods and saves
ends,  Purlin raller and commos maftsr construction, Combinatton
trassen. Manzard rool truss.

Art, 177, Roofs—their Puprose and Function—
The tops of buildings are provided with coverings, commonly
known as Roofs, evidently for the general purpose of keeping
out rain, sun and wind, and to protect their interior from
exposure to weather, This bas also an effect on increasing
the fife ol a building. A roof, thersfors, must be designed
and constructed to meet the requirements of climates in
different parts of a country

From the structural point of view, & roof should be so
designed and constructed as to strengthen the walls at their
top and add to their stability. Asthetically roofs also add
to the appearance of a building.

Art, 178. Types of Roofs—Roofs are constrocted with
their surface either flat or inclined ata suitable angle, and
are accordingly classified into two main divisions,—

(i) Flat Roofs; and. '

(i} Pitched Rools, or Sloping Roofs.

This division is mainly based on the climatic conditions
of a locality, the materials available for rool coverings, and
the appearance required for the building, Though flat roofs
arevery common in parts of the country wheres theclimate is

]
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hot, their use is'mainly intened to make the roof area available
for use to the occupants. Sloped roofs hvae a distinct
advantage of thowing off the rain water ceadily, and in
preventing the accumulation of snow in very cold countries.

The slopes given to roofs for draining away the rain
watar depend upon the materials used for roof coverings.
The slopes should be sufficient ta prevent the water peneting
through the joints. Where a continnous surfacing free from
joints is used, as in the case of flat roofs, = slope of 1in
10 to 1 in B0 is usually enough. Pitched roofs are given
slopes varying from 1 in 1 to 1 in 2. [tilesare used as
roofing materials, steeper slope should be given on account of

their flatness and the greater number of joints between the tiles
Below is a table of slopes snitable for various roof coverings.

TABLE NO. XI

Common Roofing Materials and Slopes to be
" Given for Their Surfaces.

Rosf Copesig b e | M e
1
}

Asphal e Bk lbs. | 1°

t inch thick | 43, 00 | 1i

cm:mﬁ;_ inch thick 13 Ibe. | 200 | 1in
o

Camg;mi iron | 2 1bs. l in 4
18 No. to 24 No.  w| | 26°-30" to
8

to
or asbestos sheet .| 7/1b5. | 1in
Slate laid n position
* thick .. 151bs. | 26°%30° |1lin 4
thick ...| 20 1bs. do
Mangalore tiles w10 1bs. [33°30 |1in 3
Country tiles one layer ...| 7 Ibs, || 35° 1in 3
two layers .. 14 lbs, ' 3507 |1 in 2

Art. 179, Common Terms used in Roof Construction-

The following are the common terms used in the roof
construction—

(i) Common Rafters—These are members supporting

5
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thabattons oc boardings to support roof coverings. They
cun from ridge to eaves. Their usual size is 3"x 3% for
spans upto 6 feet and 5* % 2 for spans upto 10 feet; their
centre to centre spacing varying from 15 to 18 inches. See
Fig. 461 for common rafters. See Table No, XIT for the
~ size of common rafters for different spans.

TABLE No, XII

Minimum Size of Common Rafters Spaced ai
18" Cenire to Cenire

Serial Unsupported .

0o length of rafter Size of rafter
3 6 fest 2ins %X 3 Ios
2 7 feet 2 ins, X 3} ins.
3 B fest 2 ins. %X 4 ins.
4 9 feet 2 ins, % 4} ins,
5 10 feet 2 ins, X 5 ins.

(i) Jack Rafters—These extend from hip or valley pisces
to the eaves, Theyare shorter than eommon rafters and are
marked by JR in Fig. 461. A hipor valley is formed by
the meeting of jack rafters.

(iii) Ridge Péece—This is & piece which runs horizon-
taily at the highest point in the roof, Its Size is usually
2" % 5* though sometimes 2' X 7* is also nsed. The ridge
is marked by R in the above figure. The common rafters
abutt against the ridge piece are fixed to it. Ridge is. &
term applied to the line of & roof where the opposite
‘slopes meet. See Fig, 451 showing the various terms, used
for pitched rools.

(iv) Hip Rafters are those that form the hip of a rooks
The upper ends of common rafters and theend of purlins
also are fixed to hip raiters. Overa hip rafter the roof lorms
triangular sloping surface and is.called & hipped end, Tha
size of 2 hip rafter is usually 2% x.7%
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lv) Valley Rafter—A valley is formed by the inter-
section of two roof planes sloping downwards towards
their junction, The external angle thus formed is less then
180°. Along the valley line iz laid the valley rafter to
fixd the feet of jack rafters and the ends of purlins.

POTTED LinES
INDICATE TRUSSES,

Ilﬁ|lt
um_
MR
100

EAVES 60&1]‘.‘!5

BARGE BOARD

V- VALLEY RAFTER
H- HiP RAFTER

ROOF PLAN
JR - JACK RAFTER

Flg. 461, Genaral plan of a pltchsd rosf showing comp onent paria.

{vi) Dragon Tie—The hip rafters require special fixing
at their ends when they are heavy, since they run in a sloping
direction from the ridge to the corners, A special timber piece

is laid diagonally under the hip rafter at its lower end across
the cornsr of the walls. This is termed as a dragon tie and is
fixed to the wall plates on which it rests. Its size isusually 3
in, or 4 in. square and of the required length, It is intended
to resist the outward thrust of the hip .rafter on the wall,
In elder methods an angle tie, commonly known as dragon
beam was used, Fig, 461.
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(vii) Baves—The lower edges of the sloping surface
of a reof are termed as the eaves. Guotters are usually fixed
along the eaves to collect and drain the rain water. A
timber plank usually me=asuring 6" x 1%, is fixed along the
eaves to cover ths ends of common rafters. This piecs is
called eaves board,

HIFPED END ‘
GABLET END
| S ¢
3
-— ] - -
z
2 | e 15
| W
g | f ) |
= RIDSE w— 1%
™ RO i,
a uw
- l L_}"’ ! 1
& j
EAVES EMD)
AN Bl

Pig 462. Ganaral plan ol a pitchied ros! show ing the various terms used

(viii) Barge Boards—Wooden boards used to fix the
ends of common ralfters projecting beyond the sloping top
of a gable wall are termed as barge boards. Their size is
nsually 1" % 7" to 9.

Art. 180. Common Terma used in Roof Construction.

(Contd)-{ix) Purlins—These are members either of wood
or of steell, laid horizontally to support common raters.
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They are supported by gable walls, roof - trusses, hip or
valley pieces as shown in Fig. 161 by PP. Their size is
usually 5% % 3 to 6" % 4" depending oo their epacing along
the slope of the roof and their span. See Table X111 belaw.
If boarding is placed directly onthe Purlins, their spacing
is nearer and the common rafters are eliminated.

TABLE NO. XIII
Minimum Size of Timber Purlins

Span in Distance apart not exceeding

feet 6 ft. | 7 6 ins. 9 ft.
ins. ins. ins. -ini- ins. ins,
6 3 & 5 3 X 5 3 X 6
8 3 % 6 S TR et
10 4 x 7 4 K 8 5 » B
12 4 x 9 4k % 9 5 % 9
14 5 x 9 4 x 10 54 x 10
15 5 x 11 5 x 11 & » 11

{x) Purlin Cleats—These are blocks of timber or steek
placed on the trusses to support the purlins. ‘They afford
direct support to the purlins and prevent them from sliding
down. They are therefore fixed to the principle raftersofa
truss; It may be noted that the purlins are sometimes
notched if they are of wood, to rest on the principle raf-
ters of a truss, This gives better lateral rigidity to trusses.

(xi) Battens—These are stripsof wood usually varying
from 1" % 3" to 1" x 1", They rest directly on raiters or
on ceiling, and are fixed to them by nails, The roofing tiles
are Isid directly over them,

(xii) Wail Plates—Common rafters are fixed toconti-
nuous pieces of wood, called, wall plates, at points where
they rest on walls, Wall plates are embedded in masonry
on top of walls nearly at the centre of their thickness, The
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joint between the common raftecs and the wall plates is
formed by simple notching and nails are used to fix the
two, The wall plates are lengthened by bevel-halved joint,
The usual sies of a wall plate is 4" X 3% and is Jaid with
4-in side horizontal.

VALLEY SUTTER

VALLEY GUTTER OV
ER A (Leap FLASHING REMOVED)

ROW OF POSTS

Fig. 433 ond 464, Cetalls of valley guiter cuntruction

(xili) Valley Gutter, Along the valley line of a roof
proper arrangements should be made to drain away the
rain water by providing a valley gutter as shown in Figs.
463 aod 464,

(xiv) Poleplates—At the tops of postsislaida conti-
nuous timber piece to support the common rafters and at
the same time to strengthen the ends of posts. These are
usually of 4 x 3" size for ordinary spans, Special method
of construction should be adopted to fix the comman rafters
to the post plate and the latter to the posts, Usuall a knee
strap with bolts is provided for a3 explained later.

(sv) Trimming—Whete a Chimsey Stack paajects
beyoid a roof thelrafters have to be trimmed, The usual
construction details are the same as those given in Art. 128
so that a complete frame-work is made to secure steength and
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tigdity. But in thecase of trimming for chimney stack proper
precautions must be taken to prevent leakage, at these points
by providing boarding and zine or lead gutter all round.
Similar trimming is also necessaryaround the sky lights.
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Figs. 485 and 463. Datalls of lesn-to rools

Art. 181 Structural Aspects—Roofs may he classified
into threé main divions,—

(i) Single Roofs;

(ii) Dounble Roofs; and

(ili) Trussed Roofs.

As in the case of floors, structurally roofs alse consist
of two parts, one part consisting of supporing members
which are common rafters, purlins, and trusses, either of
steel or of wood, and the other part consisting of roof
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covering materials which are either proprietory materials
such as aspualt products, or rubber preparations, special
felt, or clay tiles, metal sheets, slates, thatch, etc. The
method of roof construction is almost the same as foors
since the supporting members are erected first and then
the covering materials are fixed on top of them, In this
chapter the supporting structures of roofs are only consi-
dered. The problem of roof coverings is dealt with later,

SINGLE RooF & COUPLED ROOF
RIDGE PIECE
S

PLATE 453
SPan 10-0"

SUPPORTING WALL [

Fig. 467. Coupls roof details.

Art. 182, Single Roofs—These include lean-to roof,
couple roof, couple-close roof. and collar roof. They are
of a simple design and are essentially formed by common
rafters as supporting members, over whicheis placed a roof
covering material of & suitable type.

Art. 183. Lean-to Roof—Fig, 465. These are formed
with one slope only and are commonly used for out bui-
dings, for verandahs and for sheds leaning against high
walls of a main building. In the last case propor precau-
tions shonld be taken to prevent leakage at the junction
of thc lean-to roof and the wall, and for fixing the same
to the main wall. In Fig, 466, the method of securing
rafters to post plates is shown. This adds to the rigidity
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of 'thie f66f in general. Spans upto 8 feet could be conve-
aiiently covered by this type of roof.

Ast. 184. Couple Roof—Ses Fig. 467. These include
coofs with slopes on either side of a central ridge. The

rafters are fixed at their lower ends to wall plates embed-
ded in masonry, and at their upper ends to a common

E0QUPLE - CLOSE

T~

-

AIDGE PIECE

TIE EEAM-.S I WALL PLATE
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e SPAN - 120 ————*

1| e .

Fig. 468. Coupla closs roof with timber tle bazm.

ridge piece. Couple roofs are usually limited to spans of
12 fest. though couple close roofs detailed below, are em-
ployed to spans upto 16'-0". For spans above 14 feet and
vipto 16 feet, it is preferable to nse trusses and purlins as
described later.

Art. 185. Couple Close Roof—Coupie roofs exert am
outward thrust on the walls. This thrust becomes greatas the

of the roof increases so that, a tie is used to fix the rafter
at thalr fest. This prevents the outward thrust from coming
on the supporting walls. The tie may be a piece of wood
or a stes] rod in tension, See Fig. 468. The fram work of
common rafters and tie beam thus formed rests on the wall
plites as soown iu the above figure. For spans greater than
from 10 to 12 feet, larger sections have to be nsed for rafters
and ties which consequently become heavy and uneconomical
“Thus to prevent tne mafters from bending in the middle, the
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tie'may be placed half-way up the rafters, This type of roof
is called the callar rool. It should be noted that the collar
becomes a strut and hence is in compression.

L.R. COMMON RAFTER I
K.R. KING ROD

————— CLEAR SPAN
IS'-D'

Fig. 488. Couple-closa rool with & king rod.

Similarly in the case of & couple close roof, the tie
becomes very heavy for larger spans, and hence it is also

ALTERNATIVE METHOD

Fige. 471, Collar-berms rools.

sapported by a central ir.mgmd suspended from the ridge
Such an arrangement of various members is shown in Fig.
459, Couple roofs are used for spans upto 16 feet.
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In Fig. 470 isshowna collar~beam rool with a steel
king rod and stes! tiz rod. This is 2 modified form of a
couple-elose roof and gives a very satisfactory arrangement
for bigzer spans. An altersate method of fixing the

STRUTS CAM BE
OF £-1RoN

SERERERR RN l‘lt\

Figz, 4TL and 473. Type dasign ol a irgs= ool

collar beam common rafter and the purlin i= also shown in
Fig. 47). In the type of roof shown in Figs. 472 and 473,
the collar beam is repaced by two inclined strats,

Art. 186, Double Lean-to or Y-Roof-Somtimes the
two slopes of a couple roof are brought inward to form
a common valleyinstead of a riduge. The sloping ends are
made to rest ona comman timber piece which is supported
by either & column or a wall. But such rools involve

great difficulty and extra cost of making a water-tight gutter
in the valley,

Art. 187, Double Roofs or Purlin Roofsa—It has been
aleeady remarked that when the span of a rafter exceeds
7 to B feat their size becomes uneconomical and heavy,
Therefore horizontal cross pieces called purlins are intro-
duced (refer Art. 171 ix) to reduce the span of the rafters
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and to support them at intermediate points. See Fig. 474.
They also stiffen the rafters and the roof 25 a whole,
Usually 3% x 2 is & very convenient size for a rafter and
could be safely used for spans upto 6 feet, and hence the
span of a rafter should be kept down to this value as far
as possible,

Art, 188, [llustrativ Problem—Calculate the size of
a timber purlin T. P. shown in Fig. 474. The common
rafters C. R. spaced at 18 ins. ¢/c rest on the purlin which
i placed centrally between the ridge and the wall plate,
Span of the purlin is 8'~0" to centers of supporting trusses.
Distance of the ridge from the wall plate is 13'-0".

Solution—

(i) Loads—From the figure itis clear that the common
rafters receive the roof load and transfer it to the purlin
As the rafters are closed to each other, this load will be
treated as distributed load on the purlin, The roof area
supported by the purlin is shown by a cross in the figure.

Roof load per sq. ft. of sloping area:—

Dead logds—
Clay tiles ... - «ss 15 lbs./sq. ft.
Tﬂiﬂg battens 14* x 1* e 2 o "w
'i" ﬂih-ﬂg board e LaL) 3 " [T
Total dead load s 20 lIbs,/3q. it.

Incidental live load due to
wind and workmen ... 30 lbs./sq. ft

Tﬂt‘] lmd- s 5":' 11:'5-;.".!'1- ft-

Roof Area—The slope of the roof is 1§ horizontal to 1
vertical; or the rise is one--third span. This is the common
slope used for tiled roofs and ths equivalent length of
the slope is 1.2 times the horizontal length approx.

+'s The roof area supported by the purlin squals,—

8'-0" ¥ 6'-6" X 1.2 = 31.2 5q. ft,

Total lead on purlin

i7
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= 31,2 x 50 = 1560 1bs.
=} x 1560 = 195 Ibs./r. f2.
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Figs. 414. Details of 5 Verandah roof,
(ii) Bending Moment and sise of purlin—
B. M. =195 ¥ 1.5 x § = 15,700 in, lbs.
Section modulus = 119;;%" 18,7 in.®
or, bd' =6%x187=1%2in"
Assuming a width of 4", for the purlin, we haye, the
dapth of the purlin given by, Adoptd sise of purlin 4" X 5.
1i stress = 1250 Ibs/sq. in; then size of purlin equals
3" x 4} which is common size.
Nofe—Section should be tested for deflection and shear.
Art, 189. Trussed Roofs—We have seen that for greater
spans rafters require intermediate supports in the' form of
struts to reducs theirsizs and to increase their rigidity and
that thebeams require the rods suspended from the ridge
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to prevent it from sagging, These conditions are satisfied by
building up frame works of timber called frusses, In addi-
tion, trusses have the advantage of transmitting roof loads
in a vertical direction upon the walls. Triagular shape of a
frame offers greater regidity preferably the triangle should
be equiangular. This requires the trusses to be triangulated.

The second advatage of & truss is that each member
is subjected to direc' stresses either compression or tension.
This is possible bya pplying the loads at the apices of tha
triangles; as othrwise the members would be subjected to
bending stressesin addition to direct stresses. A proper guide
to ensure this is to set out the truss frames by drawing the
centre lines of all the principle members and to see that at
the point of intersection of these lines at the joints, they
meet in & common point. At the snpports where the trusses
rest on a wall or & pillar, the intersection of the centre
lines of the beem and the principal rafter and the centre
line of the bearing lis within the middle third of the wall.

The component parts of trusses are, principal rafters, tie
beam, ties and struts, These parts are framed together on the
principles mentioned abave, The roof load is tarnsmitted to
the trusses through purling and ridge which should bé  pre-
ferably placed so that every member is in direct tension or
compression. The purlins in their turn support the common
cafters or the boarding which carry the roofing materials,

The spacing between the trusses is usnally kept between
8-0" and 10'-0". While designing a roof truss it is econo-
mical to arrange the panelsof principal rafters of lengths
not exceeding 6' - 0" or so, sinca this becames the span for
the common rafters whose economical size under common
foads is 3" X 2" for timber, as previously pointed out.

Art, 190. Details of King Post Truss—In Fig. 475 is
illustrated a king post roof truss for sixteen fest span, Both
the methods of forming the ends of rools are shown in the
figure; in the one ease the roof ends againsta parapet and
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in the other case an eaves gutter is formed. While framing
the various members of the truss, precautions should
be talken for jointing. The yarious joints should be strong
and rigid. These are described below.

i ris T o
CUT 5..~5_‘_J

BED BLOTRE

END WITHEVES
GUTTER

Fig. 475. King post truss with the principal supporting mambers of a roal,

(1) Tie Beam and Principal Rafter—The joint between
these two members should besufficiently strong to prevent the
principal rafter from spreading out, The bottom of the princi-
pal rafter is jointed to one end of the tie beam by the simple
abutmentand tenon joints. See Fig, 476, An inclined Wrought
iron heal strap is also fixed round the principle rafterand the
two ends of strap are held in position by a bolt passing
through the tie beam. Alternatively, the method shown in
the above figure is also suitable.

(ii) Tie Beam and King Post—The king post is formed
with splayed shoulders and feet to receive the principal rafters
and the struts respectively, Ses Fig. 477, At its lower end it
carries a tenon which fits into the mortise at the centre of the
tie beam. A stirrup strap is fitted at the joint and at theupper
end of the stirrup strap gibs and cotters are driven. The
grrapgement is shown in detail in Fig. 478. The tie beamis
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usmally given & camber of 1 in 30 to prevent the nnsightly
appearance due to any settlement.

(iii) The Struts and the King Post are jointed by an
obliqgue mortisa and tenon joint, the strut fitting in the

N 34 BOLT —=

- L
= 1 ‘)
| =
BED BLOCK TIE BEAM

S WALl PLATE-W.P.
.. th =2 GUTTER
GEARERSG

¥
DETAILS OF
'ﬁ*\-)ﬁff'j PATAPET SUTTER

LGN

Pig. 475. Datalls of parapst gutter and jofint at the foot of truss.

widened fest of the king post. For fixing the struts with the
principal rafter oblique mortiseand tenon joint with single
abutment is used to pravent the strut from sliding down
See Fig. 476.

(iv) Head of Principal Rafter and King Post-The two
upper ends of the principal rafters arc fitted into the widened
shoulders of the king post and a V—shaped or a three-
way iron steap is attached by means of bolts to the three
members mesting at the joint, as shown in the above fgure.
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(v) The head of the king post is slotted to receive
the ridge pisce. As nsual the common rafters supporting
the roof covering abut against this ridge from both sides,
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Figs. 477 and 418 Daleils of the jolot st the ridgs
and 3t tha foot of the king post.

King post trusses are used economically for spans upto
20 fest. For spans bigger than 20 feet and upto 40 feet a
queen post trnss i5 more suitable. In Table No, XII are
given the sizes commonly used for the various members of
king and queen post trusses for different spans.

Art. 191, Methods of Supporring Roof Covering—
Purlins, common rafters, boarding and battens are placed
on the trusses and across and along the slope of the roof
as required. As previously explained purlins should be placed
at the panel points of & trusses. They serve two purposes.

(i) They tiethe trusses together and afford ridigity to

the roof.
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(ii) Thay carry the common rafters and reduce their
épan to a common economic valoe of 6 to § fest.

To satisfy the requirement of load transmission in truss
“members, it isnecessary that the purlins should rest at the

GQUEENM-POST TRUSS

_ METAL STRAPS 223
USE 5=8 TIE BEAM FOR
BUSPENDED CEILING

Figs. 419. Datall of a queen post truss and the mathod of
fixing pUrline spd cemmon rafters.

panel points on the principal rafters, Under their seat there
is a slight cogging made on the back of the principal rafter.
Cleats are also employed as shown in the figure to give the
necessary lateral support to the purlins, In some forms of
construction the boarding rests directly on the purlin with
out the commaon rafters,

In such cases it is notalways pessible to place the
purlins at the panel points.

Thus we have two distinct methods of supporting the
roof on the trusses,
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(i) Common rafter construction—where purling are
placed at the panel points of the truss and the common
rafers are placed over them. The boarding may or may
not be used on the common rafters,

ALTERMNATIVE QUEEMN POST TRUSS
WTH STRUTS UMDBER STRAINING

¥ QuiEem B winG POST TRUSS

TIMS8ER TRUSSES Fom COMBINATION. SPAN SO

Piga. 480, 481 and 482, Timber trusses for large spass,

(ii) Purlin rafier construction—Where the purlins
are placed on the principle rafters of 2 truss at a spacing,
of about 4' - 0" to support the boarding directly. In this
case the purlins also rest at intermediate points other than
panel points and- the commen rafters are eliminated.

Art. 192, Bed Blocks—The loads at the ends of trusses
are of 2 concentrated nature, This requires the trusses to
be placed on bed block as in the case of beams and girders
of floors. Se= Art. 124, The bed blocks should be preferably
for the full width of the wall. In the above figure of a king
post roof truss cut stone bed blocks are shown for the ends
of the truss to rest on and to distributs the load on the
wall uniformly.

Art. 193 Qu=en Post Truss—The details of a queen
post truss for a span of 40 feet is shown in elevation in
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Fig. 479, The king-post of the king-post truss is replaced
by two quaan-posts having single splayed shoulders at the
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Fig. 483 Mansard roof fruss.

footand at the head, The tie beam and the principles are
jointed to the guesn—post like the king-post by using the
metal straps. The heads of the quesn-postare connected by
a straining beam to prevent their leaning towards the inside.
The principals usually end at the heads of the queen-post,
in which case the sbove straining beam is very important
to give rigidity to the truss, When the principals do not
extend byand the heads of the queen-post, only the common.
rafters of a smaller size are carried upto the ridge. Again
whea the tie beam of a whole length is not availble a joint
is introduced in the middle, Batween the feet of the queen-
post snd on top of the tie beam, a straining sill is fixed to
resist compression.
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Queen-post Truss is usually suited for spans upto 40 fest.
For greater spans a combination of quesn and king-post
trusses can be adopted. Such trusses are shown in Figs. 480
to 482. The line diagrams are for greater spans; but
commonly this type of combination truss is suited for spans
upto 30 feat,

Art. 194, Mansard Roof Truss—A type of mansard
roof truss is shown in Fig. 483, The truss has two different
slopes, theone in the lower position being very steep. It isin
fact, a combination of two trusses,—thes king—post and the
queen-post trusses—, except that the lower queen-post
truss hasits two queen—posts shifted near the ends of thetie
beam, This has an effect in increasing the steepness of the
end stopes. This roof is oftan used to utilise the cubic space
under a truss for living purposs, while the general height
of the toof is kept compartively low.



CHAPTER XV

Structural Steel Work

Amongst the various materials used in construction
wworks cast iron, wrought iron, and steel are very common.

72 @ =L L

SQUARE  ROUMD FLAT ANGLES
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Figs. 434 to 497, Various forms of rolled steel sectiona.

Thesa materials possess different structural properties due-
to the different amounts of carbon contained by them. Of
thess thres metals stesl is the most commonly used one. It
i% available in the market in various forms as givenin Figs.
from 484 to 497, The design of any particular section to be
‘used having been decided, the method of using them actually
in the construction of structures will be given in the following
articles. As a manufactured article steel sections are tested
for their structural properties before they are used. Each
section is specified by its size and weight in pounds per
foot run.

Ast. 195, Castlorn and Steel Columns—Columns are
smembers resiting compressive stresses in the directionof their
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length. Sometimes they have to withstand bending stresses.
also. Normally they are square or circular in section-and
are either solid or hollow. Cast iron columns are eircular
whereas steel columns may be rolled steel sections or built
up sections of two or more rolled steel sections, In the
latter case they are termed as stanchions.
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Flga. 498 and 483, Detalls of cast iron column zad besm comnsctions-
Figs 500 and 50L Cast iron column bass and cap.
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Cast Iron Columns—A typical cast iron column with its
various connections tosupport the beams is shown in Figs. 498
and 499, The base and the cap of the column are also shown
in Figs, 500 and 501. Cast iron columns should not be lessthan
5% in .diameter and if hollow the thickness of the metal should
not be less than 3%, Their length should not exceed 18 to 20
times their diameter. The bases of these columns are provi-
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dad with holes, and rest on concrete beds, the thickness and
base area of which are sulficient to distribute the Joad on
the soil below. Cast iron columns are very strong in com-
pression. They are comparatively cheaper than those of steel.
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| BUILT=UP STAMCHIONS

Fipia. 502 to 512. Bull! up bsam and stanchicn sactions.

They possess an attractive apperance, and corrode to a
much lesser degree than stes! columns. But thers are
possibilities for internal defects like air-bubbles, honeycomb
castings, etc. to be present in them which seriously affect
their strength. In addition cast iron columns tend to crack,
if suddenly cooled by water after they are heated as in the
‘case of a fire occuring in & building.

Art. 196. Steel Stanchions—To overcome the defects
«of cast iron columns mentioned at the end of the last article,
‘columns are usnally built of steel. These columns may be of
a single rolled steal sectionora built up section of two or more
soch rolled steel sections. The rolled st=el sactions which are
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used as stanchions have a broader flange. Some of the built
up stanchions are shown in Figs. 509 to 512,

(a) Longitudinal joints in Column—Very often it is
necessary to join two lengths of stanchions end to end, either
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Flga. 513 to 515 Showing datsils of coloma spledlog of
egeal end unequal sactions.

due to a single length being not available or to reduce the
section of stanchion in the upper storeys than that required
for the lower storey. For this porpose cover plates called
splice plates are used ever the flanges and the webs of the
stanchions as shown in Figs. 513 to 515. A bearing plate
i3 inserted between the ends of a smaller depth extra plates
known as packing pieces also have to be inserted.

(b ) Base Connection of Stanchions—Stanchions have to
be provided with specially built up bases as shown in Figs.516
to 519, In these Figs. are shown elevation, plan, end view and
section of one column. Gusset plates are fixed on the sides of
the stanchion to which are again fixed base angles on the outer
-sides, Additional base angles can also be fized to the web of
the stanchion. The stanchion rests on a bage plate which is
finally fixed totherag-dolts, grouted with cement in a concretes
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Figs. 58910515, Elevation, plan, end view 2hd sactiom of basa comeac-
tions of a stanchion.

Fios. 523, Datalls of connactions of bass plale, rag balis and concrate’has

Fig. 521, Stanchion datail of s 1wo storiad bullding with connecting flocrs
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base, See Fig. 251, A complete sectional elevation of ths
stanchion in a two storeyed building supporting the R. S.
beams and floors is shownin Fig. 521. In the foundation
and plinth section of the stanchion are shown its base
connections and the concrete base.

Art. 197, Beams. Joistsand Stanchion Connections—
Steel beams may be either R. S, joists or built-up sections.
The various types of built-up beam sections are shown in
Figs, 502. Beams are conneted to stanchions with the aid
of angle iron cleats to the flanges and webs as shown in Fig.
322, Single rivettad joints or double rivetted joints may be
used as required. Similarly R. S, joists are also connected
to the web of main girders with the aid of angle iron cleats
and rivets,

Art. 198. Erection of Struturl Steel work—This
has got to be carried out very cautiously. Stanchions are
erected with the aid of a derrick pole of the required height to
which are attached pulley tackles. The lifting end of the rope
passing through these pulley tackles is tied round the stanchion
aprroximately at its centre, which is then gradually raised and
placed vertically in its position. To cantrol the movements
of stanchion thus lifted guide ropesare tied at its lower end,

Heavy beamsareraised and finally qlaced in positon
in a similar manner with the aid of on= or two derrick poles.
On large construction works cranes of various capacities are
installed to lift and place in their position the respective
stanchions, beams, and rool trosses.

Ast, 199, Steel Roof Trusses—For greater spans timber
trusses become heavy and it becomes econamical to use stesal
trusses, Usually for spans greater than 25" to 30’ steel trusses
are recommended, Apart [rom lightness, steel trusses have
the advantage of durability due to their immunity from
attackof whiteants, dry rot and greater fire resisting property.
They are easy to build and yery convenient to transport to

18
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site, The usual types of trusses for various spans are shown
in Figs. from 523 to 534.

While designing a trussed roof care should be taken to se=
that each member is either in direct compression or in direct
tension as stated in Art. 180 nnder timber trusses, But some-
times, a8 in the case of smaller roofs the purlins are often

LOVER
\ PLATE

WER
comneclion

FLANGE
CONNECTION
BUILT = UP
STANCHION

Fig. ¥12. Beam and stanchion conmactions,

distributed along the length of the principal rafter and this
induces transvrse stresses in the members. Similacly if a
ceiling is suspend from the tie beam of & truss transverse
stresees become unavoidable.

The spacing for the steel trusses is usually kept between
10 snd 15 feet. For small trusses the ends are fixed. Due
;sion should §& made for expansion and contraction in the

case of large trusses. The usual method isto provide oblong
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slots in the base plates through which the truss is fixed to its
supports. Another method of providing for expansion and
contraction in the case of a big truss is to rest one of its ends
on a chair mounted on steel rollers, the other end being fixed,

For series of trusses wind ties, diagonal braces betweean
the two end trusses should be provided on either side to
prevent the general distoration of the roof due to wind action

PARAPET GUTTER &
TRUSS SUPPORTS,

ﬂg.m[hmihdshduunamtm:wuhmnpm wall 2od guiter,

Art. 200. Joints in Steel Trusses—{s) Rivited Joints-
The various members of a steel truss are jointed with the
aid of gusset plates and rivets. If the trus= is a very big
one, to facilitate construction and transpaort, it is built upin
kwo,parts which are subsequenly jointed with the aid of bolts.

(8) Welded Joints—Recently the art of welding has
developed to a great extent and the various members of o
truss are welded instead of being rivetted and bolted as men-
tioned aboye. The followisg are the advantages of welding:-
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(i) As there are no rivet holes drilled in the member
the entire cross sectional area of a tension member becomes
available for taking the stresses.

(i )} Welding eliminates the noise of rivetting and in
the cities this is an important advantage.

(iii) The process of rivetting is generally considered a
laborious one, specially in intricate positions. The jointing

-
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Fig. 536 Detalls of steel truse and roof with saves.

process by welding is comparatively an easy and & very
convenient one,

(iv) Due to the elimination of angle cleats welding
becomes cheaper lorbeams, joists,andstanchion connections,
and thus work becomes economical on a large scale,

(v) Welding is associated with the rapidity of assemblage
and erection.

Art, 201, Details of Steel Truss and Roef—In
Fig. 532 are given the details of a steel truss roof with para-
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pet wall and gutter, and the method of fixing the truss to the
supporting wall, The use aof bed blocks, base plates, and
anchor bolts is also shown. The drainage of théroof iscarried
out with the aid of a cast iron gutter supported on an angle
iron runnae fixed at the foot of the principal rafter. The
necessary lead flashing by the side of parpet is-also shown
in the Figure.

AN ASHBESTOS WASHER 15
USED BELDN LPWASHER

\ - _: A
"ﬁp&‘;ﬂlﬁ SIX” CORROGATED Swstlf

RIDGE DETAILS FoR
ASBESTOS ROOFInG

Fir's, 537 and £38. Distails of sieel truss and roof at ridgs.

Tn Fig, 536 the method of constructing the ends of roofs
with eves gutter is shown, The roofing consists of commaon
rafters, teak wood boarding, battens and Mangalore tiles as
against metallic coof coverings of corrogated iron sheets.
Teak wood purlins are used to span between the trusses and
to support the common rafters, An eves gutter is pravided to
drain the roof and is supported on G. L facia brackets fixed
to eves board, '



ART. 202 ] DETAILS OF STEEL TRUSS 273

Ast, 202, Details of Steel Truss and Roof ( Cantd. )—
The details of the jointing required an the ridge are shown
in Figs, 537 and 538. In Fig. 537 the roofing censists of corro-
gated shest and & pair of ridge capings are provided at the
ridge; The purlins may be aither rolled steel joists or angle
srons. The method of fixing the roofing materials to the
puclin with the aid of hook bolts is also shown in the above
Figure. In Fig. 536 a teak wood ridge block is fixed at the
summit of the truss on which is placed the teak wood ridga.
This allows the commonrafters to be jointed at the ridge and
a mangalore tile roof to be foally placed on the top.

Flgs. 539 & 540, Detailz of sfeal truse and roofal finermadista jolnts.

[n Figs: 539 and 540 intermediate joints for the two types

of important rool coverings, viz. the Mangalore tile roof and
the G. L roof, areshown, Itwillbe noticed that the purlins

ased in these cases are of teak wood supported on angle
iron cleats.

The various details of the joints hitherto mentioned are
shownin Fig. 341 which is the elevation of a steel truss
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suitable for a span of 40, The méthod of fixing roof cover-
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ing with angle iron purlins isalso shown in detail in Fig. 539,



CHAPTER XVI

Temporary Carpentry
SCAFFOLDING, SIAGING, SHORING AND UNDERPINNING,

Usa and requlrements of temparary carpentry. Soalfolding,.--
compensut parts, HBrick layer's and mmson’s scalfolding. laddar
scaifolding. Chimney and spirs scaffolds. Sizging. Dome s=aliclding:
Naadls azaffolds, Sispanded scaffolding, Stesl soaffelding.

Ganitiass-Travallars: and platiorm.
Ehoring and its varisties—raking, fiying end dead shores. Undar-
vioning,

Art. 203. Use and Design of Temporary Carpentry—
For construction work timber is used into two principal
catagories, vig- temporary and permanent carpentry work,
g5 explained in chapter VIL. In this chapter are given the
varions methods by which, during the construction of a
structure, temporary carpentry wark is employved lor the
following reasons, such as,—

(i) To render support to its various members, viz,—
arches, lintels, ete.—Centering.

(ii) To rendar temporary support to the sides of
excavation in looss and sandy soils for foundation work and
for deep trenches for laying pipe and sewer lines, and also
for preventing the settlement of neighbouring building,—
Shoring and Strutting, and Timbering of excavation.

(iii) To facilitate the access of men and materials at
higher levels to procesd with the construction work,—

Scaffolding and staging platforms.

{iv) To execute repair and réenewal work to unsafe
structures by way of a temporary support—Raking, Flying
and Dead shores.

{v) To provide temporary support for laying coucrete
either plain or reioforced, until it gains strength.—
Form work, Centering and Moulds,
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In all the ahove cases, the temporary carpentry work
should be properly designed to satisfy the various require-
ments, Thege are,—

(@) The temporary carpentry work should be strong,
sound and rigid to mest the various structural requirements
at places wherever it is used.

(&) Its design should permit of quick erection and
easy removal without much damage to itself.

(¢) It should admit of being used several times so as
to minimise the cost spent on such temparary work.

{(d) The timber used should be dry and well seasoned.
The use of green timber is not permitted as it warps and
cracks on drying and easily bends under loads.

(e) While securing connections between the various
members of a temporary carpentry work, nails should be
very sparingly used. For such purpose the use of bolts aad
pairs of wedges is always recommended,

It may be mentioned here that the term “‘Temporary”
is used for the above type of carpentry work, only to indi-
cate that after the construction work is completed, it does
not remain permanently in position as in the case of per-
manent carpentry work. See Art. 91 In the previous chapters
the method of providing shoring and strutting, centering
and form work has been already explained and in the follo-
wing pages are given the details of constructing scaffolding,
shoring, underpinning and staging.

Scaffolding and Slaging

At. 204. Sjaffoldig—The use of scaffolding in
building operations as a temporary structure for supporting
platforms for workmsn, structural materials and appliances
required during construction, is very common. A typical
scaffolding es used for wall construction is shown in Figs.
543 and 544.
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Compound Partsof a Scaffolding—These include (1)
standards; (ii) ledgers; (iii) putlogs: (iv ) dingonal
braces; and ( v ) working platforms, toe boards and guard
cails. The vertical standards which rest on the yround, are
fixed at about 6 to 8 feet apart and are frmly conpected

'k

© LEDGERS.

. STAHDARDS.
- GUARD RAILDS
. i ] . BOARDE.
: BRICKLAYERS , TOE BOAED. |
. SCAFFOLDING. B¢ BRACES.

Fig 243 Details of brick layst’s scaffolding.
Fig 534, Cross ssctiot of e sbove.

each other by horizontal ledgers placed at right angles and
spaced at a vertial distance of 5 ft. 6 ins. apart. The
standards and ledgers are securely lashed together by ropes.
Cross timbers known as putiogs, spaced horizontally at 3 to
4 fest centers, are resting on the ledger and are intended to-
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support the planks forming the working platform. When the
scaffolding is long and is designed to reach greater heights,
cross or diagonal braces are fixed for stiffening and for pre.
venting lateral movements. ln addition, guard rails and toe
boards are provided for protection at the level of the

working platform.

Art. 205. Bricklayer’s Scaffolding—The ordinary type
of scaffolding, known as the bricklayer's scaffolding,
consists of one row of upright poles or standards fixed along
the wall and at a disténce of about 6 to 8 feat apart as
described above and are cannected horizontally by ledgers,
and their other ends are placed in the holes left in the
wall. As the constroction or repair work is completed
from the top ol the stsucturs, the putlogs are drawn out
land the holes left in the wall are filled up.

This is g very cheap type of scaffolding. Usually the'
grip offered by the putlogs in the wall is not enough to
prevent the scafiolding from building away form the wall,
“Thick ropes or wires are tied madditioi to the standards,
are passed through the wall to carry counter weights on
the inside, Somstimss extra putlogs are passed through
window openingsand are tied to vertical poleson theinside.

Art, 206. Masons Scaffolding—Stone masonry build-
 ings and structures where heavier materials of construction
are used, a stronger scaffolding is required, Thisis provided
by a double scaifolding, where two rows of standards areused,
.one, the inner rownest tothe walland the other, outher row at
adistance ol 4 to 5 feet away from the wall, The putlogs rest
entirelyon the scalfoldivg ledgers. In addition te the dingonal
Eraces, inclined supports called shoring have to be provided to

prevent the scaffolding from leaning awny from the wall. For
a double scaffolding thereis no necessity of leaving holes in
the wall and it is completely independant of it. See Fig. 545,

Ast. 207, Ladder Scaffolding—See Fig 346, Ladder

scafiolding provides an improved method of a double scaifold-
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ing, which could be easily assembled and taken down for light
‘work such as exterior paintings and decorations. Several

A\

CHIMMEY
SCAFFOLD

o

LADDER

Fig. 545. Masons Scaffolding, sbown in ssciten with shosing,
Fig. £44. Chimney Scafiolding. exvermal (¥ps-
Fig. 347. Laddsr Sraffolding showing platforms and tias.

patent ladder scafiolds are available where extension ladders
are used and the assemblage is secured with the help of bolts
and screws. Theworking platforms are supported on brackets,
bolted to the imner row of standards. At intervals ladder
scaffolding requires to be secured by additional corss pieces
tied to windows as shown by thick lines in the figure,

Art, 208, Chimney Seaffolds—The Seaffolds for the
chimney may be built either internally or externally, the
work of raising the scaffolding kept sufficiently in advance
of the chimney construction, The standards for internal
scafiolding are supported by bearers laid on the internal
set-backs of the chimney brickwork. Hinged trap doors are
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provided in the middle of the working platform for access
and delivery of materials.

For a tall chimney and where the brickwork is more
‘than 1'—5” thick, it beesomes difficult to reach and to
properly finish the external joints from the inside, For this
purpose, the scaffolding is erected externally. See Fig. 547.
The onter standards are firmly secured into the ground and
the inner ones rest on slespers. The lifting of materials to
working platforms is done with the aid of hoisting tackle
fixed to the outer standards. As usual the scoffolding
-requires stiffening by cross braces which are lashed across
from standard to standaed.

For the constuction of Spires, the chimney external
scaffold is slightly modified by using raking standards which
are erected in sections. The raking standards are firmly
spliced with fish plates, and diagonal braces are secorely
lashed at every stage.

Another form of Scafiolding known as climbing Sca-
Holding is also used. This does not rest on the ground,
but at its lower part, it is given a grip by securing it
to the proviously constructed part of the chimney,

As the work proceeds, the Scaffolding also is made
4o climb up.

Art. 209. (i) Stagings—For the construction of works
where heavy materials and large blocks of masonry, girders,
etc. haye to be handled, a substantial form of scaffolding is
required. The lower portion of the scaffolding is widenad to
form a staging like an elevated platiorm, oftes sufficiently
wide to provide a space for a travelling crane. The timber
=ections used for staging are roughly square, Eszentinlly a
staging Consists ofa framework of nprights resting on sleepers
and jointed on top with the aid of cross pieces called leads.
The framesare stiffened by diagonal cross braces in the form
-of struts. The elevated platform is formed of supporting
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joists and continuous placking. Ordinary type of staging is
also nsed to carry out the work in connection with ceilings
of buildings such as, plastering, repairs, of decorative work.
The details of a simple staging are shown in Fig, 548.
{ii) Dome Scaffolding is essentially a staging work
except that the working platform is formed at an clevated

Fig. £43. Dutalls ufmg!ng.mmanwmimgphﬁm
Piq.mnuﬂ:n!amsmﬁnld: showing the strutting,

level to support & secondary scaffold so as to be within the
easy reach of the dome soffit. Sometimes to obtain the nece-
ssaty stiffness and strength required for such tall stagings,
metal stagings are often recommended to form a Tain
platfrom, on top of which a secondary scaffold is constru-
cted to reach the dome as mentioned above.

Ast. 210. Needle Scaffolds—See Fig. 549. When the
fronts of buildings are abutting against busy roads or
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pavements, which should be available for nse by the traffic,
the scaffolding does not reach the ground in the ordinary
manner. The scaffolding in such cases is supported by a series
of cantilevers or needle beams passing through window open-
ings or through holes cut in the walls, The inner end of the
cantilever which projects to a suffidient distance inside the

biulding must be stratted for being frmly held down, prefera-
bly against the beams of the adjoining floors. On the outside
alsa it is & good practics to prop the cantilever end by a strut
against the sill of a window. When the needles are thus
secured in position, toe scaffelding is raised on them in the
uspal manner as mentioned in Art. 185, Cantilevr or needle
scaffolding is also used when it isreqired to execute repairs
or decorative work at higher levels in a building and it
therefore becomes too costly to build the scaffolding np from
the ground level.

(i) Suspended Scoffolding—This is another variety of
scaffolding which belongs to the type where the supporting
standards do nnt rest on the ground, and it is intended to have
a cheapand easy access to the part of a building for carrying
out light constriction work. The scaffolding is hung generally
from the roofs by means of ropes or wire and a travelling
craddle is provided for workmen and materialsat its lower
end. The travelling cradlecan be mechanically raised or

lowered or even moved sidewise as required,

Art. 211, Steel Scaffolding—The use of metal, usually
steel, as a scaffolding maferial in place of wood, has greatly
facilitated theart of scaffolding recently. Steel tubes of about
2 ins. diameter and of standard lengths are used. The various
component parts suchas standards, ledgers, putlogs, ete, are

the same as those of a timber scaffold. Special patent conplings
and set-screws are used to connect the various members. by
the use of a steel scaffoldiag; the time used in erection and
dismaatling is much shorter than that repuirred fora wood
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scaffoldiug. It is also more economical when the scaffolding
work is great. Metal scaffolding is more rigid.

Art. 212, Gantries—The term gantry is speeially used
to indicate a double staging of a heavier type, either of
timber or of steel for the purpose of carrying a travelling
crane. On top of the staging, runners are provided on which
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the rails are fixed to carry a travelling platform and to enable
it to move along the length of the gantry, The travelling plat-
form is also provided with rails on topand in its turn carries
a lifting tackle which moves on these rails, in a direction
perpendicular to the length of the gantry, By arranging
the two stagings, one on each side of the wall, it is very
convenient to use this traveller gantry for lifting, bandling
19
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and correctly placing in position, heavy blocks of stones
and moulded work in the wall. The gastry requires stiffen-
ing with the aid of struts placed against the standards.

But the term gantry is however used to include any
staging, erected as a temporary structure 1o provide a
working platform either to support the scaffolding cranes
as described under staging above, It is then best known as
platiorm gantry.
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Shoring and Underpinning.

Art. 213. Shoring and its Varieties—The term shori-
ng is used to indicate temporary support to unsafe struce

tures, whose stability has bsen endangered either duetoa

pew building to be erected in its immediate nsighbourhood
which may resnitin the settlement of the foundation; or
due to the removal of adjacent building; or due to the
repairs to be carried ont for defective foundation and bad
workmanship.
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Shorings are usually classified ar Racking Shores, Flying
Shares, Dead Shores, These will now by described in detail,

Art, 214. Racking Shores—The unstable part of the
structure is conveniently supported with the aid of raking or
inclined shores, as shown in Fig. 550, One end of the shore
rests on the ground and the other abuts against the wall of the
building to be supported. It will be seen from the figure
that caking shores essentially consist of baulks or rakers of
timber placed inclined and held together at the ground level,
The other ends of these rakers are placed against a wall
plate and are secured to it by square needles. The needles
are driven into the wall and fitinto the notches cut at the
ends of the rakers, See Fig. 251 and 552. Cleats are placed
on top of the needles and allow them to prevent the wall
plate from sliding against the wall, In the case of a multi-
storied building, one raker iz placed at the junction of each
floor with the wall. The top-most raker is termed as the
rider shore.

The various rakers of a raking shore are rigidly framed
into a triangular system with the aid of braces at intermadia-
te lengths. The feet of the rakers are finally bound together by
braces and hoopiron binding also, They rest onacommon sale
plate against a solld ground. To make the shoring quite effec-
tivean Inclination of 45° for the rakers is desirable. Hut veey
often, forwantof greater room, steaper inclinations have to be
2doptad in practice to suit the amount of spare at disposal.

Art. 215, Flying Shores—these are uzed for supporting
temporarily the walls of two adjacent buildings, which
may tend to collapse due to the removal of the intermediate
building desigied to be reconstructed. See Fig. 553, The
principal parts of a racking shore (i) & cantral ‘member
strutting horizontally as a stiffening beam shown by H. S.in
tha figure; (i) Inclined struts P. S, fixed under and over the
abave horizantal strut near its eads (iii) Wall piates, cleats
and needles as in the case of raking shores; and (iy) Straining



292 AUILDING CONSTRUCTION [ca. 16

sill with pairs of hard wood wedges at their ends. The
principle on which a Fying shore is designed is the same
as that of raking shore, viz. the formation of different
triangles in the frame work.

In the erection of raking and flying shores, first operation
i5 to fix correctly the positions of the wall Jplates and the

STRUTTING FOR OPE MINES

BEE

DEAD SHORED

insections of the needles and gleats. The rakers, horizontal
and inclined struts are then placed in their proper position.

Art. 219, Dead Shores—These are vertical shores
satended to act as temporay props to give support to & wall
in commection with tha rebuilding or the removal of its lower

part for a mew foundatiom; or to provide large openings in it



ART. 217 ] UKDERPINNIRG 293

for new doors, windows or shop fronts at lower levels, The
details of dead shorse are given in Fig. 334.

In the process of providing dead shores to a building,
the initial operation is to strut the door and windew openings
squarely to resist any deformation, as shown in Fig 553, The
next operation is to strut the floors inside the building to
relieve the supporting wall of the floor load. These vertical
struts are formed of 6" X 6* to 10" X 10" timber props. At the
top and at the foot of these struts, sills and sole pieces should
be provided to distribute the load. Holes are then cut in the
wall at points above the required opening, at a distance of
about 5 ta 6 fest apart, Through these holes, horizontal wood
or steel beams, called needles, are inserfted to projecton both
sides of the wall, the ends of these needles being supported
by heavy props, wood blocks or cribing, as found necessary.
It should be notad that pairs of wedges should be used at
varions places, in erecting dead shores.

Art. 217. Underpinning—Very often it is necessary
to strengthen the foundations of existing buildings having
shallow footings, when a building with deep foundations has
to be erected adjoining to it. This work has to be carried out
without affecting the stability of the existing properties and
their walls have to be supported until their foundations are
rebuilt or are extended to the depth of the new building.
This work is termed as '‘Underpinning'’. Underpinning is also
r=sorted to for rebuilding parts of walls above ground level.

As mentioned ahove, the operations involyed during under-
pinning very often require the existing structures to be tem-
porarily supported until the new walls and foundations are
permanently built. The underpinning operation largely
depends upon the fact that bonded masonry work is able to
remain in the form of an arch over an average sized breach
made in it. The ends of arches thus formed are supported by
needles described in the previous article under dead shores,
and also as explained in the following article,
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Art, 218, Methods of Underpinning—The following
are the two geseral methods by which underpinning s
provided,—
(i) The Pit Method.
(ii) The Pile Method.

The pit method requiries the excavation be carried upto
thie full depth of the proposed new foundation and the whole

ERISTIMG WikLL

N
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'‘COMCRETE EMCASING TO ﬂ E i| F ﬂ r

WEAK FOUNDATIONS OF e ‘\ ',./

WAL LS AMD FJEF@& R L.C OR CYLINDER PILES

Fig. 500. The pile mathod of underpinning,
Flg. 56]. Stranghening of wall foundation by sncasting.

length of the wall is built up to the under side of the wall
to be underpinned. This method is shown in detail in Figs,
556 and 577. The needle beam shown in Fig. 555 restson
crib supports and the new extended foundation is shown
by dotted lines. InFig. 357 is shown the method of support:
ing a wall for underpimning by using a cantilever nesdle
beam. In each case jacks are used under the supports. The
entire length of the wall is divided into various sections
marked 1,2, 3,4.-and so on, and each time a2 section is
excavated by supporting the sides by shores. The excavated
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portion *is filled in by masonry, brickwork or concrete.
Usually alternate sections are taken up i the first stage
and finally the intermediate ones are filled up. See Fig. 558.
When only a part of the wall has to be strengtened, it is
built up as indicated in Fig, 55%

(ii) The Pile Method—Sometimes the presence of water
i the foundations does not permit of pits to bs excavated
to the final depth required to support the wall. In such
cases, precast R. C. C. piles may be driven to the calculated
depth, either with the aid of 2 falling weight, or by a pnea-
matic hammer, or under the pressure of a hydraulic jack
or tam, The R. C. C. piles may be replaced by steel
cylinders of about 10" to 127 diameter. The cylinders ars
finally filled with concrete. Large diameter cylinders are
also employed and are sunk preumstically.

The tops of piles are then provided with caps, just
below the level of the wall to be underpinned and the
remaining gap is filled up with masonry or concrete. Ses
Fig. 560 for datails of the pile method. Pile method is
specially suited for heavy loads and great depths.

The two methods of underpinning described above are
also applicable to isolated column foundations. In the pit
method, half the area of the column footing is taken each
time.

Art. 219, Strengthening of Foundations—Strengthen-
ing of wall and column foundations by increasing the depth of *
excavation by various methods, has been detailed above. But
cemstimes fonndationsof existing wallsare strengthened with-
out removing or febuilding them and thereby eliminating the
process of underpinning: This is dore by encasing their lower
pottions with concrete as shown in Fig. 561. Reinforcing rods
are passed through the wall—see dotted lines—and also
along the wall. They may be replaced by R, S. joists or
sometimesa combination of reinforcing rods and. R. 5. Joists
is employed.
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Ast. 225, Precautions during Scaffolding, Staging and
Underpinning—Owing to the general idea that these works
are all of & temporary nature, there-are possibilities for not
devoting the requiste amount of attention to their structural
requirements. It is therefore very often fearsd that many
defects may escape the notic of the constructional engineer
which may result in casual scaffolding accidents to workmen,
Thersfore the materials and appliances must be sound and
strong and the erection work should be carried out ina
perfect workmanlike manner so that the entirs temporary
carpentry work possesses proper stability and ensores the
safety of workmen.

The scaffolding standards should rest ona firm ground
and whenever one length has to be extended by joining
another, proper lapping should be provided. The working
platform should be at intervals of about 6 feet vartically
and shall be made of closely laid boards. to a width of at
least 18 inches. The studards should be placed at a spacing
of 10 tn 12 feet and every fourth s tandard should be stiffened
by disgonal bracing.



CHAPTER XVII
Roof Coverings and Drainage of Roofs

Ceonsral chmractariatics of roof coverings.—pliched roefz and flat
roofs. Classification of pitchad rool covarings. Ground work for roof
coverings. Thaichsd roofs. Shingles—wood, asbestos cement and
asphalt, Slates. Terms used in alstes and slating. Slsis layiog-—
canire nailing and hesd nalling Flat and currad panntiles, Half round
caustry tiles, Mangalore or carrugaled tlles, Cormgated lrom and
asbissics cemant shestt.

Whatsr-proafing of flat roofs. Mud roofs, Hrick concrale water-
prooling. China mesaic watar-proofing, Mastic ssphalt and btumigoua
sheating.

Drainegs ef rools. Flaching Bsinwater guitars snd rain  walsr
pipes and  thelr fixing.

Art. 221, General—The coverings for roofs are ciassi-
fied in general as those required for (i) Pitched roos and
those for (ii) Flat roofs, to follow the same type of classifica-
tion for main roofs. Sometimes attempts are made to classify
the roof coverings based on the materials vsed for their
making, such asclay, ashestos cement, concrete, asphalt and
metallic roof coverings. In the following articles a brief
description will be given of the methods of providing roof
coverings based on the different kinds of materials used with
reference to the types of roofs where they are employed.

The adoption of one kind of roof covering or the otfer
depends on various fectors such as cheapnessat first costand
maintenarice, availability of materials, durability under
varying atmoespheric conditions of sun, rain and frost,
appearance, and the possibility of utilising the roof area. The
principle on which the roaf coveringsare designed is based on
the formation of ridges, valleys, and hips, and it may be
noted that these are the weak points in roof coverings where
their continuity is broken and due attention should be given to
el te the leakuges, Thissimuoltansously leadsus to the
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problem of laying down an effective system of roof draimage
with flashings of lead or othier materials as explained Iater,
to prevent water from penetrating through the vertical jowts.

Pitched Roof Coverings

Art. 222, Classificafion of Pitch Roof Coverings—
Roof coverings are mainly classilied into the following
eatagories:—

(i) Thatch,

(ii) Wood shingles.

(iii) Slates.

{iv) Flat and curved pantiles.

( v)Half round country tiles.

(vi) Mangalore or corrugated flies,

( vii) Corrugated iron or asbestos cement sheets.

The slopes given to pitched roofs usually varies from:
25% to 43°, depending on the materials of roof coverings
used: and that used for [lat roofs varies from 1 in 10 to:
1 in 80,

Ground Work for Roof Coverings—All roof coverings
réquire a certsin amount of ground work which mainly
consists of suitable combinations of rafters, purlins, boarding
along the slope or across the slope of the roof, bitumastic
felt, rocfing paper, counter battens along the slope and
ordinary battens across the slope. The roof covering enume-
rated above are laid on top of this ground work. The forma-
tion of the substructure of o roof is explained in Chapter
XIV, with the necessary refence to the rool covering,

Art, 223, Thatched Roofs—Thatch forms the sheapest
and ths lightest materinl for reof covering. It consist of
bundles of reeds or straw fixed to battens, which are cheaply
formed of round and split bamboos. The thickness of the
thateh varies from @ to 15 inches and the slope of the roofis.
usually kept at 357 to 45°, The usual drawbacks of a thatched
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roof are its susceptibility to catch fire, its tendency to rot and
give ont fowl odour, specially by absorbing moisture, The
fife of a thatched roof is not mora that 15 to 20 years. Some-
times attempts are made to impartfire resisting properties
to thatch by soaking it in specially prepared fice resisting
solutions, The reeds or straware tightly secared to battens
with the help of special ropes and twine dipped in tar.

Art. 224, Shingles—Wood shingles are'sawsd or split
thin pieces of wood resembing slates or tiles. Split shingles
are better than sawed ones as in the latter case the wood
cells are cut open. However, sawn shingles can be dipped
in ereosote to impart preservative qualities. To form conti-
suous roof covering wood shingles are laid in & manner
similar to that of Jaying slates as described latter. Shingle
strips are driven on rafters and shingles are nalled on
their top, At the eaves end two conrses of shingles are laid
directly one over the other, Shingles are commonly obtained
in lengths of 15, 18 and 34 inches,

Shingles can also be manufactured from asbestos cement
and asphalt in sizes of 6" * 127 to 12* x 15", to imitate
wood shingles. They are fire prool in nature.Asbestos shingles
are composed of about 15 per cent asbestos and 18 per cent
cement prepared under great gressure in a powerful hydra-
nlic press; while asphalt chingles are manufactured of felt
impregoated  with asphalt, Asphialt shingles are soft and
therfore can be abtained in strips of 12" % 35." In the case
of ashestos and asphalt, itis desirable to lay a closelroofing
of timber boarding over rafters to support them. Preferably
roofing paper may be interposed between the boarding and
the top roof covering of shingles.

Art, 225, Slatea—Slate forms the most durable of all
the roof coverings. It is obtained from quarries and on account
of its marked clevage and laminar structure, it can be split
readily into thin sheets. It isused asa roofing material from
very early days. It does not change its colour with time, The
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common commercial sizes of roofing slates are varying from
24% % 16" to 107 x6* and their thickness is usually ", A
good slate is hard and tough and emits a sharp metallic
ring when strock with finger. When holed it should not
split, The absorption of a good variety of slate should not
excecd 2 per eent of its weigth.

Art. 226. Terms Used in Slates and Slating—The
comman terms used for slates and slating are,—

y _' ] [ = =
QEHTEE HALING
-~ DETAILS t —

ALTERMATELY TILES =
CAMN BE FIXED BY HEAD MAWLIMG

Fige, 552 a0t 559, Showing the detsils of centrs nailing method

(i) Back—The upper surface of a slate.
Bed—The under surface of a slate.
Head—The upper edge of a slate.
Tail—The lower edge of a slate.
(i) Margin is the portion of the slate exposed to view
on the outside of a roof. See Fig. 562.
{iii) Lap is the distance by which the taill of the upper
slate overlaps the head of the slate below it
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(iv) Gauge is the distance batween the tails of the two
adjacent slates when laid.

(v) Tiling Fillet or Cant Strip is the triangular fllet
fixed under the eaves courase.

Art. 227. Slate Laying—Slates are laid in either of
‘the two following ways.—

(1) Centre Nailing-Holes are pierced slightly above the
centre of the slate to fix them on battens 2" x3* or 1" thick.
The battens in their turn are nailed to rafters at gauge
distance. See Figs. 362 and 573, In this case the gauge
equals § (length of slate + lap.)

(ii ) Head Nailing—1Io this method holes are pierced at
at distance of 1" from the head and 13" from the sides. The
gauge in the head hailing equals 5 ( length of slate + lap +
distance of nail hole from head). Centre nailing affords better
protection against strong winds, whereas head nailing has
the advantage of protecting the nails,

Eaves, Hips, Ridges and Vallsys—In both the above
methods of slating, eaves are formed by double “conrses.
Hips are treated with special hip tiles, Alternately, the
normal glate courses are lzid to the hip and theend slates
are mitred to the hip slopes. Lead flashing and bitumastic
cement are used to make the joint water-tight, Ridges are
also formed in & muimer similar in construction to that
adopted for hips. Half round tiles are used to form a saddle
ridge or slates are cut and a tight joint is formed with
bitumastic cement. Velleys may be formed both open and
close mitred. An open valley has at least a width of 6to
§ inches and is wider tewards the eves.

Art, 228. Flat and Curved Pantiles—The nsual terms
mentioned inslating ure also applicabletotiling, Pantiling is
-one of the oldest msthod of providing roof coverings. Pantiles
may be eitherof cluy or of ashestos cement. Typical pantiles
are shown in Figs. 569 (clay pantile } and 377 (cement
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-ashestos pantile). Clay pantiles are manufactured ina manner
similar to that of bricks, Pantiles can be fixed cheaply to
battens, but as they have single lap bythe sides, and at the
head and tail, it is necessary to provide ground work consist-
ing of a continuous layer of boarding and roofing paper of

{‘avzﬂ TILES \_{E\&* :5
._61_.&._! e

PAM TILE
@

15 %I BATTENS
FELY O MATTIHNG

rrrrrr

Figa. $84 snd 393, Clroular cover tle and flat ooder dls,
Fig. 568. Methed of lnylng the above tilas,
i‘-‘i;_u.ﬂﬁlmd:ﬁﬂ. Semi-ciroular over and undar tilas.
Fig. £58, Clay paniile.

Fig, 570. Mathod of laying ssml-circuldr Hlas,

unterable felt. Over this layer, counter battens 2* x 3" ardlaid
longitudizally along the slope, ane on each common rafter.
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The normal cross battens 14* % 3” are laid across the slope,
On thess countar battens and over them the pantiles are
laid directly, But double lap pantiles will not require a
continuous support of ground work as decribed above, and
could be laid directly on cross battens driven on common
rafters. The slope could be about 45% in this case. The tiles
are slightly cambered in the centre and carry nibsat the
head. Ridges are formed by half round or hog-back ridge
tiles, Lead Mashing is liberally used in the formation of hip
and wvalley gutters in pantiling.

Art. 229. Half Round Country Tiles—These are
laid in pairs of under tiles and over tiles with proper lapping

- L -
RITCHED ROOFS MAMGALORE E':"?fEEE =2 RIDGE,
SATTERM TILES N P

Fg

COUNTER BATTEMS
ARE USED ALONG T=Z HIP
THE SLOPE OM THE
BOARDING TO Sus: g
PORT CROSS BATT- |
EHS FOR TILES.

3%2” COM. RAFTERS L ._:#.-T—-_jﬂ’
- e
A LAYER OF FELT MAY |""‘. w. H XT[

BE LAID ON BOARDING

&
Bail BOARDNNG

Fig. ET1. Maogaiore tled rociing.
on all the sides. Generally there are two varieties of such
tiles. In one variety the under tiles are flat with a broad head
tapering towards the tail, and an over tile, at shown in Figs.
564 and 565, The over tile hasa wider tgil and a narrower
bead. In the second variety, the over and under tiles are bsth
semmcircular 8nd  their dimensions are shown in Figs.
567 & 568. These tiles are Iaid on a ground werk of boarding
or closely driven battens. Preferably a layer of felt or
matting should be provided on this before the tiles are
laid. See Figs. 560 mod 570. where the laying of these
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two types of tiles is illustrated. This isa very cheap type
of roof covering and is very commonly wused economically
in combination with split bamboos in place of battens. The
last row of tiles, near the caves and the ridge, the valley
and the hip, are laid in lime mortar. Country tiles are
also laid in two layers one over the other and the roof is
then called a "'Double Tiled Roof"". The tilesare sometimes
provided with holes near the head, so that, they could be
tied down by wire, if the slope is very steep and when
there is a possibility of their being disturbed by wind,

WALLEY QUTTER

MALLEY GUTTER OVER A
- (LEAD FLASHING REMOV

EowW Or POSTS

Figs, 572 and 578, Showing mathods of forming vallay geiters

Art. 230. Mangalore or Corrugated Titles—A more
decent and lighter roof covering can be provided with the
aid of Mangalore tiles. The gound work for these tiles, in
a very ordinary case, consists of battens only, and for supe.
rior work @ layer of boarding and an additional layer of felt
over the rafters. Counter battens and cross battens are then
1aid to support these tiles. The method of constructicn of such
a roof with or without boarding is shown in Fig. 571. Ridges
and hipsare formed in the tsual manner by nsing special tiles
intended for the purpose. They are laid dry and pointed with

20
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lime or cement mortar, But the valleys are formed with the
aid of lead flashing laid over boarding as shownin Figs. 372
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B0, Sectlon showing the laying of pantiles.
. 5IB. 580 and 581 Asbestos cemsnlt sheet rosling delsils.
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sud 573. Thesetiles are heavily grooved on the top and at the
sides to provide proper drainage and interlocking with the
adjacent tiles, They provide maximum coverage with mini-
mum material, In case of necessity, holes can be drilled in
their ridge portion to secure tham by wire to the ground work.

Art, 234, Corrugated iron or Asbestos Cement
Sheets—In recent years asbestos cement is very commaonly
adopted as a roofing material. Almost all varieties of roof
covenings are made with asbestos coment. As the name
implies, this material is composed of ashestos fibers and
cement in the ratio of 1 part of asbestos to 7 parts of cement
and subjected to great pressure as mentioned before.

Asbestos cement slates are made either straight, heney-
comb or diagonal. See Figs. 574, 575 and 576, Special size
slates are used to form eaves courses, The pitch of roofs
varies from 25 to 40 and the end lap is proportlonately
decreased from 4" to 3" as the slope increases. The tiles
fixed to the ground work by nails and disc] rivets.

Asbestas cement pantiles are also manufactured and are
laid in & manner similar to the clay pantiles described
before. See Figs. 577 and 578.

TABLE NO. XIII
Particulrs of Asbstos Cement Sheets.

Typs cishoets | yian | Thik lcelspe| o | Peh | Dot
-Fmium;ﬁxjs'-si“! p o2 e | s | o2
- Standard|3%6" | 3| 4 (10 | 2 | %
Furpaliteafiordl 4=8" | 1= | 4+ | 4 lasp | 2

Art. 392. Asbestos Cement Sheets—Cheap and durable
fire resisting roof covering can be formed with this variety of
materials. Asbestos cement shests are obtained principally
in three types but in various lenghs from 3 feet to 10 feet,
rising in 6 inch increment. Their widths ace given in the
following table,
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These varieties ars;—{i) Everite Big six. (il) Everite
Standard; (iii) Turnall Trafford. Sees Figs. 579 to 58L

Asbestos sheets are fixed direct to timber or steel pur-
ling, The purlins may bespaced from 3 ft. to 4"-6" centres.
In fact, in an economical design,the spacing of the purlinsand
the length of the heets is so worked out and adjusted that the
end joints of the sheets come on a purlin, The fixing of the
sheets to wood purlins is by means of 2 to 4] by }" to "
galvanized screws with cup washars, see Fig. 580; and to

Flg. B80. Fixing of asbestos shasts 1o teak wood porlins.

steel purlins which may be either angle iron or R, S. Joist

the flxing is done by means of hook bolts with cupped washers
see Fig. 381, The ridge is formed with the aid of apair of
ridge cappings as shown in the above figure. The holes for
fixing tha screws ar bolts to purline are drilled on the ridges.
with their diameter § bigger than the dismeter of the belt,
to allow lor expansios.

Asbestos cement sheets are suitable for roofing of cinemas
and factories, Lhey are very economical and satisfactory,and
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represent & neat and cleanappearance; They are tough,
durable, and possess fire-resisting properties. The average
weight of asbestos cement covering is only 3 to 4 lbs, per 3q,

it. Recently, asbestos cement sheets have largly taken the
place of corrugated G, I. sheels.

Corrugated galvanized iron sheets are nsed and fixed in

a manner similar to the asbestos cement sheets, Their thick-

ness is expressed in terms of ganges as No. 16 to 24, the
uumber indicating the fraction of an inch.

—
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Water-proofing of Flat Roofs,

Art, 223. Mud Roofs—Similar to pitched roofs, flat
roofs also require a finishing on the top of the roof sub-
strucre, the main purpose of which is to provide a water
proofing layer. A very cheap water-tight flat roof can be
madewith mud, in places where the rainfall is light. For this
purpose, only white earth with a large percentage of sodium
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salt should be nsed. The substrrcture consists of rolled stesl
beams, over which are placed T-irons at 12}" centres, Well
burnt tiles measuring 12% X 12° x 27 or 12" X§" X 2" are set
in lime mortar between these T-irons.

On top of this base work a 6* thick layer of stifi mud is
laid and beaten to a hard mass, Much skill lies in the manner
in whieh this layar of mud is laid and beaten until it becomes
hard. A plaster of mud with an admixtore of cow-dung

iz then laid on this previous layer of stiffened mud.The surface
is finally finished with a wash of 4 parts of cow-dungand 1
of cement, This wash requires to be renewed from time to
time, Sometimes the initial 6” layerof mud mentioned above,
is replaced with three layers 2* mud and 1* bhan alternately,

The substructure of steel joists, T-irons and tiles in the
above method may be replaced by wooden bridging joistsand
teak wood boards 1§" to 2" thick. On thisis laid a layer of
well burnt bricks on edges and set in lime mortar. This is
finally covered by a 4” to 6" layer of selected white earth,
thoroughly beaten to a hard surface,

Art, 234, Brick-concrete Water-proofing—In places
where the rainfall is eayy, layers of mud as water-proofing
media are not found satisfactory. The best method, under
these cirumstance, is to laya layer of lime concrete of well
graded broken bricks ina thickness varying from 6" to 3" and
with its top having a slope of 1 in 30, It is adyisable to use
crude oil, about 5 percent by weight of lime. After the
concrete is laid, its top is throughly beaten for 3 to 4 days
with pointed beaters,and simultaneously a thick slurry of lime
and water is poured so s to prepare a hard and continuous
top 1* thick layer to develop water-proofing qualities.

Tiled Finish-When it s in intended to utilse the terrace as
an out-floor living roem or for fanctions, = double layer of
thin flat roofing tiles 6* x 6" % §” is laid on the brick concrete
detailed above. One of these layers is laid diagonal and
the other is laid square, Tnstead of rectangular tiles,
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hexagonal tiles could be used, if it is intended to improve
the appearance of the terrace flooring. The tiles are sat in
combination mortar.

—_—
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roofing felt for a tmber floor.

Mosaic Finish—The double layers of roofing tiles men-
tioned above can be replaced by a covering layer of pieces of
ghmdchinnmnsaicsﬂinmmhimimmr.mldapthg
differsnt colours for the masaic pieces, iany desired
design could be laid. China mosaic pieces are hard and non-
ahsarbant and hence offer o very good water proofing source.

In this method of water-proofing by brick concrete,
the structural base work may consist of any of the floorings
de=cribed under floors in Chapters XI and XIIL
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Art. 235, Mastic Asphalt and Bituminous Sheeting—
I its simplest form an R. €. C. roof slab could be mads water
prool by a covering layer #* to 1" thick mastic asphalf as
shown in Fig. 582, Lead flashing and concrete fillet are
used at the junction of the roof with the parapet. Mastic
asphalt is supplied for building purpose by manufacturer

sy
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Fig, SE4. Dut=ils of water-prootieg with bitumiinous layers a5
on bituminous mastic.
in the form of blocks or cakes or in drums, It is liguified
by heating in iron pots. At the time of laying, it Is mixed
with girt or broken stone n the ratio of 2to 1. Tt should
be applied hot and sheuld be immediately worked to the
required thickness by trowels.

In another method,a layer of roofing felt and wire netting
k5 laid hefore ot mastic asphalt iz applied to provide water
proofing. This is necessary for timber floors to which hot
mastic asphalt could not beapplied directly, See Fig. 583,
Fine gravel, gand prit can be spread on mastic asphalt to
increase its dumbility.

Sometimes two or more layers of bitumioous shesting,
interposed with layers of bituminous mastic are laid as a
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water-proofing medium, as shown in Fig. 584, Seyeral
proprietory bituminous shests for roofing are manufactursd
by different firms and are avaiable in roofs of different sizes.

Art, 236. Flashing—Flashing is the term applied to
sheets of Jead or other metal used to prevent water from
leaking through the joints,—

(i) When two planes of the same slops mest as in
the case of hips, ridges, closed and open valleys; or

(ii) When the vertical faces intersect with the pline
of the roof as in the case of chimney stacks, dormer, piara-
pets, raking parapets of gable roofs, hidden eaves gutters
of pitched roofs along a parapet wall, skylights and lanterns.

Thesealing of these joints is of the greatest importance,
Metal shests are introduced either of copper, tim, rinc or
lead to over-lap these joints, Flashing may also be of heayy
impregnated felt or ¢ven 8 combination of metal and felt.
Galvanized steel gheets are unsatisfactory as they corrode
in the course of time. A chimney (lashing is a thorough
finshing and it is turned up for water-proofing. The flashing
is in two parts and essentially consists of a base and a cap
flashing, The hase flashing is fitted into the tiling and bent
up along the side of the chimney brickwork, The cap flash-
ing has its upper edge built-up in the brick mananry of
the chimney stack as the brickwork is laid, and its lower
edge is cut ona diagonal to match with the pitch of the roof.
The top flashing overlaps 4* to 6" the vertical portion of
the base [lashing. This not only helps the method of con-
structing a flashing, but also provides for an expansion joint
for the metal flashing. This is an essential factor, 2s the
metal fHashings in an exposed condition, are subject to
chinges in temperature and due allowance must be made
for thermal expansion. The metal flashing, if wider than
12°, should therefore be fixed along one side and free to
expand at the other. Dthar methods of {lashing under diife-
rent conditions of roof drainage are also based on the above
principles.
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Art., 237. Rain Water Gutters and Rain Water
Down-takan Pipes—In the case of pitched roofs, rain water
is drained along the roof slopes into the yalley and eaves
gitters ta be further conveyed into rain water down-take
pipes. Rain water gutters are made in lengths of 6 ft. and
are half round in section, Sometimes curved and moulded
scctions ara also used to suit each case. Rain water down-
take pibas are usually eircular and of diameter ranging
from 3" to 6" and in length 6 ft. They carry a deep socket
at one end and are provided with ears or lugs cast one on
cither side of the socket. The lugs help to hold the pipes
against the walls. When the lugs are not provided, the pipes
are fixed with the =zid of metal clips or metal straps: At
projections and off-sets in wall, special elbows called
* goose-nech " or ** swans-neck ' are provided. A rain water
head of the shape of a funnel and a shoe are also provided
at the top and at the foot respectively, of each rain
water pipe.



CHAPTER XVIII

Pointing, Plastering and Interior Finishing

Pointing genersl prisciples. Mortar for pointing, Method of pointing
-Raking of joints, applisstion of mortar. Finlshing the jolnts. Flat or
flush polating. Weatherad or struck polniirg. Recessed pointing.
Ksyed or groove pointing. Tuck pelnting. V--palntiag.

Flagtering—genaral, Mortor for plaster. Method of plastering—
prepating of zarfape; plagter ground work| plaster ccst- Lath and.
plaster. Uss of lath n plaster, Wood lath. Metal [ath. Plastar boarda.

Special linishing to plaster surfacs,—-specizl compounds used. Rough
finish, Sand finlsh and pebbis--dash.

Art, 238, Pointing—General—During the construction
of masonry work either of brick or of stone the joints near
the faces of walls are generally left rough for'a special treat-
ment subsaequently.This also helps the masonry work to pro-
cead with greatrapidity. Sometimesa neat finishing of joints
ina desired manner after the wall isbuilt required to improve
the appearance of the structurs. But this subsequent treat-
ment at the joints which is known as pointing is mainly a
structural necessity.[timparts durability by preventing rain-
water and frostfrom entering theinterior of the masonrywork
through the joints, It may be noted that joints are weak
points in a steucture and should be properly protected from
the disiatigrating effect of sun, rainand frost. Sometimes
the joints are nominally struck as the workproceeds, This is.
not a satisfactory method so as to justify a neat final
treatment.

Mortar for Pointing—The mortar required for pointing
may be either of lime or of cement and is usually of a
richer proportion thaa that used for masonry.

1f lime mortar is used it should be double-ground, that
is, after the first grinding it should be reground after about
10 days. For cement pointingthe mortarshould becomposed
of one part of cement to two parts of fine, clean sand and for
lime mortar it should be composed of one part of good well
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bueat lime to one part of sharp clean sand. However it
should be remembered that the pointing work does not
last permansntly but requires replacement from tim= to
time by repointing.

Art, 239. Method of Poiating Raking—out of Joints—
For a new wall it is advisable that the joints should be
pointed when the interfor work of the masonry is green.
All the joints on the face are raked out by & special pain-
ting tool to & depth of about § inch, soas to give a proper
and firm grip for the mortar uzed in pointing. The joints
and the wall surface are thoroughly wetted and cleaned
with brush, to develop the necessary adhesion,

Application of Mortar—The mortar is laid inside the
joint with a small trowel and pressed well to have 2 solid
contact, with the internal joint 50 as to leave no hollow at
the junction, This is very important since & loose filling
always results in the peeling-off of the pointing ata latter
stage, The work should be kept wet for about a week by
repeated watering.

Art, 240. Finishing—off the Joints—Ths joints are
finished off peatly in one of the following ways:—

(#) Flat or Flush Pointing—See Fig. 585. A simple
method of pointing consists in pressing the mortar with a
trowel, into the joint previously opensd out, and then
removing the excess of mortar bayond the face of the wall
leaving the joint flush with the face.

(1) Weathered or Struck Pointing—Sse Fig. 585, This
typeol pointing is very commonly used. The face of the point
inst=ad of being keptvertical the top line is pressed slightly
inside =0 as to make the face of the pointing slope: outwards.
This has a better effect ol throwing off the rain and also
of improving the effect in the recess left at the top. Some-
times a weathered or struck pointing is formed by pressing
the lower line inside the joint, This has the advantage of
@0t allowing the rain water toaccumulate in the V-recess,
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{iii) Recessed Pointing—See Fig. 587. The face of the
pointing is pressed behind the plane of the wall and is left
vertical instead of being made inclined.

(iv) Keyed or Grooved Pointing—Ses Figs, 588 and 580,
The flat or flush pointing mentionsd aboys {s given an addi-
tional finish by lines or keyed grooves formed by pressing
a special tool called Naila. It is claimed that this effect
produces an improved appearance from s distance by
creating artificial shady lines, specially in the case of brick
masonry work, Grooved pointing has a bigger Jzroove on
the face than the keyed pointing,

NEATHERED
FLNT ORt IFL by ! Ssl s = RECESSED

®XEYED OR TUCk V- POINTING
GEQOOVED POINTING

Flge. 585 to 602, Showiag differant mafhods of pointing.

(¥) Tuck Pointing—See Fig. 590, This ‘consists of
Cutting a narrow channel or groove in the mortar after it
15 pressed into the joint. The groove is then fillad in with
white lime putty, which is left 1o project beyond the face
of the joint by $ inch,

{vi) V-Pointing—Thare are two type of V-pointing;
one is formed by projecting the V-shape of the pointing
face outside the wall face, and the other by pressing the
V=inside, as shown in Figs. 591 and 592 respectively.
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Art, 241, Plastering General—Plastering is the term
applied to the thin covering given to the surfaces of walls
and ceilings. Sometimes the term rendering is used to indi-
cate the finishing of the enterior work with cement or lime
mortar or any coarse stuff. The purpose of plastering is
primarily to cover up the irregularities of the surface ofa
wall and to hide the surface of the actual structure. The
interior work can be preserved by a continuous rendering
coat of plaster with & material possessing weather-proof
gualities. In addition, plastering offers a neat and tidy appe-
arance of & wall and thus has a great asthetical importance.
Any desired decorative eifect such as white or colour wash,
distemper or paint can <be had on plastered surfaces. But
underno circumstances itshould be the intention in plastering
to hide bad workmanship and inferior ;materials.

Plaster may be applied directly to masonry such as
-gtone, brick, concrete block, without the ground work of
furring &8s explained in Art. 75. But the ground work of
mortar required in this connection is explained later,

Mortar for Plastring-The mortar required for plastering
is the same as that used for pointing. The lime used should
be well screened so as to remove all unbornt and onslaked
particles which in course of time will absorb moisture and
cause "Blowing” by forming bristers, which results in the
formation of cracks and peeling of plaster. For this purposs
hydraalic lime is not very much recommended. Fat or rich
lime with little hydraulic propertiesgivesbest results, Some-
times for external work lime mortar is gauged by adding
cement in the ratio of 1: 6. To improve thebindingproperties
of mortar for plaster work gugal ( Amyres agallocha ) at
101bs, per 100 cu. ft. of mortar is added when the mortar is
being ground. A solution of gur (jaggery) at { Ib. toa gallon
of water may also be added to the mortar when it 15 worked
for proper consistancy before plastering. The nse ol fibrous
material such as cattle hair and coconut or vegetable fibre is
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also recommended for being added to the mortar to improve
its adhesive and tensile properties, which are specially
required for the first and second coats.

Art. 242, Method of Plastering—{a) Preparation of
surface—As an initial measure every precaution must be
taken to increase the adhesion between the plaster and the
wall before the former is applied. For this purpose the
joints and the surfaces of the masonry, etc. should be br-
shed clean, with a wire brosh and should be fre= from sil,
greese or soot. The projections and the bushing if any,
which may interfere with thc normal thickaess of the plaster
should be knocked off so as to present a general uniform
surface of the wall. Similarly any low place should be also
filled up in advance. The surface should then be freely
wetted with water =0 as to clean the wall and ksep it wet
when the first coat of plaster is applied.

(@) Plaster Ground Work—The thickaess of plaster is
regulated by providing grounds or plaster levels on the wall
surface, The wall is divided into vertical bays sach bay
being marked by dots or depth gaugmes. These dots are
connected vertically by & continuous strip of plaster about 37
wide and extending from the top of the wall to the bottom.
Careful plumbing shonld be done in fixing the above dots.
These narrow strips of plaster properly plumed and lined-up
are termed as screeds and the operation is/known screeding.
The general surface of the plaster can be checked by stre-
tching mason’s string diagonally from comer to corner,
This forms the groundwork for the application of plaster,
the first coat of which can now ibe taken up, Stone masonry
requires a thickness of §* for plaster whereas for brick
masonry caly §* is enough.

(¢) Plaster Coat—Plaster is applied in three coats.
The first one is called the rough course the purposs of which
is to cover upall the inequalities of the wall surface and is
gensrally applied by dashing the mortar agaiest the wall



320 BUILUING CONSTRUCTION [cu. 18

surface in a layer of §" thick between the plaster grounds
mentionad abave. This coat should be left exposed for 3 or
4 days for the mortar to harden. [ts surface is left rough for
the second coat called the floating coat to adhere to. The
thickness of this floating coat is just 1" to {". The final coat
or the finishing coat which is wsually of cream of lime or
neerd is applied so as to give & smooth finishing surface of
about 4" thick. The cream of lime is obtained by slaking
fat lime or ses cells, the previous night in 2 tub or any
container and by removing the next day morning the cream
from the top, the extra water having been removed from
the top of the tub. This cream is then deposited on sand
bedls, to Further rediice its water content and to impart it
proper consistency to work with the masan's trowel. Neern
shiould be rubbed well with a trowe!l against the floating coat
50 as to develop & smooth finished surface. '

ln the case of plastering /concrete face work hacking
has to be resorted to for imparting a rough texture so that
proper adhesion can be devéloped between it and the coat
of plaster. This is also necessary in the case of brickwork,
if it does not represent a rough textured face. It may be
remarked that in general the suvccess of a plaster work
depends upan the skill and experience of the tradesman,

Lath and Plaster

Art. 243. Use of Lath in Plaster—Reference to this
hias already been made at the end of chap. VIH, Arts. 83
and 84, Io modern practice the interiors of bulldings are
Amshed with lath and plaster. The use of lath is intended
to offer a foundation to plaster and acts as reinforcement to
the plaster of walls and ceilings. Any Iath which has to be
recommended for use with plaster to reinforce it should be
judged by its ability to admit plaster to cling toit. Princi-
pally there are two types of laths, wood lath asd metal lath,
butonlymetallnthshouldbe psed forfire resisting construction,
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Wood Lath—This is very commonly used for plastecing
the sides of timber partitions and celings of timber floors.
Wood laths consist of strips of specially selected good seasoned
wood, usually of thesize 3' to 4’ lengthand 1"X " to 1" X §*
in section. The lathing work consists in pailing thess laths
in parallel lines on the surfaces to be plastered so as to form a
ground: work for plaster. They are driven at a spacing of §*
apart and should break joint in alternate layers. The lath
should be wetted thoroughly before the plaster is applied.

Metal Lath~This is available asalready stated in different
patterns such as expanded metal, woven wire, B. R. C. fabric
Hy-Rib, seli-centering, trussit, and forms a successful plastar
base. The sheets of metal lath are attached by 13"-14 gauge
wire nails spaced at 6" to 9% apart. Principally metal lath is
available in the form of—

{@) Oven wire known as fabric or wire lath.

() Expanded metal lath formed of plane punched and
expanded metal sheets.

(c) Expanded metal lath same as in (b) but stiffened
by ribs and corrugations.
After the wood or metal lath is fixed the plastering work
is carried out in the usual manner in different coats asalready
described,

Art. 244, Plaster Boards—Plaster boards of varions
kinds are also used to act as lath for plaster. Theése boards
‘are-porous and fibrous in texture and are fixed tomasonry and
concrete surfaces on a ground work of teak wood farring. Sea
Art. 84 page 117. The details of furring ere given in Fig,
190. This ground work of furring is nof necessary when
plaster boards have to be fixed to teak wood joists, rafters or
studs of timber partitions, Plaster boards are composed of
cores of gypsum,surfaced with absorbant fibrous paper, They
may be also of matted fibrous boards, At the corners strips
of mstal lath are used overlapping the joints.

21
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Art. 245. Special Finishing to Plaster Surface—
fa) Special Compounds Used in Plastering-In addition to the
limes and cement, mentioned in the previous articles com-
monly used under ordinary condition of plastering work
special compounds are are also added to produce the desired
results such as hard plasters, acoustic plasters, asbestos
marble plasters and plasters having fire resisting properties,
These are mainly proprietory materials and are used in many
cases for the finishing coat. A special mantion of knee's
cement made from gypsum may be made in this case. It
‘offers a hard smooth finish and can be highly polished.Knee's
cament is applied in three coats and where extensive areas are
‘to be coversd lime putty should be added to give sufficient
time for proper finisning,

Gometimes coloured pigments are added to plasters to
produce the desired decorative colour eifects. The common
mineral pigments are iron ote for red of buff, chromium for
gresn, cobalt for blue. It is essential that these pigments
should be ground very finz and uniformly mixed with plaster.
Great skill and experience is necessary to handle these
pigments and to produce desired effect, as mentioned above.

() Rough Finishing to Plastered Surface—The useof
fine and coarse sand, gravel of different sizes, pebbles and
pieces of flint is also very common to produce & rough effect
on plastared surfaces, Depending upon the sizes of these
particles we have a variety of plasters, vasying from simple
sand face plaster, smooth and rough cast plaster, to pebble
dash and depter plasters. These are esseqtial for external
finishing of wall surfaces. The following is a brief description
of carrylng out this type of work.

Sand Finish Plaster—To obtain the efiect of a sanded
surface, the final coat is finished by rubbing clean coarse sand
with the aid of 2 wooden float. Lime plasters whea green
receive this sand surface very nicely and represta unifom
yellow shade.
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Pebble-dash—To obtain this eflect the wall surface
is given a rendering coat of coarse sand and cement, 1 : 3
ratio about 3" to §" thick and against this, cleaned and
washed pebbles of the disired size are dashed by means of
a scoop. By using pieces of gravel or flint Jof different
colours and pressing them by hand an ormamental effect
can also be produced, This variety of rough-cast is termad
as depter, The coare sand, gravel or pebbles in the above
case may be covered by a wash of cement mixed with water
proofing compound. Depending uponthe size ofthese
particles the plaster can be termed as rough-cast or smoaoth—
castplaster.

(¢} Stucco—This term isapplied to external rendering
specially intended to imitate stone or marble faces. The
surface may be smooth and trowelled or left rough. Lime is
used with sand of different sizes to produce the above types
of surfaces, Before stucco is applied the surface should be

prepared by applying the first two coats of plaster and if
necessary a metal lath should be nsed.



CHAPTER XIX
Thermal Insulation and Fire Rsistance

Mesning of the ferms:-Thermal Insulsfion. fire-rasistimes. Princt- |
Ples of thermal insulation. Individual and Teotal thermal resistanca.
llustrative problem. Hen! insulation msthods and materials, Fire
rasiztanoe conatrection. Commaon types used,

Art. 246, Meaning of the Terms—{(a) Thermal
Insulation-Hzat is lost from a building in the following ways:

(a) B}' transmission through windows, doors and
ventilators

b) By transmission through walls, floors and roofs.
{c) By air infiltration or inter—change throngh cracks,
openings, etc. Conduction, convection and radiation aes

the three principal ways in which heat is transmitted or
conveyed from one body or place to the other.

It is essential for o comfortable living that this trans-
furance of heat should be properly controlled so that the
temperature inside the rooms of building should be main-
trined at a suitable value, This required the transmission of
heat throughthewalls, roofs, floors and such other structural
members, to be brought down to & minimum in cold and
hot weathers, The varions materials to be used for construc-
tion should therefore have a very low conductive ora high
theremal insulating value, Modern practice of building design
gives more attention for the insulation of buildings, against
heat losses, specially when the panel walls of framed stro-
cture are employed. Thermal insulation is also required in
cold storage rooms, air conditioning installations. etc. It
should be noted that what is true for heat installation is
also true for insulation against cold. In the later case, is
prevented from goiog out.

(b) Fire Resistance:—Buildings are also required to
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be protected against the outbreaks of fire, Sometimes the
term fireproof is used to indicate the property of fre resis-
tance. The various part of building such as walls, floors and
rools, doors and windows, columns and beams, stair-cases;
ete. should be designed and built of materials which exhibit
adequate tire preventing and fire resisting properties. Buil-
dings are therefore classified according to the type of
constructions such asi—

(1) Fire proof; (ii) Semi-Fire-proof; and

(iii) Ordinary construction.

For a fire proof construction, the various partsof the
bulding should at least resist the effects of fiire for about four
hours, This iz reduced to two hours in the case of semi-fire-
proof constructions. Standard fire tests are carried out for
different materials to determine their ability to withstand the
heat load and they are graded as A,B;C,D,&E, in accordance
as the length of time they resist effects of fire in hours,viz.6,
4,2, 1 & } respectively. The general idea implied is that,
in a fire resisting construction sufficient time is givenfrom the
commencement of theconfligeration,to employ satisfactory
and adequate measures to extinguish fre without muchdama-
geand also to allow enoungh time for the automatic deyices
like sprinklers and drenchers to come into operation.

Art, 247, Principles of _Thermal Insulations—The
conductivity K of a material is the amount of heat in B.T.U.
which will flow in one hour through a layer of that material,
having one square foot in area and one inch thickness, when
the temperature is 1° F between the two surfaces of the layer
Each materialhas its own valoe for K. Theresistivityor ther-
mal resistance isthe reciprocal of conductivity i. e, 1/K per
square inch thickness of the insulating material. The total
insulating value of a layer of material of thickness T inches,

or the thermal resistance is obtained by dividing T by K.Thus
we have, Thermal Resistance R = T\ c0es8 oL Layen T
and thermal Transmittance, U = 1/R.
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‘The above relations are true for any one material or a
combination of twp or more layers of different materials
put together, Thus the combined thermal resistance of a
composite medium is equal to the sum of the thermal resi-
stance of each one and from which the U-value of the
whole media is worked out.

Ast, 248, Total Thermal Resistance of Media—
While desingning a structure for heat insulation, thermal resi-
stance, isalways specified in the from of U-value, and from
the known thermal conductivity of an insulating material, a
suitable insulating media could be conveniently designed.

In addition to the thermal insulation value of the
miterials proper, which generally includes the walls only but-
not the plaster, heat tranmission could also be reduced by
providing air spaces. This requires the design of walls to
inclode a cavity in their thickness. But a thickness of more
than § inch of air space generally sets in convection currents
and the insulation is affected.

In addition to the above three types of theemel resistances
viz, the wall. the plaster and air space, there is also @
resistance to heat flowexhibited by thesurface of the matarial
exposed toair. The surface of a plastered wall exposed to
the gutside air or the inside air ofa room has a film resis-
tance of about 0.3, while that of the surface exposed to
still air or air locked up in the interspace could be taken
at 3 lower value of upte 0.2,

When a thermal insulating material is used, it will also
add to the total thermal resistance of the media, Thus the
total thermal resistance R of a media is given by:—

E=F+W+ P+ A+ 1, where

F =TFilm resistance of air exposed surfaces.

W = Thermal resistance of bare wall,

p = Thermal resistance of plastered finishes.

A = Thermal resistance due to air space.

I = Thermal resistance of the insulating material used,
from which we get U = 1/R as already explained.
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For norma! dwelling houses, a minimum thermal trans-
mitance or U-Value of 0.3 to 0.35 is generally recommended.
This is brought down te 0.25 or so when good comifortable
conditions aredesired at a slightly increased cost. But for
special work where insulation is the main problem and
has an industrial importance, values of U as low as 0.1 to
.15 are not uncommon.

The following are the typical approximate values for
heat transmission and thermal resistance coeffcients pre inch
thickness.

TABLE No. XIV

Thermal Resistance Coefficients,

Haal Tharmal

E. No Malsrials Transmission | Rusistance

Co--efficiznt | Co-afficleni
1 Stone masonry =2 10.00 0.10
2 | Brick Masonry 870 | 0.15
3 Concrete .- e 10.00 0.10
4 Cement plaster 10.00 0.10
5 | Hollow Block brick masonry 4.00 0.25
6 | Ordipary wood =i 0.75 133

7 Flexible blankets, felts and

f]uﬂl!-. e u'vﬁ 4.“3
8 Fibre Boards 0.34 3,00
6 '| Saw Dust and wood shavings 4.00 0.25
10 | Insulating Plaster ... 4.00 0.25

Art. 249, Tlustrative Problem—A 9-in. brick masonry
wall with 2* plaster on both the faces has a thermal trans-
mission or U valae of about 0,45 It is required to reduce
this U value to 0.3 for comfortable inside living conditions.
Fibre board has 2 resistivity of 3.0 or a thermal conduc-
tivity of 0.34. Tt is propossd to fix this on the inside of
tha wall with an air gap of 0.75 inch. Thus we have total
thermal resistivity given by :—
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Qutside plastered surface fim resistance. F; = 0.30
Interpace plastered surface film resistance, Fy = 0.20

Hﬂﬂ.ﬂﬂ we hﬂ.v: - s  eas F = ﬂ.ﬁﬂ

9" brick masonrysolid wall therma! resistance
W =13 x 9= 135
2 layer of " in.*Plaster=0.075 x 2 .. P =015
Thermal resistance of $” in. air space, A =075
% FLASTER , THERMAL RESISTANCE
T R =F+w+P+ Axl

SOS ¥ IFAS+OIS+°TS
* 1 50

= 525,

o
: ‘% S - }(R_ = I/ﬁ is
i:-. = o224,
9 (THERMAL TRAMNS-
MISSION COEFF=.

Ya AIR-GAP  THERMAL INSULA:
}g WALL B0ARD TioH OF BR. WA‘TL‘E-_

Fig: Therma! jesalation walls.
Thermal registance of 3* in. wallboard, 1 = 1.50
Therefore, R=F + W+ P+ A +1
= 050 + 135 + 015 + 0.5 + 150
= 4.25

Thermal transmission, U valoe —m = 0.24

Similary a 6—in. concrete wall with an internal lining
of 4" thick fibre board - on $* battens has a U value of 0.2
to 0.25 against a value of 0.5 withont any installation for

Heat transmission coefficient values of various standard
materials of comstruction and also those of proprietory
product of thermal nsulation, advice is to be sought of
firms which manufacture these products.
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~ Ast, 250, Heat Insulation, Materials and Methods—
The common materials nsed for insulation have low density,
porous and fibrous texture, low conductivity or high resistance
to the transmission of heat, Their insulation property is
mainly due to the minute air spaces throghout heir body.
Iusulating materials are also of the reflective type, The
effectiveness of these materials is due to their reflecting of
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Fig. 593. Ordinary teak wood panition io be covsred with nocessary
heat insuiating materiala.

the radiant energy from their surface, The following ars the
common methods of heat insulation adopted;

(i) Rigid or Semi-Rigid Insulation.Wall boards, compre-
ssed hacd boards and fibre boards are used for interior lining
of walls and roofs. A frame work of wooden battens is fixed
to the wall surface by means of T. W.. plugs. Consequantly
an air sqace of 3” to 1" conld be formed between the wall
and the board or roof. The circulation of air currents should
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be prevented in this air space. This is ternfed as Rigid or
Semi-Rigid heat insulation. These boards could be used also
to form = light partition by using wooden or metal studs.
Conduction value of 0.3 to 0.4 is generally obtained by this.
In the case of combustive type of wall boards special treat-
ment like the application of fire resisting paints or solutions

Fig. 594 to 526 Framsd teak wood atud parttion work. Resdy for
applying desited insulating materials.

should be given,Cork in the form of slabs 1"to }" thick is very
effactively used forthermal insulation, Their conductivity is
as low as 0.3to0.4. Rigid insulation is recommended for parts
of building which have to bear loads. See Figs. 593 to 5%6.
(ii) Flexible Insulation-1n this type of insulation fexible
materials are used, sach as blankets, quilts, felts, etc. which
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are manufactured of fAbrous materials, These materials are
wood fibres, jute fibres, flax fibres, mineral or rock wool,
glasswool, ell glass, fomed slag, etc. The materialis in
the form of rolls and is gpread on the surface of wallsand
ceilings. Flexible insulation is recommended for structural
members which do not bear loads, In Fig. 597 heat insula-
tion of sloped roafs is shown.

Fig. 587, Haal {nsulstion of sloping roofs

(1il), Fill Insulation —Heat insolation can also be had.
by filling granulated matarials like cork, rock wool, or
fibrous materials like mineral wool, glass wool, into the
hollow space between the wall studs and wall boards, ceilings-
and boarding, etc. This is often carried out inaddition'to-
the first two mentioned above.

(iv) Reflective Insulation—This type ot insulation is.
used in air spaces, bstwesn the studs, joists, rafters,[etc.
Its effectiveness is mainly due to the reflacting: of radiant
eneryy reaching the surface. This requires the surface of
the heat insulating material to be bright and clean. The
common materials used for thispurposs are alluminium papece
alluminium foil, thin sheets of alluminium, copper and tin.

Art. 251, Fire Resistance Construction-The materials
used in such eonstruction, should possess fire resisting and
fire preventing qualities of the desired standard, Under the-
effect of heat developed during the occurance of fire, they

should not show any tendency to buldge, buckle and collapse..
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The pature of occupancy, viz. industrial, office, residential
-or otherwise should be kept in view while designing Hre
resisting costruction. The cost of construction is very often
sacrificed to secure maximom safety of the stored materials
and eccupants, aad the best type of construction propoe-
tionately suitable is recommended in each case.
Sufficient number of openings should be provided in the
walls for doors and windows, But in the case of walled
structure if thisarea is more than 25 to 30%, a proportionate
increaseof 2 to 4 ins. should be allowed, in the wall thickness.

Materials used—Stons disintegrates under the affect of
heating and cooling; but sandstones are better than graniteor
limestope. Bricks in generalare quite snitable for fire resisting
construction, though special bricks of fire clay materials and
terra cotta are sometimes recommended. Metals in general
-are not suitahle as they buckle when suddenly coaled down
by the application of water during the period of confligera-
tion, after they once get heated. Cast iron, wronght iron
-and steel columns and beams require to be eacased by terra-
cotta or fire clay bricks or by lath and fire proof plaster.
Concrete is & very good material to resist fice. The use of bro-
kea brick, furnace slag, coke breeze, as material for nggregate
is aften recommended in preferance to broken stone for fire
resisting purposes. Timber in heayy sections can be trusted
to resist fire, as once the surface is charred, it prevents the
further attack by fire. However fire proof paints of standard
manufncture should be used to cover the surface of timber
members or any member, in & boilding. On ignition they
give out gases which retard combustion. Good may types
of fireresisting plasters and paints of proprietory products are
now available in the markets. The use of asbestos fibres in
plasters develops better {ire resisting properties in them.

Art, 252, Automatic Sprinklers—In modern practice
automatic water sprinklers are installed inside a building at
suitable location, To feed these sprinklers thers must bea
provision for an independant tank on the roof or 8 seperate
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elevated tower. The nozzles of the sprinklers are closed by
fusible plogs which melt at a higher temperature when a fire
occurs and the spray then comes into operation. Suitable
water supply mains and distribution pipes are laid all over the
place and nozzles are provided to obtain a spray of water,
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Art, 253. Common types of Fire Resisting
Construction—In the following fig. 598 some common
types of fire resisting constructions &re shown. See: also the
methods of construction shown in Chapters VII and XIIT,
for walls and floors,




CHAFTER XVI
Sound Insulation

Fralimlnary remarks-Bound insulation andacoustcs. Tramsmission
of nolsa. Alrborns, struciure berns and Impact nel=e. Nolse due to
machinary. Sound |esulating materials, Sound absorbant coefficieints.
Acoosticd] dafactz-Insulficient Loudness, echo formation Revarberaton.
Seund focl. fnusfficlent Intensity. Transfereance. imerference.

Art. 254, Preliminary Remarks—In modern practice
of building design and construction much importance is given
to sound insulation and improvement of acoustical conditions

~with a view to exclude and deaden the noise and the conse-

guent distorbances. Goed acoustical conditions promote
comiortable living, elficiency of work, auditory of public
-buildings, ete. This requires the following twe problems
to be considered.

(1) To control the disturbances du= to noise i, e. Sound
Insulation.

{2) To control and remedy the acoustical defects i e.
Acoustics,

In the following articles, the various aspects of these
two problems and the methods adopted in the design and
construction of the building together with the materials
used are discussed.

Measurement of Sound—Sound is transmitied by wave
motion and we hear due to the pressure fluctuations or
pressure impulses, produced by asound, reaching our ears.
The impulses of pressure are expressed by their frequency or
by the number of cycles per second, a louder sound having a
higher frequency. The unit of measurement of loudness of
voice is termed 2s phon and is vsed for selving practical
problems of sound insulation and acoustics. The phon scale
extends from 0 to 130 and each sound is valued as so many
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phaons in the scale. In sound insulation, attempt is made to
reduce the number of phons to the 'required value, The
phon value as required in a room is different in each case.
A radio set produces a loudness of 80 phoens and if it
is required that in a neighbouring study room a quiet con-
dition of 25 phons has to be maintained. The problem is
to design the walls etc., of this study room in such a manner
that there is a reduction of 55 phons in the transmission of
the radio noise to inside the study room. In special cases
where a considerable reduction in phons is necessary as in
the case of excluding the noise of suburban trains, traffic
in a busy street, etc., for quiet working condition in offices,
study and living rooms, special sound insulation methods
have to be adopted. Quiet conditions prevail in a room if
the loudness value of noise in it is about 20 phons or less;
aeroplane noise has a phon value of about 120, It should
be noted that if there are two sources of noise ina room,
one having a loudness value of 35 phons and the other of
70 phons, the reom will not have a noise of londness of 105
phons. Because the louder noise deadens the effect to the
noise having a lesser phon value. This indicates that the
phon values of different sounds are not additive, Fhon value
for any noise is determined by noise msters,

A standard tone is considered to havea frequency of 1000
cycles persecond,and the loudness of & noiss is compared with
it by hearing. This requires trained observers. In another case
the noise meter measures the energy of a source of & noise,

A micro-phone converts the sound energy into electrical
en=rgy which is registered as on a meter, on  which the
phans could be read directly. Decible is also used to express
the change in the energy of a sound wave, The ratio of the
change in the sonnd energy of 1 to 1000 corresponds to 'a
decible value of 3 which is the logaritham number of the
ratio of this energy change, The decible valve is taken as
equivalent to the phon value.
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Art. 255, Transmission of Noise—Noise is transmaitted
in three waysi—

(1) Through the air.

(2) By the vibration of the structural members.

{3) Through tha structural members.

1t is a simple thing to realise that sound is transmitted
thraugh the air, and through the openings in walls, cracks,
ete., the sound waves get a passage and reach the inside of
s room. Some of the sound waves impunge on thin partitions
and membrane walls which vibrate on their turn and again
set np the sound waves on the other side and thus transmit
the 2ound. Sounid waves alsoset up flexural movements in

1
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Fig. 509, Trassmission of scund.
wall and the pressure impulses are conveyed through it to
come ont on the opposite side to start sgain s sound waves
i the gir, These thres methods of sound transmission are
illustrated in fig. 599.

Art, 256, Sound Insulation—For the purpose of solv-
ing problems of sound insulation, the noises to be handled
are broadly divided into—

(i) Air bormne poise;

{ ii) Structure borne noise;
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(iii) Impact noies

Another classification is—

{i) Outdoor noise; and (ii) Indoor noise.

The amonnt of noise reduction to be secured by any
anund insulationsy stem depends mainly npan the sense of the
occupants. In s countryside the londness of a noise should be
round about 15 to 20 phons, while in a public building
located in a basy strest, the londness of noise could be kept
ata much higher standard of 45 to 35 phons. As an initial
precaution, to exclude the noise, the building should be
located as far away from the source of noise as possible.
It should be preferably guarded by trees

As a firat step, the opening ofithe walls should be’ mini-
mom, Windows, ventilators, doors and sach other openings
in the wall reduca the insulating value of that wall so much,
that if they occupy about one third the ares, the wall ha-
ving the same has no‘insulating value, Tt may be taken that
ordinary glass if used in & window, has a noise reduction
values of about 25 phons.

Lightness and thickness are against sound insulation while
weight increases it. Thickoess of wall has’an increased phon
reduction value, but not in the same ratio. For examble the
reduction valueof phons obtainable by using 44°, 9" and 13}~
brick masonry walls are about 43, 50 and 35 respectively.
Cavity walls are more effective than solid ones, Double
shutters for doors and windows with arfair gap-in between
are very effective in securing sound insulation. Walled Struc-
turcs are verp effective for securing sound insulation while
framed structures are quite favourable for the transmission
of structure borne and impact noise. Therefore the best type
of sound insulation is always possible in a discontinuous
construction. The various structural members are kept dis-
cantinuous and independent by the use of flexible and resilient
materials at theirjunctions. Buta fully discontinuous constru-
tion is very costly, Similarly floating [loors and suspended
cellings are rccommended for reducing the structure borne

22
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noise. But these are only used where sound jnsulation is
the main factor in construction. In this case fléxible paddi-
ngs are used as cushions at all points, where the floge rests
on walls or on the frame work of the building.

Noise due tothe Machinery—Machine_foundations should
be isolated from the main structure by introdacing flexible
and resilient materials like springs, felt, cork, rdbber, canvas
etc. But the thickness of this padding shodld be very care-
fully fixed as otherwise if more padding is used as compared to
the weight of the machinery coming ipon it, vibrations ars
increased and the purpose will not be served, Structure borne
noise and the noise due to vibrations and impact noise ismuch
‘more idfiicultto handle than the air borne noise. For reducing
the air borpe noise also from the machinery, proper lining
dor the walls, floors and ceiling of the room,where machi
75 located, with sound absorbant medium should be provided.
For suppaorting machinery on the upper floors, floating floors
are found to be more effective. But they are expensive.

Art, .257. Sound Insaulaling Materials—The inper
surface of walls and roof. Shounld be providsd withsotind
asborbant linings with air spaces. Many standard propristory
materials &re now used in the market and they claim sound
Insulation as one of their characteristic property. In fact, the
properties of heat and shound insulation go generally hand
in hand and in designing, both thse requiraments are kept
in view side by side. These wall linings act more nssound
absorbant media and reduce the general level of the sound
in & room; rather than acting as sound insulating media.
They reduce the reflection and reverberation of sound, Their
effectiveness is mainly due to cavities in them and the air
in these cavities acts as cushions and absorb the sound energy.

Plasters for coveriag walls and ceilings, with rough
finished sacface are invariably recommended, for
mn:! _:wﬁn. since their rough surface "is not
good for reflecting the sound waves. Their sound absorbaiit
u@kmm to the roughiness of their surfice, Paint-
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ing the rough surface of a sound insulating material reduces
their effectiveness.

A stud partition cavity wall with fibre boards or lath and
plaster on both the sides is more effective if its cavity is filled
with some fibrous or paffing material;ses Fig.600and also the
figures givenin Arts. 83, 84and 148. Cancrete walls offec
cesistance ta sound but whsn they are reinforced with steel
bars they transmit structure borne sound very easily.
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Art. 258, Sound Absorbant Coefficients—For the
purpase of comparing the sound absorption of various mteri-
als,the absorption of an open window is considered &s 100 per
cent or absorption coefficient of an open window is taken
as 1, so far @5 no sound iy réflected back into’ the room.
“This should not be confused with the transmission of sound
which does not take place through an open windew. If we
pow place across this window apening, a barrier say of cork
board, it will absorb only 0.35 of the sound energy and reflect
‘back 0.63 of the same energy striking it. A felt will have an
absorbant cofficient of 0.5. Similarly the sound absorption
<omparative coeficients are worked for acoastical problems,
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Assoundabsorptioncoefficientsvary with thelfrequency,s value
of 512 cycles per second is taken as that for medium sounds
for expressing these coefficients. The approximate values
of these coelficients of different materials are given below for
the porpose of studying varying acoustical aspects—

1. Open window o 1.00
2. Unplastered brick or stune

masonry rough wall e e 0,05
3. Smooth finish plaster - e OW02
4. Rough finish plaster -+ 0,02
3. Acoustical materials, upto 0.50

The total absorption by the walls, roofs, aﬂd floor sut-

faces by the occupants and by the articles placed inside a
room are calculated for finding out the sound reduction
coefficients. This gives an idea about the bad or good
acoustical effects inside a hall, The absorption units of a
surfaceare expressed as the product of the area in feetand its
absorption co-efficient. If a rough plastered wall surface has
an area of 5600 sq.ft. and if its absorption coefficient is 0.07,
then it absorbs 5600x%0.07=392 units, H acoustical plaster
is nsed, the sound absorption units work out to be
5600%0.25=1400 units. In this way the absorption units of
untreated rooms are worked out and depending upon those
reqgnired for developing necessary acoustical conditions inside
& hall, a suitable acoustical treatment for the hall is recom-
mended. Persons sitting inside an auditorium have a sound
‘absorption of about 4 units each, while chairs areequivalent
to 2 absorption units,

Ast. 259, Acoustical Defects—The following are the
varieus defects in the acoustics of a hall and they should
be minimised as far as possible.

(a) Insufficient Loudness—The speakers® voiceor music
from stage should be sufficiently audible in all parts of the
ha!l at & uniform intensity of loudness. This is very impor-
tant in theatrical buildings and large auditoriums. This
requires the sound waves to be properly reflected and
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uniformly spread all over the intesrior. The stage should be
preferably surrounded by eound reflecting flat surfaces rather
than sound abosching curtains. Similarly deep balconies
should be avoided as these will naturally have corresponding
depth under balcony spaces. The depth of an under balcony
space should not be more than 2} to 3 times the front height
leading to them. In large auditorioms direct sound isinsufii-
clent and has to be reinforced by lond speakers. Generally
the length of & hall is limited to about 80 to 85 fest. If
there is a very large number of window or door openings,
the loudness of the sousd becomes insufficient, and its
audibility is redoced.

() Echo Formation-Sound is reflected from the sucfaces
of walls. roof and ceilings of rooms so that in addition
to the direct hearing of a voice, there will also be an
indirect or a reflected voice which i3 termed as an EHcho,
reaching the ear after some time. The enecgy of the reflected
sound waves i¢ dependent on the smoothness or otherwise
of the surface they strike. Rough and porous surfaces reduce
this reflected enery to a larger extent, This acoustical
defect of echo formation is much more prominent in desp
and high halls with bare smooth walls. Echoes catise dist-
turbance snd unpleasant hearing.

The formation of echos is avoided by scattering of
dispersing the reflected sound energy and by properly
proportioning the size of the hall. Several types of acoustical
finishings for surfaces are available to produce this effect.

{¢) Reverberation—It has been pointed above that the
sound produced in a room is reflected on the surfaces of
walls and ceiling, etc., and echoes are formed. But this
reflection does not stopafter it once takes place. The sound
is reflected back and forth against the walls, ceiling and
floors several times and these reflections continue several
times even after ths source hasstopped producing ‘the sound.
If the surfaces of reflection sre quits smooth so that no
energy is lost after reflection the echoes will bulld up
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maximum intensity which continues indelinitely, This prolo-
ngation of the sound after the source producing it, has
ceased, is called Reverberation. As reverbsration refers to
the period of prolongation, it is measured quantitatively
by the length of tims reqirsd for sound to become
inaudible after stopping the source. For the purpese of
comparision a standard soupd of 1000 frequency is generated
and the effects on the formation of schoes and reverberation
ere studied,

I T is the reverberation time in ssconds, V is ths
volume of the room in cubic feet, and A is the -total of
the absorption units in the room, we have,—

T = 0.05 V/A Seconds.

While ealcplating the total absorption units, the oocu-
pants and the articles occupying the hall ars all taken into
account. For best hearing effects the reverberation time
should be between 1 and 2 seconds, but it is tolerable if it
goes upto 3 seconds. The hearing condition becomes defi-
mitely very poor if the reverberation time exceeds 3 seconds.
Genenally reverberation of sound is controlled by the use
of scoustical materials having high absorption coefficient.

{ d)Sound Foci—When sound is refiected from the
interior surfaces of a hall, depending upon the curvature
of these surfaces, there is & possibility for these reflected
sound rays to meet at & point, called sound focus. This
causes concentration effect for the reflected echoes and
consequently the sound is heard unusually loud. Sound foci
are formed specially with curved or domed: ceilings, The
curve of the ceiling should be exactly worked out geometri-
cally and the most suitable shape to be determined accor-
dingly. The other two aspects of acousties, viz. (1) Intensity
of Sound quite suitable for producing the right type of
loundness on the phone scale, and (2) the transferrance of
sound both air borne and stracture borne, have been already
copsidered early this chapter,
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