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I - INTRODUCTINN

Tne Problem:

With the phenomensal rise in population in Delhi
the demand for educational facilities has alsoc lncreased
enormously at all levels, At the primary school level,
the problem has become much more acute in view of the
intensified efforts to enforce compulsory education
for the age group 6 to 11 years. Whereas the rumber of
students in primary/junior basic classes in Delhi in
1951-52 was 1,30,061, it rose to 2,76,088 in 1959-60 ard
to 2,85,386 in 1960-61, It is anticipated that by
the end of the Third Plan about 4,08,000 of children
(99.5%) in the age group 6-11 will be at school.

2, The total rumber of primary (including junior
basic) schools in Delhi was 538 in 1851-52., 1t rose to
645 in 1858-60, 718 in 1960-61 and 723 in 1961-62,

Most of these schools are, however, under the control
of the Municipal Corporation of Delhi as wemld be
evident from the following table:-

Year -, Enrolment Number of schools run by the
.. Corporation -
1958-59 1,492,260 542
1859-60 1,77,522 576
1960-61  2,02,42] 644
1¢61-62 2 45 398 706
1962-63  &,78,050 763

In addition,there were 230 middle schools in the Corpora-
tion area in 1¢62-63 with primary classes attached to them,

3. As indicated above, the total mumber of primary
'schools at the end of the Second Plan was 644, 1t 1s
estimated that another 516 primary schools would be
added by the end of the Third Plan. 7“he Corporation’
established 216 primary schools during the first two
years of the Third Plan and proposes to add 100 such
schools every year during the remaining three years of
the Plan, The provision for school bulldings during the
Third Plan is as follows:-

Year Provision Actual Expenditure
1661-62 Ps 22 lakhs B 8,28 lakhs
1262-63 - R 60 lakhs B 48,2S% lakhs
1963-64 ) B 40.45 1lakhs - '
1¢64-.65 s 45,72 l:zlkhs -

1265-66 B 45 lakhs -
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4, It has not been po ible for the Corporation
=uthorities to construct the required number of, new
buildinzs far such schools. There iz scarcity of land
in orrtzin conzested urbzn arezs where the demand for
schoolinz facilities is the greatest. Improvised
schools in the form of tented accommodation or
temporury structures have been raised to meet the
growing demand for schooling facilities., The Corpora=-
{ion zuthorities have had to incur an infructuous
expenditure of is 2 lekhs (approx.) per year on rent,
repalrs ete., of the school tents waocse number during
the period 1509-62 was zbout 1000.

Reguirements:

5. During the current year, the Corporation needs
about 1000 class rooms, each class room to accommodate
39=40 students, Out of these, about half wculd be

by way of additions to thr existing primary schools and
Lire remaining to he new schools; at least 100 of which
will be 1n rural area, The schools to be constructed
i1 Lthe urban area will be in the new colonies on the
outsirts of the city, In view of the ever-increasing
nced for school buildings, the Corporation authoritiles
ayproached the inistry of Wducztion for an ad hoc
grant for constructing more primary school buildings in
the Capital, The Ministry, however, suggested that a
suitoble and economical desizn for a2 primary school
buildiny be evolved before undertaking further cons-
truction and requested the Committee on Plan Projects
for as.ist~nce, Accordingly, a broad-based and compo-
slte Penel was set up with the following composition:-

1, Shri B,N, Jha, Chairman
Vice - Chancellor,
Jodhpur University,
Jodhpur

2, Shri £.L. Joshi, Member
Chief, Education Division,
Plunning Coauission,
New Delhi,

3. shri R,X, Bountra, lember
cducation Officer,
Delni Municipal Corporation,
Delhi,

. Sari J.P.T. 311limoria, Member
Senlor Arcirlteect, C.I,%W.D

New Delhi, "
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5., Miss S, Rajan, Member
Asstt, Fducationel Adviser,
Ministry of Tducation, New Delhi

6. Shri M.M, Patel, | Member
General Manauer,
Hlpdustanﬂﬁou51n~ Factory,

New Delhl

7. Shri B.L. Chadha, Member
Consulting ArCultuCt
New Delni

8, Shri #.D, Paul kanickam, Member

Executive Engzineer,
Building Projects Team, COPP

New Delhi,
9, Shri Jagdish 5ingh, ‘Member-Secretary
Committee on Plan Proaects,
New Delhi,
6. The Panel undertook a detailed study of the

primary school buildings constructed by the Corpora-
t-on authorities, visited a mumber of them in the
rural and urban areas of Delhi and had detailed
discussions with the Corporation authorities and in
the meetings of the Panel.

7. We would like to place on record our apprecia-
tion for the willing cooperation extended by Central
Building Research Institute, Roorkee, at every stage
of our work snd for deputing their officers and staff
to assi=t us, Particulzr mention may be made of the
very veluesble contribution made by Shri M.H.Pandya,
Architect, Shri H.V. Mirchandani, Asstt, Director, C.B.R.I.
Reoorkee and their staff, Our thanks are due to

Sari D,N,Khurant, Asstt, Enzineer, Municipal Corpora-
tion of Delhi who syuared no pains in personalily
sursrvising the construction of the model class room
anc in aublstln’ tne iemcers of tne Panel in every
way. e are also Jrateful to Shri 7.5,Vedagziri,
‘lember~Secretary, Building frojects Team for the very
valuable cuidencs ziven by iim at every stage of the
work of the Parel,



IT - SPACE_RREAUIRTMENTS

Existing Pattern of Accommodation

A survey of the existing primary schools,
constructed by the Municipal Corporation of Delhi,
revealed that the dimensions for various types of
accommodation in primary schools are as follows:-

1. Class room: 191-3"x20", 18'x22', 14'x24'
184 tx164 ', 12'x22',

2. lleadmasteryleadmistress's 14'x14', 13'.85"x10".33"

room: and 12'x12'.1k"
2, Store room: 14'x14', 1S'.82Y%9' 3"
and 14'x73"
4, Walar room: 14'x8' and 10'x73"
2, During visits to various schools, it was found

that the e¢lass-room area per student varied from school
to schoecl ranzing from 7 sq.ft., to 10 sq.f8. No uniform
dimensions appeared to have been laid down for a class
room, Similarly, there were variations in the arez of
the headmaster/headmistress's room and other ancillary
accommodation,

Sur~cested Dimensions-

3, In previous studies* on the subject, an area of
92 sq,m. (1O sq.ft,) per pupil has been recommended for
primnry schools and 7,1 sq.m. (32 sqg.ft.) per pupil for
middle ard high schools, The COFP Panel on Delhi - -
School Buildings** recommended 1.1 sgq.m, (12 sq.ft.)
per student for a higher secondary student if dual desks
are used in class rooms., In the case of primary
schools, this Panel is of the view that an areca of
,G0=-,74 sq.m, (7-8 s5q.ft.) per student should suffice
“1f the sludents are Lo be scated on the floor on
{anbl_patties (colr muttin-). An arca of 29,6S sq.m.
{3820 sq.il.) would, therciore, be adequate for a class
of 40 swdents; the dimensions of the class room being
G,0%mx4.87m (20'x138'), Keeping in view the future
posuibilitles of replacing tat patties by desks,

Y A ER T WS MR MR ML DR ED W SN R M EL S Y SR T AN e m m o el U R s e A UE WS WD G MR T W R L AR g WD A B me e e o s W A A

~*Planning School for India, Hinistry of Education
1869,

**Report on Delhi Scheool Buildings, Committee on Plan
Projeets, Government of India, 1¢60.

-‘-1-:
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benches etc. an area of sbout .83 sq.m. (9 sq.ft.) per
student may be provided i,e., a total area of 32,73 sq.m.
(352 sq.ft,) for a clas: room, keeping the dimensicns as
6,70x4.87 sq.m, (22'x16").

Fittin-s in s Class Room:

4, A class room should have the following minimm
fittingss and fixtures: :

i) A built-in cupbocrd or ledzes/projections
for storing the material and for displaying
thie finished products, pail.tings, etc, of
children,

ii) Wooden picture railings all around the walls
of the class room or at lesst on one side for
display of pictures, pairtings, charts, etc,.

111) A built-in cemert blackboard (which is
preferable to the portahle wooden blackbozrd).

iv) Hooks / clamps for at least two ceilinz fans,

Floorinz:

5. Ordinary dry brick floorinsg has been tried in
primary school class rooms but experience shows thst such
class rooms are usuelly found to be dirty end dusty, nor
are they durehle., It is therefore strorgly recommended
that class rooms should hrve cement concrete flooring,

Doors & Windows.:

6. The provision of doors and windows in a class room
was studied in detz2il and the Panel came to the conclusion
that a class room need not have more than one entreance

door. There appears to be no justification for two doors,
Besides saving on cost, this gives furnctionarly a more
compact area., Three windows, one on thie door wall and

two on the opposite wall, may be provided in each class

rcom for proper ventilation and lizhting, A chajja

(sun shade) with 1i'-2' projection may be provided on

the windows, keeping in view the orientation of the building,

Verandzhs .

7 Verandahs are usually provided for circulation
and in certain regions for protection against inclement
weatiner., The primary school children do not have

to move from ore room to arother for .their studies,
They stay mostly in the same rcom throughout the day.



-6~

The Pzriel iz, therefore, of the view that a covered
verandzh is not nzcessary for 2 primary school since
1t would unnecessarily add to the cost without being
of much use, With a view to keepinz the surroundings
of tne clas. room c¢lean and to prevent dust and

dirt creeping into the class room witn the foot-steps of
children, a three-feet wide dry brick flooring may be
provided alconz the class rooms as snown in the layout,
It miy, however, be necessary to have a small lobby
(2,44 m. op8 ft. wide) in front of’'the office for
various purposes like seat.ing the visitors, attendents
ete,

Floor 'ed~zht:

e, The floor heisht 1s a significant factor in the
cost of a buildinz, BExperiments have shown that a floor
height of more than 2,74 m, (2 ft.) does not add
significantly to physical comfort, The Panel, however,
recommerds that a floor height of 3.05 m. (10 ft.)

would be adequate for a class room,

Plinth ledeht:

9, In the buildinzs visited, the height of the plinth
veried from 0,15 m, - 0,4% m, (6" to 1'-6"), For buildings
of thils type, & plinth heizht of 0.30 m, (1') above the
crust of the nrar-st roed should be adequate,

Anclllrry Accommodation:

10, Ancillary accommodation in the scuool usually
conslsts oft=

1) lleadmaster's rooan
i1) Store room
i1ii) Water room
lv) Sarditary rfecitities

The Fangl is of the view inat the dlmensions ziven below
would be adequate for ancillery accommodetions

1) Headmaster's room 6 m. x 3.23 m, = 12,70 sqg.m.

3,9
(13'x10'- 74" = 13%sq.ft. approx.)
1i) Store-cum-water room ~d o=
(to be divided inrto two

sections viz, Store room
3,23 m, x 2,93 m, = .45 SqQ.M,
(lO'-?%”x?'-?&:lOEsqft.'avprox.)
& water room - 3,23 m. x J.83 m. =6,03 sq.m
(1027 x 6' = 64 sa.ft, aprrox.) o
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11. It is 21so sugzested thet the office of the
headmaster/headmistress should kave at least two built-
in cupboards., The store room mey 2lso be provided with
an adequate mumber of built-in shelves for storing
games equipment and other miscellsreous things.

Sanitary facilities:

2. Primery schools usually lack sanitary facilities
with the result thet children_ actually use the surroundings
of the gchool making the school premises insanitary.

The Indian Standards Institution, Delhi have given
detailed specifications for sanitary facilities in
respect of schools of varioums categbries (vide

Appendix - 1I). Local bodies have also lald down
bye-laws for sanitary facilities relating to schools

and other places constructed in their jurisdiction,

The school authorities may follow the I.3S,I. standards
or those prescribed by local authorities, The Panel
would, however, urge strongly that while planning the
building, Que attention should be paid to the

provision of adequate sanitary facilities. Where proper
drainage system is not available, the sanitary
facilities may be provided at some distance from the
main building. Several types of latrines such as the
bore-hole type latrine with septic tank and dispersion
trench ete. have been tried. A deep pit with broken
bricks has been tried with success for urinals, Any

of these can be adopted depending upon local conditions,

Total Accommodation for a Primary School:

13, The minimum requirements for a one-section primary
school is as follows:-

i. Class rooms 5 (one for eech class)
ii. Ancillary accommodation
a) Headmaster/Headmistress's Room =~ 1
b) Store-cum-water room - 1.
¢) Sanitary facilities (according to I.3.1.
standards or local
bye-laws),
14, Where there is morec tnan one sectlion, additional
class rooms may be provided but it will not make any
material difference in the ancillary accommodation

exceplt for sanitary facilities if the mumber of students
is very large,
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Azsembly Hall:

15, An aszembly hall is not considered necessery for
primary schools., The school assemblies are held in the
open in front of the class rooms or in the school
compound if there is one, 1In rural areas.the school
may som~times be expected to serve as a Community
Centre after school hours, For small villages a class
room may be quite adequate for community gatherings.

In bigzer villages, where there i< need- for an assembly
hall to accommodate larger groups and a Community
Centre or a Panchayat GCher i:s not svailable, a sliding
and folding pertition may be provided between two class
rooms so as to convert them into 2 hall when required.
Sueh 2 hall could easily accommodate a large community
gathering, if and when a function is to be held indoors,
Larger gzathering can be held in open air as is the
practice in rural areas.,

Economy in space

16. The' above recommendations would thus lead to
cconomy in the space reouirements for a five-class
room sSchool as indicated in th: table on the next
pose:=
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Category Orizinal Dimensions Suggested Saving
Permenent/ Sloping (Pent) - Dimensions (Col.2=4) (Col.3=4)
Semi-permanent roofed structure
(Tubular)
1. Class Rooms 5.42 m.x6.70 m.x5= 586 m,x6.02x5=176,.70 4,87mx6.70mx5= 20,46 13.02

(5) 183.9" sq.m. sq.m. 163,65 sq.m. (220)  (140)
(18'x221x5=1980) (1g1-3"x19'-82"x5=1500 (16'x221x5=1760)

Headmaster/ 3.65mx3.69m=13,45sq.m. 4. 1omx3. 137m=13.11 3,96mx3.23m=12,83 ,65 .28
Headmistress's (12'x12' 1L"~145) Sq.m. SQ.Mm. (7)) (3)
office, (13',82"x10'.34"=141 (13'x10',7+"=138)
Store room 4.267mx?, 134m=2.74sq.m. 6,07mx2.81m=16,98 3.23mx2.93m=9.46 ,278 7.50
(14'x75'-105) sq.m, sg.m. (3) (81)
(19'=83"x9'~3"=183) (10'-75"xQt <74"
— =102)
Water room 3.06mx2,13m=6,96sq.m. 3,05mx1,.,82m=5,57sq.m. 3.23mx1,83m= 1.01 (-).37
(10'x741=75) (10'x6'=60) 5.238sq.m (11 ( (-)a )

(10'-7%"x6'=64)

D - e gy e T et v e T G En G e R R G D D MR G YR N G e TS WD MR R e Y M N SR D SR N SR e e G A G G S N A G W SN S W Su M G A A b e D WD OB B b m e e e W Y e

Total 214,36 sq.m. 212,41 sa.m. ' 191.95., sq.m. 22,41 gq.m. 20.46sq.m.

(2305) (2284) (2064) (241) (220)
(10.5%) (9.6%)



IIT -~ D=SIGH ATD S?TCIFICATI“NS

Present types of conztruction

8 i ' 3 ~school
From structural considerations, the primary-Schc
puildings so far constructed by the Muricipal Corporation
fall under the following categories:

1) Permanent type of buildings with superstructure
of brick work and RCC roofing. In certain
cases the roofinz over verandah.is or aspestos

sheets,

11) Sloping (Pent) roofed structures with tubular
columns and trusses roofed with asbestos
sneests: panel walls of brick in mud upto
ceiling,

111) Sloping (Pent) roofed structures with tubular
columns, angle iron trusses and purlins, roofed
with asbestos sheets. Panel walls 1.52 m. (5")
hizh of brick in mud and brick on edge flooring
These structures do not have doors and windows.

Detailed specifications of these structures and
plinth area rate of construction are given in Appendix II.

2, The slopinz—roofed structures have been the
subject of public criticism, Such buildings have not
been found to be very convenient for the primary school
children, Besides, they do not harmonise with the
surroundings of the new coldnies thet have sprung up

all over Delhi and Mew Delhi and ere, therefore, not
accepltoble to the residents of such localities since
they look like sheds and are rezarded as an apology

for a school bullding., Other types of construction have
been found to be costly,

Design:

3. Members of the Panel visited a few selected
schools cunstructed by the Corporation to study the
merits and demerits of ecach structure. Various
alternstives were studied and discussed in the
meetings of the Panel kceping in view the urgent
needs of the Corporation, The possibilities of
securing components for these structures were
explored by the Corporation aulhorlties. Asbestos
sheets formed &n importent pert of the economical
structure adopted by the Corporation. The scereity
of such sheels during the present emersency further
complicated the protlemn. It was, therefore, decided
by the Pancl that on alternntive economical desien
may be evolved which would obviste the need for 7
asrestos sheet roofing,

- 10 -
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4. It was brought to the notice of the Pangl that
the, Central. Building Research Institute, Roorkee had
evolveéd sn economicel structure of a school building
with 'a flat roof of doubly curved pre-cast tiles on
reinfofged joists, having brick-in-mud walls, a model
of which-had Been built by them in one of the villages
in the neighbourhood of Roorkee, A few members of the
Panel, ptherefore, visited the village and studied this
building.

5, «. - The cost of.R.C.C., roof usually amounts to 25-30%
of the total building cost. In terms of money, its cost
ranges between B 2.50 to Bs 4,00 per sq.ft. (depending
on the span and loads to be carried) out of which
75-80% forms the cost of the slab and 20-25% forms

the cost of framework, The roof structure designed

by 2.B.R.I. consists of smzll doubly curved tiles

0.66 cm., x 0.66 m, x 1,90 m - 2',2"x2',2"x3" thick

of plain cement concrete, 1:2:4 with an aggregate of
.62 cm. (3/8") size, Trnese tiles can be cast with

the help of a timber frame work of the required

size with a piece of hessian cloth tacked on to it,
These tiles are placed on pertially pre-czst RCC beams
(supported during construction) with a compression
flange of in situ conecrete. Haunches of tiles and®
compression flange of R.C.C. joists are filled with
cement concrete of 1:2:4, An average of 10,16 cm.

(4") thick lime concrete ics provided over the surface
to provide a protective lazyer end insulation, Since
the roof gains its full strength only after the insitu
concrete is fully set and since individual tiles do not
have very high impact strength, care is taken

to ensure that the.roof is not subjected to heavy or
concentrated loads far in excess of design loads, durirg
the construction or subsequently,

6. The cost of this building was reported to be

Rs 4,50 per sq.ft. et Salisr Village near Roorkee. It

. was suggested by the representative of the Corporation
that a model class room according to these specifications
for the roof may be constructed in Delhi for approval

by tihe Corporation authorities, The C.B.R.I. authorities
very kindly agreed to assist the Corporatlon and sent
their technical staff znd mazons for thils purpose. The
medel class room was constructed in the compound of one
of the Corporation schools ir Karol Bazh, lew Delhi,

The doubly curved tiles were pre-cast at site by local
masons under the guidance ¢’ the technical staff of the
C.3.R,1I,
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Specifications:

7. The roofing conformed to the following specificea-
tions: =

(a) 1,20 m. (3/4") thick concrete- (1:2:4 W/c
0.55 nominal) tiles of doubly curved shape,
cast on specizlly made forms or generated
on tiles of similar shape, cast and curved as
per recommenidatlons given in the Building
Digect No. 5 issued by ¢.3.R.I., Roorkee.

(b) Seconrdary R.2.C. Te2 Peam pertly preceast,
partly cast in situ supported during
construction, size to suit loading require-
ment as per conventional design,

(¢) ¥Main R,.C.C, rectangular beam either of
sinzle or double reinforced type-size to sult
loading requirement as per conventional
desicn,

(d) Thermal protection as per conventional
specificrtions 4" thick (everage)
mid-phuska,*

8. The cost of this class room works out to B 8,21
per sq.ft. (B G.6/scheduled rates+ 255 allowed on
account of increase in prices as per detalled

estimates ziven in Appendix ITI). This compares
favourably with the permanent and semi-permanent
buildings previously constructed by the Corporation at
a cost of s 12,00 and 10.00 per sq.ft. respectively.
The cost of even the tubular structure works out to

B2 8,75 per 8q.ft. vhilclestimated cost of a class

room of the size sugzes.ed by us, according to above
Sspecifications, which conform to & permanent strutture,
would be B 3,375/- resulting in a saving amounting.to
abont B 1557/~ , 735/- and 225/- per class room as - °
compared with the permenent, semi-permanent anu tubular
stractures respectively,

Z‘t?at of tho imurovised structures at ks 5.62 Fer sq.ft.
he

- o -
- —----——-—-----n--.—-------——u———----—-u-—_—-------

a

* C.B.R.I., however, use & recommend lime concrete.
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Recommendations ‘or Future Construction:

c. The Panel discussed the various alternatives
of an economicel structure for 2 primery school. .The
rresent structures, constructed by the Corporztion with
tubuler/angle iron, trusses and 4.C.C., sheet roofing,
have the advantage of speedy construction if the
components are readily avsilaple, These class rooms
have not, however, been found to be comfortable durlng
extremes of weather. Tney are particularly warm in
summer. Besides, they are nov economical in,view of
the high cost of A.C.C. sheets and tubular/angle iron
trusses,

10. If planninz of the additional requirements of clas
rooms/schools is undertaken sufficiently in advance

and proper programmins is done, the need for rushing
throigh constructions with such components may not

arise, Moreover, the supplies of A.C.C, sheet

roofing for civilian reeds is bscoming more end more
difficult., We were informed that the Corporation
authorities had already secured supplies of some of the
components for. these siructures and, in view of thelr
urgent needs, they may have to undertake the c-nstruction
of some of their additional class rooms with these
components, We would, nowever, suggest the following
modificetions in this type of building:

1) The gable wall trusses may be eliminated,

ii) The size of angle iron for purlins may be
increased. .

iii) The walls may be raised to full heigznt.

iv) Each class-room may be provided with a
built-in cupboard or shelf,

v) Proper ventilation may bé provided.
11, The Panel, however, recommends strongly the
adoption of the economical design witi doubly curved
tile roofing, This structure is as good as a psrmanent
structure for a single-storey buildinz and is very
economical at a cost of B 8.21 per sq, ft. of plinth
area., In fact the model class room constructed in
accordence with these specificstions has been appre-
ciated and approved by “he authorities of the
Municipal Corporation of Delhi.
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12, The process of memufecturing doubly curved tiles
is quite siwple ond any local me2son could be initiated
into the proces: in a day. If circumstances so demand,
the tiles can be mamufactured 2t one site ard trans-
ported casily to different sites: the breakage has heen
estimated a5 no more than 57 by rough hardlinz etc.
Detailed sprcifications and instructions about the
mamifacture of doubly curved tiles zre given in
Pppendix - IV, A deteiled l:ey-out of 2 &5 ¢lass room
primary school, with th< reoulred zncillery accommoda-
tloan, 1is «iven at Appendix - V.

Effeet _of Rrcommrrndantions:

13, It hns already been indicated in Section II para 15
that our rezommendaticns relating to the space require-
ments would btrin: about a saving of 10% in tne carpet
arca, Apart from the cost of land whicn would be

saved on thls account, there would be savinzg in the

cost of construction also. The total built-up area

j'or a School with [{ive class rooms and otner zhcillary
accommodation (without Verandan) on the basis of
corporation's existing specification etec. for permananq_
semipermanent and tubular structures comes to 28920 and
585 sft, respectively. The estimated cost of such
schools would come to Rs 34,680/-, &s 28,900/- and

Rs 22,618/- for permanent semipermanent and tubular
structure respectively. The built up area qexcluding
lobby,according to the revised dimensions etec,

suggested by us works ont to 228,72 sq.m. (2390 sq.ft.)
end its cost would be Bs 19622/-, Thus the savinz on onc
school buildins will be B 15,058/- ks 9,278/- and

B 2,996/- as compared with the permarent, semi-permanent
and tubulsr structures respectively.



IV - SUSGTSTI0I= FOR TURTHER SCOINMITES

Tyors end Windows:

Doors end Windows cost nearly 15 to 2C» of the
total cost of &« buildinz wnil: ine frames cerscitute
23 to 30% of the complete coot of the doors and windows,
Bacause of scarcity ard high cost of seasoned first-class
t imber, second class wood (usually unseasoned) 1s used
et preseni, This type of wocd is not durable and is also
fairly costly. Frames made of reinforced concrete
c¢suld overcome the disadvantages due to use of unseasoned
timber at lower initial and recurring costs tnan timber,
Tais will easily give 2 saving of 25% as compared to
timoer. The C.B.R.I., Roorkee have made extersive
€ <periments on the subject. Their recommendatiins are
given in Appendix IV.

V'alls-

PR Increasing cost of material has resulted in the
#doption of .228 m, (8") or thinner external walls which
cannot withstand the effect of rain, Cavity walls have
been extensively adopted in the Western countrirs

bicaure of their superior performance as regerds thermal
insuletion, sound insulation end resistance to raln
p::netration, This type of construction is, however,
rarely adopted in Indis sven in highly humid or sn-w-
bound areas. The chiel reasons appear to be inadequate
evperience in this tyre of construction, its relstively
hisher cost and the saztisfectory beheviour of thick solid
walls., Use of €" cavit~ walls in lieu of ©" scolid walls
would result in a savin: of 30C: in bricks and mortar,
Srch walls will also ;ive better protection azainst rain
pchetrztion end heat, The C.B.R.I., Roorkee aave carried
out trials on .20 m, (8") cavity walls (2 leaves of

7,82 em, (3") with a 5.08 cm. (2") cavity in between)

z1d subjected tiem tvo a series of tests, Their findings
are given in Appendix 1V,

[ )]

_ Besides adoptiaen of this type of walls has certain
iniirect advertazes e.g.:-

1) Lesscr thickness of the walls results in
saving in space, pcrzitting better utilisation
of the permissible plinth area.

ii) Because of the high resistance to rain
penctration, internal finish is likely to
be more losting,

iii) Plastering may not be necessary except in
arcas or severe exposure,

- 15 -
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Lintels:

4, Thin R.C.C, lintels 7.62 cm.  (3") mey be used.
R.C.C. lintels reinforced with 3 bars of .95 cm. (3/8")
diameter would bc¢ readily used on opening upto 1,83 m.
(6' ) wide. Tests on such lintels were carried out at
the C.B.R.I. Roorkze (vide Aprerdix - 1IV).

L R I ¢



cpeclificatinns

Appendix - TIT
(Ref: Page 10 Para 1)

TYPE3 OF STRUCTURES CONSTRUCTED BY THE HMUNICIPAL G RPORATION COF DELII

Classification of Buildinzs

Walls

Roofl

Floor

Verandah roof
Doors ¢ Winnows
Cos\ prr  sft,

Averare slze of

Clas. Room (Sq,ft.) 18'x22'=395 sft.

Permanent
Brieck in cemmt
Mortar,

RCC'C.

Cement Concrete
R.C.C,
Teak “Wood

Rs 12.88 np.

Semi-Permanent
|

Brick in cement

Mortar,

ROC.(“.

Canont Concrete
Asbestos sheets
¥sil or Deodar

Rs [0.00 np.

18'x22' =396 sft.

Slopine (Pent) Roofed structures

Tubular

Brick/mud ‘lortar

Asbestos sheets on
Tubular columns &

Trus:zes

Cement Concrete

Kail woced

Rs 8.75 np.

20'x19)1=385 sft.

Tmprovised

Brick in md
(5' high side walls)

Asb-=stos sheets on
Anzle Iron Trusses
and purlins and
Pipe columns

Brick on edge.‘

Rs 5.62 np.

18+ 'x164'=300 sft.
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Aprendix - 111

(Ref: Page 12 Para g8 )

LSTINLTED COOT OF A CLASS 0QM “WITH
DOUSLY " CUX 5D TiLs BOCFLKG

l. Earth worX in excavation in foundation trenuches Bs,

etc, in all kinds of soil (excluding loose filled
upéoil, soil contzining 50% or more of karkar
mooram or/and shinzle saturated soil and rock)
11ft upto 5' stackineg the excavated soil not more
than 10' clear from the edge of the excevation
and then returnine the stacked soil in 6" layers
when required into plinth sides of foundations
etc. consolidatinz each layer bty ramming watering
and then disposing of all surplus excavated soil
as directed with in 2 lead of one chain,

496 cft, @ B 33/- & cft, 16,00

Providing and layin- cement concrete 1:5:10 one

cement 5 J,sand ard 10 D.0O, stone ballast 2"

and down guage 125 cft. 2% 915 eft, 114,00
part .

2nd class brick work in cement 1:8 one/cement

8 J. sard in foundation plinth 226 cft,

J B 85% cft. , 12,00

+" cement plaster 1:4 (1 cement,4 J, sand)
59 sft, 2 & 11.50% sft, 2.00

Applylng a coat of hot bltuwafx(nlxphalt 80/100
or equivalent) using 35 1bs, per % sft, on damp
proof course after cleaning the surface witn a
piece of cloth chktly soaked with Yerosurne oil
59 sft. )& ©.507 sft. 6.00

2nd class brick wrk in cement 1:2 (.1 cement,
8 J, sand) in super 643 cft, @ P5 935 cft, 598.00

R.C.C. work 1:2:4 (1 cement, 2 R,P. sand, 4 D,0N,

stone ballast &' down ﬂauﬁe) in lintels beams

and columns w1th or without caps and bases

(round Col, excluded) ircluding renderinz or

plastering the exposed surface with cement

mortar 1:3 (2 cement, 3 J.sand) of sufficient

Thickness to zive 2 smooth finish including

centrinz snd shuttzrirz but excludinz cost of

reinforcement, 34.70 cft, 2 T 2,10 cft, 292.00



10,

11,

12.

14,

16,

17,

]8.

19.
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R.C.C.work 1:2:4 (1 cement, 2 B,P, sand, 4 D.Q.
Stone ballast <" down gauge) in chgjjas including
rendering or plastering the exposed surface with
cement mortar 1:3 (1 cement, 3 J, sand) of suffi-
cient thickness to zive a smooth finish including
centring, shuttering but excluding cost of reine-
forcement 11,12 eft, -2 & 3,87 cft,

Providing and layirg lime concrete with 13" and
down gauze Delhi 7, stone ballast and mortar
1 1ime, 3 J, sand 82 oft, @ 717 nft,

FTillire in.Plinth with J, sard vnder floors
includine watering, remmine consolidating and
dressing complete 22 ¢ft, @ B 177 cft.

14" cemant concrete floorint 1:2:4 (7 cement
2 B.P., sand, 4 D.0...B, " and down gsuge)
finished wl%h a flocting coat of neat cement
359 sft, @ » 36,50 sft.

Half brick masonpy - (2nd class) 1in cement 1:3
(1 cement: 3 J, sand) in superstructure 25 sft.
"_,a RS. 43/":./. sft.

"1lst class kail wood wrought, framed and fixed

in doors window cl«restory window frames
other frames and trusses 5,9 cft, @ & 13.50 cft,

Providing and fixinzg 1" 1st class kdl wood
panelled, zlazed, or panelled and glazed
shutters for doors windows and clerestory
windows includinz iron fittings complete
53.8 sft, Y & 2,56 sft,

Providinz 15"x13"x4" flat iron hold

fasts including fixing to frame with 1"
screws and embedding in cement mortar 1:4
(1 cement : 4 J,s°nd) 22 Nos., @ B 0.81 each,

Cement plaster 1:6 (' cement, 5 J.sand) " thick
1108 sft, 0 Rs 12,5304 sft, -

Cement plaster 1:4 (1 cenent, 6 J, sand)
5/8" thick on rou-h side of ©" wall 725 sft.
J Ts 14.5Q% sTt,

Making black board. 3'x4' wide moulding
of specific specification 1 No, 2 & 14/- each

Tuck or weather strick pointing on tricks
with cement mortar 1:2 (1 cewenty 2 J,sand)
11 sft. \‘.:D P\S 13.5’0{“'sft'n'

43,00

62.00,

15.00

131,00

12.00-

80.00

138.00

18,00

132.00

105,00

14,00

1.00



20.

21,

22.

23.

24,

25.

26,

27.

-

White washingz with lime on new work (three or
more coats) to give an even shade.

Colour washing such as green blue or buff

on new vwork (iwo or mors coats) includineg a

base coat of white washing with lime to give

an even shade, 13C0 sft, 3 R 1,199 sft, 14,00

Providing and fixing precast reinforced cement

concrete slabs 1:2:4 (1 cement, 2 B,P, sand

4 D,Q, stone ballast 3" szuage and down) 1" to

3" thick in shelves ete, includinz rerdering

or plastering exposed surfaces with cement mortar

1:3 (1 cenment, 3 J, sand) of sufficient thickness

%o give a smooth finish and 2 floating cozt of

neat cement but excludinz the cost of reinfor-

cement 1,3 cft., 2T 3,56%cft, 5.00

Painting priming coat of wood work consisting

of a mixture of 7 1lt, of red Yead 7 lbs. of

white lead ard 1 gallon of D.B. linseed oil.

136 sft. @ Bs 4.87% sft, 7.00

Painting 2 coats (excluding priminz coat) with
chocolate red grey or buff paint of approved qua-

1ity on new steel ur wood work, 136 sft.

2 B 6,50% sft. 9.00

Mud phuska 2" thick or of puddled clay with bhusa

at 1 seer/4 cft. of clay on roof laid to slopes
consolidated and plastered with +" thick rud

gobri mortar 3:1 (3 myd: 1 cowdung) and covered

with tiles bricks grouted with cement mortar

1:3 (1 cement: 2 J, sand) and finished neat

352 sft, @ B 40.50% sft. 143,00

Painting top of roof with hot Titumen

(m-x-phall 80/100 or equivalent) at 35 1lbs./

% sft., ..impregnated with a coat of Brdurpur srnd

at 2 cft./% sft, clearing the curface with

brushes and applying X,oil complete 252 sft,

2B 10.75% sft. - 32.00

Making khura 1#'x1%' with 2" thick cement
concrete 1:3:6 (ore cement 3 B.P, sand 6 D.q.
stone ballast 2" down zauge) furnishea with
4" cement 7laster 1:4 ?1 cement 4 B.P, sand)
and a coat of neai cement rounding. the edses
and. making finishin, out-1%% complete 1 o,

@ Bs 1-87 each, )



-22-

28, Maklng Rottom thsra as per specification
5 sft, -3 B 0.87 sft

29, Providin~s and fixing asb stos cement offset
for rain water pipe with 4,5, holder bat
clamp fixed with wall face with cement mortar
1:4 (1 cement 4 7, sanq)G" projection 4" dia
1 No, 7 15,4/21 each, 5.00

30. Providine ard laying doubly curved tiles of
cement concrete 1:2:4, 1 cement 2 B.P. sand
4. D,Q., ctone ballast 5 down gauge including
cost of moulds neat finishing and pointing
the Joints from helow with cement mortsr 2:2
(1 cement 2 J, sand) including hoistinz ete,
- complete agfier instructions, 70 Nn.@ 1/10 each 77 .00

31, R.C.C. work in rrecast secondary beams 1:2:4
(1 cement: 2 B,F, sand : 4 D.0, stone ballast
#" down gause) includinz plastering or rendering
exposed surface with cement mortar 1:4 ( 1 cement
4 J, sand) of suf’icient tnickness to gzive
smooth surface exciuding cost of reinforcenent
but includinz cost of hoistinz in situ and
balll supporters till the roof is completed as per
direction 1.8 cft. D & 5,30%ft, 89.00

32, Cement conereto 1:2:4 (1 cement: 2 B,P, sand
4 D.Q, stons ballest 4" down gauge) to fill
hanches zolla and lead plates etc,
G5 eft, @ s 195/~ % cft, 127,00

33, Mild steel reinforcement for R.C,C. and R,B,
work includinz berding bindinz and placing
in position. (Complete} 700 1lbs, @ Bs 0.37/1ps, 263.00

or
34, Providing and fixing M,S. round/square bar;ét
required spacing in wooden frames of windows '
and clerestory windows, 725 lbs, @ R 0,37 1lbs. 46,00

, Total 2625,00
Add 37 continzencies: 79.00_
Total 2704.00

Area of room = 23¥x17¥ = 411,25 sft,.
Cost p=r sft, = ks 6,57

Add 25% on account of increase
in parket :rates since 1955 Bs 1.64
Cost per sit, B 8,21
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Analysis of rate for manufacturing doubly curved tiles
including hoisting in position and pointing from below

100 tiles of 2'-2"x2!-gnxan

Il Il 1
1., Concrete 1:2:4 100 X 2- X 2- x - = 27.6
6 ¢ 16
Add 5% wastage = 1,38
28,98
29 cft, @ B 1657 cft, s 56,55
2. Add for moulds polythenec¢loih ete. L,S, 1,00
3, Hoisting of 100 tils based
an hoisting of 35 tiles
1 mason @R%/- = 3,00
RS
4 mazdoor @ 2/- = 8,00
Add for centring
plus shuttering
& hire charges = 3,00
15,00
3 say -/7/- per tile- 43,75
4, Pointing below L.S, 5.00
Total 106,30
Add 10% contractors profit: 4,08
on Bs 49,75 nP,
Total 111.28

Cost per ti1e™1,11 say & 1.10
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P

Analysis of rate for fec, beam 5" x 33" x 11i

rendered snd hoistea in situ,

unit/cft.

contents: 114%5/1247/24 = 1.4 cft.

conecrete 1:2;4 @ R 195/- % of cft.

frame work 3 planis 2' long

& clamps ete,

cement plaster 1/4 with neat finish
2x13%x§}24 = 7 sq. ft,
Jxli‘kx.’i;lzﬁ 5 sft,

Holsting charges 12 sft. 2% 15350% sit
1 mascn and 4 beldars for one
day fixed ¢ secondary beams

1 Mason ;ylus 4 Beldars plus
sundries

5 5/- plust8/. plus fer/- =fs14/.
Cost per sec heam 1%/6

Total

2,73

0.37

. 1.86

Add 109 contrzctorgprofit

on hoistine charges:
Total

R &,

Cost/cft = 7,52

30

' precasted
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C. B, R. I, 2ZCOMITIDATICNS

(a) R.C.C. Frames For Déors & Windows :=

Doors and windows cost nearly 15 to 25 per cent
of the total cost of a building, while the frames constitute
25 to 30 per cent of the complete cost of the door or window,
Because of the scarcity and high cost of seasoned first class
timber, second class wood - usually unseasoned - is used at
present, This type of wood is not durable and is also fairly
costly. Frames nade of reinforced concrete could overcome the
disadvantages due to use of unseasoned timber at lower
initial and recurring costs than timber. But the previous
experiences with R.C.C. frames have not been satisfactory
mainly because of the difficulty of devising suitable
arrangements for hanginz the shutters and unsatisfactory
finish, Investigations have been carried out in the Central
Building Research Institute to arrive at the mest economical
design of R.C.C. frames and to evolve simple fixtures for
hanging the shutter. As a result of performcnce tests, it
has been found that the frames could be of 2 section
3rv. x 23" reinforced with 3 Nos, 1/4 in. dia. bars,
for openinss upto 71 x 7' This compares favourably
with the existing designs which utilises sections upto
4" x 3" reinforced with G Nos., of 10 SWG wire.

Good finish can be obtained by using steel, or sheet
lined wooden moulds and by vibrating the concrete, Decora--
tive treatments such as terrazzo finish or painting can be
had where a superior finish is required.

The frames as evolved at the Institute are cheaper -
to the extent of about 50% as compared to thcse rade out of
first class hard wood and about 40% as compared to those
made out of second class hard wood,

Size and Reinforcement -

The minimum section of 33" x 23" reinforced with 3 bars
1/4" dia. 1s recomnmended for adoption for all openings upto 7'x
71 which will cover most of the requirements,

Mould -

The mould for casting the R.C.C. frames may be of timber
or steel. Vhen timber is used, it is advicable to lire it with
M.S. or G.I, sheet for lonzer life and better fini-h of the
product, Lining also helps in reducing undue distortion of the
freame due to ws rpin: and shrinkag
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Casting =

1:2:4 concre te mix (with 3/2" mx. size of aggregates)
i3 recommended, One 1/4" dia., bar should be left projecting
out by avout 2" from tne top ernds of vertical members and 1/2"
dia, holes left in tne uop horizontzl members to fit in with
the verticel memiber., The fixt.res for himges and hold-fasts
should be inserted in the mould at tne proper positions: the
reinforcement cagr shocll be placed allowin:z for a cover of
3/2" and then the conerete poursd in the mould. It is advisable
to use a vibrating tab.c c¢r alternatively a smallshutter
vibrator may he ured, Compaction by hand may provide the
reruired strergth but ine finish is likely to suffer.

removal Of Memhers -

The members should be removed from the mould after about
24 to 28 hourc depending upon the climate, They should then
be allowed to cure 1n 2 weter tenk for a fortnight. Finelly
they should be remored to a covered place end stored for a
month before use,

Trecticon -

S s s——— - — —

The R,C.C., frames may be as:zembled at site and erected
as in the case of timber frames. It,however, requires some care
in handling, as the frame 1is heavier than a timber frame and the
Joints are liable to gzive way, if not handled carefully.
Alternatively, the vertical members may be held in position and
the top member placed over the vertical meabers. The whole frame
is then plumbed ard supported temporarlily, till the hold fasts
are embedded in jambs, Cemernt sand slurry of mix 1:3 should be
used in grouting the jolats between the vertical and top members.
In cases where four menbers are used e.g. in window frames or
doors having sills, the K 51ill meabers are bedded at the ends.
It is advisable to leave a gap between the bedding mortar
at ends to enable the sill 1o .take its correct set under the
load as the central peortion carries less load than at the ends,
This gzap can be filled *n later after the wall above the door
has reached the roof level,

A good finish can be obtained by using moulds having
a smooth surfoce &nd by using vibrators., The defects if any,
can te made good br rubbing the frame with earborundum stone
before erection,
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In superior class of buildings where decorative
treatments are desired the fremes can te had with terrazzo
finish cast on them or where reguired, painted with any

/tint of suitable/is giver, the R.C.C, frames Should be made smaller
0il paint to the extent of thickness of the finish viz, 1/4", The
after ere- mMiX for terrazzo should “e of 1 cement : 2 marble chips
ction,”hen and the terrazzo coat 1laid on the three exposed faces of
terrazzo the members while castin; the frame,
finish

Paints used for treating the R.C.C. frame should
normally bé cement paiits of 2n zprroved brand: when an oil
paint finish is d=2sired, it should e done in three strges:-

{a) Primine coat - 2 coats of Alkaly fast
Primer should bhe anrlied,

(b) Under coat should conform to I,S, 520-1C54.

(¢) Pinisking coat should consist of two
coats of synthetic enamel paint
conforming to I.S. 520-1254,

(b) Cavity Walls

Cavity walls have been extensively adopted in the western
countries because of their superior performance &s regards
thermal insulation, sound insulation and resistance to
rain penetration, This type of construction is however
rarely adopted in India even in highly humid or snow bound
~areas, The chief reasons appear to be inadequate experience
of this type of construction, its relatively higher cost
and the satisfactory behaviour of thick solid walls,
Increasing cost of materials hag resultsed in the adoption
of 9" or thinner external walls wh'ch canhot withstand ° the
effect of rain. Adoption of cavity walls would meet this
objection, provided they could be made at the same or at a
lower cost than 9" (one trick) thick walls,

As a result of irials, 8" cavity walls (two leaves of 3
inches with a 2" . cevity in between) has been devised end
subjected to a seriez of tests in zocordarce with A,S.T. M.
standard No, E 72-55, £s is usval, G,I, wire ties are
provided at suitatle in'ervals of 82'-6" horizcntally,

1'-6" vertically starzered) with additional <ie at

pillars and jambs (with frozs exposed to the exterior).

If cross wzlls or partition- zre not availzkle, the wells
are transversely stronecthened bty mesn' of brick-on-edge
pillars projecting to the exterior, et 8'-20" intervals.

The pillars are lirked with the outer ciin on.y, thereby
providinz & continuous cavity, where piller. arec not desired
(e.g. in party wells), the two sikins may be connected by
eross, bricks, although this tend. to tzke away some of

the benefits of the cavity.
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The ultima}g corrressive strength of 38' X 4' free
standking panels /ith frogs exposed have been observed
to bé about 43 tons or about 12 tons per Rft. as against
a-load of zbout 4,2 tons per Rft., likely tc be met with
in 2 two storey building. The laterzl strenzth for free
and loaded panels heove beenr observed to be S50 1bs, ard
2000 1bs, respectively whichfrorn out to 30 znd 62 1lbs,
per S5ft, respoctively, &nd amply meet the stipuletions
in the I,S5,1, code for noncoastal end coactel regions
(10 and 15 1lbs, per 3ft.). Impact load tests with a sand
bag weighinz 60 1bs, (as pre-erived by A,<.T.M. standard)
have indicezted thet cevity wall: sezticfy the requirements,
This type of cavity walls can be resdily acopted for
load-bearing walls for buildinzs upto two storeys and as
curtain walls in multistoreyed construction,

Adoption of thils type of wall has also got certain
indirect aovantages as under :- '

(a) Lesser thiciness of the walls results in -
saving of spzce permit.ing better utilisation of the
permissible plinth arca. This advantage is to some extent
offset by the projectirg pillars, It could bte overcome
by providing interral nrick bonding, esp. wherefhe walls
are not exposed to the atmosphere.

(b) It is neces:sary to plan and provide for all
fittings and fixture, ac the work proceeds, so es to
reduce the chence of wulls being broken up a2 mmber of
tLimes, as 15 commonly cone in the case of 9" solid walls.

(¢) The frogs of the bricks may be made to face the
exterior, thereby providing a very attractive appearance,
Exposed frozs can #1so serve as an excellent key for the
plaster, although some extra consumption of mortar is
involved, Plastering is not necessary, except in areas
of severe exposure, '

(d) Because of the high resistance to rein
penetration, internal finich 2re 1likely to be more lasting.

(e) The thicknes. of the skine< makes the msson
more cereful about 1line #nd plumb and resort. to double
scaffolding is readily ascquieseed to by the contractor.
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Besides having cetter thermel ard sonnd insulation,
this type of wall saves atovt 3Ck of bricks and morter as
conpared to a ©" solid wall, Time studies on construction
site (wherein this tyre of cavity walls wes z2dopted for
the whole buildin-)inoierste that an averace m850r job
trained for a2bout 7 dzys can build sbout Ao 3. of wall
per dey, Use of alwple gedgets for preventing dropping
of mortar can further increz:e the procuct*vity. The e¢~st
of 100 FS of the 8" cavity wall built in c,»r, (7:3) is
about(Toﬂ)les= than that of a O™ solid Brick wall in
c.m, (":6

(c¢) R.C.C. Lirtels In Brick Walline

The actual loads to be carried by a lintel are
difficult to determine, since these greatly depend upon
the extent of ercining sction developed within the
masonry on top, Tests conducted in U.K. on plinth
beams supported on pile- have indicated that, subject
to certain conditions,the plinth beams carryinz brick
walls may be desizned on the basis of bending moments
equal to WL/50 or WL/100 where W is the total load on
the lintel (includinz that contributed by the roof) and
L is the span. It has also been established that such
beams largely act as tension members with the compression
being taken up by tne brick work, This is greatly in contrast
with the conventional lintels designed to carry a trilan-
gular loading and Aall loads falling within this trisnsle.
Since lintels over door or window openinzs are 21so subjected
to conditions of loadin; couparable to the one referred
to above, it was decidea to design lintels on this
principle (viz, YWL/100) and perform the loadinz tests,
Although the calculated designs gave a lower fizure, the
depth of the lintel -/az restricted to 3" to correspond
to a course of brickx work and give adequale rieidity
against deflection durine handling end hoisting., Tests
on 3" thick lintels (havingz about 1'-6" brick mesonry
on top) reirforced 7ith 3 bers of 3/8" diemester rlaced
centrally without 2ny cranikine carried out showed thot
failure took plasce under = load of about 30 tons and
that the deflections were well within the permiz:zible
limit of L/360 (L being the spen)., Since the total load
on a 6'. lintel ir # sir~lé storey buildin: is usuelly
of the order of 3 tons, lint:1ls b#sed on the above design
have adequate structurel strenzth in normzl corditions
of use. Because of lower weizht, lintels Tased on tnls
design principle ca#n be resdily prec:st and save consi-
derable time on the site as compared to those cast
in situ.
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Further work is in progress to asses the problems
associated with use of lintels thinner than 3", However 3"
thick R.C,C. lintels reinforced with 3 bars of 3/8" dia,. can
be safely recommerded for openinzs upto ©' clear sran ghaving
brick masonry to 2 minimum height of 1'-6" above {he lintel)
for normal buildings, The reinforcement should be placed in
the centre the precast lintels supported (by means of a
central pr-p) till the wall zains the necescery strengtg.
Adoption of this type of lintel:r =aves approximetely S0%

07 the cost ard materisl, es compered to lintels based on
conventional designs, Where re;uired, provision of R.C.C.
chajjas,can be rezdily made by projec%ing the steel bars
during the czzting of :intels znd chajjas cast in place
subsequently, Uaers two lintels cross each other nalf

rebated jolnts may be provided while precastinz the lintels,

(d) Doubly curved tiles

The cost of a R.C.C. roof usually amounts to 25-30%
of the total building cost. In terms of money, its cost
ranges between fs 2,50 to Bs 4,00 per sft., (depending on the
span and loads to be carried) out of which 75-80% forms -
the cost of the slab and 20-25% forms the cost of form work.,
Efforts were therefore made to evolve economical flat roofs,
. which while reducing the consumption of materials, ovarcome
and doinz away with the need of extensive shuttering, overcomes
the above disadvantages. '

It is well known that R,C.C. slabs as per conventional
designs have a very large factor of safety., The thickness of
slabs cannot however be substantially reduced without incurring
the risk of excessive deflections corrosion of reinforcem nt,
thermal or shrinkage crecks and lower thermal efficiency.
wifforts were therefore made to evnlve economical flat roofs,
Nne of the roofs evolved eploys sm2ll doubly curved tiles
2'-3" x 2'.3" x 3/4" thick of plein cement concrete
(1:2:4 with &zzregate of 3/8%° size), These tiles can be
cast with the help of ¢ timber form worltof the required size,
with 2 plece of hes - ian ecloth tacked on to it. These tiles
are placed on partially preccst R.C.C, beems (supported during
construction) with » compres.ion flrnge of in-situ concrete,
An average of 4" thiclk lime concrete 1s provided over the
surface to provide a protective layer and distribute the
loads, The individunl unit withstends a static lcad of
about 210 1bs,/sft. while.the assembled roof withstands a
statile load of aLoul 280 lbs,/sft, Azainst impact loads,
the Individual tiles are not very strong (%tiles break when
't. bag welghine G0 lbs. is dropped from a height of 1 :
¢ ) but the rrof assembly with the haunches between the
tiles filled in with concrete (which provides the restraint)
withstends an impact of a 60 lbs, sand bag dropped from a
height of 10 & ) but the roof asseubly with the
naunches between the tiles filied in with concrete (which
provides the restraint) withstands an impact of a 60 lbs, sand
vag dropped from a heizht of 10 feet. This type of roof
saves about 24 in consumption of cement and 467 in
consumption of sterl as compared to 4" thick R.C.C.
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slab construction, It rrovides the sdvantege inherent
in precasting such as lesser erection time, dispesnsing
with extensive shutterinz, les<er 1li=%ility of shrinkage
cracks, without enteilinz use of meci.enical lifting
arrangsments,

Althouch no standzrd for impect load exists, the
U.X,. research ststion recommends arpimpact loading of 56 1lbs,
(sand contained in a standzarcd beg) dropped frow a hei:znt
of 4' *~ Tiis type of rouf is tinarcfore adequutely strong
to withstand the loads met witn in normal buildinzs, It is
however, not suitatle <nere thc roofs are llable to be
subjected to heavy concentrated loads, not calered for in
the designs. It is ithercfore reccamerded for roofs rot
subject to constant usage &nd for spans upto 10! . beyond
which marual handlinz of precast beams would present
difficulty and relative savings are appreciably reduced,
During construction, cere is necessary to ensure that the
tiles are not si. jacted to unduly heavy construaction loads
(esp. impact till the haunches are filled in and protective
lime concrete is provided,
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