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SUMMARY AND CONCLUSIONS
Building aro of primary importance to a country, whethor

they are -wamt for housing or for carrying out othar
activitios for satisfying human noeds,

Tha doveloping countries havo got a highly insufficiemt
building stock with them for satisfactory performance of
the activities in various fiolds, and particularly sheltor
to all of their citizens, It is, thorefore, tho most
prossing noed to construct more and more housos to covoer
tho prosent acute shortage and to cater for future neods,

For wmm this goal sufficlent resources are hoodcd
by way of monay and materigls,which are not available at
progont, nor arc likely to bo thore in tho foresocasblo
future,

This calls for developmont of appropriate technology amd
matorials, This would result in cost reduction and
consorvation of scarce building matorials. It will also
rosult in owlving now techniquoa resulting in loss
consumption of matarials and utilizing indigemeous skill
and lsbour vhich is availablo in plonty in dovoloping

countries,

Moro attortion should, thorofora, bo paid to RAD activities
for evolving appropriate tochnology and matorials,

Honce more funda should be provided to pursue R&D
activitios in this ficld,

Largo scalc dissam’nation of information rogarding the
available appropriato technology will bo roequirod for

T —— - e p————
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which all possiblo means such as nows, and othor mass
madia should be used,

Inpantives shou.d be provided for producj:ion and use of
cost saving materials and teohniques by way of tax

redustion, financial assistanco at lower interost ratos ate,

Highor priorities for production of building materials are
roquired to bo given in National Plans which should bo one
step shead of tho National Plans for develomont and
gonstruct ion,

Houaing and Building Industry should be included in the
coro sector of tho National plana;

Moquate training of sreflaman, engincers, entreprencur
will bo ossentinl in uso and production of now materials
and will have to be arrangod as a part of national policy,
To populerisc it, incentives will havo to be given,

It may bo nococssary to ban tho nisuse of building materials
by suitablo legislation,

Limo and brick making industrios should bo givon a special
status and high priority,

Rosoarch for improving quaiity of bricks should be
intensifiod,

Appropriste tochnology for rural arcas should be deval oped
and suitable moasures for its large scale adoption taken
to make 4t popular.

Large scalo tmeo and bamboo plantation should be
implomemtod to inorcase and renew thoso two ngtural



- i -

-

rosourcos which provide important buﬂding natorials
spocially for rural arcas,

Plaming of buildings should be rationalisod and standarde
fixod on tho basis of noods and rosources, subject to
thoir boing amenablo to changes, improvoments and modifi-
cations, to suit tho chonging neods, and affordeoility

of the users,

Latost manogomont toohniguos should be usod to onablo
implamontation of sohomes in minimun t4mo and loast
wastago of human and matorial regsourcos,

The building construction and matorial produotion tochni-
ques should be labour intonsive so as to Provide anployment
to the largoe labour forco aveilaile in most dovaloping
countrieos. This will also nced docentralization of
Building Industry and locating thom nearer to tho rural
arcas and mmall towns,

I

It 1is nocossary to tako moasures to motivate pooplo to
nobilise tholr savings for houso conatruction, This can

bo dono by moking dovelopod sitos availablo to then at a

roasonablo price,.

In all govornnent prograrmos of large scalo building
construction, suitablo building materigls and tochniques
doveloped by tho roscarch institutos should be adoptod

as nuch as possible,

Tho building codos and byo-laws as oxisting to=day should
bo modifiod so that thoy holp the adoption of appropriato

tOChnDle .

i




- vii -

Activo cooporation cid mutual oxchange of ideas with
othor dovoloping cb'mtrios should bo oncourngad,

Tho motto of building construction and matorial
industry should bo "ho maximm bonefit to the

noximm nuborst,




INTRODUCT ION

0.1, The three primary necessities of man from time irmemorial

have been food, clothing and shelter, Though the advancement of
civilization has resulted in many changes in the shape of these
necessities, yet their basic character remains the same. Social
changes, imdustrialization, religion ami the way of living, geographical
location and political climates have all had an influence on these

prime needs,

0.2, Out of these three prime needs, shelter comes last, This is
not surpndng,aa a human being has to have food and clothing first, to
survive, As observed by the Planning Cormission of India in its Draft
5 year plan (1974-79), "a large Iﬁroportion of the population has to go

without even the most essentlal needs of daily life, because total
national income, and hence the aggrogate consumption, is too amall
relatively to the enormous size of population and, secondly, the distri.
bution of this income is very uneven.” This applics more or less to

all developing countries. When the majority of the population lives
bolow or just at the verge of povorty line, they have to spemd as much
as 80% of their total incomo on food alone, Whatover is left is haxdly
sufficient for their needs for clothing and other petty needs amd

almost nothing 1s left for shelters.

D3, Tho most neglected and ths loast satisfactory arca of human
noeds 1s the provision of sultable sholter in a congenial enviranment.
Tho quality of tho cast majority of rural dwellings in the ESCAP rogion
has beon described as "usually small, insanitary, often in a dilapidated
condition and mado of locally availablo building materials that are

flimsy and non-durablas, The roofs are very low and windows,

.
————
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1f provided, are mall and inademate, on accownt of which rooms

are dark and damp,"™ The desoription can well be extended to the slum
Awellings in urban areas with the difference that gumny rags, tins and
sorap, wooden pisces from packing cases etc., form the building materials
and ths envirommental conditions are far worse due to over-crowdings

and poor, undeveloped or even low lying land gltos. A World Bank
Survey of priucipal cities in forty developing countrios showed that
moro than half of their population lived in slums and uncontrdllod
sottlomonts in seventeen citles,botween a third and half in 11 cities
and th§ remaining 12 oitios had less than a thiyd of the population.
1iving in slums and squatter sottlamonts, In a survoy of Kanpur (Inddia)
the total slum population is statod to have ingroased from 2,42,750 in
1961 to 5,60,000 in 1976, 57.5 porcont of the houscholds had only oho
room and anothor 25,7 porcont 2 rooms, 75.4 porcent of tho housos had
no windows and 80 percent no latrinos and 66.3 percant experinceu
wator-logging during rains, Similar conditions or oven worso could be

citod for many morc citios,

J- 3.1, Two factors are rosponsiblc for this stato of thingsi-

(a). Citios and motropolitan arocas have boon growing too
fast and 1 '1s boen impossiblo to construct houscs
end othor sorvicos ovon to moot tho oxisting backlogs
to say nothing of tho growing demand,

(b). 80 to 70% of the urban pooploe cannot afferd to pay
for ovon a minimum hcuse with approx 20 sq. motros

of floor arca. -

* Economic & Soolal Commission for Asia amd Pacific-Surwoy of
Rurel Housing and rolated Comunity facilitios in Developing
Countrics of tho Escap Rogion - Doc, 1976 pp. 8.




Oete An BSCAP Survoy gives tho following ostimtos of housing
noods for Asiai- ‘

gt ods, Asig, 1970-1975
million

ood arising 19701975 1975-1980 19801965
fron Urtban Rural Urban Rural Urban Rural
low Housaholds 4,88 4,71 5,76 4,89 10.68 4,55
Roplacomont - 2,03 7,04 2,08 7,04 2,05  7.04
1970 backlog  1.35  4.60 1.35  4.89 1,35  4.89 |
8,26 13.4 9,14 16.42 14,06 16,28

Oe4,l, In 2 study mado hy N,B,0.# 1t has boon roportod that in

Indir alono tho housing shortago (as por 1971 ocnsus) oomos to 11,8

.million in rurel areas and 2,9 million in urben arcas, Tho projectod

figuros for 1974 arc 11,8 million in rurcl arcas and 5.8 million for
thc urban,arcas té’&.dlling to 1646 million housos, If projocted furthor,
tho figuros for 1977 would be 12.1 nillion for rural and 4.7 million
for urban tho total boing 13,8 million housos. Assuming an avercge
modest cost of #3000 for a rural houso and R5;12000 for an urban hous?3,
tho financial roquircment works out to Ps, 3270 eroros whioh is an

oxtra~ordinary sum for any Govornmont to provida,

Dedel, Tha following tablo gives the numbor of porsons por romm

living in various sized housos:-

* Report of Development Group on low cost housing including
Min. Eco. 3pncificatims, P=13-14-19-20,




-4 -

CONGEST ID IN HOUSES

Size of {_ — Wm ;
household Igﬁﬂ. tm}m RI?L
e }'—_1961 } 1971 ] 1961 j 1971 i 1961 1 1971
L I

One roomed . 41.33  47.81 46,81  50.16 40.86  47.24
Tvo roomed 28,98 28,17  24.95 76,97 27.16  28.46
Three roomed 13,25 12,00 11,60  11.44 13,40 12,18
Four roomed 7,84 5.98 8.75 5,72 .72 8.0¢

Five roomed 9,50 5,94 9418 5.64 9,45 8. R

Sources ¢ (1), Indian Consus through a hundred years

(11), Census in India - 1971
Sorigl I - Iniis
Part IV B Housing tables

It would bo seen from this tablo that approximately threo-
fourths of the population are either living in one~roamed or two~roomod
housos. Tho uvérgge mmbor of rooms in a dwolling in iuiia is only
2,02 |

0.5, From the above facts, tho onormity of tho problom can bo well

roalized, Tho investmant and matorials roquired teo mect this housing
shortago are oolossal. Tho finahncial rosources of a majority of tho
hQouscloss or inadequatoly housod massos aro too moagre to build oven a
sodest houso for thomsolvos, Tho afflucnt soction of socicty is not
intorcstud in mass housing as tho roturns by way of rontal‘ arc poor,
Jbviously tho rosponsibilitics for providing housos for thoso soctions
of tho socloty falls on tho public agoncios, Tho possibility of finding

rosourcos to umdortako tho housing programmo on a mass scale has boon




oxplorod from time to timo, but it has not boon possibla to mobilise
sufficiant funds for tho pirposo, ' ’

0.6, Financial constraints aro not tho only hindorenco in tho way
of mss housing. Anothor wory importam factor 1s the scarcity of kay
bullding mtorials, Roallzing its importance, tho Working Group on
Bullding Matorials, Manpowor and Construstian Tochuology for the f£ifth
fivo yoar plan of Iﬂdia laid down tho following targots for th§ Bullding
Matorial Industry: .

1 Availability inyg Roquimmo:'rbs} Por annum compound |

197475 in 1978-79 ¢ rato of growth
}mm_iapd (%)
Briok 24,000 87,500 11,80
(Million Nes,) ,
. . [
Comont 18,00 27,00 10,70

(i11l4on tonnos)

Stool 4,00 6.90 14,80
(Million tonnes)

T imbor - 2,00 4,00 19,00
(Million ou.m.)

Sourco : Agonda for Conforonco of Stato finistors of Housing
and Urban Dowlopmant - Caloutta, Doc, 1976 - P,104.

0.6.1, Inapito‘ of spacial a‘hro-ss having boon laid for .tho production
and usc of local matorials, woridng of Building Industry in tho first
2% yoars of tho £ifth plan has shown that it continued to facs problems
of tho samc dimonsions amd scalo as in tho past, Furthor, tho housing
agoncios continmed to faco a varicty of probloms relating to orrptic
supply of bullding matorials and that, too, of indifforent quality, In
tho absanco of any significant improvomont in tho productivity and




cxpansion of Building Matorial Industriocs, tho discouraging tronds havo
sot in manifosting thomsolves to tho rising prices of koy building
matorials and rising construction costs.

04642,  Thc following factors can bo broadly classifiod inhibiting the
growth of building material irdustry in Indiai-

(1), Absaenco of an organiscd soctor oxcopt for oament
and BtGGl.

(14)s Lack of adoquate incontive for invostmont in building
matorial industrios,

)

(144), Dolay in making use of tho rosults of rescarch and
dovalopmont and oven urdor-utilisation of proven
building tochniques. There arc no agencies at tho
Central or tho State lovol which mako a concorted
offort eoithor to tramslato tho rcsocarch findings
into oommercial/industrisl schomos or promoto tho
uso of local, choapar or substitute matorisls or
rationalisod uso of building matorials,

(4v), Want of loglslstion prohibiting misuse of matorials,
(v). Scarcity of fuol 1,0. coal and powor,
(vi), Trensport probloms rostricting tho aroa of uso,

(vi1), Wido fluctuatipns in tho bullding activity in tho -
country ard uncortainty about markot,

(vidl), Want of offort on an appropriato scalo to prove tho
toohno=aconomic foasibility of same of the now

products and procossos,




(1x). Want of an institutional arrangoment te study,
monitor and solvo tho physicel and financinl probloms
of tho amall building matorial industrios,

(x)e Lack of standardisation in som: nowor mstorials,
0.6.3,  Tho building construction activity has groatly sufored duo

to all thoso constraints, In addition o fou more constraints hawo
inhibitod its growth:

t Nommavailability of lomd at coonamdoe pricos,
¢ Dolay in lamd acquisition,

t Managonont problems,

t Lack of sufficiont technical porsonnol and sldilod labour,

t Lack of knowlodge about the latcst matorials and
tochniquos dovelopod by tho rosearch institutions,

08,4, Unless all thaso oonstmin;‘.s arc overcomo by on all rowxd
offort, tho position will g0 on progrossively dotoriorating, Violonec
and Civil uphoavel may bo tho ponalty inflicted on thu socisty by tho
poor, for tholr being doprivod of onc of the bosic hunan noads 1,0,

housing,

0e7, A mumbor of offorts havo boon mado by Governnont of Indic
and various public organisations to ovorcomo thc problom of housing
shortago, Somc of thoso arcs

t Bank Finanoo on Housing Schurmos nt Low ratc of imtorost,
particularly for the coconamically woaker suction of
lOOiOty.




Difforonti-l ratos of intorogt on loans adwvoncod to

benoficiarios under socizl housing schomos.

Comoparat ivo Housing & allocation of largor LIC fums for

tho samo,

Establ ishmont of various housing agoncios 2ll over tho
sountry such as Housing Doards, Duvolopront Authoritiocs,
Rural and Harijon Housing Boards, Apax Co—oporative Fodorn-
tions ote. to promsto housing activitios and to malko
cvailablo chorp housos to public at o low rato of intervst,

Housing schomos for industrial workors,

Provigsion of housing facilitics to agod and old poreons,

working wamen, ond rotirod or rotiring Govornmont sorvants,

Sehoro for provision of houso sitos to landloss workors in
Mural arcas,

Provision of fums in fifth fivo yoar plan for production
of now bullding matorials,

Establishmont of public sactor undortakings for tho
product ion of such matorials,

Promotion of ruscarch and dovalopmont of now building

matorials and tochniquos by Providing funds to institutions
liko CBRI and SERC,

Opercting an axporimonmt.ol housing schom by the 11,B,0,
Logislation on Urban Land Coiling.

Conmtral schaw for intogratod urbon dovolopmomt in
Wiropoliton citics amd arocas of National Irportaneo,




-

¢ Scheme for slum clearance and slum improvement, with shift
of emphasis from the fommer to the latter,

t Setting up of a Housing & Urban Development Corporation
(HIDCO) for financing Housing Schemes, both for Rural and
urban areas and also for setting wp of bullding industries,

$ Flanning legislation by States and Preparation of Master

pPlans for cities,

Ce7.1, Ingpite of all theses efforts, the housing shortage contimies
to be aoute, The reasons are not far to seek, Tho unmprocendented
growth of population, the unchecked migration from the rurel %o the
urban areas and the increase in the mumber of landless lsbourcrs, have
far outpaced the. overall incroase in the housing stock of the country,
It 1is, thorefore, obvious thgt something more is neecded,

0s8.  In order that the available rosources may be utilised bost,
it 1s ossontial that "Grogtaest Bonefit to tho greatost number" should
bo the motto of the housing ami building policy, For aol'xiov:hg this
objoctive,it is nocossary to adopt such building materials and
construction tochniques as will minimiso tho use of scarce national
resourcos lilke capital, onergy and transportation systons and will
gonoerate more anploymerit.' For this it is cssontial,
t to ovolw':choapor building mataerials, wtilising locally
availablo raw matorials,
¢ %o ewlve cheapor and time saving building construction
tachniques,
t %o onsure that both tho now matorigls and new tochniques
should bo labour intonsive, particularly in Inmia amd

other developing countries where manpower is availablo
in plenty,




t To ewlve appropriate ' lamning techniques and house plans
at the cheapest cost, ‘rithout sacri{ying the minimum basic

requirements of the usars,

¢t to educate the profession and the industry in the production
and use of these materials and techniques.

0.8.1.  The building materisl industry plays a key role in achievement
of the economic and social objectives of a oountry, Over half of the
total plan investment in the fifth plan was to be spent on construction
alone, Over 80% of the total momey in the™donstruction sector alone was,
consoquently, to be invested on building materials ami ocmponents,
Improvement in the capacity amd pmdu&iﬁty of building material
industry oould therefore result in large scale benofits through cost
reduction and could even improve capital output ratio of other imiustriss.

0.8.2, It will be of great benefit to the overall buiiding oonst ruo-
tion activity if the industry cowld bo taken to rural arcas, Tho

bonofits obtained from the same are onumorated belows

(a). It will be casy to utilizo 16cally availablo rav -

materials at low cost,

(b)« Expondituro in transportation of materials to groat
distamces would be avoidod if small scalc industrios
arc ostablishod in the vicinity of construction
activity, .

(e)e It will provide incomtivs to tho rural ontarpronour,
with lov capital, resulting in providing job opportunitios

at home, which will check the migration from rural
aroas,




0sBe8s It can bo expootod that all thoso mossures will result in:

t cost roduction of buildings,

t lergo availability of suitablo mtorial‘a at cheapor

ratos,

t an ovorall improvoment in thu quality of lifa for the
rural and urban poor by providing him with job opvortu-
nitios as woll as a housc that ho can afford,

0.9, A lot has boon dono in Imiia so far towards achieving tho
abovo goal, dotails of which are given in thc forthooming chaptors.
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1.0, DENT IF ICAT ION AND GROUPING OF TRAD IT IONAL BUILDIMNG COISTRUCT ION
TECHIN IQUES
1.1, Those tochniquos can bo broadly grouped under 2 headings vis.

suitablo for urban buildings and suitablo for rural bulldings,’
1.1.1, Urban buildings can again bo grouped in two catogorios,

1.. '.1, High and middlov class rosidential buildings and othor gonoral
bulldings including officos, schools, hospitals, rucroational buildings,
factory buildings, markoting contros ote. Tho main eriterin in adopting
the various tochniques for thasc buildings has boon about their strongth
and appearanco with 1little rcgard to tho cost, Availnbility of matorials
has also played an important part in salooting tho suitablo tochniquos,

which aro 1listed bolows
- Raft, pilo or open foundation of R.C.C,
= Sproad footings in brick masonry amd limo concrote.
= Coarse or random roublo stono masonry,

= Brick masonry in comont or limo mortar for foundation and

supor structuro,
= ROC columns, beams and lintols or RCC fremod structuro,
= RCC roofs ladd in-situ,
= R.B, roofs laid in-situ,
-- Limo oonorotc or mudephuskn in roos torracing,

- Compnt plastor in walls amd coilings,
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= Plain C.C, or mosaic or tile floors,

- Water proof coment paints and distempers or simplo .

whito and colour wash,

= Glazed sanitary ang wator supply fittings sorved by
G.I, pipes,

- Flush or pancllod door shuttors of teek wood or othar

docorative or plain woods,
- Sal wood or rolled steel section door frames,

~ = Brass, aluninium or oxidised iron fittings for doors
and windows,

- Glazed superior quality wooden or steel wm°wi;' '
= ACC or G.I, sheet roofing, . .
= Terrasso floors and wall focings,

- Etc. F) th.

1.1.1.2, low oot Houses - Til1 recently no special materinls were
evolved for such buildings amd only the cheaper materizls of the above
“nunerated traditional building meterisls am techniques were being
used in them, -Only minor changes wvere made by providing the low cost
houses with plain C.C, or brick floors, finighing the walls with white
or oolour wash and using inferior quality of'door/window‘al'mttera,
with iron fittings, and also slightly inferior water supply and
sanitary fittings, '

1.1.2¢  Rural Bulldings - These can algo be grouped in two
ocatogories, |
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1s1.2.1. Permapent Struotures -  These include Pukks houses with RCC
or A roofs, which, so;netimes, may have A,C, or G,I, sheet roofing, In
othei‘ aspects the specifications are practically the same as for low
cost wrban houses, The rich farmers and land owners do construct houses
with costlier materials and techniques also, but their number is very
limitod, Basically the main difference between the costlier and oheaper
pormanent buildings in villagesis in the thickness of walls, heights of
buildings and number of s;.orays in the buildings (the oostlier buildings
aro gemerally 2 or 3 storeyed while the othors are singls storeyed),
Another difference is in tho finishing items arnd door and window
shutters and fittings.

1.1.2.2. Kuccha (Porishablo) Strugturcs - Tho bulk of rural constTuo-

tion, particularly houses, all ovor India amd in other devoloping '
countrios to0 gome wndor this oategory, The general specifications of

theso houses vary fron place to place dopending on tho local availability

of building matorials. Tho main speoifications genorally are:

(a)e Foundations
Compactoed brick or stono ballast with or without lime
mortar and sometimos using only mud as a binding matorial,
Ovor this, burnt or sun driod briok-work is usod, In

st1l] choapor buildings, only rammod ocarth foundations

are provided,
(b). Supor Stmgturg
This is mado with mud or sun driod bricks, somotimos A :

using burnt bricks also, partially or fully, mostly withe
out any plastor oithor insido or outsido,




(e).

@)

Anothor typo of supor structure is mado by bally oi'
bamboo framos oliminating the foundations for walling,
Tho walling is provided by thetch, palmyrah loaves,
roods or split bamboo jafry, plastorcd with mud and cow
dunz on both sides or protocted only by gunny ba.gs or
thatch. No lintols arc neodod for such walling amd
shuttors can also bo providod of tho samo material, If
md or masonry walls arc used, lintols are provided by
ballios, bamboos or planks of socondary spocios of
timbor, |
focta .

Those are gonerally aloping provided with bamboo/
bally fremos coverod by country tilos, slates, wooden
planks, palmyrah loaves, thatch etc. Somotimes flat
roofs arc made by country wood rafters, onxmod by
barboo, woodon planks, raods otc., which is again

covored by rammod carth,

frvicos .
Generally no electricity, water supply or sanitary

services are provided, In most cases a hand pump or
an open well serves as the source of water supply to a
group of houses, while open fields or conservancy type

latrines are used for attending to the sall of nature,

(o). Einishing

Finishing is done both for floors and walling by md
Plaster covered with ocow dung rendering, Somet imes
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floors cre provided in bumt bricks, which nmay also be
plastered with cement mortar, if the house=holior can
afford the cost, '

1.2, Regional Veriatlons

These gemeral patterne, both in permanent and perishable
struotures, vary from place to place, depending oni |

- Local materials,

- Awnailable skill,

«  Oultural and traditional valuos,

- Soc:'.n.&l ly‘l‘bm;

- Clinta.

It will be ocbserved that while the techniques used in urben
aroas mostly utilize costly and scarce building materials, without any
attempt to utilize locally available material resocurces, the rural houses
are oconstructed with local materials without any attempt to improve their
quality or to make them more durable, Thus the former is wasteful and
the other is substandard, Hence, the need for appropriate technology
to remove this anamaly.
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Chaptop = I
2.0, GENERAL OUTLOOK ON BUILD ING ConNSPT. IV DEVELOPING COUNTRIZS
2.1, The general outlook on design of buildings is effected not

only by the traditional values but also by a number of other faotors

such as
$ Sociowsconamic changes in th? soclety,
: Rising level of affluence.
$ Impact of alround progress in the ocountry,

s Impact of education,

2.1.1, All these factors result in increased awareness, which
heightensthe ambitions of the masses on the one hand, but also makes
them more adaptabls to new ideas, materials end techniques, Their
level of acceptability, needs and standards also changes. All these
factors have to be kept in view while developing the appropriate
technology, both for rurel and urban areas, |

2.2, mewm

The acute shortage of housing stock at present is being felt
keenly both by the Govormment and the public. All round efforts have
been made by the Government of India, the Sta'ta‘ Govermments and various
seni-Government and private ofganisationa to ove:ﬁome this problem of
housing sortage. Some of the steps taken have already boan emmerstod |

sarlier,

2.2.1, It is heartoning to noto that now it is being realised by
the Govermment and octher agencies involved in building construction,
Particularly in the field of housing, that, in view of the limitation
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of our resources, the cost of construction should bo reducod as mich
as poaéible. ‘Thera is an Qribneo\m impression in the minds of some
people that reduction in the cost of buildings also results in making
thom unsafe, unstabls or substandard, Actually it is not so, and it is
heartening to note that more and more people arc now gatting converted
to the idoa that they can construct ‘stmctura:lly safe and functionally
sound buildings at a lasser cost by adopting suitable cost reduction
techniquos and mate.z‘ials.' B 1s also boing reallsed thzt even with
traditional metorials, the cost can be reduced by proper plarming and ‘
selection of suitable specificationg, %

2.3, This changed outlook towards economy in building construction

has naturally focussed the attenmtion on modification in the standards
also. So far, the practice had been to fix the standards on the basis
éf 1deas borroved from affluent developed countries, However, it is

being inoreasingly realised now that the standards fixed for any
activity should normally be based on the needs of the users,

Re3e There is a considerable difference between needs and demands,
Jhile needs ocould be detei'mined on the basis of biological and other
measursble indices, the demand is essenmtially determined by the sconomio
status and affluence of the people to'be sorved, In developing countries
vhere our resources are very limited wve hawe to drastically cut the
demands and base our standards or norms acoording to our needs, While
'l;ho norns based on needs could be more or lass universal, these are
bourd to be differemt if basod on demand and would be highar for the
affluent soction and lowor for the nonmaffluenmt section, Again, though

tho concept of the noms is closely linkod with the nceds and demand s,
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yot it has also to bo related with.tho resources, tho technologies
aveilablo and tho soclal and othor considerations,

2.5.1. Norms by themsolves camot onsuro a particular quality of
1ife. The conoept of quality of life also is a relative torm. Conasider
a sottloment in any of tho developing country, wherc the basic servicos
are just not availablo., V1ll the provision of samo of those facilities,
though in a very rudinentary fom, not improve the quality of environ-
mont ? If so, what norm should bo followad for tho provision of these
sorvicos ? If wo accopt that bottering the qualitios of oxisting
onvirommont bo tokon 28 a critoria ther porhaps wo could arrivo at a

morc foasiblo approach to tho quostion of deciding norms for housing

a8 woll as physical, social and oconomical sorvisocs.

2.5.2, Honco, tho standards for buildings and sorvicos should bo
docidod as may bo appropriato to tho spocific circumstancos sonsidoring
the noods and affordebility of tho usors, Tho following broad
oritoria has to bo kopt in view whilo fixing thom:

t Tho stamdard and norms should bo accopteblo in the
country as a irholc,and amcnablc to modifications amd
. improvamonts subsoquontly,

4 Tho standards should bo such as would bonofit tho

largo soction of low incomo familios,

t The stondards can be bzsod on noods or domards or tho
rosourcas doponding upon thce spocific situztions,

: Standards for urban and rural arcas should be fixod
soparataly according to thoir gppropriatonoss for tho

sonccrnod arca,



2.4, G opt P ritics =~ Housing has not boon
gotting tho priority that it deservos in the country!s programme so far.
It is ixoa.rhenihg to note that in India this is now being realised that
building construction in gemeral, ard housing in particular, needs

grecter attantion,

2.4.1, ith the higher priorities allotted to the building construc-
tion, the following steps will be required for its successful implemen-
tat ion:

Ingcrease in the production of building materials in
the existing plants,

t - Setting up of new plants and industries for production
of additional building materials. :

] Setting of new industrics to produce new materials \
develeped through Re&D,

t Ingentives to entroprenocurs for going into ths produo-

tion of such now materials aml toechniques.

:  Enforemont of use of cheapor building materials and
specifications without sacrificing tho structural
stability or funoctional utility of tho buildings,

t Incontives to private soctor and affluent scctions of
socioty to invest morc and moro funds in buildings.

2.5, Rle of KD in Bvolving Nov Materials and Tochnlawos - It
ic clear that the R&D has a positive role to play to achicve those goals.
For tho largor construction activitics in tho country, wo havo tho

ovor-poworing constraints of financial and matorial rosources. Honco,




we have got to ewlve appropriate technologies for building construce
tion of all typos, suitablo to our presont day econany, The probloms
for each sactor will diffor' c.g. industria] bulldings, residential
buildings, schools, hospitals, marketing contres, rocroational cemtros,
officos etc, Similarly for rural areas different answors will havo to
bo found out,

2.5.1, Gonerally when wo think in terms of cconomy Ve reatrict
ourselves tu matorials and tochniques for congtruction only, But it
may bo amphasisod that propor physical §1anning also can reduce
construction costs to a groat extent, If wo can incrcase tho land
use even by 10 porcent, more land wili'be available without extra cost
for construction of additional buildings. Sizpilarly, the lengths of
the roeds could bp reduced by propor planning which will again savo
largo amounts of money mot only in tho construction of roads but in
the sorvicos also, In the oxocution itsolf roscarch sould be holpful
in providing menagomont techniques to save in labour and time which
ult inately rosult in cost saving. ’

2.6, dale of Govomnmont Programmos of Largo Scalo Bullding
Conatrvction and Adootion of Mo lateriale and Todulais - At
proscnt largo scalc building construction is boing carricd out by
various govornmontel amd quasi-govornmontal agoncios ospecially in
tho fiold of housing, It is, thorofore, vory vssomtial that whotovor
now matorials and tochniquos arc doveolopod in the roscarch institut.,
thoso aro utilizpd to the fullost oxtont by those construction agoncios.,
Tho privato soctor will also follow suit. If one Govornmont agoncy
zdopts such tochniquos, it will act as domonstration projocts for

cthor users,




Thus the Government agencies have to play triple roles

: | That of a pioneer construction agency adopting new
materials and techniques in their large mmtmction
Programes, '

: That of an agenoy to give feed-back to the R insgtitutes
on the materi,ls and techniques evolved by them; to
ident ify problems in the field, and semd them to
sesearch institutes for solut lon and advige,

! To act as demonstration agency for the use of these
techniques by the public at large.
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Chapter - III
3.0, BUDD NG MATERIALS TID'STRY 1M MDTA
3.1, Although Building Materials industry Plays a key role in the

achlevement of economic amd socoial objectives, construction agencies
in India ocontinue to face shortae;es and uncertain supnly of building
materials, This is essentislly due to absence: of an organised sector
in building materials industry ewcept for cement and stesl., 3Bricis
ard lime, wnich oonstitute two very important items of building
materials, comtinue to be in an unorganised soctor, Again, there are
no proper organised arrangements for seasoning and trectuent of

t inber,

3.2, A very large mutber of traditional building materigls are
avallable in India, and are being used extensively both in rural amd
urban arcas, Out of these, the items of steel emd cement being very
important for building industrios, thoy have each boen alloocated a
separatc sootor for the purposs of this oonferenco, s~nd will bo dealt
with in thoir respective soctors, Similarly ooal, though not usad
directly as construction material, is a very important item relatin;
to building aotivity, as it is ossomtial for burning bricks and clay
t1les, both of which are a very common and important building matorials

’

and will thorefore be dealt with in the smergy soctor,

3¢ 3. Apert from those 3 materials pertaining to tho soctor of
hoavy irdustrics, tho following are othor important building matorials
vhich are genorally usod in building construction:

3 Limo

t Flush door shuttors and othar factory mado door and




window shutters,
: Briocks manufastured by mechanised plants,
! Glazed earthen ware, sanitary and water supply ﬁttmgs;
: Electric wires and other fittings,
! P.V.C, Pipes,
! A.C. Sheets and cther A,C, products,
' R.C.C, Spun pipes,
: 3tone-ware and cast iron pipes and other fittings,
! }Doorn and window fittings.
! Steel windows,

1 Welded wire nesh,

Most of these materisls are manufactured in medium scale

irdustrial units of different capacities., Hovwever, dwo to the require-

uont of mechanical oquimment, power supply and large investments in
such production units, those cannot bo established at the village loval,
Thoy will need highor investment of capital and thorofore fow entre-
pronours can take up these industries for want of capital, Availability
of raw materials and tho existing demands for the materials will also
dotormine the locations for their establishmant.

3eds Mataxdals Basod on Sngll Soglo or Cottaze Industrias
Tho itoms that fall in this group are idontified belows

' Bricka
1 Limo
: Timbor procossing
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! Steel fabrioation
$ Precast building components
! Stone ballast and grit

t Verious types of tiles for bullding and decorative
parposes,

t  Roofing olay tiles,

iost of these materials are Produced near every district or
some important towns and sometimes even m.impozta;xrb villages: They
are mostly labour intensive and require comparatively less equipment
and mechinery and small investments, New entrepreneurs ocan tharefore
find a lot of scope in these industries,

%.5. Apaxt from the sbove traditional building materials o large
mmber of building materigls are avallablo as agro or forest producta
which have been extensively utilised in .rure] constructions, They are:

t  Timber (both primary and socondary speoies) and timber

wasto,
$  Bamboo
' Reeds
t  Thatah
! Pw loavos ”

5.5.1, Somo agro and industrial wastcs are also availablo in good

quantities which can bo oxploitod for ramifacturing new building
matorials, Thay aro:

H Coir wasto

t  Limo sludge
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s Fly ash

1 Cinder

s Slag from stecl plants
! Wood wool

' Sugar cane baggeua

s Rioce husk

s Saw dust,

3e5.2, It will be seen that items identified in the above two
oetegories have got much scope for utilisation in new building materials

and technigques, as thsy have not yet been fully exploited, On the
other hand, most of the items mentioned earlier are in extensive use

since ages,

3.5.3, R vill be seen thet most of the above mentioned materials
can be used both in the rural and urban soctors. However, certain
moterials are predominantly used in urban areas, while there is g
spacifio group of materials which are used mainly for rural buildings
and do not fimd a place in urban constructions, These materials are
either avallable locally in the natural form or are manufactured locally
from the available materinls. These include:

] Hydraulic lime fmm leankar cte,

¢  Ballies '
: B@oc

1 Clay tilos for roofing and flooring

1 Thatch
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: Palmyrah leaves
: Md.
3.6, Improvements in the capacity and productivity of building .

material imdustry could result in large scale bun;fits through cost
reduction and would even improve capital - output ratio of other
industries, through interlinkages. Conditions of buoyancy in this

- industry inter-alia promotes growth in complementary industries like
nineral industries, forestry (through baélwazd linkage effect),

[ Mirniturs, textiles, domostio applisnces etc. (through forvard
linkage effects), |

3.7 Inapite of all the efforts made in the previous plan periods
by the Governmut to iprove the production of the building materials,
the bullding industry continues to face problems of the samo dimension
and scale as in tho past, The construction agencies continue to be
faced with the variety of problems relating to erratic supply of
building meterials, T |

5-7.1.  Blaing Priges of Kev Bullding igtorisls - 4 fair idea of

this can be had from the following table:

Losada of Bullding Material Pricos in Iniia

Building materials ¥ Annual compound rate of growth - 1970.75 (%)
Cament ‘ 2.9
Steel 5.2
Sand 1.6
Bricks O
Tirber 4,1

Source : Agonda for conforence of Stete Ministers of Housing and
Urban Develomont, Caloutta, Doecember 1975,



5.7.2.  Blae Copstruction Cogto - Tho Msc in the prices of

bullding materials and Wage rates has naturally rosulted in the conti-
mdus inorcaso in building Costs, us will bo cloar from tho following

teblos-
Ltem I Per annum compound rate of growth botween
{ 197075 (%)
1, bhtamlﬂ 5.30
2. Labour 5,40
3. Managament 1,70
Total 3.25

Source : Ibig

57.3.  Shortage of MUAING fisterials - The Housing and Building

Sector continues to face this shortage of most of the building mator:lala
It vas amphasised by the Yorking Group of Building Material, Manpoirer
and Construction Technology for the 5th five year plan that to meet the
entire plan needs for this soctor, in the 5th five year plan, the output
of bricks should be stepped up by as much gs 13,500 million nos,
Sinmilarly, significant increase vas sought in the output of other kay
buildinz miterials, such as oomant (940 million tonnos), steel (2,9
million tomos), and timber (2.0 million cu.motres), Thos¢ targots woms
not enly not achievod, but the shortagos somtimiod to remain of
practically tho samo ordor as in the boginning of the plan,

JeTede - e lovels of Productivity - Because of Propondaranco of

traditional operational akills in the industry, the productivity has
kort at a low loval, Also, sinco most building matorial industrics
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are in the hands of a multitudo o small anterprises, not much offort
has been made to incroase the productivity to tho level so as to offsat

atleast the rising construction costs,

8.8, Eagtows Inhibibing the Growth of Building Material Lmlugtrv -
‘Those factors have already boon cnumerated in paras Q.6.2,0f this

report, A comprohensiw idea can bo had by idontifying tho intorplay

of thosa factors in each koy soctor of tho building matorial industry,

5.8.1. Bricks - Though much rcliablo data is not available on the

output of bricks yot it has beon ostimatod thet 99% of the bricks aro

produccd by the unorganised privetc sactor, Tho probldme faced by
the industry are:

"t Supply of ccal, wood eto,

t Difficulty in gotting land of a roasonablo quality
and at roasonablo prico.

s Inadoquato RiD offorts and inadoquato usc of tho
available RED rcsults to:

+ Produco bricks from low quality soil;
"+ promoto standardisation and quality in cutput; end

. offoct 8avings in cost of production b;” improvemont
in thormal officioncy amd using simplo brick
making machinos,

! Absoncc of stato and contral loval Agoncy to promote
ccordinagtod i:olicy on problems facod by the brick
:Lnduatry;

! Inadoquato fiscal and monctory support,



H Want of offort on an appropriate scalo to prove the
tochnoweconomic foasibility of somc of tho now products

and procossos.

3.8,2. ‘Tighor =~ Roalistic ostimatos arc again lacking about tho
availability of timbor as it 1is mostly producod by unorganisod soctor,
Yot, it is cortain that oxisting domands of timbor cammot be mot from
tho prosomt rosourcos. As a rosult of this shortage, maximum incidoneco
of pricc. incroasc in the construction costs has boon contributed by tho
rising cost of timbor. This has also resultod in scarcity of soasoncd

or trcatod tirmbrr, which at timos cannot be had at any cost.

Attempts made to use secondary species cof timber have yet to
take off., This is mainly because untreated or unseasoned secordary
species of timber is totally unsuitable for construction work, Thougb
about a hundred species of suitable secondary timber have been identi.
fied, adequate arrangements have still to be worked out, to supply the
secordary species directly to mejor construction agencies, amd for

seesoning and treatment of timber.

Since timber acocounts for about 11% of totel cost of building
moterials and 45% of timber goes to construction imlustry alcne, there
is need for developing appropriate technology for conserving it. An
integrnted pclicy to conserve timber by rationalising its use,to utilise
cny waste timber for producing other useful buillding materials, to
increase investment in affore-statlon programme, to ensure conservation

of timber resources, otc., is most essential.

3.,8.3., - Goment ond Stegl - Similcor shortages are being oxperienced
in thosc two important builiing materizls, The production as well as




—

transportation and distribution suffer irum sarious problems which will
aot be considered in de-ail hers, as they pertain to a separate sector
for the purpose of this conference. Yet, it is obvious that it will
be long before ve will be free of the various inhibiting constraints or
the production and distribution of ﬁhese two impoz'tax;t materials,
Hence, there is & very great need of developing appropriate technulogy
for using substitute materials in place of cememt anc steel, whiéh
should be conserved only for essentisl items vherc such substitution
nay not be possible or economically viable, There also, new techniguos
have to bo ovolved to minimise on the usc of these two scerce building

natoricls,

5.8, Same suggestions to overdome the above montionod constraints

ars givan below!

(1), A national policy is nceded for tho promotion of the
locally availgblc traditional building matericls zs woll
as for the adoption of new or alternative building

materials dovalopod through research.

(11). A suitablo legislation should b2 onforeed to ban misuso
of building matorials, as has alrcedy beon donc in

somo of the developing countriocs.

(111), Finanei:l allocations for construction sector in
genoral ond housing in particular should bo stabilised
to roduce the vicissitudos of the fluctuntion of the

narkot,

(1v), Tho production of building materials should be linkod

with tho construction programme of housing and dovolopicnt

-
N —
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agoncios, Also to onsurc aveilability of matorials in
the desirod quantitiocs for Mfi;ling the plan targets,
the 5 yoar plan of building material industry should bo
one stop ahoad of the construction ond dovelopment plans.

(v)e Tho brick und limc industrios should be listod as

priority items of small scaloc industry,

(vi), Tax incentivos for oncouraging building matorisls
industry should bo givon, Some inconmtives by way of
tex raduction and low transportation rates should bo
glven to construction agoncics also using locally
Producad and improved building materials,

(vil). To now ontrepronours intonding to take up production of
bullding matorials or components evolved by tho
roscarch institutos, rosulting in saving of mtorials
amd costs, incontives should bo provided by wuyv of
'financial assistonco at low intorost rates and with a
moratorium poriod for rofund, tax concessions, proforonco
in suppliocs of raw mctoricls, assurance of consumption

of tholr output ote,

3.19, In the following chaptors an attompt has boon mado to doseribe
“he appropriato bullding tochnologios and matorinls ovolved through .
R by various Roscarch Imstitutos in tho country and thoir rosultant

tenfite.
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Ghagter = IV

4.0, TRADITIONAL AND NEJ BUILD ING MATERIALS - DIPHJVEIENTS

THROUGH R&D AND T ECHNO-ECONOMIC FEASIBILIT IES OF PRODUCT DN
4.1, Many developing countries have set a high priority for the
establishment of new building materials industries for the ever growing
requirements of their housing programme., Some of the most sophisticated
technologies for the production of cement, bricks, A.C, sheets etc,
are belng imported from the desveloped ;xntions by a few more fortunate
developing countries, Hoﬁever, the majority is dependent on its
meagre resources to make best use of the locally available building
materials and improve upon the techniques and processes of the tradi~-
tional building materials irxiusfries suited to ocertain national standards.

‘It is in this field where the R organisations in India have worked

out a nuer of new processes and schemes for a variety of building
mterials most suited both to urban and rural areas.

4.1,1. A number of RD institutions are carrying out research work
at present in India on building materials and techniques. Some of
these institutes are listed balowv:

1, Central Building Research Institute, Roorkee.
2, Structural Engineering Research Centrs, Madras/Roorkoes,
3, Cement Research Institute of India, New Delhi,

4. National Envirommental Engineering Research Institute,
Nagrur,

5. Central Roed Research Institute, New Delhi,

8, Regional Resoarch Laboratory, Jorhat,

e A

N
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7. Imian Plywood Industries Research Institute, Bangalore.
8. Forest Research Instituts, Dehradun,

These research institutes are carrying out work on various
problems being faced by the construction agencics and the manufacturers

in various rogions of the coumiry,

4.1.2, The National Buildings Organisation, New Dolhi and its various
rural housing wings are helping in the extension of rescarch work done
in the various institutes through its various publications, studies and

reports and through the medium of news papors, radio, T, V. eto,

4.1.3. As a result of these activities, a largo nurber of materials
and techniques have been avolved by various laboratories. The main
objective behinc this has been to minimise the use of costly materials
like coment and steel which consume a lot of capital, energy and transe
portation offorts for their production and distribution, and to incroase
tho use of locally avallable indigenous matorials so as to conserve
capital, ocnergy anl transportation and to maximise employmont genoration,
Tho rosults of thosc activities have been encourazing and sorno new
mﬁtarhﬁa and tochniques evolved have-glroady found. largo scalc application
in tho field, Sams of than have alroady boon codifiod and Indian Standards
aro availablo for the same, A briof deseription of important‘ now
tochniquos and materials is givon in the forthcoming paras:
2. Iradivdongl Low Cost iktorials

Soil, thatch, bamboo,- tirbor, brick am stono are the main
traditional low cost building natorials, In most countrios usc of thaso
netorials has its own spocialisations, Howover, thoro oxists a 1ot
of scopo for improving the traditional tochniquos of soil stabilisation,
maling thatoh roofs moro durablo, fire rotardant, water-proofing
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of mul walls and making innovations in burmt olay brdck end tile
manufacturc spocially from hic;‘xly ghrinkablc black soils and morino
dlays. Dotoils of some of tho work dono by RiD organisations in this
fiold in Indig arc givon bolow:

4.3, Sof) Stabilizaticn

Stabilization of so:Lis, basod on cortaln solontific eovaluo~
tion of tho physical and chomical charactoristics neods moro attontion,
-Mad wall gots oroded duo to rains amd its proteoction by a choap 2nd
offioiont wrater proofing motorial has boon the subjoot of roscarsh for

many years, Whereas use of a low cost soil stabilizer to replace

osnent, lime or bitumen is very muoh desired, some training in the

'aoimbifio methods of making stabilized soil blocks or even rammed '
earth wall is also essential,

4.3.1. ‘Hgber-nroofing of Mud Valls

The CBRI has brought forward a technique of vater proofing
the mud wells by spraying a mixture of bitumen and kerosens, This
mixture can be easily preparcd and sprayaed on the mud walls by

unskilled workers using a sprayer of tho type used for spraying
ingectisides,

A drum containing 80/100 gredo bitumon is hoatod till 1t
melts, [orosene oil is takon in ancther drum, Thc molton bitumon is
added slowly to korosono oil ~nd vigorously stirrod, Tho mixcturo is
thon sprayed within the timo it romains fluid, A tochnical noto
(No. 14) publishod by tho CBRI desoribos thc tochniquo in dotails.
The cost is =bout R.1.80 por sqem. of the wall arca, and the 1lifo
against erosion by rains is inecrcasod by 2 to 4 yoars,




'103.2‘ S‘ t'

The CBRI has alac develored onc or two tyres of hand oderated
or mechanicelly opernted brick presses with capecities of 1_6@ _bri?k"lpe"_r:hour
'_a8d 250 bricks per hour respsctively. _The presses usually availsble on the
market hovo low production capacity and do not glve suffioient pressure
renquired for maling soil stabilized brioks or blocks, The pressas
which give about 100-200 :‘.,:/csm2 pms'sure are usually more efficiont,
Sceveral cowttries have shown keon intorost in laterito-lime or fly ash
_lime bricks hooausc of the low requiramonts of onergy and capital
investment in thoir production. Thcso prossus could be yroduced for
.1,00,000 to 1,50,000 a picce, |

4.4, mm;m

Attempta have also boon sugcossful in producing limo stabilizod
latorito bricks. Letorites aro found in‘ubunda.nco in nony aroas and
1% 1e tho only typo of s0il/rocl, in several parts of India, African
ccuntries and South America, The laterite bricks are only sun dried
and they give /et compressive strenzth of sbout 50-30 I’;/cmz. Similarly,
1ime -fly ash soil stabilised briclks can 2lsc be manufectured around
ti.eranl pover stations prpducing fly ash, A normal :ize 50 x 20 x 27 am
block of this type ot 28 days moist curing gives compressive strength -
of zbout 20-26 fy/em®. The CBRI (Indic) and SSRG (imdia) both have

studied the suitability of laterite as conventional agarogate for
zonerete,
a3, fublding Stone

Thare is o great histery and tradition of the systematis

~varrying and nse of buildini scnes. Stouss of proven quality such as
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sand a‘tc;noa, basalt, marbles eto. are however being consumed inidis.
criminately, One of the problems is to utilise the small pieces of

stone rejects, Two or three ways of utilisation have been developed
by the CBRI, One of them is stone masonry blocks - using odd shapes
and sizes of stones and a lean cement concrete mix, It is simpler,

more economical and faster to build with such stone blocks and this

jdea has caught good attention in several s‘tates of India as an

- alternative to the random rubble stone masonry,

4.5.1,

Silicecus lime stono rejects, on burning, give semi~hydraulio
lime, The a;.atg mine rejects and limo stone nodules found abundantly
have also a good potential for meking a hydraulic hinder,

4.5.2, Yechandsation of duarrving

Thore is a cass for further improvomonts and mechanisation
in quarrying, outting and polishing of building stonos and groator and
wisor uso of non-trﬁditional stonos, It will also effoct savings of
fucl and othor Tav matorials usod in tho manufacture of c.mont and

conorete,

4.6, Bagboo

Bemboo is abundantly grown in hot humid countrios, Thore

’

aro many spocies of bamboo.‘ In India, for axamplo, tho total production

of all specias is about 1,6 million tonncs. Only about 1/3 of this

production is utilisod towday, Thore aro sovoral spocialisod techniquos

of using bamboo all ovor the World, Thuro is a nood to survoy and |
collect all the rolovant information on tho availability and usc of
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Bamboo for rural housing, Tho Forest Roscarcl. Institute, Dehradun

(India) possossos invalugble infomation on tho usc of bamboo,

.4.68,1. Tho CBRI has boen engaged on tho studios of uso of bamboo as
a roinforcement in comemt conereto, Tho protrogtmonts of bamboo
ageinst noisture-swolling, docay and termita attack have also boon
abtomptod with encouraging rosults, Howovor, tho ovorall durability

£ such bamboo roinforcod slabs has yot to bo asccrtainod, Roglonal
Rosoarch Laboratory (Jorhat) has also workod on tho usc of bamboo along

with comont mortar for roofing purpeso,

4.7, Sgcondary Spocdos of Timber

In most dovoloping countrics timbor is costly and first

alass timbor is ~ostly usod for lwary housos, It would bo a wiso
deoision to uso as much aocoxﬂaryipocios as possiblo and avoid wastoful
and indiscriminato usoc of costly first _class timbors,

4,7.1. Soasoning cost involved in tho use of socondary Spociés of
timbor arc cormon problams, Thc CBRI has dovelopod a solar scasoning
kiln in which timbor likc mango (magnifora indica) and jaman (syzygium
cumini) havo boon succossfully soascned thus olininating uso of any fuol
for stoam socasoning, This kiln is mado from a timbor frm;) and glass
shoot govarings. Tho soasoning is about 50% quicker than tho nomal
alr soasoning, Thé Farest Roscarch Instituto, Dohradun has also
dovolopod a Solar soasoning kiln, These should find a wide application
in those dovoloping countrios whoro sun is plontiful,

4,7.2. Cutting and sawing of tirbor produco about 40% wastos of tho
wolght of the original timbor. 4 substantial anount of wasto as
branchos and loaves (pino noocdlos) ote, are just allowed to docay in
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the forosts, Thiro is a groat scopo for systumatic colloction amd use
of such timbor wastes, some of wialch coculd also bo used to produce

uwood basod panel products. The Indian Plywood Industrics Rescarch
Institute, Bangaloroc (India) has dovelepod an oconomicel roofing systom

using wasto vencers,

4,7.3.  Wood Comont Producte

Wood cement based products can be produced in donsitiea’
ranging from 300 to 1300 Kg/ms. Such boards are much cheaper thon the
wood particle boards bonded with U.F. or P.F. resins which are imported
in many countries, Wood~trcol ’boards 1s one such type of cement bonded
penel product, The CBRI has de-;relox;ed a low capital scheme for making
such boards and has also identified cheaper snccies of timber from
which wood wool ocould be made at a production cost of Ps.8 to 10 per !

8q.0,

4.8.  Cair Fihre Gepant Board/Shostg

Development work has beofz.oomi:loted in the CBRI in the
utilisation of ooir wastes, rice husl, ground nut hulls cte, for making
bourds. Such waatég are nov becoming more and more avallabls with the
development of agroeindustrial comploxes. Table 1 gives propertiocs of
ooir fibre cemont bomded building boards, Those boards could ba uscd
as infil panels for timber or XCC or notal frame structures, as
pormanont shuttering for concrete, eroction of free standin: ard sound

proof pertitions for false coilings as woll as roofs.

4,8,1, The CBRI has also developod a roofing shoot (Table 2) made
of colr fibre wastes and coment, Tho shoots can be usod for scnle

permanont roofs in tho same way as A.C, shoot but costs only half,
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Thago shoots hivo bosn glven a choap wator-wogth.»r proof coating,

thich nas about 10 yoars of lifs, Thuso shoots arc mré impact rosis-

tant and thermal insulating than 4,C, Shoots,

This industry could bo

sct with an invostmont of about %,0,2 million to produco about 100

roofin; shoets por day.

(1),
(2).
(3).
(4),
(5).
(8).

(7).

(1).
(2)s
(3).,
(4).
(5.
(6).
(7).

fakle

EILXSTGAL PROPERTLS OF COTR BUTIDING FAEL

Sizo (om),

Bulk donsity (k/ms).

Taxturo

Hodsture ;bsorptit‘:n (%) (24 hrs.)
Bo:ding strongth (3/on?).

Thormal insulation

(Ral/m“/h/c°)
Sound absorption (MRC),

300 2 100 x 5
800 - 650
Smooth

10

'9.5 Zor 5.0 on thicknoss

0,082 to 0,090

0.32

. Iablo 2

EISICAL FROIRTT.S OF CORRUGATED ROOPTIG SHIZ

Pitoh of corrugation (mn).
Do;;th of corrugation (m).
Longth (i),

Broadth (m),

Thioclmoss (rm),

Hotgnt (W/a®).

Jator absorption (24 hr) (%),

oid=comet Al
145 146
45 48

1.5 to 2.0 1.5 to 3,0

1.0 1,08
” 8
11.0 13,0

140 25 (max. )
(with watorwproofing)




(8), Breaking load Coir-cement gives equal strength
&% 0.6 m spacing es compared to
1.0 m spacing of A.C. sheet,

(9). Thermal zlnstﬂation, _ 0,09 0e24
(K Cal/m°/n/c°)

5.9 Corrugabed Ashaltic Roofing Sheets

Asphaltic roofing shests are now being produced in several
aountries but their 1ife in tropics is very siort. The CBRI and
R2L (Jorhat, India) have developed a more durable type of asphaltic

| paper board rcofing sheet with an expected life of about 7-10 years.

This sheet would cost about 1/3 of the A.C, sheet, The commercial
production of this sheet has been liconscd to a varty in India amd in
Fhillipine,

4,10, Saw D

Sorel ocement or magnesium oxychlorids cement 1s generally

used for railway coach floorirg. It is produced from magnesite,

magnesium chloride and fillers. A technique to make oxychloride cament
tonded saw dust door and wirdow frames has been developed by the CBRI

and a large number of such frames have beon used in the houses construc-

tod in Amedabad, & large industrial town of India, Those frames are
being sold at about 40% loss cost than thc first clsss timber frames,
The frame cen take good impact, can be sawn; na.:l.'!;cd, can bo ropaired
by patching and 1s froc from the attack of tormito, However, thoso
frames requirc propor painting rogularly cnd should not bo used in
fully oxposod conditions,

|
v
e
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4,11, Flzoe Proofing of Thatoh

Tho CBRI has dovolopod two typos of matorials which on
inprégnation or spraying mako a thatch firceproof., Therc has becn a
success 1l demonstration of thoso matorials and a ‘Eochnical noto publish.
od by tho CBRI degcribes tho method in dotails, The usually aveilablo
di-emmonium phosphato fomms tho basis for formulations of those firo-
proofing matorials, Plastering with bitumon st-abﬂised mud both insido
and cutsido of tho thatch roof also rendors it firc rotardant.

4,12, Clayv Br 3 T41o

Tho uso of burmt clay bricks and tilos is an ago §1d tradition
and is proferrod for low cost housing in many rural and urban arcas.
But bricks and tilos arc gotting oxpunsive due to high cost of the
fusls usod, Attompts thoroforo have boon made to produce good bricks
and tilos in morc officiont kilns with lowor fual consumpticns, Tho
clay flooting tilos arc boing usod for wator proofing of tarraces ard
cost Bs,400-500 por 1000 tiles,

4.12,1. Tho non-availability of good soils for making bricks is also

a problam, Thc CBRI has dovolopod scovoral tochniques to improve tho
quality of bricks from traditionally umsuitablc soils such as bmlack and
rod solles and tiles from alluvial soils, Theso tochniquos havo boen
used on commoroial basis in many parts of India. The 'Grog' (procaleinod
clay) as an admixturc in black soil has boon ospocially adoptod widely,
Tho Instituto has also dovoloped a high draught brick kiln costing about
"e0a2 millions which consumos 15-20% loss coal than tho usual bullts

zilns, Recont trizle in tho uso of admixturos such as fly ash with soils,
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and firing tho bricks with agricultural wastos 1liko rico husk can show

a now approach for small scalo menufacturo of burnt clay b_ricks and
t1los with considorablo saving in traditional fuols., The work of C3RI
on making day-Qy ash bricks ocan to a great extent solve the problem cf
disposal of wasto fly ash, Fly ash could also bo vory usofully
utilisod for making fly ashesand-1imo, typo bricks..

Imdia producos and oxﬁorts vory gnod quality Hangalore
pattorn roofing and flooring tiles. Small or large soalc mamufacturoc
of thoso tilos aro carriod out as most of tho plant and machinory arc |
indigonously availabla, |

4.12'2; 8 (o) . ?

Highly mochanisod brick plants have not proved very succoss-
ful in many countriocs booauso of lack of.wall trainod peoplo to operato
tham, Such plants aro also vory costly. Attompt should thorefore be
nedo to dovalop simplo machinos, which may bo owvon portablo, for meking
prossod brioks. A mmbor of so callod difficult or unsuitablo soils
whon prossed and fired make good quality bricks, Tho CBRI has devolopud
a sani-nochanised brick making plant roquiring a capital invostmomt of
abaut n;; ono nillion as against fs.5 to 6 millions for a fully mochonls—
od plant. Tho machino modo bricks givo high strongth and thercfore
can bd roadily usod in load boaring singlc brick thiokncss walls for
3 t6 4 storoy bulldings in uwrban arcas. The CBRI brick making nachino
has 8o far boon adoptod by about 15 brick runufacturors in India,

4.12.3. Sond-Lino Bricks

Sand-limo bricks could be an idoal ncw matorial in many
parts of tho wost and S.E, Asian countrios whore sand and limo arc
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chosp. Limpesilica collular conecroto is another natorial umdor this
catogory, Sincc such plents aro fully autonatic ond can run round

th> yoar, thoy are thorefore suitablo for urban aroes douanding pro-
fabricotod construstion. Such plants aro slso cepital intonsivs costing
around 5,10 million, Those motorials oro now being incroesingly usod,
Horover, carceful planning and docision is roquirod about sotting up
industriocs to produc§ theso matorinls, Comploto tochnologzy is aveilablo
with W, Germany, .ngland, Poland and tho USSR,

4.13, Lioe Based tiasonry Cougnbs gnd Plogtors

With tho advont of comont limc as a buildirg aatorial hcs boon
practically forgotton, Its uso is discouragod by many ongincors on the
grounds thot it is not availablo roadily and its sloking ote. roquiros
roro timo and labour, ’l‘homl is nov a common practico in adwmncod
cowittrios to mrrkot roady nixod dry limo mortars which could bc usod
only with the addition of wator. The CBRI has Proposod several line
based ready to uso matorizls somo of which arc 1 (1) Mosonry caorent nade
fron a nixturc of wasto limo sludge fron sugar or papor nills and
conont, It gives comparable strength in 1:5 mesonry cement-sand mix as
against 1:6 comentesand mortar with a saving of 40 to 48%; (ii) Rapid
setting lime-pozzolana mortar and plasters - based on lime kiln rejects
and locally available ashes etc,, (iii) Lime sludge + Rice huak cementi-
tious material and rice husk pozzolana - a very suitable and cheap
binder for rice producing areas, Almost any pozzolenic materiel such
as fly ash, cinder, burnt clay, brick surihi, kiln ashos, fuel ashes,
rice husl ash etc. could be usod to prepare the lime based dry mortars
“hich showld find good application for 1 to‘2 sﬁorey buildings,




Industries are now being set up in many perts of India to produce
standard quality lime-pozzolana mixtures, |

4.14, . - Copentit i

The CBRI has developed a cheap binder by burning waste rise
husk and the lime sludge thrown out of sugar and paper industries.
No extra fuel other than rice husk is required, The techrigue is also
quite simple. The cakes of the mixture of sludge and husk are dried
in the sun, After burning and grinding they give a fast setting grey
colour cementitious material, There is substantiai economy if this
binder is used in placo of cement or lime, This material is also
suitable for brick masonry mortar and Plaster and foundation oo;xoru_te
(Table  and 4), There showld be no difficulty in g:opuluiain'g the
namufacture and use of this material for low cost buildings even in
remote rurel mu.‘ This binder can bo produced on small soale (10 t/4d)

with an investment of 15, 0.2 million, - 814 lor studies hove bem orx—ied
out by RRL, Jorhat who have also m:oeqsmuy nade r.lgo husk ash ocat.

iablo 3
Coarsely ground. mterials

Surface arca 2600 omz/g (Blaines).
Comprossive strength of mortar 3 10 k/omz

(n‘! IP’ B)o
Finely ground matorial

Surface area 8000 omz/g (Blainge )

Jomprossive strength of mortar : 70 ky/om?
(L, P, 1)
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Finsly zroumd material;
Surfaoe area 8000 c:nz/g (Blaines)

Compressive strength of mortar : 5o Vonz

(1:8)

Setting time:
Initial 60=70 mimites
Final 480~600 mintes

4.15, ldne Klns and Hxdrators

The CBRI has developed severel designs of lime kilns ranging
from 8 to 15 t/d capacity production, Such kilns constructed in brick
of stone masonry with fire brick lining cost l.85,000/= for § tonnes/
day and 13,75,000/= for 10 tornes/dey kiln, 1

The CBRI design - Iime hydrator = g § tier seni.mech,nised
nachine produces 10 tounes lime/s hours and it costs 1.50,000/- inolud-
ing a small bucket elovator,.

416, Slag Canents and Portlad Porsolane Gonante

The constraints on the cost and availability of portlind
cement must bo taken: into gocourt in the overall planning of low cost
housing, Attempts are boing made by many countries to set up thoierwn
coment imdustry, Simultansously more and more blendod cements such oz
portland pozzolana cemont, portland fly ash osment and portland blast
furnace slag cement should also be procduced, All thoao cements utilise
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waste nateriels as substitution of portland cement from 20 to 50%

and as such there is an increasing trend in the utilisction of the solid
wastes effecting overall saving., CBRI has developed a special method
of proportioning fly ash-~emént—concrete for 20% replacement of cement,

4.16,1, Mines and mineral Processing industries such as beneficiation
of gold, oopper, zinc, iron amd aluminium ores throw out enormous
quantities of vory fino siliceous and dolomitic wastea, Thuse wastos
cer bo utilised in making masonry morters, fillers for conocrete hlocks,
flooring tiles oto. The (BRI has givon severnl rocomiendat ions on the
ut ilization of such wastes,

4.16.2, In phosphoric acid, hydrofluoric acid and smmondum phosphate
fortiliser industrios, gypsum is thrown up a3 a waste material. The
CBRI has shown that this waste can bo utilised succossfully for a
choap plastoring matariel as vell as to produce supor-sulphated oenont
which usually has e combination of 70% gramilatod blast furnace slag,
15-25% vasto gpsum amd 5-108 portland cemont, Alumina, rod mad westo
from elminium industrics, could also find uso in blordod comonts to a
cortain oxtent, Murthor work on tho utilisation of phospho=gypsun
rolatos to tho devolopment of bonefioiation procoss to upegrade this
waste grpeum and also a kottlo calciner for making gypsun plastor.

4.17, dgregatos - Avanabﬁity of stono aggrogatos in ocertain
parts of tho dovoloping nations is o problam, Tho now sourcas for
oggrogatos must be tapped, tho chiof among which aro (a) alr coolod
and foauod blast furnace slag - an axcollont umatorial for concrota,
(b) ecolliory wastos as light weight aggrogato for making comorate
blocks, (o)l slag wastos fron foundrios and nini steol plasts,




(d) manufactured light-waight 2ggregntos - by bloating or sintoring of
vator works silt or fly ash, (o) stono nining rejoots and (f) latorite
stono rojocta, slato and shn.lo wastas. Tha CBRI has also dovelopad a
simplo fluidized kiln for making axfolisted wvarmiculito fér usoe in hoat
insulat ing plastor,

4.17,1. Utilisation of the above mentioned materials would greatly
solve the problems of aggregates in places situated far avay from stone
quarries, In many cases the evaluation of these typea of aggregates
‘has already been completod by the CBRI and pilot plants have been set-
up for routine evaluation and reports on the suitability of various

raw materinla. However, in most countries light weight concrete is
econamical only in multi-storey constructions and for this reason the
186 of 1ight weight aggregates is so far vory limited in Iniia.

418, Techne-Foonamdo Feapibility Reports

- A number of now mtorials ment ioned above have been extonded
to cowroial manufacture, Project proposals have been worked out by
the GBRI for these techniques., The proposals contain tho roquimrhntl
of equimnt.‘, machinory and othor inputs and opcrating costs ste, to
heip tho ontroprensur in working out the economics of thoir production,
Same of the processos for which projcet proposals havo boon proparod

aroc givon telows
(1). Manufacturing of axpension joimt fillor from CNSL.
(2). Production of sintorod aggrogato from fly ash,

(3), Building limo from sugar pross mud.,




(4).
(5).

(6).
(7).
(8).
(9).
(10).
(11).
(12).
(13).
(14).

(15).

(18).

(17).
(18).
(19),

(20),
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Production of Particle board from cocomt husk,
Gypsum plastor board.

Production of bricks by & somi-mochanised procoss,
Firo Rosistant Building Boards from coconut pith,
Good bricks from black cotton soil,

Good bricks from red murrem soils,

Now formulation of coment paint,

Water ormd woathor proofing rosin composition,
Bloatoed cl,y aggrogato.

Enginooring bricks/paving bricks/a.oid rosistant bricks,
Oemort coconut pith conercto for thormal inaulafv‘on.
Gomeral puposo and hoavy duty flooring tﬂel from
magnosium oxychlorido ccmont.

Proparation of partially caloined dolomitc magnosium
oxychlorido comont comp: sitions, ‘

Firo Rotardant imprognant for wood,
Corrugated roofing shoot from coir fibro and comort,
Corrugatad Asphaltic Roofing Shoot,

Manufacturo of activatod Lime Pozzolana Mixturo,
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5.0, APPROPRIATE CONSTRUCT ION AMD PLANNING TECHNIQES
5.1, The huge requirerent of buildings in all the developing

cowttries calls for all out efforts in nobilising the required resources
and in developing appropriate building techniques and systens taking into
account the technological developnent, the skills and the materials
available in the countries, As capital available in India is linited ani
nan-power is plemtiful, it would be nore appropriate to go in for namial
netheds of construction, However, there i1s a good deal of scope for
bringing about irprovenent in the conventional methods of construction ‘
and naking then rore productive without excessive use of capital and
energy. The main ain of research in construction techniques has, there-
fore, boen to develop such inprovements in construction techniques which

will ninimise ﬁho use of expensive naterials like cement and steel and
will inprove the q;nlity of work and accelerate the paoe of construstion,
Keeping these aspects .in view, acme of the techniques doveloped in Indig
are described below:
5.2, Foundations
S.2.1,  Undex-reampd Piles

Theso are suitable for sitos with heavy filling, high wator
table or having black cotton soil (expansive 3011) or loose sandy soil.
The percentage saving in foundation cost conpared with trad;ltional
foundstions range fronm 20 to 50 percent, These arc useful for variogs
types of structures sich as m‘lltiatomyed bulldings, storage tanks,
transisaion 1ine towers, These hawe been successfully adoptod on a
largo scale in India and have also boen used in other countries liko
Dubai etc, These have also been codified and 1.5,2911 (Part III-1973)
doals with underw-reaned plle foundations,

S.2.2,  Bored Compaction Pilos

Theso are in-situ conorote piles in which the ccnpaot ion of
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the conorete as well as of tho surrounding soil is effected simulta-
neously by driving in the reinfomen'nnb cage through the freshly laid
concrete. The compaction increases the load carrying capacity of the
pilos by 50 to 100 percemt over normal piles. These are particularly
suitable in loose to.mediuun sandy and silty strata with or without
vater tablo close to the ground surface. These have boen adopted on

a largo number of projects during tho last $ive yearé and have resulted
in an economy of 30 to 50 percent compared with conventional types of
foundat ions,

§.2.3.  Hvmarbelds Paraboloid Ruoll Foupdations

This is formod by a streight 1line noving in a direction

which results in easily adoptablo structural form work for providing

- footings of columns, This is suitable for four and above storeyod

framod buildings fourdations in caso of soils having poor bearing

capecity, It providcs an economy of 10-15 percent against conven-
tional RCC footings, |

5.3, Walling
§.3.1.  Single Brick Thick Load Hoariog Valls

Tho wall is dosignod liko any other structural elemert ond
B 1905-1969 code of practice for structural safety of buildings -
Masonry walls, provides adequate data for the design of wall thickness
taliing into acocount the strength of briclk and mortars, With bricks
of 10'5 :{:/omz a large mumber of four storeyed residential buildings
have been completed with single brick thick wall in all the four
floors. This has resulted in red.cing the cost of walling by 20-30

percent,



5.3.2.  Half Brick [ogd Bearing Ualls

For buildibgs of small heights and 1ight loads, half brick
thick wall as load bearing has been adopted recently in a number of low
cost housing projects, These walls are, however, not very suitable for
external locations from the point of view of thermal insulation and
resistance to rain penetration. A half brick thick staggered wall is

structurally adequate for normal residentinl buildings of even upto
three storys.,

5.3.3.  [Precagt Stone Masonrv Elogi Wolllng

For areas where stones are available, a simple technique of
profabrication making use of stone spalls upto 15 om size armd lean
conocrete mix of 1:5:8 cement:sand; stone aggregate 10 mm and down lima
been evolved to make blocks of 30 xm x 20 an x 15 om nominal size,

Tho aversge compressive strongth of such blocks is 70 i/om® and any
othor desired strength can be obtained by suitably modified mix
proportion, Load bearing walls of 20 cm thickness have been succoss—
fully adopted for three storeyed residential buildings amd 15 om thick-
nass for double storey small residenticl buildinzs., This technique
savos in consumption of materials, increasos i:roduotivity, require

loss siidllad labour and providos an economy of over 20 percent against
conventional random rubble masonry, This 'has been successfully adopted

in over 1200 houses in various parts of the country.

5.3.4. Yo Fines Coporete Hlocks

In several areas sami is not available and has to be trans-
ported from long distances, For such areas no-fines concreta blocks

of 1:10 cementsaggregate in 30 :t 20 x 15 om nominal size have beon
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produced, These blocks have a compressive strength of 35~40 chz and
can be used for load bearing walls in single storeyed buildings and
as filler blocka in framed construction,

5.8.5.  Hollow Conorete Blocks

These have been used in load bearing walls for buildings
upto two storeys and mechinos to produce such blocks are being mado

in the country, Theso have also boon used as filler blocks in framod
build ings,

5.5.6.  Cellular Conorete Blooks

Lime flyash blocks and cellular conorate blooks are being
produced at a fow placos and have boen used for load bearing amd non-
1oad bearing walls, '

5.5.7.  Lapge Panol Prefabricstion

Industrialised methods of construction adopting room size
vall and floor/roof panels havo boen widely edopted in wostérn
countrios as those savo in labour hours and construction time, The
Contral Building Rescarch Institute, Roorkoo has carried out resoarch
stuiies and for the production of large panels battory casting
techniqus with conorete moulds has been porfoot'ocl. Studies have also
been made for Jointing techniques and typical details for joints
between wall to wall, floor to floor ond wall to floor have been worked
out, The S,E,R,C. has also done good Work in development of large
ranel prefabrication, Multistoreyed construction of houses and othor
bulldings using large panols has been adopted at Delhi, Bembay and
Madras. Howewver, in all these, it has been found that the initial

—
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capital invostment required for production, transportation amd arection
is qu;i.te large, amployment potential is much loss and tho consumption of
scaroe materials liko cement and steaol 1is - comparatively higher.
Purther tho walls with RC panols aro thermally inforior as against one
brieck thick wall, For tropical climate, thoc walls have to be provided
with sandwitch pancls which mako the cost oxhorbitantly high. The
walls arc also not very suitablo for fixing or nailing uwtility fixtures

from timo to timo. As such this has not found much uso in this country,
5.4, Roors and Windowa | \

5.4.1.  Secondary Spocdog of Tigbor

A uumber of socondary species of timber have been found to

be satisfying the needs of bullding construction and these should be
seasoned and treated before using then,

2, 31e'0 :4

A procoess of moking door and window frames using megnesium
oxide pover, magnesium chloride, marbla, or dolomite powder and saw
dust as filler has been daveloped, These fremos compare well in cost
with timber frames znd the shutters can be fixsd with hinges and wood
scrovs in the same wey as on any timbor frame, These can be casily

arocted at site and painted, '

Reda3, +eo )

Thosc can bo made of anglo iron or M,S, flats. A siza of
40 x 30 x € £m  4s suitablo for shuttors of 30 mm thicknoss,
Sedyd, R.C,C, Frames |
Theso aro of 6.5 om x 8.5 on sizo and hawo 3 bars of € mn 4da
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with 3 mn wire tios at 15 cm on cemtros, For fixing shutters,helical
spiral of binding wiro or aluminium tubo throaded insids arc placod
during concreting, Por lov cost houses thoso may be used as thay aro
slightly cheaper but these have tho limitation of odgos boing chippod
off,

5.5. Lintols
5.5.1,  Elat Brick Arches

These aro suitable for small spans and consorvoe stool amd

comont, 1

5.5.2,  gtong Slsba

T somo parts of tho country 1ike Rajasthan,Stono slabs of
suffiolont thicknoss axd longth aro availablo, Thoso aro used as
limol.o

5.5.3.  Thin Procagt R.C. Lintala

Thero is a composite action botwoon R,C. lintol and tho
brick masonry on top anmd as such lintols can bo designod on tho
principle of plinth beam. It has boon tasted and scon that for open-
rgs uwto 1.8 m, 7.5 om thick procast lintol with 3 bars of 10 mm dia
and 45 o brick masonry are sufficient, For spans between 1.2 to 1.8 m
limtel with only 2 bars of 10 mm dia placed centrally ond having brick
masonry of 30 om on top of lintel are adequate, The precast lintel
should be propped till the brick masonry laid above attains strength.
The bearing of the lintel should not be less than 15 om.

5.6, Becling

5.8.1.  Amh Roofing
(a). Before the development of reinforced concrete slsb, the



jack arch roofing was adopted with R,S, jolsts on a

" large scale, The 3S joists can be replaced with precast
R.C, joists and it saves in cenent and steel,

. (b)s The CBRI has also worked on precasting the brick arch
panels of 120 cm x 50 @ x 7.5 cm which can be placed
between precast R.C. Joists, This eliminates the shut-
toring and saves on cost,

(c)s Work has also been done to lay brick arches with a
oamber of 5 = 7,5 om using gypsum mortar in between
precast R,C, joists. In this also no situttering is s
required as gypsum mortar sets quickly and holds the

brick in position, This technique is to be adopted in
areas wheres the rainfall is scanty as moisture should

. not come in contact with gypsum mortar.

For roinforoed brick slabs, bricks are arrangod with gaps
between tham on the shuttering and reinforcement is placed in the gaps
in both diroctions, Cemont mortar 1:3 is then filled in the joints,
The brioh take the comprossive stresses and doponding on tho span the
olab thickness varics from 11,5 am to 15 om, Tho bricks should not bo
loss than 105 !.;/cm2 and should bo froo from salts with low wator
absorption, This tochnique is udoptod in Yttar Pradosh whors good
quality bricks aro availablo, Tho oxpericnce irdicates that RB slabs
last only for about 25 yoars as tho roinforoamont starte gotting
corroded, This tochniquo is not suitablo for coastal arocas,
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- The improvement ovﬁr the RB slab 1s to have PEC slabs. In
this case the bricks are laid on the shuttering with gaps of 3C mm or
nore ard after placing reinforcement, 1150 concrete is f1lled in the
joints and also a deck concrete of 30 rm or more is laid all over the
bricks with distribution reinforcement in both directims. In this
case bricks act as filler blocks and canressive stresscs are taken
by concrete. 1In this case also bricks should not contain salts and be
of loss water sbsorption to avoid corrosim of reinforcement. This
has been adopted in large scale housing by the U.P. P.".D. and U.P.

Housing Board as it saves in cement and also in cost.

5e8e2e10

In this, bricks are arrenged flat in a timber mould of

internal dimensions (56 on x 104 am) and this size of the mould has
been so made that 16 bricks are lalde Two 6 mm dia M.S. bars are
placed as reinforcement in the outsar joints and all the joints (2.5 an
wide) are £1lled with ¥-150 cancrete. These penels, after curing, are
lifted and placed on partially precast R.C. jolsts which are spaced
st 1.2 m ontres and cenent sand mortar is apolicd on sides of the
panels whils placing them in position. Tempereturo roinforcement of
3 mn dia wire is placcd both ways over the panols and 5 em thick M~150
cmorete is laid in-situ on the entire arca which forms the ocmpre;sim
flange and the bricks act only as fillor material. By this method
saving of 20% in cement, 30% in bricks, 40% in steel and 33% in the
overall cost is achieved agqnst the in-situ 11.5 cm thick reinforced
comant concrete slabe Apert from this, it oliminetes the shuttering
for the slab and mly props for the partially pmoceast joists are
neoded.

—




5.8.3. - Iupjculor Shell Roofing .

These are doubly curved shells of 1.2 x 1.2 m or so and have

odgo bean alround which contains nominal reinforocement of 6 m dia.

Thiro is no reinforcemsnt in the body of tha shcll snd tho sholl comerate

thickness is 30 mm. These shulls are placed on parbiaily recast RdaCe
jolsts or after placing the sholls on shuttardng, the joists arc cast
in~gltu also. Along the joist, concrote 1s f11led upto tha crawm of
the shell and across the joists, tho haunches arec filled with lime
”cc;ncrc;te of lean comont cameretoe This technique-ssvos in cement and
stcal and has boen adopted in a large munber of housing and of fice
buildings. Tho sizes of sholls can be avan full roon size but in such
casos siuttering is required and ths shell is cast in situ,

5.5.4+  \adms Tormece Roofing

This techniquo was being adopted in southern statas w;lth
specially made terrace bricks placed on their adges in a dlagonal
pettermn using lime mortar or lime cement mortar over the wt;odan joists
spaced et 30 to 45 om aparte This technicue saves in steel and cement
but it is now not belng adopted probably because of its high cost. By
using secondary species of timber or RCC battons, this technique
could be revived.

5.6.5.  $taucturel Olgy Undts for Flooring/Roofing

Two types of structural clay units have been developed. In
cha case the flooring/roofing panels are bulli like brick walls with
roinforcement placad in ane of the groowes. These panels are lifted
and placed horizontally to form the roof.
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The cthor type is a jodst and f:llhr block type cmstruction
in which, using the smme shape and size of the unita both far jolsts
and fillers the roof is formed.

Both these save 45 to 65 percent in cement and 20 to 25 par-
oent in steel. The structural clay mits ere produced by extrusim

process and s machine is a must.

5:.8.6.  Clay Tilep epd RCC Petbons Roof -

This technique has teen used in Punjab. The brick tiles are
laid over RCC joists and this does not noed form work. This saves in

cmaant md steel.

S.6.7.  Erscast Cellular Cuorete Unlts

These are un-reinforced hollow precast cacrete units of |
nominal size 120 om x €0 om x 7.5 em. Those are used almgwith i
partially or fully precast RC joists. Tho schuame results in saving
of sbout 20 poroent in coment, 50 pammt in steel and 30 percent
in overall cost sgainst K slab. |

5.6.8, IC Charnel Unita

Thase are :ain.forcod camcreta trough type units SO‘on wide
by 13 om deep and are suitable for spens 2.5 to 4.25 metros. These
do not require any propping. These have been adopted on a very
largo number of housing projects by the Military Engincering Sorvice
and for the primary schools end health budldings in rural areas.

This saves 40 porcent in cemant, 4 percent in steel and 20 Percant
in cost.



5¢6.9.  Qored Unity

These are reinforged concrets, hollow bax type units of 30 am
width by 13 am thick and are suitablo for spans 3 m to 4.5 m« The saving
in cament is 25 parcant. This has boen adopted in over 500 houses and
because of pre-fabricetion it saves the time of camstruction and
rrovides fluah ceiling.

5.8.10.  Progast K Plapks

This comprises of RC boams and RC planks partly 5 om and
partly 2.5 em thick. The boams with in-situ concrete forms the slab
and the flooring is dame diroectly ovor the planks. The schomo saves
45 poroant in camont 20 percent in steel ard 25 percent in ovorall cost

against R.C. slab. Tha schomo has boon adopted in over 500 housing
projoctss The schems also provides monolythicity in the slab and the

Jointing details are such that tho chances of lsekages are considcrebly
reduced.

5.6.11.  Precest Betton and Jiollow Block Constructicn

In this schomo partially precast N.C. battons aro placed in
position and procast hollow blocls of concrete are laid in betwean thoso
battans. This schome has boen adoted in a largo mumber of housing
projoocts by Hindustan Housing Factory Limlted, New Delhi. This
provides a saving of 10 to 15 psrcont in cement end 5 percent in steel
as compared to conventional in-situ R.C. slab.

5.8.12. L)) S

In this schem® cladding ad purlins have been both cambined
into one unit thereby saving in materials, cost and time.




5¢6.13.  Precast Waffle Units

The waffle units are open box type units of square or
rectanguler shape botween 60 om to 120 ome The depth will vary
according to the spane After plascing the waffle units on partisl
shuttering, reinforcemant is provided in thc joints between adjecont
units at right anglase There is no deck cmereta provided an tho top.
This scheme results in a Snoving of 15 porcent in cement, 10 ps rcent in
stesl and 10 percent in cost compared to tl':ditimal Tee bemn and

slsb construction,.

574 Bndghing
5¢741e Line Plaster

Iine mortar was extensively used before the advent of oememt
mnd ‘tuildings built with line mortar are still stending. Its better
workability, higher rater retentivity, higher bond strength, and
cpacity of amutogemous healing is a pocitive adventage over cement
mortar. Due to good quality of lime not being produced, thare has
been resistance in use of lime morter. Hyderated lime is now bein:
produced and is being supplied in bags in tho same way as cemsnt and
it is high time that this is used.

5.7.2  ubldioe lige Prolgte

The CBRI has developed activated linme pozzolsnic mixture
which 48 hrving all the propertics of adequats strength, better work-
ability and high veter retontion. This material is also boing supplied
in bngs and it is mggestod thot this be used for plaster for masanry

work and also .or base concrete work.




5.7.3.  Composito Morters

dgainst the use of plein cement send morters vhich develop
cracks dus to shrinkage and thereby cause ingress of modsturn, it is
suggosted that camposite mortar of cement:limessend in proportions of

1218, 11239 or aven 135:12 should bc used es par dosign requirementc.

L

5.3 Budlding Serviges
5.8.1.  Sugle Stack Systop of Pigbing

Tho Gentrul Building Research Institute, Roorkes carried out
expe rinents on e moock up using e singls stack for all discharge with
mwventilated treps end cbaerved that thore was no break of sealc. This
systm hes bean incorporated in IS15329-1969 and sevoral organisaticins
are alopting it. It savos 54% in over all cost and 60% in -labour as
comparad to ccnv!ntimai two pipe systax:e

Thé Institute has also carred out studios .'on ong Pipe
mod.i!‘.ted systom in which tho apolianocs ot altermate flo&ra e
comnected vith antigyphanage pipe and it has beon found thet the loed
oarrying capacity of the 100 mm diz stack is increased and this system
works out to be economical for buildings of 10 - 12 storcys,

Another development made at thc Institute to increase the
Llndting cepacity of normal singlo stack is of specdal fittings
thorator! at oach floor level end 'Deeerator' at the bottam of tho
stacl:s With these fittinys 100 m dia stack can be used for buildings

upto 15 storoys.

5.8.2.  Dual Flushing Tank
Tha flushing tanks in use discharg>? their full capecity even.

thiough tha W.C., h s been usod for minor nurvosess To cmsoerve vater,




& dual flushing cistern has been designed and developed by the Central
Bullding Research Institute, Roorkee, This involves very low additional

cost but can lead to considerable economy in water consurption,

5.8+3.  Zmall Capacitv Flushing Cisterns

By ratlionalising the vater seal area in the European type
WeC. pans and the spaocing and direction of holes in the rims of
Indian pans, it has been seen that efficient flushing is achieved only
with 8.5 11tres against the 10 litres used at presert.

5.8.4.  Aubomablc Flushing Cistorn

For urinals in office buildings, public places atc, the
automatic £lushing oiate;ns are used, The fittings for achieving this
are made up of brass and are quite costly, The CBRI has developed a
.very simple fitting of polythene pipe which is very cheap amd °
letricient. in warki.ng;,

5.9 Techalaues Sultable for Raral Aress

Although the techniques mentioned above are suitable for
adoption in the rural areas also, but bocause of the shortagoe of
m:ter.la.ls‘ and the requirenents of housing in rural areas boing
gignatic, it is suggested that more and more use of locally available
natoriels with improvements in the local comstruction practices be
sopted for upgraling the durability and 1ivesbility of village
houses as well as for providing tho scope for self-help methods of
construction to the mé.x:lmtm.

5.9.1.  Foundation amd Pligth

5.9.1.1, The foundation can bo laid in burmt bricks or in random
rubble stono masonry or laterite blocke in lime rortar, In areas
vhere water table is very lov the nasonry can be laid in mud mortar.




€,%1.2, The entire foundation can also be laid with boulders,
gravels, kankor with moorum, properly ocompacted to form tho structure

baso over which to lay tho superstructure,

5.9.1.3, Stabilised soil blocks with cement, lime or bitumen, Thoso
are also suitable for foundetion. In this case the mixing of stebiliser
has to bo thoroughly done and in case water tablo is high bitumen paint-
ing is to be done on the sides of masonry upto the ground levol,

5,9.1,4. In arcas whorc rain fall is soanty, the mpérstmcture can
be started on ramoed earth only for singlo storoyed light buildings.

5.9.2,  Damm Proof Course.

5.9.,2,1, At tho plinth lovol, a course of burnt bricks soaked in soap
solution shall be laid in lime or cemont mortar,

Alternatively, lay a sourse of burnt bricks dipped in ccal
tar vith coal tar sand mortar, In place of coal tar burmt engino oil

nay also be usad,

5.9.3. Walling

5,9.3.,1, Locally availablo burmt bricks, stonos, or lateritc blocks
laid in mud mortar or lime mortar. In caso mud mortar is usod, the
wall should be pointod with 1imo mortar or ocoment mortar, or oomposito

mortar,

5.9,3,2, Mad walls could be of locally availablc woll kneadod olay or
gun driocd clay bricks laid in mud mortar, Thoso should bte internally
plastcrod with mud mortar and oxtornally with wator proof mud plaster




nedo of Bitunam out back or by sproying bitumen over the wall, or by
applying nul plastar mixod with burnt ongino oil,

5.9.3.3. Tho main structurcl mombers could be of timbar or ballics
or bamboos and the cladding of split bamboo jaffri, rocd pancls or

polnyrah loaves, Those should bo plastorod with mud mortar intornally
and the oxtornnl surfaoo can b with non-orodablc mud plastor,

5.9.4,  Beof

5,9,4.1. Flat roofs mado up of woodan Joists, or ballios or bamboos
having country wood planks, roods of banboo mat eoverad with o layor
of wall ocompastod soil and mud plestorad, Tho top of this mgy bo

radorad with bitumor out back mixod 4in mud plastor,

5.9.4.2., Stono alobs of 30 om wido by 10 to 12,5 on thick and upto
3 n span rosting on walls noy ala.o be usod,

5.9.443, .I'ooa.l wood, bally or bamboo trussos ..r raftors covored wWith
thatoh, rocds, palmyrah loaves, coumtry tilos, slatos oto,, doponding
on tho availability in tho rogion arc also in uso,

S54944.4¢ G.I, shoots or 4.C, shoaot roofing with woodon bollios as
raftors ond bamboo os purlins are sonctimos used,

5.9.4.5. Gorrugabod Vood Hogl/Codr Bonrds

Tho Contral Building i:search Instituto has dovelopod 2 typos
of roofingz shocta, ono with wood wool and tho other with coconut or
juto colr wastc, In both, camomt is usod as = bindor, Thosc shaocts

orc 12:2do in sizas of 1 x 2 1 ~xd oot cbout holf of the A.C. shoot,
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5.9.4.8. Aaghaltde Roofinz Shoots

Thosc shoots arc modo frou prosscd paper boards Inpragntod
with asphalt., Tho 1ifc of tho shoots is § to 7 yoars and thosc arc
suitable for tomporary buildings, Thosc shocts arc not to bo usod in

‘e_roc.a whorc tomporaturce in surmor is likaly to bo abowo 45°O.

5.9.4.7. Bambooorotq

Tho Reglonal & soarch Laboratory, Jorthat, has mado usc of
locally aveilablo buboo in walling as woll as in roofing, The bamboo=
erota roof was constructod of the shapo of 2 oylindrieal sholl by
arranging protreatod bamboo splits in both diroctlon in the form of an
gfoh and thon apﬁiying two coats of ocomont sand pla.atdr. Apart fron
low cost, this tochniquo is labour intonsive and oan be adoptod on
aclf holp basis also,

Tho Contrel Building Roscarcn Instituto, Roorkoe and tho
Forost Rosoarch Institutc, Dohradun have olso made uso of troatod
bamboc as roinforcament for R.C, slab, Prototypu rocfs ha.vc boon
nado whoro all roinforocionmt is of bamboo splits, It is oxpeotcd that

tho 1ifs of bamboo roinforecd concmtg slobs would bu 1520 yoars.

- 5.9.4.8, Elro Readstaonco Trogtuont for Thatch

Tho CBRI has ovolvod the following typos of 8 troatnonts for
naliing thoteh firo rosistant,

(z)e Chonical trogtment = In this casc tho thateoh and the
bindinz ropos arc dippod in a solution of fortilizor
gmdo digmonis phospheto and sodiu: fluorido, Sinco
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this chamical is sclublo in wator, a wator proof paint
1a lator on applisd ovor tho thatch, Tho cost of this
troatoont is roughly oqual to tho cost of tho untroatod
thateh, But tho 1ifo of thc thatch is incroasod o 5
to 8 yoars apart from niaking it firo rosistant.

(b)e Twistod Thatch Roof Covorod W ith NonErodablo Mud
-Plastor ~ In this caso only tho binding ropc is soakod
in tho chonical trogtmont, Tho thateh 1s twistod to
fom :opos o.nd tiod with ropc at 15 an controa, After
Plaoing tho ropos sido by sido on tinbor/barboo fzé.mo.
thoso are plastcrod on the top with non-orodnbio nud
plastor having cut back bituman mixed in tho elays The
top of tho md plastor is ggain sprayod with cuf back
and finally vhito wash donc on tho top, This troatmomt ‘
has beon triod on proto-typc huts and tho cost of tho
Shatch 1s incrcasod by cbout 25 porcant ond 1t can bo
dono on s0lf holp basis with o 1ittlo tmining “

(¢)s Thatch plastorod with bitumon stabilised mud on top. and
with ordinary nud on the underside,

5.9.8. Doors
§.9.8,1, Soil should bo woll compacted & rondorod dust froc by

rogular application of mud and cow dung plastor.

5.9,5,2, After raxming the oarth, this nay bo covorod with ‘broken
gtom slab plocos or with burmt bricks or with bumt clay tilos or with
soil stabilisod with camont, 1ino or bituman,
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5.9.6.  Doora and Windows

5,9.8.1, Door and window shuttors can bo bracod and batton type with
locally awveilablo timbor,

5.9.6,2, Tho door frames nay bo ocomplotoly oliminatod and tho shuttors

may bc hung with pivots,

5.9.7.  Lintels

. 5.9,7.1. Tho locally availablo tizbor planks of sufficiont thisimoss

ocan bo usod,
© 5.9.7.2. Lintols san alsc bo madc by naking framo Work of bamboo.

549,7.3, Stonoc slabs of 5 cm and abovo thicknoss can also bo uscd as
11,::@.011; _

5.9.6.  Einlshing

5.9.8.1. Nonmerodablo ifud Plagtor

Y

The mud plastor is nade nonearodablo and wator rosistant by
a thorough nixing of clay with bhusa and bitunon eut back, Finally a
gobri loaping mixod with cut back is appliod on tho top of tho plastorod
surfaco, This has boon triocd on a large numbor of housdos in rural
arcas and has boon fourd to bo vory offoctivo, Tho trcatront is to bo

ropoatod aftor five or six yoaors.

5.9.8.2. ‘ater Proofing of Bxdating M Plogtor Wolls

In this, a solution proparod from asphalt and koroscno oil
ic sproyod on the plastor au.rfa'oo. Tho solution gots absorbed in tho
wall theroby naking it wator-proof,
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5.9.8.  Rullding Survices
5.9.9.1¢ Rafledals Typo W,C, Pon

Ths PRAI lotrino is o hondewatir flushud, watcresocl lotrine
witih axorcta disposol to o coss-pit or bored hole, Tho outhouso
suporstructuro ia sizmilar to that of tho pit privy, althougha tho squct
plato is sot dircctly onto tho groumd into which the teilot pen is
insortod, Thoe pan loads to o wator trop and offluant linc, Dofosaticn
tokos ploce into the pon which nay bo hand flushod by pouring wator
fron a cannister into the oserota undorgoing ancorobic digestion,

Thu digosted sludgo ~ftor onc yoar's rusidonce in the pit can bo used

o8 o fortilizor, During tho ono yuar digostion poriod, e socond pit is

dug and utilizod, Thc major cdvantage which the PRLI latrino has ovor
the pit privy is thot it omploys o wator scal whoroby all fly brooding
in tho pit ard odours aucnating fron 1t aro obvisted,

5,10,  Sysbanas of Construction

Some of tho tochniquos dovolopud by tho CBRI nay bo ecalled

systons of construction, Thoso arcs

5.10.1. Holopan Svaton

Basically it 1s a francd Infil typo of structurc whoro tho
fropo oonsists of vortical roinforcod conercto colwn cast inesitu
botwoon precast hollow concrote fmncls. The same typo of hollovw unit
is usod for floor/roof by placing it ovor p~rtially procast RCC ‘
joiste, This tochniquo has bcan adoptod for an industrial workers!
housing projoot in Ghaziabad (U.P.).

I
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5.10.2. PreFbriogtod Brick Pancl Svston

This systci: is basod on tho zpplication of pro-febrication of
bricks. Tho wall pencls aro uneroinforced, whils thu roof panols arc
roinforeod both made up of bricks. Tho rocf panols ere placed on
pertizlly precast RC jolsts and 5 mm deeiz coneroto laid on the ontiro
surfaco, The wall panols arc 7,5 cn thick and for improving the thernal
insulation, sun=driod brick walls can bo built inmtornally ns a lining,

5.10.3., Skolgton Svataen

Tho CBRI has dovolopod systons of skoloton construction in
thich first durablo support and roof is providod oithor of roinforcod
coneroto or of tirbor or of bally, Tfm walls, doors and windovs can
be pub up lator, Thu conorcto skoloton srston has buan triod on-a

larse muber of housos,

5.10.4, Saxvabogriba

Tho CBRI has devolopod n systan of making housos without
using any corent and stocl. In this systen, tho ond walls arc first
tuilt up to the full hoight of room and th: side walls upto z hoight
gaitadlo by considoracion of h.ad roon., Two idontical parsbolas are
then drewn on thc ond walls and guiding lines with string/throad
stretched hotwoon thom, Bricks arc thon ladd in mud mortar in align-

ment with ’ého parabolic curvee Thls foms tiw wall ind roof combinod,

5,11, Shvaleod Planning

It w111 bs re~lizod thot whilo 4t is gssontial +a roduce tho
cost of eonctiruction of bulliings by ~dopting the use of now natorials

~nd tochniques, it 1s 2lso vory nocossary to poy adcquete attombion o

i
.
LS



the aspects of physical planning amd layouts of building projects.
Much economy can be achieved by proper physical planning by way of
saving in cost of land, and its development, Tho work done in this
field is desoribed in brief in the following paras:

S.11.1. Houslng Develomants

Formulation of donsities, optimisation of land use alloca~
tion, impact of size and shapo of plots, layout patterns and cluster
pPlanning, low=rise high density housing,

S.11.2. Plapning Standards

_ Formulation of space standards for various functions at *
different lovels, quantification of differomt Planning parsmeters in i
urban and rogional development. ;

S5.11.3, Standardisation and modular coordinat ion are potential tools

\
for effecting substartial economy in building cost, through saving in |
natorials, labour and construction time, Same work has.boen dome in

this oconneotion in India and has been incorporated in the relovent
Indian Standards,

S.11.4. Ihvmical Plas

- Hdentification of growth contres. Forrmlation of optimm
land-use-pattems, optinising location of different functions at
different lovels of planning,

5.11.5. low Towng

Foed back surveys of townships, physical layout v/s

infra-strusture cost, adoption of space standards, design guidelines
for planning of new towns.

5.11.8. [lapning Technicues

Development of planning models for optimun deoision naking,



dovoloprent of multi-graphs, dovolopriont of mathomatical oquations,

proparation of computor programros.

S.11.7. Econonics of Dovologuont

Infrastructurc costs of dowvolopnoent, optinization of ovorall
costs, ocononics and financing of projects.

5.12, Tho construction tochniquos doseribod above tako into account
optinisation of dosign, sicplieity in production, transportation and
oroction, Theaso arc labour intensive, rcquiring vory littlc capital
iavostnont. Those rosult in saving of scarco matorials, skillod crafts-
_ menand construction timo, Thoso havo alroady boon succoessfully adoptod

1n large construction projoot all ower tho country, Sinilarly, physical

planning ond layout studios havo also boon carriod out succossfully amd
adopted on somo livo projocts,

[d

3.13, Tho appropriato tochniquos for various building oclomonts for
both urban and rural buildings alongwith peroonteaso saving in ovorall
cost ageinst tho convontional tochniquus are givon in a tablo at

Arnouroe I,
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840, DTERLDKARE IN INSTITUTIONAL INFRA-STRUCTURE IN RESEARCH
. AD D SSEMIIAT ION
8.1, Sovoral rocognisod rusoarch institutos erc at prosont

doing usoful work on building notorials and building toshniquos,
Tho main works boing dono by thoso institutes aroie

(1), to owolvo now bullding mctorials out of
locally availablo raw naterials, hithorto
wutilisod,

(2), to ovolve now building matorials out of
agrioultural, industrial or forost wastos,

(8), to improve tho quality of traditional
building nctorials by neking suitablo
modificetions in tho composition of Paw
natorials or by nodifications in tho
mnufacturing proooss,

(4)s to introduse nov forms in traditional
bullding motorigls with a viow to offoot
eacnomy,

(8)s to owlvo now oonstruction tochniquos
with o viow to oconmmiso in aost and
consuiption of buildinz natorials by optimun
utLlisation of thoir strongth.



(8)s to ewolve nes design techniques to effect

cvoonomy and speed of construction,

vels India is a vast country having regions vastly differing
"~ eagh other in climete, rainfell, topography, vegstation, soil
€8, ainaral resources, traditional values, social customs, etc,
T 21273, research has to be oriented to cover various regions and their
r:spective requirements, Under the circumstances, a close inter-

- rage 1s mecessary between various research institutes, to avoid
w.riication of efforts and to supplement each others' work, Similarly,
“urzy should be greater integration between the research institutes

gl the bullding meterials and construction industries. There is also

- groater need for translating into practice the findings of the
esarch institutes, For thls purpose there should be more experimental

~71 demonstrative constructions.

5e3a The research activities of CBRI are divided into the
Tollowing major divisions:

(1). Soil Zngineering Fourigtion problems
Soil behaviour
Pile foundations
Digphragn wall

Ground strengthening
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(2). Buildinz Meterisls

(5). Duildtrg Processes,
-Plats ard Produc-
tivity,

(6)s Arvchitecture and
Priysical Flaming

(5). Fixre m.‘mh

(6)s Rural Buildings and
Enviroment

Test methods and equipment

Special investigations,

Brick and tiles

Cement and concrete

Lime and lime products
Agro-Industrial vastes
Plastics and plastic products

Bitumen amd Bitumenious products,

Processes

Services (vater supply,
severage and electrigity)

Plants and equipment
Manage:snt and productivity

Cost econmmios.

Space plamning vith reference

to Housing, Health Buildings,
Educational buildings,

Comnunity buildings,

Physical plaming, densities etq,
Pire ratings

Fire behaviour

Special investigations

Rural dwelling

Fam buildings
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Rurel wvater supply & drainage
Mud and thatch structures

(7). Efficiency of Heat transfer
Build ings Acoustics

Vent ilation
Nlumination
Climatology
Solar Energy
Instrumentation
(8). Extension and Dissamination of the results of
Const ruct ion research and information about

new materials and techniques
developad by the Institute,

Construction of selectad
demonstration projects for
various organisations,

Foed back studies on the materials/
techniques adopted in fiald,

(9)e Information Publication of literature on RW
work done by the Institute,

Licenaing for cormercial produce
tion of materials/tchniques
doveloped by the Institute,
3.4, The National Buildings Organisation, New Delhi, is also doing
good sorvico to the nation in dissaminating tho knowlodge gained as &
result of research work done by various roscarch institutos throughout
the country, tirough various studics and reports, literaturc and
Paphlots and news modia such as T.V,, Radio, and films, The N.B,0,
has also opened a number of rural wings throughout the country to

axtond tho rosearch findings to rurel usors,

Sible Ao coperinentel housing schamo of N,3.0, has boen starbod for
oncouraging the user agencios in trying new tochniques, - Under this

schome, financial essistance is provided to building construction agoncios,
if they tale up any construction vith noy tochniques or matorials. This
is gotting a good rosponse and has evokad much imtorost amongst tho user
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agencles who aro bonefiting from this scheme and simultaneously got tho
bonefit of learmning and adopting the new techidques for their future
projacts, Undor this scheme, all tho eonstruction agancios have beon
requaestod to cammarls atleast 1% of their total funds to oxperimental
construction, This is oxpected to rosult in increased construction
activitios using the latost techniques which will go a long way in large
scalo adopting of thoso techniques.

Be5e Some cther research Institutcs that are woriking for the dovelep=

nert of appropriate technology for buildings are namoed below:

The SERC has been carrying out R&D vork on innovative

tochniques ard naw building materials also apart from the studiss on
other aspocts, Some of the Qorka related to housing which have not beon
oovered earlier are tho production technique for lateritic soil stabi-
lised blocks with‘lime by spocial compaction dovice, funicular brick
sholl roofs, composito collular conereto flooring system, precast
fcintorcod concrete joist and hollow clay blocks and precast prestressec.
clay bloék floor steps and prestressed concrete channel units for large
spans, The SERC is also working on the development of prefabricated
service core units,vater tanks,grain storage bins using ferrocemsnt,etc.
6.5.2.  Joglonal Bosearch Laborator (RRL), Joshat (lssgn)

The laboratory is engaged on the effective use and development
of materials in the north eastern region of th§ country, Some of tho
naterials developed are corrugatad roofing shests from wasto paper,
bamboo roofing element from locally available timber and bamboo, bricks,
conentitious binder fron paddy husk ash and flooring tiles fron waste
asbestos, The laboratory has also worked on common facilitios amd
has ovolved procoss for domestic potablo water from wator f£iltor

ccrdlos and & sopiic tank from wasto bitumen drums,
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5.5.5.  HNabional Eaviromontal Enze. Research Institubo (EERD). lazpur
Apart fmm sovoral othor striles and RD work in the field of
envirormental engineering, its major work in housing has been towards
rural sanitation, The Institute has devoloped hand flushod wabor-seal
l’b,ferim_a which have been found to bo economical amd satisfactory in a
iarge number of rui‘al houses, Tho Institute is also carrying out studies
on.disinfection of wolls in rural areas using pot chlorinators and opido-
mlological studios on 'Assessment of hoalth status of rural population
around Hazpur (India)} '.
8.5.4.  Dlamning fegearoh & Actdon Institute, Plonning Doptt, (PRAD.U.P.
‘The PRAI is carrying out studies in the field of enviromontal
senitation. It has also taken work for safo water supply in district
- Barabanki with aid from UNICEF, Thoy have also j:al:en up dunonstrations
for sinking hand pumps and tube wells in public placas. The PRAT typo

latrine dovoloped by thom is very suitable for rural houscholds,

3.5.5, Tho 1list is nol exhaustiveo and many more Institutions are
angagod in similar activities all over thc country., These inelude
oduocational institutes and universitics, P,W.D, and othor departmental
roscarch institutes in various States, ard various R&D wings of Industrial
Undortelcdings, both Govt, and SonimGovernmont and private., The cumulative
- comtribution of all of thoso institutions is fairly largo. What is
nocded 1s firstly morc intorlinkage betwoen all the rasearch bodios

for axchange of idcas and avoiding durlication of work amd secondly nore
dis‘amimtion and extension of information so that the usor agencios

22y know what is being and has boen done and how they could utilizo

the rosults of the rose@rch to thoir benofit, Both intensive amd
extonsivo efforts arc nooded in tho direction to moke rossarch more

purposeful and benefisizl tc tho usors and the courtry,




=79 -
nor -« V
7,04 "INTERLINKAGE IN TECHNOLOZICAL ASPECTS
7.1. It has boon nomtionod ocarlicr that aftor tho rosoarch is

complotod, it has to bo o:tondod to the user as woll as to the producor
of tho matorials and corpononts, Honco, an offoetivo extcnsion-wing
will holp in sproading the achiovaronts of the roscarch to the fiold,
Howover, no roscarch aan bo fool proof, It ofton happons theot sone of

tho rosults of rcscarch, obtainod in the loboratory, do not coﬁo up to

- oxpoctotions in tho ficld, Thoro is nothinz wrong with it, ond it

cust bo cxpectuad, but, it is nocossery thet whon it happons, tho
rogoarch sclontist should study thc food back inforristion -ond nodify
his tochnique to suit tho ficld conditions,

7024 For this purposc, a sort of aftor salos sarvico bocomus
casonticl, If an omtropronour takes ¢ liconeo for producing oortain
machinos or necterinls as por rocorrwndations of roscarch, o close
1icison is nccossary botwoon tho Roscarch Instituto ~nd the ontro-
pronour to attcnd to the tcothing troublos, Modifications ncy be
requirad in the nachinery, in tho naterinls c;.nd oquipront, in tho.
coipesition of tho product itsclf, and so on., Constant advieco on

all thceo ;apocts will bo noccssery, invalving froquaont inspoctions,
atudio.s m further roscarch, Thu CBRI is fully awaro of thuss -
matters ond nalnteins 1 closo 1i~ison with a1l its liconocos, or ulors.
of its tochniquos. Tosting of natordsls nonuiscturod in tho factory
or nnde ot site is rogulirly unmdortaken by the rescarch soicntiats,
Tho usors ofton-went odvico of tho Institute in plonning thoir projucta,

in dociding its dosign and spocificctions or in thoir oxccution,

_
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Holp is rogul-rly romdorod to thon through variocus roscarch divisions
of the Institute or througﬁ its oxﬁonsion cclls, Othor rasearch
Institutos, involved in Building roscarch, arc also doing sinilar
savicoe to populariso tho rescarch procducts and to modify thom, if

a0c08sary, to suit the fisld comditions in difforont clinotic conditions,

Te3s Mony tincs problons croﬁ \ip aither 1in the industry or in
construction works vhore tho exocuting agomcy or individual wants the
ieip of rosocarch body to adviso thom on 2 specific problon or to holp
% m in planning or oxecuting o projact, carryinz out tosts for cortein
apecific activities, or overconing cortain setbocks in sono of their
production or construction activitics. Theso probloms may not bo
comoctod with the regular rasoarch progremie or findings of tho
Ingtituto, but still they aro problans which ncod the help of o
rosoarch instituto, Homco, it should slso fom a part of the activitdos
of such institutes to cxtond such holp to tho industry, institution or
idividusl 30 thet the usors! faith in roscarch is onhancod, which

will in tum, rosult in nolting the wow tocimiques nore popul-or,

Tode Such ccsas can be tokon up by the concornod rosoarch
1aborctorios cs consultoncy, sponsorcd or denonstrotion projects, aos
tho c:.s.o nay be, Sonctlines, tho problans peoscd by tho usors in such
prejocts ore a roal challango and go a long way in furthoring the aidn
of rasocrch, bringing nov probicns to light where rosoarch is nocded
and in ﬂa.lfilling the common obj.etive of resocrch and practico vize

To prograss towards tho goal of Minxinun bunofit to noxime nuwibor',
iith this aim, the C.B.R.I, undertook somec projocts as given bolows

74.1.  Deponstrstion & Constructdon of School Bulldinga dn U.P. Stats

The Contral Bullding Research Institutc, Roorkeco had takon up

-




—
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resonrch on Educationsl builiingzs with ~ viow to provido dosism date on
functional and oducational roquiranonts, »nd studylng rmothods of cost
roduction in planning and constructional tochniques. Tho roscarch
carriod out so far had shoin pronising rosults, naking it possiblo to
ottain significont roduction in ths cost of oducational bundinga;
through rztional uso of spaco, j;;provéd constructionnsl tochniques and
cost planning during thoir desisn A-o‘nd construction,

Extonaivo basis rosearch work wos doﬁo on idocl sizo r.r:i
ghape of class rom, opﬂmn utilization of school spaccs, functional
_and physical requiraments and construction systems to suit the climatio
conditions and available resources, Altornativo praposals wore drawn
for construction of schools oconorically and efficiomtly in vorious
parts of tho country., Aftor carying aut dotailod investigations tho
instituto construwted prototypos in nany statos, “The u,P, Governnont
wantod 4ho O;B.RQI. to daonstrotc the construcdon of thoso schools

in U,P, on a lorge scalo,

Besod on its rosoarch findingzs, C.B.R.I. constructod about
2,500 schools in romoto villcgos of t?;o stato of U,P, vithin o record
timo of cbout 3 yoars, This rosultod in about 208 savings in toms
of notorials ~nd ovorall cost, tor canplotlon of the construction
in 19785 sucocosafully, tho tcclniquo hos bion adoptod by'oth;r stato
ajoncios, who arc contiming to build schools on tho sano pattorn,

A food-bagl: survoy of thosc buildings was clso undortalon
rocantly which indicatod ninor odificotions in the pleons ordginnlly
adoptod, llov tho S8toto has adoptod tho samo pattorm for futuro school

- builddngs, |
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7.4.2.  Scheol Bulldinz Procrome - tLpipur

AMftor stuwdying the gpeeinl clinttic conditions torrain ond
1i~3totions of available rosourcos CERI in collaboration with tho
_State of Manipurproparcd o schonc for construction of prinnry schools,

The scheme provides a poracin~ih school buildinz skoloton. The
oogﬁmxﬁ,tj ‘would laterbuild w:ﬂ.is 28 per thoir locally availablo
_materials and construction tochniquos. Tho syston of skcluton is such
that it can be .‘r.ct‘od withfn s week's time. About 100 schools havo.
*.lro «dy bcon put up in tho Stato of ifenipur and ﬂbout 100 nore aro in

var iou... stages of construction,

_7.4.3. Dosidos the above nantionod projocts, Institute xlso provided
tochnical ~ssist-geo to tho Statc of Punjab, Maharashtr-, Goa,Danon
ond Diu, Orissa ond Kornla in their construction pmgf.*n:zoa of school

_buildings. The States of Arumachzl Pradosh and [ripum in north
castorn rogion ond the Union Torritory of Andnoa I-Iiccb;r 1s)-nds
Jeve roquastod C3RI to provide tochnixl guidonee in thoir actual

construction projcots in ordor to achicvo spocd and oconony.

708.4.  ookih Builidaze

Ingpirod by tho constont overmwont:l offorts to Liprowve
ths health facilitios for rural ~nd sani urbop populstion sciontific
invostisntion on health buildings was also undort~Xon ot tho Ina'hituto.

Tho objoctive of thoso studics wes to forrml-tc space nors,
design and oconstruction gudolimos for various catogorios of hoalth
buildings. -
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Tho invostigntions includod an anclysis of functional
spacos, anthroponotric and onviromaontol conditions to fulfil tho
nedical, teaching ~nd physical roquir cncnts, Tho rosults woro usod
in plonning and dosigne of sovoral typos of buildings, such as

fandly welfare contros and subwcontres in rurnl arcas, hostcl for

- fi0ld trninocs, nurso nnd midwifo trinin; cuntres, district

Lureaus, .aternity, sterllizatirn and ur"an family welfare centres

and urtan maternity houses,

In order to create suitahle infre-~structure for resulating
population growth, the Govermment of India had taken up an Iniia
Population Project in selected areas of Uttar Pradesh a couple of

years back, Finanoced by International Development Aasociat.ion and

Swedish International Development Authority, the project included

csonstrction of health buildings and other supporting facilities like

residences for the staff and administrative offices etc. The allocation

for construction was ks, 52.6 million out of the total assistance

received of M,118,7 million. In the design and construction of thesc | |
buildings studios undertaken at tho Institute mentioned above, were

utilized. The major programme of buildings has already been completed

covering six districts of tho State, Besides planning and desien,

construction techniques used for these buildings wore devaloped at .

the Institute which resultod in substantial saving in time and cost,

Recormordations of the stuiy on health buildings arc also
being utilized by a similar progromme taken up by the Stato of
Karnataka, |

7e445, To ovaluate the porfomanco of the buildings constructod
under the abowe programmc a food-b-ck study was taken up rocontly,




|

The rosult of surveys indicato thot various spatial provisions wore

found adequatc both quantitativoly and qualitatively. The surveys

also indicatod minor modificctions in the mc;da and quantum of s‘hor@

provisions in fow building types., After the successful implemontation

of the U.P. Health Building Projoct a fow othor St:tes havo also shown

intorcst in the plamning, dosign and constmction mothods adoptod. It is

hopod that the rocormerdations of the Instituto will bo furthor utiliscd

in broviding hoalth buildings for rural and sami-urban arcas in thoso

stitos also.

TeSe Most of the largo industrics havo thoir ocwn R’D wings vhoro
roscarch ficilitios ero availablo, Thoso wings arc ongaged in the

resoarch on tho day to=day probloms coming up bofore tho industry,

Soms of thom arc doing good vork, as thoy are clocsaly linked with
production, Thoy alsc have féodeback facilitics availablo both from
tho prcducers as wall as the usors, !dro and more now industricl
ostablishmcnts arc going in for their own roscarch wings, so that
they oan solwve thoir probloms umdor thoir own managomant, It is,
theroforae, obvious that some of thesc rescarch wings of tho industriocs
will be doing ovorlapping rcscarch, which gonorally rosults in wastaoge
of oforts. Il is also possiblc that somo of thoso industrics might
be ‘doinz work on thoe probloms which mizht have alroady boon solvod
by somo of tho rosoarch institutos and vico vorsa. Ixchango of
information botvoon the rescarch institutos and the RE&D wings of
cornoctod industrics will oliminztc such wostago of offorts,

I: 1s, theroforo, ossomtial that a closc llaisci is maintainod
botrein then and cvon a progranuc of oxshange of cclcmtists

botwesa the Ladustry and the dnstitutes could be umdcrtaton, This

will cnablc the solontists of the rccoarch institutos to study various
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problams in the fiold or industrivs from closo quartors ond onchlo
tham to .appreciato thoso to tho fullust oxtont, Similzrly the
selcntist from tho industry will also got an oprortunity to work in
the ressarch lc.bomtor‘;} whorc ho con up-dato his knowledge about

the vork alrcady dono in tho institute ind may clso be able to tako
2dvantage of the roscarch facilitics -wvailablo in tho inatituto,

This mutual oxchonge programme and closo inter-linksgo botwoon
rosoarch Instituts ond the R'D wings of industrios, in addition to

the sponsorod or consultoncy projucts, will avoid a lot of duplication

of work, wastoful oxpondituro ond dolav in dissominotion of infomntion,

746, Sinilarly a closo intor-linkngo botwoen the roscarch
institutes and educationa]l institutas is clso vory nocossary. At
prosont tho teaching curriculum of the oducational institutas folls
far bohind thc lotost devolopmont in the conmcermcd fiolds, As “hoso
dovolopmonts are taking plasg =t quite o fast rate s & frosh onginvoring
greduato ooming out of the university feols vory much out-of=-deto whaa
ho joins the profossion, LA numbor of now matorials and tochniguos

aro unknown to him with tho rosilt th-t he is likely to be confusod
whon thoso matoricrls ond tochniquos arc rocomnonded to hin, He will
also talto 5 long time in loarning thom, If tho toachors as waoll cs
the studonts cro givan a chonco to visit rosoarch institutes, it will
halp the building aotivity to o groat oxtont. The toachors would

know about tho l-test dovolopricnts and can inpart this knowlodgo to
thoir etudonts in ~ddition to tiho rozular curricwlun,

7.7, There are o nubor of ruscareh institutcs who aro at
proscnt ongegod in work csovering tho divurse ficlds of activitics
which concorn building oonstruction and building industrios, It has




~1so0 boen obséi‘vod that some-timcs savorel of thom aro doing work on

the sane I;rojcof duc to whieh o 1ot\of duplication of worl occurs,

Hore clso Thoro is 2 scop- of irprovomont in tho working, if the

v;*.riou;s ingtitutes remain in touch with each otbor. 4s a mattor of ,
oot sueh o liaison will holp in mutual oxchance of idoas, which may

rogult in expoditious prodiction of rosults of roscarch in the variocus

institutos, Horo also mutusl oxchingo of pursonncl vill holp = long

oW,

7.8, Vorious rcsoarch institutes in Indic aro olive to tho
irportance of tho intor-liniago with the RD wings of the industry,
othor rosearch instititos, and oductionol institutos. Thore hove boon

constant offorts on thoir part to oncourango cxchange of infomtidn

‘rzongst oach othor through varlous syrpesia, study groups, rofrcshor
c~ureos ote, Thoro hag beon continuous participation of our resoarch
soiontists in tho rosccrch activitios of tho other countrios also ond

4o hove our roprosom:~tives on sovoral international organisctions,
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chaptor = VII
8.C, GUIDELICS FOR LIEGRATED APPROACH ON BUILDING RiSE:RGH AND
DOUSTRY
8,1, To overcomo tho shortage of housing, *hcro is an urgont

nood of contimation of XD vork in tho various ficlds of housing
activitios such as tho dovelopnemt of now building natorials from
natorials hitherto unutilised, agricultural, forest and industrial
wagtes, to modify manufacturing proccssas of conventionsl building
aatorials, to ovolve now dosign tochninues taking tho optimun utilispe.
tion of tho intrinsic strongth of tho Gorpononts, to ovolvae aimplo,
labour intonsive construction tochniquos with highor productivity and

%o mochanise the operations which arc laborious and inofficiont, to

ovolve officiont planning and design for difforant types of buildings
taking onvirommontal canforts into account,

8424 It has bocn observed that though quito o substanticl R&D vork

in tho abovo fields havo becon earricd out, but tho utilisation or

adoption of tho motorials, tochniques and procossos have boon vory linmitod,
411 professionals havo to give grostor attontion to tho cost control

in planning itsolf as tho build up of cost starts fronm the concoption

of idoa to build, It is also nocussary to adopt modorn mancganont
tochniquos in monitoring and «zocution of tho ;;mjoots. This calls

for n coordinatod and intogratod approach botwoen tho nztional rosoarch
orgenisations, the roscarch divisions of the industry ospuocially tho
bullding notorials monufacturors and tho rosoarch and tosting

l-boratories of the construction orgonisations,

3.3, For achi:ving ths above objuctives, the following guidolinos
arae suggostods




(1)s Thore should ba a ccordincting cormittes botwoon
various research organisations comprising of tho
scnior naburs and on oninont onsincor/seiomtist should
bo tho Chairnon, The ifinistry of Works & Housing or
oquivalont ninistries of other countries sould
constitute such a committee,

(2). Tho cormittos should roviow roscareh projocts fron
various roscarch orgenisctions and deeide priority,

It should rocorriond additional funds if rogquirod,

(3), Spoci-1 problons of roscarch should bo roforrod to tho
Nationzl Institutos,

(4). Tho day to-day problams of tho indust ry should bo
tacldod by the RD wing of tho industry itsolf,

~

(6)e Tho routine tosting work should bo carriod out by tho
tosting laboratories of tho construction doéartnant
thaisclvos, Thore should bo morc sito tosting
laboraterios sot up on all works cnounting to nore

than fs,0.2 rillions,

(6)s Matorinls mamufacturors showld also have R&D laboratorics
and have quality control to improvo upon thoir product,

(7)e Thoro showld bo a roguler syston of disscaination of
information, lmowlodgzo and tho latcst findings by

publications, domonstrations, 1.cturos and symposia,

(8)s Tho Rosoarch Laboratorics should have a roqular systan

of collocting infortion fron the industry about tho




(9).

(10).

(11).

(1e).

(13).

(14).

(15).

]

now tochniquos and thoir porforronce in fiold,

In urban arcas, srociali+ in actrmopoliten citios, land
is bocoming very costly and thomfore alt istoroyoed
buildinzs are boconing the ordor of tho day. Sustained
R work is roquired tc achicve batter quality of
eonstruction in higa riso buildings,

Tho contract systons, procoduros and byo=lawa nood to
bo studiocd and noocssary rovisions 1ado so thit tho now

tochniquos and gystons can find opplication,

Thero 18 o nead to opon more rusocrch wings for tho R&D

work in rural arcas. They should colloot statistios sbout
the availability of various local natorials, the convone
tional building practicos cnd also about tho habits and
living pattorn of-the pooplo so th-t R&D work can bo
diroctod to ovolve systans rnoro appropristo to and ful-
£illing tho noods of rmural arcas,

ajor part of basic research should be hendl-d by the

tochniccl univorsitios and I.I,Ts.

Appliod rosoarch should bq nainly carried out at tho
national loboratorics,

Tho construction-orzanisation=loboratorios siould
concontrato norc on tosting work and in solvinz day to

day problans that nay bo oxparionced in tho industry,

Thoro 1is a nood to carry out nothod studics on building

operations to incrcaso productivity and roduco wrstago,




(18).

(7).

(18).

(19).

(20),
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irranzononts for imparting training to cr.-ﬁ‘tman nood

to bo studiod and o building constructicn industry

training board should bo sot up to bring up skillod

craftenon in difforent trados in tho samo Wwey as of J
onginsors and suporvisors from tho univorsitios,

oollegos and polytochniques, Although industrinl

trodning institutes ars in oxistonco, but so far as

tho bullding industry is concornod, thoso havo not

nado ruch inpact,

Tho building industry should bho givon an incontivo to

provido housing By way of roduction in ratos of intorost

fron bonks and in reeovery from tho eliont /usor tho

poriod should bo mado such that oasily payaoblo instalmonts ;

are nodo,

The banofit of tho RED offorts should go ta tho usor
also rathor thon enly to tho mctorial or conponont s

nonufacturor/supplior,

Largo nunbor of factorios for small profabricatod
building conpo..unts and nstorials should bo ostablishod,
basod on R work,

Typo plans should bo propered, basod on survey amd RED
work {or difforant typos of buildings in difforont
ragions, and Govormants concornod showld follow thoso

typical plans fer ot loast § yoars,

Tho construction orzonisations should oamark fumds upto
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1 poroent for naking up Prototypc domonstration
Projocts adopting tho now materials ond tochniquos
dovolopod by R&D work,

(21). Thore should bo oxchanmo of personnol from tho roscarch

(22).,

laboratorios to the construction organisations and vice
vorsa so that tho rosocrch staff can study tho actual
problans in fiold and coro out with moro precticablo
and appropriatc solutions, Sinilarly tho construction
staff should carry out sero R work on tho problom
facod in fiold,

In rural areas, the anphasis should bo on local
natorials utilisation, Tochniquos should bo so devalopod

that thoy can bo workod on solf-holp-bosis. Tochnical

assistonco and guidanco, tools o.nd oquipmont lhould
% nndo awvailablo in tho mms; nmo. ,
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Shaptor - IX
9,0, = NEED FOR 4 N:TIONAL POLICY - SUGGESTIONS 4D RECOHEND/TIONS
9,1, In tho foregoing chaptors, wo hawvo studixd the various problans

facing tho building construction and building matorial industrios;

. offorts mndo throuzh RD to solve sone of tho problens by owvolving now

nctorlals and tochniquos; and to utilizo locally availablo matorials
and industriel and ogricultursl wastes for producing altornativo
natorials in placo of tho traditioncl onvs. A lot of offorts oro
boing mnde by various roscarch institutos in this diroction, howewur,
nuch ronains to bo dono in this diroction.

8.1.1, Though o 1ot of work has boon dono by tho rosoarch institutos
towards ovolving appropriato tochmology and natorials suitod to tho
country's nood, yot its full impact has not boon folt in the oonstMuC=
tion and production activitios, Somc of tho roasons aro givon bolow:

t Lack of dissanination of infornation sbout achiovanonts

of MD anongst the usor agencios,

' Inortis on the part of usor agonciocs towards uso of

now tochnolosny and natorials,

3 Inbuilt foor in tho ninds of tho usors about tho
sultaobility of now techniquos in thoe fiold,

! Lack of approcistion <f tho problans of tho users by

the roscarch sciontists,

! Lack of focd back from the usor of now tochniquos or

producer of now natorials to tho rescarch bodios,

] Lack of incontive for usc or production of now

matorials or tochuiquos,




t Lack of deriond for now -atorials,

$ Lack of treining of the ficld porsonncl, from the
skilld workors upte tho engincor, in tho usc of now

mtorials and tochaiques,

! Noneovailability of suff lciont iniormation and

litoraturo on the latost ianovations,

3 Pubting out half baked tochniquos to tho usors,
unsuit-ble for actusl uco in fi0ld, It rosults in

loss of faith by the uscr in now tochniquos,

D¢, To ovorcomo nll thoso hurdlos, it is nocossary to havo bottor

interlinkago botweon tho rosoarch bodice and the uger agoncics. This
e.:pﬁct hos alroady boon doalt with ocrlior, Imtonsificction of
extension nctivitios, close intor-laboratory-industry, intor-leboratorye
inivorsity and intorelaboratory tics betwoon difforont rosoarch
loboratoriva aro nost ossontial ts ovoreono some of the factors,

enumerated above.

9.3. .  To achievetho a1 of larso seale edoption o. appropriato
tochiu.logy, suitablo rogionnl as woll as a nation-l policy ero o must,
Without that, vnrious oconstraints inhibiting tho use of aew matori-ls
“nd tochniquos by tho comon usor ~s wall as by the public seotor
agencies cannot bo roroved and much of tho offorts made by tho RaD
organisations and rosoarch bodios will contimuc to bo wasted, Both
roglond ~md notionnl pelicics showld heve o closo intornction te oot
the socio-ocononic noeds of tho ncgsos, They should onsuro ~doquate
aploynont opportunitios, grector incomc gonoration and liproveaont

in the conditions of 14fo in tho country, Howowar, boforo mrking
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suzcetions for the rogioncl or notion-~l policics, o fow noro facts

hevo te bo considorod in dotails,

9,3.1, It 1is obvious th-t tho production lovel of =11 building

:ntordial industrios hos got to bo increcosod to a large ortent, in ordor '
tc :.chi.:v-o our targots of building construction, For this, a moro

conprochonsive dovelopuentsl ~nd industri-1 stratesy dosimeoed to noct

basic socic-econonic noods ~nd to ~chiove edoquato growth of tochnolo=-

zical capcbility in dovoloping countrics is needed, It is true that

in cortadn koy industrios, likc stosl, nachinery amd oquipnont, fortili- L
sors amd petro-choinicols ond the 1ilo, wo noed sophisticotcd tochnology
ond lmow=how, Yet, wo havo to goo hou far the doveloping countrios

aro justifiod in adotping tho goncral pattom of industrinl growth and

the structure of indﬁs‘bry, which are boing followoed by the industriciisc”
ond affluent notions, In doweloping countrios 1liko India, thore are
yﬁwing nisgivings on this point os to whothor this is wholly oppro=-

nrinto to noot our basic socio=ocsnonic and technologicsl noads,

9,3.2, It will bo scon that tho zodorn industri~l soctor constitutos

only ~ sinll fringo in most of the dovcloping coumtries and the bonofits

in torms of incorc and ampleynont hove boon rostricted to o vory

sna)l soction end havo not percolotoed to the pooror sectilons, nostiy

rosidont in tho rural aroas. On tho ther hand, thoy have rosultod in

rdaration of rural population to urbon croas, rosulting in crontion of

sluns oxd othor rolctod problons, It is, tlhorofors, impomtive th-t

tho bonofit of industri~lisation should bo extented to as wido a

soction of the population as pessible. Thouzh sono heavy industrics

will hove to bo eopitcl intonsive, with sophisticated tochnology and .
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nanufocturing knowshow, a vory 1*:‘@ arca of xﬁamzfacturing' con be
idontifiod whore theso constraints do not oxlst, It 1s in respoct of
this significomt production soctor th-t deoentrelization and location
of production units awsy fron industrisl contros hold out sigﬁifioo:!h
poésibﬂities. The bullding moterinl industry has a grect potemtial in
this rospoot, In chopter ITI, we have idontifiod such industrios,

which con be desontralized and loozted in tho rural arcas or in snall

towns,

9,3,3, By locating thesc industrics noarer tho villages, we will
achiovo manyfold bonefits such as:

(). The sociowaconomic banofit of the industrislization
will roach o widor soction of population, nainly to

tho rural poor,

(b)s The nigration of populotion from villages to towns
will be arrostad, This will roduco tho probloms of
over populstion in towns which will 4in tum roduco
tho housing problon amd croation of sluns, It will
clso improvo the quality of 1ifo in tho rural aroas,

(e)s By using locally available ncterials and irprovod
designs, tho cost of production will bo lowor, rosulting
in roducing the cost of bulldings. This will aleo
save sccroc building notorials such as comont and stocl

for cther works whoro their use is casant in1,

Thus, such docantralization of industry, ond bringing it
nocror to the rurel consumors, should form on important port of the

roezional as woll 28 national policios of tho dewolopins countrics,
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9.344,- Anothor inmportont point is cbout tho construction of
buildings in rurcl arcas, It has boon brought out sarlior in this
papor thet tho housing ncods of rural arocs are gigznitic and if wo
try to solve thon by using tho pattorn of urban housing, wo will not
bo sblo to neko cvon o sizenble dont in the problam, nainly for threoo

roasons:
3 Lecl: of sufficiont bullding natoriols
1 Lack of skilled personnol amd labour

1 Lock of finaneial msou.rcos‘

Duo to this o difforent tochnology has boen sugpostod as
appropriate for rurnl aroas, using local naterial and tochniques, with
suitablo nodifications to improve the quality of construction, The

soncopt of nided solf holp is also vory appropriato to tho rural scono,

9,5.5, Sene woll neaning sourcos have obioctoed to this spprocch,
Thoy hawo raisod the quostion whother the rural population are
considorod to bo sccond rato citizons, for whon only socomd roto
spocificntions ore surgostud. This doubt is basod on tho orronocous
inprossion that the spocifications suzgosted for rural housos such cs
walls of sun dricd bricks or muc. plastered banboo jaffri, thateh roof

oto, are inforior spocificctions,

9.3.5.1, All ovor thu world, tho rural housing tochniquos arc narkodly
difforont thon the urben housinge In tho ocarlior tinos whon the

rural socicty in Indin was comparativoly moro affluont and the urban
housing taochniquos wore also woll known to the rural population ond

rurcl artiscns, the houses in tho rur-l arcns comtinuod to bo difforont

SR N
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than in tho citios, Why was it so ? If wo go doop intco tho quostion,
wo will find tho rocson for this diffcoronen,

Se3e5,2¢ Tho pattorn of living in the rural orocs is difforont thon
in tho citics, A city dwollor noods housinz spaeo for o wvory lindtod
nurber of activitics, Honco s he can do with a small housc sufficiomt

to acecomriodato his csscnﬁie.l belenzings, a rocf to slcop undor amd to

do various houschold cheres, such g cookinz, washinz ote., On thoe

| othor hand o farmor in the rural aroc. has to store tho products of hie

form, soods and tho fodder for his cattlo in tho houses Again ho hns
to store his farming implanants and othor oquipnents which require o
scod cmount of space. Tho cattlo and poultry havo all tc bo housad
for whon ho noods o lot of indoor and outdocr apace within tho

conpowrd of his houso, Tho socinl custons roquire tho houso to ho
dividod into twe or throo soparatc orons viz, the portion for tho uso
of wonen folk, tho portion for tho nionfolk and the porticn for farm
Liplononts, storege aml oattlo, Apart fron thoso, the rural oroas ore
deprivad of nony sophisticated facilitios for cooling or werming thoir
houscs, Thus, for swrers, during tho day tine tho housc has to
ronnin cool end during nights, thoy nccd opon yards for slocping, In
winters also tho house st hove cdoquate thormial insulation to koop
wem during the cold nights, Thus the covored and open  aroc required
by o rurel houscholdar will bo neny Yines moro thon that roquired by m
urbon houscholder, Tho specifioctions for construction will

alsc have to bo difforant in vioy of the difforont spocific nccds of
the villazor, Maturally for such bizzor housss tho roquirciiont of
materials 111 bo nuch more and 1f thoy arc constructod with tho urbon
tcchriques, the cost will bo vory high. Existinr pattorn of housinzg
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in tho rurcl zross 1s o rosult of oxpericnce gainad through hurdrods

of yocrs, What is roquired to improve tho quelity of the rurcl housing

is to ncko improvononts in the oxdsting tochnlquos and improve thoir ,
onviromnonts liko rocd, droinnge, sanitation ste. Jdoption of cppro-

priato techniquos suiteble for rural croas showld forn part of tho

rogionsl and notional poliey ~ind those will bo diffcrent than tho

apceifications for urbo.n. housing, Thcse nre, howovor, in no why sccoid

roto but arc only cpproprinto spocificciions for tho specific necds of

tho rurzl houscholdor, On the other hand they mey bo usoful even for

urban areas if constroints of spaco and availcobility of matoriels aro

not thoro.

ede Considoring all tho points brought out carlior, tho following
guzrostions oro nade for incorporcting in tho rogioncl as woll as
notioncl policios for the cdvancanmort of sppropriato building tochno-
logios and production of matorinls to solve.tho glgontic housing
problans boinz faead by tho doveloping countrics in gomorol and Indic
in particulnrs

(2)s  Choapor buildin~s should bo provided by organising
the supply of arteri-ls ond by acting pursuing
rosoarcir into schaws of cutting down tho cost

of consbtruction,

«

(b)e 4 Netionsl Building Finonee Corporation should bo
astablishad to pronoto tho orginisntion of noss
production of choapor building matorinls fron lcerl

rosourcos throush appropriato tochnolozy,
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(@),

(o),

(£).

(a).

(B).

(1),
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Tho priveto soctor should mobilisod ard oncouraged in
standardisation of building compononts, and thoir

nenufacture on larss sealo,

To noot tho doniond for verious building motordials, o
sonprohonsive policy for their production and proper
usc hos to be adoptod and pursuod, Sono sugzostions
fo.r tho some have boon incorporatod in para 3.9 of
this study,

Resoarch in tho dosimn of low cost housing nodols to,
noot the necds in differont rogions of tho country
should bo sponsorod and promotod,

For rural buildings, matorinls ond tochniquos oppro-

priato for rural oross should be ovolved and adoptad,

Govornnont construction in rurgl arocs must odopt tho
sana tochniques as are advoeatod for largo scclo use
by the rural public, This is ono singlo factor which
can rooriont the ontire rural construction progruamo,
rosulting in saving of cost.; building motoricls and
oduccting tho rural nasscs in adoption of tochniquos

eppropricto for rursl arecas,

Toohnical guidence, assistance in procuranont of
antorials, training of skillod workers for spocifiic
Jobs, and comprohonsive plans and spocificctions should
bo nado availablo to individusls and cooporativo

sociotics,

To nalo tho trrining of building tr~do oraftasnon soro
attroctive adoquato incontives should bo given to tho




(3).

(k)

(1),

(n),

(n).

(o).
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treinoos, Such training should includo training 4n tho
uso of now bullding notorinls and tochniquos devolopod

through rosocreh,

Rusoorch orgonisations should continuc thoir offorts
to Lmprowo quolity of bricks and to ovolve novw typos
ol dosigns of kilns with a viow to roducing the cost
of bricks, At tho samo tine, brick industry should bo
nodercted to utilize roro ond noro the rosults of

rosoarch alroady carricd 6ut. :

“udck growing troos ond bamboo should be plantod
rogularly to start yioldingz timbor for building work
in tho quickost possiblc timo, spocially for rural

arens,

Uso of linmo should bo popularisod and hydration plants
should bo instcllod in verious pc.rbi of fho country for

production of 7ood quality hydratod lino,

Boforo adoption of now techniquos, pilot st udios, in
laboretorics, cxporincntol construction, cvnluation
of porformanco and proparation of codo of precticos
oro nocossary. !doquato funds should bo provided to
various roseorch institutos as woll ns to construction

ogoncics for this purrosc,

A¥ least upto 1% of construction funds of all building
agonoios of tho public scotor should % utilised for
oxporirental projscts,

Raming, schodul’ng ond monitoring of projocts by
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(p).

(@).

(1‘).
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net work tochniquss should bo givon groster amphasis to
minimise wastago of materials, apart from cthor advantagos
of saving on cost and tine,

Housing should be includod in the core sector of national
planning programme amd housing and building activities
should got the priority that thoy deserve.

The building industry should be given an incemtive to

provide housing by way of reduction in rates of interest
fron banks amd in rocovary fron the cliomt/usor the ;
period should be made such that easily payable instale

ments aro nado,

In all govornnont programes of large scale building
construstion, suitable bullding materials & techniquos
developad by tho roscarch institutos should .bo adoptad
as nuch as posaiblo,

Tho building codes and byo-laws as axlsting tosday should
be ncdified so that thoy holp the adoption of appropriate
tochnology.

t u 1]

Industrial narkot oconordes with 20% world population
acoount for 2/3 of orld's production. Lina Doclaration
onvisaged 25% of world production in dovelopliag oountrios
by the yoar 2000, This would essentially noed incroased
cooporation among developed armd doveloping countrics and
more so amongst devolcping countrios‘thmsclvos. This
will apply to Building Imlustry as woll.




9.6,

(11), The dewsloping countries should start identifying areas
of cooperation, coordinating R&, exchanging technical
persomnel and communicating rosults, Transfer of
techmwology amoxlzgat developing countries is very

| important and crucial,

(1.1.1;). India has already been extending assistance to developing
countries in the field of Building Imdustry in areas like
techno-economic and feasibility surveys, preparation of
project reports, training of foreign personnel, e:change
of sclentists, deputation of exports, setting up of
common facility centres otc, These efforts should be
further inoreased, |

(1v). In some cases, research institutes have taken up consule
.tamy Jobs for vorks of special nature in developing
| countries and have successfully implemented them, For
oxample the use of undor-reamed pile foundation for 130
KV transmission towers in about 70 Kms length in Dubal
was taken up by CBRI as a consultancy project which hag
since been implementad successfully. Similarly, a
oonsultancy project was undertaken by tho CBRI for UNESCO
- Regional Offico for Education in Asia, Bangkok, Thailand
for ™esign Quide Lines for Hostols for educational
institutes for Asian Countries”, Morc such projocts
should bo encouraged.,
(v). A Tochmological Data Bank needs to be established for

. comoporation anong developing sountries.

It is hoped that by incorporation of tho above suggostions in

*ho Rogional and fational Pollelos, the goal of solving our problam of

housing and building shortags will come much noares,
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