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BMTPC publishes special edition of its quarterly newsletter Nirman Sarika 
on the occasion of World Habitat Day every year on the theme chosen by 
UN-Habitat. This year’s theme Housing Policies: Affordable Homes gets 

well with the Indian housing policy of affordable Housing for all. Right to shelter 
is the clarion call given by Prime Minister of India and through Pradhan Mantri 
Awas Yojna – Urban, the Govt. machinery is geared up to provide approximately 
20 million houses specially to poorest of the poor in association with state gov-
ernments, beneficiaries, public-private partnership including credit link subsidy. 
During its two years of implementation, about 24 lakh houses are already sanc-
tioned and are at different stages of completion. More than hundred thousand 
houses have been completed and being occupied by the eligible beneficiaries. 
This kind of commitment towards housing sector especially affordable sector 
has never been seen before and it is bound to transform our cities. The private 
sector is also equal to the task and entering into the affordable housing sector 
in a big way. 

Affordability is the key word here and is being defined in terms of financial 
capabilities of an individual, nevertheless, I toss a different set of questions 
here i.e. Can we afford to build so many houses without vitiating the anatomy 
of mother earth and its resources; Can affordable housing precipitate improved 
economic and social fabric of the county? Affordable homes mean the sustainable 
homes and therefore affordability is to be measured in terms of environmental 
sustainability, economic sustainability and social sustainability. Environmental 
sustainability is the ability to build safe houses (i) without depleting our pre-
cious natural resources, (ii) with least ecological imbalance, (iii) no air, land & 
river pollution, (iv) less fossil fuel usage (v) more use of renewable resources 
(vi) maintaining bio-diversity. Economic sustainability is economic growth (a) 
without damaging social fabric of the community or harming the environment 
(b) optimizing utilization of tangible and non-tangible assets. Social sustainability 
is creating places which promote equity, livability, well-being, healthiness, com-
munity development & resilience, cultural ties, human adaptation etc. These 
three pillars of sustainability need to be addressed in our policies so as to have 
affordable homes.

BMTPC, as building materials & technology promotion council is putting its best 
efforts to bring paradigm shift in the current construction practices by introducing 
new construction systems which are time tested and proven world over. These 
systems not only help in fast delivery of houses but also add to affordability and 
sustainability. Some State and Central Government departments have already 
started using these new construction systems. Ministry of Housing & Urban af-
fairs is also working on creating a technical framework which help in smoother 
adoption of these systems in construction industry with the help of BIS, CPWD, 
Research & Academic Institutions and different chambers. Also, the technology 
providers around the globe are looking for opportunity to work with India so as 
to contribute in our mission of providing affordable housing to all. 

(Dr. Shailesh Kr. Agrawal) 
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HARDEEP S. PURI
Minister of State (Independent Charge)
Ministry of Housing and Urban Affairs
Government of India

MESSAGE

The first Monday of October is designated World Habitat Day and celebrated the world over 
by the United Nations and other Habitat related institutions. This provides an opportunity 
to address impending issues related to our habitat and basic rights for providing adequate 

shelter to all. This year’s theme “Housing Policies: Affordable Homes” is intended to remind the 
world that we have both the power and the responsibility to shape the future of our cities and 
towns.

India is witnessing rapid urbanisation. The urban population is increasing every year as a result of 
migration from small towns and villages. Expanding urban population has thus made increasing 
the housing supply a vital and urgent necessity.

Government of India announced its first National Urban Housing and Habitat Policy in 2007. The 
country set the challenging goal of Affordable Housing for All. This policy intends to promote 
sustainable development of the habitat in the country with a view to ensuring equitable supply 
of land, shelter and services at affordable prices to all sections of society. Following this, many 
programmes specific to affordable housing have since been initiated. The Government through 
its various schemes has made concerted efforts to enhance the supply of affordable housing to 
the urban poor.

The Pradhan Mantri Awas Yojana (Urban) - Housing for All Mission of my Ministry lays empha-
sis on rehabilitation of Slum Dwellers with participation of private developers using land as a 
resource; Promotion of Affordable Housing for weaker section through credit linked subsidy; 
Affordable Housing in Partnership with Public & Private sectors; and Subsidy for beneficiary-led 
individual house construction/enhancement, for providing housing to all by 2022. A Technol-
ogy Sub-Mission has also been set up to facilitate adoption of modern, innovative and green 
technologies and building material for faster and quality construction of houses.

Building Materials & Technology Promotion Council (BMTPC) has been entrusted the task of 
bringing new housing technologies and alternate materials which can help in creating quality, 
sustainable and safe housing stock. BMTPC has played a pro-active role in identifying emerging 
technologies for mass housing.

I welcome BMTPC’s effort for bringing out a Special Issue of its Newsletter “Nirman Sarika” on 
the occasion of “World Habitat Day”. I wish them success in their future endeavours.

New Delhi                 (Hardeep S Puri)
25 September, 2017
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DURGA SHANKER MISHRA
Secretary
Ministry of Housing & Urban Affairs
Government of India

MESSAGE

Every year on first Monday of October, the world celebrates “World Habitat Day”, to give 
attention to the issues related to human habitat. This year’s theme “Housing Policies: 
Affordable Homes”, declared by United Nation, reminds the world about the importance 

of proper policy framework by the respective Governments, of the country to make the basic 
need of housing affordable for all people, specially the poor and underprivileged one.   

The definition for Affordable Housing, may spell out different criteria in different countries 
but largely it remains the same and addresses the housing needs of lower or middle income 
households. Housing is often the single biggest expenditure of low and middle income families 
and the house remains their greatest source of wealth. Increasing cost of land and building 
materials, however, makes it difficult for middle and low income group of people to convert 
their dream of owning a safe pucca house a reality in cities. People below poverty line have 
no option but to settle in slums, exposed to natural and manmade hazards. It requires a mul-
tipronged approach to deal with the subject.

Government of India, giving this basic need the topmost priority, has taken various measures 
to meet this challenge. Pradhan Mantri Awas Yojana (Urban) - Housing for All, provide a policy 
framework with involvement of all stakeholders, for construction of affordable houses in the 
country, so as to provide a safe Pucca House with water connection, toilet facility and 24x7 
electricity to all the household by 2022 – the 75th year of Independence.

Building Materials & Technology Promotion Council (BMTPC) is one of the agencies, which 
is devoted to identification, evaluation and promotion of fast track sustainable construction 
technologies to bring quality, durability and speed in the construction at affordable cost under 
the Mission. 

I congratulate BMTPC for bringing out the Special Issue of their Newsletter “Nirman Sarika” 
on the occasion of the World Habitat Day to address important burning issues related to Af-
fordable Houses.   

I wish BMTPC all the best in their future endevours. 

(Durga Shanker Mishra)
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DR. SAMEER SHARMA
Additional Secretary 
Ministry of Housing & Urban Affairs
Government of India

MESSAGE

This year’s theme for the “World Habitat Day”, declared by the United Nation is “Housing 
Policies: Affordable Homes”. It gives us an opportunity to focus on the policy issues 
associated with the dream Mission of the Hon’ble Prime Minister, to make a decent 

pucca house with facility of water, toilet and electricity available to every household at an 
affordable cost, by the 75th year of Independence i.e. by 2022.

With 96 percentage of housing shortage falling under the category of Economically Weaker 
Section (EWS) and Lower Income Group (LIGs), fulfilling the housing need of the country is 
very challenging. It requires an integrated approach with proper policy instruments which not 
only help household to reach the needed financed benchmark but also to create a proper eco 
system with involvement of all stake holders, to fast track the construction with due attention 
to ecological, environmental and sustainability aspects at an affordable cost.

Building Materials & Technology Promotion Council (BMTPC) is playing an important role in 
the Housing for All Mission, by identifying, evaluating and promoting new emerging construc-
tion technologies, which fulfil the present need of speed, quality, durability, sustainability 
and affordability.

I am happy that Building Materials & Technology Promotion Council (BMTPC) like previous 
years, is coming out with a special issue of its Newsletter “Nirman Sarika” on the occasion of 
World Habitat Day. I sincerely hope the publication will provide better insight to the chosen 
theme of the World Habitat Day.

I extend my best wishes to BMTPC in their endeavours.

         (Sameer Sharma)
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MANOJ KUMAR
Additional Secretary
Ministry of Housing & Urban Affairs
Government of India

MESSAGE

World Habitat day is celebrated worldwide on first Monday of October every year 
with an objective to remind us of the state of affairs relating to sustainable habitat 
and also to take forward the agenda of improving the basic right of adequate and 

affordable shelter to all.

The Government of India had brought out the National Urban Housing and Habitat Policy in 
2007 which seeks to promote sustainable development of habitat in the country. The Policy 
promotes various types of public-private partnerships for realizing the goal of Affordable 
Housing for All. Housing being a State subject, State Governments formulate their own hous-
ing policies which normally amalgamate with the central schemes to give maximum benefits 
to the beneficiaries.

This year’s theme of “Housing Policies: Affordable Homes” has great relevance in the current 
Indian scenario as Government of India is implementing Pradhan Mantri Awas Yojana (Urban) 
- Housing for All to address the housing requirements of urban poor, including slum dwellers. 
I hope that the theme will give further impetus to the current endeavors of Government of 
India in providing safe and affordable housing for all.

Building Materials & Technology Promotion Council (BMTPC) has been making concerted 
efforts to identify and evaluate emerging technologies for affordable housing. The Council 
should further intensify its efforts to ensure speedy dissemination of innovative concepts and 
technologies in the implementation of housing programmes.

I am happy to know that the BMTPC is bringing out a Special Issue of its Newsletter “Nirman 
Sarika” on the occasion of the World Habitat Day. I wish it all success.

(Manoj Kumar)
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JHANJA TRIPATHY
Joint Secretary & Financial Advisor
Ministry of Housing & Urban Affairs
Government of India

MESSAGE

As India becomes more urbanized, there is an increasing requirement of housing 
for the entire cross section of the society. Weaker sections, low-income and dis-
advantaged groups need special attention in the context of emerging challenges. 

Despite sustained economic growth in the last few years, India still faces challenges of ad-
dressing the issues of affordability, accessibility and availability that haunt a large segment 
of population. Climate change adds to the existing stresses on the sustainability of human 
settlements and society.

Recognising the seriousness and complexity of these issues the Government of India has 
taken several initiatives including implementation of Pradhan Mantri Awas Yojana (Urban) 
– Housing For All Mission, to promote sustainable development of habitat in the country 
for realizing the goal of Affordable Housing for All. The objectives of these initiatives are: 
achievement of social sector goals; community empowerment; creating sustainable sup-
port systems; employment generation and skill upgradation; environmental improvement 
and shelter upgradation.   

I am happy that the Building Materials & Technology Promotion Council under the aegis of 
this Ministry is bringing out the special issue of its Newsletter “Nirman Sarika” highlighting 
the theme of the World Habitat Day which is “Housing Policies: Affordable Homes”. 

I take this opportunity to wish BMTPC every success in its efforts.

(Jhanja Tripathy)
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AMRIT ABHIJAT
Joint Secretary & Mission Director (Housing for All)
Ministry of Housing & Urban Affairs
Government of India

MESSAGE

The Theme of World Habitat Day this year - “Housing Policies: Affordable Homes” is, an 
appropriate one. Affordable housing today is one of the challenges of the emerging 
economic across the world having resource constraints in terms of land, finances & fast 

depleting natural resources of building materials.

Government of India has taken several initiatives for making houses affordable to the vulnerable 
segment of its population. The Pradhan Mantri Awas Yojana (Urban), a flagship programme 
of the Government envisages facilitating the efforts of States/UTs in addressing the urban 
housing shortage. Across the four verticals of this Mission, the abiding theme is that by the 
year 2022, every household should have a pucca house. In order to achieve affordability 
and sustainability, States are being encouraged to make use of modern, innovative & green 
technologies.

BMTPC is playing an important role for making houses affordable through promotion of 
cost-effective, environment friendly and disaster-resistant building materials & technologies. 
Further as per the requirement of mass housing under PMAY(U), it has been identifying and 
evaluating new and emerging technologies to bring quality and speed in construction and 
make the houses affordable.

I am sure that the publication of special issue of Nirman Sarika of the Council brought out on 
the occasion of World Habitat Day 2017 would go a long way in highlighting important issues 
related to the theme.

I wish BMTPC all the success in their future endeavour.

(Amrit Abhijat)
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Innovating the Affordable 
Housing Value Chain with 
Performance-oriented 
Regulations and Policies

* Professor of Project Management, Liverpool John Moores University, Liverpool, UK; E-mail: A.Sawhney@ljmu.ac.uk

Anil Sawhney*
PhD, FRICS, FHEA

It is not every day that one 
lives to witness a program or 
mission to build 20 million 

affordable housing units. When 
India launched the Housing for All 
(Urban) program in 2015, many 
saw this as a formidable task that 
was important for the future of 
the country and its citizens. Ac-
knowledging the crucial role of 
technology the creators of the 
mission simultaneously embedded 
a Technology Sub-mission in the 
program with the aim of enriching 
the value-chain through technolo-
gy-driven innovation. It was amply 
clear that business as usual or as 
many call it the ‘sticks and bricks’ 
approach would not work, at least 
not as the only path to accomplish-
ing the mission’s goal of building 
close to 3 million houses a year. So 
what is the lever that can be used 
to propel the affordable housing 
value chain to match the delivery 
targets? What kind of innovation is 
needed to make this shift?

In the first eighteen months 
of the program, the central gov-
ernment has approved the con-
struction of 1.5 million affordable 
housing units as part of 3031 

projects in the 3,888 participating 
cities spread over 34 States and 
Union Territories. These approv-
als amount to an investment of 
approximately USD 3.5 billion by 
the central government. Most ap-
proved projects are in their early 
stages of implementation with 
many still on the drawing board. 
The industry needs to start think-
ing about the delivery mechanism 
for these houses as the program 
moves forward. Successful deliv-
ery of the housing units under the 
first batch of approved projects 
will be crucial to the final success 
of the entire mission. Technology 
and innovation are crucial in this 
journey.

So, is there a dearth of available 
technologies for affordable hous-
ing? The answer to this question 
is resounding no. Recent advance-
ments in construction technology, 
from traditional site-based ‘sticks 
and bricks’ methods to “more ef-
ficient combination of off-site and 
on-site methods”, has brought 
upon us new possibilities for the 
construction of affordable mass 
housing. This paradigm is now 
spread across the globe encom-

passing a greater use of prefab-
ricated systems and innovations 
for designing and constructing af-
fordable and sustainable housing. 
These emerging methods and tech-
nologies are superior to traditional 
technologies in terms of delivery 
time, cost, sustainability, safety, 
quality and overall performance. 
Paradoxically though, adoption of 
emerging housing technologies in 
the Indian housing sector remains 
low. While there is no dearth 
of available technologies, selec-
tion of the most appropriate one 
among the emerging technologies 
remains a complex process that 
depends upon a  plethora of fac-
tors. Mainstreaming of these su-
perior technologies is challenging 
as the Indian housing value chain 
is complex. Most technologies are 
rejected by superficial analysis of 
first-cost and perceived implemen-
tation difficulties. Other hurdles 
and challenges remain, including 
the controversial issue of regula-
tions and policies.

The discussion on regulatory 
issues begins and ends with ap-
proval delays and single-window 
clearance. Do we have adequate 
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capacity to follow through with a 
regulatory framework that sup-
ports and encourages the use of 
emerging technologies and prod-
ucts safely and securely? Is quality 
of construction using traditional 
methods of construction moni-
tored adequately by local building 
authorities? A significant effort is 
needed to upgrade and modernise 
our codes, bylaws and ensuring 
capacity to implement them. We 
need to reach a stage that building 
regulations and policies become a 
mechanism to promote innovation 
in the affordable housing value 
chain.

Historically regulations and pol-
icies have been seen as a mecha-
nism to maintain business as usual 
and stifle innovation. This world-
view has to be disrupted if the path 
to accomplishing the targets of the 
affordable housing mission have to 
be made real. The needed shift will 
take place if we move away from 
prescriptive housing policies and 

regulations towards performance-
oriented policies and regulations. 
The regulations and policies sur-
rounding the affordable housing 
ecosystem must be deployed as a 
portfolio of tools aimed at improv-
ing the performance of the housing 
stock and meeting the needs of the 
end-user. Such a deployment will 
likely stimulate system innovation 
up and down the value change. It 
can provide the affordable hous-
ing value chain with the business 
environment, market incentive and 
institutional frameworks that are 
conducive to innovation. Our poli-
cies and regulations must proac-
tively seek to encourage innovation 
in housing products and materials, 
and process improvement includ-
ing new product development and 
systems integration.

The idea of performance-based 
regulation is not new. The aviation, 
health and safety, and nuclear 
sectors have used this approach 
for several decades. The idea for 

affordable housing can be very 
simple. Build affordable houses 
with superior technologies that 
meet the performance criteria 
pertaining to factors like cost and 
time certainty, energy efficiency, 
thermal comfort, sustainable use 
of materials, design flexibility, 
future maintenance requirements 
and performance throughout the 
housing life-cycle, customer satis-
faction and acceptance, and com-
pliance with building regulation. 
The Performance Appraisal Certifi-
cation Scheme (PACS) designed by 
BMTPC can play a significant role 
in attaining performance-oriented 
regulations and policies for af-
fordable housing in India. If the 
technology successfully adheres 
to all the parameters and criteria, 
then the technology can be further 
evaluated for implementation and 
promotion to suit end-users’ per-
formance requirements.

*****

Affordable Housing Scheme in Nigeria 
Source: https://constructionreviewonline.com/2017/07/stakeholders-in-nigeria-advocate-value-chain-financing-for-affordable-housing/
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Government’s Initiatives towards 
Housing Policies: 
Affordable Homes

* Executive Director, Building Materials & Technology Promotion Council, New Delhi
**	 Sr.Field	Officer	(DC&E),	Building	Materials	&	Technology	Promotion	Council,	New	Delhi

Dr. Shailesh Kr. Agrawal*  
& Dalip Kumar**

India is committed towards af-
fordable housing for its citizens 
specially at the bottom of the 

pyramid. It can be clearly seen 
in the housing policies & flagship 
programmes of the successive gov-
ernments since its independence. 
Urban areas in India are fast grow-
ing and being seen as engines of 
growth, however faulty planning, 
poor programme implementation 
and unplanned growth has given 
rise to proliferation of slums and as 
a projection, India’s slum popula-
tion may surge to around 9%. This 
means urban planners will face es-
calating challenges as these slums 
will mostly thrive in sleepy towns 
and in semi-rural areas, a conse-
quence of an accelerating rural to 
urban shift across the nation.

The bigger states like Maha-
rashtra, Uttar Pradesh, Andhra 
Pradesh and Madhya Pradesh will 
host the largest share of India’s 
slum population. A projection of 
the slum population on the basis of 
the Pranab Sen Committee Report 
in 2011 was 93 million, or 7% of 
a total population of 1.21 billion. 
The census of 2011 recorded 1.3 
crore urban slum households. So, 

if a household is estimated at five 
members, the urban slum popula-
tion is around 65 million. 

The 2011 census also shows the 
problem is growing as it indicates 
the percentage of people living 
in slums in smaller cities with a 
population of less than a million is 
rising. While 62% people in these 
cities are slum dwellers, it is 38% 
in all million-plus cities that in-
clude mega metros like Delhi and 
Mumbai.

In absolute numbers while mil-
lion-plus cities have 52 lakh slum 
households, the count is 85 lakhs in 
the sub-million cities. Census data 
further shows how a large section 
of the urban population lives in 
slums in the four metropolitan cit-
ies -- as high as 41.3% in Greater 
Mumbai, 29.6% in Kolkata, 28% in 
Chennai and about 15% in Delhi. 
There are indications that as urban-
ization grows, and the projected 
share of urban households rises 
in the next two decades from the 
current 28% to 50% of India’s popu-
lation, the slums are only likely to 
grow exponentially.

The socio-economic implica-

tions of a large slum population 
which includes the cost of civic 
services, housing and health care, 
and increased crime and social 
tensions saw the previous govern-
ments frame the JNNURM & Rajiv 
Awas Yojna as a policy response. 
The scheme intended to provide 
affordable housing to the poor and 
make urban areas slum free but 
these efforts could register little 
progress. 

However, the present Govt. 
launched a comprehensive Hous-
ing for all scheme both for urban & 
rural areas to provide pucca house 
to each household by the 75th year 
of Independence i.e. 2022. The 
progress is also unprecedented 
so far with sanction of 23,92,061 
houses. Out of which, the houses 
grounded for construction are 
9,93,278 whereas houses com-
pleted are 1,57,106 and occupied 
are 1,27,398 as on 31st July 2017. 
The overall investment till date is of 
the order of Rs. 1,27,480.16 Crore 
with the central assistance of Rs.  
37,270.84 Crore. 

The extracts of some of the 
policy level interventions and flag-
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ship programmes operationalized 
by Govt. of India from time to time 
are given in this paper to reconfirm 
Government of India’s resolve to-
wards affordable housing & slum 
eradication.

National Urban Housing & 
Habitat Policy (2007)

The erstwhile Ministry of Hous-
ing & Urban Poverty Alleviation 
(MoHUPA) now Ministry of Hous-
ing & Urban Affair (MoHUA) is re-
sponsible to bring national housing 
policy and also handholds states to 
bring their own housing policy to 
address the urban issues. Afford-
able housing has always been the 
highlight of Govt. of India housing 
policy. The National Urban Housing 
and Habitat Policy (2007) aims at

i)  Accelerating the pace of devel-
opment of housing and related 
infrastructure.

ii) Creating adequate housing 
stock both on rental and owner-
ship basis with special emphasis 
on improving the affordability 
of the vulnerable and economi-
cally weaker sections of society 
through appropriate capital or 
interest subsidies.

iii)  Using technology for modern-
izing the housing sector for 
enhancing energy and cost effi-
ciency, productivity and quality. 
Technology would be harnessed 
to meet the housing needs of 
the poor. The concept of ‘green’ 
and ‘intelligent’ buildings would 
be put in place on the ground. 
Technological advances would 
be disseminated for preventing 
and mitigating the effects of 
natural disasters on buildings, 
e.g., in case of earthquakes, 
floods, cyclones, etc.

Model State Affordable Housing 
Policy for Urban Areas : Draft 
2014

To tackle urbanisation and re-
lated issues, Ministry came up with 
the National Housing and Habitat 
Policy (NUHHP), 2007 with “Afford-
able Housing to All” as its mandate. 
The NUHHP, 2007 had envisaged 
that the States should prepare a 
State Urban Housing and Habitat 
Policy and also a State Urban Hous-
ing & Habitat Action Plan. The draft 
model state policy empowers the 
States to include passing of specific 
Acts by the States to achieve the 
housing policy objectives through 
institutional, legal & regulatory re-
forms, fiscal concessions, financial 
sector reforms and innovations in 
the area of resource mobilization 
for housing and related infra-
structure development including 
promotion of cost effective build-
ing materials and technologies at 
the State level. The policy should 
also include an action plan and a 
pragmatic road map to achieve the 
objectives of the policy. 

The aim of the policy, therefore, 
is to create an enabling environ-
ment for providing “affordable 
housing for all” with special em-
phasis on EWS and LIG and other 
vulnerable sections of society such 
as Scheduled castes/Scheduled 
Tribes, Backward Classes, Minori-
ties and senior citizens, physically 
challenged persons in the State 
and to ensure that no individual is 
left shelter less. The Policy further 
aimed to promote Public Private 
People Participation (PPPP) for ad-
dressing the shortage of adequate 
and affordable housing. However, 
the policy is still in draft stage and 
to be finalised.

Jawaharlal Nehru National 
U r b a n  Re n ewa l  M i s s i o n 
(JNNURM) 

(2005-2012)

In order to check growth of 
slums around Indian cities and to 
look at urban renewal in holistic 
manner, a comprehensive ambi-
tious scheme of JNNURM was 
launched. It was a welcome step as 
it overcame the distinct demerits 
of earlier VAMBAY & slum devel-
opment scheme. The MoHUPA 
operationalized two sub-missions  
of JNNURM namely Basic Services 
to the Urban Poor (BSUP) and In-
tegrated Housing & Slum Develop-
ment Programme (IHSDP), which 
are being discussed now.

The main thrust of the Sub-
Mission on Basic Services to the Ur-
ban Poor (BSUP) was on integrated 
development of slums through 
projects for providing shelter, ba-
sic services and other related civic 
amenities with a view to provide 
utilities to the urban poor.

The Sub-Mission on Basic Ser-
vices to the Urban Poor covered 
the following:

i.  Integrated development of 
slums, i.e., housing and de-
velopment of infrastructure 
projects in the slums in the 
identified cities.

ii.  Projects involving develop-
ment/improvement/mainte-
nance of basic services to the 
urban poor.

iii.  Slum improvement and reha-
bilitation projects.

iv.  Projects on water supply/sew-
erage/drainage, community 
toilets/baths, etc.

v.  Houses at affordable costs for 
slum dwellers/ urban poor/
EWS/LIG categories.
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vi.  Construction and improve-
ments of drains/storm water 
drains.

vii. Environmental improvement of 
slums and solid waste manage-
ment.

viii. Street lighting.

ix.  Civic amenities, like, community 
halls, child care centers, etc.

x.  Operation and maintenance of 
assets created under this com-
ponent.

xi.  Convergence of health, educa-
tion and social security schemes 
for the urban poor.

Integrated Housing & Slum 
Development Programme (IHSDP) 
for small cities aimed at combining 
the existing schemes of VAMBAY 
and NSDP under the new IHSDP 
Scheme for having an integrated 
approach in ameliorating the con-
ditions of the urban slum dwellers 
who do not possess adequate 
shelter and reside in dilapidated 
conditions.

The components for assistance 
under the IHSDP included all slum 
improvement/ upgradation/relo-
cation projects including upgrada-

tion/new construction of houses 
and infrastructural facilities, like, 
water supply and sewerage. The 
admissible Components under the 
scheme were:

i)  Provision of shelter including 
upgradation & construction of 
new houses.

ii)  Provision of community toi-
lets.

iii)  Provision of physical amenities 
like water supply, storm water 
drains, community bath, widen-
ing and paving of existing lanes, 
sewers, community latrines, 

street lights, etc.

iv)  Community Infrastructure like 
provision of community centres 
to be used for pre-school edu-
cation, non-formal education, 
adult education, recreational 
activities, etc.

v)  Community Primary Health 
Care Centre Buildings can be 
provided.

vi)  Social Amenities like pre-school 
education, non-formal educa-
tion, adult education, mater-
nity, child health and Primary 
health care including immuniza-
tion, etc.

vii) Provision of Model Demonstra-
tion Projects.

viii) Sites and Services/houses at 
affordable costs for EWS & LIG 
categories.

ix)  Slum improvement and reha-
bilitation projects.

x)  Land acquisition cost will not be 
financed except for acquisition 
of private land for schemes/
projects in the North Eastern 
States & hilly States, viz., Hi-
machal Pradesh, Uttaranchal 
and Jammu & Kashmir.

Occupied Dwelling Units built under JnNURM (BSUP) in Mysore, Karnataka

Houses built under JnNURM (IHSDP) in Bilaspur, Chattisgarh
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Rajiv Awas Yojana (RAY)

(2013-2015)

In pursuance of Slum Free India 
vision, after JNNURM and with 
active participation of States, the 
JNNURM was recast with more 
freedom, powers to states and Ra-
jiv Awas Yojana (RAY) was launched 
in June 2011 in two phases; the 
preparatory phase for a period 
of two years which ended in June 
2013 and implementation phase. 
Central Government has approved 
the implementation phase for the 
period of 2013-2022.

RAY envisaged two-step imple-
mentation strategy i.e. preparation 
of Slum free City Plan of Action 
(SFCPoA) and preparation of proj-
ects for selected slum. The two 
step implementation strategy i.e. 
preparation of Slum-free City Plans 
of Action (SFCPoAs) on ‘whole city’ 
basis and Detailed Project Reports 
(DPRs) on ‘whole slum’ basis for 
selected slums comprised of fol-
lowing main elements:

Preparation of Slum-free City 
Plans of Action (SFCPoA):

1.  The SFCPoA will be an overall ac-
tion plan of the ULB with invest-
ment requirements projected 
and prioritized for improving/
developing the existing slums 
and providing houses including 
basic civic infrastructure and 
social amenities for the urban 
poor for the next 10-15 years.

2.  Selected cities will draw up their 
SFCPoA in accordance with 
the detailed guidelines on the 
subject, with the overall goal of 
tackling the problem of slums 
in a systematic and time bound 
manner.

3.  SFCPoAs would be for a city 
as a whole, but within a city 

the implementation of slum 
up-gradation/redevelopment 
may require to be phased out 
and paced as per the financial 
and resource capacity of the 
implementing agencies.

4.  The strategy to tackle slums 
would need to be in two parts 
– a) Curative Strategy for slum 
redevelopment of all existing 
slums; and b) Preventive Strat-
egy for containment of growth 
of future slums.

5.  As described in the SFCPoA 
guidelines, under the curative 
strategy, the main steps are 
identification of all slums, slum 
mapping, profiling, tenability 
analysis, prioritisation based on 
assessment of housing and in-
frastructure deficiency in each 
slum, formulation of develop-
ment options for each slum. 
Under the preventive strategy, 
the main steps would involve 
assessment of housing shortage 
for the urban poor, framing sup-
ply options for the urban poor 
and enabling policy reforms for 
supply of urban poor housing.

6.  As preparation of SFCPoAs 
would take some time, States/
UTs may submit projects of spe-
cific slums for consideration and 

sanction, pending the prepara-
tion of SFCPoAs in the first year 
of the scheme. Slums taken 
up for intervention under RAY 
should be part of prioritised 
slums in SFCPoAs. Projects 
approved in RAY pilot phase 
would be integrated in the RAY 
implementation phase and 
funding and release pattern as 
in implementation phase will be 
applicable for DPRs approved in 
pilot phase.

7.  States would also require to 
develop mechanisms to imple-
ment all mandatory reforms 
under RAY, mechanisms and 
structures for community mo-
bilisation, private sector par-
ticipation and institutional and 
human resource capacity.

8.  Each completed SFCPoAs will be 
submitted for technical review 
of the subcommittee under 
Central Sanctioning & Monitor-
ing Committee (CSMC) and af-
ter incorporation of comments, 
it would be placed before the 
CSMC for consideration and 
acceptance.

Preparation of Detailed Project 
Reports for the Selected Slums

1. On the basis of prioritization 
of slums in SFCPoAs, cities 

AHP houses in Rajnandangoan, Chhattisgarh
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would be required to prepare 
Detailed Project Reports (DPRs) 
following a ‘whole slum’ ap-
proach. In each selected slum, 
an integrated approach would 
be adopted with the provision 
of housing, basic civic infra-
structure and social amenities. 
DPRs should include details of 
arrangements for convergence 
of inputs of health, education, 
social security, livelihoods and 
connectivity to city civic infra-
structure from existing schemes 
and programmes of State/ULB/
Centre.

2.  Infrastructure components 
would include all basic civic 
infrastructure and social ameni-
ties like water supply, sewerage, 
drainage, solid waste manage-
ment, approach and internal 
road, street lighting etc. and 
community facilities such as 
pre-schools, child care centres, 
health centres/sub-centres, 
livelihoods centres etc.

3.  The detailed DPR preparation 
guidelines must be referred 
while preparing the DPRs. The 
DPRs will have the financial 
and revenue model includ-
ing commitment of State/ULB 
share required to complete the 
projects. DPRs submitted to 
the Ministry for consideration 

shall contain duly authenti-
cated detailed cost estimates, 
relevant drawings, prescribed 
undertaking by States/UTs and 
implementing agencies, list of 
beneficiaries, copy of necessary 
approvals etc.

4.  In-situ development of selected 
slum would be preferred to en-
sure that development does not 
lead to loss of livelihood link-
ages or additional commuting 
hours leading to loss of income. 
Interventions in selected slums 
can be on the following lines:

 Redevelopment: Development 
of entire slum by providing ad-
equate housing and infrastruc-
ture (civic and social) to the 
slum dwellers after demolition 
of the existing built structures.

 Upgradation: Development of 
the entire slum by filling gaps in 
housing and infrastructure (civic 
and social) to the slum dwellers 
without complete demolition of 
the existing structures.

5.  If temporary transit housing 
is required to accommodate 
the displaced slum dwellers of 
intervened slums, then it may 
also be proposed as part of the 
project DPR.

6.  Slum relocation should prefer-
ably be selected as a method 

of slum-redevelopment for 
untenable slums and in such 
case, emphasis should be laid 
on providing mobility and rec-
reating livelihood linkages. Such 
interventions would include 
adequate connected infra-
structure (civic and social) on 
alternate site selected for such 
slum relocation.

7.  Type of housing to be consid-
ered for slum upgradation/
redevelopment/ relocation, 
hereinafter referred to as slum 
intervention strategy, may in-
clude the following:

 New housing: Slum dwellers 
without pucca houses should 
be provided with new dwelling 
unit (Single storey or Multi-
storied building) of carpet area 
between 21-27 sqm. with two 
rooms, kitchen, bathroom, wa-
ter sealed toilet and individual 
potable water connection facil-
ity.

 Incremental housing: During 
the assessment of housing 
needs, it may be determined 
that the existing dwelling units 
built by the slum dwellers may 
need improvement i.e. if the 
dwelling unit is a pucca con-
struction but having less than 
the desired minimum floor 
space or rooms, additional 
provision of rooms, toilets etc. 
should be considered to meet 
the minimum criteria so as to 
facilitate housing unit up-grada-
tion. In case land is not available 
for expansion, vertical develop-
ment may be considered. Provi-
sion of individual water supply, 
sanitation etc. should also be 
considered, where so required. 
As specified in the para above, 
for incremental housing also 
the central support shall be 

AHP houses in Gujarat
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limited to the carpet area of 
21-27 sqm.

 Rental Housing: Rental housing 
may be the preferred choice 
to accommodate tenants of 
slums, labourers, floating popu-
lation and urban homeless. 
Recognising that managing such 
rental premises is challenging, 
States/UTs will be required to 
clearly enunciate mechanisms 
for managing such premises 
including fixation of rent, opera-
tion and maintenance, vacancy 
norms etc. The size of rental 
DUs is expected to be between 
16-20 sqm. with shared civic 
infrastructure. However, rental 
DUs with size 21-27 sqm. can 
also be proposed in exceptional 
cases.

8.  With regard to housing, full flex-
ibility of approach is available 
for the manner of construction 
and arrangement of funds. Fol-
lowing models for execution 
may be adopted:

 Beneficiary-led Execution: 
Beneficiaries may be involved 
for construction of DUs which 
would result in better monitor-
ing and implementation. Imple-
menting agencies should en-
sure timely availability of funds 
required for the smooth prog-
ress and completion of projects. 
Funds to beneficiary should be 
released in not more than four 
instalments, the first of which 
can be before commencement 
of construction (10%), second 
once construction is upto plinth 
level (30%), third after construc-
tion is upto roof level (40%) and 
final instalment on completion 
of construction (20%). The ex-
act quantum may be varied by 
implementing agencies as per 
local conditions. 

 Executing Agencies: Execution 
of housing projects may be 
taken up by ULBs or parastatal 
agencies like Housing Boards, 
Development Authorities etc. 

9.  It would be expected that the 
implementing agencies will take 
into account the provisions of 
the City Development Plan, 
City Sanitation Plan etc while 
planning its interventions under 
RAY so as to achieve synergy 
with ongoing schemes/ pro-
grammes. Each DPR would be 
submitted through the State 
Nodal Agency (SLNA) with ap-
proval of the SLSMC and would 
be considered for approval 
by Central Sanctioning and 
Monitoring Committee (CSMC). 
Each project would need to be 
in conformity with the SFCPoA 
except as mentioned in para 
7.1.6. 

10. Community should be involved 
at every stage, from planning 
through implementation and 
post-project sustenance, ne-
cessitating that the designing 
of slum development is done 
with people’s participation, 
which will lead to community 
ownership and sustainability 
of the scheme. To have better 
coordination and participation 
in project formulation, imple-
mentation and post construc-
tion O&M, it is recommended 
that each slum should form 
cooperatives/ associations of 
the resident slum dwellers or 
any other such structure. These 
can act as the representative 
body for giving ownership/
lease rights, rent management, 
operation and maintenance e.g. 
paying of electricity, water bills, 
day-to-day maintenance of the 
premises etc.

Pradhan Mantri Awas Yojana 
(PMAY) – Housing for All 
(Urban) 

(2015-2022)

Hon’ble Prime Minister envi-
sioned Housing for All by 2022 
when the Nation completes 75 
years of its Independence. In order 
to achieve this objective, Central 
Government has launched a com-
prehensive mission “Pradhan Man-
tri Awas Yojana – Housing for All 
(Urban)”. RAY has been subsumed 
in this scheme.

The mission seeks to address 
the housing requirement of ur-
ban poor including slum dwellers 
through following programme 
verticals: 

•  Slum rehabilitation of Slum 
Dwellers with participation of 
private developers using land as 
a resource 

•  Promotion of Affordable Hous-
ing for weaker section through 
credit linked subsidy 

•  Affordable Housing in Partner-
ship with Public & Private sec-
tors 

•  Subsidy for beneficiary-led in-
dividual house construction /
enhancement. 

This is so far the most thought 
and comprehensive scheme being 
run under four verticals as enumer-
ated above. Also, to augment af-
fordable housing supply, the credit 
link subsidy scheme was reframed 
so as to bring Middle income group 
under its ambit. The scheme is 
showing quite healthy result and 
is being explained here.

Credit Linked Subsidy Scheme for 
EWS/LIG

Pradhan Mantri Awas Yojana 
(Urban) - Housing For All Mission, 
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in order to expand institutional 
credit flow to the housing needs 
of urban poor is implementing 
credit linked subsidy component 
as a demand side intervention. It 
has following features:

•  Beneficiaries of Economically 
Weaker Section (EWS) and 
Low Income Group (LIG) seek-
ing housing loans from Banks, 
Housing Finance Companies 
and other such institutions 
would be eligible for an interest 
subsidy at the rate of 6.5 % for 
a tenure of 20 years or during 
tenure of loan whichever is 
lower. 

•  The credit linked subsidy will be 
available only for loan amounts 
upto Rs 6 lakhs and additional 
loans beyond Rs. 6 lakhs, if any, 
will be at nonsubsidized rate. 

•  Interest subsidy will be cred-
ited upfront to the loan ac-
count of beneficiaries through 
Primary Lending Institutions 
(PLI), resulting in reduced effec-
tive housing loan and Equated 

Monthly Installment (EMI). 

•  The Net Present Value (NPV) 
of the interest subsidy will be 
calculated at a discount rate of 
9 %. 

Area which can be constructed 

•  Carpet area of house being 
constructed or enhanced under 
this component of the Mis-
sion should be upto 30 square 
meters for EWS category and 
upto 60 square meters for LIG 
category. 

•  Beneficiary, at his/her discre-
tion, can build a house of larger 
area but interest subsidy would 
be limited to first Rs.6 lakh 
only. 

•  For incremental housing/exten-
sion, the area limit will be 30 
sq.mt. and 60 sq.mt. of carpet 
area for EWS and LIG category 
respectively. 

Credit Linked Subsidy Scheme for 
Middle Income Group

This Scheme will support ac-
quisition/construction of houses 

(including re-purchase) of 90 sq. 
mts. (for MIG I) and 110 sq.mt. (for 
MIG II) carpet area as per income 
eligibility with basic civic infra-
structure like water, toilet, sanita-
tion, sewerage, road, electricity, 
etc. Beneficiaries of MIG will be 
eligible for an interest subsidy with 
following features: 

Particulars MIG I MIG II
Household 
Income (Rs. p.a.) 

6,00,001 
-12,00,000 

12,00,001 - 
18,00,000 

Interest Subsidy 
(% p.a.) 

4.00% 3.00% 

Maximum loan 
tenure (in years) 

20 20 

Eligible housing 
loan amount for 
interest subsidy 
(Rs.) 

9,00,000 12,00,000 

Dwelling Unit 
carpet area 

90 sq. mts. 110 sq. mts. 

Discount rate 
for Net Present 
Value (NPV) 
calculation of 
interest subsidy 
(%) 

9.00% 9.00% 

Closure

The above article is to bring 
Ministry of Housing & Urban 
Affairs, Govt. of India’s strides 
towards World Habitat Day 2017 
theme “Housing Policies: Afford-
able Homes” for last two decades 
and the material presented here 
is collation of various guidelines, 
reports and publication of ministry 
available on its website.  It is evi-
dent that urbanisation and associ-
ated issues particularly housing for 
poor has always been priority area 
in any of urban scheme of Govern-
ment and with perseverance, India 
would be able to tackle and prevent 
further proliferation of slums in ur-
ban centres. The authors sincerely 
acknowledge all the Secretaries of 
MoHUA who provided opportu-
nity to BMTPC to be part of these 
Schemes/Programmes.

*****

Completed House under BLC-PMAY(U), 
Jharkhand (Geo-tagged)

PMAY(U) Houses built with Precast 
Concrete Technology in Chhattisgarh

Completed House under BLC-PMAY(U), 
Tamil Nadu (Geo-tagged)

PMAY(U) Houses built with Waffle Crete 
Technology in Gujarat
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India’s Building 
Materials Sector

Soumitra Maiti**
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** Scientist, Environment Science and Technology Group, CSIR-Central Building Research Institute, Roorkee 247667

Dr. A.K.Minocha*

The construction industry is a 
major contributor towards 
India’s GDP, both directly 

and indirectly. It employs 33 million 
people, and any improvements in 
the construction sector affect a 
number of associated industries 
such as cement, steel, technology, 
skill-enhancement, etc. This is the 
only sector which has shown sub-
stantial growth in the last three 
years when our economy has been 
growing at a slow pace. Simultane-
ously, the construction sector is 
reeling under a severe shortage 
of skilled workforce, and in many 
areas of the country, shortage of 
construction sand, raw materials, 
and political disturbances are also 
acting as growth deterrents. The 
pace in the Indian construction sec-
tor on the ground, however, does 
not reflect what lies in store for the 
future. For example, technologi-
cal advancements will soon begin 
increasing the pace and potential 
of this sector, and act as a growth 
catalyst. Among its many posi-
tive influences, the arrival of new 
construction technology and the 
entry of international infrastruc-
ture players into India is generating 

employment across a vast array of 
different skill sets.

Apart from the Smart Cities 
project, the Government’s ‘Hous-
ing for All by 2022’ will be a major 
game changer for the industry. 
Increased impetus to the creation 
of affordable housing mission, 
along with quicker approvals and 
other supportive policy changes 
will soon result in an increase in 
construction activity. Likewise, the 
Atal Mission for Rejuvenation and 
Urban Transformation (AMRUT) 
will bring in increased activity in 
infrastructure and related sectors. 
Township housing and infrastruc-
ture will also become major drivers 
for the construction sector in the 
immediate future. In most cases, 
the development of townships and 
their associated infrastructure hap-
pens in new corridors of our cities, 
and the Government is extending 
a lot of support for developing 
untapped areas

The engineers, architects, speci-
fiers, builders, contractor etc. who 
are charged with the responsibil-
ity of selecting materials of con-
struction for specific applications 
are always concerned with the 

engineering properties, cost and 
availability of selected materials. 
The professionals, who were keen 
to select the best option out of the 
various available ones, depended 
on the scientific evaluation of the 
claims made about a material, on 
the basis of its composition, and 
structure which normally help 
in predicting the properties and 
performance for the intended use. 
With the rapid advances in sci-
ence of materials also involve the 
knowledge of several aspects of 
the materials under consideration, 
such as the process technology, the 
associated health hazard, impact 
on environment and embodied 
energy that has gone into its 
production. Additionally, how a 
material or component is going to 
behave in an environment and con-
ditions of use likely to confront the 
selected material, and how long it 
is going to withstand these condi-
tions without losing its structural 
stability and performance are also 
considered(Table 1).

The selection of building ma-
terials is a predictive effort to 
ensure its future performance or 
durability. 
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Brick 

Brick is one of the oldest build-
ing materials. Archeological exca-
vations at Dhaulavira, Harappa, 
Lothal, Nalanda and other places 
establish that the art of brick 
making was well known in ancient 
India. While it is not clearly known 
whether five millennia ago brick 
making existed as an industry or 
not, surviving brick structures 
leave no doubt that the hard baked 
clay brick was a basic  building 
material in the ancient period. In 
colonial India, brick making was 
largely a cottage industry. A mod-
est output of bricks from small 
clamps was sufficient to meet the 
requirements of small towns and 
urban centres. The construction 
of railways by the British provided 
an opportunity for reviving the 
manufacture of brick. The intro-
duction of the Bull’s trench kiln 
allowed for continuous production. 
Railway engineers, J Bull and H Bull 
designed a kiln on the lines of the 
H German arch less Hoffmann kiln 
with two modifications: (a) the 
kiln was sunk in a trench, and (b) 
a portable chimney was installed. 
Prior to this clay bricks and tiles 
were burnt in clamps. 

CSIR-CBRI Efforts

A group of researchers at the 
CSIR-CBRI, Roorkee devoted them-
selves exclusively to the study of 
clay and clay products. (Table 2)

In 1947, the Indian Standard 
Institute (ISI) set up a Clay prod-
ucts building Sectional Committee 
(CDC 30) to formulate standards 
for all types of clay products used 
in buildings and codes of practice 
for the methods of production. In 
July 1990, the Building Materials 
and Technology Promotion Council 
(BMPTC) were established under 
the aegis of the Ministry of Urban 
Affairs and Employment with the 
objectives of promoting modern 
technology in the building materi-
als Industry.

Extensive R&D work has been 
carried out for over five decades 
at CSIR-CBRI which may be clas-

sified as:

• Study of soils including inferior 
soils as key raw material 

• Standardization

• Bricks from agro-industrial 
wastes

• Process improvement

• Product range expansion and 
upgrading

• Environmental concerns

Knowledge of the mineralogi-
cal composition of soil is essential 
for the selection and blending of 
various clays and non-clayey ma-
terials in order to produce good 
quality brick. Major soils in India 
may be classified as: (a) alluvial, (b) 
peat, (c) black cotton, (d) red (fer-
ruginous), (e) laterite, (f) desert, (g) 
terai and forest. Scientist carried 
out a thorough investigation of 

Table 1: Service life of materials (years)

Material Severe
exposure

Moderate
exposure

Mild
exposure

Very mild exposure

Strong natural rocks 100-1,000 1,000-10,000 0.1 million > 1million
Natural rocks 10-100 100-1,000 10,000 > 100,00
Ceramic materials 1-100 100-1,000 10,000 > 100,000
High strength concrete 10-100 100-1,000 10,000 > 100,000

Mortar 1-10 10-100 2,000 > 10,000
Wood 1-10 10-100 1,000 > 10,000
Plastic 1-10 10-100 100 > 1,000
Paint - 2-20 500 > 2,000
Gypsum - 1-10 500 > 2,000

Frost, snow, erosion, 
dissolution, strong sun 

light, pollution

Average variation of 
outdoor conditions

Moderate 
temperature, dry, 

slight changes

Dry, very slight 
ventilation, no 
sunlight, low 
temperature

Table 2: Types of soils and their mineral compositions

Soil type Major clay mineral Clay 
content

Clay +silt LL PI

Alluvial Kaolinite and illite 20-30 40-65 25-40 7-16

Black Montmorillonite 30-50 50-70 > 40 15-30
Red Kaolinite and 

montmorillonite
10-30 30-40 20-25 5-15

Marine Kaolinite and illite 40-60 60-75 40-50 20-30
Sandy Kaolinite and 

Attapulgie
4-6 10-20 5-15 5-6
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the physico-chemical composition 
of soils generally used for brick 
making viz., alluvial, red and black 
as well as marine and sandy soils. 
The mechanical properties of ma-
jor clays in the five main soil types 
used for brick making and general 
physico-Chemical characteristics 
of the clay minerals are given in 
Tables 3 and 4 respectively. Table 
5 also gives the results of differen-
tial thermal analysis (DTA) and the 
maximum firing temperature at 
which the main strength contrib-
uting minerals are formed, if brick 
making soil predominately consists 
of a particular clay mineral.

Process improvement

The batch type country kiln

These kilns are either rectangu-
lar or conical in shape, and are con-
structed with brick or stone, in mud 
or lime mortar. A portion of the 
kiln is kept underground in order 
to reduce construction cost as well 
as heat losses during production. 
There is a door at floor level on 
the broader side and a number of 
fire-holes on the two longer sides 
depending upon the size of the 
kiln. The air-holes opposite each 
other are connected. Before firing, 
a mixture of mud and cow dung is 
applied as a linking to the inside 
wall. This lining helps to plug any 
faults or holes. The kiln is operated 
batchwise. For setting, firewood is 
spread over the flues at the bottom 
of the kiln, followed by a layer of 
limestone, then firewood or coal, in 
alternate layers. There is no control 
over the size of coal which varies 
from powder to large pieces and 
causes uneven burning that leaves 
under-burnt or over-burnt lime. 
The firing schedule takes up to 20 
days and a few days are allowed 
the lime at the topthe lime lumps; 
powder and unburnt limestone are 

Table 3: Physico-chemical characteristics of clay minerals
Characteristics Kaolinite Illite Montmori-

llonite
Chlorite Attapulgite/

sepiolite
Chemical analysis
Molar SiO2
Al2O3
% K2O
% MgO
%  Organic matter

2.0-3.0
Trace
Trace
Trace
Trace

2.0-3.5
1.0-2.5
0.5-1.2

0.5
Trace

5.0-6.5
0.5-0.8
0.5-0.8
0.5-2.0
0.5-1.0

Cation exchange capacity 
(Me/100g)

3-15 10-40 75-150 15-45 20-30

Particle size%
2 to 1 µ
1 to 0.1 µ
0.1 µ

20
50
30

15
40
45

30
20
50

20
55
25

20
30
50

X-ray diffraction
Clay mineral
% Quartz
%  Iron compounds

5
Nil

1
Trace

2-5
1.5-4.5

1-2
1.5-2.5

DTA analysis
% water below 1000 C
% water 500 to 6000 C
Exothermic temp. 0 C
Phase upto 12000 C

1.5-6
0.5-0.8

6-10
1000

Crystobalite 
Mullite

2-5
0.5-1.0

6-8
900

Mullite 
spinel

5-10
2-5

8-15
850

2-4
3-8
5-6
900

Mullite
B-quartz

1-2
3-2
5-6
950

Mullite
spinel

Table-4:  Properties of fired bricks (22.80 cmx 11.40 cmx 7.60 cm) 
utilizing siliceous waste materials
Additive     
Location

Soil 
Location

Addi-
tive
(w/w) 
%

               Characteristics of bricks fired at temperatures
9500C                                                                    10200 C

C.S.
(MPa)

W.A.
(%)

B.D.
(g/c)

C.S.
(MPa)

W.A.
(%)

B.D.
(g/c)

Flyash
Delhi Roorkee 15 10-12 15-17 1.65-1.70 15.2-17.1 12-15 1.75-1.80
Kanpur Kanpur 20 11-13.5 14-17 1.63-1.72 15.5-18.2 11-14 1.75-1.85
Titagarh Calcutta 25 12-13 18-20 1.62-1.65 16.4-17.5 15-17 1.74-1.80
Korba Korba 35 8-9.2 17-19 1.55-1.60 13.0-14.6 16-18 1.61-1.65
Nagda Nagda 30 7.2-8.5 16-19 1.52-1.56 11.8-13.4 15-18 1.60-1.67
Vijaywada vijayawada 40 - - - 14.8-17.8 16-18 1.42-1.51
Cinder/Coal Ash
Indore Indore 20 5.1-6.2 17-20 1.40-1.45 6.6-7.1 17-19 1.50-1.52
bhopal Bhopal 20 5.5-6.0 18-20 1.42-1.46 6.5-7.6 16-19 1.50-1.53
Coal shale
Kargali Roorkee 25 8.0-9.2 13-15 1.60-1.65 17.7-20.5 7-10 1.70-1.75
Kargali Kargali 25 8.6-10 12-14 1.62-1.70 22.2-25.0 6-9 1.71-1.77
Rice-husk ash
Vizag Vizag 15 7.5-8.2 20-22 1.32-1.35 12.0-12.5 18-20 1.60-1.68
Rama-
gundam

Rama-
gundam

15 5.2-6.3 23-24 1.30-1.35 8.2-8.7 18-21 1.61-1.66

Stone dust
Guna Guna 40 7.8-9.2 12-18 1.65-1.80 10.0-12.8 11-14 1.75
Khandwa khandwa 40 9.6-10.2 12-15 1.67-1.79 11.6-13.4 11-15 1.74-1.82

Table 5: Soil characteristics of some brick making soils
S.No Source of soil 

sample
State Soil 

group
Plastic 
index

Organic 
Matter (%)

CaCO3 Clay 
minerals 
identified

1 Roorkee UP Alluvial 18.5 0.12 Nil Illite, kaol
2 Roorkee UP Alluvial 23.4 0.24 1.2 Illite, kaol
3 Indore MP Black 30.8 0.43 9.5 Mont., kaol
4 Indore MP Black 18.8 0.22 2.5 Mont., kaol
5 Ujjain MP Black 24.4 0.46 2.5 Mont.
6 Ahmedabad Gujarat Black 19 0.28 Nil mont., Kaol
7 Ramagundam AP Black 34.3 0.92 4.5 Mont.
8 Cuttack Orissa Red 34.5 0.16 1.5 Kaol,
9 Phulbani Orissa Red 21.5 0.27 Nil Kaol, mica

10 Nagpur Mahar-
ashtra

Red 19.3 0.22 0.5 Mont., kaol
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separated manually. The burning of 
limestone in these kilns gets easily 
affected by the speed and direction 
of the wind and rain, causing enor-
mous deviations in the operational 
pattern. (Table 6)

Improved kiln design

The all India Khadi and village 
Industries Commission (KVIC). 

Cement 

Cement is one of the most im-
portant building materials today. 
The term ‘Cement’ is generic that 
can be applied for many inorganic 
and organic materials. However,  
the most widely used and versa-
tile variety is Portland cement can 
be traced back to only about 150 
years, when Joseph Joseph Asdin 
invented and patented it in 1824. 
Over time, Portland cement has 
come to be most accepted form 
all over the world replacing the old 
cementitious materials that were 
first made by the Romans using a 
mixture of calcined clay and lime.

The growth and development 
of cement industry in India dates 
back to 1914 when the first cement 
plant had been commissioned. 
Since then the industry has wit-
nessed spectacular growth and 
developments, particularly after 
1977, when the policy of partial 
decontrol was adopted by the Gov-
ernment this progress has been 
possible through modernization 
of cement production technology, 

Table 6: Types of kilns and thermal efficiency

S. 
No.

Type of kiln Capacity  of 
production

Heat requirement Thermal efficiency

1 Vertical shaft
(Twin shaft)

50-100 850 > 85

2 Vertical shaft
(single shaft)

10-20 1,100-1,200 60-65

3 Open top large 30-50 1,800-2,000 40-45
4 Small 

intermittent
2-10 1,600-2,000 40-45

development of infrastructure, 
energy efficiency and the R&D 
work carried out by the research 
institutions established in the post-
independence period. At present, 
the Indian cement industry ranks 
fourth among the major cement 
producing countries of the world

Cement industry is a crore 
sector industry and forms the 
backbone of infrastructure devel-
opment of the country. Industry 
has shown steady and consistent 
growth in the last three plan peri-
ods. The easing of controls which 
was initiated in 1982 culminating 
in total decontrol in 1989 and the 
implementation of policies of liber-
alization put the dormant cement 
industry on a vibrant growth path. 
The industry grew 3 times both 
in terms of capacity and produc-
tion. The capacity and production 
which were 29 MT and 21 MT in 
1981-82 shot up to 97 MT and 69 
MT respectively in 1995-96. The 
industry is presently growing at 
the rate of 8% - 10% per annum. 
The major achievements of the in-

dustry since 1947 are summarized 
in Table 7. The industry appears to 
have successfully dealt with tech-
nological challenges arising out of 
energy crises and problem relating 
to limestone deposits. It is now 
technologically at par with leading 
industrialized countries. 

Grades of cement 

Ordinary Portland cement is 
manufactured in three grades-
Grades 33, 43 and 53. Other types 
of cement are not graded and are 
produced for one specific mini-
mum value of characteristics com-
pressive strength of 33 to 35 MPa 
at 28 –day. The 3-day and 7-day 
strengths of cements other than 
OPC vary and are lower than those 
specified for OPC except in the case 
of rapid hardening cement.

Additional requirements

The British code for cement BS 
12 covers four grades classified on 
the basis of strength: classes 32.5, 
42.5, 52.5 and 62.5. Due to the 
differences in testing methods, 
the strength of Indian cements is 
relatively lower. Cements corre-
sponding to 52.5 and 62.5 grades 
are not available in India.

Initial and final setting times

The British Standard specifies 
a minimum initial setting time of 
60 minutes. Considering the hot 
weather conditions in India, a 

Table 7: Cement production (in million tonnes)

Country Cement production
1995                                            1996

China 400.70 430.00
Japan 90.30 97.00
USA 76.00 77.00
India 65.90 73.00
Russia 36.40 37.00
Italy 34.80 34.40
Other countries 695.90 708.60
world 1,400.00 1,457.00
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lower initial setting time than the 
stipulated 60 minutes is appropri-
ate. The IS code specifies the final 
setting time as not more than 600 
minutes. The British Standard code 
no longer specifies a limit for final 
setting time.

Functional requirement

According to BS 12 Cement 
shall, when appropriately batched 
and mixed with aggregate and 
water, be capable of producing 
mortar or concrete which retains 
workability for a sufficient time 
and shall, after defined periods at-
tain specified strength levels and 
also possess long term volume 
ability. This also applies for Indian 
cements.

Chemical properties

As per the British Standard, 
chloride content is limited to 0.10 
percent. This is a very important re-
quirement affecting the durability 
of concrete. In the Indian Standard, 
the specification regarding chloride 
content in cement appears as a 
footnote to IS 269:1989 and has 
not been incorporated in the main 
table. The requirement specifies 
that the “total chloride content in 
cement shall not exceed 0.05 per-
cent by mass, for the cement used 
in prestressed concrete structures 
and long span structures’.

The total sulphar content when 
measured as the amount of SO3 

present in cement is limited to 3.5 
percent in the British code. The 
Indian Standard specifies it as ‘not 
more than 2.5 and 3 percent when 
C3A percentage by mass is 5 or less, 
and greater than 5 respectively’.

Fineness of cement

The British standard does not 
specify any values, but provides 
that the user may specify the 

required fineness. Fineness influ-
ences the strength of concrete. A 
few manufactures in India produce 
cement of greater fineness to im-
prove the compressive strength of 
cement. This has not always been 
desirable. Hence the BS 12 speci-
fication of controlled fineness is 
more appropriate for concrete in 
hot weather conditions.

Ordinary Portland cement (OPC)

Ordinary Portland cement (OPC) 
is available in various grades such 
as OPC:33, OPC:43 and OPC:53. The 
IS specifications for these grades 
are based on desired strength (IS 
269:1989,IS 18112:1989 and IS 
12269:1987). While OPC 33 is used 
for general construction work, 

plastering and finishing which 
does not require cement of high 
compressive strength, OPC 43 is 
preferred for higher grade M15, 
M20 concrete and precast items. 
OPC 53 is used for precast, pre-
stressed concrete in bridges and 
tall structures.

The concept of cement has 
undergone further modification. 
Now the production and use of 
cement is governed by physical 
and mechanical composition. This 
changing concept of cement and 
the urge to make the best use f 
waste material form the basis of 
the thinking behind new classes of 
cements such as blended cements. 
(Table 8/9)

Table 8: Chemical requirements of cements
Class MgO SO3 IR (Insoluble 

residue)
LOI (Loss 
on ignition)

Add. other than 
gypsum

OPC 33 6.00 2.5, 3.0+ 4.00 5.00 1.0*
OPC 43 6.00 2.5, 3.0+ 2.00 5.00 1.0*
OPC 53 6.00 2.5, 3.0+ 2.00 4.00 -

RHC 6.00 2.5, 3.0+ 4.00 5.00 1.0*
LHC @ 6.00 2.5, 3.0+ 4.00 5.00 1.0*
SRC# 6.00 2.50 4.00 5.00 1.0*

Maximum percentage
Class Slag or 

pozzolana 
content

MgO SO3 IR LOI Sulphar Additive other 
than gypsum

PSC 25-65 8.00 3.00 4.00 5.00 1.50 1.0*
PPC 10-25 6.00 3.00 @ 5.00 - 1.0*

Table 9: Physical requirements of cements

Class Fineness Setting time Soundness Compressive strength

M2/kg
Initial 
min.

(min.)

Final 
max.
(hrs.)

Le 
Chatelier 

max.
(%)

Autoclave 
max.
(mm)

3-day
(MPa)

7-day
(MPa)

28-day
(MPa)

OPC 33 225 30 10 10,5* 0.8, 0.6* 16 22 33

OPC 43 225 30 10 10,5* 0.8, 0.6* 22 33 43

OPC 53 225 30 10 10,5* 0.8, 0.6* 27 37 53

RHC 325 30 10 10,5* 0.8, 0.6* 27 - -

LHC 320 60 10 10,5* 0.8, 0.6* 10 16 35

SRC 225 30 10 10,5* 0.8, 0.6* 16 16 33

PSC 225 30 10 10,5* 0.8, 0.6* 16 22 33

PPC 300 30 10 10,5* 0.8, 0.6* 16 22 33
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Blended cement 

 Blended cement is the result of 
intergrinding OPC with an admix-
ture such as flyash, blast furnance 
slag, rice husk ash or silica fumes or 
any other reactive siliceous or cal-
careous material. There have been 
several notable developments in 
Europe regarding the production 
of blended cements and as such 
OPC need not be an essential 
constituent. The principal physical 
properties of these cements are 
similar to that of OPC. PPC, PBFSC 
and other masonry cements are 
principal types of blended cements 
are principal types of blended ce-
ments commercially manufactured 
in India.

Portland blast furnance slag 
cement (PSC)

Portland blast furnace slag 
cement (PSC) is obtained by inter-
grinding Portland cement clinker, 
granulated blast furnace slag and a 
stipulated quantity of gypsum. The 
slag content in PSC varies from 25 
to 65 percent.

Generally slag does not react 
with water. However, in the pres-
ence of calcium hydroxide obtained 
on hydration of Portland cement, 
the minerals present in the slag 
undergo hydration products. The 
early strength obtained with slag 
cement is comparable to OPC (IS 
269) at various ages, where some-
times the strength obtained is even 
higher. Also, due to a reduction of 
the lime content in the concrete 
made with PSC, the sulphate re-
sistance of the concrete improves 
greatly. For this reason PSC is also 
categorized as cement for special 
conditions. Such cements are used 
for construction of bridges, sea-
ports, and structures in chemically 
aggressive environments.

Cements for various environments 
and climatic conditions

This class of cement is intended 
for use in those constructions 
which have to withstand high and 
low ambient temperature and 
humidity, exposure to different 
soil and ground water conditions, 
and sea water. In addition, certain 
types of cement are to be used in 
industrial constructions like heavy 
chemicals, fertilizers and pharma-
ceutical industries, where there are 
possibilities of exposure to volatile 
and corrosive materials, acids, 
alkalies and enzymes. No single 
cement can be designed to suit all 
the requirements of the various 
application areas simultaneously, 
and as such, a variety of cements is 
prescribed for such purposes.

Sulphate resisting cement (SRC)

Concrete constructions using 
ordinary Portland cement dete-
riorate in strength on prolonged 
contact with soil and water rich in 
sulphates. Cements conforming to 
type V ASTM, slag cement and even 
PPC and HAC are considered to be 
sulphate resisting. This is due to 
the reduced tricalcium aluminate 
(C3A) and lime content in these 
cements. Detailed studies have 
been conducted to establish the 
cause of such deterioration, and it 
has been concluded that cement 
with more than 5 percent C3A is 
prone to deterioration under a 
high sulphate environment. Thus, 
a Portland cement with less than 
5 percent C3A is highly resistant 
to sulphatic action and is, there-
fore, known as sulphate resisting 
cement. Some of the cement 
plants in India manufacture SRC for 
specialized use such as in marine 
structures, underground construc-
tions, chemical plants and effluent 
treatment plants.  

High alumina cement (HAC)

High alumina cement is non-
Portland type chemical resisting 
cement. It consisting essentially of 
monocalcium aluminate (CA) and 
C12A7. This cement is manufactured 
by the fusion of limestone and 
bauxite in a reverberatory furnace 
and cooling the fused mass to ob-
tain clinker. This clinker is ground to 
obtain high alumina cement.

The chemical resistance of 
high alumina cement is attrib-
uted to the presence of mono-
calcium aluminate hydrate in the 
hydration products. However, this 
monocalcium aluminate hydrate 
is only meta-stable and is liable to 
transform into C3AH6 and alumina 
gel when exposed to high ambient 
temperature and humidity, such as 
the tropical climate of India. The 
rate of transformation to C3AH6 is 
very high. Therefore, this cement 
has not become popular in India for 
in use structural concrete, although 
the Indian Standard specifications 
cover this product. An additional 
feature of HAC is its high early 
strength, which is approximately 
twice that of OPC. Therefore, this 
cement can be used for emergency 
repairs. This cement is mainly used 
for furnace lining, as at high tem-
perature it turns into a refractory 
material.

Super sulphated cement (SSC) 

Super sulphated cement (SSC) 
is hydraulic cement. It is produced 
by intergrinding, or intimately 
blending a mixture of granulated 
blast furnace slag (80 to 85 per-
cent), gypsum anhydride (10 to 15 
percent) and a small quantity of 
Portland cement clinker (2 to 5 per-
cent) or any other source of lime. 
SSC may compare well with OPC in 
strength and other physical proper-
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ties. However, its heat of hydration 
will always be much lower; 60 
cals/g at 7 days and 70 cals/g at 28 
days. This cement is characterized 
by its chemical resistance to many 
aggressive conditions, particularly 
to attack by sulphates. The strength 
characteristics of SSC in India are 
marginally lower than those of 
OPC. However, the main limitation 
to the use of SSC in India is that it is 
not supposed to be used at servic-
ing temperatures higher than 370 
C, since the stability of ettringite 
(calcium sulpho-aluminate), the 
main strength giving hydration 
product in this cement, is question-
able above this temperature.

Hydrophobic cement

There are certain valid appre-
hensions regarding deterioration 
of OPC when stored under condi-
tions of high humidity. In order to 
increase the storage life of cement 
or to transport cement during the 
rainy season, some water repellent 
additives like oleic acid, stearic acid 
or palmitic acid (0.05 to 0.1 per-
cent) must be used. This cement 
is known as hydrophobic cement 
and behaves like OPC as the coat-
ing gets removed during mortar 
making.

Rapid hardening cement (RHC)

Ordinary Portland cement de-
velops the desired strength after 
3 days, 7 days and 28 days. Some-
times design specifications require 
that the cement develop the 
desired strength in 24 hours. This 
type of cement is known as rapid 
hardening or high early strength 
cement. The setting time RHC is 
the same as that of OPC but it is 
not just quick setting cement. The 
methodology of manufacturing 
RHC differs from that of OPC. The 
raw mix composition, fineness of 

the raw meal, temperature and 
time of Calcination for these ce-
ments must be optimized in order 
to obtain the desired properties.

Low heat cement (LHC)

For large mass concrete work, 
such as in dams and piers, it is 
necessary to have cement which 
releases a lower heat of hydration 
so as to minimize chances of devel-
oping contraction cracks. This can 
be achieved either by adding some 
pozzolanic material or granulated 
blast furnace slag to the cement 
while grinding or by changing the 
mineralogical composition with 
higher C2S in the cement which 
due to a lower rate of hydration 
produces loss heat of hydration.

Types of cement

In India, the following types 
of cement are used for making 
concrete: OPC grades, Portland 
blast furnace slag cement, Port-
land pozzolana cement, sulphate 
resisting Port-land cement, low 
heat Portland cement, rapid hard-
ening Portland cement and super 
sulphate cement.

Unlike the Indian classification 
of cements, the European coun-
tries have a different classification 
which is grouped as followes:

• Cement I : Portland cement

• Cement II : Portland slag ce-
ment

• Portland silica fume cement

• Portland pozzolana cement

• Portland flyash cement

• Portland burnt shale cement

• Portland limestone cement

• Cement III : Blast furnace ce-
ment

Cement other than OPC

Cements other than OPC are 
used to reduce the effect of chemi-
cal attack on concrete and to 
change the rate of gain of strength 
and evolution of heat. Portland 
pozzolana cement and blast fur-
nace slag cement are the two most 
important types of cement other 
than OPC. They are also called 
blended cements.

Such blended cements are also 
chosen with regard to their cost 
effectiveness and energy saving 
potential which are other equally 
important considerations. Blended 
cements are the following types:

• PPC
• PBFSC
• OPC + PFA
• OPC + GGBS
• OPC + Microsilica
• OPC + PFA + Microsilica
• OPC + GGBS + Microsulica

Portland pozzolana cement (PPC)

This cement is available in 
Grade 33 only and mixes of higher 
grades cannot be realized though 
a few factories do produce PPC 
having higher strengths. The rate 
of development of compressive 
strength during the first week is 
very low, necessitating the reten-
tion of formwork for a longer pe-
riod and also a prolonged curing. 
(Table 10 & 11)

Concrete as a structural material

Concrete may be classified into 
three categories:

• Low strength : Less than 20 
MPa

• Moderate strength : between 
20 and 40 MPa 

• High strength : more than 40 
MPa
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Moderate strength concrete 
is used for most structural works 
whereas high strength concrete is 
used for special applications.

In India, low strength concrete 
(15 MPa) is extensively used for 
structural work. This has resulted in 
durability problems and unaccept-
able levels of maintenance costs as 
well as a shorter life of structures. 
In contrast, the minimum grade 
of concrete is between 25 and 30 
MPa as per codes elsewhere, which 
is further enhanced in individual 
cases depending on exposure 
conditions and requirements of 
durability. The increase in the 
strength of is realized with only 
a marginal increase in cost. In all 
the three catergories of concrete, 
the aggregate and water cost are 
constant. There is only a marginal 
increases in cement consumption 
and, perhaps, the additional cost 
of mixtures.

Table 10 gives the typical pro-
portion of materials in concretes 
of different strengths. The concret 
mix proportion for a bridge in Nor-
way is given Table 11. It shows po-

tential for economizing on cement. 
With a partial replacement by PFA 
or GGBS, the cement consumption 
can be further reduced.

Concrete

Concrete ids the most widely 
used structural material today. In 
many countries, the ratio of con-
sumption of concrete to steel ex-
ceeds ten to one. Cement concrete 
is used for all kinds of constructions 
such as residential, commercial, 
institutional, industrial and sports 
buildings, hydraulic structures, 
transportation facilities and bridg-
es. With the development of high 
strength deformed reinforcing 
bars, high strength cements, design 
and construction methods, it is 
now possible to produce concretes 
of high strengths and prolonged 
durability. Reinforced cement con-
crete thus competes directly and 
successfully with all other major 
construction materials.

Concrete scores over other 
materials mainly due to the fact 
that (a) structural elements can be 
formed into a variety of shapes and 

sizes easily, (b) concrete structures 
require less maintainance, (c) it 
is economical in terms of both 
money and energy and (d) various 
industrial wastes can be utilised 
as partial replacements of cement 
and aggregates.

Concrete is obligatory for a 
variety of structures. For instance, 
one would not think of using wood 
for a dam, steel for pavement, as 
asphalt for building frames. Even 
when other materials are used 
as principal componebnts of a 
structure, concreet is still used to 
support, enclose and fill.

Till a few decades ago any con-
crete having strength of more than 
20 MPa was considered unusual. 
In the last five decades India has 
made spectacular progress in con-
crete technology. Today, , concrete 
grades of 40 to 50 MPa are routine 
in most construction projects. Even 
70 MPa concrete is used in many 
precast on site structures.

Concrete mix design

The design of concrete mix is 
based partly on scientific principles 
and partly on past experience 
and expertise. As such, no single 
method of mix design is universally 
applicable. While published data 
may be used as a guide to start the 
process of mix design, the exper-
tise available and the concerned 
construction agencies assurance 
given by the concerned construc-
tion agencies in arriving at mix 
proportions would primarily need 
to be relied upon. This is usually 
done by taking into account past 
performance and structuring the 
trial mix accordingly.

At present, substantial quanti-
ties of extra cement are being 
used for concrete in India as a 
result of stereotyped mix designs. 

Table 10: Typical proportion of materials in concrete 

Low
(Kg/m3)

Moderate
(Kg/m3)

High
(kg/m3)

Cement 300 350 500

water 180 180 180

Fine aggregate 800 848 890
Coarse aggregate 1170 1030 872
strength 18 MPa 30 MPa 60 MPa

Table 11: Mix proportion for 1 m3 concrete in a bridge in 
Norway

Cement 475 kg
Admixture 6.5 kg

Condensed silica fume 40 kg

Sand 0 to 8 mm 1080 kg
Natural gravel 8to 16 mm 720 kg

water 180 litres
Slump achieved 240 to 260 mm
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About 5 million tonnes of cement 
per annum is thus wasted. Apart 
from its impact on the depletion 
of sustainable resources and the 
cost of concrete, excessive heat of 
hydration with consequent crack-
ing, etc.

The use of concrete as a struc-
tural material can take two forms: 
semi fluid like RMC and precast.

Aggregates

Aggregates constitute 70 to 80 
percent of the volume of typical 
concrete mix. The size, gradation 
and shape of aggregate influ-
ence water demand, workability, 
strength and durability of concrete. 
In India, both natural gravel as well 
as crushed stone aggregate are 
available. Preference should be 
given to natural gravel which ahs 
minimum surface to volume ratio 
and, consequently, reduced water 
demand. IS383:1970 specifies 
coarse and fine aggregates.

Coarse aggregate

Natural gravel is easily avail-
able in graded forms which can be 
regarded by screening and recom-
bining in required proportions. By 
the very process of the formation 
of gravel, all softer materials are 
converted into sand and it is a case 
of ‘survival of the fittest’ as gravel. 
Many parts of India are showed 
are endowed with large volumes of 
natural gravel. Wherever available, 
natural gravel should be preferred 
for concrete. 

However, there are totally un-
founded apprehensions and reser-
vations regarding the use of natural 
gravel. In fact, natural gravel is the 
preferred option for the prepara-
tion of concrete. Only when such 
natural gravel is not available that 
crushed aggregate is used. IS383 
concerning aggregates permits 

the use of both natural gravel and 
crushed stone or a blend of both.

In view of the reduced water 
demand by natural gravel, there 
is a corresponding reduction in 
cement content. It is possible to 
reduce the water to cement ra-
tion, resulting in higher strength. 
This has been demonstrated in 
a number of power stations and 
bridges, both in India and else-
where. Natural gravel has been 
used successfully in RC and pre-
stressed concrete structures in 
various regions of India where they 
are available. Fig. 4 shows a view of 
the concrete bridge over the river 
Ganga at Patna (Bihar) in which 
the concrete used contains natural 
gravel aggregate.

For a recently completely 
bridge in Norway, the concrete 
mix proportion given in Table 2 
was successfully used to achieve 
the concrete grade of M-75. The 
aggregate-cement ration of 3.6 
would not have been possible with-
out the use of natural gravel.

Fine aggregate

Natural sand or crushed fine 
aggregate conforming to IS383 are 
used. In the Indian context, unlike 
a bias towards crushed stone as 
coarse aggregate, crushed stone 
as fine aggregate is not generally 
preferred. There is seemingly no 
justification for either preference. 
As long as the properties conform 
to IS383 there should be no objec-
tion to the use of crushed stone for 
fine aggregate.

In coastal areas natural sand 
is dredged from the creek or sea 
bed. Such material, even after 
washing, is not acceptable for use 
in reinforced or prestressed con-
crete. In such situations, crushed 
fine aggregate is preferred. For 

the recently completed Channel 
Tunnel connecting UK with France, 
the entire concrete used for the 
tunnel lining, involving about 6 mil-
lion cubic meters of concrete was 
prepared with crushed sand. This 
requirement was specifically based 
on the use of proper aggregate to 
ensure durability. In India, concrete 
for a large number of dams is be-
ing produced with crushed fine 
aggregate.

Ready mixed concrete (RMC)

Concrete is a heterogeneous 
material and, as such, designing 
the mix and its production at site 
may result in quality deficiencies. 
This also requires a considerable 
infrastructure at each project site. 
These problems are overcome by 
purchasing concrete from central-
ized RMC plants. In many coun-
tries, a major portion of concrete 
is supplied by RMC plants.

RMC is defined as concrete 
manufactured at a centralized 
plant which can be transported 
and delivered to the purchaser in 
a plastic and unhardened state. 
These plants are equipped with 
automatic or semiautomatic batch-
ing systems and are computer 
controlled. RMC is transported 
using truck mixers. The transpor-
tation to the job site is required as 
quickly as possible and definitely 
before the initial setting time of 
concrete. While transporting RMC 
to the site there is no loss in consis-
tency during the first half hour as 
the concrete is kept continuously 
agitated with the truck mixture 
drum rotating at a slow speed. 
(Table 12)



 Nirman Sarika     27

Gypsum

Gypsum is a non-hydraulic 
binder occurring naturally as a crys-
talline rock or sand. Pure gypsum 
is a white translucent crystalline 
mineral. It is a major rock forming 
mineral that produces massive 
beds, usually from precipitation 
out of highly saline waters. Gypsum 
item have a number of valuable 
properties like relatively small bulk 
density, incombustibility, good 
sound absorbing capacity, good 
fire resistance, rapid drying and 
hardening with negligible shrink-
age, superior surface finish, resis-
tance to insect and rodents and 
low energy input during burning 
to produce gypsum plaster. Since 
it forms easily from saline water, 
gypsum can have many inclusions 
of other minerals and even trapped 
bubbles of air and water. Gypsum 
has several variety names that are 

widely used in the mineral trade. 

“Selenite” is the colorless and 
transparent variety that shows 
a pearl like luster and has been 
described as having a moon like 
glow. 

Another variety is a compact 
fiberous aggregate called “satin 
spar”. This variety has a very satin 
like look that gives a play of light up 
and down the fiberous 
crystals. 

A fine grained mas-
sive material is called 
“alabaster” and is an 
ornamental stone used 
in fine carvings for cen-
turies, even eons. 

Crystals of gypsum 
can be extremely color-
less and transparent, 
making a strong contrast 

to the most common usage in dry-
wall. The crystals can also be quite 
large. Gypsum is a natural insulator, 
feeling warm to the touch when 
compared to a more ordinary rock 
or quartz crystal. Sheets of clear 
crystals can be easily peeled from 
a larger specimen. 

Plaster of Paris is made by heat-
ing gypsum to about 300 degrees 

Table-12:  Properties of fired bricks (22.80 cmx 11.40 cmx 7.60 cm) utilizing siliceous waste 
materials

Additive     
Location

Soil 
Location

Add.
(w/w) %

               Characteristics of bricks fired at temperatures
9500C                                                           10200 C

C.S.
(MPa)

W.A.
(%)

B.D.
(g/c)

C.S.
(MPa)

W.A.
(%)

B.D.
(g/c)

Flyash
Delhi Roorkee 15 10-12 15-17 1.65-1.70 15.2-17.1 12-15 1.75-1.80
Kanpur Kanpur 20 11-13.5 14-17 1.63-1.72 15.5-18.2 11-14 1.75-1.85

Titagarh Calcutta 25 12-13 18-20 1.62-1.65 16.4-17.5 15-17 1.74-1.80
Korba Korba 35 8-9.2 17-19 1.55-1.60 13.0-14.6 16-18 1.61-1.65
Nagda Nagda 30 7.2-8.5 16-19 1.52-1.56 11.8-13.4 15-18 1.60-1.67
Vijaywada vijayawada 40 - - - 14.8-17.8 16-18 1.42-1.51
Cinder/Coal Ash
Indore Indore 20 5.1-6.2 17-20 1.40-1.45 6.6-7.1 17-19 1.50-1.52
bhopal Bhopal 20 5.5-6.0 18-20 1.42-1.46 6.5-7.6 16-19 1.50-1.53
Coal shale
Kargali Roorkee 25 8.0-9.2 13-15 1.60-1.65 17.7-20.5 7-10 1.70-1.75
Kargali Kargali 25 8.6-10 12-14 1.62-1.70 22.2-25.0 6-9 1.71-1.77
Rice-husk ash
Vizag Vizag 15 7.5-8.2 20-22 1.32-1.35 12.0-12.5 18-20 1.60-1.68
Ramagun-dam Ramagun-dam 15 5.2-6.3 23-24 1.30-1.35 8.2-8.7 18-21 1.61-1.66

Stone dust
Guna Guna 40 7.8-9.2 12-18 1.65-1.80 10.0-12.8 11-14 1.75

Khandwa khandwa 40 9.6-10.2 12-15 1.67-1.79 11.6-13.4 11-15 1.74-1.82
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Fahrenheit, driving 75% of the 
water out of the mineral.  This re-
action absorbs energy, enabling a 
sheet of drywall to resist fire for a 
while. Heating further to about 350 
degrees F drives out the remaining 
water and results in conversion to 
the mineral an hydrite. On heating 
gypsum loses water and gives the 
hemihydrate (CaSO4. 1/2H2O) or 
the anhydrite. The hemihydrate 
known as Calcined gypsum/ Plaster 
of Paris is an important building 
material. Main uses of plaster of 
Paris are:

• Plaster boards - a layer of plas-
ter sandwiched between two 
sheets of cardboard. 

• Fibrous plaster - plaster with 
fibers (often made of glass fi-
bers but natural fibers are also 
used) mixed into it to increase 
its strength. Fibrous plaster is 
usually cast into a mould then 
used in slabs. Ceiling boards 
for false ceiling and partition 
boards)

• Plaster cornices - the decorative 
plaster projections used under 
the eaves and above doorways 
and windows in buildings, mak-
ing statues, film settings

• Plaster mouldings – ceramic 
industry and engineering indus-
try

• Chalk plaster- Plaster of paris 
is also used for manufacturing 

building plasters

Classification of Gypsum 

Different type of gypsum use in 
building materials lists in table-13

Gypsum Block

Gypsum block are characterize 
by good thermal insulation and 
small dead load, there by facilitat-
ing speedy construction. The blocks 
are generally used in construction 
of non-load bearing partition in 
drying conditions besides protect-
ing columns, beams and elevated 
shaft against fire. The CBRI has 
developed light wight blocks bu 
adding a solution of aluminium 
sulfate to gupsum plaster which in 

reaction with calcium carbonate, 
an impurity present in gypsum 
plaster, produces CO2.The physical 
properties of lightweight blocks are 
given in table-14.

Use of Gypsum in Building 
Industry

Among the products of gypsum, 
gypsum plaster and gypsum plaster 
board find the maximum applica-
tion in building. The common 
impurities in gypsum are sand, 
chalky matter, illminite and gypsum 
anhydrite. Gypsum containing upto 
70% of CaSO4.2H2O can be used 
for building purposes. A less pure 
material needs some purification 
before use.

Table 13 : Classification of gypsum building products and uses

Products Application Remarks
Plaster of Paris, CaSO4.1/2 
H2O

Ceramics Highest purity, free from 
salts; sets in 5-10 min

Retarded gypsum plaster, 
CaSO4.1/2 H2O

Internal plaster and 
plaster board

Require 0.5-1% retarder to 
facilitate plastering work; sets 
in 20-30 min

Keenan’s cement, CaSO4 
baked in potash alum

Plaster Perforated and non-
perforated

Gypsum plaster board
(incorporating glass or 
polypropylene fibre)

Wall board for 
partition, ceiling

Use of long glass fibre or 
polypropylene products high 
tensile strength

Solid and perforated gypsum 
plaster block

Internal walling, 
partitions

Bulk density: 300-500 kg/m3 

compressive strength 0.4-
0.65 MPa

Light weight gypsum plaster 
block

Internal partition Bulk density: 300-500 kg/m3 

compressive strength 0.15-
0.45-0.65 MPa

Acoustic gypsum plaster tiles Sound absorption 
board

In the form of slotted or 
unslotted tiles

Gypsum lath As a base for 
plastering

Fibre in the board helps 
better bond 

Table 14: Size of gypsum board and gypsum partition blocks

Material Length
(mm)

Width
(mm)

Breath
(mm)

Thickness
(mm)

Circ. holes
(mm) min.

Elliptic. or 
rectan.

(mm) min.

Gypsum plaster 
board 
i.Wall board
ii.Base board

1,800-3,000
1,200 / 1,500 / 1,800

400 / 600
800 / 1200

9.5/12.5/15
12.5

-
-

-
-

Gypsum partition 
blocks

700  max. in multiple 
of

100
do
do
do

700  max. in 
multiple of

100
do
do
do

75
100
125
150

-
-
-
-
-
-

-
-

15
20
25
15

-
-

20
20
30
25
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Gypsum as a Fire Resisting 
Material

The greatest lure of using gyp-
sum in building is its fire resisting 
quality. A gypsum-plaster resists 
the onslaught of fire by virtue of 
its 20.9% of water by weight, which 
it holds. During conflagration, the 
weight of crystallization evaporates 
in the form of steam which con-
denses to water on reaching the 
cooler part of the plaster slab and 
the temperature cannot exceed 
more than 100degree Celsius until 
all the water is driven off in the 
form of steam. Thus there is a very 
efficient barrier between the pas-
sage of heat and the combustible 
material. Gypsum plaster is there-
fore widely used as an insulating 
material for protecting columns 
and beams of wood or metal from 
high temperatures. A porous gyp-
sum plaster is an excellent sound 
absorbing material while dense 
and hard plasters are efficient 
reflectors of sound reflecting upto 
97% of sound energy incident at 
their surface.

Gypsum Plaster Board

Gypsum plasterboards are very 
popular in many countries. They 
are commonly used for ceiling 
construction, for internal lining of 
wall and for partition walls. They 
are economical and easy to work 
and light in weight. They are fire 
proof and do not expand or con-
tract with change in temperature 
and humidity. They can take all 
type of oil paints and wall paper; 
may be used without finish and 
can also nailed easily. For making 
gypsum plaster board, gypsum 
plaster is treated with water and 
made into slurry which is filled in 
the casts smeared with oil to get a 
clear release of the set which takes 
almost twenty minutes. Before 

the poured slurry hardens into 
a paste of required consistency, 
fibres (coconut fibre, sisal fibre, 
mesta fibre, bamboo fibre) are laid 
into the slurry. The reinforcement 
fibres are then pressed down and 
the extended fibres at the edges 
are folded to give extra reinforce-
ment for nailing. When the slurry 
becomes sufficiently hard, the 
board is removed and kept in the 
sun for drying. Gypsum Hollow tiles 
and light weight gypsum blocks are 
made similarly with the exception 
that some solid rods or cubes are 
placed in the centre of the mould 
before filling it with slurry to give 
hollowness to the finished prod-
uct.

Stone

The discovery of stone Age 
articles from Palghat in kerala and 
stone buildings of Late Archeulian 
to Lower Middle Palaeolithic pe-
riod of 50000 BC establish the early 
use of stone as building material 
in Indian subcontinent. Stone has 
been define as the natural, hard 
substance formed from miner-
als and earth mineral which are 
present in rocks. Almost all rocks 
have a defined chemical composi-
tion and are made up of minerals 
and organic matter. some of the 
rock forming minerals are quartz, 
feldspar, mica, dolomite etc. The 
various types of rocks from which 
building stones are usually derived 
are granite, basalt, trap, marble, 
slate, sandstone and limestone. 
the condition which govern the 
selection of stone for structural 
purposes are cost, fashion, orna-
mental value and durability. Most 
of the forts world over, the TajMa-
hal of India, famous pyramids of 
Egypt and the Great Wall of China 
are few examples. stones have also 
been extensively used the almost 

all the elements of building struc-
tures as load carrying units as well 
as for enhancing the beauty and 
elegance of structure. The proper-
ties of a stone that determine its 
fitness for construction purposes 
are durability, strength, hardness, 
density, and appearance.

Classification of building stones

Except serpentine and soap-
stone, all important building 
stones can be classified into 
three groups: igneous (granite, 
basalt), sedimentary (sand, clay) 
and metamorphic(marbles, slate) 
rocks. Ignitions rocks are the result 
of solidification from a molten 
state. Sedimentary rocks are com-
posed of sand, clay and other sub-
stances resulting from disintegra-
tion of stone into small particles. 
Metamorphic rock is the products 
of both igneous and sedimentary 
rocks formed either by pressure, 
heat, action of water or a combina-
tion of this factor. Natural stone is 
classified by its mineral composi-
tion, size & shape of particle and 
strength. Table-1 lists stone accord-
ing to type properties and general 
uses, common types of stones used 
in construction are listed in table-
15 & 16

General properties

Limestone and marble should 
be free from soft veins, foreign 
inclusions, cracks and other flaws. 
Marble is valued for its different 
colors like white, grey etc. the 
color in some stones depend upon 
the types of feldspar associated in 
their compositions. Laterite blocks 
of red & yellowish color are quite 
fragile and soft when cut from 
the rock and required drying and 
hardening for a couple of week 
before using. The average chemical 
compositions of various stones are 
given in table-17.
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We need to have visionaries 
for the future development of 
technology, who dare to dream 
and have the willpower to turn 
the rhetoric into reality. History 
speaks of instances where vision-
ary dreams, creative imagination, 
logical reasoning and science fic-
tion have led to unveiling new and 
revolutionary practical applications 
for technological innovations. let 
us rededicate ourselves by chang-
ing our mindset to shed mediocrity 
and adorn a pioneering attitude 
towards furthering cause of inno-
vative technology for constructive 
purposes. What we require is the 
quest for excellence, a fair risk 
appetite and an unrelenting drive 
to put technology to work for the 
progress of mankind.

We would like to dwell with the 
constructive powers of technology 
in the larger context of sustainable 
human settlement development 
in general and the building and 
construction sector in particular. 
It is always said that development 
and environment are always at 
crossroads and every effort made 
for development in all its spheres 
always lead to negative fall-outs 
on environment. Therefore, the 
biggest challenge today in the early 
years of the new millennium is to 
see how best development can 
take place with the least amount 
of negative impact on the environ-
ment and at the same time create 
environment friendly, ecologically 
appropriate and energy saving and 
sustainable human settlements - 
sustainable not only for the current 
generation using the various natu-
ral resources but also sustainable 
to the emerging generations 25 
years, 50 years, 75 years down the 
line for each new generation.

*****

Table 15: Stones: types, properties and uses
Stones Properties General uses

Dens. Water 
absorp.

Comp.
 Streng.

Resistance to

abrasion acid
Granite and basalt 2,500 0.04 140-240 VG G Decorative facing, 

flooring, walls, 
foundation, concrete 
slabs and tiles

Limestone G P Aggregate for concrete 
and tiles, walls, special 
types for flooring

Low density 1,700 7.5 20-50
High density 2,400 3.0 50-150
Marble
Compact & white 2,500 0.75 50-180 G P Flooring, decorative 

facing, slabs & tiles, 
aggregate for concrete 
tiles

With flaws & colors 2,500
Sandstone
Standard 2,200 5.0 25-150 G VG Aggregate, decorative 

facing slabs and tiles, 
walls

Quartzite 2,400 3.0
Bluestone 2,550 1.0
Slate 2,400 0.5 70-100 G G Roofing, fine aggregate, 

decorative facing
laterite 1,700 20 50-80 P F Walling blocks
Serphentine & 
Soapstone

1,500 1.5 80-100 F F Decorative facing 
hearths, fillers and 
ceramic

Table-16:  Common types of stones for construction
Name of 
stone

Characteristics General applications

Texture Appearance colour
Black 
granite

Fine to 
coarse
Grained, 
polished

Uniform Black Veneer for exterior facing, aggregate for 
concrete and mastic asphalt

Other 
granite

Fine to 
coarse 
grained

Uniform Various 
colours

Veneers, paving, monuments

Limestone Fine 
grained

Uniform White grey Veneer for exterior facing, copings, 
aggregate for concrete and bitumen 
mastics

Marble Fine 
grained, 
polished

Uniform Wide range
Of colours

Veneer for exterior or interior, 
monuments, table tops, flooring tiles, 
terrazzo floors, power in concrete tiles 
and in situ flooring

sandstone Rough Generally 
Uniform

White, grey, 
yellow, red

Veneer, interior finish, floor slabs & tiles, 
flagstone

slate Smooth to 
rough

Generally 
Uniform

Blue, grey, 
green, 
reddish

Roof shingles, flagstones, black board 
slabs for exterior or interior in polished 
form

Table- 17: Chemical composition of stone
Constituent Types of Stone

Granite Limestone Dolomite Marble

SiO2 68-76 10-13 10.4-13 0.01-0.02

Al2O3 13-17 0.3-0.7 0.025 0.05-0.06
Fl2O3 0.9-4.5 0.8-0.3 1-1.2 0.02-0.025

K2O 2.5-5.5 - - -

Na2O 2.0-6.5 - - -
CaO 1.5-3.5 54-55 27.5-28 55.8-56

MgO - 0.5-0.7 - 0.25-0.35
Loss on ignition 1-2 - - 0.25-0.35

CO2 - 43-43.43.5 38.7-42 43.7-43.8

SO3 - 0.05-0.07 0.05-0.07



 Nirman Sarika     31

Policy Agenda for 
Affordable Urban 
Housing in India
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The year 2017 has a special 
significance in the context 
of Affordable housing and 

urban housing policy in India. The 
affordable housing, is the theme 
of Habitat Day for 2017 and the 
government of India is revising its 
first ever National Urban Housing 
and Habitat Policy – 2007 (NUHHP) 
exclusively meant for urban sec-
tor with a special mention to Af-
fordable Housing in its preamble 
itself. Thirdly, housing as part of 
construction sector is recognized 
for its multiplier effect on house-
hold income and employment. It is 
noted that one direct employment 
in housing (as part of construction) 
involves eight indirect jobs else-
where1. Another study indicates 
that income multiplier in housing 
investments is 3 and employment 
multiplier is 42. It is also noted 
that employment generation in 
housing covers 99% of jobs in the 
informal sector. Therefore, housing 
is labour intensive and low income 
job oriented activity. This is further 
important in the context of decline 
in the employment elasticity of 
GDP as recorded in the recent 
years3.On the other hand it is noted 
that urban housing supply has 
serious imbalances in its demand 

and access to a cross section of 
households.

I m b a l a n c e  i n  S u p p l y  o f 
Housing 

Although 69 percent urban 
households in India own a house, 
37 percent houses are stated to 
be in the category of one room 
meaning a high level of congestion 
covering 5 persons (on average 
household size of 4.9) per room. 
At the same time number of va-
cant houses being 11.09 million 
constitute a share equivalent to 
more than 50% of percent hous-
ing backlog4. At the same time 
96% of backlog is constituted by 
low income population who have 
access to only 4% formal housing 
finance whereas more than 96% 
housing loans are extended to 
middle and high income category 
of households5. (Table 1) 

Table 1: Housing status in urban 
areas
Housing backlog6 (2012) 18.8 million 
Ownership housing7 (2011) 69 percent
Low income backlog8 96 percent
Housing with one room 
accommodation

37 percent

Flow of funds(formal finance) 
to low income Households9 

(National Housing Bank)

4 percent

Vacant Houses10 11.09 million

Data on housing backlog sug-
gests that 97 percent cases re-
quire reconstruction, extension 
or upgradation in the existing /
occupied residential areas. Urban 
housing backlog as estimated in 
2012 is to the tune of 188 million 
DUs (Dwelling Units). It is especially 
important to note that 80 percent 
of this backlog is constituted by 
congestion among existing one 
room houses occupied by more 
than one married couple.  Further, 
twelve percent backlog is consti-
tuted by dilapidated (obsolescent) 
houses and 5 percent backlog is 
caused by non-serviceable kutcha 
houses. (Table 2)

Table 2: Distribution of housing 
Backlog11

Households in 2012 (million)
Non-serviceable Kutcha 
Houses

0.99 (5%)

Obsolescent houses 2.27 (12%)
Congested houses requiring 
new houses

14.99 (80%)

Homeless condition 0.53 (3%)
Total 18.78

Successive programmes and 
schemes launched by GoI in re-
cent decades have made efforts 
to minimize the imbalance. PMAY 
(Pradhan Mantri Avas Yojana) is 
most recent and significant step in 
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this regard. The scheme has sub-
sumed the existing programmes of 
Govt. of India as applied in 2015. 
(Box 1)

The  Focus  Areas  for 
Revision of NUHHP 2007

In the light of imbalance in the 
supply of urban housing as above 
and the nature of backlog, the re-
vision of the NUHHP-2007 has to 
give due cognizance to the factors 
causing imbalance in the supply of 
urban housing w.r.t. coverage to 
all urban areas, upgradation in a 
systematic and phased manner and 
rental housing. Successive initia-
tives have given specific attention 
towards increased supply of hous-
ing units. The policy should give 
special attention, accordingly, to 
convert the backlog into effective 
and realistic demand. The potential 
of existing areas is locked up in 
the low rise high density sprawled 
development12.A large part of this 
development exists in the form of 
illegal land subdivision and unau-
thorized construction.

The Coverage of Affordable 
Housing 

NUHHP while indicating its 
focus on ‘Affordable Housing to 
All’ with special emphasis on the 
economically weaker sections and 
low income sections should be 
able to cover all eligible segments 
of households. There are differ-
ent estimates on affordability for 
respective income groups13. The 
affordability for low income was 
suggested with a size of 300-600 
sq.ft. carpet area with four times 
Annual Gross Household Income 
(AGHI) and repayment capacity as 
30 percent of monthly household 
income, the middle income was 
suggested to have a size of <1200 
sq.ft along with five times AGHI and  

repayment capacity of 40 percent 
of monthly household income.

PMAY has given due flexibility 
to states to decide affordability in 
the local context. As overwhelming 
backlog is constituted by house-
holds from existing built up areas 
the size limit for affordability may 
be suitable liberalized. FSI/FAR re-
laxation should also be included in 
these areas to recover the cost on 
infrastructure/services and other 
habitat related inputs. 

W h o  n e e d  s u p p o r t  f o r 
Affordable Housing?

There is a little doubt that low 
income urban households need 
housing support in one form or 
other. Yet, affordability should be 
seen in a larger context of distribu-
tion of income and assets. As per 
Oxfam International study only one 
percent Indians own 58 percent 
assets and 58 Indians own assets 
equivalent to bottom 70 percent 
of population14. Therefore, it is the 
economy of 99 percent households 
which need suitable facilitation 
from the housing and related poli-
cies. The household saving from 
these 99 percent households have 
vast potential to improve liquidity 
and outreach of housing finance.

Inclusion of Habitat

At the same time, the inclusion 
of HABITAT in the national housing 
policies in India since the policy of 
1998 has widened the scope of 
housing to cover services, infra-
structure and livelihood opportu-
nities15. The merger of two central 
ministries as Ministry for Housing 
and Urban Affairs (MoHUA) by 
Government of India in September 
2017 is a positive step to converge 
efforts on habitat from the two 
ministries and have more synergy 
and consolidated approach on the 
issue. It should now more easily 
facilitate affordable housing with 
convergence of urban missions of 
Govt. of India.

Coverage of Urban Population

The policy should cover all 
urban households. It is noted that 
a large chunk urban households 
and settlements are not covered 
by official/ census classification to 
identify urban areas. Similarly, the 
areas classified as urban do not 
have city governments and are not 
treated as urban by governance 
system16 (Box 2). Efforts should be 
made to revisit the classification 
method and procedure to identify 
all eligible areas within the cat-

Box 1: Pradhan Mantri Avas Yojana
Pradhan Mantri Avas Yojana (2015) is the Government of India‘s pioneering 
scheme, administered by Ministry of Housing and Urban Affairs (MoHUA) 
to provide affordable housing for all. The scheme has four verticals namely 
in-situ rehabilitation of slums, credit-linked subsidy (6.5 percent interest), 
affordable housing in partnership (a subsidy of Rs.1,50,000 to Rs.2,50,000/- 
per unit for schemes developed in partnership with the private sector) and 
subsidies to the tune of INR 1,50,000 for housing/upgradation PMAY has 
urban and rural component. Rural part has subsumed Indira Avas Yojana 
whereas the Rajiv Awas Yojana for slum upgradation and redevelopment 
was subsumed by urban component which also included the Basic Services 
for the Urban Poor (BSUP) and Integrated Housing and Slum Development 
Program (IHSDP) components of the JNNURM (Jawaharlal Nehru National 
Urban Renewal Mission).
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egory of urban and create statu-
tory towns (city governments)17. 
Housing plans should be prepared 
to include entire city region and 
not the municipal jurisdiction only. 
Suitable institutional mechanism 
involving city government at a 
centre place should be evolved to 
capture the needs of entire urban 
population.

Rental housing

Government of India is already 
planning to bring tenancy law and 
model rent Control Act18. The Union 
Minister of State-Independent 
Charge (MoS I/C) indicated that 
interest of tenants and landlords 
would be secured with a view to 
unlock the vacant houses (11.09 
million) for use of urban house-
holds. It should also pave way for 
reconstruction and upward growth 
of core city areas.

There is enormous scope for 
employee housing which is cur-
rently used in a limited sense. This 
needs to be taken up for suitable 
concessions and incentives to em-
ployers and employees.

Increased Supply of Affordable 
Housing

The government of India is 
also planning stimulus package 
to restore rapid pace of economic 
development. Housing would be 
an important component of such 
package. Indication was given 
by Honb’le MoS I/C on 21st Sep-
tember that Private sector would 
enjoy interest rate  (credit linked) 
subsidy as planned in  PMAY for 
individual buyers. Ease  of doing 
business in relation to permissions 
and approvals would be extended 
to all metros in line with Delhi and 
Mumbai19.

In this regard housing should 
not be seen in isolation from city 
region. Housing potential of city 
region as a whole should be as-
sessed. In this connection suitable 
mechanism needs to be drawn to 
prepare housing plan for adminis-
trative city, physical city and city 
region. These plans should also in-
clude mobility and connectivity to 
integrate the region for economic 
activities and social interaction. 
Government of India is already 
planning expansion of urban hous-
ing to the helmets located in the 
surrounding areas20. It should be 
seen in a wider sense of city region 
and expansion of urban areas as 
per modified classification.

Decadal Feedback

It is also important to give 
due cognizance to the sectoral 
development occurred during last 
ten years since inception of the 
NUHHP-2007. Rio+20 gave us the 
focus on environment, climate 
change along with poverty allevia-
tion. The adoption of UN Sustain-
able Development Goals (UNSDGs) 
-2015 and Habitat III – 2016 have 
drawn a global agenda along with 
country specific inputs. GoI has 
also prepared its national report 
and presented a commitment in 
the form of follow up actions21 (Box 
3). These need to be included in the 
form of inter-governmental agenda 
for the policy. Similarly the commit-
ments from government of India 
under the urban sector missions 
of GoI22 are equally  important to 
have mutual feedback and support. 
These include:

• Pan city development, Green 
Field development, Retrofitting 
under smart cities.

• Open Defecation Free (ODF) 
status, Area Development and 

Box 2: Underassessment of Urbanisation
Although 31.2 percent population live in urban areas as per census 
2011, only 26 percent is governed by urban local bodies. The census and 
administrative coverage of urban areas vary from state to state. On the 
whole almost half (3891) urban centres are still governed by Panchayat-
raj Institutions.

Mid–term Economic Survey of GoI has examined the urbanization level and 
expressed the need to revisit the method due to underestimation of urban 
population as compared to the classification used by other countries and 
related norms. It may be observed that population size as officially recorded 
is significantly low as compared to other methods of classification. The cur-
rent size is estimated to be in a range of 47 to 65 percent. However, GHSL 
data of European Union appears to be more realistic than the population 
criterion alone. Yet, the point of underestimation is convincing. The mid-
term Economic Survey released in early August 2017 giving due cognizance 
to comparable factors expressed a need to reexamine the census method 
in the light of growing importance of cities and towns in the economic 
development, productivity and investment promotion. 

The midterm Economic Survey released in August 2017 of Government of 
India while acknowledging the variation in the size has also indicated the 
gap between the administrative city and the physical city. Out of nearly 
8000 urban centres, barely half of them are covered by city governments 
and remaining by Panchayat raj institutions. As against the population 
size of 31.2 percent only 26 percent is governed by three types of Urban 
Local Bodies.
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ODF+(waste collection) and 
ODF++(waste disposal) from 
SBM.(Swachh Bharat Mission)

• Credit Linked Subsidy

• Income generation from NULM 
(National Urban Livelihood Mis-
sion) 

• Financing outreach through 
PMJDY (Pradhan Mantri Jand-
han Yojana) 

• Skill India and Start up India 
Mission for promotion of eco-
nomic base along with hous-
ing.

• Urban Housing 

• Actions on disaster (manmade 
and natural) and environmental 
improvement (Greenhouse gas 
emissions and PM2.5) should 
also be given due attention.

As the majority of housing 
backlog needs to be provided in the 
existing built up areas the above 
convergence is essential. The policy 
has to distinguish the two aspects 
direct shelter support and Habitat 
areas (other than four walls and 
a roof). Such a distinction would 
also include Indian commitment 
to Habitat III (Box 3) and involve 
actions by local institutions and 
intergovernmental commitments 
and support. These commitments 
include specific action areas such 
as (i) economic growth and produc-
tivity, (ii) improving quality of life, 
(iii) inclusive development, and (iv) 
sustainability and issues of climate 
change.

Follow Up

The government of India is 
giving due cognizance to the im-
portance of housing to sustain our 
economic growth and promote 
employment elasticity of Income. 
Hon’ble MoS I/C MoHUA has 

rightly announced the government 
intention to encourage private 
sector and liberalise rent control 
regime. It will improve the liquidity 
in the housing finance and acceler-
ate supply of affordable housing. 
Policy response towards promo-
tion of affordable housing in India, 
therefore, has to cover:

• Include Habitat related inputs 
in the NUHHP with special 
reference to Poverty, disaster 
management (manmade and 
natural) and climate change.

• Distinguish between shelter 
construction and habitat in-
puts.

• Commitment of GoI for habitat 
III should be included in the 
policy agenda.

• Unlock the supply of land and 
finance for construction/upgra-
dation of housing of units. 

• Ensure secure title to existing 
residential/built up areas to 
enable reconstruction or upgra-
dation in these pockets of land. 
Unauthorised colonies and 
illegal land subdivision would 
require specific attention.

• Include all sections up to middle 
income group in the stimulus 
package through concession 
and incentives.

• As the overwhelming major-
ity of backlog is constituted by 
households living in existing 
areas the size limit for afford-
ability may be relaxed. FSI/FAR 
relaxation should also be in-
cluded in these areas to recover 
the cost on infrastructure/ser-
vices and other habitat related 
inputs. 

• Revisit the classification meth-
od of Census of India to cover 

all eligible urban settlements to 
expand affordable housing.

• Prepare a suitable housing   
plan for city region including 
the areas outside municipal 
jurisdiction.

• Take up capacity building of 
ULBs to prepare local action 
plan for affordable housing,

• Rationalise the data on land and 
properties through compulsory 
registration process, 

• Create enabling environment 
for rental housing including 
employee housing through 
tax concessions, incentive and 
modifications in the respective 
Rent Control Act.
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Box 3: National Commitment by Government of India for Habitat 3

Economic Growth and Productivity
Fully planned and sustainable human •	
settlements

High travel speed, above 30 kmph peak time•	

Well-distributed business district centres•	

Intensive use of technology/innovations •	

E-governance•	

Smart grid •	

Normative - norms/ self-declaration/ approvals •	
of buildings/ town layouts

Improving Quality of Life Inclusive Development
100 percent sanitation•	

Well-developed public facilities •	

Easy access to public utilities and services•	

Composite living representing socio-economic •	
population dynamics – inclusive development

Adequate and affordable housing for urban poor •	
and senior citizens

Sustainability and Issues of Climate Change
60-90 percent population to travel by public •	
transport

Dominant mode of travel does not emit pollution •	
in immediate environment

Local travel, E-rickshaw, walking, etc. for last mile •	
connectivity

Street light LED with dimmer, low consumption, •	
almanac micro-processor controlled

Rainwater harvesting in all roads, streets and •	
buildings

Barrier-free pedestrian pathways and bicycle-•	
ways

Natural drainage pattern, climate change, cloud •	
burst

Waste-water treatment, on-site and re-use in •	
immediate surroundings for gardening, sprinklers 
for dust control, etc.

Reclaiming water bodies •	

Bringing water use to half from standard use•	

Cut down electricity consumption to 50 percent •	
level than normal use and 50 percent generation 
from non-conventional sources 

Waste (collection 100 percent) to electricity•	

RCC roads, supported by pipes, integrated with •	
future expansion plans, no digging

Disaster preparedness•	

Improving Quality of Life Improving Quality of Life
High-security streets and buildings by CCTV•	

Crime-free society and access to social justice •	
and gender equity

Full of greenery/ plantation, bamboo and other •	
suitable trees

Green and barrier-free buildings•	

and Urban Poverty Alleviation, 
2016.

22. Pradhan Mantri Avas Yojana, 
Smart City Mission, Swachh 
Bharat Mission, Develop-
ment of Heritage Towns and 
AMRUT(Atal Mission for rejuve-
nation and Urban Transforma-
tion)

*****
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Demonstration Housing Projects
using Emerging Technologies

BMTPC has identified, evalu-
ated and certified 16 new 
construction systems for 

mass housing which facilitate faster 
delivery of quality, sustainable 
and safe houses. For its field level 
application, BMTPC has initiated 
construction of model demonstra-
tion housing projects in Andhra 
Pradesh, Odisha, Telangana, Bihar 
& Uttar Pradesh. These projects are 
aimed to spread awareness and 
disseminate new emerging systems 
across India. The demonstration 
housing project at Nellore, Andhra 
Pradesh has been completed. The 
details of other projects are as 
given below:

Demonstration Housing Project 
at Bhubaneswar, Odisha

Housing & Urban Develop-
ment Department, Government 
of Odisha allotted 0.43 acres land 
for construction of Demonstration 
Houses with Expanded Polystyrene 
Core Panel System (EPS) Technol-
ogy.  Based on the discussion held 
with the officials of Bhubaneswar 
Development Authority (BDA), the 
plan, sections, layout plan of Dem-
onstration Housing Project was 
finalised. The demonstration hous-
ing Project has one block having 32 
DU in  G+3 configuration. The car-
pet area of the unit is 23.09 sq mt. 
(248.45 sq.ft) having living room, 
cooking space, bed room, Bath and 
W.C. as per the State Govt. typed 
design. The project also includes 
the on-site infrastructure work 
such as construction of pathways, 
boundary wall, water supply work, 
horticulture work, drainage & dis-
posal and external electrification 

using solar panels etc. At the time 
of reporting, the finishing work of 
the DUs is going on. 

Demonstration Housing Project 
at Aurangabad Jagir, Lucknow

State Urban Development 
Agency (SUDA), Lucknow has 
identified 0.385 hectare of land at 
Aurangabad Jagir, Tehsil Sarojini 
Nagar, Lucknow for undertaking 
the Demonstration Housing Proj-
ect. Based on the discussions held 
with the officials of SUDA, the 
Plan, Sections and Layout Plan of 
Demonstration Housing Project 
was prepared by BMTPC and was 
approved by SUDA. Five blocks 
for 40 Demonstration Houses 
(G+1) having carpet area of 26.40 
sq.mt. and covered area of each 
DU is 40.31 sq.mt. with emerging 

technology Stay in Place EPS based 
Double Walled Panel System are 
being constructed at the site. The 
onsite infrastructure development 
work comprises of internal and 
external roads & pavements, Sep-
tic Tank, water supply, sewerage, 
external electrification, Drainage, 
Landscaping, Boundary Wall, Bore 
well, UGT, Transformer, etc.  

Shri Rajnath Singh, Hon’ble 
Home Minister laid the Foundation 
Stone of Demonstration Housing 
Project at Lucknow, Uttar Pradesh 
through video conferencing on 
January 3, 2017 from New Delhi.  
The programme was attended by 
more than 200 local officials from 
State Govt. and general public. 
The for ground floor roof slab for 
two blocks have been completed. 
The erection of the wall panels for 

Demonstration Housing Project at Bhubaneswar, Odisha
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super structure of third & fourth 
blocks has also been complete 
and erection of wall panels for fifth 
Block  is under progress.

Demonstration Housing Project 
at Biharshariff, Bihar

The Govt. of Bihar has desig-
nated Biharsharif Nagar Nigam as 
nodal agency for the demonstration 
project. The site for the demonstra-
tion project in Biharsharif was 
allotted for the purpose by local 
administration. BMTPC visited the 

site and based on the interaction & 
consultation with Biharsharif Nagar 
Nigam, the housing technology has 
been identified and building draw-
ings have been finalized.

The demonstration houses 
comprising of 36 DUs (G+2) are 
being constructed using Structural 
Stay-in-Place CR Steel specially De-
signed Formwork System. Each DU 
comprises of multi-purpose room, 
a bed room, kitchen, separate w.c 
& bathroom.  The carpet area of 

Shri Rajnath Singh, Hon’ble Home Minister laid the Foundation Stone of Demonstration Housing Project 
at Lucknow, Uttar Pradesh, U.P. through video conferencing on January 3, 2017

DU is 29.67 sq.mt. (319.25 sq.ft) 
and built-up area of DU including 
area of common staircase is 45.54 
sq.mt. (490.0 sq. ft.). The infra-
structure work includes internal 
road, pathways, boundary wall, 
septic tank, external electrification 
and water supply work, horticul-
ture work, drainage & disposal, 
etc. After completion of work 
upto plinth level for two blocks (36 
DUs), erection of wall panels and 
slab shuttering for block 2 (5 DUs) 

Demonstration Housing Project at Aurangabad Jagir, Lucknow, U.P.
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has been completed. The casting 
of concrete in this block is under 
way. The erection of wall panels for 
block 1 (7 DUs) is under progress.

Demonstration Housing Project 
at Hyderabad, Telangana

Telengana State Housing Corpo-
ration Limited (TSHCL), Hyderabad 
has identified 1085 sq.mts. of land 
at Nirmithi  Kendra, Gachibowli, 
Hyderabad for undertaking the 
Demonstration Housing Project. 
After inspection, the proposed site 
was found suitable for construction 
of demonstration houses. Based on 
the discussions held with the of-
ficials of TSHCL, the Plan, Sections 
and Layout Plan of Demonstration 
Housing Project was prepared 
by BMTPC and was approved by 
TSHCL. In order to demonstrate dif-
ferent emerging technologies, the 
Council is constructing two blocks 
for 32 Demonstration Houses (G+3) 
using two different technologies 

Demonstration Housing Project at Biharshariff, Bihar

Demonstration Housing Project at Hyderabad, Telangana

i.e (i) Monolithic construction 
with structural stay in place CR 

steel specially designed formwork 
system (Coffor) (16 houses) and (ii) 
Light Gauge Steel Framed Structure 
(16 houses). The DUs have carpet 
area of 38.74 & 39.50 sq.mt. and 
covered area of DU is 53.18 & 53.10 
sq.mt. Each DU comprises of two 
bedrooms, multi-purpose room, 
kitchen, two WC & bathroom. The 
onsite infrastructure development 
like internal road, pathways, Septic 
tank, external electrification and 
water supply work, horticulture 
work, drainage & disposal, etc.  are 
also part of the project. The foun-
dation work upto plinth Level for 
the project has been completed. 
The erection of wall panels (for 
16 DU) using Coffer technology is 
under progress.  

Apart from the above, BMTPC 
has also received request from 
Govts. of Uttarakhand, Tamil Nadu, 
Assam, Punjab, Jharkhand, J&K, 
Kerala & Manipur for undertaking 
DHPs in their respective States.
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Abstract

The impending issues of sus-
tainability and stringent 
guidelines of National Green 

Tribunal (NGT) mandates construc-
tion industry to bring perceptible 
changes in use of conventional 
building materials without compro-
mising the quality of construction. 
Concrete is one of the ubiquitous 
composite conventional building 
material in which natural ag-
gregates play an important role. 
Natural sand is being utilized as 
fine aggregate in concrete for more 
than centuries. However, increase 
in demand, depletion of natural 
sand and ban on sand mining by 
Hon’ble Supreme court/ NGT have 
necessitated researchers to do R & 
D on alternate to natural sand i.e. 
manufactured sand. The studies on 
manufactured sand have shown the 
possibility of its utilization in con-
struction as replacement of natural 
sand. Manufactured sands can be 
produced by crushing rock deposits 
or old building stock as fine aggre-
gate that is generally found more 
angular and has rough surface 
texture. Manufactured sand can be 
classified as Natural crushed rock 
sand, industrial by-products and 

recycled fine aggregates. Manu-
factured sands are used either full 
or partial replacement of natural 
sand (NS) in mortar or concrete. 
The paper presents gives an insight 
into manufactured sand and its 
use in construction industry. The 
paper also attempts to elaborate 
the reason why manufactured sand 
is a potential construction material 
for future.

Keywords:  Manufactured sand, 
natural crushed rock sand, re-
cycled fine aggregate, river sand, 
concrete

Introduction

The unprecedented increase in 
urbanization and industrialization 
puts pressure on conventional 
building materials which are based 
on finite natural resources. Further, 
in view of Paris agreement and 
India’s commitment to Climate 
change, the problems related to 
environmental imbalance and GHG 
emissions are more evident in our 
construction sector. Further, there 
is always a difficulty in acquiring 
good quality of natural material 
especially river sand which is used 
as fine aggregate in concrete. 
Thus, it is logical to use sustainable 

approaches to make a resource 
efficient concrete. Concrete can 
be made as a sustainable material 
right from raw material produc-
tion to demolition of buildings [1, 
2, 3]. It is a composite material, 
consisting of binding materials, 
aggregates, water and admixtures. 
Among these ingredients, aggre-
gates play a vital role which occu-
pies about 60–75% total volume of 
concrete [2, 3] and whereas sand 
occupies about 35% of aggregate 
volume. It is expected that the de-
mand of raw materials for concrete 
will be doubled in the next two to 
three decades with the present 
rate of consumption [3, 4]. Rapid 
extraction of sand from river bed 
or quarries causing environmental 
problems is unsustainable prac-
tice and its short supply make it a  
very costly material. Therefore,  a 
suitable alternative which is eco-
friendly and sustainable to replace 
natural sand is call of the day [4]. 
Manufactured sand (MS) in general 
is produced or artificially made. 
The researchers have started work-
ing with the properties of concrete 
using manufactured sand as fine 
aggregate over past few years. This 
sand is used either full or partial 
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replacement of natural sand in 
mortar or concrete. Even offshore 
sand and dune sand are used in 
concrete in many countries such as 
UK, Sri Lanka, Continental Europe, 
Saudi and Singapore [1-4]. 

The use of natural crushed rock 
sand (CRS) in Portland cement 
concrete has significantly increased 
over last 25 years, especially in 
areas where natural sands are 
scarce [5, 6]. Cortes et al. [5] found 
that a larger volume of paste of 
cement mortar will be required 
to attain adequate flow-ability 
and strength when angular CRS 
is used instead of natural round 
aggregates of the same grain size 
distribution. Although the cost of 
CRS is relatively more as compared 
to natural sand, it can be used as 
an alternative to manufactured 
self-compacting concrete (SCC) 
with natural sand with 25-60 
MPa compressive strength [4]. In-
creased environmental awareness 
concerning potential hazardous 
effects, the recycling or utilization 
of industrial by-products have also 
become an attractive alternative 
to disposal. Noufal et al. [7] found 
that 30% replacement of river sand 
with iron slag fine aggregate is 
found effective in concrete. Simi-
larly Saha et al. [8] found that the 
compressive strength of the mortar 
specimens increased with addition 
of ferronickel slags (FNS) up to 50% 
replacement in concrete and then 
decreased further increase in FNS. 
The use of C&D as coarse and fine 
aggregates in concrete production 
is a logical step with both economic 
and environmental benefits that 
has been growing in the last two 
decades [9-11]. Many researchers 
have found 30% replacement of 
river sand (RS) with recycled fine 
aggregate (RFA) is more suitable 
[10]. However, utilizing of RFA pro-

duces low density concrete and RFA 
increases mechanical properties 
of the concrete with appropriate 
proportion of superplasticizer. Kou 
et al. [11], found that 10% replace-
ment of silica fumes with cement 
in the RFA concrete increases both 
mechanical and durability proper-
ties of the concrete. In addition, 
the incorporation of recycled con-
crete fine aggregate significantly 
increase the shrinkage and creep 
deformation [10, 11].  

In this paper, a brief review of the 
work done by the researchers on 
different types of manufactured 
sand in concrete is reported. 
Although, few researchers have 
worked in MS, but there are more 
studies only on CRS, hence there 
is a need to study other suitable 
MS in concrete as fine aggregate. 
In addition characterization and 
optimization of different types of 
MS in concrete has to be done so 
that it can be utilized commercially. 
A Very few applications of MS can be 
seen in the construction industry, 
this is because of less knowledge 
about the effectiveness of the 
different types of MS in concrete 
and how it makes the concrete 
sustainable. Through this paper, 
the idea of utilizing MS which is 
an inevitable replacement to river 

sand in construction industry is 
being envisaged.

Need for Manufactured Sand

There are various sources for 
the natural sand that can be used 
in concrete as fine aggregate such 
as river sand, marine sand, quarry 
dust and dune sand. Among which, 
river sand is widely used in con-
struction industry. These natural 
sand have their own demerits 
like marine sand have high per-
centage of salt, quarry sand have 
large amount of dust in them and 
because of the loosely packed soil 
particles dune sand are unfit to 
be used in the concrete. Although 
these sand have demerits, they 
are still used extensively because 
of which there is a huge depletion 
of natural sand. In addition, using 
these sand of-late cause envi-
ronmental imbalance like change 
in river course, disappearing of 
beaches, contamination of ground 
water, killing of flora & fauna etc. as 
shown in Fig 1. Therefore, various 
steps are taken by different orga-
nizations to restrict the exploita-
tion of these natural resources. 
For example, in National Green 
Tribunal (NGT) report 2016 [12], it 
is reported that there is huge loss 
of sand mining about 1,611 crores 
due to rampant illegal sand mining. 

Fig. 1: Problems leading to environmental imbalance
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Likewise, MoEF & Supreme Court 
of India has also given various di-
rectives to ban the sand mining and 
other illegal activities in order to 
protect these natural sand. There-
fore, these issues have forced the 
construction industry to use alter-
native materials like manufactured 
sand as fine aggregate in concrete 
without compromising the quality 
of construction.

Manufactured Sand

Manufactured sand can be 
defined as fine aggregate, manu-
factured from other than natural 
sources, by processing materials, 
using thermal or other process 
such as separation, washing, crush-
ing and scrubbing [13]. Over past 
few years various researchers have 
studied that natural crushed rock 
sand, copper slag, waste foundry 
sand, coal ash, recycle sand etc. 
can also be used in concrete as fine 
aggregate [3, 14-17]. 

Natural Crushed Rock Sand (CRS)

Natural crushed rock sand  are 
produced from crushing rocks, 
which creates grains with distinc-
tive particle shape, that depend 
on the parent rock composition, 
fracture mode, crushing process. 
CRS are generally angular and 
rough in nature. However, CRS 
contains considerable amount of 
stone dust in them. All over the 
world in all the standards natural 
crushed rock sand is considered as 
manufactured sand and particles 
finer than 75 µm shall not exceed 
15% in CRS [13]. The properties of 
the CRS varies based on their lithol-
ogy and geographical locations. 
The sources for CRS are generally 
crushing the natural rocks like dior-
ite, metamorphic siltstone, granite, 
limestone, sandstone, feldspathic 
quartzite etc. [18, 19]. In last ten 

years, there have been investiga-
tions on various types of CRS i.e. 
in characterization of CRS, proper-
ties of CRS in mortar, concrete and 
SCC. In general from all literature 
studies, it was found that CRS have 
more fine particles as compared to 
NS, so the workability of concrete 
mixes decreases for which ad-
equate gradation of CRS, dosages 
of superplasticizer, proper mixing 
approach and particle package 
density model is needed. Although, 
it absorbs more water, concrete 
with CRS have better shrinkage and 
durability properties.

Natural crushed rock sand are 
generally produced after drilling 
and blasting of rock deposits and it 
is transported to primary crushers 
where these rocks are crushed to 
produce coarse aggregates after 
screening [20]. The others are sent 
to secondary crushers where they 
are further crushed to produce fine 
aggregates from them. This is usu-
ally done by impact crushers or VSI 
crushers. The fine grinding process 
is either dry or wet. Dry process is 
highly economical but have high 
possibility of ultra-fines which may 
cause air pollution [20]. Therefore, 
a wet process is used. The water 

used is generally recycled and 
again used in process. The sludge 
obtained is removed separately 
and utilized to make lightweight 
products. Therefore, the obtained 
finished product (MS) is then taken 
and transported. A schematic de-
scription of production is given in 
the Fig. 2. The major advantage 
of this method is sand obtained 
after crushing is sustainable, eco-
friendly and Vaastu friendly. 

Industrial By-products

The generation of industrial 
waste is increasing day by day due 
to industrialization. It is reported 
that only 15% of these waste are 
used as resource material whereas, 
the remaining are just dumped as 
landfill [21, 22]. Dumping these 
waste in landfills also cause en-
vironmental imbalance. India is 
nowadays facing not only the prob-
lem of environmental imbalance, it 
is also facing the non-availability 
of land for landfills and increase in 
cost of the landfill. Thus, it leads 
to huge problem for various in-
dustries and choice of using these 
waste products as an alternative 
source. The initial studies have 
reported on utilization of industrial 

Fig. 2: Schematic production process of natural crushed rock sand
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by-products such as blast furnace 
slag, waste foundry sand (WFS), 
coal bottom ash (CBA), cement kiln 
dust (CKD) and wood ash (WA) as 
fine aggregate in concrete [14, 22-
23]. The Indian standard has also 
allowed copper slag, iron slag and 
steel slag are also better option in 
concrete as fine aggregate [13]. 
The major advantage of utilizing 
these industrial by-products un-
like crushed rock sand, is that no 
further process is needed and it 
is energy saving material. How-
ever, the problem in industrial 
by-product utilization is it contains 
high fines which makes concrete 
more susceptible to shrinkage 
problems and also workability of 
the concrete gets affected. Various 
steps are taken to remove these 
ultrafine particles like air screening, 
Hydrocyclone process etc.  

Industrial by-products are pro-
duced from various industries right 
from iron mills, steel mills, thermal 
power plants, oil-fuel industries 
etc. A typical production of bottom 
ash or boiler ash production from 
coal thermal power plant is shown 
in the Fig 3. 

During this process, a collection 
of residuals produced during the 
combustion of coal called coal ash 
are also collected and used [24]. 
Likewise each industrial by-prod-
ucts are further used to overcome 
the problem of landfills and other 
environmental issues. 

Recycled Fine Aggregate (RFA)

The recycled fine aggregate is 
also used as MS in concrete. Re-
cycled aggregates are produced 
from the re-processing of mineral 
waste materials with the largest 
source from C&D waste [9-11 & 
25]. The coarse portion of the re-
cycled aggregates has been used 
as a replacement to natural coarse 

aggregates for concrete produc-
tion. The benefits and drawbacks 
of using recycled coarse aggregates 
in concrete are well understood 
and extensively documented [9, 
10]. However, nowadays the trend 
of replacing natural sand with re-
cycled fine aggregate (RFA) is also 
gaining importance. Large-scale 
recycling of demolished concrete 
will contribute not only to the so-
lution of a growing waste disposal 
problem, but, it will also help in 
conserving natural sand. Recycled 
concrete fine aggregate, recycled 
brick fine aggregate, recycled glass 
fine aggregate, recycled bitumen 
aggregate etc. are some of the 
major used recycled fine aggregate 
in construction industry [2]. Based 
on the application, the type of 
recycled fine aggregate to be used 
varies, for example in recycled bitu-
men aggregate are used in making 
pavements etc. In addition, experi-
mental investigations by various 
researchers on RFA found that it 
requires more high range water 
reducer admixtures than CRS be-
cause of their high fineness.

Generally, RFA from C&D waste 
of building consists of concrete 

rubble, bricks, tiles, dust, paper, 
cardboards, metals, organics, 
cement paste adherence etc. in 
which concrete rubble is usually 
considered to be largest proportion 
of C&D waste. It is very important to 
remove those impurities from the 
sand, otherwise it will reduce the 
quality and consumer perception 
of recycled fine aggregate [27].  A 
schematic production process of 
recycled fine aggregate is given in 
the Fig. 4.

Experimental Investigations

Experimental investigations on 
characterisation of crushed granite 
sand (CGS) and river sand, mechan-
ical properties like compressive 
strength was carried out.

Physical Properties

The basic physical comparison 
between river sand and CGS was 
done which is shown in the Table 
1. 

Sieve Analysis

Generally, river sand is classified 
as Zone I, Zone II, Zone III and Zone 
IV (i.e. Coarser to Finer). Grada-
tion is made in accordance with 
the usage of the sand. There are 

Fig. 3: Schematic production of bottom ash from coal thermal power station [24]
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testing sieves, consists of 4.75mm, 
2.36mm, 1.183mm, 600microns, 
300 microns, 150 microns and a 
pan. Sieve analysis of the river 
sand and manufactured sand was 
carried out as per IS 383: 2016. 
Based on the percentage passing 
in 600 micron sieve, gradation of 
the sand is done. Table 2 shows the 
comparative sieve analysis results 
between river sand and CGS.

It was observed that the fine-
ness modulus of river sand was 
2.31 and that of CGS was 2.60. In 
addition with the percentage pass-
ing at 600 µm CGS falls under zone 
II confirming from IS 383:2016. Fig. 

5 shows the sieve analysis graph 
drawn for CGS and river sand.

Mix Proportioning

Concrete of M30 grade was 
proportioned in accordance with 
the Indian standard IS: 10262-
2009. Ordinary Portland cement 
(OPC) with 43 grade confirming to 
IS: 269, 2015 and Zone II river sand 
with 2.69 specific gravity and fine-
ness modulus of 2.31 confirming 
to IS: 383, 2016  was used in this 
present experimental investiga-
tion. Superplasticizer confirming 
to IS: 9103, 1999 which is a third 
generation carboxylic ether was 
used to increase the workability of 
the concrete. The mix proportion 
adapted here is given in Table 3.

Compressive Strength

Compressive strength tests 
were carried as per IS: 516, 1959. 
Test was conducted for concrete 
cubes after 3, 7 and 28 days of 
curing respectively in Universal 
Testing Machine (UTM) of capac-
ity 1000 kN and with 0.5 mm/min 
loading rate. Compressive strength 
obtained by concrete with CGS was 
compared with control concrete. 
Compressive strength of a par-

Table 1: Physical Properties of the River sand and CGS

Properties River Sand Crushed Granite Sand
Appearance Dark Grey Grey
Shape Round Angular
Texture Smooth Rough
Water Absorption 1.3% 2.0%
Specific Gravity 2.64 2.58
Samples

Table 2: Sieve Analysis

IS Sieve

% of 
Passing
River 
Sand

% of 
Passing 
CGS

4.75 mm 99.60 100.00

2.36 mm 98.77 90.70

1.18 mm 76.67 66.20

600 µm 57.70 39.80

300 µm 32.28 25.50

150 µm 03.92 09.90

75 µm 02.00 10.00

Fig. 4: Schematic production of recycled fine aggregate

Fig. 5: Sieve analysis of CGS
and river sand
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ticular specimen is calculated with 
following formula:

fck=P/A    ...................................(3)

Where,

fck – Compressive strength (N/
mm2)

P   – Ultimate Load (N)

A – Cross sectional area (mm2)

It was observed that the con-
crete with CGS showed better com-
pressive strength when compared 
with control concrete. It was found 
the CGS concrete have 14.08% 
higher strength than control con-
crete after 28 days of curing. In 
addition almost 22.5% strength 
higher at early stage (3 days) of cur-
ing. Fig. 6 shows the compressive 
strength of the CGS concrete and 
control concrete.      

Flexural Strength

Flexural tensile strength or 
modulus of rupture of concrete 

has been determined by apply-
ing the failure load on prismatic 
specimen after 7, 28 and 56 days 
of curing in UTM under four point 
loading and with rate of 0.5 mm/
min. The location of the crack was 
also checked, in case if the cracks 
had been appeared away from mid 
span, then the distance of the crack 
from the end were noted. The flex-
ural strength of the specimen is ex-
pressed as the modulus of rupture 
fcr, which is stated as below:

fcr =    .............................(5)

Where,

fcr= Flexural strength (MPa),

b = Measured width of the speci-
men (mm) 

d = Measured depth of the speci-
men at the point of failure (mm)

l = Length of the span on which the 
specimen was support (mm)

P = Maximum applied load (N).

The flexural strength for the 
control concrete and CGS concrete 
is shown in the Fig. 7. It was ob-
served that the flexural strength of 
the CGS concrete was 15% higher 
than the control concrete after 56 
days curing.

Summary

The experimental investiga-
tions carried out on concrete with 
CGS manufactured sand showed 
better quality and better proper-
ties than control concrete. Sieve 
analysis results showed that CGS 
also falls under zone II category 
as per IS 383: 2016. In addition 
nearly 14.08% higher compressive 
strength was observed than control 
concrete. The flexural strength of 
the CGS concrete was also found 
to be higher (15%) than control 
concrete after 56 days curing. 

Based on the literature, there is 
possibility to replace natural sand 

Table 3: Mix proportion used for M30 grade concrete

Material Cement
(kg/m3)

Fine aggregate
(kg/m3)

Coarse aggregate
(kg/m3) Water

(kg/m3)
Superplasticizer
Dosage (kg/m3)

10 mm 20 mm
RS 380 720 729.6 486 171 1.9

CGS 380 720 729.6 486 190 0.5

Fig. 6: Compressive strength of the CGS concrete and 
control concrete

Fig. 7: Flexural strength of the CGS concrete and 
control concrete
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with manufactured sand. However, 
there is a need to optimize the 
effective replacement of NS with 
MS in concrete by characterizing 
different types of MS in concrete. 
The major gaps from different 
studies are limited study on char-
acterization and optimization of 
manufactured sand in concrete, 
there is no standard/ guidelines 
for mix proportioning of concrete, 
no life cycle cost analysis including 
CO2 emission for sustainable struc-
tural design are made. Therefore, 
a detail study on different types of 
MS is a topic of further research in 
order to accept the replacement 
material for NS with compromising 
properties of concrete. Neverthe-
less, manufactured sand is cer-
tainly a viable emerging alternative 
to river sand which is scarce.
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Capacity Building Programme on Good 
Construction Practices including Emerging 
Technologies for Housing 

In order to build capacities, 
one of the priority area for 
BMTPC is to impart train-

ing to professionals on regular 
basis. The purpose of these 
programmes is to update the 
Engineers & Architects at ULB & 
State level in the area of Quality 
Control and Good Construction 
Practices in housing projects 
and to introduce emerging 
technologies which may be 
useful for mass housing projects 
in the States. Some of the pro-
grammes are listed here:

• “Training on Good Engi-
neering Practices including 
Disaster resistant aspects in 
Construction” to ULB/State 
engineers & construction 
professionals from North 
Eastern areas during the Re-
gional Workshop on PMAY-
HFA (Urban) for North East-
ern States & UTs was held 
on 20-21 January, 2017 at 
Agartala, Tripura. Hands-on 
Training Prgramme for Ma-
sons was also conducted on 
January 20, 2017 alongside 
the Workshop wherein 44 

Sensitization Programme at Gandhinagar, 
Gujarat on February 9, 2017

Sensitization Programme at Thiruvanantha-
puram,Kerala on August 3, 2017

Sensitization Programme at Bhubaneshwar, 
Odisha on May 15, 2017

masons from 3 ULBs of Tripura were imparted training.

• Sensitization Programme including training to beneficiaries on 
Quality and Disaster-resistant aspects was conducted in Bihar 
Sharif, Bihar on 13 February 2017, for the beneficiaries engaged 
in construction of their houses sanctioned under Housing for All. 
The masons involved in the construction and supervising engineers 
participated in the programme, making total participants as 80. 

• Organized Sensitization Programmes at Gandhinagar, Gujarat 
on February 9, 2017; Port Blair, Andaman & Nicobar Islands on 
February 23, 2017; Bhubaneshwar, Odisha on May 15, 2017 and 
Thiruvananthapuram, Kerala on August 3, 2017. These programmes 
were attended by State Govt. engineers, architects and other of-
ficials.
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Knowing your client: 
Residents of Rental 
Housing
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Rental Housing, both formal 
and informal, constitutes a 
large component of urban 

shelter in India; as per Census 
2011, over 27% of urban residents 
of the country stays in rental hous-
ing. India’s urban housing sector 
experiences huge shelter shortage 
vis-à-vis stunning stock of vacant 
ones (11.09 million houses, as per 
Census 2011) simultaneously. In-
troduction of apt legislations may 
encourage the owners to convert 
urban land and rent out for steady 
income.

To outreach urban India’s large 
informal workforce with quality 
living provisions is difficult. The 
migrant labours pay heavy house 
rent (approximately 30% of their 
monthly income) (MoHUPA, 2015) 
without any incentives of quality 
living. Overcrowded spaces with 
severely stressed water and sanita-
tion services, lead them to stay in 
slum like situations. In absence of 
affordable rental housing options, 
they don’t bring their families to 
their rented accommodation; this 
can result into unbalanced gen-
der equation and raises concern 
for social safety. Even if they are 
accompanied by their families, 

women and children are forced to 
live in overcrowded houses. Solu-
tion like the ‘Social Rental Housing 
(SRH)’, owned and managed by 
the government, local authorities, 
public sector undertakings or any 
non-profit organizations may be 
the apt provision for below pov-
erty level migrant workforce. This 
is probably going to be the most 
important social infrastructure to 
bring best possible change for large 
informal urban workforce.

It is very important to ‘Know 
Your Client (KYC)’, where ‘you’ are 
the local government, the landlord, 
the service providers, the hous-
ing experts, the housing finance 
companies like banks and the 
non-government organizations.  
A recent ethnographic survey of 
an authorized yet unorganized 
neighbourhood of Gurgaon is a 
real-time shock for the author to 
realize that the migrant labours 
are hard to track as tenant. The 
landlords are not able or unwill-
ing to provide any exact numbers 
of their tenants, their names or 
photos; rental agreement on paper 
does not exist there. The outsider 
migrant labours outnumber the lo-
cal people listed in voter list atleast 

by 10 to 20 times. This reality con-
tinues as the landlords can earn 
easy, steady income without going 
outside their neighbourhood. They 
don’t even pay attention to their 
own substandard physical living 
quality.  Additionally, the unwrit-
ten norm that the tenants need to 
purchase regular household items 
from respective landlords’ shops 
only, that too in higher price, adds 
to the easy kitty of landlords.

Poor quality infrastructure ser-
vice is not the only thing to worry. 
Addiction to liquor, limited scope 
for education, vocational training 
and sports activity, lack of concern 
to environmental (socio-physical) 
degradation, inactions to resist 
degradation, not-so-encouraging 
environment for women to join 
workforce of different cadre etc. 
are long list for aspects to improve. 
Education and training in housing 
study in technical and architectural 
schools shall match the logic of 
real-time informal rental hous-
ing scenario.  Learning from the 
‘clients’, exploring their needs, 
preferences, perception about 
solutions hold key for successful 
SRH intervention. 

These are the neighbourhoods 
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which require the smart develop-
ment badly. Emergency action plan 
for fully equipped studio apart-
ments with dual pipe plumbing 
for basic potable water service and 
recycled water for WCs, garbage to 
energy, intelligent lighting system, 
smart façade to generate solar 
energy, CCTV-enabled surveillance 
of staircase/ lift, other public areas 
including streets, monitored green 
infrastructure for the neighbour-
hood etc. shall be the scope for 
the SRH. The country’s big data 

Can they change for better?

initiative will be useful not only 
to know these people who don’t 
have access to address; it can also 
monitor improvement of Human 
Development Index.  

Conclusion

Consideration of the SRH as 
social infrastructure for provid-
ing safer and better living to our 
workforce is not only socially ap-
propriate; this will bring direct and 
cascading positive impact on coun-
try’s economy and environment 

too. Healthy workforce can be 
more productive, and contribute to 
various Government initiatives like 
‘Housing for All by 2022’, ‘Smart 
City Mission’, ‘Make in India ‘and 
‘Skill India’. Formal education and 
training on housing to be linked 
with the logic of real-time infor-
mal housing scenario and shall be 
primer for knowing the people on 
both sides of rental housing.

*****

India Housing Construction Technology Challenge (IHCTC)

Government of India had 
launched Pradhan Man-
tri Awas Yojana (Urban) 

- Housing for All  Mission. The 
Ministry of Housing and Urban 
Affairs (MoHUA) is facilitating 
the adoption of modern, innova-
tive and green technologies for 
faster and quality construction 
of houses under PMAY (U) Mis-
sion as part of its Technology 
Sub-Mission.  

The Ministry has proposed to 
adopt the mechanism of “India 
Housing Construction Technology 
Challenge (IHCTC)” to bring in the 
desired technology from all across 
the globe involving all the stake-
holders. The IHCTC is proposed 
to be organized in 2018 and the 
end objective of this technology 
challenge event is to bring innova-
tive technology into the afford-
able housing construction sector 

in India which could be widely 
propagated and sustained for at 
least 25 years.  

In this context, the Ministry of 
Housing & Urban Affairs organized 
a Round Table Discussion with 
multi-stakeholders on August 25, 
2017 at New Delhi and delibrated 
various aspects like Rollout of the 
challenge, branding and aware-
ness creation, financing the chal-
lenge, role of stakeholders, cri-
teria for technical evaluation for 
selection of technologies, Awards 
& Incentives, B2B discussions and 
Signing of MOUs, Institutional-
izing and adoption of selected 
technologies by Centre and State 
Govts etc. BMTPC is preparing 
Technology Information Sheet for 
online applications.
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Impediments in using 
Emerging Construction 
Systems for Mass Housing
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With the launch of Prad-
han Mantra AwasYojna 
– Urban & Rural by the 

Government of India with the ob-
jective of Right to shelter to each 
household in India, it is projected 
that about 20 million housing is 
required to be delivered in statu-
tory towns by 2022 & about 10 
million in rural areas in next three 
years. In order to meet these stern 
targets, besides issues related with 
land, finance, capacities & skills, 
technical & legal framework, the 
potential of existing construction 
practices to ensure faster delivery 
of houses is also being put under 
scanner. BMTPC in its quest to 
bring innovations in construc-
tion, started looking globally and 
through global expression of in-
terest could identify a basket of 
construction systems/technologies 
which are time tested & proven 
and could fast track the delivery of 
houses with a better quality, struc-
tural & functional performance. 
BMTPC also operates Performance 
Appraisal Certification Scheme (Ga-
zette Notification No. I-16011/5/99 
H-II in the Gazette of India No. 49 
dated December 4, 1999) under 
which sixteen new technologies for 

mass housing have been identified, 
assessed for their suitability in dif-
ferent geo-climatic regions of the 
country & certified them for usage 
by public & private agencies. These 
technologies along with other po-
tential technologies are broadly 
classified and are as follows:

Engineered Formwork Systems 

• Monolithic Concrete Construc-
tion using Plastic/Aluminium/
composite formwork

• Modular Tunnel form

• Slip form work systems

Insulated Form work systems

• Glass Fibre Reinforced Gypsum 
(GFRG) Panel System

• Sismo Building Technology

• Insulating Concrete forms - Reli-
able Insupacks

• Plasmolite&Plaswall – lost in 
place formwork system with 
fibre Cement board, plastic 
spacer & foam concrete

Stay-in-place Structural Form 
work systems

• Coffor

Precast Sandwich Panel Systems

• Advanced Building System – 

EMMEDUE

• Rapid Panels

• Reinforced EPS Core Panel Sys-
tem

• QuickBuild 3D Panels

• Concrewall Panel System

Light Gauge Steel Structural 
Systems

• Light Gauge Steel Framed Struc-
ture (LGSFS)

• Light Gauge Steel Framed Struc-
ture with Infill Concrete Panels 
(LGSFS-ICP)

Steel Structural Systems

• Factory Made Fast Track Build-
ing System

• Speed Floor System

Precast Concrete Construction 
Systems

• Waffle-Crete Building System

• Precast Large Concrete Panel 
System

• Industrialized RCC Precast 3-S 
system of frame construc-
tion i.e. RCC precast columns-
beams-slabs framing system 
with/without precast shear 
walls

• Precast Prefab Technology Us-
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ing Hollow Core Slab, Beams, 
Columns, Solid Walls, Stairs, 
etc.

• Moducast systems

• 3D monolithic Volumetric con-
struction

• 3D printing of houses

Aluminium Structural Systems

• Aluminiumframing structures - 
infinium

These systems not only being 
used world over successfully but 
also bring speed, safety, sustain-
ability with much improved struc-
tural & functional performance 
than conventional cast-in-situ RCC 
construction in vogue. Most of the 
states along with govt. agencies 
&departments, construction agen-
cies, development authorities & 
housing boards have shown inter-
est in these systems & are willing 
to adopt them with sincerity. How-
ever, as on ground, there are very 
few projects using these potential 
systems or if it is to be seen in num-
bers, only a few lakhs of houses out 
of millions are being constructed 
using these new systems. The natu-
ral question comes to the mind 
that if these systems provide bet-
ter options then why they are not 
being mainstreamed? There are 
certain inherent impedimentsre-
lated with our preparedness, 
implementation&procurement 
strategies which demand immedi-
ate attention and redressal, if we 
were to achieve housing for all by 
75th year of our independence 
i.e. 2022. These impediments are 
discussed in what follows.

Impediment No. 1 :  Mis-
c o n c e p t i o n s  a b o u t  n e w 
systems

Since these systems are new, 
the technical fraternity is appre-

hensive about their usage and in 
turn they create fallacies about 
these systems such as performance 
of joints, earthquake resistance, 
functional performance etc. All 
these can be addressed scientifi-
cally by looking at various testimo-
nials instead of rejecting them with 
preconceived notions. 

Action : Develop a knowledge 
base on new technologies

Impediment No. 2 :  Risk 
avoidance by policy makers 
and Technocrats

It seems that Policy makers and 
technocrats are apprehensive of 
using new technologies because 
of the element of risk which they 
might be perceiving as ‘bell the 
cat’& why do I put myself into risk 
by using new construction tech-
nologies? They feel comfortable 
with the current system as they 
don’t have to take any ‘out of the 
way’ decision which might need 
deviating from the standard techni-
cal &financial norms.

Action : Policy level interventions 
through a committee of experts 
representing technical and finan-
cial departments.

Impediment No. 3 : Apathy at 
Implementation level

Any innovation requires an ini-
tial push which may be in form of 
recognition or incentive or rebate. 
Any public organisation adopting 
new technologies may be suitably 
rewarded and same holds good 
for technology providers and con-
tractors. A national recognition on 
innovation in construction sector 
may help mainstream new con-
struction system.

Action: Incentivize innovation in 
construction 

Impediment No. 4 :  User 
Acceptability

In our country, people are so 
accustomed to ‘brick and mortar’ 
construction that they are not re-
ceptive to new construction meth-
ods even if these technologies are 
superior in terms of quality, safety 
&speed. People have their own cri-
teria of acceptance like easy nailing 
in wall, no sound on knocking, no 
light material and lesser thickness 
of wall, easy to modify in future 
etc. Such factors sometime prevail 
even if a technology is technically 
and financially acceptable at Gov-
ernment level.

Action : Awareness creation 
and construction of some public 
buildings to build confidence in 
public.

Impediment No. 5 : Inadequate 
Capacities at Professional 
level

There is an urgent need to build 
capacities and create a pool of 
experts, technocrats, architects, 
consultants & practitioners on 
new construction systems who 
can actually help in conceiving the 
projects & its implementations.

A c t i o n :  C r e a t e  a  p o o l  o f 
specialists

Impediment No. 6 : Paucity of 
Contractors

Technology providers which 
bring technology are not con-
tractors and therefore, they are 
unable to participate in the ten-
ders. It calls for creating a pool 
of contractors who are willing to 
join with technology providers. In 
India, at present there a very few 
contractors who have technology 
know-how and participating in 
Govt. tenders.
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Action : Build a platform for 
technology providers & contrac-
tors

Impediment No. 7 : High Initial 
cost & Economies of Scale 

All new systems require a man-
ufacturing set up and therefore 
initial costs may be higher. This is 
one major reasons for rejection of 
the technologies at the very first in-
stance. In this era of climate change 
and our commitment towards sus-
tainable development, life-cycle 
costs (sum of initial construction 
cost (non-recurring) and all recur-
ring costs (running & maintenance) 
over the full life span of a building) 
need to be accounted for. 

Action : Digress from initial cost to 
life-cycle cost

Impediment No. 8: Do away 
with item rate business and 
adopt EPC contract system

Normally contracts are given 
on tenders which are prepared on 
item-rate basis. In order to bring 
new systems, instead of waiting 
for SORs to be prepared, the EPC 
approach needs to be adopted. 
Engineering, Procurement, and 
Construction (EPC) is a contracting 
arrangement where the contractor 
does all the activities from design, 
procurement, construction, to com-
missioning. This is also known as 
Turnkey basis, Lump Sum, design & 
build etc. Fix the rate per sqft along 
with specifications and allow the 
tenderer to innovate and design. 
In addition to EPC contract, quality 
cum cost based selection(QCCBS) 
may also adopted in which sepa-
rate weightage can be given to 
technical parameters (like quality, 
speed, Life cycle cost, etc.) and 
financial cost. In order to bring in 
new technologies, lowest bid (L1) 
system needs to be replaced.

Action : Bring new Procurement 
Policy

Impediment No. 9 : Conventional 
pre-qualification criteria

Presently, as per Government 
norms, the bidder must have done 
certain quantum of ‘similar work’ 
to get qualified. It is to be under-
stood that being new technologies, 
quantum of ‘similar work’ may 
not be presently available in India. 
Therefore, till these technologies 
are well established, there is need 
to modify and relax the pre-qualifi-
cation criteria to create conducive 
environment for adoption of these 
technologies.

Action : Modify and relax existing 
pre-qualification criteria in tender 
documents.

Impediment No. 10: Lack of 
modular/standardized planning 
& design

Whenever industrialization or 
mechanization of construction is 
talked about, it is utmost important 
that we modularize & standard-
ize our room sizes, window sizes, 
door sizes, house sizes, services, 
fittings, etc.  Can’t we have stan-
dard designs region wise, if not 
pan-India.

Action :Prepare modular plans & 
design for different geo-climatic 
regions of India.

Impediment No. 11 : Absence 
of Demonstration at grass-root 
level

There is need to construct 
demonstration buildings in differ-
ent parts of India with such new 
systems so as to showcase and 
educate the masses about the 
technologies. Unless, successful 
case studies are created, it is dif-
ficult to build user-acceptance.

Action : Demonstration Construc-
tion with new technologies

Impediment No. 12 : Skill 
Development

The training needs need to be 
assessed immediately and formal 
training programmes need to be 
launched immediately for artisans. 
It will not only open new avenues 
for employment but also create 
interest amongst masses about 
new technologies.

Action : Capacity Building & Skill 
Development

Impediment No. 13 : Need of 
IEC activities

Information, Education & Com-
munication (IEC) is required for 
generating awareness. It is needed 
to work continuously with indi-
viduals, communities & societies, 
stakeholders, students, profes-
sionals, policy makers & politicians 
to create a progressive & positive 
setting for innovations & new 
technologies. 

Action : Initiate IEC 

*****
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Abstract 

The Housing for All Mission 
under Prime Minister Awaas 
Yojana (PMAY) to provide 20 

million dwelling units to EWS by 
2022 has envisaged employment 
of new construction technologies 
capable of fast, economical and 
sustainable (green) construction. 
A Technology Sub-Mission under 
the Mission of Housing for All is 
catalysing the employment of 
required technologies with critical 
support and motivation from BMT-
PC. The construction industry has 
also come forward and is support-
ing the efforts with full vigour. 

The paper provides an over 
view, to develop a general un-
derstanding and appreciation, of 
new construction technologies 
employed at large scale in the 
states of Karnataka, Maharash-
tra, West Bengal and NCR of Delhi 
wherein detailed field study  has 
been under taken by Centre for Fly 
Ash Research and Management 
(C-FARM), New Delhi.

Impressive in-roads have been 
made by the new construction 
technologies that need to be sup-

ported and facilitated through 
policy frame work to harness the 
vast potential that these technolo-
gies hold.

Key Words: Mass Housing, New 
Construction Technologies, PMAY, 
Housing for All Mission, Construc-
tion.

Preamble

India’s Urban Population has 
grown from 109 million in 1971 to 
419 million in 2014 and is expected 
to grow to almost 600 million by 
2030. While rapid urbanization 
and growing cities provide various 
opportunities, there is fallout in 
terms of proliferation of slums, 
high prices of land and building 
materials which render houses 
unaffordable for the segment at 
the bottom of the pyramid. The 
technical committee constituted 
by Ministry of Housing & Urban 
Poverty Alleviation (MHUPA), Gov-
ernment of India has estimated 
housing shortage for urban areas 
at 18.78 million during the 12th FYP 
period of which over 95% of this 
housing shortage is estimated in 
the Economically Weaker Sections 
(EWS) and Low Income Group (LIG) 

categories. Accordingly, to address 
this shortage intensive efforts are 
being put in place by the Govern-
ment to substantially increase af-
fordable housing stock.

Housing for All Mission launched 
in June, 2015 envisages construc-
tion of 2 crore dwelling units by 
2022 by providing central assis-
tance to Urban Local Bodies (ULBs) 
and other implementing agencies 
through States/UTs. All statutory 
towns as per Census 2011 and 
towns notified subsequently would 
be eligible for coverage under the 
Housing for All Mission

The scheme targets urban poor 
including economically weaker sec-
tions (EWS) and low income groups 
(LIG) in urban areas.  Centre will 
provide a financial assistance of Rs 
2 trillion. 

Dimension of the task at pres-
ent is estimated at 2 crore. Exact 
number of houses, though, would 
depend on demand survey for 
which all States/Cities will under-
take detailed demand assessment 
for assessing actual demand by 
integrating Aadhar number, Jan 
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Dhan Yojana account numbers or 
any such identification of intended 
beneficiaries.

A Technology Sub-mission un-
der the Mission has been set up 
to facilitate adaptation of modern, 
innovative and green technologies 
and building materials for faster 
and quality construction of hous-
es. The Technology Sub-Mission 
will also facilitate preparation of 
appropriate layout designs and 
building plans suitable for various 
geo-climatic zones. It will also assist 
States/Cities in deploying disaster 
resistant and environment friendly 
technologies.

The Technology Sub-Mission 
will coordinate with various regu-
latory and administrative bodies 
for mainstreaming and up scaling 
deployment of modern construc-
tion technologies and material in 
place of conventional construc-
tion. The Technology Sub-Mission 
will also coordinate with other 
agencies working in green and en-
ergy efficient technologies, climate 
change etc.

Need for the New Construction 
Technology

Keeping in view the set target 
of 2 crore dwelling units by 2022 
there is urgent need for fast and 
affordable construction technolo-
gies. As per forecast for the seven 
years and statistics of present sce-
nario, approximately 7828 number 
of dwelling units is required to be 
made per day. This calls for multi 
fold approach and technology 
that could work at par with the 
demand. With technology comes 
the challenge of acceptability, 
availability and feasibility in the 
vicinity of the project, followed by 
affordability. Conventional brick, 
masonry construction technology 

are time taking, costlier and labour 
intensive. Shortage of construc-
tion material especially bricks and 
labour becomes a bottle neck. 
New construction technologies are 
much faster, replaces bricks with 
walling technologies which are less 
labour intensive. Generally new 
construction technologies are bet-
ter in quality, consistency and re-
producibility. The new construction 
technologies also reduce wastage 
of construction materials & make 
housing more economical. 

The Era of adaptation of new 
construction technologies that 
are well practiced in other coun-
tries has started in India. C-FARM 
has undertaken a detailed market 
survey and interaction with stake-
holder agencies on the subject in 
the states of Maharashtra, Karna-
taka, West Bengal and Delhi-NCR. 
The findings about the emerging 
new construction technologies 
for mass housing being adopted 
along with their salient features 
are delineated.

New Construction Technologies 
for mass housing

A number of new construction 
technologies and their variants 
are getting in to practice in the 
country. These technologies can be 
broadly grouped in the following 5 
categories:

• Monolithic in situ casting
• Precast concrete technologies
• EPS Panel Systems
• Light  Gauge Steel Structural 

Systems
• Walling/floor technologies

The paper provides general 
overview information about these 
technologies in a simple & com-
prehensive way to enable the end 
users, the house owners and the 

occupants and the public at large, 
to develop an understanding and 
appreciation of these technologies. 
Employment of these technolo-
gies is practically essential to fulfil 
the need of large number of EWS 
dwelling units of replication type.

Monolithic in situ casting

Instead of traditional column 
and beam construction here, 
all walls, floors, slabs, columns, 
beams, stairs, together with door 
and window openings are cast 
in place monolithically at site by 
use of specially designed, easy to 
handle modular form work. Us-
ing the formwork system, rapid 
construction of multiple units of 
repetitive type can be achieved. 
Under this technology there are 
variants in terms of formwork sys-
tems as given below:

Plastic/ aluminium form works

Though plastic form woks are 
reported in literature has not 
been seen in the field. It has been 
reported that these form works 
are amenable to development 
of cracks due to mishandling and 
hence shorter work life. Aluminium 
form works are being used as 
its working life is relatively high. 
Generally aluminium form works 
are being imported. Now these are 
being manufactured in India also. 

Modular tunnel form works

Tunnel form is a formwork sys-
tem that allows the contractor to 

Plastic/ aluminium form work
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cast walls and slabs in one opera-
tion on a daily cycle. It combines 
the speed, quality and accuracy 
with the flexibility and economy of 
in-situ construction. Construction 
durations are reduced significantly 
by this rapid system when com-
pared to conventional methods. 
Tunnel Form System brings speed, 
quality and accuracy to concrete 
construction with reduced number 
of joints and provides big savings in 
finishing and M&E works. Hi-tech 
technologies for steel formwork 
production make tunnel forms 
strong & durable. The system cre-
ates efficient load-bearing struc-
tures which are known as the most 
earthquake resistant structures

The result is a cellular rein-
forced structure, the surfaces of 
which are sufficiently high quality 
to require only minimal finishing 
for direct decoration, while the end 
walls and facades are easily com-
pleted with thermally insulated 
units that can be clad as required. 
The system creates an efficient 
load-bearing structure for use in 
a wide variety of applications. It 
is particularly effective in projects 
suited to repetitive cellular con-
struction such as residential blocks, 
hotels, student accommodation, 
barracks and prisons

Coffor form works

Coffor is a structural stay-in-
place formwork system, used to 
build monolithic load bearing 
walls. It is composed of two filter-
ing grids made of rib lath reinforced 
by vertical stiffeners.  The grids are 
connected by articulated rebar 
loops that fold for cost effective 
transport. The concrete volume 
used is 7 times less than the equiv-
alence in bricks, concrete blocks or 
insulated concrete formwork. It is 
very light: less than 11 kg/m2.  A 
standard panel 1.22 m x 2.70 m (4’ 
x 9’) weighs 35 kg. It can easily be 
carried by 1 or 2 workers.

After coffer is placed, concrete 
is poured inside. Excess water is 
eliminated by gravity through the 
grids.  The fluid concrete becomes 
semi-solid decreasing pressure 
against the grids. It remains in the 
construction to reinforce it after 

the concrete is poured. It is pri-
marily used for building walls in all 
types of construction: single-family 
homes, multi-unit apartment build-
ings, lavish residences, luxurious 
high rise buildings and all types of 
industrial or commercial buildings. 
It is so versatile that it can be used 
for radius walls, blind walls, retain-
ing walls, slabs, floors, inclined or 
flat roofs, infrastructures, founda-
tions, columns, beams, rehabilita-
tion, reinforcement, swimming 
pools, water tanks, civil works and 
much more. 

Precast Concrete Technology
Precast concrete panels

Precast concrete technology is 
a process through which concrete 
is cast into a reusable mould, 
cured in controlled environment, 
then transported to a construc-
tion site by suitable arrangement 
and hoisted and assembled into a 
complete structure. It overpowers 
the conventional on economic, 
environmental, quality and speed. 
Precast construction system is 
generally a large panel system, 
modular system or a combination 
of both. Precast large construction 
panels consists of various precast 
element such as walls, beams, 
slabs, columns, staircase, landing 
and some customized elements 
that are standardized and designed 
for stability, durability and struc-
tural integrity of the building. 

Precast residential building con-
struction involves design, strategic 
yard planning, lifting and transpor-
tation of precast elements. This 
technology is suitable for construc-
tion of high rise buildings resisting 
seismic and wind induced lateral 
loads along with gravity loads. The 
building framing is planned in such 
a way that maximum number of 

Modular tunnel form work

Coffor form work
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repetitions of mould is obtained. 
These elements are cast in a con-
trolled factory condition. The fac-
tory is developed at or near the 
site which provides an economical 
solution in terms of storage and 
transportation.  

Industrialized 3-S System using 
Precast RCC Columns, Beams & 
Cellular Light Weight Concrete 
RCC Slabs 

Pre-stressed precast reinforced 
cement concrete technology using 
hollow core slabs, beams, columns, 
solid walls, stairs etc. are designed 
and manufactured in factory, 
shipped and erected at site. Multi-
storey precast concrete frames 
are constructed with columns and 

beams of different shapes and 
sizes, stair and elevator shafts and 
floor slabs. The joints between the 
floors elements are executed in 
such a way that concentrated loads 
are distributed over the whole 
floor. This system is widely used for 
multi storey buildings.  

The structural frame is com-
monly composed of rectangular 
columns of one or more storeys 
height. The beams are normally 
rectangular, L-shaped or inverted T-
beams. They are single span or can-
tilever beams, simply supported 
and pin-connected to the columns. 
Hollow core floor slabs are by far 
the most common type of floor 
slabs in this type of structure. 

Precast concrete panels using 
concrete, welded mesh and plates, 
polystyrene core

Precast concrete load bearing 
panels are made of reinforced 
concrete with a polystyrene insu-
lated core that varies in size from 
40mm to 200mm depending upon 
the insulation requirements. The 
reinforced concrete panels are 
moulded in specially designed steel 
moulds under controlled factory 
conditions. Then the panels are 
removed from the moulds and 
stacked vertically for curing. Power 
and water conduits are installed 
in the panels during production. 
The buildings and houses can be 
de signed to suit any geographical 
position or environment and can 
withstand wind speed in excess 
of 285km/hr. The system does not 
impose any design restrictions and 
can be used for any kind of archi-
tectural and aesthetic design as 
these panels are custom designed 
and manufactured. The panels 
have smooth surfaces. However, 
any kind of texture can be added 
on to the panel surface. Due to 
cohesive structural design, the sys-
tem requires only strip foundation 
for most buildings. The panels are 
assembled in the factory to create 
the dwelling unit in 2 or 3 part, 
with all fittings and fixtures. The 
part-dwelling units are shifted to 
the site and assembled together 
to create the dwelling unit.

Concrete panels can be de-

Precast concrete panels

Industrialized 3-S System Precast concrete panels 
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signed with strength of 5000 psi. 
These results in stronger panels 
than concrete blocks or most 
poured concrete walls but are thin-
ner and light weight. The panels 
are of good quality and uniformity 
as they are cast and cured in con-
trolled factory environment. The 
panels can be installed in fraction 
of time. The foundation takes two 
hours to prepare and the panels 
are set in three hours

EPS Panel Systems
Reinforced EPS Core Panel 
System

The panel Building system is 
a load bearing wall construction 
which is seismic resistant and 
thermally insulated. It is reported 
that buildings of any typology or ar-
chitectural structure, ranging from 
most simple to the most complex 
one, could be constructed. The 
base element of the building sys-
tem is a modular panel composed 
of two electro-welded galvanized 
steel meshes , reciprocally joined 
by connectors , in the middle of 
which is a suitably shaped foam 
polystyrene plate. High resistance 
steel meshes composed of bars 
having dia. 2.5 to 5 mm. are made 
in factory. Panels could be supplied 
with meshes having different dia. 
and different geometrical charac-
teristics. Polystyrene is self- extin-
guishing foam polystyrene suitably 
shaped, used both as a disposable 
form and as an insulating layer. The 

EPS is made of carbon, hydrogen 
and 98% air. Thickness, shape and 
density of the polystyrene core 
may change according to specific 
requirements. The minimum den-
sity normally used is equal to 15 
kg / m3.  

Once the panels are installed, 
they are anchored and finished 
with the application of light con-
crete on both of their sides. Thus, 
buildings with load bearing walls 
consisting of two reinforced con-
crete plates are made integral by a 
thick network of connectors, with 
an insulating core. Single panel is 
finished, by applying on each a 
layer of chipping concrete having 
characteristic resistance of 30 Mpa 
at least. As load bearing element, 
the double panel and the floors 
are finished during the installation 
with concrete of suitable grade 
placed into the slab ribs as well. 
Should the panels carry out a non 
load bearing function , a concrete 
plaster , even  a pre mixed one , is 
applied for a thickness of at least 
25 mm.  

Double layer EPS Panel with in 
situ casting

This is a system of formwork for 
reinforced concrete usually made 
with a rigid thermal insulation, 
made of self extinguishing EPS 
(Expanded Polystyrene) that stays 
in place as a permanent interior 
and exterior substrate for walls, 
floors, and roofs. The forms are 

interlocking modular units that 
are dry-stacked (without mortar) 
and filled with concrete. The units 
lock together somewhat like giant 
Lego bricks and create a form for 
the structural walls or floors of a 
building. Insulated concrete form 
(ICF) construction has become 
commonplace for both low rise 
commercial and high performance 
residential construction as more 
stringent energy efficiency and 
natural disaster resistant building 
codes are adopted.

Over the last two decades, ICFs 
have become the most preferred 
construction material for green 
buildings in many countries with 
extreme weather conditions due 
to their reduced construction time, 
compatibility with any inside or 
outside surface finish, strength, 
mould & pest resistance, noise 
reduction, reduced dust & dirt 
infiltration and significant and 
continuing energy savings

Light  Gauge Steel Structural 
Systems

Light Gauge Steel Framed Struc-
tures (LGSF) is based on factory 
made galvanized light gauge steel 
components, designed as per codal 
requirements, produced by cold 
forming method and assembled 
as panels at site forming structural 
steel framework of a building of 
varying sizes of wall and floor. 
The basic building elements of 
light gauge steel framing are cold 
formed sections which can be 
prefabricated on site using various 
methods of connection. The as-
sembly is done using special types 
of screws and bolts.  

Cold formed sections are widely 
used in construction including resi-
dential floors, industrial buildings, 
commercial buildings, hotels and Reinforced EPS Core Panel System Double layer EPS Panel
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are gaining greater acceptance 
in the residential sector. LGSF is 
already well established in residen-
tial construction in North America, 
Australia and Japan and is gaining 
ground in India. LGSF is typically 
ideal for one to three storey high 
buildings, especially in residential 
homes, apartments and commer-
cial buildings. Due to its flexibility 
fast construction and durability, 
this technology has great potential 
for counties like India.  

LGSF can be combined with 
composite steel / concrete deck 
resting on light steel framing stud 
walls. Apart from having potential 
for mass housing, modular build-
ings can be used for long term tem-
porary or permanent structures 
such as schools and classroom, 
military and civil housing needs, 
post – disaster relief structures 
and industrial buildings.  Advisable 
span for LGSF buildings should be 
7.5 m. Wall panels are generally 
made by using heavy duty Cement 
Particle Board and Gypsum board. 
It can also be made using high 
density extended polystyrene core 
plastered from outside using wire 
mesh and chicken mesh. 

Walling/ Floor technologies

Technologies under this cat-
egory can be categorised as com-
ponent technologies, unless these 
technologies are employed in 
conjunction with other matching 
technologies to provide a complete 
solution for setting up of a dwell-

ing unit.

The technologies that are fall 
under this category include:
• Glass Fibre Reinforced Gypsum 

Panel Building System
• Prefabricated Fibre Reinforced 

Sandwich Panels
• Speedfloor System

Summing up

The new construction technolo-
gies pertaining to (i) monolithic 
in-situ casting and (ii) precast con-
crete technology except “Pre cast 
concrete panels using concrete, 
welded mesh and plates, polysty-
rene core” have been employed 
successfully at large scale in the 
country to construct dwelling units 
in 1000s of numbers, blocks rang-
ing from 4 storey structure to more 
than 30 storey. These constructions 
are generally in Metro & mini Met-
ro cities. However, can be executed 
anywhere. Interactions with the 
designers, architects, executers & 
user agencies including the dwell-
ing unit occupiers do not reflect 
any major bottleneck or shortcom-
ing of these technologies. Trained 
manpower is required to be de-
veloped. Further, rate of inflow of 
funds for the construction activity 
needs to match the construction 
speed. In some of the cases this has 
been reported as the bottleneck. 
These technologies can complete a 
project in 1/3rd of the time required 
by conventional technology. EPS 
panel systems (single as well as 
double layer) are very promising 
with special features of insula-
tion & light weight with sufficient 
strength and stiffness for safety. 
Dwelling units up to G+1 have 
been constructed successfully. 
Multi-storey blocks are feasible, 
have been done abroad, but need 
user confidence building. Double 
layer EPS panels with in-situ casting 

provide more confidence for high 
rise buildings. The cold regions 
of Himalayas, Rajasthan and hot 
regions of northern India including 
Rajasthan can derive maximum 
benefit from EPS panel dwelling 
unit construction technology. In 
high seismic zone, it is best suited 
being a light weight structure.

Conclusion

New construction technologies 
is the need of hour to execute large 
number of dwelling units with re-
peat design in short span of time, 
with economics, low wastage and 
eco-friendly.

References

1. Ministry of Housing and Urban Pov-
erty Alleviation (2007) National Urban 
Housing and Habitat Policy, Ministry of 
Housing and Urban Poverty Alleviation, 
Government of India, New Delhi 

2. Ministry of Housing and Urban Pov-
erty Alleviation (2016) Pradhan Mantri 
Awaas Yojana, Ministry of Housing and 
Urban Poverty Alleviation, Govern-
ment of India, New Delhi 

3. Census of India 2011
4. Prefabrication Technologies Volume 

I, Volume II, Volume III, Volume IV, 
Hindustan Prefab Limited Technology 
Park, India 

5. Multi Attributes Evaluation Methodol-
ogy for Selection of Emerging Hous-
ing Technologies, Building Materials 
and Technology Promotion Council 
(BMTPC), MoHUPA, Government of 
India, New Delhi.

6. Compendium of Prospective Emerg-
ing Technologies for Mass Housing by 
BMTPC, Ministry of Housing and Urban 
Poverty Alleviation, Government of 
India, New Delhi  

7. Ministry of Housing and Urban Poverty 
Alleviation Annual Report 2016-17, 
Government of India, New Delhi

8. Report of Technical Urban Group on 
Urban Housing Shorage 201-17, Min-
istry of Housing and Urban Poverty 
Alleviation, September, 2012

The views expressed are purely 
of the authors and not of the or-
ganizations of their current/past 
affiliation.

*****

Light  Gauge Steel Structural Systems



58    ÉÊxÉàÉÉÇhÉ ºÉÉÉÊ®BÉEÉ

Impact of Increased 
Heights and 
Floor Area Ratio 
(FAR) on Housing 
Environments

*	 Senior	Principal	Scientist	and	Head,	Architecture	&	Planning	and	Efficiency	of	Building,	CSIR-	Central	Building	Research	Institute	
(CBRI),	Roorkee.	Email:		ashokkumar@cbri.res.in

**	 Scientist,	CSIR-	Central	Building	Research	Institute	(CBRI),	Roorkee.	Email:		sayantani.lala@cbri.res.in
***	Scientist,	CSIR-	Central	Building	Research	Institute	(CBRI),	Roorkee.	Email:		kishorsk@cbri.res.in

Dr. K.S.Kulkarni***Sayantani Lala**Dr. Ashok Kumar*

Introduction 

The quality of living environ-
ment involves many pa-
rameters including overall 

environment and typologies of 
houses catering to the needs and 
aspirations of different lifestyles, as 
well as accessibility to community, 
social and commercial facilities and 
recreation options. It also depends 
upon adequate livelihood cre-
ation with jobs closer to home by 
sustainable development of com-
mercial and business hubs along 
with ample green open space for 
balancing out the resulting conges-
tion. The Master Plans show that 
our towns are planned with such 
comprehensive criteria to meet 
the needs of current and future 
residents. The land use proposals 
give provisions for safeguard of 
housing, shops, schools, libraries, 
sport facilities, community clubs 
and parks; each essential in ensur-
ing livable, self-sufficient towns. 
Consequently, the facilities are 
carefully distributed across each 
town supported by efficient tran-
sit networks, to ensure seamless 
accessibility. However, this very 
fabric of sustainable breathable 

cities comes under threat due to 
unplanned rapid urbanization.

Metropolitan cities in India are 
currently experiencing rapid urban-
ization, leading to the spreading 
out built up areas. As per Indian 
Census Report 2011, all major cities 
have increased their built up areas 
between 1981 and 2011. India’s 
urban population has grown up to 
31% in 2011 with more than 270 
million people urbanizing in cities. 
It is estimated that this trend is set 
to further increase and expected to 
reach 50% by 2050.  Similarly, as 
per the Technical Group (TG), set 
up by Government of India in 2012, 
the total housing shortage was 
estimated at 187 lakhs in urban 
areas, out of which 96 % relates 
to social housing i.e. Economical 
Weaker Sections (EWS) and Low 
Income Groups (LIG). Hence, it is a 
great challenge to provide quality 
housing which is not only durable, 
and cost-effective, but also safe, 
energy - efficient and locally ac-
ceptable. 

For this purpose, various build-
ing bye-laws and development 
controls are prescribed in each mu-

nicipality, however without proper 
execution. The development con-
trols are known by different terms 
around the world. Some of the 
major indices include FAR, Floor 
Space Index (FSI), Floor Lot Ratio, 
Plot Ratio, and Gross Floor Area 
(GFA); and despite subtle differ-
ences, all are essentially the same. 
Of these, FAR is a simple measure, 
which can be used effectively to 
ensure the optimum performance 
of a city. It is worth mentioning that 
Floor Area Ratio (FAR) has not been 
the primary motivator for spatial 
planning in India that has led to 
(i) rapid rural migration to urban 
areas, (ii) better living standard, 
and (iii) change in transportation 
system from public to private 
etc. This study takes an insightful 
look into urban form and spatial 
planning in Indian metropolitan 
cities and testing of various FAR 
to provide an overview of energy 
efficiency in housing layouts which 
is directly relevant to the context 
of applied energy in the built 
environment [1]. Maximum FAR 
regulation has great significance 
in cities to mitigate congestion. 
Several studies on FAR indicate that 
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maximum FAR regulation alone is 
generally insufficient and should 
be accompanied by minimum FAR 
regulation [2]. As the population in 
cities is increasing and the land is a 
scarce commodity, there is a neces-
sity to increase the FAR. This study 
investigates a number of urban 
forms and their impact on energy 
consumption at various FARs. 

International Scenario

FAR is an index which is globally 
prevalent with minor modifica-
tions and hence it is used here as 
a measure of efficiency of cities. 
Despite its simplicity, in practice, 
its use is very complex with differ-
ent definitions, viz. with various 
rules pertaining to the inclusion 
of service and maintenance areas 
and areas with low eaves heights, 
basements, semi-basements and 
parking lots, definition of permis-
sible area of the plot etc. In USA, 
for example, it is common for plans 
to be accompanied by certifica-
tions that the calculations have 
been done in accordance with the 
zoning ordinance, with staff time 
amongst planners being largely 
devoted to meticulous checking of 
these calculations.

Modern zoning derives from 
the desire of several central Eu-
ropean rulers at the end of the 
19th Century to ‘police’ their urban 
expansion, a practice brought into 
the USA during the early years of 
the 20th Century by lawyers familiar 
with the use of such ‘policing pow-
ers’. ‘Bulk zoning’ controls began 
in New York in 1916. As New York 
grew taller and more intense there 
were concerns about overshad-
owing and loss of light and dark 
‘canyon’ effects in streets.  These 
concerns became tangible with 
the construction of the Equitable 
Building.

Several studies have been re-
ported in the literature related to 
FAR and many researchers believe 
that large scale urban form has 
impact on energy. Ayotunde and 
Ali [1] modelled four configura-
tions using FAR 1, 2.5, 3 and 4 in 
which maximum of 30 floors were 
considered due to the rules and 
regulations for building height in 
urban areas of Ningbo at Dinghai, 
China. The major parameters ob-
served through the study were the 
solar radiation incident upon build-
ing walls. The authors conclude 
that there is clear relationship 
between FAR, energy production 
and consumption. Wider surface 
areas and higher buildings allow 
for more indirect solar radiation 
which is linked to higher gains. 
However, if the buildings are too 
short this would affect radiation 
coverage and also productivity of 
solar energy technologies such as 
solar facades. Furthermore, FAR of 
2.5 and 3 provided a safe middle 
ground between FAR 1 and FAR 4. 
The results indicated that when 
using FAR, a 0.5 addition would 
bear no significant loss but would 
have huge economic advantages by 
increasing usable floor area. This 
implies that an optimum height can 
be evaluated in terms of energy. 
That means the higher the build-
ing, the more are the losses [1].  
Several studies on FAR indicate that 
maximum FAR regulation alone is 
generally insufficient and should 
be accompanied by minimum FAR 
regulation [2].

Johansson [3] focused his stud-
ies on wind directions in urban can-
yons, that allow or block day light-
ing, provide shade etc. and results 
infer that principles of density and 
energy management can be regu-
lated through FAR. Steadman [4] 
focused on energy implications of 

large scale urban form and on high 
density development, and infer 
that that high density linear growth 
would be more energy efficient 
than centralized dense growth. 
This would increase the prospects 
of passive solar gains, natural light-
ing and local food production. But 
a compact versus spread urban 
form has been debated by Holden 
and Norland [5]. At the same time 
Mindali [6] recommended density 
as equivalent to energy efficiency 
with its negative impact on natural 
lighting, solar gains and ventila-
tion. 

Yannas [7] concluded that 40% 
heat savings were observed during 
his comparative study of apart-
ments and detached housing. The 
results infer that buildings with 2.5 
FAR might represent the optimum 
density in neighborhood develop-
ment. Capuleto and Shaviv [8] 
suggested that even at relatively 
high built density, the FAR of 1.6 
to 1.8 was possible to maintain 
solar access to all buildings within 
a neighborhood. Arboit et al. [9] 
studied the solar potential of low 
density urban form in Argentina, 
using 32 sample urban blocks and 
augmenting parameters such as 
street width, glazing and trees. The 
results of the study conclude that 
solar energy could offset as much 
34% of heat energy demand. The 
author also emphasized the im-
portance of orientation and shape 
of building blocks. Where FAR 
controls are small, they result in a 
suboptimal distribution of density, 
making housing less affordable to 
the poorest.  These examples in 
literature give the energy-oriented 
importance of urban form and FAR. 
These results may be helpful in 
developing strategies for land use 
using FAR 2, 3.0, 4.0, and 5.0 and 
more for Indian cities.
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In New York, the Zoning Resolu-
tion was enacted and took effect 
in 1961.  Though much amended 
and now bewilderingly complex, 
it is still in place today. The delay 
between 1916 and 1961, between 
the initiation and implementation 
of FAR regulations meant that New 
York was not the first place to in-
troduce FAR, or Incentive zoning. 
These honors lie with Seattle and 
Chicago respectively.  The prin-
ciples behind the 1961 ordinance 
were however copied globally. 
The City of New York offered de-
velopers a higher FAR in exchange 
for creating public plazas at new 
developments so, in theory, as 
the city would build a world-class 
skyline, it would also create world-
class public spaces. The concern 
was not to increase density but to 
allow more light and air within the 
same density or even to ‘thin’ the 
city out at the height of cold war 
concerns about vulnerability to 
nuclear attacks. However in reality, 
it gave rise to under-utilized and 
haphazard public spaces, which 
adversely affected the compact-
ness of the city. 

The FAR values of some of the 
major cities around the world, in 
no particular order are tabulated 
in Table 1. As this index is being 

subjected to different incentives 
and restrictions in various cities, 
an entirely accurate comparison 
of the basic value conforming to 
same definition of FAR is difficult. 
If a site has a plot ratio of 5.0, a 
developer will be able to build a 
maximum of 5,000 sqm on a site 
area of 1,000sqm. However, a 
nearly adhering comparison of the 
different cities around the world 
has been presented. 

National Scenario

In India, there have been no 
studies, with very little concern 
over possibility of optimizing ther-
mal and energy performance 
through FAR and urban form de-
sign. Similarly, there are scarce 
studies on the impact of FAR on 
density and solar access to build-
ings. This study takes a brief look at 

some of these attributes in Indian 
cities where there is a huge short-
age of land for development. In 
India, this index varies in the range 
of 1.2- 3.5 for residential spaces, 
an estimate gathered from major 
metropolitan cities [10], as shown 
in Figure 1. However, this value 
is lower than that prescribed in 
some of the major cities around 
the world. 

Optimization of FAR

There can be far reaching con-
sequences for both high and low 
FAR on the built environment of 
a city. A higher FAR value leads to 
the construction of closely-spaced 
buildings, each with inadequate 
access to natural ventilation and 
sunlight in the lower floors. Also, 
with greater FAR, buildings are too 
close to plot lines, thereby cast-
ing huge shadows on the streets, 
which again deteriorates the built 
environment of the surrounding 
neighborhoods. Throughout histo-
ry, there had been numerous failed 
cases with large FARs. For example, 
the Equitable building, with a FAR 
of 30 and no setback, cast a 7 acre 
shadow on the neighborhood, thus 
adversely reducing the property 
value of these areas. However, 
a very low FAR value will be the 
cause of inefficient sprawling of a 
city, with wasted spaces. Hence it 

Table 1. Floor Area Ratio (FAR) of major metropolitan cities
Cities Residential FAR values Commercial Business District 

(CBD) FAR values
Paris 5.75 12
Bangkok 8 10
Singapore 2.8 13
Vancouver 3 5
Denver 4 17
New York 10 15 (Special district : 23)
Hong Kong 7.5 12
Los Angeles 10 13
Chicago 10 16
Bahrain 12.5 17
San Francisco 4.8 9
Tokyo 5 13
Seoul 4 13

Fig. 1. FAR in major metropolitan cities of India
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is very important that the value of 
FAR be optimized to increase the 
efficiency of a city.

It is noted that the values in In-
dia are significantly lower than the 
other cities shown in Table 1, some 
of which are amongst the most de-
veloped in the world. Hence it can 
be safely presumed, there is scope 
for improvement in the values of 
Indian FAR values, which will make 
the cities more efficient in terms of 
space utilization. However, the val-
ues should be optimized through 
proper planning principles to avoid 
both congestion and sprawling.

Optimum Densities for Different 
Number of Storeys
Planning Approach

The present trend of providing 
dwellings vary from single family to 
multi storied housing blocks hous-
ing blocks depending upon the 
feasibility of a particular form in 
an urban environment in relation 
to land use, social and economic 
aspects. The horizontal versus 
vertical housing developments 
are responsible for different land 
utilization and densities of hous-
ing area, different type of living 
environments and varying costs of 
housing comprising land cost. Cur-
rently, the cost of development are 
not being planned or designed for 
achieving optimization in relation 
to land use and number of storeys 
for desirable level environment. 
The environmental parameters 
should be quantified depending 
upon the specific location and 
applied scientifically in the devel-
opment of layout patterns. The dif-
ferent parameters for this purpose 
include:

• Physical Environment – Sun-
light, Daylight, Airflow, Noise 
Control

• Climatic Environment – Temper-
ature, Humidity, Solar radiation, 
Rainfall etc.

• Social Environment – Child play, 
Parking, Recreation access, Out-
door sitting

• Aesthetic Environment– Privacy, 
Physiological, etc.

Similarly, the high rise blocks 
are designed without caring for the 
figures of optimum densities, thus 
increasing both the quantum of 
consumed land and developmental 
costs. Under present circumstances 
in India and other developing coun-
tries, the housing forms should 
result into economical housing 
and consume lower quantum of 
land without compromising on the 
desirable quality of living. Keep-
ing in view these situations, the 
concept of “Low Rise High Density 
Housing” should be incorporated 
in the design of housing develop-
ments. However, in order to ap-
ply this concept it is essential to 
determine the optimum densities 
and costs under various situations 
for establishing the most efficient 
development (storey) under situa-
tions characterized by various plan-
ning parameters.

Nature of Housing Developments

The stipulation of dwelling 
area and open space per dwell-
ing decide the optimum dwelling 
densities in relation to number of 
storey within the permissible limits 
of developmental control (i.e. floor 
area ratio and coverage). The opti-
mum dwelling density determines 
the land use per dwelling for the 
specific type of developments and 
quota of built-up and open spaces, 
Developmental controls i.e. FAR 
and coverage are such measures 
to regulate nature of development. 
They restrict the maximum inten-

sity of built up spaces in the mini-
mum intensity of the built of spac-
es in the form FAR and minimum 
requirements of open space in 
the form of coverage respectively. 
Hence, the FAR stipulations decide 
the dwelling densities in relation to 
gross dwelling spaces per dwelling, 
while coverage regulations decide 
the dwelling densities in relation 
to total open spaces per dwelling. 
Thus optimum dwelling densities 
are formulated for the desired en-
vironmental levels (built up spaces 
and open spaces for dwelling) for 
varying number of storeys. In addi-
tion to this, the nature of develop-
ment i.e. number of storeys is also 
a function of physical, economic 
and aesthetic considerations. The 
decision regarding the nature of 
development in relation to density 
and other parameter FAR and cov-
erage can be taken by the following 
equation:

D = 100 x S / (S x P+A)

D = 100 x F / A

D = 100 x (100 - C) / P

Where,

F= Floor Area Ratio; D = Net dwell-
ing density in dwelling / hectare; 
S= Number of storey;       P= Open 
space per dwelling in sq. m at 
cluster level; C= Coverage in per-
centage.

The respective values of 54 sq. 
m dwelling for 4, 8 and 12 storeys 
are 90, 120 and 135 dwelling den-
sities per hectare respectively at 
cluster level.

Impact of Increase in Heights 
i.e. FAR on Daylighting and 
Visual Comfort

Studies have demonstrated that 
access to daylight has profound 
implications in terms of human 
health, productivity, quality of life, 
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and an overall sense of well-being. 
It is to be noted that as human be-
ings spend about 80% of the time 
within buildings, it is necessary 
that the essential environmental 
parameters for human comfort be 
maintained unequivocally. In this 
connection therefore, standard 
building codes such as SP: 41 (S&T) 
[11], National Building Code (NBC) 
2016 [12] and Energy Conservation 
Building Code (ECBC) 2017 [13] 
have recommended the minimum 
distance between two building 
blocks to take care of these at-
tributes such as sufficient daylight 
penetration and visual comfort. 

The NBC 2016, (Development 
Control Rules and General Building 
Requirements), describes that the 
open spaces inside and around a 
building are meant for catering to 
the lighting and ventilation require-
ments of the rooms abutting such 
open spaces. Similarly, the open 
spaces around the building are also 
meant for fire safety requirements. 
Therefore, every room intended 
for human habitation shall abut on 
an interior or exterior open space/ 
open verandah.

The obstruction of 70 degrees 
and more creates unacceptable 
conditions of daylight and human 
comfort as shown in Figure 2. The 
solar shading and heat island effect 
increases which leads to creation 

of a microclimate by continuous 
absorption and emission of heat 
during summers leading to signifi-
cant deterioration on built environ-
ment. Similarly, smaller distance 
between the blocks / buildings 
casts shadow on adjoining areas 
and also creates “Venturi Effect”, 
which impacts the cross-ventilation 
potential of the buildings. In this 
phenomenon, the pressure differ-
ence within the gap causes wind to 
increase in strength and reach un-
reasonable high velocities, thereby 
creating complex patterns of air 
–flow thus adversely impacting 
human comfort and safety. 

Hence, NBC has specified 6.0m 
to 16.0m distance between ad-
jacent building blocks depending 
upon the height of buildings to 
avoid this effect. The spacing of 
6.0m corresponds to 18.0m height 
buildings and spacing shall be in-
creased by 1.0m for every addition 
of 3.0m in height. The scientific 
basis of the above regulations is 
prescribed in SP:41(S&T) -1987 
[11] and is adopted by several de-
velopment authorities like Noida 
for building regulation, and is the 
requirement of minimum separa-
tion distance between adjacent 
buildings from various functional 
considerations like light, ventila-
tion, visual privacy etc. 

The NBC-2016 [12] and SP: 41 

(S&T) -1987 [11] also specifies the 
minimum flow in terms of number 
of air changes for rooms in all types 
of occupancies. The purposes of 
ventilation are related to heat 
exchange and cooling of space 
and thermal comfort in general. 
The distribution of air velocity is 
related to thermal comfort. The 
minimum spacing between adja-
cent buildings / blocks is necessary 
to be maintained to ensure visual 
privacy and to avoid shadow ef-
fect. As per NBC, Stack Effect is 
the convection effect arising from 
temperature or vapour pressure 
difference (or both) between out-
side and inside of the room and the 
difference of height between the 
outlet and inlet openings. Hence, 
the non-adherence to minimum 
spacing would invariably affect the 
ventilation performance, especially 
when wind is parallel to building 
envelope surface between two 
blocks, even when “Venturi Effect” 
minimizes the reduction in wind 
speed due to channelization as 
shown in Figure 3.

Similarly, NBC [12] prescribes 
guidelines to combat mass destruc-
tion in the event of fire outbreak. 
The fire separation is defined as the 
distance in meters measured from 
the external wall of the building 
concerned to the external wall of 
any other building on the site, or 
from other site, or from the oppo-
site side of a street or other public 
space for the purpose of prevent-
ing the spread of fire. Thus, a mini-
mum distance must be maintained 
between two buildings / blocks to 
take into consideration the aspect 
of fire separation. If the openings in 
the form of fenestration/windows 
are provided, fire can get transmit-
ted to the next building by convec-
tion and radiation from the flame 
and hot gases. But for walls having 

Fig.2. Minimum distance between two blocks for fire fighting and 
daylighting requirements
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no openings, distance maintained 
can be small. Therefore, when the 
buildings / blocks are facing each 
other, the distance for fire separa-
tion, has to be maintained as per 
NBC [12].   

Summary 

Looking into the present and 
future urbanization challenges, 
the FAR regulations should be 
upgraded in pace with the global 
scenario, for increasing the ef-
ficiency of cities in new India. 
This would further reinforce the 
capacity building strategies for the 
upcoming concept of smart cities. 
However, this article is a small step 
in introducing the importance of 
FAR and a lot more research is 
needed to further optimize the FAR 
values for future development, in 
line with the principles of urban 
spaces.
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Fig. 3. Wind flow pattern between two blocks
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Development of the rural 
regions of India depends 
greatly upon the economic 

betterment of people as well as 
their supporting infrastructure. The 
growth in housing infrastructure 
can have a constructive impact on 
the development by contributing to 
upward social and economic mobil-
ity. Many initiatives have been tak-
en up by the Government of India 
in past to provide the rural people 
with better prospects for economic 
development, infrastructure provi-
sions and improved enforcement 
of land reforms. In the past, many 
programmes and schemes were 
envisaged for providing employ-
ment opportunities, education, 
health, drinking water, sanitation, 
road construction, electrification, 
drains, street lights, solid and liquid 
waste management. The primary 
objective behind the initiatives was 
to bridge the urban-rural divide by 
upgrading the standard of living of 
people in rural areas.

CSIR – Central Building Research 
Institute, since its establishment in 
1947 has aspired to improve the 
developmental situation of rural In-
dia. CSIR-CBRI through its projects 

with the states and central govern-
ment has significantly contributed 
in each of the following areas in 
terms of rural development: 

• Low cost local building materi-
als and technologies

• S & T interventions in traditional 
technologies practiced in rural 
areas

• Upgradation of rural houses 
(from kutcha to pucca)

• Disaster resilient building sys-
tems 

• Amenities in rural area like low 
cost sanitation systems & waste 
water treatment

• Rural Building Centres (RBCs)

• Skill development and trainings 
to masons and engineers. 

“Housing for all” is a vital na-
tional agenda of the Government 
of India. India’s rural population 
accounts for nearly 68.3 per cent 
of the country’s total population 
and forms the backbone of the 
country’s economy. However, the 
quality of rural housing as also the 
volume of rural housing shortage in 
the country is emerging as a critical 

and unique challenge considering 
the varied dimensions of the rural 
landscape and lifestyle. As per the 
Working Group on Rural housing 
for the 12th Five Year Plan, the to-
tal housing shortage in rural areas 
is estimated at 43.67 million units. 
Of these, approximately, 39.30 mil-
lion units (90 per cent of the rural 
housing shortage) pertain to the 
Below Poverty Line population. 

The Government of India, un-
der its various schemes has been 
facilitating the rural poor in taking 
up construction of ‘minimal house 
unit’ partly with the government 
help and remaining by putting in 
his own resources in the form of  
money, material and labour for 
constructing a livable shelter for 
himself. With little knowledge of 
construction materials and systems 
and appropriate cost effective 
technologies his resources are of-
ten exhausted in building a mere 
structure of four walls, which can 
hardly serve a useful purpose of a 
livable house. Though the Central 
Government and the State govern-
ments have undertaken a number 
of initiatives to address the situa-
tion, the shelter conditions in the 
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rural areas continue to pose a seri-
ous challenge to the Government’s 
objective of “Shelter for All’. There 
is a significant lack of institutional 
finance for rural housing. Though 
the institutional infrastructure, 
particularly the banking sector 
has acquired reasonable depth in 
the rural areas, they continue to 
be hesitant in extending housing 
loans to the rural borrowers on 
account of various constraints and 
challenges associated with rural 
lending. Further, in absence of 
necessary flexibility in application 
of prudential norms, the lending 
agencies tend to keep away from 
such lending. As a result, the “avail-
ability” of institutional credit for 
rural housing and its “accessibility” 
by the rural population continue to 
be serious challenges.

Previous initiative by the Gov-
ernment of India to provide for 
rural housing was Indira Awaas 
Yojana, which started with an ob-
jective to construct free houses to 
members of the Scheduled Castes/ 
Scheduled Tribes, freed bonded 
labourers in rural areas and also to 
non SC/ST rural poor living below 
poverty line. Funds for the BPL 
beneficiaries were provided by 
the Centre and State in the ratio 
of 75:25.

Pradhan Mantri Awaas Yojana 
– Gramin

The Government of India has 
affirmed its commitment to pro-
vide “Housing for All” by the year 
2022. In pursuance to this goal, 
the Pradhan Mantri Awas Yojana 
- Gramin scheme was approved to 
provide assistance for construc-
tion of pucca house in rural areas. 
Through a set financial assistance it 
is expected that by 2022, majority 
of the beneficiaries in rural areas 
shall find access to a safer and 

comfortable house for a better 
quality of life and dignity. PMAY-G 
was launched by the Prime Minis-
ter Shri Narendra Modi in Agra on 
20th November 2016. Under this 
affordable housing scheme, the 
government aims to develop three 
crore homes by the year 2022 in 
rural areas for poor families. 

The intent of the programme 
is to provide housing for the rural 
poor in India. The expenditure in-
volved in implementing the project 
in a span of three years from 2016-
17 to 2018-19 is approximately 
Rs.82000 crore. By the means of 
the programme, the government 
proposes to provide assistance 
for construction of one crore from 
2016-17 to 2018-19. The scheme 
is proposed to be implemented in 
rural areas throughout India except 
Delhi and Chandigarh. The cost of 
houses would be shared between 
Centre and States. The new scheme 
in addition to the stated objective 
of providing a housing unit to ev-
eryone also includes features that 
make the scheme more inclusive 
and universal. The salient features 
of the scheme are:

• Implementing the rural hous-
ing scheme of Pradhan Mantri 
Awaas Yojana – Gramin.

• Providing financial assistance 
for construction of 1.00 crore 
houses in rural areas. 

• Enhancing the unit assistance to 
Rs. 1,20,000 in plain areas and 
to Rs.1,30,000 in hilly states/
difficult areas /IAP districts. 

• Meeting the additional financial 
requirement through National 
Bank for Agriculture and Rural 
Development (NABARD).

• Setting up of National Techni-
cal Support Agency at national 
level to provide technical sup-
port.

CSIR – CBRI and Pradhan Mantri 
Awaas Yojana – Gramin

PMAY-G holds the potential to 
as a turning point in this journey 
given its multi-pronged strategy 
for addressing the need of quality 
housing in rural India. Realising 
the aspiration aspect of housing, 
complimentary assistance has 
been proposed apart from the base 
financial assistance. Assistance of 
Rs. 12,000/- for the construction 
of toilet for every PMAY-G house 
through Swachh Bharat and 90-95 
mandays of unskilled labour under 
MGNREGS has been provided. 
These measures will hope to pro-
vide beneficiaries with dignified 
shelter. 

To address the critical question 
of construction of quality houses 
on sustainable basis on such a large 
scale, the Ministry of Rural Devel-
opment, Government of India initi-



66    ÉÊxÉàÉÉÇhÉ ºÉÉÉÊ®BÉEÉ

ated the study of housing typolo-
gies for each state. Housing pro-
totypes for thirteen states namely 
have been developed by United 
Nations Development Programme 
(UNDP). It was felt that within 
the limited resources of time and 
money, the aim of the PMAY-G shall 
be difficult to achieve using the 
traditional system of construction. 
To derive maximum advantage on 
cost, time, comfort and functional 
efficiency to the beneficiary, the 
developed house designs were 
to be validated by an appropriate 
building organization. Looking into 
the vast experience and expertise 
in cost-effective rural housing for 
different geo-climatic conditions 
and  natural hazards prevalent in 
the country and being the single 
largest resource organization in the 
area of innovative and appropriate 
building materials and construction 
techniques, CSIR-Central Building 
Research Institute (CSIR-CBRI), 
Roorkee was approached by UNDP, 
under the advice of the Ministry 
of Rural Development, GOI, New 
Delhi,  for architectural and struc-
tural validation of the  rural hous-
ing designs. 

CSIR-CBRI vetted typologies 
developed for each housing zone 
within a state based on climatic 
conditions, disaster risk factors, 
local materials and traditional 
skills. The institute also recom-
mended materials and construc-
tion techniques for thirteen states 
namely:  Assam, Bihar, Chhattis-
garh, Jharkhand, Madhya Pradesh, 
Maharashtra, Manipur, Megha-
laya, Odisha, Sikkim, Tripura, Uttar 
Pradesh and West Bengal. These 
technologies can be put into use 
right away at village level with 
materials sourced from not to far. 
The technologies identified are 
sustainable which ensures the po-

tential for long term availability of 
the materials. They are durable and 
designed to withstand the climatic 
variations and natural hazards 
that the specific housing zone is 
exposed to. CSIR-CBRI reviewed 
the designs, submitted by United 
Nations Development Programme 
(UNDP), to recommend appropri-
ate S&T interventions to make the 
houses more durable, resistant to 
natural disasters and comfortable 
to live in using locally available 
materials and skills within the fi-
nancial assistance provided under 
the PMAY-G and the contributions 
of the beneficiaries in terms of 
cash or kind. 

The design alternatives for 
thirteen states namely: were de-
veloped by UNDP after detailed 
survey of the life styles and space 
requirements of the beneficiaries 
and keeping in view of their tradi-
tional architecture and vernacular 
construction systems. Whereas 
people feel more comfortable with 
the type of houses they have been 
living in but at the same time they 
aspire for better quality requiring 
minimum maintenance, safety 
against the vagaries of nature and 
a possibility to improve as and 
when they have some funds avail-
able with them to invest on their 
house. The houses are to be con-
structed with the financial support 
of about Rs 1,20,000 per house for 
plains and Rs 1,30,00 for hilly areas. 
It is expected that the support 
money is properly utilized to con-
struct a durable house, requiring 
little maintenance, providing safety 
against prevalent disasters and 
give healthier living conditions and 
quality of life to the beneficiaries 
for at least 30 years without major 
repairs and maintenance.

The survey and design teams 

have suggested a plethora of speci-
fications prevalent in different rural 
and tribal areas of thirteen states 
for which no design standards are 
readily available. Any paradigm 
shift in the vernacular architec-
ture and specifications of new 
houses are likely to be a misfit to 
their living habits. The review of 
house designs and specifications 
maintaining social aspirations of 
the beneficiaries and technical 
adequacy of the dwelling struc-
ture was a big challenge to be met 
in a very short time available to 
CSIR-CBRI.  However, the designs 
and specifications were reviewed 
by CSIR-CBRI based on Bureau of 
Indian Standards Codes, published 
literature on some of the recom-
mended construction systems and 
experience of the reviewers. Be-
sides vernacular architecture and 
traditional construction systems 
prevalent in different parts of India, 
building materials and components 
developed by Development Alter-
natives, ASTRA, Auroville, HUDCO 
building centres and COSTFORD 
have also been suggested by the 
designers in their designs.

To begin with the design im-
provements and validations, it was 
foremost to define the word ‘Pucca 
house’. It was decided that a house 
can be considered ‘pucca’ irrespec-
tive of the materials and construc-
tion techniques adopted, if it 

• can resist local hazards, rain, 
water, fire, cyclones, floods, 
earthquakes etc, 

• requires low maintenance, 

• provides a healthy and comfort-
able environment to live in for 
at least 30-50 years

The house design must be 
coherent with the life styles of 
the rural people and must create 
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a feeling of ownership and pride. 
The plans developed by the design 
agencies of UNDP have done an 
extensive survey and study of the 
lifestyle and expectations of the 
beneficiaries. The house plans have 
therefore been reviewed to meet 
the provisions of National Building 
Code (NBC) where ever needed 
regarding dimensions of spaces, 
ceiling heights, fenestration, ther-
mal comfort and anthropometric 
requirements maintaining the 
original design.

While reviewing the designs it 
has been our effort to make good 
combination of traditional and 
modern construction materials and 
techniques supported by the finan-
cial assistance under the PMAY-G 
scheme to provide durable, main-
tenance free and safe houses with 
adequate comfort considerations 
for improving the quality of life of 
the people.   

To ensure technical adequacy 
and safety against prevalent di-
sasters the following BIS standards 
were consulted and recommenda-
tions were made. BIS codes like:

• IS 8888 – Low income Hous-
ing, 

• IS 1080 – Shallow foundations, 

• IS 1905 – Brick and Block ma-
sonry, 

• IS 4326  EQ resistant design 
(including CSIR-CBRI developed 
building systems)

• IS 15498 Cyclone resistant 
Housing

• IS 9096 Preservation of bamboo 
for structural purposes, 

• IS 6874 Test for round Bamboo

• IS 4920 Nail jointed timber 
Truss

• IS15912 – Structural Design us-
ing Bamboo, 

• IS 456 – design of RCC mem-
bers 

• CSIR-CBRI published Building 
Research Notes

• Handbook on Earthquake resis-
tant design and construction of 
Non-engineered Houses and 

• The National Building Code 
(NBC) of India 

The techniques given in Table-1 
have been incorporated in the 
designs which were found appro-
priate to reduce cost and time of 
construction, and to improve dura-
bility, safety and living comfort;

Many designers have suggested 
use of mud construction like cob, 
adobe, daub and wattle, cement 
stabilized mud blocks (CSMB), 
mud plaster to bamboo ikra pan-
els, rammed earth foundations 
and superstructure construction, 
stone / brick work in mud mortar, 
bamboo reinforced mud founda-
tions and walls etc. Since the use 
of mud based construction system 
cannot be considered safe, CSIR-
CBRI recommended the use of sta-
bilized along with some additional 
protective measures have been 
recommended in the respective 

specifications. As a policy for dura-
bility, safety and low maintenance 
cost of mud based construction, it 
has been suggested that the load-
bearing structure/ framework of 
the house may be constructed us-
ing permanent material like stones, 
bricks, blocks, RCC etc and the 
intermediate spaces may be filled 
using Compressed Mud Blocks 
(CMB) or adobe construction duly 
protected with ferrocement plas-
ter. Bamboo Ikra walls (traditional 
wall panels of NE region made by 
fixing bamboo strips to a bamboo 
frame and later plastered with mud 
mortar) or bamboo strip mat walls 
(traditional walls made by bamboo 
strips woven into a strong panel 
without any binding wire etc) may 
also be provided a coat of ferroce-
ment plaster in place of mud plas-
ter. For structural soundness cross 
bracings have been suggested in 
walls and between rafters/ trusses 
in roofs. In gabled construction all 
rafters/purlins resting on walls are 
suggested to be fixed to the RCC 
roof/ gable bands and adjacent 
rafters be joined with a tie mem-
ber to form a truss. Necessary 
improvements are suggested in 
stub foundations, strip founda-
tions, rammed earth foundations, 
RCC driven pile foundations, sand 

Table-1: Techniques incorporated in the design 

1. Stone Masonry Blocks * for hills and stone abundant areas
2. Solid Concrete Blocks * for hills and stone abundant areas – mass 

production
3. RC Plank and RC Joist roof * Alternative of RCC slab flat roof
4. Brick Panel and RC Joist  * Alternative of RCC slab flat  roof – where 

bricks are cheap
5. Precast Channel Unit roof * Alternative of RCC slab flat roof
6. C-bricks * Alternative of clay bricks near flyash resource
7. Rat-trap Bond Saves 25% bricks
8. Ferrocement Channels Alternative of RCC slab roof
9. MCR Roofing tiles Alternative of country/ Mangalore pattern 

tiles
10. CSMB blocks Alternative of burnt bricks in low rainfall 

regions 
11. Stone roofing on RC joist/RSJ If roofing stone is available

 (*CSIR CBRI developed technologies)
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cushion foundations, foundations 
in expansive soils, foundations in 
flood prone areas, foundations 
for holding bamboo, balli, timber 
or precast RCC columns have also 
been reviewed considering bearing 
capacity of soil of the correspond-
ing regions along with other zone 
specific conditions. 

CSIR-CBRI has reviewed and 
validated over 150 design typolo-
gies that were submitted by UNDP 
under the PMAY-G. Each typology 
worked meticulously analysed to 
recommend appropriate S&T 
interventions making the houses 
more durable, resistant to natural 
disasters and comfortable to live 
in using locally available materials 
and skills. Along with the region 
specific drawings, CSIR-CBRI also 

suggested alternate building op-
tions for improved adaptability and 
flexibility of choices to end users. 

A Compendium, entitle “Pahal” 
has been brought out by the Min-
istry of Rural Development. Pahal 
is a compilation that aspires to 
support endeavours at the state 
and local levels to enable and 
empower PMAY-G beneficiaries to 
build quality, sustainable and di-
saster resilient homes. The designs 
validated by CSIR-CBRI also aims to 
assist government decision mak-
ers, engineers engaged in PMAY-G 
implementation, panchayats, ma-
sons and potential beneficiary 
households with a wide and flex-
ible range of options related to 
designs, materials and technolo-
gies for efficient implementation of 

PMAY-G. CSIR-CBRI is also involved 
with the construction of PMAY-G 
model houses in the states to 
demonstrate the efficacy of sus-
tainable design and construction 
technologies to potential benefi-
ciaries. The effort by the institute 
is also to eventually enable PMAY-G 
beneficiaries to make informed 
decisions related to choice of size 
of dwelling, layout, materials and 
technologies for construction and 
the quality of house they would 
like to build through the PMAY-G 
financial assistance. The objective 
of this contribution is to ensure 
construction of a PMAY-G house 
that is appropriate, affordable, 
disaster resilient and aesthetic. 

*****

The Council organized a Na-
tional Seminar on Emerging 
Building Materials and Con-

struction Technologies on Novem-
ber, 18, 2016 at New Delhi to bring 
Engineers, Architects, Technology 
Providers, Plant and Machiner-
ies Manufactures, Users, Govt. 
Agencies and other stake holders; 
looking for emerging building 
materials and technologies and 
construction practices on one 
platform & to take stock of new 
developments in this area. 

The National Seminar was inaugu-
rated by Dr. N.Chatterjee, the then 
Secretary, MoHUPA. Around 65 
participants including represen-
tatives from govt. agencies, Aca-
demic, R&D Institutions, known 
experts of the country; agencies 
involved in bringing technologies 
from advanced countries also par-

National Seminar on “Emerging Building Materials and 
Construction Technologies” 

ticipated in the workshop. 

The Council had planned the 
whole seminar under various 
sub-themes to have detailed 
discussions and each session 
was addressed by the emi-
nent key experts working in 
that area for the benefit of 
participants during the semi-
nar. 
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Pre Engineered Safe 
Homes: Housing for All 

* CEO , RCC Eco Build Systems Ltd., E-mail: kuldiptiku@rccinfra.com.

Brig Kuldip K Tiku, SM (Retd)*

Abstract

Based on census of 2011 
there was a shortage of 19 
million Housing units which 

is likely to go up to 38 million units 
by the year 2030, without any in-
tervention. Ninety six percent of 
this shortage is in the EWS & LIG 
segment. The urbanization is grow-
ing at 2.1% CAGR (double that of 
China) and by 2050 it is estimated 
that the population in cities will 
grow to 900 million. 

The Honorable Prime Minister 
has rightly therefore put before us 
the target of housing for all by the 
year 2022 i.e. in the 75th year of 
our independence. It is therefore 

a race against time to achieve this 
vital milestone in the growth tra-
jectory of our nation. 

The challenges apart from 
financial, land and other issues 
being taken care of by the Govt. of 
India are as follows:- 
a) Faster Delivery (Time)
b) Functional efficiency and Sus-

tainable
c) Affordable costing
d) Quality of product & delivery
e) Minimal maintenance cost

In order to achieve this gigantic 
task, it would be well appreci-
ated that the existing conventional 
technology of construction for 
mass housing is inappropriate & 

unworkable to achieve the target 
laid out. The conventional con-
struction methods are not only 
time consuming but also a drain on 
the natural resources. The current 
methods are labour dependent & 
have an adverse impact on sustain-
ability & environment. We there-
fore need a technology & system 
that is efficient, economical, fast 
& producible in large numbers 
with in the country. It is therefore 
prudent to take a paradigm shift 
from the existing approach and 
look for alternate systems which 
can overcome these limitations. 
There are a number of new con-
struction technologies in vogue 
in advanced economies, however 

Double Storied Guest HouseThree Storied Residential Housing
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there adoption to Indian climatic 
conditions & usages is suspect 
& needs to be evaluated before 
taking them on board.  RCC Eco 
Build Systems Ltd therefore has 
been working on this mission & 
have come up with a technology & 
system which meets all these chal-
lenges & is fully compliant with IS 
codes . The system consists of Pre 
Engineered Safe Homes (PESH) 
whose structural frame is made 
from high strength steel plates and 
flooring walls roofs & finishes can 
be modeled to suit local climatic 
conditions. These are not only 
flexible in adaption but can be tai-
lored for any use and any climatic 
conditions at a cost which is at par 
with the current construction costs 
using conventional technologies & 
is faster to construct. The points 
are more elaborately discussed in 
the following paragraphs.

Why Pre Engineered Safe 
Homes (PESH)

Based on what I have stated 
above it is imperative to see how 
the Pre Engineered Safe Homes 
(PESH) fills this void. The same is 
briefly explained below.

Cost Effective - Efficient design 
& production techniques econo-
mize material usage. The cost is in-
sulated against local conditions. It 
has minimal maintenance require-

ment, is energy efficient and has 
high salvage value which greatly 
reduces the life cycle cost.

Faster - Structures are manufac-
tured and replicated on production 
lines and erected on site with sets 
of qualified teams & equipment 
reducing time of construction by 
50 percent. It is mass producible 
and can be transported anywhere 
in the world.

Design Flexibility - Latest soft-
ware and innovative designs com-
patible with IS Codes allow a vast 
flexibility of size, span & arrange-
ments. It can be made to suit and 
improvise based on the customer 
needs & climatic conditions. The 
structures are easily expandable 
for future need.

Sustainable – There is minimal 
dependence on scarce resources 
like sand, aggregate and bricks 
which ensures sustainability & non 
exploitation of natural resources. 
There is no dust pollution which 
today forms over 40% of the Air 
Pollution in our country. Major 
components of the buildings are 
fully recyclable having very high 
residual value.

Durable – It can be treated 
to withstand any weather condi-
tions internally or externally and 
is safer as per IS codes against 

earthquakes, snow loads etc. and 
is termite proof. 

Having discussed the basic char-
acteristics of what we are offering 
let us see as to how we achieve 
these parameters.

Faster Delivery

The Technology depends on pre 
design and economical fabrication 
of the basic structural frame work 
from high strength plates and ac-
cessories as per IS 800 ; 2007 in 
a state of the art manufacturing 
plant ensuring precision, high qual-
ity ,mass production & easy erec-
tion at site of work. This reduces 
the time of construction at site by 
50 percent.

Functional Efficiency and 
Sustainable 

The houses which area con-
structed are tailor made to be 
functionally efficient i.e. suitable 
to live in a comfortable manner 
as well as sustainable being non-
dependent on materials affecting 
sustainability such as sand, cement 
,aggregate etc.  PESH construction 
technology thus is both function-
ally efficient as well as sustainable 
in all respects.

Cost Effective & Economical

The design efficiency, sustain-
ability, non-use of depleting miner-

G + 3 Storied School Building at Jhansi Completed in Six Months from Start to Finish
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als & depleting natural resources 
ensures most economical cost per 
Square feet of construction with 
minimal costs of maintenance & 
high residual value ensures a very 
reasonable cost of construction 
which in most cases is at par with 
the conventional construction 
costs.  

Quality of Product & Delivery 

Development of mass hous-
ing based on the mission laid out 
by the Honorable Prime Minister 
under the Pradhan Mantri Awas 
Yojna, i.e. Housing for all by 2022, 
it becomes imperative that the 
technology & systems for housing 
be so evolved so as to ensure mass 
construction in a short time, with 
quality being safe & durable. The 
current conventional methods are 
cumbersome, time consuming, a 
drain on natural resources & highly 
terrain, weather & labour depen-
dent. The PESH technology as 
described above overcomes these 
constraints to a large extent. These 

are aesthetic & custom built to 
suit the individuals & local climatic 
conditions. 

Basic Specifications

The basic specifications can be 
modulated as required. The basic 
possibilities are as follows:-  

FOUNDATIONS RCC 
STRUCTURAL 
FRAME

Built up Steel Sections 
with Painting system

FLOOR SLABS RCC Slab with 0.63 
to 0.80 mm decking 
sheet / Dry Floor 
panels/Wooden 
Boards

FLOOR 
FINISHES

Tiles of Various Sizes 
as required (Ceramic / 
Vitrified/ wooden)

WALLS Brick/ PCC Blocks/ 
AAC Blocks/ Sandwich 
Wall panels/Cement 
Boards, PUF Panels 
etc. 

FINISHING Plaster / Plaster of 
Paris as required

PAINTING OBD inside and 
External paint /Grit 
finish out side

WINDOWS Aluminum/PVC 
Sliding/ open able as 
required

PLUMBING UPVC

Conclusions

Pre Engineered Safe Homes is a 
proven technology fully compliant 
with IS Codes as a tailor made so-
lution for mass housing needs and 
is adaptable to be planned as per 
any terrain conditions. It reduces 
construction time by more than 50 
percent and the cost of construc-
tion is lower or at par with the 
conventional construction costs. 
It ensures consistent high quality 
being manufactured from IS certi-
fied materials in a fully controlled 
and mechanized environment and 
is sustainable with minimal use of 
scarce local resources. It is possible 
to mass manufacture these houses 
in a short time greatly assisting 
speedy construction with quality. 

*****

Permanent Display Centre at IIT Kharagpur

BMTPC established a Permanent Display Centre on 
Emerging Building Materials & Construction Tech-
nologies at Department of Architecture and Region-
al Planning, IIT Kharagpur. The Permanent Display 
Centre consists of display panels and models depict-
ing Demonstration Housing Projects using Green/
Emerging Technologies, Agro-industrial waste based 
building materials, Emerging technologies for mass 
housing, Performance Appraisal Certification, Bam-
boo based building materials and components, di-
saster mitigation & preparedness, Pradhan Mantri 
Awas Yojana (Urban), etc. 

The Permanent Display Centre was inaugurated by 
Dr. Nandita Chatterjee, the then Secretary, Minis-
try of Housing & Urban Poverty Alleviation, Gov-
ernment of India at IIT Kharagpur Kolkata Centre 
through video-conferencing in the august presence 
of Prof. Partha Pratim Chakrabarti, Director, IIT 
Kharagpur on June 2, 2017 at Deptt of Architecture 
& Regional Planning, IIT Kharagpur.
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ikjaifjd Nr fuekZ.k iz.kkfy;ka

* iwoZ oSKkfud, LVªDpjy bathfu;fjax fjlpZ lsaVj] psUubZ
** dk;Zdkjh funs’kd, fuekZ.k lkexzh ,oa izkS|ksfxdh lao}Zu ifj”kn~] ubZ fnYyh
*** çeq[k ¼ih,eVh ,oa ,Mfeu½, fuekZ.k lkexzh ,oa izkS|ksfxdh lao}Zu ifj”kn~] ubZ fnYyh

MkW- Mh-,l- jkepanzewfrZ *
MkW-‘kSys’k dqekj vxzoky **

fganh vuqokn% v#.k dqekj frokjh***

Qwl ¼FkSp½ dh Nr@Qwl dh NIij    

Qwl dh Nr cukuk ,d ,slh 

f’kYi@dkjhxjh gS] ftlesa lw[kh 

ouLifr tSls fd iqvky] iVsj ¼okVj jhM½ 

vkSj [kjbZ ¼lst½ ,d fdLe dh frdksuh 

?kkl dk  ikS/kk  ¼DySfM;e  ekjhLd’k½  

ftlds }kjk  vkarfjd  Nr ls ikuh ckgj 

dh vksj fudkyk tk lds] dk bLrseky 

djds Qwl dh Nr cuk;h tkrh gSA ;g 

Nr cukus dh cgqr gh iqjkuh fof/k gS vkSj 

abls nksuksa m”.kdfVca/kh; vkSj le’khrks”.k 

tyok;q esa mi;ksx fd;k tkrk jgk 

gSA vHkh Hkh fodkl’khy ns’kksa esa Hkou 

fuekZrkvksa ¼fcYMjksa½ }kjk vkerkSj ij de 

ykxr okyh {ks=h; ouLifr dks gh FkSp 

¼Qwl½ ds :i esa bLrseky fd;k tkrk 

gSA blds foijhr] dqN fodflr ns’kksa esa 

,sls dqN le`) yksx vktdy vius ?kj 

dks nsgkrh :i nsus ds fy;s bls viukuk 

ilan djrs gSa] ftUgsa ikfjfLFkfrdh vuqdwy 

Nr dh pkgr gks vFkok ftUgksaus ewy 

:i ls Qwl okyk ?kj [kjhnk gksA FkSfpax 

i)fr;ka ikjaifjd :i ls ,d ih<+h ls 

nwljh ih<+h rd igy dh x;h gSA u;s 

Hkouksa esa] Nr ij ,d Bksl vfXujks/kh 

vojks/k u gks rks vkx yxus ds dkj.k ls 

Qwl ty Hkh ldrk gSA Qwl dk izn’kZu 

Nr dh vkd`fr  vkSj fMtkbu] Nr dh 

<+yku lkexzh dh xq.koÙkk] ?kjkeh ¼FkSpj½ 

dh fo’ks”kKrk vkSj fLFkfr&HkkSxksfyd 

vkSj LFkyk—fr ij fuHkZj djrh gSA    

Qwl ds vius dqN çk—frd xq.k gSa 

tks blds çn’kZu ds fy, Qk;nsean gSaA 

;g LokHkkfod :i ls ekSle çfrjks/kh gS] 

vkSj tc bldh O;oLFkk lgh ls dh tk;s 

rks ;g cgqr de ikuh lks[krk gSA ty 

çfr/kkj.k ds dkj.k Nr ds otu esa fo’ks”k 

o`f) ugha gksuh pkfg,A de ls de 50o 

dh Nr dh <+yku dh otg ls ikuh ds 

lajpuk esa ?kql ikus ls igys gh] <++yku 

ikuh dks uhps fudky nsrk gSA Qwl Hkh 

,d çk—frd bUlqysVj@rki laokgd gS] 

vkSj Qwl dh fjDrrk ¼fiV½ ds Hkhrj ok;q 

dh idM+ xeZ vkSj BaMs ekSle nksuksa esa 

bekjr dks cpkrk gSA Qwl dh Nr xfeZ;ksa 

esa bekjr dh ‘khryrk vkSj lfnZ;ksa esa 

mldh xekZgV lqfuf’pr djrh gSA

Qwl ds ?kjksa dks vfXu tksf[ke ekus 

tkus ds dkj.k lqfuf’pr djuk dfBu 

gksrk gS pwafd ;s Je&xgu gksrs gSa vkSj 

;g LysV ;k Vkby ls <dh tkus okyh 

Nr dh rqyuk esa vf/kd egaxs gksrs gSA 

i{kh bu Nrksa dks cckZn dj ldrs gS vkSj 

d`rad ¼pwgs] fxygjh vkfn½ dks Hkwls esa 

vof’k”V vukt vkdf”kZr djrs gS ftlds 

dkj.k Nr dks uqdlku gks ldrk gSA 

nf{k.kh Hkkjr ds xzkeh.k bykdksa vkSj 

dHkh&dHkh ‘kgjksa esa ;fn tk;k tk;s rks 

FkSp dh Nr okys ?kj fn[k tkrs gSaA idh 

gq;h@iwjk vkdkj fy;s gqbZ ?kkl dh jhM 

dk p;u fd;k tkrk gSA lkQ lrg ,ao 

FkksM+s xhysiu ds lkFk] tks fd mUgsa uje 

cukrh gS] okafNr ikuh çkIr djus ds fy, 

blsa /kwi esa lw[kk;k tkrk gS vkSj fQj NksVs 

pVkbZ ds :i esa ,d lkFk cak/kk tkrk gSA 

bl rjg ds pVkbZ ckal ls ;k ydM+h dh 

MafM;ksa ls ca/ks gksrs gSA ?kkl dh vfrfjä 

ijr fcNk;h tkrh gSa] mUgsa dHkh&dHkh 

fupyh ijr ij cka/krs gSaA ukfj;y ;k 

lqikjh ds iÙkksa dks Hkh blh rjg bLrseky 

Qwl ds fodYi ds :i esa fd;k tkrk 

gSA vDlj] cquk gqvk ukfj;y ds iÙks dk 

bLrseky FkSp ds van:uh fgLls dh rjQ 

fd;k tkrk gSA   

dbZ vk/kqfud laLdj.kksa@uewuksa esa] 

Nr ds uhps th-vkbZ-¼xsyoukbTM vk;ju½ 

ds lkFk lajpuk,a gksrh gSa fQj Qwl ds 

lkFk lcls Åij yxh gksrh gS] ;g vkx 

vkSj —Urdksa ds Hk; ls NqVdkjk fnykrk 

gSA ,d&nwljs ij lcls Åij cgqr ?kuh 

Nr dh ijr ds fy,] ?kkl iVsj dks >kM+w 

dh rhfy;ksa ds leku ,d lkFk cak/kk tk 

ldrk gSaA ;g dbZ lkyksa rd fVdh jgrh 

gSA nhokj ds ‘kh”kZ ij {kSfrt vkdkj esa 
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bls yxkus ls pwgksa vkSj lkai dks jksdk 

tk ldrk gS+A FkSp ds laca/k esa bldh 

vfXu lqj{kk dks ysdj vkifRr gksrh gS] 

oajp jlk;u ls  mipkfjr FkSp ls vfXu 

çfrjks/kdrk ds fy, iz;kl tkjh gSA     

Qwl ls cuh Nrsa vc de gks x;h gSa] 

ysfdu dqN ekunaMksa dks ns[krs gq,] lcls 

vPNs fodYiksa okyh vHkh Hkh fo|eku gSaA 

budks etcwr fn[kus okys :i ds dkj.k 

mUgsa fjl‚VZ] fjVªhV vkSj [ksrksa esa bLrseky 

djuk ilan fd;k tkrk gSA ;s vLFkk;h 

gksrs gSa bl dkj.k] mUgsa tkjh j[kus ;k 

cnyus dk fodYi 6 ls 10 o”kksaZ ds ckn 

Hkh cuk jgrk gS] yxHkx 30o <yku dks.k 

ls ij cukuk bl mEnk Nr dh vkSlr 

thou vof/k ds fy;s vko’;d gSA Qwl 

dk eq[; vkd”kZ.k tyok;q ifjorZu gks 

ldrk gSS] ftlds dkj.k os vHkh rd 

lcls LFkk;h Nr ds :i esa ekuh tkrh 

gSaA dbZ xkaoksa esa] Qwl Nrksa dks vHkh Hkh 

cuk;k tk jgk gS] ysfdu FkSp Nrksa dks 

cukus okys dq’ky yksx de gks jgs gSaA 

lh,lvkbZvkj & LVªDpjy bathfu;fjax 

fjlpZ lsaVj us FkSp Nr ds fy;s rwQku 

ds nkSjku rst gokvksa dk lkeuk djus ds 

fy, fn’kk funsZ’k cuk;s gSaA blds varxZr 

dkcZfud jfLl;ksa ds lkFk fod.kZ fn’kkvksa 

esa Nr ds ‘kh”kZ dks cka/kus ds fy;s mik; 

lq>k, x, gS] ftlesa LraHk fn’kkvksa dks 

yacor ydM+h ;k bLikr ds VqdM+ksa }kjk 

lh/kh fn’kkvksa esa yaxj djuk] vkSj ydM+h 

dh Nr xB~Bj fgLlksa dks gYds LVhy 

IysV] rkj ;k ifê;ksa ds lkFk thvkbZ cksYV 

dk mi;ksx djrs gq, cka/kuk t:jh crk;k 

x;k gSA  

,LcsLVksl Nr ¼,-lh- ‘khV dh 
Nras½

,LcsLVksl Hkwfexr j‚d lajpukvksa 

esa feyus okyk izkd`frd [kfut gSA 

O;kolkf;d ç;kstuksa ds fy,] ;g 

[kuu  vkSj  iRFkj pwjk ¼j‚d ØLV½ 

}kjk iquiZzkIr fd;k tkrk gSA ,LcsLVl 

dh nks vyx&vyx fdLesa gSa ¼A½ fofo/k 

ØkblksVkby vkSj ¼AA½ ,fEQcksy fdLeA 

,fEQcksy fdLe ds varxZr ØksflMksykbV] 

,ekslkbV] VªseksykbV vkfn ‘kkfey gSaA 

vc dsoy fofo/krk okyh ØkblksykbV 

¼lQsn vHkzd½a gh okf.kfT;d mi;ksx esa 

gSA Hkkjrh; ,LcsLVksl lhesaV ¼,lh½ ‘khV 

vkSj ikbi fuekZrk] ,lh ‘khV vkSj ikbi 

ds mRiknu ds fy,] fØlksVkby Qkbcj 

}kjk viuh lHkh t:jrksa dh iwfrZ gsrq 

bls dukMk] czkthy] :l] ftEckCos vkSj 

dtkfdLrku ls vk;kr djrs gSaA Hkkjr 

essa fØlksVkby ,LcsLVksl vc cgqr de 

vkSj ux.; ek=k esa [kuu fd;k tkrk gS] 

ftldk  gekjs ,LcsLVksl&lhesaV mRiknu 

ds fy, dksbZ Qk;nk ;k çklafxdrk ugha 

gSA vHkzd dh vU; fdLesa ,fEQc‚Yl 

¼ØksflMkbykbV] ,ekslkbV] VªseksykbV] 

vkfn½ ftUgsa vlqjf{kr ekuk tkrk Fkk] 

Hkkjr lfgr nqfu;k Hkj esa bUgsa çfrcaf/kr 

dj fn;k x;k gSA tgka dgha Hkh ,LcsLVksl 

mRikfnr ;k mRikn esa mi;ksx fd;k tkrk 

gS] dsoy fØlksVkby dh gh vuqefr nh 

tkrh gSA   

fØlksVkby ,LcsLVksl Qkbcj] ¼eq[; 

:i ls eSXuhf’k;e vkSj flfydk ls 

feydj curk gS½] mEnk ruu xq.koRrk 

dk  etcwr  ,tsaV gSA  tcfd  bldh 

yphyh  ‘kfä  LVhy   dh  rqyuk  esa 

vf/kd gS] blds vU; nqyZHk xq.kksa esa mPp 

vfXujks/kdrk] jklk;fud çfrjks/kh vkSj 

rki&folaokgd ‘kkfey gSaA okLro esa ;g 

peRdkjh [kfut gSA

,LcsLVksl lhesaV mRikn fØlksVkby 

Qkbcj ¼yxHkx 8&9 izfr’kr½] lhesaV 

¼yxHkx 40 izfr’kr½] ¶ykbZ ,s’k ¼yxHkx 

30 izfr’kr½] ‘ks”k Hkkx ydM+h ds xwns 

vkSj ikuh ds feJ.k ls cuk gSA Hkkjr 

esa vk;kfrr ,LcsLVksl Qkbcj dk 90 

izfr’kr ls vf/kd Hkkx ,lh ‘khV vkSj 

ikbi mRiknu esa [kir gksrs gSaA

Hkkjr esa ,lh ‘khV dk bLrseky 

yxHkx 70 o”kksaZ ls fd;k tk jgk gSA 

ekSle jks/kh vkSj tax çfrjks/kh gksus dh 

otg ls ;s Nr O;kogkfjd :i ls yEch 

mez okyh vkSj j[kj[kko eqä gksrh gSa] 

tcfd /kkrq dh pknjsa tax vkSj [kqys esa 

jgus ds tksf[ke ds dkj.k [kjkc gksrh 

gSaA ,lh ‘khV~l Hkh xksnkeksa] dkj[kkuksa] 

de ykxr okys vkokl ds fy, lcls 

vf/kd ykxr çHkkoh] vklkuh ls LFkkfir 

dh tkus okyh] etcwr vkSj fVdkÅ Nr 

lkexzh lkfcr gqbZ gSaA Hkkjr] ds vykok 

:l] phu] FkkbZySaM vkSj czkthy Hkh ,lh 

‘khV~l ds lcls cM+s mi;ksxdrkZ gSaA 

tax vkSj dVko eqDr gksus ds dkj.k 

,lh ‘khV~l vkSj ikbZi dks ,d ckj 

LFkkfir djus ds ckn j[kj[kko dh vFkok 

cnyus dh vko’;drk ugha iM+rhA ;s 

cgqr gh ykxr izHkkoh Hkh gksrh gSaA ,lh 

mRikn fuekZ.k izfØ;k esa cgqr de ÅtkZ 

dk miHkksx djrs gSa vkSj fdlh Hkh rjg 

ls izkd`frd lalk/kuksa dks O;; ugha djrsA 

rsth  ls  c<+rh  vkcknh  vkSj  lhfer 

lalk/kuksa ds lanHkZ esa ns’k dh fodkl’khyrk 

esa egRoiw.kZ :Ik ls txg cukrs gSaA ,lh 

mRiknksa ds fy;s fuEufyf[kr Hkkjrh; 

ekud fn’kkfuZns’k crkrs gSaA

:Qhax lkeku esa ukyhnkj Nr ‘khV~l 

ds fy;s vkbZ,l 459] fcfYMax cksMZ ds 
fp= 1% FkSp ¼Qwl½ dh Nr fp= 2% bekjrksa ds fy, ,LcsLVksl ‘khV dh Nr
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fy;s vkbZ,l 2098] lery ‘khV ds fy;s 

vkbZ,l 2096 vkSj Nrksa ds vo;okas ds 

fy;s vkbZ,l 1626 ¼ikVZ-III½ miyC/k gSaA 

vkbZ,l 159 }kjk ,lh izs’kj ikbi dks 

doj fd;k tkrk gSA

jhlkbfDyax ¼iquuZohuhdj.k½ vkSj 

fuiVku%

T;knkrj fodflr ns’kksa esa] vke 

rkSj ij ,LcsLVksl dk ySaMfQy lkbVksa 

esa [krjukd dpjs ds :Ik esa  fuiVkjk 

fd;k tkrk gSA Hkouksa ds fxjk;s tkus 

ls  vHkzd vk/kkfjr lkexzh  cM+h ek=k 

esa fudyrh gS tks  fcYMjksa vkSj laifÙk 

MsoyilZ ds fy, egRoiw.kZ leL;k,a iSnk 

djrk gS & ,slh bekjrksa dks vDlj VqdM+s 

VqdM+s djuk iM+rk gS ;k lajpuk dks 

;kaf=d ;k foLQksVd lk/kuksa ls rksMus ls 

igys ,LcsLVksl dks vPNh rjg ls gVk 

fn;k tkuk pkfg,A ,d mnkgj.k ds :i 

eas Xyklxks] Ld‚VySaM esa jsM jksM ¶ySV~l 

,sls gS ftlesa o‚y iSufyax ds fy, cM+h 

ek=k esa ,LcsLVl lhesaV cksMZ dk bLrseky 

fd;k gSA ;gka fczfV’k LokLF; vkSj lqj{kk 

fu;eksa dk dguk gS fd fdlh eafty@

ySaMfQy okys LFky ls ,LcsLVksl lkexzh 

dks fdlh fnu fuf’pr le; ij fo’ks”k 

:i ls vuqdwfyr okguksa ds ek/;e ls 

gVk nsuk pkfg,A  

,LcsLVksl dks gkfujfgr flfydsV 

Xykl esa ifjofrZr djds iquuZohuhdj.k 

fd;k tk ldrk gSA 1000&1250o ij 

FkeZy vi?kVu dh çfØ;k xSj&[krjukd 

flfydsV dk feJ.k iSnk djrh gS] vkSj 

1250o ls Åij rkieku esa flfydsV Xykl 

iSnk gksrk gSA ekbØksoso FkeZy mipkj dk 

mi;ksx ,LcsLVksl vkSj ,LcsLVksl ;qä 

dpjs dks iksflZfyu LVkWuos;j Vkby] 

fNæiw.kZ flaxy&Qk;jM okWy Vkby vkSj 

fljsfed bZaVksa esa ifjofrZr djus ds fy, 

vkS|ksfxd fuekZ.k çfØ;k esa mi;ksx fd;k 

tk ldrk gSA 

tLrh@Galvanised Iron dh Nr 

ukyhnkj tLrh okyk yksgk ;k LVhy 

¼lhthvkbZ½ ,d bekjr lkexzh gS tks 

gkWV&fMi tLrhnkj gYds ¼ekbYM½ LVhy 

dh ‘khV ls cuk gS] muesa ,d js[kh; 

ukyhnkj iSVuZ mRiUu djus ds fy;s 

dksYM&jksYM fd;k x;k gSA dks:xs’kUl 

lh/kh yEcor esa fn’kk esa ukyhnkj ‘khV 

dh eqM+us ¼>qdko½ dh ‘kfDr c<+krh gS] 

ysfdu muds lekukarj esa ughaA vke rkSj 

ij çR;sd ‘khV viuh etcwr fn’kk esa 

yacs le; rd fVds jgus ds fy, fufeZr 

gksrh gSA lhthvkbZ otu esa gYdh gksrh 

gS vkSj vklkuh ls ys tk;h tk ldrh gS 

;g igys vkSj vc Hkh fo’ks”k :i ls ‘ksM 

vkSj ikuh ds VSad j[kussa tSls dk;ksZa ds 

fy,  xzkeh.kksa vkSj lSU; Hkouksa esa O;kid 

:i ls mi;ksx eas yk;h tkrh gSA 

Nr ds ç;kstuksa ds fy,] pknjsa dqN 

gn rd Vkbyksa dh rjg fcNk;h tkrh gSa] 

ftlesa Ms<+ ¼,d vkSj vk/kk½ Nrksa ds ik’kZ~o 

vksojySi gksrs gSa] vkSj ikuh ds fuLrkj.k 

¼okVjiwzQ½ cukus ds fy;s yxHkx 150 

feeh dk ,d Å/kZ~ok/kj vksojySi fd;k 

tkrk gSA lhthvkbZ iwjs fo’o esa vkS|ksfxd 

bekjrksa ds fy, vR;f/kd bLrseky esa vkus 

okyh vke fuekZ.k lkexzh gSA 

x<+k gqvk ykSg lhthvkbZ ¼ x<+k ykSgk 
lhthvkbZ½ dh txg /khjs&/khjs 1890 

n’kd ds vklikl gYds LVhy us ys yh 

vkSj ykSg lhthvkbZ vc feyrk ugha gS] 

ysfdu bldk lkekU; uke cnyk ugha 

x;k gSA vke dks:xs’kal ds lkFk tLrh 

pknjsa Hkh /khjs&/khjs 55% Al-Zn ysfir 

LVhy	 (AI-Zn coated steel)] ;k 

d‚EIysDl çksQkby ds lkFk d‚by&isaVsM 

‘khV~l vc T;knk bLrseky gks jgk gSaA 

vU; lkefxz;ksa tSls IykfLVd vkSj Qkbcj 

Xykl dks ukyhnkj :i fn;k x;k gSA bu 

mRiknksa dk dbZ rjg ls mi;ksx miyC/k 

gSa ftuesa os /kkrq ‘khV ds lkFk  mi;ksx 

dh tkrh gaS rkfd çdk’k uhps izos’k dj 

ldsA 

dks:xs’kal fip ¼nks ØsLV ds chp dh 

nwjh½ vkSj xgjkbZ ¼,d f’k[kj ds Åij ls 

,d xrZ ds uhps ls ÅapkbZ½ ds lanHkZ esa 

crk;k x;k gSa fd fip vkSj xgjkbZ dk 

leku gksuk cgqr t:jh gS] rkfd pknjsa 

vklkuh ls ifjogu ds fy, <sj ,df=r 

¼LVsdscy½ gks tk,a] vkSj tksM+rs oDr 

lqpk: :i ls vksojySi dh tk ldsaA 

fip dh jast 25 feeh ls ysdj 125 feeh 

rd gksrh gS ;g lhthvkbZ ds fy, ,d 

ckj lkekU; Fkk] Å/kZ~ok/kj nhokjksa ds fy, 

bLrseky dh tkus okyh Nr lhthvkbZ dh 

rqyuk esa de <+yku vkSj xgjkbZ dh gksrh 

gS bl NksVh lh fip okyh lkexzh dks 

*ukyhnkj* ds ctk; dHkh&dHkh *fjIysM* 

dgk tkrk FkkA gkykafd vktdy] yxHkx 

lHkh lhthvkbZ mRiknu esa 76 feeh dh 

leku fip gSA

Dys Nr Vkbysa

;s Vkbysa vkoj.k lkexzh ds :i esa 

fip~M Nrksa ds fy, mi;ksx dh tkrh 

gSaA dbZ çdkj dh Nr Vkbysa cktkj esa 

miyC/k gSaA dqN Vkby izdkj uhps fn, 

x, gSaA

fp= 3% Hkkjr esa vkerkSj ij bLrseky dh tkus okyh Nr Vkbyas
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lkns VkbYl & ;s 10 ls 17 feeh dh 

eksVkbZ okyh vk;rkdkj VkbYl gSaA 

;kstuk esa vkdkj 25 lseh x 15 lseh 

gSA Vkbyksa dk ,d NksVk fdukjk ;k rks 

uhps dh vksj jg tkrk gS ;k Nr dh 

r[rh ij mUgsa yVdkus ds fy, uhps dh 

rjQ djus okys nks yXl gSa tks Vkby esa 

uksd ds ikl nks uV fNæ LFkk;h :i ls 

r[rs ¼battens½ls tksM+us ds fy, fn;s 

tkrs gaSA

bykgkckn VkbYl & VkbYl ds nks fgLls 

gSaA ,d Hkkx pSuy vkdkj dk gSA nwljk 

fgLlk v/kZ o`Rrkdkj gSA pSuy ds vkdkj 

dk Hkkx 38 lseh yack vkSj ,d Nksj ij 

23 lseh pkSM+k gS] vkSj nwljs Nksj ij 27 

lseh pkSM+k gSA v/kZ o`Rrkdkj dk ,d Hkkx 

38 lseh yack gS vkSj 12 lseh dk O;kl 

,d Nksj ij vkSj nwljs Nksj ij 16-5 

lsaVhehVj gSA

eSaxyksj VkbYl & eSaxyksj VkbYl eaxykSj 

‘kgj dh ,d fdLe dh Vkby gSA iwjs 

Hkkjr esa bu yky Vkbyksa dh cM+h ekax gS] 

;g dBksj ysVjkbV Dys feêh ls rS;kj dh 

tkrh gS ;g m|ksx [kwc QyQwy jgk gSA 

bu Vkbyksa dks e’khuksa }kjk <kyk tkrk 

gSA ;s cgqr etcwr vkSj dBksj gksrh gSa  

cka/kus ds nkSjku] dbZ VkbYl VwV tkrh 

gSaA lhchvkjvkbZ] #M+dh us lq>ko fn;k 

gS fd FkksM+h ek=k esa lksfM;e DyksjkbM 

dks Dys feêh esa Mkydj cukus ls bldh 

VwVus dh izd`fr dks de fd;k tk ldrk 

gSA 

fl;kydksV VkbYl & bu Vkbyksa dk 

vuqnS/kZ~; fn’kk esa v/kZ&o`Rrkdkj foU;kl 

gksrk gSa] bldk vFkZ gSa& yackbZ ds lkFkA 

dks:xs’kUl uhps dh vksj mUeq[k gksrk gSA 

vU; vuqnS/kZ~; fdukjk pSuy fdukjs dh 

rjg Åij dh rjQ gksrk gSA

i‚V VkbYl & ;s [kks[kys vk/ks gksrs gSa 

vkSj vuqnS/kZ~; fn’kk esa fuLrkfjr irys½ 

gksrs gSaA Vkbysa dqEgkj ds pkd ¼ifg;s½ 

ij curh gSa vkSj dqEgkj vius xhys gkFk 

djds iryh vk—fr nsrk gSA ,d xhys 

diM+s ls van:uh vkSj ckgjh lrgksa dks 

pedk;k tkrk gSA VkbYl dh yackbZ 15 

ls 20 lsaVhehVj ds chp vyx&vyx 

gksrh gS vkSj O;kl ,d Nksj ij 11-4 ls 

14 lsaVhehVj vkSj nwljs Nksj ij 8-9 ls 

11-4 lsaVhehVj ls fHkUu gksrk gSA ;s Åij 

dh vksj ,d ds varj ls budh vory 

vkSj mÙky fn’kk esa Nr ij fcNk;h tkrh 

gsA pwafd VkbZYl dks gkFkksa ls <kyk tkrk 

gS] blfy, dqN vof/k ds ckn budk 

VwVuk laHkkfor vkSj ftldh otg ls 

cnyuk Hkh iM+ ldrk gSaA

iSu VkbYl & ;s vk;rkdkj gksrh gSaA 

tc bls yackbZ esa dkVk tkrk gS] rks ;g 

,l&vkdkj nsrh gSA Vkby dh yackbZ 33 

ls 38 lsaVhehVj ds chp gksrh gS] vkSj 

pkSM+kbZ 23 ls 28 lsaVhehVj gksrh gSA ;s 

Vkby rqyukRed :i ls Hkkjh] etcwr 

vkSj fVdkÅ gksrh gSaA

eækl Vsjsl :Q

bls ns’k ds nf{k.kh fgLlksa esa Nr 

bZaVksa vkSj pwus ds daØhV ls cuk ,d 

lexz Q’kZ fuekZ.k O;kid :i ls viuk;k 

tkrk gSA vkerkSj ij ;g eækl Vsjsl 

daLVªD’kul ds uke ls tkuk tkrk gSA 

rfeyukMq esa O;kid mi;ksx ds dkj.k 

Nr ds bl çdkj dks eækl Nr dgk 

tkrk Fkk] gkykafd ;g nf{k.k Hkkjr Hkj esa 

yksdfç; gks x;k gSA lfn;ksa ds vuqHkoksa 

ds QyLo:i] ;g fuekZ.k dkQh etcwr] 

fVdkÅ vkSj tyjks/kd ¼okVjiwzQ½ ik;k 

x;k gSA vxj dkjhxjh esa mfpr dkS’ky 

gks rks ;g cgqr rhozrk ls fufeZr gks 

tkrh gSA bZaVksa esa vkdZ izfØ;k ls Nr 

dks lgkjk feyrk gS tks utnhdh fjDr 

tksbLV ds ek/;e ls ,d lery ijr 

cukus fy;s iafDr esa cka/kh tkrh gS vkSj 

;g lgkjk vkxs vkSj ,d Bksl ijr }kjk 

c<+k;k tkrk gS tks bZaVks ds lkFk etcwr 

lac/k fodflr djrk gS vkSj bl vk/kkj 

ij budas lkFk feydj izHkkoh gksrk gSaA  

bl çdkj dh Nr ds fy, Hkkjrh; ekud 

vkbZ,l 2119  fofunsZ’k nsrk gSA

eækl Nr tehu@eafty ;k Nr esa 

fuEu ?kVd gksrs gSa%

d½ pwuk eksVkZj feJ.k dk vuqikr 

1%14 ¼pwuk iqV~Vh % jsr dh ek=k ds 

vuqlkj½ tks fdukjs ij Nrksa esa bZV& 

lTtk esa yxk gqvk gS] og l/kurk 

esa ;k rks ydM+h ;k iwoZ <kysa gq;s 

lqn`<+ daØhV ;k LVhy TokbaLV ds 

lkFk idM cuk;s gksrss gSa vkSj ,d 

mi;qä flfyax cuus ds lkFk NTts 

ij bZV&lTtk esa izHkkoh gksrs gSaA

[k½ pwuk] VwVu bZV dqy daØhV dks Vsjsl 

& bZV&lTtk ds Åij funsZf’kr 

eksVkbZ ij fcNkuk vkSj vko’;d 

tehu@eafty vFkok Nr fQfu’k 

ds ‘kh”kZ ij( vkSj 

x½  mi;qDr tehu@eafty vkSj lhfyax 

fQfu’k M+kyuk gksrk gSA

eæklh Nr dks lgkjk nsus okys 

TokbLV dh txg] Lisflax dsaæ ls dasnz 

rd 450 feeh ls vf/kd yh tkrh gSA 

tksbLV ¼dfM+;k½ dks muds Åij vkus 

okys Nr ds fgLls dks lgkjk nsus okys 

fp= 4% eækl FkSp Nr
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che ds :i esa fMtkbu fd;k x;k gSA 

VSjsl&bZV lTtk dks nhokjksa ij de ls 

de 150 feeh rd bls cguh; gksuk 

pkfg, ;k lHkh rjQ ls lgkjk feyuk 

pkfg,A eækl Nr dh fQfuf’kax dh 

vkSlr eksVkbZ 185 feeh gSA vke rkSj ij 

eækl Vsjsl dk MsM&yksM fMtkbu ds 

mís’; gsrq 370 fdyks izfr oxZ ehVj ds 

:i esa fy;k tk ldrk gSA vkbZ,l 2119 

ds vuqlkj tksbLV dh >qdko vof/k ds 

I/480 ls vf/kd ugha gksuh pkfg,A  

 Vsjsl bZaVksa dk vkdkj 150X75X25 

feeh gSA Vsjsflax bZaV dks bLrseky ls igys 

de ls de 4 ?kaVs igys ikuh esa Mwck dj 

j[kk tkrk gSA mlds ckn mls lq[kkuk 

gksrk gSA Nr& bZV lTtk esa eksVkZj ds 

lkFk vklatu@fpidu fodflr djus ds 

fy, ;g vfr vko’;d gSA

 Nr bZaVsa] Nksjksa ls tksbLV ds chp 

frjNh iafDr;ksa esa fcNkbZ tkrh gSaA ,d 

dksus ls fcNkuk ‘kq: fd;k tkrk gS vkSj 

foijhr dksus dh rjQ vkxs c<+rk gSA 

çR;sd iafä dks vxys ,d ls igys iwjk 

fd;k x;k gS] ftlesa  fudV bls ‘kq: 

fd;k tkrk gSA  VSjsl fczdodZ dk nhokjksa 

ij de ls de 150 feeh  ;k pkjksa 

vksj ls nhokjksa ij lgkjk gksuk pkfg,A 

Vsjsflax bZaV dks pwus eksVkZj feJ.k 1:1.5 

¼pwuk iqV~Vh % jsr] ek=k }kjk½ esa fcNk;k 

tkrk gSA eksVkZj tksM+ksa dh eksVkbZ 10 feeh 

ls vf/kd ugha gksuh pkfg,A fcNkus ds 

nkSjku] bZaVsa igys ls j[kh vklUu iafä dh 

vksj nck;h tkrh gSa rkfd ;g eksVkZj ds 

lkFk vPNh rjg ls ca/ks vkSj vkaf’kd :i 

ls ik’kZ~o fpidu iSnk djrh gS tks budks 

fQlyus ls jksdrk gSA bZV&lTtk ds 

Lo;a vkyfEcr vkdZ izfØ;k dks c<+kus ds 

fy,] bZaVksa dks bl rjg yxk;k tk ldrk 

gS fd bZaV ds fy, tksbLV ds chp ekewyh 

mBku gks] vke rkSj ij ;g mBku 5 

feeh ls vf/kd ugha gksuk pkfg,A tksbLV 

dks detksj Åapkb;ksa ds uhps ls lgkjk 

fn;k tk ldrk gS] tcfd Nr dks bZV& 

lTtk esa njkjksa ls cpkus ds fy, bl 

rjg fcNk;k tkrk gSA

bl çdkj ds Nr ij lsUVfjax fuekZ.k 

dh vko’;drk ugha gSA Vsjsl ij  bZaVksa 

ds lsV gksus ds ckn] pwus dh [kafMr bZaV 

}kjk  dqy dadzhV feJ.k dk vuqikr 1% 

24 ¼LysDM@de pwus dh [kafMr bZaV ek=k 

}kjk½ esa ,d ijr j[kh xbZ gS ftls 100 

feeh dh vkSlr eksVkbZ rd fcNk;h tkrh 

gSA pwus daØhV fcNkus ds ckn] çkjafHkd 

Hkjko 2 fdyksxzke ls vf/kd otu okys 

ydM+h ds Hkjko@jSej ¼nwjewB½ ds lkFk 

fd;k tkrk gS ftlls fd pwus daØhV dh 

ijr 75 feeh dh eksVh gks tkrh gSA blds 

ckn lesdu dks de ls de 7 fnuksa ds 

fy, gkFk ls Fkidh dj fd;k tkrk gS 

rkfd daØhV dks etcwr fd;k tk lds 

vkSj chVj daØhV ij dksbZ çHkko u M+kys] 

vkSj lrg ij] tc ml ij pksV ekjh 

tk;s rks vklkuh ls fjckmaM gks ldssA 

gkFk ls Fkidh ds nkSjku lrg dks pwus 

dk ikuh vkSj ‘kdZjk ds la;kstu ;k ,d 

VfeZufy;k pscqyk ¼dMqdsbZ ;k gkj<+½ ;k 

xqM+ ¼xqj vkSj xqxy½ ds ?kksy tks ikuh 

esa fHkxksus ls rS;kj fd;k tkrk gS] blls 

fNM+dko fd;k tkrk gSA Nr ;k Q’kZ 

fQfu’k djus ds lkFk Nr fuekZ.k dk 

dke lekIr gks tkrk gSA

iRFkj dh iêh;ka dh Nr 

xzsukbV] pwuk iRFkj] cyqvk iRFkj] 

LysV bR;kfn tSls çk—frd iRFkjksa ds 

LySc cM+s iSekus ij vka/kz çns’k] eSlwj] 

egkjk”Vª] jktLFkku] mÙkj çns’k] vkfn esa 

Q’kZ vkSj Nr ds fuekZ.k ds fy, mi;ksx 

fd, tkrs gSa] ;gka bl rjg ds iRFkj Hkjiwj 

ek=k esa miyC/k gSA ;g Hkkjrh; ekud 

IS 2792 ds varxZr gSaA lajpukRed Q’kZ 

;k Nrksa dk fuekZ.k tgka iRFkj dh LySc 

fudVrk ls tqM+h tksbLV dks lgkjk nsrh 

gSa vkSj pwus ds Bksl ;k lhesaV daØhV dh 

,d ijr ds :Ik esa vko’;d eafty ;k 

Nr dh fQfuf’akx esa vko’;d ;ksxnku 

nsrh gSA 

iRFkj dh ifV~V;k vkSj t‚bLV Q’kZ esa 

fuEufyf[kr ?kVd lfEefyr gksrs gS%

,½  Q’kZ LySc dks lgkjk nsus ds fy, 

t‚bLV 30 ls 80 lseh ds vfrfjä 

nwjh ij gksus pkgh;sA 

ch½ fufnZ”V vk;keksa dh LVksu LYkSc lgkjk 

nsus ds fy;s utnhdh ls fcNk;k 

tk;sxk  rkfd muds chp dk foLrkj 

gks ldsA LySc dks tksbLV ds  ‘kh”kZ 

ij ;k uhps ds fdukjksa ij fcNk;k 

tk ldrk gS] tSls fd jksYM LVhy ds 

tksbLV ds lkFk] budks uhps fudys 

gq, fdukjs ij j[kk tk ldrk gSA rc 

rd Nr ds ikuh ds fNæksa ds fy, 

fo’ks”k lko/kkuh cjrh tkrh gS] fupys 

fdukjksa ij LySo esa tax [kkuk Nr 

ds fy;s mi;qDr ugha gksrk gSA  Q’kZ 

ds fy,] bl fuekZ.k dks fMtkbuj ds 

fodYi ds :i esa fy;k tk ldrk gS 

D;ksafd vko’;drkvksa vkSj n`’; ds 

vk/kkj ij tksbLV dk p;u fd;k 

tkrk gSA

lh½ bUlqys’ku vkSj o‚VjçwfQax çkIr djus 

ds fy;s pwuk daØhV ;k lhesaV daØhV 

dh ,d ijr iRFkj dh LySc ij 

yxk;h xbZ gSA Nr dh fQfuf’kax 

ds fy;s iRFkj ds Q’kZ dks ;k rks 

vuqikr 1%3 dk fezJ.k ;k 20 feeh 

eksVs IykLVj ls  ;k vU; çdkj ds 

flesaV IykLVj ds lkFk Q’kZ@Nr 

cuk ldrs gaSA

fofHkUu çdkj ds LVksu LySc ds fy, 

vkM+s >qdko esa equkflc cy LySc dh 

vafre vkM+h etcwrh 1@10 ls vf/kd 

fp= 5% LVksu LySc Nr
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ugha gksA xzsukbV] cyqvk iRFkj vkSj pwuk 

iRFkj dh x.kuk esa vuqes; ruko ds fy, 

fuEufyf[kr ekuksa dk mi;ksx fd;k tk 

ldrk gS%

xzsukbV % 15 fdxzk@oxZ l-seh-

cyqvk iRFkj % 8 fdxzk@oxZ ls-eh-

pwuk iRFkj % 8 fdxzk@oxZ ls-eh-

mi;ksx fd;s tkus okys iRFkj dk 

;wfuV otu x.kuk ds fy;s] fo’ks”k :i 

ls bLrseky fd, tkus okys iRFkj ds 

fof’k”V ekuns; dh vuqifLFkfr esa 2]700 

fdxzk@?ku ehVj ds :i esa ekuk tk 

ldrk gSA gj fcanq ij ,d LySc dh 

eksVkbZ de ls de 3 lsaVhehVj ds v/khu] 

lajpukRed x.kuk ds vuqlkj mi;ksx ds 

fy, crk;s x;s funsZ’kksa ls de ugha gksuh 

pkfg,A

ckal fufeZr ?kj

ckal ydMh dk ,d mR—”V fodYi 

gSA Hkkjr esa] fo’ks”k :i ls fiNM+s xzkeh.k 

bykdksa esa tgka lM+d vkSj lapkj fodflr 

ugha  gSa] ckal ?kjksa ds  fuekZ.k esa ,d 

egRoiw.kZ Hkwfedk fuHkkrs gSa] ?kj ds midj.k  

vkfn  ds  fy,  rFkk  fofHkUu dkj.kksa ls 

taxyksa esa ydfM+;ksa dh vuqiyC/krk  ls] 

ckal vf/kd ls vf/kd vk/kkj çkIr dj 

jgk gSA Hkkjr nqfu;k esa ckal miyC/krk 

dk nwljk lcls cM+k mRiknd ns’k gSA 

ns’k ckal ds dqy mRiknu dk 45 izfr’kr 

dk mi;ksx dkxt m|ksxksa esa fd;k tk 

jgk gSA

ckal fuekZ.k vDlj m”.kdfVca/kh; 

ns’k esa xjhc xzkeh.k vkokl ls tqM+k 

gksrk gS] ysfdu ,d bekjr@Hkou lkexzh 

ds :i esa] ckal vius lajpukRed vkSj 

;kaf=d xq.kksa ds dkj.k cuk gqvk gS] 

ftlesa rkdr@otu vuqikr eq[; ,d 

dkj.k  gSA gkykafd ckal dks *xjhcksa ds 

ydMh* ds :i esa lanfHkZr fd;k x;k gS] 

ysfdu vc ;g rsth ls yksdfç; gks jgk 

gSA xSj çnw”k.kdkjh] fVdkÅ vkSj Hkwdai 

çfrjks/kh fuekZ.k lkexzh dh oSf’od ekax 

ds dkj.k] vkfdZVsDV~l ds chp ckal ds 

fuekZ.k esa rsth ls fnypLih c<+ jgh gSA 

ckal u dsoy NksVs lalk/kuksa okys leqnk;ksa 

ds fy, b”Vre lek/kku çnku djrs gSa] 

cfYd ;g fjlksVZ~l ds fy, mPp vkfFkZd 

Lrj ds is’ksojksa vkSj laLFkkuksa ds fy, 

,d yksdfç; lalk/ku vkSj v/;;u  dk 

fo”k; Hkh gSA

ckal dk fuekZ.k esa mi;ksx ds fy, 

dhM+ksa vkSj lM+ka/kksa ls cpko fd;k tkuk 

cgqr vko’;d gSA blds fy, lcls 

lkekU; rjhdk cksjsDl vkSj cksfjd ,flM 

dk feJ.k gSA ,d vU; çfØ;k esa dhVksa 

dks vkdf”kZr djus okys LVkpZ dks gVkus 

ds fy, dVs cklksa dks ikuh esa mckyuk Hkh 

‘kkfey gSaA ckal dks mu {ks=ksa esa daØhV 

ds fy, lq–<hdj.k ds ,ot esa bLrseky 

fd;k x;k gS tgka ;g Hkjiwj ek=k esa gSA 

ckal esa bl dk;Z dks iwjk djus dh t:jh 

rkdr gksrh gS] ysfdu vuqipkfjr ckal 

daØhV ls vo’kksf”kr ty ds lkFk Qwy 

tkrk gS] ftlls blesa njkj ¼QVus dh 

fLFkfr½ vk tkrh gSA bl deh dks iwjk 

djus ds fy;s dbZ çfØ;kvksa dk ikyu 

fd;k tkrk gSA

Hkkjr ds mÙkj&iwohZ {ks= esa ikjaifjd 

fuekZ.k esa T;knkrj ?kj BsB ckal ds gksrs 

gSa] ftUgsa LFkkuh; :i ls *bØk* uke ls 

tkuk tkrk gS] vkSj bls vklkeh ?kjksa ds 

:i esa Hkh igpkurs gaSA iwoksZÙkj Hkkjr esa 

bu vkoklksa dh dk;Zç.kkyh lkekU; gSa 

bl rjg ds vf/kdka’k ?kjksa dks vkoklh; 

mís’;ksa ds fy, mi;ksx fd;k tkrk gSA 

vkerkSj ij bu ?kjksa dks LFkkuh; gYds 

otu okys ckal] ydM+h ds r[rs] FkSp 

bR;kfn ds lkFk cuk;k tkrk gSA ,sls ?kjksa 

esa ckal@ydM+h ds che&LraHk  dh mfpr 

O;oLFkk gksrh gS vkSj vk;rkdkj gksus ls 

gYds Hkwdai ls lqj{kk Hkh iznku djrs gSaA

bØk ?kj bZaV ;k iRFkj dh fpukbZ okyh 

nhokjksa ds lkFk ,d eaftyk lajpuk,a gSa 

tks yxHkx 1 ehVj mWpkbZ ds pcwrjs ij 

cukbZ tkrh gSA ;g fpukbZ ydM+h ds Qzse 

ds lkFk ckal dh pVkbZ okyh nhokjksa dks 

lgkjk iznku djrh gS] ftls lhesaV ;k 

feêh ds IykLVj ds lkFk cuk;k tkrk 

gSA Nr esa vke rkSj ij ydM+h@ckal 

Vªl ij lefFkZr thvkbZ ‘khV gksrh gSa] 

tks ckn esa lekukarj nhokjksa dks tksM+rs 

gSaA  ckal  vf/kjpuk LVhy ds ,axy dk 

mi;ksx djrh gq;h fpukbZ okyh uhao dh 

nhokjksa ls tqM+k gS] vkSj cksYV vkSj dhy 

ls lery fd;s tkrs gSaA fiNys Hkwdai 

ds nkSjku bØk lajpukvksa esa fdlh Hkh 

egRoiw.kZ {kfr dh dksbZ fjiksVZ ugha vk;h 

FkhA

‘ka?kkbZ esa ,Dliks 2010 esa Hkkjr eaMy 

¼fp=% 6½ ds lajpukRed lnL;ksa ds fy, 

ckal dk bLrseky fd;k x;k FkkA eaMi 

fo’o dk lcls cM+k ckal xqacn gS] yxHkx 

34 ehVj dk O;kl gS] ckal dh che@

lnL;ksa dks Qsjks&daØhV LySc] tyjks/kh@

okVjizwQ] rkack IysV] lkSj ihoh iSuy] ,d 

NksVs ls ioupDdh vkSj thfor ikS/kksa ls 

lEiUu cuk;k gqvk gSA dqy 30 fdeh oxZ 

{ks= es ckal dk ç;ksx fd;k x;k FkkA 

fp= 7% ckal vkokl ç.kkyh &bØk vkoklfp= 6% ‘ka?kkbZ esa ,Dliks 2010 esa Hkkjr eaMi 
dk ckal xqacn
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xqacn 18 ehVj yacs LVhy ikby ds lkFk 

vkSj LVhy dh NYysnkj che dh ‘k`a[kyk 

ls cuk gSA ckal dks cksjSDl vkSj cksfjd 

,flM ls lkFk mipkfjr fd;k x;k Fkk] 

;g vfXujks/kd vkSj dhVuk’kd Fkk vkSj 

vko’;d vkdkj esa eqM+k gqvk FkkA ckal 

ds oxksaZ dks vko’;d yackbZ nsus ds fy;s 

lq–< lyk[kksa ds lkFk vkSj daØhV eksVkZj 

ds lkFk tksM+k x;k FkkA

daØhV Nr

lcls O;kid :i ls mi;ksx gksus okyh 

fuekZ.k lkexzh lhesaV eksVkZj vkSj daØhV 

gSaA ftu LFkkuksa ij etcwrh] LFkkf;Ro vkSj 

vkx çfrjks/k dh vko’;drk gksrh gS ogka 

ij ;g ilanhnk lkexzh gSA daØhV fdlh 

Hkh vkdkj esa cnyh tk ldrh gS vkSj 

okLrqdyk ds vuq:i gks ldrh gSA Hkouksa 

vkSj vU; lajpukvksa ds Q’kZ vkSj Nrksa 

ds fy, lqn`< lhesaV daØhV ¼vkjlhlh½ 

O;kid :i ls mi;ksx dh tkrh gSA 

çcfyr daØhV lajpukvksa ds fMtkbu 

vkSj fuekZ.k dks fofHkUu izfØ;kvksa ds dksM 

esa ‘kkfey fd;k x;k gSA Hkkjrh; ekud 

vkbZ,l%456 lajpukRed fMtkbu dks 

/;ku esa j[krs gq;s ;g lery vkSj lqn`< 

daØhV ls lacaf/kr gSA ;g ekud LFkkf;Ro 

ds fy, U;wure vko’;drkvksa dks Hkh 

fufnZ”V djrk gSA daØhV çkS|ksfxdh vkSj 

lqn`< vkSj daØhV lajpukvksa ds fy;s 

fo’ys”k.k] fMtkbu vkSj fuekZ.k fof/k;ka 

bruh fodflr dh xbZ gSa fd vc fdlh 

Hkh çdkj dh Bksl lajpuk dks rS;kj djuk 

laHko gSA ;g fdQk;rh vkSj fVdkÅ gks 

ldrk gSA

vkjlhlh LySc dk bLrseky ,dy 

vkSj cgq&eaftyk vkoklh; Hkouksa ds 

Q’kZ vkSj Nrksa ds fy, fd;k tkrk gSA 

cM+h vof/k ds fy,] LySc vkjlhlh che 

ij vkfJr gksrs gSa tks fd iwjh rjg ls 

LySCl ds lkFk Hkjh tkrh gSaA vkjlhlh 

lajpukvksa ds fy, daØhV dk U;wure xzsM 

,e 20 ¼28 fnuksa esa 20 ,eih, dh ,d 

fo’ks”k ncko okyh etcwrh gS½ lq–<hdj.k 

djus ds fy;s fo:fir lfj;ksa ftldk 

O;kl vkSj Lisflax lacaf/kr fMtkbZu ,oa 

ekudksa ds vuqlkj r; dh tkrh gSA

vkjlhlh LySc ds fuekZ.k ds fy,] 

ydM+h ;k LVhy dk bLrseky djds 

lsUVjhax vkSj Q‚eZodZ j[ks tkrs gSaA 

vktdy LVhy ds Q‚eZ cgqr yksdfç; 

gSaA daØhV ds fcNkus vkSj la?kuu ds 

nkSjku QkWeZ dks Bksl gksuk pkfg,A daØhV 

ds Lo;a dk Hkkj vkSj tks yksx dke dj 

jgsa gS ds otu esa rkyesy cgqr t:jh 

gS D;ksfd daØhV dkQh ‘kfDr ekaxrk gSA  

ik’oZ lgkjs ds fy, lsUVjhax esa i;kZIr 

czsflax gksuk pkfg,A

rS;kj fefJr daØhV IykaV ¼vkj,elh½ 

}kjk rS;kj fefJr daØhV dks çkFkfedrk 

nh tkrh gSA cM+h vkSj e/;e ifj;kstuk 

LFkyksa ds fy, daØhV rS;kj fefJr Bksl 

IykaV ls ;k vkWu lkbV ;k vkWQ lkbV 

cSfpax vkSj fefDlax IykaV ls çkIr fd;k 

tkuk pkfg,A dbZ ‘kgjksa esa dbZ vkj,elh 

IykaV vk jgsas gSa vkSj vko’;d ek=k esa 

etcwr daØhV vkSj mfpr le; ij bu 

IykaV ls vkns’k nsdj eaxk;k tk ldrk 

gSA 

cgq&eaftyk bekjrksa esa] vkjlhlh 

lajpuk,a vkjlhlh d‚ye] che vkSj 

LySc flLVe ds lkFk mi;ksx dh tkrh 

gSaA os gok vkSj Hkwdaih; Hkkj ds fy, 

rS;kj fd, x, gSa] ftuesa çklafxd ekudksa 

ds vuqlkj ewy vkSj ykbo Hkkj ‘kkfey 

gSaA lq–<hdj.k dk fooj.k djuk cgqr 

egRoiw.kZ gSA Hkwdaih; çfrjks/kh lajpukvksa 

ds fy,] Hkkjrh; ekud vkbZ,l 13920 

ds vuqlkj xBuh; fooj.k çnku fd;k 

tkuk pkfg;sA

cM+h ifj;kstukvksa ds fy,] fuekZ.k 

dk;Z dks de djus ds fy, iwoZfufeZr 

daØhV bdkb;ksa dk mi;ksx fd;k tkrk 

gSA iwoZfufeZr daØhV mPp xq.koÙkk dk 

gks ldrk gSA iwoZfufeZr Q’kZ vkSj Nr 

bdkb;ksa ds fofHkUu çdkjksa dk mi;ksx 

fd;k tk ldrk gSA Ýse dh x;h 

lajpukvksa ds fy,] iwoZfufeZr daØhV 

che vkSj dkWye dk bLrseky fd;k tk 

ldrk gSA iwoZfufeZr daØhV lajpukvksa esa 

tkWbaVl+ cgqr egRoiw.kZ gSaA

lanHkZ%
Hkou fuekZ.k lkexzh ds :i esa ckalA okf’kaxVu Mh-lh-% 1- 
vesfjdk ds —f”k foHkkxA 1981A ihih- 7&11- 11 vxLr 
2009 dks iqu%çkIr

2- ,LcsLVl ij rF;] ,LcsLVksl lhesaV çksMDV~l 
mRiknd* la?k] ubZ fnYyh] http://www-acpma-com/
fact&asbestos-html

3- xkSYVhbjh ,- ,Q] vkSj ,- VkVkZfXy;k ¼vxLr 2000½A 
**ikjaifjd fljsfed esa ,LcsLVl vkSj jhlkbfDyax dk 
FkeZy   vi?kVu**- tuZy v‚Q n ;wjksih; fljsfed 
lkslk;Vh] 20 ¼9½ 1409&1418- 

4- ckal] ij iqfLrdkA bZ-Mh-,l] ,e-,y- pkS/kjh vkSj ,l- 
ds- ‘kekZ] jk”Vªh; ckal fe’ku d`f”k ea=ky;] dh vksj ls 
çdkf’kr] Hkkjr ljdkj dsu vkSj ckal çkS|ksfxdh dsaæ 
¼iwoZ vkSj iwoksZÙkj jkT;ksa ds fy, ckal rduhdh lgk;rk 
lewg½] twu 2008A 

5- fyukssfy lh-ih- osjuslh] Mh-,u- cksdSDlhuh] ,e-vkj- 
fjOlh] ,y- ckjcsjh] ,Q- ,aMªksyk] vkbZ- ykadksYyh] 
Mh- jkfcrh] vkSj th-lh- isysdkuh ¼31 tqykbZ 2006½A 
ikjaifjd fljsfed esa vif’k”V vkSj bldh jhlkbfDyax 
;qä ,LcsLVksl ds ekbØksoso FkeZy vlaxfr [krjukd 
lkexzh dk tuZy] 135 ¼1&3½% 149&155 

6- ekSfyd Mh- dDdM+ vkSj lh-,l- la/koh] vk/kqfud 
fuekZ.k çFkkvksa ds lkFk ckal ¼bØk½ gkmflax flLVe 
dh rqyukRed v/;;u] bathfu;fjax vkSj çkS|ksfxdh 
ds gkfy;k #>kuksa ij jk”Vªh; lEesyu] ch-oh-,e- 
bathfu;fjax d‚yst] oh-oh- uxj] xqtjkr] 13&4 ebZ] 
2011A   

7- lksuh] Mk- ds- ,e- ¼2011½ fo’o ,Dliks 2010 esa Hkkjr 
eaMi ,uch,e ehfM;k 7 tqykbZ 2011 dks iqu% çkIrA

8- vkbZ,l% 277] tLrh LVhy ‘khV ¼lkns vkSj ukyhnkj½ ds 
fy, fofunsZ’k] Hkkjrh; ekud C;wjks] 2003A 

9- vkbZ,l% 456] lknk vkSj çcfyr daØhV ds fy, vH;kl 
dh lafgrk] Hkkjrh; ekud C;wjks] 2005A

10- vkbZ,l% 459] ukyhnkj vkSj v/kZ ukyhnkj vHkzd lhesaV 
‘khV ds fy, fof’k”Vrk] Hkkjrh; ekud C;wjks] 1992A

11- ,l 1592] ,LcsLVl lhesaV ncko ikbi vkSj tksM+ksa ds 
fy, fof’k”Vrk] Hkkjrh; ekud C;wjks] 2003A

12- vkbZ,l% 1626 ¼Hkkx 3½] ,LcsLVl lhesaV fcfYMax ikbi 
vkSj ikbi fQfVax] xVj vkSj xVj fQfVax vkSj Nr 
fQfVaXl] Hkkjrh; ekud C;wjks] 1994 ds fy, fof’k”VrkA 

13- vkbZ,l% 2096] ,LcsLVl lhesaV ¶ySV ‘khV~l ds fy, 
fof’k”Vrk] Hkkjrh; ekud C;wjks] 1992A

14- vkbZ,l% 2098] ,LcsLVksl lhesaV fcfYMax cksMksaZ ds fy, 
fof’k”Vrk] Hkkjrh; ekud C;wjks] 1997A 

15- vkbZ,l% 2119] bZaV&d‚dsafVd dEiksftV ¼eækl Vsjsl½ 
Q’kZ vkSj Nr] Hkkjrh; ekud C;wjks] 2002 ds fuekZ.k ds 
fy, vH;kl dh lafgrkA

16- vkbZ,l% 2792] Hkkjrh; ekud C;wjks] 2000 esa ft;ksLV 
Q’kZ ij iRFkj dh LySc ds fMtkbu vkSj fuekZ.k ds fy, 
vH;kl dh lafgrkA

17- vkbZ,l% 13920] Hkwdaih; rkdrksa ds v/khu çcfyr daØhV 
lajpukvksa dk fooj.k] Hkkjrh; ekud C;wjks] 1993A

*****fp= 8% vkjlhlh Hkou@fcfYMax
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Promotional Publications of 
BMTPC

 Publications may be obtained by sending Demand Draft, drawn in favour of 
BMTPC payable at New Delhi

Priced Publications of BMTPC

GUIDELINES FOR IMPROVING 
EARTHQUAKE RESISTANCE OF 

HOUSING -
84 pages, Rs. 350 + 75 postage

GUIDELINES FOR IMPROVING 
WIND/CYCLONE RESISTANCE OF 

HOUSING - 50 pages, Rs. 350 + 
75 postage

STANDARDS AND SPECIFICATIONS 
FOR COST EFFECTIVE INNOVATIVE 

BUILDING MATERIALS AND 
TECHNIQUES INCLUDING RATE 
ANALYSIS (SECOND EDITION)
200 pages, Rs. 250 + 75 postage

BUILDING A HAzARD- RESISTANT 
HOUSE:

A COMMON MAN’S GUIDE-
88pages, Rs. 350+75

postage

VULNERABILITY ATLAS OF INDIA 
(First Revision – 2006) -  Earthquake, 
Windstorm and Flood Hazard Maps 
and Damage Risk to Housing - 900 

pages, Rs. 5000 + 200 postage

BUILDING MATERIALS IN INDIA : 50 
YEARS - 560 pages, Rs.1500 + 200 

postage

MANUAL FOR RESTORATION AND 
RETROFITTING OF BUILDINGS 

IN UTTRAKHAND AND HIMACHAL 
PRADESH -

134 pages, Rs.250+ 75
postage

GUIDELINES FOR IMPROVING 
FLOOD RESISTANCE OF 

HOUSING -
36 pages, Rs. 200 + 50 postage

LANDSLIDE HAzARD zONATION 
ATLAS OF INDIA  -  Landslide 

Hazard Maps and Cases Studies - 
125 pages, Rs.2500 + 200 postage 

HOUSING AND KEY BUILDING 
MATERIALS IN INDIA - A LONG 

TERM PERSPECTIVE - 98 pages, Rs. 
700 + 75 postage

USER’S MANUAL  on Production
of Cost-Effective, Environment-
Friendly and Energy-Efficient

Building Components -
116 Pages, Rs. 250 + 50 postage

EARTHQUAKE TIPS – LEARNING 
EARTHQUAKE DESIGN & 

CONSTRUCTION (Third Edition)
 76 pages, Rs.200 + 50 postage

MANUAL ON BASICS OF DUCTILE 
DETAILING -

27 pages, Rs. 100+50
postage

Published by:
BMTPC, New Delhi
For Further Details write or contact:
The Executive Director
Building Materials & Technology 
Promotion Council 
Ministry of Housing & Urban Affairs
Core-5A, First Floor, India Habitat Centre, 
Lodhi Road, New Delhi - 110 003
Tel.: 91-11-2463 8096, Fax: 91-11-2464 2849
E-mail:  info@bmtpc.org; 
Website: www.bmtpc.org

1. Corporate Brochure - in English and Hindi
2. BMTPC Newsletters
3. Bamboo in Housing & Building Construction - 

Initiatives of BMTPC
4. Seismic Retrofitting of MCD School Buildings in 

New Delhi
5. Disaster Mitigation and Management – Initiatives 

by BMTPC 
6. Propagation of Cost Effective and Disaster 

Resistant Technologies through Demonstration 
Construction 

7. Design & Construction of Earthquake Resistant 
Structures – A Practical Treatise for Engineers 
and Architects

8.  Disaster Risk Reduction - A Handbook for Urban 
Managers

9.  Emerging Building Materials & Construction 
Technologies - A compilation 

10. Guidelines on “Manual on Basics of Formwork”
11. GFRG/Rapidwall Building Structural Design 

Manual
12. Training and Certification Manual for Field and 

Lab Technicians working with concrete
13. Training Manual for Supervisor (English & Hindi)
14. Waste to Wealth: Green Building Materials and 

Construction Technologies using Agricultural and 
Industrial Waste.

15. CD on Guidelines for Technical Training of Masons 
in Hindi

16. Guidelines for Multi-Hazard Resistant Construction 
for EWS Housing Projects

17. Guidelines on “Aapda Pratirodhi Bhawan Nirman 
: Sampurn Bharat ke liye Margdarshika

18. Design Packages using Alternate Building 
Materials & Technologies for Western and 
Southern Regions.

19. Criteria for Production Control of Ready Mix 
Concrete for RMC Capability Certification

20. Explanatory Handbook on Performance Appraisal 
Certification Scheme (PACS)

21. Building Artisan Certification System
22. Guidelines on “Rapid Visual Screening of Buildings 

of Masonry and Reinforced Concrete as Prevalent 
in India”.

23. Methodology for Documenting Seismic Safety of 
Housing Typologies in India 

24. Compendium of  Prospect ive Emerging 
Technologies for Mass Housing - 2nd Edition

25. Demonstrating Cost Effective Technologies – 
A Case Study of Bawana Industrial Workers 
Housing

26. Margdarshika for Masons (in Hindi)
27. Pocket Book on Emerging Construction Systems

Disclaimer: The views expressed in various articles are those of the authors. They do not necessarily represent 
those of the BMTPC.

MANUAL  ON WATERPROOFING OF 
GFRG BUILDINGS

70 pages, Rs. 200 + 50 postage

GUIDEBOOK ON EARTHQUAKE 
RESISTANT DESIGN AND 

CONSTRUCTION -
366 pages, Rs. 1000+200

postage

SCHEDULE OF ITEMS & 
RATE ANALYSIS FOR GFRG 

CONSTRUTION
50 pages, Rs. 200 + 50 postage
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Building Materials & Technology Promotion Council 
(BMTPC) under the Ministry of Housing & Urban Affairs 
strives to bridge the gap between laboratory research 
and field level application in the area of building materials 
and construction technologies including disaster resistant 
construction practices.

Vision
“BMTPC to be world class knowledge and demonstration 
hub for providing solutions to all with special focus 
on common man in the area of sustainable building 
materials, appropriate construction technologies & 
systems including disaster resistant construction.”

Mission
“To work towards a comprehensive and integrated 
approach for promotion and transfer of potential, cost-
effective, environment-friendly, disaster resistant building 
materials and technologies including locally available 
materials from lab to land for sustainable development 
of housing.”


