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INAE has a three-tier interaction with the engineering and technological community, 
through eminent engineers and technologists who are elected as Fellows, Young 
Associates and Student Members. The Academy undertakes a large number of 
meaningful technical activities each year, which have enhanced its visibility in the 
national engineering domain. The activities of the Academy are carried out through 
the Fellowship and Young Associates supported by a lean team of professionals at 
INAE Headquarters

INAE honours Indian and Foreign nationals who are elected by “peer” committees in 
recognition of their personal achievements in “Engineering” which are of 
exceptional merit and have demonstrated distinctive eminence in the new and 
developing elds of technology. In the year 2022, INAE has 890 Fellows from India 
and 94 Foreign Fellows on its rolls identied in ten Engineering Sections. As the only 
engineering Academy of the country, INAE represents India at the International 
Council of Academies of Engineering and Technological Sciences (CAETS); a 
premier non-governmental international organization contributing to the 
advancement of science & technology and sustainable economic growth. 

The Indian National Academy of Engineering (INAE), established on April 20, 1987 
as a Society under the Societies Registration Act, is an autonomous professional 
body. INAE was formally inaugurated on 11th April 1988 at New Delhi by the 
Hon'ble Prime Minister of India. It is supported partly through grant-in-aid by the 
Department of Science & Technology, Government of India since 1995. INAE 
comprises India's most distinguished engineers, engineer-scientists and 
technologists covering the entire spectrum of engineering disciplines. It was 
established with the mission of providing vital inputs to the planning for the country's 
development, particularly related to engineering and technological content and 
depth. The Academy provides a forum for futuristic planning for country's 
development requiring engineering and technological inputs and brings together 
specialists from such elds as may be necessary for comprehensive solutions to the 
needs of the country. 
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Light House Project at Chennai

Technology- Precast Concrete Construction System



1. INTRODUCTION

1.1 The Forum

Urban Traffic & Transportation

 Housing

Chairman
Members - 

, 

. 

1.2 Need for the Study
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1.3 Objectives and Scope
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.

1.4 Methodology Adopted

.

Housing Scenario in India
Concepts and Technologies for Housing
Industrialised Building Systems,
Recommended Technologies for IBS,Enablers
for Implementation of Emerging
Technologies Standardisation in Housing,
Recommendations & Way Forward, 



1.5 The Report

Housing Scenario in India
Concepts and Technologies for Housing
Industrialised Building Systems,
Recommended Technologies for IBS,Enablers
for Implementation of Emerging
Technologies Standardisation in Housing.

 Recommendations
  Way Forward
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Panchkula, Haryana Agartala, Tirupura



2. HOUSING SCENARIO IN INDIA

2.1 Existing Status of Housing -
Rural and Urban

Annexure 2.1.
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(Source: Assessing
Employment Generation under PMAY-
Urban, National Institute of Public Finance
and Policy, February 2019).

, (Census
of India, 2011, Provisional Population Totals,
Ministry of Home Affairs, Government of
India)

) (Population
Projection as per 1991-2001 Growth, by
Census of India, Ministry of Home Affairs,
Government of India)
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Table 2.1

Table 2.1 : Housing Shortage (in millions)

Year Rural Urban Total

Source: Census of India 2011 as per 11th Plan (2007-
12) Planning Commission, Govt. of India

2.2.1 Data from Government Source

2.2 Demand for Housing
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Figure 2.1

Source: Report of Technical Group on Urban Housing Shortage (TG-12) (2012-17) constituted by NBO

Fig. 2.1: Housing Shortage (in millions, statewise)
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2.2.2 Data from Non-Government
Sources

 Brick by Brick - RICS and Knight
Frank, 2019

 Funding the Vision: Housing for All
by 2022 - KPMG-NAREDCO, 2014
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Table 2.2  Table 2.3

Table 2.2: Housing demand– Urban and Rural

Particulars Urban Rural Total
(million units) (million units) (million units)

Source: Census 2011; Report of the technical group on urban housing shortage (2012-17), Ministry of Housing
and Urban Poverty Alleviation; Working Group on Rural Housing for XII Five Year Plan, Ministry of Rural
Development; KPMG in India analysis 2014

Table 2.3: India’s housing need as estimated for 2022

Particulars Urban Rural Total
(crore units) (crore units) (crore units)

Source: Funding the vision — Housing for all by 2022, KPMG in India, 2014

 Affordable housing – The order of
the day
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2.3 Housing Schemes in India since
Independence

2.3.1 Central Government Housing
Schemes

 Housing Programmes in the First
and the Second Five-Year Plans
(1951-1961)

- Subsidized Housing Scheme for
Industrial Workers and the
Economically Weaker Sections -

- Low-Income Housing Scheme of
1954

- The Slum Clearance and
Improvement Programme of 1956

- Village Housing Project Scheme
(1957)
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- Land Acquisition and Development
Scheme (1959)

 Housing Programmes in the 1970s
to 1990s

- Schemes for Provision of Housing
Sites to Landless Workers in Rural
Areas (1971)

- Minimum Needs Programme -

- One Lakh Housing Schemes (OLHS)
-
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- Subsidies Aimed at Self Help
Housing Schemes (SASH) -

- Indira Awas Yojana (IAY) - 

80:20
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- Credit-cum-Subsidy Scheme (CCSS)
for Rural Housing - 

- The National Slum Development
Programme (NSDP) -

- Two Million Housing Programme -

 Housing Schemes in the 21st
Century

- The Jawaharlal Nehru National
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Urban Renewal Mission (JNNURM)
 

economically productive,
efficient, equitable and responsive cities

Basic Services for the Urban
Poor (BSUP) -

- Integrated Housing and Slum
Development Programme (IHSDP) -

- Rajiv Awas Yojana (RAY)
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 Pradhan Mantri Awas Yojana
(PMAY)

- Pradhan Mantri Awas Yojana –
Urban (PMAY-U)

Figure 2.2.
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Source: PMAY(U) Guidelines, MoHUA

Figure 2.2: Implementation of PMAY(U)

 

Table 2.4

Annexure 2.2
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Table 2.3: Physical and Financial Progress under PMAY(U)

[as in August 2022]
Sr. Particulars Credit (In-situ Slum Affordable Beneficiary Achievement

No. Linked Redevelopment Housing in  Led under

Subsidy (ISSR) Partnership Construction PMAY (U)

Scheme (AHP) (BLC)

(CLSS)

- Pradhan Mantri Awas Yojana -
Gramin (PMAY-G)
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Annexure 2.3

2.3.2 State Government Housing Schemes

Delhi Development Authority Housing
Scheme, 2018 

Tamil Nadu Housing Board Scheme
(TNHB)

Maharashtra Housing and Area
Development Authority (MHADA),
2018

NTR Urban Housing Scheme, 2017-18 
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2.4 Government Policies on
Housing - Central and States

2.4.1 National Urban Housing and
Habitat Policy 2007

Urban
Planning

Increase Supply
of Land

Special
Provision for Women

Employment Generation

Management Information System

2.4.2 Policies of State Governments

Madhya Pradesh Housing & Habitat
Policy-2007
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Rajasthan Affordable Housing Policy-
2009

Kerala State Housing Policy- 2011
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Gujarat Mukhya Mantri Housing
Scheme-2014

Assam Urban Affordable Housing &
Habitat Policy-2015

New Maharashtra State Housing Policy
& Action Plan-2015
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Delhi Land Pooling Policy (Delhi LLP)

2.5 Housing Sector Supply
Initiatives
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2.5.1 Real Estate Industry–(Developers–
RERA Act)

Investors
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Developers

Corporate occupiers

Consumers

2.5.2 Post COVID-19 Initiatives
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CONCEPTS & TECHNOLOGIES FOR
HOUSING





3. CONCEPTS & TECHNOLOGIES
FOR HOUSING

3.1 Housing Typology and
Categorization in India

a) Type of Roof:

b) Type of Wall:

c) Type of Flooring:

35
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Based on Types of Wall

Category – A

Category – B

Category – C

Category – X

Based on Types of Roof

Category - R1

Category - R2

Category - R3

Table 3.1

Annexure 3.1

Table 3.1: Housing Distribution based on the Categories

Wall / Roof 2001 Census Houses 2011 Census Houses

No. of Houses % No. of Houses %

WALL

TOTAL BUILDING UNITS 24,90,95,869 30,48,82,448

ROOF

TOTAL BUILDING UNITS 24,90,95,869 30,48,82,448*
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3.2 Housing Design, Construction
and Materials

3.2.1 Rural Housing



 

 










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

 

 





 

 

3.2.2 Urban Housing






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

 



 







3.3 Appropriate Technologies for
Housing
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 Walling Materials
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Annexure 3.2







 Roofing materials
























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









Annexure 3.3

 Doors and windows

 Other Elements






















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3.4 Disaster Risks in Housing Sector
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3.5 Emerging Construction
Technologies
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3.6 Prevailing Conventional
Construction Systems

 Load Bearing Structure

 RCC Framed Structure

3.7 Technologies from GHTC-India
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.

3.7.1 Precast Concrete Construction
System – 3D Precast Volumetric

3.7.2 Precast Concrete Construction
System – Precast Components Assembled
at site
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3.7.3 Light Gauge Steel Structural System
& Pre-engineered Steel Structural System

 Light Gauge Steel Framed Structure
(LGSFS) 

 Pre-engineered Steel Structural
System (PEB) 
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3.7.4 Prefabricated Sandwich Panel
System

3.7.5 Monolithic Concrete Construction



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

49

3.7.6 Stay in Place Formwork System
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3.8 Demonstration of Emerging
Technologies

3.8.1 Housing with New Technologies

Annexure 3.6

Table 3.2: Details of Various Emerging Technologies under Implementation

S. Name of Technology Number of
No. Houses being

Constructed

Total 15,02,611

Note: The figures mentioned in the table are referring to the implementation in various stages
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3.8.2 Light House Projects under GHTC-
India

Table 3.3.

Table 3.3 : Details of Light House Project

S.No. Location DUs, Storeys Technology

3.8.3 Demonstration Housing Projects

Table 3.4



Table 3.4: Demonstration Projects by BMTPC under PMAY (U)

S.No. Location No. of DUs Emerging Technologies

52



INDUSTRIALISED BUILDING SYSTEMS
(IBS)



Light House Project at Indore

Technology- Prefabricated Sandwich Panel
System with pre-engineered steel structural
system



4. INDUSTRIALISED BUILDING
SYSTEMS (IBS)

4.1 Basic Characteristics of IBS and
Broad Types

4.1.1 Overview of IBS and
Characteristics

4.1.2 Classifications of IBS

4.1.3 Advantages of IBS

55
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4.2 Enablers for IBS
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4.3 Problems Faced in
Implementing IBS

4.3.1 Issues Faced in Other Countries
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4.3.2 Issues Faced in India

4.4 Examples of IBS Practices and
Incentives Available

4.4.1 Status in Other Countries
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4.4.2 Status of Various Systems used in
India

 Timber and Steel Systems

 Lift slab and Tilt-up slab Systems
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 Frames and Blockwork Systems

 Confined Masonry System

 System Formwork Construction

 Precast Concrete Construction
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 3D Printed Concrete

Annexure 4.1.

4.5 Standards and Specifications for
IBS

4.5.1 Available BIS Standards



4.5.2 Handbook for Precast Concrete
Construction

4.5.3 Contracting Systems for IBS

62
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IBS





5. RECOMMENDED TECHNOLOGIES
FOR IBS

5.1 Review of Emerging
Construction Systems

5.1.1 Precast Concrete Construction
System (PCConS) – 3D Precast
Volumetric

65
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5.1.2 Precast Concrete Construction
System – Precast Components Assembled
at Site
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5.1.3 Light Gauge Steel Structural System
(LGSS)

5.1.4 Pre-engineered Steel Structural
System

5.1.5 Prefabricated Sandwich Panel
System

Sandwich panel system with outer walls
of various types of boards with in-fill
lightweight concrete and slabs
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Sandwich Panel system with reinforced
Expanded Polystyrene Core Panel
System (EPS):

 

5.1.6 Monolithic Concrete Construction
using System Formwork
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5.1.7 Stay-In- Place Formwork System

5.2 Requirements for Adopting
Modern Technologies for Mass
Housing

5.3 Recommended Technologies for
Mass Housing
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5.4 Typical Success Stories

Figures 5.1 5.3.

Figures 5.4 5.5.

Figure 5.1: Example of Successful Application of Precast Concrete Construction



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

71

Figure 5.2: Example of Successful Application of Monolithic Construction
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Figure 5.3: Example of Successful Application of Shear Wall-Aluminium Formwork

Figure 5.4: Example of Pre-Fabricated Steel Construction in Mohali, Punjab
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Typical Lage Panel

Day 42

Day 71. External Finishing Completed

Day 91- All Floor Lobbies and Elevators
Ready

Figure 5.5: Mission 96 - 96 flats in 96 days



5.5 Future of IBS in India
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ENABLERS FOR IMPLEMENTATION OF
EMERGING TECHNOLOGIES



Demonstration Housing Project, Hyderabad

Technology- Structural Stay in Place formwork
System and Light Gauge Steel framed structure



6. ENABLERS FOR IMPLEMENTATION OF
EMERGING TECHNOLOGIES

6.1 General

6.2 Basic Differences between
Conventional and Modern Methods

77
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.

,

S.No Traditional Methods Modern Methods
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.
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6.3 Mainstreaming Emerging
Technologies–Issues and Possible
Solutions

.

6.3.1 Preparedness Issues

Action: Develop a comprehensive
knowledge base and BIS Standards on
the new technologies

Action: Policy level interventions
through a committee of experts
representing technical and financial
departments.

Action: Incentivize innovation in
construction through the suggested
Nodal Development Body.

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

Action: Create a pool of specialists and
training establishments, through the
Nodal Development Body.

Action: Capacity building and skill
development using various agencies,
such as CIDC, BMTPC, etc. to be taken
up.

Action: Initiate IEC through the Nodal
Development Body.
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6.3.2 Skilled Back-up & Cost Issues

.

.

Action: Configure large-size work
packages and stipulate emerging
technologies for mass housing.

6.3.3 Procurement Issues

,
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.

Action: Bring in a new Procurement
Policy

Action: Revisit existing pre-
qualification criteria in tender
documents.

Action: Prepare modular plans and
concepts for different geo-climatic
regions of India.



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

83

Action: Demonstration projects to
be created with new technologies.
Assess the learnings from the new
Light House Projects and circulate.

6.4 Issues in Implementation of
Emerging Technologies

6.4.1 Affordable Housing Schemes





6.4.2 Identifying New Technologies




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

,



,

6.4.3 Other Issues



,




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6.5 Specified Contractual Issues in
Identifies Public Sector Schemes

6.5.1 Prequalification System



 -





6.5.2 Contractual Formats & Clauses



,



,
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6.5.3 Architectural & Structural Design

6.6 Some Additional Issues

6.6.1 Cost Estimate

6.6.2 Handing Over and Commencement
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6.6.3 Technology Issues

,

6.6.4 Taxation Issues

6.6.5 Continuity of broad policies

.

6.6.6 Non-uniformity in Administrative
Processes for Approvals

6.6.7 Impact of Contractual Issues
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.

6.7 Specific Requirements for
Promoting PCCon (Precast Concrete
Construction) System

,

For the promotion of PCCon a Nodal Agency
is required to coordinate as follows:

.
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STANDARDIZATION IN HOUSING



PMAY(U) Project East Godavari-Andhra Pradesh

Technology - Monolithic Concrete Construction System



7. STANDARDIZATION IN
HOUSING

7.1 Introduction

74th

Constitutional Amendment Act, 1992

Bureau of Indian Standards Act, 2016
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7.2 Indian Standards for Building
Materials and Components

7.3 Indian Standards for Design and
Construction

7.4 National Building Code of India



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

95

7.5 Standards for Housing
Technologies and Industrialized
Building Systems

third revision

first revision

first
revision

first revision
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7.6 Handbook for Precast Concrete
Construction (PCCon)

7.6.1 Background
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7.6.2 Contents of Handbook

























in-situ



7.6.3 Methodology for Compilation

7.6.4 Methodology for Widespread Use
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THE RECOMMENDED WAY FORWARD



PMAY(U) Project Naya Raipur- Chattisgarh

Technology- Precast Concrete Technology



8. THE RECOMMENDED WAY
FORWARD

8.1 Introduction

the recommended
way forward

Financial, Efficient Land Use, Appropriate
Technologies for Construction,
Mainstreaming of Technologies by Policy,
and, Developmental Studies.

8.2 Financial Issues

life cycle cost
initial cost

8.3 Efficient Land Use

8.4 Appropriate Technologies for
Construction

101
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8.5 Mainstreaming of Modern
Technologies

8.5.1 New Technologies
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8.5.2 Industrialized Building Systems
(IBS)

8.6 Developmental Studies
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Annexure 2.1

SUMMARY OF OBJECTIVES IN SDG 11
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Annexure 2.2

Pradhan Mantri Awas Yojana (Urban) - Housing for All (HFA)
States/UTs wise Progress
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Annexure 2.3
STATE-WISE TARGETS AND PROGRESS (PMAY-Gramin)
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Annexure 3.1
DETAILS OF RURAL AND URBAN HOUSING STOCK

AS PER CENSUS 2001 & 2011
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Annexure 3.2

PREVALENT WALLING CONSTRUCTION SYSTEMS

i) Rat Trap Bond: 

Figure A3.1: Rat Trap Bond

ii) Staggered Masonry System:

Figure A3.2. Staggered Masonry System



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

113

iii) Precast Stone Block Masonry
System: 

Figure A3.3. Precast Stone Block Masonry

iv) Hollow Concrete Block Masonry
System: 

 

Figure A3.4. Hollow concrete block masonry

v) Confined masonry system: 
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Figure A3.5. Building with Confined Masonry

vi) Ashlar Masonry System: 

Figure A3.6. Ashlar Masonry System

vii)Random Rubble Masonry System:
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Figure A3.7. Random rubble masonry Image

Source: Clviconcepts.com

viii) Rammed Earth System: 

Figure A3.8. Rammed Earth System Image

Source: research gate.net

ix) Compressed Earth Block Masonry
System: 
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-

Figure A3.9. Compressed earth block
masonry system Image

Source: Wikipedia.org

x) Fly Ash Bricks: 
Figure A3.10. Fly Ash Bricks Image

Source: Indiamart

xi) Other Walling Systems Particularly
Relevant For Rural Housing: 
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xii) Bamboo Strip Walling: 

Figure A3.11. Bamboo strip walling

xiii) Kath-kuni Walling: 

Figure A3.12. Kath-kuni Walling Image
Source: architecturaldigest.in



INAE FORUM ON CIVIL INFRASTRUCTURE (HOUSING IN INDIA)

118

Dhajji-diwari walling system

Figure A3.13. Dhajji-diwari walling System
Image

Source: www.iik.ac.in
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Annexure 3.3

PREVALENT ROOFING MATERIALS/ SYSTEMS

(i) Clay/micro-concrete Tiled Roofing
with Insulation over Timber/Ferro-
cement rafters: 

Figure A3.14. Micro-concrete tiled roofing

(ii) Terraces with Insulation - Madras
Terrace: 

Figure A3.15. Madras Terrace

(iii) Various Roof Coverings: 
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(iv)Prefabricated Brick Panel System:

Figure A3.16. Prefabricated Brick Panel

(v) 'L' panel Roofing (Precast L-Panel
Roofing): 
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Figure A3.17. 'L' panel (above) &

Filler slab roofing

(vi) Filler Slab Roofing with Various
Filler Materials: 

(vii) RCC Channel Units (Precast
Channel Unit): 
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Figure A3.18. RCC channel units

(viii) Ferro-Cement Roofing Elements
(Ferro-Cement Roofing
Channels): 

Figure A3.19. Ferro-Cement Roofing
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Annexure 4.1

DETAILS OF 3D CONCRETE PRINTING

(i) What is 3D Printed Concrete?

 

(ii) Advantages of 3D Printed Concrete
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(iii) Examples so far

(iv) The Process
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(v) Equipment required

(vi) Materials required
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(vii) Other aspects

(viii) Further Work
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Appendix A

List of domain experts/organizations with whom Extended
Summary was shared and invited for discussion

Sr. No. Name
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List of Academic/Industry experts

Sr. No. Name

 Industry experts
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List of INAE Fellows
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Appendix B

INAE Forum on Infrastructure (HOUSING)
Discussion Meeting Online

09 December, 2021. 12noon – 13.30 hrs

PROGRAMME

Welcome Lt. Col. (Retd.) Shobhit Rai

Deputy Executive Director INAE

About the Study on Housing Professor Prem Krishna

Chairman, INAE Forum on

Civil Infrastructure

The Housing Scenario in India Professor P K Sikdar, FNAE

Emerging Technologies for Mass Housing Dr. S K Agarwal

Executive Director, BMTPC

(Buildings Materials and

Technology Promotion Council)

Impediments & Way Forward Prof. N. Raghavan, FNAE

Invited Address Shri Durga Shankar Mishra,

Secretary MH&UA

Presidential Remarks Professor Indranil Manna,

President, INAE

Discussion

                                      Moderators: Prof. S. K Bhattachharyya, FNAE

Dr. Mangu Singh, FNAE

Conclusion of Proceedings Professor Mahesh Tandon, FNAE
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INAE has a three-tier interaction with the engineering and technological community, 
through eminent engineers and technologists who are elected as Fellows, Young 
Associates and Student Members. The Academy undertakes a large number of 
meaningful technical activities each year, which have enhanced its visibility in the 
national engineering domain. The activities of the Academy are carried out through 
the Fellowship and Young Associates supported by a lean team of professionals at 
INAE Headquarters

INAE honours Indian and Foreign nationals who are elected by “peer” committees in 
recognition of their personal achievements in “Engineering” which are of 
exceptional merit and have demonstrated distinctive eminence in the new and 
developing elds of technology. In the year 2022, INAE has 890 Fellows from India 
and 94 Foreign Fellows on its rolls identied in ten Engineering Sections. As the only 
engineering Academy of the country, INAE represents India at the International 
Council of Academies of Engineering and Technological Sciences (CAETS); a 
premier non-governmental international organization contributing to the 
advancement of science & technology and sustainable economic growth. 

The Indian National Academy of Engineering (INAE), established on April 20, 1987 
as a Society under the Societies Registration Act, is an autonomous professional 
body. INAE was formally inaugurated on 11th April 1988 at New Delhi by the 
Hon'ble Prime Minister of India. It is supported partly through grant-in-aid by the 
Department of Science & Technology, Government of India since 1995. INAE 
comprises India's most distinguished engineers, engineer-scientists and 
technologists covering the entire spectrum of engineering disciplines. It was 
established with the mission of providing vital inputs to the planning for the country's 
development, particularly related to engineering and technological content and 
depth. The Academy provides a forum for futuristic planning for country's 
development requiring engineering and technological inputs and brings together 
specialists from such elds as may be necessary for comprehensive solutions to the 
needs of the country. 
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