. GLOBAL
et HOUSING
TECHNOLOGY
ST AHT- 9Tl
Pradhan Manti Awas Yojana-Urhan CHALLENGE INDIA

Government of India

A 2.0

RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

Prepared by
Climate Smart Building (CSB) Cell, North Cluster,
LHP Lucknow

Ministry of Housing and Urban Affairs

.P—‘

imiRE giz

TN INZINT N

NN,

Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (61Z) GmbH




o 7/_
GLOBAL
. HOUSING IZ n t h s u chaft
TE ; rsﬂ TECHNOLOGY a_ngﬂa'gh—r aaaaaaaaa bslt(GIZ)GmbH
Pradhan antri Awas Yojana-Urba CHALLENGE INDIA Ministry of Housmg and Urban Affairs G‘FF[ q?":'?\qa.

Government of India

INTRODUCTION MINISTRY OF HOUSING & URBAN AFFAIRS (MoHUA
A Ministry of Housing and Urban Affairs (MoHUA) is the

supreme authority of the Government of India to formulate
and monitor all the programmes concerning the housing and
urban development of the country.

A The Ministry of Housing and Urban Affairs (MoHUA)

Ministry of

HRIDAY

through its flagship mission Pradhan Mantri Awas Yojana- HouEInELS: -
% Urban Affairs ;

Urban (PMAY-U) ensuresa puccahouseto all eligible urban

households

Smart

A PMAY.U aims to achieve Urban Development through Urban Cities

Transport B Mission

Transformation, Innovation and Sustainablelnclusions.

1. Swachh Bhaat Mission - Urban, 2 Pradhan Mani Awas Yojana - Urban, 3. Deendayal Antyodaya Yojana - National Urban Liveihood — Mission,
4. Heritage Cities Development and Augmentation Yojana, 5. Atal Mission for Rejuvenaion  and Utan Transformation
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INTRODUCTION MINISTRY OF HOUSING & URBAN AFFAIRS (MOHRIA)Y

A Dueto Rapidincreasein urbanization and believing it asan opportunity to reduce poverty.

A For addressingthe huge housingdemandin the Affordable Sector,Govt of India launched Pradhan Mantri

Awas Yojana-Urban in June2015.

PMAY (U) Achievement (provisional), as on 28" November 2022

Overall Sanctions for 1.23* crore Houses

'/ Construction of Houses (Nos in lakh)
Demand Sanctioned Grounded* Completed/ Delivered*
\ m_ 112.24 122.69 106.01 64.60
)
Financial Progress (zin Cr)
L 2,03,427 1,27,584 1,17,408 1,17,260 Y

Source: PMAY Website
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INTRODUCTIONGLOBAL HOUSING TECHNOLOGY CHALLENGE ((BHDIS)

A The Ministry of Housing and Urban Affairs, Government of India has conceptualizeda Global Housing

TechnologyChallenge- India (GHTGC India).

A To identify and mainstream a basket of innovative technologies from across the globe that are

sustainableand disaster-resilient.

A Such technologies would be cost effective, speedier and ensure a higher quality of construction of

houses,meeting diverse geo-climatic conditions and desired functional needs

A A TechnologySub-Mission (TSM)hasbeensetup.
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COMPONENTS OF GLOBAL HOUSING TECHNOLOGY CHALLENGENTHAYC

",

Construction Technology Proven Demonstrable Potential Future
India: Grand Expo-Cum- Technologies Technologies
Conference A Onboard States& Local Support
Partners A Settingup ASHA: India
Promotion of Innovative ’ESiX Light Hou_seProjectSites '(A\A(\:fcf:zrlgfteglc()er;ustalnable Housing
ConstructionTechnology none Est_abllshedProven A Support Domestic Technologiesb
Platform to Facilitate Signing of MoUs Atechnologles across théslobe PrcIJodpuct [ Mengt]oriny &
and form Potential Partnerships |dentify Bas_ketof Site-specific P : g
Technologies Market Support

TechnicalEvaluation, Exchangeof
Knowledge and business.
Exhibition of Technologies

A Different Technologyfor EachSite Incubation Centersin IITs
A Live Laboratoriesfor learning OrganizingPeriodic Accelerator
A Technologyto be Adoptedin Workshops

Curriculum and India System

To 3>
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EVENTS OF GLOBAL HOUSING TECHNOLOGY CHALLENGHKNEHA)C

Construction Technology
India (CTI) 72019
Expo-cum-Conference, on
2"d to 39 March 2019,
Vigyan Bhawan, New
Delhi.

Indian Housing

Technology Mela
(IHTM) on 5hto 7t
October 2021 in
Lucknow, Uttar
Pradesh.

Indian Urban
Housing Conclave
(IUHC)-2022,
on 19" to 21t October
2022, at Rajkot

5
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GHTC SHORTLISTED TECHNOLOGIES

A 54 proven technologieswere shortlisted suiting different climatic zone conditions in the

CTlconferencein 2019.

Broad Category Technologies

Nos.
Precast Concrete Construction System - 3D Precast volumetric | 4 )
Precast Concrete Construction System z Precast components assembled at site 8
Light Gauge Steel Structural System & Pre-engineered Steel Structural System 16
Prefabricated Sandwich Panel System 9
Monolithic Concrete Construction 9
Stay In Place Formwork System 8

Total 54
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INTRODUCTIOIg GIZ AND IGEN (INDO GERMAN ENERGY PROGRAM

A GIZ is an international cooperation enterprise for sustainable
development which operatesworldwide, on a public benefit basis
A For over 60 Years,GlZ hasbeenworking jointly with the partners D?%EQE%:I
In India for sustainable economic, ecological, and social
development

A The Governmentof the Republicof India and the Federal Republic S et

Changeand

of Germany under the Indo-German Technical Cooperation, Biodiversity
agreedto jointly promote the O) T-@efmanEnergy0 O COAT | Ao s
(IGEN) with the aim to foster sustainability in the built (rban and

Industrial

environment through GIZ Development
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INTRODUCTIOIg CLIMATE SMART BUILDINGS PROGRAMME

Ministry of Housing and Urban Affairs (MoHUA) aims to enhanceclimate resilience and thermal comfort
In the affordable housing segment through GIZ under Indo German Energy programme § ) ' %.

programme, Climate Smart Buildings (CSB).

Aim:
A Adopting sustainableand low-impact design
A Adoption of best available Materials and construction technologies

A Useof innovative technologiesto provide desired thermal comfort for massreplication.
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INTRODUCTION: CLIMATE SMART BUILDINGS eDRTH CLUSTER

A Climate Smart Buildings Cluster cells are establishedin each of the six Light House Project states where

pilot affordable housing projects are being built utilizing innovative construction technologies

Goal:

To improve climate resilience and thermal comfort in buildings through
A Passive Measures

A Locally sustainable Materials

A Low embodied energy materials

A Best available technology



OBJECTIVES: CLIMATE SMART BUILDINGS CELL, NORTH CLUSTE

In the direction to achievethe goal of sustainability and thermal comfort in affordable housing, CSBCell
Is working with following objectives.

B 9 & i
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Handbook: Innovative Construction Technologies & Thermal Comfort in Affordable Housir

A Handbook for training programmes on innovative construction _
technologies& Thermal comfort in Affordable housing was curated
and launched by ( T T 6 Rdm& Minister at the Indian Urban

Housing Conclavein Rajkoton 19" October2022.

To disseminate the knowledge in this handbook, Ministry of
Housing and Urban Affairs is launching a seconds set of training

l.e.RACHNAZ2.0.from Dec 2022 till Mar 2023.

Climate Smart Buildings

OCTOBER 2022
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Handbook: Innovative Construction Technologies & Thermal Comfort in Affordable Housir

CONTENTS
1. Importance of Thermal Comfort..........oieenesree e o eres e ssssssseseees 7. Case Studies for Application of Thermal Comfort in Affordable Housing.... 137
1.1 Introduction........... 3 7.1 Introd uctioN.e 139
1.2 Thermal comfort and cooliNG demMENG. s sss—————————————————- 5 7.2 Vernacular Buildings of North=-East INdia.... s s 139
1.3 Contemporary approaches 11 7.3 Pol Houses and Conventional Houses in Ahmedabad .. e 142
1.4 Factors affecting thermal COMTOM s s s s s 17 7.4 Rajkot Smart GHAR Il ..... 145
7.5 Code Compliant Housing 147
2.1 Introduction......... 25 8. Thermal Comfort Study Methods .........ccuienvnrcerec s csssssesnrenne. 161
2.2 Factors INfluencing Heat TranSTEr . mmmermmmsmmssss s ssssssssssasssssssessssssss s sssss 25 8.1 Introd uction........ 163
2.3 Energy and Heat... 26 8.2 Study Environments ... 163
2.4 Laws of Thermodynamics 27 8.3 Statistical Analysis 175
2.6 Outdoor Climate and Heat TransTer e s s s s 28 8.4 Reference Documents.... 176
2.5 Modes of Heat Transfer 36
2.7 Climate Zones of India 39 9. Low Energy Cooling Technologies and Comfort ... iccneeriens 177
2.8 Influences on various modes of heat transfer .. 40 9.1 Introduction 179
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1. Inception of Light House Project

2. Innovative construction technologies
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AIM FOR THE INCEPTION OF LIGHT HOUSE PROJECTS

A Light House Projects have been conceptualized as part of Global Housing

Technology Challenge z India (GHTG India)

A Ministry of Housing and Urban Affairs Under PMAY (U), set up a Technology Sub-
Mission (TSM) to provide:
A Alternative sustainabletechnologicalsolutions.

A Better, Faster& cost-effective construction methodologies

A Housessuiting to geo-climatic and hazard conditions of the country.

A Construction of six LHPs with allied infrastructure and six categories of globally

proven innovative technologieswere envisagedin six different states.
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CONCEPT OF LHP PROJECTS

The fundamental concept of the Light-House Projects is to LEARN \./
encourage large-scale participation of the people of India for - ¥ EDU;
mainstreamingthe proven technologies ,
Site Visit Pros & Cons
. . xposure to Suitability/Safety
A Serve as live laboratories for the transfer of technology to i"g'ge;/ R
the field by, planning, design, production of components, | s
construction practices,and testing. D _—
Live Labfor :
V Students,
V Faculties,
Economy of Scale
V Builder, D
Materias/ Skiled
V Professionals of Public and Private sectors, and other stakeholders, to Manpower

create technical awareness for on-site learning . (ot
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THE LIGHTHOUSE PROJEGTEDIA

( 1T T 6PANmeMMinister Shri Narendra Modi laid the
foundation stone of six Light House Projects (LHPS)
each consisting of approx. 1000 houseson January
1,2021,in six cities :

A Indore (Prefab Sandwichpanel),

A Rajkot (Monolithic concrete construction using
tunnel formwork)

A Chennai (Precast concrete construction system
assembledat the site)

A Ranchi (Precast concrete construction system
3d volumetric)

A Agartala (Light gaugesteeland PEB)

A Lucknow (Stayin placeformwork and PEB)

o

APy

ssssssssssssssssssss
fiir Internationa_ls
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LHP Location . . Indore . Agartala Lucknow
Chennai Rajkot Ranchi -
(Tamil Nadu) | (Gujarat) (Madhya | 4" hand) (Tripur a) (Uttar
SI. No- | Particulars Units J Pradesh) Pradesh)
Precast Monolithic High Cage
Concrete Concrete Precast SteelFrame Stayin
: : Prefabricated Concrete System(LGSF) y
Name of Cstruction Costructio _ . . Place
1 Technolo Name System n using Sandwich Cmstruction with Pre- Forrwork
9y PanelSystem | Systemz 3D | Engineered Steel
Precast Tunnel ) System
Volumetric Structural
Components | Formwork
System
2 No.of Houses No. 1,152 1,144 1,024 1,008 1,000 1,040
3 No. of Floors No. G+5 S+13 S+8 G+8 G+6 G+13
4 Plot Area Sgm 33,596 39,599 41,920 31,160 24,000 20,000
Per House Carpet
5 Area Sgm 26.58 39.77 29.04 29.85 30.00 34.50
6 Project Cost INR (in Cr) 116.27 118.90 128.00 134.00 162.50 130.90
Per Housecost _
: INR (in
7 (with 10.09 10.39 12.50 13.29 16.25 12.58
. Lakh)
infrastructure)




. 153‘:7' , 4
GLOBAL {J-’ Deutsche Gesellschaft
e HOUSING Hs .f' I Z fiir Internationale
TECHNOLOGY Zusammenar beit (612) GmbH
S . T CHALLENGE INDIA """a Gl
Predhan M Avas Yaitan Ministry of Housing and Urban Affairs 3'1-1:]?{ Ilg']?ﬂ'cr
~ f India

LHP Indore-Prefabricated Sandwich Panel System

A Lightweight composite wall, floor and roof sandwich panels made of
thin fibre cement or calcium silicate board as face covered boards. B
:

A Core material is EPS granule balls, adhesive, cement, sand, fly ash ,
and other bonding materials in mortar form T

A The core material in slurry state is pushed under pressure into pre s :
set moulds.

A Once set, it shall be moved for curing and ready for use with steel
support structure beams and columns Prefabricated EPS Sandwich Pane

Sobd heart ) Rod holes ) Block hole
Types of Prefabricated Sandwich Panels
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LHP Indore Explain by Video


LHP Video/Indore03.mp4
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ACustomized engineering formwork replacing conventional stee ©

or plywood shuttering systems.
AMechanized system for cellular structures.
ATwo half shells which are placed together to form a room or ce
AWalls and slab are cast in a single day.

AThe formwork is stripped the next day for subsequent phase.

Box out of door and windows Kicker form of tunnel formwork panel Monolithic Tunnel Formwork Panel
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LHP Rajkot Monolithic Concrete Construction using Tunnel Formwork

LHP Rajkot Explain by Video


LHP Video/Rajkot03.mp4
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LHP ChennaiPrecast Concrete Construction System Assembled at Site

A Precast dense reinforced cement concrete
hollow core columns and RCCshear walls is
being usedasstructure .

A AACblocksin partition walls are beingused

A Dowel bars, continuity reinforcement placed at
connections

A Seltcompacting concrete is being used in
hollow coresof columns.

i
b
i
i

!
|

Installation of panels Precast concrete wall (Panels)
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LHP ChennaiPrecast Concrete Construction System Assembled at Site

LHP Chennai Explain by Video


LHP Video/Chennai03.mp4
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3d HAetcad
LHP Ranchi Precast Concrete Construction Systeq3D Volumetric

A Componentslike room, Bathroom, Kitchen etc are cast
monolithically in Plant or Castingyard in a controlled
condition.

A Magic Pods (Precast Components) are transported,
erected & installed using cranes.

A Prestressedslabsare installed asflooring elements

A Consecutive floors are built in similar manner to
completethe structure.

Construction and installation Pre Castmg of building modules Pre Casting of building modules
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L HP Ranchi Precast Concrete Construction System3D Volumetric

LHP Ranchi Explain by Video


LHP Video/Ranchi03.mp4
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LHP Agartala Light Gauge Steel Framed Structure with Infill Concrete Panels (LGSER)

A Light Gauge Steel Framed Structure with Infill
ConcretePanels(LGSFSCP) Technology

A Factory made Light GaugeSteelFramed Structure
(LGSFS)light weight concrete and precast panels
are beingused

Precast concrete panels Light Gauge Steel Frame Structure Assembly of LGS Frames and Construction of Wal
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LHP Agartala Light Gauge Steel Framed Structure with Infill Concrete Panels (LGSE®)

) I o
- 1“\:)1”-:‘ e
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LHP Agartala Light Gauge Steel Framed Structure with Infill Concrete Panels (LGSE®)

LHP Agartala Explain by Video


LHP Video/Agartala03.mp4

. GLOBAL
N HOUSING
i TECHNOLOGY
AT AAAT- TR
Predhan Mo Aves Yaitan CHALLENGE INDIA

- BmIRE Qi Z ks,
LHP LUCKNOWPROJECT OVERVIEW

Project Brief

Location of Project

Avadh Vihar, Lucknow, U.P.

No. of DUs 1,040 (S+13)

Plot area 20,036 sg.mt.

Carpet area of each DU 34.51 sg.mt.

Total built up area 48,702 sq.mt.

Technology being used Stay In Place Formwork System with prengineered steel structural
system

Other provisions

Community Centre, Shops

Broad Specifications Broad Specifications

Foundation

RCC raft foundation

Structural Frame

Pre-engineered steel structural frame

Walling

Stay In Place PVC Formwork System

Floor Slabs/Roofing

Cast insitu deck slab
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LHP LUCKNOWPROJECT PLAN

Project Details:

Technology Used: Stay In Place PVC Formwork with
PEB Steel Structure

Plot area: 20,036 sg.mt.

Carpet area of each DU34.51 sqg.mt.

No. of Floors: S+13

No. of DUs: 1024

No. of Blocks: 4

Community Hall

Commercial Block

Amenities:

Rooftop Solar PV/Solar Street lights
Sewage Treatment Plant

Under Ground water reservoir
Rainwater Harvesting

Solid Waste Management

Elevator

Emergency Power Backup

Fire Fighting System
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LHP LUCKNOWPROJECT PLAN

KITCHEN
1800 X 2170

1RA1N)

SITE PLAN TYPICAELOOR PLAN Unit Plan
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LHP Lucknow Aerial View
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LHP Lucknow Technology

A SIP formwork is an advanced hybrid construction technology consisting of rigid
polyvinyl chloride-based polymer panel infilled with self-compacting concrete in a
building envelope

A In this wall system PVCpanel is used as a permanent stay-in-place finished formwork
Instead of concretewalls.

A Hot rolled Pre-Engineered building steel sections act as a structural framework of the
building.

A SIPformwork works asa partltlon of building walls.
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LHP Agartala Light Gauge Steel Framed Structure with Infill Concrete Panels (LGSE®)

LHP Lucknow Explain by Video


LHP Video/Lucknow03.mp4
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LHP Lucknow Construction Methodology
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A Conventionalas per geo-technical investigations,bearing capacity,soil strata,
water table,etc.

A Raft foundation with RCC column up to plinth height.
A RCC plinth beam and grade slab at plinth level.
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and shuttering for raft foundation

A Reinforcement
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Aall buildAing blocks have Raft foundation with 500 mm thick M-25 Concrete.
Aan additional thickness of 400 mm has been constructed around staircase and lift well.
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A Columnsof M25 Grade Concreteare being castupto plinth height over already laid cured raft.
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A Backfilling with soil and water in layers of 200 mm with proper compaction.
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A Anchor bolts havebeen castwith concreteat plinth level over which factory made built up
columns with baseplate will be erected.

A Thereinforcement laying & shuttering work is in progressfor shearwall construction of lift &
staircaseportion.
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A Connectiondetails of built up steel column at plinth level (Stilt) with foundation (plinth beam)

RCC PEDESTAL TOH COIn
»
. A 85 Hal (mm) (mm) (mm) (mm)
- 500 100 100
— l;‘l‘ e T
N - 600 100 150
= il 700 100 150
~—{[ANCHOR BOLT] , - — — -
| == RS TN Anchor bolts schedule
§ [ g . ELIA]
g . Hol4| s—Tmm
- - | OR B0
Typical anchor bolt detail He |4 =
Anchor bolt is inserted below plinth level upto height ks r N
H and projected above plinth up to height"TO8 Typlcal baseplate detail

The built up steell column is being fixed with
anchor bolts and baseplate



L GLOBAL 7/%5"' Dautsche Gesallsohalt
— HOUSING D g I fiir Inter
ﬁ”\mﬁm‘;m @ ZE%T?&LSEGLDM Ministry of Housmg and Urban Affairs " il hm p g I Z aaaaaaaaa hm (GIZ) SmbH
LHP Lucknow Structural System

A Pre-Engineered Building system comprising of built-up fabricated | sectionsfor
beamsand columns
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Typical beamto column flange shear

connection :
Typical beamto column flange moment

Steelbeam s being connectedto the column through cleat COﬂﬂECtiOﬂ

angleconnectedto the web portion of beam

The steelbeamis being connectedto column through plates on flange & web
portion
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A After erection of steel beamsand
column (PEBSructure), steel deck
sheetof thickness 0.9 mm are placed

with required bearing on the beams. - m
A Concretescreedof 75 mm is poured
on the deck sheetin M25 with 20 L 45 [

reinforcement as per structural VB DECK SHEET PROFILE (TREOS
design. S R > 1

A Structural design for reinforcement is Tvnical deck sheetorofile
asper 1S456-2000. yp! profi

A Generally nominal reinforcementis ; . . |
provided in concretescreedof deck | . - La . .
slab to take care of shrinkage & E
cracking.

Typical deck slab detail B [TYPICAL DECK SLAB DETAIL S
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LHP Lucknow Wall Erection
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LHP Lucknow Wall Erection Process
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. HP Lucknow Reinforcement in Walls
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LHP Lucknow Electrical & Plumbing Conduiting
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LHP Lucknow Other Services

False Ceiling

Structure Cover with Cement Fiber
Board

7-" ‘. ' '
False Ceiling with Gypsum Board False Ceiling with Gypsum Board
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