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Review of Policies & Affordable Housing Projects

Secondary research of Policies,Visual assessment studies and data collection of existing projects to identify typologies.



Review of policies identified area and spatial
characteristics

EWS (upto 3 DRs) Up to 30 sgm Up to 30 sgm 21-27 sgm Up to 30 sgm
LIG (upto 4 DRs) Up to 60 sqgm Up to 60 sqgm - NA
LIG-A (upto 4 DRs) - - 28-40 sq m NA
LIG-B (upto 4 DRs) - - 41-60 sq m NA
MIG-1 (4+ DRs) Up to 160 sgm Up to 160 sgm NA NA
MIG-2 (4+ DRs) Up to 200 sq m Up to 200 sq m NA NA

Policy (PMAY)-Area-Typology Matrix
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Visual Assessment of homes identified
typolo les Smgle Famlly Homes
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https://www.nellaikrishnagroup.com/ariva.html

Visual Assessment of homes identified
typologies: Multitamily Homes
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Low Cost/Affordable Homes Typology Map
(by spatial configuration)

l Single Family \
I
| | | |
Informal
| Room Set | BHK 2 BHK Housing
(Unregulated)

Multi-
family
l 'P‘S‘;‘t’m \l | BHK \l 2 BHK \lDormltory\
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Low Cost/Affordable Homes Typology Map
(by area)

LIG M|[€ Dormitory

(< 60m2) (< 200m?) (~ 60m2)

! | ! | ” | " Multi-family
Single family Single family Single family (Low/High-

\- J - J \- J - rise) J

p N g N p N * Occupancy of
Multi-family Multi-family Multi-family 6 typically
(Low/High- (Low/High- (Low/High-
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Housing Characteristics: Representative Projects

Review of projects by private developers, govt. schemes and flagship government programs



Data of ~100 affordable housing projects across
Pvt Developers and Govt. Agencies compiled
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26 25 BLC 1 Warm & Humid PMAY-U_Nagaland Magaland
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Range of Design Characteristics from Compiled

Projects

Min Med Max
EWS 3.1 255 36.0 —
LIG 27.0 36.8 58.9
72.0 82.0 97.0
_MIIE-II_ x
6% 13% 43%
WFROP 8% 19% 33%
Wall to Floor 7% 15% 34% —8%
U, oof (W/mZK) 0.47 4.2 5.2
Ut (W/m2K) 0.45 3.35 10.0 .

B WWR BWFR B Wall to Floor Ratio
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Range of Material Characteristics from
Compiled Projects

U,oor (W/m2K) 0.47 0.57
Med 4.30 3.60 5.20 (Limited Info available)
Max 5.20 5.20
Ut (W/m2K) Min 0.45 0.57 0.78
Med 2.60 4.60 4.40
Max 9.20 6.80 10.00
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Single-family| 1 Room Set| Plotted

BLC for PMAY, Kerala

O, - .
Cluster Size Plotted ” — e - i
Carpet Area 21.8 m? " 330x189m d1
WWR 10% ] o S
WER 27% 50“9'

74 =
Shading Type Overhang O - “"ﬁm ,215,““ § 0 e
Living 10.5 o
Sitout
Toilet 3.2 ‘
Kitchen 6.2 'l e SR - 1
aka wa aven ~ Al ~p ot . g 1

Details Unit Plan " View
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Single-family| 1 Room Set| Row Type
Details | |

Cluster Size Row type

Slum Rehab, Erandwadi

Backyard M ultipurpose

Carpet Area 18.6 m? . =
Kitchen Room

WWR 7.5% fass

7’ x 10’ 10’ X 10"
WFR 18% |
Shading No

Living Area 9.3

Toilet |.4
Kitchen | Multipurpose
Bath |.4
Room
Kitchen 6.5
Details Unit Plan & Section View Source
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https://mdl.donau-uni.ac.at/binucom/pluginfile.php/394/mod_page/content/38/sohoni_2016_how_erandwadi_slum_redeveloped.pdf

Single- -family/| 1 BHK| Plotted

Decsie |

Cluster Size Plotted
Carpet Area 28.5 m?
WWR 11.5%
WEFR 26%
Shading Overhang
Area m
Living Area 12

Toilet 2.3
Bedroom 9

Kitchen 5.2

Details

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standard cum Guidelines for Affordable Housing
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Model layout of BLC Municipal Affairs Department, Govt. of Nagaland




Single-family| 1 BHK| Row Type
CoTE

Cluster Size Row Type Private Developer Project, Gujarat
Carpet Area 37.1 m? e
WWR 7.2% =
WFR 24.3% -
Ci‘( s
. Bl Ol e -4
Shading Overhang L ?
Orientation N-S — o | .
BN P
1T . ,
Area m? F) |
Living 12 (o — 'l
Toilet 2.2 B l e xre
Kitchen & Din. 11.2 & i
g SALCONY
Bedroom 1.7 e T .
Details Unit Plan View
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Multi-family| 1 Room Set| Low Rise

Cluster Size
Carpet Area
WWR
WEFR
Shading

Living Area
Toilet
Bath

Kitchen

Details

4 units
15.9 m?
9%

16%

Overhang

7.9
0.9
0.8
3.6

VAMBAY (Slum Rehab), Surat
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Multi-family| 1 Room Set| Mid Rise
Details | |Area  |m?

Cluster Size 10 units Living Area 10.9 Private Developer, Boisar

Carpet Area 21.5m?  Bath +Toilet 4.2

WWR 6% Kitchen 5.2
WFR 12%
Shading Overhang

Orientation NE-SW Details

l,, -1 | 1L [T

Y

{ : 2 L ‘;“4’; -
Unit Plan Cluster Plan View Source

] o, ey
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https://www.mahindralifespaces.com/real-estate-properties/mumbai-property/happinest-boisar/

Multi famll 1Roo mSet ngh Rise

Private Developer, Lucknow

Unit Plan
Decis |

CarpetArea  23.6 m?

WWR 18%

WEFR 1 4%
m- Shading Overhang

Living Room 15.8 Orientation NE-SW

Toilet + Bath 3.0

Kitchen 4.8

Details Cluster Plan View Source
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https://www.paarthinfra.com/arka-ews.php

l\/\ulti-family\ 1 BHK]| Low Rise
T S

~ Cluster Size 10 units
:., CarpetArea  28.3 m?
WWR 9%
WFR 22.5%
Orientation NE-SW
Shading Recessed

Bedroom
Living Area
Toilet + Bath

Kitchen

Cluster Plan =

Daman Municipal Council, Daman

9.3
2.6
5.1

Source
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https://ghtc-india.gov.in/Content/LHP-Lucknow.html

Multi-family| 1 BHK| Mid Rise

Cluster Size 10 units Bedroom

CarpetArea 40 m2 Living Area 9.2

WWR 16% Toilet + Bath 4.6
WFR 10.2% Kitchen 8.4
Orientation 7 — N-S Shading Overha
5-E-W ng &
— . - Details Fin
i i

Source

Unit Plan Cluster Plan View
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https://www.mahindralifespaces.com/real-estate-properties/chennai-property/happinest-avadi/

Multi-family| 1 BHK| High Rise

S R T

10.96
11.96

Bedroom

Living Area
Toilet

Utility

Kitchen

3.22
1.57
3.90

Cluster Size
Carpet Area
WWR
WFR

Orientation

Overhang

. Light House Project, Lucknow
8 units

34.5] m?2
6%
8%

8 — E-W
2 —N-S

)

(%' % %

1

SERRREE S
RELSTEsaqsins

View Source
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https://ghtc-india.gov.in/Content/LHP-Lucknow.html

Multi-family| 1 BHK| High Rise
CETE . T

DDA flats (EVVS) at Manglapuri, Dwarka, New Delhi

Cluster Size | lunits Bedroom 8.24

Carpet Area  26.02 m? Living Area 8.18

WWR 16% Toilet 2.9
sl WFR 23.6% Utility 5.2
ﬂ | ~ Orientation  N-S Kitchen 6.7
man Shading Overhang

Cluster Plan View Source
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https://www.moneycontrol.com/news/business/real-estate/dda-housing-scheme-2021-update-authority-receives-4500-applications-6312801.html
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiU77aKzc70AhUUfd4KHU1MBhUQFnoECAIQAQ&url=https%3A%2F%2Feservices.dda.org.in%2Fpublic%2Fuploads%2Fbrochure%2FYaxFa_1609401011.pdf&usg=AOvVaw0WHFmAg2jG_5Y0prL4RXeh

Multi-famil

Cluster Size 4 units
Carpet Area 38.7 m?
WWR 92 %
WEFR 13 %
Orientation E-W

Shading Overhang

Bedroom 17.1
Living Area 14.0
Toilet + Bath 4.0
Kitchen 3.7

Cluster Plan

BED ROOM
32002200

! BED ROOM
!

100%
1800

Unit & Cluster Plan

BED ROOM . BED ROCM
320002200 by 32002000
TYPE-B| TYPEB)
LIVING ROCM LIVING ROCM
3050x 2000
/A
LIVING ROOM
LIVING ROOM ] e
i)
1% BED ROOM
800200
ToL
1100
= B

5§

BED ROCM

BED ROOM
32002900

y| 2 BHK| Low Rise

Demonstration Housing Project, Hyderabad, Telangana

Source
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https://ghtc-india.gov.in/Content/DHP-Hyderabad.html

[ J [ J [ J
Multi-family| 2 BHK| Low Rise
m- Private Developer, Co-operative Housing Society, Pune
f , : 7 , rr i : i AN \(; W ‘.
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»mn_——-_._. ~ '_ —_-H 1

| il oL I
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https://journals.openedition.org/abe/7011

Multi-family| 2 BHK| Mid Rise
e | A |

UniHomes, Bhopal

Cluster Size 4 units Bedroom 28.2

Carpet Area 97 m? Living Area 21.5 | : B
WWR 11% Toilet 8.7

WEFR 17.3% Kitchen 6.1

Orientation E-W

Shading Overhang

[
F A - I 740 WIDE ROAD

Cluster Pla e e : : View Source
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http://www.unitechgroup.com/residential-properties/bhopal/unihomes.asp#/?a=overview

Multi-family| 2 BHK| High Rise
. Decats |

Cluster Size 4 units e Fwur Vv W

Bangalore Development Authority, Kaniminake Phase-3

CarpetArea 72 m? . | : : ot L,

WWR 13% i _.,._
WFR 18.5%

Orientation  N-S

=

I ﬂ%&% Shading Overhang

Bedrooms 23.0 .l

Living Area 29.0 t ’’’’’

Toilet 6.0

Kitchen 7.0 v ek ~ :
Unit Plan Details Cluster Plan and View Source
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https://housing.bdabangalore.org/property/kaniminake-phase-3kumbalagodu
https://housing.bdabangalore.org/property/kaniminake-phase-3kumbalagodu

Multi-family| Dormitory| High Rise

Private Developer, Hinjewadi, Pune

o)
b

(X

)
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i
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Sample Unit Plan View Source
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https://aarusha.com/pg-hostel-for-women-in-hinjewadi-phase-i/

;Single Familyé Single Family Multi-family Multi-family Dormitory
(Independent) : (Row-type) : (Low-rise) : (High-rise) : Style

| Room Set

| MP Hall
| Kitchen
Bath & Toilet

1
.................. i,.,,)
| BHK
Legend
| Bedroom
| MP Hall : Multi-purpose Hall
| Kitchen . Bedroom
Bath & Toilet : .
: 5 : : Kitchen
.................. E....)
2 BHK : [ Bath/Toilet
2Bedrooms : Balcony
| MP Hall : Open to air
| Kitchen . ) .
Bath & Toilet . Circulation
: Context
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Affordable Housing Trends & Material Characteristics

Secondary research of Policies, Census data, peer reviewed journals and industry reports.



ize ‘Pucca’

Brick walls & Concrete Roof character

homes

Wall & Roof Characteristics for ‘Pucca’ and

‘Kutcha’ Homes in 201 |

I./Metal/Asb

estos Sheets

Stone packed
with mortar,

6%

Census 201 |

Source

35
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Information from peer reviewed research is
consistent with Census data

Source ___|Roof _____|Wall__|Floor ____|Window ___|Remarks __

Prasad et al.

Tam

4-inch-thick
concrete slab,
waterproofed
and finished with
clay tiles

6-inch-thick
RCC slab

Non-load
bearing 8-inch-
thick brick wall

supported with
RCC framework

9-inch-thick
burnt brick
masonry with
cement plaster
finished with
paint over putty
& primer

4-inch-thick
concrete
finished with |-
inch thick
terrazzo

6-inch-thick
RCC slab

single plane glass
fitted in | inch
metal frame
(U:5.1 W/m2°C,
SC=1)

(Shaded with
300mm

overhang)

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standard cum Guidelines for Affordable Housing

building
practices in New
Delhi for a
Middle-Income

Group (MIG)
household

Low-cost
technologies

(timber frame windows, rat-
trap bond w/o finish, filler slab
for roofs and terracotta tiles
or cement flooring)

can offset 20%
costs compared
to prevalent

. 36
construction



Information from peer reviewed research is
consistent with Census data

Source ___|Roof _____|Wall__|Floor ____|Window ___|Remarks __

Trust Fund for No Information  Brick wall with  concrete slab single plane, Alternative

Environmentally plaster on both  (U:3.5 clear materials,

and Socially sides. W/m2.°C) (U:5.0 technologies and

Sustainable (U:2.8 W/m?2.°C) practices can

Development W/m?2.°C) enhance
comfort and
operational
energy use.

Other Key Details:

Context: Baseline for this study is based on housing developments in & around Delhi
Cluster layout: G+2 cluster with 4 units per floor.

Infiltration: 2 ACH

Equipment 10 W/m?

Occupancy: 4 (Husband, wife & 2 Children)
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Information from peer reviewed research is
consistent with Census data

Source ___|Roof _____|Wall__|Floor ____|Window ___|Remarks __

Mainstreaming No Information  230/250mm Ceramic/ Pressed steel RCC framed

Sustainable thick burnt clay vitrified tiles door-window construction

Social Housing brick masonry in Locally available  frames with typical

in India cement-sand (pre polished) (125mmx65mm  cluster of 4

(MaS-SHIP) mortar (1:6) stone tiles 20- double rebate or dwelling units
Cement-Sand 30mm thick |00mmx50mm  per floor in a
Plaster 20mm Plain Cement single rebate) low-rise (G+3)
thick (external) typology
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Typical Material Specifications

Z\
@ |
9
o
L
m B -
Load bearing with stone/brick Burnt Clay Brick 9” RCC Slab (4-6") Corrugated Gl Sheet Wooden Frame
foundation Wooden Shutter/Single Glazed

ha =
> S ) R e——— o | 4 Ny
RCC Frame Burnt Clay Brick 9” RCC Slab (4-6") Corrugated Sheet Rolled Steel Section
Single Glazed
Structure Wall Roof Roof-pitched Frame/Glazing
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https://portfolio.cept.ac.in/ft/rcc-design-studio-5020-monsoon-2017/g-3-rcc-structure-column-design-monsoon-2017-uc4214
https://www.engineeringcivil.com/wrong-myths-on-column-construction-a-challenge-to-overcome.html
https://www.istockphoto.com/photo/cluster-of-homes-bangalore-india-gm820827266-132711361
https://www.indiamart.com/proddetail/ms-z-section-windows-20261198833.html
https://www.istockphoto.com/photo/the-town-of-old-manali-in-northern-india-seen-from-above-gm1192305457-338722518
https://portfolio.cept.ac.in/ft/rcc-design-studio-5020-monsoon-2017/g-3-rcc-structure-column-design-monsoon-2017-uc4214
https://www.engineeringcivil.com/wrong-myths-on-column-construction-a-challenge-to-overcome.html
https://www.istockphoto.com/photo/cluster-of-homes-bangalore-india-gm820827266-132711361
https://www.indiamart.com/proddetail/ms-z-section-windows-20261198833.html
https://www.istockphoto.com/photo/the-town-of-old-manali-in-northern-india-seen-from-above-gm1192305457-338722518

Typical Material Specifications

| Structure | Envelope  Flooring | Openings _ Finishes _

Single Family Load bearing 230/250mm thick Ceramic/ vitrified Wooden shutters on  Cement-Sand
construction with burnt clay brick tiles wooden frame. Plaster 20mm thick
strip footing and masonry in cement- Locally available (pre  Pressed steel door- (external), I5mm
RCC plinth beam. sand mortar (1:6) polished) stone tiles ~ window frames thick (internal)
Stone, where readily 20-30mm thick (125mmx65mm White cement based
available. 150-200 mm thick Plain Cement double rebate or putty

concrete block Concrete floor 100mmx50mm Cement Paint
masonry in cement single rebate) external and internal
) ) mortar (1:6) or White wash

Multi-family RCC frame Pressed steel door- internal

structure as per Fly Ash bricks are window frames

codal provisions for bei (125mmx65mm
o ) ) eing used as well

seismic design, using oW double rebate or

M20 strength ' 100mmx50mm

concrete. single rebate)
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Housing Characteristics: Alternative practices

Review of alternative materials, construction technologies and passive design principles



T-Zed Homes

Multi-family (G+3)

Wall

Floor

Roof

Openings

Passive features

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standar

Bengaluru, Temperate
2BHK (120 m?), 3 BHK (250 m?)

Concrete Blockwork containing Fly ash and
soil stabilized blocks

Natural stone

Filler slabs (using recycled railway sleeper
bits)

Shutters of non-forest timber like rubber
wood

# Vegetation for improving micro-climate
& shading buildings

# Designed for daylight.

Mélhar Footprints
Multi-family (G+2)
Wall

Floor

Roof
Openings

Passive features

Bengaluru, Temperate

3 BHK (213 m?)
CSEB & random rubble masonry
Local clay tiles (athangudi) & vitrified tiles

RCC Roof slab ventilated and shaded with
Gl sheet

Single glazing, shaded with RCC and
Mangalore tile roof overhang

# Reduced hard paving, Mud concrete paving
# Surface to Volume ratio (0.26 to 0.43)

# WWR of 18% to 25%

# Shaded Verandah

# Skylights over stairwell,

# Courtyards for daylight & ventilation



Realization Tamil Nadu, Warm-Humid
Community

Multi-family (G+2)  IBHK, 2 BHK

Wall Compressed Stabilized Earth Blocks (CSEB)
with lime stabilized earth plaster

Floor Vaulted floor systems having cavities and
ventilators

Roof CSEB vaulted roofing with insulation

Openings Single Glazed windows

Passive features # Double height spaces for stack
cooling

# Earth cooling tunnels
# Hygrothermal cooling

Hum;I‘i"cy
Multi-family (G+3)
Wall

Floor

Roof

Openings

Passive features

Tamil Nadu, Warm-Humid

2 BHK (131 m?),3 BHK (170 m2)

Flyash bricks with Lime cement finish
Vitrified tiles

Styrofoam insulation and reflective tile
finish

Anodized Aluminium frame for windows

# Designed for cross ventilation
# Vegetation shading East and West walls
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Slum Rehab

Incremental Row-
house (G+1)

Wall
Floor

Roof

Openings

Passive features

Bhuj, Hot-dry

2 BHK (21-35 m?)

Light colored walls

Sloping roof with insulation layer, and
Flat roof made of shallow domes using
earth blocks

#

Smart Ghar Il

Multi-family, Stilt +7

Wall

Opening

Roof

Passive features

Rajkot, Hot-dry
| BHK (34 m?)

Cavity wall (South fagade), 230mm AAC
block

Casement windows (shaded)

Insulated (40mm Polyurethane foam
insulation) and roof finished with
china mosaic.

# Mechanically assisted ventilation via
shaft

# Insulated roof with reflective finish
# Windows with external movable
shades
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Demonstration
Housing Project

Multi-family (G+1)
Wall

Floor

Roof

Openings

Passive features
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Rae Bareli, U.P, Composite

IBHK (34 m2)
Burnt Clay bricks in Rat Trap Bond
IPS flooring

Reinforced Brick Concrete Slab for
ground floor roof, Filler slab with
Earthen Pots for slope roofing, Mangalore
tile cladding on sloping roof.

Pre cast RCC door frames, Steel window
frames and glazed shutters.

# Rat-trap bond wall and filler slab.
# Shaded windows
# High ceiling for top floor

IHSDP Phase I
Multi-family (G+1)

Wall

Roof

Passive features

Lonar, Maharashtra, Hot-Dry
| BHK (25 m?)

230 mm Rat trap bond using Flyash
Bricks and | 5mm plaster on both faces.

Tumbler roofing, that is burnt clay conical
tumblers are placed in the arch on the roof.

# Filler slab, tumbler roofing and rat-trap to
improve insulating properties of the
envelope.

# Cluster planned around courtyards to
improve natural ventilation potential.
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Wall

Floor

Roof

Passive features
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Leh, Cold

IBHK (34 m?)

Rammed earth or mud/cement bricks
Insulated floor

Structural system made of wood with a
layer of insulation and finished with
mud.

False roof on the inside filled with natural
materials (dried vegetation) and saw dust.

# South facing solarium
# Double wall with insulation
# Insulated floor and roof

New Construction

XN

~——]
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Humanscapes
Habitat

Multi-family (G+2)

Wall

Floor
Roof

Openings

Passive features
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Puducherry,Warm-Humid

[,2,3 &4 BHK

Poured Earth Concrete (PEC) wall and
Waste Cuddapah stone wall

Natural stone and IPS flooring
Brick vaults.

Single glazing, shaded with RCC and
Mangalore tile roof overhang

# Light shelf for daylight.

# Land & sea breeze for natural
ventilation

# Shaded windows

# High ceiling to aid ventilation.
# Designed for adaptive comfort



Passive Strategies by Climate

Measures

Building Form (Aspect ratio,
Surface Area to Volume ratio)
Building Orientation (Aspect
ratio, Spatial Arrangement)
Surface Characteristics - Roof
(Absorptivity, Reflectivity)

Surface Characteristics - Wall
(Absorptivity, Reflectivity)

Surface Characteristics - Thermal
Mass (Terrace Garden, Dense

Walls)

Ventilation (Window placement,
Cluster Arrangement)

Cooling/Heating

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standard cum Guidelines for Affordable Housing

Design

Design

Material

Material

Material

Design

Equipment

Composite
Aspect Ratios, S-V
Ratios for Testing

North - South

Roof reflectance,

Roof absorptivity,

Roof emissivity

(Cool Roof, Vegetated
roof)

Wall absorptivity
Surface Roughness
(Heat Reflective)

Wall Assembly
combinations (Heavy,
Medium & Light weight)
(Cavity Wall, Mass Wall,
etc)

Cross Ventilation,

Night Venting,
Courtyard style cluster
Evaporative
(Downdraught), Ceiling
Fan, Air-earth heat
exchanger

Cold
Aspect Ratios, S-V
Ratios for Testing

South facing

Roof absorptivity,
Roof emissivity
(Insulated roof —

Thatch/Straw agricultural

waste)

Wall absorptivity
Surface Roughness
(Trombe Wall)
Wall Assembly

combinations (Heavy,
Medium & Light weight)
(Cavity Wall, Mass Wall,

etc)
NA

Air-earth heat
exchanger

Warm-Humid
Aspect Ratios, S-V
Ratios for Testing

Oriented towards
prevailing wind.

Roof reflectance,
Roof absorptivity,
Roof emissivity

(Cool Roof, Vegetated
roof)

Wall absorptivity
Surface Roughness
(Heat Reflective)

Wall Assembly
combinations (Medium &
Light weight)

(Cavity Wall, etc)

Cross Ventilation,
Night Venting,
Courtyard style cluster

Temperate
Aspect Ratios, S-V
Ratios for Testing

North-South

Roof reflectance,
Roof absorptivity,
Roof emissivity

(Cool Roof, Vegetated
roof)

Light colored,

Heat Reflective

Wall Assembly
combinations (Medium &
Light weight)

(Cavity Wall, etc)

Cross Ventilation,
Night Venting,
Courtyard style cluster

Hot-Dry
Aspect Ratios, S-V
Ratios for Testing

North-South

Roof reflectance,
Roof absorptivity,
Roof emissivity

(Cool Roof, Vegetated
roof)

Light colored,

Heat Reflective

Wall Assembly
combinations (Heavy,
Medium & Light weight)
(Cavity Wall, Mass Wall,
etc)

High Ventilators,

Wind Towers,
Courtyard style cluster
Evaporative
(Downdraught), Ceiling
Fan, Air-earth heat
exchangef7



Alternative Materials

Wall Materials/Practices Roof Materials/Practices Door/Window Materials/Practices

Rat-trap bond walls in burnt clay bricks Filler slab roof Natural Fibre Composite door shutters
Fly ash bricks Precast brick panel roof Precast RCC door-window frames
Concrete blocks Precast Plank Joist roof

Stone filler blocks Jack Arch roof

EPS panels EPS panels

Glass fiber reinforced concrete (GFRC) Glass fiber reinforced concrete (GFRC)

AAC blocks

Monolithic concrete technology

Source: Mainstreaming Sustainable Social Housing in India (MaS-SHIP)

Woall Materials/Practices Roof Materials/Practices Door /'Window Materials/Practices

Compressed Stabilized Earth Block Reflective roof tiles RCC door frames and lintels
Fly-ash brick, Structural Insulated Panel (SIP) Filler slab Wood/plastic composites
Aerated Autoclaved Concrete (AAC) block

Cellular Lightweight Concrete (CLC) block

Source:Trust Fund for Environmentally and Socially Sustainable Development (TFESD)
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Fly-ash Lime, Sand and Gypsum
Comeposite Bricks

Compressed Earth/ Fly-ash Lime, Sand Comepressed Earth Blocks Cement Plaster on Bamboo Split
and Gypsum Composite Binterlocking
blocks

Source: Environment Friendly Indian Building Material Technologies for Cost Effective Housing.
Society for Excellence in Habitat Development, Environment Protection and Employment Generation (SHEE)
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Monolithic Construction With Structural Stay-In-Place CR Steel Specially
Designed Formwork System (Coffor)

TN ENT IR

WL L LT

I et e el b

o]V)
Stay in place EPS double walled panel system Light Gauged Steel frame Structure

Source:
Demonstration
Housing Project

using Emerging
Technologies, BMTPC



Wall Types & Technologies

Alternative Wall Materials (15 +)
Aerated Autoclaved Concrete (AAC) block

Clay Fly Ash Burnt Bricks

Concrete Brick/Block (Hollow/Solid)

Corrugated Sheet (G.l./metal/asbestos/bamboo mat)
Cellular Lightweight Concrete (CLC) block.
Compressed Stabilized Earth Block (CSEB)
Ferrocement Panel

Fly-ash brick
Alternative Walling Techniques (15+)

Cavity wall

Cement Plaster on Bamboo Split

Compressed Earth/ Fly-ash Lime, Sand and Gypsum Composite
Interlocking blocks

Expanded Polystyrene Core Panel System

Exterior Insulation and Finishing System

Factory Made Fast Track Modular System

Fibre reinforced cement sheets on either side of light weight concrete
core (Aerocon Panels)

Glass Fiber Reinforced Gypsum (GFRG) Panel Building System

Fly-ash Lime Gypsum (FALG) brick

Hemp blocks (Hemp or Agri-waste with lime binder)
Marble Slurry Bricks

Rice Husk Block

Stone

Stone filler blocks

Structural Insulated Panel (SIP)

Light Gauge Sheet Framed Structures (LGSF) System

Monolithic Concrete Construction System using aluminum/plastic-
aluminum formwork

Monolithic Construction with Structural Stay-In-Place CR Steel
Specially Designed Formwork System (Coffor)

Poured Earth Concrete

Rat-trap bond

Stay in place EPS double walled panel system



Roof Types & Technologies | Windows & Doors

Alternative Roof Materials (6+)

Brick Ferrocement

Concrete (Cast in-situ, Pre-cast, Pre Stressed) Micro concrete
Corrugated Sheet (G.l./metal/asbestos/bamboo mat) Stone

Alternative Roof Technologies/Techniques (13+)

Cellular light weight concrete slabs Madras roofing technique
Ferrocement Roofing Channel Micro concrete roofing tiles
Filler slab roof Precast brick panel roof
Glass Fiber Reinforced Gypsum (GFRG) panel building system Precast concrete panels
Jack Arch roof Precast plank joist roof
Light Gauge Sheet Framed Structures (LGSF) system Precast solid slab

Prestressed concrete ribbed/cored slabs

Doors,Window & Frames

Ferrocement frames Single Glazed Window (5/6mm) Natural Fibre Composite door shutters
Pressed steel door and window frames

RCC door frames and lintels

UPVC Window frames

Wood/plastic composites

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standard cum Guidelines for Affordable Housing
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Bamboo Mat Corrugated Roofing sheet

RCC Plank and Joists Micro-concrete Roof Tiles

Source: Environment Friendly Indian Building Material Technologies for Cost Effective Housing.
Societggor Excellence in Habitat Development, Environment Protection and Employment Generation (SHEE)

Filler Slab



Range of Material Characteristics

Wall — U value W/m2.°K

Wall — Density kg/m3

Wall — Specific Heat  J/kg.°K

Wall - Reflectance Fraction between (0 - |)
Roof — U value W/m2.°K

Roof — Density kg/m?3

Roof — Specific Heat  )/kg.°K

Roof — Reflectance Fraction between (0 - |)
Glazing — U value W/m?.°K

Glazing — SHGC Fraction between (0 - 1)
Glazing — VLT Fraction between (0 - 1)

0.6 (Foam cement block)
580 (Foam cement block)
540 (Foam cement block)
0.3

0.2 (Foam concrete)

700 (Foam concrete)

850 (RCCQ)

0.3

4.9

0.5

0.65

5.1 (Fire brick)
2400 (Limestone)
1000 (Fire brick)
0.6

6.3 (RCC)

2500 (RCC)

| 100 (Foam concrete)
0.8

6.3

0.9

0.85
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Range of design characteristics

Window Wall Ratio

Wall(Exposed) Floor Ratio % 65 >100

Window (Operable Area) Floor Ratio % 7 35

Shading (Projection Factor) Fraction between (0 -  No Shading (PF=0) PF=1I
) Combination of

Shading Devices

* Overhang only

* Fin only

* Overhang and Fin

Thermal Comfort Action Plan 2050 & Development of Thermal Comfort Based Standard cum Guidelines for Affordable Housing 55



Cost of Affordable Housing

Analysis of cost data from projects by private developers and government agencies



Cost for Affordable Housing is Higher in Metros

3,600 — Cost/SF
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Government sponsored Affordable Housing is

cheaper, but only after Subsidies

3,600 Cost/SF
3532
1
3,600 — Cost/SF No. of Bedrooms 3,400
® 0.0
3,400 - 30 3,200
3092
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. PPP 2,800 H
2,800 — ® e 2670
. 1
_ 259
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- 1
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Analysis based on a sample set of 50 Housing projects spread across India
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