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Project Overview

Speaker: Prof. Ashok Lall



INTRODUCTION : Project Objective

To enhance climate resilience and thermal comfort in buildings by adopting

innovative passive measures, locally available and low embodied energy

materials coupled with appropriate available technologies of construction

for affordable housing.

The main objective is minimizing discomfort hours through use of passive

design measures to improve the quality of life while ensuring affordability
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INTRODUCTION - Project Timeline
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Documentation of Develop Architectural Develop Budget Develop BIM and UGl Ve Bl Develop Developing a
architectural typology, Design & Specifications Estimates of Simulatomiodels and Event for tﬁe Architectural Design compendium for
construction for Replicable Design Replicable Design of Replicable Design Launch of Replicable & Specifications for Replicable Design
technology and options for Thermally options for Thermally options for Design Catalogue for Replicable Design options for
mate(rj‘taé.; u;edf?r Comfortable Comfortable Thermally Thermally options for Thermally
affgr (FJ’M;YOZSIng Affordable Housing Affordable Housing Comfortable Comfortable . Thermally Comfortable
under a et Mousig Affordable Housing Comfortable Homes under

BLCHomes PMAY-U
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INTRODUCTION — Work packages

WP3

Develop Budget Estimates of
Replicable Design options for
Thermally Comfortable Affordable
Housing

OBIJECTIVE

1. Detailed cost estimates of all the
developed architectural design options for
all climate zones.

ACTIVITIES

2. Techno-Commercial Feasibility of all the
developed architectural design options for
all climate zones.

* Detailed BOQs of the master set
typologies

DELIVERABLES

OBIJECTIVE

ACTIVITIES

DELIVERABLES

WP4

Develop BIM and Simulation Models
of Replicable Design options for
Thermally Comfortable Affordable
Housing

1. Building Information Model (BIM) of all
the developed architectural design options
for all climate zones.

2. Energy Simulation Model (including .IDF
file) of all the developed architectural
design options for all climate zones.

3. Natural & artificial lighting Simulation
Model of all the developed architectural
design options for all climate zones.

. BIM models for the master set
typologies

* .IDF files for the master set design
typologies

* .rad files for the master set design
typologies
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OBJECTIVE

ACTIVITIES

DELIVERABLES

WP6

BLC -Develop Architectural Design &
Specifications for Replicable Design options
for Thermally Comfortable Homes
1.Conducting desk research on BLC projects

(constructed under PMAY(U) shared by the
Ministry/Survey agency

2.Develop Architectural Design & Specifications for
Replicable Design options for Thermally
Comfortable BLC Homes.

3.Developing a compendium for Replicable design
options for Thermally Comfortable BLC homes

4. Making the compendium web-friendly to be
uploaded onto PMAY(U) website

* 10-page report outlining the relevant research
findings and the proposed type design matrix

* Type designs drawing set and BOQ ,cost
estimate based on CPWD plinth area rates.

* 3D views with an explanation of design principals

* Detailed high-resolution compendium

* Drawings package suitable for uploading on web-
tool
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Topics covered in Webinar 1 and Webinar 2

15t Stakeholder consultation

April 2022
Overview of existing design and Framework for development of
construction practices to identity gaps type designs

in achieving optimal Thermal comfort

2nd Stakeholder consultation
Nov 2022

Affordable Housing Typologies Type design packages
Plan sets & Master sets

Categorization of residential ; .
buildings for Type designs Overview of Master set
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Type design overview of Thermal
Performance and Carbon Footprint of
Construction

Key Performance Indicators

Simulation and Performance concepts
Key Performance Indicators of one type

design
RETV,WFR,EEI,DDH
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Topics covered in this Webinar

3rd Stakeholder consultation
Jan 2023

: SESSION |
: Type designs for different building
: typologies

Multi family housing
(Warm & Cold)
Single Family House (Warm)

Master set Variations for
Warm & Cold climates

SESSION Il
Simulation results and
Performance Inferences

Multi family housing
(Warm & Cold)
Single Family House (Warm)
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SESSION I
Development of BLC
(Beneficiary Led Construction)
type designs

* Design principals
e Type design matrix
* Designs developed

SESSION IV

Introduction to Webtool

&
Next Steps
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SESSION |

Type designs for different building typologies &
Master set Variations

Speaker: Roopa Nair



‘ TYPE DESIGN CATALOGUE : Warm climates

Type designs - 4 nos Single Family
Row house
2 BHK two side
45 - 60 sgm|45 - 60 sgm open

<15m (G+3)

1 BHK

30-45sgm|30-45 sgm

1 BHK

1 BHK

45 - 60 sgm

1 BHK

45 - 60 sgm

Master sets

Plan sets

Multi-Family Type designs - 17 nos
A
N
Tower Stand 2 BHK 2 BHK &
Alone 45-60sqm | 45-60sgqm g
g
S
Tower 1 BHK 1 BHK 2 BHK 2 BHK .
Connected 45-60sqm | 45-60sqm | 45-60sqm | 45-60sgm L
A
Doubly loaded Dorm 1 BHK 1 BHK 2 BHK 2 BHK N
. wv
corridor Upto30sgm | Upto30sgm | Upto30sgm | 30- 45sgm | 30-45sgm | 45-60sgm ™
S
i §
Singly loaded S
corridor L
Up to 30 sgm %
A 4
Row House 1 BHK 1 BHK 2 BHK
two side open Upto30sgm | Upto30sgm | 30-45sgm =
S
g
Row House S
Back to back* 1BHK * Not applicable for Warm humid & v
ackto bac Up to 30 sqm Temperate climate
v




TYPE DESIGN CATALOGUE : Cold climate

Type designs - 4 nos Single Family
A
&D; 2 BHK Semi Detached
%_ 45 - 60 sqgm Duplex
Q
A
&
& Row house two
5 45 - 60 sqm side open
\Y%

1 BHK

45 - 60 sgm

1 BHK

45 - 60 sgm

Master sets

Plan sets

Multi-Family Type designs - 7 nos

V'
-
Tower Stand 1 BHK 2 BHK ©
Alone 45-60sgm | 45-60 sqm &
‘{‘}'

A
o
Singly loaded 1 BHK 1 BHK 2 BHK L
. g
corridor Upto30sqm | 30-45sqm | 30-45sqm ®
U
o
Row House 1 BHK 2 BHK &
two side open 30-45sqm | 45-60 sqm &
v

v

giz




TYPE DESIGN PACKAGES : Master Sets & Plan sets

Replicable Design Types

A) Design data

!

Plans, Block Plan ,Window and shading design -
!

=

B) Construction data

Working drawing set- Plans, Elevations , Sections,
Electrical Layout & Architectural details

BOQ & Estimate

Revit file

|-

C) Simulation Data
Climate analysis ,Schedule of operation ,Input Parameters
IDF files

RAD files

D) Performance Data l
Key performance indicators H
RETV, WFR, EEI, DDH,
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!

Plans set 16 nos

* Design — Plans l

—

Plan sets are based on the same principles of
planning and construction as for the Master
Set. It is presumed that the performance of
the plan sets would be close to the
performance of the Master Set as obtained
through simulations.

!

H Downloadable sets
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DESIGN PRINCIPLES: WARM CLIMATE

1. Compactness 2. Protection from heat

Surface to Volume ratio increase from A to C as the built Controlling Window to Wall area Ratio (WWR)
form gets more complicated

Selecting external wall/roof materials for insulation value

m| oo m mno 00
L
A B C

Single window - ncturcl

Distributing windows can _ Adding ventilator This combines benefits of This sysfem gives
ventilotion may not produce on air movement improves ventilation stock effect and air the best natural
flow across the room ocross the room due to stack effect

movement across the room ventilation.

3. Protection through shading 4. Optimizing openings for ventilation 5. Use of thermal mass & solar

gains to ensure indoor comfort

Use of shading devices to cut Solar gains Ensuring cross ventilation through all living

spaces of the house

wA
-
£y
b 3
-
Summer Day: thermal

Summer Night: ventilation
mass will ensure delay in

at night will help cool the
heat transfer to the inside

building mass down

v ¥

%

BEDROOM

1

LIVING ROOM PASSAGE

¢ 3 &

S
Winter Day: Solar heat gets Winter Night: the heat stored
stored in the built mass
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during the day is radiated inside




DESIGN PRINCIPLES: COLD CLIMATE

Principles of design for energy efficient design and construction in cold climate:
* The basic design principle is to maximise solar gain to get comfortable temperature indoors.

* |tis then extended by the design of the external envelope — its walls, windows and insulation to retain the
heat and minimise losses when night time temperatures are low.

* A defining feature of these dwelling unit designs is the sun balconies next to living spaces to capture the
heat from the sun.

e Orientation plays a major role in the planning of these layouts so as to capture maximum benefit from
solar radiation.
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RESIDENTIAL TYPOLOGY: Warm |Cold Climate, Single family | Multi family

Single Family- Warm Multi Family- Warm

Multi Family- Cold
Row house two side open IR Tower connected Singly loaded corridor |
Carpet area — 54 sqm C D A

Carpet area — 44 Sqm
Stilt +7 floors

Carpet area — 35 Sgm
Ground floor (Expansion till G+3)

Ground + 3 floors

P

i, v

1 1
1 1 1
- L] L
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WARM CLIMATES: SINGLE-FAMILY - Row house two side open

Slab Projection

VERANDAH
6.8mx 1.2m

3.2m x 3.4m

BEDROOM 1 (([

LN
N

LIVI@M

’/ |
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Row house two side open
Carpet area — 54 Sgm

6
C
Ground floor (Expansion till G+3)

Access road

Access road




WARM CLIMATES: MULTI-FAMILY — Tower connected

BEDROOM 2

3mx 3m

Tower connected 4
Carpet area — 44 Sgm D

Stilt +7 floors

|
e

1
<=
"~ BEDROOM 1
BALCONY N 3mx3m
3.2mx 1.2m %
(W —
X2

BOLT ON SHADING DEVICE
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‘ COLD CLIMATE: MULTI-FAMILY — Singly loaded corridor

Carpet area — 35 Sgm

= Ground + 3 floors
l-—: = =

1500mm wide corridor

Singly loaded corridor
A

KITCHEN
1.8m x 2.5m

LIVING & DININ
29mx 3.0m
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‘ MASTER SET VARIATIONS : WARM CLIMATES

Climate zone

Hot & dry

Composite

Warm Humid

Temperate

Construction technologies for Warm climate-Low rise buildings

Construction Fetemal doors/
Technology Walling material Roofing system
windows & Glazing
(CT)
CcT1 AAC Blocks 100mm thick Foam
concrete
T2 Soild burnt clay brick + Light colored tile
- Rolled steel + SGU
T3 Fiyash bricks - HD,Co,WH 50mm EPS insulation +
Light colored ti
CSEB - Temperate ‘ght colored tile

Construction technologies for Warm climate -Mid/High rise buildings

Gypsum board

Construction External doors)
Technology Walling material Roofing system
windows & Glazing
(cT)
Tl AAC Blocks )
100mm thick Foam
RCC + UPVC +SGU concrete
cT2 Mineral wool insulation +

+ Light colored tile

Autoclaved Lightweight Concrete
Panel

Rolled steel+SGU

50mm EPS insulation +
Light colored tile
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Orientations considered for Warm climates

Middle Unit

N o L 1o

o s i B e s s i i it

B

i )

B

Top Storey

Middle
Storey



‘ MASTER SET VARIATIONS : COLD CLIMATE

Orientations considered for Cold climate Location of the unit in building block
|

End Units Middle Unit - End Units_l

Top Storey

B

g fEf

()]

[
A
o
3
<

-

B

o s i B e s s i i it

Construction technologies for Cold climate

Construction
) ) External doors/ .
Technology Walling material i X Roofing system
windows & Glazing
(CT)
(T1 AAC Blocks
Cavity wall system 100mm thick Foam
UPVC + SGU concrete
T2 Solid burnt clay brick + + Light colored tile
Mineral wool insulation +
Solid burnt clay brick
T3 Solid burnt clay.brick + EPS Wood +SGU 50m-m EPS insulat‘ion +
Insulation Light colored tile
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KEY PERFORMANCE INDICATORS

KEY PERFORMANCE INDICATOR

_— . . Residential Envelope Transmittance Value (RETV) -Warm climates
1 Building Envelope Efficiency )
U envelope for Cold climate

2 Natural Ventilation Potential Window to floor area ratio (WFR)
3 Visual comfort Day light potential (Useful Daylight llluminance —UDI)

e i
4 1 Thermal Comfort Degree Discomfort hours
5 : Embodied Energy Intensity Embodied Energy Intensity / Unit sgm of carpet area

|
6 I Cost Efficiency Cost of construction /Unit sgm of carpet area
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KEY PERFORMANCE INDICATORS : THERMAL COMFORT & EEI

Performance Indicator What is DDH (C hr) Simulation required

The difference in temperature between the indoor air

Degree Discomfort Hours 1\ herature and the IMAC — R comfort temperature Software: Design Builder/Energy Plus
(DDH) over 8760 hours (365 days * 24 hours).

Performance Indicator Scope Calculation required
Embodied energy share of the highest contributing Mass or volume of Concrete, steel and
materials i.e. concrete, steel, walling blocks. walling materials used are taken from the

BOQ.
Embodied energy intensity is being demonstrated as This is multiplied by the corresponding
Embodied Energy Intensity embodied energy per unit carpet area (MJ / m2) embodied energy coeffcients of the material

(EEI) (in MJ/kg or MJ/m3). Coefficients from
secondary sources
Sum of embodied energy of all materials
divided by carpet area gives the embodied
energy intensity

Performance Indicator Calculation required

Cost efficiency Cost of construction per sgm of Carpet area. Quantities are taken from BIM file.
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SESSION | : SUMMARY

* Type Designs — underlying principles
 Type design examples
Single family — Warm climate

Multi-family — Warm climate

Multi-family — Cold climate

e Master set Variations for Warm & cold climates
* Key Performance Indicators

Questions and Feedback

Please follow the link in the chat box to fill the feedback survey:

22 | CLIMATE SMART BUILDINGS : Replicable Design options for Thermally Comfortable Affordable Housing g i Z



SESSION I

Performance results
and Inferences

Speaker: Ms.Rathnashree Prakash
Ms.Saswati Chetia



. Slab Projection
@\ above

WARM CLIMATES: SINGLE-FAMILY - Row house two side open

BEDROOM 1 (([

/’r’
l’@
/
/
|
=== -
el
3.2m x 3.4m e | B
. \
I ’

VERANDAH
6.8mx 1.2m

Row house two side open g
Carpet area — 54 Sgm C
Ground floor (Expansion till G+3)
BEDROOM 2
3.2m x 3.4m I:I
LIVI@M
3.9mX3.4m

/= ENTRY -
a0 | i |
= B e

Access road
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DEGREE DISCOMFORT HOURS: SINGLE-FAMILY - Row house two side open

Ground floor _ Middle unit

Hot and dry

Ground floor _ Middle unit

Warm humid

Orientation
(Degree discomfort hours)

Construction technology

South orientation (DDH)

West Orientation (DDH)

Orientation
(Degree discomfort hours)

Construction technology

South orientation (DDH)

West Orientation (DDH)

Ground floor _ Middle unit

Composite

Ground floor _ Middle unit

Temperate

Orientation
(Degree discomfort hours)

Construction technology

South orientation (DDH)

West Orientation (DDH)

Orientation
[Degree discomfort hours)

Construction technology

South orientation (DDH)

West Orientation (DDH)

Construction technology

CT1

CcT2

CcT13

Walling material

& Glazing

Roofing system

External Doors/windows

e 200mm AAC Block

* Single glazed unit with
UPVC frame

* 100mm Foam concrete
insulation + Light colored
glazed tile

Solid burnt clay brick

Single glazed unit with
rolled steel frame

100mm Foam concrete
insulation + Light colored
glazed tile

Flyash brick

Single glazed unit with
UPVC frame

50mm EPS insulation +
Light colored glazed tile
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Row house two side open g
Carpet area — 54 Sgm C
Ground floor (Expansion till G+3)

Access road

Access road



WARM CLIMATES: MULTI-FAMILY — Tower connected

Tower connected @
Carpet area — 44 Sgm D

Stilt +7 floors

b \;‘ |_
: \*’ L

Operlicg,sky/ ’ WU BATH <> Open to sky
‘~~\\:{/,,court ‘1—/ /, 1. Court O
T T ‘ 3 kitchen (-]
@}@ V_V\ 1.8m x 2.1m|
2/ _ 2/ 111

BEDROOM 2 Living +Dining (T

3m x3m 3m x 4.2m
[omm—

Lobby

— [

N

[N
[T

"2/ BALCONY % \ dmxam

3.2mx 1.2m

i1
L[]

i

BOLT ON SHADING DEVICE: E{
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DEGREE DISCOMFORT HOURS: MULTI-FAMILY — Tower connected

Middle floor _ Middle unit Hot and dry Middle floor _ Middle unit Warm humid
Orientation Construction technology Orientation Construction technology
(Degree discomfort hours) cT1 cT2 cT3 (Degree discomfort hours) cT1

South orientation (DDH) 2087 1903 South erientation (DDH) 1005

West Orientation (DDH) Ll Less West Orientation (DDH) -l

Middle floor _ Middle unit Composite Middle floor _ Middle unit Temperate
Orientation Construction technology Orientation Construction technology
(Degree discomfort hours) CT1 cT2 CcT2 (Degree discomfort hours) CT1 CcT2 cT3
South orientation (DDH) 2488 South orientation (DDH)

West Orientation (DDH) 2786 West Orientation (DDH)

Construction technology

CT1

CT2

C13

Walling material

& Glazing

Roofing system

External Doors/windows

e 200mm AAC Block

* Single glazed unit with
UPVC frame

¢ 100mm Foam concrete

glazed tile

insulation + Light colored

RCC +Mineral wool
insulation +Gypsum board

Single glazed unit with
UPVC frame

100mm Foam concrete
insulation + Light colored
glazed tile

Autoclaved Lightweight
Concrete Panel

Single glazed unit with
rolled steel frame

50mm EPS insulation +
Light colored glazed tile
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Tower connected
Carpet area — 44 Sgm
Stilt +7 floors

B~

g

i

i
E===

|
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‘ COLD CLIMATE: MULTI-FAMILY — Singly loaded corridor

.....................

S |

1500mm wide corridor

W
LA

' &
F—3
I [ @Y
N A A —
. KITCHEN E
1.8 2.5
P Y . -0 m x 2.5m
/ o .
1.2mx1m

/
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-
a

LIVING & DINING

Singly loaded corridor
Carpet area — 35 Sgm
Ground + 3 floors

1
A

29mx30m T—

BEDROOM @

3.1m x 3.0m
W .
DY/ W
Swn IS/ SUN -
COlBALcoNY | =
\‘ \_]_/ 3mx 1.0m
I"/W\'l I"/W\'l
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DEGREE DISCOMFORT HOURS : COLD CLIMATE- MULTI-FAMILY — Singly loaded corridor

Middle floor _ Middle unit

Cold

Orientation
(Degree discomfort hours)

Construction technology

South orientation (DDH)

East Orientation (DDH)

Top floor _ Middle unit

Cold

Orientation
(Degree discomfort hours)

Construction technology

South orientation (DDH)

External Doors/windows
& Glazing

Roofing system

East Orientation (DDH) 9776
Construction technology CT1 CT2 CT3
Walling material 200mm AAC Block * Cavity wall system - * Solid burnt clay brick +

Solid burnt clay brick + EPS Insulation
Mineral wool insulation +

Solid burnt clay brick

Single glazed unit with * Single glazed unit with * Single glazed unit with
UPVC frame UPVC frame rolled steel frame

100mm Foam concrete | * 100mm Foam concrete * 50mm EPS insulation +
insulation + Light insulation + Light colored Light colored glazed tile
colored glazed tile glazed tile
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Singly loaded corridor
Carpet area — 35 Sgm
Ground + 3 floors

.

1
A




EMBODIED ENERGY : SINGLE-FAMILY - Row house two side open

Row house two side open - Hot & dry- Ground floor -Middle unit

sgm of carpet area

Total Embodied energy per

Embodied energy Construction technology 2500
(HD) Ground floor- Middle Unit CT1 CT2 cT3
2000
Concrete 481 514 514
e 1500
Walling material E
5
=
Steel 986 1171 1117 1000

Embodied energy / m? carpet area

mConcrete mWall = Steel

2121

1728

Construction technology

CT1

CT2

CT3

Walling material

External Doors/windows
& Glazing

Roofing system

UPVC frame

glazed tile

200mm AAC Block

Single glazed unit with

100mm Foam concrete
insulation + Light colored

Solid burnt clay brick

Single glazed unit with
rolled steel frame

100mm Foam concrete
insulation + Light colored
glazed tile

* Flyash brick

* Single glazed unit with
UPVC frame

* 50mm EPS insulation +
Light colored glazed tile
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1904

Row house two side open
Carpet area — 54 Sgm
Ground floor (Expansion till G+3)

Access road

Access road



EMBODIED ENERGY : MULTI-FAMILY — Tower connected

, _ _ Tower connected
Tower connected- Hot & dry- Middle floor -Middle unit Embodied energy / m? carpet area 4
Carpet area — 44 S5gm )
mConcrete mWall = Steel
4500 Stilt +7 floors
Embodied energy Construction technology 2071
. . . 3000
(HD) Middle floor- Middle Unit CT1 CT2 CT3 2603 Sars
2500
Concrete % 2000
Walling material = 1500
Steel 1903 1451 1000
Total Embodied energy per sqm %0
0
of carpet area -
N S
Construction technology CT1 CT2 CT3
Walling material e 200mm AAC Block * RCC +Mineral wool * Autoclaved Lightweight I —
insulation +Gypsum board Concrete Panel ﬂ = = %
# (o |
External Doors/windows * Single glazed unit with * Single glazed unit with * Single glazed unit with
i g =
& Glazing UPVC frame UPVC frame rolled steel frame I
* 100mm Foam concrete * 100mm Foam concrete * 50mm EPS insulation + — |
Roofing system insulation + Light colored insulation + Light colored Light colored glazed tile
glazed tile glazed tile
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EMBODIED ENERGY : COLD CLIMATE- MULTI-FAMILY — Singly loaded corridor

Singly loaded corridor- Middle floor -Middle unit

Embodied energy
Middle floor- Middle Unit

Construction technology 3500

Concrete

Walling material

Steel

Total Embodied energy per sgm

of carpet area

CT1 CcT2

CT3 3000

2500

Embodied energy / m? carpet area

mConcrete mWall = Steel

2996

2675

CT2
MS3

Construction technology

CT1

CT2

CT3

Walling material

External Doors/windows
& Glazing

Roofing system

200mm AAC Block

Single glazed unit with
UPVC frame

100mm Foam concrete
insulation + Light
colored glazed tile

* Cavity wall system -
Solid burnt clay brick +
Mineral wool insulation +
Solid burnt clay brick

* Single glazed unit with UPVC

frame

e 100mm Foam concrete
insulation + Light colored
glazed tile

Solid burnt clay brick + EPS
Insulation

Single glazed unit with
rolled steel frame

50mm EPS insulation +
Light colored glazed tile
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2989

CT3

Singly loaded corridor

Carpet area — 35 Sgm
Ground + 3 floors

.,

1
A




Observations and learning from
the project

Speaker: Ms.Rathnashree Prakash
Ms.Saswati Chetia
Ms. Roopa Nair



PERFORMANCE INFERENCES : EMBODIED ENERGY / SQM OF CARPET AREA

- Steel
3500
2071 2996 2989 - Wa”

3000
2603 2673 - Concrete
2475
2500
2121 Embodied energy will vary with change
2000 1904 in construction technology. More
1728 .
concrete and steel used, more is the
1500 embodied energy of the design. With
lighter walling materials, concrete and
1000 steel quantity is reduced, and thus,
also embodied energy.
500
Embodied energy also varies with the
type of design, with more compact
cTM CT2 CT3 cTM CT2 CT3 cTM CT2 CT3

0
forms having lower embodied energy.

MJ/ m?2

Row house two side open R Tower connected 4 Singly loaded corridor
Single Family- Warm C Multi Family- Warm i} Multi Family- Cold A
HD-Ground floor —Middle unit-South HD-Middle floor -Middle unit-South Cold-Middle floor -Middle unit-South
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COST OF CONSTRUCTION: DIFFERENT TYPOLOGIES

Multi Family- Cold 1

Single Family- Warm Multi Family- Warm [
Row house two side open [ Tower connected D Singly loaded corridor [
Row house two side open Tower connected Cold - Singly loaded corridor
CT1 cT2 cT3 CT1 cT2 CcT3 CT1 cT2 cT3
Item of Work AAC Burnt brick  Flyash brick AAC RCC # Insulation ALC Panel AAC Cavity brick wall Burnt clay brick
+ insulation + Insulation

Amount Amount Amount Amount Amount Amount Amount Amount Amount
CIVIL WORK (Building Envelope) 763 T7% 77% 64% 67% 67% 54% 53% 50%
TOTAL 878355 943278 8938326 389988 446014 303479 263012 260620 254465
WINDOWS & SHADING 8% 1% 7% 21% 19% 13% 29% 30% 29%
DOOR, WINDOW & BALCONY 83860 83860 83860 121845 121845 53774 144271 144271 144271
SHADING 4940 4940 4540 4516 4516 4516 299 299 299
TOTAL 88799 88799 88799 126361 126361 58290 144570 144570 144570*
FINISHING (External walls & Terracing) 13% 13% 13% 15% 13% 19% 16% 16% 15%
TOTAL 154724 154724 154724 88303 88303 88303 76125 76125 76125
INSULATION 3% 3% 3% 0% 0% 1% 1% 2% 6%

TOTAL 36403 36403 36403 3001 3001 1695 7221 8533
TOTAL COST OF CONSTRUCTION (INR) 11,58,282  12,23,205  12,18,253 6,07,652 6,63,678 4,51,767 4,90,928 4,389,847 5,05,340
Cost/ sqm carpet area 21,450 22,652 22,560 13,810 15,084 10,267 16,364 16,328 16,845
Cost/ sqft carpet area 1993 2105 2097 1283 1402 954 1521 1517 1565
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Includes civil structure, building envelope, door-window, external finishing, and costs of ECMS.

Includes civil structure, building envelope, door-window and external finishing costs

Excludes common area costs like corridor, staircase, lobby etc
Includes the proportionate cost of terracing distributed over no of floors



Row house two side open Tower connected
Ground floor _ Middle unit Hot and dry Hot and dry
Orientation Construction technology Construction technology
(Degree discomfort hours) CT1 cT2 CT3 cT1 cT2 cT2
South orientation (DDH) 1049 2087 1903
Row house two side open Tower connected
CT1 cT2 CcT3 CT1 cT2 CcT3
ltem of Work AAC Burnt brick  Flyash brick AAC RCC + Insulation ALC Panel
Amount Amount Anﬂamﬂ Amount Amount ﬁhnnunq
CIVIL WORK (Building Envelope) 76% 7% 7% 64% 67% 67%
TOTAL 878355 943278 QBESZEP 389988 446014 303479+
WINDOWS & SHADING 8% 7% 7% 21% 19% 13%
DOOR, WINDOW & BALCONY 83860 83860 83860 121845 121845 53774
SHADING 4940 4940 4940 4516 4516 4516
TOTAL 88799 88799 88799+ 126361 126361 58290+
FINISHING (External walls & Terracing) 13% 13% 13% 15% 13% 19%
TOTAL 154724 154724 154724 88303 88303 BEEOBP
INSULATION 3% 3% 3% 0% 0% 1%
TOTAL 36403 36403 35403+ 3001 3001 1695
TOTAL COST OF CONSTRUCTION (INR) 11,58,282  12,23,205  12,18,253 6,07,652 6,63,678 4,51,767
Cost/ sqm carpet area 21,450 22,652 22,560 13,810 15,084 10,267
Cost/ sqft carpet area 1993 2105 2097 1283 1402 954
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PERFORMANCE INFERENCES : BUILDING TYPOLOGY VARIATIONS-Single family & Multi family

- Steel
] wai

- Concrete

EMBODIED ENERGY INTENSITY

3500

3000

2500

2000

MJ/ m?

1500

1000

500

Tower connected

Row house 2971
two side open 2603
2475
2121
1904
1728
CcT1 CcT2 cT3 cT CT2 CT3



PERFORMANCE INFERENCES : CLIMATE VARIATIONS

DEGREE DISCOMFORT HOURS Tower connected
Warm climate: Tower connected | South orientation | Middle floor | Middle unit | CT1 Carpet area — 44 Sgm
q Stilt +7 floors
. . W
Climate zones Hot and dry | Composite arm .an Temperate
humid
Bedroom 1 (DDH) 1975 1178
Living room (DDH) 2310 1100
Bedroom 2 (DDH) 2044 781
DDH-Area weighted Average 2087 1005

W =
\2/ BALCONY (D)
4/

32mxiom N4 | L
I O = = N

i

i

The same dwelling unit type may be suitable for all the four warm
climates (Hot-dry, Warm humid, Composite, Temperate) but it will have
different performances according to each climatic condition.

N e e
The more extreme the climate, the greater the discomfort. Design needs
to be adjusted to the local conditions with envelope shape, glazing ratio, ]
shading and envelope materials. = = "
= R 1] f*@
gy
I R B
- | —
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PERFORMANCE INFERENCES : CLIMATE VARIATIONS

Door Windows for Hot-dry & Composite climate Tower connected
Carpet area — 44 Sgm
Stilt +7 floors

BOTTOM OF BEAM, 1000 200
2N

T 1T

MLM—\Lﬁj%,ﬁ,, {,, B J

2100
2500
|2100

FINISHED FLOOR LVE~ — |
TN
TOPOFSLAB

S = e = —

;}EDROSM 1

{27/ BALCONY (D) 3mx3m
32mxiom N4/

Door Windows for Warm humid & Temperate climate
Ventilator added to doors/ windows

BOLT ON SHADING DEVICE

BOTTOM OF BEAM 1000 %00 I . %00 . 200 . 0 X X 1500
ﬁ__, o T S T T S T TG
wewm g ] [ e I ) I ) I | ——
, Bl .

8 : g | S el Ll 8 Bl —

B AN A T | I O g [ ] ]
FINBHEDFLCDRLVL————%—— SRR - ———~—§————=—I;— - —o—ﬁﬁg ——————— i
TOF OF 5LAB e Y T — AN T - - - N == T

o ¢ S < SR <L>
NUEY o m = ==

s - es - - - - - - . . -
— |
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PERFORMANCE INFERENCES : ORIENTATION VARIATIONS

Warm climate: Tower connected- Middle floor -Middle unit Tower connected
Carpet area — 44 Sgm
Orientation Construction technologies ) Stilt +7 floors
(Degree discomfort hours) CT1 T2 T3 1 Foed Shads ' -
2. Jaali side fins EE B i'\/‘oiou' ‘ i
South Orientation (DDH) mla ele ; Lo
West Orientation (DDH) Ao Les I ||IV - =k
3. 600mm overhang gy I
. i 4, 450mm Jaali side fins
South orientation ‘
N
The effect based on orientation is negated f
when orientation-appropriate shading is
added to minimize discomfort. i 4
Screen =
2. Jaali side fins I ;
3. Roll down ;g
bamboo screens \{5\’
- 4. 600mm overhang
§. 450mm Jaali side fins
West orientation 5
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DWELLING UNIT PLACEMENT VARIATIONS: Middle floor | Top floor , Middle unit | Edge Unit

DEGREE DISCOMFORT HOURS

Cold climate: Singly loaded corridor- South orientation

Location of Unit Middle unit | Edge unit
Middle floor
Top Floor
AN
Master set Edge unit
Middle unit
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Singly loaded corridor

Carpet area — 35 Sgm
Ground + 3 floors

1
A

giz



‘ PERFORMANCE INFERENCES : CONSTRUCTION TECHNOLOGY VARIATIONS

Single Family - Row House Two Side Open — 2bhk

Degree discomfort hours

Climate

Hot and dry

Orientation

South-180 deg

Location in the block

Middle floor_

Middle unit

Construction technology

CT1

Living Room

Bedroom

Bedroom 2

DDH- Area weighted average

CT3

Roofing system

100mm Foam concrete
insulation + Light colored
glazed tile

* 100mm Foam concrete
insulation + Light colored
glazed tile

Construction technology CT1 CT2 CcT3

Walling material * 200mm AAC Block * Solid burnt clay brick Flyash brick

External Doors/windows * Single glazed unit with * Single glazed unit with Single glazed unit with
& Glazing UPVC frame rolled steel frame UPVC frame

50mm EPS insulation +
Light colored glazed tile
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Row house two side open

Carpet area — 54 Sgm

6
C

Access road

Access road



SESSION I

Questions and Feedback

Please follow the link in the chat box to fill the
feedback survey:
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SESSION Il

Development of BLC Type designs
(Beneficiary Led Construction)

Speaker: Ms.Niroopa Subrahmanyam



BLC INTRODUCTION About BLC

PMAY(U) Verticals Houses sanctioned till October 5, 2020
under each PMAY(U) Vertical

3. Implementation Methodology

The Mission will be implemented through four verticals giving option to beneficiaries, ULBs

and State/UT Governments. These four verticals are as below: 4.54
g EEEEEEEEENYG Lakhs In-situ slum
u =
u Subsidy for L redevelopment
T Affordable Housing Affordable = ™ Beneficiary-Led ™
lgsmlx Slum through Credit Housing in : Individual house :
o Linked Subsidy Partnership 5 Constructionor u Affordable Housing
m Enhancement = through Credit linked
u u subsidy scheme
i s = [
-Usinglandasa :\'”s“u& o - With private m - For individuals u o
resource - EWS: Annust Household sector or public B of EWS category u Affordable housing in
g Income up o Rz.3,00,000 sector including : requiring individual : partnership
Bk and house sizez upto 30 Parastatal agencies house
participation ;gm = ]
- LIG: Annual Houzehald -Central Assistance W -Statetopreparea W
Prkein e | | Smemr | || oo | o) | e |- x Beneficaryled
projects financially sizes upto 60 5g.m affordable housing | suchbeneficiaries individual house
viabie B. Interest subsidy for g;;‘e::sw"a m - Noisolated/ m construction or
s | | i e e |n entancemment
inccene from Rz 6,00,001 catagory I ::'v::::wmbe - Source : MoHUA, 2020
to Rs. 12.00,000 3rd house n o
sizes upto 160 sq.m.
- MIIG H: Annual Houzehald : :
Income from R=.12,00,001 - -
::,’,f,.,mm,‘;“’m'“‘ n - Considering the shift towards state-led / builder developed BLC affordable
S ssssmmmnns

housing schemes in urban areas across the country, type designs are
Source : PMAY Scheme Guidelines Updated , January 2021

developed for BLC in such urban extension layouts provided by ULBs or the
state. These type designs do not look at marginal improvements or

extensions of existing homes.
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BLC INTRODUCTION Principals of design : Row-house plan type

Unit size and design Plot setbacks and size Site layout Carpet area range
X
The BLC units are designed s >
keeping in mind the A M
integral relationship DR vy

A 3M

between the house design,
plot size and the sequence
of plots

The plot sizes and site level
layouts are derived using
the unit type design as a
building block which | L v
ensures that the available

land is most effectively

utilized.
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BLC INTRODUCTION Principals of design : Semi-detached plan type

Unit size and design Plot setbacks and size Site layout Carpet area range
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BLC INTRODUCTION

Year 2
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Principals of design — Vertical future expansion

giz




Principals of design — Vertical future expansion

\ BLC INTRODUCTION

Year 5

_ -‘.Jﬂ

giz
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Year 10

giz

Principals of design — Vertical future expansion

i

Ayt

4

(G y
“%m«-—‘.. AT,
v )

Ry
) ‘ﬂ“dﬂ

Ay p‘
|\l S l‘
n !«
£ 1 ”..._. 4 U ’
A ——-—af

) |
| s.m,w,.\“»- A
l\mﬂ—l“m : ‘!J,A’
7 «m.m“ ‘.‘Aﬂs

,‘l_. g
) ) %
'

"4 —%“-ﬂfﬂér

ﬁ“—‘!ﬂ,—
Alunf
0\ 1
| VA

L\

\ BLC INTRODUCTION
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BLC INTRODUCTION

Single-Family

BLC Type Design Matrix

Type designs - 10 nos

A
Row House two - bhrE 1BHK 2 BHK <
side open : Up to 355gm | Up to 455gm L%.
o
g
Semi detached S HEni >
emi detache @O
%/ Up to 455gm
A\ 4
A
Row House two > 2 BHK
side open ' -1 Up to 30 sqm §
(=)
o)
|
e 2 BHK 2 BHK Q
Semi detached N
\/ Up to 455qm | Up to 455gm
A\ 4
A
Row House two 2 BHK e
side open Up to 755gm 3
(@]
(@)Y
|
: 2 BHK 3 BHK 2.5 BHK 3
Semi detached
Up to 90Sgm | Up to 90Sgm | Up to 45Sgm
y
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\ BLC INTRODUCTION

Type designs developed : Row-House two side open

BLC 2 - 2BHK BLC 4 - 2BHK

CARPET AREA 33.45gm CARPET AREA 45 Sgm CARPET AREA 595gm
PLOT DIMENSION 12.73X6.23M PLOT DIMENSION 13 X 8.73M PLOT DIMENSION 14.92X8.73M
PLOT AREA 80Sgm PLOT AREA 113.5 Sgm PLOT AREA 130 Sgm
7J3M
8.73M g < 8.73 >
A A
TOILET
Imx1.2m
BATH  TOILET
1.17mx1.5m  1mx 1.5m
BATH
Imx 1.5m
VERANDAH
1.2M WIDE
()
b BEDROOM 2
KITCHEN E€ 28mx3.2m BilEr
s 227mx277m |63 12x1m
) S BATH P
~N 5] oMl D 12x09m o 2.77mx 423m 2.77mx 4.23m
~ — vz fvz ] (D) 0y
— it < | R 2 p~Za
LIVING ROOM i il =
3.9m x 3.2m {C i RO (%/:
T-f‘ KITCHEN & D Illl[_ —;':.‘ 2-m =T
i P‘)lr,v\lmlg%m \__” B o I_Iril |
L L] s ] =
o oW, | I
(L) VERANDAH {77 I .l I ®
o, Wi
v
v
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‘ BLC INTRODUCTION Type designs developed : Semi detached

BLC 3 — 1BHK BLC 5 - 2BHK BLC 6 — 2BHK

CARPET AREA 45 Sgm CARPET AREA 54 Sgm CARPET AREA 54Sgm
PLOT DIMENSION 16.73 X 8.23M PLOT DIMENSION 15.73X11.53M PLOT DIMENSION 17.23 X 8.93M
PLOT AREA 138 Sgqm. PLOT AREA 180 Sgm PLOT AREA 154 Sgm
< 8.23M . P 8.93M S
A —
. 11.53M R 4
“ - »
BATH  TOILET]
VERANDAH 12x1.Im 1 2x [.Im
1M WIDE
BATH  TOILE] T | (DY
13x10m 19x097 S D—% N
BEDROOM _ .
VERANDAH
21IMWIDE @ BEQ?&??S?T\'\Z N
2 % __unnroou g Kcren 2
3 - [ R o =2 e
(-] ) ~ e
i Lr ) \ | (D— - WY = . k
LIVING+DINING = 61—_/' (] OO0 LJD KITCHEN [E2
+’*K2|;r<1-1:‘>—<|§,;17‘n == 29mx23m
= : LIVING & DINING
(D’W\ 3.9m x 4.8m
BEDROOM 2 VE]RZAI\JVI‘D[QH |E D
Ok .
v VERANDAH %
1M WIDE
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BLC INTRODUCTION

BLC 7 — 2.5BHK

Type designs developed : Semi-detached

BLC 8 — 3BHK

CARPET AREA 64Sgm CARPET AREA 825gm
PLOT DIMENSION 14.73 X 11.67M PLOT DIMENSION 15.63X13.62M
PLOT AREA 170Sgm PLOT AREA 212Sgm
11. 67M P 13.62M R
N > A >
BATH
0.9mx 1.2m
TOILET
BATH 0.8m x 1.2m
09mx 1.2m |
oW ow
N1/ N
TOILET Hl veranDaH
1.5m x 2.15m @ W 1.42M WIDE
‘ oW,
——_ BEDROOM 2 BEDROOM 3
i =3 2.77/mx 3.4/m 2.77mx 3. 47 me=z
2/ 339mx2em (DY S g Eam AN —
| T KITCHEN W (A
i wr— OO 2 | Il =2
o m| BEDROOM 2 3.4m x 2.3m ) Tl = 2.27m x 3.37m
'\_ { 239mx24m . = 48
< O D) , - 3 e
= / (WY = o=
Dy i & LIVINGFBINNING
BEDROOM 3 D ,,,,,,,,,,,,,,,,
3.39m x 2.8m LIVING ROOM
= et i
: 5 BEDROOM 1
e _\‘E' 2.77m x 3.83m
VERANDAH (WY W
1M WIDE 2/ \L/
v
v
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BLC INTRODUCTION Type designs developed : Row house & Semi-detached

BLC 9 - 2BHK BLC 10 — 2.5BHK

CARPET AREA 37.2 Sgm per floor CARPET AREA 47 Sgm per floor
« 5.73M R - 13.53 X 5.73M « 8.23M > | PLOTDIMENSION | 14.73 X 8.23M
A DIMENSION A

PLOT AREA 76 Sgm

PLOT AREA 121 Sgm

(@RS

KITCHEN &
DINING
37mx2.77m

LIVING ROOM|
2.77m x5.27m

14.73M
s

13.53M

23mx 1.8m

BASIN
23mx09m

SBEDROOM
3.15m x 28m

GROUND FLOOR PLAN FIRST FLOOR PLAN GROUND FLOOR PLAN FIRST FLOOR PLAN
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BLC INTRODUCTION

Replicable BLC Design Types

A) Design data

Sections and Elevation
3D Visuals

B) Construction data
e Basic construction details
Plinth area based cost estimates

10 nos

Plans — Unit plan, Block Plan , Site Plan

PLAN

BLC deliverables

13.62M
. - SECTION
| e—
@ AN
BEDROOM 2
=2 277mx 3.47m
S D
8 3
y: @ oy
[
W
%y,
I ITO“ET “J LIVING+DINNING I
v
ELEVATIONS

ELEVATION- SOUTH ELEVATION- WEST

ELEVATION- NORTH
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BLC

Questions and Feedback

Please follow the link in the chat box to fill the
feedback survey:
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SESSION IV

Introduction to Webtool
&
Next Steps

Speaker: Ms. Roopa Nair



INTRODUCTION TO WEBTOOL

SESSION IV

N | Step 1: .
Climate zones [ \dentify Location ] Select State v Select City v

- Cold Climate

Composite Climate

- Warm and Hi?d Climate

- Hot and Dry Clifnate
0
- Temperate Climate

o
P
Q
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‘ CLIMATE ZONE : REPRESENTATIVE CITY

Climate zones uuiaiy [ >tep L J Kerala Kochi -
|dentify Location V V w Climatic data I‘ |

SESSION IV

ey
}/;
=
~

w Kolkata
WARM AND HUMID CLIMATE

Cold Climate

Representative city- Kolkata
Composite Climate

Disclaimer:

This study shows results for representative cities in each climate zone. These are not
absolute solutions for all locations falling in a particular climate zone as conditions vary
geographically. The methodology and rationale of improving energy performance step
by step is to be understood from this example and applied for other locations. ' \ B Temperate Climate

[8 J‘
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Warm and Humid Climate
&<

- Hot and Dry Cﬁli‘hate

u



‘ TYPOLOGY SELECTION

4 )
Climate zones >----- _ Step 1: L Climate Zone &
|dentify Location Representative City
J

.

D il Multifamil
Design | Step 2: { y ]
typologies _Selecttypology ) _____. { single family |

SESSION IV
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TYPOLOGY SELECTION: DESIGN MATRIX

Climate zones

Design

typologies

3 side open

Housing Typologies

Single family -
Plotted

Semi-
Detached

Multi family —
Group housing

Tower |

Stand alone

- Connected

Two side open

8

Row House

Linear
Corridor

Row House

Doubly loaded

Back to back

Two side open
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[ >

Singly loaded

SESSION IV




DESIGN CATALOGUE : WARM & HUMID -Multi family

Climate zones

Design
typologies

Design
catalogue

Multi-Family

Tower Stand 2 BHK 2 BHK
Alone 45-60 sqm | 45-60sqm
Tower 1 BHK 1 BHK 2 BHK 2 BHK
Connected 45-60sqm | 45-60sqm | 45-60sqm | 45-60sqm
Doubly loaded Dorm 1 BHK 1 BHK 2 BHK 2 BHK
corridor Upto30sgm | Upto30sgm | Upto30sgm | 30- 45sgm | 30-45sgm 45 - 60 sgm
Singly loaded
corridor Up to 30 sqm
Row House 1 BHK 1 BHK 2 BHK
two side open Upto30sgm | Upto30sgm | 30-45sgm
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SESSION IV




‘ INTRODUCTION TO WEBTOOL

4 )
Climate zones >----- _ Step 1: L Climate Zone &
|dentify Location Representative City
J

.

SESSION IV

( N
! Matrix of size and Design

- : N\- - = — - m ; I E options
Design > Step 2: -[ Multifamily ] Q )

tvoologies . | Select typology | : . - N
ypolog - 4 ‘[ Single family ] """"" Matrix of size and Design

options
. Step3:  f------- [ Plan set ]
Design G Select unit type
catalogue &size  fpo------

[ Master set ]
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‘ INTRODUCTION TO WEBTOOL

Vs

Climate zones> ----- :
\\§

Step 1:
|dentify Location

g

Climate Zone &

Representative City

Design
typologies

Step 2:
Select typology

_ Step3:  [T°°°°°
______ Select unit type
catalogue & size
: -
Variant | Step 4: -
Selection Master Set —

Construction
technologies

Select Variant

N

Key Performance
Indicators

[

Performance
concepts

|
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Matrix of size and Design

( N
Matrix of size and Design

L options )

( N

\Windows & Shading design)

/ ENS Compliance \

Simulation methodology
& Assumptions

.IDF Files

.RAD Files

- /

SESSION IV

L options )
!
, = .
Unit Plan, Block Plan ]— -------- Link to Master set
e
4 )
Unit Plan, Block Plan ]— -------- Working drawings | ! |
L Revit models
4 )
Bill of quantities | ! |

giz



Next Steps

4th Stakeholder Consultation

Overview of Web-tool interface

Navigating the web-tool
Plan sets
Master sets
Performance concepts
Key parameter indicator results
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Prachan Manfri Aws Yojana-Utban

GLOBAL

HOUSING
TECHNOLOGY
CHALLENGE INDIA

Ministry of Housing and Urban Affairs
Government of India

THANK YOU

Knowledge Partners:

E Eco” Friendly

lutions
Ashok B Lall Architects LEAD Consultancy Greentech Knowledge Solutions

VA
AZéai Ka
Amrit Mahotsav

F

giz

Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (G1Z) GmbH
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