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Under the Mission, Ministry of Housing and Urban Affairs (MoHUA), provides
Central Assistanceto implementing agenciesthrough Statesand Union Territories
for providing housesto all eligible families/beneficiaries by 2022

Addressing the affordable housing requirement in urban areasthrough:

Affordable Housing in
Partnership with Public &
Private Sectors

Subsidy for
Beneficiary-Led
individual house

Promotion of

construction/ Affordgble
enhancement. Housing
In-situ Slum through CLSS
Redevelopment
(ISSR)for Slums

Slum rehabilitation of Slum
Dwellers with participation of
private developers using land

as a resource.




A GIz is an international cooperation enterprise for sustainable development which
operatesworldwide, on a public benefit basis.

A GIz is fully owned by the German Federal Government, GIZ implement development
programs in partner country on behalf of the German Government in achieving its
development policy objectives.
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Video on Construction Technology and Construction Process at LHP Rajkot
https://youtu.be/eGBCorzIf2w
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AHave alook atthe project brief:
Al1l44houseswill be constructed in
Stilt+13 configuration.

A Thetotal plot areais around 39,600Sgm
and carpet areaof eachhouse is
approximately 39.775gm.

A There are 11residential blocks.

A The projectalsoincludes Community
Centre and Health Centre.

Typical floor plan

Block Plan

At eachfloor there are 08dwelling units
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Project Layout Plan

GROUND FLOOR PLAN
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Typical DweIIing Unit Plan A Eachdwelling unit comprises of oneliving room, one
]

Bedroom,one study room, Kitchen and two toilets.

A The carpet area of each unit is 39.77 sgmt. The sizes of
individual rooms & service areasconform toNBC norms.

A Other special features:

A Greenrating asper GRIHA

- § A Use of renewableresources:
2590 x 1770 ‘%- A Rain water harvesting
STUDY ROOM . .
2705 x 2870 ¥ A Solarlighting

A Solid wastemanagement

A STPwith recycling of waste water

BED ROOM
2890 x 3040

LIVING ROOM
3590 x 3250

Unit Plan

Unit 3D View
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Design Parameters
General Description: - =No. PEAD LOAD
i _ _ 1 Concrete 25KN/m 3
A Parking + 13 Above Floor + Stair ,  Brick or Blockd OKN/m 2
: with plaster
cabin 3 Floor finish 1.25KN/m 2
4 Water proofing 2.25KN/m 2

A Height of Building from
Ground =43.1m (FGL to Parapet)

A Height of Typical Floor =2.950m
A Parking Height =3.550m

A Plan Area of Building = As per
architectural layout
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Design Parameters
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S.No. | Details of Building
1 Type of Building Stilt + 1306 high rise building
2 . . o Width of Building -14.960m
D f the Buil —
3 imension of the Building Length of Building -38.920m
. Height of Ground Floor -3.550m
4 FI Heigh : ,
oor Reight Height of Typical Floor -2.950m
5 Grade of Concrete M40 for all Wall, Slabsand Beam
used elementsand M25 for footings.
6 Grade of Steelused Fe-500
: _ For General -2KN/m 2
7 Live Load asper 1S:8752015(Part 2) Corridor 3KN/m 2
_ Masonry considered asBlock wall and Applied
8 Wall Load asper 1S:8752015(Part 1) load 1.6KN/m 2onSlab
External Wall -200mm
9 Wall Sizeand loads Consider Internal Wall -150mm
ParapetWall -100mm
10 | Water TankLoad 15KN/m 2
11 | Additional Lift load 12KN/m 2
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Load bearing Structure Monolithic Concrete Construction using Tunnel Formwork
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Tunnel formwork

- Customized

Structure after removal of formwork Concreting after Placing formwork
- ShearWall Construction
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GHTC Brief on other LHF
Construction
Technologies (Video &
Presentation)
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Chennal
Tamdrads  \ap showing six dlfferent LHP Locations

KERALA

LHPs shall serve as LIVE Laboratories for different aspectsof Transfer of technologies
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1.Indore,Madhya Pradesh [

3.Chennai,Tamil Nadu

4 .Ranchi,Jharkhand

lon Systema 3D Volumetric

e
5.Agartala, Tripura "

re-engineered SteelStructural

6.Lucknow,Uttar Pradesh [

eFormwork System
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https://youtu.be/ blOP9glOoo
https://youtu.be/DiGj3BOSth4?t=14
https://youtu.be/ZTrUl  --XnEU

https://youtu.be/GsmkfQA2rLE
https://youtu.be/5im2EeF_C1A

Technology of other 5 no. &HPs explainedavideo
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Summary of Light House Project (LHP

Chennai

SI.No Particulars

Nameof
Technology

No. ofHouses
No. ofFloors
PlotArea

PerHouseCarpet
Area

ProjectCost

PerHousecost
(with
infrastructure)

(\[e}
\[o}
Sgm

Sgm
INR(inCr)

INR(in
Lakh)

(TamilNadu)

Rajkot
(Gujarat)

Indore
(Madhya
Pracesh)

Ranchi
(dharkhand)

Agartala
(Tripura)

Luckrow
(Uttar
Pradesh)

Precast
Concrete
Construction
System
Precast
Components

1,152
G+5
33,596

26.58

116.27

10.09

Monolithic
Concrete
Codruction
usingTunnel
Formwork

1,144
S+13
39,599

39.77

118.90

10.39

Precast
Concrete
Codruction
Systemg 3D
Volumetric

Prefabricated
SandwichPanel
System

1,008
G+8
31,160

29.85

134.00

13.29

LightGauge Steel
Frame System
(LGSFwith Pre
Engineeredsteel
Structural System

Stayin
Place
Formwork
System

1,040
S+13
20,000

34.50

130.90

12.58
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A Thetypical project starts with layout and excavation.

A After the layout at site,the excavation of eachblock is done using mechanical excavatorsupto the
required depth offoundation.

A Hard rock was encountered during the excavationwhich required extra efforts and time to reachthe
required depth
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Foundation
A As per geo-technical investigations, bearing capacity, soil strata,water table,etc.

ATypical raft foundation of varying sizesdepending on the load.
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Concrete & Reinforcement Steel Specifications FOUN :)EA-”ON
A Raft foundation with Shear wall upto Plinth e
level has beenused. R |, (50
A The raft foundation is designed for SBC of el :
25 T/mZ?as calculated in soil investigation N
report. SRS

~N

A After leveling of the ground 150 mm thick

lIllllllllll;ll-l-lllllllIIIIIII lll

PCC is placed and depth of the raft footing B [T e i
is 750t0900mm.
=O REFER RAFT TOP R/F-
A M 25 grade of concrete has been used with 2 L
cover of 50mm. reinforcement has been = | Tl = 1 | R e
placed asper the drawings . g L S R Ff
A Above raft footing, shear wall of 200mm Ch | wanel sl e
thickness is designed upto Plinth level. I = = -
Grade of concretein shearwalls is M 40. 8 | |
\—L_REFER RAFT BOTTOM R./F.Lpc e (1.4:8)

A Above shear wall, plinth beam of 230x 600 ANI TYP.RAFT FOOTING DUCTILITY

mm is castwith M 25grade of concrete. SECTION
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Foundation Structural Elements
AShearWall up to Plinth level
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A Plinth beém IS c'onétr‘ucted ébove the sh'earwall.




. GLOBAL h G ll chaft
\ HOUSING A g— I Z Doutsoh
HATATH ATAAT- T8 TECHNOLOGY e LHNSelssr . HIIIINIFEL Y V| & Zusammenar| hslt (GIZ) GmbH
Pradhan Marki Awes Yojane-Urban CHALLENGE INDIA Ministry of Housing and Urban Affairs

Government of India

Structural System StructuraEIemen*s

A Tunnel formwork is customized engineering formwork basedon two half shells which are placed
together to form aroom or cell. Severalcells make an apartment.

AThe construction of structure is divided into phases Each phase consists of a section of the
structure that will be cast in one day. The phasing is determined by the programme and the
amount of floor areathat canbe poured in one day.

AThe infill walls are of Autoclaved Aerated Concrete (AAC) blocks and being used for partition
walls.

I - "ﬂﬂllll { '
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Structural Elements

Assembly of Tunnel Formwork

Adcioead Panet

verncal
Parel
Inchired hinged
s
Thamyuction
L. Harzontol $eoms

Sock-ouw

Sab stop-end
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Work Cycle with Tunnel Formwork

The on-site implementation of 24
hour cycleis divided into following
operations.

1. Stripping of the formwork from
the previous day.

2. Positioning of the formwork for
the current d a ypbase,with the
installation of mechanical,
electrical and plumbing
services.

3. Installation of reinforcementin
the walls andslabs.

4. Concreting.

)

STEEL REINFORCEMEN -~

A A ——cc—
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Structural System

A Placementof tunnel formwork for slab and wall A Concreting after placement of reinforcement
on slaband wall.
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Structural System
AAfter placement of reinforcement, the slab is castmonolithically with the walls.

Placementand leveling of concrete
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StructuraElements
AFinished Monolithic structure with shearwall and slab
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StructuraElements
Autoclaved Aerated Concrete (AAC) Blocks for Wall
AAutoclaved Aerated Concrete (AAC) blocks are lightweight, precast manufactured

using foam concrete and suitable as masonry unit. These are non-load bearing infill
walls.
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Monolithic Concrete Construction using Tunnel Formwork
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Advantages

’

> > >

Facilitatesrapid construction of multiple/ massmodular units (similar units)
Resultsin durable structure with low maintenancerequirement
The precisefinishing canbe ensuredwith no plastering requirement

The concrete can use Industrial by-products such as Fly Ash, Ground
granulated blast furnace slag (GGBFS),Micro silica etc. resulting in improved
workability & durability, while also conserving natural resource

Being Box type structure, highly suitable against horizontal forces (earthquake,
cyclone etc)

Thelarge number of modular units bring economy in construction
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Monolithic Concrete Construction using Tunnel Formwork

Limi tations

A A lead time of about 3 months is
required for initiation of work, asthe

formwork are custom designed,
manufactured and prototype

A Approved Dbefore  manufacturing
required number of setsof formwork

Post construction alterations are
difficult

All the service lines areto be pre-
planned in advance

Economy in costis achieved with large
number of multi storied modular units.




Basics ol hermal Comfort
and Passive Design
strategies for Affordable
Housing
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Thermal comfort is a mental
statethat reflects happiness
with the thermal environment
and is measured by subjective
assessment.

ClimateSmartBuildings LHPRajkot| PMAYUrban
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Importance of Thermal Comfort

People adjust their behavior to cope with their thermal
environment, such as by adding or removing clothing,
changing their posture unconsciously, selecting a
heating source, moving closer to or farther away from
cooling/ heating sources, and so on.

1You can increase morale and productivity
while also enhancing health and safety by
regulating thermal comfort. Because their
capacity to make decisions and/or do
manual tasks deteriorates in excessivelyhot
and cold conditions, people are more prone
to behaveunsafely

When thisoption (removingajacket or movingaway from
a heat source)is gone, issuesdevelop sincepeopleare no
longer able to adjust. Peopleare unable to adapt to their
environment in some cases becausethe environment in
which they work is a product of the processesof the task

they aredoing.

ClimateSmartBuildings LHPRajkot| PMAYUrban



Importance of Thermal Comfort i Body Requirements

A Homo sapiensprimate order of the class
of mammals

A Body heat is a by-product of
metabolism

A A normal core temperature of ~37AC and
skin at ~34AC

Source: Sunil Kumar Singh. (2016). Alert to heatwaves [Image]. Retrieved 12 April 2022, from
https://www.downtoearth.org.in/news/climate -change/alert -to-heat-waves-53459

The Telegraph Online. (2020). Cold conditions continue in Delhi [Image]. Retrieved 12 April 2022, from
https://www.telegraphindia.com/india/cold -conditions -continue -in-delhi/cid/1732019

ClimateSmartBuildings LHPRajkot| PMAYUrban
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Importance of Thermal Comfort T Conditioning & Comfort

Above m Irreversible

Thermometeff Celldamage
i range 45 and death
36A— S B4 | mmmeeeeeed | —
b 12 Hyperpyrexia
A NN 09090909000 T wl [~
39 Pyrexia
__________ 38 O ——
37
28A N R Y 00 ] - ___Np_r_m_ql__
» 34 b
Below i -
A B Hypothermia
34A Thermom eter 3 yp
range 294
N R b R |
31A - Severehypothermia
__________ 25 e
v 24 Cessationof cardiac
v and respiratory
30 ACi Ambient temperature i 20 AC I/l;ggltégns; cell st

. _ Death possible
Human Body Condition in two sets

of environment Human Body Condition beyond

comfort bands
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Factors affecting Thermal Comfort

PHYSIOLOGICAL PHYSICAL
FACTORS FACTORS

Whentryingtomaintain Venushasabeautiful
T) a>_(||(;r_1 umth e_rrr:jal %Om :‘prt(;n a nameand isthesecond
uilding,areindividualizedin planetfromtheSun
natureand im possibleto
m anage
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A1

AAir Temperature

Floor Surface
Temperature

FACTORS

+

A2

AViean Radiant
Temperature

+

A5

Relative Humidity
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A3

ARadiant Temperature
Asymmetry

Air Speed



Factors affecting Thermal Comfort - Others

AAcclimatization

A Short term physiological
adjustments

A Long term endocrine adjustments

Short term
ph ysiological
adjustments

Long term physiological
adjustments

ABody shape and fat

AAge and gender

AStatus of health

Health &
Wellbeing

Age Gender
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Thermal Comfort T ColdT Neutral - Warm

Air Temp 27/C
Skin Location Cold Neutral Hot
(15 °C) (27°C) (47 °C)

A Forehead 31.7 35.2 37
B Back of Neck 31.2 35.1 36.1
C Chest 30.1 34.4 35.8
D Upper Back 30.7 34.4 36.3
E Lower Back 29.2 33.7 36.6
F Upper Abdomen 29 33.8 35.7
G Lower Abdomen 29.2 34.8 36.2
H Tricep 28 33.2 36.6
J Forearm 26.9 34 37
L Hand 23.7 33.8 36.7
M Hip 26.5 32.2 36.8
N Sidethigh 27.3 33 36.5
O Front thigh 29.4 33.7 36.7
P Backthigh 25.5 32.2 36
Q Calf 25.1 31.6 35.9
R Foot 23.2 30.4 36.2
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Factors Affecting Thermal Comfort T Air Temperature

Boiling Point
1001 of water 100AC
90

80
70
60
50
40

A Temperature of the air surroundin% the
body (Dry Bulb Temperature) T DBT)

A Temperature of air measuredbya
thermometer freely exposedto the air,
but shielded from radiation and
moisture.

30
20

10
ol— oic
Freezingpoint
of water

A DegreesCelsius (iC)

10
20
30
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Factors Affecting Thermal Comfort T Relative Humidity

A Moisture Content of the air
100% Relative Humidity
20°C

A The amount of moisture in the
air dependsupon

A Air Pressure

52% Relative Humidity
30°C

A Air Temperature

A Percentage(%)

28% Relative Humidity
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Factors Affecting Thermal Comfort T Mean Radiant Temperature

AUniform temperature of an imaginary
enclosure

AMeasure of the effect of Radiant
Interchanges at a point in space

ACalculated using (T,), (T and air
velocity
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Factors Affecting Thermal Comfort T Air Speed

AAir Speed is the rate ofair
movement at a point, without
regard to direction

AAverageair speed,height and
directions

ACalculated using (T,), (T,) and air
velocity

AMeter per second (m/s)
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Factors Affecting Thermal Comfort T Clothing Value

AThe resistanceto sensible heat transfer
provided by clothing ensemble

AClothing Insulation Value (clo - I )

Almpact of furniture suchaschair and
beddings
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Factors Affecting Thermal Comfort T Metabolic Rates

AThe rate at which metabolism occursin a
living organism.

ARate of energy expenditure per unit time

AAverageadult 1.8 square meter

AEnergy per unit areas,watts per square
meter (W/m 2)
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T-shirts, shorts, Light socks, Sandals 0.30
Shirt, Trousers socks, Shoes 0.70
Jacket, Blouse, Long skirt, stockings 1.00
Trousers, Vest, Jacket Coat, Socks Shoes 1.50

CLOTHING LEVELS & INSULATION

ClimateSmartBuildings LHPRajkot| PMAYUrban



ACTIVITY Met

Seated,Relaxed 1.0

Sedentary Activity (office, dwelling, school, laboratory) 1.2
Standing, Light Activity (shopping, laboratory, light industry) 1.6
Standing, Medium activity (shop assistant, domestic work, 2.0

machine work)

METABOLICRATE



Measuresto Improve Thermal Comfort

SHADING &
GLAZING

INSULATION

GREEN ROOFS

CONTROLLED
VENTILATION

COOL ROOFS
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Shading & Glazing

Shading reducesinternal heat gain through coincident radiation.

Natural

Overhangs Awnings Louvers Vertical Fins Light Shelves Vegetation

Thesecan reduce cooling energy consumption by 10-20%
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Shading & Glazing

Thermal
Comfort

SHADING

GLAZING

In combination with high-performance
glasswith low solar heat gain coefficient
(SHGC), canreduce energy consumption
even further by cuttingdown or heat gain
through radiation

refers to the glass windowpanes thatmake up
the building envelope.Conduction and radiation
are the primary sources of heatgain via a
window. radiation, which can beregulated by
defining the parameters correctly. SHGCand U-
value, respectively.
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Controlled Ventilation

CROSS
VEN TILATION SINGLE SIDED VENTILATION ~ CROSS VENTILATION STACK VENTILATION

STACK
VEN TILATION

SINGLE -SIDED
VENTILATION
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Controlled Ventilation

Designing windows and ventsto dissipate warm air and
allow the ingress of cool air canreduce cooling energy
consumption by 10-30%

OfficeEnvironment Too High

N
-
:
.
N
L

Acceptable( Especially if there is no

HomeEnvironment NN .
resourceto active air conditioning.)
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Controlled Ventilation

Natural ventilation takesadvantageof the differencesin air pressurebetweenwarm air and cool air, aswell asconvection
currents, to remove warm air from an indoor spaceand allow fresh cooler air in.

This alsohasthe added advantageof cooling the walls and roofs of the buildings that hold significant thermal mass,further
enhancing the thermal comfort of the occupants

With BreezeAir Works Best

Fanscan beused toimprovetheflow

Absence of natural breeze )
of cool air

Natural ventilation promotes the o ¢ ¢ u p adaptatsid to external
temperature, called adaptive thermal comfort
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Insulation

Heat

Conduction

takes place
through

J

Roof

Walls

Windows
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Cool Roofs

Coolroofs are one of the passivedesign options for reducing cooling loads in buildings. Cool roofs reflect most of the
sunlight (about 80% on a clear day)

Reflects | Reflects

N, 80%

38% heatstheatmosphere 10%heatsthe environment
52% heatsthecity air 8% heatsthe city air ~ — -
4 Wamm Roof
5%is reflected 80% is reflected

1.5%heatsthebuilding
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Cool Roofs

In the summer, atypical cool roof surfacetemperature keeps 25-35AC
coolerthan a conventional roof, lowering the internal air temperature
by roughly 3-5ACand improving the thermal performance.

The comfort of the inhabitants is improved, and the roof's lifespan is
extended.

Cool roofs increasethe durability of the roof itself by reducing thermal
expansion and contraction.

Apart from helping enhancethe thermal comfort in the top floor and
helping reduce air-conditioning load, cool or white roof or pavements
also offer significant reduction in urban heatisland effect
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