
Climate Smart Buildings (CSB)

Cluster cell Indore, Madhya Pradesh  under Global Housing Technology  Challenge - India  (GHTC -India)

THERMAL COMFORT IN AFFORDABLE HOUSING



ΨIƻǳǎƛƴƎfor!ƭƭΩby 2022.
Under the Mission,Ministry of Housingand Urban Affairs (MoHUA),providesCentralAssistanceto
implementing agenciesthrough States and Union Territories for providing houses to all eligible
families/beneficiariesby 2022.
Addressingthe affordablehousingrequirementin urbanareasthrough:

INTRODUCTION - MoHUA 

Affordable Housing in 
Partnership with Public & Private 

Sectors

Promotionof 
Affordable 

Housing through 
CLSS

Slum rehabilitation of Slum 
Dwellers with participation of 

private developers using land as a 
resource. 

Subsidyfor 
Beneficiary-Led 
individual house 

construction/ 
enhancement. 
In-situ Slum 

Redevelopment 
(ISSR) for Slums 

MoHUA



ÅGIZ is an international cooperation
enterprisefor sustainabledevelopment
which operatesworldwide, on a public
benefit basis.

ÅGIZ is fully owned by the German
Federal Government, GIZ implement
development programs in partner
country on behalf of the German
Government in achieving its
developmentpolicyobjectives.

ÅFor over 60 years, the GIZ has been
working jointly with partners in India
for sustainable economic, ecological,
andsocialdevelopment.
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TASKS PLANNED WITH MoHUA

The Climate Smart Buildings (CSB)programme is
alignedwith the commitmentsmadeby the Indian
Governmentto meet its objectivessubmittedunder
SDG11.

LD9bΩǎprogramme, Climate Smart Buildings (CSB)
proposes to extend technical assistance and
cooperationfor the following:

ÅTechnicalassistancein developingthermal comfort
action plan for climate resiliencebuilding for mass
scaleapplication in selectedstates for Affordable
Housing

ÅTechnical support in implementation of Global
HousingTechnologyChallenge-India(GHTC-India)

CLIMATE SMART BUILDING 

ÅMadhya Pradesh

ÅMaharashtra

ÅGoa

ÅTelangana

ÅChhattisgarh

Map showing states under central cluster cell



9.INDUSTRY, INNOVATION  AND 
INFRASTRUCTURE
Build resilient infrastructure, promote 
inclusive and sustainable industrialization, and 
foster innovation
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11.SUSTAINABLE CITIES AND COMMUNITIES 
Make cities and human settlements
inclusive, safe, resilient, and sustainable

13. PROTECT THE PLANET
Take urgent action to combat climate
change and its impacts

7 AFFORDABLE AND CLEAN ENERGY 
Ensure access to affordable, reliable, 
sustainable, and modern energy for all

Thermal 
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LHP INTRODUCTION

[ItΩǎshallserveasLIVELaboratoriesfor different aspectsof Transferof technologies

Map showing six different LHP Locations

с [ItΩǎ !/wh{{ Lb5L!



6 LHPs

ωPrefabricated Sandwich Panel System

1. Indore, Madhya Pradesh

ωMonolithic Concrete Construction using Tunnel Formwork

2. Rajkot, Gujarat

ωPrecast Concrete Construction System ςPrecast Components Assembled at Site

3. Chennai, Tamil Nadu

ωPrecast Concrete Construction System ς3D Volumetric

4. Ranchi, Jharkhand

ωLight Gauge Steel Structural System & Pre-engineered Steel Structural System

5. Agartala, Tripura

ωPVC Stay In Place Formwork System

6. Lucknow, Uttar Pradesh
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6 LHPS ςVia Video



DEMONSTRATION HOUSING PROJECTS

DHP- Showcasing the field 
level application  of new and 
alternate technologies



DHP Location Technology Used
Usage  & Number of 
Houses

Bhubaneswar, 
Odisha

PREFABRICATED SANDWICH PANEL SYSTEM ς
Reinforced Expanded Polystyrene sheet core with sprayed concrete as wall & slab

PMAY(U) Beneficiaries
32 (G+3)

Lucknow,
Uttar Pradesh

STAY IN PLACE FORMWORK SYSTEM-
Stay in place EPS based double walled panel system with infill concrete

Rental basis to Hospital 
patients & their attendees
40 (G+1)

Hyderabad,
Telangana

ω [LDI¢ D!¦D9 {¢99[ {¢w¦/¢¦w![ {¸{¢9a ό[D{Cύ - 16 Units
ω {¢!¸ Lb t[!/9 Chwa²hwY {¸{¢9a - Structural Stay In Place Steel Formwork 
System - 16 Units

Training Hostel
32 (G+3)

Bihar Shariff
Bihar

STAY IN PLACE FORMWORK SYSTEM ς
Structural Stay In Place Steel Formwork System

Sports Hostel & other social 
welfare activities
36 (G+2)

Nellore
Andhra 
Pradesh

STAY IN PLACE FORMWORK SYSTEM ς
Glass Fibre Reinforced Gypsum Panel (GFRG) Social welfare activities 

36(G+1)

Panchkula
Haryana

Light Gauge Steel Framework System (LGSF) with Cement Fibre board on both side 
of walls and infill of rock wool

Working women hostel (on 
rental basis) 
40(G+3)

Agartala
West Tripura

Structural Stay In Place Steel Formwork System Shelter for Destitute Women 
40(G+1)

Ahmedabad
Gujarat

PRECAST CONCRETE CONSTRUCTION SYSTEM - Integrated Hybrid Solution-One PMAY (U) Beneficiaries 
40(G+3)

Chimbel
Goa

Light Gauge Steel Framed Structure with Precast Concrete Panels on both side of 
Wall and Light Weight Concrete as Infill

Old Age Homes 
28 (G+1)

Bhopal
MP

Insulated concrete formwork Sports Hostel 
40 (G+3)

DEMONSTRATION HOUSING PROJECTS



AFFORDABLE RENTAL HOUSING COMPLEXES

The ARHC scheme will be implemented through two models:
1. Utilizing existing Government funded vacant houses to convert 

into ARHCs through Public Private Partnership or by Public 
Agencies

2. Construction, Operation and Maintenance of ARHCs by Public/ 
Private Entities on their own available vacant land



AFFORDABLE RENTAL HOUSING COMPLEXES

MODEL 1

MODEL 2



AFFORDABLE RENTAL HOUSING COMPLEXES via Video



THERMAL COMFORT & AFFORDABLE HOUSING 



Affordable housing refers to housing units 
that are affordable by that section of 
society whose income is below the 
median household income.

AFFORDABLE HOUSING



Thermalcomfort is the condition
of mind that
expresses satisfaction with the
thermal environment and is
assessedby subjectiveevaluation
(ANSI/ASHRAEStandard55)

IMPORTANCE OF THERMAL COMFORT

Thermal comfort is difficult to
measure because it is highly
subjective. It dependson the air
temperature, humidity, radiant
temperature, air velocity,
metabolic rates, and clothing
levels.

What is Thermal Comfort

FactorsAffectingThermalComfort

Personalfactor
VClothinginsulation
VMetabolicRate(met)

Environmentalfactor
VHumidity
VAir Speed
VAir Temperature
VRadiantTemperature



THERMAL COMFORT

Skin surface temperatures of human body at various body parts in ambient 
temperature of 30°C vs 20°C; (Right) Comfort band of human body

Comfort Band of Human Body



VThe thermal comfort
of occupants is
influencedby various
parametersat play.

VThe factors affecting
thermal comfort can
be mainly
categorized into
environmental and
personalfactors.

Environmental Factors
VAir Temperature
VRelative Humidity
Mean radiant 
Temperature (MRT)
VAir Speed

FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT



FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT

Environmental Factors
Air Temperature
Relative Humidity
Mean radiant Temperature 
(MRT)
Air Speed

Factors affecting thermal comfort- Air Temperature (Tair) and Relative Humidity (RH)

Factors affecting thermal comfort- Mean Radiant Temperature (MRT) and Air Speed

Moving air facilitates the 
evaporation of sweat from the 
skin surface, thereby 
contributing to thermal 
comfort.



FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT

Personal Factors - Clothing Value, Metabolic Rate

Factors affecting thermal comfort: Clothing Value (CLO)

Å The amount and type of clothing worn by an individual affects the transfer of heat from the skin to the 
surrounding environment. 

Å Clothing acts as a barrier or resistance to sensible heat transfer. 
Å The degree of resistance depends on material of the clothing and number of layers in the ensemble



FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT

Other Factors - Short term physiological adjustment, Long term physiological adjustment, Body 
shape and fat, Age and gender, State of health

Factors affecting Thermal Comfort: Metabolic Rates (MET)

Other factors affecting Thermal Comfort Left: short term physiological adjustments; Right: Long term physiological 
adjustments



COOLING DEMAND GROWTH & ITS MITIGATIONS

The total increase in urban 
residential built-up area is 
estimated to be greater than 
threefold between 2020 and 
2050. 
It is projected to rise from 5.9 
billion sq. m. to 22.2 billion 
sq. m. over three decades 
(2020-2050)

For buildings sector alone, 
Cooling demand will swell 
up to 11 times from the 
baseline over a span of 
mere two decades.
Up to a 30% reduction is 
possible in the Total 
Primary Energy Supply 
(TPES)



COOLING REQUIREMENT SCENARIOS

COOLING REQUIREMENT IN BAU Vs DEEP-CUT SCENARIOS
TWhth/ year is a unit to measure the amount of thermal energy that must be removed from the building to maintain thermal 

comfort for occupants

Å the space cooling requirement in urban residential buildings was estimated to be 896 TWhth/year in 2020 in India
Å The same demand races upwards of 2914 TWhth/year by 2050 in Business-As-Usual (BAU) scenario
Å However, it is possible to redefine the curve of rising space cooling demand in urban residential India in a deep-cut scenarios to a 30% 

reduced value of 2006 TWhth/year

BAUςBusiness As 
Usual
Deep Cut Scenario -
The deep-cut scenario 
refers to a proposition 
of implementing 
aggressive measures 
such as improvements 
in building envelope 
technologies and 
cooling technologies 
to reduce the cooling 
demand

Urban residential space cooling energy requirement map of India, 2050 



COOLING REQUIREMENT SCENARIOS

IMPACT OF BUILDING ENVELOPE

In India, buildings typically have a lifespan of 60-80 years
V scopeof reducingenergyimpact of the systemsis limited until it is time to retrofit with more efficient

alternatives
V the envelopeof a building undergoesretrofitting at much greater intervals. This translatesinto higher

energyand environmentalcostsfor decadesif the envelopeassemblyis not developedto reducecooling
loadsduringthe designphaseof the project

V Therefore, it becomescrucial to ensure optimized building envelope design before construction as it
presentstwo-fold benefit

V Optimizing building envelope as a standalonestrategy with respect to its RETVvalue demonstrates
opportunity to significantlyreducecoolingdemandbydecreasingthe discomfortdegreehours(DDH)

Peak Load for Cooling systems (GW)



NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE

India could lose the equivalent of 34 million jobs in 2030 due to global warming, says ILO

Source Biannial update report India 

A lack of thermal comfort makes us feelstressed, annoyed, distracted, feel sleepy, tired and lacking 
concentration. 
In turn, thermal comfort inevitably has an impact on well-being, productivity



NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE

Å https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-
response-physical-hazards-and-socioeconomic-impacts



BUILDING PHYSICS AFFECTING THERMAL COMFORT

Modes Of Heat Transfer In Building Envelop
VConduction
VConvection
VRadiation

Impact of design strategies 
on heat transfer through 
building envelope in various 
climates. Conduction 
Convection Radiation



BUILDING PHYSICS AFFECTING THERMAL COMFORT

Building Envelope Relevant Metrices In Terms Of Heat Transfer 



FUNDAMENTALS OF THERMAL COMFORT 

Building operation modes
V Naturally Ventilated Buildings
V Mixed Mode Buildings
V Air-Conditioned Buildings

Naturally Ventilated Buildings

Mixed Mode Buildings

Air-Conditioned Buildings



THERMAL COMFORT METRICS

Thermal comfort indices describe how the human body experiencesatmospheric conditions,
specificallyair temperature,humidity,wind andradiation.

Direct Indices
V Dry Bulb Temperature
V Dew Point Temperature
V Wet Bulb Temperature
V Relative Humidity 
V Air Movement 

Rationally Derived Indices 
V Mean Radiant temp
V Operative Temperature
V Heat Stress 
V Thermal Stress



Operative temperature is defined as a uniform temperature of an imaginary black enclosure in 
which an occupant would exchange the same amount of heat byradiationplusconvectionas in the 
actual non uniform environment

Naturally Ventilated Buildings
Indoor Operative Temperature = (0.54 x outdoor temperature) + 12.83

THERMAL COMFORT METRICS



THERMAL COMFORT METRICS



VPMVrefers to a thermal scale that runs from Cold (-3) to Hot (+3). 
VPMV range for thermal comfort = -0.5 and +0.5for an interior space.(ASHARE 55)

THE PREDICTED MEAN VOTE (PMV)

THERMAL COMFORT METRICS



PPD,or index that establishesa quantitative prediction of the percentage of thermally
dissatisfiedoccupants(i.e. too warmor too cold)

PREDICTED PERCENTAGE OF DISCOMFORT 

THERMAL COMFORT METRICS



THERMAL COMFORT & AFFORDABLE HOUSING 

Details mentioned under this section is taken from Handbook ς
άInnovative Construction Technologies & Thermal Comfort in Affordable Housingέ
More details about the topics can be taken from the document. It is freely available at 
https://ghtc-india.gov.in/Content/pdf/rachna/Rachna_Handbook.pdf

https://ghtc-india.gov.in/Content/pdf/rachna/Rachna_Handbook.pdf


AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Source: NZEB

ORIENTATION OF BUILDING BLOCKS



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

FORM OF BUILDING BLOCKS: 



ÅMaximumdaylight
ÅProperventilation

UDAAN, low cost mass housing project at Mumbai

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB

TheOrientationcanalter the thermalcomfort up toς9 %asthe areaof the wind facingwall
varieswith the orientation



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Building Orientation and Form 

ÅIn  extreme climatic condition compact planning is more preferable
ÅMinimising the perimeter to area ratio of building form, building performs better in terms of thermal comfort
ÅCompact forms gain less heat at day time and loss heat during night time 

Minimizing the surfaceareato volumeratio minimizesheat transfer.



SHADING OF OPENING /WINDOWS

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES



Use of shading device at Palace of Assembly, Chandigarh

SHADING OF OPENING /WINDOWS

Source: NZEB

Solarshadingdeviceshelps
ÅDiffusinglight
ÅControlheat
Å Improvingdaylight
Comfortableliving

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES



WWR (Window-to-wall ratio)

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Visible Light Transmittance (VLT)
VLT of non-opaque building 
envelope indicates the potential of 
using daylight. Ensuring minimum 
VLT helps in improving day lighting, 
thereby reducing the energy 
required for artificial lighting

WWR = A(Non - Opaque) / A(envelope)



SolarHeatGainCoefficient(SHGC): SHGCis the fraction of incidentsolarradiationadmitted through
non-opaquecomponents,both directly transmitted,andabsorbedandsubsequentlyreleasedinward
throughconduction,convection,andradiation
Projection factor, overhang: the ratio of the horizontal depth of the external shadingprojection
(Hoverhang)to the sumof the height of a non-opaquecomponentand the distancefrom the top of
the same component to the bottom of the farthest point of the external shading projection
(Voverhang),in consistentunits.
PFoverhang = Hoverhang / Voverhang

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

ResidentialEnvelopeTransmittanceValue
RETV characterizes the thermal
performance of the building envelope
(exceptroof).

Limiting the RETVvalue helps in reducing
heat gains from the building envelope,
thereby improvingthe thermal comfort and
reducingthe electricityrequiredfor cooling.
Its unit isW/m2 .



AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Fenestration
A fenestrationsystemwith low U-valueand
low effective SHGCcan result in reduction
of heating and cooling demand by 6-11%
in moderateclimateandbetween8-16%in
hot humid, hot dry, and composite
climates.

Source: NZEB

Fenestration type



DAYLIGHTING

ÅDesigneddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting andShadingat AranyaHousing,Indore

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Source: NZEB

Daylighting can impact the energy use by
reducingthe lightingenergydemandup to 20-
30%.



NATURAL VENTILATION

Types of opening and their
location

Crossventilation
to allow maximum air flow
insidethe space

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Source: NZEB

Natural ventilation helps in 
reducing mechanical cooling 
load of the building



Horizontal placing of openings and internal partitions can alter the direction and spread of air stream

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

NATURAL VENTILATION



An increase in
urban vegetation to reduce
urban heat and improve
outdoor thermal comfort.

VEGETATION

Community,Gary Horton,Landscape Development

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

Source: NZEB

Trees also reduce ambient air 
temperature due to evapo-
transpiration.

Study shows that ambient air under a 
tree adjacent to the wall is about 2 ς
2.5°C lower than that for unshaded areas.



Trees and shrubs create different
air flow patterns, provide shading
and keep the surroundingscooler
in warmweather.

Vegetationcan be usedfor energy
conservation in buildings in the
followingways:
V Shadingof buildingsand open

spacesthroughlandscaping
V Roofgardens(or greenroofs)
V Shading of vertical and

horizontal surfaces (green
walls)

V Buffer against cold and hot
winds

V Changingdirectionof wind

AFFORDABLE HOUSING PASSIVE DESIGN STRATEGIES

VEGETATION



INNOVATIVE BUILDING MATERIALS AND 

NEW METHODS OF CONSTRUCTION FOR AFFORDABLE 

HOUSING 



ThermalInsulationandThermalMass

INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTION FOR 
AFFORDABLE HOUSING 

A- Thermal insulation through 
thermal conductivity

B- Thermal insulation through 
thermal mass



ThermalconductivityandThermalBridge

Thermal conductivities of common building materials
Walling assemblies and thermal bridging

A thermal bridge is a part of the assembly (such as metal screws or nails) that allows direct heat 
transfer between indoors and outdoors due to interruptions in insulation. 

INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTION FOR 
AFFORDABLE HOUSING 



INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTION FOR 
AFFORDABLE HOUSING 

Example: -Steady state indoors and variable outdoors on cold-sunny day

Temperature Profile Illustrations For Various Indoor And Outdoor Conditions



INNOVATIVE BUILDING MATERIALS AND NEW METHODS OF CONSTRUCTION FOR 
AFFORDABLE HOUSING 

d 
e f

The Temperature Gradients Across Wall Sections Of Six Different Buildings Studied

Temperature gradients across wall sections for an extreme summer day

U-value and surface temperature



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING
Walling Technologies

U-value database of all selected walling assemblies and technologies

V The assemblies presented are a mix of commonly used traditional 
systems and emerging technologies in the Indian context. 

V It can be observed from the figure that assemblies with insulation 
such as EPS, insulated panels have lower U-values and hence, can 
help in reducing heat gains through wall.



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

Visible Light Transmittance And Solar Heat Gains

Top- VLT for different types of glasses; Middle- performance of different low-e coating combinations in UV, visible light, and IR spectrums. Bottom- selectivity, 
solar heat gain coefficient and visible light transmission of different low e-coating combinations

ThermalComfort in AffordableHousing104 clear glasstransmitsnearly 90% of visible light, closelyfollowed by Indian
planiluxor clearglasswith 80-90%visiblelight transmissionswhile blue andgreentinted glassesprovideVLTlevelsin the
rangeof 35%to 80%



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

Properties of glazing assemblies



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING
Roofing Coating MaterialsReflectance, Emittance, Emissivity

roofing materials 

Factors affecting surface temperature of roof and/or roof 
coating materials 

surfaces with incident solar radiation 



EFFECT OF MATERIALS ON THERMAL COMFORT
Before selecting insulation material for a building, the following factors need to be considered:
V The climatic conditions of the region
V The material flammability in case of an accident
V Material toxicity
V Ease of replacement of the material
V Material affordability
V Material durability
V Ease of installation

Comparison of commonly used insulation material  



Thus, the lower the U-value, the lower the rate of heat transfer, and the better the insulating property 
of the element

Glass fibre
reinforced

Gypsum panel
with RCC & non..

Rattrap bond
wall

Brick wall

Glass fibre
reinforced

Gypsum panel -
Unfilled

Light Gauge
framed steel

structure with
EPS

Reinforced EPS
core Panel

system

U-Value (W/m²K.) 1.715 1.673 1.67 1.559 1.188 0.907

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Decrease in U value 
Enhance Thermal Comfort 

@source :CRDF Document of CEPT

MATERIAL CHARACTERISTICS FOR BETTER THERMAL COMFORT



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

Light House Projects (LHP)

LHP ςAgartala 
(Light Gauge 
Framed Steel 
Structure ςInfill 
Concrete Panel)



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

LHP- Chennai (Precast Concrete Construction System)

3Ssystemincorporatesprecastdensereinforcedcementconcretehollow core columns,structural RCCshearwalls (as
per designdemand),T/L/Rectangularshapedbeams,stairs,solid precastRCCslabsfor floor/ roof, lintels, parapetsand
chajjas.

Salient features 
V Precastdense reinforced cement concrete hollow core columns,structural RCCshear walls, T/L/Rectangular

shapedbeams,stairs,floor/roof solid.
V AACblocksareusedfor partition walls



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

LHP- Indore (Prefabricated Sandwich Panel System)

V PrefabricatedSandwichPanelsare lightweightcompositewall, floor, androof sandwichpanels.
V Theyare madeof thin fiber cement/calciumsilicateboard actingas facecoveredboardswith the core material asa

mixof EPSgranuleballs,adhesive,cement,sand,flyash, andother bondingmaterialsin mortar form.
V Thecorematerial ispushedunderpressureinto presetmoldsin a slurrystate.

Salient features
V Facilitate quick and cost-effective construction 
V EPS granule balls used as core material make the board lightweight



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING

LHP- Lucknow (PVC Stay-in-place formwork)
V Stay-in-placeformwork refers to an innovativeformwork systemmadeof rigid polyvinylchloride(PVC)that actsas

durablefinishedformwork for concretewalls.
V It hasslideandinterlocktechnologyfor the extrudedcomponentsto createcontinuousformwork.
V Thetwo facesof the wall areconnectedby continuouswebmembersto form hollow rectangularcomponents

Salientfeatures
V Rigidpolyvinylchloride(PVC)basedformworksystemservesasa permanentstay-in-placedurablefinishedformwork

for concretewalls
V ThePVCextrusionsconsistof the substrate(inner)and modifier (outer). Thetwo layersare co-extrudedduring the

manufacturingprocessto createa solidprofile.



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING
LHP- Rajkot (Monolithic concrete construction with tunnel formwork
V LHPRajkotutilizedtunnel formwork asthe innovativeconstructiontechnologywhichusescustomizedengineering

formwork replacingthe conventionalsteel/plywoodshutteringsystem.
V Tunnelformwork is usedcellular structures. It is basedon two half shellswhich are placedtogether to form a

room or cellandseveralcellsconstituteanapartment.

Characteristics of the system
Å Maximumspanbetweenwallsshallbe 5.60 m without

accessoryunitsand7.00m with accessoryunits.
Å Height of the formwork ςTypically, the forms are

designedfor a floor to ceiling height of at least 2.51
m.However, it canbe increasedby usingthe leg jacks
or movablepanels.

Å Appearancesof the faces after form removalςThe
joints connectingthe units mayhavefins whichshould
be sanded off and smoothed with paint filler.
Remainingsurfacesallow direct applicationof finishing
paint or wallpaper.

Å Working rhythm using the systemςUnder average
temperature conditions, the normal rhythm is two
daysper cyclewith one day and two nights for drying
and setting the concrete, given ordinary cement is
used.

Å Time period required for executionof the processς
Thetime requiredfor executionvariesaccordingto the
cell plan. For a cell consistingof two formed wall
surfacesand a floor surface,the averagetime is less
than 1-1.5 hours per square meter of building. This
time includesthe form removal,oiling, displacement
of the units, formwork,andadjustment.



INNOVATIVEBUILDINGMATERIALSAND NEW METHODSOF CONSTRUCTIONFOR
AFFORDABLEHOUSING
LHP-Ranchi (Pre-cast concrete construction- 3D Volumetric)
3D Volumetric concreteconstruction involvesconstructionwith solid precastconcretestructural moduleslike room,
toilet, kitchen,bathroom,stairsetc. & anycombinationof these. Themodulesarecastmonolithicallyeither at a plant or
a castingyardin a controlledcondition.

Salient features
V About 90 % of the 

building work including 
finishing is complete in 
the plant/ casting yard 
resulting in significant 
reduction in construction 
and occupancy time 

V The required concrete 
can be designed using 
industrial by-products 
such as Fly Ash, Ground 
granulated blast furnace 
slag (GGBS), Micro silica 
etc. resulting in improved 
workability 

V Minimal shutter and 
scaffolding



CASE STUDIES FOR APPLICATION OF THERMAL COMFORT IN 
AFFORDABLE HOUSING



LIGHT HOUSE PROJECT, INDORE

N


