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Growing Opportunities with Rapid Urbanization

Urban and rural population

India
M Urban M Rural Urban population by size class of urban settlement
India
M 10 million or more M5 to 10 million M1 to 5 million
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Year Year

Note: Urban and rural population in the current country.
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PMAY - Project Objectives

Adequate physical & All weather
social infrastructure hsouing units

Women

2m PO rement

Better quality of
life for urban poor

Key features of PMAY  -U projects

11.2 million
dwelling units are
being constructed

Problems addressed through
cafeteria approach by mission

I

7.35 lakh
crores
investment

\ 4

10 lakh
occupants in the
EWS/LIG category
benefitting

= o
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About GIZ

A Glz is an international cooperation enterprise for sustainable development which operates worldwide, on a public benefit
basis.

A Glzisfully owned by the German Federal Government, GIZ implement development programsin partner country on behalf o
the German Government in achievingitsdevelopment policy objectives.

A For over 60 years, theDeutsche Gesellschaft  furlnternationale Zusammenarbeit  (GlZ) GmbH has been working
jointly with partners in India for sustainable economic, ecological, and social development. Currently, GIZ has over 330
employees in India, of whom 85 per cent are national personnel.

The Govt. of India has launched several vital initiatives to address national _
issues & GIZ is contributing to some of those significant ones. For instance, it Trematc Areas
supports vital initiatives like Smart Cities, Skill India etc.

The thematic areas of work for GIZ in India are as follows:
l. Energy

Energy
[I.  Environment, Climate Change & Biodiversity
[ll.  Sustainable urban & industrial development
IV. Sustainable economic development
Environment, Sustainable Urban & Sustainable
Climate Change & Industrial Economic

Biodiversity Development Development
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The Climate Smart Buildings
sector:

project intends to address the majority of gaps identified in the affordable housing

A By introducing of thermal comfort & climate resilience in the Local Government framework through Byelaws is an
overarching objective.

A In order to achieve this objective, activities like documentation of LHP construction process from a sustainability

perspective, knowledge transfer & capacity building through LHPs, performance monitoring & demonstration of
thermal comfort in selected housing projects among others.

State & UTs in East Cluster for establishing the Cell

-
e i omn.
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LHPs will showcase &
deliver ready-to-live
homes with better
quality of
construction in a
sustainable manner.

™ -

\ [

LHPs aims introduce |
thermal comfort into
the foray of
affordable housing, a
critical design & thus
usability aspect will

) be addressed.

LHPs are model housing projects with houses
built with shortlisted alternate technology
suitable to the geo-climatic and hazard
conditions of the region.

/' LHPs shall serve as
LIVE Laboratories for
different aspects of
Transfer of
technologies to field
application for entire
building fraternity. )
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Aim & Concept
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LHP Agartala & its construction technology

GHTC i

Brief on other

construction technologies
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Broad Category Technologies
(Nos.)

Precast Concrete Construction System - 3D Precast volumetric 4

Precast Concrete Construction System dPrecast components assembled at 8

site

Light Gauge Steel Structural System & 16

Pre-engineered Steel Structural

System

Prefabricated Sandwich Panel System 9

Monolithic Concrete Construction 9

Stay In Place Formwork System 8

Total 54



SI. No-

Summary of Six Light House Projects (LHPS)

LHP Location

Particulars

Name of
Technology

No. of Houses
No. of Floors

Plot Area

Per House Carpet
Area

Project Cost

Per House cost
(with
infrastructure)

Units

Name

No.
No.
Sgm

Sgm
INR (in Cr)

INR (in
Lakh)

Chennai

(Tamil Nadu)

Precast
Concrete

Construction

System-
Precast

Components

1,152
G+5
33,596

26.58

116.27

10.09

Rajkot
(Gujarat)

Monolithic
Concrete
Constructio
n using
Tunnel
Formwork

1,144
S+13
39,599

39.77

118.90

10.39

Indore

Ranchi
(Madhya
Pradesh) (Jharkhand)
Precast
Prefabricated Concrete
Sandwich Construction
Panel System Systemi 3D
Volumetric
1,024 1,008
S+8 G+8
41,920 31,160
29.04 29.85
128.00 134.00
12.50 13.29

Agartala Lucknow
(Tripura) (Uttar
Pradesh)
Light Gauge
Steel Frame Stay in
System (LGSF) Place
with Pre- Formwork
Engineered Steel System
Structural System
1,040
G+13
20,000
34.50
130.90
12.58
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Light House Projects

Following are the details of Construction Technologies being employed at the Light House Projects selected
under the Global Housing Technology Challenge (GHTC) i India
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Monolithic Tunnel Formwork Technology 7T LHP Rajkot

In dfunnelForm 6 t e ¢ h nooncretg walls and slabs are cast in one go at site giving monolithic structure
using high-precision, re-usable,room-si zed, Steel f ofMunselFamdé .mol ds <call ed
dunnelFormé system uses customized engineered steel for
together and then concreting is done to form a room size module. Several such modules make an apartment.

Positioning of the
formwork for the
current day?©o
phase, with the
installation of
mechanical,
electrical and
plumbing services.

Installation of
reinforcement in Concreting
the walls and slabs.

Stripping of the
formwork from the
previous day.
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Monolithic Tunnel Formwork Technology T LHP Rajkot

Special Features

The precise finishing can be
ensured with no plastering
requirement.

The concrete can be designed to
use industrial by -products such

as Fly Ash, Ground granulated Being Box type monolithic
blast furnace slag (GGBS), structure, it is safe against TheuL?{Sg%r?#mgfénogranoﬁlmar
Micro silica etc. resulting in horizontal forces (earthquake, ConS%m - y
improved workability & cyclone etc.) '

durability, while also
conserving natural resource
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Prefabricated Sandwich Panel Systemi LHP Indore

A Factory made Prefabricated Sandwich Panel System is made out of cement or calcium silicate
boards and cement mortar with EPS granules balls, and act as wall panels.

A Under this LHP, houses are being constructed using Prefabricated Sandwich Panel System with Pre
Engineered Steel Structural System.

A In this system the EPS Cement Panels  are manufactured at the factory in controlled condition, which
are then dispatched to the site. The panels having tongue and groove are joint together for construction
of the building.

Special Features

Being light in weight results
in lower dead load of
building & foundation size.
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Precast Concrete Construction Systenii Precast ComponentsAssembeledat site 1 LHP Chennai

An already established technology for building construction, Precast concrete construction is a system where the
individual precast components such as walls, slabs, stairs, column, beametc, of building are manufactured in plant
or casting yard in controlled conditions. The finished components are then transported to site, erected & installed.
The technology provides solution for low rise to high rise buildings, especially for residential and commercial
buildings.

[ The construction process comprises of manufacturing of precast concrete Columns, Beams and Slabs in steghoulds. ]

Casted components

are then moved to These precast
: Concrete is poured stacking yard where components are
caTZi ;er'gfolgfégeaﬂtth e and compaction of curing is done for installed at site by
r(g Lired position - concrete is done by requited time and crane and assembled
q e mpoulds shutter/ needle then these through in -situ
' vibrator. components are ready jointing and/or
for transportation and grouting etc.

erection at site.
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Precast Concrete Construction Systemi Precast ComponentsAssembeledat site i LHP Chennai

Special Features

The concrete can be designed
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 resources.

Eliminates use of plaster.

Helps in keeping neat & clean

construction site and dust free : ol i \ hae
e recycling. materials is minimal. better site organization.

Optimum use of water through Use of shuttering & scaffolding All weather construction &
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3D Volumetric concrete construction is the modern method of building by which solid precast concrete
structural modules like room, toilet, kitchen, bathroom, stairs etc. & any combination of these are cast
monolithically in Plant or Casting yard in a controlled condition

Gable end walls are

Factory finished

building positioned to Rebar mesh is finally Consecutive floors are
: terminate the sides of placed for structural N
units/modules are e built in similar
- building. Pre stressed screed thereby
then installed at the : manner to complete
site with the help of . _slabs are then connectngjall the the structure
installed as flooring elements together. '

tower cranes. elements.
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Precast Concrete Construction Systemi 3D Volumetric T LHP Ranchi

Special Features

The monolithic casting of walls &
floor of a building module
reduces the chances of leakage.

With smooth surface it eliminates
use of plaster.

The system has minimal material
wastage (saving in material cost),
helps in keeping neat & clean
construction site and dust free
environment.

Use of Optimum quantity of Use of shuttering & scaffolding All weather construction & better
water through recycling. materials is minimal. site organization
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Light GuageSteel Structural System & Prei engineered Steel Structural Systemi LHP Agartala

components.

forming structural steel framework upto G+3 building.

Construction Process

The sequence of construction comprises of
foundation laying,

fixing of Pre-Engineered Steel Structural System,
fixing of tracks,

|
| . o
| |
I
| fixing of wall panels with bracings as required,
I
I
I

I

I

| - . .

| |The other options of dry walling components such as! | Similarly, the floors can either by composite
| I | slab/deck slabs/precast hollow core slabs as
I

I

I

I

I sandwich panels with insulation material in between I I
fixing of floor panels, decking sheet, l I per the need & requirements.
. . , . I can also be used. |
fixing of electrical & plumbing services and | I
finally fixing of concrete walling panels with light : | L e e e e e e L o

L weight concrete as infill.
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Light GuageSteel Structural System & Prei engineered Steel Structural Systemi LHP Agartala

Special Features

: : : Fully integrated computerized
High strength to weight ratio. system with Centrally
Due to light weight, significant Numerical Control (CNC) Construction being very fast, a

reduction in design earthquake machine primarily employed typical four storied building Structure being light, does not
forces is achieved. Making it for manufacturing of LGSF can be constructed within one require heavy foundation
safer compared to other month.

sections provide very high

structures. Precision & accuracy.

Structural element can be
transported to any place
including hilly areas to remote
places easily making it suitable
for far flung regions including

difficult terrains.

Structure can be shifted from
one location to other without
wastage of materials.

The system is very useful for
post disaster rehabilitation
work.

Steel used can be recycled
multiple times
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The plant manufactured rigid poly -vinyl chloride (PVC) based polymer components serve as a
permanent stay-in-place finished form-work for concrete walls.

In order to achieve speedier construction, strength and resource efficiency, the composite
structure with Pre -Engineered Steel Structural System as structural members is being used in
the present project.

Construction Process

Construction is done in a sequential manner where at first, the Prefabricated PVC Wall panels and PreEngineered Steel
. Structural Sections as per the design are transported to the Site. )

The pre-fabricated

Floor is installed walling panels having

Then, these Sections
are erected on the

prepared foundation
using cranes and

required connections.

using decking sheet.
Once the structural
frame and floor is
installed and aligned,
wall panels are fixed
on decking floor.

provisions of holes for
services conduits, are
fixed along with the
reinforcement &
cavities inside the wall
panels are filled with
concrete.

Upon installment of
wall panels, flooring
and ceiling, the
finishing work is
executed.
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PVC Stay in Place Formwork Systemi LHP Lucknow

Special Features
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Wallling Material Case Studies, Light House Projects

Light House Project: Lucknow

A PVC Stay inPlaceFormwork System
A Sand13Floors

A Rigid polyvinyl chloride (PVC) based formwork
systemservesas a permanenstayin-placedurable
finishedform-work for concretewalls

A The PVC extrusionsconsistof the substratginner)
and Modifier (outer) The two layers are co-
extrudedduring the manufacturingorocesdo create
asolid profile.




LIGHT HOUSE PROJECT
AT AGARTALA

GHTGCIndia Category
Light Gauge Steel Structural System & Pre -engineered Steel Structural System

Technology
Light Gauge Steel Framed (LGSF) System with Pre -engineered Steel Structural System



A Total Plot area is 24168 Sgm.

A Ground coverage of the project is
29%and FARachieved is 2.43

A Proposedorganized green space
1IS31%.

A The project also includes
Anganwadi, Health Centre and
community hall of 480 Sgm, 700
Sgmand 500 Sgmrespectively in
G+1 configuration

Typical floor plan

= N

Sl | | oikid o

Erie "'grm""f"ﬁ-q?'a i n i A There are 7 blocks in Ground + 6 configuration with 1000
—_i_- : ‘{» ‘t- ; ‘f housesalong with basic and social infrastructure.

SR LLCL R

A 16 dwelling units each |n A & G Block; 22 l'J“hits in BBlock;

18 Units in C Block and 24 units each in D,E & F per floor
with a provision of lifts and staircase.




A Typical Dwelling Unit plan

BALCONY -
- ™ *
2560 X 960 |
d’, |

NITCHE!

BED ROOM
2770 X 3160

e e

1

TYPICAL UNIT PLAN
(SCALE - 1:20)

Each dwelling unit consists of one
living, one bed room, a kitchen, a
toilet and a balcony. The carpet area
of each unit is 30.03 Sgmt. The sizes
of individual rooms & service areas
conform to NBCnorms.

Other special features:
A Greenrating asper GRIHA
A Use of renewable resources:
A Rainwater harvesting
A Solarlighting
A Solid waste management
A STPwith recycling of waste water
A Fire fighting services as per NBC

norms



Prevalent Construction Systems Technology being Used

Load bearing Structure Steel Frame Structure nght Gauge Steel Framed
| T RESTTRISE Walling System

Procast Comcrets Panel
- Owterside with Smooth Surface
L~
Procast Concrate Paned
———" [nnersde with Reugh Surface
Pre Cast Concrese
Fanz!

1
Famen Thicky

Light Gauge Steel Framed System (LGSF)is based on factory made
galvanised light gauge steel components. The components/sections are
produced by cold forming method and assembledas panels at site forming
structural or non structural steel framework of a building of varying sizes of
wall and floor.

In order to meet structural requirements, Hybrid system comprising of
Light Gauge Steel Frame System with Pre-Engineered Steel Structural
System has been adopted in the presentproject .




Structural Elements

A Foundation

A Structural System
A Floor/ RoofSlab
A Wall Panels




Structural Elements
Foundation
A Pile Foundation ( Bored Castin-situ Concrete Piles) as per geo-technical investigations, bearing capacity, soil strata, water table, etc.
A RCCRaft on the Piles and then RCCpedestal on the Raft
A Anchor bolts and Baseplate of varying sizesand diameter as per structural designfor erecting Pre-Engineered Steel Structure.
A RCCplinth beam and grade slab at plinth level.
A RCCshearwalls for staircasesand lift on RCCraft and water proofing with kota stone.

A oF

T E / sl ¥ « wWile S : | R
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Structural Elements
Structural system

APre-Engineered Building (PEB) system comprising of built-up
fabricated I-sections for beams and columns
\\.“' ‘.~. ;\,




Structural Elements

Floor/ RoofSlab

AThe floor/ roof is deck slab which comprises of deck sheet, reinforcement
with concrete screed




Structural Elements

Wall PanelsT Light Gauge Steel Frame System

ALGSFs a0 Cdrosssection made of galvanised light gauge steel with built in notch, dimpling, slots,
service holes etc. and produced by computerized cold roll forming machine.

A These frames are assembled using self driven metal screws to form into LGSFwall and roof
structures of abuilding.

AE(r;oSin:sions for doors, windows, ventilators and other cut outs as required are incorporated in the

A Cement concrete panels are fixed on both side of the wall and then filled with light weight concrete.

ACeIII\entlfibre board as an alternative to the above panels are used for cladding with infill of
rockwool.




Receiving G1 Coils, Inspection and Store

l

Loading the coils in Decoiler

l

Loading NC files and Operation of
computerized Roll forming machine.

l

Production of frames, Marketing & Labeling

l

Inspection of frames.

l

Packing of frames wall wise Marking & Labeling

l

Dispatch to construction site.

A Flow Diagram of manufacturing plant for fabrication of Light Gauge Steel Frame System



Light Gauge Steel Frame System

..4. .,‘_

A Photos of manufacturing plant



Light Gauge Steel Frame System

AWall Frame

A Factory finished custom designed cold form Light
Gauge Steel Framed structure comprising of steel wall
panel, trusses, purlins etc are manufactured out of
minimum 0.75 mm thick steel sheet as per design
requirements.

A The steel sheet shall be galvanized (AZ-150 gms
Aluminium Zinc Alloy coated steel having yield
strength 300- 550 Mpa) conforming to AlSI
specifications and IBC2009 for cold formed steel
framing and construction.

A 1S800-2007 (Code of practice for general construction
In steel) and 1S:801- 1975 (Code of Practice for Useof
Cold Formed Light Gauge Steel Structural Membersin
General Building Construction.




AWallFr ameécont d

A

A

The framing section shall be cold form C-type having minimum
web depth 89 mm x 39mm flange x 11mm lip in required length
as per structural design

Duly punched with dimple/slot at required locations asper
approved drawings.

The slots will be along centre line of webs and shall be spaced
minimum 250mm away from both ends of the member.

The frame can be supplied in panel form or knock down
condition in specific dimensions and fastened with screws
extending through the steel beyond by minimum of three
exposed threads.

All self drilling tapping screws for joining the members shall
have a Type Il coating in accordance with ASTMB633(13) or
equivalent corrosion protection of gaugel1l0& 12, TPI116 & 8 of
length 20mm.

The frames shall be fixed to RCCslab or Tie beam over

Neoprenerubber using self expanding carbon steel anchor bolt

of dia as per approved drawings, design subject to minimum

12mm diameter and 121mm length conforming to AISI1304 and
316 at 500mm c/c with  minimum embedment of 2100mmin RCC
and located not more than 300mm from corners or termination of

bottom tracks complete in all respects.

Light Gauge Steel Frame System

Fascia
Soffit bearer
Lintel
Ledger
Jack Stud
Sill trimmar
Jamb stud

Jack slud

Truss top chord /

Raftar

Truss bottom chord /
Ceiling Joist

Top wall plate
Brace
Noaging
Common stud

Bottom wall plate

Floor joist

Bearor

Stump (post, pier)



Light Gauge Steel Frame System

AWallFr ameécont d. AT D

A Fastenersand Connectors wmes (o
A Frame assembly screws: Shall be galvanized g W | L
steel screws self-drilling type of size 10 x 25 N —
mm having Truss-head and shall be as per R
ASTMC 1513-10. RN

A Wall Erection Screws: Shallbe galvanized steel N~ ]
screws self-drilling type of size 8 x 25 mm SONVAIRE::
having Hex Washer headand shall be as per “ o
ASTMC1513-10. <

A Precast Concrete Panels Fixing Screws: Shall
be of galvanized steel screwsself-drilling type

of size 8 x 50 mm having CShead and shall be L L,

asper ASTMC 1513-10. i \/-’ J
A Wall and Foundation Anchor Bolt: Shallbe of |'ijf~=;£:\\j,

high tensile galvanized steel of size 10 x 100 \ s 7

mm/ 10x 150 mm and 12 x 100 mm/ 12 x 150 ~L~

Cold-formed steel structural members with perforations
mm and Sha” be as per ASTMC 1513'10 (service openingsand opening for continuity members)



Light Gauge Steel Frame Svstem

AWallFr ameécont d.

A Cladding of LGSFPanels

A 20mm thick Precast Concrete (M20) Panels(PCP)are used as facing
sheets for construction of walls on both sides. Metal moulds,
concrete mixing machine and vibration tables are used for
manufacturing the panels at onsite or offsite .

A The panels are designed to withstand the concrete weight pumped
in between the gap of the panels without failure and buckling.

A The steel reinforced precast concrete panels (PCP), has one side
rough surface and the other side smooth surface. The P C P d@res
fixed on either side of Light Gauge Steel Frame Structures (LGSFS)
with studs and tracks using mechanical fasteners. While fixing, the
rough side of the panels are facing inside and smooth side is facing
outside. EachPCPis fixed with 6 screws.

A Light weight concrete is pumped in to the gap between two PCPs.
The concrete bondswith the rough surface of the panels. Thus, the
LGSFSnd PCPsare firmly joined to make a monolithic steeld
concrete structure.




Light Gauge Steel Frame System

AWallFr ameécont d.

A Core of wall panels
A The concrete used for infill wall is light weight and free flow.

A The density shall be 1500-1800 Kg/m3 after adding/mixing foam or EPSbeadsas per the design
mix. The light weight concrete shall be of grade M5to M10asrequired.

A The light weight concrete shall be mixed and used at site.




A Structural

connections of LGSFHpanels
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Prefabricated Sandwich Panel System

Advantages

ADue to light weight, significant-reduction in design earthquake forces is achieved.
Makingit safer.compared to other structures.

AFully integrated computerised manufacturing of LGSFsections provide very high
precision & accuracy.

ASpeedier
AStructure being light, does not require heavy foundation

AStructural elements can be transported: to any place including hilly areas/ remote
places easily

AStructure can:be shifted from. one location to other with minimum wastage of
materials.

ASteel used can be recycled multiple times

AThe system s very useful for post disaster rehabilitation work.



Prefabricated Sandwich Panel System

Essential Requirements

A The labours are required to be trained for
fabrication/assembly works

A Plumbing & electrical services need to be
pre-planned.

ADoor and Window position shall not be
changed after pouring of light weight
concrete.

A Erection of panels shall be wunder
supervision of trained staff.
A Post construction alteration isdifficult.

A Proper care should be taken for fixing of
tiles on the walls.

A Electrical cables need to be properly
insulated with mini circuit breakers.




Beingfirst time massscale field implementation of new
technology

the Light HouseProject at Agartala is on
Design & Build Basis

Technology Provider and Construction Agency:
M/s Mitsumi Housing Pvt. Ltd., Ahmedabad



A Load Combinations:
i 1.5 (DL+LL)
i 1.2 (DL+LL+EL/WL)
i 1.5 (DL+EL/WL)

I 0.9DL +1.5EL/WL

(EL/WL implies Earthquake/Wind Load in +X, -X, +Y, and iy,

directions . Lateral forces shall be considered acting from all
directions but one at a time.)

A Steel structural system can be easily
modeled in the C ADsoftware suchas
STAADPRCETABSSAFESAPABACAS

and others for detailed structural
analysis.

A 2D/ 3D Static and dynamic linear and
non-linear analysiscan be carried out
using these softwares.

A The softwares can also be used for

structural designasper Indian Standards.

A AUTOCADfor drawings

STRUCTURAIANALYSISS DESIGN

A 3D Model of typical tower with PEBStructure
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Construction Sequence

SulStructure:
Super-structure:

MEP:
Finishing

Foundation
Structural system
Floors

Wall Panels
Plumbing & Electrical
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TOP OF RAFT

BOTTOM OF PCC

FOUNDATION
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SCALE 1:30

o

A A section showingthe placing of raft on the piles.
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AThe RCCraft is casted on the piles. Then concrete pedestal are casted in M25 concrete.
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FOUNDATION

A Asection of the foundation
showing the raft, concrete
pedestal, location of the
anchor bolts & base plate
and steel column in super-
structure.



FOUNDATION

AFixing of anchor bolts with templates over which factory made built up columns with base
plate will be erected.



FOUNDATION
AndharBok &BasdPaie Plan
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FOUNDATION

A Connection details of built up steel column at plinth level (Stilt) with foundation (plinth beam)

— o
EASE PLATH
| . a [, Dia H h T
® = Blmm CROUTING (mm) (mm) (mm) (uln)
- 400 100 100
D : 20 e 100 150
| ~— Ll 700 100 150
' o 900 150 150
BNCHOR BOLT] FIFVATION 1100 150 150
Anchor bolt schedule
h | - |, POF
i | l._'__ DT ETE]
a) Typical anchor bolt detalil b) Typical base plate detalil
Anchor bolt is inserted below plinth level upto The built up steel | column is being fixed with

height H and projected above plinth up to height T anchor bolts and base plate



FOUNDATION
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A On concrete pedestal, plinth beam are casted in M25 concrete and backfilling is done.



FOUNDATION

T
-

AThe project starts with layout and marking of piles on field.

A After the layout at site, the boring of piles is undertaken with the help of Hydraulic Rigs The
depth of the borehole is 30m from NGLand diameter of pile is 600 mm. Total number of piles in
the project is approx. 1750.
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A Steel Cageswith helical reinforcement are prepared at site and inserted in the pile holes.



FOUNDATION
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A Af(tjer tfIllJ(shing of bore hole with bentonite slurry, pouring of M 30 Grade concrete through trimming pipe in piles is
undertaken.

A L_allying of Raft in M30concrete as per the structural design with reinforcement isto be completed in concrete above the
pilés.
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