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GLOBAL

HOUSING Global Housing Technology Challenge - India (GHTC-I)
TECHNOLOGY

CHALLENGE INDIA

Broad Category Technologies
(Nos.)

Precast Concrete Construction System - 3D Precast volumetric 4

Precast Concrete Construction System — Precast components assembled at 8

site

Light Gauge Steel Structural System & Pre-engineered Steel Structural 16

System

Prefabricated Sandwich Panel System 9

Monolithic Concrete Construction 9

Stay In Place Formwork System 8

Total 54



Summary of Six Light House Projects (LHPs)

LHP Location Agartala
Chennai Rajkot Indore Ranchi = . Lucknow
Tamil Nadu) (Gujarat) (Madhya (Jharkhand) (Tripura) (Uttar
Sl. No' Particulars Units ( J Pradesh) Pradesh)
Precast Monolithic Light Gauge
Concrete Concrete Precast Steel Frame Stay in
. . Prefabricated Concrete System (LGSF) Y
Name of Construction Constructio . . . Place
1 Name . Sandwich Construction with Pre-
Technology System- n using : Formwork
Panel System System — 3D Engineered Steel
Precast Tunnel . System
Volumetric Structural
Components Formwork
System
2 No. of Houses No. 1,152 1,144 1,024 1,008 1,000 1,040
3 No. of Floors No. G+5 S+13 S+8 G+8 G+6
4 Plot Area Sgm 33,596 39,599 41,920 31,160 24,000 20,000
5 iigjouse CEI e 26.58 39.77 29.04 29.85 30.00 34.50
6 Project Cost INR (in Cr) 116.27 118.90 128.00 134.00 162.50 130.90

Per House cost

DS g 10.09 10.39 12.50 13.29 16.25 12.58
. Lakh)
infrastructure)

7  (with




OTHERS PROPERTY 7 5 / GH-05

= There are 4 blocks in
Stilt + 13 configuration

with 1040 houses along
with basic and social
infrastructure.
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= Ground coverage of the
project is 23% and FAR /-
achieved is 2.41. A%

= Proposed organized
green space is 13%.
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Typical floor plan (Block C& D)
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= 16 dwelling units at each floor of building block C &D with provision of lifts and staircases.
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= Typical Dwelling Unit plan

BALCONY | |
- 1170X1340
|
KITCHEN Sew R
1800 X 2170 e
100X
LIVING ROOM BEDROOM
3060 X 3910 - 3055X 3590

BRURT Y
S

Each dwelling unit consists of one
living, one bed room, a kitchen, a
toilet and a balcony. The carpet
area of each unit is 34.51 Sq.mt.
The sizes of individual rooms &
service areas conform to NBC
norms.

Other special features:
* Green rating as per GRIHA
* Use of renewable resources:
* Rain water harvesting
* Solar lighting
¢ Solid waste management
« STP with recycling of waste
water

« Fire fighting services as per
NBC norms



Prevalent Construction Systems Technology being Used

Load bearing Structure Steel Frame Structure Stay In Place PVC

' S Formwork System
_ o 5 e, A
q S - T

The stay in place form work system is unlike the temporary
shuttering adopted in conventional systems, as it stays
permanently as an integral part of the structure.

In order to meet structural requirements, Hybrid system
comprising of Stay In Place PVC Formwork System with Pre-
Engineered Steel Structural System has been

adopted in the present project.



Structural Elements

Foundation
Structural System
Floor/ Roof Slab
Wall Panels

Source: M/s B.G.Shirke



Structural Elements
Foundation

= Conventional as per geo-technical investigations, bearing capacity, soil strata,
water table, etc.

= Raft foundation with RCC column upto plinth height.
= RCC plinth beam and grade slab at plinth level.




Structural Elements
Structural system

= Pre-Engineered Building system comprising of built-up fabricated I sections
for beams and columns




Structural Elements

Floor/ Roof Slab

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




Structural Elements

Wall Panels - Stay in Place PVC formwork System

= The formwork components are manufactured from
extruded polyvinyl chloride (PVC).

= The extrusions consist of two layers, the substrate
(inner) and Modifier (outer).

=The two layers are co-extruded during the
manufacturing process to create a solid profile.
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Stay in Place PVC formwork System

= Typical manufacturing plant for | ' ' 5 =
production of PVC formwork | JE— {

-
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Stay in Place PVC formwork System

= Typical Wall Panel Dimensions

Application Novel Wall Thickness Weight of
Panel with
concrete

Overall Concrete
(Nominal) Core

External Wall N126 126 mm 120 mm 8.5 kN/m

Internal Wall N64 64 mm 60 mm 4.25 kN/m

= Width of the individual panel components = 300 / 250 mm.

= Height is as per the requirement. In LHP at Lucknow, it is full
storey height about 3 mtr.




Technical Specification Sheet

PRODUCT SPECIFICATIONS

PROFILES 110MM, 150MM, 200MM AND 250MM PANEL WIDTH 300 MM
PVCTHICKNESS 26MM PVC DENSITY 1,300 xG/ M’
LIFE EXPECTANCY  MINIMUM S0 YEARS FINISH GLOSS WHITE, WATER RESISTANT
HEIGHT ALL PANELS CAN BE ORDERED TO UV STABILITY NOT AFFECTED BY EXPOSURE TO
CUSTOM HEIGHTS MINIMUM 1.0M — SUNLIGHT ESTHER IN STORAGE OR AS
MAXIMUM 8.0M FINISHED PRODUCT
STOCK HEIGHTS: 2.8M, 3M, 3.3M, 3.6M, SPECIFIC PPE NONE REQUIRED. GLOVES ARE NOT
3.8M, .0M, 4 6M, SM, 6M. ESSENTIAL, BUT ON SITES WHERE
MANDATORY, GLOVES WITH RUBBER
FINGERS AND PALM INFILL WiLL
REMOVE RISK OF SUPPING
CONCRETE PRODUCT  FIRE RATING MSDS READILY AVAILABLE
VOLUME  WEGHT  (MINUTES
(M* /W) (KG/ WF)  MINIMUM)
110MM PROFILE 0.101 147 20 ORDERING LEAD STOCK HEIGHTS DELIVERED TO MAJOR
TIME CAPITAL CITIES WITHIN SEVEN DAYS
155MM PROFILE 0.146 158 180 FROM ORDER. CUSTOM HEIGHT PANELS
WITHIN FIVE WEEXS.
200MM PROFILE 0188 158 2 240 SHIPPING AND  WE OFFER DELIVERY AT COST, OR YOU
OGHT CAN ARRANGE YOUR OWN
250MM PROFILE 0.2404 17.8 z 240 PAYMENT COD OR 30-DAY ACCOUNT UPON
TERMS APPUCATION

CERTIFICATIONS AND COMPLIANCE

CODE, SPECIFICATION Of STANDARD

A51530.3 - IGNITABAITY, FLAME PROPAGATION, HEAT RELEASE AND SMOKE RELEASE

_AS/NZ3837:1990 - HEAT & SMOKE RELEASE RATES

BCA PARTS A2 & C1 - HEAT & SMOKE RELEASE REQUIREMENTS

CERTIFED BY
CSIRO

CSIRO

CSIRO; SGS-CSTC; MURTAGH BOND
STRUCTURAL ENGINEERS

BCA PART F5 - ACOUSTIC PERFORMANCE, SOUND TRANSMISSION AND INSULATION

RUDDS CONSULTING ENGINEERS

GREEN BUILDING COUNCIL OF AUSTRALIA —GREEN STAR OFFICE DESIGN

CETEC

Stay in Place PVC
formwork System



Stay in Place PVC formwork System

= The rigid poly-vinyl chloride (PVC) based form work system serve as a permanent stay-in-
place durable finished form-work for concrete walls.

= The extruded components slide and interlock together to create continuous formwork with the

two faces of the wall connected together by continuous web members forming hollow
rectangular components.

= The web members are punched with oval-shaped cores to allow easy flow of the poured
concrete between the components.

Performance Appraisal Certificate No.: 1044-S/2019 has been issued to M/s Novel Assembler Pvt. Ltd, Mumbai by BMTPC.



Stav in Place PVC formwork Svstem

Advantages

= Having formwork already as part of system, the construction of building is faster as
compared to-conventional buildings. The formwork needs some support only for alignment
purpose.

= The formwork consists of rigid PVC components, which do not corrode, chip or stain &
resistant to UV, bacteria, fungi etc., thus ensuring long life of the structure.

= The polymer content used in manufacturing of formwork is up to 55% recycled content and
are further recyclable, making it an eco-friendly material.

= The form work system has specific advantage for use in coastal areas as due to polymer
encasement it offers higher durability.

= With concrete as filling material, the curing requirement of concrete is significantly
reduced, thus saving in precious water resources.

= The formwork system does.notrhave plastering requirement & gives a aesthetic finished
surface in different color options.

= The system provides advantages in terms of structural strength, durability enhancement,
weather resistance, flexural strength, thermal insulation and ease of construction.



Limitations

=Stay in Place PVC Forms
Walls need pre-planned &
installed MEP/Services for
concealed network.

=Door and Window position
shall not be changed after
pouring of concrete.

= Erection of panels shall be
under supervision of
trained staff.

Stay in Place PVC formwork System




Being first time mass scale field implementation of new technology
the Light House Project at Lucknow is on
Design & Build Basis

Agency:
M/s JAM Sustainable Housing LLP, Ahmedabad

Technology Provider:
M/s Novel Assemblers, Milumbai



Design Basis [ | i
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e ——— { i : Total B0, of Heuses 330835767

Populstion - 1218854 977

Structural Frame as RC Steel Hybrid structure
= Sub-structure up to the plinth level in RCC

= Superstructure is usinﬂ HR Steel built-up I sections with lift
wells in RCC Shear wa

gasfe Bearing capacity: 13.3 T/m?, depth of foundation
Sm

Raft foundation as per 15:2950 (Part-1)-1981
(reaffirmed 2008)

Wind speed: Very High damage risk zone with basic
wind speed (V,,=50m/sec)

N

= Design wind speed.: -
V,=V, .k, .k,.k;.k,
k, (Risk Coefficient)=1 il
k, (Size factor)=as per height
k; (topography factor)=1
k, (importance factor)=1 1 | i |
) Wind Pressure (PZ) = 0.6.Vz* '“w:u:*:.‘:*"..." l; iZ;LZ‘:I:Zi;;.QJZiZL‘IZ'
- Wind pressure is converted into design wind [tmmE | e
ressure and then distributed at each storey as wind e [
orce. * .
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B S I INDIA
of Earthquake Hazard Map

(showing faults, thrusts and
earthquakes of magnitude 25)

T

Design Basis

4 T oite 30 M W0 60
e Tl Me. of Hasaes : 30,00, 38.16T
. [— UL

= Earthquake : Zone-IIl as per Seismic Zoning Map of India IS:
1893 (Part-1):2016

= Designed as dual system with ductile RC structural walls and

few special moment frames in structural steel in both direction,

Response Reduction Factor=5 (Table-9 iv of IS: 1893 (Part-
1):2016),Z2=0.16,I=1.2, R=5, Damping Ratio=5%.

= Design Horizontal Seismic Coefficient (4,)
A,=(2/2).(5,/9).(I/R)

S,/g is design acceleration coefficient for different soil types
corresponding to natural period (T) of building

= Design Lateral Force (Vp)
Vy;=A,.W
W is seismic weight of building
= Linear dynamic analysis shall be done to obtain the design
lateral forces with steel columns as fixed for SMRF frames and
pinned for ordinary frames.

= Rigid dia hra%ms in horizontal direction at floor levels as per
Cl.7.6.4 o1 1S:1893(Part-1):2016.

= Expansion joints as per Cl1.3.10.3.2 of IS:800-2007 to cater for
thermal and seismic forces.

= Design has been carried out as per IS 456-2000, IS 800-2007
and NBC-2016.

BNTIC  Vumerxiny A - 3 Loton  Fee’ Grax. Vorioa, GOC Vo 9 Bmsec o0 SgEees 238 of SO0 Semw Zoces of v Maz (3 1003 P 1) 2002 243 Catagaie Cokenay Fom WD
Beramebertme ALEs of e o 85 Lmraoe, (20 Houtes Vop din s per Commy 25° 1 Hoses sl ey vae 1hert w38 (Jaseews Tae swon BT STy Av Ferede sty



STRUCTURAL ANALYSIS & DESIGN

= 3D Model of typical tower with PEB Structure

e Load Combinations :
— 1.5 (DL+LL)
— 1.2 (DL+LL+EL/WL)
— 1.5 (DL+EL/WL)
— 0.9DL +1.5EL/WL

(EL/WL implies Earthquake/Wind Load in +X, -X, +Y, and =Y,
directions . Lateral forces shall be considered acting from all
directions but one at a time.)

o

= Steel structural system can be easily
modeled in the CAD software such as
STAADPRO, ETABS, SAFE, SAP, ABACAS
and others for detailed structural
analysis.

= 2D/ 3D Static and dynamic linear and
non-linear analysis can be carried out
using these softwares.

= The softwares can also be used for
structural design as per Indian Standards.

= AUTOCAD for drawings



Construction Sequence

Sub-Structure:
Super-structure:

MEP:
Finishing

Foundation
Structural system
Floors

Wall Panels
Plumbing & Electrical



Structural Drawings
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FOUNDATION

Concrete & Reinforcement Steel Specifications

Item Concrete Grade

Raft foundation, Plinth beam, Grade slab, M25
Column upto Plinth level

Shear walls, Water tank, Sewage Treatment M30
Plant (STP)

* Mix design for concrete and all Concrete work shall conform to IS 456-2000 &
Liquid retaining structures shall conform to IS 3370:2009
* Reinforcement Steels are to be TMT bars of Fe 500 as per IS 1786-2008.



Concrete mix design (T pelhi)

FOUNDATION

Cement | Conc. | Water | Ceme | Fly | Sand | Coarse Plastici | Slump Comp. Fly Water/
Name Grade nt Ash Aggregate zer Strength Ash/ Cement
(MPa) Cement | ratio
10 20 Initial After | 7Day |28 itious
mm mm 1 hour days | Materia
1
JK M-30 | 160 319 137 | 692 415 623 | 0.65% 145 110 32.5 [39.4 |[30% 0.35
M-25 | 160 287 154 |694 416 625 | 0.60% 160 140 24.7 |32.2 |35% 0.36
Ultra M-30 | 160 319 137 | 692 415 623 | 0.65% 135 120 33.1 42.0 |30% 0.35
Tech
ee M-25 | 160 287 154 |694 416 625 | 0.60% 160 150 23.2 33.5 |[35% 0.36
28 days Target Strength:  M30 38.25 MPa
28 days Target Strength:  M25 31.65 MPa

Design Slump range for the above mix:

100 — 150 (Pumpable)

Fly Ash content of 30% as a proportion of Cementitious Material in case of M30 Grade Concrete and 35% in

case of M25 Grade Concrete is being used in the project, making the concrete green and sustainable,

therefore, conserving natural resources i.e. lime stone.




Batching Plant

To bring resource efficiency, optimization of building materials and for quality control, a
computerized batching plant has been established at site.
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Concrete Testing

Quality control and quality assurance is essential for a project and therefore a quality control lab
has been established at site for testing of raw materials and finished products.

S amera

P




QA Testing Laboratories Pvt. Ltd. s  Reinforcement

2 {Govt. Approved Testing Laboratories) A .
B-76, Sector-64, Gautam Buddha Kagar, Noida-201301 (Uttar Pradesh) r el T tl
Quafity Amsornnes  Tg), | +91-120-4133053 = Mobdle : +91-8267945370 « E-mail : admin@qatestingiaboratories.com  MSH0US13IN e s I lg
Website - www gatestingkaboratores.com « CIN : US1100UP2018PTC108293 « GSTIN | DOAAACQSGOOCIZN

An IS0 B001.2015, 14001:2015 & 45001:2018 Accredited Laboratory

TEST CERTIFICATE

(This Certificate is not Valid without Hologram)

-
Ifeﬂ Report No CALEMIZ1080700103 rltpuﬂ 140R021
lslld- Nams: TMT Bam Sampe Recewed Date R0
I" to Oratte S m P o T testol |
SN e CENY hid 08 mm da.
of Test Stan: 7502021 Date of Completion 14952021
[JAM SUSTAINABLE HOUSING LL?
Customer Name & Adcress: - 11000 Thes First M Meshevbeughiany plat, The Fint Avenun foed, OfF. 122 71 Soad Vaskugu:
A d 380028 Ciy, kel
Name of tuv-mmu$wewsowrvumv«nwm-rywmnuundumhhnmm
o LB 2y i prace herm work system catagory for construcion of LHP. Luckrow, Uttar Pradesh usder GHTD haw
| Physrad & Chamical Dinclplien
A CAL FARAMETERS
Specifications ag por
SNo Test Paramuter Unas 15: 1726.2008 Results Tast Mathod
- _(Grade Fe-500 D) — |
1 ] el Ka'm Q285 1 /% 0299 15 1160807 1) 2005
7 Tersbe Shongtn | Nmm* 45 Mn 6360 | IS - 1608(P l)_i!ti -
X HVIIHSH-OU Nomm' S0 M DAY 15 ° T500P-1) 200
Hato of fonsio Suoagih of Ve Stess | = =5
& lotthe et paceiTSVE) = Greetet an 14¢ 116 IS 160811} 2004
E 5 %m‘m 1Y WM 28 1% . YOUBI- 13 000
Thie Speezr un srwuis be onsdnmd
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FOUNDATION

= The project starts with layout and excavation.

= After the layout at site, the excavation of each block is done using mechanical excavators up to
the required depth of foundation which is 2.5 m for blocks.



FOUNDATION

-

= The foundation work starts with the PCC of 100 mm thickness (M10 Grade)




FOUNDATION
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FOUNDATION
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= All building blocks have Raft foundation with 500 mm thick M-25 Concrete. An additional
thickness of 400 mm has been constructed around staircase and lift well.
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FOUNDATION
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FOUNDATION

= Back filling with soil and water in layers of 200 mm with proper compaction.



FOUNDATION
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= Plinth beam shuttering work along with reinforcement cage

= Fixing of anchor bolts with templates over which factory made built up columns with base
plate will be erected.
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. Casting of plinth beam
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FOUNDATION
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= Anchor bolts have been cast with concrete at plinth level over which factory made built up columns
with base plate will be erected.

= The reinforcement laying & shuttering work is in progress for shear wall construction of lift &
stalrcase portion.






STRUCTURAL SYSTEM
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STRUCTURAL SYSTEM

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

I
N

RCC_PEDESTAL TCH

| E T P X Em RO
4

A K
im
N

h T
(mm) (mm)
400 100 100

s \._\ W 3 o 0 =
ENCHOR BOLT) VAT 24

600 100 150
700 100 150

800 100 150

Anchor bolt schedule

a) Typical anchor bolt detail b) Typical base plate detail

Anchor bolt is inserted below plinth level upto The built up steel I column is being fixed with
height H and projected above plinth up to height T anchor bolts and base plate



STRUCTURAL SYSTEM

= Column-Column Connections

| 7 B ™ \“
\ s AR WA )
SHEAR WA &0

—INSERT PLA -(

=
—_— —————— .-’-/'v‘
[ =
a) Column Splice detalil b) Shear wall to steel beam connection
Columns are being spliced through nut & bolts Insert plate along with lug bar are cast during the
connection along with plates both in web and casting of shear walls and steel beam is connected to
flange portion the wall with bolted connection through insert plate

A typical length of column being fabricated for the project is of 6m.



STRUCTURAL SYSTEM

= Typical beam column shear and moment connections

ELEVATION

ECALE

Typical beam to column flange
shear connection

a)

Steel beam is being connected to the column
through cleat angle connected to the web portion
of beam
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b) Typical beam to column flange
moment connection

The steel beam is being connected to column through
plates on flange & web portion
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Erection of steel beams







FLOORS

» Floor slab details : Deck slab

. I ":,;{':: . 4 — v ; ﬁ 2] QRS
= After erection of steel beams and | 500 ‘ |
column (PEB Structure), steel deck R
sheet of thickness 0.9 mm are placed JYP. DECK SHEET PROFILE (TR60+ OF JSW OR EQV.)
with required bearing on the beams. " fALL DIVENSION ARE IN MMY
» Concrete screed of 75 mm is poured a) Typical deck sheet profile
on the deck sheet in M25 with T ETTER gmws e
reinforcement as per structural ;o - A .
design. f L e " ° " ¢ B oo ) .
= Structural design for reinforcement is ‘ |
as per IS 456-2000. R T T
= Generally, nominal reinforcement is
provided in concrete screed of deck e |
slab to take care of shrinkage & - T oy e Yy
cracking. | (TYPREA. DELK »pAR DETAL

b) typical deck slab detail
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Wall Panels

Construction & Installation Process with Stay in Place PVC formwork System in the LHP

Construction is done in a following sequential manner:

1.
2.

Transportation of Prefabricated PVC Wall panels and Steel Sections as per the design to the site.

Erection of built up sections for structural frames on RCC foundations using cranes and connections as
designed (connection details already explained)

Installation of decking sheets on structural frame at floor level followed by pouring of concrete screed
with nominal reinforcement

Fixing of PVC wall panels on decking floor, once the structural frame and floor is installed and aligned.

Putting the reinforcement as per requirement on the already fixed PVC wall panels and filling the
cavities with concrete.

The wall panels have provisions of holes for services conduits where services such as water supply,
electricity are laid before filling the cavities.

. Upon installment of wall panels, flooring and ceiling, the finishing work is executed.
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Wall Panels

= Typical view of PVC wall panels and steel frame construction




e ) P A

I———

| F

S [ SRy

I
i 3

>

g 13w

:

ixing of Wall Profiles

- ;c

=



e
Concreting in Wall Profiles

L - T T




SERVICES

Serv1ces, Doors, Windows

Services lines are fixed
inside the wall panels
prior to concrete pour
Openings are aut in the
walls for electrical and
plumbing interfaces

DOORS, WINDOWS AND CONCRETING

Capping panels are fixed on edges of doors & windows before fixing wooden frames to gain strength for concrete pour. The frames
are removed once concrete is set. No gaps to be left in between panels.

Water proofing/hydrophilic sealant installed to cover all gaps and prevent concrete leak

All corners, doors, windows, stop ends are adequately braced

Metal strip on external wall corners and aluminum angles on top third of walls

Screws on window panels and bottom connectors

Seif Compacting Concrete shall be poured by boom pump with a 50mm dia. end hose

Pour shall not be done more than 1 mt. at any point to ensure panels can withstand concrete pressure




MEP

= The plumbing and electrical services are incorporated as done in
conventional method of construction i.e. chasing and filling




FINISHING ITEMS

= The finishing items include pressed steel door frame with flush shutters and PVC doors in
toilets.

= uPVC frame with glazed panel and wire mesh shutter are used in windows.
= Vitrified tiles are used in flooring in rooms and kitchen.
= Anti-skid ceramic tiles are used in bath & WC.

= Kota stone flooring is used in common areas & Staircase steps.

" §




OTHER INFRASTRUCTURE ITEMS

The external infrastructure includes
Laying of Sewerage Pipe Line,

RCC storm water drain,

Provisions for Fire Fighting

Bituminous Internal Road & Paver blocks for
Pathway,

Providing Lifts in building blocks,
Landscaping of site,

Street light with LED lights,

Solar Street Light System,
Sewerage Treatment Plant (STP),
External Electrification,

Water Supply System including underground
water reservoir,

Compound wall with Boundary Gates,

Horticulture facilities,
Rain Water Harvesting,
Solid Waste Management.
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Live status of LHP site can be accessed at

CONTACT US:

Ministry of Housing and Urban Affairs,
Maulana Azad Road, Nirman Bhawan,
New Delhi - 110011

E-Mail: /

Call Us at: +91-11-23063266


https://ghtc-india.gov.in/
mailto:ghtc-mhua@gov.in
mailto:ska@bmtpc.org

