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RESILIENT, AFFORDABLE AND COMFORTABLE HOUSING THROUGH NATIONAL ACTION

VOCATIONATRAINING 2" & 39 June 2022
Monolithic Concrete Construction using Tunnel Formwork

Climate SmarBuildingg(CSB)
Cluster €llRajkot,Gujarat under Globallousinglechnology Challengéndia (GHT@ndia)



INTRODUCTIONMoHUA

Wi 2 dzeod v By ZD22
Under the Mission, Ministry of Housingand Urban Affairs (MoHUA), provides Central

Assistancego implementing agenciesthrough Statesand Union Territories for providing
housesto all eligiblefamilies/beneficiariesby 2022
Addressinghe affordablehousingrequirementin urban areasthrough:

Affordable Housingin
Partnershipwith Public& Private
Sectors

Subsidyfor
BeneficiaryLed _
individual house Promotion of
construction/ Affordable
enhancement. Housingthrough
In-situ Slum CLSS
Redevelopment

(ISSRfor Slums

Slumrehabilitation of Slum
Dwellerswith participation of
private developersusing land as a
resource.




INTRODUCTIOKbIZ

A Glzis an international cooperationenterprise for sustainabledevelopmentwhich
operatesworldwide, on a publicbenefit basis

A Glzis fully owned by the GermanFederalGovernment,GlZimplement development
programsin partner country on behalf of the GermanGovernmentin achievingits
developmentpolicyobjectives

Enegy
Sustainable G | Z mgmggm’
Economic Changend
Development Biodiversity

SustainabldJrbanand
IndustrialDevelopment



TASKBLANNED WITHWoHUA

ATechnical  assgtance in
developing thermal comfort
action planfor climate resilience
building for mass scale
applicationin selectedstates for
AffordableHousing

ATechnical support in

implementation of  Global
Housing Technology Challenge

India (GHTEndia)

Statesand| ¢ @nder central cluster ceistablishedatIndore

Gujarat
Rajasthan
RAJKOTGUJARAT Dadra Nagar
CENTRAL : Haveli
CLUSTEBELL Punjab ,
CHandigarh
Haryana

Daman &Dlu




NO ZERO GOOD HEALTH QUALITY GENDER GLEAN WATER AFFORDABLE AND DECENT WORK AND INDUSTRY, INNOVATION
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION CLEAN ENERGY ECONOMIC GROWTH ANDINFRASTRUCTURE
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1 REDUCED 11 SUSTAINABLE CITIES 12 RESPONSIBLE 1 CLIMATE LIFE BELOW I.IFE PEACE, JUSTICE 1 PARTNERSHIPS
INEQUALITIES AND COMMUNITIES CONSUMPTION ACTION WATER ON LAND AND STRONG FOR THE GOALS

AND PRODUCTION ‘ INSTITUTIONS
G e 0O - o P
DESIGN

©

Climate

9.INDUSTRMINOVATIOMND
INFRASTRUCTURE

Buildresilientinfrastructure promote
inclusiveandsustainable industrializatioand
fosterinnovation

CONSTRUCTIC

|

POST
OGOUPANCY
(O &M)

13.PROTECTHEPLANET
Takeurgentactionto combatclimate
change and itsnpacts
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KERALA

LHPshall serveas LIVE.aboratoriesfor different aspectsof Transferof technologies
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1.Indore,MadhyaPradesh

wPrefabricatedSandwichHPanelSystem

2.Rajkot,Gujarat

wMonolithic ConcreteConstruction usingunnelFormwork

3.Chennai,TamiNadu

wPrecast Concret€onstructionSystent, PrecastComponentsAssembledat Site

4.Ranchi,Jharkhand

wPrecast Concret€onstructionSystent, 3D Volumetric

5.Agartala,Tripura

wLight Gaugé&teelStructuralSysten® Preengineered SteébtructuralSystem

6.Lucknow,UttaPradesh

wPVC Stay Place~FormworkSystem
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Other 5LHPs

https://youtu.be/ blOP9glOoo
https://youtu.be/DiGj3BOSth4?7t=14
https://youtu.be/ZTrUt-XnEU
https://youtu.be/GsmkfQA2rLE
https://youtu.be/5im2EeF C1A

Technology of other 5 no. &fHPs explaineda video
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Summanof LightHouseProject(LHP

LHPLocation : _ Indore Agartala Luck
Chennai Rajkot g UCKIrow

(TamilNadu) (Gujarat)

Ranchi
(dharkhand)

(Madhya
Praded)

(Tripura) (Uttar
Pradesh)

Monolithic
Concrete
Codruction
usingTunnel
Formwork

1,144
S+13
39,599

39.77

118.90

10.39
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AHavea look at the project brief:

A 1144 houseswill be constructed in
Stilt+13 configuration.
A Thetotal plot areais around 39,600 Sgm

and carpet area of each house is
approximately 39.77 Sgm.

A There are 11 residential blocks.

A The project alsoincludes Community
Centre and Health Centre.

Typical floor plan

L Ty
1

Block Plan

At each floor there are 08 dwelling units

/T~
31d Hgleqd
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Project Layout Plan
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GROUND FLOOR PLAN

SCALE 1:250
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A Eachdwelling unit comprisesof one living room, one
Bedroom, one study room, Kitchen and two toilets.

Typical Dwelling UnitPlan
1

A The carpet area of each unit is 39.77 sgmt. The sizes of
individual rooms & service areas conform to NBC norms.

A Other special features:

A Greenrating asper GRIHA

A Useof renewable resources:
A Rain water harvesting

A Solarlighting

KITCHEN
2590 x 1770
STUDY ROOM
2705 x 2870

PLATFORM

A Solidwaste management

A STPwith recycling of waste water

BED ROOM
2890 x 3040

X LIVING ROOM
3590 x 3250

Unit Plan

Unit 3D View
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Video on Construction Technology and Construction Process at LHP Rajkot
https://youtu.be/eGBCorzlf2w
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DesigrParameters

General Description: - >-No. DEAD LOAD

, i _ 1 Concrete 25 KN/m?3

A Parking + 13 Above Floor + Stair 2 | BricKor Blockanth o KN/m?
: plaster

Cabln 3 Floor finish 1.25 KN/m?2
A Height of Building from Ground 4 | Waterproofing 2.25 KN/m?

=43.1 m (FGLto 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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DesigriParameters
S.No. | Details of Building
1 Type of Building Stilt + 133 high rise building
2 : : . Width of Building -14.960m
3 Dimensionof the Building Length of Building -38.920m
: Height of Ground Floor -3.550m
4 Floor Height Height of Typical Floor -2.950m
5 Grade of Concrete M40for all Wall, Slabsand Beam
used elements and M25for footings.
6 Grade of Steelused Fe-500
: _ For General -2KN/m?
7 Live Loadasper 1S:8752015 (Part 2) Corridor -3KN/m?2
_ Masonryconsidered asBlockwall and Applied
8 Wall Loadasper 1S:8752015 (Part 1) load 1.6 KN/m2 onSlab
External Wall -200 mm
9 Wall Sizeand loads Consider Internal Wall -150 mm
ParapetWall-100 mm
10 | Water TankLoad 15 KN/m?2
11 | Additional Lift load 12 KN/m?2
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Prevalent Construction Systems

Technology being Used

Monolithic Concrete Construction using Tunnel Formwork

Tunnel formwork
- Customizedformwork

Structure after removal of formwork Concreting after P|acing formwork
- ShearWall Construction



U Foundation
U Structural Systemo
Monolithic ShearWwall

and Slab
U AACBlock Masonry
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A The typical project starts with layout and excavation.

A After the layout at site, the excavation of each block is done using mechanical excavators upto the
required depth offoundation.

AHardrock wasencountered during the excavation which required extra efforts andtime to reach the
required depth
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Foundation

A Asper geo-technical investigations, bearing capacity, soil strata, water table, etc.
A Typical raft foundation of varying sizesdepending on the load.




Concrete & Reinforcement Steel
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Specifications

Raft foundation with Shear wall upto Plinth
level hasbeenused.

The raft foundation is designed for SBCof 25
T/m2 as calculated in soil investigation
report.

After leveling of the ground 150 mm thick
PCCis placed and depth of the raft footing
IS 750 to 900mm.

M25 grade of concrete has been used with

cover of 50mm. reinforcement has been
placed asper the drawings.
Above raft footing, shear wall of 200mm

thickness is designed upto Plinth level.

Grade of concrete in shearwalls is M40.

Above shearwall, plinth beam of 230 x 600
mm is cast with M25 grade of concrete.
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Foundation StructurakElements
AShearWall up to Plinth level

S v
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Structural  System StructuraEIements

A Tunnel formwork is customized engineering formwork based on two half shells which are placed
together to form aroom or cell. Several cells make an apartment.

A The 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 pouredin one day.

AThe infill walls are of Autoclaved Aerated Concrete (AAC) blocks and being used for partition
walls.
. ‘| ‘“
il Lt 1
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Structural Elements

Assemblpf TunneFormwork

Mdtionat Panet

Siding pond l 1'1acma Parel

verncal

I Parel

Inchirrd hinged
sorue

Thamyulction
Maorgortol Seoms
Slock-ow

Sab stopend




The on-site implementation of 24
hour cycle isdivided into following
operations.

1.
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Work Cycle with Tunnel Formwork

Stripping of the formwork from
the previous day.

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

Installation of reinforcement in
the walls andslabs.

Concreting.

STEEL REINFORC’EW” -

e ————
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Structural System

A Placement of tunnel formwork for slabandwall A Concretingafter placement of reinforcement
on slaband wall.
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Structural System
AAfter placement of reinforcement, the slab is cast monolithically with the walls.

Placement and leveling of concrete
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StructuraElements
AFinished Monolithic structure with shear wall and slab

gw s m"mr-* "‘m |
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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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Monglithic - Concrete  Construction  using Tunnel Formwork

Advantages

Facilitates rapid construction' of multiple/ massmodular units (similar units)
Resultsindurable structure with lew maintenance requirement
The precise finishing can be 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 alsoconserving natural resource

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

The large number of 'modular units bring economy in construction
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MonolithicConcreteConstructiorusingTunneFommwork

Limtations

A A lead time of about 3 months is
requiredfor initiationofwork,asthe

formwork are cusom designed,
manufactured and prototype

A Approved before  manufactuing
requirednumberofsetsofformwork

A Pog constructon alteratons are
difficult

A Alltheservicdinesaretobe pre-
plannednadvance

A Economyn costisachievedwvith large
numberof multistoried modularunits.




Demonstration Housing Project
at Ahnmedabad, Gujarat
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Details of Demonstration Housing Projects (DHPS)

ProjectName

Usageof the project
Nodalagency
ImplementationAgency

Locationof the project

ProjectType
No. of Dwelling units (DUS)

provisions

Plot Area for DHP
Caret Area of a unit

Total Built up Area of unit
Total Covered Area

Technology being Used

DemonstrationHousingProject(DHP),
UnderPMAY(URBAN)

Tobe givento PMAY(U)Beneficiaries
GujaratHousingBoard

BMTPC
BuildingMaterial &TechnologyPromotionCouncilGovbf India)

TP 94, FP 3/1/1, Near Pandit Dindayal 2, VivekanandNagar
Hathijan,AhmedabadGujarat

EWS G +2
40 No Block Ac 12 DUs BloclcB9 DUs
BlockC - 09 DUs Block D&E- 10 DUs

EachUnit consistsof Livingroom, a Bedroom, a Kitchen,a Bath
room, a W.C,a Lobby,a VerandahandaWasharea

3,400 Sg.mts.
35.78 Sgmts.
51.5 Sgmts. (Avg)

2178.85 Sqg.mts.
IntegratedHybridSolutionOne (HISONE)



Detalls of Demonstration Housing Projects (DHPS)

Infrastructure Components

Name of the Contracting Agency
Total Tendered Cost
Total Cost of Building Work

Total Cost of Infrastructure Work

Equivalent Cost per DU
Date of Approval from AMC

ActualDate of Start of Work
Stipulated Date of Completion

Roads & Pavements, Boundary wall & Gate, Sewerage
External water supply, Drainage, Underground water tank,
Rain water Harvesting, External Electrification, Solar street

lights, Fire-fightingworks,Landscapinggtc.
M/s Matharoo ConstructionsSonipat Haryana

Rs43287 Lakhs
Rs35852Lakhs

Rs74.35Lakhs
Rs10.82 Lakhs
16-09-2021

October2021
June202?2



TECHNOLOGY : Integrated Hybrid Solution -One (HIS -ONE)

HSONEis an Intermediate BuildingSystem(IBS)havingthree main components walls, floor/roof
and stairs All 3 componentsare integratedto constructa buildingand hencenamedasé L y (0 S ByNdd (i S
Solutionch b 9 €

Walls: fgf;..‘» 4 Ridge
. =2
Hydraform Prefabricated o (;1 5D ‘\ﬂ
Mortar  less Interlocking P, \ e
blocks are used for walling .l A= \
. . o Bed
The interlocking blocks are - Figure - 2 Figure - 3

manufactured with a block
making machine offsite or
onsite in an open shed The
blocks can be of cement
flyash block or cementsaoill
block

35



TECHNOLOGY : Integrated Hybrid Solution -One (HIS -ONE)

Floors/Roof: MechanizedPrecastRC Plank& Joistare usedfor castingFloors TheRCplanksaswell as
joistsare partially precast either offsite or on site. After placementasfloor/roof elements,the haunches
are filled with in-situ concrete A layer of ferro cementcourseis laid with wire meshreinforcement The
assemblyprovides monolithic behaviorand diaphragmaction to transfer horizontal loadsto supporting

members b 300,
100 } s
. — ‘ P50, 2.5 MM DIA 14.8 MAIN BAR
‘_‘i //ﬁu 1M DIA BARE 150 C/C (DIST.)
2| o -
By e oa = =e—15 1M CLEAR COVER
gl & o X } %9 '
SECTIONATX
.
?r}l 35 1A DIA IS BAR (MAIN)
3 “y c;*o’ ’ 6 MM DIA BARE 150 C/C(DIST.)
a -2 —3e—15 MM CLEAR COVER
L 300 L
SECTIONAT Y
) 300
U SHAPEDHOOK | I ‘.T— § MM DIA BAR@ 1500/C (UIST.)
\ st )
i e

S SECTION AT Z “—3NOS 6 1 © (MAIN BAR)

PRECAST RCC PLANK
PLAN

36



TECHNOLOGY : Integrated Hybrid Solution -One (HIS -ONE)

Ferro cement Elements Mechanizedprecast/prefabFerrccement staircase kitchen shelves kitchen
platforms,sunshadeslintel bands,water tanks,fines.

37



TECHNOLOGY : Integrated Hybrid Solution -One (HIS -ONE)

ThelntegratedHybrid Solution¢ ONEusesthe technologieswhichcanbe bridgedto erecta structureby
using precastfloor/roof systembridgedwith interlockingmortarlessblockwall systemin a load bearing
systemupto G+3 structures Both roof/floor and walling systemcan also be bridged with RCframed
structure aswell assteel structure in multistoried structure providinga complete solution for a building
structure

38



DEMONSTRATION HOUSING PROJECT (DHP) AT Ahmedabad(Auf¥@UT PLAN
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DEMONSTRATION HOUSING PROJECT (DHP) AT Ahn@dgdratdC TYPICAL UNIT PLAN
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