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HARDEEP S PURI
Minister of State (I/C)

Housing and Urban Affairs

Government of India

Message

Under the leadership of the Hon’ble Prime Minister, India has embarked on the most
comprehensive, planned programme of urbanisation undertaken anywhere in the world.
This massive push involving huge projects will be green and resilient, according the highest
priority to environmental concerns.

Conventional construction systems are typically slow paced, energy intensive, dependent on
natural resources and have a large carbon footprint. They use low levels of mechanization
and have high dependence on manual labour. The advent of new construction technologies
in India has been gaining usage but the pace needs to be accelerated. A concerted effort
is required to create mass awareness to enhance technology transition from conventional
to new technologies.

Hon’ble Prime Minister of India has emphasized the need to accelerate the adoption of
new construction technologies to improve the pace and quality of construction under the
Pradhan Mantri Awas Yojana (U) in order to address the challenges of rapid urban growth
and its attendant requirements. Nearly 1 crore houses are to be constructed by 2022.
Construction of houses at this scale offers an opportunity for using new and alternative
technologies from across the globe which may trigger a major transition through introduction
of cutting-edge building materials, technologies and processes.

Building Materials and Technology Promotion Council (BMTPC) has been identifying,
evaluating and certifying new technologies for mass housing. The first edition of a
Compendium of eight prospective emerging technologies brought out at the time of launching
of the Mission by the Hon’ble Prime Minister of India on 25 June 2015. The second edition
of Compendium comprising of 16 technologies was published in March 2017. | am happy
to know that BMTPC has now further evaluated and certified eight more new emerging
technologies for mass housing.

The Compendium will be a useful resource for State Governments and other Authorities

dealing with construction of mass housing.
JJ’V‘S/'

New Delhi .-
26 September 2018 (Hardeep S Puri)

| wish BMTPC all success in their efforts.
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DURGA SHANKER MISHRA
Secretary

Ministry of Housing & Urban Affairs
Government of India

Message

Pradhan Mantri Awas Yojana (Urban), a flagship Mission of Government of India, reaching
halfway stage and most of the States/UTs have completed their demand survey. The demand
is around 1 crore houses across the country. | am glad to inform that over 55 lakh houses
have been sanctioned till mid-September. States/UTs are fully geared up to implement the
scheme and achieve their targets by 2022.

2. Construction of 1 crore houses by 2022 with conventional ‘brick and mortar’
construction approach is not an easily achievable target. Not only these traditional
construction methods are slow paced but also have issues related to quality, maintenance
and environment. Realizing this, Government of India has been constantly endeavoring to
expedite the use of fast track innovative technologies for construction of houses. Evaluation
and certification is one of the most critical steps in the acceptance and mainstreaming of
these technologies.

3. Building Materials & Technology Promotion Council (BMTPC), an autonomous
organization under this Ministry has been given the mandate of certification of innovative
materials & technologies under its Performance Appraisal Certification Scheme (PACS).

4. In order to disseminate knowledge and technical information on new technologies,
BMTPC prepared first compendium on eight such technologies in 2015 and updated it with
sixteen technologies in 2017.

5. I am glad to learn that during last one year, more technologies have been identified
and certified by BMTPC which have been included in this 2nd updated version. Now, 24
technologies are available to State Government agencies and other stakeholders for use
in their housing projects. CPWD has issued Schedule of Rates (SoRs) for 11 of these
technologies.

6. | appreciate the efforts made by the Council in preparing this compendium and
hope that it will prove to be a useful resource for policy makers, technocrats and other
concerned stake holders.

< ‘

(Durga Shanker Mishra)
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AMRIT ABHIJAT

Joint Secretary & Mission Director (Housing for All)
Ministry of Housing & Urban Affairs

Government of India

Message

The “Housing for All by 2022” mission is now in advanced stage of implementation in urban
areas, wherein out of 10 million estimated housing shortage in the Country, 5.5 million
houses have been sanctioned, 0.88 million houses have been completed & 2.2 million
houses are in various stages of construction. States & UTs are making concerted efforts
to achieve its respective targets & greater focus is now being laid on early grounding &
completion of the sanctioned housing projects.

Facing the issues with conventional construction system such as slow paced in-situ
construction, and being resource, energy & labor intensive, various States/UTs have started
using emerging technologies in housing projects, while some are in the process of exploring
the same. The “Compendium of prospective emerging technologies for mass housing”,
containing eight emerging technologies in its first edition was released by the Ministry
during launch of the mission in June, 2015. Subsequently, 2nd edition of compendium with
16 technologies was released in April, 2017. The compendium containing technologies
as identified, evaluated & certified by Building Materials & Technology Promotion Council
(BMTPC), has primarily facilitated the States/UTs in adoption of new technologies. The
inclusion of these technologies in generic form in National Building Code (NBC), 2016
& selected technologies in the Schedule of Rates of CPWD, has further boosted the
confidence of States/ UTs in these technologies.

It is heartening to note that BMTPC has now included eight more emerging technologies
in the third edition of the Compendium, & with this the present edition encompasses the
technical details of 24 technologies. The eight newly added technologies have been
evaluated & certified by BMTPC in last one & half year under its Performance Appraisal
Certification Scheme (PACS). | also appreciate the efforts of BMTPC in providing technical
help to States in selection & finalization of new technologies & conducting sensitization
programmes in various States.

| am sure the States will be further benefited in its upcoming projects of Mass housing with
more number of technological options available with present edition of the compendium.
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Foreword

With the launch of Pradhan Mantri Awas Yojana (PMAY) - Urban & Rural, which envisions to provide pucca house to
each household of India by 2022, a year when India will be celebrating its 75th year of Independence, it is incumbent
on part of academic, research & other organizations involved in construction to bring innovation & thus paradigm
shift in the prevailing construction practices so as to fast-track delivery of houses without compromising structural
& functional performance. With this objective in mind, BMTPC initiated identifying, evaluating & certifying new
emerging construction systems from all across the globe which can help in replacing the conventional cast-in-situ
RCC construction. The first set of such 8 technologies were published in form of compendium in 2015 and its second
edition with 16 new construction systems was published in April 2017. Since 2017, more number of technologies are
knocking the door of Indian construction industry and itis heartening to mention here that with the concerted efforts
put up by BMTPC, now, we have a set of 24 such new emerging technologies which can bring in speed, safety,
sustainability in the construction sector and same are being published in this document as third edition.

The next biggest challenge is to mainstream these new systems in the construction sector and, therefore, there is need
to create an enabling eco-system to facilitate use of these new systems. Under PMAY (U) mission, Ministry of Housing
& Urban Affairs (MoHUA) has setup a Technology Sub-Mission which aims to encourage the use of sustainable & safe
practices across states with the help of 1ITs/NITs/SPAs and other institutes of repute. It has always been BMTPC’s
endeavor to handhold State Governments so as to mainstream new technologies in the construction sector and with
its dedicated efforts, there are around 9 lakhs houses being constructed by State Governments under PMAY (U) and
other Sate Schemes using new construction technologies certified by BMTPC. There has always been questions
regarding standards and schedule of rates of any innovative technologies and treated as impediment in promotion
of any new product/system. Realizing the need, CPWD and BIS was roped in by the Ministry and as on date CPWD
has published in DSR 2016, Schedule of Rates of almost all such technologies. There have been a few circulars from
CPWD & Ministry which recommends mandatorily use of such systems and encourage turnkey approach instead of
item rate contract for use of new technologies. Bureau of Indian Standards (BIS) has also included these systems
in their recently published NBC-2016. Apart from this, MoHUA along with BMTPC is also constantly interacting with
Defence, Railways & PSUs involved into construction such as NBCC, DDA etc. to make use of these emerging
technologies in their own housing projects. The response has been very good. In fact, almost all states are coming
forward to embrace these technologies for their upcoming social mass housing projects.

As of now, the only impediment in usage of these systems has been cost but given economies of scale, the cost comes
comparable with conventional construction cost and there are host of additional benefits such as low maintenance, low
life-cycle cost, better durability, improved thermal & acoustical performance, better hazard resistance, low wastages,
less pollution & above all green & sustainable development, which are often neglected while drawing comparisons.
| have been the great proponent of life-cycle cost and it is strongly recommended that whenever an innovation is
being introduced in construction sector, instead of initial cost, the life-cycle cost need to be ascertained. With the
tools available, the life-cycle assessment (LCA) can easily be done. The emerging technologies included in the
Compendium have low life-cycle cost and thereby resource-efficient and environmentally-responsible.

The technical contributions made by BMTPC officers namely Shri S.K. Gupta, Shri C.N. Jha, Shri Pankaj Gupta,
Shri A.K. Tiwari, Shri Y.D. Munjal & Shri Dalip Kumar in bringing this compendium are deeply appreciated and
acknowledged. Through this publication, | sincerely hope that the all stakeholders involved into construction including
state agencies will repose faith in the technologies and make use of the information available in right earnest and
start using these innovative systems in their future housing projects so as to fulfil the dream of Govt. of India of
providing housing to all without vitiating the environment & stressing the natural resources.
e
Date: September 12, 2018 (Dr. Shailesh Kr.'Agrawal)
Place: New Delhi Executive Director, BMTPC
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Background

The Pradhan Mantri Awas Yojana (Urban) launched on 25" day of June 2015, set the target of delivering approxi-
mately 10 million houses by 2022 and subsequently Pradhan Mantri Awas Yojna (Rural) launched on 1st day of April
2016 envisages 10 million houses in next three years. In order to achieve this gigantic task, the natural question
comes to mind whether we have sufficient quantity of such building materials which do not impact the mother earth
adversely and further do we have existing construction practices in vogue which can help fast delivery of houses?
The answer to both the question is negative as if we look at the traditional building materials e.g. brick, cement,
steel, aggregates, sand etc., they are either based on natural resources which are finite in nature or energy inten-
sive or emit greenhouse gases during production. Thus, the entire proposition of using these materials as usual
will not be sustainable and environment friendly. Further, the construction technologies being practiced in India, is
cast-in-situ RCC beam-column construction which is primarily slow track methodology and is subjected to time &
cost overruns. Also, these constructions are labour intensive, which further hamper fast delivery, as there is acute
paucity of unskilled labour force in cities. Therefore, it is prudent to take a paradigm shift from brick & stick approach
and look for alternate systems which overcome these limitations. There have been number of such construction
systems available elsewhere in the world which are in use since decades successfully. Nevertheless, these systems
ought to be promoted and adapted in Indian conditions. BMTPC have been identifying, evaluating and certifying
these systems and also in order to showcase these technologies, demonstration housing projects are being ex-
ecuted in different states. Our endeavor has been to bring innovation, speed, safety & sustainability in the existing
construction methodology without compromising structural & functional performance. Also, BMTPC has been con-
ducting handholding programmes across India, in partnering with states, so as to educate practicing engineers &
architects, students, policy makers, contractors and artisans about these technologies.

In order to give further impetus to these technologies, Ministry of Housing & Urban Affairs has assertively pursued
CPWD, BIS and state departments to come out with natifications, circulars, SORs, specifications etc. which will
authorize state governments to use these new construction technologies in housing projects. The various OMs of
the Ministry and CPWD, and DSR items are included in Appendices. CPWD has included New Technology ltems
in Delhi Schedule of Rates (DSR) 2016 Volume-2 namely (a) Light Gauge Steel Framed System (Item No. 26.41 to
26.45), (b) Expanded Polystyrene Core Panel System (ltem No. 26.46 to 26.47), and (c) Aluminum Formwork for
Monolithic Construction (Item No. 26.48) and their detailed analysis is given in Delhi Analysis of Rates (DAR) 2016
(Volume-2). Further, CPWD, through Correction Slips, has also included (a) EPS cement sandwich light weight solid
core panels (Item No.26.49), (b) Non asbestos fibre reinforced aerated cement sandwich wall/roof/floor light weight
solid core panels (Item No0.26.50), (c) GFRG Panel System (ltem No.s 26.51 to 26.61), (d) Speed Floor System
(Item No0.26.62 to 26.64), (e) Factory Made Fast Track Modular Building System (ltem No.26.65 to 26.66), and (d)
Prefab Technology (Item No.5.50 to 5.57) along with their Analysis of Rates.

Further, in the recently published National Building Code 2016 by BIS, provisions have been updated to ensure
utilization of number of new/alternative building materials and technologies so as to provide for innovation in the
field of building construction. Updated provisions on new alternate technologies for speedier construction have
also been included in Part-5 BUILDING MATERIALS; Part-6 STRUCTURAL DESIGN: Section 7 Prefabrication and
Systems Building and Mixed/Composite Construction, 7A Prefabricated Concrete, 7B Systems Building and Mixed/
Composite Construction; and Part-7 CONSTRUCTION MANAGEMENT, PRACTICES AND SAFETY.

This third edition of compendium contains following 24 innovative construction systems, developed within the coun-
try & from aboard. These systems are recommended for use by the public and private agencies based on their
technical suitability and certification.
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FORMWORK SYSTEMS - Engineered Formwork Systems
1 Monolithic Concrete Construction System

— using Plastic - Aluminium Formwork

— using Aluminium Formwork
2. Modular Tunnel Form

FORMWORK SYSTEMS - Stay-in-Place Formwork Systems
Insulating Concrete Forms

Monolithic Insulated Concrete System

Structural Stay-in-place formwork system

Lost-in-place formwork system- Plaswall Panel system
Lost-in-place formwork system- Plasmolite Wall Panels
Sismo Building Technology
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PRECAST SANDWICH PANEL SYSTEMS - EPS based Systems
9. Advanced Building System — Emmedue

10. Rapid Panels

11. Reinforced EPS Core Panel System

12.  QuickBuild 3D Panels

13. Concrewall Panel System

PRECAST SANDWICH PANEL SYSTEMS - Other Systems
14. Glass Fibre Reinforced Gypsum Panel System

15. Prefabricated Fibre Reinforced Sandwich Panels

16.  Rising EPS (Beads) Cement Panels

LIGHT GAUGE STEEL STRUCTURAL SYSTEMS
17.  Light Gauge Steel Framed Structure (LGSF)
18.  Light Gauge Steel Framed Structure with Infill Concrete Panel Technology

STEEL STRUCTURAL SYSTEMS
19. Factory Made Fast Track Modular Building System
20.  Speed Floor System

PRECAST CONCRETE CONSTRUCTION SYSTEMS

21.  SRPL Building System (Waffle-Crete)

22. Precast Large Concrete Panel System

23. Industrialized 3-S system using RCC precast with or without shear walls, columns, beams, Cellular Light
Weight Concrete Slabs/Semi-Precast Solid Slab

24.  Walltec Hollowcore Concrete Panel

One of the crucial components of technology transfer cycle is demonstration construction and therefore, in order to
demonstrate these new systems in the field, BMTPC with the support of Ministry of Housing & Urban Affairs, Govt.
of India has initiated several Demonstration housing projects as pilot projects in different states wherein around 40
houses are being constructed. The land is provided by the state govt. free of cost whereas the houses are con-
structed along with onsite infrastructure by BMTPC as per the Operational Guidelines of Demonstration Housing
Projects issued by the Ministry of Housing & Urban Affairs in April 2018. During the construction, the professionals,
students, artisans, policy makers & residents of the area are sensitized & educated about these new technologies.
Two projects at Nellore, AP using GFRG panel systems and at Bhubaneshwar, Odisha using EPS Core Panel sys-
tem have already been completed. The other projects at Bihar Sharif, Bihar (using structural stay-in-place formwork
system), Lucknow, UP (using double walled EPS Core Panel system), Hyderabad, Telangana (using light gauge
steel structural system & structural stay-in-place formwork system) are in advanced stages of completion.

The details of the technologies evaluated and recommended, as contained in this Compendium, will help user
agencies in getting informed choice of different innovative construction practices, which could be utilized for mass
housing scheme.
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BMTPC operates Performance Appraisal Certification Scheme (Gazette Notification No. [-16011/5/99 H-II in the
Gazette of India No. 49 dated December 4, 1999). The emerging technologies for mass housing appearing in the
Compendium have been evaluated and certified through Performance Appraisal Certification Scheme (PACS) of
BMTPC.

The PACS is a third party assurance system based on laboratory and field tests of the required performance criteria
of the any system / building materials on which there is no Indian Standard. The broad parameters, based on which
the evaluation is done inter-alia include:

» Structural performance against vertical & lateral loads

» Fire resistance

» Protection against rain & moisture.

* Thermal & accoustic behaviour

» Ease of fixing services

* Quality assurance

» Durability / Service Life

The process flow chart for PACS is given in figure-1. Whereas PACS takes care of verifying technical suitability of
the system; other parameters are required to be addressed for proper selection of technology for particular place.
A multi attribute evaluation system developed by BMTPC to provide a technical framework for selection of any new
technology is given in Figure-2. It may be used by agencies for selection of any technology/construction system.
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Figure-1: Performance Appraisal Certification System — Process Chart
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Monolithic Concrete Construction System

— using Plastic - Aluminium Formwork
(Suitable for Low Rise to High Rise Structures)

ABOUT THE TECHNOLOGY

The technology intents to replace the conventional steel/plywood shuttering (formwork) system with customised
engineered formwork which is manufactuered in the factory set up under controlled conditions. In this system,
in place of traditional RCC framed construction of columns and beams and infill walls; all floors, slabs, columns,
beams, walls, stairs, together with door and window openings are cast-in-place monolithically using appropriate
grade of concrete in one operation. The specially custom designed modular formwork made up of Aluminium/
Plastic/Aluminium-Plastic Composite is used for the purpose which facilitates easy handling with minimum labour &
without use of any equipment. Being modular formwork system, it enable fast construction of multiple/mass modular
units.

BASIC MATERIAL REQUIREMENTS
Formwork system

Formwork system is manufactured by various firms in India and abroad and shall have to be designed as per
loading requirements of the structure. It must have adequate stiffness to |

weight ratio, yielding minimum deflection during concreting & operation.
The panel formwork should fix precisely, securely and require no bracing.
Being recent advancement in technology, IS 14687 : 1999 Guidelines for
falsework for concrete does not cover requirements of special type of
formwork system, however, it is being covered in NBC - 2016.

Concrete

Shall be of appropriate grade based on environment condition (exposure)
as per IS 456:2000.

Reinforcement

Shall conform to IS 1786:2008.

DETAILS OF FORMWORK

The formwork made of Aluminium Extruded Section conforming to IS =
733:1983 and PVC of Grade PVC 67G ERO1 is in accordance with IS ' P

10151:1982. It consists of different sections including starter of MS Angle, - -
top frame of aluminium channels, wall panels, slab panels & truss.

The formwork is designed based on the structural requirements of building £
units. A quality control system is required to be followed in manufacturing
of formwork components.

Under Performance Appraisal Certification Scheme, the present formwork
system manufactured by M/s Sintex Industries, Ahmedabad, has been
evaluated and certified by BMTPC (PAC No. 1006-A/2011).
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STRUCTURAL REQUIREMENTS OF THE CONSTRUCTION

The Monolithic RCC construction is considered as shear wall system. The maximum spacing between cross wall
shall be limited to 1.5 times the floor height if supported on two edges and 2.0 times the floor height, when supported
on all four edges.

The walls are designed primarily for vertical loading and also for in-plane lateral load (shear) and out of plane
(bending) due to wind load and earthquake forces as per relevant Indian Standard Code IS 875(Pt.3):2015 and
1S1893(Pt.1):2016 respectively. For out of plane loading, the walls can be assumed to be supported by floor slabs
/ diaphragm and cross walls and continuity can be assumed, wherever applicable.

The structural design of plain & RCC shall be as per IS 456:2000
while IS 13920:2016 is referred for ductile detailing of reinforced
concrete structure. Thickness of wall below plinth level should be
minimum 200 mm with double layer reinforcement.

Guidelines on Monolithic Concrete Construction prepared by
BMTPC may be referred for material requirements & design aspects
of this system.

DURABILITY

Since concrete is main constituent material in this system, durability
of the structure can be achieved by using proper ingredient, grade
of concrete as per IS 456:2000 and mix design in accordance with
1S 10262:2009.

Thickness of the wall is generally 100 mm with the centrally placed
reinforcement. Therefore, adequate cover is likely to be maintained,
for higher durability.

THERMAL BEHAVIOUR OF STRUCTURE

100 mm thick RCC walls and slab has thermal transmittance (U)
value as 3.59 W/m2K) (as per IS 3792:1978). As, it is more than the
normal plastered brick masonry walls (thermal transmittance (U)
2.13 W/m?K), it is advised that implementing agency shall ensure
proper planning for heat insulation and air ventilation in the housing
units through proper orientation, shedding etc. (see IS 3792:1978
for guidance).

ACOUSTIC

Average sound reduction for 100 mm concrete is = 45db
(IS 1950:1962), which is considered as reasonable acoustic
insulation.

EASE OF FIXING SERVICES ko =" iy -

I b

iy "““-ﬂl_ S

All electric and plumbing fixtures, service lines have to be pre-
planned and placed appropriately before pouring concrete in RC 71
walls & slabs. Post construction alternations are not desirable.
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ECONOMY OF SCALE

Economies of scale depend upon the volume of work and number
of repetition of the formwork. To achieve economy, minimum 100
repetitions are desirable.

For very small project of less than 500 units, this system may not
prove to be economical. However, now with number of formwork
manufacturers available, the project with less number units may also
be feasible.

OTHER FEATURES

1) Pre designed formwork acts as assembly line production and enables rapid construction of multiple/mass scale
units of repetitive type.

2) Varying work cycle is possible, however, for speed and economy, 3 to 4 days cycle is desirable.

3) Itis flexible in design and can form any architectural or structural configuration, such as stairs, windows, etc.

LIMITATIONS

1) A lead time of about 3 months is required for initiation of work, as the formwork are custom designed,
manufactured and prototype approved before manufacturing required number of sets of formwork.

2) Capital cost to initiate construction is high and may require regular flow of funds.
3) Post construction alterations are difficult.

4) All the service lines are to be pre-planned in advance.

4) Not much saving in construction in one storey structure.

MAJOR COMPLETED/UNDER COMPLETION PROJECTS

1) 5008 houses at Kanjhawala Narela, Delhi for DSIIDC.

2) 512 houses in Bawana, Delhi for DSIIDC.

3) 3000 houses in Ahmedabad for Ahmedabad Municipal Corporation.
4) 3000 houses in Lucknow for Lucknow Development Authority

5) 4,52,656 houses under PMAY (U) in various parts of Andhra Pradesh
6) 4,586 houses under PMAY(U) in Naya Raipur, Chhattisgarh

7) 30,000 houses under PMAY(U) in Maharashtra

STANDARDS/GUIDELINES REFERRED

IS 456 : 2000 Code of Practice for plain and reinforced concrete (Fourth Revision)

1S 733 : 1983 Wrought Aluminium and Aluminium Alloy Bars, Rods and Sections (for General
Engineering Purposes)

IS 875 (Pt.3) : 2015 Code of Practice for Design Loads (Other than Earthquake) for Buildings and Structures
- Part 3 : Wind Loads

1S 1786 : 2008 High strength deformed steel bars and wires for concrete reinforcement-

1S 1893 (Pt.1) : 2016 Criteria for Earthquake Resistant Design of Structures - Part 1 : General Provisions and
Buildings (Sixth Revision)

1S 1950 : 1962 Code of practice for sound insulation of non-industrial buildings (Reaffirmed 2010)

1S 3792 : 1978 Guide for heat insulation of non-industrial buildings (Reaffirmed 2013)

1S 10151 : 1982 Polyvinyl Chloride (PVC) and its Copolymers for its Safe Use in Contact with Foodstuffs,
Pharmaceuticals and Drinking Water

1S 10262 : 2009 Concrete Mix Proportioning - Guidelines (First Revision) (Reaffirmed 2014)

1S 13920 : 2016 Ductile detailing of reinforced concrete structures subjected to seismic forces - Code of
practice (First Revision)

1S 14687 : 1999 Falsework for Concrete Structures - Guidelines (Reaffirmed 2014)

BMTPC Guidelines : 2011 Guidelines on Monolithic Concrete Construction

PAC No. 1006-A/2011 Performance Appraisal Certificate issued by BMTPC on Formwork for Monolithic
Construction
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Monolithic Concrete Construction System

— using Aluminium Formwork

(Suitable for Low Rise to High Rise Structures)

ABOUT THE TECHNOLOGY

The technology intents to replace the conventional steel/plywood shuttering (formwork) system with customised
engineered formwork which is manufactuered in the factory set up under controlled conditions. In this system,
in place of traditional RCC framed construction of columns and beams and infill walls; all floors, slabs, columns,
beams, walls, stairs, together with door and window openings are cast-in-place monolithically using appropriate
grade of concrete in one operation. The specially custom designed modular formwork made up of Aluminium/
Plastic/Aluminium-Plastic Composite is used for the purpose which facilitates easy handling with minimum labour &
without use of any equipment. Being modular formwork system, it enable fast construction of multiple/mass modular
units.

BASIC MATERIAL REQUIREMENTS
Formwork system

Formwork system is propriety system and designed as per loading requirements of the structure. It has adequate
stiffness to weight ratio, yielding minimum deflection under concrete loading. The panel should fix precisely,
securely and require no bracing. Being recent advancement in technology, IS 14687 : 1999 Guidelines for falsework
for concrete does not cover requirements of special type of formwork system.

Concrete

Shall be of appropriate grade based on environment condition as per IS | F
|
456:2000 |

Reinforcement
Shall conform to IS 1786:2008
DETAILS OF FORMWORK

The formwork systems used are made of light weight Aluminium.
The recommended concrete forms generally use robotics welding system |
for manufacturing. A soft alloy weld wire is utilized in the concrete form weld
process. Fixing of the formwork is done using tie, pin & wedges system.
Does not require very skilled labour to do the job.

The formwork can be designed based on requirements of dwelling unit
and the project. A repetition of about 1000 cycle is claimed (This, however, ==
needs, verification).

STRUCTURAL REQUIREMENTS OF THE CONSTRUCTION

The Monolithic RCC construction is considered as shear wall system. The
maximum spacing between cross wall shall be limited to 1.5 times the
floor height if supported on two edges and 2.0 times the floor height, when
supported on all four edges.

The walls are designed primarily for loading and also for in-plane lateral
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load (shear) and out of plane (bending) due to wind load and earthquake forces as per relevant Indian Standard
Code IS 875(Pt.3):2015 and 1S1893(Pt.1):2016 respectively. For out of plane loading, the plate can be assumed to
be supported by floor slabs / diaphragm and cross walls and continuity can be assumed, wherever applicable.

The structural design of plain & RCC shall be as per IS 456:2000 while IS 13920:2016 is referred for ductile detailing
of reinforced concrete structure. Thickness of wall below plinth level should be minimum 200 mm with double layers
reinforcement.

Guidelines on Monolithic Concrete Construction prepared by BMTPC may be referred for material requirements &
design aspects of this system.

DURABILITY

Since concrete is main constituent material in this system, durability of the structure can be achieved by using
proper ingredient, grade of concrete as per IS 456:2000 and mix design in accordance with IS 10262:2009.

placed reinforcement. Therefore, adequate cover is likely to be
maintained, as a result high durability is achieved.

THERMAL BEHAVIOUR OF STRUCTURE

100 mm thick RCC walls and slab has thermal transmittance (U) ™
value as 3.59 W/m2K) (as per IS 3792:1978). As, it is more than §
the normal plastered brick masonry walls (thermal transmittance #
(U) 2.13 W/m?K), it is advised that implementing agency shall
ensure proper planning for heat insulation and air ventilation in §
the housing units through proper orientation, shedding etc. (see
IS 3792:1978 for guidance).

ACOUSTIC

Average sound reduction for 100 mm concrete is = 45db (IS
1950:1962), which refers reasonable acoustic insulation.

EASE OF FIXING SERVICES

All electric and plumbing fixtures, lines have to be pre-planned
and placed appropriately before pouring concrete in RC walls &
slabs. Post construction alternation is not desirable.

ECONOMY OF SCALE

Economies of scale depend upon the volume of work and number
of repetition of the formwork. To achieve economy, minimum 100
repetitions are desirable.

For very small project of less than 500 units, this system may not
prove to be economical. However, now with number of formwork
manufacturers available, the project with less number units may
also be feasible.

For very small project of less than 500 units, this system may not
prove to be economical.
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OTHER FEATURES

1) Pre designed formwork acts as assembly line production and enables rapid construction of multiple/mass scale
units of repetitive type.

2) Varying work cycle is possible, however, for speed and economy 3-4 days cycle are desirable.

3) ltis flexible in design and can form any architectural or structural configuration, such as stairs, windows, etc.

LIMITATIONS

1) A lead time of about 3 months is required for initiation of work, as the formwork are custom designed,
manufactured and prototype approved before manufacturing required number of sets of formwork.

2) Capital cost to initiate construction is high and may require regular flow of funds.
3) Post construction alterations are difficult.

4) All the service lines are to be pre-planned in advance.

4) Not much saving in construction in one storey structure.

MAJOR COMPLETED PROJECTS

1) Houses in Bangalore for Karnataka Slum Development Board.

2) Houses in Mysore for Karnataka Slum Development Board.

3) 2,112 houses under PMAY(U) in Tamil Nadu

4) 34,928 houses under PMAY(U) in Gujarat

5) 1,136 houses under PMAY(U) in Puducherry

6) Houses in Bangalore for Bangalore Development Authority & several other projects in major cities of India,

among many others...

STANDARDS/GUIDELINES REFERRED

1S 456 : 2000 Code of Practice for plain and reinforced concrete (Fourth Revision)

IS 733 : 1983 Wrought Aluminium and Aluminium Alloy Bars, Rods and Sections (for General
Engineering Purposes)

IS 875 (Pt.3) : 2015 Code of Practice for Design Loads (Other than Earthquake) for Buildings and Structures
- Part 3 : Wind Loads

1S 1786 : 2008 High strength deformed steel bars and wires for concrete reinforcement-

1S 1893 (Pt.1) : 2016 Criteria for Earthquake Resistant Design of Structures - Part 1 : General Provisions and
Buildings (Sixth Revision)

1S 1950 : 1962 Code of practice for sound insulation of non-industrial buildings (Reaffirmed 2010)

1S 3792 : 1978 Guide for heat insulation of non-industrial buildings (Reaffirmed 2013)

1S 10151 : 1982 Polyvinyl Chloride (PVC) and its Copolymers for its Safe Use in Contact with Foodstuffs,
Pharmaceuticals and Drinking Water

1S 10262 : 2009 Concrete Mix Proportioning - Guidelines (Reaffirmed 2014)

1S 13920 : 2016 Ductile detailing of reinforced concrete structures subjected to seismic forces - Code
of practice

1S 14687 : 1999 Guidelines for Falsework for Concrete Structures (Reaffirmed 2014)

BMTPC Guidelines : 2011 Guidelines on Monolithic Concrete Construction

PAC No. 1006-A/2011 Performance Appraisal Certificate issued by BMTPC on Formwork for Monolithic
Construction
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Modular Tunnelform

(Suitable for Low Rise to High Rise Structures)

ABOUT THE TECHNOLOGY

Tunnel formwork is customized engineering formwork [y
replacing conventional steel/plywood shuttering system. Itis a rfﬂ\
mechanized system for cellular structures. It is based on two |

half shells which are placed together to form a room or cell. \
Several cells make an apartment. With tunnel forms, walls i iy, Wy
and slab are cast in a single day. The 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 program and the amount of floor area that can be poured
in one day. The formwork is set up for the day’s pour in the
morning. The reinforcement and services are positioned and
concrete is poured in the afternoon. Once reinforcement is
placed, concrete for walls and slabs shall be poured in one
single operation. The formwork is stripped the early morning
next day and positioned for the subsequent phases.

The formwork is manufactured in a fully automated plant. Presently, it is imported from France and there is no plant
in India.

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

1. Stripping of the formwork from the previous day.

2. Positioning of the formwork for the current day’s phase, with the installation of mechanical, electrical and
plumbing services.

3. Installation of reinforcement in the walls and slabs.

4.  Concreting and if necessary, the heating equipment.

TYPES OF FORMWORK SYSTEM
TMPH Modular Tunnelform

Tunnel forms are room size formworks that allow walls and floors to be caste in a single pour. With multiple forms,
the entire floor of a building can be done in a single pour. Tunnel forms require sufficient space exterior to the
building for the entire form to be slipped out and lifted up to the next level.

This Tunnelform consists of inverted L-shaped half tunnels (one vertical panel and one horizontal panel) joined
together to create a tunnel. Articulated struts brace the horizontal and vertical panels. These struts enable the
adjustment of the horizontal level of the slab and simplify the stripping of the formwork. The vertical panel is equipped
with adjustable jacking devices and a triangular stability system. Both devices are on wheels.

A range of spans is possible by altering the additional horizontal infill panel’'s dimensions. Due to the distribution of
the horizontal beams on the vertical plank, the formwork also cast staggers and offsets in the layout of the walls as
well as differing wall thicknesses. The half-tunnels shall be equipped with back panels to cast prependicular shear
walls or corridor walls. Assembly and levelling devices ensure that the frormwork surfaces are completely plumbed
and levelled.
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Standard Characteristics

Standard dimensions: TMPH & Modular

Unit width : 2.40 m to 6.00 m

Type 1 horizontal panel : 1.20 mto 1.60 m

Type 2 horizontal panel: 1.80 mto 2.40 m

Type 3 horizontal panel: 2.40 m to 3.00 m

The span can be adjusted by fitting an additional panel measur-
ing between 0.05 and 0.60 m

Package length: Up to 12.50 m in length as a function of the
hoisting facilities and availability

Basic length: 1.25 m

Average weight: 90 Kg/m?

Handling: Lifting triangle or sling

Transportation: 180 m? per truckload.

Wallforms

Wallforms are temporary moulds in which concrete is poured in
order to build a structure. Once the concrete is poured into the
formwork and has set, the formwork is stripped to expose perfect
finished concrete. These forms constitute a system approach for
construction and are particularly suited to build structural walls,
columns, bridge piers, culverts etc. This system adopts well to
daily work-phase of both repetitive and non-repetitive tasks. The
equipment used each day is productive and is reused in subse-
quent phases. The four daily operations which outlines the daily
production cycle for wall form equipment are identical to those for
Tunnel form equipment with the exception that it is solely used for
casting concrete walls. The slabs are cast as a secondary phase.
The existing equipment can be adapted on a day-to-day basis by
the addition of standard elements and corner-wall formwork to
take into account different wall configurations on site. All safety
and stability devices shall be fully integrated into the standard
version of Wallform equipment.

B 8000 Wallforms

These Wallforms are tools specially designed to be used on spe-
cific buildings and structures. This vertical wallform panel is a
multi-purpose formwork system. This system has been designed
and developed to ensure that it is simple and quick to assemble
and position the following:

. A full range of standard dimensioned components

. Multiple combination of panels for simple adoption to
specific configurations

. Basic standard equipment incorporates complete safety,
circulation and stability equipment

. Caliper—device opposing Wallform packages are craned

into position in one lift.
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Standard characteristics

Standard dimensions:

Standard height: 2.80 m

Upper extension: 0.50 m

Lower extension: 1.00 m-1.50 m

Average weight: 135 Kg/m?

Assembly: 0.80 H/m? of formwork

Use: 0.15 to 0.30 H/m? of formwork, depending on complexity
Wind stability: by prop

Access: inner ladder accessed via hatch

Superposition: up to 22.5 m with specific engineering performed to determine hoisting and stability characteristics
Transportation: 24 wall forms per container/ truckload

Angle Formwork

Inner and outer angle configurations are designed to attach to 1.25 m wall forms to obtain a 160 mm wall. Spacers
shall be installed for producing wall thicknesses.

Back Panel
The back panel allows pouring of cross walls, other walls, walls and slab in one operation.

Slab Stop End and Wall stop

These can be adjusted to fit the lengths of wall and slabs. These remain fixed to the form during all handling opera-
tions.

Kicker Form

In order to guide the walls of the upper floor precisely above the walls of the floor below, a kicker form is fixed to the
tunnel form before pouring the concrete. Slab and starting walls are then poured during the same phase.

Box Out

During each phase, window box out, door box out and slab box out are mounted on the tunnel using a magnetized
system.

MATERIAL REQUIREMENTS
i. Hot dip galvanized steel sheet — 3 mm thick shall conform to IS 277:2003

ii. Steel for Angle section — 80 mm x 80 mm x 6 mm shall conform to IS 2062:2011
iii.  Cold rolled U-sections — 60 mm x 30 mm shall conform to IS 2062:2011.

Mechanical properties:

Yield stress : 2 23.5 daN/mm?
Breaking load 12 36 daN/mm?2
Elongation 1 220%

Steel for spacer pins — Apart from the requirements given above, the steel used for the manufacture of the spacer
pins, the gripping mechanisms, anchoring points for the rear stabilizing and adjusting mechanisms shall guaran-
tee a KCV resilience at —20°C of at least 28J.

CHARACTERISTICS OF THE SYSTEM

. Maximum span between walls shall be 5.60 m without accessory units and 7.00 m with accessory units.
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Height of the formwork — The forms are designed for floor to ceiling height of 2.51 m minimum with the
possibility to increase this by action of the leg jacks or with the use of movable panels in the event of extra
heights.

Appearances of the faces after form removal — The surfaces obtained allow direct application of finishing
paint or wallpaper after sanding off the fins at the joints connecting the units and smoothing with paint filler.
Working rhythm using the system — Under average temperature conditions, with the use of ordinary cement,
the normal rhythm is two days per cycle with one day and two nights for drying and setting of the concrete.
Time period required for execution of the process — The time required for execution shall vary according to
the cell plan. For a type cell consisting of two formed wall surfaces and a floor surface, the average time
is less than one & one half hours per square meter of building. This time includes the form removal, oiling,
displacement of the units, formwork and adjustment.

UTILIZATION OF THE FORMWORK SYSTEM

At each stage, utilization of the system requires the following successive operations:

ii)

The placing of the vertical wall reinforcement of the floor and possibly the door frames provided for in the

erection drawing;

Dismantling of the movable form units of the preceding storey. This shall be carried out in two stages:

a) Loosening of the normal units (half-shells), by removal of the spacers passing through the walls, by
unlocking the tunnel keys and disassembly of the sections. This work is executed in principle by two
non-specializes maneuvers.

b) Striking and removal of the forms. This shall be carried out by using the special dolly and two ma-
neuvers in the tunnel and by two other maneuvers at the new location (usually on the storey above).
This suite of operations shall be carried out by bringing the dolly under the half-shell to be removed
and then working the different jacks for the striking operation itself. The leg jacks are lifted first, then
a slight deformation of the half-shell is provoked by working the diagonal bracing jacks (shortening).
This deformation is sufficient to strip the form progressively. It drops down automatically onto the
dolly. The dolly half-shell assembly shall then be rolled across the service platform where the form
is cleaned and oiled with a sprayer, then picked up with a crane and hoisted to its new location site,
the dolly remaining in place. The half-shell design makes it possible to remove the whole side of a
tunnel, then to prop the slab near the key before removing the other half, permitting if necessary, a
faster rotation of the equipment.

Reassembly of the units on the floor above. This assembly consists of the following operations:

a) A half-shell shall be positioned on its leg jacks and knee brace, and adjustment shall be squared by
blocking the diagonal bracing jacks, then adjustment of the height and plumb by working the leg jacks
and the knee brace jack.

b) The half-shells shall be assembled together.

c) The opposite half-shells shall be positioned, and adjacent half-shells of the ‘tunnel’ half-shells shall
also be positioned using the same procedure.

d) The half-shells shall be blocked by constituting the two faces of the wall on the ‘starters’ with the help

of the lower spacers; the upper spacers shall be tightened without being forced, only after verification
of the general adjustment; positioning of the butt end forms of the walls and floors.

e) The key-locks solidifying the opposite half-shells shall be positioned and blocked. If necessary, a
light action on the knee brace and diagonal bracing jacks shall be used to bring the locking units into

line.

f) The starter forms shall be positioned and blockouts, if necessary for anticipated door and window
frames.

g) The overall adjustment and finish making—up shall be verified, if necessary, after lifting of the knee
braces.

h) The suspended floor shall be reinforced and concrete shall be poured in the walls and slab.
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iv) The service platform shall be removed and this platform shall be installed on the storey above.
APPLICATIONS

Designed to cast concrete load-bearing walls and slabs in a single monolithic pour, tunnel forms are suited for the
construction of following structures:

. Multiple residential dwellings
. Housing projects

. Garden apartments

. Town homes

. Condomiums

. Hotels etc.

SPECIAL FEATURES

Behavior in earthquake

Formwork shall be designed to meet the requirement of permanent structures using specified Indian Standards for
material used. The design should take into account the conditions of materials to be actually used for the formwork,
environment, site condition loads on formwork and combination of loads shall be taken in accordance with the
clause 7.3 of IS 14687:1999.

Behavior under high winds
The design for wind loads shall be in accordance with the provisions given in IS 875 (Part 3):2015 and IS
14687:1999.

Productive
The equipment used each day is productive and is reused in subsequent phases.

Day-to-day basis
The existing equipment can be adapted on a day-to-day basis by the addition of standard elements and corner-
wall formwork to take into account different wall configurations on site.

LIMITATIONS

. The floor spans executed with movable forms shall not be more than 5.60 m, unless accessory units are
used.

. The thickness of vertical in-situ walls shall not be more than 120 mm, unless justified by special provisions.

MAJOR WORKS COMPLETED USING THE FORMWORK

. Apartments by M/s Runwal Group at Mumbai in 2000

. Apartments complexes by M/s B G Shirke Construction Technology Pvt. Ltd., Pune at Navi Mumbai, and
Tirupati in 2001

. Apartments by M/s L&T South City Projects Ltd., at Chennai in 2008

. Slum Rehabilitation by M/s Pawar Patkar Construction Pvt. Ltd., at Nasik in 2014

CERTIFICATION

Performance Appraisal Certificate No. 1018-S/2015 issued to M/s Outinord Formworks Pvt. Ltd., Pune by
BMTPC.
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STANDARDS/REFERENCES

Agreement No. 2569 relating to New Materials and Non-traditional Construction Processes between Cashiers of the C.S.T.B, Paris, France
and Outinord, Company, S.A.

Case studies of the projects carried out by various agencies throughout the world including India using Outinord Formwork.

Design of the Formwork submitted by the manufacturer

Quality Management Manual and Maintenance Manual followed by the manufacturer

Application of accelerated curing to Apartment Formwork System — Advisory Note from British Cement Corporation

IS 277 : 2003

Specifications for plain and corrugated galvanized steel sheets (sixth revision)

IS 456 : 2000

Code of practice for plain and reinforced concrete (fourth revision)

IS 875 (Part 3) : 2015

Code of Practice for Design Loads (Other than Earthquake) for Buildings and Structures - Part 3 : Wind Loads

IS 2062 : 1999

Hot rolled medium and high tensile structural steel

IS 14687 : 1999

Falsework for concrete structures




Formwork Systems

Stay—in—P]ace Formwork Systems
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Insulating Concrete Forms (ICF) &
Monolithic Insulated Concrete Systems (MICS)

(Suitabule for Low Rise Structures)

ABOUT THE TECHNOLOGY

Insulating Concrete Forms (ICF) & Monolithic Insulated Concrete Systems (MICS) comprise of panels of two walls of
Expandable Polystyrene (EPS) separated by a nominal distance of 150mm by hard plastic ties. These are assembled
on site to hold reinforced concrete. The forms are open ended hollow polystyrene blocks which fit tightly together to
form a shuttering system. Concrete is poured into the hollow space to form a continuous wall. When cured, this wall
supports the structural loads from floors and roofs, and the shuttering provides thermal insulation. Reinforcing steel
shall be as required from design. Upper and lower surfaces of the polystyrene panels are castellated and the vertical
mating surfaces are tongue-and-groove to form a tight fit when joined together. The rigid formwork does not require
supporting false work. The inner surfaces have tapered grooves running vertically and have offset on opposite faces
to ensure uniform concrete thickness. They also form locks for end stops. The outer surfaces are grooved vertically
at 50mm centers to aid cutting and trimming.

Fig. 1 Plan View

CLASSIFICATION AND TYPES OF FORMS

Standard Forms — These form bulk of the forms and have 50mm EPS panels on both sides with 8 nos. hard plastic
ties holding the panels. Dimensions of these forms are 1000 x 250 x 250mm. (See Fig. 2)

Half Height Forms — Together with the lintel, these form the top layer of all gaps in the wall and hold the required
steel reinforcement. Dimensions of these forms are 1000 x 150 x 250mm. (See Fig. 3)

Lintel Forms — In combination with Half Height forms, these form the top layer of all wall gaps and hold the concrete
thus preventing thermal leaks. Dimensions of these forms are 1000 x 125 x 250mm. (See Fig. 4)

Floor Edge Forms — These form the top most layer, where the wall ends and floor begins. This envelopes the floor
slab and thus prevents thermal bridging. Dimensions of these forms are 1000 x 375/125 x 250mm. (See Fig. 5)
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Corner Forms — These constitute 90° corner of the building. The two sides are 50mm EPS panels held together
with 8 nos. hard ties. Dimensions of these forms are 750/500 x 250 x 250mm. (See Fig. 6)

End Forms — These create wall ending by fitting in inside the Standard or Corner form and provide a smooth and
thermal bridge ending to the wall. Dimensions of these forms are 150 x 125 x 50mm. (See Fig. 7)

Fig. 4 Lintel

Fig. 5 Floor Edge Fig. 6 Corner Fig. 7 End

Fig. 2 Standard

RAW MATERIALS

. Expanded Polystyrene (EPS): Self-extinguishing type EPS shall conform to IS 4671: 1984 having density not
less than 25 kg/m? and valid Restriction of Hazardous Substance (ROHS) test certification.

. Polyurethane (PU) Foam Adhesive: Shall have Skin Formation of 8 min, Density 25 kg/m?, Sound insulation
58 dB, Insulation factor 35 mW/mK, Shrinkage< 2%, Fire rating B3, Insulation factor 35 mW/m.K and Water
absorption of 1 % volume

. Plasticizer: Slump retaining super plasticizer for self-compacting plastic concrete (CEMWET SP-3000) shall
conform to IS 9103:1999

. Hard Plastic Tie: Shall be made with High density polyethylene and shall be as per manufacturer’s specifica-
tions.

. Cast-in-place concrete: The ingredients, grade of concrete & slump for walls, floors and roofs shall be used as
per IS 456:2000.

STRUCTURAL

The Insulating Concrete Forms (ICF) & Monolithic Insulated Concrete Systems (MICS) may be designed using
the appropriate design software. The buildings constructed with EPS shall be studied and designed as reinforced
concrete structure since the parameters required for their design are the same as needed for traditional reinforced
concrete. In the calculation model, the building shall be designed in accordance with IS 456:2000, as applicable, as
structure composed of load bearing walls with a box-like structure.

The system is intended for use where architectural drawings are available and satisfy the various requirements.
The system shall be designed to provide the required performance against the loads to be taken into account in
accordance with IS 875 (Parts 1,2,4&5):1987 and the data given by manufacturer for various panels. It shall also
provide the required bearing resistance for earthquake and wind forces as per IS 875 (Part 3):2015 and IS 1893
(Part 1):2016, wherever applicable.
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Foundation shall be specifically designed in accordance with provision given in IS 1904:1986. The design concept
is same as that of the conventional building design. The safe bearing capacity and soil properties (soil investiga-
tion report)) shall be provided from the site after soil investigations. Foundation shall be designed based on the
soil investigation report. Both single and double panels should have starter bars from either foundation or ground
floor slab. All foundations should be designed by experienced engineer with appropriate reference. In addition, any
other requirement regarding safety against earthquake need to be ensured by the designer as per prevailing codal
requirements.

Typical construction
Construction process

The construction of most Insulating Concrete Forms (ICF) & Monolithic Insulated Concrete Systems (MICS) build-
ings is fundamentally a process of stacking lightweight blocks together in a similar manner to building bricks, laying
reinforcement where necessary and pouring concrete into the voids of the block work. It does not call for the same
skill set as solid brick or brick veneer construction.

Footings

The footings for Insulating Concrete Forms (ICF) & Monolithic Insulated Concrete Systems (MICS) buildings are
usually reinforced concrete rafts or strips that are flat and even enough to enable stacking of the form blocks, with
reinforcement starter bars set ready to connect with the concrete when poured into the formwork.

Load bearing walls
Any Insulated Concrete System/Forms wall can be designed to be load bearing.

Joints and connections
Joints and connections with other building elements are kept to a minimum, especially when the flooring or roofing
elements are also made from Insulated Concrete System/Forms.

Fixings

The foam block work or formwork forms a poor basis for any fixings. Light loads are generally carried by the lining or
facing materials, such as plasterboard, and heavier loads can be carried by supporting points drilled into the concrete
that forms the inner material of the Insulated Concrete System/Forms.

Openings

Major openings for doors, windows, etc., need to be set out in the formwork as it is relatively difficult to make changes
later, owing to the fundamentally monolithic nature of the structural elements. Once openings have been made, they
can accommodate window and door frames of any type. A typical kind of fixing uses timber blocks set into the ends
of the form blocks around the opening.

Electrical conduit and plumbing is generally run in chasing in the depth of the form blocks.

Finishes

Finishes are dependent on the materials used to face the Insulated Concrete System/Forms units. Typically, the
main finish is a render or render-equivalent covering or paint. Any additional cladding can be added to the Insulating
Concrete Forms (ICF) & Monolithic Insulated Concrete Systems (MICS) walls subject to making appropriate sup-
ports for it, although many sheet finishes, such as plasterboard, can be glued directly to the surface of the formwork.
External renders require a base or skim coat embedded with fibreglass mesh, followed by a second coat and then
a texture coating, finally finished with an ‘armour coat’.
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BASE: Insulated Concrete System/Forms can be built on footings similar to conventional masonry footings, slabs-
on-grade or piles or can also be built on step footings & shallow foundation systems.

REBARS: Fixing reinforcement steel bars with hard TRESTLES: Fixed for plumb straight walls & support during
ties inside formwork as per calculated structural re- concrete pour
quirement.

»
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SCAFFOLD: Platform on trestles for access & assembly of high walls
PROPPING: Fixing framework as props around Doorways & window frames.

SPECIAL FEATURES

*  Cost Effective - Saves 70% or more in energy equipment & consumption bills for maintaining cooling tempera-
tures

*  Quicker - Commissioned in nearly half the normal time period, with less manpower & no heavy machines

*  Resource Conserving - No water for curing, hence time & labour also saved at site

*  Load bearing external walls - With minimized need for columns or beams
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Directorate, CPWD
DG/DSR/27
KIRMAN BHAWAN, NEW DELHI - 110011,

This issue with the approval of DG, CPWD.

NIRMAN BHAWAN NEW DELHI

DATED: |3 /08/2018

OFFICE MEMORANDUM

Sub:- Correction slip no.15 Delhi Schedule of Rates 2016.

The following new items of Factory Made Fast Track Modular Building System Technology
items to be included in DSR-2016 item No 26.65 to 26.66 of SH: 26 (New Technologies and
Materials).

Code No

Description [ Unit

Rate

26.65

Providing and fixing roofing consist of 0.8 mm thick galvanized steel I
deck sheet confirming to 15 277:1992 used as permanent shuttering |
aver which MS wire mesh 3mm laid at 100x100 mm grid including |
edge trim covered with concrete. This metal deck will be supported
on structural steel beam with shear studs. (Structural steel like
Beam, column, joists etc. & concrete of different grade as per
design will be paid separately).

s

139495

26.66

Providing and fixing in position, 130 mm thick factory made
Expanded Polystyrene Core (EPS Core) wall panels consisting of EPS
core sandwiched between two Engineered sheets of welded wire
fabric mesh duly finished with shortcrete materials on outer faces.
The fabric mesh shall be made of 3 mm dia zinc coated G.|. wire
mesh with 50 mm pitch in both the directions and on both faces of :
the wall and connected by Gl wire of 3mm dia at alternate row by |
welding. The EPS core shall consist of 60 mm thick EPS of density |
not less than 16 kg/ per cum. Both the outer faces of the panel shall
be finished by applying the layer of 35 mm thick cement mortar 1.3
{1 cement: 3 coarse sand (not having more than 40% stane chips of
size upto 6 mm)} with the help of shotcreting/guniting equipment
etc at a pressure not less than 1 bar (100KN/m2) and both surfaces
finished with trowel. Fixing operations of wall panels shall be
completed in all respect as per drawings and specifications and
under the overall direction of the Engineer-in-charge.

No. 133/SE (TAS)/CS-DSR-2016/ | | §

sgm

2171.30

Eﬁr&%ﬁ\ %

Executive Engineer (TAS-11)
CS0), CPWD, Nirman Bhawan,

Mew Delhi.

Copy to All the SDG/ADG/CEs/CPMs through CPWD website http:/ fepwd gov.in

Dated: | 3 Jogfz2o18

\

4\rd

Executive Engineer (TAS-11)
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Directorate, CPWD
DG/DSR/18
NIRMAN BHAWAN, NEW DELHI - 110011,

]

This issue with the approval of DG, CPWD.

| NIRMAN BHAWAN NEW DELHI

DATED: 2.0 /072017 |

OFFICE MEMOBANDUM

Sub:- Correction slip no.6 Delhi Schedule of Rates 2016.

The following new item of prefab technology to be included in DSR-2016 after item No 5.49 of
SH:S [Reinforced Cement Concrete).

Code No Description Unit | Rate {R_s}_(
5.50 Fabrication & Manufacturing of Prestressed Hollow Core slab
{Hollow area 25 to 30%) of differemt thickness & modular width 1200
mm in Controlled Factory Environment with approved methodology,
conforming to 15:10297-1982 by using long line casting method
having arrangement of proper steel bed. Concreting should be done
by batch mixing plant capable of producing zero slump concrete,
transported through automatic shuttels of standard make & layed on
bed with the help of extruder/Slipformer, finishing, curing and also
provision of steam curing. Cutting, making necessary cutout/holes of
required sizes for services in slab element after achieving required
strength, yard handling & stacking all complete as per approved shop
drawings & design mix as per the direction of the Engineer-in-charge.
(Cost of strands should be paid separately).
Note: Excessfless cement over the specified cement content used as
per design mix is payable/recoverable separately)
5.50.1 | Concrete Grade M-40 (Cement content 400kg) ]
5.50.1.1 | 100 mm thick hollow core slab metre B878.65
= 5.50.1.2 | 120 mm thick hollow core slab metre | 1032.55
| 5.50.1.3 | 150 mm thick hollow core slab metre | 1263.45
5.50.1.4 | 200 mm thick hollow core slab metre | 1546.55 |
5.50.1.5 | 250 mm thick hollow core slab metre | 190595
5.50.1.6 | 300 mm thick hollow core slab metre | 2265.30 |
5.50.1.7 | 350 mm thick hollow core slab metre | 2624.70
5.50.1.8 | 400 mm thick hollow core slab metre | 2984.10
5.50.2 | Extra for using M-50 (Cement content 425 kg) instead of
M-40 )
5.50.2.1 | 100mm thick hollow core slab metre 17.10
5.50.2.2 | 120mm thick hellow core slab metre 20.55
[ 5.50.2.3 | 150mm thick hollow core slab metre 25.70
5.50.2.4 | 200mm thick hollow core slab metre 31.95
5.50.2.5 | 250mm thick hollow core slab metre 39.95
5.50.2.6 | 300mm thick hollow care slab metre 47.95
5.50.2.7 | 350mm thick hollow core slab metre 55.95
5.50.2.8 | 400mm thick hollow core slab i metre 63.95
5.50.3 | Extra for using M-60 [Cement content 440 kg) instead of
M-40
5.50.3.1 | 100mm thick hollow core slab metre 27.40
5.50.3.2 | 120mm thick hollow core slab AJl . | metre 32.90
W™ T '
e (ThS .1}
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Code No | Description Unit | Rate [Rs)
5.50.3.3 | 150mm thick hollow core slab metre 41.10
5.50.3.4 | 200mm thick hollow core slab metre 51.15
5.50.3.5 | 250mm thick hollow core slab metre £3.95
5.50.3.6 | 300mm thick hollow core slab metre 76.70 |
5.50.3.7 | 350mm thick hollow core slab metra £9.50 |
5.50.3.8 | 400mm thick hollow core slab metre 102.30
5.51 Fabrication and manufacturing of solid precast concrete element
with provisions of shear keys, connecting loops, dowel tubes and
proper lifting accessories for walls, beams, slabs, stairs, column etc,

of wvarious thickness, shape and size of different concrete grades

manufactured in controlled factory environment with approved
| methodology including moulds (Pallet system, Tilts form, table
moulds, battery moulds, vertical moulds, beam moulds, column
| moulds, staircase moulds, Fagade mould, etc.), mixing, transporting
| and placing of concrete, vibrating, curing, finishing, making necessary
cutout/holes of required sizes for services, yard handling & stacking
all complete as per 15 11447:1985 and as per approved shop
drawings and design mix as per the direction of Engineer-in-Charge
(Cost of reinforcement, Mechanical, Electrical and Plumbing inserts
will be paid separately).

Note: Excess/less cement over the specified cement content used as
per design mix is payablefrecoverable separately)

5.51.1 | Concrete grade M-35 (Cement content 370 kgs) cum | 13765.10
5.51.2 | Extra for using M-40 ({Cement content 400 kg) instead of | cum 22830 |
M-35 :
5.51.3 | Extra for using M-50 ({Cement content 425 kg) instead of | cum 418.55
M'35 - - -
5514 | Extra for using M-60 ({Cement content 440 kg) instead of | cum 532.75 |
M-35 |
5.52 Providing & laying in position Prestressing steel strands (low kg 130.75

relaxation) on hollow core bed by using mechanical pulling
arrangement like Rabbit/ Bed master including all accessories for
Stressing & destressing operations as per approved make
conforming to 151343 & grade FY-1860 etc, complete as per drawings
and direction of Engineer -in-:harge.

5.53 Transportation of Precast Elements by flat bed Trailor [Double [
Triple axle 40ft Length with proper accessories like A frame etc) from
factory, including the cost of loading, unloading & stacking at site
with the help of required capacity cranes.

5.53.1 lead with in 15 km MT 389.85
553.2 | Add/Deduct over item 5.53.1 for every additional lead of | MT 73.00
5 km
5.54 Erection & Installation of Precast/Prestressed Concrete elements in

correct & final position with proper line level and plumb at site
making all arrangements (i.e. cranes, push-pull jacks & all another
T & P for lifting Placing & Alignment of elements, within erection
tolerance as per IS 15916 as per approved shop drawings and all
complete as per the direction of Engineer-in-Charge but excluding the
cost of sim pads, non shrink grout and steel works i.e hangers. All
| work up to fifth floor.

Yilo &0 )
Ueee
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No. 133/SE (TAS]/CS-DSR-2016/ | 4| —E

Copy to All the SDG/ADG/CEs /CPMs through CPWD website http://cpwid.gov.in

Dated: 2() /07 /2017

Cade No Description | Unit_| Rate [Rs) ‘
5.54.1 | Prestressed hollow core slab up to 200 mm thickness sqm 217.45
5.54.2 | Prestressed hollow core slab above 200 mm up to 400 mm | sqm 367.15
thickness
| 5.54.3 | Solid concrete wall elements cum | 2642.60
5.55 Providing & Applying weather proof sealant on outer joints of
approved make confirming to 15 & directed by Engineer-in-charge.
555.1 | Sealant 25mmX10mm at joints metre | 46045
5.56 Providing & Laying of levelling sim pads required sizes (Sx5cm to
10x10cm) of PVC / Rubber to adjust level of bearing surface of
supporting members as per the direction of Engineer in charge.
5.56.1 | 2mm thick each 17.55
5.56.2 | 5 mm thick each 23.40
5.56.3 | 10 mm thick each 35.00
5.57 Providing & Grouting of dowel tubes / Shear keys / Joints of precast
members with M-60 grade cementitious grout (Mon Shrink) of
approved make by suitable means (Free flowing /pump), curing etc.
Complete as per directions of Engineer-in-charge. (The payment shall
be made on the basis of actual weight of approved grout
injected.)
5.57.1 | Stirrer mixed cementitious grout (non shrink) of approved kg £5.00
make in dowel tubes / Shear keys / Joints of precast
members.
33
Y,
Executt Eﬂm ?#:S-M
C50Q, CPWD, Nirman Bhawan,
Mew Delhi.
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The Executive Director

Building Materials & Technology Promotion Council
Core-5A, 1Ist Floor, India Habitat Centre

Lodhi Road, New Delhi

Tel: 011-24636705; Fax: 011-24642849

E-mail: info@bmtpc.org

Website: http://www.bmtpc.org

The Joint Secretary & Mission Director (Housing for All)
Ministry of Housing & Urban Affairs, Government of India,
Room No.116, G-Wing, Nirman Bhawan,

New Delhi-noon

Tel: 011-23061419; Fax: 011-23061420

E-mail: jshfa-mhupa@gov.in

Website: http://mhua.gov.in



