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ousing for all by 75 year of our independence for urban as well as rural households in India triggered major construction technology transi-

tion to bring resource-efficient, climate-responsive, disaster-resilient, cost-effective sustainable building technologies. Through Pradhan Mantri

Awas Yojna (Urban & Rural), sustainable building materials, local design & skills and innovative construction methodologies are being dis-
seminated for their large-scale adoption to beneficiaries, state govts, professionals and artisans. The overall objective is to ensure sustainable, safe
and affordable house to each household. Looking at the target of 11.2 million houses in urban areas & 10 million in next three years in rural area, it is
well-nigh impossible to achieve it with traditional brick, mortar & cast-in-situ RCC construction. The age-old practices are no longer sustainable in the
light of fast depletion of natural resources, climate change, green house gas emissions, energy scarcity. In addition, the prevalent construction practices
are labor-intensive and time consuming. Therefore, it is prudent to bring in forefront alternative & innovative building materials & construction tech-
nologies in the construction sector.

The quest of mankind to have a shelter which can protect them from the vagaries of nature has been as old as our civilization. Earlier methods of
construction employ locally available materials such as stone, soil, lime & wood. The use of sun-dried bricks as well as fired clay bricks also dates back
to 3500 BC. The 19th century saw the biggest transformation in the history of construction when steel & cement were introduced as chief building
materials. Today, the concrete is an ubiquitous material being used for small hamlets to skyscrapers to specialized structures. The reinforced concrete
construction is versatile and time-tested; however, its sustainability is being questioned. The amount of green house gases (GHG) being emitted dur-
ing production of cement, energy being consumed and natural resources being exploited in addition to the air/noise/land pollution puts the onus on
Reinforced Concrete (RCC) Construction in its present form gradually untenable specially in fast growing economies such as India.

The majority of RCC construction is cast-in-situ and being performed manually to this day. It is time to bring industrialization in building construction
by introducing off-site construction concepts. The mechanization/automation concepts have already been introduced in a few countries with success
and India is also introducing them in mass housing projects. Form work systems, pre-engineered buildings, pre-cast concrete construction, dry wall
construction are few such concepts which are now widely accepted by the construction fraternity in India. Govt. of India is also keen to introduce
cutting edge technologies in the sector and have organized Global Housing Technology Challenge (GHTC) -India through Ministry of Housing & Urban
Affairs in March 2019. In this process, 54 new construction systems have been identified which are clubbed into six broad categories namely (i) 3D
precast volumetric concrete construction (ii) Precast concrete construction with precast building components (iii) Light Gauge steel structural system &
pre-engineered steel structural system (iv) Prefabricated sandwich panel systems (v)Formwork systems (vi) Stay in Place form work systems. Now these
systems are being showcased though construction of light house projects in different parts of India.

Nonetheless, these systems are ideally suited for mass housing and to take them to individual household level will not be feasible and therefore, a new
set of building systems are required which not only take care of local aspiration, local materials, local skills but also offer sustainability, affordability and
disaster resilience. Also, there is need to create synergy between traditional building techniques and the modern methods & knowledge. Both can learn
from each other and blending both can produce cost-effective sustainable construction.



CSIR-CBRI being premier research institute in the area of building science & technology for more than 7 decades has developed many such building materi-
als, components & technologies and BMTPC since its inception has been into technology transfer for field level applications. Both the organization joined
hands to bring out this compendium on Building Technologies. The publication contains 66 existing technologies covering following broad components:

Floor/roof construction technologies
Roof construction technologies

Wall construction technologies
Foundation construction technologies
System level technologies

Services
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Materials

Each system has been explained in detail along with technical specifications, tools & equipment, salient features, cost, sustainability & economic aspects,
material requirements, limitations, market linkages, structural drawings/detailing and relevant standards & references. Also, the geo-climatic suitability
of the technology region has been specified. These building technologies are time-tested and proven and the data presented is the outcome of the R & D
done by scientists of CSIR-CBRI and their field level applications over the years. The document is ready to use and can be successfully used in the field for
Beneficiary Led Construction for low-rise to mid-rise structures. The compendium will serve as a useful resource for construction of individual houses and
can help State Governments to introduce these systems in their ongoing housing schemes.

The compendium is a stepping platform to create a technical databank of various existing alternate materials & construction technologies which are time-
tested & proven and can readily be used in the field. However, more and more technologies will be added as and when developed and verified. In view of
the clarion call given by Hon’ble PM for Atamnirbhar Bharat, it is opportune time to promote technology & innovations in housing especially for low to mid
rise structures based on local materials, local skills & construction techniques amalgamated with updated knowledge to achieve affordability, sustainabil-
ity, disaster resilience facilitating faster construction. The compendium is an attempt to bring together such indigenous innovations at a common platform
and to take stock of alternate materials & technologies for field level applications.
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(Dr. N. Gopalakrishnan) (Dr. Shailesh Kr. Agrawal)
Director, CSIR-CBRI Executive Director, BMTPC



he compendium on building technologies is the product of R & D efforts being put up by CSIR-CBRI over the years in the area of alternate cost-

effective building materials, precast building components and housing technologies. The CSIR-CBRI being premier research Institute of India has

been extending S & T support to Housing for All mission and is knowledge partner to Ministry of Housing & Urban Affair (MoHUA), Govt. of India
& BMTPC. | gratefully acknowledge the help & support of CSIR-CBRI for the entire journey.

The idea of bringing out a publication on existing building materials & technologies germinated by Shri Durga Shankar Mishra, Secretary, MoHUA and
the entire team show their gratitude towards him for his enlightened guidance & constant encouragement. Thanks are also due to Shri Amrit Abhijat,
the then Joint Secretary & Mission Director, Housing for all, for reposing faith in us and giving us insights from time to time.

I would be failing in my duties, if | do not profusely thank Dr. N. Gopalakrishnan, Director, CSIR-CBRI who on my request immediately agreed to develop
the publication in time bound manner without any financial support. His pro-active approach & technical advice for development of the compendium
is duly acknowledged.

I would also like to place on record my deep appreciation to the entire team of scientists, technical officers & project assistants at CSIR-CBRI under
the able guidance of Dr. S.K. Negi, Chief Scientist & Head, Development, Construction & Extension Group & Dr. Ajay Chourasia, Sr. Principal Scientist,
Structural Engineering Division who untiringly have put best of their efforts for preparing & bringing out this compendium. The team members of CSIR-
CBRI which are involved in the preparation of compendium are (i) Dr. N. Gopalakrishnan (Director) (ii) S.K. Negi (Chief Scientist & Head, Development,
Construction & Extension Group) (iii) Ajay Chourasia, (Sr. Principal Scientist, Structural Engineering Division) (iv) H.K. Jain (Consultant, Development,
Construction & Extension Group) (v) Ashish Pippal (Scientist & Head, Development, Construction & Extension Group) (vi) Nimisha Samadhiya (Project
Assistant) (vii) Nitin Sahu (Project Assistant) (viii) Gaurav Sharma (Project Assistant) (ix) Ashutosh Singh (Project Assistant) (x) Sugam Kashyap (Technical
Officer) (xi) Shubham Singhal (PhD. Scholar) (xii) Neelam Chauhan (Project Assistant). The help & support of other members of CSIR-CBRI who directly
or indirectly helped in the publication are also duly acknowledged.

At last but not the least, the team at BMTPC specially Shri Sharad Kr. Gupta, Dy. Chief (TDE & IC) & Shri Dalip Kumar, Sr. Field Officer deserve special
mention for reading & editing the publication and bringing it to printable form.

BMTPC wishes to express its deepest gratitude to Shri Hardeep Singh Puri, Hon’ble Minister of Housing & Urban Affairs & President, BMTPC for un-
stinted support, constant encouragement & sincere advice. BMTPC is also indebted to HFA directorate & Housing division of MoHUA for supporting

BMTPC’s endeavors.
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Speed Floor Construction

System
(alternative to conventional RCC beam)

Suitable Regions

@ Suitable
Region

All parts of India
122

About the Technology

The Speed floor system is a suspended concrete flooring
system using hot rolled steel joist galvanised (Z275) high
tensile (350MPa) as an integral part of the final concrete and
steel composite floor & is a hybrid concrete/steel tee-beam
in one direction and an integrated continuous one-way slab
in other direction. The joists of different depths are
manufactured from pre-galvanized high tensile steel in a one
pass roll former, where it is roll formed, punched, pressed
and slotted in a fully computerized machine. Using plywood
formwork over the joists, reinforcement is placed and
concrete is poured for the final finish.

Joist The joist is manufactured from G 350 Z 275 pre-
galvanized steel conforming to AS 1397:2001. Sizes are 200
mm, 250 mm, 300 mm, 350 mm and 400 mm, depending
upon the design requirements. Concrete thickness may be
75mm or 90mm as required. The top section of the joist is
embedded in concrete .The mid section or web of the joists
has the flanged service hole and the lock-bar hole punched
into it. The bottom triangular section of the joist acts as a
tension member both during construction phase and when
the joist is acting compositely with the slab.

The Lock bar locks the joists in their positions and support
the temporary plywood formwork between the joists during
construction. It is spaced 300mm c/c. The standard lock bars
when installed will position the joists 1230mm, 930mm or
630mm apart.

Temporary Plywood formwork is high density paper overlaid
12mm shuttering plywood conforming to IS 4990:2011 or
equivalent is used as formwork to produce a good finish to
the underside of the slab.

Reinforcing mesh Welded reinforcement mesh made of
8mm diameter bar (fy 415 N/m?2) placed @ 200mmc/c in

both directions, is laid and tied into place.
Material Requirements

Speed floor system Pre-galvanized steel
Plywood

Mesh reinforcement

Tools and Equipments

a) Edge angles b)Jointers  c) Lock bar Hanger Angles

Salient Features

1. Suitable in all types of construction buildings including
Steel frames structures, RCC frame buildings, Light gauge
steel frames, Conventional Structural brick
constructions .

2. Easily accommodates services through pre-punched holes.

No need of propping and requires less crane handling

4. Can work parallely in more than one floor at a time, leading
to speedy const.

wall

w

Economic Aspects

1. 20 to 30% reduction in construction time relative to site-
intensive construction.

2.  30% reduction in overall foundation loads.

Sustainability Aspects

1. No wastage of material.

Limitations

1. Maximum length of joist which can be used is 10m.

2. Demands industrial set-up for manufacturing steel beam
and other components.

Market Linkages

1. Medium or large scale for

manufacturing of components.

industry is required



Reinforcing mesh

Lock bars

Speed floor construction system

Relevant Standards and References

AS/NZS 4600:2005 — Design of cold formed steel structures.
AS/NZS 4671: 2001 - Specifications for steel reinforcing materials.
NZS 3101(Part1):2006— Design of concrete structures.

NZS 3404 (Part1):1997 — Design of steel structures.

WooNOURAWNRE

AS1397—2001: Steel sheet and strip—Hot-dip zinc coated or aluminium/zinc-coated.

AS/NZS 1170-2 (Parts 0 & 2) :2002 Structural Design Actions—General principles and Wind actions.
IS 456:2000 —Code of practice for plain & reinforced Concrete (fourth revision), Bureau of Indian Standards, New Delhi.

IS 2062:2011- Specifications for hot rolled medium & high tensile structural steel , Bureau of Indian Standards, New Delhi.

IS: 1893(Part 1): 2016, " Criteria for Earthquake Resistant Design of Structures." Part-1, Bureau of Indian Standards, New Delhi, 2016.

Specifications

Design
(Refer IS
875: 2015, IS
1893:2016, NZS
3404 and NZS
4600)

Steel Joist
(Refer IS
2062:2011 )

Steel Lock bars
(Refer IS
2062:2011 )

Plywood
Formwork
(Refer IS
4990:2011 )

Reinforcing mesh

Concrete Mix

The design of the speed floor system is based on NZS
3404 (Part 1 &2), AS/NZS 4600 and the Australian
Composite Standard AS 2327 (Part-l). The design load
shall be taken as prevalent in IS 875 (Part 1 & 3).
Earthquake forces shall be taken in accordance with IS
1893 (Part-1).

Depth: 200mm, 250mm, 300mm, 350mm

and 400mm as per requirements

Weight(kg/ In m) : 9.41, 10.59, 11.76, 12.94, 14.12
according to the depth respectively.

They shall be spaced approx. 300mm apart and engage in
the slotted holes punched in the top section of the joist
maintaining the exact spacing of the joists.

High density paper overlaid 12mm shuttering plywood
conforming to IS 4990:2011 or equivalent is used as
formwork to produce a good finish to the underside of
the slab.

8mm dia. bar (fy 415 N/m2 ) placed @ 200mm c/c in both
directions.

Minimum grade of concrete shall be M25as per IS
456:2000.
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Cyclone Shelter

Suitable Regions

@ Suitable
Region

All regions except costal regions of the country
124

About the Technology

The coastal line of Bay of Bengal in South Asia has a
maximum length of 5000 km (approximate) and the weather
conditions there are often brutal due to heavy monsoon
rains, both summer and winter. About 2 to 3 tropical
cyclones form every year, bringing intense winds and severe
flooding. Water produced directly by the strong winds, from
8 mto 10 m high .

At the request of Indian and German Red Cross and Kfw,
Germany, CSIR-SERC has designed a stilted cyclone shelter
for use in Orissa coast with specialized foundation. The 23
cyclone shelters constructed at Orissa have saved nearly
46,000 people during the Super Cyclone which hit Orissa in
1999 and many of these structures are still in service,
withstanding the recently hit ‘Phailin’ cyclone in October
2013.

The cyclone rectangular  shape
aerodynamically rounded at the four corners to reduce wind
load effects. The overall length of the building between the
end frames is 21 m. The radius of the circular curve at the
inner edge is 1000 mm. To reduce the effects of storm
surge/flooding, the ground level in the area is raised by 1050
mm and with a stilt height of 3500 mm. The building has a
corridor of width 1950 mm at first floor level (+4650 mm). A
wide staircase with a width of 2000 mm is provided to reach
the corridor from the raised ground level. The overall
dimensions at the roof level are 7650 mm x 23000 mm,
which includes an overhang of 1950 mm in front and 900
mm at the rear of the building. The columns of the frame are
circular in shape. Since the ground floor is left open, there
tends to be additional wind loading on the bottom floor slab,
which has been duly considered in the design.

shelter has and

Material Requirements

Concrete
Steel reinforcement
Bricks

Cyclone shelter

Tools and Equipments

a) Masonry Hammer b) Scaffolding c) Trowel

d) Reinforcing steel fabrication e) Concrete vibrators
f) Trowel g) Concrete mixer h) Mason’s tools

Salient Features

1. Easy, efficient, economic and durable structure.

2. Flood resistant design with capability of high wind
resistance.

3. 23 cyclone shelters were built along the coast of Odisha
based on the CSIR-SERC design.

4. Each of these shelters saved nearly 2,000 people during the
super cyclone which hit Odisha in the year 1999.

5. 75 such cyclone shelters cover about one lakh people
during Hudhud cyclone in October 2014.

Economic Aspects
1. As it saves the lives of the people we can't measure
economic aspects.

Sustainability Aspects
1. Withstood the fury of many severe cyclones.

Limitations
1. Present design can accommodate only 1000 People /
Shelter.

Market Linkages

1. The design of the multi-purpose cyclone shelter is
transferred to The Indian and German Red Cross Society for
constructing cyclone shelters in Odisha Coast.



Specifications

Capacity

Shelters at least 1000 people.

Size

7650 mm x 23000 mm aerodynamically rounded at
the four corners

Stilt

Provision of stilt, and sloping ground to satisfy
functional requirements against storm surges/flood.
The stilt height is about 3500 mm. circular curve at
the inner edge is 1000 mm.

Shape

Aerodynamic shape effectively resist cyclonic wind
forces.

G NG Features

Continuous RC hand rails (Gl), lintel and loft. 2000
mm wide staircases at both eds.

Footing

Under-reamed pile/strip footing as per design load.

Parapet

1200 mm high R.C. parapet wall.

Cyclone Vshelter

Relevant Standards and References

1.

2.
3.
4

IS: 456 — 2000, Criteria for design of plain and reinforced concrete structures, Bureau of Indian Standards, New Delhi.

IS: 13920 — 1987, Ductile detailing of reinforced concrete structures subjected to seismic forces, Bureau of Indian Standards, New Delhi.
IS: 875 (Part3) — 2015, Code of Practice for(other than earthquakes) Wind Loads for Building and Structures, Bureau of Indian Standards, New Delhi.
IS: 15498 — 2004, Guidelines for improving the cyclonic resistance of low rise houses and other buildings/structures, Bureau of Indian Standards, New Delhi.
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Rain Water Harvesting

@ Suitable
Region

All regions of the country

About the Technology

Rainwater harvesting refers to collection and storage of
rainwater and also other activities aimed at harvesting
surface and groundwater, prevention of losses through
evaporation and seepage, and all other hydrological studies
and engineering interventions that are aimed at
conservation and efficient utilization of the limited water
endowment of physiographic unit such as watershed.
In general, rainwater harvesting is the activity of direct
collection of rainwater. The rainwater collected can be
stored for direct use or can be recharged into the
groundwater. While measures should be taken voluntarily,
the authority should also encourage appropriately to provide
rainwater harvesting in outdoor built environment.

The system of collection of rainwater and its conservation for

future needs has traditionally been practiced in the country

through baoris, step wells, lakes, tanks, roof top collection
systems, etc, to meet the domestic and irrigation demands.

This also helps to arrest groundwater decline and enhance

groundwater table, beneficiate water quality in aquifers,

conserve surface water runoff during monsoon, reduce soil
erosion and inculcate a culture of water presevation.

Two broad approaches to rainwater harvesting are:

a) Storing rainwater for direct use: suitable for domestic
and irrigation purposes, the rainwater is directly
collected either in the natural or man-made structures
such as nadi, tanka, kund, sand filter bed, pond, rooftop
rainwater collection structure, etc.

b) Recharging groundwater aquifers: this approach
involves use of various kinds of recharge structures,
which not only arrest the water but also promote water
percolation through soil strata to recharge the depleting
aquifers. Structures like percolation tank, anicut, gabion,
etc, facilitate the recharge of underground aquifers.
However, meteorological and hydrological investigations
along with geo-technical investigations shall be carried
out before selecting the best suited method for
groundwater recharge.

Components

Catchments area receives rainfall directly. It can be paved like a
terrace or courtyard of a building, or unpaved like lawn or open
ground. A roof made of RCC, galvanised iron corrugated sheets
can also be used for water harvesting. Coarse mesh is provided
at the roof to prevent the passage of debris.

Gutters are channels all around the edge of a sloping roof to
collect and transport rainwater to the storage tank. It can be
semi-circular or rectangular and could be made using plain G.I.
sheet (20-22 gauge), PVC & Bamboo/betel trunks cut vertically
in half. Size should be according to the flow during the highest
intensity rain. It is advisable to make them 10 -15% oversize.
Rainwater is carried from the catchment area to storage
through PVC or G.. pipes/drains called conduits.

Salient Features

1. Storing rainwater helps in recharging the aquifers.

2. It helpsin preventing urban flooding due to excess rain.

3. The stored water can be used for irrigation practices in
farming region.

4. The water can be used for daily use and help in
reducing water bills in the towns and cities.

Economic Aspects

1. Rainwater harvesting methods are site specific. Depending
on tank size and climate. Additional expenditure on RWH is
essential for future generations.

Sustainability Aspects

1. It is the most traditional and sustainable method that can
be used for potable and non-potable purposes both in
residential and commercial buildings.

Limitations

1. All places do not receive the same amount of rainfall.
Market Linkages

1. Components of a rainwater harvesting system are easily
available.
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Specifications

Sizing of Rain-Water Pipes for Roof Drainage
(Refer NBC 2016)
fegoa ool Diameter Of Average rate of rainfall in mm/h
pipe (mm) (millimetres per hour)
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Rainwater harvesting diagram or refer IS 15797:2008.

Relevant Standards and References
1. National Building Code Of India (2016), Volume-2, Part- 7.2 of Chapter 11- Approach to sustainability, Bureau of Indian Standards, New Delhi.

2. 1S15797:2008, Roof top rainwater harvesting — Guidelines, Bureau of Indian Standards, New Delhi.
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Plumbing and Drainage
System

- @ Suitable
Region

All regions of the country

About the Technology

Plumbing and drainage system refers to the entire system of
pipeline for providing water supply to the entire building and
disposal of waste water from the building.

Plumbing System includes the water supply and distribution
pipes; plumbing fittings and traps; soil, waste, vent pipes and
anti-siphonage pipes; building drains and building sewers
including their respective connections, devices and
appurtenances within the property lines of the premises; and
water-treating or water-using equipment. It shall be
designed, installed and adjusted to use the optimum
guantity of water consistent with proper performance and
cleaning.

Drainage System consists of construction and maintenance
of drains for foul water, surface water, subsoil water and
sewage together with all ancillary works, such as
connections, manholes and inspection chambers used within
the building and from building to the connection to a public
sewer/private sewer/individual sewage-disposal
system/cesspool/soak away or to other approved point of
disposal/ treatment work. A sanitary drainage system
consists of a building sewer, a building drain, a soil and/or
waste stack, horizontal branches or fixture drain, and vents.
The sanitary drainage of a large building may have a number
of primary and secondary branches, and several soil and/or
waste stacks, each of them in turn may have a number of
horizontal branches.

Types of Plumbing and Drainage system

a) Two-pipe system is ideal when the location of toilets
and stacks for the WCs and waste fittings is not uniform
or repetitive. It consists of two sets of vertical pipes, one
soil pipe and one waste pipe. Both pipes are separately
ventilated by providing separate vent pipe or anti-
siphonage pipe and hence has four vertical pipes.

b) One-pipe system is suitable for buildings where the
toilet layouts and the shafts are repetitive. It requires
less space, & is economical. Here, only one pipe is
provided which collects both night soil & sullage water

The main pipe is ventilated at the top, in addition to that a
separate vent pipe is also provided. Hence, this system has two
vertical pipes.

c) Single stack system is ideal when the toilet layouts are
repetitive and there is less space for pipes on the wall. This
system has a single pipe for soil, waste and vent without
any separate ventilation pipe. The pipe is extended up to
2m above roof level, capped with a cowl to act as vent pipe.
Deep seal traps are used.

d) Single stack system (partially ventilated) is an improved
form of single stack system, where the traps of the water
closets are ventilated by a separate vent pipe called relief
vent pipe. Both the pipes, soil pipe and waste pipe, are
connected to vent pipe and thus cost is reduced.

Salient Features

1. Two pipe system ensures segregation of sewage from
waste water without danger of backflow and hence enables
direct use of waste water for gardening.

2. One pipe system requires less shaft space, quick to
construct and more economical than two pipe system for

multi-storey buildings.
Economic Aspects

1. Ease of construction, lesser space requirements makes one
pipe system more economical than two pipe, especially in
high rise buildings.

Sustainability Aspects

1. Grey water recycling is a way of reusing the grey water for
flushing purposes after it has been filtered and disinfected.

Limitations

1. Two pipe system is difficult to construct in multi-storey
buildings.

2. Thereis danger of backflow in one pipe system.

Market Linkages

1. Components of plumbing & drainage system are easily
available in different sizes.



Specifications

Size of Drainage and Plumbing pipes
(Refer NBC 2016, IS 1747:1983 and IS 12183:1987)
< 3 %y Type of pipe Diameter Of pipe (mm)
N ]
' P

\‘ / P 7~ Soil pipe 100

x-S
> Waste pipe (horizontal) 30-50

e ~

N > Waste pipe (vertical) 75

~ Vent pipe 50
—— — \\

¥ N
to ) q q

sewer Rain water pipe 75

Anti-siponage pipe 50
supply

\\\If/ line

Drainage and plumbing system diagram

Relevant Standards and References

1. National Building Code Of India (2016), Volume-2, Part-9 Plumbing Services, Bureau of Indian Standards, New Delhi.

2. 151172 :1993, Code of basic requirements for water supply, drainage and sanitation (fourth revision), Bureau of Indian Standards, New Delhi.
3. 1S1742:1983, Code of practice for building drainage (second revision), Bureau of Indian Standards, New Delhi.

4. 1512183 (Part1): 1987, Code of practice for plumbing in multi-storeyed buildings: Part 1 Water supply, Bureau of Indian Standards, New Delhi.
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Fly Ash Brick

(alternate of conventional Burnt Clay
Bricks)

Suitable Regions

@ Suitable
Region

Predominantly within 100km radius of a
thermal plant.

134

About the Technology

A fly ash brick is one, in which min. 50% fly ash has been
used as the input material. A fly Ash brick is thus, a brick
made up of min. 50% fly ash, the rest is Cement/lime and
sand. Water is added to prepare the mix and to perform
curing of bricks. It is a masonry unit, and is a 100%
replacement/alternative to conventional bricks/red bricks.
Government has provided guidelines to all the construction
agencies working in the radius of 100km from any
coal/lignite based thermal power plant, it is a must for them
to use only fly ash based products/components. Fly ash
being an industrial waste, is cheaply available in abundance.
It is also hazardous to health and environment when loosely
dumped in open areas. Thus, utilisation of the same in
construction materials, save environment and health of
people living in surrounding areas. For details, 1S:12894 may
also be referred. Being an engineered material it is easy to
control the quality of fly ash bricks and get the desired
strength and properties.

Material Requirements

Fly Ash Min. 50% of total input

material

Cement As per the desired
properties/strength (usually

6-8%)

Sand Max 42% (Depends on the

desired mix properties)

Water For mix preparation and

curing purpose

Tools and Equipments

a) Pan Mixer b)Moulds c) Vibro Compactor d)Curing
tank/equipment

Salient Features

1. A well proven building material and can be used as an
100% replacement of burnt clay bricks

2. Bricks of desired strength can be designed, as per the
requirement

3. BIS have issued an Indian Standard code 15:12894-2002 for

fly ash bricks

Use of fly ash bricks is a part of CPWD specifications

These bricks are a part of DSR

Fly Ash bricks are environment friendly

Can be manufactured right at the construction site

Major constituent material being fly ash, these bricks are

economical as compared to burnt clay bricks

Economic Aspects

1. Fly Ash bricks are 20% cheaper than regular burnt clay
bricks

Sustainability Aspects

© No v A

1. Made up of industrial waste material.
2. Carbon footprint is very less than the conventional bricks.

Limitations

1. May not be easily available in areas where thermal power
plants are at a very far distance.

Market Linkages

1. Fly ash bricks can easily be cast at construction site.
2. It can also be produced by small entrepreneurs and
supplied to consumers at State/ Block/village level.



Flyash Pan Mixer to Mix
s Raw Materials

Pan mixer 2. Lime

3. Gypsum
> ™ 4 Sand

Belt Gunqur

) ' 1. Flyash

Metal feeding
conveyor

Box feeder

Wooden Pallets

Brick press

= Ppallet Truck

Fly ash brick making machine (refer 3) Manufacturing process (refer 4)
Specifications Relevant Standards and References
Fly Ash Bricks Size Regular brick size 190mm x 90mm x 90mm (can be 1. IS 12894: Pulverized fuel Ash-Lime Bricks-Specifications, Bureau of Indian
(Refer IS 12894) moulded in any size to meet specific requirement) Standards, New Delhi.
2. IS 15648: Pulverised fuel ash for Lime-Pozzolana Mixture Applications, Bureau of
Fly Ash Grade 1 fly ash only must be used for preparation of such Indian Standards, New Delhi.
(Refer IS 15648) bricks 3. Fly Ash Brick  Machines  Manufacturers  Suppliers  Exporters,
http://www.punebusinessdirectory.com/product/fly-ash-brick-machines.html

4. B & B Machines, https://www.bandbmachines.com/.
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Suitable Regions

136

Rice Husk Ash Concrete
(alternate of cement concrete)

@ Suitable
Region

Predominantly in regions where rice is grown.

About the Technology

Rice husk is an agricultural residue which is renewable and
available in significant amounts. With the annual rice
production of 500 million tonnes in developing countries,
approximately 100 million tonnes of rice husk is available
annually for utilization in these countries alone. RHA,
produced after burning of Rice husks (RH) has high reactivity
and pozzolanic property. Indian Standard code of practice for
plain and reinforced concrete, IS 456- 2000, recommends
use of RHA in concrete but does not specify quantities.
Chemical compositions of RHA are affected due to burning
process and temperature. Silica content in the ash increases
with higher the burning temperature. Rice husk is unusually
high in ash: close to 20%. The ash contains 92 to 95% silica,
highly porous, and lightweight and has very large external
surface area. The use of ashes by the grinding process in
cement concrete generally improves the properties of
concrete. The concretes containing ground RHA are of good
quality with reduced porosity and improved resistance to
sulphate attack and chloride penetration as well as high
strength.

Material Requirements

Rice Husk Ash Varies, typically 10-20% of

total cement requirement

Cement
Sand Depends on quality of RHA
and the Grade of concrete
being designed
Aggregate

Tools and Equipments

a) Roller Pan Mixer
d) Moulds

b) concrete pump  c) needle vibrator
e) Mixing, casting & handling equipment

Salient Features

1.
2.

5.

Utilises Agricultural waste material.
Better stability and workability as
conventional concrete.

RHA concrete has better impermeability and durability
because of strengthened transition zones.

RHA minimizes alkali-aggregate reaction, reduces
expansion, refines pore structure and hinders diffusion of
alkali ions to the surface of aggregate by micro porous
structure.

compared to

Environment friendly.

Economic Aspects

1.

Studies reveal that RHA Concrete provides an economy of
10%-15%.

Sustainability Aspects

1. Utilization of agricultural waste.

2. Reduced carbon foot print.

Limitations

1. May be difficult to get in the parts where rice cultivation is

low.

Market Linkages

1.
2.

Prepared at the site itself.
Beneficial for construction agencies.



Specifications

=

OO

INDUSTRIAL PROCESS

RICE HUSK ASH

N

HIGH Ca/Si RATIO
LOW COMPRESSIVE STRENGTH

Ca/SI RATIO = 1.0
HIGH COMPRESSIVE STRENGTH

Manufacturing process (refer 3)
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Schematic representation of RHA production. Black arrows represent process
flow and dotted arrows show the transportation.
(refer 4)

Relevant Standards and References

RHA Concrete

(Refer IS 456:2000)

Suggests the utilisation of RHA in concrete

1. 1S456-2000, Code of practice for plain and reinforced concrete (Reaffirmed
2016), Bureau of Indian Standards, New Delhi.

2. 1515648:2006, Pulverized fuel ash for lime-pozzolana mixture applications-
specifications, Bureau of Indian Standards, New Delhi.

3. Sustainable cement slurry using rice husk ash for high temperature oil well,

Journal of Cleaner Production, Volume 204, 10 December 2018, Pages 292-
297.

4. A life-cycle approach to environmental, mechanical, and durability properties
of “green” concrete mixes with rice husk ash
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About the Technology Tools and Equipments

Cellular Light Weight Concrete
(alternate of conventional Burnt Clay
Bricks)

Cellular concrete is a mixture of cement, water, and a)Pan Mixer b)Concrete Pump c)Foam Generator and
preformed foam. The purpose of the foam is to supply a d) Foam Injector
mechanism by which a relatively high proportion of stable air
voids can be induced into the mixture and produce a cellular
or porous solid upon curing of the mixture. Cellular concrete
is produced with various densities (volume weights) from
250 kg/m?3 to 1600 kg/m3. CFC is harder in comparison with
traditional insulation materials, especially when chemical
and fire resistance is needed. A light weight cellular concrete
is that Solid or hollow concrete blocks, density of which does
not exceed 1000 kg/m3 conforming to IS: 3590. formation of
cellular concrete require a all the relevant materials and
equipment that are required to form conventional concrete,
in addition to that we also will need foam concentrate, foam  Economic Aspects
generator and foam injector. Cellular concrete are typically 1. Production cost is comparable to conventional concrete,
divided into 3 types based on their densities High Density however, transportation cost is lesser.
Cellular concrete (Density ranging from 1200 kg/cum to 1800 . .

Suitable RegionS kg/cum) Medium Density Cellular concrete (800-1000 Sustainability Aspects

. kg/cum) and light density Cellular concrete (400-600 1. Lessercarbon foot print.
kg/cum). Portland cement is the normal cementing material. 2. Low life cycle cost.
When Portland cement mixes rich in lime are used, very |Limitations
finely ground pozzolanic material, such as scoria, cinders,
burnt clay or shale, diatomite or crushed brick, in the

proportion of up to 25% by weight of the cement and lime,
should be used. Market Linkages

Salient Features

1. Lightin Weight

2. Easy handling

3. Better Fire Resistance

4. Better Thermal Insulation
5. Better acoustic insulation
6. If fly ash based-Eco friendly

7. Cost efficient

8. Better termite resistance

9. Better resistance to freezing issues

1. Low compressive strength as compared to conventional
concrete.

Foam concrete of density less than about 600 kg/m®is made 1. Ready availability of the technology.
with neat cement, but when a denser concrete is required, 2. Widely accepted technique and products worldwide.
aggregates are included in the mix. Examples of suitable
aggregates are sand, stone dust, brick dust, fine gravel,
= Suitable granulated cinders, fly ash. To produce uniform, low density
Region products, sand should be of even particle size and, for the
lower densities, relatively fine (passing 0.6 mm mesh).

Material Requirements

Cement concrete Fly ash Foaming agent

All parts of India
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Specifications
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IS 6042:1969 Code of practice for construction of light weight
concrete block masonry
ASTM C Standard Specification for Foaming Agents Used in
869:2016 Making Preformed Foam for Cellular Concrete
ASTM C Standard Test Method for Foaming Agents for use in
796:2019 Producing Cellular Concrete using Preformed Foam
ASTM C Standard Test Method for Compressive Strength of
495:2019 Lightweight Insulating Concrete

[ Fosm }

SLURRY TROLLEY | -

| CLC BLOCK STACK F —

Manufacturing process (source: iyantra|CLC)

Relevant Standards and References

1. 156042:1969, Code of practice for construction of light weight concrete
block masonry, Bureau of Indian Standards, New Delhi.

2. ASTM C 869 :2016, Standard Specification for Foaming Agents Used in
Making Preformed Foam for Cellular Concrete.

3. ASTM C 796 :2019, Standard Test Method for Foaming Agents for use in
Producing Cellular Concrete using Preformed Foam.

4. ASTM C 495 :2019, Standard Test Method for Compressive Strength of
Lightweight Insulating Concrete
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Bamboo May Corrugated

Sheet

(alternate to CGl/Asbestos roofing
sheets)

Suitable Regions

@ Suitable
Region

North-east India and some other parts of country

where structural grade bamboo is available.
140

About the Technology

Bamboo Mat Corrugated Sheet are an excellent alternative
to corrugated metal, plastic or asbestos roofing sheets. They
are produced from a natural and sustainable resource and
can be used to cover homes, storage facilities, animal pens
and many other temporary or permanent structures.
Bamboo Corrugated Sheet is made from several layers of
woven bamboo mats. These woven mats are impregnated
with an adhesive resin and pressed together between two
specially designed corrugated pressing plates. The sheets can
be produced in a range of sizes to suit particular
requirements and can easily be trimmed for special
applications. The main materials used are bamboo slivers to
produce the mats, and adhesive resin in which to soak the
mats. A resin applicator is needed, and a drying chamber is
optional. Corrugated pressing plates for the hot press are
essential.

The process of producing Bamboo Corrugated Sheet
involves 6 steps:

Bamboos are split into thin slivers.

Slivers are woven into mats.

Mats are soaked in adhesive resin.

Mats are allowed to drain and dry.

Mats are glued together under high temperature and
pressure.

6. Sheets are trimmed to shape.

Essentially the process is identical to the production of
bamboo mat board, except that the sheets are formed by
pressing the mats between corrugated rather than flat
pressing plates.

vk wNE

Material Requirements

Bamboo mat Bamboo slivers

Phenol formaldehyde
resin

For soaking mats

Polyurethane For coating purpose

Tools and Equipments

a) Band Dryer b) Thermic fluid boiler c) Storage tank

screw compressor e) Resin applicator f) glue spreader, g) Dust

extractor e) corrugated pressing plates

Salient Features

1.

e wNnN

6.

Better Thermal Comfort than other sheets.

Better Appearances.

Better flexural strength.

Better Impact resistance.

Better Noise insulation performance as compared to
plastic/zinc sheets.

Better thermal insulation.

Sustainability Aspects

oA wNeE

Eco Friendly.

Very less carbon footprint.

Local employment generation.
Utilisation of local resources.
Bamboo is available in abundance.
Energy efficient.

Limitations

1.

May not be economical at places where bamboo is not
easily available.

Market Linkages

1.

AW

Beneficial for MSME.

Low investment-High return.

Can be produced locally.

Easy availability of raw material.

Availability of up to 75% working capital loan.

d)



Specifications

Dbl showing the joinery of Gl shets [at the
crasl) o the steel mamber using bols
BMCS are anchored to
bamboo purlins

Using ] bolts

Detail showing how
BMCS are joined to
bamboo purlins using J
bolts at the crest

sy

\
OVERLAPS SHOULD BE
AT LEAST 10em

BMCS should be bolted at
crest not trough.

Detail showing overlap of
BMCS .

Joinery details of Bamboo mat corrugated sheet
(source: Corrugated Bamboo Roofing Sheets)

1S-5476:1986

Bamboo Mat corrugated sheet-specifications

1S-13958:1994

Bamboo mat board for general purposes— Specification

IS 1902:2006 Code of practice for preservation of bamboo and cane for non-
structural Purposes
IS 4905:1968 Methods of random sampling

Complete house with Bamboo mat corrugated sheet roofing
(source: Corrugated Bamboo Roofing Sheets)

Relevant Standards and References

1. 15-5476:1986, Bamboo Mat corrugated sheet-specifications, Bureau of
Indian Standards, New Delhi.

2. 1513958:1994, Bamboo mat board for general purposes — Specification,
Bureau of Indian Standards, New Delhi.

3. 151902:2006, Code of practice for preservation of bamboo and cane for
non-structural Purposes, Bureau of Indian Standards, New Delhi.

4. IS 4905:1968, Methods of random sampling, Bureau of Indian
Standards, New Delhi.

5. Corrugated Bamboo Roofing Sheets, INBAR technology pages.
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Compressed Earth Brick/Block

(alternate of conventional Burnt Clay

Suitable Regions

142

Bricks)

All parts of India

@ Suitable
Region

About the Technology

Compressed earth blocks have been in use since hundreds of
years, The first steel manual press which has been produced
in the world in the 1950’s was the Cinvaram. It was the result
of a research programed for a social housing in Colombia to
improve the hand moulded & sun dried brick (adobe). This
press could get regular blocks in shape and size, denser,
stronger and more water resistant than the common adobe.
Since then many more types of machines were designed and
many laboratories got specialized and skilled to identify the
soils for buildings. Many countries in Africa as well as South
America, India and South Asia have been using a lot this
technique.

The soil, raw or stabilized, for a compressed earth block is
slightly moistened, poured into a steel press (with or without
stabilizer) and then compressed either with a manual or
motorized press. CEB can be compressed in many different
shapes and sizes.

Not every soil is suitable for earth construction and CSEB in
particular. But with some knowledge and experience many
soils can be used for producing CSEB. Topsoil and organic
soils must not be used. Identifying the properties of a soil is
essential to make good quality products. Some simple
sensitive analysis can be performed after a short training.
Cement stabilization will be better for sandy soils. Lime
stabilization will be better suited for clayey soils.

Material Requirements

Good Soil Gravel=15%
Sand=50%
Silt= 15%
Clay=20%
Stabilizers Proportion
Cement (sandy soil) 3% (min.)to 5%
Lime (clayey soil) 2% (min.)to 6% (10% max.)

Tools and Equipments

a) Mixer b) Moulds c) needle vibrator d) Compressors

Salient Features

1. CSEB uses a biodegradable material that is locally available.
Thus, it saves the transportation, fuel, time and money.

2. Firewood is not needed to produce CSEB, thereby limiting
deforestation.

3. Produced locally, with a natural resource and semi skilled
labour, it is a cost effective material.

4. Being produced locally it is easily adapted to the various
needs: technical, social, cultural habits.

Economic Aspects
1. CSEB are cheaper than fired bricks, offering an economy of
approximately 20%.

Sustainability Aspects

1. The production of earth-based materials consumes much
less energy (15.1 times less than country fired bricks ) and
pollutes much less than fired bricks (7.9 times less), thus,
are much more eco-friendly.

Limitations

1. Wide spans,
considerations.

2. Low technical performances compared to concrete.

3. Under-stabilization resulting in low quality products.

4. Proper soil identification is required.

high & long building need special

Market Linkages

1. Prepared at the site itself.

2. ltcan also be produced by small entrepreneurs and
supplied to consumers at State/ Block/ village level.



| Materials
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Plain 240 Hollow 240
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Hollow 390
Full Size: 39 x19x9cm

Plain Interlocking 245
Full Size: 24.5x 24.5x9.5cm

(used in combination with
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mould plain 290)
Plain Interlocking 295

ooy
Full Size: 29.5x 145 x 9.5 ¢cm
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Hollow Interlocking 245
Full Size: 245 x24.5x 9.5 cm
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Hollow Interlackmg 295

Hourdis 400
Full Size: 40 x 24 x 9cm

Plain 190
Full Size: 19x9x8cm

Mini Block
Full Size: 14 x 7 x5cm

Full Size: 29.5x 14.5x 9.5¢cm

&

Dry Interlocking 300
Full Size: 29.8 x 14.9 x 10 cm

Different sizes of compressed earth blocks (source: Auroville Earth Institute)

Specifications Relevant Standards and References

) 1. ARS 680: 1996 - Compressed earth blocks - Code of practice for the production of
ARS 680:1996 Production of Compressed earth blocks
compressed earth blocks.
ARS 681:1996 Preparation of earth mortars for Compressed earth 2. ARS 681:1996 - Compressed earth blocks - Code of practice for the preparation of earth
blocks mortars.
3. ARS 682:1996 - Compressed earth blocks - Code of practice for the assembly of
ARS 682:1996 Assembly of Compressed earth blocks masonry compressed earth block masonry
4. Auroville Earth Institute,

http://www.earthauroville.com/auram earth equipment introduction en.php
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About the Technology Tools and Equipments

Textile Relnforcer:i Concrete Reinforced concrete (RC) is one of the most widely used a) Mortar mixer machine b) MASS TRCPT unit
(alternate of conventional cement building materials in the construction industry in the past Salient Features
concrete i i . .
) and present century. However, the major disadvantage of RC Completely avoids the conventional way of concrete
is that its steel reinforcement is prone to corrosion. Textile construction. which makes use of moulds.

reinforced concrete (TRC) is an innovative composite 5  various products for structural and non-structural

material that is making rapid strides in the construction applications can be produced from this single technology.
industry, across the globe. 3. Less fabrication cost with increased production rate.

TRC comprises of fine-grained high quality cementitious 4 Flexible and light weight material which is non-corrosive
matrix and non-metallic alkali-resistant  textile as and durable.

reinforcement. The reinforcing textile can be of alkali ¢ nskilled manpower can be deployed for production of TRC
resistant glass, carbon, polypropylene, aramid and so, which panels.

are economically and/or functionally superior to classical ¢ Trc panels can withstand rough weather conditions.
steel reinforcement in many applications. The textile made 7 rormwork not required for TRC panel casting.

of treated coir, bamboo, jute, etc. are also the potential g TRc panels can be aesthetically designed without any
candidates for textile reinforcement. High corrosion additional cost during fabrication.

resistance of non-metallic fibres and low self-weight of
textile allows production of lightweight and thin walled Economic Aspects
Suitable RegionS elements. With excellent material properties, most notably 1. TRC is cheaper as it consumes approximately 60% less
. freedom from corrosion, lightness and flexibility, textile concrete than steel reinforced concrete.
reinforcements have the potential to greatly transform the  gystainability Aspects
construction industry. TRC is also expected to revolutionize

the rehabilitation and maintenance of structures, as the
corrosion damage and the subsequent high maintenance

1. TRC offers enhanced environmental performance as it
requires less concrete.

costs were the major challenges with the steel reinforced Limitations

concrete. 1. The alkali resistant textile should be carefully selected
TRC products developed by CSIR-SERC, Chennai, can be used based on the quality of bond with concrete, corrosion and
for a variety of applications in roofing, walling and flooring. A temperature resistance, cost as well as environmental
novel technology was also developed to produce light- impact.

weight TRC tiles of different shapes and sizes for Market Linkages

= Suitable wall/flooring applications. Besides these, TRC can also be 1. Using TRCPT, TRC sheets are prototyped to produce
Region used as a repair, rehabilitation and retrofit material. products of various shapes and forms by appropriately

choosing the cementitious matrix and textile combinations.
2. Technology is available for transfer to interested players in

Material Requirements the industry.
TRC Panels for walls, floors Cement concrete
All parts of India and roofs TRC tiles Alkali-resistant textile
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Plinth Panel Wall Panel Crash barrier Door Panel Roof Panel Tiles

TRC products developed at CSIR-SERC(source: CSIR-SERC)

Demonstration of strengthening of RC beam using TRC produced from
TRCPT (source: CSIR-SERC)

Construction of TRC toilet - various stages (source: CSIR-SERC)

Specifications

Precast TRC Panels for wall, floor Size: custom-made to any shape and size without ' =
and roofing applications using moulds. Thickness Varies from 15mm to TRC products produced using TRCPT (source: CSIR-SERC)
25mm.
Relevant Standards and References

. . 1. CSIR- Structural Engineering Research Centre, Press-Release-TRC-16.6.2017,
Abrasion resistance: 1.9mm e .
Water absorption: 6% https://serc.res.in/sites/default/files/Press-Release-TRC-16.6.2017.pdf
Wet transverse strength: 4.8MPa. 2. Textile reinforced concrete prototyping technology, CSIR- Structural
Engineering Research Centre, https://serc.res.in/sites/default/files/TRCPT.pdf
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TRC tiles for industrial flooring Size: 300 x300x 15mm.
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