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BUILDING MATERIALS AND TECHNOLOGY PROMOTION COUNCIL
(BMTPC)

The Building Materials and Technology Promotion Council (BMTPC) is an inter-
ministerial autonomous body functioning under the aegis of the Ministry of Urban
Employment and Poverty Alleviation, Government of India. The Council is
primarily engaged in development and promotion of cost effective building
materials and construction technologies in housing and buildings sector. It aims at
strengthening continuing interaction with industry, financial institutions,
construction organizations, R&D, standardization institutions and NGO’s,
nationally and internationally. The focus areas of BMTPC, inter alia, include the
promotion of environment friendly and energy efficient building materials based
on agro-industrial wastes and locally available resources.

INTERNATIONAL CENTRE FOR ADVANCEMENT OF
MANUFACTURING TECHNOLOGY (ICAMT)

ICAMT is an international Centre established by United Nations Industrial
Development Organisation (UNIDO) in Bangalore (India) in co-operation with the
Government of India with a view to enhance manufacturing capabilities and
competitiveness of industries in developing countries.

Its mission is to bridge the technology divide by promoting technology as the
means to industrial competitiveness in developing countries.

ICAMT is implementing National programmes for development of selected
sectors (toy, stone, machine tools & lock) in India. The centre has also taken
initative to promote Indian technologies for manufacturing of alternative building
materials based on agro-industrial waste in the developing countries.

" BACKGROUND OF THE TRAINING COURSE

Fast changing demographic and migratory trends in most developing countries are
exerting pressure on domestic construction industry for improving efficiency,
productivity and delivery systems to meet the housing needs particularly for
citizens in low income segments. The materials industry in most of the countries in
African, Asian and Latin American regions is under tremendous pressure due to
wide spread scarcity and rising costs of traditional materials. Severe shortages of
materials are also impacting the deliverable costs of housing which makes it
unaffordable for a large section of population belonging to the low income strata.
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The other common characteristic feature of the building materials industry in most
developing countries is continuing use of high energy consuming manufacturing
technologies and the adverse impact on environment due to high consumption of
natural raw material resources in manufacturing of traditional materials like
cement, steel, timber, aluminium, etc.

In view of the above, one strong option is to promote use of innovative composite
materials based on local resources from forestry, agriculture, natural fibres, plant
materials and locally available agro-industrial wastes. Such alternative materials
can be manufactured either by using the natural fibres as reinforcement in a binder
such as cement or polymer or by using industrial wastes like fly ash,
phosphgypsum and slags & sludges etc. It has been noted that increased industrial
production of composite materials (consisting of particulate, fibre reinforced or
laminar composites) not only helps in meeting the needs of housing sector but on
the other hand greatly help in environmental protection and employment
generation.

Research and development efforts of past 3 to 4 decades in several countries,
specially in India, have led to the development of various scientific and
engineering aspects of composite materials from local resources. Such efforts have
reasonably demonstrated and established that many of these materials can
effectively substitute traditional materials like cement, steel and wood. However,
these technologies both in the design of composite materials and manufacturing
processes have not been adopted on commercial scale except in few countries. In
India, the research and development have helped in developing a large variety of
composites in all three categories and many of these are being commercially
manufactured. It has also been seen that enhancing the commercial production of
composite building materials can answer three problems confronting the most
developing countries that of

(1) creating sustainable livelihoods,

(ii)  preserving the environment, and

(ili) meeting the demand of affordable building materials for housing.

In the above background, the efforts are being made by national governments and
international agencies for development and promotion of composite building
materials based on renewable raw material resources either from agro-forestry or
from industrial by-products and wastes. It is in this context, the present Training
Course was organised for motivating the scientists, engineers, industry
representatives and decision makers in the government to realise that production
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and use of composite materials is one of the most appropriate options to meet the
demand of affordable building materials required for achieving the national goal
of housing in respective countries.

Recognising that the building industry is strategically linked to improving the
standard of living in the developing countries and the fast emerging technological
innovations can help in improving efficiency and productivity of the building
materials industry, the International Centre for Science and High Technology
(ICS) proposed to organise a Training Course on “Materials Design and
Production Processes for Low Cost Housing” in cooperation with Building
Materials and Technology Promotion Council (BMTPC) and International Centre
for Advancement of Manufacturing Technology (ICAMT). The Training Course
was organised from 25 - 29 November, 2002 at Bangalore, India. In order to assist
the countries in South-East Asian region the Training Course was particularly
structured to meet the needs of building materials industry in the countries of this
region. The Course, therefore, attracted the participants from Indonesia, Vietnam,
Nepal, Bhutan, Bangladesh, Sri Lanka and India.

 PARTICIPANTS

The Training Course was attended by 10 participants from Indonesia, Vietnam,
Bhutan, Nepal, Bangladesh, Sri Lanka and 12 participants from India. The
participants from India included 9 from outside Bangalore and 3 from Bangalore.

- Most of the participants were from Research Institutes, Academic Institutions,

Housing and Building Agencies, Ministries of respective countries including
representatives both from private and government sectors. Large number of
officers from different ministries in India, responsible for actual adoption of cost-
effective technologies in government construction had also attended the course as
observers in different Sessions and participated in the Panel Discussion held on the
last day. ‘

The list of participants is appended in Annexure-4.

LECTURERS

Besides, 1 resource person Dr. P.V. Kandachar nominated by ICS, BMTPC had
invited seven highly knowledgeable speakers of international repute from R&D

Institutions, industry and funding agencies. Lecturers covered a wide range of
topics such as raw materials selection, characterization of materials, type of
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composites and the actual fabrication of natural fibre composite in lab as well as
factory conditions. Technical advantage of natural fibre composites over the other
composite materials already in use has also been discussed in detail. Most of the
lecturers were provided with extra time for interactive session with the participants
in order to understand the possibilities of mutual cooperation and technology
transfer of various natural fibre based technologies in the participating countries.

Speaker / Resource Person

Title of Presentation

Dr. Mohan Rai Characterisation of Raw Materials for Design of
Deputy Director (Retd.) Composite Building Materials

CBRI, Roorkee

Dr. R. Gopalan Manufacturing methods for Eco-friendly, cost-
Director & CEO, effective GRP Building Products

RV-TIFAC

Dr. Soumitra Biswas

Programme, TIFAC

Advisor — Advanced Composite

Composite  Technology =~ Development  and
Commercialisation — Some Successful Case Studies

Mr. Tommy Mathew
Director,
Natura Fibre Tech Pvt. Ltd.

Development & Production of Wood Substitute
using Agro Wastes

Dr. P.V.Kandhchar
Professor
Delf University of Technology

Overview and advances on Science, Technology and
Application of Composite Materials based on
Natural Resources

Dr. K. G. Satyanarayana
Deputy Director, RRL,
Thiruvananthapuram

Natural Fibre Composites, Issues and Perspectives

Dr. N. G. Nair
Former Professor & Head

Composites Technology Centre,
IIT, Chennai

Composite Materials Design & Manufacturing for
Building Applications

Executive Director, BMTPC

Mr. A. K. Bansal Lignocellulosic as a Sustainable Source for Building
Director, IPIRTI Material
Mr. T.N.Gupta, Need for composite building materials and

strengthening of technology transfer promoting
technology transfer in the area of composite between
India and developing countries in African and Latin
American regions. Role and achievements of
BMTPC in strengthening Technology sharing
between India and other Developing Countries in the
area of Composite Materials for Low-Cost Housing.
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DETAILED DAILY SUMMARY OF THE TRAINING COURSE
Day - 1: Monday - 25 November

The Training Course was inaugurated on the moming of 25™ November and the
inaugural address was delivered by an eminent scientist Dr. B. R. Somashekar
from National Aeronautical Laboratory, Bangalore and currently the Advisor to
National Composites Mission, Government of India.

The participants were welcomed by Mr. Vasantha Kumar, Advisor, ICAMT. After
the Lighting of the Lamp by Chief Guest, introduction to ICAMT/ICS activities
was given by Mr. Vinod Yadav, ICAMT. Introduction of the Training Programme
and activities of BMTPC were presented by Mr. T.N.Gupta, Executive Director,
BMTPC.

The first Technical Session started with the introduction of the participants and the
presentation of Prof. Kandhachar on overview and advances on science and
technology of composite materials based on natural resources. In his presentation
the following aspects were covered in detail:

Availability of natural fibres

Properties of natural and synthetic fibres

Comparison of cellulosic fibres with glass for mechanical design
Composites

Surface treatment of fibres

Manufacturing technologies

Product design and estimation of properties

VVVVVYVY

Activities of BMTPC relating to development of composite building materials and
promoting technology transfer between India and developing countries in African
and Latin American regions were presented by Mr. T.N.Gupta, Executive
Director, BMTPC.

Audio Visual Presentation of ICS and activities and programmes of [CAMT were
presented by Mr. Vasantha Kumar, Advisor, ICAMT.

Thereafter the Exhibition organized by BMTPC in the same venue was
inaugurated. Throughout the duration of the Course i.e. from 25 to 29 November,
the Exhibition was kept open. The display showcased the developments that have
taken place in India in the field of development, commercial production and field
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application of composites. International ongoing programmes focussing on
transfer of Indian technologies and expertise to other countries in African, Latin
American and Caribbean regions were also included in the display.

Day - 2: Tuesday — 26 November

The second day started with the presentation by Dr. N. G. Nair on overview and
advances on science and technology of Composite Materials Design &
Manufacturing for Building Applications. The lecture covered following aspects
of composite materials:

> Basic design requirements

> Composite materials for building applications

» Material selection and material structure design
> Selection of fibres

» Matrix materials

» Mechanical properties of natural fibre composites

Some Successful Case Studies on Composite Technology Development and
Commercialisation in India were presented by Dr. Soumitra Biswas. The lecture
covered different aspects of industry — academia partnership, natural fibre
composites, jute composite and their potential applications.

Dr.R.Gopalan presented the Manufacturing -Methods for Eco-friendly, cost-
effective Glass Reinforced Polymer (GRP) Composite Products. During his lecture
he emphasized upon the composite materials offering exciting advantages over
known structural materials, in terms of stiffness-to-weight and strength-to-weight
ratios, high resistance to abrasion, dimensional stability amenability to desired and
engineered into any desired shape and size, resistance to chemical and atmospheric
corrosion, lower tooling costs, simplification of manufacture by parts integration,
etc.

Day — 3: Wednesday — 27 November

Field visit to RV-TIFAC Composite Design Centre was organized in the morning
session.

Field Visit RV-TIFAC
Dr. R. Gopalan, Director of CEO, RV-TIFAC composite design centre explained
the various steps for the production of Glass Fibre Reinforced Composites.
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Different production methods such as hand-lay-up technique, spray-up, vacuum
bag, compression moulding, resin transfer moulding, filament winding pultrusion
etc. were explained. Low temperature compression moulding and high
temperature compression. moulding of various glass fibre products were
displayed. A systematic way for the production of GRP-PUF sandwich composite
technology was demonstrated to the participants. Advantage of semi mechanised
and fully mechanised production process was explained. Different aspect of core
material and wooden reinforcement for the development of door and window
frame have been demonstrated and explained.

The lab set up for the testing of various doors and window frames as per IS: 4020-
1994 was also shown to the participants. Various dimensional and engineering
property measurement methods where explained to the visitors.

Afternoon session started with the lecture by Dr. K. G. Satyanarayana. The lecture
was on Natural Fibre Composites, Issues and Perspectives. In his lecture, he
covered different aspects of natural fibres:

» Composites

» Natural fibres, source, extraction, structure, property, cost etc.

» Natural fibre composites, their current status, fabrication techniques,
properties, products development, cost comparison, problems and solutions
and selection criteria

- The Session concluded with the presentation of Prof. Kandhachar on overview and

advances on science and technology of composite materials based on natural
resources with special reference to auto-mobile and agriculture industry.

A field visit to Natura Fibre Tech Pvt. Ltd.was organized to explain all the
participants the different production processes of coir & jute fibre composites.

Day — 4: Thursday — 28 November

The forth day started with the presentation by Dr.Mohan Rai on Characterization
of Raw Materials for Design of Composite Building Materials. The lecture
covered different characterization parameters on following aspects:

» Characterization of fibres
» Variability in chemical and physical properties of natural fibres
» Mechanical and chemical properties of natural fibres
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> Types of composite materials

> Essential properties of fibre and matrix

» Natural organic fibres in cement matrix

» Steel fibre, and glass fibre reinforced cement concrete
> Properties of fibre reinforced concrete composites

Mr. A. K. Bansal made the presentation on Lignocellulosic as a Sustainable
Source for Building Material. During his lecture he covered various aspects of
bamboo based building materials in India including research, training,
standardization related to panel products from wood, bamboo & other renewable
fibres including forest/agro residues.

Mr. Tommy Mathew made a presentation on Development & Production of Wood
Substitute using Agro Wastes. Use of coconut and jute fibres in manufacturing of
composite materials and its processing. Application of coir fibre for the production
of materials such as acoustic & false roof panels, door panels, partitions,
corrugated roof sheets etc. were covered in the lecture.

A field visit to Indian Plywood Industries Research & Training Institute (IPIRTI)
was organized.

Day - 5: Friday — 29 November

In the first Session, Country Reports were presented by all foreign participants
and three Indian participants (Annex-7). Later, a panel discussion was organised
with the participation of representatives from technology developers, industry
(engaged in production and marketing of composite materials), end-users
(construction organisations) and one HRD expert. The panel discussion was
coordinated by Prof. Kandachar. The panel discussions was concluded with
presentation of recommendations and outcome as formulated jointly by Mr.
T.N.Gupta and Prof. Kandachar from the interaction with the participants from
various countries, resource persons and country reports as discussed in the open
house. These recommendations comprised issues (recommendations) which
deserve to be addressed through short term and medium term strategies in the
framework of south-south cooperation policy of UNIDO.

After the panel discussion, the valedictory address was delivered by Prof.
Dattaguru, Chairman of Aerospace Engineering Department of Indian Institute of
Science, Bangalore. '
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Panel Discussion - 29 November 2002 A

On the final day, a panel discussion was organised with the participation of
representatives from technology developers, industry (engaged in production and
transfer of technology marketing of composite materials, end-users like
construction industry and one HRD expert. The following experts participated in
the panel discussion:

Prof. P.V. Kandachar, Co-ordinator
Mr. T. N. Gupta

Prof. B. Dattaguru

Dr. R. Gopalan

Mr. N.Sivasailam

Mr. Emdadul Huq

Dr. C.S.Vishnukant Chattpalli

Mr. S.Vasantha Kumar

Mr. Tommy Mathew

NI R R N

The panelists made detailed presentations about the aspects of composite materials
as related to their own fields. These were followed by a presentation of
conclusions and recommendations by Prof. Kandachar. The recommendations
were proposed, discussed and finalized in consultation with the resource persons,
panelists and the participants.

FIELD VISITS N

Visit to RV-TIFAC Composite Design Centre - 2 7" November 2002

The visit was useful as the participants were explained in details about the coir
fibre mat technology as well as the manufacturing processes of the coir, jute and
other natural fibre based composite materials. The visit was of particular interest
as the Glass Reinforced Polymers (GRP) composite material is fast emerging new
class of materials. During the visit production methods of GRP composites such as
hand-lay-up technique, spray-up, vacuum bag, compression moulding, resin
transfer moulding, filament winding pultrusion were covered.

Field Visit to Natura Fibre Tech Pvt. Ltd. - 27" November 2002

Use of coconut fibre in manufacturing of composite materials and its processing
were explained in detail to participants. The meet the increasing demand for wood
based panel products there is a great need to identify substitutes for wood based
products. Jute and coir are agro fibres grown in the rural areas. Products of these
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fibres are sustainable and renewable. Application of coir fibre for the production
of materials such as acoustic & false roof panels, door panels, partitions,
corrugated roof sheets etc. were shown to the participants.

Visit to Indian Plywood Industries Research & Training Institute (IPIRTI) - 28*
November 2002

During the visit various technologies of the bamboo based composites were
explained in detailed. Considering the need for developing alternate eco-friendly,
energy efficient and cost effective roofing sheets, Building -Materials &
Technology Promotion Council (BMTPC) and Indian Plywood Industries
Research & Training Institute (IPIRTI) jointly have developed a technology for
manufacturing Bamboo Mat Corrugated Sheets (BMCSs). BMCS produced at
pilot scale facility established at the IPIRTI used in several demonstration
buildings was explained. The sheets have been found to be resistant to water, fire,
decay, termites, insects, etc. They are light but strong and possess high resilience
and offer better thermal comforts. The participants were also informed that these
Bamboo Mat corrugated sheets are being commercially manufactured.

EVALUATION OF THE TRAINING COURSE

Information on bio-degradable plastic, use of different natural fibres in the making
of composite materials and visit to RV-TIFAC composite design center and
IPRITI, Bangalore where on the spot manufacture of composite materials was

- demonstrated has generated interest among the participants to start similar type of

research work in their respective countries. Most of the participants showed their
keen interest in the various lectures and interacted with the resource persons in
order to improve their knowledge about the natural fibre composite materials. This
activity helped in establishing a link between the South East Asian countries for

~ future collaboration between the countries in the region.

Comments about the Training Course by participants
Nepal

o All the lectures conducted in this training course are equally useful, because
the topics chosen for this training are basically for low cost and substitute
building materials in the field of building construction which the developing
country like Nepal is demanding. Among all the lectures, composite material
design and manufacturers for building applications seemed more useful.

10
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In my opinion, such type of training course should bé regularly conducted in
every year, because it deals a lot of knowledge about the new building
materials to reduce the cost of the building construction.

Of course, the topics / tools that we studied during the training course could be
used by the industries in my country. We have quite a lot of bamboo available
in my country. The technique of using bamboo to produce door panels, roofing
sheets etc. can be used to substitute wood.

Nepal is a mountainous country. So ICS can help to develop the building
materials to improve the stone. Also we have quite a lot of bamboo and jute.
ICS can help us to improve jute and bamboo production building materials.

Of course, this training program course is very much benefited to us, because
Nepal is a developing country and need low cost of the building materials. So,
we can introduce the substitute building materials to reduce the cost.

Vietnam

The training course opens a lot change for collaboration in research and in
producing technology for Asia and developing countries. However, the
problems for developing countries is finance. If there can be some programme
which will support by UNIDO for above purposes.

I found very useful with demonstration and lecture on composite material
using natural fibre. Coconut, banana, bamboo during training course. I
recognised some good direction for my future research.

I would like to organise some collaboration with India on the other hand, I
have persuaded examples in India.

GES  GED -GN OGN BNDEED GEDC GHD UMD G e

Bhutan

e I think, I can make use of the training course in my country but at present we
don’t have any plants and so I think it will take some time to come up.

e [ would like if this sort of training course to be used in our country where we
have so many natural resources available.

11
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e This training course has benefited me a lot. Our country requires lots of houses

for the people, so now, I know how to make use of the locally available
materials.

e [ will disseminate the information that I have acquired during this course by
sharing all those brochure which I am taking with me from here and also by
your website.

Bangladesh

e Few manufacturer in Bangladesh is manufacturing. FRP using Glass Fibre, but
more with natural fibres. Bamboo, banana plant, jute etc. are grown abduntly in
Bangladesh. Existing FRP producing plants can be modified or new plants can
be set up for producing FRP with natural fibres. Only technologies transfer is
necessary in this regard.

e The course provided an opportunity to share the experiences with other
participants, which widened scope for R&D in the specific are of the
programme.

e The information gathered during the course can be use for making aware. The
possible entrepreneurs of the new technologies available for implementation. -

Indonesia

e The information and knowledge gathered in the course can be for the benefit of
coir and bamboo composites industries which are the most possible to be
developed in my country. Since, both kind of fibre resources are plenty in my

country, however, it have not use optimally.

e In addition, this knowledge can also be used for other indigenous fibres are
considered to be used for composite materials design as well.

o The course provided the platform to establish regional working group on
composite materials based on natural resources.

e To conduct collaborative research programme among participating countries.

12
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Sri Lanka

e Factory visit was most important part of the training course.
e Yes, now we can improve the building material industries in our country.

e This training programme is most useful to us and it is very successful training
programme.

ACHIEVEMENTS OF THE TRAINING COURSE

The Training Course proved to be a very useful event as felt by most of the
participants from other countries. Many participants were not aware of the
potential of composite materials particularly for applications in construction and
building industry. Their participation in the Course and free interaction with
knowledgeable Resource Persons encouraged them not only to know more about
the composite material, production technologies but motivated them to take
initiative on developing science and engineering of composite materials in their
respective countries. Some of them felt that R&D organisations in their countries
should undertake projects for developing composite materials based on their local
resources in collaboration with institutions in India and Netherlands. The biggest
achievement of the Training Course reflects in the fact that most of the
participants realised that composite materials based on natural fibres, plant
materials and other agro-industrial wastes can be developed and utilised
effectively as substitute to traditional materials like cement concrete, corrugated
iron sheets, hard wood panels and doors shutters.

Researchers, scientists, technocrats and bureaucrats who attended the Course and
interacted with the participants all realised that there is a need for taking policy
initiatives to encourage further R&D and industrial development for promoting
composite building materials in their countries. The other important outcome of
the Course was the expression of the visiting participants from other countries to
collaborate with Indian R&D institutions and industrial enterprises for
development and promotion of such materials and manufacturing technologies.

13
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RECOMMENDATIONS

L.

Design a region (South East Asia) specific database structure of
technological, economical and ecological properties of local resources
(natural materials, natural fibers, natural resins, composites based on such
materials, etc). For this purpose a form has been developed, and have been
distributed to all the participants of the training course.

All the involved countries are recommended to complete this database with
actual data and keep updating.

The Building Materials Technology Promotion Council of India (BMTPC)
is prepared to co-ordinate, to collect the data, and to make the collected data
available on their homepage.

Inventarise the country-specific and region specific needs, which are likely
to be met with such local resources. Involve end users in this phase. This
step is essential for designing and building housings suitable for local
people.

Define region/country specific opportunities for such local resources.

List the Universities, R&D Institutions and local enterprises
interested/involved with such materials as well as products from such
materials.

Design, develop and demonstrate products in such materials to meet local
requirements, by involving the end users, Universities, R&D Institutions
and local enterprises. Affordability, durability and reliability should be the
essential criteria in all decisions.

Provide assistance to acquire the scientific and technological facilities to
conduct R&D and some basic technological work. For this purpose two
lists of equipment have been prepared, and have been distributed to all the
participants of the training course.

During the process of R&D and technology demonstration, develop country
specific test and evaluation methodologies, standardization of such
methods, in case the current international standards do not meet the
requirements of local needs.

14



" v e —_—

ey
2

prr e Po—— e o )
. . Lo osd e

[4
i

N . .

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Transfer knowledge to local enterprises as well as to Universities and R&D
Institutions, both in the country where such knowledge is developed and in
other countries of the region as well.

Provide hands on training courses to practicing engineers, technicians and
scientists.

Educate the students at all levels about the science, technology and
applications of local materials, to increase their awareness as well as to
promote the use of indigenous local materials.

Teamwork is essential to reach the desired goals, as this field is complex
and involves contribution of several specialists. Co-ordination of these is
also required. Stimulate teamwork and co-ordination.

India has made considerable progress in science & technology of local
materials, including technology demonstrations. India should take lead in
helping and supporting other nations in the region.

The initiative of interregional co-operative effort (within the framework of
the Government of India and UNIDO’s ongoing programme) aimed at
sharing of knowledge, experience and skills needs to be actively promoted.

Such training courses as conducted at Bangalore should be repeated
frequently. Include the knowledge and experiences of other resource
persons from other countries and from previous training courses when
organizing future training courses.

To achieve the desired goals long term commitment of all the involved,
including policy makers, is essential. Organize regularly such events on low
cost housing which policy makers of governmental organizations can/will
also attend.

| Regular evaluation of all initiatives and corrections by the involved parties

are also recommended.

It is strongly recommended that concrete follow-up actions are taken based
on these Bangalore recommendations.

15
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FOLLOW UP ACTIONS

From the nineteen recommendations as mentioned above, it will be seen that the
action to follow up of the Training Course should be undertaken by UNIDO. The
recommendations need to be translated into action areas which lie in the domain of
national governments of the participating countries. The recommendations are
addressed to policy makers, R&D institutions, industrial enterprises, practicing
professionals. It is, therefore, desirable that ICS/UNIDO should analyse each
recommendation and take up further action in consultation with the governments
of the countries whose participants attended the Training Course so that it is
possible to catalyze policy initiatives and technical cooperation programmes
amongst the developing countries of the region. It is also required that a regional
programme on investment promotion and technology transfer in the area of
composite building materials for cost effective housing should be developed by
ICS/UNIDO with the objectives of strengthening the institutional framework,
industrial base of materials sector as well as advancement of technology in the
developing countries of South-East Asian region.

COMMENTS AND CONCLUSIONS

There is a need to evolve an appropriate policy for organizing such Training
Programmes. As the coordinating organization, BMTPC was unable to satisfy
all those prospective participants from different countries who were keen to
participate in this Course but could not attend due to shortage of financial
support. Because of financial constraints it was not possible to satisfy all those
who desired to attend. It will be desirable to allocate realistic budget in
future, if such Training Courses are to become real instruments for South-
South Cooperation and technology dissemination and transfer amongst
developing countries. The financial support provided by ICS and ICAMT
(UNIDO) was too meagre for organizing the Training Course of international
level as it was not possible to attract a good cross-section of participants from
R&D, academic institutions, Governmental representatives responsible for
decision making and industrial enterprises.

All the participants, towards the end, felt that the theme of the Course was
very important from the points of view of the housing situation obtaining in
their respective countries, but they felt that atleast one representative at the
Policy-making level should have been there. Presence of such a representative
from each country would have helped in creating appreciation at highest
policy making level for taking nationally relevant initiatives to take full
advantage of the technologies that are available for strengthening their
housing programmes and upgrading the status of building materials industry.

16
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Certificate presentation to Prof. M.Nagaraja, India

Certificate presentation to Dr. Hina Tarannum, India
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Certificate presentation to Dr. C. Pavithran, India
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Thanks to Prof. B. Dattaguru by Mr. T.N. Gupta
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Thanks to Mr. T.N.Gupta by Mr. Alam on behalf of
all the participants
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Mr. T.N. Gupta explaining various technologies to
Prof. B. Dattaguru
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Various products developed by BMTPC
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Mr. T.N. Gupta explaining various product to
wife of Hon’ble Urban Development Minister, Govt. of India

Mr. T.N. Gupta with foreign participants in Exhibition
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AIDE-MEMOIRE (eff. 17/07/02)

‘BACKGROUND

In every country the building industry is a fundamental and strategic sector linked to improving the standard of
living. The building industry depends highly on technological innovation as a constant driving force.
Technological innovation creates added value, it improves the product, and cuts the costs, thus allowing for a
greater distribution of the product on the market and an extension in the distribution range.

For a long time man has been using natural fibre composites in house construction in the form of fibre-reinforced
soil blocks, thatches and walling panels. But people do get attracted towards burnt-clay bricks and cement
concrete, and consider fibre-composites as sub-standard materials. Natural-fibre based composites have great
potential as altemnative and cost effective building materials. There is vast scope for self-help and self-refiance in
building materials if the inherent potentials of fibre-composites are properly exploited.



The natural fibres being of lower density than of glass, carbon, Kevlar fibres etc. a natural fibre reinforced
product will always be thicker than one reinforced with the same mass of glass fibre but both will have
comparable specific strength properties. Hence in all load application oriented products the design-
developments can adequately take care of the required stiffness, without increasing costs. All these greatly
depend on the interaction between structural function and design of materials. It is an integrated approach,
which has been successful that new in new technologies applications.

The recommended products are usually composites for roofing ftiles & sheets, panels for door
shutters/partitions/ceilings and load bearing bricks and blocks.

The successful example may include the following:

¢ Rice husk-phenolic resin particle board

Cotton fibres-P VC-phenolic resin products for door and window frames, shutters, panels

Glass-fibre and coir fibre-HDPE products for water tanks, door frames, shutters

Coir fibre or sisal fibre-cement composites for corrugated roofing sheet/tiles and door panels
Sisal-coir-gypsum plaster composites for ceiling and partition.

Jute fibre-polyester composite for walling, partitions, shutters etc.

JUSTIFICATION

Modem concepts of material science are based on the understanding of the structure-property relationships of
materials. Several advanced composite materials, now being produced are light weight but structurally very
strong, fracture resistant and highly impermeable. They are being produced using polymer as well as cement
matrix, with both manmade and natural fibres. Many types of composites, using jute, sisal, coir, bagasse, mixed
with steel and glass fibres, have been used in the manufacture of door and window shutters and frames,
panelling and partitioning systems. The concepts of composites have been extended to the amorphous-
crystalline phases of materials for the development of glass-ceramics and refractories of outstanding structural
properties and long durability.

Especially in developing countries there is an urgent need to be better acquainted with new techniques on
composites and new materials for low cost housing design and their production processes.

Having a mind that UNIDO/ICS New Materials subprogramme is to streamline materials science and engineering
into applied research in order to assist developing countries, within this subprogramme, building materials design
and improvement ranks highest in the priority list as they link raw and recycled materials exploitation within the
building industry processes. Further to this goal, the UNIDO/ICS New Materials subprogramme focuses on the
development of technologies for the realization of lightweight building components based on renewable natural
resins and fibres, blended into bio-composite materials.

With this in mind, UNIDO/ICS and Building Materials & Technology Promotion Council (BMTPC) with the UNIDO
International Centre for Advancement of Manufacturing Technology (ICAMT) will organize an Interational

‘Training Course on "Materials Design and Production Processes for Low-cost Housing" that will be held in

Bangalore, India from 25-29 November 2002.

This training course will summarize the triennial subprogramme on low-cost housing materials and set further
goals. It will primarily concentrate on a South-to-South co-operation scheme by supporting the participation of
researchers and decision makers of India and South East Asia, with a limited but very high-ranking participation
of lecturers from internationally renowned institutions.

OBJECTIVES

e To present the state of the art of the latest innovation technologies in the materials design sector and
discuss the main aspects conceming the production cycle and the standardization demands;

o To disseminate up-to-date information, knowledge and experience on design, production, testing and
application of composite materials based on natural renewable resources;



e To promote and encourage the realization of networks and cooperation schemes between countries of the
region, for the adoption of appropriate and affordable technologies on low-cost housing, and international
centres for the advancement of materials science and technology.

OuTPUTS

o Skill and awareness of about 30 technologists, from both R&D institutions and enterprises in order to up-
date their knowledge on the production and potential application of building materials based on secondary
and renewable resources upgraded.

o Contacts, in a South-to-South type of approach, within enterprises and standardization institutes operating
in the sector of innovative materials and to establish a network of counterparts in developing countries who
are informed on the ICS strategy and activities generated.

¢ Project proposals that may be implemented by national and international agencies, for the industrial use of
environmentally friendly natural materials by facilitating the technology transfer of new materials design and
production, while fostering South-to-South co-operation identified.

PROFILE OF PARTICIPANTS

There will be approximately 30 young experts from industrial R&D institutions, researchers and technologists of
the industrial building materials sector. Preference will be given to participants from India and South East Asia.
A number of senior level decision-makers will be encouraged to participate. Selected participants should have a
degree in the field of material design and/or material production processes or have several years of practical
experience. Participants will be required to present a short report of the state-of-the art of the building materials
production industry in their country of origin and/or company where they are employed.

The course is also open to self-paying participants from developing countries interested in attending and no
registration fee will be charged.

PROFILE OF RESOURCE PEOPLE

The resource persons that will be lecturing at the training course will come from renowned International
institutions. The resource persons will be invited to deliver key lectures on the main topics of the programme,
namely: materials selection and design in theory and practice, valorization of natural fibres either specific or
agriculture and forestry by-products of potential use in the biomaterials composites design and production.

The resource persons will be required to provide a soft copy of their lecture notes by 10* November 2002.

DOCUMENTATION

- The basic documentation for the Training Course will consist of the following.

e  Aide-Memoire of the training course and agenda.

¢ ICS publications on “Development of Natural Polymers and Composites in East Africa”;

e ICS proceedings on “Material Selection and Design for Low-Cost housing in Developing Countries” collected
'in previous meetings on this specific topic.
BMTPC publications on materials.
List of participants and lecturers attending the training course.

e Lecture notes.

LANGUAGE

All lectures and their related documentation will be in English.



PROGRAMME — STRUCTURE AND CALENDAR

Monday - 25 November

09.30-10.00  Registration

10.00-10.30  Presentation of ICS-UNIDO programme and policy
10.30-11.00 Pause :

11.00-11.30  Presentation of local ICAMT activities and projects.
11.30-12.30 Presentation of BMTPC activities

12.30 - 14.00 Pause

14.00 - 16.00 Lectures on bio-composites science and technology.
16.00 — 17.00 Open session and discussions.

Tuesday — 26 November

09.00-10.30  Lecture on composite materials based on natural fibres - part |.
10.30 - 11.00 Pause

11.00-12.30  Lecture on composite materials based on natural fibres — part II.
12.30 - 14.00 Pause

14.00 - 16.00 Lectures on products applications other than the in building industry.
16.00 - 17.00 Open session and discussions.

Wednesday — 27 November
09.00-10.30  Lecture on composite materials based on natural fibres — part .

10.30 - 11.00 Pause

11.00-12.30  Lecture on composite materials based on natural fibres — part II.
12.30 - 14.00 Pause

14,00 - 16.00 Lectures on products development other than building industry.
16.00 - 17.00 Open session and discussions.

Thursday - 28 November o
09.00-17.00  Open session-day: green composites and bamboo in the architectural design.
Contributions from participants and local institutions representatives.

Friday - 29 November

Panel discussions and recommendations
Project proposals presentation

Field visit

VENUE AND DATES

The training course will be held from the 25-29 November 2002 at ICAMT premises in Bangalore. The address

st
International Centre for Advancement of Manufacturing Technology

CMTI campus, Tumkur Road
Bangalore 560 022, India -
Tel: 91-80-3478109/ 10

Fax: 91-80-3475450

Web site: www.icamt.org

FINANCIAL/ADMINISTRATIVE ARRANGEMENTS FOR ICS/ICAMT FINANCED PARTICIPANTS AND LECTURERS

For the participants and lecturers that are invited by ICS/BMTPC to attend the training course, round-trip airftrain
economy transportation from the airport/station of departure will be arranged and prepaid tickets issued where
necessary according to UNIDO standards (i.e. the most direct and economical route). Room will be provided
upon arrival in Hotel at Bangalore for which detailed information will be provided to the selected participants. The
Breakfast will be provided by the hotel free of cost. Lunch from 25-29 November will be provided at the venue of -



the training course. All the other meals will be taken care by the participants themselves. All the participants will
be provided US $ 30 per day (equivalent INR) as pocket allowance to cover the meal charges/ miscellaneous
expenses. No other expenditure will be reimbursed.

The participants and lecturers will be required to bear the costs of all expenses in their home country incidental
to travel abroad, including expendituré for passport, visa, and any other miscellaneous items as well as internal
travel to and from the airport/station of departure in their home-country.

The organization will not be responsible for any of the following costs that may be incurred by the participant or
lecturer while attending the training course:

o compensation for salary or related allowances during the period of the course;

e any cost incurred with respect to insurance, medical bills and hospitalization fees;

e compensation in the event of death, disability or illness;

¢ loss or damage to personal property of participants while attending the course.

ViSA ARRANGEMENTS

To enable the participants to apply for visa, BMTPC will issue an invitation letter to all the overseas participants
Kaculty. Participants are requested to contact Indian Embassy / consulates in their home country for Visa.

AIRPORT

All the overseas participants/faculty are requested to send their arrival schedule at the following e-mail address /
fax number. ICAMT will arrange meeting at the airport.
E-mail: d.ballani@icamt.org or bmipc@delZ.vsnlnetin
Fax Nos.: +91-11-4647082 or +91-11-3010145



mailto:d.ballani@icamt.oraorbmtDc@deI2.vsnl.netin

CONTACT PERSONS

ICS Scientific Responsible
Prof. Sergio Meriani

AREA Science Park

Building L2

Padriciano 99

34012 Trieste - Italy

Tel.: +39-040-9228126

Fax: +39-040-9228122

Email: yivian.Zaccana@ics frieste.i

Organizational responsible at ICAMT
Mr. Deepak Ballani

National Expert

Intemational Centre for Advancement of Manufacturing Technology (ICAMT)
¢/o CMTI, Tumkur Road

Bangalore 560 022, India

Tel: +91-11-4647083

Fax: +91-11-4647082

E-mail: d.ballani@icami.org

Organizational responsible at BUTPC
Mr. T.N. Gupta
Executive Director
Building Materials & Technology Promotion Council (BMTPC)
Ministry of Urban Development & Poverty Alleviation
‘G’ Wing, Nirman Bhawan
New Delhi, India
Phone: +91-11-3019367
Fax: +91-11-3010145
E-mail: bmipc@delZ.vsnlnet.i

"|CS Secretariat Contact Person
Ms. Vivian Zaccaria
New Materials Secretariat
ICS-UNIDO
AREA Science Park
Building L2
Padriciano 99
34012 Trieste
Italy
Tel.: +39-040-9228126
Fax: +39-040-9228122
Email: Miyian.zaccarna@|cs. Inesie.u



mailto:vivian.zaccaria@ics.trieste.it
mailto:d.ballani@icamt.ora
mailto:bmtoc@deI2.vsnl.net.in
mailto:vivian.zaccaria@ics.trieste.it
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PROGRAMME — STRUCTURE AND CALENDAR

Day - 1: Monday - 25 November

09.30 - 10.00
10.00 - 11.00

11.00-11.15

11.16-13.156

13.156-14.00
14.00 - 15.00
15.00 - 16.30
16.30 - 17.00

17.00 - 17.30

09.00 - 11.00

“11.30 — 11.45

11.45-13.15

13.15-14.00
14.00 — 16.00

16.00 - 17.00

Registration

INAUGURAL SESSION

Welcome — Mr. Vasantha Kumar, ICAMT

Lighting of the Lamp by Chief Guest

Introduction to ICAMT/ICS Activities — Mr. Vinod Yadav,
ICAMT

Introduction of the Training Programme & Activities of
BMTPC — Mr. T.N.Gupta, BMTPC

Inaugural Address by Dr.B.R.Somashekar

Vote of Thanks by Mr. B. Anil Kumar, BMTPC

Tea Break

TECHNICAL SESSION

Overview and advances on science and technology of
composite materials based on natural resources (Part I)

By Prabhu Kandachar, Delft University of Technology, The
Netherlands

Lunch

Introduction and Presentation by Participants

BMTPC Presentation by Mr. T.N.Gupta, Executive Director,
BMTPC

Audio Visual Presentation of ICS and ICAMT Programmes
by Mr. Vasantha Kumar, Advisor, ICAMT

Visit to Exhibition

Day - 2: Tuesday — 26 November

Overview and advances on science and technology of
Composite Materials Design & Manufacturing for Building
Applications

By Dr. N. G. Nair, Retd. Prof. lIT, Chennai, NGN
Composite Chennai

Tea Break

Composite Technology Development and
Commercialisation — Some Successful Case Studies

By Dr. Soumitra Biswas, Advisor — Advanced Composite
Programme, TIFAC

Lunch

Manufacturing Methods for Eco-friendly, cost-effective
GRP Building Products

By Dr. R. Gopalan, Director & CEO, RV-TIFAC Composite
Design Centre

Open session and discussion



Day - 3: Wednesday - 27 November

09.00 - 13.00
13.00 - 14.00
14.00 - 15.30

15.30 - 16.30

16.30-17.30

Visit to RV-TIFAC Composite Design Centre

Lunch

Natural Fibre Composites, Issues and Perspectives

By Dr.. K. G. Satyanarayana, Deputy Director, RRL,
Thiruvananthapuram

Overview and advances on science and technology of
composite materials based on natural resources (Part I)

By Prabhu Kandachar, Delft University of Technology, The
Netherlands

Field Visit to Natura Fibre Tech Pvt. Ltd.

Day - 4: Thursday — 28 November

09.00 - 10.30

10.30-11.00
11.00 - 13.00

13.00 - 14.00
14.00 - 15.00

15.00-17.00

Characterisation of Raw Materials for Design of Composite
Building Materials

By Dr. Mohan Rai, Deputy Director (Retd.), CBRI, Roorkee
Tea Break

Lignocellulosic as a Sustainable Source for Building
Material

By Mr. A. K. Bansal, Director, IPIRTI

Lunch

Development & Production of Wood Substitute using Agro
Wastes By Mr. Tommy Mathew, Director, Natura Fibre
Tech Pvt. Ltd.

Field Visit to Indian Plywood Industries Research &
Training Institute (IPIRTI)

Day - 5: Friday — 29 November

Panel discussion and recommendations
Presentations on Project Proposals
Lunch at ICAMT

Presentations on country report
Valedictory Session
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Annexure 6

CONTENTS

Activities of BMTPC relating to development of composite building
materials and promoting technology transfer between India and developing
countries in African and Latin American regions by Mr. T.N.Gupta,
Executive Director, BMTPC, New Delhi, India

Activities of ICAMT by Mr. S.Vasantha kumar, Advisor, ICAMT,
Bangalore, India

Overview and advances on Science, Technology and Application of
Composite Materials based on Natural Resources by Dr. P.V.Kandhchar,
Associate Professor, Faculty of Industrial Design Engineering, Delft
University of Technology, The Netherlands

Composite Technology Development and Commercialisation — Some
Successful Case Studies by Dr. Soumitra Biswas, Advisor — Advanced
Composite Programme, TIFAC, New Delhi, India

Natural Fibre Polymer Composites — Retrospect and Prospect by Dr. K. G.
Satyanarayana, Deputy Director, RRL, Thiruvananthapuram, India

Manufacturing methods for Eco-friendly, cost-effective GRP Building
Products , Dr. R. Gopalan, Director & CEO, RV-TIFAC, Bangalore, India

Composite Materials Design & Manufacturing for Building Applications
By Dr. N. G. Nair, Former Professor & Head Composites Technology
Centre, Indian Institute of Technology (IIT), Chennai, India

Characterisation of Raw Materials for Design of Composite Building
Materials by Dr. Mohan Rai, Former Deputy Director, CBRI, Roorkee

Lignocellulosic as a Sustainable Source for Building Material by Mr. A. K.
Bansal, Director, IPIRTI, Bangalore, India

Development & Production of Wood Substitute using Agro Wastes by Mr.

- Tommy Mathew, Director, Natura Fibre Tech Pvt. Ltd. Bangalore, India
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hminc

Building Materials and Technology
Promotion Council

An Inter-ministerial and Multi-disciplinary Organization
under the aegis of

Ministry of Urban Development
Government of India

Mission Statement

Develop and operationalise a
comprehensive and Integrated approach
for technology development, transfer
and investment promotion to encourage
application of environment-friendly &
energy-efficlent innovative materials,
manufacturing technologies and disaster
resistant construction practices for
housing and buildings in urban and rural
areas.

’III! :..._.H:,:.. ! f':- I :.—. Ap

-,- ,-,

-

GOVERNMENT
. . Ministry of Urban Development,
Objectives Miiery o ar Doveiopmnt Sl & Tochmclop
] [ F D dustries,
¢ To promote development, production, standardisation and large- naus. Power, Planning Comm ot
scale application of cost-effective innovative bullding materials f f
and construction technologles In housing and buliding sector. Fa  Fiancl T ?mﬂﬁsm
¢ To promote manufacturing of new waste-based bullding matertals Rao Conceesions 34 longrmge | (Pubic 4 Private)
and components through technical support, facilitating fiscal ooy g ar optons *Manudadiur of Buiding
concessions and encouraging entrepreneurs to set up production CBRLATs polcy  Support | e & sl
units n different urban and rural reglons. —¥ + Development Agencies
¢ To develop and promote methodologies and technologes for e Bullding Materlals &  —.Department of Pows NTPC
natural disaster mitigation, vuinerability & risk reduction and TEsTMG Technology Promotion “Goverment & Prvee
retrofieting/ reconstruction of bulldings and dlsaster resistant psTTRNS Councll erakings genersing
planning of human settiements DST(TFAC) Py «Prospective Entrepreneurs
< To provide support to professionals, construction agendies and :o:.um :..m :: :...T ?.'.".;.....,,. mm
entrepreneurs in selection, evaluation, upscaling, design Bulding  IFC! Developmant Construction +House holds
skitt-upgradation, and marketing for technology Centres  ICICI Agencies  Agencies *Decision makers
transfer from lab to fand In the area of buliding materials and *Researchers
construction. +Natwal Disaster
Thrust Areas

iy Economy and efficiency in construction projects

ii) Utilisation of flyash and other industrial and
agricultural wastes

i} Identification of appropriate technologies and
their wide scale dissemination

iv) Standardisation, validation and certification

v) Promoting production units of new building
materials

vi) Promoting disaster resistant technology

Areas of Strength

» Standardisation, validation/certification
» BMTPC as a repository of information

> Interface organtsation for strengthening of
technology base of housing &t building sector

» Technology development, transfer and promotion

v

Mobillisation of Policy support and fiscal incentives

» Disaster mitigation through vulnerability & risk
reduction In buildings and human settlements

know-how in other developing countries

» Promoting Indian technologies, machineries and ,mi

P

L«..,,.J

@ @ v or—y
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production and
operation of

[7 Usefulness of BMTPC’s Services J

Working Specifications formmlated on 22 Innovative and Cost-effective
Materials and Techniques

BUILDING MATERIALS 815 CODE
BMO1  Specifications far Caicium Silicats Bricks 18:4195-19¢9
8M02  Specifications far Fiy ssh-Linwe Brick 1S:12994-1990
BMO3  Specifications far Clay-Fiy ssh Bricks 15:13757-1993
BMO4  Spacifications (ar Clay Fleoring Tiles 15:1478-1992
BMOS  Specifications for Burat Clay Flat Terracing Tues 15:2690-1993
BMO$  Specifications fer Fibrous Gypsam Plaster Boards 1S:8273-1984

BUILDMNG COMPONENTS

BCO1  Specifications for Precast Solid Cement Concrets Blocka 1S:2185-1979 (Part 1)

BCO2  Specifications for Precast Concrete Stone Mascury Blocks 15:14213-19%4
BCO3  Specifications for Hallow & Selld Light Weight
Comerete Masoory Units (S:2185-1963 (Part I}
BOO for Precwst R Concrets Door
amd Window Frames 15:6523-190
BCOS  Specifications far Ferrocenent Door Shutters .
BCus for Precast Water Tanks 1S:13356-1992

BCO7  Specificetions (or Precast Concrets Manhale 15:12592-1988 (Past )
Covers & Frames 15:12592-1991 (Part i1)

Working Specifications ....contd.

CONSTRUCTION TECHNIQUES 8IS CODE
CT01  Specifications for Procas: Channel Unit for 1S :14201-1994
Flooring/Rooting IS: 14215 1994
CT0?  Speifications for Precast Reiaforced Concrese Plaak . 15:13990-1994
Flootig/Roofing 15:43954-1994
CT03}  Specifications for This R.C, Ridbed Sisb for Floors sad Roofs .

CTO4  Specifications for Coastrection of Floors ead Rools sing

Precast Concres Waffie Units 15:10505-1983
CTos & ions for Rei 1S:14241-1994

Concres L Pus for Roofs IS:14242-1998
CTU6  Specifications for Precast Doubly-Curved Shell Units Gor

Coastraction of Floors aad Roofs I5:6332-198%
cTm ifications for Precast Rei Concretc

Ribbed or Corod Slab Units for Floors & Roofs 15:10297-1982
CTO08  Specifications for Reinforced Brick and Reiaforced Brick

Coacress Slabs for Floors asd Roofs 1S:10440-1983
CT09  Specifications for Prefabricstcd Brick Puact for Flooes/ Roofs 1S: 141421994

1S:14143-1994
Note:  With the ¢fforts of the Council all these kems have boen inducted i the CPWD schedule of

spocifications of CPWD, and housing agencies in Oriems, Tamil Nadn, Kernla and Andhra Pradesh.

oI

Sefection and Validation of Technology for Standardisation,
Upscaling & commerdalisation, wider field application

Standards B
Specitications

Tarnii Nadu, Gusarat, Andhra Pradesh, Maharashtra, Kamataka, Uttar
\_eoogicheny AiharMadina Pradesh. Qrtssa.

LIST OF MANUFACTURING UNITS PRODUCING WASTE BASED
BUILDING MATERIALS &2 COMPONENTS ESTABLISHED
(As a resuit of Fiscal lncantives given by Gevet. of India and Council’s promsodienal sfforts )
8&No  Waste Material No. of
Maoufacturing
units producing
wasts based
bullding products
1 Fly ssb s
2 Blast Furnace Slag 12
3 s
L) Red Mud doar shutters/pane} products 7
H wasty s
[ Rice Husk 3
7 Pulp, Straw & paper 2
[
1 Baw mill wasts s
114 Cotton Plant & other Hmbers L]
11} Bamboo Mat Carrugsted sheets manufacturing unit 1
12 Jute 5
13 Calrf wood wool 4
14 Stsel Fibre 3
13 Pioe aeedle fibre 1
16 Rubber wood 2
Note: The above units are in in different States such as, West Bengal,

Pradesh, Haryana, D:I"‘W

Investment Attracted in manufacturing of
altemative building material/machines Industry through
awareness creation and promotional efforts of BMTPC

(Rs. in Crores}
Flyash based products 40
Waste & plantation based timber 100
GRP Composites 169
Machines 8
Total 317




Indicative savings in Cement, Fuel, Top Soll, Timber dae 1o use of new
technologies promoted by BMTPC during past S to ¢ years

Saving in Consumption of Cement

QuantRyof Coet of Cement
Cement (Ra. \n milons)

(Tonnes)
Celular Light Weigiht Concrete Blocks won 1100
Ready Mued Concrets 10000 820
Fiyesh Concrets Blocks 1008 [X)
Ferracement Rocfing Channale 1242 EX ]
Qeand Totsd sy 17M.00

Saving in Consumption of Fue! vy Repiscing wih Comunt Concres Blocks, NCR Thes,
Fiyseh-Lime-Qypoum bricks, Sand- Sand- Lime bricka, Blocis

Quantity of Pusl Cost of Pusl

(Tonnes)  (Ra. in mifione)

Cemunt Concrete Biockain Place of Burmt Clay Bricks sorer 101.9
MCR Tiiss m piace of county clay e 2200 @0
Fiyaah-Ume-Gypeum bricks 183373 ae
Send-Unw/ Fiy ash-Sand-Lims bricks 48000 6.0
Compressed Ewrth Biocks o0 1780
Orand Totei(in coal squivaiand a2 443

Indicative savings in Cement, Fuel, Top Soil, Timber due to use of new
technologies promoted by BMTPC duriog past § to 6 years

thdTdeumiummumm

Carart Concrwie Bicciwin Paced! Bart Oy 0.8 miBonount or

&2 hacts of bt mase
MCATINS in plaoe of courery olay fies CQBmBanount or

14 hactewe of land mase
Fyash-Lisre-Oypaumn tricle 257 milanount o

142 hectare o lard mess
SendLire’ Fyash-Band-Usre brice 2mbancum o

138 hackre o e mess
Grand Towl .90 milion ewrt. or

30 hectares of iwnd mase
Saving in Timber by Aeptacing with Comert varkcs
Qurdly of Tirrber sowd 21017 oumt.
Cout of Thrbar amad Fa. ) sfilions
Quartly o Timber smad in CPWD Warks 22200 curt.
Cost of Trber smvad in CPWO Worte Aa 611 millons

Grand totel of thvber sl soet suvesd

44183 cunt and Re. 1014 wilons.

Technology Development

© Red Mud/Fiyash Polymer fibre door shutters

< Eco-friendly rubberwood fiush door shutter

% Eco friendly solid core poplar wood flush door shutters

< Laminated splint lumber pane! doors and door frames from rubber wood
¢ Veneer laminated lumber panel door and doors frame from poplar wood
< EPS-RMP Composite Door Shutter

4 Bamboo mat corrugated roofing sheets

< Paint based on Flyash and other wastes

¢ Glass Ceramic products for Floor Tiles using wastes (three types) from
Aluminium industry

& Light weight M-wood Door Shutter

< Bullding Materlals from Marble industry waste

& Cementitious Binder from Acetylene plant waste
< Rigid PVC - Foam Board and Sheet

- ¢ Development of Activated Puzzolana/Silica Fume from rice husk.

Technology Development...contd.

< Interdocking block mortariess masonry.

< Ferrocement roofing and walllng components.

© Development of colr cement rafters.

< Development of Water-Reducing Agent from Coal Tar industry.

< Development of Anti-~corrosive Paint utilising the Industrial wastes.
© Production of bricks using mine tailings from Khetri Copper Mines.
© Development of ceramic tiles using wastes from aluminium plants

© Polymer bonded compasite door shutters and panel materials using
coconut fibre, jute. -

¢ Glass fibre reinforced polymer based door shutters and wall panets.
< Panel for doors using banana sheath bonded with polymer resin.

< Development of improved design of metaliic moulds for fabrication of
door shutter and frame using GRP composites.

Technologies licensed e wae for ! o
» Red Mud/Flyash Polymer fibre door shutters
» Eco-friendly rubberwood flush door shutter
» Eco friendly solld core poplar wood flush door shutters
# Glass Fibre reinforced Polymer based doors and door frames
% Development of process for production of reactive silica from
rice husk (negotlations going on)
» Metallic mould for fabrication of doors and door frames using
GRP/Colr composttes
» Cost-effective rafters for rural house construction

» Bamboo Mat Corrugated Sheets - a plant to manufacture these
sheets has been recently set up In Meghalaya.

» Ferrocement Components for varled applications
» Interlocking Block Mortariess Masonry

Policy Support Created

* Continuous interaction with the Ministries/Departments
(Science & Technology, CSIR, Rural Development,
Power, MNES, Environment & Forests, Industry) have
resulted in facilitating several new policy instruments to
promote wide scale diffusion of new technologies.

* Ban on the use of forest wood in the construction works
resulted in development of a large variety of wood
substitutes.

¢ The Council has been responsible for getting various fiscal
incentives to attract more investment in the manufacturing
sector of alternative building materials and components.

« The building materials manufacturing sector today stands
as a part of the national productive sector and the

institutional finance is accessible to the entrepreneurs.

- as e
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Help to Building Materials Industry

Modernisation for higher productivity

* Introducing environment friendly and energy efficient manufacturing
practices and technologles

*  Promoting waste based material technologies for making
- Wood substitutes for door shutters and panels

~ Bricks, blocks and other walling materials
-~ Cost effective roofing options such as ferrocement and prefab

technologies
s Supporting the enterprises through tecno-ecnomic feasibility studies
¢ Fadiiitating fiscal incentives for promoting more investment

« Creating policy supports at national and state level for adoption of new
. technologies

«  Developing and promoting use of simple machines and equipment for

establishment of production units in different regions with low
investment levels.




Machines Developed

Mmﬂmummmm»mwmm
of these machines have bees licensed to private entreprencurs. These

M-:hwm'eqm-tkyn and p P

can be established with low level of lavestment,

Mere than 900 machines of different types have already been procured by private
aad Bulldiag Centres for prods of comrp

These machines have alse become very popular in ether developing situations ¥ke East

Ammmrmuhtwmummmmu

belped in

1 SolidAnilow Concyots Block Making Machins 9. C-trick Machino
{Egg. Laying Type) 10, Alernam Sweion Hydraulic Brick Making
2. Solidhollow Concrom Block Making Machise
(Sunding Type) n
3. Precest Docefwindow Franes Making 2. Barant Pipo Outting Machine
13, Bi Directioss! Vitro Press
4 Making Machino 14,  Farrocemest Wall Pran] Making Maching
5. Micso Conceeso Tile Making Machiss 15, Procest ROC Plesk Making Machine
6. Comzwm Block Making Mechine (Sakar) 16.  Procast ROC Joist Making Mechine
7. Compressed Earth Block Making Machine 17, Solid & Hollow Coscrets Block Making
Machine (Handheld Type)
8. Compressod Earth Block Making Machise: 13, Precast Lpanel Meking Machiss

€non.

2nos.

4 noe.

: Sidied - 1, Unaidied - 4

: 15 lona of vitro-hydraulic preasure
< Blackical, 3 phase 440 vols
WP

80 - 150 kgfam2

B DO N PO e b et e koo o ke RCC Plank Casting et <ot e v 4 s v R e
P - - are as
| hocks and paving blocka/ties of different shapes. Machine (Rolating Type)
' ] ¥ B4
Specifications ¢ i
o F B 400
Por oy in 8 hours shiR bocks or + Producion capacly . :60 - 100 RCC Plarka
800 paving Hesbiocks Per day in 8 hous shik
. s . * Sz» of Machine : 1800 1850x1000 mm
* Weight of machine : 2000 kgn * Waight of Machine 1250 kga.
* Size of brickblockever * Size of Plerk : 1500 x 300 x 30-80mm hicknees
Brick 1 20x 1SxTSmm ¢ No.ofPlank Peroyds 1 No.
Solld block + 30022008150 men . Type : Rotating typs Medium duty meching
:M :wl&zim * Marpower + Sidlled - 1, Unakiled - §
: Ay slandexdt © Energy Tranamission  : Kigh ampiuds vbraions
¢ mm7r * Energy sauros : Bectrical, 3 phase, 40 wola
SoldHallon biocks o * Powsr requirement 1 2HP
Paving blocks :2noa + Compaction by + Vibralion chrique
Marpower : Skilind ~ 1, Unaidied ~ 3 « Compression stergh  © 150 kg2
Type + Uight duty machine * Others + No casting plalior is recired
Enengy - < 10 tone of vitro hydreulc : Can be designediubricaind ky
Energy source: :MIMNM Gifferent sizes of fnal producte.
Power requiremant WP
Caorpressive stength  : 60 - $50 Iy
s )
Compressed Earth Block US@ : Por production of compreased sell blocks for
wells to mnake streng and dursble buildings
Specifications
: Depends on ype and + Produciion capeclly + 1000-1500 blocks of Type-A o
combination of axulds used Perdeyin8hoursshit  500-750 blocks per dy of Type-8
o Size .
650kgn. o Weight of machine : 190Kga.
* Size of block
m:z:m:: Type-A + 230 x 109 %78 mm
: Tyve8 : 2302230 x 76 mm
+ 900 x 365 % 38 mm or any obwr size + Moot ocks par e
< 1501 100 m TypeA :2Nos.
< 200 % 200 men Type-8 H1 Y
2 355 x 38 mm or any olher size Energy Tranemission = Lover with cam & inggle machanism
: Portable + Develops 10 tre of loros during
::4.%-: compacion.
; Marpower : Skilled - 1, Uneklied - §
:?’:uamwm Type :m
ndviqe Ensrgy Source : Manual
m Campaction by : By pressure
Canbe designedatricaind tx Comprassie stergh  : 20-30 lgyom2
difterent slzes of finel products. Swbllesionof sollby  : 5-10% osmant by weighl of mix
IR

W
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Solld/Hollow Concrete .uu':f Por pradvcton of s il snarte ks
Block Machine (Handheld e weod s an ehomattve
Type)

 H00B00x H000mm
: 500 kg

: 2Z5x 1O TOmen

: 225x107n40mm

: 25x107x 150men

: 4Now

: Skiled = 1, Unaidiied - 4

+ High ampliude vbralions
: Elscrical, 3 phase, 440 vos
L2IHP

© 50-120 kglam2

Concrete Block Machine US® 1 Far preduction of all types of Concrete Blocks
Including Selid and Hellow biecks of different
H L 3 Specifications
I ; o Produciion Capacily 1000 blocks
YA Por duy in 8 houra shit
. Sie :
* Weight of Machine : 500 kga
* Gize of block
;. ” ' Block. < 300200k 150mem or any other sizes.
Ll « No.ofBlockPeroydls 1N
R ~—— . Ty  Portable machine
] * Marpower : Skiled - 2, Ungidied - §
o * Energy Soucs < Bleciriaal, 3 phase, 440 vols
o * Power Requirement T 1HP
. M" :mmm
- » Srengh of blocks : 60-70 g2
R * Opliore : Replacement of Moukls we
avallable for Sione masonsy blocks,
Focring es. Sand me bricks,
Pavement biocks ete.
_Modst - C8-3
US@: Fer preduction of C-soction beams (Rofter) of Altemate Station Hydraulic |Use: rer preductien of deay/cey firash/fiyash sand
ol sizes vp 10 & span of 3600 mm Brick Press Giene/clay comant bricks
Specifications ) d Specifications
« Production cepaclly 13-4 C-bsarw dependiy $ = * Production capadly 10000 bricks per dey
PerdeyinShouwrsshit  upon e size N Por duy in 8 hours shik
« Size of machine : 750 x 1200 x 3300 mm . Bize . o
o Weight of machine 1 650 kg uone « Waight of eachine + 7000 kgn
o 820 of C-Beam : 150 x 100 x 3650 mm or + Size of beick : 230x108x75 mwn
900 x 150 x 3650 = ¢ No.oltricksperoycls  : 2nos
* Cross secion size < 25 mm thickness * Typs : Hoavy duty machine
* No. of C-Bearm par oycle o Manpowsr + Sidfied - 1, Unsidlied - 3
150 100 mm : 4Nos. » Energy : o
300 x 150 mm : 3Nos « Energy source :&.au.imw'ﬂ
B . Tye  Portable o Powerrequirement  : 20HP
R ¢ Manpowsr < Shiled - 1, Unakdied - 3 » Compaction by < Develops 100 tone of
« Energy Yanemission + High ampiude vbralions foros during compachon
* Energy sourcs + Blackrioal, 3 phase, 440 vola « Optiane + a)Aud Indedng
* Power requirement P < biHydraulio oggle indexdng
* Campacton by < Viorasion chnique « Compressive sherglh  ; 60-200 kgl or mome
Compressive shergh  : 250 kg/ om2 * Othwrs + Bricks produced are of scourete
Others : Can be designedabricaied cimensions and have excsbent
for diftererd sizes of firal products. ouriace fnish.
H Modol - AS-4/2 Bl




Cormressed Earth Block | Use: rer preduction of intertecking type RCC Jolst Casting MachIng | Use: rer preduction of Proces 8.¢.C joists which

comprassed oarth blecks
K -
Specifications Specifications N
« Producion capacly +1200 blocks -
Por day in § hoxre shikt * Produciion capeolly 80~ 100 RCC joista -
* 8ize of machine + 2300 % 1400 x 1700 mw Por dey in 6 hours shit
* Waight of schine + 1000 hgm. * 8ze of machine * 1200 x 1500 x 4600 oam
A » Sz of blocks *+ Weight of machine 1700 ige
Indariocking blook : 50-40x 20 x HSmm * 2o of ACC joist : 1507 150 x 3500 #¥
Condat block : 50-240% 220 & 115mem * No. of joist Pr oycle :1Na,
Pavemant binck 1 220X 11Smen x 7S wem * T - Egn Ieying ype
Pain block : 50-2001 220 x 115men ¢ Magowsr : Skiied - 1, Uneidied - 3
* No.ofblocks Pwroycls  : 1Na. il © Energy Tranamissicn  : High ampillude vivelione
o Energy Travarission Hycraulo Pressure * Energy source : Blecwricsl, 3 phase, 440 vole
* Energy source < Disosl or Elecricel, 3 phase, 440y © Power requirement 12HP
+ Power requirement 1 13310 deset angire * Compaction by : Vibration eohvium
* Manpowsr + Skiled - 1, Unakdied ~ 7 Compressive stength 1 150 igyam2
¢ Type : Road worthy tow Fame Others + Joists of dillerend sizne can be
« Campressive strength of Blocks casind by charging he mould
Compresssd Earth blocks : 50 - 100 igfom2 -
Fiyash-&me-gpmum £ 100 - 250 kgiem2 M
Model - M5 -
[SolicvHollow Concrete US®: For production of all types of Concrese Blocks [Precast concrete Door/ Use: For pr o ¢ " l
Including Seild and Hellow blecks of éifferamt frames us « substitute to timber. .
Block Machine (EQQ Iaying | ivepes end sizes. e s ) ;
_ = Specifications 13 & Specifications
T FU * Produckon Capacly 1000 bocks i o Produckon Cepecly  © 4 Door or § window ramas
o Por dey in § houra shikt Por duy in 8 hours shik
« Sizw of machine + 1500x1500x1500mm * Size of machine : 2400¢1200x750mm
* Weight ol Machine + 1000 ke, * Weight of Machine 500 kga.
* Stoe of Blocks . ::dm * ot .
Sokd Bk 150mm Window ;nammsm of any other
 Hollow Block + 400x200x200 o Nty
* No. of Biocks per cycle: Cross-section size + 100mmwEOmm
Solld black : 6Nos. * Type : Partable
Hollow block : 4nos. =, . * Marpowsr : Skiled - 1, Uneidied - 3
* Margousr : - 1, Uneklled - . D B ¢ Erergy Souwce + Bactrical, 3 phase, 440 vole
- . Tre m‘fwmw‘- : o Powsrrsqirement 1 2HP
o Energy Sowce - Eioctoal, 3 Phase, 40 VO ? Somoackn iy ;'g':’:‘j"m
* Power Requirement H 1 Otwrs Boih Single Rebals and double
* Compaction by : Prossure-vitralion ichrice rabaie kames can be manulachmed. ;
* Swength of blocks + 70-100 kglern2 In bt provision for hinges, locka, b ;
* Optons * Replacement of Moulds are 1ower bolts o,
avadble or Bione masonry biocka, Can be designedtebrioaied b
and arge s aggregas blocks. diflarant sizee of fnal products.
Model - CB-1 s mﬂ I'?
K
l..;%
Precast RCC Joist Maching | Use: fer preduction of Precest R.C.C jaists which ressed Earth Bloc Us@: For production of stabliised mud biecks, fine
N — are veod us an aliternative te timber and steel jeists carpl 'd' k concrete blocks and steam cured blecks fer walls, 1
s - Machine (Mardini) ;
Specifications Specifications .i
l » Productoncapacly  : 4 RCC pists E
Por duy in 8 hows shit . capaclly + 500
o Si 1485 Por day In 8 hours shit
* Weight of machine 650 e * Size of machine © 1300x500xS00 fm
o 8o of jist * Weight of machine : 140k,
" Joisd 4168 x 100 x 125 mmor  Size of block
4168x 150x 150 mm ook + 220x190x100 mm o
+ Crome seck , 5t oy obherszne NSHX100 M
= ‘:::z:" + No.ofblockpercyde  : 1Na
* No.ofJoisperoycle  : 4Noa * Energy Tranamission  : Laver with cam and inggle .
Type + Portable mechaniem ‘i:
: Sidied - 1, Unaldied -3 : Davelops 12 tons of loroe M
* Energy renemiasion + High ampliude vbrations during compaction.
Energy sourcs < Blnctrical, 8 phase, 440 voit * Manpowse : Skiled - 1, Unakitied - §
Power requirenent :2HP ¢ Type : Portable
o Compressive sterghh  : 150 ko2 + Energy Source + Manuat
* Otwn :Mwlmh . by : Prossure
bty ot - e o2
ditrent sizes of el prochcts. * Stabssfonofeolby  : 5-7% cement
i

|
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Ferrocement Roofing
Channel Machine

)

US@: Per preduction of PFarrucoment Resfing
Channels wpte 6.1 miy. span fer ree! ond
diate feers sonstruciion.
Specifications
. C :$ y
Por day in§ houra sl

* 8zs of Machine + 1150 x 1500 x 6600 mm

« Weight of machine : 1000 kgm.

* Shape of chaveh : Segenend of & circle

+ Section Size < 045x340n28 mm

* Langh : Span Up 0 6.1 min. can be casied.

« Manpower : Skiled - 2, Unakiled - 4

¢ Tyos : Hoavy duty

« Compaction by + Vibralion ischnique

* Energy Soruce : Elacyic, 3 phase, 440 vols

* Power recuiremant t4HP

* Compressive Stength  : 150 ko2

* Others : Chickan mesh and weided mesh
&0 used &8 reinforcement
of charvwis
< Can be designed/tabricatsd
for spans uplo 6.1 mt.

Py \
o

stonelCog! Dls-lnmtor

Us®: Por crvehing of stene/beviders/conl at slte.

Specifications

« Production cepaclly *{a) Coat- 400 R

Perdayinhournshit  (b) Stone 200- 30 ot

+ Size of machine < 1650 % 1040 x 1800 ovn

* Weight of machine 100 kgn. apprast

o Tye : Porable, moblle

il *+ Crushing St : mmp25mn

o Energy Tranemission  : Through jamr pltise made of weler
querched maganess sisel
(togole clagping)

* Manpower : Sidied - 1, Unakilied - 1

« Type ol coalfsions © Madkam hardnees sione
or ek types of ool

+ Energy sores : Elnctric, 3 phase, 440 vole

* Power requirement I T5HP .

* Othen * Sutable lor menutacksrers of
concrets bricka & blocka, road
‘conractors and brick feld apsraiora.

US@: For preduction of Terruze ond Chequared
Terrazo/Chequered Tlle Use: s o \
Specifications
+ Produciion aapacity 1400 - 500 Wes
Per iy in 8 hours shid
: « Sirn of machine 2900 x 800 x 1200 mm
1 T50kga « Weight of machine : 300 kge
: Portable * Size of Thee
* Sizn of Lpanels Tomaz e * 225 x 225 x 25 mm thickness
+ 4000x320x 12030 mm thicknees B Crequend e + 250 x 250 x 25 mm thicknass
+- Crose-esciion size : 30 mm * No. of Ties per oycle : tNa
© No. of L-Punsls per oycls : 2 Nos. * Ty : Light duty machine, most ssllable
< Skiied - 1, Unakiied - 3 for eite works
* Energy scamce : Elnctrionl, 3 phase, 440 vois o Manpowsr : Skiied ~ 2, Unakilled - 2
» EnergyTrawmission  : High amgilude vbraions o Energy : Hand .
* Power recuirement 12KP compression
* Compaction by : Vibration isctricue Energy source : Marual
o Compresshve stergth ;150 kgforr2 Y -y
* Otuny + Production capacly can be Compressive strergh  : 200kg/ a2
incresaed by replecing moulds Ottens + Can be designed/iebrioated
: Can be designedhabricated tor for diflerent sizee of el procachs.
Gitterent aizne of inad proucts. + Can aleo be used r producion
of heeb stores,
(]
o changhg o i i
Stationary Block Machine | Use: rer o blecks TNG Rural Housing Kit US@: tor production of building ssmpanants for @
> " I fur walling. asmplete howse wiing local matertals
L Specifications S Specifications
«F capaclty H g for single siorey
* Producton 200 blocka houes o/ 220 3G can be
Por day in 8 hours shit constructed with in 6 deys.
« Stz of machine = 900 x 800 x 1200 mm {exouding ouring fme)
o Weightofmachine 300 kg « Size of Buling Components
* Stze of Bocks Hollow blocka < 400 200x 150
Solid block < 300x 200 x 150 enm wilh side blook Solid blocks 1 400 x 2001 150 mm
Hollow block : 400X 200 150 e Carmer blocka + L-shapa, (600+400) 225 x 150 men
o No.ofBlockspercycles  : INa Asch bricks © 175200 x 200 x 300 mm
. i - Rafter for ook * 75 1 150 1 29004200 mm
res Loy Fooling sieb + 600X 600X 45 rvn Ihicknees
most sukable fr slte warks Floaring e = 200 % 200 x 45 mm Gickness
* Manpowsr : Skilled - 1, Uneiied - 3 Rooling e - 200 x 200 x 25 mm thicknese
¢ Envegybanarmisslon : High ampikus viratone Siarcase beads 2301800 x 45 e tickness
* Energy sorce + Blectrical, 3 phase, Staircass rissns < 200 x 800 x 50 mem thickness
440 vois of Disesl Concrels window + 300 x 575 mm
Power mcuirement T INP Concrets door rame : 900 x 2000 mm
Compaction by * Vibration echnique Walsr tank + 300 Bren capacly
Campressive sherglh  : 40-60 by / om2 * Manpowsr fs&a-l,u\ﬂn-s
Othrs : Can be designedabrioated for : Energy Fansmission :lllld’q-.dm:w
itleront sizee of final products. Others : Gubdig co "’u‘""'“
mi




[Multipurpose Stone

Us@: Versstite stane drilling, swting and pelishing
for somi o~d

Processing Machine

> stons
dessrutive Homs for rvrul and ssttage indvsivies.

+ Depand wpan S type of stone b be
proceessd

< 900 x #00 x 900 men

: 1000ge

: Blscirical, singls or § phase,

: 2HP fr eingle phase

* The mokor of the maching is provided with verisbls RFW
'which can bs used for difierent purposes a8 olows:

Purpose
+ Loadher polieh and grinding
: Orilingofhole 1.5° 0 X 1
+ Cutling binde of 14 and
: Cutingbiade ol ” 481

: Skiled -2
: Both snds of the mechine

220 vola or 440 wia

1HP for theee phase

driling W 0.5 0 051
and driling Wi 0.5°

can be used (or various operaiions

-

BI-DI Vibro Press

US®: Por production of soncrete brida/aslid or hellow
hoskca, fiywsh conarate bricka/velid or holiow hlocks and
paving bioden/ttles of difforant shunpes.

Specifications

.
Por day in 0 hours shit
. S

& Waight of machine
4 Btze of rivkvblockvpaver
7 ik

Pover Any standard 520 & shape
Bricka 10 noa

Solidhallow blocks 4nce

Paving bincks fSnoa.

Marpower Sidled - 1, Unalied - §

* Ty Heavy duty, automalio machine
Energy 20 tone of vibro o
Ensegy source Bactrical, § phass, 440 vols
Power recuirerment 12HP
Compressive stergth - 80 - 150 ifam2

Ferrocement Wall Panel

Us@: Por production of ferrecement paneis which
are vood e an slernative te brick Inflll walls.

+ 4 walling units by replacing moult
: Depend upon e size of

+ 600 - 800 kge.

: 1200 %900 x 150 mm or

* 25 mm hickness

+ Skiiad - 1, Unaidied - 3

* Portable
: Dectrical, 3 phase, 440 vols.
c P

‘waling units © bs manulactared

1200x 1200 x 150 mwmor
any owr standerd sizes

Bar and Pipe Cutting

Us@: For cutting of bars und pipes to sult the
requirement.

Specifications

?
H
{
-

1 mm 10.25 mm bar. Sinel pipe wpko

: Paring wheel of & ©

+ VAHP. 4 pols, 4 LPM

60 mm dia

12, 210 4 mm thick, 1~ hokding hole

sl

Micro Concrete Roofing
Tile Machine

Precast Ree Plank

Use: Per production of Precast RCC reefing plenka
‘which are vsed us an slernative te RCC slabe.

+ § roofing planks

+ 1600x1600x750 men
+ 500 hgs

< 1500 x 300 x 30-60mm

: S Now.

< Sidled - 1, Unskiled - 3

: Portable

* High ampiikuds vibralions
: Blackrio, 3 phase, 440 volls.
12HP

2 Vibration ohnique

+ 150 igfem2

+ Produclion capaclly can be increased |

* Lase maintenance
: Can be designed'iabrioated for

or any other size

by repiacing the moukds

difterent sizes of finel products.
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Promotion of Innovative

Technologies and
Machines through

Production Centres and
Demonstration Units being

operationalised by BMTPC

Demonstration-
cum-
Production
Units
Encouraged by BMTPC
to Manutacture Cost
Effective Building
Components

Over 1 00 locations

Building Centre Movement in India

* A national network of Building
Centres has been set-up by HUDCO,

Ministry of Urban Development &

Poverty Alleviation

* BMTPC provides appropriate

technological backup and helps in
building up their production capacity

¢ Nearly 550 such Building Centres are
operational all over India

EMPLOYMENT GENERATION WITH FULL SET OF MACHINES N A DAY

8. | Namw of Machine | Use Production Sidited | Un-
No Capacity per | Labour | Skilled
day Labur
1 Altamnate Station | For production of 10000 Noe. 3 11
Hydreulio brick stabillsed soil bricks,
fiyash bricks
2 Bi-directional For production of 7000 Noe. 2 14
Yibro Press cement concrets bricks,
blocks end pavers
3 | CoalStons For crushing of large Cost: 400 oft 1 5
Disintagretor size stone boulders and | Stone:280 cft
coal
4 Bar & Pipe cutting | For cutting of bars and 1 2
Machine pipes
[ Precast concrets | For making concrets 4 Nos. 4 6
Door Frame door frames
making Machine
L] Precast eoncrets | For making concrets 6 Noe. 4 6
Window Frams window frames
making Machine

EMPLOYMENT GENERATION (contd... )

EMPLOYMENT GENERATION (contd...

)
8. | Name of Machine | Use Production Skitled | Une 8. | Name of Machine Use Production Skilled |Un-
No Capacity per | Labour | Skilled No Capacity per | Labour | Skitled
day Labur day Labur
7 Ferrocement For making ferrocement | § Nos. 4 6 14 | Ferrocement wall For making 1No. 4 6
Rafter Machine rafter for roofing pansl making machine | ferrocement wall
R panels
8 | Ferrocement For making fecrocement | 18 Nos. 4 6 18 | Ferrocemant door For making 1Nos. 4 6
Puriine Machine purtine for roofing -Nl:-mw ferrocement door
Tac! shutters
o '. .‘"E.,""‘,,".".'_'," h'"'u.,,".;,:.""b 8 Noe. 3 6 18| Bolid/Hollow concrete | For making 600 Nos.
n-l:h:w fintat & block making machine | solid/holiow 2 6
type) oconarete blocks
10 | RCC Plank casting | For making RCC plank | 7 Nos 4 6 7 For 1000 Nos.
11 [ RCC Joist casting | For making RCC joist | 4 Nos. 4 6 (ogg laying type) concrets blocka
machine 18 | SolidMollow concrets | For making 280 Noe.
12 |LPeneimaking | For making Fpanel for |2 Nos. 4 block meking machine | solkiholiow 2 |6
machine roof 6 (surface petrol ooncrete blooks
13 | Ferrocement For making ferrocement | 1 No. 4 6 19 | MCR tile making For making micro 200 Noe. 2 8
roofing channel roofing channel machine concrets roofing
making machine tiles

10
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EMPLOYMENT GENERATION (contd...) s
8. | Name of Machine Use Production | Skitled Un- -
No Capaolty per | Labocr Skilled 3
day Labur ' :
making machine cemant bricks
21 | C-briok amaking For making sand 3000 Nos. 2 6
22 [ Compressed sarth For making 1000 Nos. 1 6 l
block making machine | stabilieed soll B
(Balram) blooks
23 onrth For making 800 Nose. 1 6
biock meking machine | stabilised soll 3
(Mardini) blooks {;
block making machine | solidholiow B4
{SAKAR) conovets blocks
TOTAL
65 {151 I-
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Disaster Mitigation and Management Vulnerability Atlas of India
Vulnerability Atlas of India ‘

* Hazard Maps ¢ Risk Tables

* The Atlas aims to provide information base to support risk
and emergency decision-making in disaster reduction.

« Atlas is intended for government institutions, administrative
bodies, businesses, public organizations, educational
institutions and individuals.

¢ It can also be used to develop disaster reducing measures

and to plan preparedness and emergency activities. 56% of land vulnerable to Earthquakes
Biggest quakes in: Andumana, Kuchclh, Nimactal, Kashmir N.Biher and e North Eset
The BMI'PC project on Vulnerability Atlas and Knowledge Packing for 8% of land vuinerable to Cyclones
ed buildings was adjudged on 4* position out of 39 IDNDR 21 cyclones b ey of Bengw fnsde

5% of land vulnerable to Floods

D -ation Projects revi ‘byan.mm ional Jury. Lakhs of hectarss of crope are damaged every yeer
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B Vulnerability
' Atlas of
Gujarat

Jolld
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Districts prone to Multi-Hazard Risks

States wa  States Not
Dimtricta Districts
¢ Andhra Pradesh 12 | « Orissa 5
e Assam 22 | * Punjab 12
e Bihar 25 | * Uttar Pradesh 50
e Goa 2 * West Bengal 16
. Union Territories
Gujarat 17 ??:':rme ftories ;
* Haryana 8 |+ Pondicherry 1
* Kerala 13 | *Dlu 1
« Maharashtra 13 Total Districts 190

India-UNIDO Programme

Investment and Technology
Promotion and Transfer for
Manufacturing of Construction
Materials for Housing

ICAMT TEE

India-UNIDO Co-operation
BACKGROUND

* Environmental problems due to huge
quantities of agro-Industrial wastes

e Development of technology for
recycling

* Rising energy demand

* Need to promote technology with
high potential for employment

India-UNIDO Programme rocuses on:

< Environmental Protection

“ Energy Efficiency in Manufacturing
Processes

< Sustainable development of small and
medium enterprises

<% Modernization of Manufacturing Process
of Materials

% Technology Sharing & Capacity Building
< South South Cooperation
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Technology for Alternative
Materials for Housing

> Energy Efficient
> Environment Friendly

Industrial & Agricultural Waste

TEM SOURCE Qty Application as Building Material
Avalisble & M.T/Yr.

Fiyash Thermal Power  65.00 Portiand pazaciane cement, bricks , ime pozzolana

Stations mixture, lightweigie, agpregeis calluler concrets.
Blast Steal Plants 1.4 Produation of Portiand bisst unece sing cement
Furnace cament, super eulphate cement 88 an 800rvole
Sing n as for eand, concrets.
Cinder Thermal Power  3.00 Massdactre of ime oinder mortar,

Stations end of conorete building production of bricke

Rabways from bleck cotton soll.
Cosl Coal Mines 3.00 Mamdacture of bricka, tilea, iigitwelgit aggregaies,
Washery fusl subetRuts in the burning of bricka.
Wasts

Copper Mines  0.55 For manutacture of stablised and high strength

.Y"l‘:q bricka, csthcar conorets snd masonry cement.
> Employment Generating Comper _ Copmrpasts 0184 For makngbkabiocka
Qypeum QGypeumn Mines  1.50 QGypeum bulkiing plaster, resdy meds piastar with lime.
Mine Wasts
Industrial & Agricultural Waste Industrial & Agricultural Waste
ITEM SOURCE lioation as Bulding Material

Qty Appl
Avallable In MTAYY.

I TEM SOURCE oty Appiication ss Buliding Materisl
Avasiebls 0 M.TS¥r.

ron ron Ore Mines 1123 For making stablised and burnt cley building
Taling bricks, high strength bricka.

Kiin Dust Coment Planta  2.00 I the osment industry, ae a hydreullo binder.

Ume Lime Stone 50.00 For production of mesonry cement and activated
Stone Waste OQuarry {me pozzolana mixture,

Ume Siudge Bupar, Paper, 400 For the cnanufectre of portiend cement, masonry
0 mm-mmmmmmm
L

mnmunmmw
roofing shesta.

Phoapho- Phoephoric Ackl, 11.00 For making gypeum plaster, firous gypeum boards
Phoe- and biocks, cernent clinkers., u--uum-nu

phate, Hydro- making super suiphete cement.
Muorio Ackd industrise

Ped mud Ahsninhan 400 For production of buliding bricks and ties, lightwelght
Extraction Plant structural blocke, roofing shests and as an addRtive o

Wasts Glass Giass Plant - In the manutecture of moani and glared thes and lipht

welght eggregats, brick
Waterworks Waterworks Huge For ot clay product,
Sits. Settiing Tanks  Quentily biosted clay aggregats, high atrength bricks.

Zno Tatings Zino Minee - For making cellular conorete, sand ine bricks, precast

blocks, concrets flooring tiea.

Rioe Husk Rioe Miis 18.00 As fusl, for buliding

M Mummu«w

butiding pansta, bricks.

Bagases Suger Induatrine 525 For manutacture of isulation boards, well pansls, sto,
Banam Banana plants 020 in the ssanufecturs of buliding boards, tire reslstance and
Leaves/ Staks ibre boerd.
Coconut Cok Fibre .08 in the manutacture of bullding boerda, roofing shesta,
Musk Industry insulation boarda, bufiding penels, ss « lightweight

Oroundnut  Ground Nut 875 In the mamstacture of buliding pensis, buliding blocks
Shell Off MEs for making chip boarda, roofing shests, partiole boarda.

Industrial & Agricultural Waste

TEM SOURCE Oty Applicstion as Building Material
Avalisble in MT/Yr,

Jute Stiok Juts industry 208 For making chip boards, rooling shests.

Rice Resds & Agrioulturet - Manufacture of roofing units and weil pansibosrda.
Wheet Resde Ferms

Bew mill Sewmiis & 2.00 Manutsctire of cement bonded wood chipe, blocks,
Wasts wood based boards, fixre boards, partils boards, insulation boards
panal Industries
Sisal Fbres  Gisal Plantation -~ For plastering of walla and for making roofing shests.
Cotton Stick  Cotton 10.05 Fbre boerds, panel, door shutters.
plantation.

SHARING
INDIAN
EXPERIENCE

MEE
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THAILAND - 1995

BMTPC displayed technologies for building

materials from recycled industrial and agro

wastes and initiatives in production of small
building components

The display covered programmes, activities and achievements
in the areas of Cost Effective Housing, Housing Finance
Practices, Urban Development Programmes, City
Development and Urban Design, Non-conventional Energy
Sources, Small Enterprises, Building Materials and Innovative
Technologies, Disaster Resistant Housing, Waste Based
Materials, Plastics, Rural Housing Programmes, Sanitation
Sector and National Drinking Water Mission etc.

Noted amongst the key visitors of the India Pavilion
was Dr. D Wally N’ Dow, Secretary General of
Habitat-1l Conference, whose encouraging remarks
were:

“A Wonderful Example of Improving Human
Settlements for the Whole World. Congratulations!”.

UGANDA - 1998

* Live demonstration of simple low-
cost building components
production

* Attendees included the business
§ community associated with
construction, manufacturing and
supply of building materials,
architects, builders, developers and
representatives of NGOs.

* Entrepreneurs showed interest in
importing Indian machinery to
make simple building components,
finished products like building
hardware, flooring tiles and solar
energy based appliances, and to
set up production units for concrete
based components.

TRINIDAD & TOBAGO - 1999

A MOU was signed in Port of Spain during the
visit of the Hon'ble Prime Minister of India in
February 1999.

TRINIDAD & TOBAGO - 1999

This effort has finally led to the the formulation of a
long term cooperation programme for sharing and
transfer of technologies with Trinidad and Tobago.

[
(9.}

Bl



RN

TANZANIA - 2000

T

ANZANIA - 2000

Exhibitionin
Venezuela
May 2002
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-

Home Page of BMTPC
- Sections on Home Pace
. o '
s * Background
* Thrust Areas
: Special Events

* Environment-friendly
Materiais and techniques

 Building Materials trom
recycled wastes

« Disaster Mitigation

« Pertormance Appraisal

Certification Scheme
* News
Taniie 3 * Publication
{Approx 10,000 Visitors per month) : g::d'y
Home page activated in 1999
S

Analysis of Queries received at BMTPC

E.Mail queries Analysis for Last 12 months

National sl 48 %  (nternational mmmje- 52 %
+ Alrican Countries 36 %
» Latin America 16 %
» Australia & Ex-USSR 14 %
» Europe 10%
» USA 10%
.» Gulf Countries 9%
» Asia 7%

Analysis of Queries received at BMTPC

Nature of queries

+ Machinery Related 54 %

» Seeking Trade/Technical Info. 18% __—

+ Publications Related 10 % 3
v Seeking general and Misc. info. 12 %

+» Seeking Project Consultancy 4% -

» Seeking Business Associations 2%

Machine specific and Country/Region wise queries

Australia & EX-USSR 7%

+ India 25%

» African 32% - Europe 5%
» USA 7% < Asia 7%
-» Latin America 15% . Gulf 2%

Demand generated for Transfer of Technical Know-how
and Machineries developed and promoted by BMTPC

From: India and other countries...

No. Name of the Country No. Name of the Country No. Name of the Country
1 Abu Dhabi 16 Kazakhstan 31 Surinam

2 Argentina 17 Libya 32 Syria

3  Austria 18 Malawi 33 Tahiti

4 Australia 19 Mongolia 34 Tanzania

5 Bahamas 20 Mexico 35 Thailand

6 Barbados 21 Mozambique 36 Trinidad & Tobago
7 Bhutan 22 Nairobi 37 Turkey

8 Canada 23 Namibia 38 UAE

9 Egypt 24 Nigeria 39 Uganda

10 Ethiopia 25 Norway 40 UK

11 Finland 26 Pakistan 41 USA

12 Germany 27 Panama 42 Venezuela

13 Ghana 28 Rwanda 43 Vietnam

14 Greece 29 Saint Lucia 44 Zambia

15 Indonesia 30 Saudi Arabia 45 Zimbabwe

Future Action Plan

 Long term project for identified
countries in Africa under development

» Based on interest received, more
programmes to be developed for South
East Asian, Latin American and
Caribbean region

» Donor agencies / Donor countries to be
approached for funding

Thanks
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INTERNATIONAL CENTRE FOR

ADVANCEMENT OF

MANUFACTURING TECHNOLOGY

S.VASANTHA KUMAR

November 25, 2002 Bangalore

Programme Focus ”

Awareness QSeminar I
QExpert Group Meeting

QTechnology Summit
OTechnology monitoring
Acquisition / | QLinkages with
dissemination ~Centres of excellence
of technology -R8&D Organisations

related -Industry Associations
information —Industry Houses/groups
~Universities

Q Establishment of database

ICAMT

Joint initiative of

Government of India & UNIDO

Established in October 1999

Programme Focus

Technology QFadilitate technology development
Development |QDevelop product and process
QImprove productivity

QEnhance quality

QFadilitate testing and bench marking

QApply IT to SME sector
Technology QIdentification of technology gap
Transfer QTechnology sourcing

QlInternational technology transfer
brokering

QExpert advisory service

QOBusiness Networking

[Core Objective}

Emerge as focal point in a
global network to enhance
the manufacturing capability

and competitiveness of

industries in developing world.

|[Programme Focus |

Enterprise QTraining
development | QSeminar
QOProject conceptualisation and
development

Market Olnternational exhibitions
Development QOrganise

OFacilitate participation
QBusiness networking
QProduct development
QBridge missing links




QSetting up of focal points in developing

countries

QSouth-South, North-South business
contacts

QTechnology Partnership programme

QExhibition/Seminar

Mobilisation of
funds

QLinkage with :

OMudtilateral/ bilateral funding

institutions

QDonor countries

QFinandal Institutions/Banks

QGovernment Organisations
QDevelopment of market driven projects
Qtinkage with UNIDO ongoing projects

South — South Co-operation

* International Co-operation for Technology
transfer to Africa in the field of manufacturi
of Alternative materlals for low cost housin
based on Agro and industrial waste

- International exhibitions at:
* Bangaiore (Dec’'99)
¢ Dar- Es ~Saalam, Tanzania (July '00)
+ Ahemedabad (Nov '00)
+ Caracas, Venezuela May 2002

~ A Reglonal Programme is under development -
Identified countries in Asia , Africa and Latin
America to be involved

ICAMT and Its Initial Network [

| UNIDO Exchange Network |
'

Competitive Edge

* Application of IT In SMEs

* Development and Implementation of
sectoral projects

¢ Strong Linkages with Private / Public
Sector

* Manufacturing Technology - strong
counterpart agency

INITIATIVES IN FIRST YEAR

« International Co-operation for Technology

Transfer — Building Material for Low Cost

Housing

» Technology Development  Projects for
Indian SMEs
+ Toy industry

THANK YOU
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Overview and Advances on Science,
Technology and Applications of
Composite Materials based on Natural
Resources

Prof Dr. P.V. Kandachar

elft

ate ot Tasmariens

A
JUb

Materisls Design and Production Processes far Low-cost Housing
25.29 November 2002, Bangaiors, lndia

1 Overview on Natural Fibre C tes - Prabhu Kandachar- 25-29 Nov 2002, alore, indta

Characteristics

1. Recently re-discovered

2. Large gaps in scientific
knowledge

3. Considerable interest in
certain application areas

4, Scattered and proprietory
knowledge base

The Old and New Players

Agncutture

Farmer: Processor:
Crops Fibers

Farmer; Processor:
Carbo- E% (Bio-)
hydrates polymers

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002, alore, India

Overview on Natural Fibre tes - Prabiu Kandachar- 15-29 Nov 2002 alore, india

Revived Interest

« Fossil fuel (petroleum) is a limited (and
the synthetic polymers derived from oil),
non-renewable resource (20-80 years)

« Can a renewable resource, such as
agricultural produce, be an alternative?
Bio-polymers? Polymers reinforced with
agricultural fibres?

« Can they contribute to sustainable
development?

Lecture Approach

« Technical rather than through consumer
research and marketplace intelligence.

« Competition between fibres &
composites.

« Properties (technological, economical,
ecological) as the criteria for selection -
Product Design & Development as Aim

« Broad overview - Eurocentric - Universat

Overview on Natural Fibre Composites - Prabhu Kandachar 25-29 Nov 2002, Bangalore, india

Overview on Naturat Fibre tes - Probhu Kandachar- 25-29 Nov 2002 alore, India

Lecture Structure

Overview on Natursl Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India



Part 1

Materials and Processes

Classification

ORGANIC INORGANIC
Plant Based (Cellulose}: Mineral Based:
Seed fibres, Bast fibres, Asbestos

Hard fibres, Fruit fibres,

Wood fibres

Animal based (Protein):

Wool, Hair, Silk

Overview on Naturst Fibre ites « Prabhy Kandachar- 25-29 Nov 2002, alore, india

Overview on Natural Fibre Composites - Prabhy Kandachar- 25-29 Nov 2002, Bangalore, India

Features of Natural Fibres

slow cost, low density (value for
money)

sHigh specific properties (sisal ropes,
Jute bags)

sBiodegradable, renewable
eNon-abrasive
sReady availability

sSensitive to moisture absorption
sThermal degradability
aVariation in properties

Industrial Hemp

History

Have lost position due to increased dominance of synthetic
fibres - on grounds of cost, quality, consistency, etc

Agave 8,000 years old,
Tehuacan valley of Wertduttn Moout 1esed £ ar Pradustiun Ernmete . C sluioste
Mexico

Woven palm | 12,000 years old,
leaf fabric Mexico

Yucca and 11,000 years old,
Typha mats | Nevada Cave

Woven Flax | 8,000 years old,

Switzerland
Cotton cloth | 3,000 years ago, India
Hemp 2,000 B.C., China Source: Botany Department,
Papyrus and | 7,000 B.C., Egypt University of Wyoming
flax Fib . com

Overview on Natural Fibre ites - Prabhw Kandochar- 25-29 Nov 2002, Bangalore, indta

| Overview on Natural Fibre (. tes - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, india

World Wide Availability (1990)

Production, % of Grown in
tonnes totad

18.645.000 71.80 China, USA. india, Pakistan, Utbekistan

3.630.000 14.00 | China, india, Bangladesh

2.100.000 8.10

830.000 3.20 | China, France, Romenia, Selarus, Netheriands

380.000 1.60 Mexico, Africe, South America

220.000 0.09 | Europe. China, Africe, Canada

110.000 0.04 | Southeast Asia, Chins, Japan, Southem Europe

RECEEERE

76.000 0.04

Production & Consumption in EU (2000)

Fibre | EU . EU consumption, %

(short | production, N
fibres) tonnes Pulp Apparel  Othors | Export |
o - o T

Hemp 2500030000 | 87 | - 13

Source: Nova institute, Germany, March 2000.

Overview on Natural Fibre Lomposites - Prabhu Kendachar- 23-29 Nov 2002, Banqalore, India

Overview on Natural Fibre Composites - Prabhu Kandachar- 15-29 Nov 2002, Sangalore, India
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Application of Natural Fibres in Automobiles

(Europe)

1996 1999 2000
Germany 4,000 14,400 17,140
Rest of EU 300 6,900 11,160
totat: 4,300 21,300 28,300

1999: 71% flax, 12% hemp, 7% kenaf, 6% jute and X%
sisal
Potential: 5 to 10 kg NF per car — 80,000 to 160,000 ton

Source: Nowa institute, Gerrany

Coconut plant and colr fibre

Price of Fibres

Jte Flax Sisal Hemp Kenat Giazs
Relative Prics (Glasss100)

Overview on Hatural Fibre Compasites - Prabhu Kandachar- 25-29 Nov 2002, Bangaiore, india

Overview on Natural Fibre C tes - Prabhu Kandochar- 25-29 Nov 2002 alore; India

Some Common (agro)Fibres

Common Name ]Scienn'ﬁc Name ] Plant Family ~Lumen” or pore
Stem (Bast) Fibers (Dicots) cronbes ‘"’:’id‘;f:m
Flax Linum usitatissimum | Linaceae (Flax) Outer wall
Ramie Boehmeria nivea Urticaceae (Nettie) Primary wall
Jute Corchorus capsularts | Tiliaceae (Basswood) QQ privcidriveart
Kenaf Hibiscus cannabinus | Malvaceae (Mallow) Q | car  Fibers: Cellulose Fiber
Indian Hemp Cannabis sativa Cannabaceae 209 ?Smlﬁatemu

(Marij ) n an amorphous
Leaf Fibers (Monocots) {:‘;’;‘:’)‘ of Hemicellulose and
Stsal [Agave [4s Ueave) Microfibrils: Very rigid and
Seed Fibers (Dicots and Monocots) stable; impart high tensile
Coir | cocos nucifera | Arecacese (Palm) strength

Fiber (Cellulose) - Structure

{Overview on Matural Fibre Composites - Prabhu Kendachar- 23.29 Nov 2002, Bangslore, India

Overview on Natural Fibre Composites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, Indis

Fiber (Cellulose) - Chemistry

o oM HOCK, o
AL R
HOC| o
«Cellulose: common material of plant cell walls (recognized by
Anselm Payen in 1838)
«Occurs in almost pure form in cotton fiber(98%; flax is 80%)
«Occurs in combination with other materials, such as lignin and
hemiceliuloses, in wood, plant leaves and statks, etc
«Long chain polymer (a polysaccharide), made up of repeating
units of glucose

*Structura! strength due to strong hydrogen bonding between the
-OH groups; thus does not melt/dissolve in common solvents;
difficutt to convert short wood fiber to “antificiat silk”.

Fibre - Chemical Composition

Fibre | Cellulose |Hemicellulose |lignin | Pectin | Moisture
Flax__ |68-85 0-17 BA-s  [5-10  [100
Hemp [70-75 /{1215 10-15 |1 10.8
Jute  [61-79// / [[12-19 12.6
Kenaf [31-7 / [21.5 / [[15-19
R ible for o for Together: Insulation (heat,|
Biodegradabitity | [Thermat stability m "“"{k“'::"l""""
UV degradability co-¢
Thermat Combustibility - Meets
degradability fAlammability requirements
Moisture at tion of auto industry.

Overview on Natural Fibre Composites - Prabhu Kandochar- 25-29 Nov 2002, 8angalore; India

|Overview on Natural Fibre Composites - Prabhu Kandachar. 25-29 Nov 2002, Bangalore, India



Fibre Quality (Properties) - Processing

Geographical location of growth

Test results of a single fibre or a

bundie ?

Location of fibre in the stem length

Non-constant cross section

Surface quality

FIBRE QUALITY

DECORTICATION, to - Scatter fn properties
“""‘:""" the - Retting Process

SCUTCHING (to - Decortication - 1 to
remove particies), 2% shive (poor mould
HACKLING {combitng) surface)

Fiber - Physical Properties

Flber Physical Properties
Type Form Length Range, mm | Ota. Range, mm
Flax Sundie 250 -1200 0.004-0.4 (0.02)
Single 9-70 (33) 0.005 - 0.038
Hemp Bundie 1000 - 4000 (0.029)
Single S-55(2%)
Jute Strands 1500 - 3600 0.01-0.023 (0.02)
Single 2-3
Choice between short fibres (for moulding compounds &
injection moulding) and long ones (where anisotropy is desired)
Aspect ratios requirements (with man-made fibres) not
stringent due to cell wall reactivity.

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002 alore, India

Overview on Natural fibre Composites - Prabhu Kendachar- 25-29 Nov 2002, Bangalore; India

Stress Strain Behaviour - Fibre Length Effects
Better bonding with banana fibres because of reactive surface ?

%

. T . P
3 I & BT

te .- - 7]

[ i

Fibre (left: Banana, right: Glass) reinforced Phenolics
Source: Joseph, et.al, Comp. Science & Tech, 2002

Influence of Surface Treatment —
Flax Fibre Bio-composite

8 Yourg's Modulus [MPa)  Dbending strength (MPe] $0.0

1508

2

600 g

300 g

15.0 i
{00

Qreen fam retted fax rutted flax (washed)

888888

Retting: Controlied decay in the fleld, cementing substances decayed
by microbes. Washing removes dust, pectin, etc; Source: Riedel, DLR

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002, alore, India

Overview on Natural Fibre C tes - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, Indta

Iinfluence of Surface Treatment - Jute (40%) Epoxy
Composite

Treated with 26 wt% NaOH, 20 min, at 20"C; Source: J. Gassan,
Composite Sclence & Technology, July 1999

Effect of Moisture on Jute-Phenolic
Composites

DG et wreoem
[ R,

= x A
Frew SN BUAH WA VRN meeried

Overview on Natural Fibre C: tes - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, Indfa

Overview on Natural Fibre ites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India
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Effect of Fibre Orientation in Sisal-PP
Composites

lo.—u—-o-—-on—-)

[ s > e |

|
H
)
i

Toumrs womasa

ST e w e . NN
Source: P.V.Joseph, Composite Sck & Technology, August 1999

Overview on Natural Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Sangalore, India

Fibres - Mechanical Properties

Properties E-glass fax hemgp e node | coir dsal abace  { cotion
density 255 154 148 146 [X] 1.25 133 s 15
g’
mm& 2400 £00-1500 | $50-900 | 400-800 | 500 220 600- 980 400
(108* 700
E-mndutes (GPs) | 73 0% L 1630 “ L] n [}
specific (EAdem) | 29 2646 41 T-u F:d 5 19 L
clangstion. 3 12-16 (16 (2] 2 15-28 2-3 310
« filas (%)
i sture abeorpt. 7 ] [} 1217 10 u -2
%)
mia/kg (9, aw {13 05-15 05-18 035 15-25 |025-05 |0.6-07 | 15-25 |15-22
{meu/Pabeic) arnm ey fare hsros-

Overview on Natural Fibre ites - Prabhu Kandachar- 25-29 Nov 2002, Barealore, India

Influence of Harvest Date - Hemp/Epoxy

Hemp. epoxy composites tested in tension. (A) Young’s modulus.
{B) Strength. Fibre was unretted and pinned. (Ret: Hepworth, et al,
Composites A, November 2000)

Overview on Natural fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India

Properties of Natural & Synthetic Fibres (1)

Specific Tensle Strength, MPa/g/cc
- 8B 8 ¥

| Overview on Natural Fibre C tes - Prabhu Kendachar- 15-29 Nov 2002, atore, india

Properties of Natural & Synthetic Fibres (2)

Specifin Tenels Modubs, GPa/yoo
-8 8 8BEB Y

Overview on Natural Fibre Composites - Pradhus Kandachar- 15-29 Nov 2002, Bangatore, india

Fibres - Comparison with Glass Fibres

+ low specific weight - lower impact strength

I+ tow price - variable quatity

I+ renewable resource - moisture absorption

I+ low impact on environment (durability / swell)
(energy / CO,) - limited thermal

l+ better working conditions stability

I+ low abrasive processing - smell

+ combustibility
thermal & acoustic insulation

Overview on Natural Fibre Compasites - Prabhy Kandachar- 25-29 Nov 2002, Bangatore, India



Selection of Fibres for Composite Fabrication

@ Spacific Tenade Strength Bl Speciiic Tensde Mo O Vil for Mo

Properties of Synthetic & Biopolymers

Type W ate Teauile |Tamile Desity, |Faiws |[Pdoa
Abaxp- hg/m® (SR % |Bao/ig
tion, % | MPe MPa

Synthetio Polymas

0.

Biopolymes

Polyhydroxybutyrat [0.1-13 1845 350-3800 1250 +970 813

Folycprolacons (1530 [35-30  [21003500 [1350 26 183

J(PCL, Moter ).

Polylactic acid|1.5-2 2166 (3503800 1250-1260 [1.5-280 }2.73.6

(PLA)

Collalore _____[1.5:3.3 13476 __11600:1800 ]

Overview on Natural Fibre Composites - Prabhu Kandachar- 25-29 Mov 2002, mml India

Overview on Natural Fibre Compasites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore; India

Selection of Matrix Materials for Composites

Properties of Composites (1)

Specific Tensile Strength
Property Synthetic Polymer Bio-polymer
Low Density PP, HDPE, LOPE PHB, PLA
Processing Temp. | PP, HOPE, LOPE A %
Tensile Strength | PAI, PA-66 PLA s
Elastic Modulus PAl, PET PLA, PHB 2
Flexural Modulus | PAI, PEEK PHB, PLA
Impact Strength | HOPE, PA-66 PLA
Mafsture Absorption | PP, PET PHB o Ll & & o ¢
Cost ) PLA <
Overview on Naturat Fibre tes - Prabhu Kandachar- 23-29 Nov 2002, Bangalore, india Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Mov 2002, alore, India

Properties of Composites (2)

10

MPa.mkg

onsO O

Specific Tensile Modulus

Overview on Natural Fibre

tes - Prabhs Kandachar- 25-29 Nov 2002, atore, india

Properties of Composites (3)
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Properties of Composites (SMC) -1

Property Glass Glass Flax 1 Flax 2
120%) {40%) | 21%) 21%}
E-modulus (GPa) 8.5 108 7 11
Tensile strength (MPa) 95 130 40 80
Flexural Modulus (GPa) | 10 138 7 13
Flexural strength (MPa) | 125 240 83 144
tmpact strength (KJ/m?) | S0 85 1" 22
Welgin percents
Flax 1: 6.25 mwm long fibres; Flax 2: 25 mwn long fibres

Properties of Composites (SMC) -2

Property With Glass Fibre With Flax Fibre
E-modulus (GPa) a-11 7-12

Tensile strength (MPa) 35-75 40 - 80
Flexural Modulus (GPa) 7-11 7-12
Flexural strength (MPa) . 70- 160 83 - 144
Impact strength (KJ/m?) 40-70 3.7

Sased on several iterature data

Ref: 8. van Yoorn st.sl, Compositas, 2001, p.1271-1279

Overview on Natural Fibre Composites - Prabiw Kandachas- 25-29 Nov 2002, Bangalore, india

Overview on Natural Fibre tes - Prabhu Kandochar- 25-29 Nov 2002, alore, india

Properties of Biocomposites

Goc  SoA CLY/GGA PLA S Bes K3 arms O
(W Tansie Svengh piPe) B Younys Mots 10P) |

30% non-woven reinforcement, natural fibres in various
biopotymers; GFRP: Glassfibre Reinforced Plastic (Source:
Riedel, Germany)

Unresolved Issues & Challenges

Micromechanical
Modelling

Understanding
(Modelling)

Quality Cor Managed decay?

«Universite de Bretagne (Baley) model to estimate the elastic modulus
of naturat fibre (Flax) -Composites, 2002

+TUDelft model for estimation of the elastic modulus of a composite
when elastic modulus of fibres is known, and vice versa-Denmark 2002

Overview on Natural Fibre tes - Prabhu Kandachar- 23-29 Nov 2002, alore, India

Overview on Natural Fibre tes - Prabiws Kandachar- 25-29 Nov 2002, atore, India

Part 2

Current Applications

Applications in Buildings

Product Reinforcement Matrix

Structures (beams, | Wood boards& Urea, melamine,
taminated veneer | veneer, bamboo, |phenoal isocyanate,

lumber, etc) bast fibres etc

Panels (ptywoods, | Wood veneer, Urea, melamine,

particle boards, bamboo, flax, phenol isocyznate,

MDF, insulation, hemp, jute, protein:casein,

etc) paper, straw, etc | soybeans based

Packaging Wood, wood wool, | Starch, silicates, urea
bamboo, paper | resins, polyvinyl

including wastes | atcohol, lignin

Source: R. Kazlowski, Inst. of Natural Fibres, Poland, 1998

Overview on Natural Fibre Composites - Prabiv Kondachar- 13-29 Nov 2002, Bangalore, india

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002 alore, India




Applications - General

Source: Riedel, DLR - institut fur Struktuurmechanik, 1999

Applications in Automotives

NafpurTec by Hennecke and Bayer Corp., Germany
(other technigues: Interwet, LFI-PUR)

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002 slore, india

Overview on Natural Fibre tes - Prabiws Kandachar- 15-29 Nov 2002 alore, India

Natural Fibers in Mercedes A-200

Natural Fibres in Automotive Interiors

Overview on Natural Fibre Composites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, India

_ Matesial Manufacturing ; Applications
. Technology
interiors: i Sioal i o T Tkt
Upholstery of Doors, - (50-65%)-PU moulding . panals, door
Pillars and Floor - ‘ bore
Rear Shelf, etc. (oSO i | (Haroadas Bers
. {
ear , etc. ; o . ;mm,
| Flax, Sisal, Howp | Comprassion | Renault Clio,
+ Low Cost & Weight | (45-55%)-p0 , Moulding | Opel Zafies, etc) |
I . P i .
+ Acoustic Insulation | Flax, Homp, kanaf | Enjection [ ;
* No Abrasive Wear i (20-40%)-PP ! Moulding, 5 '
« No Skin Irritation : : ; ‘
« Combustibility Meet most requirements, except: “Quality consistency (from
« Ecological batch to batch) - lack of accepted quality standard **Odour &
fogging *Impact (unpredictable) ““Recycling issues
Advantage -
Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002, Banealore, India

Part 3

New Application in
Horticulture

New Application: Biodegradable Pots for Plant

Material; China Grass
(Miscanthus sinensis
gigantheus) reinforced with
proprietory, naturat
thermoplastic, CO, neutral,
100% compostible

Product: Hot Moulding Process

Manufactures; NAPAC, Ch.

Estimated Number of Pots in NI, (2000): 1850 Million
{29.500 tonnes of plastic) Exported: 1450 Million

Cost; 4 x expensive, with labour & recycting savings,
approximately 4% cheaper.

Qverview on Natural Fibre Composites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, India

Overview on Natural Fibre Composites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, India
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Hot Pressing of (Natural Fibre)Composites

pre<sing sheets

{Overview on Natural Fibre C tes - Pradhu Kandochar- 25-29 Nov 2002 alore, India

{Overview on Natural Fibre tes - Prabhu Kandachar- 15-29 Nov 2002

alore, India

Gardening Center, Holland & UK

Mass production & use

Production rates: 4 big pots or 6 small pots

Decay process

environment.

**Resin decays underground within 24 months.
**Germnan standard DIN-54900 for industrial composting

Source: NAPAC

10 to 12 seconds. Source: NAPAC
Overview on Natural Fibre tes « Prabhw Kandachar- 25-29 Nov 2002 india Overview on Natursl Fibre Composites - Prabhy Kendachar- 25-29 Nov 2002, mnlonl India
Mechanisation

Overview on Natural Fibre tes - Prabhw Kendachar- 25-29 Nov 2002 India

{Overview on Natural Fibre tes - Prabhy Kandachar- 25-29 Nov 2002

lore, india




Roots penetrating through

Part 4

Designing a Car

Source: NAPAC
Overview on Natural Fibre tes - Prabhu Kandochar- 25-29 Nov 2002 India Overview on Natural Fibre Composites - Prablw Kandachar- 2529 Nov 2002, Bangalore, trdia
Delft University Activities Factors Influencing Product Design
. ' 5 sl TECHNOL
TUDelft
Detfr Vatveratty ot Jashasiepy
Sustainable Development
Resewrve
s V= | SIGN - [
f\ Costs Y
Transport Sector: i Aesthetics
Resource Intensive \\ \\_ e " N
Enersy Intensive Tennovagiat N, P Ergonomy b - Legistation,
l*,. hy \ :
e USER INTERFACE ——— ENTERPRISE
N s
Overview on Natura! Fibre tes - Prablw Kandachar- 15-29 Nov 2002, Bangaiore, India Overview on Natural Fibre Ites - Prabbeu Kandachar- 25-29 Nov 2002, alore, india
ge';‘:t"e S';‘I’:e” L e World Production and Consumption of
selection [ Progrotamect Automobiles
Y [¢] Masertal, vt World Population:
L]
b More than 400
e . M Miltion
| prei. dosion o] n} World Production:
14 » 1.27 Cars/Second
| Detoit design . I3 2.4 Humans/Second
o
'
documents
. |
' =" i?’é
| Product - O P g._ S
' Backed by e - s g
| Atror Sates  _) Tech.Demc incernatione! Automotive ; el
industry, 2002 ! b
T e wm S m a %W %
. Cor emmprteg v g 4IED wlwna.
Overview on Natural Fibre ites - Prabhu Kandochar- 25-29 Nov 2002, alore, India Overview on Natural Fibre ites - Prabhu Kandachar- 25-29 Nov 2002 alore, India
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Transport Sector - Resource Intensity & Env.

27X total energy
consumption, 33%
€0, Emission of USA

Transport Sector - Resource Intensity & Env,
Impact
|Tnnspoft related emissions as % of total : CO,:16%, CO:70%,

NO,:61%, 50,: 16%, VOC: 43% (in Nethertands, 1990)

Third (16% of the total) largest energy consumer (after
industry and housing) in Europe

Total Material Use in Europe

—

63%

9% Transport :> Passenger Cars

Overview on Natural Fibre Composites - Prabhu Kandachar- 1529 Nov 2002, Bangalore; India

Overview on Natural Fibre C ites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, india

Government Initiatives: EU End-of-Life-Vehicle Directive

5.4 Producer/importer pays
7.2 Recycling quotas, implemented in 2 stages

2006 - Reuse + Recycling > 80% l__mml\

Reuse + Recovery 2 85% <1

@ Reuse + Recycling > 85% l—iﬂ?ﬂiﬂ\

Reuse + Recovery 2 95%

LEGEND: E: Energy recovery; D: Disposal or Treatment
Recovery = Recycling + Energy recovery (E)

PRODUCT LIFE CYCLE

IAudl A3, 200000 km on road l
Energy Consumption — -

87.5%

g

STRATEGIES

Consumer

Indu:
Landfill, incinerate | o ecer, - v::"\:n ent

Overview on Natural fibre tes - Prabhu Kandacher 15-29 Nov 2002, Bangalore, India

Overview on Natural Fibre tes - Prabhu Kandachar- 25-T9 Rov Y007 Bancalore, India

Possible Approaches

CONSUMER

-Reduce Automobile Use

-Shared Transport (Train, Bus, Carpool)}
-Teleworking

INDUSTRY
-Reduce Automobile Weight
-Downsize
-Alternate energy sources, engl

" T7) GOVERNMENT “Resource Intensity
) -Legislation +Environmental Impact|
(T -Taxation
-Speedlimit

Setting Targets for Weight Reduction

XY

000 um e e 2000
Fohrzeugleemewicht [ka)

Weight of the empty vehicle

Sewrce: DI fspect STR 24, Ane 2001

Overview on Natural Fibre Composites - Prablw Kandachar. 23-29 Nov 2002, Bangalore, india

on Natural Fibre Compasites - Prabhu Kandachar- 25-29 Nav 2002, Bangalore, India
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Materials in European Cars, 1975-1990
(Plastics: ca. 10% in 1990)

Source: Samel, Mat.Tech. & Adv. Perf. Mat,2001

Natural Fibers in DaimlerChrysler Cars &
Commercial Vehicles

Raw Material Used in components

Flax, Sisal, Hemp Door trims & rear shelves (Polymer + 75% Fiber)

Reprocessed Cotton { Trunk paneting, roof lining, carpeting, silencing
compounds, seat back lining, rear shetves

Sisal, repr. cotton | Rear shetves (sisal/cotton:75% + polymer:25%)

Coconut fibre /nat. | Seat cushions, seat backs, headrests and sun
rubber mixture visors

Wood fibres Reinforcement of dashboard panels, rear
shelves, door trims

Laminated wood Trunk floor panel
Wood veneer Decorative strips, panels

Overview on Natural Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India

Overview on Naturat Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore; India

Delft University
Experimental Car  pesign Concepts

Objectives

+Petrol consumeption 11 : 40km
stightweight car(400 kg)
sEnvironment friendly
sRenewable materials

*Design for recyciing
sPassenger appeal & comfort
+Affordable price

l Info: ﬁttpﬁwww ﬁocl6.ﬁ?cnﬁmx-ium/iuw_mﬁjmli

DutchEVO Preliminary Specifications

4 Occupants + luggage - Product life-span 200000 km or 15
years - Front 20 kW engine - Front suspension: MacPherson -
Rear: Trailing Arm Suspension - Three doors - European
legislation & standards.

Mass: 400 kg Full payload: 352 kg 100.000 units/year
Consumer price: 12.000 Euro  Max speed: 130 kph

Max. acceteration 0-100:25 sec. Fuel consumption: 2.51/100km
Range: 400 (+100)km

Height: Exterior: 1570 mm; interior: 1150mm

Exterior length: : 3300; Exterfor width: 1550 mm

Overview on Natural Fibre tes - Prabiw Kandachar- 15-29 Nov 2002, alore, India

Overview on Natral Fibre

tes - Prabhu Kandachar- 25-19 Nov 2002, Bangalore, India

Which -

Components? 0,"“',,,,""_,, m
Fully Integrated Bottomn Platform .O

in Synthetic Fibre Composite® ©

Research Approach

D
=N Distribution
== =

Method 2:
(o) [(mma. Excemation

ites - Prabhu Kandachar- 25-29 Nov 2002 alore, india

Overview on Natural Fibre tes - Prabhu Kandachar- 25-29 Nov 2002 alore, India
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http://_.dioct6.tudelft.nl/dioc-lntro/lntro_matn.htmll

MATERIAL SELECTION - Rough Choices &

MATERIAL SELECTION - Energy

Competition

‘Material Strength | Density | Price | Menufc | Part | Enwiron- | Weight

{Experience) “turs | integra | mental | Reduction

bility |-tion {impact | Potentisl

Steets ++ |-- 4 {4+ foe |4+ |-

(+2)

Atuerdrdum | R R . . . +

()

::‘Mun + + - . e . +

:’:’“"" . ++ |+ |+ [+ |- +

:’:‘””""’ - + - e+ [? ++ |?

(")""‘ L (FOF O B P P e ++

Natural FC + 4 + ? ? ++ ?
pe——yg (.) —1
Mmmmmm_

Considerations

Materiat Virgin, No Recycling | 100%Recycling
Ferrous Metals 40 30

Plastics (average) 90 45

Alumi 220 40

Rubber 70

Glass 30 15

Aramid (Keviar) 25 ?

Carbon Fibre 130 ?

Plant Fibre 4 ?

Energy Required to Produce Vehicle Materials, GJ per tonne (1000 kg)

Overview on Natural Fibre Composites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, India

BARRIERS FOR MECHANICAL DESIGN -
Developing Tool to Estimate Properties

Modified Rule of Mixtures:

£ «alv,5, +-v, )6} "//_5/:6“_"175—-]

a accounts for fibre
orientation, length, stress

concentration at ends

B accounts for fibre-matrix

interface wettability

Basis: Hirsh's Model
Prediction of elastic moduius for
PP+40% Hewp and Kenaf reinforced
compesite material,

Barriers for Mech Design - Developing Tool to
Estimate Fibre Mat Inhomogenei
bl L Ml

-

Optical scanning of non-woven
fibre, followed by digital image
analysis

Relating brightness
variation with properties R

Input to numerical
modeiling

Overnew on Natural Fibre Composites - Prabhws Kandachar- 25-29 Nov 2002, Bangalore, india

Overview on Natural Fibre Componites - Prabhy Kandachar: 23-29 Nov 2002, Bangalore, India

Part 5

Low Cost Housing

Sustainable Development

+ Definition of inable develop in the Brundtland report
from 1987.

» “Meeting the needs of the present generation without
compromising the ability of future generations to meet their
own needs” (Personal note: Our wants have no limit.
Sustainability defines limits)

But:

* Human demand for ecosystem goods and services is growing
dramatically

= We have made, and are making, changes to ecosy of
unprecedented magnitude

Wise choices are needed

Overview on Natural Fibre C ites - Prabbu Kendachar- 25-29 Nov 1002 alore, India

Overview on Natural Fibre Compadites - Prabhw Kandachar- 25-29 ov 2002, Bangalore, Indiia
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Housing Needs & Problem Statement 1

1/3rd of poputation in developing countries either homeless
or without decent shelter (1990). One-half of urban
populatfon ( 2 billion in 2000} in slums/squatter
settiements

One of the principle constraints (and need): affordable
housing materials { UN Comm. on Human Settlements,
1993), continuous supply.

Risk of intensifying environmental stress when these needs
are met - Chatlenge to meet the demands without
squandering scarce (non-renewable) resources.

No single sotution for a sustainable settlement

Housing Needs & Problem Statement 2

BUILDINGS:

Account for 1/4th of the world's wood harvest

2/Sths of its material and energy usage

1/6ths of its fresh water usage. (World Watch institute)

POPULATION GROWTH compels us to multiply
the total number of buildings on the planet over
the next generation.

ASSIGNMENT: Find ways to provide safe and decent
shelter for all without ravishing the global ecosystem.

Qverview on Natural Fibre ites - Prabhu Kandachar- 25-29 Nov 2002 ore, India

Overview on Natural Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangatore, India

Possible Applications for Natural Fibre
Composites in Buildings

« Interior Walls - Partitioning, Surface
paneling

* Roof - False ceiling

« Doors & doorframes

« Furniture, Cupboards, Wardrobes

« Tables, Chairs, Beds

Part 6

Synthesis & Summary

Overview on Naturai fibre Composites - Prabhu Kandachar- 15-29 Nov 2002, Bangalore, India

Overview on Natural Fibre C tes - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India

Synthesis (1)
Discipline Aspect Comment
Economy Availability In several parts of the world
Price Attractive
Legislature |R & D Support EU {s supporting
Farm subsidy £U does, but under criticism

Recycting Directive | Debatabte policy
Ecology Life Cycle Anatysis | Limited studies
Waste & recycling | Limited studies

Synthesis (2)

Discipline Aspect Comment

Technology | Mat. Quality Varying
Mat. Science Growing body of knowledge
Fab. Tech. Under continuous development
Engineering Available, but scattered and
Properties often proprietory
Database Hardly any
Product demos Few
Design rules Hardly any

Overview on Natural Fibre ites - Prabhu Kandachar- 25-19 Nov 2002 alore, India

Overview on Natural Fibre Composites - Prabhu Kandachar- 15-29 Nov 2002, m-lorel india
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Traditional & Future Applications

8ufiding
Furniture

Paper
Textiles

Knowlege Base

Product Value

New Opportunities ?

Overview on Natural Fibre tes - Prabhu Kandachar- 25-19 Nov 2002, Bangalore, india

Overview on Natural Fibre C ites « Prabhu Kandachar- 25-29 Nov 2002 alore, India

Fibre Price & Application Domain

Price per kg. of reinforcing fibre (in Euros)

Reliability, Durability & Price

Reliability
Fiber Price £uros per kg
Computer/sudio/TV-casings,
Crates, pallets, packaging.etc
IM .;‘
of food, drinking beakers @
from vending machines

m— - 0.ty

Overview on Natural Fibre Compotites - Prabhu Kandachar: 25-19 Nov 2002, Bangatore, india

Overview on Natural Fibre Ci 1tes - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, india

Design and Co-ordination Needs

« DESIGN: Need for extensive, reliable and
easily accessible data, similar to those
available for synthetic fibre composites.
Database. Standards. Demonstration of
product development.

» MANUFACTURE: Semi-finished products

« CO-ORDINATION: Interaction between Science,
Design & Manufacture, & Policy Makers

Conclusions

Some agricultural fibers are capable of
challenging glass fiber, when used as composite
reinforcements.

They have already shown potential in automotive
& building applications.

Wide spread use awaits addressing challenges in
research, design, manufacture, ecology and
legistation.

Overview on Natural Fibre Compoasites - Prabhw Kandachar- 25-29 Nov 2002, Bangalore, ndia

Overview on Natural Fibre Composites - Prabhu Kandachar- 25-29 Nov 2002, Bangalore, India
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A Natural Fibre Composites

Synthetic Fibre Composites

- Well established world-over
for a wide gamut of
applications

Natural Fibre Composites

- Applications in crude form
known from early days of
civilization

- Sclentific knowledge
imparted value-added
application niches

Advanced Composites
Programme

Technology innovation Chain

Labs
. .
Capabily bullding Ints weable produsts
““‘""‘:'"'I' © Exportion semied uvp
reduond eonsapt to et chaman
oyole © Expasurs
Irduatrial

¢ Finanaslaly — & uweor noeds for
dovelaping

technalegy &

daainn mmpport marketnble predusts

sompared to K « actraative

eourvas fur werid-

clase produsts ""wmh
tachnelegy

© Crodibiity saveng

ooy replication

© onmedints

Improvement bn

Sottom Sne

~-A Win-Win Concept

T\ Jute Composites

Jute & Glass Fibres

i Gravity 25 3
Tensile Strength (MNAR?) 3400 442
Young's Modulus{MN/m?) T2 5585
Spectlic Swrength 1380 340
Speciiic Modulus (GNM?) 208 @7
Modulus/Coet (MN/MVE/T) 606 1713
Speciiic Strength /Cost 3 108
(MNARYLT)

Specific Modulus/Cost X} 1318

W)

Jute Fibre :

* Low cost renewable fibre with
low embedded energy

* Ideal for low load bearing
applications

p—

-

_ Py

3

L

e e

@

Cogeryy



!
é Jute Composites

Modification of Jute Fibre
Why ?
|Hydroptwine Poor Resin

Nature Wettability
weak
D¢ ] ltarteial

bonding

L

strongth

Solutions

Chemical treatment (THanates,
slianes, TDI, Sebteog; chloride)

Polymeric coating (PF, RF,
polyesteramide o)

Gnﬁ-eopolmoﬂuﬂm Lvlnyl
monomers-AN, MMA, VA)

11
ANatural Fibre Composites |f f’x
S

Interface
Matrices :
* Phenolics
* Polyester
¢ Epoxy...
Maximum fibre/resin ratio :
* 60/40 for Polyester/epoxy
* 85/15 for Phenolics

Anmm Fibre Composites
wWaO

Salient Features

Attractive natural wood look

Waterproof with minimum
surface absorption

Strong & rigid
Termite proof

Good nail/screw holding
strength

Cost effective

A Natural Fibre Composites

Potential Applications

* Building & Construction
panels, false ceiling, roofing
sheets, partition boards,
Insulating boards, doors &
window, wardrobe...

* Automobile & Railway
Coaches
trims, body panels, seat &
backrest, interlor lining...
* Storage Devices

grain storage sllos, pallets,
crates, boxes...

é- de ites Prog

Jute-Colr Composite Boards
[Natura Fibretach PWt. Lud., Bangalors]

Colrply (Jute + colr + rubber wood
wasts) as Plywood substitute

Jute-Colr boards as MDF subsetitute

Features

Orionted jute face venser for weed leek
Water & tormite resistance
Flame retardance

holding

Status

Slewty penetratiag consumer market
Accepted by institutional buyers ; indlan

Advanced Composites

Programme
Properties of Jute-Coir Composite
Boards (Tested as per 1S-12406)
- 6 mm thick
Tty |Obssrved | Specified
Vabuas Values an por
1S5:13406
Crem Broaking Streagth
(Ken /O™
o)} before balling » 775 (min)
b) alerShrs beiling 170 159 (min}
Bulk Deasity (Kgo/Cus®) | 739 500900
Melsturs Contrat 59 5-18
Max. Watsr Absorption
L)
) after 3 hra. seaking 1 ’
5) after 24 he, seaking 23 18




é é Advanced Composites
L Programme

Jute Composites as Footwear
[APL Polyfab Pvt. Lid. & WIRA - Kolkata]

Woven & raised Jute-cotton fabric
with PS/acryiic/nitrile,
Product Range

* Toe puff, Counter Stiffener & Insoles|

D U

Feat

* Cheaper replacoment of leather &
lining material

* Stiffness & better shape retention

« New application avenue of jute
com,|

A Natural Fibre Thermop!lastic
—a> Composites

PP & PE waste with agro-waste
(Jute/sawdust/rice husk)

Natural Fibre Compounding
Micronising with PPPE

(Granulatian]

(ingection ] { J
[2
shelis, fuss box trays, boxes
* Cheaper wood substitute

+ Corrosion resistance
* Recycling & waste utilization

@ Gujarat Earthquake
Composites in Rehabilitation

© 382 gheiters (20'x12") made of jute-coir
ite & mst rice

husk bosrds supporied on stee! structure
* 128 FRP toliet units for community use
25 school blocke(24'x20")
* 15 shops (12'x8") & one Post Office

* 250 composite artificial limbs fitted at
Mehsana & Bhuj

.‘A Gujarat Earthquake
Composites in Rehabilitation

A Gujarat Earthquake

Composites in Rehabilitation

@ Bimbw_AppllLt:arlm‘s

Bamboo Composite Laminates
Menabert

Excellent export potential
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Bamboo Applications
[Sambee Compenite Laminates - Flow Chart & QC

a0 : Seteat Spaaies H
ShveraSiats Venssre

OC2 : Seaswomant
‘; Nachining to Uniform Thickness & Edge

QG Une of Nalet Now  Btarch
s Ml%‘dm

ek

Laying of SiveraBiats
OCH: Unrm Sprending of
pov Ress Appilosticn
100k ot Proas Tomp. &
omp. ,,,,H_N

GC7: Dimenninmmi Totmnses
ry’ Formation of Compasites

00K Quuily of Saning. Surtace Sanding & Finishing

Ol ioew &
Tolomness
Surtace Coating & Curing
OCK: Stamping & Masting Stamging & Packing

j@ B{mboo‘Appliwlons

Structural Detalls

A Advanced Composites
- Programme
FRP Modular Tollets for Rallway Coaches;

* Assthetically slegant
« Corrasion resistant
* Light weight

* Longer (ife

« Easy maintainabliity

jStatus
* Four olets in Mumbal Rajdhanl atready

covered over 2 lakhe Kms.
[* 150 wiets fitted 10 Jan Shatabd| Express

Fast

Technology
Replication

LN

Bamboo Sheiter

A Advanced Compaosites
bl Programme

FRP G < for y & fy
(Permaii Wallace Ltd., Bhopal & RRL, Bhopal)

Features

* Reduced dead weight on iocomotives

® Longer fite cycle

* No damage on ballast hits & leakage of

lubricants

* Easy maintainability

* FRP gear-cases for diasel & electric
- FRP gear-cases inducted by Indian

FRP Maln & g Doars for P s
EMU coaches

¢ No corrosion

¥ Reduced maintenance

¥ Weight saving (100 Kgs.coach)
¥ Crash worthiness

¥ Ready-t0-1it condition

¥ Could be painted

¥ Suocessfully fleld tested

¥ 80 FRP doors procured by ICF




A Advanced Composites
5 Programme

Below-knee Endoskeleton type
Composite Artificial Limb

Orthotics & Prosthetics Centre-

Chennal & MIT-Chennal)

Features

* Lightweight

* iImproved sesthetics

* Near normel gait

* Helps in walking, cycling,
climbing

|Status

+ Fitted to over 700 patients
+ Exportad to 8t Lanka

[+ Composiis limb coets 8% of Imporied one

Bagged National R&D Award 2001

Comp coach
Coach 10 be desighed with side-wall panels,
pertitiona, flooring, celling, berth modules, sto
the ond towarde
improved passenger comfort
* Sky Bus coach for Konkan Rallway

Lightweigit suspended sky busss running on
owverhead rails housed in conarete box

interiors ot driver’s cabin for diesel
locomotive

An ergonomic improvement of driver’s cabin
Interiors tor dissst looco along with aitied assthetics
New deeign of the cabin 10 address sppropriste
Interiors, comfort & improved viebillly
tor drivers, heat & sound ineulation...

Advanced Compasites
Programme

En Efficient Axial Flew FRP FPans
(Pareg & Cooling Systems Lii., Dewas A AT-8]

. & design of
+ Fana for ceoling 4 mm dia), textsle
anicificetion (1200 mem dia.), mine

Foatures
+ Higher efficiency with appreciable snergy savings
@ 10-30%

Reliance indusirise & others

Thank You!
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NATURAL FIBER POLYMER
COMPOSITES- RETROSPECT
AND PROSPECT

Dr. K.G. Satyanarayana
Regional Research Laboratory (CSIR)
Thiruvanathapuram - 695 019

OUTLINE

s Introduction
« Composites
« Natural fibres, Source, Extraction,
Structure Properties, cost etc.
» Natural Fibre Composites
» Current Status
» Fabrication techniques
» Properties
= Products Development
» Cost Comparison
s Problems and Solutions
s Choice criteria
=« Conclusions

INTRODUCTION

= Buil Industry- Fundamental and strategic Sector
and g:ltlsgthe basis for economic development.

s Choice of matertals for shelter is determined by what is
locally available, appropriate and affordable.

o Building materials contribute about 60-70% of the cost
of construction based on conventional and traditional
building materials, energy intensive and cost is likely to
move upwards.

s The demand for housing and buildings is increasing

with concurrent material requirement.

s Added environmental concerns-> look at new avenues
/alternates to meet the demands of high r(ormance,
quality and cost as well as generate e

INTRODUCTION

s Issue and Possibilities

a Growing needs of materials with property mixes cannot
be met by monolithic materials.

= Multi objective optimization in material design and
selection may be a a solution for this.

»« Composite materials fulfil the above need, which may
use abundantly available renewable resources such as
plant fibres, agro and industrial wastes (‘new resources’
for new materials development) -> leading to a strategy
for their bulk utilization with appropriate processes to
develop new materials.

a Much needed basis for innovations in composites
is provided by the knowledge and advances
available for the S&T understanding of traditional
materials in terms of their processing and
microstructures.

= Development of composite materials based on
natural fibers, their properties and potential
applications including building industry, existing
problems and possible solutions will be discussed




LIGHT WEIGHT

= A DRIVING FORCE FOR VARIOUS
APPLICATIONS

« LIGHT WEIGHT STRUCTURES

s BY MATERIALS (Strength & Stiffness/
Density ]

= BY SHAPE [solid plates/stiffened plates]
s By PROCESSING [Riveting/Bonding]

ASPECTS OF LIGHT WEIGHT
STRUCTURES

STRUCTURAL REQUIREMENTS FOR
MATERIALS

Production aspects [Reproducibility/
Sustainability]

Functional aspects [Efficiency/Comfort/
Reliability]

Technical requirements [Properties/Repairing/
Energy Consumption]

Economical aspects {Production/Operating]

COST ASPECT

s Low Cost—Not Low Value or low Quality but
affordable.

s Life Cycle Assessment—Good Quality
Product, may be with higher cost than
similar material but resulting in
savings in long term/ lasts longer &
does not require frequent and

expensive maintenance.
—Sergio Meriani

Composite Materials

= structured combinations of
continuous and discrete phases in
which

= the stronger and stiffer discrete
phase (reinforcement) is held

= in the weaker and softer continuous
phase (the matrix) by interfacial
bonding

Composite Properties Influenced
by Fibres

= Rigidity (Modulus of elasticity): Rule of
Mixture gives maximum gain - often

unrealistic
s Tensile Longitudinal Strength
a Initiation of fracture of fibres

Composite Properties Determined
by the Matrix

+ Transverse mechanical properties
+ Interlaminar shear strength

+ Compressive strength

< Plasticisation of the matrix
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Composite Properties
Determined By The Matrix
» Service temp
« Fire and corrosion resistance

- Tool design and fabrication process

Properties Controlled by
Interface/bonding

» Fracture energy/Fracture toughness

s Interlaminar fracture energy also
depends on the fabric type for the same
Vf.

s Motivation
s Current trends
» Why the rapid growth?
a Research Issues
= Compatibility, Strength, Modulus, Creep,
Moisture, Cost. Durability, Recycling Needs

Motivation

= Composites — Forest Products

s Natural Fiber's appeal:
s Renewable and available in most countries
» Lightweight and hence high specific
properties
« Non-toxic/ No Hazards
« Cost
« Blodegradable
=« Moderate strength and modulus
= High aspect ratio

Drawbacks

a Poor Compatibility with matrices
= Non-uniform and wide variation in properties

s Lower strength and modulus compared to
synthetic fibres

=« High moisture absorption.

Current Trends

Rapid growth
13 % compounded last 10 years
Currently 400 million Ibs annually
Growth projections to 2005:
Building products 60 % per year
Automotive products 50 % per year
[Ref.: Eckert, Kline & Co].




Building Products

= Current
s 75 % of market

s Decking, Trim, Fencing, Window/door
profiles

= Soon
» Shutters, siding, shingles

s Most applications have modest structural
requirements

“Synthetic Hardwood”

SHW Technologies Inc, Guelph, Ontario
s Process:

- 70 % PP/30 % Wood Flour Ram Extrusion

Cold Drawing

— Oriented PP and High Void Content (40 %)
= Properties  Flex Str, psi Flex Mod, psi

-PP 7,000 270,000

- Wood 14,000 1,300,000

—-“SH” 20,000 1,100,000

Automotive Applications

Lower Costs Sought

@ Less developed ( about 8 % of market) Fiber Price, Specific | Price,
« Primary cents/lb Gravity |$/m?
= Trim panels - Spare tire covers - Seatbacks Glass 85 26 4,850
s Secondary Wood 12 1.6 420
= Instrument panels - Glove boxes Flax 18 1.5 600
= Headliners - Sun visors PP 33 0.9 650
= Exceed 100 million Ibs of fibers in 2005 matrix
Short Fibers Dominate
= High Moisture Adsorption (> 10%) Advantages Disadvantages
s (2-3 % after compounded)
Must dry to compound :;::::: cost 'm:mmes’
Can use vacuum venting in extrusion . ':m & . sp: rength

Increases cost

Interferes with fiber/matrix coupling
Causes swelling

Lowers strength and modulus
Increases creep

scompounding with * Impact
intensive mixing = Hard to orient
sExtruded products
sConventional injection
molding
sComplex shapes

R -
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Long Fiber Systems
s Harder to make prepreg

= Mat composites not better than injection
molded composites in tensile strength

= Flax/PP comparison by Peijs at Eindhoven

» Long fiber pellets slightly better that short
fiber pellets

s Impact strength benefits most (> 200%)
= Why don’t long fibers perform better?

CURRENT STATUS

POLYMER-NATURAL FIBER COMPOSITES
« Use of natural fibers/plant fibers with dar{lpolynnr isan old
concept [eg: clay bricks reinforced with rice straw],

s Renewed ang?mter interest in recent times in using these
fibers for reinforcing plastics to develop composite materials.

a Reasons:

{’drlven by need-cum-resource base[abundant
vailability of a number of renewable resources which are
under utilized and or amenable for value addition).

Quest for new materials which support global sustainability.

Diversification of uses to new areas, addressing to global

environmental and stable economy through agro-industry,

etc.

s Need includes exploitation of potential light weight of fibers,
biocompatlblllty, eco-friendliness, reduction in energy
consumption, etc.

POLYMER-NATURAL FIBER
COMPOSITES (Contd)

low density 200
kg om".‘,‘.i"n“‘ {50 and eat ou

compared to
bemmhendhutlnsnhﬂon rﬂs,mt
ntal hazards unlike man madl: their

mﬁ‘"'m"mmt.‘:‘mﬁ““?w i

onhtcndmdntl.

Mechanical preperties available
c«nscmmm«bl’mmw% dnlmpodnennwiutg
$ 1.50 compared to l“hﬂnmhﬁctmm
Applications:

the Werld W used by the
mht 'ar I, cotton-polymer composite was by

memmmmpﬂaﬂomwlmhmt
matrix.

Comparison of Composites for Choice Criteria for

Developing Countries
Criteria NFIC | GFRP
Raw P (fibers/\ X X
Reinforcement in required form Y X
Flexibility of technology X X
Technology is proven ) X
Skilled labor requirement Y Y
Quality coatrol of raw prod [] Y
Satisty local eed X X
Improve quality of life X X
Use of local raw X X
Provide X X
Solve sp preblems X X

X = Criterion futfilled

Y « Criterion partially fulfilled

O~ ae deflaite answer

NFIC « Natursl Fiber Incorporsted Compasites
GFRE.c.Glase Fiber Reinfocced Comoosiics

APPLICATIONS OF PNF C

Autommobile interiors
Shipping pallets

Construction products - tiles
Office products
Furniture
Storage al

Window and picture frames
Food service trays
Handles - roller handle
Fan housings and blades
Toys

FPlower pots

NATURAL FIBERS

= FIBRES, THEIR ORIGIN, EXTRACTION,
STRUCTURE AND PROPERTIES

» Natural fibers (Vegetable or Lignocellulosic) are
classified into three categories depending on the
part from which they are extracted:

= Bast fibers (Jute, Mesta, banana)
s Leat fibers (sisal, Pineapple)
s Fruit fibers (coir and arecanut)

&




BANANA PLANT

SISAL PLANT

COCONUT TREE

PALMYARA TREE

EXTRACTION METHODS, AMOUNT AND

LENGTHS
OF VARIOUS NATURAL FIBERS
Fiber Methed Ameunt Length (mm)
Banans Mamual/raspador 1.5 wt% of stem 300-900
Ceir Retting/mechanical 8% of mst (This weighs 75-150
1.1 Kg)
Jute Retting and beating/chemical | 3-4% of swem 1500
Mesta Retting and beating/chemical - -
Paimyrsh By kand (by beating) 0.5 Kg per stalk 300-600
Pincapple By hand/decorticator 255 wi% of green 900- 500
lcaves
Ramie Decorticator 2.5-3.5 wt% of bark 900-120
Sisal Manual 3-4% of green leaves 900-1200
foeati 5 Vren
Sunhemp 2-4% of green salk -

ANNUAL PRODUCTION OF NATURAL

FIBRES AND SOURCES

Fibre source World Origin

Production 10°

tonaes

70 Leaf

10,000 Stem

200 Stem

Abuodant Stem
Colr 100 Fruit
Cotton List 18,500 Stem
Elephant Grass Abunbaant Stem
Flax 810 Stem
Hemp 215 Stem
Jute 2,500 Stem
Kenaf 770 Stem
Linseed Abundant Fruit
Nettles Abundant Stem
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Fibre source World Origin

Production

10’ tonnes
Oil Palm Fruit Abundant Frait
Palmirah Abundant Stem
Ramie 100 Stem
Roselli 250 Stem
Rice Husk Abundant Fruit/grain
Rice Straw Abundant Stem
Sisal 380 Leaf
Sun Hemp 70 Stem
Wheat Straw Abundant Stem
Wood 1,750,000 Stem

PHYSICAL AND MECHANICAL
PROPERTIES OF NATURAL FIBERS
Fiber taltis) Ultimate % Flexursl

meduins tenslle Elengsiles meduins

[CN/m’}  streagth stbreak (MN/@t)

tMN/m?|

Bambes 10 - - -
Baaans 1-10 54-754 10.3.8 1.0-5.0
Sissl 9-22 568-640 32 12.5-17.8
Pincapple 34.5-82.5 4131627 0.8-1 0.2-0.40
leaf
Jute 18 116 1.3 0.3-0.8
Ramie - 870 3.4 0.02-0.12
Mesta - - 1-1 0.35-0.68
Suahemp - 760 2.4 12.5-17.8
Palmyrak 4.4-6.1 180-215 7.0-15.0 -
Talipet 9.3-133 143-263 1.7-8 -
Ceir 4-6 108-175 17-47 15-20
Cotton 11 200-400 67 0.03-0.10

CHEMICAL COMPOSITION AND
MOISTURE ABSORPTION OF SOME
NATURAL FIBRES
Fibre Ceolintese % Homi- Ugain % Melstare Transverse
ceoliviess % regain at awelling in
5% LH water %

Banana €0-88 L ad 5-10 10-18 16-20
Colr 43 bl 43 10-12 18
Cotton Lint 20 L] - 7 20-22
Flex 70-712 14 48 T 20-23
Jute $1-43 13 9-13 128 202
Mouta L] 15 10 13 202
Paimirsh 40-50 18 4248 10-12 -
Pine Apple 0 - 12 10-13 1420
Loat
Ramis 50-88 34 [.X] 54 12-18
Sieal 60-87 10-15 812 10-12 18-20
Straw L] 3 AL .
Sun Hemp T78-78 18-18% 48 10-11 18-20
Wood 43-80 23 o -

SPECIFIC STRENGTH, COST AND ENERGY
CONTENTS OF SYNTHETIC AND

NATURAL FIBRES
Fibre  Spgr. Specific  Specific  Cost Energy
teasile temsile (USS/tonse) comtent
stresgth  modulus Glitonne
(GPs) (GPa)
Plant 0.612 1.60-295 10-130 200-1000 4
Fibre
Glass 16 138 30 1,200-1,800 30
Kevlar 14 .n 90 1500 18
Carbon 1.8 Ln 130 12.500 130

Cross Sectional Micrographs and Fractographs of
Plant Fibers

Natural fiber reinforced polymer
composites
a Can be used to replace virgin, recycled,

mineral or glass filled polymers in most
applications to reduce cost, enhance

appearance and improve performance

a Fibers: Coir, Jute, Kenaf, flax, agave, sisal,

s Sunhemp, rice and wheat straw. Dust from
processing fiber

s Polymers:Polyester, Epoxy, Phenolics,
Polypropylene, polyethylene, polystyrene




NFPC SYSTEM PREPARED BY VARIOUS

Mechanical properties of selected plant fiber-

PROCESSING TECHNIQUES

Ceompasite rystews Techalque
Cotten-pelymer Press molding
Calr-Pelyester Hand lay-up / Press molding
Coirfgiaas-palyestey Hand ley-wp
Banans-pelyester Pres melding
Banssa-cetten (abric-pelyester Prem swdding/hand lay-up
Sisal-pelyester Hend lay-up
Pinespple-pelyester Press molding/hand lsy-up
Jut-polyester -
Jute-epoxy -
Jute-glass-palyester “  /Misment
Bagasse-pelyester bl
Strew-palyester -

polyester Composites
Fiber (wi %) TS (MPa) | YM (GPa) |FS (MPa) |FM (GPa)
Continuous-
Unidirectional 129 85 192 75
Sisal(40) 121 8.0 - -
Banana(30) 45 3 56 4
Colr(30) -
Short(20mml)-Random 15 19 -
Steal(25) 435 23 b -
gm”) 14.0 14 312 -
Banana-Cotton 2836 33 s0e4 -
{woven Fabric)

TS- Tensile strength, YM- Young’s modulus, F.S = Flexural strength,
FM - Flexura! modulus, WOF - Work of fracture (Charpy test), * 0.5 V1,

Impact performance of selected plant fiber-
polyester Composites

Fiber Fiber Progertics Composite Proverties
Toughness* Spiral | Flber pullost  WOF
{MNnr?) angle |length(mm)  (KJAn?)
Banana 816 12 19 516
Pineapple | 970 15 22 95
Sisal 1250 20 15 987
Colr 3200 48 11 a8

¢ cakulated from srea under stress-strain curve

POLY COIR

POLYCOIR ~ a new thermoset mouldable natural

fibre polymer composite. A substitute for wood-

based products. Being renewable fibre, its

everlasting scope.

s FEATURES

s Wood-like appearance

s Mouldable to various shapes for decorative
appearance and appropriate end use

Physical & Mechanical properties judiciously

Variable to substitute various types & grades of

wood-based products.

PROCESS STEPS

» Making needle-felt of
coir fibre

= Resin impregnation and
forming prepreg sheets

s Prepreg sizing and
laying

= Hot pressing the prepreg
into final shape

» Trimming and finishing

Physical input per ton of a typical product:

(High density, BWR,FR grade)
" Coir fibre : 1 ton
. Resin : 0.25 ton
s Energy : 500 kwh




MAJOR EQUIPMENT AND
ACCESSORIES:

» Needle feiting machine

s Prepreg forming unit

a Hydraulic hot press

» Dies and Moulds

s Steam/Thermic fluid heater
s Resin manufacturing plant

PROPERTIES*
« Density (Kg/m3) - 500-1200
=« Moisture Content (%) -8-12
= Flexural Strength (Mpa) - 15-70
s Flexural modulus (Gpa) -2-5
= Tensile Strength (Mpa) - 10-55
s« Water resistance -CWRTOBWR
s Fire resistance - Retardant
« Termite resistance - Termite proof
s *The upper limit of the Isotropic properties corresponds to

those of general purpose medium density compreg for
general engineering purposes.

Flexural properties of POLYCOIR
(density 1.0) in comparison with wood and plywood

Material Density | Flexural

g/em’® | Strength (MPa) Moduls (GPa)
Kgnr®
1] Ir n Ir

Solid timer (20 | S00 22 80 0380 127
mm) (Douglas
Fir)

Plywood (48 | 520 16 73 089 120
mm)

APPLICATIONS

s As Building Material (Acoustic & False roof
panels, door panels,partitions,corrugated roof
sheets,etc.)

s As furniture Components (Chair/Table
tops,etc.)

s Others (Automotive interiors/instrument
covers/machinery components)

POLYMER-NATURAL FIBER
COMPOSITE (Poly-Coir]

Acoustic Boards

P T S R R > R

PROCESSING OF BANANA LEAF SHEATH -POLYMER PANELS
> — s 3 N ¢




Properties of OSM laminates — Effect of wood-veneer {acings(wvf)

(type-III, 6mm, 20% resin, 0.7mm thick rubber-wood-veneer)

Properties Unit Without With wvf
wel

Density Kegmy 400-450 $00-700

Tenslle strength, I'(1) MPa 3 (a9 4 (20)

Young's modulus, IF{1) GPha 3l 28 43 (24

Flexural strength, 1 (1) MPa 2% (1% 48 (1N

Flexural modulus, i (I GPa 27 (23 62 33

Note: I and L corvespond to values measured parailel and
ly to fibre or of the surface layer.

per S

Table-7. Properties of banana leaf-sheath OSM
laminats (BLOSM) and commercial panels

Properties unit BLOSM® | Plywood MDF Particle
board

Density Kgm® | 600-700 400-700 750-850 | 700-800

Moisture content Witk 612 5-15 5-18 515

Tensile streagth(lf) | MPa 3342 38-55 78 445

Flexural MPa 38-45 2843 25-23 12.5-15

strength(1")

Flexural modulus | GPa 58-6.2 3574

[f5)

Note: (Fand L to values and pe to

parailel P
fibre arientstion of the surface layer. *BLOSM with 0.7min thick wood veneer facings.

Recommended equipment required for
Research, development and manufacture of natural
fibre

Fibre Extraction Equipment

Fibre Sorting Equipment

Low Load Fibre Strength Testing Equipment

Fibre Pretreatment Unit

Fibre Weaving of Knitting Equipment

Filament Winding Equipment

Hand Layup Composite Fabrication Equipment
Polymer-Fibre Spray Unit for Spray Formed
Composites

Database on Properties of Fibres and Composites of
Different Compositions-Carpet Plots

Computers and Com, r Alded Deslgn Programs for
Deslgn of (:omposme‘;ute gn Frog

Composite Testing Equipemnt

Optical Microscopes

Scanning Microscopes

Density Measurement Equipment

Molsture Absorption Equipment

Tenslometer or Ins or MTS Equip for M ring
Strength, Modulus and Fracture Toughness
Impact Energy Tester, Radiographic Equipment, IR Equipment

« Waeatherability Test Chambers to Test Deterioration Due to

Exposure to tlements of Weather
Flammability Testing Equipment
Dilatometer for Measurement of Co-efficient Expansion

s Simpie Machining Equipment to Shape Composite Components

Injection Molding Cost Savings!!!
(even with existing mold designs)

Fully-Coupled, Polypropylene(1)/Natural
Fiber Composites

Fiber Fiber® | Tonslle | Tensile |Flexural | Flexurai | zod {zod

Loeding o notched
(%} | (MPa) (GPa) (MPa) (GPe) (fm) od(Jim)

5 Gallon Bucket HOPE HDPE/40% Sisal
Part Welght(g) 900 1050

Resin Cost($/LB) 050 0.45

Resin Cost 0.99 1.04

(¥pant)

Cycie Time(soconds) |28 20

Molding Cost(@/w) |85 85

Molding Cost($/part) |0.68 0.47

TOTAL PART 1.65 1.50

COST($)

Jute 50 ke a5 100 18 40 210
Stisal 80 80 6.0 [ 8.1 55 190
Wood® | 50 8 55 L 83 2 90
none [} 2 17 “ 14 24

Solvay Fortiloe 1602, Ml=12

Property vato pt impact) are proportional to fiber loading

30 mesh pine
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Comparative Cost of NFIC and GRFP and
Polyester for the same dimension

Chopped Banana-Polyester

POLYMER-NATURAL FIBER COMPOSITE
PROBLEMS

Criteria for selection of the plant fibers-) technical and chemical
properties, p
The properties well documented but show a wlde range of properties even

for the same type of fibers > resuiting in large scatter of properties for
their composites.

Crlmla for justifying fiber polymer co tes in various
tons - cost ¢ xﬂn to satisfy requiremeats or
titution of existing products.

PNFC m nphm GRP pnducts in developed countries.

e rhls re stifl chupt than fiber. po; vl lume basis d
mate are r ghm r composites on vol ue
tohidurmoln' mttrhb. t as a wood substitute in these countries,
it may be natural fiber composites only with nppmpﬂau
design hbrkaﬂon of products to achieve material sa and over all
economy. Otherwise, commercialization of these becomes cult despite
their attractive properties.

SOLUTIONS/SUGGESTIONS(Contd)
Polymer Natural Fiber Composites

s Attempts to produce genetically engineered plant fibers to
get consistent properties,

s Development of natural resins and their composites based
on renewable resources with a stress on ecological aspects
as well as replacement of wood/GRP in various
applications for wider acceptance.

s Quality aspects should be defined properly where
standardized quality specifications sh&elldybeeo et
available. This is important since quality criteria depends
on the envisaged application.

s For durability and dependablllty. more information on
resistance to environment should be known.

s Also exchx)u‘lge of ﬂrg;um aw m't!:adals (when properly

rocessed) is repo possible so that dependence on one
5:- two raw material by the user increases.

SOLUTIONS/SUGGESTIONS (Contd)

. Dev of suitable surface treatments to plant fibers including
is required for better bonding, gm per dispersion of fibers
jonal mun . [For eg Modification by mercerization and
sihne treated sisal rated ep::z compasites showed
mnlstnn lhorpdon improved mechanica) properties
over p nnlﬂng d ﬂsal fibers].

Research needs - for bi dation, R of
mmmuatmmmn&mmmum

Industrial pndnﬂbn and availability of various liam fibers which
have i ut of v:rlous
applications. This rsio thod to ge!

consistent qmﬁlyﬂhennt lhvomhl:eosu I.ndm:mn
types/shapes (aon-woven/ma etc.) and stal data on the
anﬂaliﬁlyoflhelben.m

the farmers a new source of

Genuauonohdat‘a"baﬁo;:um;' pro inclodi
weathering aspects of these TS their nmtypumdnsmn
w:&m.&etcﬁwnﬂnﬂnﬂmnmrlndnsmmhdmw
a|

SOLUTIONS/SUGGESTIONS (Contd)
- Ec'nhv& n:::i S aieg with resin oad Goabiay totrorent

s Development of fiber pref h gy (prepreg) for opth fiber
orkmﬂonlulmpo design.
Developanent of cheaper resins including from plant which would
° be tible with fibers and pro; with
m;:rtdnsunnuuuqun eavirenmental sspects.

s Development of appropriate and processing techniques fo;
pane: r

te to meet customer n in respect of cost, performance
and not the keast appearance.
MHH of expo these * Compslu'hkumpuUSA
- t’ rdn&" F“ ] and bi dability have greater

Comuissio:
the State or Central Gov to look into

pt!mivms.
s On the lines of Earopean mmbﬁﬁmohbmnder
aspects
above.

PROSPECTS/PERSPECTIVES
POLYMER-NATURAL FIBER COMPOSITES

Mwﬂmhmwﬂnhrh«mﬂmmh lymer
.;‘l-frlxlnd coastruction, ding, sports, ko

For of plant fiber comp h

are light aotse red d fiber britth and post ding
treatments, Nwwnmm.hemrmmmbm
wmmumm!m 7§mmnm¢rmm|n
such problem exist

Banana leaf sheaths-PF paneiling and bamb
hrnuﬂnglnd.m“hnnbbun&nmmthm

Use of plant fibers in composites in USA, Japan and Canada; 20 major
Country pn; n:tdevelowmn.

Market stody eend on piant fibers has thrown light on

exploration of potentials of various noo-food fibers and their market,

identification of in the R&D oeeds and appropriate

industries, R&D utes and universities.
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PROSPECTS/PERSPECTIVES (Conts.)
POLYMER-NATURAL FIBER COMPOSITE

Recent studies in Australia have shows that weod (flakes/ waste thylene
with 50:50 ratio exhibited higher or stiffness, UV stability and

“‘rﬂ‘ y
for fascias and sther aute body parts. In xural modalus of this
&'wumw{hmmnm:fium ol

Cum-.u-tulwm:sun'hmm used as interior

lﬂxm(kadlldn&nv et¢.) en cars produced by Mercedes in

By

Scl:ﬂ/hx-epoumm-ndhmrmdlmry&dnCuln
rinasy

Tnhnbgdtnhmvﬁhphnﬂbtrlmwdmmhcemyk

being istreduced in North A

BASF, Germany muﬂuorﬂsalﬂb:r called

EP{RI;'I"‘ md fos Innn% hrlhan

without any sacrifice in warpage, an important (actor for suc|
applications.

PROSPECTS/PERSPECTIVES (contd.)
POLYMER-NATURAL FIBER COMPOSITES

Glass fiber suppliers such as Owens Cornin'me a
venture oppommiﬁc( with natural fiber pr xphrlng jolnl

si by Dx x(;mnpin USA using the natural
rdmwmldmﬂbusnswelluﬂax

hemp fibers revealed E-glass
Y ‘s modulus 20 GPa and m"uk y of sgr:oo’(mmr:.hw
oung’s us a energy of are
‘“"t with those with sy resins such

as vinyl oﬂgr and polysur

i ng plant fibers (flux, hemp,
jute and hamna) with ::ﬂ‘mprhu sizing thnn;h surface modification,
showed comparative te xural properties with those obulntd
using synthetic resins. In fact, flax fiber-soya resin composite exhibited
better properties than flax- PP composites when evaluated for
automotive applications.

Recycled thermoplastics can be used with plant fibers to develop
composites for building and construction applications as both structural
and non structural components.

PROSPECTS/PERSPECTIVES Contd.)
POLYMER-NATURAL FIBER COMPOSITES

Acoustic and thermal lnsnhﬂon;:‘imendoml mhﬂity. water

ility are tial for
tions. For structoral I tions,

noo-structural a
perty and are factors.
mmmmuofpolymutnw(wmﬁ) teisronndtobe
2.5 times greater than that matrix half that ef soft wood and
GRP. Werk of fracture of tnkhlﬂhtolnnwoodmd
hemnddhnpo&nﬂnlwood tute in tions.
Another interesting cellab pr isb
locempesi x.n-i-vin Industry and
Vkm-dli‘onl Motor ujdnﬂ{'denh and produce
tnnl compedtubrmhd with long term ebjective to
become global Develop non-woeven mats

and products lduhufm ﬂhr uataral fibers for door
seat backs, package trays, etc for Ford and ether auto
nmis.i‘onlmuldeulun commerciafize these natural fiber

PROSPECTS/PERSPECTIVES (contd.)
POLYMER-NATURAL FIBER COMPOSITES

Dailamer Chrysler’s research department in Ulm in
Germany has field tested flax-PP co te as car
underbody cover which took off at 94 r after
2(;531’ in the water tank. As an exterior, small trial
mponents made of the same composite
smned in 1998-99 and it is estimated that 5000 components
can be produced in 2 days with an out put efficiency of 20
seconds indicating unlnterrupted roduction process to cut
over time and cost. They have d to use natural fiber
based composite in all lrfutur!mrs.
US Federal and UK Civil Aviation Authorities (FAA/CAA)
have decided to approve the use of natural fiber based
composites in aerospace structures as interior components
such as parcel shelves, headliners and interior trim panels.

PROSPECTS/PERSPECTIVES (Contd.)
POLYMER-NATURAL FIBER COMPOSITES

Natural fibers and the data on their properties, processing
techniques of their polymer composites available.

A number of probiems still exist for the wide spread
applications of both MMC and PNFC.

Need for further research to make them

viable and acceptable parﬁcularly by developing
underdevel countries. This include, development of
cheaper resins that are compatible with na fibers and
properties comparable with synthetic resins; development
of reinforcements in required forms such as woven or non-
woven mats are reasonably low cost, and development of
appropriate designs and p techniques for
composite to meet the cost and ormance.

A priate knowledge transfer lncludlnfl
cg:x new pmducts is called for bet &D personnel
and user industries both in India and abroad.

CONCLUSIONS

Nfa&r;l llbtn and the data on their pnperﬂu, processing techniques
o L 4
Wro‘mm:ﬁneﬂnforh wide spread applications of

N«dtomhnh:rmeamhwmhth::amnﬂuﬂyvhuem

acceptal
This include, development of cheaper resins that are compatible with
natural ﬂbtn and preperties comparable with syathetic resins;

development of reinforcements in required forms such as woven or
mats at Iowmst.nddenlopnunol
desi ing ques for posite to meet
hmmm
Appropriate k ' fer ing oew
octs is called for b R&Dp Tm”nser e v both
India and abread.
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Table -1 Typical Mechanical Properties of FRP Laminates®
Fibre Specific | Young's Shear Tensile | Compressive | Shear Specific | Specific
Material volume | gravity | Modulus | Modulus | Strength Strength strength | young's tensile
fraction (SG) E(GPa) {(GPa) | o (MPa) (MPa) (MPa) | modulus | strength
Ve (E/SG) _| {0/ SG)
E-glass polyester (CSM) 0.18 1.5 8 3 100 140 75 5-3 67
E-glass polyester (balanced WR) | 0.34 17 15 3-5 250 210 100 8-8 147
E-glass polyester (unidirectional) 0.43 1.8 30 3-5 750 600 16-7 417
Carbon / epoxy (high-strength 05 15 55 12 360 300 110 37 240
balanced fabric) — JEN SO
Carbon / epoxy (high-strength 0.62 1.6 140 15 1500 1300 87 937
unidirectional)
Carbon / epoxy (high-modulus 0.62 1.7 300 20 700 650 176 412
unidirectional)
Keviar 49 / epoxy (unidirectional 0.62 14 50 8 1600 230 36 1143
Steel (B-quality or tioyds EH32) - 7.8 207 80 328" 340° 180" 26.5 42
Aluminium (5083 alloy) - 28 70 26 150° 150° 87" 25 54
Marine plywood {(mahogany) - 0.6 7 1.0 40 25 8 11.7 67
? Source: Chapter 2, Refs 29-32; Chapter 3, Ref. 30.
® 0.2% Proof yield strength.
Table -1 Typical Mechanical Properties of FRP Laminates®
Fibre Specific | Young's Shear Tensile | Compressive | Shear | Specific | Specific
Material volume | gravity | Modulus | Modulus { Strength Strength strength | young's tensile
fraction (SG) E(GPa) (GPa) | o (MPa) (MPa) (MPa) | modulus | strength
v, — (E/SG) (0! SG)
E-glass polyester (CSM) 0.18 15 8 3 100 140 75 5-3 67
E-glass polyester (balanced WR) 0.34 1.7 15 3-5 250 210 100 e-8 147
_E-glass polyester (unidirectional) 0.43 1.8 30 3-5 750 600 16-7 417
Carbon / epoxy (high-strength| 0.5 1.5 55 12 360 300 110 a7 240
batanced fabric) - —
Carbon / epoxy (high-strength | 0.62 18 140 15 1500 1300 87 937
unidirectional)
Carbon / epoxy (high-modulus 0.82 17 300 20 700 650 176 412
unidirectional)
Keviar 49 / epoxy (unidirectional) 0.62 1.4 50 8 1600 230 36 1143
Stee! (B-quality or Uoyds EH32) - 7.8 207 80 326" 340° 180° 28.5 42
Aluminium (5083 alloy) - 28 70 28 150° 150° 87" 25 54
Marine plywood (mahogany) - 0.6 7 1.0 40 25 8 1.7 67

* Source: Chapter 2, Refs 29-32; Chapter 3, Ref. 30.

® 0.2% Proof yield strength.
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COMPOSITE MATERIAL DESIGN
AND
MANUFACTURE FOR
BUILDING APPLICATIONS
— AN OVER VIEW

Dr. N. G. Nair

(NGN Composites, Chennai-600 090
Former Head, Composites Technology
Centre, IIT Madras)
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Arun K. Bansa!
DIRECTOR

°a-n.m~'_m=-_-*~J

Indian Plywood Industries Research & Training
Institute

(AN AUTONOMOUS BODY OF the of & T )

UNION MINISTER for Environment & Forests
PRESIDENT

RET, " GOl
CHAIRMAN BOARD OF GOVERNORS

| il |

Hgrs & MAIN LAB, FIELD STATION, FS far NW
BANGALORE KOLKATA Region
(PROPOSED)

: o Oouy g pm g |

MANDATE

» RESEARCH

» TRAINING
» STANDARDIZATION

RELATED TO PANEL PRODUCTS FROM
‘WOOD, BAMBOO & OTHER RENEWABLE FIBERS
INCLUDING FOREST/AGRO RESIDUES.

IPIRTI'S VISION IS

CONSERVATION OF NATURAL FORESTS through
DEVELOPMENT AND ADOPTION of

EFFICIENT TECHNOLOGIES for

MANUFACTURING WOOD AND PANEL PRODUCTS from
RENEWASLE FIBERS,

including PLANTATION TIMBERS AND BAMBOO

to meet the VITAL NEEDS OF DEVELOPING SOCIETY

D cogy mges, renry, D ooz mgn POV peogumsoc: |
BAMBOO - A WONDER GRASS BAMBOO RESOURCES
¥ GROW 3 TIMES AS FAST & CAN BE HARVESTED 4 TIMES AS OFTEN AS
EUCALYPTUS

¥ YIELDS 6 TIMES MORE CELLULOSE THAN FAST GROWING TREES
« FOUND EXTENSIVELY IN NATURAL FORESTS AND
is atso suitable for afforestation of degraded lands
¥ 2.5 BILLION PEOPLE WORLDWIDE USE BAMBOO
¥ 1.0 BILLION PEOPLE LIVE IN BAMBOO HOUSES |

¢ HAVE A VERY HIGH MOE 9000-10000 N/mim2 IS THUS IS VERY STRONG
wt by wt stroeger than steel
v BAMBOO IN PANEL/LAMINATE FROM IS A GOOD WOOD ALETRNATE

1250 KNOWN SPEC
46°Nto 47°S
Fsoauns&sr:m& Chinz

BAMBOO BIOMASS
»25% OF TOTAL IN TROPICS
>20% OF TOTAL IN SUBTROPIQ




Bamboo Resources - South Asia
by o il MAJOR
Country Species Diversity Arcs/ Main Uses : > BAMBOO GROWING
Production . \\\\ <\’) = REGIONS / STATES
Bangladesh | 9 gencre 33 spp. Housiag. Treasport. Agr. Impieracots. \\\\ . = %
17 spp cultivased village groves | Small Lrrigatioa, Foddar. Fuel ool “
Bhutan 14 genera. 3t spp. Hoasing, Bow & Arrow, Feaciag. Baskets E
(rorage/waler container). Trays l.l:d‘l ‘: :::;”o:o _— l: ’
India 24 genera, 130 spp. | 9.6 million ha | Rural Housing, Hasdicrafts, Paper patp. world's bamboo
4.5 million toas | Food (shoot/picklc). Scaffolding. forests 7
Agro Farestry AgriHosti/Sericaltare, Feel 1
Seversl New Industrial Products 45Mtons
Myosmer | 17 genera100spp. | .36 miltion toas | Toothpicks. Chopsticks. Paperrpulp. Food. .;,,“_,,y MAl
" " > N SPECIES
:«Mﬂ. Fgu";:;.l'hml(:mm. produced from -
cothetic Plantatlom 8.96 m ha. Dootctns 5%
Nepal 11 genera. 33 spp. 3 million calms | Reral Construction, Baskeus, Scaffolding. M. bambosssides 20 %
Agro Forestry Fodder (in late winters), China: 11.6 m B.arundenscls 13 %
Strip based brash dams (esder evolution) tons produced 15 > D.bamiMonii 7%
Pakistan | Nil. except omamenta! from 3.79 m ha L ohamp formig B.talde 119
35% non ohmmp forming 5. pallida o
Srilanka | 10spp.+20exatics | .3 million colms | Housiag and construction, Hasdiarefs g
{7 caltivated)
Bource: BilvicwRture and Fiekd Gulde o Priority Bambeos fo nd Sowih Asia by KL Bask 2000 _ © copy mipes, rRTL Banguiers a0ca_|

BAMBOO USE PATTERN - India

USE % l
PULP 35 P
HOUSING 20
NON RESIDENCIAL H
RURAL Agr. eic 20
FUEL 8
PACKING/BASKET 5
TRANSPORT 2 >
FURNITURE 1
OTHERS 4

SOURCE:TIWAR], 1992 ~A MONOGRAPH QN BAMBOO™
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ANNUAL REQUIREMENT OF WOOD

(exciuding fuel wood)
Sector Requirement | Requirement | Requirement
2000 2005 2011
(M cum) (M cum) (M cum)
Sawn Wood 47.00 50.00 54.00
Pulp Wood 23.60 28.50 35.00
Wood h in 397
Composites
Total 73.01 81.67 92.93

APFSOS Working Paper N0 10. FAO, 1998

Supply of Timber trom Forests
(NFAP 2000 estimate)
12 miilion cum per annum

D oo s, TONT, ponguiers som |

WOOD IMPORTS
Impors o Wone § Wued Pronutis
funcluding popar & puip eics
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Bamboo is fastest growing plant

Bamboo stands release 35% more O, than equivalent stands
of trees

Used for soil and r ion p !
and watorshod management

VIBCQOIBENERIIS

« STRUCTURAL APPLICATIONS
- BUILDINGS
* Earthqud housing and bulldings + NON-STRUCTURAL APPLICATIONS
+ Two-floored b mortar rural bouses — Decorative plywood, various board products such as block
"+ Scaffokling — board, strip board, roofing sheets, fooring
. C bulldings: Schools, y centre, b ~ Furniture
and others, tourist resorts, convention centres ~ lorry bodies & flooring, railway sleepers
- ROADS - N ieks, & sticks, toothpicks, skewer sticks, blinds,
* Road grids, bridges, pathways etc
= * Landslide retaining walls - Fuelwood, charcoal, briquettes, activated carbon
- OTHER INFRASTRUCTURE - Bamboo shoots, pickles, crisps, wine, vinegar, juice, beer
c . | dams, water-tanks, blogas plants. telephone/electricity ~ Schooling: pencils, rulers, blackboards
=) pote o
o— -
Pulp and paper
—
ea =
.
Economic
ENVIRONMENT & ECOLOGY

« Economically viable!

« Investments pot of a high order

* Technologies available

* Revival/growth of wood industry

« Higher value addition with financial benefits to local

people
~ Increased cash output from micro-enterprises will help local
population through opp ies created for local populace as
cultivators, processors, consolidators or logistic providers




AN/

’ . L4 [3 4 0 o
E Social Y  Environment .2
E Cultivation of bamboo is a more positive approach towards a
m « Preserves, enlarges and enriches traditional livelihoods from local cleaner environment
= resources = Reduces pressure on forests
* New livelihood opportunities - imbihing skills of a higher order Benefits:
leading to better work ability in the local population = Reduces landslides and crosion control
« Gender issues - invol in primary processing gives women _ Contrib 1ord deval
E income for education, nutrition, etc. Enj . 0 -
. - - Assists in watershed management
@ ~ Time flexibility belps women manage work @ — Protects forest 00 and
- Nature of crop allows equitable contribution Benefits are ma ‘m‘“ of sector growth
©) * Builds consolidated markets based on o) e . s scc e . : .
co-operative principles - :‘s‘:"’:‘i?"m;l to improve the en if
o ~ Ownership serves as incentive E top
=
-y
© oo0)

Energy requirement of construction materials R&D I S ,
titutes in Bamboo Sector
Material Energy for | Weight per | Energy for Stress Energy per D nstitut a
P i i pr whenin | unit stress
MJ/Kg Kg/m? Kg/m? use *  Resource Survey, Management & Preservation
- ICFRE fnstitutes, FS1 Debradun, KFRI Peechi, SFRI |
@ @ @ [T} ) @15 = - e
P Technology and P Industrial Products
- IPIRTL, FRI (a6 ICFRE NID A
Concrete 08 2400 1920 8 240 . T - Food products
~ CFTRI Mysore (CSIR)
Stoel 30 7800 234000 160 1500 *  Products designs, processing technology & tools - Handicrafts
- NID Akmedabed, IPIRTY, 11T Mumbei, BCDI Agartala (DC Handicrafts)
Wood 1. 600 600 75 80 * Housing & Construction
- BMTPC, IPIRTY
¢ Facili /Eatrep p De
Bamboo 05 600 300 10 30 — CBTC, NMBA.
Source: Prof J. A. Janssan
L . the

PROCESS FLOW CHART

ENVIRONMENT & PEOPLE FRIENDLY TECHNOLOGIES
R&D WORKS at IPIRTI

ature green bamboo, Crees cutting Sgiltting and sivering l

BAMBOO MAT BASED
« BAMBOO MAT BOARD
¢ BAMBOO MAT VENEER COMPOISTE
BAMBOO MAT CORRUGATED SHEETS

BAMBOO STRIP BASED
BAMBOO-WOOD (LAMINATES) FROM INDIAN BAMBOOS
DEVELOPMENT OF TRANSPORT VEHICLE FLOORING

v

v

BAMBOO IN ROUND/SPLIT/COMPOSITE FROM
BAMBOO BASED HOUSING SYSTEM

B8amboo Match Sticks

© oopy wigmes roaTL 9000
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BAMBOO APPLICATIONS(TRANSPORT& PACKAGING)

BAMBOO MAT TRAYS

—BAMBUOMATBORRD ]
. -» AREGISTERED PROJECT OF EXPO 2000
gy HANNOVER, GERAMANY Junc-October




BAMBO00 MAT VENEER COMPOSITES

INDIAN STANDARD SPECIFICATION
IS: 14583 :1993. BMVC for prmersl purpese
Cogy Biga, 0 .

UGATED SHEET

TECHNOLOGY
DEVELOPED AT

IPIRTI

FUNDED BY BMTPC
MoEF, GOI

LOAD BEARING STRENGTH OF BMCS

Some Important Properties of BMCS

oo Size : 1.05m X 18 m X 35 mm
e Weight : 6.5 - 7.90 ke/sheet
o0 B o (app. hatf that of ACCS)
res e Load Bearing Capacity : 4.8 Nimum width
.00 Deflection at Breaking Point B 85 mm
bt ~ Thermal Conductivity 0.1928 k ealim 9C
1000, (apg-. baif that of ACCS)
e AL Fire Resistance : Conforms to flammability test
: A //‘ L Energy Requirement Highly Energy Efficient
EXTENSION mm
Sopr MJ Qmj
BMCS
at Traffic Pedestal
rotot
TERRACE (prototype)
CAFE Two Installed at
Mathura Road
DFID New Delhi (Nov. 2000)
NEW DELHI
October, 2000
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Rain/Sun Shelter at Nandankanan biological park,
Bhubaneswar, Orissa

I

BAMBOO BASED HOUSING SYSTEM

EVOLVED IN COLLABORATION WITH TRADA Tech., UK
UNDER A PROJECT FUNDED BY DFID

DEYELO, 0

BAMBOO BASED TUSSES & BEAMS




PANTRY near GLASS HOUSE AT KARNATAKA RAJBHAWAN, BANGALORE
Jsousry, 2001

Renovation in callaborstion with Rajiv Gandhi Rural Hewsing Carporstion, Bangalore

A Neelam Architects, B
Do wigus DTy dengien 1000

‘Two bedroom bamboo house constructed at IPIRTI, Bangalore

Two bedroom bamboo house
Different views of finished house

Demonstration Heuse

(plinth area 290 sq. f)

at [PIRTL, Bangalore
March 2001

Two bedroom bamboo house
Elevations in drawing

Two bedroom bamboo house

elevations from different angles
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Two bed room bamboo house
Interfor views :

Architects: Mansaram Aschitects, Banaglore

......

Finished floor

Two bed room bamboo house

Architects: Mansaram Architects. Banaglore

Two bed room bamboo house

views of door, window and
ventilator

gt

Sl
Architects: Mansaram Architects. Banagiore

BAMBOO MATCH STICKS

TEHCHNOLOGY DEVELOPED
IN COLLABORATION WITH INBAR

SPECIES TRIED
AMBUSA BAMBOOS
ENDROCALAMUS STRICTUS

STRENGTH CONFORMS TO IS 1140:1970
HEAD FIXING CONFORMS TO 1S 2653:1993
PATENT NO AFTER GLOW
Application $27/MAS-78.2000  BURNING - CONTINUOUS TEMP ACHIEVED 300 °C

© Copy mgs DR Bangabers 002

SeEny
Py

el

BAMBOO LAMINATES

UNDER DEVELOPMENT at IPIRTI
under

MoEF FUNDED PROJECT




Ry
")
}1?}2 Mechanical Properties of bamboo wood made from Bambusa bambose l
P i) -
Beambes
Wead
Propert (Vertiend  Toak @ 12%
1 d Ut Laminate)  Meisture Content
o Sambase) * R
E © Denalty Kohw? T M) 64
— © Medulesof Ruptare  Nwaw' 1225 Q203) 398
[7) Paraliel 1356 A7.61)
® Porpeadicelar
£ © Madales of N (2028 (1311) um
£ Elasticity 15344 (1556)
] g
= Perpendicutar .
'8 © Block shear Ny ILYQLIE) 9.37/10.59 (9.98)
[~] Rrength
3 © Compramive Niwe? LIUD 218
o Streagth
<] © Screw withdrawal N
2 F Streagth 499 0701 %00
Ec LFace 2333 (4640) a1
o = 1Edge
o= * Avernge of (en samples. Figures in brackets are slandard deviations
© oopp mipes, FONTL Banguters 20w * Screw Head Broken O Copy wugts, FoNTL Bemgaters 3002

!

. -

some bamboo wood furniture designed at NID, Ahmedabad
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Women Emp through Bamboo Mat Weaving
Socl study by L
Bamboo Mat Board Factory Acagmally, Kerais (2000)
11565 registerad mal weavers, 28 depets la 3 dintricts
Sea Campeniins of Respoadents by Mat Weavers Perception of Nature
& randew sumple from reghstered
weavers fraem 17 depots o Occupation
Particulers | Frequency | % Occupation Frequency | %
[ ol 7 Tradidens! 1] ss
New-Traditional %] 180
Mabe sl o No ldes of as
Meatives for Engaging In Met Weaving
Occupation of the Respondents (omitiple amewers)

Particuinrs Frequency 3 Cstegory of Matives | Frequency %
Mt Weaving 192 * Seppert ts Femlly 100 0
Basket Weaving 2 ) Addiivanl lecace 2] 4.0
Agriceltare 1 os Beand by Tradition 17 Y
Busiaes [ o Mast Convenbent 20 100
Bervic . 7 Use of Loimsre tene 03 1§

Easy avallability of work o a0
O Copy Bigma DRI wanguiors s003
BMB TOTEM
INBAR-IPIRTI, 2001
BMB Production Cost

€ Bamboo Mats
@ Resinother Chemicals

O Auminum cauts

Women Working in a BMB Factory

in Meghalaya

] . Pl
Bamboo can address three major national concerns TPIRTT publications relaied to Bambos technotogies A
AL

ECOLOGICAL SECURITY: through conservation of forests
through timber substitution, efficient sequestration, alternate
materials to non-biodegradable & high energy consuming materials
like metals, and plastics

SUSTAINABLE FOOD SECURITY: through bamboo based agro -
forestry system, maintenance of soil fertility of adjoining
agricultural lands, and bamboo shoots

LIVELIHOOD SECURITY: through generation of employment in
planting and primary processing for manufacturing mat based
composites and other market driven bamboo products

© Copy migma, FIYRTL pamguiers 205

1. Techno-Economic Feasibility of Bamboo Mat Board Manutacture (1992, priced)

2. A Techno-Economic Faasibility of BMB by AFC of India (1999, priced)

3. Pre Feasibility Profile for Bamboo Mat Corrugated Sheets (2001 priced)

4. Market Study for B; Mat Corrug Shoets in B. 2001 = not )
5. A Socio-economic impact study of BMB manufacturing in Kerala (2001 - not published)

6. National Workshop on Bamboo Mat Board — Proceedings (1993)
7. Plantation Timbers and Bamboo — Proc. National Seminas held at IPIRTL, Bangalors (1998, priced)
8. Affordable Housing using and C ites ~ Semmar (2001

9. Manutacture of Bamboo Mat Board ~ a Manual (1999, priced)

10. B: Ci ites : an Bibliog y (1999, priced)
11. IPIRTI -News : Special Issue on Bamboo Mat Board (1999)

12. Status of Bamboo Housing Technology Developed at IPIRTI (2001)

13. Bamboo Mat Board Video (2000)
14. Bamboo Shetter (Vidao/ Video CD) (2001)
15. Technology/Product brochures
Bamboo Mat Board, Bamboo Mat - Wood Veneer Composites. Bamboo Mat
Trays, Bamboo Match Sticks, Mat C ted Sheets,

Bamboo Shelter
O ooy mpes, TN, bogriem o
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INDIAN SPECIFICATIONS FOR
BAMBOO & BAMBOO PRODUCTS

LR

1S 14588 : 1999 - Specification for Bamboo Mat Veneer Composite for General Pm'v-uscs
1S 13958 : 1994 - Specification for Bamboo Mat Board for Geoeral Purposes

1S 1902 : 1993 - Code of Practice for Preservation of Bamboo and Cane for non-
structural purposes

IS 10145 : 1982 - Specification for Bamboo Supports for Camouflaging Equipment

IS 9096 : 1979 - Code of Practice for Preservation of Bamboo and Cane for Structural
purposes

IS 8242:1976 - Method of Tests for Split Bamboo

IS 8295:1976 - Specification for Bamboo Chicks ; Part | Fine
Specification for Bamboo Chicks ; Part 2 Coarse

1S 7344 : 1974 - Specification for Bamboo Tent Pole

IS 6874 : 1973 - Method of Tests for Round Bamboo

Evolving Bamboo Building Code

O oo mgus mEnL sangriern 003 |

Prerequisites for development of bamboo sector

* Awakening - to change the mind set — bamboo as poor man's
material

¢ Enabling environment - policy -

- use in public constructions,

- movement restrictions on bamboo,

- evolving standards and codes of practices
Entrepreneurship promotion

- new products

- improved applications

O oupy maguan, [PURT] Bonguiory gom |

aMbodIsetiof

| EHl0fal pIARIAG ROLAE SVelopmEnt ot

Analysis of bamboo resource with special
sustainable availability.
Enh of bamb with people's participation.
Present usc pattem and sectoral consumption, inciuding study of artisan groups/local
people’s dependence on bamboo.
Opp ities for use of bamb - ing of
Bamboo mat based comp i.e. BMB, BMVC, BMCS
Bamboo Wood or Laminate
Reconstituted Bamboo Wood
Bamboo Based Housing
Bamboo shoots
Bamboo Match Sticks and other stick based products
Bamboo mat moulded items
Impact of alternate industrial uses on local people s through involvement in
various activities including growing, primary processing etc.

is to species of b

gies

D P ing for ption within the state and exports (Market
Potewtial)
Institutional 2! and i - present scenario and future needs for
growth of bamboo sector.

(-1 atars 2003

recent inltiatives

» National Mission for Bamboo Applications housed
at the Department of Science & Technology

¢ GOl intervention to the tune of Rs.1000-1200
million planned during the tenth five year plan

¢ Six Committees Constituted by Planning
Commission to prepare action plans on various
aspects for development of Bamboo Sector

* States

O oz ugva woNTy senguier t0n

o

bansalka @ vsnl.com

i ia .vsnl.net.in

T T TRECARS (T

http:/Apirti.com

p://bamboocomposite
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mailto:clxlindla@vsnI.nel
http://bamboocomposltes.com

II- - - - - - - - - - - - - PEPT

Development & Production
of Wood Substitute products
using Agro Waste

Mr. Tommy Mathew
Director
Natura Fibretech Pvt. Ltd.
Bangalore
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Annexure - 7

DETAILED COUNTRY PRESENTATIONS
Vietnam Building Industry

Geographical condition, wars and intellectual standards of people strongly affect
on all industries in Vietnam including the building industry.

The development of Vietnam building industry can be divided into 3 main periods:
First period: Under French colonialism (before 1954)

Building industry had not been developed at all. The main building materials were
wood, bamboo and species of bamboo. There was no cement production yet in
Vietnam, but were only several small fabricating cooperatives producing bricks
and roof tiles using backward technology. That’s why there used to very few of
buildings located mainly in the cities like Hanot, Saigon (Ho Chi Minh City now),
whereas in provinces, habitats were nearly all built/made from wood, bamboo and
species of bamboo.

Second period: American war and embargo time after war (1954-1990)

There was only one cement production plant in Vietnam until 1980. Later, in order
to meet the needs of people several small cement producing factories using blast
furnace technology were built. However, those factories could not last long
because of the high cost and low quality of their product.

Building materials at that period still mainly relied on wood and bamboo.

For the time to 1990, the main data of building industry has been recorded as
followed:

Cement production: 3 Million ton per year

Brick: 2.5-3 Billion bricks

Floor tile: under 8-10 Million m square — cement base
Glass (pull technology): 5 Million m square per year
Ceramic Floor tile : No

Composite material: No



Third Period: From 1990- now

Peace time, open-door policy with ASEAN and other countries over the world. On
the other hand, the domestic customer needs for building new, more and more
decorated houses are strong driving force for speedy development of Vietnam
building industry, in which technology displays important role for increasing
production of building materials. With the increasing foreign investment,
technology transferred and apparatus imported from abroad the view of building
industry in Vietnam has changed dramatically, e.g.:

Cement technology: from blast furnace turned into reverted furnace.
With this change, the capacity of cement production has been increased
from 3 to 18 million tons per year

Capacity of brick: from 3 billion to 8.4 billion per year. from which
45% is produced by tunnel furnace

Especially, ceramic floor tile: from nothing in the year before 1990
became 108 million M square produced by 35 plants distributed across
the country in 2001.

Building glass: changed from pull to floating technology. together with
capacity of glass production increasing from 5 m square per year to 59
million m square per year in 1990 and 2001 respectively.

Sanitary ceramic became one production of building industry in this
period with 10 plants and 3.05 million items per year.

Instead of conclusion:

Though Vietnam building industry has grown very fast for the last decade, several
questions still remain however, for today:

Building material is still expensive for poor people especially who live
in rural or mountain areas — nearly 30 % population are living in house
built by non standards building material.

The need of light and strong building materials for building houses in
flood and far away areas.

Lack of technology to use green building material

Lack of technology to use secondary and agriculture byv-products such
as saw dust, rice husk and coconut shells and branches ...
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Building Materials Production Industry In Bangladesh
Housing Scenario

There is a huge shortage of housing in Bangladesh. Of the available houses, many
are not quality ones. People become homeless due to river erosion, floods etc. The
number of homeless people in cities is more than that of the rural areas.

A. Rural Area Housing:

In rural areas, the houses are mostly kutcha or mud houses with a few semi-
permanent type.

The components of rural houses are as follows:

a) Wall: Five inch brick masonry, Split bamboo thatch, CI Sheet, Jute stick,
Mud block with rice husk, Goal leaf etc.

b) Roof: CI sheet, Clay tiles, Goal leaf, Straw etc.

c) Floor: Mud, Plastered brick soling, Cement concrete etc.

d) Door & Windows: Mostly wooden.

In northwestern districts of Bangladesh, the rural houses are mostly mud houses
with straw or C.I sheet roofing. Even two storied mud houses can be seen in many
places of those area. These mud houses remain cool in summer and warm in
winter. Most of the rural houses are damaged either fully or partially when struck
by natural calamities like cyclone, flood etc.

B. Urban Area:

In Urban areas of Bangladesh the houses are mostly of permanent nature either in
the form of brick masonry or RCC frame structures. Among all the Urban areas of
the country, housing problem in Dhaka City is the most acute. Out of 10 million
city population of Dhaka, 2 million live in slums. The land price is extremely high
and beyond the reach of common people. Developed land is also shrinking very
rapidly for which surrounding wet land is systematically being filled by the private
real Estate Developers posing a threat to the environment.

Because of high price of land. the obvious choice for housing in Dhaka City is
multistoried flats. In some parts of the city high-rise building (15 to 20 story) are
being built on both sides of narrow roads. This is causing a serious problem to the
utility services resulting in rainwater stagnation, clogging of sewer line traffic
congestion and fire fighting etc.



Common building materials used in Urban Housing:

Brick, cement, sand, stone chips, Lime, Glass, Wood, Aluminum Sections, Particle
Board, Rebar, steel sections, Woodtex, sand cement solid bricks & hollow blocks,
ferro-cement materials. The floor finish materials are machine made ordinary and
homogenous, mosaic chips, tiles, marbles, granite etc.

The average cost per sft of building construction is approximately Taka 800 (US$
14) in Dhaka City.

The building materials production industry in Bangladesh:

Brick: Brick is still by far the most common building material in Bangladesh.
Except two machine made brick factory, bricks approximately 2500 million bricks
are produced annually

in about 3000 coal/gas/wood fired kilns in the country. The brick burning kilns are
causing serious environmental problem for which government is thinking for
replacing bricks by sand-cement blocks.

Cement: The present installed capacities of modern cement factories in
Bangladesh are double the demand of the country. Except one, all the factories are
producing cement with imported clinker. One factory has started producing
composite cement with Indian flyash.

Rebar: The country 1s self sufficient in producing reinforcing steel. But
unfortunately, except two factories, all the factories are producing rebars from
scrap.

Shingles/Stones: the country has abundant supply of these materials. Maddhapara
hard rock mine is producing very high quality stones.

Glass and aluminum sections: Glass and aluminum sections used in building
construction are mostly imported. Clear float glasses are produced locally but are
not self-sufficient.

Sand cement hollow blocks: A state of the art factory in the private sector is
producing sand -cement hollow blocks. But people are still reluctant to use it.

It has been found that 10% cost reduction is possible for high rise building by
using sand -cement hollow blocks.
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Particle Board: Two factories in the private sector are producing particleboards
using jute sticks which are widely used in doors and partitions.

Woodtex: With saw dust and waste wood, woodtex are manufactured locally
which are mainly used for door panels.

Ferro cement: It is used on small scale in water tanks.

Plastic Tanks: Various capacity good quality plastic water tanks are produced
locally.

UPVC Pipes: One factory in the private sector is producing good quality UPVC
water pipes, but fittings are imported.

Conclusion:

There is a wide scope for using alternative low cost building materials for houses
in rural and urban areas in Bangladesh which should be explored for durable and
affordable houses.

W



Composite Materials For Low Cost Housing In Indonesia

Housing is the basic need of human being, every house hold has to have a house.
However, in the contrary the house is usually expensive, especially for the low
income people. The government of Indonesia take effort to help the low income
people to overcome the housing problem by credit system for housing through the
State Saving Bank (KPR BTN). The KPR-BTN currently delivering about 60,000
low cost housing unit per year in urban Indonesia.

For the illustration, the need of low cost housing in Jakarta about 130,000 per
year, about 30% fulfilled. However, still millions people have no reasonable
housing. The problems are the low income, fast growing population, limited urban
area, and housing materials are more and more expensive.

As we know that technological development is the most important aspect in the
industrial development, therefore the government and research institutions should
do more efforts to support the industries. Research institution should generate
cooperative works in composite research, and build the effective link to industries
in order to transfer new and higher technology.

The traditional composite materials have been used for centuries and still used up
to now, such as bricks and tiles which is made of soil or clay reinforce by rice
straw. At this moment fly ash, the waste of coal which is used as fuel in steam
generator, is using as the raw material of panel. About 800,000 metric tons of fly
ash is produced every year. "Arcon", is fiberized concrete panel production using
fly ash as raw material. Particle board, is building material made of wood chips or
other ligno-cellulosic materials bound by organic binder and one or more agent
such as catalyst. Then pressed by hot press. The density can be adjusted to
conform to the buyer’s specification.

Composite materials development using indigenous natural fibers

Two things of using the natural fibers to develop new composite materials for low
cost housing, the first step is to inventory the resources of indigenous natural
fibers, which are potential to be made composite materials and the house
components that suitable in using the composite materials. In Table 1 and Table 2
are listed the available fibers in Indonesia and house components made of
composite materials respectively.

Optimization in the utilization of the available raw materials such as wood, rubber,
and fibrous materials will be very important. Regarding wood for example, it has
been estimated that annually there are more than 22 million cubic meters left as
residues from logging, saw mill and plywood industries. The impregnation

N I GBS A s e am
2y * 13 .

GhE- N N m



pecony

techniques is thought to be one of the prospective ways to improve the
performance of low quality wood available in Indonesia; this can also be
considered as the modification of natural composite materials. The development of
composite material processing utilizing the natural or synthetic fiber or mixtures
of these two as reinforcing materials and the suitable polymeric matrices will
provide new opportunities to the application of the waste as prospective
construction or housing materials.

Table 1. The available natural fibers in Indonesia (among others)

No. | Kind of fiber Plantation potential (Ha)

1. Bagasse 335.100 (1998)

2. Rice straw 11.613.267 (1998)

3. Bamboo (no data)

4. Kenaf 2.128 (1999-2000)

5. Abaca / banana| 142.800 (2000)
tree

6. Corn stalk 3.833.800 (1998)

7. Palm oil | 2.500.000 (2000)
bunch/trunk

8. Coconut coir Plenty (no data)

9. Pine apple leaf 44.906.138 trees (no data in Ha.

Unit), (2000)

10. | Ramie No data

11. { Sisal No data

12. | Water Hyacinth No data

Table 2. The house components made of composite materials

House components Composite materials
Column Wood composite

Panels Wood fiber-cement
Roofing tiles Rice husk-clay / soil
Window / door shutter FRP / Wood composite
Partition Wood / coir - gypsum
Ceiling Coir / ramie / sisal - gypsum
Bricks Rice straw/husk - clay / soil
Frame / profile FRP

Pipes RRP

Blocks Sludge - cement / sand




Composite materials technology processing and design in industries generally are
still poor and less competitive, since using low and medium technology. The
added value of such industries mostly give low impact to the national economy.

The Role of Research Institution and Universities in Housing Composite
Material Industrial development

Research institutions and universities as the center of science and technology
development, must be concern to the needs of social life. Thus, they have to
improve their capability in order to transfer the knowledge to support industrial
development, whilst universities have to make effort to push the education to the
science and technology suitable to develop composite materials needed.

The co-operation program on the development of science and technology
capability in processing as well as characterisation of composite material, is one of
the way that can be adopted to accelerate the improvement. The program would
include the development of expertise and skill of research staff, to collect science
and technological information, providing facilities to conduct research at the
laboratory and to develop the pilot plant scale, and the introduction of the
technology to the relevant industries.

The research institutions and universities in Indonesia which are interested on
composite materials are listed on the Table 3.

Table 3. Research institutions and universities which are interested on the
composite materials research

Research Institutions Universities
Research and Development Centre for Applied | Bandung Institute of
Physics, Indonesian Institute of Sciences. Technology:

Chemical Dept;

Mechanical Dept.

Research Institute of Human Settlement, | Hasanudin University:
Agency for Research and Development, | Chemical Dept.

Ministry of Public Works
Institute for Research & Development Of | Airlangga University
Cellulose Industries
Agency for the Assessment & Application of | Lampung University
Technology
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Conclusion

e The new composite materials using indigenous natural fiber is important to be
developed in order to get strong and cheaper housing materials

¢ Research institutions have to concern to the needs of social life. To transfer new
materials science and technology to the industries, in order to support industrial
technology development

o International or regional co-operation program on science development in
processing and design of composite materials is needed.



State-of-Art of Construction Materials For Low Income Houses In Bhutan
Rammed mud to walls
Introduction:

Rammed mud walls are extensively used in Bhutan : Specially in the rural areas.
This is a traditional method of constructing houses which was practiced more than
a millennium ago.

In this method of construction the superstructure of building is constructed by
compressing or ramming earth using moisture and compacted to a point where it
reaches highest state of compaction. The shutter plates are then removed and the
walls are dried any cracks seen are cover by mud plaster mixed with binders like
cement or lime.

Specification:

Selected dry earth is taken which is free from any organic matter, grits, or stone
chips or bolder etc. Normally earth from same area is used for one particular
construction. All clods of earth clods shall be broken or removed before laying.

The earth shall be laid in layers not exceeding 50 and then rammed with wooden
or iron rammers. The density shall not be less than that achieved in the laboratory.

Disadvantages:

Rammed mud walls need thickness of 750mm to 1m for three storeyed buildings.
As machine compaction is not feasible, human labour is required and the quantity
of labour is high (intensive). Though there are no records of failure of structure,
there appears to be risk during severe earth quacks. Still buildings upto double
storeys are constructed with rammed mud walls in rural areas. But in urban areas
people prefer, RCC and bricks for construction for neat finishing, durability and
utility purposes.

Compressive strength, is not tested at site, but assumed to be about 2-25kg/cm’.
Cost = 290/m’.

Compare brick work= Nu.1600 — 2000/m’ within mortar 1:4 to 1:6

Half brick = 290/m’
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Bamboo walling:

Popularly known as ‘Ekra’ walls, these walls are constructed by using split
bamboo 25 x 6mm sizes which are slipped into the grooves of vertical timber
members of specified sizes which are first fixed as frames in the proposed wall
section. The split bamboo mat thus laid is then plastered from both side, about
20mm thick using cement mortars of ratios 1:4 to 1:6 and also mud mortar as per
affordability : The green bamboos are preferred and reported to have lasted longer
than the dry bamboos.

Cost per m* 270 — 290, m* with cement mortar plaster = 120 — 155/ m* with mud
mortar plaster.

Mud block plain:

Plain mud blocks or unbaked bricks were and are still used in Bhutan extensively.
These blocks are prepared from good selected granular soil mixed with water and
cast in mould. They are in fact unbaked bricks.

These materials have no crushing strength and hence not used for load bearing
structures but only as infill panels. In some cases, when required to be plastered, a
thin type of mesh or chicken wire mesh is used on surface and to hold plaster.
This makes the proposal a bit costly. But now these blocks are being constructed
as stabilized mud blocks, using cement as binder.

These blocks have become very heady for construction single storey building or
for good infill material for 2-4 storeyed building.

Compressive strength, is not tested at site, but assumed to be about 2-25kg/cm”.
Cost =290/m’.

Compare brick work= Nu.1600 — 2000/m’ within mortar 1:4 to 1:6

Half brick = 290/m’

11



Building materials production industry in Nepal
Establishment of Building Material Research Laboratory Building

About 5 years before the department had established a project named "Building
Materials and Govt. Building Research Project” to give continuity on material
research works. The major functions of the project were to collect the data of
construction technology used in various districts of Nepal and study of availability
of local building materials all over the country. In the mean time some equipment
for testing of building materials also had been purchased from HMG budget. The
project aims to collect and research on local building material throughout Nepal.

National Building Material Research Center in Jhapa and it’s Major Functions
Recently, our organization HMG, Department of Urban Development and
Building Construction, established National Building Material Research Center 1n
Jhapa district (Far Eastern of Nepal) for research and development of local
building materials of Nepal.

The New Building Construction Material Factory in Nepal

1. Harisiddhi Brick tile Factory:

Name of Products

- Brick

- Roofing Tile
- Flooring Tile
- Decorative

2. Prefab Concrete Industries (P) Ltd.:

Name of Products
- Pre-stressed Hollow Core Slab

-——
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