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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

(i) creating sustainable livelihoods,
(ii) preserving the environment, and
(iii) 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
(lCS) 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

3
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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 Composite Technology Development and
Advisor - Advanced Composite Commercialisation - Some Successful Case Studies
Programme, TIFAC
Mr. Tommy Mathew Development & Production of Wood Substitute
Director, using Agro Wastes
Natura Fibre Tech Pvt. Ltd.
Dr. P.V.Kandhchar Overview and advances on Science, Technology and
Professor Application of Composite Materials based on
Delf University of Technology Natural Resources
Dr. K. G. Satyanarayana Natural Fibre Composites, Issues and Perspectives
Deputy Director, RRL,
Thiruvananthapuram
Dr. N. G. Nair Composite Materials Design & Manufacturing for
Fonner Professor & Head Building Applications
Composites Technology Centre,
lIT, Chennai
Mr. A. K. Bansal Lignocellulosic as a Sustainable Source for Building
Director, IPIR TI Material
Mr. T.N.Gupta, Need for composite building materials and
Executive Director, BMTPC 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 m strengthening Technology sharing
between India and other Developing Countries in the
area of Composite Materials for Low-Cost Housing.

4
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DETAILED DAILY SUMMARY OF THE TRAINING COURSE

Day -1: Monday - 25November

The Training Course was inaugurated on the morning of 25th 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

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 ICAMT 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

5
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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 - 26November

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 - 27November

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.

6
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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

7
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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 frrst 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.

8
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Panel Discussion - 29 November 2002
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:

1. Prof. P.V. Kandachar, Co-ordinator
2. Mr. T. N. Gupta
3. Prof. B. Dattaguru
4. Dr. R. Gopalan
5. Mr. N.Sivasailam
6. Mr. Emdadul Huq
7. Dr. C.S.Vishnukant Chattpalli
8. Mr. S.Vasantha Kumar
9. Mr. Tommy Mathew

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 fmalized in consultation with the resource persons,
panelists and the participants.

'"

FIELD VISITS

Visit to RV-TIFAC Composite Design Centre - 2ih 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. Ud. - 2ih 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

9
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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) - 28h

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 roofmg sheets, Building' Materials &
Technology Promotion Council (BMTPC) and Indian Plywood Industries
Research & Training Institute (IPIRT!) jointly have developed a technology for
manufacturing Bamboo Mat Corrugated Sheets (BMCSs). BMCS produced at
pilot scale facility established at the IPIRT! 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 resi~ience
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

• 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 be 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.

Bhutan

• 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.

• I 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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• 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.

• I 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

• 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 .

• 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.

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

Indonesia

• 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.

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

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

• To conduct collaborative research programme among participating countries.

12
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Sri Lanka

• Factory visit was most important part of the training course.

• Yes, now we can improve the building material industries in our country.

• 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.
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RECOMMENDATIONS

1. 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.

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

3. 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.

4. 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.

5. Defme region/country specific opportunities for such local resources.

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

7. 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.

8. 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 .

9. 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



10. 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.

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

12. 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.

13. 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.

14. 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.

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

16. 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.

17. 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.

18. Regular evaluation of all initiatives and corrections by the involved parties
are also recommended.

19. It is strongly recommended that concrete follow-up actions are taken based
on these Bangalore recommendations.
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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 ICSIUNIDO 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
ICSIUNIDO 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 rmancial
support. Because of rmancial 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 rmancial 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.
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Annexure -1
. Photographic Presentation



Address by Dr. M.K.Panduranga Setty/Inaugural Session

1



Opening remarks by Mr. T.N. Gupta/Inaugural Session

Lighting of lamp by Mr. T.N. Gupta & Mr. Vinod Yadav
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Lighting of lamp by Dr. M.K.Panduranga Setty

Participants in Inaugural Session
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Inaugural lecture by Dr. D.R. Somashekar

Inaugural lecture by Dr. M.K.Panduranga Setty
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Presentation by Mr. Vasanth a Kumar

Dignitaries at dias in Inaugural Session
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Introduction to programme by Mr. T.N. Gupta

Lecture by Mr. Prabhu Kandachar

6

I
I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I:,
I
I
I:.
I.
I~~



,,1
~,1.'~,,
:.::;;

I
-~

I
,j

~,~

,1
... ::..

I
I
:~

-I
-.i.

I
I
I
I
I
I
j;

I
I
I
I
I

Introduction of ICAMT/ICS by Mr. Vinod Yadav

Souvenir Presentation to Dr. B.R. Somashekar
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BMTPC presentation by Mr. T.N. Gupta

Lecture by Dr. Soumitra Biswas
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Introduction by Dr. Hina Tarannum, India

Participants in Inaugural Session
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Presentation by Dr. Wiwik S. Subowo, Indonesia

Presentation by Oil Chhetri Ranjan, Bhutan
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Presentation by Mr. Mani Ratna Tuladhar, Nepal

Presentation by Er. Thakur Raj Pant, Nepal
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Presentation by Mr.K.T.D.S. Wickremaratne, Sri Lanka

Presentation by Mr. Dau Due Hai, Vietnam
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Prof. Prabhu Kandachar in panel discussion

Dr. R. Gopalan during panel discussion
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Mr. T.N. Gupta summarising the Training Course

Presentation and discussion by Mr. N. Sivasailam in
panel discussion
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Presentation of Certificates to Mr. M.Mahbub-ul-Alam by
Prof. B. Dattaguru

Certificate presentation to Mr. M.B.M.N.B. Gawarammana,
Sri Lanka
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Certificate presentation to Mr. Dau Duc Hai, Vietnam I
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Certificate presentation to Dil Chhetri Ranjan, Bhutan I.
I.
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Certificate Presentation to Dr. Wiwik S. Subowo, Indonesia

Certificate presentation to Dr. Amit Rai, India
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Certificate presentation to Prof. M.Nagaraja, India I
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Certificate presentation to Dr. Hina Tarannum, India I
I
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Certificate presentation to Dr. C. Pavithran, India

Certificate presentation to Ms. Farida Sultana, India
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Souvenir presentation to Mr. Sivasailam

Thanks to Dr. Vishnukant Chatpalli by Mr. T.N.Gupta
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Thanks to Prof. B. Dattaguru by Mr. T.N. Gupta

Thanks to Mr. T.N.Gupta by Mr. Alam on behalf of
all the participants
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Distinguished guests during exhibition I
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Mr. T.N. Gupta explaining various technologies to
Prof. B. Dattaguru I
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Exhibition organised by BMTPC

Doors developed by BMTPC displayed in Exhibition
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Natural fibre products developed by BMTPC

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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Mr. T.N. Gupta explaining about BMTPC publication

Foreign participants at BMTPC Exhibition
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Annexure - 2
Aide Memoire



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 alternative and cost effective building materials. There is vast scope for self-help and self-reliance in
building materials if the inherent potentials of fibre-composites are properly exploited.

fCAMT

timtpc
in cooperation with

on

organise a

and

Training Course

25-29 November 2002
Bangalore, India

AIDE-MEMOIRE (eft. 17/07/02)

"Materials Design and Production Processes for
Low-cost Housing"

International Centre for Advancement of
Manufacturing Technology

Building Materials & Technology Promotion
Council

.BACKGROUND
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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 tiles & 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-HOPE products for water tanks, door frames, shutters
• Coir fibre or sisal fibre-cement composites for corrugated roofing sheeVtiles 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 UNIDOIICS 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, UNIDOIICS and Building Materials & Technology Promotion Council (BMTPC) with the UNIDO
International Centre for Advancement of Manufacturing Technology (ICAMT) will organize an International

.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

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

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

• 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.

• 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 10th November 2002.

DOCUMENTATION

. The basic documentation for the Training Course will consist of the following.
it Aide-Memoire of the training course and agenda.
• ICS publications on "Development of Natural Polymers and Composites in East Africa";
• 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.
• Ust of participants and lecturers attending the training course.
• Lecture notes.

LANGUAGE

All lectures and their related documentation will be in English.

3
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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 locallCAMT 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 I.
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 I.
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
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
. is:

.Intemational 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.ora

FINANCIAL/ADMINISTRATIVE ARRANGEMENTS FOR ICsnCAMT FINANCED PARTICIPANTS AND LECTURERS

For the participants and lecturers that are invited by ICSIBMTPC to attend the training course,.round-trip airltrain
economy transportation from the airport/station of departure will be arranged and prepaid tickets issued where
necessary according to UNIDO standards (Le. 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 .
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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 expenditure 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:
• compensation for salary or related allowances during the period of the course;
• any cost incurred with respect to insurance, medical bills and hospitalization fees;
• 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
/faculty. 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.oraorbmtDc@deI2.vsnl.netin
Fax Nos.: +91-11-4647082 or +91-11-3010145
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CONTACT PERSONS

ICS Scientific Resoonsible
Prof. Sergio Meriani
AREA Science Park
Building L2
Padriciano 99
34012 Trieste -Italy
Tel.:+39-040-9228126
Fax: +39-040-9228122
Email: vivian.zaccaria@ics.trieste.it

Oraanizational resoonsible at ICAMT
Mr. Deepak Ballani
National Expert
International Centre for Advancement of Manufacturing Technology (ICAMT)
c/o CMTI, Tumkur Road
Bangalore 560 022, India
Tel: +91-11-4647083
Fax:+91-11-4647082
E-mail: d.ballani@icamt.ora

Oraanizational resoonsible at BMTPC
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: bmtoc@deI2.vsnl.net.in

. ICS Secretariat Contact Person
Ms. Vivian Zaccaria
New Materials Secretariat
IC5-UNIDO
AREA Science Park
Building L2
Padriciano 99
34012 Trieste
Italy
Tel.: +39-040-9228126
Fax: +39-040-9228122
Email: vivian.zaccaria@ics.trieste.it
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International Centre for Advancement of
Manufacturing Technology

organise a

Training Course

on

"Materials Design and Production Processes for
Low-cost Housing"

25-29 November 2002
Bangalore, India

PROGRAMME
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PROGRAMME - STRUCTURE AND CALENDAR

Day - 1:Monday - 25 November

and

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

09.30 - 10.00
10.00 -11.00

11.00 - 11.15

11.15 - 13.15

16.30 -17.00

13.15 - 14.00
14.00 - 15.00
15.00 - 16.30

17.00 - 17.30

Day - 2: Tuesday - 26 November
09.00 - 11.00 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
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

13.15 -14.00
14.00 - 16.00

16.00 -17.00

..11.30 - 11.45
11.45 - 13.15
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15.00 -17.00

13.00 - 14.00
14.00 - 15.00

10.30 -11.00
11.00 - 13.00
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Day - 3: Wednesday - 27 November
09.00 -13.00 Visit to RV-TIFAC Composite Design Centre
13.00 - 14.00 Lunch
14.00 - 15.30 Natural Fibre Composites, Issues and Perspectives

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

15.30 - 16.30 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

16.30 - 17.30 Field Visit to Natura Fibre Tech Pvt. Ltd.

Day - 4: Thursday - 28 November
09.00 - 10.30 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-4
List of Participants
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Annexure - 5
List of Resource Persons
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Annexure - 6
Detailed Presentations from

Resource Persons
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Annexure 6

CONTENTS

1. 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

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

3. 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

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

5. Natural Fibre Polymer Composites - Retrospect and Prospect by Dr. K. G.
Satyanarayana, Deputy Director, RRL, Thiruvananthapurarn, India

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

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

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

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

10. Development & Production of Wood Substitute using Agro Wastes by Mr.
. Tommy Mathew, Director, Natura Fibre Tech Pvt. Ltd. Bangalore, India
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Building Materials and Technology
Promotion Council

An Inter-ministerlal and Muld-disdpllnary Organlutlon
under the aegis01

Ministry of Urban Development
Government of India

Objectives
.0- To pr'CllllOCe development, producdon, standardlsadon and Iaqe-

scale appIadon of c:osHII'ecdve InncmlIw bulldlnl malIl'IaIs
and COIISII1ICdon teduloIoIIes In houslna and buldlnl RClllr.

.0- To PI'OlllOle manufxlurtna of _ wasle-based bulldlnt maIerbls
and cornponenlS d1rouah 1eCIlnlallUPJIOlt. fxlIIalIna fIsaI
c:onassIons and enalUl'aIInI enlleprellellß lD set up producdon
unlls In dIfI'erent urtlan and rural RIIons.

.0- To deftIop and pr'CllllOCe medIocloloIIes and 1eCIlnoloales for
nalUraI cIIsaIW mIdpdon, wlnenbllty • rtIt reducdon and
retroIlaInrI rmlIlSlIUc:don of bulldlnas and disaster resIsIant
plm""" of human seaIemenu

.0- To provlde IUPpoR lD pro(mIonaIs, c:onslIUCdon acencIes and
encrepreneuß In seIecdon, eväIadDn, upsallnr, desIIn
enatneemI, ÄllklJIIQdadon, and mart.eIInc for 1eCIlnoIclIY
cransrer from lab lD land In die area of bu.... nul!I1aIs and
conscnaaIon.

I Thrust Areas
i) Economy and efficiency in construction projects

ii) Utilisation of f1yash and other industrial and
agricultural wastes

iii) 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

Mission Statement
Develop and operadonallse a
comprehensive and Integrated approach
for technology development, transfer
and Investment promodon to encourage
appllcadon of environment-friendly &
energy-efficient Innovadve materials,
manufacturing technologies and disaster
resistant construcdon pracdces for
housing and buildings In urban and rural
areas.

Mlnlatly 01 UrbM Dewl-"
Mlnlatly 01 Rul'lll o.v.klpmeo4, ScIence. Technology

Inclua. Dewl_1.~ ~t 01 SrMII 5 .... ln--.
P_. _ng eomm .... on. Envl_t

t t f BENEFIClARlES- - encoes
AID - "'f"" LoIlf_ (NlIIc & Prtvate)
C8Al, IERCo, I poley •ManuIaclIR olllUlllng
RRLa,NCa PltoIng -, 1 Malelials
C8Al,1T1 "f'" our 'FI1lU1CiaI & nluslrBl

l1li,

~
Building Materials &. I-

DeveIopmorlt Ags1ciIls

NRllC .0ePa/tnlr1I at Power. NTPC
TEITIICI Technology Promotion .GcNemmIrrt. & Prtvate
INSTII\/IIllII Council 1IlderlaIiings~

wastes
llIT(TFo\C) ~ 'Prospecliwe~
IlOfa, IlCAER, tlJDCO --- CPWD • Wortrer1, CIatIsmen.
.D,CIIl - lilli_ .-..... 8l1isans...... FCl~_ 'House holds- IClCl .... .... .Decision_

'FIeSaUaln
• Na1lraI DlSaSler ManallllB

Areas of Strength
~ StandardIsatIon, validation/certification

~ BMTPC asa repository of Information

~ Interface organisation for strengthening of
technology baseof housing & building sector

~ Technology development, transfer and promotion

~ Mobilisation of Policy support and fIScalIncentives

~ Disaster mitigation through wlnerablllty & risk
reduction In buildings and human settlements

~ Promoting Indian technologies, machineries and
know-how In other developing countries

I I
"

II~
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I~
"
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WorkiDc Speclftcadoas rormaJated OD 12 IaDovaUft ud Cost-ell'cctm
Mataials ud Tecbalqaes

I
I
I
I
I

Usefulness of BMTPC's Services

BlJIUlIHG MA TIlRIALS
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7
5 "-- 5
0 RlmH_ 3
7 Np. SIn •• ,.,. 2• - 0, _mIJI_

•I. CoIIoa ...... -...~ a_......-_ ,
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Note: The above ment10ned uttlt:!l .,.. 'n operatJon In different Slates .uch lIS, West ~/'!/'Y.~TIJmIIN6du. GuJarat An<1___ • _.IIItlIT_. HlJfYOM. Del

Investment Attracted In manufacturing of
altemadve building material/machines Industry through
awareness creadon and promodonal efforts of BMTPC

IRs. in CroTts)

Flyash based products 40
Waste & plantadon based dmber 100
GRP Composites 169
Machines 8
Total 317
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Policy Support Created
Continuous Interaction with the MinistrieslDepartments
(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 respons/ble for getting various fiscal
Incentives to attract more investment In the manufacturing
sector of altemative building materials and components.

The building materials manufacturing sector today stands
as a part of the national productive sector and the
institutionallinance Is accessible to the entrepreneurs.

IDdJcadft aYÜlp IIICe .... heI, Top SolI, 'J1mberdue to use of IItW
tedmoIocIes pI'OIIIOCed !Ir BMTPC liDrIIIc put 5 to 6 yean
SIMhll In ~ d TCipSol ,.,...,, 1nd1lCll_
~lIti;iiriI __ ... ~ ",u.......
0InwCar.r.1!Il:dH'I .... ~a.c'- a.IIM ou.nt."
.... • d 1InI..-

M::AlIlII ....""CIU'8y." a. bou.n&.cr
M'-tJIIN..-

Technology Development ...contd.

~ InterIockina block mOfUr1ess masonry.
~ Ferrocement rooft"l and waUIni components.
~ Development of colr cement rafters.
~ Development of Wmr.Redudlll Acent from Coal Tar Industry.

• <Co Development of Activated Puzzoiana/SßIca Fume from rice husk.
~ Development of Antk:orrosIve PaInt utfllslnr lhe industrial wastes.
~ Producdon of bricks usllll mine UHtnrs from Khetrl Copper MInes.
~ Development of ceramic lIIes usl"l wastes from aluminium plants
~ Polymer bonded composite door shuam and panel materials usl"l

coconut ßbre, luu.
~ Glass ßbre reinforced polymer based do« sIluam and wall p.1ne1s.
~ Panel for doors usl"l banana sheath bonded with polymer resin.
~ Development of Improved desI8n of metallic moulds for rabrlcatfon of

do« sIluaer and frame usl"l GRP composites.

IlIIIIIll
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("*- ............

101.'....
oU1.a....
17'.0,....

CluentIJ'" Coet"'_
_ (IlL" "'_1
IT-I

.,. 110,0

IIOC11 sz.o,- ...
IIa U

11:217 tn.GO

0 ...... 01 ,..(T-'..,..,..-......--..-
CenwdConct_ Bb:aln ~.of ..... CllrBrlcb
WCRTI --.,c __
F~_~ lIrica
s..s.ünw~~ brica"-----Or.... TObII( .. COIIII~

S8YInQ In C"".umptlon 01 C..... nt

c.I.a, ~ Woiglll Cclo'cnl. __
Alq'1t ... ~
Ft_Ccnlr_ aa.--......OrandTObII

~ Red MudlFIy3Sh Polymer ßbre do« shuuers
~ Ec~rriendly rubberwood flush do« shuuer
~ Eco rriendly solid core popbr wood flush door shuuers
~ Umlnated spOnt lumber p.1neldOOR and door frames from rubber wood
<Co Veneer laminated lumber p.1ne1door and doors frame rrom poplar wood
~ EP5-RMPComposite Door Shuaer
~ Bamboo nut COI11Ipted rooftlll shftlS
~ Paint based on FIy3Shand odIer wastes
~ Glass Ceramic producu for Floor TIles usllll wastes (lhree tYPeS) from

Alumlnlum Indusuy
~ Uaht wel&htM-wood Door Shuaer
~ Bulldl"l Materials rrom Marble Indusuy waste
~ Cemendllous BInder rrom Acftylene plant waste
~ RI8kIPVC • Foam Board and Sheel

Technologies Deensed CD __ .,., _...--

.. Red MudlFlyash Polymer fibre door shutters
, Eca-rrtendly rubberwood Rush door shutter
;;> Eco friendly saUd core poplar wood Rush door shutters
, Glass fibre reinforced Polymer based doors and door frames
, Development of process for production of reactive sUica from

rice husk (neaodatlons IOlng on)
;;> Metallic mould for faMadon of doors and door frames using

GRP/CoIr composites
;;> Cost-effective rafters for rural house construction
'" Bamboo Mat Corrupted Sheets. a plant to manufacture these

sheets has been recently set up In Meghalaya.
, Ferrocement Components for var1ed appUcadons
;;> Intertocklng Block Mortarless Masonry

Technology Development
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Help to Building Materials Industry
MocIemIsaIIon for higher prock/dMly
InlIOduc:Ing envlIonment fllendIy and ~ etIiclenl manufacluring
praclIces and IIlChnologles

PI'lImCIlIng wate based materlallllch.1ClIogies for maJdng

- Wood IUbstiluIes lor door ahuIlerI and panels
- BrIc:ka. blocIle and lllher waDing materials
- Cost ell8dlve IlIOfing options such as lerrocement and prefab

tectmoIogtes
Supporting \he enterprises through leclIo"ea1Cll11lc; teaslblIty lIlUdles
FaciJltalIng fiscal incentives for promollng mote Inveslment
Creating policy 8UPpona at national and state level lor adoption 01 new
technoIcgies
Developing and promollng use 01 almple machines and equipment lor
establishment 01 produc:llon unll8 In cilIerent I8llIon8 with low
Investmenllevels.
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Promotion of Innovative
Technologies and
Machines through

Production Centres and
Demonstration Units being
operatlonallsed by BMTPC

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 (contd ••• )
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Disaster M1dgatlon and Management

The Atlas aims to provide Infonnation base to support risk
and emergency decision-maklng 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.

The BMTPC project Oll VulnernbUIty Atltu tJIId Knowledge PaJ:lcingfor
non-engineered buildings was a4judged Oll 4110position out of J9lDNDR

DemonstratiOll Projects reviewed by an InterllQ/ionaJ Jury.

56% of land vulnerable to Earthquakes--""------ ...--8% of land vulnerable to Cyclones
tin ~~ ....01_-....~ ..6:1 ................ ...,

5% of land vulnerable to Floods
/MhO oI_oI~_~...,.,..,

12
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Multi-
Hazard
Risk

iIli--.-------
-------~------
-----_._---~,.-----.---------~----

leiMT

Investment and Technology
Promotion and Transfer for

Manufacturing of Construction
Materials for Housing

.:. 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

India-UNIDO Proaramme

India-UNIDO Programme focuseaon:

Vulnerability
Atlas of
Gujarat

India-UNIDO Co-operation
BACKGROUND

• Environmental problems due to huge
quantities of agro-Industrlal wastes

• Development of technology for
recycling

• Rising energy demand

• Need to promote technology with
high potential for employment

.~'- . .' •.•. : .•• ~.,..a--~""'-&.-""~"'~

Districts prone to Multi-Hazard Risks
States - States -IllIIdGII IllIIdGII

• Andhra Pradesh 12 • Orissa 5
• Assam 22 • Punjab 12
• Bihar 25 • Uttar Pradesh 50
• Goa 2 • West Bengal 16
• GuJarat 17 Union Territories

• Deihl 1
• Haryana 8 • Pondlcherry 1
• Kerala 13 • Diu 1
• Maharashtra 13 Total Districts 190
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Technology for Alternative
Materials for Housing

»Energy Efficient

»Environment Friendly

»Employment Generating

Industrial & Agricultural Waste
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InduSlrlaI • Agricultural W.ste

Irral IlClURCE Clly -..-...- IA_ InM.TJYr.-- ---, .... ""....., ...--...-1Iloo_._ - - ..-...-- ...----_ .. .--.... .... --..------- --- ---------_F_ --- ",,-- ..--...........-...-
Colloa_ Colloa 'o.olI --ponoI.---

SHARING
INDIAN

EXPERIENCE
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•

• Uve demonstration 01simple low-
cost building components
production

• Attendees included the business
community associated with
construction, manufacturing and
supply 01building materials,
architects, builders, developers and
representatives 01NGOs.

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

UGANDA -1998

ISTANBUL (TURKEY) - 1996

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.

The display covered programmes, activities and achievements
in the areas 01Cost 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.

TRINIDAD & TOBAGO - 1999

•. :"
'! ~.,

ISTANBUL (TURKEY) - 1996

BMTPC displayed technologies for building
materials from recycled industrial and agro
wastes and initiatives in production of small

building components

THAILAND -1995

TRINIDAD & TOBAGO - 1999

"A Wonderful Example of Improving Human
Settlements for the Whole World. Congratulations".

Noted amongst the key visitors of the India Pavilion
was Dr. 0 Wally N' Dow, Secretary General of
Habitat-II Conference, whose encouraging remarks
were:

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

February 1999.
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TANZANIA - 2000

I
I Exhibition in

Venezuela
I Mav2002
I
I
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I Home Page of BMTPC Analysis of Queries received at BMTPC

E.Mail queries Analysis for Last 12 months

• 52%

.., African Countries 36 %
-r Latin America 16 %
... Australia & Ex-USSR 14 %

'" .., Europe 10 %
-- -r USA 10%

.., Gulf Countries 9 %

.., Asia 7 %

• 48 % International

--

National

• Background
• Thrust Areas
• 0bjectIYes
• SpedaJEventa
• MachInes developed by

BMTPC
• Envlronment-lrlendly

MalllllalS and lecl1nlques
• Bulldlng Matel1als lrom

r8C)'ded wastes
• DIsaster Mitigation
• Perlonnance Appraisal

Certillcation Scheme
• News
• Publication
• Query
• Feedback

www.bmtpc.org
(Approx 10.000 VIsllors per month)
Horne page activated In 1999

I
I

I
I

I

Machine specific and Country/Region wise queries

No. NMn. 01 eM eourr,
31 Surinam
32 Syria
33 Tahiti
34 Tanzania
35 Thailand
36 Trinidad & Tobago
37 Turkey
38 UAE
39 Uganda
40 UK
41 USA
42 Venezuela
43 Vietnam
44 Zambia
45 Zimbabwe

No. __ or .. Counlry

16 Kazakhstan
17 Libya
lB Malawi
19 Mongolia
20 Mexico
21 Mozambique
22 Nairobi
23 Namibia
24 Nigeria
25 Norway
26 Pakistan
27 Panama
28 Rwanda
29 Saint Lucia
30 Saudi Arabia

No. ....... Oll the Country

1 Abu Dhabi
2 Argentina
3 Austria
4 Australia
5 Bahamas
6 Barbados
7 Bhutan
8 Canada
9 Egypt
10 Ethiopia
II F.inland
12 Germany
13 Ghana
14 Greece
15 Indonesia

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

From: India and other countries ...
54%

~~~~'
12 %
4%
2%

25 % .., Australia & Ex-USSR 7 %
32 % .., Europe 5 %

7 % .., Asia 7 %
15 % .. Gulf 2 %

Analysis of Queries received at BMTPC
Nature of queries

.., Machinery Related
-r Seeking TradeITechnicallnfo.
-r Publications Related
-r Seeking general and Misc. Info.
-r Seeking Project Consultancy
-r Seeking Business Associations

.., India

.., African
-r USA
.., Latin America

I
I

I
I
I

I
I
'I
I
I

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

I
I 18

I

http://www.bmtpc.org
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INTERNATIONAL CENTRE FOR
ADVANCEMENT OF

MANUFACTURING TECHNOLOGY
s.VASANl1!A KUMAR

November 25. 2002 Bangalore

IICAMTI

Joint initiative of
Government of India & UNIDO

I Established in October 1999 I
u~ ~

[core Objective]

Emerge as focal point in a
global network to enhance
the manufacturing capability
and competitiveness of
industries in developing world.

~

IProgramme Focus I
Awareness l:JSemlnar

l:JExpertGroup Meeting
C1TechnologySummit
C1Technologymonitoring

Acquisition I CJUnkages with
dissemination -centres of excellence
of technology -R&D Organisations
related -Industry Associations
information -Industry Houses/groups

-Universities
CJEstablishment of database
nl in"'"n .. \Mitt. ..vietinn

Programme Focus I
Technology OFad11tatetechnology development
Development ODeveiop product and process

OIrnprove productivity
OEnhance quality
OFadiitate testing and bench martdng
lJApply IT to SMEsector

Technology OIdentiflcatlon of technology gap
Transfer OTedlnology sourdng

OInternatlonal technology transfer
brokerlng

OExpert advisory service
OBuslness Networtdng
OSectoral projects

IU~

IProgramme Focus I
Enterprise l:JTraining
development CJSeminar

CJProject conceptualisation and
development

Market CJInternational exhibitions
Development l:JOrganlse

l:JFadlitate partidpation
CJBusiness networking
CJProduct development
CJBridge missing links

u~



IProgramme Focus I
Regional Co- lJSettlng up of focal points In developing
operation countries

CSouth-South, North-South business
contacts

CTechnology Partnership programme
CExhlbltlon/Semlnar

Mobilisation of CUnkage with :
funds [JMultiJateral/ bilateral funding

InstItuUons
[JDonor <XlUIlb1es
[JAnandal InstltutIonsIBanks
[JGcM!mrnent OrganIsations

CDevelopment of market driven projects
CUnlcage with UNlDO ongoing projects gn

INITIAnvES IN FIRST YEAR

• International Co-operation for Technology
Transfer - Building Material for low Cost
Housing

• Technology Development Projects for
Indian SMEs

• Toy Industry
• Machlne Tool Industry
• SlDne Industry
• Lock Industry

South - South Co-operation
• International Co-operatlon for Technology

transfer to Africa In the field of manufacturlr
uf Alternative materials for low cost housln~
based on Agro and Industrial waste
- International exhibitions at:

• Bangalore (Dec'IlI)
• Dar- Ea -6aa1am, T81W1n18 (July '00)
• AIlemed8b8d (Nov '00)
• C8r8CU, Venezuel8 M8Y 2002

- A Regional Programme Is under development -
Identified countries In Asia, Africa snd latin
America to be Involved

Competitive Edge

• Application of IT In SMEs
• Development and Implementation of

sectoral projects
• Strong Linkages with Private I Public

Sector
• Manufacturing Technology - strong

counterpart agency

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
8>'.

TUDelft
1"_~""Prod lor ~H_
2S-D_zocn._l_
Omlll .... , IrNlIJO..ICAMT 1./NII){).IOLBM1YC

Characteristics

1. Recently re-discovered

2. Large gaps in scientific
knowledge

3. Considerable interest in
certain application areas

4. Scattered and proprietory
knowledge base

I
I
I
I
I
I

The Old and New Players

[ Sc__ ._.llos1F.~a_

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
aszricultural fibres?

• Can they contribute to sustainable
development?

~ on Natural Fit'"' "-ta ..Ptcb#MIlCcttdocho,. 25-29 No¥ 1002 la-.tore Indta

Lecture Structure

~currentand
~tned?

characteristics
nd composites ?

tel ..PrabItu ICGndochar-lS.19 Hew 1002 8 More Itdta

I :-.

" ''':!'''i

O¥erttew on Natant ffbnt C

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 • UniversalI
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Mineral /lased:
INORGANIC

20

Sou,": Botany ~rt_nt,
Unlwrs/ly of wyoming

FI~rsau,".com
... - Prabhu ICandadtar- 25-1' _ 2002 110 .lanr Indi.

'tel. PrabItu KC21tdtJcItGr. 15-29 Mow 1001 e. .lcn Irdl.

ftleS • Prabhu ICdItddcIttu'-15.19 Hot 2002 IS _tore India

25000-30000 87

60000 -70000 45

I EU \ EU consumption. %
i producllon.

toMBS Pulp Apparel Othor.

],000 yea .. ago, India
2,000 B.C., China
7,000 B.C., Egypt

ORGANIC
Plant /lased (Cellulosei:

Sud fibres, Bast fibres,
Hard fibres, Fruit fibrflS,
Wood fibres

Ani"..,1 based IPrateln):

Wool, Hafr. Sltk

Classification

Hemp

1 - .

I Fibre
, (shortI fibres)

Production & Consumption In EU (2000)

History
Haw last posltlan du. to Increased domlnone. of synth.tic
fibres - an grounds o{ cast, quality, conslstMC}', .tc

Agave 8,000 yea .. old,
Tehuacan valley of
MexIco

12,000 yea .. old,
Mexico
11,000 yea .. old,
Nevada eave

8,000 yea .. old,
Switzerland

Cotton cloth
Hemp
Papyrus and
flax

WCNeflpalm
leaf fabric
Yucca and
Typha mats

WCNefI Flax

O¥erriew on Natural fltn C

0wMew on M.lb.nI FIbnt C

Kenaf

Features of Natural Fibres

Part 1

IMaterials and Processes

0wMew on M.lb.nI FIbnt Con1oas' ... - Prabhu ICandadtar- 25-19 _ 2002....... ,.... Indi.

.Low cost, low denslty (value for
money)

.Hlgh specific propeftles (s/sal ropes,
Jut. bags)
.Btodegl1ldable, renewable
.Non-abrasive
.Ready availability

•

.Sensltive to moisture absorption
•Thennal degl1ldability
.Variation In properties

Industrial Hemp
~ on Matural ftbrw tees • PrabIu ICtIItdtxhc2r- 25-29 Nov 2002 8, .lore India

World Wide Avallablllty (1990)

Fibre -. .... -..t_ l....

c- 1&..... 000 71.80 a.n.. USA. ..... ,....... U.......

...... 3.130.000 14.00
CIlIno...... _

Wool 2.100.000 1.10- 830.000 3.20
CIlIno.__ ....... II_- 380.000 UO ----- 220.000 O.QI _CIlIno._~- 110.000 0.04

__ CIlIno._. __

... 71.000 0.04

Overvtew on Natural ru- CornIxBttleS • PrabItu Kandochar- 25-1' Nov 1001:. BanI_1ote India
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Price of Fibres

.lore India

KonofSlaal ..."

... -_1C_25-29 _2002

Flox.u.

.20
'00
so
so
40

20

0veMew on Matural fÜR C

Appllcatton of Natural Ftbres tn Automobiles
(Europe)

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

1999: 71'; flax, 12'; hemp, n kenaf, 6'; Jute and Yt';
sisal

Potential: 5 to 10 kg NF per ear -+ 80,000 to 160,000 ton

Scx.ru: HrMIInsUtutt'. ~trnaIY

o..Mew on Hallnl FibreC........... -_IC_ 25-29_ 2002.aan.a_ Indta
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Some Common (agro)Fibres

Conwnan HanIfI ISciMti/ie Harrw Plant Family
Stem (Bast) Fibers (Dicots)
Flax Llnum usttAtlsslmum L1nac... (Flax)
Rami. 1loehmeI1. ntvN Urtlcac ... (Nettle)

Jut. Corchorus cepsulerts Tilt .... (Basswood)

Ken.f Hibiscus cennebtnus Melvec_ (Mellow)
Indien Hemp Cennebls ",tlve Cennebec_

(Merljuen.)

Luf Fibers (Monocots)
51",1 At."" si"'..... AtevacHe (At.ve)

Seed Fibers (Oleats end Monocots)

Coir Cocos nudf •• ArecKHe (P.Im)

0wMew on "atural Fibre Cclmpcsjtes • PrabItu lCatttItJdtor..l5-29 Hew 2002. BanI.lore Il'dt.

Fiber (Cellulose) - Structure

Midd ...........
lmeifttyligniftl

eau Fibers: Cellulose Fiber
Reinforced Materials
(Mlcroflbrlls In sn amorphous
matrix of Hemicellulose and
lignin)

Mlcroflbrlls: Very rigid and
stable; Impart high tensile
strength

tes • PrabItu IC~ 15.29 ...,., 1001 Ba .Iore India

I
Fibre - Chemical Composition

Together: Insulation (heat,
SOU>d & e1ectrlcal) - Hlllh
frlctlon co-efflclent -
Combustibility - Meets
nammability requirements
of auto Industry.

I
I

Fiber (Cellulose) - Chemistry
OH HOCH.. 0

./'.:"~o~~~o . at
-cellulOse: conmon materiel 01 pIent cell walls (recogniZed by
Anselm peyen In 1838)

oQcculllln almost pure lOlm In COlton liber(98%; flax is 80%)

oQcculllln COITblnetion with other materials, such es lignin end
hemicellulOses, In wood, pfent leaves end stalks, etc

oLong chain pOlymer (e po/ysaccheIlde), made up 01 repealing
units of glucose

'Structural strength due to strong ~ bonding between the
-QH groups; thus does not mehldlssolve In common solvents;
diflicutt to convert short wood fiber to 'artificial silk'.

FIbre

Flax

Hemp

Jute

Kensf

Responsible for

Bloclesradability

Thermat
detradabftfty

Moisture absorption

Responsible for

Thermal stabtllty
IN detradability

Pectin
5 -10
1

Moisture

10.0
10.8
12.6

I 0weMew on Matural ffbnr tes • PrrJIWIlCandodwI,... 25.19 taov 1001 e .lore lnett.
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alate lneftl

tes ..Prabhu KtIItdtJdtor.. 25.29 HoY 2002 8 alore Irda

tes ..Prabhu Kandocho,... 25.29 HoY 2002 aa alore Indfa

a' ....

llO.O

75.0 '1
i!.

60.0 j;

.. S.O r
30.0 r
15.0!

~ __ L...J'--~~ __ '-L_~--' __-'-_-l-O.Ogr........ ,.Iedn. r..-Idn.fwllll*)

SoUtCll:8.$1ngh. ~ Sclence. Technology.1latcII
2000

Effect of Moisture on Jute-Phenolic
Composites

RelIlng: ColllI1*d.., InIhIlIeld. CIlllIII1lnllIUbllaral ~
by rNcnlbeL Wailing __ dull, pecdn, etc; Soutee: Riedel, DLR

Influence of Surface Treatment-
Flax Fibre Blo-composite

~
_I_T_

f_ ~-:-, .... ~-.., ....
flu - uo-noo o.~ .• 10.02)

SI... 9-M(n) 0.005 - O.Oll

Hemp - 1000-.000 (0.0251

5lnl1o 5 - 55 (25'
J_ - 1500-J_ 0.01.0.025 (0.01)

SI.. 10 2,5

Chole.~twftn 5hort fibm If or mouldingcompounds &
InJ«tlon moulding)ond long ~s I.m.,.. anlwtropy Is desl'~}

Asp«t ratIos requfrrrMnts Iwlth mon-mod. fib,.,} not
strl~nt dw to e.11 _lIl'l!Oet/vity.

Fiber - Physical Properties

O¥emew on Natllral fin C

aIont Indfa

RBRfQUAUTY
,Sca_tn_,-..p-
o DecortJcatlon. 1 to
D_I_mauId--I

• Geotlraphlcallocatlon of lrowth
• Test results of • stllllle fibre or •

bundle I
Loatlon of fibre In the stem lentIth

• Non-CClIlStJlnt cross sectton
Surf.ce QUllUty

tel. PrabItu lCandochtJ,.. 25-29 Hew 2002 B .Iore lneff,

los - PrabhuIC...-JtGr. 15-29 _ lOOZ

D£CORTICAnOH, ID
seperatll tram the
--'Y ......
SCUTCHIHG lID
........ puUdes~
HACKUNG(~)

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

Truted .... 2lI wI'llo 1UOIl, 20 rnn,1I2O'C; SoUtCll: J. Gasun.
Co/l1lOIb ScIenc:e. TlCllnology. July'.

Fibre Quality (Properties) - Processing

~ on Natural Fibre C

Stress Strain Behaviour - Fibre Length Effects
~tt., bondI"f with banana flbm ~ of """ttw Rlrfou I

.
::=J - []n !:9 " I:".- .'

~ "
l " f : ....
I "

J J •
;-.:

,..
, . ... .

.- " r-•. ./J ;, ~
.' ., . .. . " , . " " »--... ....-...

Fibre (left: Banana. right: Glass) reinforced Phenolla
Sourrr: ~, WI.IlI, Comp, SeI ..... It TKIl, 2002

Overriew on Natural Fibre CDmnas1tes - Prabhu KondodtGr- 25.19 Mc:w 2002. lal'll!alote IntH.
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Soun:e: P.V.Joaeph, eo.... Sclence 6 TechllOlogr, August!llIl9

Effect of Fibre Orientation in Sisal-PP
Composites

.; .

f-L

t. .._•••.... . - - .. ... -..----

fj' I::.rr

Hen1I-epollY C:O ......... lIlIlId In I8nIlon. (A)Voung'. modulus.
(B) S1nr9h- FIlIII_ unrell8d IIId pinned. (Ref: Hepworth.GIaJ.
~ISA. NoveMlet2000)

Influence of Harvest Date - Hemp/Epoxy

" .....----,. . .. o. . .---

I
I

I
I

I
Ovefvtew on Natural Ft~ C n••• _"_'5-19 _1001 alore Indt. Ovemew on Natunl Ftln C tft •PrabIru Kandacha,.. 25-19 Hew 1001 8 .lore lnett.

Properties of Natural Ii Synthetic Fibres (1)
I
I

-I
I

Fibres - Mechanical Properties- -.- du '- ... .- aU aal .... """'"...... u, ,.... I." I." I,S 1.2, U, I,S .,S,-'~=" '400 ....,... ,...... -- ... 22. .... ... 400
700

E......... (OPI) 7J <0-,. ,. '0.'" .. • JI 12
_(fAlaa) 29 26.46 47 1-21 29 , ,. I- , 1.2.1.6 I~ U , !S.lS ,-, ).10
1t1ldlaaC')-- , , 12 11.17 ,. II ,."
~)

pb/q{t). caw U O,).1,j 0.6-1,1 03' IS-U • .2J.<l.S 0.6-0,1 1,5.1.5 IJ-U
(...ulllbric) (l.l/J.I) (1'.) <2''') 1.5/0 ....

Overriew on Natural. fibN ~ltes • ProbIaI «tlltdtxltGr-15.19 Hew 2002 aarwalore Indt_ Ovemew on Natural fAwe C tI!S. Prabhu 1CattdtJcht:u'-.1S.19 Nov 2002 .Iore India

I
I
I
I
I

Properties of Natural IiSynthetic Fibres (2)

.......--

O¥efvteow on Naturat Fibre C

Fibres - Comparison with Glass Fibres

1+ low specific weight - lower impact strength
1+ low price - variable quality
1+ renewable resource - moisture absorption

low impact on environment (durability I swell
(energy I COzI - limited thermal
better working conditions stability
low abrasive processing - smell
combustibility
thermal & acoustic insulation

o-.ww onMaturo!flbnl Comoasl .... _"_"" .. 15-19_1001 Ba"' ...... India

I
I
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Properties of Synthetic It Biopolymers

o.~""blvdno""""" 0.1-13 18-45 ........ 00 1250 4-8'70 6-12

""...-...... 16-:10 ~ 21004600 1'" U 1.8..1

""lJIorio "' 1.6-2 21 ... "<>2800 l~l:MiO 1.5-280 2.'7~.e

Properties of Composites (3)

Ow!rvtew on ......... rlbrw

Properties of Composites (1)

SpecIflcTe"sUe S1nIngth

f ow_
t.

~5.-'. · ~~"~"':'~:"~L~~
:I ~~ ~'., ..... ~. '" '~',:..~~.~

~ c,-' c,-' c,-' ~~.t~.t~'.t~~~~~
/.,,"""""~ ,p,p~~~<P ~~ ~!'~~~~~, ~, ~~~~#~~~ ~~~~

Ow!rvtew on "'llnl r.....eon-1"". _ KandacIotu-15-19 """ 1001. _._ Indi.

..... Indi.

...... Indi.'''''-_~15-Z9"",,1OlI1

12
10
8
8•
2
o

Properties of Composites (2)

Selection of Rbres for Composite Fabrication

Selection of Matrix Materials for Composites

Property Synthllttc Polymer Blo-polymer

LowDenstty PP, HOPE, LOPE PHB, PLA
processtna Temp. PP, HOPE, LOPE PLA

Tensile StmlIth PAl, PA.66 PLA

Elastic Modulus PAl, PET PLA, PHB
Flexural Modulus PAl, PEEK PHB, PLA
Impact Strenath HOPE, PA-66 PLA
MoIsture Absorption PP, PET PHB

Cost PP PLA

Ow!rvtew on ......... rlbrw
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p~ Glass

_
Flut F1u2

11MI I_I /1Ull I/IUll
E-moduI... {GPa, 1.5 to.5 7 It

T_"~{AlPa' 95 no 40 10

F.. xuraI-.I ... {GPal to n.5 7 n

Flexural ~ {AlPa' 115 240 eJ t44

ImpKt~ {1U1m'1 50 15 It 2Z

I
I
I

I

Properties of Composites (SMC)-1

IWelght....-
Flax 1: L25 _ ~ _; Fla Z: Z5 _Iong_

tos - _1C_15-19_1OO1 aIore Irdia

Properties of Composites (SMC) -2

~ WIth_Fibre WIth Flu Fibre

E.IllOCIuI... (GPaI I. It 7-11

T_"~(MPal J5.75 40.10

F'-xuraI-.I ... {GPa' 7. It 7.11

F.. xuraI~ {MPal 70. t60 eJ- 144

Impact ~ (1U1m'1 40.70 ).7

1_
011

___

I!l"" .. - y-., aLII, Cam-","", z001, p.1Z71.1Z79

_ on.........rUn Comoas1tos • _1C_15-19 _1001.BonIotore Indl.

Properties of Biocomposites

~~"lW>.', .p ......, '.-'.. -,.-'

Managed decay?

Undel~tandin%
IModellingl

RaOon
producUol
Natural
Fibre
Composttes1

Optlmlse
utaca
treatment!

Micromechanlcal
Modelling

Unresolved Issues & Challenges

.UnNentte de Bretagne (Baley) model to estimate the elastic modulus
01 natural fUn (Rul -Compos/In, 1002
•TIJDelft model for estimation 01 the elastic modulus of a composite
"""" .... stlc modulus of fibres .. known, and Yice ...... Denmorl< 2002

_on ...tunt r_ tos. _1C_15-19 _1001 ._ Indl.

30l&I10Il-_ relnforcement, natural ftbres In varlous
blopolymen; GFRP: Glassflbre Relnfcned Plastic (Source:
Riedel, Germany)_on .........rilft

I

I
I

.1

I
Part 2 Applications in Buildings

I
I

ICurrent Applications
Product Reinforcement Matrix

Structures (beams, Wood boards& Urea, melamtne,
laminated veneer veneer, bamboo, phenol Isocyanate,
lumber, ete) bast fibres ete

Panels (plywoods, Wood veneer, Urea, melamine,
particle boards, bamboo, flax, phenol Isocyanate,
MDF,insulation, hemp, jute, proteln:caseln,
etc) paper, straw, etc soybeans based

Packaalna Wood, wood wool, Starch, silicates, urea
bamboo, paper resins, polyvinyl
Includtng wastes alcohol, lignin

Soure., R. Koz/_f. Imt. of Hotuml Ffbn., Poland, f991

I
_on .........ru.. tos. _1C_15-19_1OO1 alore lnetta

I 7

I
I



I
I'~
t-
t

.;.

t'..
t"

t
1
I
I:
I'
I~

. {
-'-.:'

I:
< ~

I~
11,
::J

I
I
I
I

8

I
I

atOR' India

tes • ProbItu Kandtxhar-15.19 JoIoy 2002 Sa alore Irdt.

tft • PrabIwJ KGndochar-15.29 Mew 2002 Sa ,tore India

tes • Prabhu Kondacha,...15.19 HaY 2001

.................... •.••........... . - ~ , .
Ru._.-' ,1 __ • I-

. (_'IIo)..JlU moulding ....... _.......-.......--
(_ ....
s~_s.
7 ond. 5orloo,
_010,
0p0I ZoIh, *)

Ru.SIool, -.. • 1__ •
. Juto (400_>- -..i __ ~I_
.-Ru.SW;"--I~- ...
! (45-5S'IIol-f'P ,--.'
I .

! Ru.ti-p, ic.noI i inJodIon
i (-l-f'P ! .....-....

•...••.... _...L~ •.•.

NlItlJEill.FII>r.~In. ~utClrn()tfX!llltltrlC)rs
, Matl!rial Manufacturing ! Applications

Technology

NafpurT ec by Nemecke end Bayer Corp,. Gennany

(other techniques: In_t, LA.PUR)

Meet most requirements. except: -quality conststency (from
batch to batch) • lack of accepted quality standard -odour &
font", -.mpact (unpredictable) ~t", Issues

c...r...-.- ~ c...,.

Applications in Automotives

~ China Grass
(Miscanthus sinensis
stsantheus) n:Inforced with
proprietary, natural
thermoplastic, CO, neutral,
10m; composttble

f!ll!lyg; Hot MauldinS Process

Manufacturer: NAPAC, Ch.

EstImated Number of Pots In NL 120001: 1850 Millton
(29.500 toMes of p1asttc) ~ 1450 Millton

tl!n; 4 x expensive, with labour & recycltns savinI'.
approximately 4" cheaper.

New Application: Biodegradable Pots for Plant

0veMew on Natun.t FUww

o...mew on M.ltlnl Ftbnt

~A'200

• Low Cost & Weight
• Acoustic Insulation

No Abrasive Wear
No Skin Irritation

- Combustibility
- Ecological

Advantage

Interiors:
Upholstery of Doors,
Pillars and Roor.
Rear Shelf. etc.

Soun:o: RI_t. OI.R. Institut (ur Struttwmwcltanlt. 1999

Natural Fibers In Mercedes A-200

Applications - General

Part 3

New Application in
Horticulture

0-.- on ........ Fiboe



I
I
I Hot Pressing of (Natural Fibre)Composites Flower shop, UK

I
I
I
I

los. _1C_1S.19_lOO2 .lore Inch,

I Gardening Center, Holland & UK Mass production & use

Production rates: 4 bt8 pots or 6 small pots per cycle of
10 to 12 seconds. Sourer: NAPAC

I
I
I
I

los. _1C_1S.19 _100l

Decay process

-Resln clecays underground within 24 months.
-German standard OIH.549OO for Industrial compostln8
environment. Soure., NAPAC

los ._1C_15-19 _100l

Mechanisation

0wervtIw on Natural Ftbnt CI

I
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World Population:

Monthan400
Million
World Production:
1.27 CarslS«ond
2.4 HlIIfI(Ins/S«ond

.... ProbItu ICGltdtxha,....15-19 Holr 2002 .lore I,.,..

--
~~1- ... ....

Part 4

Factors Influencing Product Design

World Production and Consumption of
Automobiles

IDesigning a Car

o.eMow Oft ........ ftbnt~ .... _Ie""";"'" 25.29 _ 2002

0ven1ew on Natural fttft CamDalites .. Prabhu ICandochG,.... 25.29 Hew 2002. &an.atore IndiaIndl.

!N_-I-..!--.................
+

c....c.,..

1_ ...:.....
t

1 ... 108_

+---1_+
t1--

C=J~2lh
~ ..,,,.

Roots penetrating through

Transport S«tor:
RestlUrc.Intmslw
EM"lY Int.".I..,

Delft University Activities
#i
TUDelft

Design Process
& Materials
Selection

Overvtew on Matur,1 Ftbnr

0-.- Oft ........ ftbnt
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ThIrd (16" of the total) largest energy consumer (after
Industry and housing) In Europe

Total Material Use in Europe

Transport Sector - Resource Intensity & Env.
Impact
Transport related emissions as" of total: CO,:16", CO:70'li,
NO.:61", so,: 16", VOC: 4]" (in Hethertands,I990)

I
I
I
I

Transport Sector - Resource Intensity & Env.

D
[2D Transport c:::> Passenger Cars

D

EJ
alore India 0w!n1ew on HalUral fibre C im • Prabhu KtUtdtJchar.. 25.29 No¥ 2002 Ba lien India

I
Government Initiatives: EU End-of.LIfe-Vehlcie Directive

LEGEND: E: E_1llCOWlfy. 0: D/sposaI Of 1l81li""""
RBCOIfGry • R8C)ICIing + EnBfW ffICfNfItl' (E)

Savtnp by recawry
or It: 2.

1 Audt A], 200000 km on road I

i-=~,L1R
PRODUCT LIFE CYCLE
Energy Consumption

(=octure)~
cP

(:-~ ) 6" 87.5"1
Il

[ ~[~ ]~ ",:~::'''I
Consumer

UndftII, Inctnerota Industryc""'_ Dr _. AUlll Government
~ on NaturalFin tes • PrabItu 1CtUtdtxh4,.. 25. ndlates. Probhu 1'cndad»czr..1S-29 ..,., 1002 B .lore India

Reuse + Recyclll1l ~ 85"

Reuse + Recovery ~ 95"
oss"

Reuse + Recyc1111I ~ 80%

Reuse + Recovery ~ 85"

Producer/Importer pays
Recycling quotas, implemented in 2 stages

I

I
I
I

Possible Approaches

-tOOl 1DO ,... 1111

FohfZoualMfllowtdlt Ileal

W.lfM of tIN ''''Pty v.hld.

nes • Prabhu lCondadto,.. 25-29 No¥ 1002 a. alore India

i 14

g .,

!

Setting Targets for Weight Reduction

RecIuctIon In
.Resource intensity
.EnvtfOlllnefltAllmpKl

ttes • ProbItu KtJ1tdodw:u'. 15-29 Nov 2001 Sa lion! India

GOVERNMENT
-Leg/s/at/on
-TaxatIon
-Speedllm/t

CONSUMER
-Reduce Automobile Use
.Shared Transport (TraIn, Bus, Carpool)
•Te/ewor/cJ1I!

INDUSTRY Q
-Reduce Automobile WeIght P_l.!.KIi~~ t:\
-Downs/ze V
-Alternate energy lOUren, ell!/

OvervIew on Natural Fl~

I
I
I

I
I
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Research Approach

~ on .._turM ftbnt

DutchEVO Preliminary Specifications

4 Occupants + IUSp&e - Product life-span 200000 km or t 5
yean - front 20 IN( engine - front suspension: MacPhenon -
Rear: Tnolltng Arm 5uspenston - Three doon - European
legislation & standards .

Mass: 400kg full payload: 352 kg 100.000 units/year

Consumer price: 12.000 Euro Max speed: 130 kph

Max. acceleration G-l00:25 sec. fuel consumption: 2.51/1/lOkm

Range: 400 (+I00)km

Hetght: Exterior: 1570 mm; Interior: l150mm

Exterior length: : 3300; Exterior width: 1550 mm

~ on Matural Ftbre rlVNVWltes .. PnJbhu KandochG,.. 25.29 HaY 2002 8&naalore Ird.

Natural Fibers In DaimlerChrysler Cars &
Commerdal Vehicles
Raw Material Used tn components

Flax, stsal. Hemp Door trims & rear shelves (Polymer. 75%fiber)
Reprocessed Cotton Trunk paneling. roof ltntng. carpetlng, silencing

compounds, seat back IIntng, rear shelves
Stsal. repro cotton Rear shelves (sisal/cotton:75% + poIymer:25%)
Coconut fibre /nat. Seat cushions, seat backs, headrests and sun
rubber mixture vison
Wood fibres Retnforcement of dashboard panels, rear

shelves, door trims
Laminated wood Trunk floor panel
Wood veneer Decorative strips, panels

0ven1ew on Natural fit .. Con'OOSitn • PrabIu lCandodta,. 25-29 Mew 2001 BanI.lore In:tla
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Design Concepts

I"Paper Study I

Which
Components?

:.....:.~:i::;t~~...~.~::-:-

•
IFully Integrated BotlDm P1atfonn
In SynlhetlC Rbre Composite"

,....

1m 1!llO 1915 19J)

Materials In European Cars, 1975.1990
(Plastics: ca. 10%In 1990)

Objectives
._~11:~
•lIghtWelght car( 400 kG)
.EnvIranment friendly

.Renewable ~1s

.000000n fOK recydlng

.Passenger appealS. comfort

.Affordable price

Delft University
Experimental Car

Sourc.: Samet. Mat.Tech. & Adv. Prrf. Mat,200t
0YeMew on Natural Fibre C tel ..Pra1*J 1Candtxhar-15-29 NcJIIt 2002 alore Inch.

0wMew on Natural Fibre

1 Info: http://_.dioct6.tudelft.nl/dioc-lntro/lntro_matn.htmll
o-ww on Natural F_ 1ft - __ "_15-19 _ 200Z ...... Indta

http://_.dioct6.tudelft.nl/dioc-lntro/lntro_matn.htmll
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MATERIAL SELECTION- Rough Choices &
Competition
-. StrWIlIlI> DonIltr - .... Patt E-.... Woltflt
(~.l -tin ...... _I ---I>t~ .- "'- _110'- ++ -- ++ ++ -- ++ -(..)
AlumintloD + - - - -- - +
(0)....-... + + -- - .- . +(.J
Ploslla - ++ + ++ ++ -- +
(oj

B~ - + - ++ ? ++ ?H
Synlh. FC ++ ++ -- -- ++ -- ++
H
Natwal Fe + ++ + ? ? ++ ?-(.)

BARRIERSFOR MECHANICALDESIGN-
Developing Tool to Estimate Properties

_i{lod Rul. 0'M1xluros:

E •• o{v,', 00 -v,)o.I+{vdE, oo-v,¥ .. 1
• aceounls 'M{Ibn
orlftlt4öon. ,,,.,th, .treu
concftltratfon Gt~.
fJ .ce_1s ,.,. fibn-motrlx
Intorfac. wwttGbi/lty

/Jas/s: Hirsh', Mo/HI ProdIctIon., __ tw

""'-"_-'''-'1_--_.

MATERIALSELECTION- EnerlY
Considerations

Material Vtrtlln, No Recycllnl l~ecycllnl
Ferrous Metals .0 30
Plastta (averasel 90 45
Aluminum 220 .0
Rubber 70
Glass 30 15
Aramid (Kevtar) 25 ?
Carbon Fibre 130 ?
Plant Fibre 4 ?

Enerv Roqutred '" Produco VohlcloMI_I., GJ per "'nno (1000 kll

Overflew on N,tunl fibre Cornoas1tes • Probhu ICtII'IdtKho,... 25.29 New 2002 Bana.lore India

Barriers for Mech Design - Developing Tool to
Estimate Fibre Mat Inhomogenel

F!ox

R.latlng brl",tnou
voriGtlon wfth proportWs

D
Input to nu_ricol
modelling

I
I

Owrtvtew on Matura! fibre C los. _"""""""15-29 _ ZOOZ 0veMew on Nlitural fibre C tel. PrabItu lCandodto,... 25.29 Nov 2002 Ba ,tore India
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Part 5'

ILow Cost Housing

0veMew on Natural fibre Composites. Prabhu 1fGtttItJcItar-1S.19 How' 2002. a.n..tore India

Sustainable Development

Definition of sustainable development in the Brundtland report
from 1987.

• "Meeting the needs of the present generat/an wfthout
comprom/slng the abI/lty of future generations to meet their
own needs" (Persona/ note: Our wants hove no /lm/t.
Sustainoblllty defines /lmlt.)

But:
• Human demand for ecosystem Soods and services is srowlns

dramatically
• We have made, and are makins. dlanses to ecosystems of

unprecedented masnitude
Wise choices are needed

Overview on Natwal fibre C()mpC)$'tn • PrabIMJ Kondocl.,,,,. 25.29 Hov 2002 a.,.alore Irdia

13
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No single solution tor a sustainable settlement
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Dlsctpllne Aspect Comment

TechnolDIY Mat. Quality Varying

Mat. Sdence Growing body of knowledge

Fab. Tech. Under continuous development

EnB1neerl"l Available, but scattered and
Properties often proprletory

Database Hardly any

Product demos Few

Design rules Hardly any

Part 6

Synthesis (2)

ISynthesis & Summary

0ft'Mew on Natural fibre

Housing Needs & Problem Statement 2

BUILDINGS:
Account tor 1/4th of the world's wood harvest
21Sths 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.

0YeMew on Natural Fibre Conmosites • Probhu lCandacha,.. 25-29 Hov 1002 aarw.alore Indt.

aloft Indta,... - PnzbIluIC_ 25-29.... 2002

Dlsctpllne Aspect Comment

Economy Avatlabutty In Sl!YeB1 parts of the wor1d

Price Attracttve

Leafslature R & OSupport EU Is supportfng

Fann subsidy EU does, but WIder crlttdsm

Recycling Dlrecttve Debatable policy

EcolDIY Life Cycle Analysis Limited studles

Waste & recycling Limited studtes

• Interior Walls - Partitioning, Surface
paneling

• Roof. False ceiling
• Doors & doorframes
• Furniture, Cupboards, Wardrobes
• Tables, Chairs, Beds

One ot the prtndple constratnts (and need): attordable
houstng materials ( UN Comm. on Human Settlements,
19931, conttnuous supply.

Housing Needs & Problem Statement 1

1/3rd ot population tn developing countr1es either homeless
or without decent shelter (1990). One-halt ot urban
populatton ( 2 bIllton In 2000) tn slums/squatter
settlements

Risk ot tntensitytng environmental stress when these needs
are met - Challenge to meet the demands without
squandering scarce (non-renewable) resources.

Synthesis (1)

Possible Applications for Natural Fibre
Composites in BuUdlngs

0YeMew on Nauat Ftbre

0veMew on Mltural fibre ~tn. PrebItu KondtxbtJr..15-29 Hc¥ 1002 a..... lore India
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I Traditional & Future Applications

New Opportunities?

.lore India

_ pockql,. r..
Autofn:)tt¥e 'arts,v...-...Can-4>uter
puts. etc

Computft'MonItDf"
Housinp

, .... PrabhulCondGc"" .. 25-29 "'" 2002

•

Pallels&
ContaineR

~ •
0Yerview on "'tural Fitn C

Product Value

".",'

Automo~~.FI'
AutGrncItM • Interior

Pockag/Il!

BuI/dill!
Furniture

Paper
Textiles

I

I
I

I

Price per kg. 01 relntarctna fibre (in Eurosl

ttes • PrGbhu KtJttdoc:har. 15.29 frbt 2001 B .lore Indta

Reliability

Reliability, Durability & Price

Halunll.2GIass.5Carbon.25

Fibre Price & Application Domain

I
I
I

I
I

Conclusions

They have already shown potential in automotive
& building applications.

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

Wide spread use awaits addressing challenges In
research, design, manufacture, ecology and
legislation.

ttes - Prabhu Ktutddclwrr-Z5.29 frbt 1002 B. .Iore Ildi.0Yervtew on ""tural fUn C

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.

• MANUFAClURE:Semi-finished products
• CO-ORDINATION:Interaction between Science,

Design & Manufacture, & Policy Makers

Owrriew on Matur" fibre Con'GOSttes• Prabhu Kandtxha,..15.19 frbt 1001 bnutore Indta
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Composite

Technology Development &
Commercialization

- Successful Case-Studies

SounJitra Biswas

Technology Information, Forecasting &
Assessment Council

Department of Science & Technology
New Delhi

www.tifac.org.in
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Compoah

T-"-Iotw Development &
Commerclalbatloll. 511_""" Cue-SCUcflea

Soum/tra BIswas

T_lI1la_-' Forocuda&"
_CoUIldI

1lqJo_lofSdaxo .. T~
Ntw DfthI--.~...

_ •• c'" Compo.lttI. ' ...... mm.

Technology Incuballon - "OVett Dynamics

-- .1lotIgn-• Mark •• ~ -law MalerialIeIecIon
•A_ PromoIon • fGbdcalon hoc ...

.-- -.....,...

Natural Fibre Composites

Synthetic FIbre Composites

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

NatureI Fibre Composites

• Applications In crude form.
known from early days of
civilization

- Sclentlnc knowledge
Imparted value-added
application niches

....... c... Compo.He.
.........m_T~_""_Ch."'.( .

,
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- Ind....... - A.eadaIIIIa •• rtnenhID
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~ Jute Composites
Jute & G/ess FIbres

JuteRbre:
- Low cost renewable nbre wltIT

low embedded energy
- ldelIl for low load bearing

applications
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£Natural Fibre Composites-
Salient Features

• Attractive natural wood look
• Waterproof with minimum

surface absorption
• Strong & rigid
• Termite proof
• Good naiVscrew holding

strength
• Cost effective

- ,.' .. ' ...
~- '. ~ :

" .

Ju~lr Composite IICNlrcl.
(Natura Fl_h PvI. Ud.hngo ..... ]

.CoIrpIJO-'-'----,- PIJwoM--.J MD. __.--• ~ ... f8ce leek

..... , & tIlrWc. _._-
• e.c.a..t 1IaIII8cN ................

e_.-....----.-_..-..,...--.-_c-.__

£Natural Fibre Composites-..
$

Interface
Matrices:
• Phenollc8
• Polyester

• Epoxy •••

Maximum fibre/resin ratio:
• 6Of40for Polyester/epoxy
• 85115for Phenolics

£ Natural Fibre Composites.....
Potential Applications
• Building & Construction

panels, false ceiling, roofing
sheets, partition boards,
Insulating boards, doors &
window, wardrobe •••

• Automobile & Railway
Coaches
trims, body panelfl, seat &
backrest, Interior lining •••

• Storage Devices
grain storage silos, pallets,
crates, boxes•••

Advanced Composites
Programme

Properties of JuteoColr Composite
Boards (Tested as per 18-12406)
.6mm tbIck

T_ .-...-v_
v..... ,.,.15>,-er-__-01 ...... ...... JO' Z7J (.... )

') ....~ ..... ... 151(... )

...."'_I~ 7JO --.,.... .... S.U

Ma. w...,..u..rptie.
(")

a) .... J Ian. ...... ... •
,) .... 14 '"' -':be ... II
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Advanced Compo.lt ••
Programme

.lute Composlt •• _ pootw.ar
CompoMnta
[APt. PolyfIob PwL LIII. • IoIIRA • Kolka.]

Wown ..... MCIlute-c:atton r.brIc
~ wlth PSlacryIIcfnllrlIe,

Product IW1ge.T~B--IT.-
Features

•a-per nlPlacement of '-ther &
lining material

• Stltlneu & better lhape mention
• New application avenue of lute

campoaltee

GuJarat Earthquake
Composlt .. In Rehabilitation

•m_ ..../20'lr12'_oIJ~rcompoe/ •• ne.
__ ~"" __ 1In

• 126 FRP _ uni,. tor _unity ....

• U _1JIocIra(24'lr2O'

• ,. ~ (IZ"", •..... PM 0ttIce
• _ CO/IIfJI»Ite /IIlItIcIaI Umbe tI_.,
_.sltu/

. . -". "J
~---'.:' -. '<{ln J,~-- ~,"~' "-:... ::~",.' :" ~).

GuJarat Earthquake
Composlt .. In Rehabilitation

Natural Fibre Tbermoplastk
Composites

pp & PE waste with agro-waste
(jutelsawdusUrice busk)

Features
• C.... per wood substitute
• Corrosioa raistanre
• Recycllnc & ....... utilbatioo

GUJarat Earthquake
Composlt .. In Rehabilitation

Bamboo Applications

Bamboo Compo.lte Laminat ••(Emm _

....- .Un_ol~1l1k.
~ EmeIIe ..... ........,n l..... .."

"W~_uIII •"--oy-...
"T .... a_...- ."_a_

-palofÜII

AppUcalloM.-----.-~ ............-.p--~-.'.............~.-.-Roartng...

I
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Bamboo ShelterQC1 : ..........

Gel: ............

QCI: .... ~ ..-OCII: ....... , ......-GC1':--.., ......-CICk ..... If ......-.T_

Bamboo AppII~tl_--~---"QC

I
"<-'1-'.

I
Advanced Composites

Programme
'R. a •• r-e... for Rallwa, Locomotlv ••<_w_ LId., BhopoI& RAL, BhopoI)

F•• t.,..
• Reduced dllIId weight an 1ocomoU_
• Longer ilia cycle
• No damage an balls.t hila " leekege of

lubrlcente
• Euy mainteineblllly
Sutu.~~~
• FRP uear-Inductecl by indian

Rallwey8

Structurlll Details

Bamboo AppII~1onsI

I
',I

I
I

,., ....... Slldlntl __ .... ,_ ..
I!IIU_

" No corroalon
.;Red...... _In_.-
.; ~ht .. vl"" (100 KgoJcoKh)
.; CIa"" worthl .....
.; RNdy_t condldon
.; Could be painted
.;_1uI1y _ .. ted

.; eo FRPd...... _UNd by ICF

Advanced Composlt.s
Programm.

,lIP_ T_ ....Ilallw.~
1_ ......__ V-..n-Bj

FaelureO.--0, elagont• Conoelon _Ia_
• Ught weight
• LongorUllt
• Euy _Intalnoblllty

I
I
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I
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AdVlUll:ed Composites
Programme

Thank You!
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NATURAL FmERPOLYMER
COMPOSITES- RETROSPECT

AND PROSPECT

Dr. K.G. Satyanarayana
Regional Research Laboratory (CSIR)

TbinJvanathapuram - 695 019

OUTLINE
• Introduction
• ComposItes
• Natural fibres, Source, Enractlon,

StnJdure Properties, cost etc-
• Natural FIbre ComposItes

• Current Status
• Fabrtcatloa tecbnlques
• PropeJ1les
• Products Dewlopment
• Cost Comparison
• Problems and Solutions

• ChoIce criteria
• Conclusions

INTRODUCTION

• Issue and Possibilities
• Growing needs 01materials with property mb:es cannot

be met by moooUthic materials.
• Multi obJectlw opt1mbatloa In material design and

se1ect1onmay be a a solution for this.
• ComposIte materials fulfil the aOOw need, wblcb may

use abundantly available renewable resources BUChas
plant fibres, agro and industrial wastes ('new resources'
for new materials dewlopment) ~ leading to a strategy
for their bulk uUUzatioa with approprtate processes to
dewlop new materials.

INTRODUCTION
• Building Industry- Fundamental and strategic Sector

and sets the basis for economic developmenL
• Choice of materials for shelter Is determined by what Is

locany available, approprtate and affordable.
• BuI1dIng materials contribute about 60-70% of the cost

01constnJc:tlon based on conventional and traditional
bu1IdIng materials, energy intensive and cost Is likely to
mow upwanls.

• The demand for bousIng and buildings Is increasing
with c:oncurrent material requlremenL

• Added environmental conce~ look at new avenues
Ialternates to meet the demands 01high performance,
quality and cost as wen as generate employment

• 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 indusuy, existing
problems and possible solutions will be discussed

1



LIGHT WEIGHT

• A DRIVING FORCE FOR VARIOUS
APPUCA TIONS

• UGHT WEIGHT STRUCTURES

• BY MATERIALS [Strength & Stiffness/
Density]

• BY SHAPE [solid plates/stiffened plates]

• By PROCESSING [RivetingIBonding]

COST ASPECT

• Low Cost-Not Low Value or low Quality but
affordable.

• Life Cycle Assessment-Good Quality
Product, may be with higher cost than
similar material bui resulting in
savings in long term/lasts longer &
does not require frequent and
expensive maintenance.

-5e1gio Meriani

Composite Properties Influenced
by Fibres

• Rigidity (Modulus of elastidty): Rule of
Mixture gives maximum gain - often

unrealistic

• Tensile Longitudinal Strength

• Initiation of fracture of fibres

ASPECTS OF LIGHT WEIGHT
STRUCTURES

• STRUCTURAL REQUIREMENTS FOR
MATERIALS

• Production aspects [Reproducibility/
Sustainability]

• Functional aspects [Efficiency/Comfort!
Reliability)

• Technical requirements [PropertieslRepairingl
Energy Consumption]

• Economical aspects [Production/Operating]

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 Determined
by the Matrix

-lo Transverse mechanical properties
-lo Interlaminar shear strength
-lo Compressive strength
~P1asticisationof the matrix
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Composite Properties
Determined By The Matrix

• Service temp

• Fire and corrosion resistance

• Tool design and fabrication process

• Motivation
• Current trends
• Why the rapid growth?
• Research Issues

• Compatibility. Strength, Modulus. Creep.
Moisture. COSL Durability, Recycling Needs

Drawbacks
• Poor Compatibility with matrices
• Non-uniform and wide variation in properties
• Lower strength and modulus compared to

synthetic fibres
• High moisture absorption.

Properties Controlled by
Interfacelbonding

• Fracture energylFracture toughness
• Interlaminar fracture energy also

depends on the fabric type for the same
Yr.

Motivation
• Composites - Forest Products
• Natural Fiber's appeal:

• Renewable and available In most countries
• Ughtwelght and hence high specific

properties
• Non-toxlcl No Hazards
• Cost
• Biodegradable
• Moderate strangth and modulus
• High aspect retlo

Current Trends

• Rapid growth
• 13 % compounded last 10 years
• Currently 400 million lbs annually
• Growth projections to 2005:
• Building products 60 % per year
• Automotive products 50 % per year

[Ref.: Eckert, Kline & Co].

3



Building Products

• Current
• 7S % of market
• Decking, Trim, Fencing. Window/door

profiles

• Soon
• Shutters. siding. shingles

• Most applications have modest structural
requirements

Automotive Applications
• Less developed ( about 8 % of market)
• Primary

• Trim panels - Spare tire covers - Seatbacks

• Secondary
• Inslnlment panels - Glove boxes

• Headliners - Sun visors

• Exceed 100 million lbs of fibers in 2005

• High Moisture Adsorption (> 10%)
• (2-3 % after compounded)

• Must dry to compound
• Can use vacuum venting in exlnlsion
• Increases cost
• Interferes with fiber/matrix coupling
• Causes swelling
• Lowers strength and modulus
• Increases creep

I

"Synthetic Hardwood"
SHW Technologies Inc, Guelph, Ontario

• Process:
- 70 % PP/30 % Wood Flour Ram EXlnlsion

Cold Drawing

- Oriented pp and High Void Content (40 %)

• Properties Rex Str. psi Flex Mod. psi

- PP 7.000 270.000

- Wood 14.000 1.300.000

- HSH" 20,000 1,100,000

Lower Costs Sought
Fiber Price, Specific Price,

centsllb Gravity $1m3

Glass 85 2.6 4,850

Wood 12 1.6 420

Flax 18 1.5 600

PP 33 0.9 650
matrix

Short Fibers Dominate
Advantages Disadvantages

.Lowercost .Lower properties,

.EasIer processing particularly

.EurosIon • Strength
oeompoundlngwith • Impact
intensive mixing • Hard to orient

.Enroded products

.ConvenUonat bijection
moldlng

.Complex shapes
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Long Fiber Systems
• Harder to make prepreg
• Mat c:omposites not better than iDJection

molded c:omposites In tensile strength
• FluIPP c:omparison by PeiJs at Elndhoven

• Long fiber peUets slightly better that short
fiberpeUets
• Impact strength benefits most (> 200%)

• Why don't long fibers perform better?

CURRENT STATUS
POLYMER-NATURAL FIBER COMPOSITES
• Use of natural ßberstplant Oben with c1aylpolymer ls an old

concept leg: clay bricks retnron:ed with rice straw).
• Renewed and greater Interest In recent times In using these

Oben for retnrordng p1astk:s to de.elop composite materials.
• Reasons:
• Mostly driven by need<um-resource baselabundant

aval1abWty or a number or renewable resources which are
under ut1l1zedand or amenable for value addition).

• Quest for new materials which support global sustalnabWty .
• DI.ersIßcatloo of uses to new areas, addressing to global

environmental and stable economy through agro-Industry,
etc.

• Need lndudes ezploltation of potential light weight of Obers,
bIocompatibWty, eco-friendl1ness, reduction In energy
consumption, etc.

Comparison of Composites for Choice Criteria for
Developing Countries

Cri_ NFiC GFIlP

Ra ........ r1ld prod_ ,ftbcnlMatrtsl X X

_IDroqaImIrom. y x
f1elllbUltJ <ll<cIuIoIou x x
T.........,. II ......... 0 X

SIdJIed IaIMw Rq1Ütaa" Y Y
QaaIIty _ <I .......... r1oIIpruduct 0 y

s.tIslJ ..... - x x
Improoe qa1IlJ <Iur. X X

u.<I............... r1aI X X

Pnmdt IqIIoJanl X X-......-- X X
x -Cr1Ior1oe __y-~.........,-Q __ 4IdIIIMI.--.

Nnc-_ fIbor •....,.... .... ~ ...

APPLICATIONS OF PNFC
I
I
:'1
I
I

I

• .._ ÜlUriDn

• Shlpib8 ptIIJm
• CoIlltnuftM~ ~ IiIes
• 0JIk. ptothutl
• I'1InIitJII'I
• Sto"". eolllrJllln'l ~1IdIa.

mJIn

• Wilodow ad""'"tr-r
• I'ood urNI ".,.
• IIJIIIIIln ~ roUer_

• 1'l1li""'''''' adbIada• r..,.
• I'lown """

f.""'/, ~
, -,

T.,.

NATURAL FIBERS

• FIBRES, THEIR ORIGIN, EXTRACTION,
STRUCTURE AND PROPERTIES
• Natural flbera (Vegetable or Ugnocelluloslc) are

classified Into three categories depending on the
part from which they are extracted:

• Bast fibers (Juta, Mesta, banana)
• Leaf flbera (sisal. Pineapple)
• Fruit fibers (coir and arecanut)
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BANANA PLANT

COCONUT TREE

EXTRACTION METHODS, AMOUNT AND
LENGTHS

OF VARIOUS NATURAL FIBERS
Fiber - - Lcootbl .... )- ,,~ I.! WC% orllaD 300-900

CoIr RdIiqImocIaoica 1% or ... (lbls wdp 75_150
I.lKo1

Jute
_1Ild~

","""or .. 1500
M_

_1Ild~ . -.1Il..,.... Dy _ (by IadaIl O.5KaIlU_ lOQ.6lO

.....,.,.. Oy- 2.5-3.5 _ of ..... _'500
lea ...

...- llocoIti<alor 2.5-].5 WC% olt.rt _'20
SIIlIl - 3-4% of .... kaves _'200~,,-
SuabcaqI 2..,. or IßCD IWk -

SISAL PLANT

PALMYARA TREE

ANNUAL PRODUCTION OF NATURAL
FIBRES AND SOURCES

Fibre lo.ree World Orilla
Produ:tlo. JO'
lo•• e.

Abaca 10 Leaf
aamboo 10.000 Stem
a ••••• 200 Stem
BroolD Abundant Stem
Coir 100 Fruit
Cottoa Lla. 11.500 Slcm
Elep" •• ' Gra .. Abaablal Stem
F.n: 110 Slcm
HelDp 21S 5tcm
Ja.t 2.500 Stem
Ke.ar 110 Stem
LI •• ecd AbundaDt Fruit
Nettln Abundaat Stem

I
I
I
I'
I
I.
I
I
I
I-
I
I~
I
I,
I~

"--<

II
I
I
I

6 I
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I
I
I
I
I
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I

PHYSICAL AND MECHANICAL
PROPERTIES OF NATURAL FIBERS

Fibre source World Origin
Productlou
10' tonues 'Iber la.U.1 Ulllm ••• .... FI... ,.I

ID ••• I •• .. •• n. El",III •• .14.1.,
Oll Palm Frnlt Abundant Fruit ICN,.'I Itrea,ltl .t brut IMPf'm'l
Palmlrab Abuudaut Stem IMN/.II

II. b•• II
Ramie 100 Stem B ••••• '.1. U ..754 10.3.5 1.'-5.'
RoselU Z50 Stem 5 .... '.Jl "1,,'''0 3.' 11.5.11.5

Rice HUlk Abuudaut Fruit/grain P.... ppl. '4.'.11.5 4".1611 0 .... 1 0.1 ......
lu'

Rice Straw Abundant Stem J ... II U, \.3 0.J.O.5

Sllai 380 Lear alml. ... '.f G....... U
Mut. I.' 0.)5.1.6'

Sun Hemp 70 Stem S.alump ,.. '.f 11.5..17.5

WbeatStraw Abundant Stem 'lhD,,. ... ...... 6.1 11'-115 '.0 ..15.0
TIUp,' '.J.IJ.J I.U.IU ,.,.,

Wood 1,750,000 Stem ealr f.O 10'.115 t , ...., 1'.10
Conoa \.1 11 ..... 00 ,., O.OJ .... I.

I
I
I
I
I
I

CHEMICAL COMPOSITION AND
MOISTURE ABSORPTION OF SOME

NATURAL FIBRES.... -... - ......... -.... -----... _0' 0_"
.... LN ..... ...- ..... W .... ,o.tI .....

eoo. OJ c. es to..2 ....
~Unl .. • , ......... 7... 2 to ... 7 JO.2S- ..~ 02 .. 02 '2.1 .....- .. •• •• 02 .....-- - .1 - 10-12 --- 10 '2 10011 .........- ..... ... ... ... 12.11

I.... - to.'l ..02 1D-12 .....- .. 21 to

....- 7WI ..... ... 10.11 .....- - 22 27

SPECIFIC STRENGTH, COST AND ENERGY
CONTENTS OF SYNTHETIC AND

NATURAL FIBRES
Fibre Sp ..... SpedIk Specific COIl EDC"I)'le_

t...... CUSSlloa.) coate.t
strnaü mod.I •• CJllo.a.
(CPoI (CPo)

rb•• 0.6-1.2 1.~2.95 10-130 Zoo.lOGO
Fibre

C .... J.6 1.35 30 1,100.1.100 JO

Knlar U 1.11 90 '.500 J5

Cartto. 1.1 1.11 13. 1J.500 130

Cross SectIonal Micrographs and Fraclographs of
Plant FibersI

I
I
I
I
I
I

Coir Banana

Natural fiber reinforced polymer
composites

• Can be used to replace virgin, recycled,
mineral or glass fined polymers in most
applications to reduce cost, enhance
aooearance and imorove oer(ormance

• Fibers: Coir, Jute, Kenaf, flax, agave, sisal,
• Sunhemp, rice and wheat straw. Dust from

processing fiber
• Polvmers:polyester, Epoxy, Phenolics,

Polypropylene, polyethylene, polystyrene

7



PROCESS STEPS

NFPC SYSTEM PREPARED BY VARIOUS
PROCESSING TECHNIQUES~- T....... _

Catt~1DrI' ..............c.u-p..,_ --,- .........
c..t..~1""'" -......-..... .....-.._t_

.....---- Hud ......-- .....--......J....... _ .
J_, .
J~ . lru.a. ..-- .
Sin........... .

I
II
It
It..
II

.)

I-
II:
11

II
I
,-.

'.I
t
I-,)
I~
I
I,
I

8

I
I

1 ton
0.25 ton
500 kwh

Coir fibre
Resin
Energy

Physical input per ton of a typical productl
(High density,BWR,FR grade)

•

POLYCOIR

TS- T.. slle "' ...... , YM. Y_'. mod ...... F.s - FIe.anI ........ ,
FM - Flesunl moduI ... WaF - Wort< '" met .... (Cbarp, '<SII•• 0.5 Vt.

Mechanical properties of selected plant fiber-
polyester Composites

• POLYCOIR - a new thermoset mouldable natural
fibre polymer composite. A substitute for wood.
based products. Being renewable fibre, its
everlasting scope.

• FEATURES
• Wood.like appearance
• 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.

•
•

Flbor(Wt'llo1 TS (MPol YM(GPoI FS(MPol FM(GPol

Continuo ....
lInIdl_1 129 8.5 112 7.5
S"'1(401 121 8.0 - -BOJWI8(301 45 4 se 4
Colr(3O) -
ShoI1(2OnwnL~ 34.5 1.9 8U -
SI"1(251 43.5 2.3 12 -BOJWI8(25) 14.0 1.4 31.2 -CoIr(251 28-36 3.3 50 oM -B.......cotton
(woven Fobricl

.... <
,1:'.(', Ml:,-;-.
i' 10. I~' -.

: II :~ ;:
I ! ~

• Making needle-felt of
coir fibre

• Resin impregnation and
forming prepreg sheets

• Prepreg sizing and
laying

• Hot pressing the prepreg
into final shape

.Trimming and finishing

Impact performance of selected plant fiber-
polyester Composites

Fiber f1twr~1"IIrs C~ProorrUn

T....... SpInI FlberpolkG WaF
(MNar'l ..... ..... b (1IlIIll (J(JIm')

- 116 11 1.9 51.6
I'aappIt 970 15 U 79.5
SIsal 1150 :Ill 3.5 911.7
Coir J2lIO 45 1.1 43.5

• cakula&ed &om area 1IDda' ltrca-l1rain curve



I
I
I ~OREQUWMENTAND

ACCESSORIES: PROPERTIES*

I
I
I

• Needle felting machine
• Prepreg forming unit
• Hydraulic hot press
• Dies and Moulds
• Steamffhermic fluid heater
• Resin manufacturing plant

• Density (KghnJ) • SOO.1200
• Moisture Content (%) • 8-12
• Flexural Strength (Mpa) • 15-70
• Flexural modulus (Gpa) • 2-5
• Tensile Strength (Mpa) - 10-55
• Water resistance • CWRTO BWR
• Fire resistance • Retardant
• Tennlte resistance - Tennlte proor
• °The upper Hmlt or the isotropic properties corresponds to

those or general purpose medium density compreg ror
general engineering purposes.

I
I APPLICA TIONS

I
I
I

F1tmral properties of POLYCOIR
(dell5ity 1.0) illCOmparisoD w1tb wood lIDd plywood

MatmaI n..., nOll ..nl
rlem' Strnztb (MPa) Moduls (GPa)

"-' n Ir II Ir

SaUd lImer 110 !lOCI 1.1 80 0.80 U.7
Imll (DauaIas
FIr)

I'I,-(U 510 16 7J G.89 110
Imll

1'a1yeoir15mm1 1000 56 6J 4.3 U

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

• As furniture Components (Chairrrable
tops,etc.)

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

I
POLYMER-NATURAL FmER

COMPOSITE [poly-Coir]

•
•

'co
"'!!"-',

.

! ~ .~-~"'.'"';1

PROCESSING OF BANANA LEAF SHEA m -POLYMER PANELS
l. ",i'

~"~i~~E]<;;:.... PlI~,.,.... .
'~~--," ,:. , ..... ,

•••I
I
I

I
I

I
I
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Properties or OSM laminates - Meet or wood-ftneer radDgs(wvO
(type-III, 6nun, 20% resin, O.7mm tbkk robber-wood-ftneer)

........rtla Uall w..- WIlII_-o..tl, KeIm' -- _700
T.nslIo ........... IJl(.l) MPo za (11) G (20)
Y_1'0 moduI ...... (oll GPo :1.1 (1.4) 4.3 (1.4)
Flosunl ........ b,.l (I') MPo 29 (15) .s (17)
Flosunl mod ..... .l (IP) GPo 1.7 (1.3) U (3.3)

NOl.: If aad .l COIT<SpCIGl\ 10 .................... panIId aad
porpoadlc ........ spoCllY.l, 10 IIbro __ 011110_ "yor.

Recommended equipment required for
Research, development and manufacture of natural

fibre
o Abre Extraction Equipment
o Abre Sorting Equipment
o Low Load Abre Strength Testing Equipment
o Abre Pretreatment Unit
o Abre Weaving of Knitting Equipment
o Alament Winding Equipment
o Hand Layup Composite Fabrication Equipment
o Polymer-Abre Spray Unit for Spray Formed

Composites
o Database on Properties of Abres and Composites of

Different Composltlons-Carpet Plots
o Computers and Computer Aided Design Programs for

Design of Composites

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

5 Gallon Buc:Qt HOPE HDPE/4O%51.. 1

Part Welllht(ll) lIOO 1050

Realn Coat(SIlS) 050 0.45

RealnCoet 0.111 1.04
($Ipart)

Cycle T1mel-*) 21 20

MoIdlnllCoat(O/lv) 15 15

Molding Coat($Ipart) o.ee 0.47

TOTAL PART 1.15 1.50
CooT(S)

Tabl.7. PropertIes of banana leaf-aheath OSM
lamlnala (BLOOM) and commercial panela

........rtla UIllI BLOSM" 1'1""'" MDF PartlcIo
board

o..tl, Kefin' 600-700
_ 700 7_

7_
MOlsbIrocomo.. WI" 6-12 5-15 5-15 5-15
T.nslIo ..... .,.11(11') MPo JJ.42 35-55 7-8 4-4.5
Flosunl MPo J8-45 2Il-48 25-28 11.5-15
...... ,.dIW)
Flosunl mod ..... GPo 5.8-6.2 3.5-7.4 .. ..
(.l')

Nea: 1JI...t .1 cornspood 10 naala .. _ured pu'IlIId .Dd pcrpc:1IlÜCIhr tapedhrel,. to
ntln arlratMioa 01 U.- ........ ",..r. -BLOSM wltb O.7mm Ibkk. wood ft.u' 'Kiap.

Composite Testing Equipemnt

• Optical Microscopes
• Scanning Mlcroacopes
• DenaIty Measurement Equipment
• Molature Absorpllon equipment
• Tensiometer or lnatron or MTS Equipment for Meaaurlng

Strength, Modulua and Fracture Toughnesa
• Impact Energy T_. Radiographic Equipment, IR Equipment
• WeatMrablU1y Test Chambers to Test Del8rtoratlon Due to

Expoaure to Elements 01Weather
• flammability Teatlng Equipment
• Dilatometer for ~rement of CCHlfflcient Expanalon
• Simple Machining Equipment to Shape Compoalte Componenla

FuUy-Coupled, Polypropylene(l)/Natural
Fiber Composites

..- - lena'" T...... Flo.... 1 Flo.unl IZDd IZDd
l.oedlng stronglh Madul ... strength Modul ... nolchld """"Ich

("" (MPo' (OPo, (MPo) (GP.) (Jlml od(J/m)

JIU 110 TI 1.5 tOO 7.5 40 210

-. 110 10 • .0 85 5.t 55 1110- 110 • 5.lI sa U 23 110

nono 0 :12 t.7 4t t.4 24 120

Sol.. , Fartilocl602. M1a12
Propaty vxIaa( ....... I_) ore poportioaol to Ober 10000o,
JOnsbpi ..

I
I
I
I
I
I
I
I
I
I
I
I
I~
I.
I;
......

I
I
I
I
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I
I
I
I
I
I
I
I
I
I
I
I
1
I

I
I
.1
I
I

Comparative Cost of NFIC snd GRFP snd
Polyester for the same dimension

. .
eo.tlnS

SOLUTIONS/SUGGESTIONS(Contd)
Polymer Natural Fiber Composites

• Attempts to produce genetk:ally engineered plant fibers to
get consistent properties,

• Development of natural resins and their composites based
on renewable resources with a stress on ecologicaJ aspects
as weD as replacement of woodIGRP In various
appl1cations rar wider acceptance.

• Quallty aspects sbouId be deflned properly whereby
standardb.ed quality specifications should become
avaUabie. ThIs ls Important since quality criteria depends
on the en.tsaged appllcatioo.

• For durability and dependablllty, more tnrormatlon on
resistance to ennronment sbouJd be known.

• Also exchange of different raw materials (when properly
processed) ls reported possible &0 that dependence on one
or two raw material by the user Inc:reases.

SOLUTIONS/SUGGESTIONS (Contd)
• De>:<JoJllDOat of IIIrtaa __ for lIIese nlDfo ............ for

addnlJl& boiler bolllÜlll willi nsIJI aDd darallllll)' IndIlrenat
•.mro.... 1IIs.

• DneIopmnd of llbor ...... rm liIdmDIo&7 (JIft\IftI) for opdmam llbor
Orieat8lioll aDd C8IIIpO_ desIp.

• DenIopmnd erdiaper ....... 1adadIac rr.. pIaat orlIIn wIIIcb -W
bo campalible willi pIaat IIbon aDd propaties CampuabIe willi
syatbolIc ....... as weIIaslakma ..... of ..... 1IIDOIIIlII aspects.

• DenIo_aterappropetate ~ aDd"-",,, -..!cps for
compISite IIImeet _ AlIs6IcdoIlIil raped iIIc.t, ...rformaJa
aDd .. t IIIe least appeara.e.

• PossIIJIIII)' of __ rIIIIlllllese '~aIbIO ComposIlos' III EuropeIUSA
aDd oilier COIIIItria ...Iien ecoIoctcaI aDd IIIodepadaIIIIII)' un puter
JII'OIIIIaIId.

• Oll IIIe lines of Euro ...... CemmIssIoa, EstaIIIIsImMod.f a l'onIm llllder
IIIe State or Ceatra1 Gon ..... at to look Into ftIioas aspects .... ldIoaed
abon.

POLYMER-NATURAL FffiER COMPOSITE
PROBLEMS

• Criteria for seIedIolI of IIIe pJaat llbon~ tedudcal aDd tbomlal
propu1les, ... rro......... ud •.mro .... ata1 cu.

• TIle propaties well documellled bat Ibo a wid of pro ... rlies ... a
CorIIIe IllIIIO!)'pe of llbon ~resalliIIIln scatter oCpro ... rlies Cor
lboIr composites.

• Criteria Corjas1Il)las pIaat llbor polymer <omposltes Invarious
aDDlkaliom ~ cost .1l'edIn ..... to salisJy specilIt reqaIre .... 1IIS or
nilislitalloll of.lds1IaI prodacts.

• PNFC nplate GRP prod..,1s11I d.veloped <ol1lllries.
• IIIdenio coaatries or llllder denloped <oaatries. "ood based

materla1s 1liII diaper IIIaa pJaat llbor <omposltes OllvolmDebasis due
to blper cost of ra ... materials. lIat as a wood SlIbslilute III_ <oaatlies,
Itmay bo DOSSIbIe to _ aataraJ llbor <omposltes oDlywilli appropriate
deslp .... IlIbricalioll oCprod1Xls III adIIen material sariaa aDd ov.. aD
_IIOIIIY, 0CberwIse. commerclallzalloll or lIIese bo<omes dilIIcalt despite
lboIr attraclin pro ... rIies.

SOLUTIONS/SUGGESTIONS (Contd)
• De .. 1050CAlitable sarfate tnatmelllS to pIaat llben Iaducllas

lasllu • Is reqaIftd Corbotter boadiDl. pro ... r dispersion oCllben
aDd dime aal ItablU~or .1. ModIIIcalioll by mernrizalloll aDd

=-ated-~a=,rptIolI'="':::-.:.r ~...:. :::;:Srlies
onr compISite <oataIaIJII aatftated sIsa1l1bon).

• Researdl DHds .~TreatmelllS for ~1Ioa, IledlXlioa oC
~perlIes, Heat aDd Flame ta1Xe aDd AIbIIae

• ladas1rial prod1Xlio1l aDd a'lllllablUl)' or YIIrioas pIaat llben ,,1ddI
Uft poteatiaJ IlIr _III ..... pmnd or COIIIpOSite$ for various
appIICalio-. 11ds '-systemalic UIrusioIl .... 1bods to pt
<oaslslut qaaDl)' IIbon at IlIY0111'11b1ecos1s IadadIaa IIIdIII'.reat
typesIsbapes ("--'1sIprepep, .k,) aDd Slllils1lcaJ data oa IIIe
a'lllllabllll)' oCIIIe llbon. 11ds -W briDllIIe Ilumen a ... " "Dm! oC
I1Xome IIIratare.

• Geaeralloll or a dala ..... oa IIIe tecIIaIaJ properlies ladadiDl
_1IIeJtq aspects or lIIese llbon aDd lboIr cIIltenat I)'pes I1Xh as ""
.... _ mat,.tc. 11ds .... aId attract mon .... r ladustries to IIad ... "
applicalloas.

PROSPECTS~ERSPECTIVES
POL YMER.NA TURAL FmER COMPOSITES
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PROSPECTSIPERSPECTIVES (CoIlId..)

POLYMER-NATURAL FmER COMPOSITE

PROSPECTSIPERSPECTIVES(Contd..)
POLYMER-NATURAL FmER COMPOSITES

• A<oas1Ic.... IbtrmaJ IDsaIadoa, dlmell5ioaal slabiHl7, waler
~, microbial nslslaDa ...... 1I11ammah11i17are .... 1llIa1 rar
.. 1HtndDnlI..:=do .... For _ =1io....1IIIChaIlIcaIt"='='" or":;':=:: =-:..)!..~'= to be
1.5l1mos puler llwllllaleflbt malrts .... ~~lOft wood ....
GRP. Wert< or fracIIlre or lids ......... tels Jaalflllat or 10ft wood ....
be_ <OIlId be • potelllla1 _ ...r.u_ Jallalldlul appIIcallo ....

• ~lIltr IIRreslIac cellabora11ftpnIp'IIIIIIIt Is be_a Kaf'as
B*-PosIla, • .......,....... !Wal hoIra.......aJ lad.....,. ....
VIsl2MefFonI MotorCGalpoaJ, USA to.JoiDtly denlop .... produce
... lIlraIliber compos!la far aatolad"""'- wlllllollltel1ll objodln to
~ IIoboileader Ja IIlo-camposItos tloId. DenIop ..... _nll mats=prod_ aiDe bal .... OCIltr alllralllbm lerdoor

sat bads,pacbp tra,., elC!er Ford .... olbtr uto
IlStries. Ford woaId naIIlate cammudaIIze Ibese ... lIlraIliber

composite prod_ Ja ._11....

PROSPECTSIPERSPECTIVES (Contd ..)
POLYMER-NATURAL FmER COMPOSITES

o Natural fibers and the data on thetr properties, processing
techniques 01their polymer composites aYlillable.

o A number of problems still u1st for the wide spread
appUcations 01both MMC and PNFC.

• Need for further resean:b to make them economlcaliy
viable and acceptable pardcularl)' b)' developing and
uoderdeve1oped countries. ThIs Include, development of
cheaper resins that are compaUbie with natural fibers and
properties comparable with I)'DtbetIc resins; development
01reinforcements In required fOl'lDlsuch as woven or non-
woven mats are reaaonabl)' low cost, and development of
appropriate designs and processing techniques for
composite to meet the cost and performance.

• Appropriate knowledge transfer Inducllng tratn1ng to
adopt new products Is called for between RltD personnel
and user Industries both In india and abroad.

PROSPECTSIPERSPECTIVES (Conld ..)
POLYMER-NATURAL FmER COMPOSITES

• Glass llber suppllen 51IChas Owe ... Co ...... are upioriDI a joiDI
nlllllrt opporlDDltles wllII ... lIlraIliber prod_n to broad.1l1be1r
suppli .. to .lItolllOlln iIldaslri ...

• Composila .ymbeslJied by Delaware Group Ja USA aslllllbt ... 1llraI
resIm wllllilass llben as weD as ßu.... bemp llben revealed E-Ilass
llber .............. mposl sbowed teaslJe or 400 MPa.
YOlllll"llIOdufas 20 GPa fracIIlre re or 50 kllmm wbicb are
.. mparable willi _ obtaiDed ill<omposl willi ,,"!helle resIm 'lICb
as Wayl r alld pol7fSl2r.

• Composi pro<elSfd by RIM tedudq ... asilll pIaIlt llben (lIux, bemp,
Ju.. aIld _ ... ) willi appropria .. slziDllIIroup surra .. modi.lIcalloa,
.bowed .. mparalln .. aslJe .... llemral properties willi _ oblaiDfd
aslIII syulbtllc resiDs. III fact, ßullber ... ya n:siD .. mposlle .ldlibited
better properties tbaD ßu. pp .. mposi'" wbeu .valuated rar
autolllOllve applicalio ....

• Recycled IbtrmopJastles call be used willi pIaIlt llben to d••• lop
.. mposi ... for bllildlDc aIld ..... lnIclloll applicallollS as bolll slnlclunl
aIld "D .lnIclunl .. mpoDfDts.

PROSPECTSIPERSPECTIVES (Contd ..)
POLYMER-NATURAL FmER COMPOSITES

• Dallamer Chrysler's research department In UIm In
Gennany has Oeld tested llax-PP composite as car
underbody cover wbJcb took off at 94lan1hr after
submerRlng In the water tank. As an exterior. smaU trial
with 200-300 components made 01 the same composite
started 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 uninterrupted production process to cut
over time and cost. The)' have declded to use natural fiber
based composite In all their future cars.

• US Federal and UK Civil AvIatIon Authorities (FAA1CAA)
have decided to approve the use of naturalOber based
composites In aerospace structures as Interior components
such as parcel shelves, headltoers and Interior trim panels.

CONCLUSIONS
• Nalllralllben aIld IIIe data ODIbtlr propertla, procasIuc teclmiq....

or Ibtlr polJ'mer .. mposl'" anllable.
• A IIIIIDberorpro_1llD ..1st ror Ibt wide sprad applicaliollS or

PNFC
• Need for l'urlbtr researcb to make tbem _1IOIIIicaIIy riable aIld

acceptable particularly by d... loplDc .... _nIneIoped COIIllIries.
1bIs iDdude, de.eIo ..... at or cbeaper resIm lllat are <ompalible willi
... lIlraIliben .... preperllcs <omparable willi .,ulbtlle resIm;
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Fibre Specific
- -- --_.---- ----~.

Young's Shear Tensile Compressive Shear Specific Specific
Ma'erial volume gravi'y Modulus Modulus S'rellg,h S,renglll s,r'mg/h YOllllg'S 'ellsile

frac,ion (SG) E(GPa) (GPa) nUt(lIfPa) (MPa) (MPa) modllius strength
V, ----. --'--'- .---- " __ "0"- • _____ ~-------------- -LElSGL (uull SG)

E-alass DOlvester (CSMI 0.18 1.5 8 3 100._ .. 140 75 5.3 67

E-alass Dolvester (balanced WR)
;

0.34 1.7 15 3-5 250 210 '100 -~~~
E-alass Dolvester (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 37 240
balanced fabric) .-----.-- ....... - '-'---'-'-'--
Carbon / epoxy (high-strength 0.62 1.6 140 15 1500 1300 87 937
unidiredional) -- _.----
Carbon / epoxy (high-modulus 0.82 1.7 300 20 700 650 176 412
unidirectionall

Kevtar 49/ epoxy (unidirectional) 0.62 1.4 50 8 1600 230 36 1143

Steel (B-Quality or Uovds EH32) - 7.8 207 80 325. 340. 190. 28.5 42

Aluminium (5083 alloy) - 2.8 70 26 150. 150. 87" 25 54 -
Marine Dlvwood (mahoaanv\ 0.6 7 1.0 40 25 8 11.7 67

• Source: Chapter 2, Rets 29-32; Chapter 3, Ret. 30.
• 0.2% Proof yield strength.

I
I
I
I
I
I
I
I
I
I
I
I

Table -1

Table -1

Typical Mechanical Properties of FRP LaminatesD

Typical Mechanical Properties of FRP Laminatesa

I
I
I
I
I
I
I
I
I

Fibre Specific Youllg's Shear Tensile Compressive Shear Specific Specific
Malerial volume gravity Modulus Modulus S/rengtll Streng'" strengt" YOllllg'S tensile

fraction (SG) E(GPa) (GPa) nUt(lIfPa) (/\1Pa) (MPa) modulus strength
V, .-- ----- --~---1E(SG) (17,,,1 SG)

E-alass polyester (CSM) 0.18 1.5 8 3 100 140 _75 __ 5.3 67

E-alass polyester (balanced WR) 0.34 1.7 15 3-5 250 210 100 e-8 147

E-alass oolvester (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 37 240
balanced fabric) --.,-- ...-.--"
CarbQn / 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\

Kevtar 49/ epoxy (unidirectional) 0.62 1.4 50 8 1600 230 36 1143

Steel (S-Quality or Uovds EH321 - 7.8 207 80 325. 340. 190. 28.5 42

Aluminium (5083 alloy) - 2.8 70 26 150. 150. 87. 25 54

Marine plvwood (mahoaany) - 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.
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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, lIT Madras)
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MANDATE
,RESEARCH

,TRAINING

, Sl'ANDARDIZATION

RElA'lmTO PANELPOOooers moM
WOOD. BAMBOO &: C7IHER RENEWABlE FlBERS
INCUJDlNG FORESI'/AGRO IlESIDUES

BAMBOO - A WONDER GRASS

IPlRß'S VISION IS
CONSERVAnON OF NATURAL FORESTS through
DEVELOPMENT AND AOOpnON cl
EFFICIENT TECHNOLOGIES tor
MANUFACTURING WOOD AND PANEL PRODUCTS from
RENEWABLE FIBERS,
Including PLANTAnoN nMBERS AND BAMBOO
10 meet the VITAL NEEDS OF DEVELOPING SOCIETY

BAMBOO RESOURCES

I
I
I
I
I
I
I

.; GROW.1 TIMES AS FAST 8. CAN BE HARVESTED 4 TIMES AS OFTEN AS
E{TCALYI"Tl/S

.; YIEWS d TIMES MORE CELUIWSE TIIAN FAST GROWING TREES

.; FOUND EXTENSIVELY IN NATURAL FORESTS AND

Is _Adlo"" 'or "" ............ 0'doJnld<d Iaad.,
.; l.$ BILLION PEOPLE WORWWIDE USE BAMBOO

.; '.0BILLION PEOPLE UVE IN BAMBOO HOI'SES

.; IIA VE A VERY IIIGII MOE 9000-10000 N1mm2 IS TlnJS IS VERY STRONG

wi by WI Rroar:rr lbaa Slftl

.; BAMBOO IN PANEULAMINATE FllOM IS A GOOD WOOD ALET1lNA TE

o -- 0'III'ft. -'- __

1250 KNOWN SPEC
46.NID.7.S

"lid.. S 81 SE AsIa 81

WORLD D1STRIBUfl0N
.~~ß'

1
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MAJOR -BAMBOO GROWING
REGIONS/STATES

..n .. es Ic .. ,_Eno.
" ..

,....1 ......... 20 12......... Je •
0rI ... • 7

.............. 7 , IMAIN SPECIES
D.• tridu ....
M. ......... w.. 21"

.. ....0-10 U .. ID........ 0 ,..
I."W. S..
I.,.uw. ...

CI I
I
I

>--

I..,~
I'
I'.

"",.;.

I•
I
I.."
I:......

I
2

I
I

ChlNI: 11.6 m
Ion. produood
lrom 3.79 m he

4.5 M Ion •
annually
produood from
a.86m he.

Indllli. home 10
"_45%ol
wOfkl'o bamboo
lorooto

35
20
5

20
8
5
2
I
4

BAMBOO USE PATTERN. India

USE
PULP
HOUSING
NON RESIDENCIAL
RURAL Agl. eIe
RIEL
PACKINGIBASKET
TRANSPORT
FURNITURE
OTHERS

Bamboo Resources. South Asia
Couat., Spcda DlYCnalJ l..aI Mal. Uta............-- 9 pen. )) 'PP.

Houia .. T_ ....... __ .

17 sppClIliYWd .w.o. ....... Smalllrril: ..... FocIda. FUt'1-.. 14 JCIICI'L )1 £PP Houia,. Bow,. "now. FaciaJ. 8&stcu
(lklnp'waICI' c:mWacr). Tn~'S...... 2A paa'L 130 Ipp. 9.6aWüo. ba R .... Hou .... HadmJb. "-,.,,, .

".5m&l1io._. food (~~ SaIf ... ;.,....... r......., ApVHoniIScriao ..... Pod

SnnwI N•• IDdudri" ProdIEU

M,_mar 11puLIDO IJIP. .J6millmloas Toodq>O:b.ClopsOcb. ,.,...".. Food.
Podda. Faocin .. Hnu;.,"~.
Aatbetk PlaataUom- IIpen. J) loW. J IIIillQ aalms Rual Coastnc:lioa. Butcu. ScaftoIdiaS.

Acre .'arat~ Fadder (la We whunl.

Strip buaI lind!. dams (udcr noe.td)

P.kist •• Nil. cuepl onWDClllal

StiLaab 10 spp.+ 10 cxnba. .J millioa calms HouU., ud aJaSb'1ld.ioa. Hud~

(7 aaltivaLcd)
s..nw:~ ""nod G. .. . r. ........ • ,
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ANNUAL REQUIREMENT OF WOOD
(ududiDc ruel wood)

Sftlor Requll'Tmrnt RoqulnmrDl IlequiRml'nI
zooo ~ :1011
(MClD11) (MClD11) (MClD11)

5.owoWood 41.00 50.00 :14.00

PIlip Wood 23.60 28.50 3S.00

Wood 2.11 3.17 3.97
ColTC'O'ilcs

Total nOI 81.67 92.93
APFSOS woftbIt hptr Nello, FAO•• ""

I Suppty o' Tlrmer from Forest.

I(NFAP 2000 MUmst.)

12 mUiton cum per annum

'"
.. mwn .• __ .l_

WOOD IMPORTS
l_ru.t N W,,"(I " Wuod P'llllllfl~

!"1C1"dl~O '-PIli' PilIp N.I

-- - --- ~t-=-"'~~.
(

i--

II
k:-::: ~

/' I
i
I

~
~ . ; ~ .•~ " ; .... S .., Ii.

:YEAR!

I
I
I
I
I
I
I
I
I
I
I
I
I

STRUCTURAL APPLICATIONS
- BUILDINGS

• Earthq~. coo .. _aa1 bo ...... and bul1dillllS
• Two4Ioor'ftl bamboo-umrnl monar composItr rural bollWS
.• Scatl'okUn&

• CommuoUy buUdi"",: Scbnols, c:ommunl.y centn. hospital.
and othrn. tourtsI raorts. coavrDlioa CftIlfti

- ROADS
• Road IJ'kIs, __ patbwa,.,

• LaadsUdt "hUaln, wall\

- arHER INFRASTRUCTURE
• Scaall da ..... wa.rr-tanks, biops plants. .rlopbonrJrlKlriclly

pnks

ENVIRONMENT & ECOLOGY

Iloomboola luteat growing plant

Bamboo atanda ..._ 35% monl 0, than aqulvalant atanda
o! trees

Uaed lor aoll and riverbank aroalon protactlon. waatoland
and watorahod management

• NON.STRUCTURAL APPLICATIONS
- Dtcorallvo plywood. nriOIlS board prodllCts sucb as block

board. strip board. roollDs slt<ets. Doorlug
- Fund\w'O
- lorry bodies & Doorill&. raU""y .... pors
- M.tcbsllw.luct .....Ilitks, loolbpiw. st.w .. row, bliuds,

.Ic
- FlItlwood, dlan:oal, briqutttes, .cllvattd carboo
- Bamboo_15. plddes, crisps. _. Yiutcar,juict. IIttr
- Sdlooliug: pondJs. ndtrs. bla<kboards
- Haadimllls
- Pulp.ud papor

Economic

• EconomlcaUy viable!
• Investments J!21 of a hlgh order
• Technologies available
• Revlval/growth of wood Industry
• Higher value addition wlth rmanclal benefits to local

people
- Increased cash output from mic~terprises .....iU help local

population lbrougb opponunilies crcattd for local populace lIS
cuhivarors. processors, consolidaton or logistic providen

3
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I'rocossIn& TcduloIocY aDd Pracluc .... lodll5lrial PracluclS
- IPIRn. FR. DtbradUb Cab renE laditute). NID Alumrdat.d

Resource Surv'Y. Maaap ...... " PresorYitioa
- ICFRE IlIItItuta. fSl Dcbrwdua. KFRJ Petcbl. SFRIltaoaclU'

FadUlalOnfEacnprmeursbip Otnlopmtnt
- COTe. NMBA-DST

CaldYadoo or bamboo Is a more posIdn approach Iowards a
c1ellDOr .0YiroIllDOIlI

ReclIICOS p..... are Oll roresu
Beaellu:
- Reduces landslides IIld erosioo CODlrol

- Contributes to wasteland development

- Assists in watershed management
- Protects forest ~BenerariOlJ and microenvironmcnts

BeaellU are nalJlraJ taIIolll or SKlor P'OWIh
No special effort required 10 improvelbe eovirolllJlCl)t if bamboo
used fDrdevelopment

"oust .. " Comtructlon
- BM11'C, IPlRn

Environment

I'rocossIn& TcduloIocY - Food pnldUCl'
- ctTRl M,.... CCSIR)

PraclUClS dosIps. p.....- .. t<chooIocY " lools • Haodkrall.,
- NIDA~.IPlRn.11T Mumbel.BeDi Apnabi (DC H.DdkTalb)

R&D Institutes in Bamboo Sector

ENVIRONMENT" PEOPLE FRIENDL Y TECHNOLOGIES

R&D WORKS allPIRTI

Social

c ..1I'UT1.,"-

BAMBOO IN ROUNDISPUTICOMPOSITE FROM
BAMBOO BASED HOUSISG SYSTEM

Bamboo M.olch SUcka

Preserv... 'nIarc .. a.od .ori..... Iradilloaa1l1n~ from Io<a.I
...... OIUS

N.w lIy~ opportaald ... lmbiblac stills of a h1p.r ani.,
IoadiDc 10 boiler work ability Ia Ibo Io<aI popaladoD

Goad.,lssaos - iaY01nmoatia primary pI'lI<OSSIac &Ins WOIllOO
IacoIllO ror ocI.... doa, malridoa, 'IA:.
- Time ne.ibilily belps women lIWIaJe wort
- Nature of crop allows equitable COOtributiOD

BaiJds <oasolldalocl mark.U based 00

~peradn priDd.....
- Ownership serves as incentive

BAMBOO MAT BASED
BAMBOO MAT BOARD
8AMBoo MAT VENEER COMPOI5TE
BAMBOO MAT CORRUGATED SHEETS

BAMBOO STRIP BASED
;.. BAMBOO-WOOD (LAMINATES) FROM INlIAN BAMBOOS

;.. DEVELOPMENT OF TllAHSPORT VEHICLE FLOORING

Source: Prof J. A.. ... M.. "

Elndho_ Unlwnlly, tho Not_nd.

Energy requirement of construction materials

M.olerlal EMrllY lor Welghlper EMrllYlor Streao EMrllY per
produCllon volume production when I" unltltreu

MJ/Kg Kg/m' Kg/m' .....
(1) (2) (3) (4) (5) (4)/(5)

Concret. 0.8 2400 1~ 8 240

SIoOI 30 7800 234000 160 1500

Wood ,. 600 600 7.5 80

Bamboo 0.5 600 300 10 30
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BAMBOO MAT TRAYS

:.ia

1

'''. .;.;.. _ "

~ ..' . -..'. -'.'.. ' .. . .

h .. ~~~H

.• A REGISTERED PROJECT OF EXPO 2000
. • HANNOVER. GERAMANY Junc-Qctoha
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FUNDED BY BMTPC
MoEF,GOI

IPIRTI

TECHNOLOGY
DEVELOPED AT

Traffic Pedestal

(prototype)

Two InstaUed at

Mathura Road

New Delhi (Nov. 20(0)

Some Important Properties of BMCS

:'~~
SIze , 1.05m X 1.8 m X J.5 mm
Wrtpl : 63 - 7.90 krJsbo<l

(app. MlftW of ACes,

..- Bcar1DaCapodly : UNlnmwldlh
DdIecIloIlat B.......... Pul.. : I15mm

Thormol Coadudl.lly : 0.1928 k caIIm oe
capp. ...., u.. vi Aces)

f1R_ : CoatOl"Uli to ftan1rm.bWl)' lest

Eaorc Il<qulremoDl : lIll<h1yEaorc EIIIdo:.,

-
U,... ..OII_

IS: usa :Im BMVC /- r-r-l,.",..,
C "_I

LOAD BEARING STRENGTH OF BMCS

BAMBOO MAT VENEER COMPOSITES

at
TERRACE

CAFE

BMCS

USING !lAMBOO WITH PUNTA T70N T7MBERS

DFID
NEW DELHI

October, 2000
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bin/Sun Shelter at Nanclankanan biological part!,

Bhubaneswar, 0rUsa ~~., ."

I
BAMBOO BASED HOUSING SYSTEM

I
EVOLVED IN COLLABORATION WITH TRADA Tech., UK

UNDER A PROJECT FUNDED BY DFID

I
I
I
I
I

PRESERVATIVE TREATMENT OF BAMBOO

~.,. j~~

• .I.. * ~

c...-.-=..:: .... '
" .."~"'" C ,...~

o
IPIRTI, lkmgalore, INDIA I TRADA Technology UK

-',
• ~ ,:..Jft"'~'\:;'~ I- -.~
()~LlIN:flrr' r

.. -

c;,~:-,
~~..

I.. ." ~ , .:
", .....

BAMBOO BASED TUSSES & BEAMS
I
I
I
I
I
I
I
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Architects: M.asanm Architects. B.DI lore

Two bedroom bamboo house
Elevations in drawing

Two bedroom bamboo bouse

i,~ ..~td .~. . '. .' 1: " .< " mi"f ,,' -"".. ,

•cArcbit.ecb: !\liedam M~uoM'" M • ...-am ArdIIt.ecta., ...........
C

PAPn'RV .... GLASS HOUSE AT KARNATAKA RAJ8HAWAN. BANGALORE
J-r.2801

Two bedroom bamboo bouse constructed at IPIRTI, Bangalore
January 2002

Two bedroom bamboo bouse
our....ut ri.ws .r IIDisbod boaso
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Architects: Mansaram Architects. Baonlorc

Finished noor

Two bed room bamboo bouse. ~.. -~ ......
'.';' .....,...... ..'..... . ..

- I .~Iüi i
I ' •••

•• I

Two bed room bamboo bouse

interior viewsI
I
I

I
I

I
I
I
I
I

Two bed room bamboo bouse

views of door. window and
ventilator ~~

I BAMBOO MATCH STICKS I
TEHCHNOLOGYDEVELOPED

IN COLLABORATION WITH INBAR

I
I
I
I
I

PATE1'IT

SPECIES TRIED
AMBUSA BAMBOOS

ENDROCALAMUS snucrus

STRENGm COSFORMS ro IS 1140:1970

tlUD nxlflliG COSFORMS TO IS 265J:lttJ

~AFTERGLOW

Bl'llNING • CO!'ll"St"Ol'S TEMP ACHIEVED JOO oe

c

."i'"W;,

I BAMBOO LAMINATES I

UNDER DEVELOPMENT at IPIRTI
under

MoEFFUNDEDPROffiCT

I
I

9
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MedIaDIcaI PropertiesorbalDboo..- mad. from Bambusa baID_

~ -w...-, v_ IV....... ,_ •• n.

ii '-'"*,
_c....-0 --,'

oll ........, ....... 1JI(4U) ...
a: Q ,."......,..,... -- 91..m 1D.5(U.U)...-. US •• (11.61)

ii ..............
c ............ -- ._nun llna

E ........, IDM(lS56)

.!! ...-.
i -.....-- - 11.'(2..1) t.J7/II.J1(UI)

0 ........
:= ..~. -- 'L7(4.n AIS

0 ........
0 Q .... ..tIWnwai ~
J:ll= ........ _mo';1 -Ea: u.... 1»JI~"} JII'ca-

1_
me: • A ...... ., ... -.-. flprn ....rM'keU ...................

........ u.dBntn
C__ a~ __

f::...
•..

.' .. ""...•. .'.
t -I,'

-t.:;

" '?' ..

".~..t'"

BAMBOO FLOOR BOARD/lAMINATES
(BAMBOO WOOD)

Proceaa Flow Chart

c

some bamboo wood furniture designed at NID, Ahmedabad

,,~.~.~.
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Women Empowerment through Bamboo Mat Weaving
SodD'"£ " dudJ bJ Baaa ..... Val""">,.

<~
__ .......r.. ..,...__ .KcnIa(ZOOOI

':~.,' ':~~ " . 11_ ........... _ ........ ZI....... J~..~,,_..
Mll&W_~ .. PWaI"............ ,.... ,...........

""""-_ .. '''-all ......

............ FrequtllC')' " ~ ... r......... ..
r_ '0 11 T.- ." ....

N.- T........ .. ILO- ., 1> ......... 01 U

,.... fer £llpcbri ill t.W w.....0-,.... ..IM .......... c....... -.,.1_on
freqUlocy " c.tqary fII Matins fnq .. ~' .._w_

191 .. s......... '..or .01 ...,......,,- 1 , .........I- n 41.1_ ..
• as .... .., T ..... 17 L5

-. I as ...."-"""' .. 10.'_. • 1 It ... u..nlllmt " I.'..,.........,.,-' GI .-
Cl r_ ..~ ___.I_

BMBTOTEM
INBAR-IPIRTI 2001

BMB Producllcn Coat

EI Bamboo Mtts

• RulrVolher Chemical.

C'-umlnumceuls

DEno...,

• Jeintenanoe

..... t.W c.a _.... to" ,..---..
c......~ ..........
......-rt .. ~ ....

Bamboo can address three major national concerns

ECOLOGICAL SECURITY: through conservation offorests
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.
rorestry system, maintenance or soU rertWty or adjoining
agricultural lands, and bamboo shoots

LIVELIHOOD SECURITY: through generation or employment in
planting and prtmary processing ror manuracturtng mat based
composites and other market driven bamboo products

Cl~ __ man. .. _ .•_

,. Techno-Economic Feasibility 01Bamboo Mat Board Manufacture (1992._I
2. A Techno-Economic Faaslbllity 01 8MB by AFC of India (1999._)
3.Pre Faaslbitity Profile for Bamboo Mat Corrugated Sheets (2001._1
4. Markel Siudy for Bamboo Mat Corrugated Sheets In Bangalore _, - "'" _)
5. A Soclo-economic Impact study of BMB manufacturing In K... a1a_, -"'""'-

6. National Workshop on BambOO Mat Board - Proceodnga (1993)
7. Plantation Timbers and Bamboo - Pn:lCl.N~ s.rNw MId IlIIPlRTI ....... (11KN1,prioed)
8. AIIOfdabie Housing uslng Bamboo and Bamboo Cornpos~es - _ P__ '

9. Manufacture of Bamboo Mat Board - a Manual (1_._1
10. Bamboo Composites: an Annotated Bibliography (1.... p..... )
11. IPIRn -News : SpeclaJ Issue on Bamboo Mat Board (1999)
12. Sl8tus of BambOO Housing Technology Developed at IPIATI (2001)

13. Bamboo Mat Board Video (20001
14. Bamboo Shelter (Vadeol VIdeo CD) (2001)
15. TechnoiogylProduct broctves

BambOO Mal Board. Bamboo Mal - Wood Ve_ Composites. Bamboo Mal
Traya. Bamboo Match Slicks. Bamboo Mal Corrugated Sheets. AIIordable
Bamboo Sheltar Cl

11



Evolving Bamboo Building Code
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bansalka@vsnLcom

lolrtl@l!lasb201. vsnl.net.in
clxlindla@vsnI.nel

o

hllp:/llpirtLcom

http://bamboocomposltes.com

. i NitJ ~ ,Iili1li"ij)' I1 Ci. alm. I iiIDil (öl i. :Iii\! • il:IDl.ö1 • ij~.~~
Analysis of bamboo resource with special empbasis to species of bamboo an~
sustainable availability. ."
Enhancement of bamboo ~ with people's participation.
PreseDl use plllern and sectoral coosumption, including sOldy of anisan groupsllocal
people', dependence on bsmboo.
Opponunilies for use of bsmboo r=JUfCes - screening of available teChnologies

Bamboo mal based composites i.e. BMB, BMYC. BMCS
Bamboo Wood or Lamioale
ReconslilUled Bamboo Wood
Bamboo Based Housing
Bamboo sboots
Bamboo Maleb Slicks and other sliek based produCts
Bamboo mal moulded items

Impact of alternate industrial uses on local people 5 through involvement in
various activities including growing. primary processing etc.
Downstream processing for consumption within the state and exports (Maftd
'*-II

InstitutionallUTlJl!:ement and infrastNCtu~ - present scenario and futlln: ncc:ds for
groWlb of bamboo sector.

~
.. "

'- ,.. .~

Cl ....

Six Committees Constituted by Planning
Commission to prepare actiOD plans on various
aspects fDr development of Bamboo Sector

• Stales

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

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

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

IS 14S88 : 1999. SptdIIcatloD ror Bamboo Mal V._r <:.nposlt. ror Go.. nl ............

IS 1_ : 1994- Sp<cIll<atloD ror Bamboo Mal Board for Go .. nl ............

IS 1901:1993 .C .... ofPnclkoror ....... ~DrBamboo .... ea..r.r_
"nxtunlp_

IS IOI~ : 1981- SptdIIcatloD ror Bamboo Supports ror CamoafIa&ioa Equlpm<Dt

IS 9096: 1979 - C.... of Pnct ... rDr ....... ~ or Bamboo .... ea.. r.r Stnxtunl
p-

IS 8141:1976- M.thocIofT .... r.rSplIlBamboo

IS 8l9S :1976 - Sp<clll<atloD r.r Bamboo Cbkks; Pan I F1..

SptdIIcatloD r.r Bamboo Cbkks ; Part 1 Coarse

IS 7344 : 197~ - Sp<clll<atloD r.r Bamboo Tn. Pal.

IS 687~: 1973 - M.thod orT .... r.r Round Bamboo

INDIAN SPECIFICA nONS FOR I ~
I-_B_AMB__ O_O_&_B_A_MB_O_O_P_R_O_D_U_C_T_S---,?~)

mailto:clxlindla@vsnI.nel
http://bamboocomposltes.com
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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 Hanoi, 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 reyerted 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 by-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.

3



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 buildine: materials production industry in Bane:ladesh:

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 modem 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 is 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.
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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
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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.

th ). (
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onents made of com osite materials
Com osite materials
Wood composite
Wood fiber-cement
Rice husk-clay / soil
FRP / Wood composite
Wood / coir - gypsum
Coir / ramie / sisal - gypsum
Rice strawlhusk - clay / soil
FRP
RRP
Slud e - cement / sand

tu al fib . I dail ble . eav a ena r I ers ID n onesla amon2 0 ers
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. Com 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 com
House com onents
Column
Panels
Roofing tiles
Window / door shutter
Partition
Ceiling
Bricks
Frame / profile
Pipes
Blocks

Tab11Th
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composl e ma en s researc
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

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
"t t"al h

The Role of Research Institution and Universities in Housing Composite
Material Industrial development

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.

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.

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.
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Conclusion

• 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

• International or regional co-operation program on science development in
processing and design of composite materials is needed.
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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/cm2
•

Cost = 290/m3.

Compare brick work= Nu.1600 - 2000/m3 within mortar 1:4 to 1:6
Half brick = 290/m2
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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 m2
= 270 - 2901 m2 with cement mortar plaster = 120 - 155/ m2 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/cm2.

Cost = 290/m3.

Compare brick work= NU.1600 - 2000/m3 within mortar 1:4 to 1:6
Half brick = 290/m2

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 HMO, Department of Urban Development and
Building Construction, established National Building Material Research Center in
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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