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ABSTRACT

The last quarter of the century has witnessed substantial growth of China, India and a few
other developing countries. The population of these developing countries, when put together,
exceeds 60% of the world population. As a consequence of this huge population, these
countries are generating the main demand for cement and steel owing to housing and related
infrastructural development. Although not directly visible, the construction industry is one of
the major sources of direct and indirect pollution. Wood, a pollution-free building material,
has been in use in construction for a long time and is a green alternative, but it leads to severe
deforestation, requiring 15 to 25 years to regenerate and causing ecological imbalance. India,
a country of varied culture, religions and languages, is additionally plagued with the problem
of overpopulation. In particular, the rural population is also struggling for basic livelihood.
The government has been incapable of meeting the growing demands of basic shelter and

education countrywide.

It is rightly said that “necessity” is mother of all inventions and innovations. Bamboo is not
only the world’s fastest and strongest growing woody plant (often addressed as “grass”), but
is also an enduring, versatile and highly renewable resource. Its adaptability to different
climatic conditions makes it one of the most important species for mitigation of climate
change. Considering the above facts, one finds that bamboo has high potential as a
sustainable and renewable building material. Among the natural building materials, bamboo
is unique for the extent of its negative carbon footprint, and it’s extremely short maturity

time, typically ranging from three to five years.



This doctoral thesis embodies a comprehensive research devoted to development of high
capacity bamboo based sections for real-life structural applications. As the first step, a
comprehensive literature review is undertaken to understand the status of research on bamboo
structures. Also, the most widely available species of India, Dendrocalamus strictus, which
comprises almost 45% of Indian bamboo, has been judiciously selected for mechanical
properties determination owing to its overall suitability for structural use. A large number of
culms of “Bengal bamboo” (a member of the Dendrocalamus strictus family), have been put
to compressive tests to obtain yield strength, modulus of elasticity and shear strength. In
general, the tensile tests on bamboo are difficult tests to be conducted for results to be
achieved correctly. However, tensile tests have been successfully done under this research by

developing an innovative method of anchorage.

In order to bring bamboo into mainstream construction, one needs to alleviate the deficiencies
of single shoot bamboo construction by evolving a structural member suitable for high
capacity in compression and flexure, so as to be comparable to structural steel and R.C. in
strength, structural capacity, performance and reliability. For this purpose, a novel fabrication
methodology is proposed involving a collection of mxn bamboo culms as a matrix bound
together by a mixture of polypropylene fibres and epoxy adhesive culminating in fibre-
reinforced bamboo composite (FRBC) beams and columns. After achieving high
compressive, tensile and flexural capacity, the next step has been the fabrication of waterless
epoxycrete joints for integrating different members. The joints have performed exceptionally

well in the tests to fully validate the purpose and main idea adopted in this research.

Finally, a series of full scale bamboo-epoxy portal frames have been fabricated in Structural

Engineering Lab of Civil Engineering department, at IIT Delhi and tested at Trinity College,
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University of Dublin, Ireland. A total of three such full scale portal frames were tested. First
frame was loaded to fail in a combined mechanism. The second and third frames failed in
sway and combined mechanisms respectively. The bending moment diagrams and collapse
mechanism confirm and validate the adequacy of fabrication. The complex behaviour of the
frames and their exceptional response has confirmed that this technology can be used to build
houses and other structures. It may be noted here that the load versus displacement behaviour
and complete recovery to the original form and shape without any rupture and collapse or
brittle failure, clearly shows that a huge amount of energy has been absorbed and assimilated
by the frame undergoing deformation under the vertical and lateral load forces combined as
would happen in a real life situation of an earthquake. In this manner the frames have

performed even better than an RC and steel frame.

The research findings will have a deep impact on the construction industry in India and the
world, as it would be able to minimise the use of depletable natural resources (stone, iron
etc). Millions of small farmers can safely go in for bamboo plantation in a big way and shall
be financially benefitted. Bamboo can become a cash crop for the Indian agricultural
industry, that is, it can prove to be “Green Gold”. Engineered bamboo can be put to use in
four to five storeyed buildings which can guarantee a house for every Indian without
deteriorating the natural ecosystem of the country and also without burdening the Indian

economy.
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