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Abstract
Bamboo is a renewable and versatile material, and widely used in different forms in construction. In today’s fast growing concrete jungle
man started searching for options where one can go back to Ancient, conventional use of construction techniques. As bamboo is fastest
growing plant in Grass family with which innovative products are started taking shape in day to day life. But during making it produces
one third scrap which eventually added as cost while selling of product. Now as a country we are evolving our technologies,
modernization. We have these stereotypes of categories like ShTdTaX and YehlaX. But definition of Y&ehltaX always means made with
RCC. Construction industry is growing rapidly but producing construction waste too. The overall vision is to break the stereo type and
concept of construction and make a fusion use of old conventional architecture with modernization in technology to live up to sustainable
living.
Bamboo brick and bamboo panel is excellent construction material, has capability and properties to replace clay brick with bamboo brick
as natural construction material.
Scrap should not be categorized as it will affect scalability.
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1 Introduction

The engineering sector is the largest of the industrial sectors in India. After Mumbai, Pune is the second biggest city in In
today’s fast growing concrete jungle man started searching for options where one can go back to Ancient, conventional use
of construction techniques. As bamboo is fastest growing plant in Grass family with which innovative products are started
taking shape in day to day life. Everyone is surrounded with products that can be replaced with bamboo which is recyclable
but with lots of scrap. The major problem killing the Bamboo Industry in India is non-utilization of the Bamboo Waste
generated during construction processes. India is producing 88% Bamboo as a scrap. Bamboo scrap has good compressive
strength.

Bamboo is a traditional building material throughout the world’s tropical and sub-tropical regions. It is fastest growing
plant in grass family with flexible use as construction material and many more. Bamboo is a renewable and versatile
material, and widely used in different forms in construction. Bamboo grows three times faster than most other species.
Species of bamboo which are commercially used usually mature in four or five years, after which multiple harvests are
possible every second year.
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good compressive strength than steel. Shelter is one of the basic needs of human beings and to fulfil them human beings are
constantly spreading concrete jungle which is directly affecting our climate. Bamboo bricks are recyclable, sustainable,
durable, cost effective and environment friendly.
As we are a team of bamboo enthusiasts mostly including Architects, Engineers, and Environmentalists with a focus vision
or imagination about home. Everyone in their childhood must have thought of about their dream house. When we imagine,
we certainly have picture of its texture, color, appearance, smell etc. And we end up with story of our ancestor’s house i.e.
Traditional house concept.

Now as a country we are evolving our technologies, modernization. We have these stereotypes of categories like ShTdTaX
and YerehTalY. But definition of Y&FehTtIX always means made with RCC.

Break the stereotype of 9er<hItl:

India is making different bamboo products. But as a buyer we think about cost than quality. In our daily use every product
can be replaced with sustainable, recyclable, environment friendly bamboo product. But while making, Lot of bamboo
scrap remains in terms of dust and eventually that scrap cost also added to product cost which makes product costlier and
people hesitate to buy.

Construction industry is growing rapidly but producing construction waste too. Bamboo is excellent construction material
with properties like compression, durability, availability etc. In northern India people are shaping their houses in Bamboo
without compromising their living standards.

Bricks are used for innumerable structures for many years because of their durability. India is second largest producer of
bamboo. In bamboo plantation number of various products are introduced. Bamboo Industry is growing rapidly because
people are adopting sustainable living. If 40% of bamboo is used in product making, then 60% of bamboo remained as
scrap which is not taken care by makers. For example, India produces bamboo sticks for Rs.100-120 per Kg with 88% of
wastage in bamboo manufacturing. The cost of wastage is added to the final product which makes it costlier. Bamboo Scrap
is used in combustion chamber which produces ashes and carbon dioxide (CO2) which is harmful to all creatures including
humans.

Scrap produced in the production process varies from fine to coarse. While using, it should not be categorized as it will
affect scalability.

“Scalability is inversely proportional to sustainability”.

Bamboo scrap has good compressive strength. If we add bamboo scrap with other materials which has good strength then it
will be a great replacement for Clay brick, Fly-ash brick etc.

2 Research Methodology

The study's aim is to understand nature and qualities of bamboo to use it in a scrap form as reusable material as a main
source of building construction material. Research methodology can be seen more clearly in Fig 2.

The objective of the papers aims to:
e Experiment different forms of scraps of bamboo to make a sustainable construction as a replacement for clay

bricks, fly ash bricks, concrete blocks, Rcc construction etc.
e To create a product which is preferably better in qualities which is nature friendly.
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The study is limited to the bamboo brick, Bamboo panel.
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Individual Material:

Bamboo scrap: Bamboo has properties like light weight, flexible, tough, high tensile, cheap material than the other
building materials like steel, Earthquake resistant. In coming days, people are adopting use of natural material as it’s a
necessity to adopt sustainable living. But as we discussed in earlier in introduction, while making bamboo products,
scrape remains in multiple forms such as Bamboo nodes, dust, fibers etc. In India’s architectural ancient history,
communities of people used to build mud houses as it has its own benefits. When we live in a house built with natural
materials like mud, cow dung, cow urine and bamboo, it also provides certain energies with helps to build and develop
our living environment. In North east region of India, the count of bamboo plantation is more than 50%. Community
artists who can built houses using bamboo as construction material are very rare as they know effective construction
methods, techniques to use bamboo. When we are discussing about bamboo scrap and it recycling process, it doesn’t
mean to categories the usage. As bamboo dust is usable to make bamboo brick similarly bamboo nodes which has
maximum compressive strength can be used a filler in brick which will provide maximum strength to a brick. When
discussing about using bamboo as a construction material the vision is the whole house should be built with bamboo, in
any form such as bamboo reinforcement, bamboo scrap in bamboo, bamboo sheets for roof or partition, bamboo nodes
etc.

Cow-urine: From ancient times we are using cow urine to purify the spaces, in Yadnya, we treat cow urine as an
auspicious element which helps to purify the surroundings and energies around. As scientifically speaking, Cow urine
is acidic in nature. Experiments proves that, If Concentrated Cow-urine pour on leaves it has quality to decompose
those leaves rapidly. Instead of using chemical agents to treat bamboo, Cow- Urine will also help to stop spreading
growth of harmful bacteria, insects etc. It has a pH value ranges from 7.27-8.71. Basic idea behind using cow urine in
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bamboo brick is to treat bamboo naturally, to reduce natural fungus attacking action and avoid chemical treating agents.
Nowadays bamboo is treated using Borax and Boric acid. But as it an excretory waste and prone to catch fungus, but as
bricks are only sun dried to get strength, after sun drying and absorbing sufficient heat coefficient it is helping to give
satisfying results in terms of antifungal properties, strength, durability.
Cow Dung: Cow dung has therapeutic and antiseptic properties. Some people believe that the byproducts of cow are
purifying agents. It can hold water upto 20% which will help to bind components together. In ancient times, human
beings used to build their houses with Cow-dung as India is highest in yields of Cows as they treat Cow as their
mother. It fibrous texture provides extra strength in binding in resistance.
Tests:
Physical Properties:
Shape: Rectangular, sharp edges, surface regular and even.
Size: 190x90x90mm
Color: May vary from deep red to light red to buff
Density: Density or weight per volume
Compressive Strength: Depends on the composition of materials. As per IS codes: ordinary type building brick must

possess a minimum compressive strength of 35 kg/cm?2

Flexure Strength: sufficient strength against transverse loads. Common building bricks = not less than 10kg/cm2 — 20

kg/cm?2. Shearing strength = 50-70 kg/cm?2.

Thermal Properties: Heat, cold, Noise.

Durability: Durability depends upon absorption value, frost resistance and efflorescence.

Absorption test:

Absorption value = Porosity value (20-25%)

(Quantity of water absorbed by the brick)

Absorption = (W2-W1)/ (W1 x 100)

W1 = Weight after 24 hours of immersion in water.

W2 = Dry weight of the sample.

High porosity = less solid = strength reduced

Higher absorption = Water related defects = source of dampness.

4 Data Collection

The data is collected using Material Study and Experiments.
4.1 Process
Bamboo Brick:
Technologies are developed over the years like adobe technique to use bamboo in construction. If bamboo brick being used
it will change to bamboo brick where one can reduce constructional waste. Unlike other materials, brick is user and
maintenance friendly which creates energy efficient buildings. No wonder that for centuries architects and customers have a
heart for bricks.
Bricks do not only resist the ravages of time but also are continuously being reinvented.
To gain strength of individual components proper mixing is very important. Taking each components to the exact
proportion. Mix it well my hands or by mechanical mixing technique. As we are avoiding use of energy, mechanical mixing
is optional. After mixing, compress the mixture till it releases the water as moisture can easily catch fungus and it will also
take time to dry.
Then it is sun dried for max 7-8 days. We are experimenting with drying time to compare the effect on strength.
Other components in Bamboo brick: cow-dung, cow-urine, Red-soil, Lime, Gypsum, Jaggery water, Rice husk
4.2 Experiments

Casting Fxperiment 1:
Day: Saturday Date: 26 June, 2021

1. Experiment 1 (Medium scrap)
Bamboo scrap: Cow-dung: Cow-Urine: Red soil
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2. Experiment 2 (Large Fibers of Bamboo)

Bamboo scrap: Red Soil: Lime: Cow-dung: Cow Urine
3. Experiment 3 (Medium scrap)

Bamboo scrap: Cow-dung: Cow-Urine: Red soil

4. Experiment 4 (Fine scrap)

Bamboo scrap: Cow-dung: Lime: Cow-Urine

Casting Experiment 2:

Day: Friday Date: 2 July, 2021

5. Experiment 5 (Fine scrap)

Bamboo scrap: Cow-dung: Gypsum: Cow-Urine

6. Experiment 6 (Fine scrap)

Bamboo scrap: Vedic Plaster: Water

7. Experiment 7 (Fine scrap)

Bamboo scrap: Cow-dung: Lime: Cow-Urine

Casting E . 3:

Day: Saturday Date: 13 November, 2021
8. Experiment 8 (Fine scrap)

Bamboo scrap: Cow-dung: Cow-Urine: Red soil

9. Experiment 9 (Fine scrap)

Bamboo scrap: Cow-dung: Cow-urine: Lime

10. Experiment 10 (Fine scrap)

Bamboo scrap: Cow-dung: Cow-urine: Red soil: Lime
11. Experiment 11 (Fine scrap)

Bamboo scrap: Cow-dung: Cow-urine: Red soil: Gypsum
12. Experiment 12 (Fine scrap)

(Bamboo panel- 2°007X2°0”)

Bamboo scrap: Cow-dung: Cow-urine: Red soil

13. Experiment 13 (Fine scrap)

(Bamboo panel- 2°007X2°0”)

Bamboo scrap: Cow-dung: Cow-urine: Red soil: Lime
Casting Experiment 4:

Day: Friday Date: 26 November, 2021
14. Experiment 14 (Medium scrap)

Bamboo scrap: Cow-dung: Red soil

15. Experiment 15 (Medium scrap)

Bamboo scrap: Cow-dung: Cow-Urine: Red soil

16. Experiment 16 (medium scrap)

Bamboo scrap: Cow-dung: Lime: Water

17. Experiment 17 (Medium scrap)

Bamboo scrap: Cow-dung: Red soil: Lime: water

18. Experiment 18 (Medium scrap)

Bamboo scrap: Red soil: water

Drying of Bamboo Brick:
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We are not burning product in kiln, the only technique is traditional dry or sundry for minimum 10-12days.For future we
are researching on using catalyst that will reduce the drying period or we need technologies like photovoltaic panel or
concentrators, where we will use direct sun radiations to increase the drying rate.
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5 Results & Discussions

Observations:
Exp. 1 Casting Has Sun Drying | Sun Drying | Sun Drying | Partially Fully dried, if
Done, Sun moisture continued continued and Light Dried dried for more
Drying content weight days it can gain
more strength
Exp. 2 Brake while | More Fibres are Cracks in Fungus Fibres are Observing and
casting, moisture separating brick, sign Formation, separating, studying correct
Lack in content of fungus colour weak due to | proportions
proportion formation. changes to incorrect components.
of dark brown | proportions.
components
Exp. 3 Casting Started Due to Brick Color Pungent Studying
Done, Sun catching fungus become changing to | smell techniques and
Drying fungus formation heavy due to | dark brown, | continues, proportions to
insects moisture heavy, flies | fully use jaggery to
content attack, covered in gain more
pungent fungus strength
smell
Exp. 4 Casting More Sun drying | Brick Heavy and Still has Fungus attack
done, sun moisture continued become signs of moisture due to lack in
drying content heavy due to | fungus content, mixing and
moisture formation. heavy, color | disproportion of
content changes to components
dark
Exp. 5 Casting Has Sun Drying | Sun Drying | Light Fully dried,
Done, Sun moisture continued continued weight, beige color
Drying content change in and ready
color to for Use
ochre color
Exp. 6 Casting Drying Almost Fully dried,
done, rapidly dried. light weight,
Drying off-white
rapidly color occurs
Exp. 7 Casting Still has Still has Continued Continued Almost dried | Fully dried,
Done, Sun moisture little drying, light | sun drying, ready for testing.
Drying content moisture weight, ochre color
content. gaining occurs
strength

Exp. 8 to Exp. 13 (13" Nov. 2021)
After 4 days of casting (17" Nov. 2021): Due to cloudy weather and rain, bricks taking more time to dry.
After 10 days of casting (23" Nov. 2021): Due to last 7 days of raining, the bricks getting the sign of fungus formation as
bricks doesn’t get direct sun light to get properly dry. From 26" of Nov. Bricks getting dried.
Exp. 14 to Exp. 18 (26™ Nov. 2021)
Half Bricks from each samples are sun dried and half are shade dried. After 5 days’ sun dried brick get fully dried and ready
to use as shade dried bricks required more than 7 days to dry.
Cost of Bamboo Brick:

1)Cost of bamboo Scrap: 2.5 Rs/Kg 75gm Used = 0.19Rs

Table 1 Observations After Casting
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2) Cost of Cow Dung: 12 Rs/Kg 150gm Used = 1.8Rs (2+3) A=5.49

3) Cost of Cow Urine: 10 Rs/Lit. 350ml Used = 3.5Rs

4) Cost of Red Soil: 12 Rs/Kg 350gm Used = 4.2Rs

5) Cost of Lime: 15 Rs/Kg 350gm Used = 5.25Rs

6) Cost of Gypsum: 8-10 Rs/Kg 350gm Used = 3.15Rs

Note: Labour cost required 1%, Supervision 1%, Profit 15%

Brick Cost: Components + Labour Cost + Supervision + Profit

1. With Red Soil = 12 Rs / brick
2. With Lime =13 Rs/ brick
3. With Gypsum =11 Rs/ brick

6 Conclusions
Bamboo Scrap + Cow-Urine + Cow-Dung:
Bamboo Scrap when treated with Cow-urine, it reduces chances to catch fungus as it has acidic properties. Cow-dung act as
a binding material with its fibrous and porous properties. Cow-dung can be used in its actual form or else it can be used
after Sun dried as in powder form. Cow-dung helps in maintaining variant temperature as per climate. These 3 components
are constant; fourth component will vary. Sun drying is an important aspect to gain strength.
Bamboo Brick with Red soil:
Mud has good compressive strength and as mixed with other mentioned components its strength increases at least 2 times
than normal clay brick. It is sun dried for minimum 7 days. to minimize the use of energy, Brick should be Sun dried for
minimum 4-5 days. The catalyst can also be used to increase the speed of drying, or else the photovoltaic panels or
concentrators can also be used to increase the scalability of production.
Bamboo Brick with Lime:
Lime has properties like non-flammable, odorless, colorless white crystal or powder, its relatively insoluble in water and
mixed with main components. It is also fire- resistant. To make it water resistant, ancient technique, with use of jaggery and
other natural components can be used. If it catches fire after casting bricks can be treated with boric acid to reduce the
fungus. Bamboo bricks are light in weight, having maximum compression strength than standard clay bricks, easy to
handle, portable and in future will be worked as hollow bricks with bamboo as a reinforcement and whole sustainable,
ecofriendly houses will be constructed.
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