i

ikt

3 L
=

Bamboo as a novel and sustainable

Martian building material
09.04.2021

Team Name: Hong Kong Sino-British Friendship Team
Members:

e Team Leader: Mrs Han Ye (email address)
e Mr Alexander Dutton (email address)
Lamma Island, Hong Kong
URL of team video: www.youtube.com/etc



Description of the problem and its importance.

Each kilogram brought to Mars from Earth comes with two costs: the direct cost of bringing it, a
figure that is hard to give precisely or reliably but it is likely it will be far in excess of current
minimum of $2,720/kg to Low Earth Orbit [1], and secondly the fact that space on transportation
is necessarily limited means that the inclusion of one cargo is at the exclusion of another. If we
want a Martian base to grow and be sustainable, it is essential it can create its own building
materials to free up space for the delivery of high-tech goods, and drive down the costs of
maintaining a settlement. We must find a way to create building material which is strong,
light-weight, and possible to be manufactured in a large scale and sustainable way.

Description of the initial solution.

We propose that young bamboo shoots [2] be transported to Mars and grown in soil created
with Martian regolith, waste and nutrients from an aquaponic system. Bamboo can be made to
grow quickly, up to 40cm a day [3] and absorb readily-available carbon dioxide as its main
building material. Bamboos exist in over 1600 different species and can grow in a range of
temperatures from tropical heat to -10*C [4]. Bamboo is as strong as mild steel and
glass-reinforced plastics, naturally straight, and lightweight [5]. It can be used to construct large
scale structures on Martian bases, both inside pressurised and unpressurised environments.

Scale models of bamboo buildings designs exhibiting high strength to weight ratios: fractal
frameworks and geodesic domes respectively.



Evaluation and comparison of the solution.

Bamboo is not the only candidate for rigid building material. We compared bamboo with several
other building materials to identify suitable roles for bamboo.

D Prin r r

3D printing has improved tremendously in price and power in the last decade and would likely
be used in some capacity on Mars [6]. 3D printers can be reprogrammed, use several different
base materials and produce high-precision parts with great strength. However, 3D printers are
expensive, heavy and produce pollution [7]. Until all materials and parts to produce more 3D
printers are able to be manufactured on-location, they are incapable of the exponential growth
that comes with bamboo grows in bamboo-constructed greenhouses. Some 3D materials can
be recycled [8], but must be imported at first.

Steel

Steel can be manufactured from the Martian regolith [9] and has the following properties and
has a 66% of the tensile strength of bamboo [10]. We imagine that for the manufacture of
high-precision, high-strength and long-lifetime materials, steel will be a sensible and common
choice. However, the supply chain to create steel requires the large-scale mining of the Martian
regolith, extraction, smelting machinery which will have to be brought, constructed and powered.
This requires a significantly higher start up cost than bamboo.

Martian bricks

Baking bricks made from martian earth is an excellent building material: it is readily available
and requires little equipment to manufacture - only water and heat - and can be created in
blocks of varying sizes.Martian bricks, like on earth are excellent for building basic structures
such as reinforce walls, foundations, columns but due to the weak tensile strength associated
with clays, ceramics and concretes, it would not be suitable for material under tension.

Ice

Ice is another material which is easy to build with, as liquid water is simple to extract with the
application of heat. Ice can be fully recycled and easily transported through pipes, making it an
excellent candidate for uses where quick deployment (plugging leaks, temporary covers,
amorphous shapes. However, ice has the key weakness that it cannot be used in thermal
contact with any material likely to approach 0*C, unless an active cooling system is installed
within it



Modifications and improvements proposed to the
initial solution.

Bamboo is unlikely to be an all-purpose building material due to its limits in precision, long
germination time [3-5 years], however we believe that due its numerous ancillary benefits it has
a part to play in the intermediate stage of a settlement: between the scouting phase and the
large industrialised settlement phase.

Bamboo presents numerous benefits: the psychological benefit of biophilic interaction, [11] a
natural processor of CO2 into 0, it can be a source of food (bamboo shoots are eaten across

south and southeast asia), and its weight-bearing strengths will be amplified in the low gravity of
Mars.

If Martian bricks can supply significant compressive strength, and bamboo provides tensile
strength, we could imagine a case where the two materials are combined much in the way that
steel-reinforced concrete is used today. This may become the above-ground Martian building
material of choice.

Ideas for further development.

There are several points we would like to be able to investigate before pursuing bamboo as a
serious building material:

-Bamboo used in structures on Mars would often be subjected to repeated cooling and heating.
We would like to investigate how its mechanical and structural properties change after repeated
exposure to this temperature cycle (in a low-pressure environment).

-Bamboo develops an extensive rhizome structure before embarking on its stem growth phase.
We would want to investigate how these two phases of growth would be affected by growth in
the low gravity of Mars.

-We would like to embark on a large scale classification of bamboo species in light of their
suitability as a Martian candidate, and investigate the possibility of editing the genes of species
to develop a plant specialised for Mars.

-We would like to employ designers and architects to create modular, strong and efficient
structures using bamboo as a building material.



Additional resources.

Here we have some illustrations you may find useful or interesting:
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Bamboo shoots, once boiled, are edible and nutritious.

This conceptual illustration envisions ice-filled bamboo shells for the creation of strong and light
habitats on Mars. [12]



Team bio.

Alex and Ye are a great team who believe in making the world a better place. Ye is from
Hangzhou, China and Alex is from the New Forest, United Kingdom. They are interested in
developing sustainable solutions to the cutting-edge of science and technology. They one day
hope to run their own design school where past and present, artificial and natural, traditional
and experimentation combine.
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