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STRATEGY (Sea Urchin Shell Effectively Prevents Cracking and Breaking)
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(The shell of a sea urchin prevents breakage via interlocking plates and
oblate shape.)
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A sea urchin spends its life at approximately 1,600 feet underwater, at the bottom of the sea. At
this depth, there is an enormous amount of pressure, approximately 700 pounds per square inch, from
the water pushing down on the sea urchin in all directions. This is the same as being crushed by a
stack of 20 elephants! Surprisingly, sea urchins can withstand this pressure and can grow without
developing any cracks in its shell. Although the sea urchin shell looks fragile, the shape and
construction make it quite strong. The shell is constructed of many small plates made of a strong
material called calcium carbonate. Calcium carbonate is formed when calcium oxide, water, and
carbon dioxide are combined. Calcium carbonate is found in many places in nature, including coral,
seashells, and limestone rocks. It is also the material that helps give concrete its strength. In addition
to being made of a strong material, the small plates on the sea urchin shell also interlock together,
creating an even stronger and more crack-resistant shell structure.

When a predator tries to bite the urchin, the impact of the bite is transferred through all of the
small plates rather than just one plate — this distributes the impact of the bite across the shell rather
than to a single point. To picture this, imagine two types of hollow glass balls. One ball is made from
a single piece and another is made up of many small pieces that fit together. If the ball made from a
single piece is punctured, it will crack and the ball will likely shatter. If the ball made up of many
small pieces is punctured, a single piece may be cracked, but because of its structure, it will stay
together. The shell is less likely to break because the impact is distributed throughout the different
pieces of the shell.

In addition to the material and the arrangement of the plates, the sea urchin shell is also strong
because of its shape. The shell is oblate, meaning it resembles a flattened sphere. The shell naturally
develops into this shape as it grows because of the constant intense pressure of the surrounding water.
This shape helps relieve the impact of the water pressure on a single point by distributing the force
over a larger area, similar to the interlocking plates.




The sea urchin is able to protect itself in the harsh underwater environment due to the shape of
its shell and its interlocking plates. The shell is stronger than expected due to its ability to spread out
damaging forces throughout its shell. We can learn from the sea urchin’s structure to create stronger,
lightweight buildings that are better able to withstand strong forces, like skyscrapers and wind
turbines.
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“Its likeness to an ideal foam, provide a clear concept for optimising design for manmade
materials, biomimetics. This opens up an opportunity to significantly reduce the weight of
engineering materials, e.g. shock absorbing materials in vehicles, without compromising mechanical
strength... learning how the heart urchin produces its light-weight and highly durable shell can
provide us with a template to improve man-made materials, e.g. shock absorbing materials, in order
to preserve resources.”
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“The tight-fitting and interlocking plate joints lead to a shell considered to behave as a
monolithic structure. The plate’s architecture features distinct regions interpreted as a significant
load-transferring system... Dome shaped objects, as well as the suturing and interlocking mechanisms
between skeletal elements in both vertebrate and invertebrate skeletons have been analysed with
respect to their mechanical design and function... Applied downward loads are firstly transferred into
lateral thrust. This thrust is then distributed equally along the roughly dome-shaped shell, which
reduces stress accumulation in a specific area. The galleried stereom can transfer stress to a
neighbouring plate where it, again, is further distributed onto surrounding plates.”
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