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An Analytical Fractural-Dimension Research on the
Growth of Vetiver Root System and Its Pull-Out Resistance

Abstract

This project is mainly a research into the fractal dimension of the vetiver root system. First,

we confirm the vetiver root system has the basic fractal structure by checking its self-similarity,
then using box-counting method to calculate fractal dimension. We begin with a fundamental
investigation into the relation between different time and environmental factors and fractal
dimension. Then we move to our main point: the relation between fractal dimension and its
pull-out resistance. In the next step, we make a fundamental silicon model, simulating the vetiver
root system, to continue our experiments. In the end, we develop a formula that can describe the
relation between its pull-out resistance, roots depth and fractal dimension.

Here are our conclusions:

(D)

(2)

(3)

(4)

After using box-counting method to calculate fractal dimension, we discover that not
only the whole vetiver root system but also a single vetiver root has the basic fractal
structure.

Fractal dimension increases when time goes on. Also the value of fractal dimension is
larger in natural sunlight and the temperature at about 30°C .The vetiver root system
grows more widely in soil than those in sand. That’s why it has larger fractal dimension.

Data shows that its pull-out resistance is influenced by both fractal dimension and the
depth of the roots. The vetiver roots, in the meantime, show greater pull-out resistance
than some other plants. Thus we draw the assumption that the vetiver root system grows
deep and wide, and in natural soil its fractural dimension is greater and reaches greater
area. Therefore, a silicon model is constructed to further confirm the findings of the
experiment.

The design of the silicon model is to reduce the uncontrollable variables in nature. Before
starting the experiment, we measured some basic characteristics of the silicon model,
including density and angle of repose. Furthermore, the experiment demonstrates that
pull-out resistance and fractural dimension have a commensurate mutual relation: the
stronger the pull-out resistance, the wider the fractural dimension and the deeper the root
system. Thus we derive a math formula to describe this relation.
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