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FEM Electrical Resistivity Modeling in Cylindrical Coordinates
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Abstract : The finite element method (FEM), a powerful numerical modeling tool for solving various engineering
problems, is frequently applied to three-dimensional (3-D) modeling thanks to its capability of discretizing and simulating
the shape of model with finite number of elements. Considering the accuracy of the solution and computing time in
modeling of engineering problems, it is preferable to construct physical continuity and simplify mesh system. Although
there exist systematic mesh generation systems for arbitrary shaped model, it is hard to model a simple cylinder in terms
of 3-D coordinate system especially in the vicinity of the central axis. In this study I adopt cylindrical coordinate system
for modeling the 3-D model space and define the origin of the coordinates with mathematically clear coordinate
transformation. Since we can simulate the whole space with hexahedral elements, the cylindrical coordinate system is
effective in handling the 3-D model structure. The 3-D dc resistivity modeling scheme developed in this study provides
basie principle for borehole-to-surface resistivity survey, which can be a useful tool for the application to environmental

problem.

Keywords : FEM, 3-D modeling, central axis, cylindrical coordinate system, borehole-to-surface resistivity survey.
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Fig. 1. Finite element discretization of a circle using various type
of elements: (a) circle with rectangular elements in cartesian
coordinates and its one-division (b), (c) circle with triangular
elements in cartesian coordinates and its one-division (d), (e)
annular with rectangular elements in polar coordinates and one-
division (f), (g) circle with rectangular elements in polar coordinates
and its one-division (h).
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Fig. 2. Coordinate transformation of the elements in cartesian
coordinates into those in polar coordinates. The number on dots
denotes the node number: (a) annular clements in cartesian
coordinates, (b) transformation of each annular elements into polar
coordinates, (c) inner circle elements in cartesian coordinates, (d)
transformation of each inner circle elements into polar coordinates.
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Fig. 3. Finite element discretization of a cylinder: (a) discretization
of the solid cylinder by hexahedral elements in cylindrical
coordinates, (b) its transformation into cartesian coordinate.
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Fig, 5. Systematic error tests for radially varying source position at z=0m over 100 ohm-m homogeneous half space: apparent resistivity
curve along radial-axis with pole-pole array (a) due to a source point A (b), B (c), C (d).
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