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1- Incremental Sort and Update
2- Double-Ended Spatial Sorting
3- Direct Checking
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1- Sort and Sweep
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Incremental-Sort-And-Update(B,, I,, B,, I,, C)
Sort-And-Update-X(B,, 1., C)
Sort-And-Update-Y(B,, I,, C)

Sort-And-Update-X(B,, I,, C)

fori < 2to2ndo

Jje—i-1

while j > 0 and Needs-Exchange(B,, I, i, j) do
Exchange-X-And-Update(j, j + 1, B,, I,, C)
Je—ji-1

Sort-And-Update-Y(B,, I,, C)
fori <2 to2ndo
Jje—i-1
while j > 0 and Needs-Exchange(B,, 1,, i, j) do
Exchange-Y-And-Update(j, j + 1, B,, ,, C)
Jej—1
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DoubleEnded-Spatial-Sorting(R,, I, R,, I,, C)
Sort-X(R,, 1,,)

Update-X(R,, I, C)

Sort-Y(R,, 1)

Update-Y(R,, 1,, C)

Sort-X(B,, 1,)

for i < 2 to 2n do

je—i-1

while j > 0 and Needs-Exchange(B,, I, i, j) do
Exchange-X (j,j + 1, By, L)

Jjej-1

Update_X(Rxs ]xa C)
For each block, add blocks having boundaries between
current blocks lower and upper rank into C.

Sort-Y(B,, I,,)

fori < 2to2ndo

je—i-1

while j > 0 and Needs-Exchange(B,, 1,, i, j) do
Exchange-Y (j,j + 1, By, 1)

Jei-1

Update'Y(Rxa Ix’ Q
For each block, remove blocks not having boundaries
between current blocks lower and upper rank from C.
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Abstract:

Discrete Element Method (DEM) is a numerical method for computing the motion and effect of a large number
of small particles. It is a very common method to solve rock mechanics problems, since it can solve problems
containing particles in contact with complicated geometries efficiently. Contact detection is the most time
consuming (so the most significant) part of DEM-based problem solving methods.

In this article, authors, with the goal of implementing a numerical hydro-mechanical software to analyze and
solve DEM rock mechanics problems (DA2), studied and investigated algorithms able to solve contact detection
problem.

The most algorithms designed to find contacts (contact detection algorithms), liec in two classes: 1)
algorithms based on bounding boxes, and 2) algorithms based on hashing.

The bounding box idea helps to simplify the contact detection problem and to prevent dealing with particle
shapes by enveloping the whole particle in a shape (generally a rectangle or an ellipse) which is easy to check for
finding overlaps. Since overlaps of bounding boxes may not directly result in contacts between particles, further
checks are needed. In the former class, there are two well-known published algorithms, both based on sorting
bounding boxes’ extents, able to find contacts between generally shaped particles in a fast and efficient way:
incremental sorting and updating (ISU) algorithm, and double-ended spatial sorting (DESS) algorithm. Hashing
algorithms are generally appropriate for particles with uniform sizes. Since rock mechanics problems mostly
contain models constituted of blocks with non-uniform sizes, hashing algorithms are not utilized for solving
them.

In this article, ISU and DESS algorithms along with direct checking (DC) method are compared for their
running time results to find the most appropriate (i.e. the fastest) algorithm to find contacts between rock blocks.
For this purpose, algorithms were implemented by DA2 software, then, ran in the same environment and for
same commonplace geomechanical problems with varying model parameters, like number of blocks, block size
variation, angle of discontinuities and friction angle, and compared for their running time results. Results shows
that ISU algorithm compared to DESS algorithm gives better/lower running time (ISU is at least twice as fast as
DESS), i.e. more performance, and shows less sensitivity to model parameters. Also, ISU algorithm consumes
less memory and it is simpler to implement.

In the end, for further improvement of performance of ISU algorithm, delayed updating and parallelization
solutions are offered. Delayed updating is a common way to optimize algorithms containing two phases of
processing and updating. In order to apply delayed updating and parallelization to ISU algorithm, a solution is
presented to separate sorting and updating steps. Then, parallelization is applied. Results show that using these
techniques can increase the performance of ISU algorithm by 20%.

Keywords: Rock Mechanics, Numerical Analysis, Discrete Element Method, DA2 Software, Contact Detection
Algorithm
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