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A B S T R A C T

Rock masses are naturally affected by discontinuities, joints and fractures that affect their exploitation. After
block extraction, different cutting pattern can produce different recovery ratio of the block. The optimization of
the cutting pattern can be computed if the discontinuities are mapped by the use of non-destructive methods.
We propose a software code able to compute the number of intersected slabs by different cuttings scenarios.
The algorithm adopts a brute force computation of several scenarios as specified by the user. The software
uses the Open MP library in order to reduce computation time.

Code metadata

Current code version V1.0
Permanent link to code/repository used for this code version https://github.com/SoftwareImpacts/SIMPAC-2024-149
Permanent link to reproducible capsule
Legal code license GNU GPLv3
Code versioning system used none
Software code languages, tools and services used C++, OpenMP.
Compilation requirements, operating environments and dependencies
If available, link to developer documentation/manual https://github.com/stebond/SlabCutOpt/blob/main/README.md
Support email for questions stefano.bondua@unibo.it

1. Motivation and significance

Ornamental stones production needs high-quality rock mass for
lock production. Among several possible uses of the extracted rock
locks, one of the most common is to cut them to obtain slabs. The
atural fractures and discontinuities, usually present in rock masses,
ower the recovery ratio of blocks and the number of slabs produced. At
uarry scale, several researches and algorithms have been presented in
iterature. These algorithms are mainly focused on finding an optimum
attern for block extraction, in order to minimize waste and increase
he recovery of the final products. Furthermore, the dimension stone
arket offers a variety of slabs dimensions with a correlated selling
rice. As shown in the work of [1], a linear correlation between the

selling price and the slab dimension (surface area) was found for a
imestone product.

DOI of original article: https://doi.org/10.1016/j.resourpol.2019.101533.
∗ Corresponding author.

E-mail address: stefano.bondua@unibo.it (S. Bonduà).

Related works in literature about cutting pattern optimization are
mainly developed at the quarry scale. In [2], the maximum block
dimension is evaluated on the basis of a fracture model based on
discontinuities’ set, aiming at finding the theoretical maximum number
of blocks. In [3], the discontinuities are considered as cutting planes
and the volume of interest is divided on the basis of these fractures. The
total amount of recoverable blocks is determined by a graphical proce-
dure. In [4], the fracture and discontinuities are modeled as planes and
the blocks’ production is optimized by choosing the block dimension
and determining the intersected blocks, considered as waste. In [5],
the maximum cuboid volume of the block is computed by modeling the
fractures as planes and using a Genetic Algorithm approach for finding
the best solution. In [6], fractures and discontinuities are used as input
and the algorithm classifies the resulting blocks on the basis of their
https://doi.org/10.1016/j.simpa.2024.100704
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volume. In this approach, it is considered that an intersected block can
till have residual utilization.

A detailed literature review about algorithms and codes related to
tone cutting optimization can be found in [6].

The SlabCutOpt software can compute the number of slabs that can
e obtained from a dimension block when a fracture model is available.
 detailed overview about the fracture model and how to build it can be

ound in [7–15]. SlabCutOpt generates several cutting pattern scenarios
that can be used to cut a block by several virtual displacements and
rotations or by using several slabs dimensions. It computes the number
of intersected/not intersected slabs for all the generated scenarios.
The generation of the scenario often implies the generation of a high
number of solutions, but the use of practical displacement, rotation
teps and the use of a parallelization method, allows to evaluate the
utting grid in a reasonable computing time. The particular nature of
he problem (discrete fracture) does not fit the classical approach of op-
imization of multi-variable problems algorithms (linear or non-linear
ptimization).

The software needs a fracture model, consisting in a set of surfaces
representing the fractures, as input. Users must define the dimensions of
the slabs, or a set of possible dimensions, in order to obtain a complete
overview of the recovery ratio that can be obtained from the block
under examination.

2. Software description

SlabCutOpt is a command line software program of high-level func-
tions and data structure, written in C++ language, for generating,
visualizing and analyzing block cutting grid scenarios. Cutting grid
cenarios are automatically generated by SlabCutOpt through cutting
rid parameters as defined by the user. All generated scenarios are
omputed for fracture detection and results are given in ASCII text
iles and vtu (VTK unstructured grid) file format for visualization in
araview, outside the functional core provided by the SlabCutOpt
oftware.

2.1. Software architecture

The software is composed of several modules: (1) input module; (2)
olution generator; (3) intersection computation; (4) output module.
ach module is composed by several functions.

2.1.1. Input module
The input module read from external files: (i) the parameters of

he cutting grid; (ii) the fracture model. The input of SlabCutOpt is
omposed of several ASCII files:

• SlabCutOpt.par: the parameters file. Parameters are defined by
keywords. This file contains the cutting grid size, the step and
the maximum displacement for each direction, the step and the
maximum rotation angles, thickness of the saw, etc. (Appendix A);

• SlabDimension.dat: optionally, the solution generator can con-
sider a variety of commercial slab dimensions as specified by the
user. An example can be found in Appendix D;

• PlyFileList.dat: it contains the list of the ply file representing
the fracture model. Each file can contain one or more surfaces.
Surfaces have to be digitalized by a triangular mesh. An example
can be found in Appendix C.

2.1.2. Solution generator
The solution generator module generates, on the basis of the pa-

rameters of the cutting grid, the whole set of scenarios. The scenarios
set store, in a structured array, all the parameters of the generated
cutting grid and the results as computed by the intersection compu-
tation algorithm. The array containing the scenarios set is generated
before running the intersection algorithm, to take advantage of the
intersection’s computation algorithm.

2.1.3. Intersections computation algorithm
Each cutting grid scenario will hypothetically generate slabs. Each

slab is tested against the fracture model intersection, in order to evalu-
ate if it can be considered as an exploitable slab or waste. The algorithm
assumes that the slabs are orthogonal prisms, with 6 faces and 12
edges each. As the surfaces fractures are represented by triangles, a fast
intersect segment/triangle algorithm is used [16]. If one of the edges
of the slab is intersecting a triangle of the fracture model, then the slab
is marked as ‘‘intersected’’ and considered as waste.

2.1.4. Output module
There are two kinds of output files produced by SlabCutOpt. The

first one contains the quantitative evaluation of the number of inter-
sected slabs (see Appendix E). The second one, optional, is used for the
graphical representation of the cutting pattern using the open-source
software Paraview. The visualization of the output files can be limited
to the best solution found, or a complete file set can be generated for
all the computed scenarios and for all slabs dimensions.

2.2. Software functionalities

Once the input file has been read, the solution generator will create
the whole set of solutions by iterating all the displacements, rotations
and slab dimensions. This array of scenarios is then processed by using
the OpenMP library, to allow a fast computation through the directive
#pragma omp parallel for, by distributing the computation in several
threads, depending on the hardware architecture.

When the array of the scenarios results is completely filled by the
intersection computation algorithm, the computation is completed and
the results are written to a file. Optionally, it is possible to generate a
vtu file, for results visualization by the open-source software Paraview.

3. Illustrative example

We present a dimension block with a fracture model obtained as
described in [17]. The dimensions of the block are 0.90 × 2.00 𝑥
1.10 m3. The block is affected by several fractures, as shown in Fig. 1.

For this limestone rock type, typical slab commercial size dimen-
sions vary in range between 0.20 m up to 0.80 m, while the thickness
range can vary between 0.02 m to 0.04 m.

The surfaces representing the discontinuities have been coded as
ply files, and each ply file contains triangle elements representing the
whole surface. An extract of a ply file is given in Appendix B.

The algorithm also takes into account the dimension of the saw,
which in this example is assumed to be 0.01 m. For this example, we
considered a set of 37 slab dimensions. The dimensions are defined in
a file named BlockDimension.dat. See Appendix D for an example.

For this rock type, there are not preferred cutting orientations, so
the block can be cut in any orthogonal direction. The displacement step
has been set to 0.05 m, from a minimum of − 𝑙𝑖

2 up to + 𝑙𝑖
2 , where 𝑙 is

the slab dimension and 𝑖=x, y, z, referring to the 3 dimensions.
The material considered is isotropic, so slabs can be cut in every

direction.
The solution with a high number of recoverable slabs is shown in

Fig. 2.a, while the solution with the lower number of recoverable slabs
is shown in Fig. 2.b. The slabs are marked with a rock type identifier:
‘‘0’’ for non-intersected slabs (no intersections with fractures model),
‘‘1’’ if there is an intersection with the fracture model. In the latter
case the slab is considered as waste. Obviously, higher slab dimensions
increase the probability of an intersection with the fractures, while
smaller slabs increase the number of recoverable slabs, but also the cost
for cutting, dust emissions, water consumption etc. For a comparison
of these aspects, please refer to [8].

A graphical representation of the recovery ratio by different slab
surface is presented in Fig. 3. The recovery ratio, computed as the
ratio between volume of recoverable slabs and the total volume of the
2
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Fig. 1. 3D Fracture model inside a limestone block.

block, is higher for limited slab surface (small slabs). The recovery
atio strongly decreases for slabs with higher surface area, as, from a
robabilistic point of view, the slabs can have higher probabilities of
ntersecting the fracture network.

From an economic point of view, higher recovery ratio does not
mply directly a higher revenue for the production. In fact, other
arameters, function of the slab size, are involved, such as power and
ater consumption, dust generation and so on. The evaluation of these
arameters is out of the scope of this paper. An evaluation of the
conomic and environmental issue related to the optimization cut of
imensional stone can be found in [8].

4. Impact

Ornamental stones blocks contain natural discontinuities and frac-
tures. The definition of the cutting pattern of these blocks is a crucial
hase of slabs production. Up to date, the cutting pattern is operated by

quarry operators based on empirical method and experience. SlabCu-
tOpt represents a possible solution for improving and speeding up the
definition of the cutting pattern, thus improving the operators’ overall
experience.

SlabCutOpt has been proven to be an effective software that can
assist operators in assessing the number of slabs that can be produced
y several cuttings scenarios. Additionally, it is a helpful tool in evalu-
ting the best economic revenue and the lowest environmental impact
f the cutting operations, by associating its computational results with
ther parameters, such as the selling price for each size, the cost of the
roduced waste, the time needed for the cut, the total amount of dust
nd the electricity consumption, among others.

The impact of the proposed software extends beyond the indus-
trial setting to encompass the academia and research spheres. While
ornamental stone industry can use the software in processing plants,
esearchers studying ornamental block cutting optimization can easily
ake reference to SlabCutOpt to solve their problems. Furthermore,

he code can be easily adapted to other cutting optimization problems,
s well as in numerical modeling problems where surface/grid blocks
ntersection detection is needed. This adaptability positions the soft-

ware as a valuable asset with implications across a spectrum of domains
where cutting optimization play a crucial role.

Moreover, the run of SlabCutOpt can positively affect on soci-
eties nearby quarries by means of waste reduction and maximiza-
tion of profit. Thus, SlabCutOpt software considers sustainability in
environment, economy, and society cores.

5. Conclusions

The software package SlabCutOpt provides a set of functions and
data structure for parsing ply files and detected slabs/surfaces detec-
tion, as well as for the generation, visualization and analysis of the
cutting grids scenarios. The use of C++ and of the OpenMP library
allows computing an elevated number of scenarios in a reasonable
computational time. The software is released under the GPL2.0 license,
allowing for the integration of the SlabCutOpt in commercial software.
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Fig. 2. Visualization of the results of SlabCutOpt: (a) Solution n.22, (slab size 0.30 × 0.10 𝑥 0.03 m3); (b) solution n.28 (slab size 0.40 × 1.90 𝑥 0.03 m3).
4
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Fig. 3. Recovery ratio by slab surface. As expected, the recovery ratio is higher for small slab surface.
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Appendix A. Parameter file
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Appendix B. PLY file format

The PLY file format readable by the SlabCutOpt software is a simplified version of the more general PLY file format, such as the example below.
Each surface element must have 3 vertices (a triangle in the 3D space). The fixed characters are presented in italic font, the geometrical parameters
for a fracture description are presented in bold. After the header, the number specified in [element vertex] indicates the number of vertices that
are stored in the ply file. The [property float] specify the format of the coordinates of vertices, then the following [element face] lines define the
number surface elements and the vertices indexes of each triangle. The [property list] define the format of the indexes of the triangle vertexes. The
keyword [end_header] close the header section. In the presented example, after the header there are 4 lines containing the x, y, z coordinates of
each vertex. Following the 4 vertexes coordinates, there are 2 lines, with the first number indicating ‘‘3’’; so the number of indexes is 3 (a triangle)
and the indexes refer to the vertex coordinate index of the previous lines.

Is worth mentioning that, in the more general PLY file format, the number of vertices can be higher for polygonal elements.

Appendix C. PLY FileList

The PLY_FileList.dat input file must contain the list of the ply files of the modeled discontinuities. No header is allowed. Below is an example
of PLY_FileList.dat.
7
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Appendix D

The slab_dimensions.dat input file must contain the list of the different sizes of slabs that the algorithm must test. Below an example of
slab_dimensions.dat is shown. The order of the columns, from left to right, is dim_x, dim_y, dim_z. The dimensions of the slabs must be increased
by the ‘‘cut_saw_thickness’’ parameters for geometrical considerations in the algorithm.

Appendix E. Output file – results

The results file is composed of several sections:

• Resume of the input parameters used;
• List of the input dimensions of the slabs;
• Results for each scenario of each dimension;
• Resume of the best solution for each dimension.
8
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