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Abstract. GeneralBlock is a software tool for identifying and analyzing rock
blocks formed by finite-sized fractures. It was developed in C++ with a friendly
user interface, and can analyze the blocks of a complex-shaped modeling do-
main, such as slopes, tunnels, underground caverns, or their combinations. The
heterogeneity of materials was taken fully into account. Both the rocks and the
fractures can be heterogeneous. The program can either accept deterministic
fractures obtained from a field survey, or generate random fractures by stochas-
tic modeling. The program identifies all of the blocks formed by the excava-
tions and the fractures, classifies the blocks, and outputs a result table that
shows the type, volume, factor of safety, sliding fractures, sliding force, friction
force, cohesion force, and so on for each block. It also displays three-
dimensional (3D) graphics of the blocks. With GeneralBlock, rock anchors and
anchor cables can be designed with the visual assistance of 3D graphics of
blocks and the excavation. The anchor, cables, and blocks are shown within the
same window of 3D graphics. The spatial relationship between the blocks and
the anchors and cables is thus very clear.

Keywords: GeneralBlock - finite-sized fracture - rock block identification and
analysis

1 Introduction

A computer program for identifying and analyzing rock blocks formed by finite-sized
fractures is a useful tool in many problems involving fractured rocks. If a rock is
slightly fractured, the blocks are infrequent in the rock mass. In this case the number,
dimensions and locations of the blocks are a major concern. The rock blocks, which
are commonly buried in the rock mass under natural conditions, may be exposed by
artificial excavations and may fall into the openings formed by the excavation. Many
authors have discussed the possibilities of the occurrence of unstable blocks caused
by the intersection between fractures and excavations [1-4]. On the other hand, if a
rock is heavily fractured, the rock may be visualized as an assemblage of isolated rock
blocks. In this case, the mechanical behavior of the rock is often simulated as the
behavior of a system of rock blocks [5-7].

Because the geometry of the blocks exerts a strong influence on the mechanical
properties of the rocks, and the geometry of the blocks is determined by the geometry
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of the fractures, many authors have studied the relationship between the geometries of
fractures and rock blocks. Basically, their approaches may be divided into two types.
The major difference between the two methods is whether or not the shape of the
fractures has a definition prior to block identification. In the first method, the shapes
of the fractures are defined before block identification; this approach was used by
many authors [8-12], and is adopted in GeneralBlock. In this method, the fractures
can cross each other and terminate in intact rock; an individual fracture can be con-
tributive, noncontributive, or partly contributive. The second method uses a block
generation language [13-14], whereby the fractures always form fully connected net-
works and all of the fractures are completely contributive.

GeneralBlock is written in Visual C++ 6.0 using the OpenGL library. In the pro-
gram, the modeling domain or the excavation may be of arbitrarily complex shape.
The rock and fractures may be heterogeneous. The fractures may be either determinis-
tic fractures obtained from a field survey or random fractures generated by stochastic
modeling. The program identifies all blocks formed by the excavations and the frac-
tures, classifies the blocks, and outputs a result table that shows the type, volume,
factor of safety, sliding fractures, sliding force, friction force, cohesion force, and so
on for each block. It also outputs three-dimensional (3D) graphics of each block. With
GeneralBlock, anchors and cables may be added, and are shown with the blocks with-
in the same window of 3D graphics, making the spatial relationship between the
blocks, anchors, and cables very clear. The user can therefore edit rock anchors and
anchor cables with the visual assistance of 3D graphics of blocks and excavation fac-
es.

2 Algorithm

Some authors have discussed the issues in block identification. In initial studies, the
fractures were assumed to be infinitely large, and hence, the blocks were limited to
convex shapes. Lin et al. [8] and Ikegawa and Hudson [9] presented their block iden-
tification approaches for finite extended fractures based on topological concepts. In
these approaches, the intersections of the fractures are calculated first to define the
sets of vertices, edges, and faces. Then, the sets were regularized to discard any iso-
lated and dangling vertices, edges, and faces. Finally, the blocks were identified
through boundary-chain operations of the closed surfaces and the Euler—Poincare
formula for a polyhedron. Similar methods have also been discussed in detail
[10][12][15].

GeneralBlock was developed based on the procedure presented by Yu et al. [16]. It
decomposes a complex block into a finite number of convex element blocks during
the identification process. The adoption of the concept of an element block makes it
possible to represent a complex block using an assemblage of simple convex blocks,
and thus, to transform the difficult calculations involved in identifying the blocks
around complex excavations into simple calculations using convex geometry. In the
procedure, the complexity of the modeling domains and the heterogeneity of a materi-
al are taken fully into account.



In the procedure, a complex modeling domain is initially divided into convex sub-
domains, and each subdomain is further decomposed into convex blocks with infinite
fractures. Then, the fractures are restored to finite dimensions, and the domain is reas-
sembled by combining the subdomains into a full domain. Thus, the procedure is
comprised of the following major steps:

1. Subdividing the modeling domain into a finite number of convex subdomains;

2. Removing the non-contributive fractures;

3. Decomposing the subdomains into element blocks with the fractures, which are
temporarily taken as infinitely large at this stage;

4. Restoring the infinite fractures to finite;

5. Assembling the modeling domain.

3 User Interface

The solution of a block identification and analysis problem with GeneralBlock usually
includes the following major steps.

1. Open a new project. This creates a new directory in which to store the data for the
problem. All ensuing data for this problem will be stored in this directory.

. Define the modeling domain.

. Input deterministic fractures and/or generate stochastic fractures.

. Calculate and observe the traces of the fractures.

. Filter fractures.

. Identify blocks and analyze their stability.

. Display analysis results.

. Design rock anchors and anchor cables.
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3.1 Defining the Model Domain

The first step in block identification and analysis is defining the model domain. A
major process in the definition is to decompose the problem domain into a number of
convex subdomains. The subdivision of a problem domain is similar to the subdivi-
sion of a model domain into elements in the FEM, and the geometry and the associat-
ed data structure of a subdomain are also similar to those of an element in the FEM
technique. The subdomains, surface polygons, and vertices must be numbered unique-
ly, and no overlap among the subdomains or surface polygons is allowed.

Manually decomposing a problem domain into subdomains is not difficult, even
for a problem domain with a very complex shape. However, it is not simple to code a
computer program to automatically decompose different-shaped rock masses. Thus,
GeneralBlock provides graphical user interfaces for the subdivision of some common
rock structures, including slopes, tunnels, and underground caverns. For these com-
mon structures, the user only enters a few data values through a graphical window to
define the rock masses. The subdivision of the domain is performed automatically by
GeneralBlock, and the user is not required to be aware of it.



3.1.1 The Window Defining the Model Domain.

GeneralBlock provides graphical interfaces for three kinds of structures: slope, tunnel,
and underground cavern. Accurately speaking, a tunnel is a kind of underground cav-
ern. As an example, figure 1 shows the actual underground powerhouse cavern 311.3
m long and 71 m high in the Three Gorges Project. In the lower part of the power-
house, the distance between the two vertical sidewalls is 31 m, and in the upper part
the span of the crown is 32.6 m.
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Fig. 1. The window defining the model domain (the example of the underground powerhouse
cavern in the Three Gorges Project defined by GeneralBlock)

3.1.2 The Format of “model_domain.dat”

The data defining the model domain and sub-domains are all stored in an ASCII file
named “model domain.dat”. This file can be edited by a text editor. The user can
prepare it and have GeneralBlock read it to perform block analyses.

The rock masses and the excavations of study domains may have various shapes,
e.g., slopes, tunnels, and their combinations. However, all of the data arising from
domain definitions and subdivisions are stored in this file, and all of them always
have the same format. This file includes the following data.

1. Direction of x-axis (in deg), excavation type (slope = 0; tunnel = 1; cavern = 3;
complex = 4);

2. Number of the nodes to define the domain, number of the faces to define the do-
main;
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. Number of the nodes to define each of the faces;

. An index for each of the faces;

. An index to indicate the mechanic property of each face (common = 0; fix = 1; free
=2);

. A vertex list for each of the face;

. Three-dimensional coordinates for each vertex;

. The number of sub-domains, rock density of each sub-domain;

. The number of faces for each sub-domain;

. Face list for each sub-domain.
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3.2  Entering and Stochastic Modeling of Fractures

For GeneralBlock, the fractures are divided into two types: deterministic fractures and
stochastic fractures. Deterministic fractures usually arise from excavation mappings;
their geometric and mechanical parameters are determined through various measure-
ments. Stochastic fractures are usually obtained through random modeling; their pa-
rameters are generated from a stochastic model. Deterministic fractures are often
larger in scale than stochastic ones. Although deterministic and stochastic fractures
may arise from different sources, they have the same defining method: each fracture
is defined by nine parameters, including the x, y, and z coordinates of the disc center,
dip direction, dip angle, radius, aperture, cohesion coefficient, and friction angle. In
block analysis, the two kinds of fractures are treated in the same way.
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Fig. 2. The window for calculating and displaying the trace of fractures (traces of main faults in
vaults on excavation of underground powerhouse in the Three Gorges Project)



After inputting deterministic fractures or simulating stochastic fractures, filtering
fractures is necessary. The objective of fracture filtering is to find and eliminate the
fractures that are evidently non-contributive to block formation. And fractures below
the size specified by user may be neglected in block identification. For most practical
engineering, the blocks close to the excavations are usually of more concern than
more distant ones. Thus, it is often the case that only the fractures near the excava-
tions are taken into account. In GeneralBlock, the distance of a fracture from an exca-
vation is an integer. If the fracture intersects directly with the excavation, the distance
is zero; if the fracture does not intersect directly with the excavation but is connected
indirectly to the excavation through one fracture, the distance is one; the rest may be
deduced by analogy.

The remaining fractures after fracture filtering are stored in the file “contribu-
tive fracture xyzabr.dat”. GeneralBlock reads all fractures in this file when perform-
ing block identification.

Calculating and showing the traces of fractures should be done next. A trace is an
intersection line between a fracture and a rock surface, e.g., an excavation or a natural
exposure. Calculating the traces of fractures on specified excavations and displaying
them through 3D graphics is a useful function of GeneralBlock. In practical rock en-
gineering, when a fault is encountered by a borehole or an exploration tunnel, the
engineering geologist is often confronted with the problem of predicting where the
fault would be reencountered by other excavations.

Figure 2 shows the example traces shown in this figure are the traces of main faults
in vaults on excavation of underground powerhouse in the Three Gorges Project.

3.3 Identifying Blocks and Displaying Results

The calculation of block identification completes the following tasks: block identifi-
cation, volume calculation, block classification, removability analysis, sliding fracture
determination, and force calculation (sliding force, friction, cohesion, and sup-
port).After the completion of block identification, the user can investigate the results.

Figure 3 shows the window displaying the results of block analysis. All of the
blocks are listed in the table and sequenced according to their volumes. The type,
volume, safety factor, sliding fracture, sliding force, friction, cohesion, and the sup-
port forces provided by rock bolts and anchor cables of each block are displayed in
the table. All data of block results save in the file “Result table.dat”.

4 Conclusion

GeneralBlock has been developed for identifying and analyzing the rock blocks
formed by complex excavations and finite-sized fractures. It is a useful software tool
in many ways for the study of fractured rocks. It may be used to identify and analyze
the stability of rock blocks arising from rock excavation. It may also be used to inves-
tigate the size and geometry of rock blocks, two important factors affecting the me-
chanics of fractured rocks.



GeneralBlock was developed in C++ with a friendly user interface. In the program,
the modeling domain or the excavation can be very complex in shape, such as slopes,
tunnels, underground caverns, or their combinations. The heterogeneity of the materi-
als was taken fully into account. Both the rocks and the fractures can be heterogene-
ous. The fractures can be either deterministic fractures obtained from a field survey,
or random fractures generated by stochastic modeling. The program: identifies all of
the blocks formed by the excavations and the fractures; classifies the blocks and out-
puts a result table that shows the type, volume, factor of safety, sliding fractures, slid-
ing force, friction force, cohesion force, and so on, of each block; and outputs three-
dimensional (3D) graphics of each block. With GeneralBlock, rock anchor and anchor
cable design can be performed with the visual assistance of 3D graphics of blocks and
excavation faces. The anchors, cables, and blocks are shown within the same window
of 3D graphics. Consequently, the spatial relationships between the blocks and the
anchors and cables are very easy to understand.
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Fig. 3. The window displaying the results of block analysis (3D graphics of blocks in vaults of
underground powerhouse in the Three Gorges Project using GeneralBlock)
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