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a b s t r a c t

Scanline surveys consist of directional and qualitative measurements of rock discontinuities. These

surveys are used in geologic and engineering investigations of fractured rock masses. This paper

introduces a new MATLAB script developed for visualizing results from scanline surveys as traces in 2D

and disks in 3D. The script is also able to cluster orientation data and to present statistical summaries

and to reflect the change in degree of rock brokenness along the scanline. Advantages of this new

script are that it can present undulating discontinuities as wavy surfaces and different discontinuity

properties using color codes. An intensity rose diagram is utilized to visualize interdependency of

certain properties and orientation. This new script has a potential for preprocessing vast amounts of

scanline and oriented drill core logging data before using it in 3D discontinuity network modeling. The

script is demonstrated using data concerning rock fracturing gathered from a dimension stone quarry in

Southern Finland.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Discontinuity surveys are a fundamental component of rock
quality estimation, hydrological modeling, and many other fields
in rock engineering (Wu et al., 1999; Grenon and Hadjigeorgiou,
2003a; Black, 1994). In 1978 the International Society of Rock
Mechanics (ISRM) specified scanline survey as an objective
method for recording and describing rock fracturing on an out-
crop, meaning that the results of a scanline survey are relatively
objective. In contrast, describing only the discontinuities which
seem to be important can be considered as a subjective method
of surveying the fracturing. The scanline logging method is
described in detail by Priest and Hudson (1981) and ISRM (1978).

Statistical estimation of the discontinuity network at depth
within the rock mass relies on observations made on the surface
and drill holes. Observations made on the rock wall are more
comprehensive, because the dimensions of the discontinuities are
better recorded. A scanline method, for collecting such data, has
been recommended by Grenon and Hadjigeorgiou (2003b).

The scanline survey method is common in gathering informa-
tion for the discrete element method (DEM) to model deformation
processes and for a discrete fracture network (DFN) to model
hydraulic behavior of fractured media (Chesnaux et al., 2009).
Results of a scanline survey can be visualized in 2D and 3D using
ll rights reserved.
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softwares developed for the above applications. One software
developed purely for visualizing rock mass is linear isometric
projection of rock mass (LIP-RM, Turanboy and Ulker, 2008),
which simulates the discontinuities as planar and persistent
surfaces inside the domain. PETREL software (Schlumberger;
PETREL, 2007) can be used for visualizing the discontinuities as
equal sized disks along the measuring line and for analyzing the
discontinuity sets for subsequent DFN modeling utilizing Golder
algorithms (Golder Associates) as presented by Chesnaux et al.
(2009). Scanline survey is also used to gather initial data for
modeling stone blocks in optimizing dimension stone quarrying.
3D-BlockExpert software (Mosch et al., 2010) builds blocks using
information from three orthogonal scanlines. Discontinuities
are considered as persistent planes. These published softwares
have two common deficiencies: describing the discontinuities as
straight planes, and extending the simulated discontinuities
throughout the model, although they are important factors in
defining rock mass quality. Even Turanboy and Ulker (2008)
criticized these aspects of the LIP-RM software they developed.
FracMan (Golder Associates) discontinuity DFN simulation soft-
ware takes into account also discontinuity size distribution
(Zhang and Einstein, 2000). As the visualization and analysis of
the scanline data are drawn to DEM and DFN discontinuity
network modeling, many of the surface properties (for instance,
roughness and undulation) are not utilized in the visualizations.

In the present paper the aim was to develop a MATLAB script
to visualize and analyze scanline measurements, which takes into
account also undulation and trace lengths of the discontinuities.
The undulating discontinuities are presented as wavy and the
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Fig. 2-2. Discontinuities’ apparent dip can be used for 2D visualization of tight

discontinuities, whose orientation cannot be measured otherwise. Trace lengths

above and below the scanline are important parameters of discontinuity visuali-

zation, and are used to calculate the midpoint of the trace.
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straight discontinuities as planar spheres or disks. In this work,
visualization aspects were emphasized; discontinuities in 3D
visualizations are color coded to indicate their properties such
as roughness or discontinuity set. In stereographic projection the
sets are distinguished with the same color codes to enhance
consistency of the visualizations. In addition, the intensity rose
diagram (M MA, 2009) shows frequency of discontinuities’ prop-
erties in the orientations.

The developed MATLAB tools, Visual_Scanline2D and Visual_Scan-
line3D, need only the standard MATLAB (a registered trademark of
The Mathworks Inc.) functions. The 2D visualization can be used to
reproduce a rock wall scene of the discontinuity traces intersecting
the scanline.

The new analyzing and visualizing tools were put into a test
with scanline data from a dimension stone quarry at Mäntsälä,
Southern Finland. The quarry was chosen because of easy acces-
sibility to several excavation levels that have rock walls in two
nearly orthogonal orientations. The rock type at the area is
migmatitic granodiorite with granitic neosomes consisting about
35% of the rock, and sparse amphibolite veins, which follow the
general foliation, dipping to the east at 22 degrees. The studied
discontinuities were easily visualized and broken areas located. In
addition, the orientation of the main discontinuity sets and
discontinuity densities within were printed out, and preferred
orientations for the discontinuity properties were easily illu-
strated on rose diagrams.
Fig. 2-3. Using the orientation data of a scanline and a discontinuity, the

intersection of a discontinuity and the rock wall can be calculated for the 2D

scanline drawing. A discontinuity trace on a rock wall is seen as the dashed line on

the drawing.
2. Scanline survey

Scanline logging is a technique in which a line is drawn over
an outcropped rock surface and all the discontinuities intersecting
it are measured and described (Priest and Hudson, 1981)
(Fig. 2-1). As the parameters of the discontinuities are measured,
described and statistically analyzed, the degree of brokenness or
intactness of the bedrock may be estimated.

Scanline logging results are usually presented as a 2D drawing
of the scanline and the discontinuities intersecting it (Milnes and
Gee, 1992; Ortega et al., 2006) or more as a drawing of the whole
rock face or outcrop (Priest, 2004).

To produce a 2D or 3D visualization of the fracturing, the
following data are needed: length and orientation of the scanline,
the starting and ending points of the scanline as measured with
GPS, reading of measuring tape at a crosscut of the scanline and a
discontinuity, orientation of the discontinuities, trace lengths
above and below the scanline, wave length and amplitude of
undulating discontinuities, and apparent dips for discontinuities
which orientations cannot be otherwise measured. Fig. 2-2 shows
how apparent dip and trace lengths are measured. The midpoint
of the trace is calculated trigonometrically.

When orientations of a scanline and the intersecting disconti-
nuity are known, the apparent dip, used in the 2D line drawing,
can be calculated trigonometrically. See Fig. 2-3, where b is
discontinuity’s dip, r scanline’s trend, and a apparent dip.

Some discontinuities might be nearly parallel to the mapping
surface, or even comprise parts of the surface. In a line drawing
these discontinuities are not presented in a realistic way. A better
way to illustrate them is a 3D model.
Fig. 2-1. A view from above of a horizontal scanline on an outcropped rock wall.

Scanline measuring tape is a straight line, which touches the outcrop only at its

protruding parts. The real intersection of the scanline and a discontinuity in an

irregular rock wall must be projected to the measuring tape (dashed lines).
3D visualization of discontinuities is based on information
gathered from a rock surface and contains some unknowns. Some
generalizations therefore must be made. The discontinuities are
visualized as thin round disks, as the actual shapes of the disconti-
nuities are not known. This practice is widely used because of the
disks’ simple parametric description (for example, Zhang and
Einstein, 2000). Furthermore, the maximum length of the disconti-
nuities and their real middle points are unknown. Because the trace
lengths measured on the rock walls are the discontinuities’ longest
observable dimension, these are used as the diameter of the disks,
and the disks middle points are presumed to lie on the rock wall. It
should be noted that measured trace lengths are biased due
to relative orientation of the discontinuities and the scanline.
In addition they are biased due to discontinuities size, as larger
discontinuities are more likely to be sampled on a scanline than
smaller ones, and the smallest discontinuities are truncated and the
discontinuities extending beyond the rock wall are censored (Zhang
and Einstein, 2000). These errors should be corrected before using
the data in any DFN simulations.
2.1. Overview of scanline data and input data

Gathered information includes the following properties in the
following order: distance from the starting point (m), apparent
dip (1), trace length above the scanline (m), trace length below the
scanline (m), dip (1), dip direction (1), wave length (m), amplitude
(m), straightness (1¼straight, 2¼undulating, 3¼curvy), rough-
ness (1¼smooth, 2¼slightly rough, 3¼rough), discontinuity
type (1¼open, 2¼closed, 3¼filled, 4¼slickenside, 5¼dyke), ending
type (1¼through going, 2¼both ends visible, 3¼one end visible,
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4¼neither end visible), aperture (mm), possible mineral 1, mineral
2, and mineral 3 (codes from 1 to n) on discontinuity surface.

Aperture and codes allocated to different classes of straight-
ness, discontinuity type, ending type, roughness, and possible
discontinuity filling minerals may be used to classify and color
code the disks in the 3D visualization. Also any other predefined
properties may be used as a basis for the classification. Other
properties are used for generating the drawings and in statistical
analysis.

2.2. 2D and 3D objects

Large scale roughness or undulation of discontinuity surfaces
plays an important role in defining surface friction parameter Jr

in the Q-system (Barton et al., 1974). Undulation can easily be
shown in the illustrations, if its parameters (wave length and
amplitude) are measured during scanline mapping.

The lines representing the discontinuities in the 2D visualiza-
tion were created between the calculated end points of disconti-
nuities. The curves representing the wavy discontinuities were
created as sine curves along the trace length using the same wave
length and amplitude measured in the field using the following
equation:

Y ¼ amplitudensinððtracelength=wavelengthn2pÞ: ð1Þ

The curves were then moved to their real locations according to
the calculated middle points of the discontinuities and rotated to
the orientation observed in the field.

In the 3D visualization the straight discontinuities were pre-
sented as disks which have a diameter equal to the measured
trace length and orientation as observed in the field. Disks are
drawn using 128 equally spaced points to represent their edges.
To create the wavy surfaces, a square shaped grid was used. Trace
length was used as the size of the grid, and the z dimension was
calculated using Eq. (1). Points further away from the center point
of the discontinuity were deleted from the grid leaving a spherical
grid remaining. An illustration of the method is shown in Fig. 2-4.
The grid was moved to the calculated center point of the
discontinuity and rotated to the measured orientation. The user
can define the density of the grid and can therefore influence the
computing time and the resolution of the illustration. Recom-
mended resolution for the first computation with a new data set
is 0.1 m to secure a short calculation time.

2.3. 2D analysis

Numerical calculations concerning fragmentation of the rock
mass along the scanline can be carried out based only on the
Fig. 2-4. Undulating surfaces were created as grids. (A) Cells outside the radius of the di

as a sine function of the amplitude and wave length of the discontinuity.
location of the intersections of the scanline and discontinuities. The
results can be easily presented in 2D above the scanline as columnar
bars. With this software the user may view the number of
discontinuities or Rock Quality Designation (RQD) (Deere, 1963).
2.4. Statistical tools for directional data

Statistics of the discontinuity analysis can be viewed from a
tree type MATLAB structure named RESULTS. Grouping of dis-
continuities into discontinuity sets and characterization of their
orientations are important parts of rock engineering. The struc-
ture therefore contains information about the scanline and the
discontinuity sets.

Information about the scanline contains properties such as
length, dip, and dip direction, and x, y, and z coordinates of scanline’s
starting point. Information given out concerning the discontinuity
sets is their mean dip and dip direction, number of discontinuities
within the set, mean trace length and standard deviation, disconti-
nuity spacing and density along the scanline, and orientation
corrected discontinuity spacing and density calculated perpendicu-
lar to the mean orientation of the particular set.

The trace length and discontinuity spacing data need to be
corrected due to some geometrical errors, censoring effect, and
the effect caused by the scanline length (La Pointe and Hudson,
1985; Hofrichter and Winkler, 2006; Priest and Hudson, 1981;
Sen and Kazi, 1984). Here only geometrical errors have been
corrected, because other corrections need a distribution analysis
before correct processing can be applied.

Orientation dependency of discontinuity properties is visua-
lized here with stacked rose diagrams. In addition to presenting
the number of discontinuities in a certain direction, the orienta-
tion sectors are divided into smaller pieces representing the
number of observations of properties such as trace length and
surface roughness.
2.4.1. The grouping method

Classification clustering of directional data is particularly used in
structural geology and rock engineering. Various methods have been
developed, starting from Schmidt’s counting method on stereo-
graphic plots (Schmidt, 1925). Later the kernel density estimation
was introduced (Priest, 1994; Duda and Hart, 2000), and a counting
method which minimized an objective function (Shanley and
Mahtab, 1976) and uses optimization of a probability function on
a sphere (Wallbrecher, 1978) was developed. The automated expert
supervised method was developed by Pecher (1989). Dershowitz
et al. (1996) later developed the stochastic reassignment method to
scontinuity were deleted from the grid. (B) Z coordinate on the grid was calculated



Fig. 2-5. An example of grouped pole vectors on a unit sphere with dip 90 at the

top and 0 at the bottom.
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partition vectors. Hammah and Curran (1998) used fuzzy logic and
the similarity measure to generate the clusters.

In Visual_Scanline3D, the Kmeans method is used to cluster
directional data into user-defined number of groups around initial
center points given by the user. One group is reserved for the
random discontinuities. Details of the method are given later. The
user may correct clustering within a user interactive window. The
possibility for the user to change the grouping is essential,
because the data might be sparse and unrepresentative which
hinder automatic grouping. The user may also cluster the data
with other programs, and import the clustering results. The
division of discontinuities into different sets is utilized in visua-
lizing the discontinuities with different colors and as a basis for
statistical analysis of the gathered data, and the related geome-
trical corrections.

The K means method is a learning algorithm, in which the
given K number of clusters competes to own their share of the N

data points in an I dimensional space, in which the dimensions
represent the discontinuity properties given. Each cluster has a
mean value, which the user gives at the beginning of the iteration,
by pointing them from a stereographical projection of the dis-
continuity data. The Kmeans algorithm calculates the distance
between points and works iteratively in two steps. First the data
are grouped with the nearest means. Then the means are
calculated again for the groups. Then the steps are repeated until
the assignments do not change. The method is explained in detail
by MacKay (2003).

Here grouping was carried out on the pole vectors, which can
be calculated in a Cartesian coordinate system from dip and dip
direction of the discontinuity surface as follows:

y¼ cosðdipdirþ1801Þcosð901�dipÞ North direction,

x¼ sinðdipdirþ1801Þcosð901�dipÞ East direction,

z¼ sinð901�dipÞ Downward: ð2Þ

The Kmeans grouping method relies on distances between
points. As the points are scattered on a sphere, arclength,
recommended to be used as the distance measure by Klose
et al. (2005), was adopted. Arclength DS between the normal
vectors of a discontinuity N and the center point of a cluster Nclu
was calculated along the unit sphere’s surface

DsðN,NcluÞ ¼ ðarccosðNUNcluÞÞ2, ð3Þ

where � is dot product of the two vectors.
The results of the data grouping according to orientation

are visualized not only on a stereographic projection, but also
on a spherical surface, on which dip is plotted on the vertical
axis ranging from 01 at the bottom of the sphere to 901 at the
top of the sphere. Fig. 2-5 presents an example. Azimuth is
plotted on x and y axes in the usual manner. The advantage
of this visualization compared to more common stereographic
projection or pole vectors on a lower hemisphere presentation is
that the data seem continuous in a 3D visualization as it is drawn
around a sphere, and different orientations are divided onto a
greater surface.

The unit vector’s coordinates on this spherical surface are
calculated with the following formulas:

x¼ cosðarcsinðzÞÞnsinðdipdirþ180Þ

y¼ cosðarcsinðzÞÞncosðdipdirþ180Þ

z¼ ðdip�45Þ=45: ð4Þ

2.4.2. Mean orientation

The mean orientation of the discontinuities belonging to the
same discontinuity set were calculated as presented by Hammah
and Curran (1998) from eigenvectors associated with the highest
eigenvalue of orientation cosine matrix of discontinuities in
the set.

First the orientation cosines were calculated with the follow-
ing formulas:

x¼ cosð90�dipÞnsinðdipdir�180Þ

y¼ cosð90�dipÞncosðdipdir�180Þ
, if dipdir4180 ð5Þ

x¼ cosð90�dipÞnsinðdipdirþ180Þ

y¼ cosð90�dipÞncosðdipdirþ180Þ
, if dipdiro180

z¼�sinð90�dipÞ:

Then orientation cosine matrix was calculated using the
formula

S¼

XN
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j ¼ 1

xjyj
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xjzj
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3
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, ð6Þ

where N is number of discontinuities belonging to the same group.
The orientation matrix was normalized with the number of

discontinuities in the set, and eigenvalues were calculated. An
eigenvector (xeig, yeig, zeig) associated with the highest eigenvalue
was calculated, and the mean orientation of the discontinuity set
was derived with the following formulas:

SetDip¼ 90�9arcsinðzeigÞ9 ð7Þ

SetDipDir¼ 9arctanðxeig=yeigÞ9, if xeig40 & yeig40

SetDipDir¼ 180�9arctanðxeig=yeigÞ9, if xeig 40 & yeigo0

SetDipDir¼ 180þ9arctanðxeig=yeigÞ9, if xeig o0 & yeigo0

SetDipDir¼ 360�9arctanðxeig=yeigÞ9, if xeig 40 & yeigo0:

2.4.3. Discontinuity spacing

Discontinuity spacing is calculated within each discontinuity
set. The distance between the discontinuities in the same set can
be calculated from the data gathered in the scanline mapping
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using an orientation correction factor. The angle (C) between the
scanline and the mean orientation of a discontinuity set is
calculated with the dot product of these vectors, and then the
correction factor (CF) is calculated with the formula

CF ¼ 9cosðcÞ9: ð8Þ

The CF remains always above 0.2, as suggested by Hofrichter
and Winkler (2006) to avoid exaggeration.

Interdiscontinuity distances are printed to the RESULTS struc-
ture, and plotted as a box-and-whiskers diagram for each dis-
continuity set. An inverse is taken from the mean distance to
obtain the discontinuity density.

2.4.4. Trace length

All observed trace lengths are presented as a histogram. For
each discontinuity set, trace lengths are plotted as a box-and-
whiskers diagram, and average values and standard deviations
are calculated. In addition, trace lengths are divided into groups
with 1-m intervals, which are used for visualizing the preferential
orientation of trace lengths in an intensity rose diagram. Dis-
continuities which have a shallower dip than 451 were excluded
from the intensity rose diagram. This is because these disconti-
nuities may belong to a nearly horizontal group, where the actual
dip direction may change arbitrarily.

2.5. Presentation of the results

Together with the 2D visualization of the discontinuities,
numerical information gathered along the scanline can be pre-
sented above the scanline as columnar bars. Here the number of
discontinuities per meter and RQD values can be shown with a
half meter interval as seen in Fig. 3-3.

In case only trends of discontinuities are measured, the results
can be presented as polar histograms known as discontinuity
rosettes. When trend and plunge are measured, the results can
be presented on a stereogram (La Pointe and Hudson, 1985).
A stereographic projection is used to show relationships between
the major discontinuity planes (Khanlari and Mohammadi, 2005).
Graphic 2-1. Workflow of 2D
Other commonly used ways to present data are a frequency
diagram representing the dip angles of discontinuities and pole
plot net (Khanlari and Mohammadi, 2005; Milnes and Gee, 1992).
The first is used for defining the preferred discontinuity orienta-
tions and the latter is used to define number of discontinuity sets,
and their trend and plunge (Khanlari and Mohammadi, 2005).

Because humans are visual beings, understanding the fracturing
of rock mass should also be presented as a 2D or 3D visualization in
addition to the statistics. 2D visualization can be a simple line
drawing representing the discontinuity traces on the rock wall.
Some of the discontinuities can be nearly parallel to the mapping
surface, or even comprising parts of the surface. In such cases a 2D
line drawing does not present these discontinuities in a realistic
way, and a 3D visualization of the discontinuity surfaces would be
easier to understand.

Graphic 2-1 presents the workflow of making 2D and 3D
visualizations with the tools presented here.

2.6. Export facility

The visualized disks are exported to text files for subsequent
use in other programs utilized in, for example, civil engineering or
quarry planning. Exported information includes center point
coordinates and edgepoint coordinates. These data are automati-
cally written into files identified with the number of the dis-
continuity or they can be viewed on a spreadsheet in MATLAB.
3. Results

Four approximately horizontal scanlines were placed on the
rock wall of three different levels and on different sides of the
quarry (Fig. 3-1). Two scanlines (Nos. 3 and 4) were nearly
perpendicular to the others. Details of the scanlines are listed
in Table 3-1.

Locations of scanlines from 4 up could not be measured
exactly with GPS, because the high rock walls prevented connec-
tion to sufficient number of satellites. Their dips, for example,
could therefore not be determined exactly.
and 3D visualizations.



Fig. 3-1. Scanlines on the rock faces (A) on the southern wall and (B) on the northern wall of the Mäntsälä dimension stone quarry.

Table 3-1
Details of the scanlines at the Mäntsälä quarry case study.

Trend (deg.) Plunge (deg.) Length (m) Number of

discontinuities

Scanline 1 230 Rising (þ)4.4 33 62

Scanline 2 238 Descending (�)1.6 23 61

Scanline 3 328 Descending (�)1.7 15 44

Scanline 4 333 Horizontal 0.0 20 57

Fig. 3-2. 2D drawing of the discontinuities intersecting Scanline 4. The gray sheet illustrates the rock wall, and the thick dashed line the scanline.
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The reader may test the 2D and 3D visualization scripts with
Testdata.txt, which is the data from Scanline 4. Contents of the
Testdata.txt are as listed in Section 2.1.

3.1. 2D visualization and analysis

The discontinuities intersecting the scanlines were visualized
first in 2D as line drawings (Fig. 3-2). Undulating discontinuities
are presented as wavy lines, the geometries of which are based on
the field observations. Instructions for making similar visualiza-
tions can be found in Manual.txt.

In Fig. 3-3 a bar diagram showing the number of disconti-
nuities cross cutting the scanline is drawn above the scanline
with a 0.5-m interval. The legend is automatically scaled to the
maximum. A similar illustration is also made for RQD value.

3.2. Orientation analysis

The main discontinuity sets were defined by presenting the
orientations measured in the scanline survey in a stereoplot.
Fig. 3-4A presents an example of automatic clustering, in which
some of the random discontinuities (diamonds) were grouped into
the discontinuity set indicated with triangles. The results corrected
by a hand-picking tool are presented in Fig. 3-4B; random disconti-
nuities are within one group, poles also on opposite sides of the
stereogram are taken into account, and discontinuities in the main
joint sets are delimited to have 7101 fluctuations in dip direction
and 7151 in dip.

Rose diagrams were drawn with DIPS by Rocscience to visualize
the strikes of discontinuities in the different scanlines (Fig. 3-5). This
property is not included inVisual_Scanline3D functions. Scanline 3,
which is perpendicular to Scanlines 1 and 2, presents a differentiat-
ing rose diagram. Discontinuities parallel with Scanlines 1 and 2 are
better represented in Scanline 3. In contrast, Scanlines 1 and 2 better
represent the discontinuities parallel to the wall on which Scanline
3 was situated.

The rose diagram method was also used in Visual_Scanline3D for
presenting commonness of properties in the direction of different
strikes. In Fig. 3-6 roughness of the discontinuity surfaces is
presented in the same scanlines as in Fig. 3-1A. It can be seen that
the roughest surfaces are orientated in southeast–northwest, and
the smoothest orientated in a northeast–southwest direction. Only



Fig. 3-3. Number of discontinuities per meter is visualized above Scanline 4 as a bar diagram.

Fig. 3-4. Main discontinuity sets defined by stereoplots of the orientations of the discontinuities intersecting the Scanline 4. (A) Result of automatic Kmeans clustering

with user-defined centroids of the discontinuity sets. (B) User-corrected discontinuity sets.

Fig. 3-5. Rose diagrams depicting the preferential orientations of the discontinuities intersecting Scanlines 1, 2, and 3. Images are drawn using Dips by Rocscience.
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discontinuities where dip is greater than 451 are taken into account
in Fig. 3-6 to make it comparable with Fig. 3-5.

3.3. Statistical analysis

Statistical analysis within the discontinuity sets is carried out
with Visual_Scanline3D. Table 3-2 presents results of statistical
analysis of Scanline 4, the Testdata.txt. Five discontinuity sets
were found along Scanline 4. It seems like the three main
discontinuity sets and the horizontal set have been utilized in
the quarry planning, because their orientations are parallel or
nearly orthogonal to the quarry’s walls. Set 6 contains the random
discontinuities. This set’s orientation and orientation-corrected
discontinuity spacing and density are italicized, because they are
unreliable due to orientation’s high variation within the group.

3.4. 3D visualization

This section will be presenting making the 3D visualizations
with Visual_Scanline3D. Undulating discontinuities are presented
as wavy surfaces, the geometries of which are based on the field
observations. Instructions for drawing similar visualizations can
be found in Manual.txt.

Fig. 3-7 represents a 3D drawing of the discontinuities in
Scanline 4. Color coding of the discontinuity sets is based on the
division in Fig. 3-4. Similar visualizations can be drawn for other



Fig. 3-6. Intensity rose diagrams showing roughness in Scanline 1, 2, and 3.

Table 3-2
Results of statistical analysis of Scanline 4.

Set 1 Set 2 Set 3 Set 4 Set 5 Set6 (random)

Dip (deg.) 76 83 77 77 26 74

Dip direction (deg.) 327 034 347 288 086 160

Number of discontinuities 13 9 8 5 2 18

Mean trace length (m) 1.96 2.31 1.50 1.22 1.66 1.37

Standard deviation 1.90 1.82 1.99 0.84 0.48 1.27

Discontinuity spacing (m) 1.62 1.91 1.18 3.08 0.67 1.00

Discontinuity normal spacing (m) 1.36 0.38 0.74 2.96 0.26 1.00

Discontinuity density (1/m) 0.62 0.52 0.85 0.32 1.49 0.71

Discontinuity normal density (1/m) 0.74 2.62 1.36 0.34 3.90 1.42

Italicized fonts indicate unreliable results within the set containing random discontinuities.

Fig. 3-7. 3D drawing of the discontinuities in Scanline 4. Discontinuity sets are

color coded according to division in Fig. 3-4.
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properties, such as discontinuity type, ending type, roughness,
and wall outline.

Some properties can be presented only with one color indicating
the existence of that property on the discontinuity surface, because
their classification would depend on the user. Such properties are
openness and discontinuity filling mineral. Discontinuity filling
minerals differ from one study site to another. Thus the user may
change the list of minerals addressed to each code.
4. Conclusions

The visualizations and analysis results of the developed 2D and
3D MATLAB tools can be used to infer rock mass quality
parameters locally, for example, in dimension stone quarrying
or in tunneling. The advantage of the tools is that they take
into account undulation and trace lengths of the discontinuities
Undulation of the discontinuity surfaces is a common property,
which has a direct effect on its rock mechanical behavior. The
addition of discontinuity surface’s waviness could add value, for
example, to finite element method modeling if the effect of the
geometry of discontinuity surfaces on the friction were taken into
account.
In the 2D visualizations numerical parameters describing
fragmentation are drawn as a bar diagram along the scanline,
which may help locating broken areas. The 3D visualizations of
the discontinuities enhance illustration of their persistence and
interrelations of the discontinuity sets and their properties. Zoom
tool and partial transparency of the discontinuity surfaces facil-
itate more detailed examination of the visualizations. The pre-
ferred orientations for the discontinuity properties may be easily
illustrated on wind rose diagrams.

In addition, the orientation of the main discontinuity sets,
statistics of trace lengths, and discontinuity densities within may
be printed out. The trace length statistics still contain many biases.
One of them is caused by relative orientation of the scanline and the
discontinuity set, another one by the greater probability of the larger
discontinuities to be cut by the scanline than the smaller ones. Also
truncation of the shortest discontinuities and censoring effects cause
bias (Zhang and Einstein, 2000).

2D visualization of discontinuities is convenient when only a
trace of the discontinuities is observable and actual orientation is
difficult to measure. This may be the case with tight, filled, or healed
discontinuities. For example, in totally healed discontinuities the
actual fracture does not exists anymore, but is healed with quartz,
calcite, or other minerals to be as hard as the surrounding rock.
Measuring discontinuity’s orientation can be difficult also in tunnels
excavated with smooth blasting or with a tunnel boring machine.
The apparent dip of these discontinuities can still be recorded and
visualization is possible. On the other hand 3D visualization presents
the relationships of the discontinuities better than a line drawing.
However only the discontinuities on which orientations were
successfully measured can be displayed.

One advantage of 3D visualization is that the discontinuities
parallel to the rock wall can be represented. In addition, the
properties of the discontinuities were presented using color codes
in the 3D drawings. This enhances the viewer’s impression of
interrelations between structures and properties at a glance.
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Even though several extensive commercialized 3D softwares
are available, this script justifies itself by its availability and by
allowing the users to study their data with minimum resources.
This new tool may be used in finding spatial interdependencies
between orientation and properties, i.e., to preprocess scanline
and drill core logging data before using it in DFN modeling. The
script may also be further developed according to personal
interest, or it can be taken into other formats. The computing
language is straightforward, well explained, and does not contain
any functions protected by Mathworks’ patents.

Scanline mapping is commonly carried out in three orthogonal
orientations to obtain a good representation of all of the dis-
continuity sets. Therefore it would be beneficial to present and
analyze data simultaneously from several scanlines—which is a
drawback of the developed script. In addition, only straight parts
of a scanline can be visualized at the same time, although curved
scanlines are common. Nevertheless a skilled user may use parts
of the script to visualize any directional data, for example,
schistosity, when coordinates of the observations are known.
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