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Abstract 

The variability in a rock mass must be considered in geotechnical engineering analyses and designs. Discrete 

fracture network (DFN) modelling accounts for structural variability in a rock mass, providing a valuable tool 

that may be used in various geotechnical applications. 

DFNs provide a statistical representation of the rock mass discontinuity system by the stochastic generation 

of discontinuity sets. This is based on structural data collected in the field from boreholes or by mapping 

exposures. DFN generation therefore involves structural data collection from which discontinuity sets may be 

defined. Each discontinuity set within a single structural domain is characterised using statistical distributions 

to describe the orientation, spacing, and trace lengths of the discontinuities, which are used to provide input 

parameters for DFN generation. The quality of a DFN therefore relies on the quality of the field data and its 

interpretation. 

This paper reviews the various approaches available to collect structural data for DFN generation. The 

advantages and limitations of each method is given, and data collection and analysis strategies are outlined.  

Keywords: structural data collection, discrete fracture network modelling 

1 Introduction 

In rock engineering design uncertainty and variability needs to be accounted for either implicitly or explicitly 
(Wesseloo & Joughin 2020). In many applications the variability within a rock mass has a significant influence 
on the design and needs to be quantified. One way of accounting for the variability of the rock mass 
discontinuity fabric is through the development of a discrete fracture network (DFN). 

DFN modelling approaches are used in several applications in hydro-geological and geotechnical contexts in 
both underground and open pit environments, as is evident from the International Discrete Fracture Network 
Engineering conference series. Specific geomechanics applications include: 

• Underground stability analyses (e.g. Esmaieli et al. 2010, 2013; Grenon & Hadjigeorgiou 2003; 
Grenon et al. 2015; Rogers et al. 2017). 

• Open pit stability analyses (e.g. Montiel et al. 2020; Valerio et al. 2021; Weir & Fowler 2016). 

• Ground support design (e.g. Hadjigeorgiou & Grenon 2017b). 

• Numerical modelling (e.g. Esmaieli et al. 2010, 2013; Muaka et al. 2017; Vyazmensky 2008). 

• Fragmentation assessments (e.g. Elmo et al. 2014; Rogers et al. 2010). 

Vakili et al. (2014) defines a DFN as a stochastic representation of rock mass discontinuities that are simulated 
by computer code, based on the statistical distributions of discontinuity data gathered in the field. 

In this paper we distinguish between a DFN model, and a DFN. Conceptually, a DFN model is a statistical 
model that captures the spatial variability of the discontinuity fabric of the rock mass. A DFN model is fully 
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defined by a set of statistical input parameters and the fracture system model (e.g Baecher, Veneziano, refer 
to Staub et al. (2002) for a review of different models). With a single set of DFN input parameters, many 
different fracture networks can be generated. Each of these DFNs consist of a combination of discontinuities 
that satisfies the desired statistical parameters. Each DFN, therefore, is a different realisation of the DFN 
model satisfying the same statistical characteristics defined by that DFN model. 

The purpose of the DFN model therefore, is to capture the variability of the discontinuities in a rock mass, 
leaving the designer to deal only with the uncertainty component. The way the designer deals with 
uncertainty is dependent on the scale of application and interpretation. For problems where the model is 
applied at a scale many times larger than the representative elementary volume (REV) it may be sufficient to 
perform analysis on only a few different DFNs, whilst for applications where the problem size is in the same 
order as the REV size, multiple analyses will need to be performed on multiple DFNs. This is the case for 
support design applications (Grenon et al. 2015, 2017; Hadjigeorgiou & Grenon 2017a). Conceptually, the 
REV is the smallest volume with behaviour representative of larger volumes. For more information on REV 
refer to (Esmaieli et al. 2010; Hudson & Harrison 1997; Schultz 1996). 

The statistical distribution characteristics of large structures, like fault and shears, are distinctly different to 
the smaller scale structures, although related to it through a shared structural geological history. For the 
scale of application in mining, such large structures are excluded from the DFN model (excluded from the 
definition of ‘fabric’). Where known larger scale deterministic structures from geological fault models exist, 
these may however, be input directly into a DFN (e.g. Weir et al. 2014). 

DFN modelling requires structural data of a sufficient quality and quantity. Different discontinuity sets are 
defined and each discontinuity set is characterised by statistical distributions describing their orientation, 
spacing, and trace lengths. These parameter distributions provide information necessary to define and 
calibrate a DFN model. The quality of a DFN therefore relies heavily on the quality of the field data and its 
interpretation. 

While the use of DFNs in some form or another is becoming more common and have many benefits, they are 
not routinely used by geotechnical practitioners. Reasons for this include a lack of understanding of key DFN 
input parameters and limited guidelines on how each parameter may be validated (Vakili et al. 2014) and 
calibrated. There is also uncertainty around structural data requirements and the data collection methods 
that may be adopted to acquire DFN parameters. In addition, traditional structural data collection methods 
such as scanline mapping and joint logging are time consuming and are thus not often employed at operating 
mine sites. This results in limited data being available for use in DFN generation.  

In this paper, the common approaches available to collect structural data are reviewed. The advantages and 
limitations of each method for obtaining the required DFN input parameters are outlined and summarised. 
Data collection and data analysis strategies are also discussed. 

2 DFN models 

2.1 Fracture systems models 

For the generation of a DFN, a spatial model that governs the way fractures will be generated within a given 
3D volume is required. Examples of fracture spatial models include Baecher, Enhanced Baecher, nearest 
neighbour and Fractal Levy-Lee. A discussion of these models is outside the scope of this paper and the 
interested reader is referred to Staub et al. (2002) and Dershowitz and Einstein (1988). For the purpose of 
this paper we will limit our discussion with respect to the Baecher model (Baecher 1983) and its required 
input parameters. 
 

DFNs are generated using input parameters derived from data characterised for separate discontinuity sets 
within a given structural domain. Input parameters for the Baecher model include fracture orientation, 
intensity, and size. These parameters are briefly described below. 
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2.1.1 Orientation 

In geotechnical applications, the orientation of discontinuity data is defined by dip and dip direction. This 
information may be obtained from borehole data or by mapping exposures. Stereographic projections are 
routinely employed to visualise discontinuity data. Commercially available software facilitates the 
identification and definition of discontinuity sets, which may then be assigned to structural domains. 

The distribution of the discontinuity orientation data is undertaken using the approach originally proposed 
by Fisher (1953) and summarised by Priest (1993), which provides a valuable model due to its simplicity and 
flexibility (Potvin & Hadjigeorgiou 2020). Priest (1993) notes however that it is a symmetric distribution, and 
consequently provides only an approximation for asymmetric data. 

2.1.2 Intensity 

Dershowitz & Herda (1992a) defined a system of fracture intensity measures of different dimensions 
applicable to a special joint set distribution. This is summarised and modified by Rogers et al. (2017) in 
Table 1. Fracture intensity measures are referred to as Pij, where the subscript i refers to the dimensions of 
a sample and the subscript j refers to the dimension of measurement. An in depth discussion of the fracture 
intensity measures can be found in Dershowitz & Herda (1992a). 

Table 1 The Pij system of fracture intensity (modified after Rogers et al. 2017) 

   Dimension of measurement 
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 1 Length (m) 
P10 (m-1)  
No. of fractures 
per length 

P11 (m-1) 
Length of 
fracture traces 
per length 

  

2 Area (m-2) 
P20 (m-2) 
No. of fractures 
per area 

P21 (m-1)  
Length of 
fracture traces 
per area 

  

3 Volume (m-3) 
P30 (m-3)  
No. of fractures 
per volume 

 
P32 (m-1) 
Area of fractures 
per volume 

P33 ( – ) volume 
of fractures per 
volume 
 

The preferred method of fracture intensity for the generation of a DFN is P32 (fracture area/unit volume) 
(Rogers et al. 2017). P₃₂ is an intrinsic property of the rock mass and cannot be measured in situ (Weir 
& Fowler 2016). P₃₂ can be estimated by multiplying P₁₀ and P₂₁ with conversion factors (Dershowitz & Herda 
1992b; Wang 2005). Since the value of P₃₂ cannot be measured directly it needs to be calibrated after initial 
estimation. 

It is important to note that the intensity measure P32 is independent of the size of the fracture set. A fracture 
set with large persistence and larger spacing can have the same fracture intensity parameter P32 than a set 
with smaller spacing and shorter persistence. To correctly characterise the fracture network, the size 
distribution of fractures must also be defined. 
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2.1.3 Size 

Fracture size is typically the most difficult parameter to quantify since it cannot be directly measured. The 
Baecher model assumes the fractures to be circular and requires a mean fracture diameter per discontinuity 
set as an input to quantify persistence. Statistical fracture size measures are estimated and calibrated against 
trace length data, which act as a footprint for 3D discontinuities as they intersect sampling planes. 

Trace length may be defined as “the length of a fracture trace formed as the intersection between a fracture 
and 2-d sampling line” (Mauldon & Dershowitz 2000). This is a difficult property to measure, as there is 
limited exposure in underground excavations. Furthermore, trace length cannot be derived from borehole 
data, due to the small diameters of the core (usually <63 mm). Trace length is subjected to four major biases 
due to sampling errors. These include orientation bias, size bias, truncation bias, and censoring bias. These 
should be corrected when estimating the mean trace length for an infinite surface. This may be achieved by 
applying the analytical solution provided by Zhang & Einstein (1998). 

3 Structural data collection 

Structural data collection is essential to characterise structures and provide the input parameters necessary 
to achieve a calibrated DFN. The two basic approaches to collect structural data are via borehole core and by 
mapping exposures. Borehole data collection methods are structural logging and the use of geophysical in 
hole tools. Mapping includes traditional approaches (scanline and window mapping) and the use of digital 
techniques (photogrammetry and light detection and ranging (LiDAR) scans). These approaches are described 
and discussed below. 

3.1 Data collection from boreholes 

In the early stages of a project when rock exposures are not available, structural logging is generally 
undertaken. Geophysical methods may also be adopted at this stage. 

3.1.1 Structural/joint logging 

As described by Potvin & Hadjigeorgiou (2020), structural logging focuses on characterising and obtaining 
orientation data for every discontinuity intersecting the core. In this method, inclined boreholes are used, 
and orientation techniques are employed to mark a reference/orientation line on the core (Figure 1). 

 

Figure 1 Orientation line marked on borehole core 

Discontinuities present in the core are measured in the form of alpha and beta angles from which dip and 
dip direction may be calculated, based on the orientation line and orientation of the borehole. The alpha 
angle is defined as the acute angle measured from the core axis to the tip of the discontinuity (Potvin 
& Hadjigeorgiou 2020). The beta angle is a circumferential measurement typically taken from the orientation 
line to the tip of the joint (Figures 2a and 2b). It is important to note that the way the beta measurement is 
taken can vary for different mine sites. This is illustrated in Figures 2c and 2d, where the beta measurement 
is taken from the tip of the joint to the orientation line, in either a clockwise or counter clockwise direction. 
Due to the variations in the way the beta angle may be measured, it is critical to note the beta measurement 
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method during the logging process, to ensure that this is accounted for in the dip and dip direction 
calculations correctly. 

 

Figure 2 Beta measurements methods. (a) Counter clockwise measurement from orientation line to joint 

tip; (b) Clockwise measurement from orientation line to joint tip; (c) Clockwise measurement from 

joint tip to orientation line; (d) Counter clockwise measurement from joint tip to orientation line 

Overall good orientation data can be achieved from structural logging provided that: 

• The orientation line is reliable. 

• The beta measurement method is accounted for correctly in the dip and dip direction calculations. 

For the purposes of achieving DFN input parameters, in addition to orientation data, fracture intensity (P10) 
may also be captured, provided that every discontinuity is measured. As mentioned above, trace length 
information cannot be captured from borehole core. 

The advantages and limitations of structural logging is summarised in Table 2. 

Table 2 Advantages and limitations of structural logging 

Advantages Limitations 

Good orientation data may be achieved, (provided 
that the orientation line quality is reliable, and the 
beta measurement method is accounted for 
corrected). 

Can provide incorrect orientation results if the way 
in which the beta angle is measured is not 
communicated well or is inconsistent. 

Fracture intensity (P10) may be determined. 
Orientated core is required. This is slower and 
more costly. 

Small-scale roughness can be obtained. Large-scale roughness cannot be logged. 

Joint infill properties can be obtained. Trace length cannot be logged. 

 Time consuming. 

Overall, structural logging is a time-consuming approach, which often results in the employment of 
geophysical methods to supplement this data. 

3.1.2 Geophysical methods 

Acoustic and optical televiewers (TV) are routinely used in boreholes to capture structural data. These tools 
provide rapid and accurate high-resolution oriented images of the borehole walls (Figure 3). In this method 
the picking of structures is carried out by the televiewer operator, who then provides this data to 

Plenary session six

Caving 2022, Adelaide, Australia 1051



 

geotechnical practitioners (Gwynn et al. 2013). As this is less time consuming than structural logging, this 
method is often used as a replacement or in addition to the structural logging of borehole core. 

 

Figure 3 Optical and acoustic televiewer images (Potvin & Hadjigeorgiou 2020) 

General comments on televiewer logging is summarised by Gwynn et al. (2013) as follows: 

• TV logging should be undertaken as soon as the borehole has been completed, to reduce the risk 
of borehole collapse. 

• It is essential that the individual(s) tasked with picking structures has a good understanding of the 
survey process and associated software. Adequate training to confidently use the TV logging 
software is therefore required. 

• Core spin can cause a horizontal artefact on the borehole wall. This is picked up by the TV and may 
be mistaken for or can mask horizontal discontinuities. This can, however, be verified on the 
inspection of the core. 

In terms of achieving DFN input parameters, good orientation data may be obtained. Fracture intensity (P10) 
can also be captured, provided that every discontinuity is recorded. As with structural logging, large-scale 
roughness and trace length information cannot be captured due to the small diameter of borehole core. Joint 
strength characteristics (i.e. small-scale roughness and joint infill) also cannot be determined from this 
method; however this is not directly required for the generation of a DFN. 

The advantages and limitations of the use of geophysical methods is summarised in Table 3. 

Table 3 Advantages and limitations of geophysical methods 

Advantages Limitations 

Good orientation data may be achieved. Core spin may mask or be mistaken for horizontal 
discontinuities. 

Fracture intensity (P10) may be captured. Roughness cannot be logged. 

Less time consuming than structural logging. 
Trace length cannot be logged. 

 Should be undertaken as soon as the borehole has been 
completed, to reduce the risk of borehole collapse. 

A review of structural data collection methodologies for discrete fracture network generation D Sewnun et al.

1052 Caving 2022, Adelaide, Australia



 

3.2 Traditional mapping approaches 

Once mining commences and rock exposures become available, mapping may be carried out. The traditional 
approaches to mapping are line mapping and window mapping (International Society for Rock Mechanics 
(ISRM) 1978a). With the advances in technology, photogrammetry, and LiDAR scans have also become 
available. 

3.2.1 Scanline mapping 

Scanline mapping is a systematic, unidimensional approach that involves the use of a scanline tape (Priest 
1993). The tape is positioned in a straight line along an excavation surface (Figure 4). A detailed record is 
then made for each discontinuity that cuts through the scanline tape. Similar to boreholes, scanline mapping 
is a one-dimensional sampling technique. Information, not available from borehole data is the trace length, 
providing essential data for DFN model development and calibration. In addition to orientation data and 
trace length, fracture intensity parameters P10 and P11 can also be obtained. 

  

(a) (b) 

Figure 4 Scanline mapping. (a) Illustration; (b) Underground 

3.2.2 Window mapping 

Window mapping is a method of systematically mapping discontinuities inside a window of a fixed size 
(Figure 5). In this method, the measurement techniques are essentially the same as for scanline sampling, 
except that all discontinuities within a defined area of the rock face are measured, rather than only those 
that intersect the scanline (Priest 1993). In addition to data obtained from scanline mapping, one can also 
obtain data intensity parameters P20 and P21. Further information necessary for more complex fracture 
systems models (hierarchical model) are termination statistics. 

   

(a) (b) 

Figure 5 (a) Window mapping illustration (Potvin & Hadjigeorgiou 2020); (b) Window mapping on a 

surface exposure 
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3.2.3 Advantages and limitations of scanline and window mapping 

A clear advantage of scanline and window mapping over borehole logging techniques is that trace length 
information and large-scale roughness can be obtained. In addition to this, an overall impression of the rock 
mass conditions may be formed, due to a larger proportion of rock being exposed. 

Given that both methods require every discontinuity to be manually recorded, these methods are limited in 
that they are time consuming. These approaches are also difficult to apply in highly fractured ground, where 
there are too many discontinuities to systematically map. While this is the case, scanline and window 
mapping offer the opportunity to collect valuable structural data and provide all that is required to achieve 
the above-mentioned DFN input parameters. This is attained in the following way: 

• Dip and dip direction is recorded directly with the use of a compass or a similar instrument,
providing orientation data.

• As there is an exposure present, trace length information can be collected.

• Every discontinuity should be recorded , therefore the number of fractures per unit length (P10) and
the length of fractures intersected by the scanline (P11) can be determined for scanline mapping.
P20 (i.e. number of fracture per area) and P₂₁ (i.e. the trace length per unit of mapped area) can be
obtained from window mapping.

A summary of the advantages and limitations of scanline and window mapping is given in Table 4. 

Table 4 Advantages and limitations of scanline and window mapping 

Advantages Limitations 

Overall impression of rock mass conditions. Time consuming. 

Allows for the collection of trace length data. Difficult to apply in highly complex rock masses. 

Joint strength properties can be collected. 

Large-scale joint roughness can be collected. 

Joint orientation (dip and dip direction) can be 
obtained. 

Fracture intensity may be determined: 

• P10 and P11 from scanline mapping.

• P20 and P21 from window mapping.

3.3 Digital mapping techniques 

With advances in technology, digital mapping using photogrammetry and LiDAR scans has become available 
to obtain structural data.  

3D photogrammetry involves the processing of stereo pairs of photographs to generate 3D images 
(Figure 6a). Structural data is gained by the interpretation of the 3D images using commercially available 
software such as Sirovision, ShapeMetriX3D, and the 3DM Analyst Mine Mapping Suite.  

LiDAR scanning uses a transmitted and reflected laser beam to record millions of highly accurate points in 
space (Vazaios et al. 2017). This is done to create a 3D image of the scanner’s surroundings (Figure 6b). The 
points are defined in a 3D coordinate system relative to the scanner and are known as point clouds. The 
virtual geometry formed by these dense point clouds allows the engineer to perform, on a computer, many 
geotechnical analysis tasks normally requiring sustained human access to the rock face (Fekete & Diederichs 
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2013). Discontinuity orientation measurements can be made semi-automatically (Feng & Röshoff 2015) or 
automatically (Slob et al. 2005) in the 3D surface model. 

     

(a) (b) 

Figure 6 (a) 3D face model with major discontinuity sets mapped using a 2 m radius mapping window 

(Grenon et al. 2015); (b) 3D image in perspective created from the point clouds of 13 consecutive 

scans (Vazaios et al. 2017) 

3.3.1 Advantages and limitations of digital mapping techniques 

Several authors discuss the advantages and limitations of digital mapping compared with manual 
discontinuity sampling methods (e.g. Birch 2006; Fekete & Diederichs 2013; Sturzenegger & Stead 2009). 

Advantages of digital mapping include: 

• Reduction of time and effort required for mapping. 

• Safety of the engineer or geologist performing the mapping. 

• Greater quantity of collected data, allowing more appropriate application of statistical tools. 

• Reduced bias in the measurement selection. 

• Easier access to various regions of exposures. 

• Increased accuracy of measurements. 

• Measurements are not influenced by magnetic rock. 

An inherent limitation of digital mapping techniques is that it cannot adequately capture discontinuity 
strength characteristics (i.e. joint roughness and joint infill). In addition, Potvin & Hadjigeorgiou (2020) 
indicate that analysis is hindered by the presence of surface support (i.e. mesh and shotcrete).  
In underground mines, photogrammetry also requires an external light source. As LiDAR is not subjected to 
this limitation, Vazaios et al. (2017) argues that this approach is more suitable to the underground 
environment. 

Overall, both photogrammetry and LiDAR scans allow for orientation, fracture intensity (P20 and P21) and trace 
length information to be obtained, which may be used to define DFN input parameters. As with window 
mapping, it is important that LiDAR and photogrammetry data encompasses all fractures for a given area, to 
enable one to obtain accurate intensity parameter estimates as well as representative size distributions for 
discontinuity sets. 

Examples where photogrammetry has been used to produce DFNs for geotechnical applications may be 
found in work carried out by (Grenon et al. 2015, 2017) and (Rogers et al. 2017). An example where LiDAR 
data has been used for the determination of DFN input parameters is given by Vazaios et al. (2017). 
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3.4 Summary of structural data collection methods for DFN modelling 

A summary of the structural data collection methods for establishing DFN input parameters is given in 
Table 5. 

Table 5 Summary of structural data collection methods for establishing DFN input parameters 

 

Data collection method 

Likely data 

volumes 

DFN model inputs 

Orientation Intensity Size 

Structural core logging 

 

Large  (Alpha and beta) P10  

Geophysical methods 

 

Large  P10  

Photogrammetry 

 

Medium 
 (Digital) 

 

P10, P11,  
P20, P21 

 

LiDAR scans 

 

Medium  (Digital) 
P10, P11,  
P20, P21 

 

Line mapping 

 

Small  P10, P11  

Window mapping 

 

Small  
P10, P11,  
P20, P21 
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4 Data collection and analysis strategies for DFN modelling 

Due to the nature of the different data collection methods, a mine site structural dataset is likely to contain 
structural logging data and televiewer data and little, if any, line mapping and window mapping data. The 
digital nature of photogrammetry and LiDAR approaches allow for easier structural data collection and if this 
forms part of the data gathering campaign, can result in a significant contribution to the dataset. 

For the purpose of developing a DFN, data obtained from boreholes can result in sufficient quantity and 
quality of orientation data, enabling one to define discontinuity sets for different structural domains. This 
data is also available at the early stages of a project. This data is, however, insufficient for the generation of 
a DFN, as it lacks persistence data and higher order intensity data. Dominant drilling directions may also result 
in orientation biases. 

Borehole-based data must, therefore, be supplemented with data from exposures. Where underground 
mines are developed below an open pit, the open pit provides large exposures and the opportunity to gather 
valuable joint size data, lacking from borehole data. 

Underground mapping will also be necessary to ensure sufficient spatial covering in all structural domains. 
In addition, data should also be collected in different directions to minimise orientation biases. A detailed 
discussion on structural data biases can be found in Fowler (2013). 

Scanline mapping provides a systematic data collection method that can be performed with limited training. 
The data obtained from a scanline, is simply a sub-set of that obtained from window mapping, LiDAR, and 
photogrammetry approaches, if all fractures within the designated area are measured. One can, for example, 
extract scanline data from window mapping data by sub-sampling the mapped joints along a line positioned 
on the window. Considering the labour-intensive nature of scanline and window mapping, 
LiDAR/Photogrammetry are more productive methods for supplementing borehole-based data for the 
purpose of DFN generation. Where digital mapping is adopted, all discontinuities (above a lower cut-off size 
threshold) within the mapping area must be recorded. This is to obtain reliable intensity and size data. 

Scanline and window mapping is still required for obtaining joint strength properties for different 
discontinuity sets. This is important data used in mechanical analyses but is not required to develop a DFN. 

For improved efficiency in structural data gathering for the purpose of DFN generation, the following 
approach is suggested: 

• Define discontinuity sets and structural domains from available borehole-based orientation data.  

• Flag possible blind spots due to orientation biases. 

• Supplement borehole data with targeted LiDAR/photogrammetry approaches to: 

○ Reduce orientation biases. 

○ Collect sufficient data to define the size distribution for each discontinuity set. 

• Where it is not possible to adopt digital mapping approaches, traditional mapping techniques may 
be utilised. As these are time-consuming approaches, paperless options that improve the efficiency 
of these methods are becoming available. An example of this is the Data Collection browser-app by 
mXrap (Harris & Wesseloo 2015). This browser-app aids the collection of discontinuity data for 
scanlines and contains several built-in tools that significantly improve the efficiency of the method. 

There are no well accepted guidelines for number of discontinuity data points to collect, however 
approximately 80 to 300 discontinuities per set is generally accepted (ISRM 1978b; Priest 1993) as sufficient 
to statistically define the orientation, and persistence properties of a discontinuity set. It is assumed that this 
guideline will suffice to provide the data required to produce a DFN. 
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As DFNs are created per structural domain, the following analysis and domaining strategies are advised: 

• Major structures and lithological contacts may act as structural domain boundaries and therefore 
serve as a good starting point for boundary definition. 

• Attention should be given to the orientations of major structures, as discontinuity sets often occur 
at similar orientations to major structures. 

• To achieve structural domains, one approach is the analysis of discontinuity data for smaller areas 
at first. Stereonets may be created, and sets may be identified in these areas. Similarities between 
each area may result in combining data from these areas together or separating them into different 
domains. 

• Where possible, identified discontinuity sets should be verified underground. 

• Generally, data points with a trace length of less than 1 m may be excluded from analyses, as these 
data points often represent blast damage. 

Calibrated DFN models require discontinuity data of a sufficient quantity and quality, which include 
orientation, intensity, and size information. The gathering of this data is time consuming and labour intensive, 
especially for intensity and size. Currently this seems to be an important hurdle for the use of DFN modelling 
in the mining industry. The application of machine learning techniques has proven extremely valuable in 
many applications and its application is already pursued to automatically identify fractures from 
photogrammetry, LiDAR and downhole geophysics. We see the application and further development of 
machine learning techniques in the gathering of structural data as a crucial component in the development 
of DFN technology and its use in the mining industry. 

5 Conclusion 

DFNs account for structural variability in a rock mass, providing a valuable tool that may be used in various 
geotechnical applications. These include support designs, stability analyses, numerical modelling, and 
fragmentation assessments. 

While the use of DFNs is becoming more common and have many benefits, they are not routinely used by 
geotechnical practitioners. This is partly due to uncertainty around structural data requirements and the data 
collection methods that may be adopted to acquire DFN parameters. 

This paper reviewed the common methods available to collect structural data for the purpose of producing 
a DFN. The two basic approaches are via borehole core and by mapping exposures. Borehole data collection 
methods are structural logging and the use of geophysical in hole tools. Mapping includes traditional 
approaches (scanline and window mapping) and the use of digital techniques (LiDAR and photogrammetry).  

Mining structural databases generally contain orientation data of sufficient quality and quantity, but often 
lack sufficient size and intensity data, which is a critical component of a calibrated DFN model. Due to the 
time-consuming and labour-intensive nature of scanline and window mapping, as well as the lack of 
convenient access to exposures, these methods are not widely used. 

Photogrammetry and LiDAR scanning techniques provide a more convenient and efficient approach to 
gathering size and intensity data. These methods, however, are often used for spot mapping of 
discontinuities. For the generation of a DFN, all discontinuities (above a lower cut-off size threshold) within 
a mapping area must be recorded to obtain reliable intensity and size data. 

The further application and development of machine learning techniques in the gathering of structural data 
is a crucial component in the development of DFN technology and its use in the mining industry. 
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In addition to the use of suitable data collection methods, appropriate data collection and data analysis 
strategies should be adopted, to adequately provide DFN input parameters. After the initial determination 
of DFN input parameters, DFN calibration must also be carried out to ensure that the DFN represents the 
data collected in the field as closely as possible. Once calibrated, a DFN may be used in geotechnical 
applications. 
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