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Abstract 

Fault zones and fault-related fracture systems control the mechanical behaviors and fluid-flow properties of 

the Earth’s crust. Furthermore, nowadays, modeling is being increasingly used in order to understand the 

behavior of rock masses, and to determine their characteristics. In this work, fault zones and fracture patterns 

are reviewed, and also comprehensive studies are carried out on the fracture geometry and density variations. 

A model to describe damage zones around the strike-slip faults is developed, in which the range of damage 

zone styles commonly found around strike-slip fault zones are shown. A computer code, named DFN-

FRAC
3D

, is developed for the two- and three-dimensional stochastic modeling of rock fracture systems in 

fault zones. In this code, the pre-existing and fault-related fractures are modeled by their respective 

probability distributions, and the joint density may be varied by the distance from the fault core. This work 

describes the theoretical basis and the implementation of the code, and provides a case study in the rock 

fracture modeling to demonstrate the application of the prepared code. 

 

Keywords: 3D Stochastic Rock Fracture Modeling, Strike-Slip Faults, Fault-Related Fractures. 

1. Introduction 

A rock mass comprises rock materials and 

discontinuities that include pores, fractures 

(joints), faults, and bedding planes. In most 

engineering applications, these discontinuities are 

the critical factors that determine the quality of 

rock masses such as the strength of rock structures 

or the flow characteristics of rock masses [1, 2]. 

In large scales, fault zones and fracture systems 

within fault damage zones (consisting of fault-

related and pre-existing fractures) control the 

mechanics and fluid-flow properties of the Earth’s 

crust [3]. Faults and fracture networks within fault 

damage zones are also the major decisive factors 

involved in the stability of rock slopes and 

underground openings in civil and mining 

engineering. 

In spite of the importance of fault and damage 

zones in the mechanics and hydraulic properties 

of rock masses, it is impossible to map the 

fracture networks in fault damage zones in 

engineering scale accurately since accurate field 

measurement of a single discontinuity is difficult, 

and measurement of all discontinuities is 

impossible. Besides, there are always some 

random variations in the geometric properties of 

joints such as dip, dip direction, spacing, and 

persistence by virtue of the rock mass 

heterogeneous nature [4]. In practical 

applications, therefore, the only realistic approach 

is via a stochastic model that is formed from 

sparse data, which normally come from surveys of 

the analogues such as rock outcrops. 

To generate the 2D and 3D fractures and fracture 

networks, in this work, a computer-code was 

developed based upon the general review of 

fracture patterns and the joint density variations in 

fault zones. In this code, the geometric properties 

of fault-related and pre-existing fractures are 

modeled by their respective probability 

distributions. Moreover, joint density may be 

varied by distance from the fault core according to 

an exponential or linear trend. This code, written 

using the C++ programming language, is able to 

represent the joint networks in different 

directions, and to generate digital outputs. The 

developed code is general with regard to design, 
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and the output can be exported for subsequent 

flows or mechanical analyses. 

2. Fault damage zone 

Fault zones, especially fault damage zones, show 

very different fracture geometries and patterns 

across a wide range of scales. Active fault zones 

are generally characterized by damage zones 

developed on either side of the fault, and an 

intervening fault core zone that contains the main 

slip surfaces [5, 6]. A damage zone, the volume of 

deformed wall rocks around a fault core, generally 

consists of fractures over a wide range of length 

scales and subsidiary faults [3] that result from the 

initiation and propagation of slip along faults [7]. 

In the case of a mature fault, the width of damage 

zone varies from decameters to kilometers [6, 8]. 

The width of damage zone is typically affected by 

the seismic faulting that occurs on the main fault 

planes [9]. In addition, the size of damage zone is 

dependent upon the lithologies that have been 

faulted, the deformation conditions, and the 

distribution of strain between the hanging wall 

and footwall [10]. In contrast, the fault core zone 

is generally concentrated in a narrow zone of 

around 0.5 to around 5 m in a width that lacks the 

primary cohesion of the host rocks [11, 12]. 

In the following sections, first of all, a general 

review is presented on the fault damage zone. 

Next, comprehensive studies are given on density 

variations vs. distance from the fault core and 

geometries of fault-related fractures. 

2.1. Review of fault damage zone 

Damage zones are divided into the tip damage, 

linking damage, and wall damage zones based on 

the position within and around a fault zone 

(Figure 1). A tip damage zone develops in 

response to the stress concentration at a fault tip 

[13]. Linking damage zones are caused by the 

interaction and linkage of fault segments in a 

relatively small region, and can develop a wide 

range of fracture patterns that depend on the 

nature of the interaction between the two fault 

segments. Wall damage zones result from the 

propagation of the modes II and III fault tips 

through a rock or from the damage associated 

with increase in the slip on a fault [5]. This 

section presents a model for damage zones around 

the strike-slip faults, as shown in Figure 2, which 

shows the range of damage zone styles that are 

commonly found around the strike-slip fault 

zones. It is acknowledged that any simple model, 

such as the model prepared in this work, cannot 

describe all of the complexities in the deformation 

that occurs around the faults. 

 

 
Figure 1. Schematic diagram for principal locations of damage zones around a strike-slip fault zone in map view 

[5]. 

 

Mode II 

Tip damage zone 
Wall damage zone 

Linking damage zone 

Wall damage zone 

Mode II 

Tip damage zone 

Strike-slip faults Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


Noroozi et al./ Journal of Mining & Environment, Vol.6, No.2, 2015 

171 

 

 
 

Figure 2. Schematic diagram sowing structures around strike-slip fault damage zones. 

 

2.1.1. Tip damage zones 

Tip damage zones can be sub-divided into four 

simple sub-divisions (Figure 2), including wing 

cracks, horsetail fractures, synthetic branch faults, 

and antithetic faults. 

Wing cracks occur where there is a rapid decrease 

in slip at the fault tip. Horsetail fractures or 

pinnate fractures are geometrically and 

mechanically similar to wing cracks but they are 

finer and more closely spaced, with relatively low 

angles to the master faults. Synthetic branch faults 

have the same slip sense as the main fault, and 

may link with a neighboring fault segment [5]. 

Branch faults may combine with other structures 

in tip damage zones to produce complicated 

fracture patterns. Tip damage zones generally 

consist of several antithetic faults that splay out, 

increasing their length, and spacing away from the 

fault tip [8, 14]. 

2.1.2. Linking damage zones 

Linking damage zones evolve between the 

interacting tips of adjacent faults [15]. Linking 

damage zones can be sub-divided into two sub-

divisions (Figure 2), including extensional steps 

and contractional steps. Various types of 

developed structures in the extensional steps 

include the extension fractures, pull-aparts, 

rotated blocks, and strike-slip duplexes (Figure 2). 

The extension fractures are adjacent to the fault 

segments, and some link the two fault segments. 

Pull-aparts are a type of extension fractures that 

open-up between two fault segments due to 

increasing slip on the fault segments [16, 17]. 

Rotated blocks can occur in the extensional steps. 

The blocks rotate synthetically, with the rotation 

angle increasing as the fault slip increases. The 

strike-slip duplexes [18] or isolated lenses form at 

a fault step between two stepping fault segments 

[19]. 

Various types of developed structures in the 

contractional steps consist of the rotated blocks, 

connecting faults and strike-slip duplexes or 

isolated lenses (Figure 2). 

Some of the faults within the rotated blocks (in 

the contractional steps between master faults) 

show a sigmoidal shape, implying a distributed 

simple shear within the step [20]. The connecting 

faults link two fault segments through a 

contractional overstep [16]. Veins, anti-thetic 

faults, and pressure solution seams also occur 

within the fault step. In the contractional steps, 

simple lenses are more common than the strike-

slip duplexes [15]. 

2.1.3. Wall damage zones 

A wall damage zone can be distributed along the 

whole trace of a fault. This damage zone can be 

sub-divided into three groups [5]: (1) wedge-

shaped repeated damage zones, (2) long and 

relatively narrow damage zones, and (3) intensive 

damage zones in one wall of a fault. 

Wedge-shaped damage zones are repeated along a 

fault trace, with the size of wedges generally 

increasing from the center to the tips of a fault. 

Wing cracks, extension fractures or veins occur in 

wall damage zones [14]. Cox and Scholz (1988) 

have suggest that the extension fractures generally 

form at around 45° to the master fault, although 

this angle varies considerably, with the angle 

depending on the fault type and stress system 

[17]. 

The en-echelon fractures within long, relatively 

narrow wall damage zones are interpreted as the 

primary antithetic faults or as the extension 

fractures that have been reactivated as antithetic 

faults (Figure 2). 
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Intense wall damage zones can result from 

frictional attrition as slip builds upon a fault [14]. 

This type of wall damage zone is asymmetric 

across the faults. Block rotation commonly occurs 

around large slip faults [21]. Antithetic faults are 

developed almost normal to the master fault, and 

the blocks rotate synthetically with respect to the 

master fault. Joint drags can also be developed in 

this type of damage zone (Figure 2). 

In general, the patterns for damage zones depend 

on the 3D locations around the fault, stress 

perturbations that are controlled by the tip mode, 

amount of slip, and interaction between the 

segment faults. 

Other factors are also likely to influence the 

nature of damage zones, including lithology, fluid 

pressure, and temperature. Damage zone patterns 

tend to become more complex during the 

evolution of damage zones. In general, any simple 

model cannot describe all the complexities in the 

deformation that occurs around faults. 

2.2. Variation of joint density in fault damage 

zones 

Quantitative studies of damage zones commonly 

involve determining the density of fractures 

(usually from line or plane counting) as a function 

of distance from the fault core. An exponential 

decrease with distance from the fault core is 

commonly shown by the macro-fractures (meso-

scale features that may be readily identified in the 

field) and micro-fractures (measured from 

orientated thin sections) for low-porosity rocks [3, 

7, 22, 23]. This relationship may exist in high 

porosity sandstones, although, in some cases, 

micro-fractures in damage zones in high porosity 

sandstones show no observable change in the 

micro-fracture density surrounding faults [24]. 

As a whole rule, a maximum micro-fracture 

density is often attained immediately adjacent to 

the fault core that is independent from the fault 

displacement. In addition, decrease in joint 

density with distance from the fault core may be 

according to a linear trend or an irregular fashion. 

Field investigation results in the fault zone width 

along the strike-slip active faults of the Arima-

Takatsuki tectonic line (ATTL) and the Rokko-

Awaji fault zone (RAFZ) in the south-west of 

Japan have shown that the decreasing trend of 

joint density with distance from the fault is linear 

in some profiles, and irregular elsewhere [12]. 

 

3. Stochastic fracture system modeling 

associated with faults 

For a realistic rock mass modeling, location of 

joints in the modeling volume should be simulated 

in a way that its probability distribution is similar 

to the actual joints in the rock mass. 3D stochastic 

joint network modeling is the most optimal choice 

to simulate the probability nature of joint 

geometric properties. Early interest in the 

mentioned approach was associated with the 

structure design in jointed rocks, the evaluation 

and construction of underground repositories for 

the safe storage and disposal of hazardous wastes, 

underground water transport through aquifers in 

hydrogeological engineering, and movement of oil 

and gas in hydrocarbon reservoirs [25- 27]. 

Nowadays, a few commercial softwares such as 

FRACMAN, GEOFRAC, and SIMBLOCK are 

available for the stochastic modeling of rock 

masses that are used for the rock mechanics 

research, particularly in flow-modeling through 

jointed rock mass and determination of its 

permeability. 

The geologic stochastic models developed at MIT 

[28, 29] can be considered as the initially prepared 

models in this field. Afterwards, further research 

has been carried out on the basic fracturing 

processes to develop the hierarchical fracture 

geometry model, to model fluid-flow and slope 

stability analysis, each of which includes some 

geometric and mechanical properties of the joints 

[30-38]. In recent years, further developments 

have been obtained in the 2D and 3D stochastic 

models in order to examine the effects of 

considering, or not considering, the correlation 

between distributions of fracture apertures and 

fracture trace lengths in the hydro-mechanical 

behavior of fractured rocks [27, 39, 40]. 

3.1. General approach 

In stochastic modeling, the general approach is to 

treat locations, persistence (size), orientation, and 

other properties of the joints as random variables 

with inferred probability distributions. These 

distributions supply the basis of the stochastic 

occurrence. Then the rock joint model can be 

constructed using the Monte Carlo simulation 

method. 

The first stage of the modeling process is to 

collect the discontinuity data for statistical 

analysis. The most common measurement 

technique is by scanlines, or window surveys, of 

rock outcrops or excavated rock surfaces [41]. If 

drill cores are available, scanlines and/or window 

surveys can also be applied to the core samples 
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[37]. Additional data can be obtained along the 

borehole using down-the-borehole camera, 

geophysical logging [42], and the useful remote 

methods for mapping exposures such as 

photogrammetry and laser-scanning [43]. 

Measurements of discontinuity traces at rock 

exposures are subjected to orientation, truncation, 

censoring, and size biases [37, 44]. Therefore, the 

2D data requires correction before using in the 3D 

modeling [45]. 

The joints are grouped in joint sets, which are 

identified from the statistics of the measured data 

and the geologic history of the region. The 

primary fractures that originate from the intact 

rock are combined into independent sets. Each set 

is modeled separately, and the final simulation is 

the simple combination of all the independently 

simulated sets. The joints that open as secondary, 

tertiary, etc. within a previously jointed rock 

mass, and are related to the primary ones with 

respect to their location, orientation, size, and 

other geometric characteristics, are grouped into 

dependent sets. The correlations can be modeled 

either by a hierarchical model [36, 46] or by the 

plurigaussian simulation technique [47]. 

A fracture set is characterized by the following 

four parameters: 

a) Fracture center location 

b) Probability density function (PDF) of variation 

in the fracture plane orientations 

c) Mean orientation of fracture set 

d) Fracture intensity 

In the current version of the model presented in 

this work, the joints were convex polygonal planar 

objects of discontinuous rock, randomly oriented 

and located in 3D spaces. In this work, the C++ 

language was used to develop the computer 

model. In the model, poisson plane and line 

stochastic processes were incorporated together. 

Then a joint set was generated in the modeling 

space around fault by applying a sequence of five 

stochastic processes, as follow: 

- First process: a homogeneous Poisson 

network of planes in space. 

- Second process: sub-division of each 

plane into a jointed region and its complementary 

region of intact rock by a homogeneous Poisson 

line network. 

- Third process: non-homogeneous polygon 

marking procedure on created polygon in the 

previous step based on shape and size. 

- Fourth process: defining zones within the 

modeling volume, using the perpendicular 

distance from one side of fault and marking the 

polygons located in the zones, retained from the 

previous process, with a certain probability that 

can vary from zone to zone. This process provides 

a means of modifying the fracture intensity (P32) 

in different regions of the modeling volume. 

- Fifth process: random shifting of the 

polygons that were marked as jointed in the 

vicinity of their original position. 

The fracture set was generated in a modeling 

volume. In the first process, distance of the i
th
 

stochastic fracture from the global origin was 

generated according to an exponential distribution 

with intensity μ. The process of fracture set 

generation was a Poisson plane process. This 

process has an unknown parameter: the number of 

planes to be generated. This number is related to 

the intensity of fracturing. A random sub-division 

of the planes, generated by the primary process, 

into a fractured region, and its complementary 

region of intact rock is accomplished by a Poisson 

line tessellation on every plane. The Poisson lines 

are defined by an angle α uniformly generated 

between zero and 2π, and a distance Di that is the 

sum of n distances dDi, generated according to an 

exponential distribution with intensity λ. The 

ordered distances Di from the origin to the 

Poisson lines form a Poisson point process. The 

third process is generated by the fracture sets with 

specific shape and size. Only polygons with 

shapes similar to the shapes of natural fractures 

remain. A polygon has a suitable shape, and is 

considered as a fracture, if it has the following 

conditions: a) the polygon has at least four 

vertices; b) all angles are at least 60 degrees; c) 

the polygon elongation is not more than the 

permitted value. A polygon is retained with 

probability P = 1.0, if it has an appropriate shape, 

and discarded otherwise. The fourth process is 

described in details in section 3.3. In the fifth 

stochastic process, translation is performed in the 

frame of reference of the fracture plane. 

Translation is accomplished by assigning a non-

zero coordinate z into the center and the vertices 

of a polygon and hence to the entire polygon. 

Fracture system, including fracture sets, is 

generated with reiteration of the presented 

processes. A fracture system is represented 

through super-position of fracture sets in a 3D 

space. The model building algorithm for a joint 

set is shown in Figure 3. 
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Figure 3. Presented method algorithm. 

 

3.2. Input parameters 

The main inputs required for construction of the 

3D stochastic model are as follow: 

3.2.1. Fracture location generation model 
Simulation of joint locations is the first step in 

simulating joint networks, and is usually modeled 

separately from other fracture properties. In fact, 

in nature, fractures are distributed according to 

some forms of spatial models, and are generally 

associated with the geological process that caused 

their formation. For instance, the intensity of 

fractures is often observed in the cluster around 

the key structures such as faults, with a 

diminishing intensity with distance from the fault. 

An alternative, is the observation that fractures 

often tend to clump together [48]. 

The most common approach to produce the 

location of joints is to use a single point, usually 

the center of the joint. Geo-statistics or a random 

point process can then be used to model the 

spatial distribution of the joints. The point process 

model, parametric or non-parametric, may be a 

simple Poisson model or one of a number of non-

homogeneous models including inhomogeneous, 

cluster, and Cox models. In the model presented 

in this work, the fracture location was modeled by 

the Poisson point process. 

3.2.2. Volumetric fracture intensity 

Volumetric fracture intensity, known as P32 

(fracture area/unit volume), which is an intrinsic 

rock mass property, can be inferred from the 1D 

and 2D data available from boreholes and 

mapping, using a simulated sampling 

methodology. Volumetric fracture intensity is 

scale-independent, and as a volumetric parameter, 

its direction is also independent. The preferred 

Modeling volume 

generation 

Generation of fracture planes of fracture sets 

Fracture location generation based on Poisson model 

 

Poisson line tessellation of fracture planes into polygons 

Selection of good polygons with appropriate shape and discarding other polygons 
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Creation of graphical and text output of 3D model, profile planes and fracture traces 
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method of controlling fracture intensity is through 

the direct comparison between the intensities of 

the observed and simulated fractures [49]. 

3.2.3. Fracture shape 

Fracture mechanics suggest that in a 

homogeneous rock, the general shape of an 

isolated fracture is elliptical, as it is assumed in 

the Baecher model [28]. However, as the rock is 

generally heterogeneous, perfectly elliptical 

fractures are unlikely to be formed. Dershowitz 

(1984) has noted, moreover, that the observed 

fractures are generally polygonal due to 

terminations of the fractures at the intersections 

with other fractures. In the presented model, 

fracture shapes were assumed to be polygons with 

at least four vertices and maximum permitted 

elongation. 

3.2.4. Fracture orientation 

Fracture orientation similar to the fracture 

intensity is generally defined using either borehole 

imaging data, face mapping or to use advanced 

photogrammetric methods. Processing the fracture 

orientation data allows it to be organized into 

distinct fracture sets with defined statistical 

properties. In view of its simplicity and flexibility, 

the Fisher distribution provides a valuable model 

to evaluate the discontinuity orientation data [34]. 

Possible distributions in the model presented in 

this work include constant (deterministic), 

uniform, partial uniform, and Fisher distributions, 

according to equations 1 and 2. 
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Where K is a constant, controlling the shape of the 

distribution. 

3.2.5. Fracture size (persistence) 

Many existing discrete fracture modeling methods 

assume fractures to be infinite in length, resulting 

in an erroneous definition of block geometry. 

Besides, there are very few published 3D fracture 

surveys [50]. Therefore, in practice, the sizes of 

3D fractures are assumed to have similar 

statistical properties to those obtained in the 2D 

surveys [27]. Commonly, three basic forms of the 

true trace length distribution, negative 

exponential, lognormal, and gamma, are used to 

model the data derived from the 2D fracture 

mapping surveys [30, 34, 37, 41, 51]. In the model 

presented in this work, fracture sizes were fitted 

on these distributions, based on the following 

equations: 
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In which γ is the intensity parameter; μ and σ are, 

respectively, the mean and standard deviations of 

trace length sample; α and β are the distribution 

parameters; and Γ is the gamma function. 

3.3. Generation of fracture system associated 

with faults 

Fracture systems associated with crustal faults 

include primary faults and numerous secondary 

fracture sets. Creation of new fractures often 

changes the local principal stress directions in the 

vicinity of primary faults. Numerous secondary, 

tertiary, etc. faults, and new joint sets are formed 

between and near the primary faults that have a 

specific patterns. Dip and strike of these joints are 

usually constant. Joint spacing can be considered 

to be constant or on an exponential trend. Joint 

systems related to the fault can be simulated by 

measuring the joint properties on the field. These 

fault-related fracture systems are added to the pre-

existing fracture systems measured outside the 

fault damage zone. 

Firstly, the pre-existing fractures are generated. 

The geometric properties of these fracture sets, 

outside the fault damage zones, are measured and 

modeled. Then the fault-related fracture sets are 

established. The geometric properties of these 

fracture sets within the fault damage zones are 

measured and modeled. After determining the 

mean pole orientation, the variation of fracture 

orientations in a dependent set can be considered 

as constant or can be modeled with uniform, 

partial uniform or Fisher PDF. The fracture sizes 

can also be fitted on specified distributions such 

as lognormal, exponential or gamma. 

In the model presented in this work, the 

probability of marking a polygon as a fractured 

one is a function of the distance from the local 

faults. To obtain different fracture intensities of a 

fracture set in different portions V1, V2 …, Vi of 
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the modeling volume V, first, we have to calculate 

the different probabilities P1, P2 …, Pi. Volume Vi 

may be defined in terms of the distances from a 

fault face. Within every zone i, the zone 

probability Pi is constant but that constant is 

different in different zones. The polygon j in zone 

i is retained with probability Pi, and is discarded 

with probability 1 - Pi, where 0 < Pi ≤1. 

As mentioned in the previous sections, joint 

density variations decrease with distance from the 

fault core, according to an exponential or linear 

trend. In each size interval from the fault face, i.e. 

zone 1 … zone i, the polygons generated by the 

model are selected as fractures with probability Pi. 

The probability Pi in region Vi is calculated, as 

follows. 

(6) 
max,32

,32

P

P
P

i

i 

 
Generally, fracture intensity is the highest value in 

regions adjacent to the fault, and the maximum 

fracture intensity (P32,max) is measured in these 

regions. The fracture intensity in zone i (P32,i) is 

obtained using the fracture intensity function vs. 

distance from the fault (Figure 4). 

The translation procedure of the fifth process of 

the model can be applied to avoid the co-planarity 

of fault-related fractures. 

 

 
Figure 4. Definition of fracture zones and zone marking with probability Pi in region Vi. 

4. Case study 

In order to test the implementation of the 

presented model, the Lorestan Rudbar dam was 

selected for a study on the generation of fault-

related fractures. The project was undertaken in 

the Lorestan Province, 100 kilometres from the 

southern boundary of Aligoodarz, and on the way 

to Rudbar river. Reverse or thrust faults, which 

are the main tectonic factors in the area, make the 

rocks appear broken-down. The faults are of great 

variety because of being located along Zagros. In 

this study, the FF.1 fault zone of the right wall of 

dam was chosen for scan-line mapping (Figure 5). 

To qualitatively assess the spatial distribution and 

width of damage zones and related deformation 

structures, first, field measurement of the fracture 

density was performed. Fractures that were visible 

to the naked eye in the field were counted within 

an area of 1 m
2
 using a square frame (1 × 1 m) 

with grid lines at 10-cm intervals. The fractures 

that intersected each grid line were counted, and 

the total number of fractures counted in the 1 m
2
 

frame was defined as the fracture density (Figure 

6). The measurement results were plotted as 

fracture density vs. distance from the fault (Figure 

7). The fracture density varies from 9 fractures per 

unit area at the site located far from the main fault 

(regarded as part of the host-rock fracture density) 

to 27 fractures per unit area at the site located 

close to the main fault. 

Based on the collected data from the scan-line 

mapping, the appropriate data required for the 

statistical studies was obtained from 

discriminating each joint set and specifying its 

related features such as dip, dip direction, spacing, 

and persistence. Then the distribution functions of 

these surveyed joint sets were determined. The 

geometrical properties of joint sets and the 

parameters of the corresponding probability 

distribution functions are presented in Table 1. 

  

 

Distance from fault face 

zone 

 

Negative exponential function 

P1 P2 Pi 

0< Zone 1<L1 

Li-1< Zone i <Li 

L1 L2 Li-1 Li 
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Table 1. Geometrical properties and parameters of PDFs of surveyed joint sets. 

Joint set 

orientation 

(Dip/DDir) 

Fisher 

constant 

(K) 

Trace length distribution parameters 

Distribution 

function 

Scale 

parameter 

(σ) 

Location 

parameter 

(μ) 

Mean 
Standard 

Deviation 

1 (56/141) 19.9 lognormal 0.937 0.121 2.42 2.51 

2 (78/019) 22.67 lognormal 0.858 -0.512 0.95 1.21 

3(62/319) 20.58 lognormal 0.819 -0.624 0.88 1.38 

   

Figure 8 illustrates the varying fracture intensities 

with increasing distance from the FF.1 fault, 

generated with the prepared computer code, DFN-

FRAC
3D

, that implemented the 3D stochastic 

model. Figure 8b shows the relative locations of 

the fault, and the two outcrop planes: vertical and 

horizontal. Since strike-slip faults are steeply 

dipping planes of shear failure, and are often 

vertical, the fault plane is modeled as vertical 

plane in the current version of the DFN-FRAC
3D

. 

Figures 8c and 8d illustrate the trace outcrops of 

the fracture network on the horizontal and vertical 

outcrop planes, respectively. The modeling 

volume, currently implemented in the developed 

code, was enclosed between four vertical planes at 

X = Xm, X = -Xm, Y = Ym, and Y = -Ym, and two 

horizontal planes at Z = 0 and Z = Zm. 

 

 
Figure 5. Geological map of studied region. 
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Figure 6. Joint density measurements. 

 

 
Figure 7. Spatial variations in fracture density with increasing distance from FF.1 fault. 
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(a) (b) 

 

 
(c) (d) 

Figure 8. Fracture system with highest intensity near a fault (generation with DFN-FRAC
3D

): a) 3D fracture 

system; b) fault and outcrop planes; c) horizontal trace outcrop; d) vertical trace outcrop. 

5. Conclusions 

In this work, based on comprehensive studies on 

the fault zones, fracture patterns, and fracture 

density variations in fault damage zones, a model 

was developed for the damage zones around the 

strike-slip faults. Moreover, this paper describes a 

computer-code, DFN-FRAC
3D

, for the stochastic 

simulation of fractures around faults in two and 

three dimensions. In this code, joint density is 

modeled as a function of distance from the fault 

core, according to an exponential or linear trend. 

This code has an ability to display joint network 

in different directions, create a 2D section, and 

present joint traces in the desired directions and 

locations. A case study for the FF.1 fault of the 

right wall of Lorestan Roodbar dam showed that 

the developed computer code can, very well, be 

used for modeling a faulted rock mass and its 

fault-related fractures in reality. The results 

obtained from this work can be a useful input for 

hydraulic behavior studies of faulted rock masses. 

This code can also be improved by considering 

non-vertical fault planes (with desired direction) 

in modeling of the thrust faults. 
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 چکیده:

 تعییی  دییی     منظیور  بیه نننید  از ررییی، امیروزه     های مکانیکی و هیدرولیکی پوسته زمیی  را ننتیرل میی    های درزه وابسته به آن، ویژگی نواحی گسلی و سیستم

شیود  در ایی  ملالیه، بررسیی ییامعی بیر روی ناحییه گسیلی،         یراگیری بکار برده میی  رور به سنگ تودهسازی  و بهبود درک ریتار آن، مدل سنگ تودههای ویژگی

 ها در ای  ملاله صیورت گریتیه اسیت     است  همچنی  مطالعات یامعی در خصوص تغییرات چگالی و هندسه درزه شده انجامالگوهای درزه و ساختارهای داخلی آن 

ریور معمیول در اریراف     هیای نیواحی تخرییب نیه بیه      شده نه در آن دامنه حالت ائههای امتدادلغز ار یایته در ارراف گسل مدلی برای توصیف نواحی تخریب توسعه

DFN-FRACای نامپیوتری به نام  برنامه شده است  ایتد، نشان داده های امتدادلغز اتفاق می گسل
3D هیای   سیسیتم  بعیدی  سهسازی تصادیی دوبعدی و  برای مدل

چگیالی  شیوند و   سازی میی  مدل مربوره احتمال های وابسته به گسل توسط توزیعهای  های مویود و درزه رزهدر ای  برنامه د  داده شددرزه در نواحی گسلی توسعه 

شود و یک مورد مطالعاتی بیرای نشیان    در ای  ملاله اصول تئوری و ناربرد برنامه توصیف می نمایی یا خطی تغییر نند  رور بهتواند  درزه با یاصله از هسته گسل می

 شده است  ی آن ارائهدادن ناربرد عمل

 های وابسته به گسل  های امتدادلغز، درزه ها، گسل بعدی درزه سازی تصادیی سه مدل کلمات کلیدی:

 

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir

