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Abstract

Fractures are amongst the most important factors determining the behavior of rock masses. The lack of direct access to the real
fractures' distribution leads to the use of indirect methods for their study. The generation of the discrete fracture network is one of the
most common indirect methods. Fractures’ shape is one of the most important properties that the simulation of which is of great help
in studying the fracture network. A wide range of shapes which include from infinite plates to elliptical shape have been suggested
for the simulation of fractures. The present paper makes use of the data collected from the pumped-storage power plant and dam
project in Roudbar, Lorestan Province, to provide circular and elliptical network of discrete fractures; moreover, the parameters as
density, intensity and the real mean value of the length of the fracture traces have been used to evaluate the effect and accuracy of the
selected shapes. Following the implementation of the proposed method, it was made clear that the elliptical discrete fracture network,

with a mean error value of 13.5 %, outperforms the circular disk discrete fracture network, with a mean error value of 27.5 %; hence,

it was found providing more accurate results for the description of the fractures network in the aforementioned region.
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1 Introduction

Rock mass is used as the main material in the major-
ity of the infrastructural projects like tunnels, caves and
dams. In most of the engineering applications, the frac-
tures existent in the rock mass alongside with the rock
material, itself, is enumerated as an effective factor in the
determination of the strength or hydraulic behavior of the
rock structures [1]. In the studies of fracture network of
the rock mass, there are ambiguous and uncertain aspects
due to its complicacies rendering the rock mass behavior
prediction a confusing task. One of the biggest problems
which is exist in the study of fractures is the lack of direct
access to them. The fracture residing in the heart of the
rock mass does not allow its observation and exact and
non-intermediated investigation. Under such conditions,
the precise description of the fractures and the rock mass
depends on the awareness of the fractures' statuses using
indirect methods. Thus, the regeneration of fracture net-
work is utilized as a strong tool for studying the fractures

and the rock mass. One common method of studying the
fracture behavior is the use of discrete fracture network.
Random statistics processes are applied to generate the
discrete fracture network. In this method, the required
preliminary statistical parameters are extracted and used
from the study population in the field via such features as
outcrop, boreholes and other accessible levels. The statis-
tics and probability sciences' theories provide appropriate
solutions for overcoming the existing uncertainties in con-
frontation with various problems such as those posited in
rock mechanics and geotechnics. Numerous factors influ-
ence the generation of the fracture network. One of the
most important of these determinants is the fracture simu-
lation shape. It is worth mentioning that the elliptical frac-
tures are the most realistic shapes in fracture modeling [2].

Due to the capabilities of the analysis and assessment
of the rock mass fracture behavior using discrete fracture
network, many researchers have used it and reported its
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capabilities. Randomized modeling of the discrete frac-
ture network stem from percolation studies the applica-
tion domain of which was extended in rock engineering
by some researchers, including Long et al. [3], Beacher [4],
Andersson et al. [5], and Dershowitz and Einstein [6]. The
discrete fracture network models have also been devel-
oped and employed by Robinson [7], Dershowitz [§], Long
[9], Rouleau [10], Long and Witherspoon [11], Long and
Billaux [12], Schwartz et al. [13], Schwartz and Smith [14],
Long et al. [15], Lie et al. [16], Sanderson and Nixon [17],
Cacas et al. [18], Dreuzy et al. [19], Elmo and Stead [20],
Mauldon and Dershowitz [21], Wang [22], Dershowitz
[23], Decker et al. [24], Zhang [25], Jin et al. [26], Jin et
al. [27], Mayer and Stead [28] Gao and Kang [29], Vallejos
[30], Zhang and Zhao [31], Lie [32], Lie et al. [33], Zou et
al. [34], Wang [35], Lie and Wang [36], Tsang et al. [37],
Lie et al. [38], Brzovic et al. [39].

The planar nature and the size of the fracture are the
most important parameters influencing connectivity degree,
permeability and stability of the rock mass [23-26, 40].
Based thereon, the determination of the shape and size
of the fractures to the maximum possible extent has been
extensively studied and drawn attentions during the recent
decades [40, 41]. Thus, it is necessary to have knowledge of
the shape of the fractures during the qualitative and quan-
titative description of the rock mass. but the recognition of
the fracture shape is blurry and insufficient because there is
no 3D access to the rock mass and the relative recognition
of the shape and size of the fractures is mostly limited to
evidence-based interpretations.

Fracture shape as one of the most fascinating charac-
teristics of the discontinuities has drawn the attentions of
many researchers from long ago. In modeling the discrete
fracture network, the selection of the fracture shape is of a
great important. Zhang [42] and Zhang and Einstein [43],
express that the shapes proposed for fracture simulation
encompass a wide spectrum that ranges from the simplest
state, to wit the infinite plate, to the most complex shapes
like ellipses but, as it is asserted in the studies carried out
in this regard, elliptical shape provides the best match with
the majority of the extant statuses of the fractures in the
rock mass. The first research work that attended to the
fracture shape was done by Woodworth that was published
in 1896 [43]. When working for Cambridge's argillites, he
described the estimated shape of the fracture to be ellipti-
cal. Hodgson [44] organized Woodworth's works in 1961
and divided the fractures into two types, namely system-
atic and nonsystematic, and affirmed Woodworth's idea

indicating the elliptical shape of the systematic fractures.
Following the lead of Woodworth and Hodgson, Bankwitz
described the fracture shapes to be circular to elliptical in
1965 and verified that the elliptical shapes provide a bet-
ter approximation of the joints' shapes in most of the times
[43]. Considering elliptical shapes for approximation of
the fracture shape is not limited only to the above-men-
tioned works. Kulander et al. [45], Bahat [46], Petit [47],
Weinberger [48], Bahat et al. [49] and Savalli and Engelder
[50], as well, reported the fracture shapes to be elliptical.
The fractures' elliptical shape has also been examined in
the experiments. In line with this, Daneshy [51] investi-
gated the shape of discontinuities induced by hydraulic
fracturing and the results showed in the end that the dis-
continuities are elliptical in shape. Moriya et al. [52] inves-
tigated the propagation of the fractures in Bernborg Salt
Mine and concluded the elliptical shape of the fractures.

2 Site investigation

Meanwhile generating the discrete fracture network using
statistical data obtained from the analysis of the field char-
acteristics of the fractures surveyed from the caverns
of Roudbar's pumped-storage power plant, in Lorestan
Province, the present paper considered the common ellip-
tical and penny shapes for the simulation of the fractures
so that the effect of the fracture shape on such parame-
ters as density and intensity could be studied (Fig. 1). It
is worth mentioning that there are only provided images
pertaining to the elliptical modeling in the present study
for preventing the enlargement of the paper volume and
the circular models are also available that can be presented
if requested.

Fig. 1 Surveying Fractures of Rudbar Lorestan dam site using circular

scan window



Fig. 2 layout of cavern of pumped-storage power plant project of
Rudbar, Lorestan dam

Fig. 3 Geology cross section of pumped-storage power plant project of
Rudbar, Lorestan dam

The data obtained from the cavern of pumped-stor-
age power plant project of Rudbar, Lorestan dam and
was used in generation of discrete fracture networks.
Rudbar, Lorestan pumped- storage plan located in Zagros
high zone has very complicated tectonic conditions and
numerous over thrust faults have formed high areas. The
active faults of Saravan Baznavid and Chaleh Hatam are
the most important faults in the site range. The carven of
the power plant is located almost in the center of the anti-
cline. The cavern has a length of 130 meters, a width of
26 meters and a height of 50 meters (Fig. 2), located in the
Dalan Formation (end of the first geology period), with
calcareous rock masses and dolomitic limestone of aver-
age thickness (Fig. 3). This project is under construction at
the Rudbar, Lorestan Dam upstream, located 150 km west
of Isfahan and 100 km south of Aligudarz city. The area
of the project is located under the high sedimentary-struc-
tural zone (internal Zagros) (Fig. 4).

The data is obtained from the cavern by scanline and
scan window surveying method, and its number reaches
627 fractures.
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Fig. 4 Location of the study area

Fig. 5 Major and minor ellipse axis in elliptical discrete fractures
network

3 Materials and methodology

3.1 Elliptical discrete fracture network generation

In the process of fracture simulation using elliptical disks,
the ellipses' sizes are the most important indices taken into
account. The major axes length of the ellipse (a) should be
randomly estimated in the generation of the fracture exis-
tent in the studied rock mass alongside the random gener-
ation of the fracture center (Fig. 5).

The minor axes of the ellipse can be obtained via ran-
domized generation of the large axes and through tak-
ing into consideration the ratio of the ellipse's axis. Thus,
according to the aforementioned process, the length of the
major axes of the ellipse is in fact the index determining
the size of the elliptical fracture. To perform randomized
generation of the ellipses' size (their major axis), a distri-
bution function corresponding to the population of the real
fracture size is needed to be used. To do so, the hypotheses
assuming the disk-like nature of the fractures and the inde-
pendency of the center and size of the disks from their spa-
tial position are considered in the first stage to obtain the
real probability distribution function of the trace length of
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the fractures (f{/)) following which the third moment of
the probability distribution function (£(”)) should be cal-
culated. Based on the studies performed in this regard, the
distribution function governing the fracture size is one of
the following three: lognormal, exponential and gamma
distribution functions. Considering one of the lognormal,
negative exponential and/or gamma probability functions
and based on the relations summarized in the table below,
the mean (u,) and standard deviation (c,) of the fracture
size will be calculated. It has to be pointed out that, in
Table (1) and Table (2), u, and o, are the mean and stan-
dard deviation of the probability distribution function of
the elliptical fracture sizes, and u, and o, are the mean and
standard deviation of the probability distribution function
of the length of the trace of the real fractures, respectively.
To evaluate the quality of the proposed probability dis-
tribution function, the fourth moment of the probability
distribution function of the fracture size (E(a*)) is com-
puted to investigate the optimality of the selected distribu-
tion function's performance based on Eq. (1) as a result of
which the best distribution function can be decided:

M 16E()

=— 1 1
E(a) 3nM’ o

Table 1 Calculation formulas of fractures mean size distribution using
true fracture traces distribution function [53]
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Table 2 Calculation formulas of fractures Standard deviation of size
distribution using true fracture traces distribution function [53]

Assumed Fracture size
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In Eq. (1), M is calculated from the Eq. (2):

Ve (tanB) +1 . o

kz(tanﬁ)2 +1

In Eq. (2), f is the angle between the major axis of the
elliptical fracture and the direction of the fracture trace on
the surveyed outcrop (Fig. 6).

When computing the probability distribution function
of the fracture size, there is a need for having available
the real distribution function of the fracture trace length
for the obtaining of the mean value of which for a circular
scan window, Eq. (3) can be applied:

T (]/\\7 + ]/\\7 0— ]/\\7 2 )
H=—F=<—=<—=<,¢- 3
2(N-No+N:2)

In the above relation, N is the total number of the trace
of the appeared fractures in the scan window, N , 18 the
number of the traces featuring two obscured end and N 5
is the number of the traces featuring to observable end; ¢
is the scan window radius. To calculate the standard devi-
ation of the real distribution function of the trace length
of the fractures, the trace length population covariance is
firstly calculated as shown in the Eq. (4):

(o),

Where, (1), and (), are the mean and standard devi-

cov, )

ation of the collected trace length values, respectively.
Since a population's covariance is always a fixed value, the
real standard deviation of the trace lengths can be com-
puted from the Eq. (5) having determined the real mean
values of the trace lengths beforehand:

o, = Ly
cor,
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Fig. 6 Elliptical fracture simulation and tilt angle between ellipse major
axis and line parallel to the facture trace which pass center of ellipse
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Having the real mean and standard deviation of the
trace lengths at hand and using the relations offered in
Table 1, the mean and standard deviation of the probabil-
ity distribution function governing the elliptical fracture
size will be made available. The distribution function gov-
erning the trace lengths extracted based on the presump-
tion that one of the gamma, lognormal and negative expo-
nential distribution functions can be the objective function
is investigated using chi square or Kolmogorov-Smirnov
tests and/or other extant statistical tests [53].

3.2 Comparisons parameters

It is essential that the bitmap images have sufficient reso-
lution to allow faithful reproduction. To study the effect of
the fracture shape, P, parameters are applied as density
and P, and P,, parameters are applied as intensity param-
eters and the real mean of the fracture trace length, u,
is used. Egs. (6—8) demonstrate the calculation method of
density and intensity of fractures in network:
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Fig. 7 Wang proposed graph for determining of C,, for P,, calculating [22]
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Fig. 8 Wang proposed graph for determining of C,, for P,, calculating [22]
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Fig. 9 illustration of Rho angle (p) parameter [22]

Fig. 10 Sample of circular scan window photo

Since it is highly important to calculate the param-
eters describing the fractures in three dimensions and
also because it is not possible to directly determine the
required parameters for their calculation, P, parameter is
computed using the relation proposed by Wang. Due to the
importance of P, parameter, on the one hand, and the lack
of direct access thereto under real circumstances, Wang
proposes the Egs. (9—10) [22]:

P,=C,P, 9
Py =GPy, (10)

In Egs. (9-10), C,, and C,, depend on the fracture ori-
entation and Fisher's constant and they both are obtained
using the diagrams shown in Figs. 7 and 8 [22].

In Figs. 7 and 8, p is the spatial angle differential
between the mean vector of the joint set and the vector
parallel to the scan line (Fig. 9).

3.3 Surveyed data

To investigate the fractures' statuses in terms of the density
and intensity of being jointed, nine circular scan windows
are created. According to the trace length of the fractures,
the scan windows' radii are set between half a meter and
one meter. To perform exact determination of the fractures
before surveying, the fracture surfaces were washed. Fig. 10
illustrates a sample of the created scan window.
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Table 3 Data obtained from circular scan window surveying

Surveyed
No Scan window Plane Radius(m) Density(P?*)
Orientation

1 SWRI1 N26E 0.7 9.10
2 SWL2 N26E 0.7 5.85
3 SWL3 N26E 0.8 4.98
4 SWGTL1 S26W 0.6 9.73
5 SWGTL2 S26W 0.6 7.08
6 SWP S64E 1 12.42
7 SWP1 S64E 0.55 14.74
Mean 10.07

Table 4 Intensity and density Data obtained from circular scan window

surveying
Noo ey Ol Rl Meon rce
1 2.51 2.1 0.43
2 6.71 3.22 0.47
3 3.62 273 0.78
4 3.16 34 0.55
5 1.73 2.13 0.43
6 5.07 4.16 0.72
7 6.00 4.07 1.02
Mean 4.72 312 0.63

Using the collected data from the circular scan windows,
the density, intensity, the volumetric joint set intensity and
the real mean of the fractures are calculated. Table 2 pres-
ents the results obtained from the data analysis obtained
from circular scan window. These results will be utilized for
the comparison of the performance of the created discrete

fracture network using circular and elliptical fractures. It is
noteworthy that the created circular windows are located on
the perpendicular walls of the space created in the power
plant's cavern ceiling in three different axes. The orientations
of the sampled walls have been given in Table 3 and Table 4.

4 Results

4.1 Project cavern site elliptical discrete fracture
network generation

To generate the discrete fracture network, there is a need
for access to certain data. The data required for the gener-
ation of discrete fracture network have been obtained from
the collecting and analyzing of the field data of the dam
project and power plant project in Roudbar, in Lorestan
Province. Table 5 and Table 6 gives the parameters used in
the generation of the separate fracture network.

Table 5 Statistical analysis result of Circular survey data

Joint Sets Dip Direction (°) Dip(°) K-Fisher
First Set 123 60 17.3
Second Set 280 46 9.5
Parents 33 76 25.6
Bedding
Daughters 29 73 10.4

Table 6 Statistical analysis result of Circular survey data

Elliptical Discrete Fracture Netwark

XiEaxl)

Joint Sets Mean Trace S.D. of Trace
Length(cm) Length(cm)
First Set 64.1 53
Second Set 66.5 53.4
Parents 892 300
Bedding
Daughters 221.57 107.7
| ::{_’_H .
o -1
L o
l,.,;’f"z 1
—-__._ =" 4 : YiMerh)

Fig. 11 Rudbar Lorstan project site Elliptical Discrete fracture network



Esmaeilzadeh and Shahriar | 471
Period. Polytech. Civ. Eng., 63(2), pp. 465-479, 2019

Table 7 Input data for generation Elliptical and Penney shape Discrete Fracture networks

Simulation number 1 2

Fracture Sets Joint Set 1 Joint set 2 Bedding Daughters Joint Set 1 Joint set 2 Bedding Daugthers
Fracture orintation (f3/a) 60/123 46/280 76/33 73/29 60/123 46/280 76/33 73/29
P10 (linear intencity) 1.25 1.25 1 1 1.25 1.25 1 1
(1/m)

Shape Circular Circular Circular Circular Elliptical Elliptical Elliptical Elliptical
gzg length disribution Lognormal  Lognormal  Lognormal  Lognormal Lognormal Lognormal Lognormal  Lognormal
mean trace length cm)/ 64.1/53 66.5/53.4 892/300 221/107.7 64.1/53 66.5/53.4 892/300 221/107.7
standard deviation (m)

glt?g:leter (m)/axis 0.74/1 0.69/1 1.4/1 1.69/1 074032 0.69/0.17 1.4/0.86 1.69/0.93
p angle / K-fisher 84/17.3 78.6/9.5 15.6/25.6 20/10.4 84/17.3 78.6/9.5 15.6/25.6 20/10.4
Block volume 100*100*100 100*100*100

MS direction(m}

EW direction{m)

Fig. 12 Rudbar lorstan project site Elliptical Discrete fracture network

To investigate the effect of fracture shape selection on
the discrete fracture network performance, two discrete
fracture networks were generated using characteristics
shown in Table 7.

It is worth mentioning that the inputs for the generation
of the discrete fracture network have been summarized in
Table 7. In fact, these are the results of the statistical anal-
ysis performed on the data collected from the cavern sites
of the dam and power plant projects in Roudbar, Lorestan
province. In generation of the fracture network, the other
parameters like the generated fractures dip and dip direc-
tion and, finally, the number of the generated fractures
was considered identical in the investigation of the effect
of shape and for the purpose of preventing the effect of
the other factors. Images presented in Fig. 11 display the
elliptical discrete fracture network.

4.2 Elliptical discrete fracture network validating

After the generation of the discrete fracture network, it
has to be validated so that its accuracy can be ascertained.
To do so, certain cross sections are passed orthogonally
and horizontally and the dip and dip direction of the gen-
erated traces is compared with the real dip and dip direc-
tion of the fractures to figure out the network performance
accuracy. In doing so, horizontal cross sections aligned
east-westward and north-southward were passed through
the network for the investigation of the fractures' dip
directions and orthogonal cross sections perpendicular to
the fracture dip direction were passed through the net-
work to investigate the fracture dips. The generated traces
and the comparisons of resulted numerical values are
as follows.
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Fig. 14 Joint Set No.l fracture traces on horizontal survey plane

To validate the generated networks in the first stage, the
mean comparison of the traces strikes and the dip of the
fractures generated as a result of the fractures' intersections
with the passed cross section are undertaken. In this stage,
the traces of each of the four joint sets are separately inves-
tigated in their intersections with the orthogonal and hori-
zontal survey planes. It has to be pointed out that the hori-
zontal survey plane is used for the investigation of the strike
and the orthogonal survey plane is used to investigate dip
direction of each joint set so that the dip of the generated
fractures could be evaluated. Figs. 12, 13, 14 and 15 exhibit
the horizontal cross-sections of the fourfold joint set.

According to Fig. 12, it is clear that the mean strike of
the generated fractures in the network is nearly in SS57E
direction that is indicative of a good match with the real

conditions. The calculation of the strike of observable
traces in Fig. 12 and its match with stereo net, as well, are
reflective of the strike of this joint set along S63E orienta-
tion which is indicative of an acceptable match with the real
conditions of this joint set.

Fig. 13 demonstrates the strike of the joint set pertain-
ing to the daughter fractures. This joint set features sim-
ilar layering conditions in terms of dip and dip direction
hence it is expected to have a strike parallel to the bedding.
Based on the statuses of the traces pertaining to this strat-
ification in the horizontal survey plane, the mean value of
the strike of this joint set is almost in S61E direction which
is reflective of a high match with reality. The mean value
obtained for this joint set based on the generated network
is equal to S53E.
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Fig. 14 shows the dip direction of joint set No. 1. Based
on the collected data and the related statistical analyses, the
joint set is expected to be had strike along N33E orienta-
tion. Considering Fig. 14 and based on the dip directions,
it can be seen that the strike of the joints in this set are on
average along the same orientation obtained for the col-
lected data and hence a good match between the generated
model and the nature of this joint set can be discerned. Of
course, it has to be mentioned based on the calculations
that the strike of this joint set is equal to N38E which is
considered an acceptable error for a prediction model.

Fig. 15 displays the strike of the joint set No. 2 that has
to be aligned along N10W orientation. According to the
status of the data pertinent to this joint set, their strike is
almost highly approximated to the strike of the joint set

No. 1 and Fig. 15 confirms the same point. On the other
hand, according to the status and orientation of the joints
and their strike, a good match was found with the results
obtained from the relevant field data. For this joint set, as
well, the calculations are reflective of N4W stretch which
is again not suggestive of a significant error.

Figs. 16, 17, 18 and 19 illustrate the orthogonal cross-
sections created in the elliptical discrete fracture network
model and, as can be seen, they have been crossed for the
study of the fracture dips in a perpendicular to the strike of
fracture set.

Fig. 16 demonstrates the vertical cross-section of the
elliptical fractures generated for the parent bedding.
According to the pass direction of the survey plane (N33E),
the trace dips are indicative of the fracture dips values.
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Fig. 18 Joint Set No. 1 fracture traces on vertical survey plane

Based on Fig. 16, it is evident that the mean fracture dip is
close to the measured real dip, 76°. The calculated fracture
dip value of this joint set has been obtained equal to 74°
using the survey plane.

As for the daughter bedding joint set, as well, a good
match is observable in Fig. 17 between the dip of the gen-
erated fractures and the real dip surveyed for this joint set.
While the dip of this set of joints is close to the parent bed-
ding dip, Fig. 17 confirms the same reality and shows a
good match between the generated fracture model and the
reality of the joint set. It is noteworthy that the real dip
value of this joint set is equal to 73° which is only two
degrees different from the dip calculated from the orthog-
onal survey plane, 75°.

Fig. 18, as well, presents the results of passing the
orthogonal survey plane vertical to the strike of the joint
set No. I; the dip status of the joint set can also be seen.
In Fig. 18, the mean value of the fractures' dips has been
computed equal to 65° which is reflective of a good match
with the real slope of the joint set. It has to be noted that
the real dip value of the joint set is equal to 60°.

The dip of the joint set No. 2 is equal to 46°. The dip of
the joint set can be revealed through passing the orthogonal
survey plane perpendicular to the joint set strike (Fig. 19).
The dip of this joint set has been estimated equal to 43°
with the calculation of the dip mean of the joint set from the
obtained cross-section which is indicative of the high match
of the generated model to the real conditions of the joint set.
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Table 8 Comparison of dip and dip direction of generated DFN and surveyed data.

Joint set Real Dip Direction I)Clj::clﬂzile(cll)llgll\?) CEL‘;EL?;SH Real Dip Calc(u]éz;]e\]c; Dip Cl’i:llr(;zie(l‘t/io(;n
Bedding 123 127 2.7 76 74 3.1
Daughter 119 117 2.6 73 75 1.7
No. 1 213 218 7.7 60 65 2.3
No.2 10 4 7 46 43 1.5
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Fig. 19 Joint set No.2 fracture traces on Vertical survey plane

N26E direction(m)

Fig. 20 generated 2-D Discrete fracture network

Table 8 depicts the real dip and dip direction values per-
taining to the joint sets as well as the values calculated
using the survey plane generated in the discrete fracture
network along with their errors.

5 Study of fracture shape selection effect

The networks have been generated in dimensions that they
could provide for a good coverage of the studied region in
terms of size. The reason for the selection of these dimen-
sions for the creation of fracture network is creation of
match between the surveyed regions in the caverns and the
location of circular window creation in the cross-sections

of the generated fracture because the next stage considers
the exact geometrical reflection of the studied region on the
fracture network to estimate them with a good precision.

After the generation of the fracture network, the orthog-
onal cross-sections were created for the investigation of the
network's accuracy and the effect of its shape on the frac-
tures' behaviors considering the orientation of the walls
surveyed in the cavern in such a manner that they provide
for a match with the surveyed walls in terms of strike and
slope. Fig. 20 demonstrates a sample of cross-sections cre-
ated in the axes matching with the extracted axes.
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Fig. 21 Circular scan window for determination of model comparison parameters

Table 9 Comparison Parameters Value obtained from Elliptical and Circular discrete fracture network

Plane Density(P,) Intensity(P,)) Volumetric Intensity(P,,) Real Mean trace Length(u,)
Orientation Circular Elliptical Circular Elliptical Circular Elliptical Circular Elliptical
N26E 5.19 9.31 2.15 3.45 2.29 33 0.37 0.45
S26W 6.06 5.23 3.58 422 341 0.68 0.62
S64E 10.32 18.21 4.16 4.57 6.11 5.03 1.35 0.64
Mean 7.19 10.91 3.30 3.67 4.21 3.91 0.8 0.57
Table 10 Comparison of calculated parameters from generated discrete fracture networks and surveyed values
Measured DFN (disc fractures) DFN (elliptical fractures)
Value Value Error (%) Value Error (%)
pl 0.63 0.8 27 0.57 10
P 20 10.07 7.19 29 10.91 8
P 21 4.11 3.30 19 3.67 11
P 32 3.12 421 35 3.91 25
Mean 27.5 13.5

To calculate the selected parameters for the comparison
of the shape effects, as shown in Fig. 21, a number of cir-
cular scan windows placed on the created 2D fracture net-
work have been used. The reason for selecting the circular
scan window, besides the aforesaid advantages mentioned
in various resources such as the absence of the effect of
the fracture orientation thereon, is the match between the
scan methods and the study of the fracture status under
real sampling conditions with the constructed models. In
this stage, in order to provide for maximization of the lim-
ited coverage of the network, the circular scan windows
have been created with various diameters and centrality
of three different points. After matching the circular scan
windows as demonstrated in Fig. 21, the methods proposed
in the methodology section were applied to calculate the

comparison parameters of each circular scan window fol-
lowing which normalization was carried out for the elimi-
nation of the scan window size effect in respect to its arca
and, in the end, the mean values of the intended parame-
ters were obtained. The process has been repeated for both
the circular and elliptical networks. Due to the number of
the scan windows (30 windows in all three directions),
Table 9 shows the mean values of the calculated parame-
ters for the scan windows in each orientation.

In order to accuracy and performance study of circu-
lar and elliptical generated network, after calculation of
comparisons parameters mean value of various surveyed
direction, overall mean value of comparisons parameters
was obtained for each network. Table 10 shows mean error
values of each network for comparisons parameters.



6 Conclusions

The precise recognition of the fractures and the study of
various types of their properties play a crucial role in the
study of the rock mass behavior. Due to the lack of direct
access to the fractures hidden in the heart of the rock mass,
the discrete fracture modeling based on the statistical data
obtained from the real fracture statuses is deemed a common
method. One of the most important parameters involved in
the generation of discrete fracture network is the selection
of the fracture shape. In the majority of the studies carried
out in this study area, the fractures are simulated in the form
of circular disks due to their simplicity of the analysis. But,
as it is understood from the evidences and studies by the
other researchers, the tendencies are higher towards the cre-
ation of the asymmetrical shapes for the fractures due to
the emergence of mostly asymmetrical factors in the for-
mation of the fracture. Thus, ellipse is the most optimum
possible shape for the description of the fractures as opined
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