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Discontinuities are known as a primary factor in instability of tunnels and
underground excavations. To prevent potential damage and overbreak by
underground advancement, it is essential to provide a model, which considers both
the geometrical and mechanical characteristics of discontinuities. Discrete Fracture
Network (DFN) is a conceptual model to represent and analyse the complex system
of discontinuities within the rock mass. Combined DFN with analytical or numerical
methods can be employed as a scientific tool to analyse generated rock blocks, and
their stabilities under different loading conditions. This paper aims to investigate the
created overbreak by tunnel advancement in the Alborz tunnel located in the Tehran-
North freeway in Iran. First, the geometrical characteristics of discontinuities were
surveyed by tunnel advancement in 200 meters. Four major joint sets and a bedding
plane were identified and their statistical characteristics were measured. The DFN
model was generated and its validity was investigated through a comparison against
field data. The average volume of generated blocks in the studied area was measured
0.22 m3. The stability of generated blocks around the opening was kinematically
evaluated. The volume of formed blocks around tunnel in the DFN model prone to
instability due to static or dynamic loads was estimated 2605 m3 while the measured
overbreak in field was 2735 m3. The depth of overbreak in DFN model showed a
good agreement with field measurements. The results show that DFN model
combined with kinematic stability analysis can provide a scientific tool to investigate
geological overbreak in underground excavations.

1. Introduction

Rock mass is known as a complex geomaterial

These properties include orientation, surface

due to its heterogenous and anisotropic nature.
Rock engineers are commonly encountered with
several challenging questions in the design of
structures within the rock mass. Various failure
modes may occur in a rock mass, which depend on
numerous factors such as its geomechanical
characteristics, stress state, groundwater condition,
and excavation dimensions [1]. Discontinuities
play a crucial role in the strength and deformation
of the rock mass [2, 3]. Rock mass behavior under
different stress states and strain conditions depends
on the nature and properties of discontinuities.
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roughness, length, persistence, spacing, filling, and
fracture termination. The orientation of joints is
also a crucial feature, which dictates the potential
movement of a rock mass and the corresponding
volume of unstable material [1, 4].

Construction of tunnels within jointed rock
masses is often accompanied by challenges such as
overbreak, which refers to the excavation of
material beyond the intended tunnel profile. The
overbreak can impact underground constructions
with increased cost of support systems, slow
advancement rate, and higher post-construction



Hajimohammadi et al.

maintenance cost and possible water seepage
through unfilled voids at the lining extrados [5].
Overbreak not only increases construction costs
and time, but also poses significant risks to the
stability and safety of the tunnel. The occurrence of
overbreak is closely linked to the presence and
characteristics of discontinuities within the rock
mass. Discontinuities act as planes of weakness,
influencing stress redistribution, and failure
mechanisms during tunnel advancement [6, 7].
The prediction of overbreak during excavation
is a challenging task in tunnelling and mining
projects. As schematically shown in Figure 1, the
overbreak can be divided into two main categories;
namely geological overbreak, caused by
geomechanical features of the rock mass, and
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technical overbreak, related to drill-and-blast
design and execution. Overbreak refers to the
volume of the rock mass excavated beyond the
designed  specifications, while underbreak
represents the rock volume left within the desired
tunnel space. The former scenario occurs more
frequently than the Ilatter [8]. Drill-and-blast
excavations are still widely used in mining,
quarrying and hard rock tunnelling due to its
relatively low costs and simplicity of the
implementation [5]. However, this method has the
inherent disadvantage of damaging the surrounding
rock mass around the excavated section and
possibly development of blast-induced undesired
cavities.

Geological
Overbreak

Technical
Overbreak

Underbreak

>

Joint Sets

Designed Boundary of Excavation

Real Boundary of Excavation

Figure 1. Schematic illustration of the theoretical and actual tunnel profiles, highlighting the geological induces
overbreak.

The geological overbreak can be hardly
avoided, and it may be predicted by investigating
the rock mass characteristics. However, the
technical overbreak can be controlled by adopting
appropriate blasting or excavation techniques [6].
The precise prediction of overbreak extent and the
associated technical and economic impacts, are
challenging in hard rock tunnelling projects.

The additional costs associated with overbreak
often become a common subject of dispute
between clients and construction companies. In
tunnelling projects, certain regulations are
commonly implemented to evaluate the economic
impact of the overbreak, attempting to distinguish
between geological overbreak (typically covered
by the client) and technical overbreak (often
attributed to the construction company).
Construction tolerance is generally considered
between the design and excavation phases. This

tolerance indicates the allowable deviation
between the design and actual excavation volumes
[8].

A limited number of studies has been
undertaken to develop an analytical model for
estimation of the overbreak. Mahtab et al. [9]
proposed an analytical approach to assess
admissible thresholds of the geological overbreak
with a given level of confidence, considering the
uncertainty in main rock mass characteristics. This
approach is based on the two-dimensional limit
equilibrium analysis of rock wedges at the
perimeter of the excavation calculated on the basis
of the stress field around a circular hole in an
anisotropic elastic medium. Mohammadi et al. [10]
tried to determine the effect of longwall working
on the extension damage zone above main gate
roadway. Due to complex nature of the rock mass
and associated difficulties in analytical description
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of the rock mass, these studies are very limited and
rarely can describe the real scenarios.

The common approaches to assessing overbreak
rely on empirical methods, machine learning
techniques or continuum-based numerical models,
which often oversimplify the complex nature of
fractured rock masses. These methods may fail to
capture the intricate interactions between
discontinuities and their impact on rock behaviour
during excavation [11].

Singh and Xavier [12] by undertaking small
scale blasting in physical models and the assessing
the associated blast damage, highlighted that the
improper blast design can intensify overbreak in
drill-and-blast tunnelling. Khalili et al. [13] using
numerical Finite Element Method (FEM) tried to
estimate the effect of blast pattern on damage and
post-failure zone occurred around the Miyaneh-
Ardabil railway tunnel. However, Farrokh et al.
[14] declared that the mechanized excavation does
not eliminate overbreak but shifts its causes to
machine-rock interaction issues.

Innaurato et al. [15] and Schmitz et al. [16]
attempted to correlate the rock mass quality,
quantified in terms of Rock Mass Rating (RMR)
and Rock Quality Designation (RQD) indexes, and
the overbreak volume measured by topographic
surveys. Dey and Murthy [17] developed a
composite blast-induced rock damage predictive
model, considering rock mass parameters, blast
design parameters, and explosive charge
parameters, where their model was validated with
laboratory and field investigations at five tunnels.
Gong et al. [18] applied a statistical approach,
based on the Bayes discriminant analysis, for
prediction of overbreak and its discriminant
factors. Eight parameters; including four
orientation parameters of the two dominant joint
sets (dip and dip direction of joint sets), two
orientation parameters of the excavation surface
(dip and dip direction), the extension and spacing
of discontinuities, were adopted as geometric
parameters influencing the over-excavation. Jang
and Topal [19] tried to predict overbreak using
ANN, linear and nonlinear regressions between
geomechanical characteristics (UCS, RQD, RMR,
joint spacing, orientation and joint conditions) with
the measured overbreak. Daraei and Zareh [20]
tried to simulate the the excavation damage zone
around tunnel boundary and estimated the
overbreak depth by the rock strength factor.
Mottahedi et al. [21] by investigating 270 datasets
from drill and blast tunnels tried to develop
adaptive neuro-fuzzy inference system and particle
swarm optimization model to estimate the
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overbreak. However, review of these studies
clearly shows that the assessment of discontinuities
induced overbreak has been remained a challenge
in empirical, numerical and machine learning
techniques due to associated difficulties in
providing the structural geological model.

In recent years, the Discrete Fracture Network
(DFN) approach has emerged as a powerful tool for
explicitly representing the geometry, distribution,
and connectivity of discontinuities in rock masses.
By incorporating stochastic or deterministic
fracture properties, DFN models provide a more
realistic representation of the rock mass, enabling
detailed analysis of fracture-induced phenomena
such as overbreak [22, 23].

DFN is a three-dimensional geometric
representation of joints within a rock mass.
Nowadays, DFN modelling has found a wide range
of application in mining and civil engineering
projects. Dershowitz and Herda [24] by
considering the finite size of discontinuities,
developed a 3D stochastic simulation procedure to
generate a DFN model. Staub et al. [25] criticized
the use of DFN modelling in stability analysis due
to limitations of tunnel mapping and unknown size
and shape of fracture inside the rock mass.
Hadjigeorgiou [26] evaluated DFN models validity
based on data acquisition which is the subject of
calibration and validation. Elmo et al. [27]
investigated the ability of the DFN models for
estimation of the equivalent rock mass properties
for continuum modelling and showed that this
approach can improve the predictability of the geo-
mechanical simulations and the empirical rock
mass classification systems. Noroozi et al. [28]
developed a code, namely DFN-FRAC3D, to
describe damage zones around the strike-slip
faults. Elmo et al. [29] provided guidelines for the
quantitative description of discontinuities for the
use in DFN modelling. Grenon et al. [30] employed
DFN modelling to study the structurally-defined
rock blocks, such as wedges created around
excavations. They declared that there is a greater
demand to review the process of fracture data
collection for DFN modelling. Noroozi et al. [31]
developed a coupled DFN-FEM model to assess
the stability of support systems in a diversion
tunnel at the Rudbar Lorestan dam site. Vaziri et al.
[32] investigates the effect of geometrical
parameters of non-persistent joints on the
mechanical behaviour of the rock masses using
combined DEM and DFN. Ghaedi Ghalini et al.
[33] employed DFN modelling approach to
estimate the in-situ block size distribution for
analysing rock blocks fragmentation after blasting.



Hajimohammadi et al.

Measurement of the rock mass structural
properties is not feasible at three-dimension and
these properties are commonly measured through
surface exposures or linear surveys. The standard
process in generation of a DFN model involves
defining fracture properties, which are noted in
Table 1. The primary properties include
geometrical parameters for generation of a DFN
model while the secondary properties may also be
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defined, depending on the model application for
hydraulic or geomechanical studies. The validity of
a DFN model is commonly achieved by comparing
the direction, intensity, and pattern of simulated
fracture traces with the measured field data. The
stochastic approach offers the best option for
creating realistic geometrical models of
discontinuities [29].

Table 1. Primary and secondary properties for defining a DFN model [34].

Primary

Secondary

Orientation distribution

Aperture distribution

Fracture length distribution

Fracture shear strength properties

Fracture intensity distribution

Fracture stiffness properties

Spatial variation of fracture intensity

Fracture transmissivity distribution

Storativity distribution

Termination percentage

This work aims to study the induced
geomechanical overbreak using the DFN
modelling for the Alborz tunnel located in section
II of Tehran-North freeway in Iran. The
geometrical characteristics of discontinuities for
200 m of this tunnel were surveyed and the
statistical distribution functions for the orientation
and the trace length were determined. The fracture
intensity was measured by the the tunnel
advancement in the studied zone. Then, the DFN
model was generated for the studied area and its
validity was evaluated based on the field
measurement. By undertaking a kinematic stability
analysis based on the block weight and the shear
strength of rock joints, unstable blocks were
determined and the amount of geological overbreak
was measured in the DFN model. The estimated
overbreak was then compared with field
measurement. The presented methodology in this
study can be employed as a useful and scientific
tool for measurement of geomechanical overbreak
in underground excavations.

2. Case study (Alborz Tunnel)

Alborz tunnel is located in the second part of
Tehran-North freeway and is known as the longest
road tunnel in Iran with a length of more than 6 km.
The tunnel cross-section is horseshoe-shaped, with
a width of 12.6 meters. This tunnel is located in the
Alborz Mountain ranges and inside the geological
formations of Shamshak and Karaj. The lithology
along the tunnel axis consists mostly of tuffs

(black, green, grey), andesite (green and grey),
anhydrite, limestone, sandstone, argillite, and
gabbro, as shown in Figure 2. The excavation
method was controlled blasting in two sections; the
semi-circular excavation of top part followed by
the installation of primary support and the
excavation of the bench section. This studied area
in this research located at 1,600 to 1,800 meters
from the northern entrance of the tunnel (see Figure
3).

In the studied area, tunnel passes through
sedimentary rocks of the Shemshak formation,
where the lithology of the encompassing rock is
predominantly sandstone and argillite (sandstone
for 1,600 to 1,617 meters, sandstone with argillite
layers for 1,617 to 1,730 meters, argillite for 1,730
to 1,748 meters and alternating layers of argillite
and sandstone for 1,748 to 1,800 meters). Twenty-
four faults are located in the studied area. The
excavation of this section has been a challenge for
geotechnical engineers due to intense tectonics and
the presence of argillite layers accompanied by
geological instabilities. The uniaxial compressive
strength (UCS) of the sandstone and argillite rocks
in this section vary in the range of 70-100 MPa and
25-50, respectively [35]. Overbreak at various
tunnel cross-sections have been documented in the
studied area. A typical record of overbreak is
illustrated in Figure 4. The volumetric percentage
of overbreak lies within the range of 8.58 to
18.94% of the tunnel volume.
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Figure 2. Geological profile of the Alborz tunnel [35].
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Figure 3. Geological profile of the studied area in the Alborz tunnel [35].
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Figure 4. A typical measured overbreak section in

the studied area [36].

3. Characterization of Geometrical properties of
Discontinuities

In the studied area, the geometrical
characteristics of discontinuities were surveyed
from the exposure surfaces of the tunnel with the
tunnel advancement in unsupported areas, before
the installation of the primary support. After joint
surveying in the studied area, the fracture density
and statistical distribution functions for fracture
orientation and fracture size were determined.

3.1. Fracture orientations

The measured orientation of discontinuities was
clustered based on the fuzzy clustering algorithm
[37]. Four joint sets and a bedding plane were
identified, as shown in Figure 5. Then, the
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statistical properties of joint sets were determined
based on the Fisher distribution function. The
Fisher distribution defines a symmetrical angular
distribution of orientations about the mean
orientation vector. The probability density function
of Fisher can be expressed as follows,
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0 sin @ ek cost

f(0) = — = (M

where 6 is the angular deviation from the mean
vector, and k is the Fisher dispersion coefficient.
The statistical orientation of joint sets is expressed
using dip, dip direction, and «, which are
summarised in Table 2.
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Figure 5. The identified joint sets based on orientation clustering of the filed surveys.

Table 2. Fisher statistical distribution parameters for the joint orientation.

Statistical properties of joint sets

Joint set ID Dip (degrees) Dip direction Fisher's
(degrees) constant (k)
bedding 71 176 58.06
1 64 92 24.47
2 64 280 35.16
3 65 232 28.31
4 62 11 60.74

3.2. Fracture size

The fracture size is an important parameter in
DFN models which is commonly determined
through the measurement of the trace length. The
trace length can only be collected by exposing the
rock mass. For each trace intersects the tunnel
surface, the trace length was recorded. A statistical
distribution should be compatible with the trace
length data as they will be compared with the
simulated trace lengths [38]. In many cases,
fracture lengths are reported as the diameter of the
fractures or the radius of the fractures. The size of
the fractures may follow exponential, power or log-
normal distributions [39, 40].

In this study, the distribution function of the
fracture lengths was determined based on
Kolmogorov—Smirnov, Anderson-Darling and
Chi-square tests where the best distribution was
selected based on the lowest root mean square error
(RMSE). Joint sets 1, 2 and 4 showed log-normal
distributions, while joint set 3 exhibited an
exponential distribution, as shown in Figure 6. The
statistical parameters of these sets are summarised
in Table 3. As the bedding plane was considered
deterministic in DFN simulations which was
defined based on the measured spacing, it was
disregarded for statistical analyses.
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Table 3. Statistical characteristics of the fracture size.
Joint set ID  Statistical distribution Standard deviation Median 1 (m)

1 Lognormal 0.46 0.83
2 Lognormal 0.79 0.48
4 Lognormal 0.60 1.13
3 Exponential P A=0.35

3.3. Fracture intensity

The fracture density is commonly measured by
counting the frequency of fracture traces along
scanlines (i.e. the number of fractures per meter)
using a fixed distance, usually in the range of 2-5
meters. Dershowitz and Herda [24] suggested a
system for describing the fracture intensity based
on the sampling region dimension and the feature
dimension. In this system, P is written with two
subscripts, which refer to the dimension of the
sampling area and the fracture dimension,
respectively. These subscripts include 0, 1, 2, 3,
which refer to number, line, area, and volume,
respectively. The common approach for
measurement of the fracture intensity is based on
Pio (fracture frequency; number of fractures per
unit length) or P21 (summation of trace lengths in a
specific area) which are both directional
dependent. P;; is usually used for generation of
DFN models which is estimated indirectly rather
than being measured [38]. There is a relative

correlation between Pio, P21, and P3,, where P3; can
be estimated with random DFN simulations using
the following procedure [24]:

- A value is assumed for Ps;, called P32 moq, and a
DFN model is simulated.

- Artificial scanlines or exposures with identical
directions and sizes of the surveyed ones are
created in the DFN model.

- The fracture intensity for the sampled scanlines
Pio mod or the surface exposures Pai wmod 1
measured in the DFN model.

- P32 is calculated using the relative relationship

as follows,
PlO Field — P21 Field — P32 (2)
10M P P
od 21 Mod 32 Mod

The fracture intensity in this study was
measured based on scanlines Pjp and the
corresponding P3; was calculated using Equation 2.
The compositing length plays a critical role in
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evaluating Pio for DFN modelling. An optimal
compositing length should balance the need to
capture geological heterogeneity and scale
dependency while minimizing bias and noise. If the
compositing length is too long, it may average out
high-intensity zones, leading to an underestimation
of fracture intensity in those areas. However, short
compositing length may result in overemphasize
small-scale variations, leading to an overestimation
of fracture intensity in some intervals. As the
fracture intensity (Pio) is scale-dependent, the
compositing length was aligned with the scale of
the problem being studied (tunnel scale) [24, 41].
The measured field fracture intensity and the
calculated P3; for different joint sets are
summarised in Table 4.

4. DFN Model Generation and Validation

The undertaken workflow for evaluation of
excavation induced blocks and stability analysis is
shown schematically in Figure 7. The process starts
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with the data analysis and resources introduced in
the previous section which are then aligned with a
structural model, followed by geomechanical and
engineering analyses [42]. The Baecher model
[43], commonly known as the random disk model
[38] was used in this work to simulate the spatial
distribution of joints in the model. The process of
model generation is shown in Figure 8. The
geometrical properties of four joint sets described
in previous section, were used as input parameters
for generation of the DFN model. In this study, the
faults and bedding planes were considered
deterministically and the three-dimensional DFN
model was generated.

Table 4. Fracture intensity for joint sets.
Joint set ID

Fracture intensity (1/m)

P1o P
1 2.56 6.3
2 2.35 5.635
3 2.513 6.3
4 2.494 5.345

Generate New
DFN Fracture Sets

Delete Existing
DFN Fracture Sets

Compute Post
Processing
Statistics

Excavate tunnel of
DFN fractures

Perform DFN Rock

Wedge Analysis

Figure 7. Workflow for the kinematic stability analysis of the DFN model [42].

To investigate the validity of the generated DFN
model, the orientation distributions of generated
fractures were compared with the field
measurements, as illustrated in Figure 9. The
results show that the orientation and distribution of
joint sets are in good agreement with field
measurements. The cumulative distributions of
fracture trace length for all joint sets in the DFN
model were also compared against field

measurements, as shown in Figure 10. For all joint
sets, good agreement was found between field
measurements and the generated DFN model
Furthermore, the fracture intensity of joint sets
within the model were also compared against field
measurements and the results are presented in
Table 5. These results clearly show that the
generated DFN model well represents joint system
of the studied area.
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(a) Construction of model region and tunnel (b) Defining faults

(g) Generation of joint set 4 (h) Generated model with all discontinuities

(i) DFN model and tunnel excavation
Figure 8. The process of DFN model generation of the studied area.
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Table 5. Comparison of the fracture intensity between field measurement and model.

Joint Set ID Py Field P19 Model
1 2.56 2.59
2 2.35 2.36
3 2.51 2.86
4 2.49 2.42
The block size distribution was determined in (MDS) method. In this approach, several points are
this work using the Multi-Dimensional Spacing randomly selected in the simulated DFN model and

10
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lines in three specified directions are generated
from each point. The intersection location of
fractures for each line is then recorded. Then, the
spacing frequency is recorded in three directions
using the corresponding lengths between fractures.
Finally, the block volume distribution is calculated
by multiplying the spacing probability distributions
using the Monte Carlo simulation method [33]. The
size distribution of blocks in the generated DFN
model is shown in Figure 11. The average block
size (Dso) was measured 0.22 m’.

5. Tunnel Kinematic Stability Analysis
5.1. Reducing the model size

The generated DFN model, explained in
previous section, has a size of 63x200x48.8 m’.
Undertaking the kinematic stability analysis in this
size is computationally intensive and inefficient, if
it is achievable, due to size and number of
generated blocks. Therefore, reduction in the size

Stage 3 l
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of DFN model compared to the tunnel scale is
necessary to expedite the kinematic stability
analysis of the tunnel. Therefore, the DFN model
was trimmed into a region size of 37.8%200x%29.28
m’, as shown in Figure 12.

Volume Weighted Size

100

&0

% Passing

0

0

- o
2 =, i bt
= =}

o

00001

0o
1000

1000.0

Volume [m3]
Figure 11. The block size distribution using the
DFN model.

Stage 1

Figure 12. The procedure of reducing the model size.

A trace plane was considered at eight meters
above the tunnel as shown in Figure 13 and the
trace-map statistics for full and reduced sized
models are presented in Table 6. It is evident that
the DFN models in both full and reduced regions
can be well compared according to the trace-plane
statistics. This means that the DFN model is not
sensitive to the size in the studied area; therefore, it

11

can be reduced in size. Due to highly fractured zone
of this study and the long process of calculation for
generated wedges around the tunnel in kinematic
stability analysis, the analysed 200 m long tunnel
was divided into eight zones with the optimal
length of 25 m. By combining the results from
these sections together, the stability analysis of 200
m from the tunnel was examined.
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Figure 13. Cmparison of the trace-plane of the DFN

Dispiyed

model (63x200x48.8 m®) with the reduced size region

Mol

(37.8%200%29.28 m®). The Trace-plane shown by a yellow surface located at 8 meters above the tunnel.

Table 6. Trace-plane statistical comparison for the full and reduced sizes of studied regions.

Trace-plane Property

Original size

Reduced size

(63x200x48.8 m°) (37.8x200%29.28 m°)
Number of Segments 1,130,093 1,135,222
Intersection Count 105,735 104,893
Intensity (P21) (m/m?) 27.36 23.31
Trace Length Mean (m) 1.95 1.68
Number of fractures / areas 13.98 13.87

5.2. Stability analysis of generated blocks

Models for rock domains were then evaluated
for fracture intersections and connection maps and
the specific stability assessment of rock block
geometry at exposed faces of the tunnel. The
kinematic stability analysis is initiated by
determination of the wedge geometry using
classical block theory described by Goodman and
Shi [44]. Then all individual forces acting on
wedges are determined, and the resultant active and
passive force vectors for the wedge are then
calculated. In general, active forces denotes driving
forces in the calculation of the safety factor, while
passive forces represent the resisting forces. The
corresponding mass of each block is determined
using the assigned rock density and the computed
volume. As noted earlier, the rock type in the
studied area is predominantly sandstone and

argillite and the average unit weight of rock in the
studied area was considered 26.3 kN/m’. By
assignment of the in-situ stresses, the normal stress
on each face of blocks was calculated. The sliding
direction of the wedge is then determined and the
corresponding normal forces on each wedge plane
is calculated. The resisting forces on the joint plane
is calculated using the Coulomb shear strength
model. Then, the sliding of blocks on a single or
multiple surfaces is assessed using the Coulomb
criterion. The free fall of each block is also checked
by its geometry. The friction angle of
discontinuities was assigned 23 degrees. Finally,
the factor of safety for each block can be
determined. The kinematic stability analysis of the
tunnel for 1600 — 1800 meters was carried out using
eight sections with 25 meters interval. The results
of analysis are shown in Figure 14 and Table 7.

Table 7. Results of the kinematic stability analysis in each 25 m interval.

Tunnel section  Total block volume [m?]

Maximum block height [m]

Average block height [m]

1600-1625 339.51
1625-1650 317.90
1650-1675 345.70
1675-1700 327.23
1700-1725 313.03
1725-1750 313.29
1750-1775 325.72
1775-1800 322.19
1600-1800 2604.56

2.37 0.14
2.32 0.13
2.73 0.14
2.04 0.13
2.48 0.13
2.00 0.13
1.97 0.13
2.48 0.13
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(g) 1750 - 1775 m

The volume of blocks around the tunnel
estimated by the DFN model was compared with
the measured overbreak, and the results are
presented in Figure 15. It can be observed that all
the blocks formed around the tunnel collapse,
which is due to the extremely high level of jointing
and the formation of composite blocks surrounding

13

(h) 1775 - 1800 m
Figure 14. Kinematic stability analysis statistics for studied area: a) 1600 - 1625 m, b) 1625-1650 m, ¢) 1650-1675
m, d) 1675-1700, e) 1700-1725 m, f) 1725-1750 m, g) 1750-1775 m and h) 1775-1800 m.

the unstable blocks. The blasting in highly jointed
environments in argillaceous and sandstone rock
masses are also significantly deleterious. It is
evident that the DFN model performed well in
determining the height of the blocks formed around
the tunnel.
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Figure 15. Comparing the total block volume estimated by the DFN model and measured overbreak for each 50
m intervals.

6. Conclusions

In this work, Discrete Fracture Network (DFN)
was used to assess the induced overbreak around
tunnels based on the geomechanical properties of
the rock mass. The geometrical characteristics of
discontinuities in 200 meters of the Alborz tunnel,
which is located in the Tehran-North freeway in
Iran, were surveyed. The DFN model of the studied
area was generated. The validity of the DFN model
was assessed in terms of orientation distribution of
fractures, cumulative distribution of the trace
length as well as fracture intensity, and a good
agreement was found with field measurements.
The average volume of blocks in the studied area
was calculated 0.22 m® using MDS method. Based
on the kinematic stability analysis of blocks around
tunnel, the volume of formed blocks prone to
instability was estimated 2605 m® which showed a
good agreement with 2735 m® measured overbreak
at field. Results of this study showed that utilizing
the DFN method provide an appropriate approach
for creating a realistic model representing the
arrangement of fractures in jointed rock masses. In
this method, the interaction between rock blocks
can be examined, and ultimately, it can be
employed to analyse the stability of jointed rock
masses under different conditions. The DFN
method can depict blocks around the tunnel
susceptible to collapse along with their sizes.
Combination of DFN models and discontinuum
numerical techniques such as discrete element
method serves as a susceptible approach for
detailed analysis of excavation damage zones
around underground openings.
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