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A B S T R A C T 

 

In recent years, as cities expand and populations increase, the importance of public transportation, particularly subways, and underground 
spaces, has grown. In-situ concreting in underground areas is time-consuming, costly, and requires significant space for molding. However, 
shotcrete can be applied quickly with high quality and minimal space needed. The main purpose of this study is to investigate the settlement 
of the ground surface resulting from tunnel excavation using 3D numerical modelling. This study investigated the use of shotcrete reinforced 
with recycled and industrial fibers as an alternative tunnel support system in section 4 of the third phase of Tabriz metro line 2. The evaluation 
of the load-carrying capacity of shotcrete-lattice and fiber-reinforced shotcrete support systems showed that the maximum tensile stress for 
the preferred support systems is 165.1 MPa and 1.284 MPa, respectively. The results of finite element analysis revealed that shotcrete with 40 
kg m3⁄ of industrial steel fibers and 30 kg m3⁄ of recycled materials can be a viable alternative to the traditional shotcrete-lattice tunnel support 
system in Tabriz metro line 2 in terms of resistance and surface settlement properties. The use of recycled fibers is cost-effective, and a smaller 
quantity of recycled fibers can provide similar mechanical properties compared to a larger quantity of industrial fibers. 

Keywords: Numerical modelling, Recycled fibers, Settlement, Shotcrete, Tunnel. 

 

 

1. Introduction 

The increase in city traffic due to population growth causes 
significant transportation problems. Solving this issue requires the 
construction of underground transportation systems such as the metro. 
Although this transportation system has many benefits, building 
tunnels, especially with low-quality materials, could potentially harm 
nearby structures by creating stress and ground deformation, that is why 
it is important to carefully check the stability, ground deformation, and 
use of strong supports when designing and building a tunnel. Therefore, 
in tunnel projects, it is necessary to evaluate the settlements and their 
geology effects on the existing structures [1, 2, 3]. 

Shotcrete and concrete are some of the most widely used tunnel 
support systems during the construction of underground excavations 
and tunnels, and they provide a suitable level of safety and reliability [1, 
2]. Shotcrete strengthens the deformed soil layer by enhancing its load-
carrying capacity and increasing its resistance to shearing forces [3]. 
Despite shotcrete's beneficial properties, the primary weaknesses of 
shotcrete are its low tensile strength and susceptibility to cracking under 
various loads on coated surfaces. The disadvantages of shotcrete can be 
reduced by mixing fibers. Adding fibers improves the low tensile 
strength, low deformation rate, low ductility after cracking, low 
toughness, and low tensile and bending resistance of concrete structures 
[4]. The mechanical performance of the composition containing fibers 
is largely influenced by the properties of the fibers such as the type of 
fibers, length, diameter, stiffness, strength, and percentage of their use 
[1, 5, 6]. 

 
 
 
In general, the design of underground tunnels mainly relies on 
experimental methods, which largely depend on the previous work 
experience of the engineering team. On the other hand, analytical 
techniques, to predict the deformation of rock masses and determine 
the most suitable support system for them, have been developed [7]. 
With the advancement of tunnel excavation techniques, the role of 
numerical simulations has significantly increased in importance. These 
simulations have become indispensable tools in the design and 
construction of tunnels, allowing engineers to predict and analyze 
various factors such as ground stability, structural integrity, and 
potential risks. By leveraging these advanced computational methods, 
engineers can optimize tunnel designs, enhance safety measures, and 
ensure more efficient and cost-effective construction processes [2, 8, 9]. 
In the context of tunnel support systems, distinct constitutive models 
can be employed for rock masses and shotcrete based on numerical 
models using the Finite Element Method (FEM). 

Neuner et al.  investigated the necessity of 3D numerical modelling 
for tunnels with high depth and overburden [12]. Chortis et al. and 
Weifner et al. showed that for NATM and mechanized excavation 
methods, 3D numerical modelling provides a suitable tool for studying 
the interaction between tunnels and adjacent structures [13, 14]. Vitali 
et al. and Gamnitzer et al.  showed that 3D numerical modelling of 
tunnel excavation with the NATM method provides the possibility to 
investigate the effect of different excavation sequences and allows 
consideration of the effect of moment and steel arches. In addition, 3D  
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numerical models are also suitable for the 3D investigation of stresses 
and deformations of rock masses and shotcrete [15, 16]. 

De la Fuente, Olander, Massone, Larive, Sheikh, and Monteiro 
investigated the effect of fibers in shotcrete on the reinforcement of the 
tunnel support system [3, 17, 18, 19, 20, 21]. Chiai et al. used the finite 
element model and showed that the presence of fibers in the tunnel 
support system has advantages such as preventing the formation of 
cracks and controlling the crack width [22]. Sharghi et al. investigated 
the performance of recycled steel fibers added to concrete using 
laboratory tests and numerical modelling. The results indicated that 
recycled steel fibers are suitable for use as reinforcement. [23]. 
Majumder et al. obtained a new numerical model for the analysis of 
excavation in compacted soils using finite element numerical modelling 
in jointed rock masses [24]. While creating an elastoplastic finite 
element model with Abaqus software, research was conducted by 
Congro et al. on how the addition of steel fibers could strengthen tunnel 
support systems. The study involved analyzing radial displacement and 
stress distribution around the tunnel. The results demonstrated good 
alignment between the numerical model and the analytical solution for 
tunnel excavation [7]. Sharghi et al. investigated the impact of recycled 
fibers on tunnel segment lining structural integrity in their study. The 
findings revealed that defects not only widened cracks by five times but 
also led to the formation of new secondary cracks. Moreover, the results 
demonstrated that recycled fibers effectively minimized crack 
expansion and propagation. This research highlights the potential 
benefits of incorporating recycled materials in tunnel construction for 
both cost-effectiveness and environmental sustainability [25]. Chakeri 
et al. conducted a study to investigate the mechanical properties of 
concrete parts using three types of steel fibers in Tabriz metro line 2 
project. The results of various tests showed that the mechanical 
properties of prefabricated concrete parts are improved by adding fibers 
[26]. 

The present study aims to investigate the 3D numerical settlement of 
the ground surface caused by tunnel excavation. In this study, the impact 
of using shotcrete reinforced with recycled and industrial fibers as an 
alternative support system was investigated. The study is applied to a 
specific and current case, Tabriz metro line 2 offering insights that are 
directly relevant to ongoing infrastructure projects, whereas many prior 
studies may have focused on more generalized or theoretical 
applications. It compares the effectiveness of fiber-reinforced shotcrete 
with traditional shotcrete-lattice systems, providing a quantitative 
analysis of their tensile stress capabilities, which adds a new dimension 
to existing studies. The properties of shotcrete with industrial, recycled 
fibers, and shotcrete without fibers, were assessed through laboratory 
tests on cylindrical and cubic samples at the mechanized excavation lab 
of Tabriz Sahand University of Technology. Essential data for tunnel 
design includes information from Tabriz's metro line 2 and excavation 
using the NATM method. 

2. Introduction of Tabriz metro line 2 project 

The city of Tabriz, with an area of about 225 to 230 km2, is located 
approximately in the southeast-northwest direction (SE-NW) and is 18 
km long. The maximum width of the city of Tabriz from north to south 
is about 14 km and the height is 1340 m above sea level. Tabriz City 
Metro has five approved lines, of which only the 1st line from El Goli 
Square to Shahrak Noor with 18 stations is in operation. Also, Tabriz 
metro line 2 is under construction and its other lines are being studied. 
Tabriz metro line 2 project with an approximate length of 22.4 km has 
22 underground stations that start from the Qaramelk area in the west 
of Tabriz after passing Qara-Aghaj streets, Danesh-Sara Square, and 
Abbasi Street arrive at the Baghmishe. It continues to the east and ends 
at Tabriz International Exhibition. The length of Tabriz urban train line 
2 project is divided into three phases. The first two phases are excavated 
by two EPB-TBMs (Earth Pressure Balance Tunnel Boring Machine). 
The third phase will be excavated using traditional cut and cover and 
NATM (New Austrian Tunneling Method) excavation. Figure 1 shows 
the route of Tabriz metro line 2 along with the stations on the map of 

Tabriz city [28]. 
In this study, the impact of shotcrete reinforced with recycled and 

industrial fibers is investigated as an alternative support system in the 
third phase of Tabriz metro line 2 (excavated section using the NATM 
method). Also, among the excavated sections, section number 4 has 
been examined in the range of 20+940-21+277 kilometers (Table 1). 

 
Table 1. The scope of implementation of NATM in the study area. 

Excavation method Meterage (m) Mileage range (km) No 
NATM 600 17+675 to 18+275 1 
NATM 351 18+660 to 19+011 2 
NATM 770 19+630 to 20+400 3 
NATM 337 20+940 to 21+277 4 
NATM 415 21+375 to 21+790 5 

 
 

 
Figure 1. The route and stations of Tabriz metro line 2 [28]. 

 

3. Numerical modelling 

Most underground structures, such as tunnels, have complex 
geotechnical, seismic, stability, water flow, temperature and pressure 
changes. For this reason, numerical methods have been taken into 
consideration in the design of underground structures. One of the 
numerical methods for the approximate solution of differential 
equations is the finite difference method (FDM). In this method, the 
derivative of functions is approximated by their equivalent differences. 
To solve the equations, the basis of this method is to use function 
approximation with Taylor's method. Computational processes of 
modelling using the finite difference method generally include the 
construction of model geometry, determination of boundary conditions, 
behavioral model and material properties, creation of initial balance in 
the model, application of desired execution conditions, and model 
solution. One of the most widely used software based on finite difference 
method is the FLAC software [29]. 

These days, the finite element method (FEM) is widely utilized due 
to the growing availability of computational tools and the ability to 
address complex problems. This approach offers the opportunity to 
overcome various constraints of analytical and experimental methods, 
factors such as the geomechanical properties of materials, depth, and 
stress-strain conditions. The tunnel structure's geometry can influence 
ground deformation based on the excavation technique. The finite 
element method views the excavation process as a "step-by-step" 
procedure. It allows for tracking excavation displacements over time 
using finite element models. Computational modelling using the finite 
element method typically involves steps such as defining model 
geometry, specifying material parameters, creating meshes, and setting 
boundaries and loading conditions [1, 7, 27]. Abaqus is one of the finite 
element software tools utilized in this study. 
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3.1. Properties of support system and excavation method in numerical 
modelling 

Four types of support systems, such as shotcrete and lattice were used 
in the construction of Tabriz metro line 2. Additionally, three different 
support systems were examined, incorporating 30 kg m3⁄ of recycled 
fibers from tires, as well as 40 kg m3⁄ and 100 kg m3⁄  of industrial steel 
fibers. 2D numerical modelling was conducted using FLAC software to 
assess the load capacity of support systems, while 3D modelling was 
performed with Abaqus software to examine ground surface settlement 
and tunnel wall displacements. The excavation process in the software 
follows the NATM method and the excavation and construction steps 
of Tabriz metro line 2. The excavation steps (Figure 2) performed in the 
software in one excavated step include the following: 

 

1. Excavation of the crown from the upper part of the tunnel. 
2. Installation of the support system in the crown section. 
3. Excavating the middle part of the upper part. 
4. Installation of the tunnel support system in the middle part of the 

upper part. 
5. Excavation of the stairs of the middle part. 
6. Excavation of the right wall. 
7. Installation of the right wall support system. 
8. Excavation of the left wall. 
9. Installation of the left wall support system. 
10. Excavation of the bottom section. 
11. Installation of the floor support system. 

3.2. Modelling process using finite difference method and its results 

To check the possibility of the load-carrying capacity of support 
systems, numerical modelling was done using the 2D FLAC software. 
The properties of section 4 of the third phase of Tabriz metro line 2 are  
 

presented in Table 2. After completing the geometry of the model, the 
Mohr-Columb behavioral model was selected. The parameters used for 
the soil are described in Table 3 and the properties related to the support 
system are described in Table 4. 

 

Table 2. Properties of Tabriz metro line 2 tunnel. 

Crown radius 
(m) 

Length  
(m) 

Width 
 (m) 

Overburden 
 (m) Tunnel section 

5 40 50 15.5 horseshoe tunnel 
 

Excavation in the FLAC software follows the implementation method 
in Tabriz metro line 2. After each part is excavated, the support system 
is installed according to the excavated part. Figure 3 shows the model 
built after balancing and excavation of the tunnel. Also, in Figures 4 to 
7, the distribution diagrams of axial force and bending moment in two 
types of support systems are shown (Table 4). 

3.3. Analysis of the load-carrying capacity of the two types of support 
systems examined in section 4 of the third phase of Tabriz metro line 
2. 

To analyze the load-carrying capacity of shotcrete-lattice support 
systems and shotcrete containing steel fibers, the maximum values of 
axial force and bending moment were determined for both support 
systems. At first, the analysis of the load-carrying capacity of the 
shotcrete-lattice support system was performed. The equivalent area (A) 
and the equivalent moment of inertia (IX) are as follows: 

 

𝐴 = 4 × (
𝜋(252)

4
⁄ ) = 19.63  𝑐𝑚2                                                                          (1) 

 

𝐼𝑋ˊ = 𝜋(12.54)
4

⁄ = 1.9175  𝑐𝑚4                                                                            (2) 

Table 3. Soil properties in the numerical model. 

Shear Modulus 
(MPa) 

Bulk Modulus 
(MPa) 

Poisson's 
ratio 

Young's modulus 
(MPa) 

Friction angle 
(°) 

Cohesion 
(Pa) 

Density 
(kg/m3) 

Depth 
(m) 

Soil 

10.89 32.68 0.35 30 32 9806.6 1680 0-1 First Layer 

10.35 61.29 0.42 30 20 10787.3 1700 1-4 Second Layer 

23.78 66.39 0.34 65 31 3922.6 1700 4-6 Third Layer 

10.58 44.57 0.39 30 22 9806.6 1600 6-30 Fourth Layer 

23.26 81.72 0.37 65 24 16671.3 1800 30-40 Fifth Layer 

 

Table 4. Properties of the support system in the numerical model. 

 

 
Figure 2. The excavation steps. 

 
Figure 3. The position of the layers and excavate the tunnel in the 

numerical model 

Inertia moment (𝐜𝐦𝟒) Equivalent area (𝐜𝐦𝟐) Poisson's ratio Modulus of elasticity (GPa) Type of support system 

1105.83 19.63 0.25 200 Shotcrete + Lattice 

2256 30 0.25 25.5 Fiber shotcrete 



24 E. Khoshzaher et al.,  / Int. J. Min. & Geo-Eng. (IJMGE), 59-1 (2025) 21-29191-199 

 

 
Figure 4. Axial force distribution diagram in shotcrete and lattice support system 

(N). 

 
Figure 5. Axial force distribution diagram in fiber shotcrete support system (N). 

 
Figure 6. Bending moment distribution diagram in shotcrete and lattice support 

system (N.m). 

 

 
Figure 7. Bending moment distribution chart in fiber shotcrete support system 

(in N.m) 

𝐼𝑋 = 𝐼𝑋ˊ + 𝐴𝑑2 = 1.9175 + 19.63 × 56.25 = 1105.83   𝑐𝑚4                               (3) 
 

Where: 
 A is the equivalent area (𝑐𝑚2), 𝐼𝑋 is the equivalent moment of inertia 

(𝑐𝑚4), 𝐼𝑋ˊ is the moment of inertia around the x axis (𝑐𝑚4), and d is the 
distance between axles (cm). 

Hence, the area equals 19.63 cm2 , the moment of inertia equals 
1105.83 cm4, the distance from the neutral axis is 75 mm, the maximum 
axial force is 269.5 kN (as per Figure 3), and the maximum bending 
moment is -4.1 kN.m (as per Figure 5). These data pertain to the 
shotcrete-lattice support system. By using the above values in the 
following relationship, the maximum tensile stress for the desired 
sections is calculated as follows: 

 

σ =
P

A
+

My

I
=

269.5

19.63
+

4.1×100×7.5

1105.83
= 16.51  

KN

cm2
= 165.10 MPa            (4) 

 

𝜎 is the maximum tensile strength (MPa), P is the maximum axial 
force (MPa), A is the equivalent area (𝑐𝑚2), M is the maximum bending 
moment, y is the distance from the neutral axis, and  𝐼𝑋 is the equivalent 
moment of inertia (𝑐𝑚4). 

On the other hand, the tensile strength of steel is equal to 400 MPa, 
and by applying the reliability factor of 1.4, the allowable strength of 
steel reaches 285.7 MPa. Therefore, the steel frame for tunnel excavation 
has the necessary stability. To analyze the load-carrying capacity of the 
shotcrete support system containing steel fibers, the values of the 
maximum axial force and bending moment were also determined. In 
this support system, the equivalent area of the frame (A) is 3000 cm2 
(the thickness of the support system is 30 cm and the height of the 
segment is 1 m), the equivalent moment of inertia (IX) is 2255000 cm4, 
the distance from the neutral axis is 150 mm, the maximum axial force 
is 295.2 KN (according to Figure 4) and the maximum bending moment 
is -4.5 kN.m (according to Figure 6). By inputting the above values into 
the equation below, the maximum tensile stress for the desired sections 
is determined as follows: 

 

σ =
P

A
+

My

I
=

295.2

3000
+

4.5×100×15

225000
= 0.1284 

KN

cm2
= 1.284 Mpa               (5) 

 

Where:  
𝜎 is the maximum tensile strength (MPa), P is the maximum axial 

force (MPa), A is the equivalent area (𝑐𝑚2), M is the maximum bending 
moment, y is the distance from the neutral axis, and  𝐼𝑋 is the equivalent 
moment of inertia (𝑐𝑚4). 

On the other hand, the tensile strength of fiber shotcrete is equal to 
2.69 MPa, which, considering the reliability factor of 1.4, the allowable 
strength of fiber shotcrete reaches 1.92 MPa. Therefore, fiber shotcrete 
provides stability for tunnel excavation. Based on numerical modelling 
in the FLAC software and an analysis of the load-carrying capacity of 
shotcrete-lattice and shotcrete with steel fibers, the maximum axial 
force and bending moment values for both support systems are in a safe 
range. This indicates that the structure is designed to withstand 
incoming loads effectively. 

4. Numerical modelling of section 4 of the third phase of 
Tabriz metro line 2 using the finite element method 

In this section, Abaqus software was used to investigate the 
settlements resulting from tunnel excavation and compare the results 
for two types of support systems for section 4 of the third phase of 
Tabriz metro line 2, including shotcrete + lattice and fiber shotcrete. In 
the following, numerical modelling with Abaqus is discussed first, and 
then the results of 3D numerical modelling are presented. 

4.1. Geometry and model properties 

For all models, the main geometry is solid, homogeneous, and 
elastoplastic, and the considered behavior model is Mohr-Coulomb. Soil 
properties and tunnel section information were extracted from Tabriz 
metro line 2 tunnel project and the length considered for the model is 
75 meters by default (Tables 5 and 6). The support system is considered  
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Table 5. Properties of the numerical model built in the study area. 

Crown radius (m) Length (m) Width (m) High (m) Excavation step (m) Overburden (m) Tunnel section 
5 75 50 40 1 15.5 horseshoe tunnel 

 

Table 6. Soil properties in the numerical model in the study area. 

Poisson's ratio Young's modulus (MPa) Friction angle (°) Cohesion (Pa) Density (kg/m3) Depth (m) Soil 
0.35 30 32 9806.6 1680 0-1 First Layer 
0.42 30 20 10787.3 1700 1-4 Second Layer 
0.34 65 31 3922.6 1700 4-6 Third Layer 
0.39 30 22 9806.6 1600 6-30 Fourth Layer 
0.37 65 24 16671.3 1800 30-40 Fifth Layer 

 
elastic for all models. Other properties and excavation steps of the 
shotcrete support system with lattice follow Tabriz metro line 2 project. 
The length considered for each part of the support system is 
proportional to the excavation step and is equal to 1 meter. The 
properties of fiber shotcrete with industrial and recycled fibers have 
been extracted through laboratory tests in the Mechanized Excavation 
Laboratory of Tabriz Sahand University of Technology (Tables 7 and 8). 
Figure 8 shows the soil geometry and the applied support system by 
numerical method. 
 
Table 7. Properties of support system geometry in the numerical model in the 
study area. 

Excavation step (m) Thickness (m) Length (m) 
1 0.3 75 

 

 
Figure 8. Soil geometry and support system in 3D numerical modelling with finite 
element method in the study area. 

4.2. Meshing and loading conditions 

One of the main steps in meshing a model in Abaqus is choosing the 
shape of the element and the mesh creation technique. The color 
assigned to each part determines which techniques can be used in 
meshing that part. In Figure 9, the soil meshing and support system can 
be seen in section 4 of the third phase of Tabriz metro line 2, which was 
done with structured and sweep meshing techniques. The approximate 
size of the elements is from 0.1 to 1m. 

For loading, the building load per floor is 1 ton m2⁄  and for vehicles, 
2 ton m2⁄   is considered. In this study, a five-story building located 
above the tunnel is considered based on the tunnel's location, and the 
traffic load is also factored in. Earth's gravitational force is also applied 
to the model. 

4.3. Discussion and analysis of results 

The ground-level settlement was determined by analyzing the vertical 
displacement of the ground surface and the horizontal displacement of 
the walls in section 4 of the third phase of Tabriz metro line 2. This 
analysis was conducted using 3D numerical modelling under conditions 
where traffic load and building load were applied to the model. In the 
following, four different types of support systems, including the support 
system used in Tabriz metro line 2 (shotcrete + lattice) were 
investigated and the proposed support systems including shotcrete 
reinforced with industrial and recycled steel fibers were investigated. 
The analysis of numerical models shows that the vertical displacement 
of the support system including shotcrete and lattice (Figure 10) is not 

much different from the support system of shotcrete containing 40 
kg/m3 of industrial fibers and 30 kg/m3 of recycled fibers (Figure 11). In 
these 3 types of support systems, the maximum displacement of the 
ground surface in the crown part of the tunnel is equal to 11.25 mm. For 
shotcrete containing 100 kg/m3 fibers, the maximum amount of vertical 
movement on the ground surface is in the crown section of the tunnel 
and is equal to 4.574 mm (Figure 12). This vertical displacement is the 
lowest amount of displacement in the crown of the tunnel among the 
investigated support systems. Figure 13 shows the comparison of the 
vertical displacement of the ground surface in different support systems, 
considering the traffic load and the load of a 5-story building, in section 
4 of the third phase of Tabriz metro line 2. The displacement units in 
the vertical direction (U) and the wall displacements (U3) in the profiles 
are both equal to meters. 

 
Figure 9. Soil geometry meshing and support system in the study area. 

 

 

 
Figure 10. Vertical displacement for a support system, including shotcrete and 
lattice, considering the traffic load and the load of a 5-story building. 

 

 
 

Figure 11.  Vertical displacement for fiber shotcrete support systems (SFRS-40) 
and (SRFS-30) considering the traffic load and the load of a 5-story building.

 1 

 2 

 1 

 2 
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Table 8. Properties of the support system in the numerical model in the study area. 

Thickness (m) Poisson's ratio Modulus of elasticity (GPa) Density (kg/m3) Type of support system 
0.3 0.25 22.96 2170 Shotcrete 
0.3 0.25 25.5 2180 Shotcrete (ISF-40) 
0.3 0.25 26 2170 Shotcrete (ISF-30) 
0.3 0.25 29.46 2210 Shotcrete (ISF-100) 

 

 
Figure 12. Vertical displacement for fiber shotcrete support system (SFRS-100) 
considering the traffic load and the load of a 5-story building. 

 

 
Figure 13. Comparing the vertical movement of the ground surface in different 
support systems considering the traffic load and the load of a 5-story building. 

 
Also, the analysis of the numerical models shows that the 

displacement of the walls in the x direction in the case where the 
amounts of industrial and recycled fibers are equal to 40 kg/m3 and 30 
kg/m3, respectively, is not much different from the case where the lattice 
and shotcrete are used as a support system (Figures 14-16). The best 
condition for moving the walls in the x direction is when the shotcrete 
contains 100 kg/m3 fibers (Figure 16). Figure 17 shows the comparison 
of the horizontal movement of the walls in different support systems 
considering the traffic load and the load of a 5-story building in section 
4 of the third phase of Tabriz metro line 2. 

 

 
Figure 14. Moving the walls in the x direction for the shotcrete and lattice support 
system, considering the traffic load and the load of a 5-story building. 

 
Figure 15. Moving the walls in the x direction for the support system (SFRS-40) 
and (SFRS-30) considering the traffic load and the load of a 5-story building. 

 

 
Figure 16. Displacement of walls in x direction for support system (SFRS-100) 
considering traffic load and load of a 5-story building. 

 

 
Figure 17. Comparison of the horizontal movement of walls in different support 
systems considering the traffic load and the load of a 5-story building. 

5. Conclusion 

Today, the use of steel fiber shotcrete as an alternative to the lattice 
and shotcrete support system in tunnels is widespread. Compared to the 
lattice and shotcrete support system, this method solves many of the 
problems and limitations that exist in the lattice and shotcrete support 
system. The advantages of this support system include increasing 
execution speed, reducing costs, increasing resistance, greater flexibility, 
and reducing volume. Since the installation of the support system, 
including shotcrete and lattice is time-consuming and difficult and has 
a high cost in the maintenance department, in this study, the effect of 
shotcrete reinforced with recycled and industrial fibers was investigated 
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as an alternative support system. The results obtained from numerical 
analyses with the finite difference and finite element methods, 
considering the traffic load and the load of a 5-story building on the 
ground in section 4 of the third phase of Tabriz metro line 2 are as 
follows: 

1- The analysis of the load-carrying capacity of the shotcrete-lattice 
support system showed that the frame equivalent area is 19.63 cm2, 
the moment of inertia is 1105.83 cm4, the maximum axial force is 
269.5 kN and the maximum bending moment is -4.1 kN.m. 
Therefore, the maximum tensile stress for the desired sections is 
165.1 MPa. According to the tensile strength of steel and taking into 
account the reliability factor of 1.4, the allowable strength of steel is 
285.7 MPa. Therefore, the steel frame for tunnel excavation has the 
necessary stability. 
2- The analysis of the load-carrying capacity of the fiber shotcrete 
support system showed that the frame area is 30 cm2, the inertia is 
2256 cm4 , the maximum axial force is 295.2 kN, the maximum 
bending moment is -4.5 kN.m. Therefore, the maximum tensile 
stress for the desired sections is 1.284 MPa. According to the tensile 
strength of fiber shotcrete and considering the reliability factor of 
1.4, the permissible strength of fiber shotcrete is 1.92 MPa. 
Therefore, fiber shotcrete for tunnel excavation has stability. 
3- The maximum amount of vertical displacement on the ground 
level for the support system implemented in Tabriz metro line 2 
(shotcrete and lattice) is equal to 11.25 mm. Also, the maximum 
vertical displacement of the ground surface for the proposed 
support system that includes shotcrete containing 40 kg m3⁄  of 
industrial steel fibers or shotcrete containing 30 kg m3⁄ of recycled 
fibers is equal to 11.25 mm for both support systems. In addition, the 
maximum vertical displacement of the ground surface for the 
shotcrete support system containing 100 kg m3⁄  of industrial steel 
fibers is equal to 4.574 mm. 
4- The maximum horizontal displacement in the tunnel walls for 
the support system implemented in Tabriz metro line 2 (shotcrete 
and lattice) is equal to 2.458 mm. Also, the maximum horizontal 
displacement of the walls for the proposed support system, 
including shotcrete containing 40 kg m3⁄  of industrial steel fibers or 
shotcrete containing 30 kg m3⁄ of recycled fibers for both support 
systems is equal to 2.458 mm. In addition, the maximum horizontal 
displacement of the walls for shotcrete containing 100 kg m3⁄  of 
industrial steel fibers are equal to 1.748 mm. 
5- The obtained results showed that in terms of load-carrying 
capacity and settlement, shotcrete with 2% steel fibers (40 kg m3⁄ ) 
and 1.5% recycled fibers (30 kg m3⁄ ) can be a suitable alternative for 
the support system of Tabriz metro line 2, including latis and 
shotcrete. On the other hand, the use of recycled fibers from tires is 
very economical in terms of mechanical properties, a smaller 
amount of recycled fibers can replace a larger amount of industrial 
steel fibers. 
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