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Abstract  

Tunnels were required in building zones as a result of the growth and expansion of large cities. Tunnels 

are an important component of today's construction area. They are significant in terms of infrastructure 

and economy. Djelfa tunnel with a length of 800 m was excavated based on the geotechnical, geological, 

and geometrical requirements of the region. The tunnel is modeled in this study. The settlement caused 

by excavation is calculated using the numerical finite element methods (OptumG2). According to the 

numerical modeling of this research, the results show that the value of a settlement, in this case, are agree 

with the safety and stability of the Djelfa Tunnel. 
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1. Introduction 

The population of Djelfa has augmented in recent 

years. According to census data, the population 

increased to 1.223.223 persons in 2020 [1]. This 

rapid population growth necessitates the 

construction of new towns and urban areas, as 

well as the development of transportation 

systems such as bridges, roads, and underground 

transportation systems such as tunnels, which 

have become an integral part of metro cities and 

play an important role in a country's 

development. These structures have become a 

key feature of metro cities because they are an 

efficient means of utilizing space. The tunnels 

have been significant in lowering travel time and 

boosting a country's defense and transport 

systems. They link the majority of naturally 

isolated regions separated by natural obstacles 

such as mountains.  

The tunneling may be separated into three 

phases. To begin, there is planning (feasibility 

study), which identifies the project's limitations 

and dangers, as well as sketching and providing 

a draft design for the tunnel; Second, 

engineering, which is concerned with creating 

exact and constructible designs; Finally, the 
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tunnel's pre-construction design, as well as the 

maintenance plan, will be built, executed, and 

updated [2]. The Designers encounter a variety of 

obstacles, mostly associated with: The security of 

workers during construction activities; the 

excavation-provoked settlements; the face and 

the cavity must be stable, as well as the end 

product's quality; the viability of the building 

process is thus heavily influenced by the 

unfavorable hydrological geological, or 

geotechnical behavior of excavated mass (soils 

and rock), [3]. gnid lieb ehT of this type of 

structure frequently confronts stability issues. As 

a result, their designs are now based on in-depth 

geotechnical investigations and risk analyses to 

assure the structures' and users' safety [4]. Rock 

tunnels are common and have been the subject of 

research for a long time [5–9]. Because of better 

computer efficiency, the numerical technique is 

commonly used to analyze tunneling problems 

for various loading types [10-13]. And the 

numerical technique is frequently utilized to 

research tunnel complexity behavior [14–18].  

In this paper, the tunnel of Djelfa is modeled by 

using the numerical finite element methods. The 

settlement caused by excavation is calculated 

with the OptumG2 program. The shape of a 

tunnel, such as a circular, rectangular, or arch, 

has an impact on its behavior. Analytical, 

physical, and numerical model approaches were 

used to study many shapes of tunnels [19–22]. 

For that, we analyze the tunnel of Djelfa with a 

D shape, see figure 3.  

 
Figure 1. Djelfa tunnel location map 

 

2. Description of the study site 

In the project context construction of the newly 

electrified line between Boumedfaa and Djelfa 

(280 KM, red line) see figure 1, the purpose of 

this part of our research is to model and analysis 

the tunnel.  

 

2.1. Location of Djelfa 

Due to its strategic location (figure 1), it connects 

the north, with the south, and the east with the 

west. Djelfa, This state is considered a link 

between 9 states. 300 km south of the capital 

(Algiers), and occupies an area of 32, 256, 35 

km2, representing 1.36% of the total area of the 

country (Algeria). It is border 9 states, Medea and 

Tissemsilt to the north, Ouargla, Ghardaia, and 

El Oued to the south, Biskra and M'sila toward 

the east, and the provinces of Laghouat and 

Tiaret to the west. See figure 1 (yellow 

rectangular color).  
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2.2.General Geological Framework 

The geological and geotechnical characteristics 

of the tunnel crossed by the area of the layout of 

the road are described in figure 2. 

 

 

Figure 2. Geological map of Algeria 

 

The study area is located, geologically, around 

the Alpine Algeria, surrounded by the Complex 

region structurally of the Tellian Nappes and the 

Atlas Fold, browsing approximately, from North 

to South, the Tellian Atlas, the High Plateaus, 

and the northern foothills of the Saharian Atlas, 

and ending near the Djebel Senalba massif. 

Figure 2 shows the geological sector where the 

study area is located [23]. 

 

 
Figure 3. Tunnel excavation (a), lining concrete (b) 

 

Figure 5. Geometry of the tunnel 

 

 

Figure 4.  Djelfa mountain, length tunnel , and 

location map 

Figure 4 shows the shape of the mountain, the 

length of the tunnel, and its location on the map. 

The tunnel object of this study is projected 
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between PPKK 227+200 and 227+800, and it has 

a length of 600 m. Figure 3, illustrates the 

beginnings of tunnel excavation (a) and lining 

concrete work (b). 

3. Numerical Study  

 

OPTUMG2 [24], finite element software was 

used to apply the 2D plane strain analysis with 

the Mohr-Coulomb criteria to represent the 

elastoplastic model of soil (one layer) in this 

study. The geometry of the model is shown in 

figure 5. The width and height of the total 

modeling domain are 70 m and 50 m, 

respectively. The tunnel has a 22.1 depth of 

overburden. The base of the boundary condition 

is fixed see figure 5. In addition, the lining 

concrete thickness was 0.25 m. The parameters 

of the model are shown in Table 1. 

 
3.1. Modeling phases 

There are three parts (steps) to the modeling in 

this study: we start with the calculation of the 

initial stress state, in this step condition takes into 

consideration the impact of vertical stress on the 

depth gradient under gravity's influence. In the 

second phase, the tunnel is excavated. With a 

relaxation ratio of 0.3, the tunnel perimeter (wall) 

is given a relaxation ratio that allows for a 

proportional reduction in the pressures on the 

excavations totally supported in this step. In the 

last step, the tunnel boundary support (concrete 

lining) was erected. The purpose of this phase is 

to maintain the safety of the tunnel. 

 
4. Resultants And Discussion  

In this numerical section, we want to examine the 

vertical and horizontal displacements at the ground 

surface level (Y = 50 m) and near the tunnel at 28 m 

and 17.1 m. As shown in figure 6. The study was 

carried out in the same way for each of the Y heights 

(50 m; 28 m; 17.5 m). 

 

 

Figure 6. The tunnel's transverse section. 

 

Table 1 shows the geotechnical properties of soil 

and concrete lining modeling features used in this 

case. 

Table 1.  The properties of the soil, and concert lining 

SOIL PROPERTIES Value 

Young’s module E (MPa) 4.026 E+04 

Poisson’s ratio 𝜗 0.27 

Friction angle 𝜑 (°) 47 

Cohesion 𝑐 (KPa) 190 

Saturated density 𝛾𝑠𝑎𝑡 (KN/𝑚
3) 24 

CONCRETE LINING  

Thickness (cm) 25  

Weight W (kg/m/m) 625 

Section area A (cm2/m) 2500 

Moment of inertia I (cm4/m)      1.302 * 105 

Plastic section modules S (cm3/m) 1.563 * 104 

Young’s module E (MPa) 2.54 * 104 

Yield strength 28 

 

4.1.Vertical and horizontal displacements 

As a result, the design engineer should give 

consideration to the details of the project. The 

goal of this research is to quantify vertical and 

horizontal displacements using the stated profiles 

of Y = 50, 28 m, and 17.1 m. 

Y= 50 m 

Y= 28 m 

Y= 17.1 m 
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Figure 7. Deformation of soil and concrete lining 

 

The deformation at the lining contact and the soil 

mass was examined as part of the stability 

investigation of the tunnel. Figure 7 

illustrates that the deformations are more 

developed at the top of the tunnel than they are at 

the bottom. The displacements are represented on 

a color scale for the unit meter. The distribution 

of the soil displacements caused by tunnel 

excavation. 

 

 

 

 

 

 

 

 

 

Figure 8. Vertical (a), and Horizontal displacement (b) 

 

The idea is to measure the vertical and horizontal 

displacements while using the Y = 50, 28 m, and 

Y=17.1 m profiles. Figure 8 (a) shows the 

tunnel's final surface settling curves (Y =50 and 

28 m) after excavation, with the greatest surface 

settlement value being 1.5E-4 m above the tunnel 

(Y=28 m). The settlement is 0.75E-4 m at the 

ground surface level Y=50 m, however the 

displacement soil under the tunnel (Y=17.1 m) 

has the same results as the ground surface level, 

0.75E-4 m, but in the opposite direction of the 

tunnel void (the vertical direction). 

Figure 8 (b), shows the horizontal displacements, 

they will grow near the tunnel's center, with 

minor displacements on the sides. The maximum 

horizontal displacement amount occurred at the 

sides of the center of the profile tunnel (Y=28 and 

17.1 m) with a value of ± 0.25E-4 m. the smallest 

displacements at the ground surface level (Y=50 

m) with a value of 0.2E-4 m. 

 

 
Figure 9. Displacements (m): Horizontal (a), and 

Vertical (b). 
 

The horizontal displacement of soil (4.1E-5 m), 

is lower than the vertical displacement of soil 

(1.5E-4 m). The horizontal displacements were 

likewise found to be symmetrical in relation to 

the tunnel's vertical axis (figure 9 a).  The highest 

horizontal displacements occur on the free 

surface, on both the left and right sides of the 
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tunnel. Figure 9 (a), illustrates that the left side of 

the tunnel has positive displacements (a shade of 

red color), while the right side has negative 

displacements. They correspond to a tendency 

for horizontal convergence of the ground towards 

the center of the tunnel.  

 

 

 

 

 

 

 

Figure 10. Normal (a), and Shear force (b) 

 

The normal forces of the three profiles present in 

figure 10 (a), we notice that the normal force at 

the ground surface level (Y=50 m) decreases at 

the center of the profile tunnel with a value of 

4400 KN.  The normal force increases in 

harmonization in both levels (Y=28 and 17.1 m). 

The shape of the normal force caused by tunnel 

excavation. It is observed that the normal forces 

are found to be symmetrical in relation to the 

tunnel's vertical axis. 

As shown in figure 10 (b), the shear force grow 

near the tunnel's center. The maximum shear 

force amount occurred at the sides of the center 

of the profile tunnel (Y=28 and 17.1 m) with a 

value of ± 2100 KN. the smallest shear force at 

the ground surface level (Y=50 m) with value of 

1800 KN. The shear force increases in 

harmonization in both levels (Y=50 and 28 m), 

and the other level (Y=17.1 m) against the 

previous two levels 

 

Figure 11. Vertical stress (KPa) (a), Shear stress (KPa) 

(b), and Horizontal stress (KPa) (c). 
 

The vertical stresses are negative, with a 

maximum value of -1600.8 KPa, which 

corresponds to compressions. At the tunnel's left 

and right lining concrete, the vertical stress 

concentration is more or less fully developed. As 

seen in figure 11 (a), the vertical stress 

distribution is symmetrical with respect to the 

tunnel's vertical axis. Figure 11 (b) shows the 

evolution of stress contours for the tunnel 

following the lining concrete phase, which has 

maximum concentration stresses of 1225.09 KPa 

to the right and left of the lining tunnel. 

The horizontal stresses on the right and left 

concrete lining of the tunnel are a minimum of 

61.42 KPa. The horizontal stresses at the top and 

at below the concrete lining of the tunnel are 

greater than the left and right side stresses. Figure 

11 (c) shows that the horizontal stress 
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distribution is almost symmetrical with respect to 

the vertical axis of the tunnel. 

Figure 12, shows how to view the deformation at 

the tunnel's perimeter more clearly. Due to soil 

pressure, deformations in the lining occur, and 

the development of surface settlement may 

suggest the creation of a failure zone surrounding 

the tunnel. 

 

 

Figure 12. Concrete lining displacements (m): Vertical 

(a), and Horizontal (b) 

 

The horizontal displacements on both sides of the 

structure's concrete lining are the same at 1.4E-5 

m. On the other hand, the vertical displacements 

are different. The maximum displacement (-

5.1E-5 m) occurs at the top of the tunnel, while 

the minimum displacement occurs at the tunnel's 

bottom (4.4E-5 m). 

 
5. Conclusion  

Underground buildings and tunnels are the most 

structures affected by settlements due to the 

excavation of rock mass. The study's main goal 

is to determine the Djelfa tunnel's behavior. First 

of all the tunnel is stable and safe from the 

resultants. The numerical results clearly show 

that when digging in the soil, there is a possibility 

of settling the ground at the top and swelling at 

the bottom of the tunnel. The tunnel's top and 

bottom have the highest displacements. We also 

note that when it comes to horizontal 

displacements, are more important on both sides 

of the concrete lining at the tunnel level.  Vertical 

displacements are more essential than horizontal 

displacements. The OptumG2 program is suited 

for tunnel calculations. 
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