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Summary 

Note that the relative stability of these structures against seismic 
loads is not a reason for this insignificance. Today, most seismic 
analyses are performed with the help of two-dimensional numerical 

methods due to their convenience. However, in some projects, three-dimensional tunnel analysis, especially 
in jointed rocks, to select a more accurate support system can be a crucial step in successfully and optimally 
implementing tunneling projects and rock mass stabilization around the tunnel. Of course, in some other 
cases, the two-dimensional analysis is sufficient. Therefore, in this study, two-dimensional and three-
dimensional analyses of tunnels in the seismic state have been compared. First, the jointless rock mass is 
modeled in static and seismic states. Then, step by step, the displacement around the tunnel in two-
dimensional and three-dimensional states is weakened by weakening the rock mass. The results show that 
in strong and joint-less rock masses, there is no significant difference in the results of two-dimensional and 
three-dimensional analysis, which is the case for both static and seismic analysis, and most of the results of 
two-dimensional modeling. More than. However, as the rock mass becomes weaker, the difference in 
displacements in two-dimensional and three-dimensional states becomes noticeable, especially in seismic 
analysis. 

Introduction  

So far, many numerical studies have been performed by various researchers in tunnel stability analysis in 
seamless and jointed rock masses, which are generally accorded to the facilities and skills of the researcher 
or with the help of two-dimensional software. It is done in three dimensions. Nevertheless, this study studies 
the effect of two-dimensional and three-dimensional modeling in static and seismic analysis in strong and 
jointed rock masses. We find that performing stability analysis with the help of two-dimensional software in 
any environment is not responsive. Choosing a maintenance system based on this type of analysis can 
sometimes be very conservative and cost the project dearly. In all rock masses, three-dimensional modeling 
is unnecessary due to its complexity and time-consuming, and two-dimensional modeling is sufficient. This 
study uses FLAC, finite difference software,  in two-dimensional and three-dimensional mode, the stability 
analysis in static mode for hard rock mass and then creating a single joint to weaken the rock mass, step by 
step. The effect of discontinuities in two-dimensional and three-dimensional states is investigated. In the next 
section, seismic analysis is repeated for the mentioned conditions. Each analysis compares the displacement 
around the tunnel in two-dimensional and three-dimensional states. The final section presents a case study 
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to confirm the results. 

Methodology and Approaches 

This research uses FLAC 2D finite difference software for two-dimensional modeling and FLAC 3D for three-
dimensional analysis. 
Figure 1 shows both software's boundary conditions, calculation ranges, and tunnel cross-sections. To ensure 
that the boundaries do not affect the behavior of rock mass drilling, the dimensions of the created model 
should be slightly larger than the dimensions proposed by Rodriguez (15). The model height is assumed to 
be (H + 4D), the model length (H + 3D), and the model width (half of the model) is 3H, where H is the depth 
of the center of the tunnel and D is the diameter of the tunnel. 
Therefore, in the three-dimensional model, the constructed model's width, length, and height equal to 80, 50, 
and 80 meters, respectively. In contrast, in the two-dimensional model, the strain model is flat. It should be 
noted that the load on the built model is calculated manually and applied to the upper boundaries of the 
model by applying a wide surface load. Also, the model's floor is fixed in the vertical direction, and the lateral 
borders are in the direction perpendicular to the surface. The horseshoe tunnel's geometry in the model's 
center is 9 meters high and 14 meters wide. 

 

 
Fig. 1. Computational model: a) Two-dimensional model b) Three-dimensional model. 
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First, we model the tunnel in two and three dimensions when the rock mass is intact. In the subsequent 
modeling, to weaken the rock mass, the tunnel with a single joint is considered. To investigate the effect of 
joints in 2D and 3D modeling, the number of joints is increased, and the trend of displacement changes around 
the tunnel is investigated. Therefore, modeling is performed when the rock mass has two horizontal joints, 
three horizontal joints, and six horizontal joints, and the results are presented in two-dimensional and three-
dimensional modes. The same analysis was performed for the seismic state. 

 

 
Fig. 2. Maximum normal displacement of the tunnel roof in the state of static analysis (Top) and seismic analysis (Down). 

Results and Conclusions 

A summary of the results is given below on a case-by-case basis: 

1- As long as there is no joint in the rock mass or it is so-called seamless, or with one joint, the 
displacement in the two-dimensional state is more than three-dimensional because the tunnel front 
in the three-dimensional state, which has high resistance, prevents change. The place becomes more 
of a rock mass that does not exist in the two-dimensional state of this front. 

2- As the number of single joints (three joints and above) increases in the rock mass (so-called 
weakening of the rock mass), the displacement around the tunnel increases, which is more intense 
for the three-dimensional state than for the two-dimensional state. 

3- In this study, it was observed that the direction of the joint in the model does not significantly affect 
different loading cases in stiff and weak rock masses. 

4- In seismic analysis, the difference in displacement around the tunnel in two-dimensional and three-
dimensional states is more significant than in static analysis. 

5- Applying seismic load does not significantly affect the displacement values in good rock masses. 

6- In strong and non-jointed or low-jointed rock masses in seismic analysis, the results of the two-
dimensional analysis are more conservative. 
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7- Due to the three-dimensional nature of the joints, three-dimensional analysis is more accurate in 
weak and jointed rock masses. 

8- In weak rock masses in seismic analysis, three-dimensional modeling is suggested due to the three-
dimensional nature of the seismic load. 
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