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Problem Statement 

This example demonstrates the use of UDEC to model a tunnel excavation in a jointed rock mass 

and is based on the master’s thesis of Vardakos (2003). In this demonstration, geometry sets are 

used to create the tunnel geometry. With the Barton Bandis model, the joint surfaces are 

represented. The "block solve relax" command is used to simulate the pre-relaxation of the rock 

mass while excavating the tunnel. The simulation has been performed with UDEC version 7.00.35. 

The Shimizu Tunnel No. 3 is an approximately 1100 m long road tunnel in the New Tomei 

Expressway in the Shizuoka Prefecture in Japan. The tunnel crosses soft sedimentary rocks. The 

tunnel has been selected by Japan Highway Public Corporation (JHPC) as a research tunnel to 

better understand the rock behavior and support system. The standard cross-section of the tunnel 

is shown in Figure 1. 

The rock mass consists of sandstone with three major discontinuities. First, there are distinct 

bedding planes with an inclination of approximately 28°. Additionally, there are two further joint 

sets with an angle of incidence of about 58° and 88°. The considered cross-section of the tunnel is 

about 80 m below the ground surface. The lateral pressure coefficient K0 is assumed to be 0.83. 

The tunnel has been excavated with a pilot drift 5 m in diameter through a TBM. Subsequently, 

the roof and finally the floor have been excavated by mining. Support has been carried out by 

bolting in the roof and walls as well as a steel arch and shotcrete lining. 



Example of Shimizu Tunnel No 3 in UDEC 7.00   

   

 

 

Figure 1: Standard cross-section of the Shimizu Tunnel No 3 (all dimensions in mm) 

(Vardakos, 2003). 

Numerical Model 

Figure 2 illustrates the numerical model. The rock mass is represented by the Mohr-Coulomb 

constitutive model. Table 1 shows the material properties of the rock mass. The joints are simulated 

with the Barton Bandis model. The properties of the joints are shown in Table 2. 
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Figure 2: Numerical model. 

Table 1: Material Properties of the Rock Mass 

Young’s 

modulus 

[MPa] 

Poisson’s 

ratio 

[-] 

Density 

[kg/m³] 

Cohesion 

[MPa] 

Friction 

[°] 

Dilation 

[°] 

3000 0.3 2500 2 38 0 

 

Table 2: Material Properties of the Joint Sets 

Property Bedding Cross joints 

JRC0 [-] 3 7 

JCS0 [MPa] 30 40 

ϕr [°] 25 30 

σc [MPa] 50 50 

E0[mm] 0.14 0.33 

L0 [m] 0.1 0.1 
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Ln [m] 0.5 0.5 

Kn [MPa/m] 27000 27000 

Ks [MPa/m] 31000 20000 

 

Figure 3 shows the excavation sequence that is modeled in the numerical simulation. Stage 1 

corresponds to the unsupported excavation of the pilot tunnel, Stage 2 represents the roof 

excavation, and Stage 3 equals the floor excavation with the corresponding support. The material 

properties of the reinforcement and the lining have been taken from Vardakos (2003). 

 

Figure 3: Excavation sequence. 

By using the block solve relax command, the pre-relaxation of the rock is considered. Vardakos 

(2003) determined the corresponding pre-relaxation by measured data in order to represent the 

spatial stress redistribution and the deformation of the rock mass due to the working face nearing 

the cross-section. Within the scope of the roof and floor excavation, anchors are installed as 

reinforcement elements after 50% pre-relaxation, and the steel arch support with a shotcrete shell 

is installed as a beam element after 65% pre-relaxation. The rock behavior is monitored by means 

of a ground reaction curve (Figure 4). The roof lowering is plotted against the current pre-

relaxation. 
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Figure 4: Ground reaction curves – Evolution of the roof lowering for the different 

excavation stages. 

Selected Simulation Results 

The following figures show a selection of results from the simulation of the excavation and support 

of the tunnel. The figures represent Stage 3 of the excavation, which is after installation of the 

lining and complete relaxation of the rock. 

Figure 5 shows the displacement magnitude as well as the direction of the displacement. 
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Figure 5: Displacement magnitude at the end of Stage 3. 

Figure 6 depicts the shear displacements along the joints. The displacements for five extensometers 

are also shown.  

Figure 7 shows the y-displacements for three locations in the roof during the calculation steps. The 

location of Roof 1 is closest to the contour, while the location of Roof 2 and Roof 3 are deeper in 

the rock mass. The individual relaxation stages can be recognized easily by the flattening of the 

curves. 
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Figure 6: Shear displacements along the joint and displacements of extensometers at the 

end of Stage 3. 

 

Figure 7: Development of the roof lowering for three different locations in the roof of the 

excavation. 



Example of Shimizu Tunnel No 3 in UDEC 7.00   

   

 

The shotcrete lining with steel arches remains fully intact even at the end of Stage 3. In contrast, 

the rockbolts fail at various locations in the joints due to shearing (see Figure 8). 

 

Figure 8: Element state of reinforcement and lining at the end of Stage 3. 
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UDEC Listing of Data Files 

The example project contains the following input files: 

• Master.uddat 

• Geometry.uddat 

• Model.uddat 

• Histories.uddat 

• Excavation.uddat 

• Shimizu Tunnel No 3.udprj 

The following file has been used to generate the “plines”: 

• Add_pLine.uddat 
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