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Overview

This example problem is meant to demonstrate the general work-flow to perform construction 

stage analysis and simulate stress relaxation in NATM Tunnel.

Modelling

NATM Tunnel

120 m

120m

Tunnel Section

Rock
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Material Properties

NATM tunnel

Name Material 
Model

Modulus 
of 
Elasticity 
(kN/m2)

Poisson’s 
ratio

Unit 
Weight 
(kN/m3)

Saturated 
unit 
Weight
(kN/m3)

Cohesion
(kN/m2)

Friction 
angle

Rock Mohr-Coulomb 3e6 0.3 25 25 2200 30

Initial Liner Elastic 2e7 0.2 25 - - -

Final Liner Elastic 1.3e7 0.23 25 - - -

Program Version GTS NX 2023(v.1.1.)

Revision Date May 09,2023
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1-1 Initial Setting

1

2

1

Procedure

Click on GTS NX icon > New 
Project

Enter the Project name as NATM 
tunnel & Engineer XYZ

Select Model Type as 2D

Select kN ,m and sec in The Unit 
System

Use the Default values for Initial 
parameters

Click OK

Starting Midas GTS NX

Step

01

3

4

5

6

6

5

4

3

2



www.MidasUser.com

Procedure

Defining Soil Materials

Go to Mesh > Material

Click on Create. Select Isotropic

Select Model type as Mohr-
Coulomb

In General tab, Enter the value of 
Elastic modulus (E) =3000000 
kN/m2

Enter Poisson’s ratio= 0.3, Unit 
weight = 25 kN/m3.

Select Manual in Ko 
Determination and input the 
value as 1.
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2-1 Defining Soil Material
Step
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Procedure

Go to Porous Tab > Enter Unit 
weight (saturated) =25 kN/m3

Keep Drainage Parameters as 
Drained

Go to Non-Linear Tab > Enter the 
value of Cohesion = 2200 kN/m2

Input the value of Frictional 
angle =300

Enter the name as Rockmass

Click OK
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Procedure

Defining Structural Materials

Go to Mesh > Material

Click on Create. Select Isotropic

Select Model type as Elastic. 
Check on structure. Enter name 
Initial Liner

In General tab, Enter the value of 
Elastic modulus (E) =2e7 kN/m2

Enter Poisson’s ratio= 0.2, Unit 
weight = 25 kN/m3.

Click OK

Similarly enter the material data 
for Final Liner
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2-3 Defining Structural Material
Step
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Procedure

Defining Property

Go to Mesh>Click on Property 

Click on Create. Select 2D

Select Plane Strain. Name it as 
Rock

Select Rockmass from Material 
drop down menu.

Click OK.
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3-1 Defining Property
Step
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Procedure

Defining Liner as Beam element.

Go to Mesh>Click on Property 

Click on Create. Select 1D

Click on Beam

Name it as Initial Liner.

Select material as Initial Liner.

Click Section and select Solid 
Rectangle from drop-down.

Enter H=0.2m and B=1m. 

Click OK.

Click OK.
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3-2 Defining Liner as Beam Element
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Procedure

Defining Liner as Beam element.

Go to Mesh>Click on Property 

Click on Create. Select 1D

Click on Beam

Name it as Final Liner.

Select material as Final Liner.

Click Section and select Solid 
Rectangle from drop-down.

Enter H=0.3m and B=1m. 

Click OK.

Click OK.
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3-3 Defining Liner as Beam Element
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Procedure

Click on Geometry

Click Tunnel Section

Select 5 Center Circle + Invert 
as the tunnel Type.

Enter the dimensions as shown.

Uncheck Make wire.

Click OK.
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Step

04 4-1 Geometric modelling-Tunnel Section

6

6

Tunnel Section
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Procedure

Click Rectangle

Enter corner Location as -20,-20. 

Click Apply.

Enter Diagonally Opposite Corner 
Location as 40,40.

Click OK.
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3

Step

04 4-1 Geometric modelling-Ground Domain
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Procedure

Click Rectangle

Enter corner Location as -60,-60. 

Click Apply.

Enter Diagonally Opposite Corner 
Location as 120,120.

Click OK.
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3 1
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3

Step

04 4-1 Geometric modelling-Ground Domain
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Model Geometry
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Procedure

Go to Geometry

Click Intersect

Select all the curves.

Click        to select all the curves.

Click OK.
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04 4-2 Geometric modelling-Intersect
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Procedure

Go to Geometry

Click Fillet Curve

Select the invert edge as shown.

Select the tunnel edge as shown.

Enter Radius as 3.

Click OK.
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04 4-3 Geometric modelling-Fillet Curve
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Procedure

Go to Geometry

Click Intersect

Select the tunnel section curves.

Click OK.
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04 4-4 Geometric modelling-Intersect
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Procedure

Go to Geometry

Click Fillet Curve

Select the invert edge as shown.

Select the tunnel edge as shown.

Enter Radius as 3.

Click OK.
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04 4-5 Geometric modelling-Fillet Curve
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Procedure

Go to Geometry

Click Intersect

Select the tunnel section curves.

Click OK.
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04 4-6 Geometric modelling-Intersect
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Go to Mesh > Generate > 2D

Click Auto-Area.

Select the Tunnel curves.

Give size as 0.5

Select property as Rock.

Give the Mesh set name 
“Tunnel”

Click OK.

Step

05 5-1 Meshing-Tunnel

Procedure
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Go to Mesh > Generate > 2D

Click Auto-Area.

Select the curves as shown.

Give size as 1

Select property as Rock.

Give the Mesh set name “Fine 
mesh”

Click OK.

Fine mesh is assigned to some 
area near the tunnel section 
where stress concentration is 
expected. For the remaining 
area, relatively coarse mesh 
could be used.

Step

05 5-2 Meshing-Fine mesh area

Procedure
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Go to Mesh > Generate > 2D

Click Auto-Area.

Select the boundary curves as 
shown.

Give size as 1.5

Select property as Rock.

Give the Mesh set name 
“Coarse mesh”

Click OK.

Step

05 5-3 Meshing-Coarse mesh area

Procedure
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Enable all the geometry curves 
and only the Tunnel mesh.

Go to Mesh > Element > Extract

Select the Type as Edge.

Select the tunnel section edges.

Select the property as Initial 
Liner.

Give the Mesh set name “Initial
Liner”

Click OK.

Step

05 5-4 Meshing-Extract Liner

Procedure
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Go to Mesh > Element > Extract

Select the Type as Edge.

Select the tunnel section edges.

Select the property as Final 
Liner.

Give the Mesh set name “Final
Liner”

Click OK.

Step

05 5-5 Meshing-Extract Liner

Procedure
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Step

06 6-0 Boundary Condition

Procedure

1

2

3

4

Go to Static/Slope Analysis > 
Constraint

Select Auto, “Consider All 
mesh Sets” is already checked 
on.

Name the boundary Set as “GS“

Click OK

.
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Step

07

8

7-1 Load Definition-Self Weight

Procedure

1

2

3

4

Go to Static/Slope Analysis > 
Load >Self Weight

Check for gravity Direction, Gy

should be -1

Name the Load Set as “SW“

Click OK

.

1

2

3

4



www.MidasUser.com

Step

07

8

7-2 Load Definition-Overburden Pressure

Procedure

1

2

3

4

Go to Static/Slope Analysis > 
Load >Pressure

Go to Edge

Select Type as 2D Element 
Edge.

Select the element edges as 
shown.

Enter value as 28000.

Name the Load Set as 
“overburden“

Click OK

Since we are not modelling the 
entire overburden in the model, 
we are applying it as an 
equivalent pressure load on the 
top.

.
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Step

08

8

8-0 Construction stage Definition

Procedure

1

2

3

4

Go to Static/Slope Analysis > 
Construction Stage-> Stage 
Set

Select the Stage Type as Stress

Enter the name as Tunnel

Click Add

Select the Stage Definition 
created and click on Define CS.
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3 4
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Step

08

8

8-1 Construction stage Definition

Procedure

1

2

3

4

Put Stage name as In situ

Drag and drop Coarse mesh, 
Fine mesh and Tunnel Mesh 
sets into Activated data column. 

Similarly activate the GS
Boundary condition and loads
SW and overburden.

Click on Save

Click New.
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Step

08

8

8-2 Construction stage Definition

Procedure

1

2

3

4

Put Stage name as Clear 
Displacement

Check on Clear Displacement.

Click on Save

Click New.
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Step

08

8

8-3 Construction stage Definition

Procedure

1

2

3

4

Put Stage name as Tunnel 
Excavation 0.85

Drag Tunnel mesh into 
Deactivated Data.

Check on and click ‘LDF’.

Enter the distribution factors as 
shown.

Click Add.

Click on Tunnel mesh and          
to activate it.

Click OK.

Click OK.

Click Save. 

Click New.

LDF is to account for stress 
relaxation in the tunnel section. 
We are allowing 85% relaxation in 
this stage, and next 5% and 10% 
in the subsequent stages.
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Step

08

8

8-4 Construction stage Definition

Procedure

1

2

3

Put Stage name as Tunnel 
Excavation 0.9

Click on Save

Click New.

1

2

3
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Step

08

8

8-5 Construction stage Definition

Procedure

1

2

3

Put Stage name as Initial Liner

Activate Initial Liner mesh.

Click on Save

Click New.
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Step

08

8

8-6 Construction stage Definition

Procedure

1

2

3

Put Stage name as Final Liner

Activate Final Liner mesh and 
deactivate Initial Liner mesh.

Click on Save and then Close.

The initial liner, in many cases, 
is shotcrete which could be 
eroded over time, so we are not 
going to consider any resistance 
due to the initial liner, we will 
deactivate it such that entire load 
is applied on the final liner.

1

2

3
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Go to Analysis > General

Select Solution type as 
Construction Stage.

Enter Title ‘Tunnel’

Click on Analysis Control

Check on Initial Stage for 
stress analysis and Select In 
situ. Check on Apply K0 
condition.

Check on Estimate Initial 
Stress of Activated Elements.

Check on Estimate Initial 
Configuration  of Activated 
Nodes.

Click on Nonlinear.

Change the Convergence 
Criteria to Displacement.

Click OK.

.

Step

09

8

9-0 Analysis Case

Procedure
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Click on Output Control

Check on Strain.

Click OK

Click OK.

.

Step

09

8

9-0 Analysis Case

Procedure
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Go to Analysis

Go to Analysis Option

Uncheck Auto Constraint

Click OK.

Step

10

8

10-1 Analysis

Procedure
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Go to Analysis > Perform

Select Tunnel

Click OK

Give the File name

Save it at desired location

Step

10

8

10-1 Analysis

Procedure
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Step

11 11-1 Result Extraction

Procedure

1

2

Go to Works Tree Window > 
results

Open Tunnel results

Click on      icon to open up
different contours. Double click 
on TY Translation to see the 
contour plot

Final settlements can be 
checked using TY Translation 
of ‘Final Liner’ stage.

1

3

3

2

Settlement in the last stage
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Go to Results> probe

Click on the model on Node of 
interest

One can see the probe value in 
the model itself or in Probe 
results tab.

Close it

Step

11 11-1 Probe Result

Procedure
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4

Probe Result
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Step

11 11-1 Result Extraction

Procedure

1 Double click Axial Force under 
‘Beam Element Forces’ to 
check for axial force variation in 
Liner.

Go to Properties. Select 
Diagram from the drop down.

Uncheck Reverse.

Click Apply.

This is used to change the view 
of the result output.

Axial Force variation in Liner
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Step

11 11-1 Result Extraction

Procedure

1 Double click Shear Force under 
‘Beam Element Forces’ to 
check for axial force variation in 
Liner.

Shear Force variation in Liner
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Step

11 11-1 Result Extraction

Procedure

1 You can also check for bending 
moment in tunnel lining.

Bending Moment result for the Liner
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Step

11 11-1 Result Extraction

Procedure

1 Go to Final Liner- Plane Strain 
Stresses-> Plastic Status to 
check for plastic region in the 
model.

We can observe plasticity 
around the tunnel section.

To check for the radius of plastic 
region, Measure can be used.

Go to Measure and select two 
points as shown.

The distance between them will 
be displayed.

Plastic Status
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Step

11 11-1 Result Extraction

Procedure

1 Click on Total Applied Force 
under Grid Forces for the stage 
Tunnel Excavation 0.85.

Go to Probe and select any 
node.

We can observe that forces have 
been applied at the tunnel 
section corresponding to 15%of 
the stresses such that the stress 
relaxation is up to 85% based on 
the LDF input for this stage.
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Step

11 11-1 Result Extraction

Procedure

1 Click on Total Applied Force 
under Grid Forces for the stage 
Tunnel Excavation 0.9.

For this stage, grid forces have 
been applied at the tunnel 
section corresponding to 10%of 
the stresses such that allowed 
stress relaxation is 90% 
according to LDF input for this 
stage.

Probe can be used to check the 
result at the same node.
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Step

11 11-1 Result Extraction

Procedure

1 Go to Result-> Extract.

Select Beam Element Forces in 
Result Type.

Select Axial Force in Results.

Select the desired steps.

Keep the Order as 
Node/Element.

Select all the liner elements.

Click Table.

A Table with the result value, 
corresponding steps and 
coordinates of the elements is 
shown.

Right click and select Export to 
Excel to export the data to Excel 
sheet.

Save the excel file at some 
location.
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You can also extract 

Maximum value of the 

required result using 

Maximum.
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Step

11 11-1 Result Extraction

Procedure

1 Go to Result-> Extract.

Select Beam Element Forces in 
Result Type.

Select Shear Force Z.

Select the desired steps.

Keep the Order as 
Node/Element.

Select all the liner elements.

Click Table.

A Table with the result value, 
corresponding steps and 
coordinates of the elements is 
shown.

Right click and select Export to 
Excel to export the data to Excel 
sheet.

Save the excel file at some 
location.
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You can also extract 

Maximum value of the 

required result using 

Maximum.
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Step

11 11-1 Result Extraction

Procedure

1 Go to Result-> Extract.

Select Beam Element Forces in 
Result Type.

Select Shear Force Z.

Select the desired steps.

Keep the Order as 
Node/Element.

Select all the liner elements.

Click Table.

A Table with the result value, 
corresponding steps and 
coordinates of the elements is 
shown.

Right click and select Export to 
Excel to export the data to Excel 
sheet.

Save the excel file at some 
location.
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You can also extract 

Maximum value of the 

required result using 

Maximum.
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