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OVERVIEW

This tutorial provides a comprehensive guide for creating Support Capacity Plots for 
Tunnel Lining in MIDAS GTS-NX. These plots are essential tools in Tunnel Engineering, 
used to assess the performance and stability of tunnel under various loading 
conditions. 
The tutorial covers the step-by-step procedure for generating support capacity plots, 
enabling users to effectively analyze and design tunnel linings. 

OBJECTIVE

• Analyze the structural forces on each part of the tunnel lining and create support 
capacity interaction diagrams.

• Equivalent Section approach based on Carranza-Torres & Diederiech is used to 
calculate Support Capacity (i.e. Moment Capacity, Thrust Capacity and Shear 
Capacity) for Tunnel Lining in this tutorial. 

• Provide a detailed, procedural approach for constructing support capacity plots.
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Proposed Tunnel Support Section Properties

Material 
Property

Section 
Property

Modulus of Elasticity 

(kN/m2)

2.1e8 -

Compressive Strength 

(kN/m2) 

5e5 -

Tensile Strength 

(kN/m2)

5e5 -

Poisson’s Ratio 0.25 -

Steel Set Spacing (m) - 0.6

Steel Set Height (m) - 0.162

Area of steel (m2) - 0.00475

Moment of Inertia (m4) - 2.23e-5

Steel Properties

Material 
Property

Section 
Property

Modulus of Elasticity 

(kN/m2)

3e7 -

Compressive Strength 

(kN/m2)

4e4 -

Tensile Strength 

(kN/m2)

2.5e3 -

Poisson’s Ratio 0.15 -

Shotcrete Thickness (m) - 0.2

Area of Shotcrete (m2) - 0.12

Moment of Inertia (m4) - 0.0004

Shotcrete Properties

General Parameter

Radius of Tunnel (m) 2

Total Width of Lining (m) 0.6
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Tunnel Support Section

A section of width b in a composite lining consisting of steel sets, spaced at a 

distance s, embedded in shotcrete. Moments Mst and axial thrusts Nst are induced in 

the steel sets and moments Msh and thrusts Nsh are induced in the shotcrete shell.
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Equivalent Section Properties
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Equivalent Section properties 

are required prior to 

generating curves.

1. Go to  Tools > Tunnel 

Lining Plots  

2. Select Carranza Torres and 

Diederichs > Click OK

3. Enter the Material and 

Section Properties of the 

proposed tunnel support.

4. Note down the Equivalent 

Section Properties (i.e. 

Thickness and Modulus of 

Elasticity)

5. Save the file >Json. We will 

use this in later part for 

generating curves.

Procedure

3

2

1

4

Here, 
1. Equivalent thickness = 0.209m
2. Eq. Elastic Modulus (Conc) = 
37862075.26 kN/m2

5
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Material Properties

Support Capacity Curves

Name Rock Equivalent 

Property

(Tunnel Support)

Material Isotropic Isotropic

Model Type Mohr-Coulomb Elastic

Elastic Modulus (kN/m2) 4000000 37862075

Poisson’s Ratio (v) 0.3 0.3

Unit Weight (kN/m3) 27 25

Ko Auto -

Saturated Unit weight

(kN/m3)

28 -

Cohesion (kN/m2) 1000 -

Phi (deg) 35 -
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Overview – Front View
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A 2m radius tunnel is to be excavated in 
rock mass. Tunnel support with a 
shotcrete of 0.2m thick and a lattice 
girder with 0.6m spacing is proposed. 
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1

Select Model Type as 2D 

and Gravity Direction as Y

Consider Plane Strain 

Thickness as 0.6m

Starting Midas GTS NX

   Click on GTS NX icon > New

Project

   Enter the Project Title

Select KN, m and sec in The Unit

System

Click OK

Step

01

Procedure
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1-1 Initial Setting

5

4

3

2

6

5

Here, Plane Strain Thickness of 
0.6m will be the spacing between 
lattice girder. (Since we have used 
this in calculating our equivalent 
section properties)

3

2

1

4

5

6
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Procedure

Geometric Modelling

www.MidasUser.com

ROCK

Lining

Excavation
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Step

02 2-1 Geometric Modelling
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Procedure

Go to Geometry > 
Rectangle

Enter Location -20,-20 and 
enter Diagonally Opposite 
Corner location 40,40. 
Click on Apply

Select Circle. Enter first 
location as 0,0 and then 
enter radius as 2m. Click 
on Apply.

1

2

3
1

2

3

2

3
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Click on Create dropdown. Select 

Isotropic

Set K0 to Auto

Step

03

Procedure

3-1 Material Definition

3
2

Go to Mesh > Material

Name it as Rock and 

Select Model type as 

Mohr- Coulomb

In General tab, Enter the value

of Elastic Modulus (E) = 

4000000 kN/m2

Enter Poisson’s ratio= 0.3, 

Unit weight = 27 kN/m3.

www.MidasUser.com
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Step

03

Procedure

3-2 Material Definition

Go to Porous Tab > Enter Unit

Weight (saturated)=21 kN/m3

Keep Drainage Parameters as

Drained.

Enter kx= ky= kz= 1e-05 m/sec

Go to Non Linear Tab > Enter the

value of Cohesion = 1000 kN/m2

Input the value of

Frictional angle =350

1Enter the name as Rock

Click OK

6
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Click on Create dropdown. Select 

Isotropic

Step

03

Procedure

3-3 Material Definition

2

Go to Mesh > Material

Name it as Lining and 

Select Model type as 

Elastic

In General tab, Enter the value

of Elastic Modulus (E) = 

37862075.26 kN/m2

(Equivalent properties derived at 

starting of tutorial)

Enter Poisson’s ratio= 0.3, 

Unit weight = 24 kN/m3.

www.MidasUser.com

1

3

43

44

45
2

1

1

2

3

4

5
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Procedure

Go to Mesh > Click on Property

Click on Create. Select 2D

Name it as Rock

Select Rock from Material drop

down

Click Apply

4-1 Property Definition

1

2

www.MidasUser.com
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5

3
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2

3

4

5
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Step

04

Procedure

4-2 Property Definition

1

2

www.MidasUser.com

Go to Mesh > Property

Click on Create > 1D > Beam

Name it as Lining

Select Lining from Material drop 
down.

Click on Section at the bottom

Select Solid Rectangle > H = 
0.209 m and B = 0.6 m.

Click OK.

6

1

2

3

4

5

7

3

4

5

6

7

Here, 

H represents the thickness of an 
equivalent section 

&
B represents Width of lining equal 
to the plain strain element width.
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Procedure

Go to Mesh > Generate > 2D

Select the edges as shown.
Give mesh size 0.3 m

Select property as Rock

Name the Mesh set Excavation

Click Apply

5-1 Meshing

1
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Step

05

Procedure

Go to Mesh > Generate > 2D

Select the edges and enter size as 

0.3m

1 Select property as Rock

Name the Mesh set Rock

Click Apply

5-2 Meshing

1
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Step

05

Procedure

Go to Mesh > Generate > 1D

Select the edges and enter 
division as 10

Select property as Lining

Name the Mesh set Lining

Click Apply

5-3 Meshing

1
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Step

06

Procedure

Go to Static/Slope > Constraints

Select the nodes as shown 
in the image

Select Tx as DOF

Click Apply

6-1 Boundary Condition

1
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Step

06

Procedure

Go to Static/Slope > Constraints

Select the nodes as shown in 
the image

Select Ty as DOF

Click Apply

6-2 Boundary Condition

1
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Select all the elements as shown

Enter the Sxx = -4000 kN/m2  and

Syy = -2000 kN/m2 as shown

.

Step

07

Procedure

Go to Static/Slope Analysis >

Load >Initial Equilibrium Force

Select Element type as

Plane Strain/Stress

7 Load Definition : In-situ Stress
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Enter Load Set Name as Insitu 

Stress

.Click OK

.

2

6

2

3

4

5
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3

4

6

5

1
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Give the Name as

"Construction Stage 1"

Select the stage type as Stress

Select the defined stage and click 

Define CS

Step

08

Procedure

2

3

Click Add

8-1 Construction Stage Definition

5

1

2
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3

2
4

5

Go to Static/Slope Analysis > 

Construction Stage > Stage Set

1

2

3

4

5

1
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Click Save

Step

08

Procedure

3

4

8-2 Construction Stage Set
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Give stage name as ‘S1’ for 

‘Construction Stage 1’

Select the Stage type as ‘Stress

State’
2

1
1

2

3

4

Activate mesh set , boundary 

condition and static load as 

shown
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Click Save

Step

08

Procedure

3

5

8-3 Construction Stage Set
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Give stage name as ‘S2’ for 

‘Construction Stage 1’

Select the Stage type as ‘Stress

State’
2

1

Activate  lining mesh set

1

2

3

4
Deactivate Excavation4

5

1
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Click OK

Step

09

Procedure

Go to Analysis > General

Give the name as CS

Select Solution Type as '
Construction Stage' and 

Construction Stage Set 

as 'Construction Stage Set 

1'

9-1 Analysis case

1
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Click OK

Step

10

Procedure

Go to Analysis > Perform

Select CS (Construction Stage 

Analysis)

Give the File name as

"MN Curve Analysis"

Save it at desired location

.

10-1 Analysis

1
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Go to Works Results> Advanced> 

Extract

Select all the Elements in 

Lining

Click Table

Step

11

Procedure

Go to works tree and Enable  mesh 

sets to check the results.

Select Output Data > Result Type 

> Beam Element Forces

Select Node/Element

11-1 Results > Extract

4
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Select the Axial Force, Bending 

Moment and Shear Force 

column and right click > Export to 

Json

Step

11

Procedure

On clicking table, following 
table will open

11-2 Results > Extract

www.MidasUser.com

1

2

Bending Moment(M)Shear Force(Q)Axial Force(N)

Save the Json file. We will import 

it for generating curves.

3
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Step

11

1 Go to Tools tab > Options > 

Tunnel Lining Plots

2 Click Tunnel Lining 

Interaction Curves > Select 

Carranza Torres and OK

3 Go to File > Click on Open >  

Open Json File (as saved 

earlier for equivalent 

properties)

4 Click on File > Import GTS 

NX Json file (for importing 

input forces)

11-3 Results > M-N Curve

www.MidasUser.com

2

4

11

2

3

5

4

3

Click on Get Redistributed 

Curves

5
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Step

11

Procedure

1 After Clicking Get 

Redistributed Force, the 

following forces will be shown.

2 Click on View Curves to 

generate Support Capacity 

plots.

11-4 Results > M-N Curve

www.MidasUser.com

2

1

3 We can also generate report by 

clicking on Generate Report 

option

32

User can always change the FOS 

to obtain desired plots

4

4

1
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Step

11

Procedure

View curves will generate 

following  curves.

Blue points represent the demand

Green , Orange , Red Curve 

represent the Capacity for the FOS 1, 

1.5, 2

As we can see that demand is 

inside the capacity plots, indicating 

that the tunnel lining design is 

safe.

11-5 Results > M-N Curve
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1

http://www.MidasUser.com/


Happy Modelling
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