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1. DEEP EXCAVATION
MODELLING AND ANALYSIS
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4. Problem Statement



Engineering Applications (Infra)

Airports Engineering
• Runways/Taxiways

• Foundation Analysis

Roads/Highways Engineering
• Slopes 

• Pavement Design

• Ground Improvement

• Bridge Foundation Analysis

• MSE Walls

• Tunnels

Railroads Engineering
• Subway Systems

• Tunnels

• Bridge Foundations

• Underground Stations

Waterways Engineering
• Docks

• Jetty/Quay Walls

• Land Reclamation

• Coastal Protection (Dykes)



GTS NX: Finite Element Analysis based Platform catering Geotechnical 

Applications

3D ModelingAxisymmetric 2D Modeling



MIDAS GTS NX Coursework

➢ Excavations where depth exceeds 4.5m. 

➢ Support systems necessary unless it is entirely made in stable rock. 

➢ Detailed design must be carried out by trained professionals. 

➢ HSE determines the safety and guidelines for urban safety. 

➢ Eurocode 7 gives guidelines for stability checks and calculations. 

Deep Excavation Fundamentals
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Geometry Modelling

• Direct import of Survey Data Points and 

Elevation data from LIDAR Survey

• Complex 3D topography modelling using 

imported data points

• Complex 3D topography modelling using 

imported contour curves

• Supports .dxf, .dwg and other CAD format 

drawings import

Contour curves 

import

Geometry Modelling and Meshing

Surface Topography

CAD Formats 

import

Data Points import

Elevation Data input



CAD Compatibility

Import contour maps, soil stratigraphy data, borehole maps, on .dxf/.dwg/parasolid format (Leapfrog,MicroStation, 

AutoCAD, ArchGIS) in Terrain Geometry Maker to develop ground profile.



Data Points Face Generation

Directly import point coordinates for faster & accurate geometry 

development

Import data points from Excel



DEM (GIS) Data Interpretation

GTS NX geometric design features involve DEM data input, survey 

data points input to generate topographical surfaces. 

Insert DEM data directly into the table to create 

complex 2D face. 

GTS NX has number of ways for creating complex geometries. 



Bedding Plane Wizard

Soil Stratigraphy Layers (2D Surfaces) 

Directly import borehole log data to create stratified 

soil/rock layers.
Excel files can also 

be used for large 

data sets.



Concept To Reality

Using TGM & Bedding Plane Wizard To 

Generate 3D Models 

Ground Surface Profile

(Borehole Data + 

Surface Topography)

3D Model Ground Profile 

Investigation Area



All-in-One FEM based 3D Geotechnical Analysis Software

• Linear Static analysis

• Nonlinear Static analysis

• Stress (drained/undrained) analysis

• Seepage analysis for each stage

• Stress-seepage- slope coupled

• Consolidation analysis for each stage

• Fully coupled stress & seepage

•Thermal stress Analysis

• Consolidation Analysis (coupled with SRM)

• Stress–seepage fully coupled analysis

• Steady state

  seepage analysis

• Transient

  seepage analysis

• Eigenvalue/Response Spectrum analysis

• Linear Time History (mode/direct methods)

• Nonlinear Time History analysis

• 1D/2D Equivalency Linear analysis

• Nonlinear time history + SRM Coupled 

• Strength Reduction Method (SRM)

• Stress Analysis Method (SAM)

• Construction stages Slope stability

  (SRM/SAM)

Static 
Analysis

Construction 
Stage 

Analysis

Consoli-
dation 

Analysis

Stress– 
seepage 

fully 
coupled

Seepage 
Analysis

Dynamic 
Analysis

Slope 

Stability 

Analysis



Excavation & Temporary Structures



Tunnel



Foundations



Ground Improvement



Slopes Stability Analysis



Modelling Methodology



GTS NX

22 22

• DA1, C1: Partial factor will apply to load only.

• DA1, C2: Partial factor will apply to load and soil material.

• DA2: DA2 is similar with DA1, C1. But, the factors for pile 

and footing are different.

• DA3: DA3 is similar with DA1, C2. But, the factor for load 

(Unfavorable under Variable) is different

Advanced Features: Partial factors
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80m

70m

12m

7m

3m

Excavation Area 10mx20m

Excavation Depth 10m

Supports Of Excavation:

Sheet Pile Wall Height 12m

Thickness 10cm

Strut H Section 300x300x10/15

Anchor Diameter 0.025m

Non-Linear Static Construction Stage Analysis

20m
10m

Buried Layer

Colluvium

Weathering Soil
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2. TUNELLING
MODELLING AND ANALYSIS
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4. Problem Statement
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GTS NX is a Finite Element Analysis platform which can be used to deal with all types 

of Geotechnical Applications

3D ModelingAxisymmetric 2D Modeling



GTS NX ANALYSIS 

CAPABILITIES
M

E

F



Tunnel Modelling Approaches

- Lining and Soil as Spring

- 2D Modelling

- 3D Modelling

Lining and Soil as Spring Approach



2D Modelling-Plain Strain Condition



3D Modelling

Intersections Tunnel Portals

Tunnel Face Stabilization
Metro Structures



Modelling Methodology



Easily create 2D Tunnel + Bolting pattern wireframes 

from scratch.  

Tunnel + Bolts Half Tunnel + Bolts

Tunnel + Invert + Bolts Half Tunnel + Invert + Bolts

Also Define The Bolts Tangential Pitch And Orientation Directly 

Tunnel Section Drawing



Supported CAD Formats



• Borehole excel data import (Bedding 
plane wizard): Automatically 
generate 3D geological stratum 
through actual field data.

• Other advanced modelling features: 
Facilitate the creation of complex 
geometries.

 

Interactive Geometry Modelling Tools



CAD import: Import advanced geometry 
directly into GTS NX. Supports “.dwg” and 
“.dxf” files including other file formats.

Interoperability: Import superstructure data 

directly from Midas Civil and Midas Gen to 

perform SSI analysis. 

Effect of Tunnelling on Surrounding Structures and 

Vice Versa

Interoperability
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• Transversely Isotropic

• Jointed Rock Mass

• 2D Orthotropic

• Geogrid

Orthotropic

Material Models & Functions



Rocks Behaviour and Joints Modelling

Material Models & Functions
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1D

Geogrid(1D)

Plot only(1D)

Truss

Embedded truss

Beam

Pile

2D

Geogrid(2D)

Plot only(2D)

Gauging shell

Axisymmetric

Shell

Plane stress

Plane strain

3D

Solid

Applicable

Rigid link

Pile tip

User specified behavior 

for Shell interface

Point spring

Matrix spring

Interface

Shell interface

Elastic link

Element Library
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Interface can be used to simulate 

• Joints

• Friction between primary and secondary 
Linings

• Crack propagation in segments

Etc.,

Interface Elements: Joints Modelling
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Supports Linear and Higher Order Elements

➢ Tetrahedron

➢ Pyramid

➢ Pentahedron

➢ Hexahedron

➢ Triangle

➢ Quadrilateral

➢ Hybrid

Hybrid Mesh with Hexahedral Elements

Hybrid Mesh and Higher Order Elements 

help in increasing Accuracy and Reducing 

Analysis Time



All-in-One FEM based 3D Geotechnical Analysis Software

• Linear Static analysis

• Nonlinear Static analysis

• Stress (drained/undrained) analysis

• Seepage analysis for each stage

• Stress-seepage- slope coupled

• Consolidation analysis for each stage

• Fully coupled stress & seepage

•Thermal stress Analysis

• Consolidation Analysis (coupled with SRM)

• Stress–seepage fully coupled analysis

• Steady state

  seepage analysis

• Transient

  seepage analysis

• Eigenvalue/Response Spectrum analysis

• Linear Time History (mode/direct methods)

• Nonlinear Time History analysis

• 1D/2D Equivalency Linear analysis

• Nonlinear time history + SRM Coupled 

• Strength Reduction Method (SRM)

• Stress Analysis Method (SAM)

• Construction stages Slope stability

  (SRM/SAM)

Static 
Analysis

Construction 
Stage 

Analysis

Consoli-
dation 

Analysis

Stress– 
seepage 

fully 
coupled

Seepage 
Analysis

Dynamic 
Analysis

Slope 

Stability 

Analysis
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NATM Tunnel – Relaxation Definition Shield TBM and Contraction Definition

Tunnel Construction Methods
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Dynamic Analysis Boundary Conditions:

➢ Free-Field (Line/ Plane)

➢ Ground Surface Springs

➢ Absorbent/ Viscous Boundary

Dynamic Analysis Types:

➢ Linear Time History

➢ Non- Linear Time History

➢ Response Spectrum

➢ Eigen value

➢ Stress- Non Linear Time History Coupled

Free Field Dynamic 
Boundary

Absorbent/ Viscous Boundary

Dynamic Analysis
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1.Input Tunnel Dimensions and 

Select Excavation Method
2. Input The Sequential Bolting 

Pattern & Shotcrete Properties

3. GTS NX Auto Calculates The 

Excavation Sequence and 

Reinforcement Placing Based On 

User Input

4. Terrain and Strata Modelling.

Elevation Data from Lidar 

Survey 

Tunnel Modelling Wizard
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Model Created from 

Tunnel Wizard

Tunnel Section
Shotcrete + Rock bolts

Constructions Stages

Tunnel Modelling Wizard
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Stage Wizard to automatically assign Construction Stages 
when dealing with 100’s of Mesh sets

Restart Analysis: You can Restart the analysis from a specific stage

Stage Wizard: Construction Stages Simulation



• Contours

• Graphs

• Animations

• Tables

• Cutting Plane

• Sections Diagrams

• Reports

• Result Tag/Probing

Post Processing Features

Results extracted as Tables and Graphs

Extracted results/graphs directly exported to excel

Sectional View: Clipping Line/Plane

Result Extraction as Image, Animation, Video Excel, pdf, 

Word formats



3D PDF Report

Excel report

Post Processing Features
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80m

80m

4m

Tunnel Section:

Horseshoe Shape

Shotcrete Thickness: 0.3m

Rock bolts Section:

Solid Round Diameter 0.025m

Length 4m

Excavation Length for each stage: 4m

Non-Linear static Construction Stage Analysis

20m

Rock

Rock bolts

Shotcrete Liner
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3. SOIL STRUCTURE INTERACTION
MODELLING AND ANALYSIS



CONTENTS

Session 3. SOIL STRUCTURE INTERACTION

1. Soil Structure Interaction

2. SSI: Applications

3. GTS NX Analysis Capabilities: Pile Raft Foundation

4. Project accomplishments

5. Problem Statement



• What is SSI ?

− Interaction of Stiffness and Deformation between 

Structure and Soil

− Necessary for Adequate Assessment of Stresses 

and Forces in the Supporting Structure

• Why SSI ?

Supporting Soil, 

− Generates Loading and 

− Provides Resistance to Loading

Force on Deck and Pier depends on, 

− Location of the foundation

− Flexibility of foundation

− Supporting Soil Behaviour

Soil Structure Interaction



Soil Structure Interaction Methods

1. Substructure Method

Also known as Indirect or Superposition Method.

Soil and Structure Interaction is analyzed by separating them into two separate structural 

systems:

1) Free Field Analysis: The reaction / response of the soil is determined 

    (mainly where the structure will be)

2) Structural Analysis: The soil can be modeled as spring damper system(impedance) 

     with that response. The detailed structure is designed with the idealization of soil 

     as independent damper spring

Example: Winkler Springs, Springs from Empirical Equations, etc



Soil Structure Interaction Methods

2. Direct Method

Soil and Structure- Single System

Seismic/ Other forces defined at the outer boundary of the single unified model

Responses of the soil and the structure- determined simultaneously

Numerical methods: Continuum Methods FEM, FDM



SSI: APPLICATIONS

I

S

S



SSI: Applications

• Considering the WHOLE Super Structure in Continuum modelling

Regular Approach Best Approach

Only load from the buildings is 

Considered

The building along with foundation is considered.

 Hence Differential Displacement can be easily 

estimated which in real results in cracks in the building.



SSI: Applications

• Effect of Tunnelling on Adjacent Structures



SSI: Applications

• Design Optimization Studies- using Interoperable Midas Programs

Force-Displacement Curves

Structural

 FEM Model

Structure Modeled 

along with Soil

Reactions



SSI: Applications

• Design Optimization- Manual

Step-1:

Foundation and Soil Modeling

Step-2:

Load Table Import/Export Option.

(Load imported into GTS NX via excel sheet from 

any Structural tool)
Step-3:

Export the Stiffnesses back to Structural 

tool
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Pile Modelling Techniques

3D Solid + 3D Pile + Plane Interface 3D Solid + 1D Pile (Beam) + Pile Interface



Interactions



Pile Interface

Important To Create a 3D model For These Foundations As Pile Group Effect is 

Ignored In 2D Models. 

Friction Piles

End Bearing Piles

Easy Inputs For Modelling Pile Behaviour 

Based On Design Needs



Advanced Loading Features

• Directly add point loads, moments, surface loads etc. to 
the model

• Create Load Combinations

• Import Load Data from Excel

Loads acting  at column locations on Raft 



• Contours

• Graphs

• Animations

• Tables

• Cutting Plane

• Sections Diagrams

• Reports

• Result Tag/Probing

Post Processing Features

Results extracted as Tables and Graphs

Extracted results/graphs directly exported to excel

Sectional View: Clipping Line/Plane

Result Extraction as Image, Animation, Video Excel, pdf, 

Word formats



Post Processing Features

Load-Settlement Curves Extraction Structural Forces Results for Piles and Raft

Result Contours in Sectional View

Pile: Axial Force, 

Shear Force and 
Bending Moment 

Results



Post Processing Features

Pile Raft Foundation Modelling with imported Superstructure
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Pile Dimensions:

Diameter 0.5m

Length 10m

c/c Spacing 2m

Raft Dimensions:

Section 4mx4m

Thickness 0.75m

Superstructure Loading on the Raft

Non-Linear Static Construction Stage Analysis

6m

30m

30m

3m

12m

4m
4m
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4. GROUND IMPROVEMENT
MODELLING AND ANALYSIS



CONTENTS

Session 4. GROUND IMPROVEMENT

1. GTS NX Modelling Features

2. Analysis Capabilities

3. Problem Statement



Ground Improvement

Modifying soil properties to enhance its performance

Addressed issues include poor bearing capacity, excessive settlements, etc

Examples for some Ground Improvement Methods:

Stone Columns

Soil Mixing

Jet Grouting

Prefabricated Vertical Drains

Vibration Techniques

Ground Freezing

Dynamic Compaction, etc



Geometry Modelling

• Complex 3D topography modelling using 

imported contour curves

• Supports .dxf, .dwg and other CAD format 

drawings import

Contour curves import

Geometry Modelling and Meshing

Surface Topography

CAD Formats import



Material Models

v
o

lu
m

e

st
re

ss



Ground Improvement- Drains Simulation

• Draining condition: Seepage Boundary used to 

simulate Drains(excess pore pressure is zero for 

this domain)

• Non-Consolidation: Used to model non-

consolidation embankment layers

Drains simulation

Non-Consolidation Layers 

Definition

Ground Improvement with 

Drains

Vertical Drains



Ground Improvement- Stone Columns

• Draining condition: Seepage Boundary used to 

simulate zero excess pore pressure condition

• Non-Consolidation: Used to model non-

consolidation embankment layers

Stone Columns simulation

Ground Improvement with Stone Columns



Ground Improvement- Stone Columns

Hydrocarbon Tank Loading Stage Settlements

3D Model Results



Ground Improvement- Suction Drains & Jet Grouting

• Change Property: To define change in property 

of soil materials to grout, etc to simulate Jet 

Grouting Technique in Consolidation Construction 

Stage Analysis

• Nodal Head: To define water head value at 

specific nodes (Negative Water Head equivalent to 

Suction Pressure can be input to simulate Suction 

Drain Technique)

Property 

Change to 

Grout at 

specific 

locations

Suction Drain Simulation



Consolidation Analysis

• Consolidation Analysis in Construction Stages

• User Defined or Auto Time Step input based on 

Max Pore Pressure Changes per step

• Consolidation Analysis coupled with SRM

• Total/ Pore Pressure Head results, Deformations, 

Stresses, Strains, etc- all the results available for 

each Time Step



All-in-One FEM based 3D Geotechnical Analysis Software

• Linear Static analysis

• Nonlinear Static analysis

• Stress (drained/undrained) analysis

• Seepage analysis for each stage

• Stress-seepage- slope coupled

• Consolidation analysis for each stage

• Fully coupled stress & seepage

•Thermal stress Analysis

• Consolidation Analysis (coupled with SRM)

• Stress–seepage fully coupled analysis

• Steady state

  seepage analysis

• Transient

  seepage analysis

• Eigenvalue/Response Spectrum analysis

• Linear Time History (mode/direct methods)

• Nonlinear Time History analysis

• 1D/2D Equivalency Linear analysis

• Nonlinear time history + SRM Coupled 

• Strength Reduction Method (SRM)

• Stress Analysis Method (SAM)

• Construction stages Slope stability

  (SRM/SAM)

Static 
Analysis

Construction 
Stage 

Analysis

Consoli-
dation 

Analysis

Stress– 
seepage 

fully 
coupled

Seepage 
Analysis

Dynamic 
Analysis

Slope 

Stability 

Analysis



• Data Output at all nodes/elements

• Iteration vs Safety Factor Graph(SRM)

• Cutting Line/Plane Diagram with Tabular output

Results extracted as Tables and Graphs

Extracted results/graphs directly exported to excel
Sectional view: Clipping Line/Plane

Probe: Check 

results at required 

nodes/elements

Safety Factor Graph 

plotted for each 

SRM iteration

Post Processing

Result Extraction as Image, 

Animation, Excel, pdf, Word formats



• Iso Value Surface: Displays domain inside/outside a 

preset specified value range

• Report Generation: Excel/PDF/Word

• Geogrid Element Results: Axial Force, Stress, Strain 

Results

• Stage Bar: Check the results directly without using 

workstree

Geogrid Element Results

Iso Value Surface

Excel report Generation

Stage Bar

Post Processing
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5m

5m

10m

5m

10m

10m
Drain spacing 2m

Sand Layer

Clay Layers

Rock

Ground Improvement using PVDs

Drain spacing 2m

Embankment Height 10m

Modified Cam Clay (Undrained) used 

to model clay layers

Consolidation Analysis in Construction 

Stages

Total Consolidation Time considered: 

about 250 days



LET’S START MODELLING
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