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Engineering Applications (Infra)

T

Roads/Highways Engineering

» Slopes
« Pavement Design
« Ground Improvement

« Bridge Foundation Analysis

« MSE Walls
 Tunnels

Railroads Engineering

« Subway Systems

e  Tunnels

« Bridge Foundations

» Underground Stations
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MipAS

Airports Engineering
Runways/Taxiways
Foundation Analysis

Waterways Engineering

Jetty/Quay Walls
Land Reclamation

Coastal Protection (Dykes)



GTS NX: Finite Element Analysis based Platform catering Geotechnical
Applications
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Axisymmetric 2D Modeling 3D Modeling




MIDAS GTS NX Coursework I3

Deep Excavation Fundamentals

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.

VvV V V V V

Eurocode 7 gives guidelines for stability checks and calculations.
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Data Points import Contour curves
import

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 Elevation Data input
drawings import

Surface Topography

Parasolid (9 to 34) Files ("3 _t™xmt tt™ 3% b xmt_bin)

ACIS (R1-20221.0) Files (*.sat™.sab;".asat".asab)

STEP (AP203, AP214, AP242) Files (*.stp;".step)

IGES (Up to 5.3) Files (*.igs;*.iges)

Pro-E (16 - Creo 8.0) Files (*.prt* prt**.asm;*.asm.”)
CATIAVS (CATIA41.9-424)Files (* model” exp* session)
CATIAVE (V5 RE - V5-6R2025) Files (" CATPart” CATProduct)
SolidWorks (38 - 2022) Files (*.sldprt* sldasm)

Unigraphics (11 - NX2007) Files (".prt)

Inventor Part (V6 - WV2022) Files (".ipt)

Inventor Assembly (W11 - V2022) Files (*.iam)

CAD Formats
import Geometry Modelling and Meshing



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

Make Face X

Face CoonsFace Grid Face Point

| ] Select Point(s) |

| = Input Table |

[ |Make Foints

Geometry Set | e | |I|
@ &m | ok || concel | [ Appy |

nput Table X
X Y z |~

1 0.00 0.00  0.00

2 1.00 0.00 10.00

3 3.00 1.00 10.00

4 6.00 2,00 10.00

5 6.00 2,00 1z2.00

6 7.00 3.00 12.00

7 8.00 500 12.00

8 9.00  4.00 17.00

9 10.00 7.000 17.00

10 11.00 1100 17.00

11 12.00 16.00 17.00

12 12.00 16.00 19.00

13 | 13.00 16.00 22.00

14 | 13.00 17.00 22.00

15 | 14.00 17.00 22.00

16 14.00 18.00 22.00

17 15.00 20,00 25.00

18 15.00  21.00 25.00 w
| Import Points... ‘
@4 o || cncel

Import data points from Excel



DEM (GIS) Data Interpretation

Make Face

Face Coons Face Grid Face Point

M({No. In X) ‘ 1 ‘
N(No. In ) ‘ 1 ‘
Origin X ‘ 0 ‘
Origin ¥ ‘ 0 ‘
LX(Length) ‘ 200000 ‘
L¥(Length) ‘ 200000 ‘

| Elevation

Geometry Set | [SEdulz iRl

1]

@& | ok | cancel || apply

GTS NX has number of ways for creating complex geometries.

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.

1 2 3 4 5 6 7 8 9 10 11 .
1| 737453 | 730347 | 723097 | 71.7822 | 71.5474 | 70.7379 | 70.062 | 69,4084 | 6838169 | 68.0452 | 67.3076 |
2 | 737247 | 726607 | 72235 | 71.8046 | 716368 | 712275 | 70.2296 | 69.4084 | 689041 | 67.9462 | 67.4084 |
3 | 736609 | 73.2905 | 74.0117 | 741279 | 740707 | 737121 | 72.9791 | 71.8809 | 70.6906 | 69.412 | 681794
76677 | 775757 | 77532 | 77.4184 | 77.357 | 769289 | 76.1313 | 748779 | 736836 | 725761 | 715865 |
S | 811425 | 81.1587 | 81.0753 | 80.8848 | 807789 | 80.3263 | 79.5051 | 782253 | 76.8065 | 755849 | 74.5264 |
848791 | 849956 | 846452 | 843175 | 841881 | 83.7344 | 828804 | 815563 | 80,0535 | 787149 | 77.4575 |
888944 | 88.8582 | 882503 | 87.7925 | 87623 | 87.0589 | 861468 | 8477 | 832413 | 817574 | 80.3445 | |-
8 | 927244 | 923803 | 91.744 | 912643 | 91,0518 | 90.3088 | 1 84775 | 83.2513 ||
9 | 965824 | 958548 | 951192 | 946134 | 943868 | 936385 | 929212 | 912943 | 89.3501 | 876171 | 86.1602 |
(10 | 22 | 99, 96.7432 A112_| 97.8356 | 96.9635 | 96.1689 | 946354 | 925721 | 90.4833 | 886109 |
11 | 103652 | 102797 | 101.999 | 101424 | 101.171 | 100.296 | 99.4163 | 98.1974 | 96.066 | 93.7841 | 91514
12 | 107.524 | 106.341 | 105357 | 104644 | 104355 | 103.508 | 10264 | 101.697 | 99.6122 | 96.8934 | 94.2563 |
13 | 111.456 | 110408 | 1 10837 | 108.027 | 106.904 | 105.934 | 104847 | 102313 7589 | 966639 ||
14 | 114699 | 113572 | 112502 | 111.562 | 111.174 | 110.018 | 108537 | 106.738 | 104209 | 101.619 | 988112
[ 15 | 117.262 11478 | 113.563 | 113077 | 111,643 | 109709 | 107.573 | 105374 | 102875 666 |
[T 16 | 119585 | 117.944 | 116279 | 114974 | 114394 | 112414 | 110421 | 108.353 | 106349 | 104336 | 102452 |
17 | 121134 | 119.002 | 116.899 | 115.498 | 114.908 | 112.945 | 111.082 | 109.199 | 107.308 | 105579 | 104.446 |
121123 | 119144 | 117.201 | 115837 | 115278 | 113508 | 111.741 | 110.012 | 108165 | 106.856 | 105.984 |
19 | 120748 | 119.114 | 117.382 | 116.157 | 115652 | 114.028 | 112376 | 110.685 | 109.158 | 107.908 | 107.285 |
|20 | 120374 | 119033 | 11748 | 116425 | 115983 | 114413 | 112775 | 111.323 | 110,049 | 109.078 | 108478 |
21 | 12006 | 118895 | 117.487 | 116519 | 116.123 | 114746 | 113286 | 112083 | 111.087 | 110246 | 109678 |
[ 22 | 119953 | 118765 | 117.39 | 116.588 | 116.259 | 115078 | 114.048 | 11296 | 112144 | 111.425 | 111.039 |
[ 23 | 11975 | 118537 | 117.332 | 116. 116548 | 115628 | 114775 | 113977 | 113287 | 112923 | 112782
24 | 119.706 | 118.494 | 117.338 | 116.816 | 116915 | 116.418 | 115718 | 115057 | 114613 | 114.633 | 114615
(25 | 119514 | 11839 | 117477 | 117.057 | 117.479 | 117.151 | 11684 | 116479 | 116347 | 116315 | 116.318 |
[T 26 | 119348 | 118564 | 117.969 | 117.609 | 118.406 | 118276 | 118303 | 11827 | 118338 | 118344 | 118.091 |
(=27 : 71 ;i 19851 | _
T 'l’u 190 ’)0;’ 110 ROR 110 ERQ 110 €4 190 OEE 171 7R 171 AAT 171 B4R 171 B4R 491 AQA 177 E77 N
v | —-— o) =)




Bedding Plane Wizard

Bedding Plane Wizard
Bedding Plane

Bedding Plane Name

Boreholes Information

BH1

Geometry Set

Name [ BHL |
BH2
BH3 Location ‘ 259,315, 117.395, 145 |
BH4
Plane Name Depth(m)
1 |Bedding Plane-1 10.00
2 |Bedding Plane-2 20.00
3 |Bedding Plane-3 35.00
4 |Bedding Plane-4 60.00
.
| ad | wodfy || Dpelete |
| Define Bedding Plane... || import |
Distance (m)
X-Axis

X

Directly import borehole log data to create stratified
soil/rock layers.

N

—

Soil Stratigraphy Layers (2D Surfaces)

Excel files can also
be used for large
data sets.



Concept To Reality

Using TGM & Bedding Plane Wizard To
Generate 3D Models

3D Model Ground Profile

Investigation Area Ground Surface Profile
(Borehole Data +
Surface Topography)



* Linear Static analysis
* Nonlinear Static analysis

» Strength Reduction Method (SRM) Static » Stress (drained/undrained) analysis

« Stress Analysis Method (SAM) Analysis * Seepage analysis for each stage

« Construction stages Slope stability Slope Contruction * Stress-seepage- slope coupled
(SRM/SAM) Stability Stage « Consolidation analysis for each stage

Analysis * Fully coupled stress & seepage

Analysis «Thermal stress Analysis

Consoli-
dation
Analysis

Dynamic
Analysis

* Eigenvalue/Response Spectrum analysis

» Linear Time History (mode/direct methods) Stress—

* Nonlinear Time History analysis Seepage seepage « Consolidation Analysis (coupled with SRM)
* 1D/2D Equivalency Linear analysis Analysis fully » Stress—seepage fully coupled analysis

* Nonlinear time history + SRM Coupled coupled

* Steady state
seepage analysis

* Transient
seepage analysis




Subway station
(H-Pile+slurry wall)

Temporary structure for foundation Stress distribution of subway line
of high-rise building and ventilation shaft by excavation



Tunnel

Portal with fault fractured Zone Ventilation Shaft Shield TBM Steel Pipe Reinforced Step Grouting
(vertical/horizontal)

Adjacent Structures TRcM/CAM (Subway tunnel) 2-Arch Tunnel (NATM method)



Foundations

Foundation(Pier) Driven Pile

Raft Foundation Well Foundation



Ground Improvement

- -
Tisa (rwc)

Vertical Drainage(PBD)

Breakwater

Eapsed Tisse (Duy)

Revetment and quay wall

Consolidation analysis for
SCP drainage system in soft clay



Slopes Stability Analysis

3D Slope Stability Analysis Slope stability considering earth retaining structures

In-situ State 1st excavation 2nd excavation

Last state 31d gxcavation



Modelling Methodology

4 ™
1. Geometry ] 2. Material 1 J 3. Property
Import, Create Element Attribute J Element Attribute
\ J
s ™) s ™
4, Mesh — 5. Loads and Boundary Conditions
Mesh Control, Geometry Auto Mesh -— Static Loads, Dynamic Loads, Constraints
\ J \ J
s ™ s ™
6. Analys!s R 7. Result displaying
Problem solving Contour Map, Probe, Report
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Advanced Features: Partial factors

Partial Factor

MName

DALCZ

Partial Factor Material Loads

Import Database
Eurocode 7 - DAL, C1
Material Parameters
Cohesion
Frictional Angle

Undrained Cohesion

Permanent Load
Favorable

Unfavorable

Variable Load

Favorable

Unfavorable

Add

A Assign

1.25
1.25

1

= o= || =
wn EN

Modify Delete

Eurocode 7 - DAL, C1
Eurocode 7 - DAL, C2
Eurocode 7 - DA2
Eurocode 7 - DA3

Name

Material

Loads

Close

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 DAL, C1. But, the factors for pile
and footing are different.

DA3: DAS3 is similar with DAL, C2. But, the factor for load
(Unfavorable under Variable) is different

Permanent \ariable Saoil
WValues of Effective Undrained
Partial Factor Fav. [Unfav.| Fav. |Unfav.| Cohesion tan @' Strength
(c) (su)
Eurocode 7 - DA1, C1[1.000]1.350(1.000]1.500] 1.000 1.000 1.000
Eurocode 7 - DA1, C2(1.000]1.000(1.000]1.300] 1.250 1.250 1.400
Eurocode 7 - DAZ2 |1.000]1.350(1.000)1.500] 1.000 1.000 1.000
Eurocode 7 - DA3 |1.000]1.350{1.000]1.500] 1.250 1.250 1.400

MIDAS Information Technology Co., Ltd.
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Skyway Monte Bianco
- Funivia del Monte Blanco

Courmayeur, ltaly

o Imllzru;'rvhert_dg‘ullil

BN

Owner

General Contractor
Engineering Consultant
Architecture

Design

Construction Period
Project Type

Main features in modelling

Description on this project

Funivie Monte Bianco AG

Cogeis

Holzner & Bertagnolli Engineering
Studio Progetti

Dimensione Ingenierie

2010 - 2015

Aerial Lift

- Rock excavation stability on top of the mountain
- Tensile variations of the existing tie rods cableway

The cable car in Aosta Valley, at the entrance to the Mont Blanc
tunnel, leads from Courmayeur to 1,200m above sea level,

The new cable car valley station is being built near an existing station,
as well as a restaurant which must remain operational. A 3D FEM
analysis was required to analyze the interaction of the new
construction and current adjacent structures.




Odeon Tower

Mona
TRACTEBEL

ENGi@

Owner

General Contractor
Engineering Consultant
Architecture

Construction Period
Project Type

Size of the Structure

Main features in modelling

Description on this project

Group Marzocco

Vinci Construction France
Coyne et Bellier
Alexandre Giraldi

2010 - 2015

Office Building

170m Height (49-Story)

- Assessment of ground movements especially at adjacent building
foundations

- Deep excavation in a sloping site and retaining system (especially
arching effects on the uphill side)

The Odeon Tower is a double - skyscraper in the Principality of Monaco,
It was the first high-rise in the city to be built since the 1980s,

But high-rise constructions had been abandoned due to aesthetic
concerns and criticism of over-development. 3D model of excavation and
construction sequence was necessary to ensure adjacent school
buildings will not be affected,




Subway Impact Assessment
= Minam Complex Construction
Busan, Korea

-,
.ﬁq.;—: JNYOUNG CONSUTTANTS CO 1T
N L

Design for Construction

Investigation of existing subway structure subjected to excavation for
new building construction,

Overview

Safety investigation for 2-Arch tunnels and 1-Arch type tunnel where a
large-scale excavation for a new building foundation takes place with
temporary shoring within close proximity.




Deep Excavation
Pile Foundation

A construction stage analysis was used to design the complex foundation, which is a

combination of piled raft and retaining walls with a thickness of 1m and depth of 36m,

There is a three-story underground structure of rectangular shape with dimensions in
the plan of 170.5m x 58m. Vertical bearing structures are steel columns,
which are supported by piles with a diameter of 2m and a depth of 51m.

Deep Excavation
Effect of Adjacent Structure

A 3D FEM analysis was used to calculate the impact on surrounding buildings
and a network of pipelines during the excavation and construction of multi-functional
complex with deep pile foundation,




PROBLEM
STATEMENT




Excavation Area 10mx20m
Excavation Depth 10m

Supports Of Excavation:

Sheet Pile Wall Height 12m Buried Layer

Thickness 10cm Colluvium

3m
m

Strut H Section 300x300x10/15 12m Weathering Soil

44> >

Anchor Diameter 0.025m

Non-Linear Static Construction Stage Analysis



LET’S START MODELLING
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GTS NX is a Finite Element Analysis platform which can be used to deal with all types

Al Geometries { 7 | (T (L = | R @@ |
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Axisymmetric

of Geotechnical Applications

2D Modeling
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3D Modeling
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Tunnel Modelling Approaches

| K., radial springs |

131NN E e

- Lining and Soil as Spring
- 2D Modelling
- 3D Modelling

| K., tangential springs |

K, radial springs

Lining and Soil as Spring Approach



2D Modelling-Plain Strain Condition

= L P .
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3D Modelling

Intersections

Metro Structures

Tunnel Face Stabilization



Modelling Methodology

4 ™
1. Geometry ] 2. Material 1 J 3. Property
Import, Create Element Attribute J Element Attribute
\ J
s ™) s ™
4, Mesh — 5. Loads and Boundary Conditions
Mesh Control, Geometry Auto Mesh -— Static Loads, Dynamic Loads, Constraints
\ J \ J
s ™ s ™
6. Analys!s R 7. Result displaying
Problem solving Contour Map, Probe, Report

. » . »




Tunnel Section Drawing

Tunnel Section

Tunnel

Tunnel Type | 3 Center

Cirdle |

Section Type

Ordl OleftHalf  @®Eight Haif

Dimensions
Invert
Tangential Radius Angle
R1 6.5 |m Al 60 | [ded]
R2 5|m A2 55 | [deg]
R3 9 m A3 20 | [deq]
R4 15 |m 44 | 16.75125( [deq]

Asymmetric Section

Al 50  [deq]

RZ 6 'm A 55  [deq]
<3 ofm A3 0 | [dea]
[ Indude Rock Balts

Mumber of Rodk Bolts 11 =

Length of Rock Bolts 4|m
Arrangement

(®) Tangential Pitch m

() Rotation Angle 20 | [deq]
Location
[ 5creen snap
Section Center | -105.718, 38.7528 |

[ Make wire
Geometry Set | Geometry Set-1 v| l:‘

He [

|| cancel | [ appiy |

3 Center Girde + Invert

5 Center Circle

5 Center Cirde + Invert /
\

Tunnel + Bolts

L/

Tunnel + Invert + Bolts

Easily create 2D Tunnel + Bolting pattern wireframes

from scratch.

\ l/¢

J—

)

Half Tunnel + Bolts

..-"’J"‘-—__

Half Tunnel + Invert + Bolts

Also Define The Bolts Tangential Pitch And Orientation Directly



Hew
D Create 3 new document

~ Open
i Open an existing document

Save
Save the active document

l—.l Save the active document
=l with a new name

— Import
=!| Import the selected file 4

=] goor
Export the active document»

Close
E Close the active document

Close All

a Close all documents

Supported CAD Formats

Import the geometries or FE model in the selected file

@ Import the DWG file int
I@ Import the midas MXT f

Import CAD File...

@ Import the CAD file into a current project

DXF 2D (Wireframe)..

@ Import the DXF 20 file i

DXF 3D (Wireframe)..

@ Import the DXF 30 file i

DWG (Wireframe)...
midas Mxt...

FEA NX Neutral Forma|
Open Neutral File

Import Nodal Results|
@ Import nodal results Fila

/7 Open CAD File...

Look in: | I Desktop

* Mame

Quick access

Desktop
"
Libraries

This PC

>

Network

v @2 e m

Date modified

-

Type Size

Inventor Assembly (V11 - V2020) Files (*.iam)

Farasolid Files {"x_t;"xmt_tat;"x b;™xmt_hin
ACIS (R - 2020 1.0) Files (" sat;” sab;” asat;” asab)
STEP (AP203, APZ214, AP247) Files (" stp;” step)
IGES (Up to 5.3) Files {"igs;”iges)

Pro-E (16 - Crea 6.0) Fles (".prt;" prt.”;".asm;".asm.”)

CATIA VA (CATIA 4.1.9- 4.2 4) Files (" model;” exp;” session)
CATIAVE (V5 RE - VB-6R2020) Fles (".CATPart;” CATProduct)
SolidWorks (38 - 2020) Files (" sldprt;” sldasm)

Unigraphics (171 - NX1855) Files " prt)

Inventor Part (V6 - V2020) Files ("ipt)

File name:

Files of type:

v Open

| Paragghe®To 31) Files (“2_t."mt_ba;"x_b,“xmt_bin)

| T

| Open as read-only

Length Unit of the Medel(s)

Import Option...

N Reset Al |




Interactive Geometry Modelling Tools

» 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.

Trim

Divide

Trim / Divide A

Divide by Mutiple SurfaceSg o
(Excavation Stages)

Divided (define excavation stages) o

-
e®
P

‘---IIII.....

Fuse
(AU B)

Cut
(A—B)

Boolean Operation A

Common
(AnB)



Interoperability

CAD import: Import advanced geometry Interoperability: Import superstructure data
directly into GTS NX. Supports “.dwg” and directly from Midas Civil and Midas Gen to
“.dxf” files including other file formats. perform SSI analysis.

Effect of Tunnelling on Surrounding Structures and
Vice Versa



Material Models &

Elastic Materials

- Linear Elastic Isotropic

- Linear Elastic

- Transversely Isotropic

- Interface Elastic

- Nonlinear Elastic (1D)

- Jardine

- D-Min

- Hyperbolic (Duncan-Chang)

Plastic Materials

- von Mises

- Tresca

- Mohr-Coulomb

- Drucker-Prager

- Strain-Softening

- Modified Cam Clay

- Jointed Rock

- Modified Mohr Coulomb
- Hoek Brown

- Inverse Rankine

- Coulomb Friction (Interface)
- Janssen

Functions

;? 4 Asymptote = (o; = 03) . =%
5 Failure line = (0, — 03)¢
%’ qf
= o)
% B Hyperbolic Representation
=
o
3 (61-03) =7
H =
=]
Axial Strain (€)
q
q=Mp'
.
R4 2 . ;
L. F= =+ M%p' — 2M?p,
0' .
P
A '
&
0" :
.
5 :
I" :
e Ll
px’ = 0.5pc’

Undrained Materials

- Effective Stiffness / Effective Strength
- Effective Stiffness / Undrained Strength
- Undrained Stiffness / Undrained Strength

Functions

- General non-spatial functions
(pile / pile tip bearing nonlinear function)

- Nonlinear elastic functions
(truss / point spring / elastic link)
Unsaturated property functions
(Gardner, Frontal, Van Genuchten)

- Strain compatibility functions

(2D equivalent linear)

Orthotropic

» Transversely Isotropic

+ Jointed Rock Mass
» 2D Orthotropic
* Geogrid

Flastic |

Tresca

von Mises
Mohr-Coulomb

Drucker Prager

Hoek Brown

Generalized Hoek Brown
Hyperbolic(Duncan-Chang)
Strain Softening
Muodified Cam Clay
Jardine

D-min

Muodified Mohr-Coulomb
Soft Soil

Soft Sail Creep

Modified UBCSAND
Sekiguchi-Ohta(Inviscd)
Sekiguchi-Ohta (Viscd)
Ramberg-Osgood
HardinCrnevich
Hardening Soil{small strain stiffness)
Generalized SCLAY 15
CWFS

User supplied material

ot
18 o s

Unsaturated property (Relation) a



Elastic

Tresca

von Mises

Mohr-Coulomb

Drucker Prager

Hoek Brown

Generalized Hoek Brown
Hyperbolic{Duncan-Chang E-v)
Hyperbolic{Duncan-Chang E-B)
Strain Softening

Maodified Cam Clay

Jardine

D-min

Maodified Mohr-Coulomb

Soft Soil

Soft Soil Creep

Modified UBCSAND
Sekiguchi-Ohta(Inviscid)
Sekiguchi-Ohta(Viscd)
Ramberg-Osgood
Hardin-Drnevich

Hardening Soil{small strain stiffness)
Generalized SCLAY 1S

CWFS

Rankine

Concrete Smeared Crack
Concrete Damaged Plasticity
PM45and

GHE-S

MorSand

Material Models & Functions

= |

Model Type Hoek Brown - [ structure
General Porous Mon-linear  Thermal —Time Dependent

Initial m 10

Initial = 0.0039

Residual m 10

Residual s 0.0039

Uniaxial Comp. Strength{oc) 30 kMfm2

- | EEre e

Model Type  Generalized Hoek Brown ~ [structure BT T e
General Porous Mon-linear  Thermal  Time Dependent -l Basic .

Initial mb

Initial s

Initial a
[ Residual Parameters
Residual mb
Residual s

Residual a

Uniaxial Comp. Strength

Dilatancy Angle

Rocks Behaviour and Joints Modelling

_ w [

T

oo - &8 -

-

0.004 ..Hoek Brown Paﬁmeter
03 Intact rock parameter{mi)
| Geological Strength Index(GSI)
E Disturbance Factor (D)

B

[:] Intact Parameter
Cohesion ()
Frictional Angle {©)

Dilatancy Angle (W)

Model Type Jointed Rock Mass
Parameterl Parameter2 Porous  Thermal
Elastic Modulus{E1)
Elastic Modulus(EZ)
Poisson's Ratio{v12,v13)
Poisson's Ratio{v23)
Shear Modulus(G12,G13)
Shear Modulus{G23)
Dedination
MNumber of Joints
Jointl Joint2 Joint3
c 30 30 30
o 35 35 35
a1 45 45 45
a2 &0 a0 2l
Ow 35 35 35
O owt 0 0 0

1000000

0.4

0.2

500000

400000

kM fm2
[deg]
[de]
[deg]
[deq]
kM2

]

1

9 € 8 0

Structure

kM/m2

kM/m?

kM/m?
kMjmz
[deq]

=]
=

: Cohesion

: Frictional Angle

: Dilatancy Angle

: Tensile Strength

30 kMfm?
35 [dea]

35 [ded]



Element Library

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

Truss Element »

A * : | = Q. 7a
N B Beam Element » MWVG T/'/" M, 4
; " F e
T g/ Q.Jnlu’xv\g,ﬂ’.
/| # o
-

Solid Element »

GCS-z o8
GCS-y M4, 90,7 AN
M,, X,
GCS-x
Shell Element p Ot
MK, N,
—_—
N,
M.k,

elements

shield tunnel

Gauging shell
elements

Gauging Shell Element a

Rigid Link / Interpolation Element »
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Interface Elements: Joints Modelling

Interface can be used to simulate
e Joints

» Friction between primary and secondary
Linings

» Crack propagation in segments
Etc.,

Water proof
layer as the
Interface
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Hybrid Mesh with Hexahedral Elements

Supports Linear and Higher Order Elements
Tetrahedron

Pyramid

Pentahedron

Hexahedron

Triangle

Quadrilateral

Hybrid

YV V V V V V V

Hybrid Mesh and Higher Order Elements
help in increasing Accuracy and Reducing
Analysis Time

e
e

Bl Amphibolite
Il Granite
- Hornblende Gneiss
- Mica Gneiss
- Weakness zone
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* Linear Static analysis
* Nonlinear Static analysis

» Strength Reduction Method (SRM) Static » Stress (drained/undrained) analysis

« Stress Analysis Method (SAM) Analysis * Seepage analysis for each stage

« Construction stages Slope stability Slope Contruction * Stress-seepage- slope coupled
(SRM/SAM) Stability Stage « Consolidation analysis for each stage

Analysis * Fully coupled stress & seepage

Analysis «Thermal stress Analysis

Consoli-
dation
Analysis

Dynamic
Analysis

* Eigenvalue/Response Spectrum analysis

» Linear Time History (mode/direct methods) Stress—

* Nonlinear Time History analysis Seepage seepage « Consolidation Analysis (coupled with SRM)
* 1D/2D Equivalency Linear analysis Analysis fully » Stress—seepage fully coupled analysis

* Nonlinear time history + SRM Coupled coupled

* Steady state
seepage analysis

* Transient
seepage analysis




Tunnel Construction Methods

DISPLACEMENT
TOTALT, m

+0.00000

DISPLACEMENT
TOTAL T, mm

+0.00000
%,

0%
+0.00000
L Load Distribution Factor X

o
+0.00000

0%
[ | After Current Distribution
—+0.00000 = tribut |

0%
——+n,00000
0.0% 0 08

ik
= -+0,00000
2 2 0.15

0.0%
. ~+0.00000 1

0%
————-+0.00000
0.0%

%
— +0.00000
" Total SetType

0%
= +0.00000
0.0% No.  Mesh Name Add

1 Tunnel

0%
+0.00000
0% Modify

100.0% Delete

ok | Cose

NATM Tunnel — Relaxation Definition Shield TBM and Contraction Definition
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Dynamic Analysis

Dynamic Analysis Boundary Conditions:

» Free-Field (Line/ Plane)

» Ground Surface Springs

» Absorbent/ Viscous Boundary

Free Field Dynamic
Boundary

Absorbent/ Viscous Boundary

Dynamic Analysis Types:

A\

Linear Time History

Non- Linear Time History

Response Spectrum

Eigen value

Stress- Non Linear Time History Coupled

—ao1mm

[DATAT stress MLTH, initial, TNCR=1 (LOAD=1.000), [UNIT] kN, mm

DISPLACEMENT
T, rnrn
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h.

Tunnel Modelling Wizard

Tunnel Wizard

® oput Guide

General Shotcrete & Rock Bolts Excavation Mesh

Tye @R (O Hei(Right) Omensions
shape 5 Canter Circle o] R [so0 o “ - e
ular CET] e e ] e

FrOPETY |3 Center cirde L | |
r3 [s000 - R .

Momber of Turnels @1 Oz

[ nchude Tovert

@Tongentiol  ORatius (O Angie unt: mem, (deg]
) Drawing R4 | 15000 A4 20 c
&5 A5 c
A C [deg]

R 4 mm a2 Define Excavation Method
Ry mm a2

Excavation Mathod
(@) Full Face Cut Method Full Face Cut

(O others

[

Save Defoult Data _ Open Default Data

Save as...

[Error] The angle (44) of Twart Arc shouk) ba smaller than 16.8.

Bench Cut2
Ring Cut1
Ring Cut2
o cut

Update Draw

Tunnel Wizard

General Shotcrate & Rock Bokts Excavation  Mesh

hoterete

Shotorete Property  2: Lining ~
Shotcrete to the Intermadiat
[Z]rock Bons
oo
Property ~ |
Numbers i
® r ) Drawi ipdat
@mputGude  Oorawng | Up Lengih w000

Open..

Seve as...

Tangential Pitch | 2000
[ |staggered Disposition

Save Default Data

Gpen Default Data

BB []soft shoterete Property |2: Lining

Dwision | 2

)

% Tunnel Wizard (==
| General | shoterete & Rock Boits| Excavation |Mesh
Excavation Type Advancing Length Rack Bolt Location
@ One Dir. ) Both Dir. Advances | 30@2 @ Auto(atMid. Adv.) () User
15t Excavation Tunnel Total Length of Tunnel 60 Pitches 1, 29@2
Left 3 Right Adv. | Dist |DW| LD| = Pit Dist | Ang. |~
Define Stages after 1st Excavation 1 0 i 10 19| 80 ‘,
2] 20] 30| s00 =
Core [1] A 2] 200 4011 {
— 3] 20| s0f so0—
Shoterete Set__ |1 3] 20| 60]1 = B lRET
RockBokSet |1 4] 20| 80]1
=20 [RERR 1 5| 20 90 son
5] 20] 120] 1 ] 6] 20[ 110[ 00
7] 20| 1401 7] 20] 130] s00
i s 20| 160[ 1 g| 20[ 150] 900
- 9] 20| 130[1 I8 91 20 170, 900
== il onl 4anl ann
1 < » m v
—
(LTI I LTI I TLTIIT]
[ open... || save as... | save pefauitpata | Openbefauitbata | ok | [ cancel

1.Input Tunnel Dimensions and
Select Excavation Method

Tunnel Wizard ®

General Shatorete & Rock Bolts Excavation Mesh

Tunnel Location

@ wput Guide O prawing

Depth
Lower Bourdery |3 xD
Lateral Boundary xD
e xB
Ground Modeling
ctual Base Elev. |0 mm

Oltoed ymm?
Mesh Sze

Tumnel(intervet) | 2000 mm

Baundary Mesh () Auto

surface 3 % Tunnel Mesh

Others 4 xTunnel Mesh

Ftermedate xTunnel Mesh

o

Save Defoult Data  Open Dfoult Doto

open... Swve zs..

2. Input The Sequential Bolting
Pattern & Shotcrete Properties

Insert | [Delete | Materal

78.0000
84,0000
73.0000
80.0000

12:508 -

®

Define Termain(Gnd Face - Sevation Data) =
me [ x 11 [ Gpdese | el (1250l Bl

User Input

4. Terrain and Strata Modelling.
Elevation Data from Lidar
Survey

3. GTS NX Auto Calculates The
Excavation Sequence and
Reinforcement Placing Based On
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d

Tunnel Modelling Wizar

Shotcrete + Rock bolts

Tunnel Section

L 1

N
A\
\ MUV

i

L1\
AN

NNV

(72]
3]
(@)
©
+
(Vp]
[%2]
c
(®)
=
(&)
>
—
+—
(7]
[
o
@)

Model Created from

Tunnel 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
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h.

Post Processing Features

« Contours

» Graphs

*  Animations

* Tables

«  Cutting Plane

«  Sections Diagrams
*  Reports

* Result Tag/Probing

4800

[DATA] Tunnel Construction, FralLiing-3, INCR=1 (LOAD=1.000), [UNIT] M,

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

SHELL FORCE
FORCE YV , Kiljm
e TEHs

- -17449.29492
%

-47952.37109

"~ 63203.90234
5%

-78455.44531

o -108958.51563
0.0%
“124210.04688
13046157813
15471310938

f %‘///%/ s Max: -10082.64

——-169964.65625
0%
~185216.18750

Sectional View: Clipping Line/Plane

Node: 6960
No Step Step Value TZ TRANSLATION (V)
(m)

1

2 | Bottom fi INCR=1 (LOAD=
3 | Top construction:INCR=1 (LOAD=1.
4 Loading:INCR=1 (LOAD=0.033)
5 Loading:INCR=2 (LOAD=0.067)
8

7

8

Loading/INCR=3 (LOAD=0.100)
Loading/INCR=4 (LOAD=0.133)
Loading:INCR=5 (LOAD=0.167)

9 Loading:INCR=6 (LOAD=0.200)
10 Loading:INCR=7 (LOAD=0.233)
11 Loading:INCR=8 (LOAD=0.267)
12 Loading:INCR=9 (LOAD=0.300)
13 Loading:INCR=10 (LOAD=0.333)
14 Loading:INCR=11 (LOAD=0.3567)
15 Loading:INCR=12 (LOAD=0.400)
16 Loading:INCR=13 (LOAD=0.433)
17 Loading:INCR=14 (LOAD=0.467)

Sorting Dialog...
Style Dialog...
Show Graph...

Export to Excel

18 Loading:INCR=15 (LOAD=0.500)
1

in Ao nnan ngon

Results extracted as Tables and Graphs
Extracted results/graphs directly exported to excel




b

A Prabe Results
- Entity Type Color Tag Type
©) Node TagColor [ ||¥]
Post Processing Features el [
Results
Show| Type D Value e
v Max: 4.41e+001
v |Node| 20511 0.0393194
[l
[ max J[ mn ][ AbsMax | [ clearal |
Min/Max Value of Each Part Close

000313506 <

j vin: 2.42e-002

T et i e T T T A =@ a

R HE e Wi He

EEQ@AE._I' a3 os | im i [ [ | HE| & 2 |1 Tools | Sign | Comsment
e 2l 06_Pile Element_final
o GTS NX
= Result Image

o Gy

3D PDF Report

F 2 e B A B

Result Image [ Stress Result

Excel report
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Cityringen
Copenhagen Metro
Copenhagen, Denmark

@ Lombardi

Owner

Engineering Consultant
Construction Period
Project Type

Size of the Structure

Main features in modelling

Description on this project

Metroselskabet

Lombardi

2011 -2017

Subway Station

15.5 km long twin single - track metro tunnels,

- Interaction between MIDAS family programs (Gen & GTS NX)
- Construction stage analysis for TBM

The Cityringen is a city circle metro - line, approximately 15.5 km long and will
serve major areas of the city of Copenhagen including the Danish Parliament,
the Central Station, the City Hall, existing major S - train and metro stations
and national monuments, The line will have driverless communication - based
train control system, with stewards on board, A round trip is expected to take
23 minutes. The headway interval is expected to be 200 sec., with 28 trains of 3
carriages running at 90 km/h,




Posiva's ONKALO

EurajoK, Flnland

Bl FosIvA

zeneral Contractor Kalliorakennus Oy, SK - Kaivin Oy and Destia Oy
Engineering Consultant Posiva
Construction Period 2004 - Under Construction
Project Type Muclear waste Disposal Facility
Size of Structure | 455m Depth

Main features in modelling - Stability of hard rock excavations in depth up to 500 m and to
optimize rock support system

- Impact of vibration due to blasting and groundwater level on
underground cavern

Description on this project The Onkalo Spent Muclear Fuel Repository is a deep tunnel system
for the final disposal of spent nuclear fuel, It is first of such
repository in the world. It is currently under construction at the
Olkiluoto Muclear Power Plant in the municipality of Eurajoki, on
the west coast of Finland, by the company Posiva, It is based on
the KBS - 3 method of nuclear waste burial developed in Sweden
by Svensk Karnbranslehantering AB (SKB),

Ganister shalt —

Dispoeal tunnels |- 420ms)__

—




Trans -

Hudson Express

New York, USA

LONSULTING
ENGINEERS

Owner

General Contractor
Engineering Consultant
Construction Period
Project Type

Size of Structure

Main features in modelling

Description on this project

NJ Transit and Port Authority of New York and New Jersey
THE Partnership JV

ILF Consulting Engineers

2009 - 2010

Rail Tunnel

- Palisades Tunnels (1.6km Length)

- Hudson River Tunnels (2,3km Length)

- Manhattan Tunnels (2km Length)

- Station Cavern (29m Wide, 27m Height)

- Construction seguences of the subway complex
- Stability of lining structures and rock bolts

- NYPSE Caverns and Ancillary Tunnels

- Evaluated geotechnical ground properties, geotechnical/geological
models developed

- Defined excavation stages/sequences
- Designed initial ground support
- Predicted surface settiements

- Provided Overbuild Criteria to specify magnitude, distribution
and location of loading due to future overbuild along both sides
of 34th Street




King's Cross Station

London, Unlted KiIngdom

ARUP

Owner

Architecture

Engineering Consultant
Construction Period
Project Type

Main features in modelling

Description on this project

Network Rail

John McAslan + Partners
Arup/Morgan Sindall
2008 - 2013

Rallroad Station

- The section of the existing tunnel where the shaft intersects is
strengthened with block work,

- The cylindrical section of the shaft is built with segmental lining.

- The tapered section of the shaft is built in 1 m deep stages and
lined with sprayed concrete,

The redevelopment of King's Cross station in the city of London

is turning a historic rail terminus into a dynamic transport hub,
Arup’s work as a lead consultant on King's Cross station embraced
transport planning, multi-disciplinary engineering services,
security, IT, lighting design, acoustics, visualization, and
pedestrian modeling




Busan Subway Line 3 Tunnel
- Zone 321

Busan, Korea

Design for construction

Performing construction stage analysis to check the settlement while
checking the initial support capacity for the fan plant structure,

Overview

Two types of analysis were performed based on different 3D model files,
The full underground structure was modeled to monitor the initial
support capacity inciuding rock bolts and shotcrete, at structural level.

A construction sequences analysis of the fan plant was ran to obtain the
general stability and settlements of the soil layers, at geotechnical level,




PROBLEM
STATEMENT




Rock bolts

80m

Shotcrete Liner

Tunnel Section:

Horseshoe Shape

80m

A

Rock

Shotcrete Thickness: 0.3m

Rock bolts Section:

4m

Solid Round Diameter 0.025m

Length 4m

Excavation Length for each stage: 4m

S

20m



LET’S START MODELLING
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