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overview About GTS Geotechnical & Tunnel analysis System I

“GTS is a total, state-of-the-art solution, which has been
developed through integrating all the functionality necessary for
Convenience structural analysis for geotechnical and tunnel engineering.

Its capabilities include stress analysis reflecting construction
stages, seepage analysis and much more ...”

Rapidity

Productivity



Overview Foundations Geotechnical & Tunnel analysis System I

midas GTS

“Integrated Solution

for

MIDAS/FX+
(CAE Pre/Post-processor)

* Multi-discipline Analysis
(Structural, Seepage, ...)

M DAS/Ci\"' « Construction Stage

. . . * Fast & Accurate Solver
(Civil Structural Analysis System) + Geometry Modeling

* Auto-mesh Generation

* Huge Model Manipulation
* Realistic Visualization

* Report Generation




Overview App|ication Areas Geotechnical & Tunnel analysis System I

Tunnel Analysis in Conjunction with Highly Complex Inter-connections

* Reflection of complex soil strata and terrain

* Tunnel exits, T-shape/y-shape connected parts, steep slopes, vertical & transverse
shafts - main tunnel connections, etc.

Groundwater Seepage Analysis

* Steady-state/Transient Flow analysis for tunnels, dams, slopes, etc.

* Expanded applications from saturated zones to unsaturated zones using the Darcy’s
principle

* Application of unsaturated properties by user-defined curves in addition to van
Genuchten and Gardner’s theoretical equations

Effective Stress Analysis with Stress-Seepage Coupling

* Final normal state or time history analysis by construction stages

* Effective stress analysis with coupled pore water pressure - stress obtained from
seepage analysis




Overview App“cation Areas Geotechnical & Tunnel analysis System I

Analysis of Embankment on Soft Soil and Consolidation

* Analysis of embanking in undrained conditions

* Production of pore water pressures and consolidated settlements by time stages

Analysis for Excavations and Temporary Structures

* Deep excavations for substructures of major structures (highrise buildings)
* Analysis for temporary structures reflecting existing structures such as subways

Earthquake, Blast and Vibration Analysis

* Various dynamic analyses for eigenvalues, response spectrums and time histories

* Built-in seismic wave database and auto-generation of seismic waves, and combination
with the results of static analysis

Lining Structural Analysis




overview Conﬂguration Geotechnical & Tunnel analysis System I
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Overview Framework Geotechnical & Tunnel analysis System I
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DGO Works Tree

Geotechnical & Tunnel analysis System I

Explorer.

* GTS' Works Tree displays geometry, mesh, analysis data and result data in a tree structure as Windows

* Works Tree provides its own context menu and supports the convenient model management. Works
Tree changes its form depending on the working mode.
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B CA TR Property Window

Geotechnical & Tunnel analysis System I

* GTS’ Property Window provides various information of selected items and allows changing basic
properties such as name, color, etc.

* In post-processing mode, Property Window is used as a control panel of the post-processing options.

Information for Geometry

[Contour ~I

Deform

50 murface
slice Plane
Clipping Plane
Legen

Values
Sverage MNode
Wectar
Diagram
Anirmation

Properties Properties
c
ID [E:19] D [M:2]
Mare Junction Marme Junetion Mesh
Tupe Geametry Type Mesh
Color [ edd3a3 tain Color [ A
Comment Edge Calor Il 000000
> q Mode Colaor [ o
Type Solid Edltable |temS Comment
Wolurne 123141 =
= MNode 3164
Mass X Elernent 13682
Mazs Y 10 Elernent i]
Mazs 7 20 Elernent i]
Min ® -21.4248 30 Elernent 13682
Maw * 30,4248
Min % -1e-007
Mawx =]
Ivlin —la-07

Properties

Contour

Elernent Edge
Contour Line
Contaur Line On/Off
Band Mumber

Mo result Mode, Elernent  Feature Edge

Color Type
Coarse Contour

b

[ 003080
I 007800
Falze

12

RGE
Falze

[ Apply |

Information for Mesh

Post Control Panel
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m Task-oriented User Interface Geotechnical & Tunnel analysis System I

Drawing Type Selection Dynamic Instruction for Current Input

I Inpuk Skart Location | JI Input End Location I

Input Centef Location

Qe

toeation— ~300,000, 320,000 Lacation 316,228, 161,565 Location 145,305
Method  |aBS x, ¥ - Method IRadlus, Start Angle - Methog”TIncluded Angle N 7 Method
Ty BES etno
fpply | close (| =] el close (|[2<] —> List
d angle

Figure-on/off Button

* Mouse Snap: = « & L @ O X X,

* Keyboard Input: Mathematical expressions can be used. <Ex> 100/2*sin(40)

771



Graphic D|sp|ay - Geometry Geotechnical & Tunnel analysis System I

Shading
with Edge

Shading .

Wireframe Bounding Box

Shading with Edge + Transparency

12



Overview Graphic D|sp|ay - Mesh Geotechnical & Tunnel analysis System I

7
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Shading Wireframe

Feature Edge Shading + Hide Element Edge
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Overview Virtual Transformation Geotechnical & Tunnel analysis System I

Virtual Transformation (Translation, Rotation, Scaling)
by Mouse Dragging
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Overview Flying View Geotechnical & Tunnel analysis System I
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overview Selection Method Geotechnical & Tunnel analysis System I

(S b [shape (5) [l 2] @ B & m
Datum Plane (P ~
Select <«— Shel (H) —> ID
Face (Fl
Unselect «<—— | [t G > Displayed
Wertex (W) =
Unselect All «<—— [Mesh (M) hd ——> Query Pick
Selection Filter R .
> Polyline
> Polygon
> Circle
> Pick / Window

\4

Include Intersected

-"'_:1"
F——1—

Circle Selection Polygon Selection Polyline Selection

AL | ! ! n.""*-».
T N A O A B i e 0%
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Overview Selection Method Geotechnical & Tunnel analysis System I

P —

| C 1000 to 1024 by 2 Replace | Clear | Close |

Tunnel #3 : Solid 4
Soil-Lower Part : Solid £

Detected Entity List

| o | | Cancel I

ID Selection

Query Pick Selection (Node/Element)

Displayed Selection
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Geometry Modeling Geometry Modeling

- Tunnel Section
- Line, Polyline

« Arc, Circle

- Polygon

- B-Spline

- Fillet, Chamfer
« Trim, Extend

- Intersect

- Offset, Tangent
- Break, Merge

)

- Plane Patch

- Coons Patch

« NURBS Patch

- Grid Patch

- Vertex Patch

- Fillet, Chamfer
- Sew, Fuse

« Trim, Divide

- Extend

« Imprint

-

/

- Box, Wedge

- Cylinder, Cone
- Sphere, Torus
« Trim, Divide

« Embed

- Boolean Op.

(Fuse, Cut, ...)

. Stitch Surfaces

o

e Advanced modeling functions can be used in surface & solid modeling.

Geotechnical & Tunnel analysis System I

Advanced

Modeling

« Extrude

- Revolve

. Loft

- Sweep

- Fillet, Chamfer
- Offset, Draft

- Shelling

« Local Prism

- Check, Repair

- Transformation

~

)

79



W Curve Modeling Geotechnical & Tunnel analysis System I

Tunnel Section &| q
— Tunnel Section Curve Types
Turing| Type 5 Center Circlz+Invert

Section Type

@ Ful O LeftHalf | Right Half 3 Center Circle =] i . R-<nli
A > |3 Center Circle Line B Sp_lme
Trwvart 3 Center Circle+Invert - Arc . Poyhne
5 Center Circle .
{ Tangential & Radus € Angle 5 Center Circle+Invert - Circle - Rectangle
RI[ 65 m AL 60 [Dea] - Ellipse - Polygon
RZ 6m h2| 55 [Ded] - Parabola - Profile
B =t L 3C 3C+ - Hyperbola - Tunnel Section
[ o [ o
[~ &symmetric Section
Al [Dea] B S |
-Spline

[Deq]
1

+
! | 5C 5C+I |
v Include Rock Bolts
MNumber of Rock Bolt 11 _|::|
Length of Rock Bolt 4 m

Rz ’— m L
,_

if

Arrangerment
+ Tangenkial Pitch |2
" Raotation Angle

Tunnel < Y O
Section

\ J

Lacation
[ Use Snap
Section Center | 0.0, 0.0

[ Make wwire

@ a4 | Cance|| Apphy |

Y \ 4

Polyline Line
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Geometry Modeling < Mode"ng Geotechnical & Tunnel analysis System

Co-planar Curves

Vertex Cloud

Virtual Grid
(M X N)

Plane Patch Grid Patch Vertex Patch

Arbitrary Curves

2~4 Curves

Coons Patch NURBS Patch

21



Geometry Modeling Solid Mode"ng Geotechnical & Tunnel analysis System I

o ol Common
Divide by Multiple Surfaces . (A B)
(Excavation Stages)

22



Geometry Modeling Advanced Modeling Geotechnical & Tunnel analysis System I

Profile

Q

Revolve

Q

Profile | Extrude

Guide Curve

Profile

Profiles

23



Geometry Modeling Advanced Modeling Geotechnical & Tunnel analysis System I

Local Prism

Trim 2 Surfaces

Through-all

Defined Depth

Chamfer

24



Geometry Modeling Demonstration Geotechnical & Tunnel analysis System I

25



Geometry Modeling Data Exchange Geotechnical & Tunnel analysis System I

. il

\4

= Import (Geometry)

« STEP, IGES

- AutoCAD DXF (Wireframe)
.+ STL (Mesh)

- Nastran (Mesh)

- Optional Interfaces
ACIS, Parasolid, DWG, etc.

s Export (Geometry)
- STEP, IGES
- STL (Mesh)

SY

Generated Mesh

Standards for Data Exchange

- STEP (STandard for the Exchange of Product Model Data)
- IGES (Initial Graphics Exchange Specification)

- STL (STereo Lithography) — De facto standard for RP

26



W TGM( errain eometry aker) Geotechnical & Tunnel analysis System I

Digital Map

DXF Data

Specialized Module for Real Terrain Geometry



Geometry Modeling Geometry-based Modeling

Geotechnical & Tunnel analysis System I

Advantage of Geometry-based Modeling Approach

Using the advanced
geometrlc modellng

surface Jn_l solid
modeling functions,
modeling various real
and complex terrain

and/or stratum

geometries can J-'

accomplished very easily !

Compared to manual
operations, geometric
modeling functlons

It does not require
tedious information input

like nodal coord’s,
element connectivity, etc.
It just needs the least real

geometric information !

Convenient

B

Using the geometric
modeling functions, the
complex geometric
operations like
intersecting and dividing
free-form surfaces can
be performed in a matter
of seconds. Exact
solutions are obtained
with no hassle!

Accurate

28
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Mesh Generation Mesh Generation

« Solid

« Surface

- Edge

« Planar Area
« 4-Curve Area
«2D—> 3D

« Quadrilateral
« Combined

K. Triangle

« Solid

« Surface

e k-Curve Area

« k-Face Volume
« 4-Node Area

Protrude

 Extrude
 Revolve
« Project
o Fill

« Sweep

« Geometry
. Element
- Node

-

Geotechnical & Tunnel analysis System I

anipulation

N

« Create

» Extract

« Connection

« Change Para.
« Smooth

« Divide

« Check
 Quality

« Merge
 Transform

k aee

~

)

30



Mesh Generation Mesh Generation Geotechnical & Tunnel analysis System I

Loop Mesher

Direct Surface Mesher based on Looping Algorithm

Delaunay Mesher

Indirect Surface Mesher based on Delaunay Triangulation

Hybrid Surface Mesher based on Modified Grid-based Approach

Tetra Mesher

Solid Mesher based on Delaunay Tetrahedralization & Advancing Front

Map Mesher

Structured Surface/Solid Mesher based on Transfinite Interpolation

317
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Delaunay Mesher

Geotechnical & Tunnel analysis System I

Sizing Control
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- MeshGeneration Automatic Surface Meshing

Geotechnical & Tunnel analysis System I

-

meshes required in practice.

- GTS' surface meshers generate offset elements near boundary for best quality

- GTS provides a number of controls to manipulate mesh pattern & density, and generates optimum

\

o
L

— Object
Surface

I O
Offset Elements

[TTTTTTTTTTI
[TTTTTTTTTTI

Final Mesh (after Smoothing)

Mesh Preference

Al

Normal

Mesh

A erfiety
(v Pattern Mesh \

Reset

Optimization Level
™ Plane Poor Good
3
v Cylinder b ! 7
|7 Zone 30 \ 7
|
[+ sphere
W Torus ‘Weight on Shape Quality
Si Shi
[+ B-5pline Surface 128 N Elpl
7
v Bezier Surface <0 L
v Extrusion Surface 3D j 7
\l? Revolution Surface )
Defaulk Refinement Fackor
Adaptive Seeding Criterion Fine TEErEs
Angle Ratio 0.2 2D j 1.0
onRato [ 02 \
Deflection Ratio 0.z ln] al 1.0
Default Mesher & Mesh Type
|L00p Mesher j Type |Quadrilateral j

oK | Cancel |

X

Mesh Preference
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Mesh Generation Automatic Solid Meshing Geotechnical & Tunnel analysis System I

- GTS’ Tetra Mesher auto-generates tetrahedral solid mesh with variable sizes in smooth transition.

(200,000 Tetra’s/min)

- GTS’ Tetra Mesher is capable of including holes, curves and points that are present in/on solids.

Smooth Transition |

Transition

34



Mesh Generation Mapped Mesh Generation

Geotechnical & Tunnel analysis System I

GTS’ Map Mesher generates structured (regular & orthogonal) mesh both in surfaces and solids.

Tunnel Lining
(Surface Mesh)

&

Sl
e
TR
ST P T

k-faced Volume
(Simply-closed)

Abutment
Tunnel - Junction (Solid Mesh)
(Solid Mesh)

35



Mesh Generation Mapped Solid Meshing Geotechnical & Tunnel analysis System I

GTS’ Solid Map Mesher generates hexa and/or penta mesh in simple solids by full mapping or

combination (auto+map).

Auto+Map

Full Mapping

36



Mesh Generation Size Control Geotechnical & Tunnel analysis System I

GTS provides various size control methods, uniform size, division, linear grading (size & ratio and

symmetry option) and refinement option.

Uniform ' Division
i
27
c"&"“
"4“'
A 2oy
2t
= SanEy
3 S
SRR 5 SN
ROIRCERID p sy
BROOOOR KDY o) Ty
RIS | o ——
:agm.wnwﬂ‘;g} o
REROERILE | =
b i TAVAVAY
Coarse Mesh %,% T ATAT %?
NANNNINNNA ¥ Linear & Symmetric Seeding
Smooth Transition | |
D I g
Coarse Fine Coarse
HTTT |
‘-'===|'-' T
S <
Refinement (50%) <«—— Normal —> Refinement (120%) /
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Vlesh Generation Size Control

Geotechnical & Tunnel analysis System I

characteristics (curvature and feature).

GTS provides adaptive seeding function based on user-specified mesh size and geometric

Autn-Mesh Solid

3 Solid(s) Selected |
2] Select Interior Edgels) |
|

g.....SelecL InderinrNanandesl a.
> Mesh Size
{* Element Size (™ Division

rs

—
=

EEEEEEN,

= [¥ Adaptive Seeding

[~ Manual Division

Refinement Fackor
Fine Coarse
-1 1.0

R I e IS ———

MTTT YT I I I

gSNEEEEE

*
*

Sl
ey
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RN
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L

Angle Ratio: sin ©

Deflection Ratio: h/L Normal Seeding
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Mesh Generation Mesh Protrusion Geotechnical & Tunnel analysis System I

Non-uniform Offset
(5@2, 5@5, 5@2)

]

Extrude (2D—3D)

>

Fill

(Curve—2D)

s

Revolve

Extrude thru Node Sequence (Curve—2D) (2D—3D)

39



Mesh Generation Mesh Protrusion Geotechnical & Tunnel analysis System I

Fill (2D—3D)

Same Topology

~-/ Normal Projection

Sweep with
Scaling (1/ 4)

Offset

Guide Curve

IN NN
N S

Orthogonal Sweeping
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vies eneration Mesh Manipu|ation Geotechnical & Tunnel analysis System I

— Extract Element = Mesh Connection

Geometry - Solid

2. Extract Shotcrete from Surfaces
(Auto-grouping based-on Solid)

1. Auto-mesh Solid
(Auto-grouping)

l Closest Link

- L Disconnect
| B Link (Elastic, Rigid)
s - — Insert Interface Element
Il Closest Link
- - Coincident Link
L] Divide Element
Smoothing (Laplacian/Winslow/Angle) (2, 3-Refinement)

41



Mesh Generation Check & Quahty Assurance Geotechnical & Tunnel analysis System I

= Check & Verify
- Free Edges/Faces

« Check & Align ECS

= Quality Assurance

Check Free Face

- Aspect Ratio
(Unconnected Element Face)

- Skew Angle

- Taper (2D)

- Warpage (2D)

. Jacobian Ratio

« Twist
Twisted Penta

- Collapse (Tetra)

Collapsed Tetra
(Near Zero Volume) Mesh Quality Plot
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Ana'ysis & Tunnel Wizard Ana|ysis Capab"mes Geotechnical & Tunnel analysis System I

s Static Analysis

- Linear/Non-linear Elastic Analysis
- Elasto-plastic Analysis

- Stress-Seepage Coupled Analysis
- Construction Stage Analysis

- Drain/Undrain Analysis

- Consolidation Analysis

s Seepage Analysis
- Steady-state/Transient Analysis

= Dynamic Analysis
- Eigenvalue Analysis
- Response Spectrum Analysis

- Time History Analysis

= Slope Stability Analysis

= Non-linear Dynamic Analysis

44



Analysis & Tunnel Wizarc Element Library Geotechnical & Tunnel analysis System I

= Line Type
« Truss / Embedded Truss
- Beam

- Tension Only (Hook), Compression Only (Gap)
- Plot Only (Dummy for Modeling)

= Plane Type = Solid Type

- Plate (Shotcrete, Lining) . Solid

- Plane Stress

- Plane Strain * Others

. Axisymmetry - Point Spring, Matrix Spring, Interface
- Plot Only (Dummy for Modeling) » Elastic Link, Rigid Link

. GTS provides linear and parabolic types for plate, plane stress and solid elements.

 In GTS, all elements can be created in 3 ways:
(1) auto/map-mesh generation, mesh protrusion and mesh connection
(2) manual creation in GUI and/or table
(3) import mesh data from other programs

45



Geotechnical & Tunnel analysis System

DV EEERU I CRE I G Material Models

[ GTS provides 15 material models as below : ]

| waterialModel | Behavir |
Linear Elastic Most Simple
von Mises Elasto-Plastic
Tresca Elasto-Plastic
Mohr-Coulomb Elasto-Plastic, Softening
/\ Drucker-Prager Elasto-Plastic
% Transversely Isotropic Anisotropic Elastic
3 Duncan-Chang Hyperbolic, Nonlinear Elastic
é Hoek-Brown Elasto-Plastic
8 Jointed Rock Anisotropic Elasto-Anisotropic Plastic
g Cam-Clay, Modified Cam-Clay Elasto-Plastic
§ Strain Softening Strain Softening
(3 2D/3D Interface Elasto-Plastic, Frictional & Cohesive
London Clay Jardine Model
\/ User-defined Material User-coded Subroutine (Fortran)




W Construction Stage Control Geotechnical & Tunnel analysis System I

|C|:|nstructi|:|n ﬂ

. Time St '
Transient Seepage me = ep X
SeepagefSteady Stake) Analysis Control i) ENE
Seepage| Transient) >| | User
Time(hr)  [1,2,3,5@4
Define Construction Stage (Example: 1,3, 7, 14)
" fAuto
StagelD  |10:CS 10 | mew | et | Delete | bwaton [
[ Load Step —=
Stage Mame |5 10 Skep Mumber =
| Mumber of Step
Stage Type |Cnnstructinn j SaveStep (% e~ [ save Result M
Set Data Activated Data Deactivabed Data Step | Time(hr) | Save Step A
—-fg Element &/ | [ Element =-fg Elemnent i Lo T
fd Advance | #» Boundary fdd Core 9 2 oo T
pdd Advance 2 5. Load A Boundary j igggg F
fg Advance 3 (. Load 5 so00
pdd Advance 4 B 4,0000 F
7 4,0000 v
pd Advance 7z B 40000
fg Advance * r
fg Advance .
fd Advance 8 — . =
~ Advance 9 Drag & Drop Load Distribution Factor fg| ok | Cancel |
pdd Advance 10

After Current Distribution |

: __ ] ] Stage Factar
Tree Structure Initial & Embanking Excavation 04000
b

=

1
S SUvalILE 1 2 1 (1, 3000
< 3 2 0,3000
4
Show Elements | NG
Sort by |Mame = . b DR T > —
* Al [ Save for Restart cave =
Elerment Set Filker ™~ Activated [ Clear Displacement Summakion 1

| ﬂ " Deactivated [ Undrained Close ok | cancel |
v

Simulate Selected Stages

Load Distribution Factors
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Analysis & lunnel VWizara Construction Stage Control Geotechnical & Tunnel analysis System I

GTS provides semi-automatic method for the definition of construction stages using name
pattern (base name + suffix number).

H Stage Define Wizard

X

Element, Boundary, Load Set Assignment Rules

Core = Set Set Mame Start End |Postfiz| Start | Stage [

) EUlfl N:tol?ﬂel - t_ Type Prefix AR postis | T | Postix Inc, | Stage | Inc,
efault Mesh Se

Advance —
Rock Bolt

)
)
)
g Shatcrete
)
)

+
E
E
+
+
+
+ Core
+

Tree Structure
&dded H Rock

* Mesh <« Added it Rock _
e Load = Boundary based on Naming Rule
+- g Support
* B.C. = b, Load
+- ¢y Self Waight =

Construction Stage Definition

=]

¢ | >

S| P Apply Assignment Rules [a]4 | Cancel

Element, Boundary, Load Set Activation Status

.

Set Set Name
Type Prefix
Default Mesh Set
Full Model -

Advance

Care 1,254,567.89 12 9
Shotorete 123456789
Rock Bolt 1 g 7
Advance
Core INAREY B Simulate Consfruction Stage
Shotcrete
Rack Bolt [ Preview )l Stage: 0/37
Added H Rock -
added W Rock |- | |1]2]|3]|4]|s|e|7|8]|9|10[11]12| 13| 14] 15 16) 17| 18] 19| 20| 21| 22| 23| 24| 25| 26 27| 28| 29| 30| 31|
~——— s =4 Edom +

< | =N A =+

< | >

1 2| 3| 4| 5] 6] 7| 8] 9{10{11]12

Construction < —
Chart |

immmmmmmimmmmm

EANE
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LGEWSER I WG r21 Bl |Load & Bou ndary Conditions Geotechnical & Tunnel analysis System I

s Load

« Self Weight

« Force, Moment

« Prescribed Displacement
» Pressure

. Line / Element Beam Load

- Nodal / Element Temperature, Temperature Gradient

Pressure on Surface Pr re on Element-Face
« Prestress essureo

» Nodal Mass
« Response Spectrum Analysis Data (including Various Design Spectrum Data)

« Time History Analysis Data
- Time Forcing Function (including 54 Earthquake Acceleration Records)
- Ground Acceleration
- Time Varying Static Load
- Dynamic Nodal Load, Dynamic Surface Load
- Time History Result Function

All loads can be applied both to FE and geometry.
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Analysis & Tunnel Wizard KT KA Boundary Conditions Geotechnical & Tunnel analysis System I

A/ Modity Unsaturatad Propesty Funciar

P ||| webam 9 sombonse] - s ” pemipae
= Boundary Conditions - e
« Support e
- Nodal Head () — 1

« Nodal Flux, Surface Flux

 Seepage Boundary Function

« Unsaturated Property Function
Permeability Function
Gardner Coefficients
Frontal Function 3
User Defined Function ‘ B S T A B T B
Water Content Function e ‘ =] cme | s |
:van Genuchten, User Defined Unsaturated Property Function

« Beam End Release

- Plate End Release
« Change Material
« Change B.C. Set

Plate End Release < 571"
(Junction of Shotcrete)  f{ !

All boundary conditions can be applied both to FE and geometry.
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AUEWEERRE L E A2 (B System Equation Solver

Geotechnical & Tunnel analysis System I

GTS uses multi-frontal sparse Gaussian solver as a system equation solver.
Multi-frontal sparse Gaussian solver is one of the fastest solvers in the iterative solving
of large solid models in non-linear analysis.

GTS also provides two iterative solvers, PCG (Pre-conditioned Conjugate Gradient),
GMRES (General Minimal RESidual).

Model A 1 Model B

Model A Model B Model C Model D
Element Type Plate Plate Solid Solid
No. of Elements 30,000 30,000 29,400 31,740
No. of DOFs 180,180 186,000 90,738 106,200
Solution Time [sec] 16 17 137 297

Solution Time of Multi-frontal Solver
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LV EEC AN INCRPZ S Tunnel Modeling Wizard

Tunnel Wizard - [MS8E] m
Mot Type
{ o wm
Generdl | Sotcrete b Roch Boks | Excavaton | Mesh | Post Dats |
Wor  FRA O Halugy | Demensans :
shape  [3Port Cocle of| R B n Al o (deg]
5 e > I~
Materis ., | Moty -Coukond R r - A ™ [d=a]
Nurrber of Turrels LN | 2 i
W Inchode Jrrvwet
“ G P, | < .
ude P, " Drwng - ||| Targertia Radus © Ange une: m, [deg)
&3 15 A3 o (A TRTHEITH
FR 105237549 FA N5 FC K4.65144, -1.73108)
po
Al [des]
RZ " Az [deg]
Excavation Method
* Ful Face Ot Nathod Ful Face Gt
[ Others
open. | Sweas.. | Serpefampeta [ Defadt & o I Cancel

Geotechnical & Tunnel analysis System

models.

parameters.

GTS provides Tunnel Modeling Wizard for simple and regular-type 3D tunnel

Tunnel Modeling Wizard automatically generates full analysis data, mesh, loads,
boundary conditions and construction stages, from the user-defined

Tunnel Modeling Wizard also provides its own file 1/O service to help users
accelerate modeling works for similar models and build their own tunnel

Tunnel Modeling Wizard

- Mesh
) Size Control [0]

7 Mesh Control [0]
) Mesh Object [0]
+-_) Mesh Set [62]
+-+ Coord Systemn
+-HE Froperties
- 5 Boundary
- Boundary Set[ Support ]
+ 2 Supports © 935
- Load
- Load Set[ Initial Load ]
W Self Weight [ Type=Grag
+ (g} Pressure Load: 240
Congtruction Stage

=il

= -
€8 3 C5 3
= R
85 CE 5
=
&8 TCs 7
=
= A
£ 10: C5_ |

Generated Analysis Model (Mesh, LBC, CS, etc.)
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Tunnel Modeling Wizard

3 Point Circle

Tunnel Wizard - [HISS=

'3 Point Circle
& Paint Circle

Model Tvpe
i f* 3D

General lShotcrete & Rock Balts ] Excawation ] Mesh ] Paost Daka ]

Dimensions

Type o+ Full . Hilf(Right)

| j R1

: R2
Material J Mohr-Caulomb

Shape |3 Roint Circle

|

Al &0 [dea]
a2 55 [dea]

Geotechnical & Tunnel analysis System

Define Excavation Method

Type |Bench Cuk j

Dimensions

hz |1 m
b3 m a |45 [deq]

Close |

Update Drawe |

Mumber of Tunnels | + 1 2

& Guide Pic, © Drawing

v Include Invert

* Tangential " Radius

" angle Unit: m, [deq]

R3 |15 a3 |z0)

c o, 111311

FR [1.31237549 Fa |45

FC |(4.65144, -1.73108)

-

Rz i

al' [deq]
Azl [deq]

Excavation Method

Define Excavation Method @
Type |Ring Cut j
Dimensions
Rl B m hz |1 m
b |3 m al |45 [deq]

az 4= [dea]

Update Draw |

Close |

* Full Face Cut Method Full Face Cut
" Others |
Qpen. .. | Save As.., | Set Defaulk Data | Default All | QK |

Define Excavation Method E

Type |CDCut |

Dimensions

Step 1: Define Number of Tunnels, Section Shape and Excavation Shape
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e AL LSl Tunnel Modeling Wizard

Tunnel Wizard - [HIS8I5]1

Model Tvpe
i f* 3D

General Shotcrete & Rock Balks ]Excavation ] Mesh ] Post Data

¥ Shotcrete

Shotcreke Property J Soft shokcretel)

-

v Rock Baolks

Property J Embedded Truss bats
Murnbers

" Guide Pic. % Drawing Update Length

Tangential Pitch

-

¥ sStaggered Disposition

T
4 i
2 m

* +1

=l

Diwisian |1 1

-1

Geotechnical & Tunnel analysis System

Tunnel Wizard - [My Wizard. wzd]

Genersl | Plans Mesh  Shotorets & Rock Solty | Eeryation |
W Shotorete
Had Shotoete Sitrbote |2 v . ¥ Irchade CO Shotorete
Soft Shotrete Attidte | | -
N Rock oks
— ‘ Dot
Attribute |3 131 Rock Bok | r -
fesd | Mumber of RockBoks {11 <37 Length ¢ m
Bty Drawng Murtber of Divisen. [« -2
furangement
= fch |r m Offsmt Iv m
ange | [deq) Cffsat [deq]
v Sagpered Depodkion fo #1 -1
¥ 0
Nurbers lf‘ ~ Length 4 n
. Pech |1 " OFsat 0 ™
ange [ {deg) Offsat {aeg)
Cgren,., SemAs,.. | Sat Def sk Dt Def ot A

Options for CD Cut Type

Qpen, ., | Save As,,, | Set Default Data | Default Al

Cancel

Step 2: Define Shotcrete and Rock Bolts
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Excavation Type

Tunnel Wizard - [HIS8IS51

Model Tvpe

i f* 3D

Excavation Tvpe
* One Dir,

" Bath Dir.

-

Shotcrete
Rock Bolt

Care
Shotcrete
Rock Bolt

o

Define Stages after 1sk Excavation

Tunnel Modeling Wizard

Geotechnical & Tunnel analysis System

Define Load Distribution F... [X]

General | Shotcrete & Rock Bolts  Excavation lMesh I Post Data]

Adwvancing Lengthim}

Advances |1E|@2
Total Length of Tunnel 20

Fuock Bolt Locationim)

&+ pubolat Mid, Adv.) O User

Pitches |1, s@2

Adv, | Dist, | Div|LDF

Pit, | Dist | Ang, |»

1| zo0 20 1 .|
"2 20 40 1 ...
3] 20 B0 1 ..
4| 20 80 1 ..
&5l 20 100 1 ..
"6 20 120 1 ..
7 2o 140 1 L.
8 20 160 1 .. |
"9l 20 180 1 .. |
0] 20 200 1

1.0 1.0 90,0
20 30 900
20 50 900
20 70 900
0 | an0.0
0 1.0 900
20 130 900
20 150 900
0 170 900
an0.0

ra
=
o
=

=
ra
=
o s
=

A—.
4

*

> [+ apply Load Distribution Fackars,
Daka
After Current Stage |0
Distribution Factor 100 %
Add | Todify | Delete |
Stage | Fackor |
Summation (] o
Close

Define Load Distribution Factors

Qpen. .. | Save As.., | Set Defaulk Data |

Defaulk Al

.

Zancel |

Step 3: Define Construction Stages (Excavation Type & Advance, etc.)

>  Simulation: Excavation & Rock Bolts

55



Tunnel Mode]ing Wizard Geotechnical & Tunnel analysis System

Tunnel Wizard - [HIZ3=]

Genetal ] Shotcrete & Rock Bolts ] Excavation Mesh ]Pu:ust Data ]

+ GuidePic, { Drawing RLaicralBowndary )

- i el

Ll
Lower Boundary

e

Layer Coord. " Terrain Geometry
a4 .
by Elevation Data

Ground Modeling

f* ackual Modeling 1 T
[vw  Strata... | v  Terrain... I
" Load konf/m?
Lateral Boundary Mesh Size o] fmtort = New | et | Debte | awtuee P <]
Tunnel{Interval) |2 m o P Jﬂ (bt © tie S
Boundary Mesh " auto ©* User | 00000 10,0000
Lower Boundary 2| 10,0000 120000
SUETE RO T AT Surface 5 % Turinel Mesh 3| om0 1500
)| 390000 20000
| Others 4.5 % Tunnel Mesh 5] #0000 30000
L T % 0000
Strata Coord. Intermediate % Tunnel Mesh 0 0000
] 33,0000
— 9 400000
10| 00000
CpEn. .. Save As.. Set Default Data Default &l QK | Cancel - ?f:,cﬂ ::, ﬂf:“ v
< > Pogat Jonm
Modeling Actual Stratum / Terrain



Analysis & lTunnel Wizara Tunnel Mode]ing Wizard Geotechnical & Tunnel analysis System I

Tunnel Wizard - [Ground] Result of Tunnel Wizard rg|
Analysis Type |Tunnel ‘Wizard Analysis Case j
General | Shotcrete & Rock Bolts | Excavation | Mesh  Post Daka ] % Croun o/ Wr kP ihelesssWaTS.ExeWicronn Displ o 5
H elease _CXE rown_Lispl.xls FOWSEr,
Displacement - W Werticaliz) [ Logitudinali¥) > I wall |D:WFXPWreIeaseWGTS_EerWaII_DispI.xls Browser, ..
=l Crown — v Eott [ P elease WaTS_ExeWEottom_Displ.xls Browser ..,
Al Range Selection Stage Selection o | - - Q
—_ 1 T L 3
D FCh ZHbghy b OHE Ak & Tnterval - W Stress [0 WERP i cleaseHGTS_Exe'fiStrass.ds Browser. .
3 FCHH P S8 S 5K20m) + fuka " User . . . :
DOy 25 =% heldm ™ selection WV fxial Force |0 WFRPvelease PGTS_Exe'hasial s Erowser ...,
4, FHCHHAR Er = EHd0m)
= wladvance m - w]—onstruction Stage utput Results ancel
Wall [w]nd 1(zm}) ~ [WlZonstruction St 1 Output Resuls | Cancel
1 %t:_qg,q =12 ZDH?E;:F Wladvance zZ{4m) [WliZonstruction Skage 2
2 SHHR| B EEH0m) [Fladvance  3(6m) [WConstruckion Stage 3
- ﬂS S P A EEHA0m; #ladvance  4(Em) lConstruction Stage 4
- ottomn ’ s0aM E4DR ~ Growe Disgle)
| HISH im0 Gral 2 A [wtidvance S(10m) [WConstruckion Stage S T M:. — e
5 HP;* _;_;P;'s_l:tﬂ_?_?tzrﬁ;ﬁr [Fladvance &(12nm) lConstruction Skage 6 Do SRy LUl - KIcAUDS™ .0
' | oD = = =S =
3 HFSHEH S| M s 2 0m) [Wladvance 7(14m) WConstruction Stage 7 cANAEESE W%, MS-E |
4, HFSHH 2| Srat Sk d0m) [Wladvance  S(16m; [w]Construction Stage & L —
Stress(Shotorete) [Wladvance 9(18m) — [lConstruction Skage 9
=l Marmal [Pladvance 10(20m) W] onstruction Stage 10
1, M-‘_E:}:"E xlE'j—EEE' [Wtdvance 11(22m) [WConstruction Stage 11
= x| 2
%‘ ﬂ_‘_m%lg I:I'!)'vi_‘:"-ED_‘ — | [WAdvance 12024m) W onstruckion Skage 12
1 9—|il§(20m%§2§)_‘3‘|m5—§ [Pladvance 13(26m) [PlConstruction Skage 13
5: E‘-Iil%(dﬂm:CSED) HAZES [Wtdvance 14(23m) WConstruckion Skage 14
- Shear [Wladvance 15030m) [W]Zonstruckion Stage 15 C
| 1, A|I2CHYY Fot=s | l_v Wadvance 16(32m) 2 WConstruction Skage 16 " _ T 0% < 0,001 0,0 300161 :
c D — [ st — . - bt 6
: sarge
73 - /’mﬁ LR
N
Open... | Save As,., ‘ Set Default Data ‘ Default Al | oK | Cancel 21§ 00 /’
4 F .
M lmn =

Step 5: Define Post-processing Data and Survey Locations
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AUEWEERRI L ERYF2 (B Tunnel Modeling Wizard

Complete Model Generated by Wizard

1 L

Front View

Iso View

Core+S/C+R/B

Geotechnical & Tunnel analysis System I

Analysis Data

' Rock Bolt
: Rock Bolt-1

{8 1 Rock

# Material
Property
Boundary
Load
+ () Load Set[ Initial Load ]
= R Analysis Case

= @f Case 1[ Name=Basic Tutorial 2
B Monlinear Analysis [ Numbe
B Construction Stage Analysis
B Seepage Analysis [ Max, Nt

!]DN!E) BAE RN SBUD MUQ) ST HOEHD WY SEWG

.l e MNpzi By

_A_J B C

Result Summary

&5 a8 -3.26-06 6.3E-05

27 48 -2, TE-06

] 50 -2.2-06

o] 52 -1, 7E-(A

0 G4 -1 3%-06 - 2 -0 m(:}e,

31 56 -2,%-08 -1 8E-05 -0,00024 -1,7E-06

§2 58 —4 1E-06 7 JE-08 15605 -5 6E-05 ~0.00012 -1 6605

33 60 i} 0 a 0 [ 0

34

%5 0.0001

38 9

27 -

33 -0,0001

ﬁ g ~0.0002

41 g =0,0003

42 -0.0004

43

a4 -0.0005

45 -0,0008

:3 -0.0007 ¢

42 =HSUm)

49

50 o 10 BA| e 20 BA| 0ena A

51 4:1mi"-| e rnmi‘--l _4 F_.i’lA]

82 — — ———l g}
In o u\. ﬁ_“ ".".[i."_"":i m.«:s’x& BE‘E% I‘M -~Il—

MM
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Post-processing

Overview

Geometry Modeling

Mesh Generation

Analysis & Tunnel Wizard

Post-processing

Applications

02
18
29
43
59
85
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Geotechnical & Tunnel analysis System

et B Post-processing

= Complete Support for Visualization and Interpretation

- Flexible User-control on Legends, Colors, Fonts, Magnification, etc.

- Multiple Plots, Graphs and Tables in Multiple Windows

- Deformed Shape Combined with Undeformed Shape (including Mode Shape)
- Local Plots defined by Geometrical Topology or User-selection

- Contour Plots and Animations (AVI)

- Iso-value Lines (2D) and Surfaces (3D)

- Clipping Planes and Slice Lines/Planes

- Partitioned Plots

- History Plots in Various Graphs and Animations (AVI)

- Result Values in MS-Excel compatible Tables

- Result Probe and Extraction

- Result Extraction for Construction Stage Analysis and Time History Analysis
- Screen-shots in WMF, BMP, PNG Picture Formats

- State-of-the-art Reports Generated by XML and HTML
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w Post-processing Geotechnical & Tunnel analysis System I

Post-Works

&

=@ 5G : Basic Tutorial |1 W eeerean
=-[@ BTI Stage 1-Last Step
&% Reaction

=& Displacement
- Stress

=5 Strain

=-[@ BTI Stage 2-Last Step
&% Reaction

=& Displacement
- Stress

20 ] ELEm:za7
M eLEnzoz
] ELEm:z0a

[ eLEn:z11

Y
Eheaesshaaakbiss
o
N
ol
o
o

=5 Strain
=-[@ BTI Stage 3-Last Step

-4 Reaction

& Displacement

- Force

-G Stress Contour Plot N

Eﬂ Strain 10 11 12 13 14 15 16 17

/| | 3 Result Graph
I Pre-Warks l Post-Warks l Report Works
Hode T T2 T3 I
Works Tree 1 0004394 0000727 -0.004332
2 0.004524 -0.002044 -0.004367 MS-Excel
N 3 0.0066E63 -0.004330 -0.004402
” 4 0003325 0000601 -0.003268 & E C O
5 0.003477 -0.001071 -0.003307 1 1 0004394 0000727 -0004332
B 0004475 -0.002950 -0.003352 2 2 00045824 -0.002044 -0 004367
7 0.002358 0.000509 -0.002299 3 3 0006663 -0.00499 -0 004402
& 0.002311 -0.000262 -0.002296 4 4/ 0003375 0000601 -0 003263
9 0.002561 -0.001 090 -0.002311 g F 0003477 -0.001071 -0,003307
10 0000657 0.000349 -0.000564 f B 0004475 -0.00295 -0,003352
11 0.007416 -0.002552 -0.006962 7 7 0002358 0,000509 -0 002299
12 il I'II'H-'-HF: 0 O00FEC | ﬁm Pt
Result Table
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~Ost-processing Result Data Geotechnical & Tunnel analysis System I

m Soil Stress Analysis
« Displacement
« Force (Truss, Embedded Truss), Moment (2D Shorcrete)
 Reaction
« Stress (Soil, Shotcrete, Rock Bolt) « Strain
- Total: Sxx, Syy, Szz, Sxy, Syz, Sxz - Exx, Eyy, Ezz, Exy, Eyz, Exz
- Effective: Sxx, Syy, Szz, Sxy, Syz, Sxz - Principal Strains (E1, E2, E3)
- Principal Stresses (P1, P2, P3) - Max Shear Strain
- Pore Pressure - Deviatoric Strain
- Mean Effective, Mean Total - Volumetric Strain
- Safety Factor
- Yield Ratio

m Seepage Analysis

« Velocity

e Pressure, Total Head
« Head Gradient

« Flow
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POSt-pTOCGSSing Contour Plot Types Geotechnical & Tunnel analysis System I

Contour with Mesh Contour with Iso-line Contour with Mesh & Iso-line

Contour without Mesh Gradient Contour Gray Contour
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bos _process|ng Contour Wlth Deformation Geotechnical & Tunnel analysis System I

E..
R
SR

NI
iy
N

VA
VAV,
A
<

]

Side View Displacement Contour (Gradient Plot)

with Deformed Shape
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Post-processing Iso-surface Plots Geotechnical & Tunnel analysis System I

Multiple Iso-surfaces with Feature-Edge Multiple Iso-surfaces with Mesh
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Post-processing Iso-surface Plots (Capped)

Original Iso-surface Plot (Multiple Plots)

Properties
|so Surface

Walue

18, 240000
Cutting Part Both Part
Praview True
Sensitive False
Iso Value
[~ Walue 1 11,320000
[~ Walue 2 13, 480000

i,
T walue 4 17.560000
M Walue 5 19, 240000
L Walue § 20, 320000
21, 4000

Capped Plot (Upper Part)

Geotechnical & Tunnel analysis System I
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Geotechnical & Tunnel analysis System

Slice Plots

s

-1
el
T

S
©
L
(%]
)
c
)
o
w
L
%)
Q
o
2
S
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~OoSst-processing C||pp|ng Plots Geotechnical & Tunnel analysis System I

Original Plot

Clipped Plot
(Upper Part)

Clipped Plot (Lower Part)

Clipping Plane Definition by Mouse Dragging
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POSt—pTOCGSSing C|Ipp|ng Plots Geotechnical & Tunnel analysis System I

Multiple Clipping Planes
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~ ost-processlng Partition Plots Geotechnical & Tunnel analysis System I

Mesh Set based Partition

Model
(6 Mesh Sets)

W= Detach h .

mﬁ%% etach mesh sets by mouse dragging
‘T“‘ H - -
e

i
I

rZ

i =1 i LAY,

LE

A “"‘ .
i

RGN
G,

Original Plot Partitioned Plot
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POSt—pTOCGSSing Mirror Plots Geotechnical & Tunnel analysis System I

A

ML TG |

Clipping
Mirrored Contour with Deformed Shape Plot

. Iso-surface
f Slice Plot
Symmetric Model Plot
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~OoSst-processing Hybr|d Plots Geotechnical & Tunnel analysis System I

Front View

Vector Plot

Contour Plot
Original Plot

Clipped Contour Plot + Vector Plot
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Post-processing Diagram Plots Geotechnical & Tunnel analysis System I

Axial Force of 3D Embedded Trusses (R/B)

Beam Force Diagram (2D Shotcrete) Beam Moment Diagram (2D Shotcrete)
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Post-processing Vector Plots Geotechnical & Tunnel analysis System I

Rafhi
F 1 O
II-I-IIIIIIII

e AT A AT AN S ARVAVATA

Vector Plot without Mesh

mﬂﬁﬂm’&TAﬁﬁﬂﬂ‘ﬁf

s Vector Plot Options
- Head Type
(Both, One, None)
- Constant Head Size
- Constant Body Size
- /

Vector Plot on Contour (Principal Strain)
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Reaction Force

Geotechnical & Tunnel analysis System

Reaction Moment (3D Shotcrete)
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Animations

I I RV = ¥y
PO

NN

RN

Y
I L

T T T A A I I

AR

2D Construction Stage Analysis

Click Animation to Start...

4

Geotechnical & Tunnel analysis System

3D Construction Stage Analysis
(Clipped Plot)
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Post-processing Result Extraction Geotechnical & Tunnel analysis System I

Exztract Besult |z| = -
¥ Axis 5 2 i% 3
- Y A=
From |1 7= 1,0000€-+00 ——> Start Stage / Time . =
| 1 E .-
To |28 T= 3.0000E+02 =l > End Stage/Tlme ?} . ﬁ :
' > | : B
— Y Axis 5 : "iwn!.ﬁ: X
Set |1 T= 1,0000E+00 —1—> Stage / Output Set 1:'15 ﬁ o
Data IPressure Head ;I Result Type 5 A ¢ (e
T:;:lt — Node / El ‘I MS-Excel compatible Table
0 02523 25324029 > Node / Element IDs .
m—— T (Time & Nodal Pressure Head)
ok | apply | close | Graph (Time vs. Pressure Head)
Transient Seepage
= -, o o
- L [ Rt
ol __.‘_,_.-—P"’ >-"‘-.-m
- : B ot S B B = T weaum
. P
Transient Seepage Result (Pressure Head) i
/- Results can be extracted based on: \
« Construction Stage
- Time (Time History / Transient Seepage 2

Analysis)

K Coordinates (User-defined Coordinate Sysy
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Result Extraction

mwivee | )

3D Step Graph

46 47 48 49
DISPLACEMENT DZ{m)

tewe | vwmtievow | [ | wscke [T yae [ Tmk [0 W ceees  aese | e

50 56

78 83

Initial

297 576593594 595596 597 598

Geotechnical & Tunnel analysis System I

Location

3D Step Graph
A

Result

Stage
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Post-processing

Plot Setflement Profile Grid X

Analysis Set ICS : Tunnel Wizard Analysis Case LI
Step |C51-Last Step

Displacement IDZ(\I’) LI
~ Profile @rid
[ ] Table |

- Profile Diagram
—iarid Index

% |2101.244e+002) v[ Division |2n
iy |21(1.529e+002) v[ Division |2n

(W] Indes: 100, 000e+000) , Divil A Add |

(v Index:603,110e+001) , Divi2l

1% Indes:11(6,221+001} , Divi; = Delete |
Table |

(W] Indes: 16(9.331e+001) , Divii—
(v Indesx: 2101, 244e+002) , Div:;
[ Index: 1(0,000e-+000) , Divi2l o

v Grid Contaur r Diagram Area

Flak Close

RN AR RN RAET

|
i
[
|

Settlement Profiles

Mesh & Displacement Contour

Geotechnical & Tunnel analysis System I

Define Settlement Grids

Dist, from .
No | Siart Point D'S"'?ceme“‘ Incline
{m) m)

3 1 0.000000 —0,000278  0,000000
2 B.220615 ~0,000300  -0,000004
3 12,441235 -0,000322  -0,000002
4 18,661853 -0,000350  -0,00000%
5 24,352471 -0,000442  -0,000003
& 31,103083 -0,000540  -0,000003
7 37.323706 -0,000643  -0,000003
8 43,544324 -0,000738  -0,000002
g 49, 764342 -0,000813  -0,000001

10 55955560 ~0,000847  -0,000001
11 f2,2061 77 -0,000851  -0,000001
12 B8, 426795 -0,000847  10,000000
13 74.647413 -0,000813  0,000000
14 50,365030 -0,000738  0,000001
15 §7.055645 -0,000843  0,000001
16 83,309265 -0,000540  0,000001
17 88,529854 -0,000442  0,000001
18 105750501 -0,000380  0,000001
19 111371113 -0,000322 10,0000
20 118191737 -0,000300  0,000000
71 124412555 -0,000278  10,000000

Settlement (MS-Excel Compatible Table)

Settlement Profile (3D Plane, 2D Line)
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Post-processing On-Curve Diagrams Geotechnical & Tunnel analysis System I

“‘lll.....
L

'0 L]
N /1 TRREN
L L 4
. 3 » *
On-Curve Diagram &| . i il L2 — b ¥ v Z val
— . ST * {(m) (m) (m) aue
~ I 2\ 1 102,13 34,75 182,00 0,000
. . 2 100,09 34,75 182,00 0,000
| - 3 98,05 34,75 182,00 0,0001
. - 4 86,01 34,75 182,00 0,0000
| 7 . \ 5 83,96 34,75 182,00 0,000
. G a1,92 34,75 182,00 —-0,0003
- E - 7 59,85 34,75 182.00 -0,0005
8 a7.84 34,75 182,00 —-0,0008
- - 9 85,74 34,75 182,00 -0,0011
~ ~ T 9 10 83,75 34,75 182,00 -0,0014
' N 11 81,7 34,75 182.00 -0,0017
f" f" TN 12 79,66 34,75 182,00 -0,0019
~ g - 5 13 77.62 34,75 182,00 0,002
14 75,58 34,75 182,00 -0,0022
| 15 73,54 34,75 182,00 -0,0024
| 16 71.49 34,75 182.00 -0,0024
Result Data at User-Specified Sampling
| | 3D On-Curve Graphs on Contour Plot Points

2D On-Curve Graphs on Contour Plot
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POSt-pTOCGSSing Probe & Result Tag Geotechnical & Tunnel analysis System I

* Probe Hesult |X|
—Entity Twpe Color
& node (7 Element [ Tag Calor Text Calor
~ Result
Show| Type | ID X Y z Walue —
rd Mode 6784 -0,0000 50,0000 64,0000 Max: 0,00149652
v Mode 3282 -1.0193 bO714 V27347 Min: -0, 00135153
-
A —

Show Felection Mark

y - W
Update I Clear Al | Restore '\-'alu(l Trlax | i |

Max: 0.00149682
D

= Max: 0.00149632 smm———
o H

Q

Side View
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Post-processing Probe & Result Tag
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Geotechnical & Tunnel analysis System
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Post-processing Seepage (Flow Path/Quantity)

FHow Path

Analysis Case ISG i1

Output Set |New Stage #2-Step 012(1570) -

% Tube Scale |1,|:|

—Position
00,0

~PathType ———————— [ Colar Type
" Line  Thick |1 ¢ Contour

“rene I - |

W Leave Previous Flow Path

Plok | Reset | Close |

Geotechnical & Tunnel analysis System I

How Quantity

Flow Quantity

analysis Set ICS 1 BTA j
Skep ISeepage Skage 2-Step 0017} j
~Modes

|221 227 228 509t0514 595k0599 620 641 662 2254to

Calculate FIowQuantityID.DDlDlﬁ% m*fday
Close |

—>  Click Survey Position in Work Window

Flow Patch on 2D Dam Model

Calculates Flow Quantity
at Arbitrary Plane
Defined by Selected Nodes
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S B Legend Control

Geotechnical & Tunnel analysis System

In GTS, legends can be controlled for position, size, format and range (including min/max

value) by mouse dragging.

0.00000-+000
-1.6276%=-003
-3.265238e-003
-4 22307e-003
-5.51076=-003
-2.13845=-003
-3.7EE14e-003
-1.1393%=-002
-1.20443-002
-1.46492e-002
-1.6276%=-002
t1 Ta0dEe-002

H5EF3e-002

0.00000e+000
7,0 00000e+000 ' [P —
T 1.62769e-003 3.255382-003
5-'3953 . —: -4 853072003
7.4 B = -6.51076e-003
— -4, 558307e-003 _| -5.13584%5=-003
10.7% —_— = K -
L . 510768-003 | 9 TEE 142003
30, 5% _| -1.1393%e-002
— -5.13845e-003 _| -1.30443e-002
30.9% || ) )
| e, 76614e-003 | 1.464922-002
4, 5% -1 B27659e-002
—2 5:1.139338—002 l A04Ee-002
D
— -1.30443e-002 53236002
1.4%
— -1.46492e-002
0.9%
-1.62769e-002
0. 6% H H
.1.790468-002 Drag side to resize
0. 5%
-1.95323e-002 legend box
Properties [
Legend -
Seale Value Color Il Ooooao
Occupant Ratio Color [ 0000
Unit/Data/File Text,,. [ 008080
Logo OnA0f True
Scale Bar On/0ff True
UUnit On/Off True
Data On/Off True
File Marme On/Off False
Sensitive False
Equivalent Band Ra... Execute | P -
roperty Window
Coply (Legend Option)

0.00000e+000

-1.54373e-002
-2.42834%92-003

C

-4 88307 e-002

0.00000-+000

-3.8E015e-0032

-4 BE30Ve-003
-5. 510762003

£ ST

-B.13845e-002
-3.7EE1de-002
-1.13838e-002
-1.30443e-002

| -1 B27ESe-002
I -1.7804Ee-002
-1.95323=-002

-1.4B492e-002

-2.13845=-003

-3.76614e-003

-1.1393%=-002

-1.20442e-002

-1.46492e-002

-1.6276%=-002

-1.7904E6=-002

- B532Ee-002

Drag scale bar to change range

-

Legend Options:

Logo

Color (Value, Ratio, Description)

Range (including Min/Max/Zero)
Format (Fixed/Scientific, Width) )

~
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MiIDAS

Applications

Overview

Geometry Modeling

Mesh Generation

Analysis & Tunnel Wizard

Post-processing

Applications
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Tunnel Exits
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Geotechnical & Tunnel analysis System

Tunnel Exit

Applications




Applications Tunnel Junction Geotechnical & Tunnel analysis System I
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Applications
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Applications Crossing Tunnels thru Strata Geotechnical & Tunnel analysis System I
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Applications

Top View

o o
AT
¥
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Geotechnical & Tunnel analysis System
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Geotechnical & Tunnel analysis System

Tunnels with Fault Planes
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Applications
Curved Tunnel
S
Geotechnical & Tunnel analysis System I

SA/NSL/
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Applications Tunnel Junction Geotechnical & Tunnel analysis System I

95



Applications Tunnel under a Valley Geotechnical & Tunnel analysis System I
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Applications Tunnels under a Valley Geotechnical & Tunnel analysis System I
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Geotechnical & Tunnel analysis System

2-Arch Tunnels

Applications

q

Al

JAN

)
RSO

EECOY

A

98



APp ications Foundation of an Abutment Geotechnical & Tunnel analysis System I




Geotechnical & Tunnel analysis System I

- Applications | Foundation of an Abutment
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Geotechnical & Tunnel analysis System

CAM Tunnel
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Applications Subway Tunnel Crossing Geotechnical & Tunnel analysis System I
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Apphca‘hons Tunnel Junction Geotechnical & Tunnel analysis System I
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App'ications Railroad Geotechnical & Tunnel analysis System I
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Geotechnical & Tunnel analysis System I

Breakwater
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Appllcatlons Quaywa" Geotechnical & Tunnel analysis System I
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Geotechnical & Tunnel analysis System

Temporary Structure

Ca

3D Construction Stage Analysis
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Geotechnical & Tunnel analysis System

Dam
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Appllcatlons Culvert Geotechnical & Tunnel analysis System I
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App||cat|ons Sewer stability Geotechnical & Tunnel analysis System I
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Geotechnical & Tunnel analysis System

Weir Stability Check
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Apphca‘hons Bridge Piers & Sewage Box Geotechnical & Tunnel analysis System I
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i i i | lysis System I
App'ications Settlement behind Excavation Geotechnical & Tunnel analysis Sys
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Geotechnical & Tunnel analysis System I

Underground Passage Stabili
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Geotechnical & Tunnel analysis System I

Tunnel Stability

Applications
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Geotechnical & Tunnel analysis System I
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Tunnel Stability

Applications
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_ Why GTS ? Geotechnical & Tunnel analysis System I

The Most Productive Solution!

Powerful
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MIDAS

Thank You!

Geotechnical & Tunnel analysis System

midas GTS



