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3D Tunnel Connection

Section 1 1.1 Learning Purpose
Overview The purpose of this analysis is to see the effect of tunnel construction on surrounding facilities and to
review the stability of support structures in advance. It is possible to choose the solution types depend on
whether it's 2D analysis or 3D analysis. If you are processing 2D analysis, you have to search for the
method to consider 3D ground behavior due to tunnel excavation. Sometimes it is very difficult to process
the analysis in 2D, for example junctions which connect tunnel branches, ventilating holes and vertical
shafts together need to be modeled in 3D. In this case you should process 3D analysis to analyze the
ground behavior.

» Modeling tunnel
connection

In this tutorial, the following main concepts will be explained:

«  Tunnel modeling

«  Boolean geometry

«  Generate and manage mesh sets

«  Setting construction stages

+  Results — Plotting graphs and tables for construction stage analysis results

Chapter 3. 3D Tunnel Connection | 1



\

7

Basic Tutorials Chapter 3. 3D Tunnel Connection

1.2 Model and Analysis Summary

This model has various layers of strata with vertical shaft, main tunnel and passageway. Since this model is
symmetry, generate half of the entire model. Then divide it properly and process construction stage
analysis. Define construction stages to Vertical shaft excavation -> Passageway installation -> Main tunnel

excavation.

» Modeling diagram
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Section 2
Analysis Setting

» Analysis Setting

Chapter 3. 3D Tunnel Connection

[Open the attached start file (03_3DTunnel_start]]

: Analysis > Analysis Case > Setting

Set model type, gravity direction, initial parameters and unit system for the analysis. The unit
system can be changed whenever you want during the modeling process and after performing the
analysis. The input parameters will be automatically converted by the right unit system.

This tutorial is a 3D model with gravity in Z direction and using Sl unit system (kN, m).

Analysis Setting ==
Project Name Researcher
Desc.
Model Type Gravity Direction
@3 @y
[SF:) @z
() Axisymmetric
Unit System
i v [m o) fe=e )
Initial Parameters
Gravity Acceleration(g) 9.80665 mjsec?
Unit Weight of Water 9.80655  kN/m*
Initial Temperature 0 [
Plane Strain Thickness im
o (o
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Section 3

Define Material
and Property

» Table. Ground material

» Define ground material
- General

» » Define ground
material - Porous

» » » Define ground
material — Nonlinear

» Table. Structure
material

3.1 Define Ground and Structural Materials

For material modal type, apply ‘"Mohr-Coulomb® for the ground and ‘Elastic’ for the structure, which doesn't
consider Nonlinearity.

Ground and structure materials are defined as below:

[Unit : kN, m]
Weathering soil

Soft rock Weathered rock

Name

Model type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb

Elastic Modulus(E) 2.0E+06 5.0E+05 5.0E+04

Unit Weight(r) 25 23 18

Porous

Initial Void Ratioleo)

Non-Linear
Friction Angle 35 33 30
B e B e B[] e e o EEE | | B (] e T
Hode Tipe stuctr odeiType lseuctse moiTe  [wobCadome =] Flsucuwe
General |porous | Non-dinear|
Elastic Moduius (£) 200000 wym2 () Unit Weight (Saturated) ms Cohesion (€} i
Ine. of Elastic Modulus. 0 kNjfm? Initial Yeid Ratio (e0) 0s Inc. of Cohesion o ivm
Inc. of Elastic Modulus Ref, Height Om [Funsaturated Property [ Inc. of Cohesion Ref. Height om
Poisson's Ratio (1) 025 Drainage Parameters Frctonal Andle (¢) 3 [eg)
Unit Weight () 25 g [Draned -] [ piatancy Angee *
[d=q]
Initial Stress Parameters. @ Undrained poisson's ratio 0.485 [E] Tensie Strength E i
I eng -
Ko [Fanisotropy 1 Skempton's B Coeffident 0.8
Thermal Parameter Seepage & Consolidation Parameters
Thermal Coeffident 10006 3] Permeabity Coefcents
. ] 3
Do Rt For Dy T 1 s
Danping Ratis 005
7] Void ratio dependency of permeabilty ()
Spefc Storatiity (55) o um
o o] [Ccaner ] e

[Unit : kN, m]

Conc Panel Shotcrete rockbolt

Elastic Elastic Elastic

Poisson’s Ratio(v) 0.2 0.2 0.3
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» Define Structure e =
. D 4 Name  Conc Pannel Color _
material o
Model Type  [Elastic - Struchure
General
Elastic Modulus (E) 20000000  Kijm? B
Inc. of Elastic Modulus 0 ks
Tne, of Elastic Modulus Ref, Height 0| m
Poisson's Ratio (v) 0.2
Unit Weight {y) 25 iyjme
Initial Stress Parameters
Ka Anisotropy M) 1
Thermal Parameter
Thermal Cosfficient 12006 1[7]
Damping Ratio (For Dynamic)
Damping Ratio 0.05
T

3.2 Define Properties

Properties represent physical attributes of the meshes and will be assigned to mesh sets during mesh
generation. While defining ground and structure properties, firstly choose the material to be used. And for
structure properties, structure types and cross-section shapes (cross-section stiffness) should be further
defined.

Use 'Plate’ element for continuous wall in 3D model. And for rockbolt which is 1D element, use 'Embedded
Truss' element. Such as ‘Truss' element, 'Embedded Truss' element only bears axial force, but there is a
convenience to use it because you don't need to create shared nodes with the ground. Since it has to be
located inside of the ground, it is mainly used to model rockbolts, nails, and anchors etc.

The material properties have been defined as below:

[Unit : KN, m]
P Table. Ground property  Name Soft rock Weathered rock Weathering soil
Type 3D 3D 3D
Material Soft rock Weathered rock Weathering soil
» Define ground property Create/Modify 3D Property
Solid
his] 1 Name  Softrock Color -E|
Material CSys

Chapter 3. 3D Tunnel Connection | 5
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» Structure property

» Define structure
property-Conc Panel
» » Define structure
property-
Main/Passageway S/C
» » » Define structure

property-Vertical shaft
S/C

» Define structure

property (rockbolt)
» b Define structure

property(Section shape)

Chapter 3. 3D Tunnel Connection

The properties for each structure property are defined as below. After setting the section shape, the
section rigidly is automatically calculated.

[Unit : kN, m]

Name Conc Panel  Main_Passageway S/C  Vertical shaft S/C Rockbolt
Type 2D 2D 2D 1D
Model type Shell Shell Shell Embedded Truss
Material c/P S/C S/C Rockbolt
Spacing - -
Section shape - Solid Round
Section Thickness TH=0.3 TH=0.15 TH=0.2 D=0.025
Create/Modify 2D Property == Create/Modify 2D Property S| | create/Modify 2D Property ==
o [+ N Conc Panmel color [ 7] »m [s Name Main Passogeway 5/ color | [=] o |6 Name  Vertical shaft 5/C color [ 7]
Material CSys Material CSys Material CSys
© Angle 0] [dea] © Angle 0| [dea] © Angle 0| [dea]
Thickness Thickness Thickness
[¥] Uniform Thickness [¥]Uniform Thickness [¥] Uniform Thickness
e rn o s o e rn o
T 03 m 7 1 m T 015 m 7 1 m T 02 m 7 1 m
Section Template =
Create/Modify 1D Property == i
= :
D [7 Name  Rockbolt coor [_1[7] ’
Dl
Constiute Behaver
Cross Sectional Area(4) 0.0004908738! m2
Torsional | Constant. 3.83495197e-0 m*
Torsional Stress Coeff. 0.0125 m
i
[Cspadng m
Sold Round
Aoy offet  (Comercener 7] [0k ] [ )
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Section 4
Modeling

» Global coordinate

system(GCS) and
Workplane coordinate
system(WCS)

This tutorial focus on tunnel geometry modeling, generating and managing mesh set through Boolean
operation, setting construction stages, and analyzing results. You can start the tutorial by opening the start
file in which basic materials and properties have already been predefined.

4.1. Modeling Geometry

In GTS NX, 2 types of coordinate system are used: Global coordinate system (GCS) and Work plane
coordinate system (WCS).

GCS is a fixed coordinate system indicated in red(X axis), green(Y axis), and blue (Z axis) colors at the right
bottom corner on the screen.

WCS is a coordinate system which locates at center of the working window and moves with the work plane.
So if the work plane changes, WCS will also change. 3D absolute coordinates are necessary to locate
geometry in the space, but practically relative coordinates are commonly used, for example to indicate
length. You can process modeling by inputting 2D coordinates (XY plane in WCS) after moving the work
plane to proper location.

Keep in mind that in case of inputting direction for extruding geometry or defining load/boundary
conditions, it always follows Global coordinate system.

WCS
Workplane Coodinate System

GCS

Global Coodinate System

* i : Geometry > Point & Curve > Rectangle

Create a rectangle for ground area.
« Click & [Normall in the view toolbar.

«  Type '-45,-30" as the start location and press the [Enter] key.
+  For the diagonally opposite corner type in - "100, 61" , then click on [OK].

Chapter 3. 3D Tunnel Connection | 7
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& Geometry > Point & Curve > Tunnel

Create geometry shape of main tunnel. Through Point & Curve > Tunnel, you can easily create tunnel and
locate rockbolt.

«  Select tunnel type to '3 Center Circle’, and section type to ‘Full’.

« Input'5.5,°90°, 9", 25" at R1, A1, R2, A2.

+  Check [Include Rock Bolts] option. And enter '13',"4" in number, length of rock bolts.
+  Input'1.5" at Arrangement > Tangential pitch.

+  Check [Make wire] option. Name geometry set name to [Main tunnel].

«  Click [OK].
» Tunnel section(Main) Tunnel Section ==
» » Generated tunnel Tonel
: Tumel Type
section shape oo
@ Full ) Left Half () Right Half
Dimensions
Invert
Tangential @) Radius Angle
R1 s5m AL a0 [deq]
R2 om A2 25 [deq)
R 0m &z 0| [deq]
R4 olm  ad 0| [deal

[ Asymmetric Section

AT 60 | [dea]
RZ 6lm A2 55 | [ded]
RY o|m a3y 0| [d=al
[¥] Indude Rock Bolts
Number of Rock Bolts
Length of Rock Bolts 4m
Arrangement
@ Tangential Pitch 15 m
() Rotation Angle 20 | [deq] \X) g’l(‘/
~F “
|
Location — T
[] sereen Snap
Section Center 0,0
Make wire
Geometry Set | Main tunnel - E

oK. Cancel Apply

* + : Geometry > Transform > Translate

This process transforms the generated geometry shape of ground and tunnel. Move the generated tunnel
shape to the origin to align the bottom of shape in same plane. Move the rectangle which represents the
ground together with the tunnel.

«  Select all the geometry shapes of the ground and tunnel.

+  Setthe direction by [2 Points Vector].

«  Select the center of the tunnel floor as the first coordinates.

« Enter’0, 0, 0" at the second input window.

+  Select button to calculate the distance between the two coordinates.
«  Click [OKI.

To prevent the numerical error when generating tunnel shape at the origin, create tunnel shape at the
random location and then transfer to the origin.

8 | Chapter 3. 3D Tunnel Connection
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& Geometry > Point & Curve > Tunnel

Create Passageway geometry shape. Through Point & Curve > Tunnel, you can easily create tunnel and
locate rockbolt.

«  Double click Work Tree > Work Plane > 'YZ (1, 0, 0)'.

« Click B [Normall in the view toolbar.

«  Select tunnel type to '3 Center Circle’, and section type to "Full
« Input'4,"90°,9", 20" at R1, A1, R2, and A2.

+  Check [Include Rock Bolts] option. And enter "10,'4" in number, length of rock bolts.
« Input "1.5" at Arrangement > Tangential pitch.

+  Check [Make wire] option. Name geometry set name to [Passageway].

«  Click [OK].
i Tunnel Section
» Modeling tunnel =
. Tunnel
section(Passageway)
Tunnel Type |3 Center Cirde -
Section Type
@Fl O lefthaf  © RightHalf
Dimensions
Invert
Tangential @ Radius Angle
R1 4 m Al g0 [deq]
R2 g m A2 20 [deg]
R3 olm a3 0 [deq]
R4 0jm  Ad 0 | [deg]
[] Asymmetric Section
Al 60 | [deg]
RZ 6lm Az 55 | [deq]
R o|m a3 0 | [deg]
[¥] Indlude Rock Bolts
Number of Rock Bolts 135
Length of Rock Bolts 4|m
Arrangement
@) Tangential Pitch 15 m
©) Rotation Angle 20 | [deg]
Location
[] sareen Snap
Section Center 0,0
[¥] Make wire
Geometry Set Passageway - D
[oc ]

Chapter 3. 3D Tunnel Connection | 9
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* + . Geometry > Transform > Translate

Move the generated passageway tunnel shape to origin to put its floor in the same plane. With the checkbox
in the Work Tree > Geometry, you can show only the object shape.

«  Select all the passageway geometry shape.

+  Select the direction method to [2 Points Vector].

«  Select the center of the Passageway floor as the first coordinates.

« Enter’0, 0, 0" at the second input window.

+  Select button to calculate the distance between the two coordinates.

«  Click [OKI.
» Transfer passageway Transform
» P Transferred tunnel Translate [Rotate [ Mior [ scale | sweep<l|>
section I5]___ Selecied 11 Target Object®) ]
Direction
® H Select Direction

@ 2Points Vector  [@#]x @]y [z
0,0, -3.07818

ooo
=
Method
@ Move @ Copy © Copy
{Uniform}) (Mon-Uniform)

Distance 3.07818

Times 1

Geometry Set Passageway - E]

* m | : Geometry > Protrude > Extrude

This process extrudes generated faces and closed edges (wires) to makes solids.

+  Choose the Selection filter to 'Edge’.

+ Choose edges (4] consisting ground area.

+  Select direction to Y axis (Green).

+  Input'46"in the length and check [Make Solid] option.

« Name the geometry set name to ‘Ground'.

«  Select & preview button and see the extruded shape in the work window.

« Click [Applyl.

« Inthe same way, extrude the tunnel section to 45 m of Y axis and make "Main tunnel’ solid.
« Inthe same way, extrude the tunnel section to 20 m of X axis and make ‘Passageway’ solid.

You can select the object shape at the generated geometry set in the Work Tree.

10 | Chapter 3. 3D Tunnel Connection
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* 3. Geometry > Surface & Solid > Cylinder

Create cylinder to make vertical shaft. First of all, select all the geometries in the Work Tree. And then
select mouse right click > Context menu > Display Mode > Line only. (You can also change it from View
toolbar > Display Mode (Geometry).)

+  Input 5" in the [Radius], '40" in the [Height].

+  Name geometry set name to Vertical shaft'.

«  Check to see if GCS is selected.

+  Select the A point in the image below to input in the [Origin Point].
«  Click [OK].

» Modeling vertical shaft

* ©y : Geometry > Boolean > Solid

Process the Boolean operation between solids. Check only the checkbox of solid in Work Tree > Geometry
set.

+ Select [Embed] tab.

+  Select ‘Ground' to target object, and select ‘Main tunnel’ to tool object.

+  Check [Delete Tool] option.

«  Select & Preview to see if the object is embedded properly.

«  Click [Apply].

+ Inthe same way, conduct [Embed] by choosing ‘Ground' to target object and Vertical shaft’ to tool
object.

» Embedded solid(Main

tunnel/Vertical shaft) Ground

Vertical Shaft

Main Tunnel

Chapter 3. 3D Tunnel Connection | 11
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» Divided solid [Main
tunnel/Passageway/Vertic
al shaft)

* @ : Geometry > Divide > Solid

Use divide function to divide passageway solid from ground solid.

+  Select ground solid as an object solid.

+  Choose [Dividing tools] to “Tool surface’. Set [Sub Selection Filter] to ‘Basic” and [Main Selection
Filter] to solid.

+  Select ‘Passageway’ in the Work Tree as the tool surface.

« Check [Divide Touching Faces] option.

+  Select object to ‘Main tunnel’ and "Vertical shaft’ from the Work Tree.

«  Press & preview button and see if the shape divided properly.stage

+  Click [OK].

+  Change the name of generated solids by 'F2'key. And then drag & drop the solids to assign each
solid into ‘Main tunnel’, ‘Passageway’, and ‘Ground’ geometry set.

Vertical Shaft

Main Tunnel 4
L P

Passageway

Divide Touching
£ Faces of Neighbors

o

To primarily filter certain type of object which will be selected, choose the object type from [Selection
Filter].

[Selection Filter] consists of object types registered in the software depending on current working status
and command type. The user can select specific object types from this composition.

I.'@IEQ} :H'{E“v| Basic _ ‘] All Geometries (P} IR = | ¥ @ l@ I@ ,$.]

Sub Selection Filter Main Selection Filter

* | : Geometry > Point & Curve > Rectangle

Solids need to be divided first before defining construction stages. In the following steps we will create
geometries to divide the main tunnel according to construction stages.

«  Double click Work Tree > Work Plane > 'XZ (0, -1, 0)".

« Click B [Normall in the view toolbar.

+  Check [Make Face] option.

+  Select the geometry set to ‘Main tunnel'.

+  Make a rectangle which is little bit bigger than main tunnel section.
« Click [OK].

12 | Chapter 3. 3D Tunnel Connection
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* + . Geometry > Transform > Translate

Copy the generated face along the excavation direction. Input excavation interval and repeat times to
Move/Copy the excavation surface.

« Select ¥ IsometricT in the View Toolbar.

«  Select the face which you generated in the former step.

«  Select the direction to Y axis.

+  Choose the method to ‘Copy (Uniform)’, and input ‘3", "14” in ‘Distance’ and ‘Times'.
+  Select geometry set to ‘Main tunnel’. Click [OK].

» Generate surface and
move/copy the
surface(Main tunnel)

* @ : Geometry > Divide > Solid

Divide the main tunnel by excavation face. To share nodes, select ground solid connected with main tunnel
solid as a touching face.

«  Select "Main tunnel’ solid.

+  Choose [Selection Filter] to "Face (A)".

+  Select tool faces (14) which you generated in the former step.

+  Check [Dividing Touching Faces] and Select adjacent ‘Ground’, ‘Passageway’ solids.
«  Select & Preview button to see if the shape divided properly.

+  Set geometry set to ‘Main tunnel’. Click [OK].

kS

Chapter 3. 3D Tunnel Connection | 13
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* | : Geometry > Point & Curve > Rectangle

Create a rectangle as a dividing tool for passageway

«  Double click Work Tree > Work Plane > ‘YZ (1, 0, 0)".
+ Click & [Normal] in the view toolbar.

+ Check [Make Face] option.

+  Select the geometry set to ‘Passageway’.

«  Make a rectangle which is little bit bigger than passageway tunnel section.
+  Click [OK].

* + : Geometry > Transform > Translate

Move/Copy generated face at the former step along the passageway excavation direction.

« Select ¥ IsometricT in the View Toolbar.

+  Select the face which you generated in the former step.

«  Select the direction to X axis.

+  Choose the method to ‘Copy (Non-Uniform)’, and input ‘9, 3" in ‘Distance’.
+  Select geometry set to ‘Passageway’. Click [OK].

» Generate surface and
move/copy the
surface(Passageway)

* @ : Geometry > Divide > Solid

Divide the Passageway by excavation face. To share nodes, select ground solid connected with passageway
solid as a touching face.

+  Select 'Passageway’ solid.

+  Choose [Selection Filter] to "Face (A)".

+  Select tool faces (2) which you generated in the former step.

+  Check [Dividing Touching Faces]. And Select adjacent ‘Ground’ solid.
«  Select & Preview button to see if the shape divided properly.

+  Setgeometry set to ‘Passageway’. Click [0K].

14 | Chapter 3. 3D Tunnel Connection
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» Divide solid(Passageway)

* | : Geometry > Point & Curve > Rectangle

Create a rectangle as a dividing tool for vertical shaft.

«  Double click Work Tree > Work Plane > 'YX (0, 0, 1)".
«  Click & [Normall in the view toolbar.

+  Check [Make Face] option.

+  Select the geometry set to 'Vertical shaft.

«  Make a rectangle which is little bit bigger than vertical shaft tunnel section.
« Click [OK].

* + : Geometry > Transform > Translate

Move/Copy generated face at the former step to the vertical shaft excavation direction.

+ Select = Isometric1 in the View Toolbar.

+  Select the face which you generated in the former step.

+  Select the direction to Z axis.

+  Choose the method to ‘Copy [Non-Uniform)’, and input ‘6, 7, 6, 6, 5" in ‘Distance’.
+  Select geometry set to 'Vertical Shaft’. Select [OK].

» Generate surface and

move/copy the
surface(Vertical shaft)

Chapter 3. 3D Tunnel Connection | 15
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* @ : Geometry > Divide > Solid

Divide the Vertical shaft by excavation faces. To share nodes, select ground solid connected with vertical
shaft solid as a touching face.

» Divide solid(Vertical
shaft)

Select "Vertical shaft solid.

Choose [Selection Filter] to ‘Face (A)".

Select tool faces (5] which you generated in the former step.

Check [Dividing Touching Faces]. And select adjacent ‘Ground" solid and 'Passageway’ which is in
direct contact with vertical shaft.

Select & Preview button to see if the shape divided properly.

Set geometry set to Vertical shaft’. Click [OK].

* i : Geometry > Point & Curve > Rectangle

Create a rectangle to create Strata.

16 | Chapter 3. 3D Tunnel Connection

Click E [Normal] in the view toolbar.

Check [Make Face] option.

Choose geometry set to ‘Ground'.

Make a rectangle which is little bit bigger than ground area.
Click [OKI.
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* + . Geometry > Transform > Translate

Move/Copy generated face at the former step to the Strata location.

« Select ¥ IsometricT in the View Toolbar.

+  Select the face which you generated in the former step.

«  Select the direction to Z axis.

+  Choose the method to ‘Copy [Non-Uniform)’, and input “19, 11" in ‘Distance’.
+  Select geometry set to ‘Ground'. Click [OK].

*

* @ : Geometry > Divide > Solid

» Generate surface and

move/copy the
surface(Ground)

Divide the ground with strata surfaces.

+  Select ‘Ground’ solid.

+ Choose [Selection Filter] to ‘Face (A)".

+  Select faces (2) generated in the former step as tool face.

«  Select = Preview button to see if the shape divided properly.
+  Set geometry set to ‘Ground'". Select [OK].

» Divide solid(Ground)

-

Chapter 3. 3D Tunnel Connection | 17
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* e : Geometry > Point & Curve > Line

Create rockbolts of the vertical shaft. Draw a rockbolt line.

«  Double click Work Tree > Work Plane > ‘XY (0, 0,1).

+ Input the start point 25, 0". And select ‘Vertical shaft geometry set.
+  Select [Applyl. And put end location to '4, 0",

+  Click [OK].

* O : Geometry > Transform > Rotate

Create several rockbolts by rotating the line generated in the former step about Z axis.

+  Select the line generated in the former step.

+  Select the Rotation axis to Z axis.

+  Check [Location] option and input ‘20, 0, 0"

+  Select the [Method] to ‘Copy (Non-Uniform)'. And put '15, 5@30" in the [Angle].
+  Choose 'Vertical shaft’ geometry set, and press [OK].

+  Press [Delete] key to delete the line generated in the former stage.

» Generated
rockbolt(Vertical shaft)

18 | Chapter 3. 3D Tunnel Connection
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4.2 Generate Meshes

* ﬂ : Mesh > Control > Size Ctrl

The mesh sizes should be controlled to get meshes of higher quality and less number. In this process
smaller meshes are set for tunnel and larger meshes are set for outskirt of the model.

« Select & [Front] in the View toolbar.
Refer to the image below; select the edges by dragging A, B, C area.

«  Choose the methods to ‘Interval Length” and input ‘8" in the mesh size.

+  Press [ [Preview] button to see if the size control is assigned properly.
Click [Apply].

» Edge seed(A~C)

Selected & IsometricT in the View Toolbar.
Choose “H [Polyline] in the Selection Toolbar.
Select edges (5) by drawing polyline D in the image below.
+  Choose the method to ‘Linear Grading (Length)’, and input ‘Start Length’, ‘End Length’ to ‘8", 2".
«  Select & Preview button to see if the size assigned properly.
Select [Applyl.
Select edges (5) by drawing polyline E in the image below.
+  Choose the method to ‘Linear Grading (Length)’, and input ‘Start Length’, ‘End Length’ to 2", "6".
+ Click [Apply].
+  Select edges (3) by drawing polyline F in the image below.
Choose the method to 'Linear Grading (Length)’, and input ‘Start Length’, ‘End Length’ to '8, '4".
+  Check [Symmetric Seeding] option. Click [Apply].
+  Select edges (2] by drawing polyline G in the image below.
Choose the methods to ‘Interval Length® and input 8" in the mesh size.
Click [OKI.
P Edge seed(D~G)

Chapter 3. 3D Tunnel Connection | 19
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As the mesh size gets smaller, the result comes out closer to the true answer. But small mesh size will
also lead to longer analysis time. So only generate small and dense meshes around the part (around
tunnel) where we want to see the results.

* % : Mesh > Generate > 3D

Create mesh sets.

» Generate mesh
(Area A~C)

20 | Chapter 3. 3D Tunnel Connection

Select & [Front] in the view Toolbar.

Choose % [Rectangle] in the Selection Toolbar.

At the [Auto-Solid] tab, select Solids (15) by dragging through A area referring to the image
below.

Set size to "2, and choose "1: Soft rock’ property.

Select "Hybrid Mesher".

Name mesh set name to 'Main tunnel’, and Press [Applyl.

Select Solids (3) by dragging through B area referring to the image below.
Set size to "2, and choose "1: Soft rock’ property.

Name mesh set name to 'Passageway’, and Press [Applyl.

Select Solids (6) by dragging through C area referring to the image below.
Set size to "2, and choose "1: Soft rock’ property.

Name mesh set name to Vertical shaft’, and Press [Apply].

Select ground solid (3).

Set size to '5’, and choose '1: Soft rock’ property.

Name mesh set name to ‘Ground’, and Press [0KI.
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* E'E : Mesh > Element > Extract

p Extract sub element

* I : Mesh > Element > Delete

Hide all the meshes and geometries except for solids of Main tunnel, Passageway, Vertical shaft

in the Work Tree.

Select & [Front] in the view Toolbar.

In the Mesh > Element > Extract, select type to "Face’.
Check [Skip Duplicated Faces] and [Register Based-on Owner Shape] option.
Select the property to ‘5:Main_connection S/C".

Click [OKI.

Extract Element [mE3m]

Geometry | Mesh

Type [Face -

[¥] skip Duplicated Faces

Orientation (Element Z-Axis)
Beta Angle: 90 [deg] |"<.|

Property
5 |5: Main tunnel_Connection £

Mesh Set
[ Register Based-on Object Shape
Reegister Based-on Owner Shape

Register Based-on Owner Mesh Set

Extracted Mesh Set-1 -

[ ok ][cancel ] [apply |

Select Delete Element function to delete unnecessary element.

p Delete mesh
» Generated mesh(Plate)

Uncheck to hide Main tunnel, Passageway, Vertical solids in the Work Tree > Geometry.

Select & [Right] in the View Toolbar.
Refer to image below, drag & select elements of area A, B, C, D.
Click [0K].

Chapter 3. 3D Tunnel Connection | 21
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* i’ : Mesh > Generate > 1D

Create a 1D rockbolt mesh for main tunnel.

« Click = Isometric in the View Toolbar.

«  Select rockbolt edges (13) of the tunnel registered in Work Tree > geometry > Main tunnel > Line.
+  Set[Size Method] to ‘Size" and input 2",

+  Check if [Attribute ID] setas ‘7’

«  Select & Preview button to see the location of generated nodes.

+  Click [OK].

* g' : Mesh > Transform > Trans.

Move/Copy the generated rockbolt meshes along the direction of excavation.

+  Select ‘Auto-Mesh (1D)" generated in the former step.

«  Select direction toy axis.

+  Choose method to ‘Copy [Non-Uniform), and input distance to ‘1.5, 14@3".

«  Select [>2)button. Check [Merge Nodes] and [Register Each Mesh Independently].
+ Name mesh set name to ‘Main tunnel R/B". Press [OK].

+  Delete ‘Auto-Mesh (1D)" which was used to move/copy rockbolt.

» Generated mesh(Main
tunnel rockbolt)

22 | Chapter 3. 3D Tunnel Connection
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* i’ : Mesh > Generate > 1D

Create rockbolt meshes for passageway.

+ Click & [Right] in the View Toolbar.

« Activate rockbolt edges of the tunnel registered in Work Tree > geometry > Passageway > Line.
+  Delete unnecessary edges (5] referring to the image below.

+ Select rockbolt edges (5) of the tunnel registered in Work Tree > geometry > Passageway > Line.
+  Set[Size Method] to ‘Size" and input 2",

+  Check if [Attribute ID] set as '7".

«  Select & [Preview] button to see the locations of generated nodes.

+  Click [OK].
» Delete
mesh(Passageway
rockbolt)
"""""""" \ | |
Q |
* B : Mesh > Transform > Trans.
Move/Copy the generated rockbolt meshes along the direction of excavation.
+  Select ‘Auto-Mesh (1D)" generated in the former step.
+  Select direction to x axis.
+  Choose method to ‘Copy [Non-Uniform), and input distance to ‘7, 2@3.5".
«  Select button. Check [Merge Nodes] and [Register Each Mesh Independently].
+ Name mesh set name to ‘Passageway R/B’. Press [OK].
+  Delete ‘Auto-Mesh(1D]" which was used to move/copy rockbolt.
» Generate
mesh(Passageway
rockbolt)
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» Generate mesh(Vertical
rockbolt)

p Delete element

24 | Chapter 3. 3D Tunnel Connection
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* i’ : Mesh > Generate > 1D

Create rockbolt mesh of Vertical shaft.

Select rockbolt edges (6] of the tunnel registered in Work Tree > geometry > Vertical shaft > Line.
Set [Size Method] to ‘Size" and input 2",

Check if [Attribute ID] set as ‘7",

Select = [Preview] button to see the locations of generated nodes.

Click [OKI.

* ﬁ : Mesh > Transform > Trans.

Move/Copy the generated rockbolt mesh in the direction of passageway excavation.

Select ‘Auto-Mesh(1D)’ generated in the former step.

Select direction to z axis.

Choose method to ‘Copy (Non-Uniform), and input distance to 3.5, 6, 6.5, 6, 5.5, 4.8".
Select button. Check [Merge Nodes] and [Register Each Mesh Independently].
Name mesh set name to ‘Vertical shaft R/B’. Press [0K].

Delete ‘Auto-Mesh(1D)'which was used to move/copy rockbolt by pressing [Delete] key.

* ¢ : Mesh > Element > Delete

Delete unnecessary rockbolt meshes.

Click & [Front]in the View Toolbar.
See if the [Selection Filter] setas "1D'.

Choose unnecessary rockbolt elements (10) at the inner of passageway.
Click [OKI.

Element Create/Delete

[0 [ [z [other |Dekte |

1=3] Selected 10 Object(s) J
Delete Affected Node(s)

Delete Empty Mesh Set
[ puplicated Element(s) Only

D D k] Other

Find

Property
LE]

Mesh Set
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» Align mesh set name
(3D Element)

* % : Mesh > Mesh Set > Rename

Modify names for mesh sets.

GTS NX provides [Stage Definition Wizard] to easily define construction stages. But to use the Wizard, mesh
sets’ names must have regularity. This step we will change names for mesh sets. First, change names of
tunnel mesh sets.

«  Select the entire ‘Main tunnel” in the Work Tree > Mesh.

«  Set ‘Global Rectangular’ for coordinate in [Sorting Order]. And select 1 to 'Y".

+  Set the [Order] to 'Ascending’ and enter Name to ‘Main tunnel#". Input "1 in the [Starting suffix
Number].

« Click [Applyl.

«  Select the entire 'Passageway’ in the Work Tree > Mesh.

+  Set ‘Global Rectangular’ for coordinate in [Sorting Order]. And select 1st to 'X".

+  Set the [Order] to ‘Descending’ and enter Name to ‘Passageway#'. Input '1* in the [Starting suffix
Number].

« Click [Applyl.

«  Select the entire "Vertical shaft" in the Work Tree > Mesh.

+  Set ‘Global Rectangular’ for coordinate in [Sorting Order]. And select 1st to 'Z".

+  Setthe [Order] to 'Descending’ and enter Name to 'Vertical shaft#'. Input '1" in the [Starting suffix
Number].

+  Click [Apply].

S
Vertical Shaft#-001..........................

Main Tunnel #-002 ~oovom

Main Tunnel #0071 -
Passagewaytt-003 oo O Vertical Shaft#-005
Passagewaytt-001 - G Vertical Shaftt-006

+  In the same way rename Shotcrete and Rockbolt. Rename the ground mesh with [F2] key to 'Soft
rock’, "‘Weathered rock’, ‘Weathering soil".
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* I : Mesh > Element > Parameters

Change the mesh property.
We didn't consider property for the each mesh set when generating, use [Parameter] to assign proper

property.

Choose 'Change property' in [3D] tab.
In Work Tree > Mesh, Select mouse right click > Sort > By Name.
In Work Tree > Mesh, Select ‘Vertical shaft#-002' , ‘Vertical shaft#-003" , ‘Weathered

rock” .

Select property to '2: Weathered rock’. Click [Applyl.
In Work Tree > Mesh, Select ‘Vertical shaft#-001" , ‘Weathering soil’ .

Select property to  "3:Weathering soil” . Click [Applyl.

Change to [2D] tab.

In Work Tree > Mesh, Select ‘Vertical shaft S/C#-003" , ‘Vertical shaft S/C#-004" , ‘Vertical
shaft S/C #-005" , ‘Vertical shaft S/C #-006" .

Select property to  ‘6: Vertical shaft S/C’ . Click [Apply].

In Work Tree > Mesh, Select ‘Vertical shaft S/C #-001" , ‘Vertical shaft S/C #-002" .

Select property to  ‘4: Conc Panel’ . Click [OK].

Through View Toolbar > Display mode(Mesh]( @ ") > ‘Property color’ or ‘Material color’, you can easily
check out assigned property.

26 | Chapter 3. 3D Tunnel Connection
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Section 5 5.1 Setting Loading Conditions
Analysis Setting » _ _ _

* == : Static/Slope Analysis > Load > Self Weight

Gravity is calculated automatically by multiplying the inputted unit weight of the ground, the structure
geometry and the acceleration of gravity. It can be easily set by inputting a scale factor of direction. The
default value of the gravity direction is set.

+  Setthe [Name] to ‘Gravity-1" and enter 'Self weight' as the [Load set] name.
«  Put-1in Gz this defines the gravity acceleration’s direction.
+  Click [OK].

5.2 Setting Boundary Conditions

.
% ==& : Static/Slope Analysis > Boundary > Constraint
This process sets boundary conditions against internal deformation or rotation based on GCS.

Automatically set displacement constraints at the left/right/bottom parts of the model according to GCS.

+ Inthe [Auto] tab, set name and boundary set name to ‘Constraint-1', ‘Constraint’.

o

In 3D model analysis, displacement constraints are applied in x direction for left/right, y direction for
front/back, xyz direction for the bottom part. GTS NX automatically recognizes and sets the boundary
conditions for the model.

5.3 Define Construction Stages

* A . Static/Slope Analysis > Construction Stage > Stage Set
First create a construction stage set. There are Stress, Seepage, Stress-Seepage-Slope, Consolidation, and

Fully Coupled Stress Seepage for the stage type. For this model, set the stage type to 'Stress’.

«  Enter name to "3D Tunnel Connection’. Set stage type to 'Stress'.
+  Select [Add] to create construction stage. Click [Close].

» Construction stage set Construction Stage Set =
Name Construction Stage Set-1
Stage Type [Stress - Modify
No Name Type Copy
1 30 Tunnel Connetction Stress Delete
Define CS...
Close

|

In GTS NX, it is possible to create several construction stage sets to perform different analysis.
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* e : Static/Slope Analysis > Construction Stage > Stage Wizard

It is easy to define Construction stages in GTS NX if the add/delete elements are repeated in a regular way.
To define construction stages using ‘Stage definition wizard’, regular numbering (postfix) for each mesh set
has to be assigned in advance. Refer to section 4 to learn how to rename mesh sets using regular numbers.

+  Check if [Construction Stage Set] is set to ‘3D Tunnel Connection’.
«  In[Set Assignment Rules], choose the first set type to ‘Mesh set’.
+  Click [Set Name Prefix] and select 'Vertical shaft#-".

+  Select 'R"in [A/R], which signifies ‘reduce’

+ Input'1","1"in [Start Stage] and [Stage Inc].

«  In[Set Assignment Rules], choose the second set type to ‘Mesh set'.
+  Click [Set Name Prefix] and select 'Vertical shaft S/C#-'.

+  Select 'A"in [A/R], which signifies ‘add’

+  Input'2','1"in [Start Stage] and [Stage Inc].

+ In[Set Assignment Rules], choose the third set type to ‘Mesh set’.
+  Click [Set Name Prefix] and select 'Vertical shaft R/B#-".

«  Select 'A"in [A/R].

+ Input'2','1"in [Start Stage] and [Stage Inc].

«  Assign the rest as following table.

+  Click [Apply Assignment Rules].

P Table. Stage definition Set Name A/R End Postfix Start Stage Stage Inc.
wizard Vertical shaft#- R 1 1 1
Vertical shaft S/C#- A 1 2 1
Vertical shaft R/B#- A 1 2 1
Passageway#- R 1 8 1
Passageway S/C#- A 1 9 1
Passageway R/B#- A 1 9 1
Main tunnel#- R 1 12 1
Main tunnel S/C#- A 1 13 1
Main tunnel R/B#- A 1 13 1
P Set assignment rules Set Assignment Rules
Set SetName AR Start F End | Postfix| Start | Stage o
Type Prefix Postfix Postiix| Inc. | Stage| Inc.
Mesh set Vertical shafi#- R 1 | 1 1 1
Mesh set Vertical shaft S/IC#- A 1 | 1 2 e
Mesh set Vertical shaft R/B#- A 1 | 1 2 1
Mesh set Passageway#- R 1 | 1 3 1 i
Mesh set Passageway SIC#- A 1 | 1 9 1
Mesh set Passageway R/B#- A 1 | 1 9 1
Mesh set Main tunnel#- R 1 | 1 12 11+

4 i | »
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Element, Boundary, Load Activation Status

» Apply Assignment

Rules T?g‘e Sethame | s | st | s2| s3| se| ss|ss| s ss|so|stofsi]siz]snfsi
Boundary Set | Constraint
Mesh set Default Mesh Set
Mesh set Wain tunnel R/B# At (A2
Mesh set Wain tunnel SIC# At A2
Mesh set hlain tunnek¥- R:1 R:2 |R:3
Mesh set Passageway R/B#- A A2 (A3
Mesh set Passageway S/CHE- A A2 [A3
Mesh set Passageway#- R:1 R:Z R:3
Load Set Self weight =
Mesh set Soft rock
Mesh set Vertical shaft R/B#- Al A2 AT (A4 [AS |AEB
Mesh set Vertical shaft S/C#- Al A2 AT (A4 [AS |AEB
Mesh set Vertical shafi#- R:1 R:2 |R3 |R4 [R5 [RE
Mesh set Weathered rock
Mesh set Weathering soil

«  Select Main tunnel#-, Passageway#-, Vertical shaft#-, Soft rock, weathered rock, weathering soil.
+  Drag selected item to [1.5.] of [Element, Boundary, and Load Activation Status].
+  Drag boundary condition, load to [I.5.] as following image.

» Define construction 7 Stage Definition Wizard ==
sy Element, Boundary, Load
stagel(Initial step) e | B S g5k (30 Tumnel Cometcion By
Set Assignment Rules
— Set Set Name AR Start E End | Posffix| Start | Stage =l
Type Prefix Postfix Postfix| Inc. | Stage| Inc.
Mesh set Vertical shaf- R 1 ™ 1 1 1
sh set Verlical sha SIC#- | A 1 1 2 1]|E
Msh set Vertical shaR R/B#- |A il O 1 2 1
Mfsh set [ R 1] o 1 8 1L
: Whsh set P SICH-  |A Tl o 1 9 1
2] ] Weathering soi Mpsh set Passageway RIB#- |A 1 - 1 9 1
| D Dy S = Whsh set Main tunnel#- R 1 1] 12 1]},
'l ""Drag & Drop E
[ oy Rules [k J[ concel |
Element, Boundary, Load Activation Status
Set SetName -
Tvpe Prefix 2| $3 | s4| S5 | s6 | S7 | S8 | S9 | 10| s11| S12| 813
Boundary Set | Constraint
Meshset | Defaull Mesh Set
Meshset | Main tunnel R/BZ- A1 |A
Mesh set Main tunnel S/CZ- Al A
Meshset | Main tunnes- R1_R2 |R
Mesh set RiBE- A1 Az |A3
Mesh set SICH#- Al A2 A3
Mesh set R1 _|R2 |R3
LoadSet | Self weight =
Weshset | Softrock
Mesh set Vertical shaft R/B#- Al A2 A3 |A4 JAS |AS
Mesh set Vertical shaft S/C#- Al A2 |A3 (A4 JAS |AE
Meshset | Vertical shafte- R2 |R3 |R4 [R5 |RS6
Wesh set rock
Wesh set ing S0l
s »

* (R . Static/Slope Analysis > Construction Stage > Stage Set

Stages which are generated by the Stage definition wizard need to be verified to ensure the good
assignment of all the conditions.

In the [Define Construction Stage] menu, you can get more detailed options (LDF etc.) than thus available in
the [Stage Definition Wizard]. However in case of complicated model, it is more convenient to use the
[Stage Definition Wizard] to generate the framework of entire construction stages first. And then use
[Define construction stage] menu to change additional options for specific construction stages.

+  Select "1:1.S." at [Stage ID].

+  Check [Clear Displacement] option.
«  Click [Save], and click [Close].
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5.4 Setting Analysis Case

*

- : Analysis > Analysis Case > General

This process sets analysis method and model data for the analysis. The analysis and output types could be
controlled using advanced options. For construction stage analysis, because the data for the analysis has
been formerly set, the [Analysis Case Model] is deactivated.

» Analysis control

Set name to "3D Tunnel Connection'.

Select [Solution Type] to ‘Construction Stage’, and [Construction Stage Set] to '3D Tunnel
Connection’.

Analysis Control > General tab, Check [Initial Stage for Stress Analysis] and select '1:1.S.

Analysis Control =

Inital Stage:
Initial Stage for Stress Analysis 115 =
[CApply Ko Condition

Final Caleulation Stage

® End Stage Middle Stage L1,

Specify Restart Stage

Initial Temperature

[ nitial Temperature By Value: [}
Saturation Effects

7] Consider Partially Saturated Effects for Stress Analysis

Max. Negative Fore Pressure
[¥]Max. Negative Pore Pressure Limit o Km:

==

5.5 Perform Analysis

* J§' : Analysis > Analysis > Perform

Perform analysis. After the analysis is done, the software automatically switches to [Post-Mode](checking
results). To modify model and option after the analysis, you should switch back to the [Pre-Mode].

|

Selected the analysis cases that you want to perform and click [OK].

During the analysis, you can check the calculation process in real-time. Messages such as
whether the results converge or not, warnings and errors can be checked through [Output
Window].

The model is automatically saved before being analyzed. The information about analysis is saved
in *.0UT file in the same place where the model file is saved.

When analyzing a model, the results can be controlled by Analysis > Analysis Case > General >
Output Control option. And if you set the output option as [Binary and Text], the results of nodes
and elements after the analysis are also plotted in *.0UT file.

30 | Chapter 3. 3D Tunnel Connection



\

Basic Tutorials

7

Chapter 3. 3D Tunnel Connection

Section 6
Results

» Crown displacement
(Isometric1)
» » Crown displacement

[Front view!

» Probe

You can verify displacement, stress, member force etc. in the Result Tree after the analysis. All the results
can be plotted as contour, table, and graph. In this tutorial, the main result items which need to be checked
are listed below.

«  Tunnel displacement — Crown displacement, Tunnel convergence
+ Verify ground maximum principal stress.(Contour, Vector)

«  Verify shotcrete stress and rockbolt axial force

«  Check with Cutting Plane

6.1 Verify Displacement

Verify by ‘Displacement’ of the work tree. TX, TY, TZ signify displacements in directions of X, Y, Z. Since
gravity direction of this model is Z d, tunnel crown displacement is shown in TZ TRANSLATION, and tunnel
internal displacement can be verified in TX TRANSLATION, TY TRANSLATION.

(V)" refers to the result item which can represent both in contour and vector formats at the same time. In
GTS NX, it is possible to show contour/vector simultaneously for displacement and stress results.

+  Select the last stage (527) to check the result in the Work Tree > Results > 3D Tunnel Connection
Analysis, select Displacement > TZ TRANSLATION (V).

« Select E&[Front] in View Toolbar. And verify the results in the front view.

DISPLACEMENT
Z:m CISPLACEMENT
TZ,m

«  Click Result > Advance > Probe to see the value of selected node. Also by this function you can
find the locations of maximum, minimum results.

— DISPLACEMENT
ob ts Lt ] TZ,m

Entity Type Color Tag Type
@ MNode TagColor [ |[+]
(@ Element Text Color | <] E

Resits

Show| Type 1D Value
v
¥ | Node 13 Min: -0.00397825 F_Min: -0.00357625 4%
- | .
1 ‘ = Max: 000412133 >
[ max ][ Min ][ sbsMax | [ ceaxal ]
[T Min/Max Value of Each Part
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» X direction

displacement
» b Y direction
displacement

32 | Chapter 3. 3D Tunnel Connection

Simulation bar at the bottom of the work window helps you to view the evolution of results in each
construction stage.

> B | B ¥ | Level 3 (Normal) - [ 3|

Select the stage (S27) in the Work Tree > Results > 3D Tunnel Connection Analysis, and select
Displacement > TX TRANSLATION (V], TX TRANSLATION to see the displacement results in X, Y
directions.

DISPLACEMENT DISPLACEMENT
T, m ™,m
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» Maximum principal
stress

» » Minimum principal
stress

» Property window(Vector)
» » Minimum principal
stress(Vector]

6.2 Verify Stress

The Segment stress can be verified by "Solid Stresses’ in the Results Tree. S-XX, S-YY, S-ZZ represent the
stresses in each direction. You can see the maximum principal stresses in ‘S-PRINCIPAL A (V)', and
minimum principal stress in "S-PRINCIPAL C (V]'.

+  Select the stage(S27) in the Work Tree > Results > 3D Tunnel Connection Analysis, and select the
Solid Stresses > S-PRINCIPAL A[V), S-PRINCIPAL C(V) to verify the maximum principal stresses
and minimum principal stresses.

SOLID STRESS
S-PRINCIPAL A , kN/m~2
2,13359%+002

SOLID 5TRESS

S-PRINCIPAL C, kM/m~2

-6,92177e+000
10.58%
-1,985068+002
10.7%
-3,90090e+002
12.1%
-5.81675e+002
17.4%
-7.73259%+002
22.0%
-9.64843e+002
17.0%
-1,15643e+003
5.6%
-1.34801+003
2.4%
-1.53960e+003
1.5%
-1.73118e+003
0.2%
-1.92276e+003
0.2%
-2,11435e+003
0.1%
-2,30593e+003

+  Deselect Result > General > Contour, select vector. In the property window at the left bottom of

the work window, check [Only Free Face] option of vector. Select [Apply].

Properties A x
[Vector ']
= Vector
Scale Factor 1
Start Posttion Center
Plot All Cormpon...  False SOLID STRESS
Only Free Face True SPRINCIPAL C , Miljm~2
5,921 7784000
= Head 10.8%
1985068002
Type One Direction 10.7% i
Constant Size False 12 g sz
Sale Factor 1 ST
= Body 22‘0”7 730598+002
Constant Size False 5.64843e4002
17.0%
Scale Factor 1 1.156438-003
5.6%
. 'E:'”: Width 1 S eI 003
olor 4%
1,539606-+003
User Color False 15%
Plus Value Color W fronoo e
Minus Value Color W ooooff e, LRTERHOO3
2.11435e+003
0.1%
2.305538-+003
Apply
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6.3 Verify Shotcrete Stress and Rockbolt Axis Force

Verify stresses of Shotcrete and axis force of Rockbolt. Since shotcrete is shell element, results about X, Y,
Z axis of element axis are plotted. Shell is a plate element which has a thickness, so results plotted in TOP,
MID, and BOTTOM part of the plate.

» X direction stress of
Shotcrete

» » Exclude no result
entitv

» Rockbolt axial force
» > Show feature edge

34 | Chapter 3. 3D Tunnel Connection

Select a stage (527 to check the result in the Work Tree > Results > 3D Tunnel Connection
Analysis, select Shell Element Stresses > S-XX TOP.

Select 'Exclude’ in Result > General > No Results.

SHELL STRESS SHELL STRESS
S TOP, Kfm™2 5K TOP | RHjme~2
4, 46778e+002

£, 54765e+003

Select a stage (S27) to check the result in the Work Tree > Results > 3D Tunnel Connection
Analysis, select Truss Element Forces > AXIAL FORCE.

Select 'Feature Edge’ in Result > General > No Results.

TRUSS FORCE
AXIAL, K
TRUSS FORCE
ARIAL KN

1.15610e+001
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6.4 Verify Cutting Plane

In case of 3D model, you can slice the model with specific plane and check the results at the cutting plane.
In GTS NX, by slicing the model with cutting planes you can easily check the results of the specific points
located at inner part of the model.

«  Change back to default setting by Result > Etc. > Initialize.

«  Select a stage (S27) to check the result in the Work Tree > Results > 3D Tunnel Connection
Analysis, select Displacement > TOTAL TRANSLATION(V).

+ Select ™ [Clipping Plane] in Advanced View Toolbar. In [Define Plane] window, select plane
direction to ‘X" and direction to ‘0m". Click [Add] button to create 'plane?".

«  SetPlane direction to 'Y’, select [Reverse]. Click [Add] to create ‘plane?’.

+  Choose [Plane Composite] to ‘Union’.

» Clip & Slice Plane Clip & Slice Plane (=34
» » Define Plane Fl Plane 1
Flane2
Options Define Plane
Display Capped Part Name Plane2
[T pisplay Mesh Shape on Plane Plane Direction
Always Show edges ®x @y Bz
[ Plane color - |Z| () 3Points () 2Points () Element Face
Clse
» Sliced by planel T LA

» > Sliced by plane1&2
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« Select [3D->2D] in Result > Advanced > Others. [3D->2D] wizard is for verifying results by tagging
the result when 3D model is sliced by specific plane. Check [Show Points] to see the points in the

slice plane.
» Probe 1 3D - 2D Wizard =3 %STPA-LA%%“:ENT
. Color Tag Type 4,128%4-003
» »Probe at slice plane P 0.3%
3. 78456003
Text Color [ =] 1.1% "
3.44078e-003
Results 2.7%

T
o +3.09670e-003
Show| X Y Z | Value | = k)

+2.75262e-003
v

[v | 0.000|16.50 | 0.000 0.003

r ‘ ‘ ‘ ‘ | » "_‘f'_
.

%

[ Max ] [ Min ][ Abs Max ]

s pars

36 | Chapter 3. 3D Tunnel Connection



	03_Workflow
	03_3D Tunnel Connection


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


