SINX

of Geo-Technical analysis System




Modelling and Analysis Summary

This tutorial summarizes the 2D stress seepage coupled analysis of the construction of a NATM Tunnel.

Support is provided as soon as possible by the application of sprayed concrete (shotcrete). The

objective is to model the construction of a SCL tunnel using the convergence-confinement method to
consider the 3D arching effect in 2D model and demonstrate the ingress of water due to presence of

groundwater in the tunnel vicinity.




Soil Layers [unit : kN, m,s]
Name Top layer Siltstone Sandstone
Material Model Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb

Elastic Modulus(E) [KN/m?2] 7.5e+04 1.5e+06 2.5e+06
Poisson’s Ratio(v) 0.2 0.25 0.3
Unit Weight(y;) [KN/m3] 20 24 23
' KO 05 05 05

Unit Weight(ys,;) [KN/m3] 22 25 24
Conductivity K,, K, [m/s] le-5 le-7 le-7
Drainage Parameters Drained Drained Drained

Cohesion(c) [kN/m2] 10 120 150

Frictional Angle(®) [deg] 30 42 43

Dilatancy Angle(®) [deg]




Structure
Name

Material Model

Lining

Elastic

[unit : KN, m]

Elastic Modulus(E) [KN/m2]

3e+07

Poisson’s Ratio(v)

0.15

Unit Weight(y) [kN/m3]

25

Element Type

Thickness [m]
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Start the tutorial by opening
the start file in which the
materials and properties have
already been predefined.

File > Open
-Select “1. Construction of
SCL Tunnel_start.gts’

- Open

Mesh > Prop./CSys./Func.>
Material

- Check materials

Mesh > Prop./CSys./Func. >
Property

- Check properties

€. Open

Look in ‘ Basic v| o> E-
,—I Name . Date modified Type Beadlieu kb
$|1. Construction of SCL Tunnel_start.gts 7/28/2020 2:35 PM GTS NX Do
Quick access €412, Construction of SCL Tunnel_geometry.gts  8/6/2020 6:12 PM GTS NX Do
- $|3. Construction of SCL Tunnel_mesh.gts 8/7/2020 2:46 PM GTS NX Do
$|4. Construction of SCL Tunnel_analysis.gts 8/11/2020 9:15 AM GTS NX Do
Desktop
-
m
Libraries
. Analysis Case Solution Type Results
This PC
Network
[Model Information]
Elem:
< > Node: 0O
File name: 1. Construction of SCL Tunnel_startgts V| Open |
Add/Madify Material x °‘_= Add/Modify Property X
No Name Type Create.. ™ Mo Hame Type Sub-Type Create '|
1 Top layer Isotropic-Mohr-Coulomb 1 Top layer 2D Plane Strain
’ h Modify... Modify...
2 Siltstone Isotropic-Mohr-Coulomb 2 Siltstone 2D Plane Strain
3 Sandstone Isotropic-Mohr-Coulomb Copy 3 Sandstone 2D Plane Strain Copy
4 Lining Isotropic-Elastic 4 Lining 1D Beam
Delete Delete
Import
Import...
Import from
Excel Renumber
Export to Excel
Renumber
Database Close
Close
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Tunnel section modelling

Tunnel Section X

Tunnel

Tunnel Type |3 Center Circle

: 3 Center Circle
Create a tunnel using 3 arcs, all with different center points and diameters.

3 Center Circle
3 Center Circle + Invert
5 Center Circle
5 Center Circle + Invert

Section Type

@ Full

Dimensions

Invert '\ \R3
Tangential Radius Angle

R1 6.5 m Al 60| [deq]

R2 6 m A2 55| [deqg]

e I i : 3 Center Circle + Invert

[ Asymmetric Section Create a tunnel using 3 different arcs and an invert.
Al 60 [deg]

R2 6m A2 35| [deg]

R3 olm A3 0| [deg]

[Jinclude Rock Bolts

: 5 Center Circle

Humber of Rock Bolts 112
on errosEe A Create a tunnel using 5 arcs, all with different center points and diameters.
rrangemen
Tangential Pitch 2'm
Rotation Angle 20 [deqg]
Location

DScreen Snap

Section Center 00|
[] Make wire
: 5 Center Circle + Invert
Geometry Set ‘Geometry Set-1 v|

Create a tunnel using different 5 arcs and an invert.

= | & oK Cancel
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Create a tunnel section. Tunnel Section X

Tunnel

(1) Geometry > Point & Curve > S —

Tunnel Section Type
-Tunnel Type: 3 Center @l Oeferaf ORight af

Circle + Invert Dimensions
Invert
- Section Type: Full OTangental @Radus (O Angle
- Dimensions R1 §s|m Al 60 | [deg] - 3 Center Circle + Invert
R1: 6.5 Al: 60 R2 6|m A2 55 | [deg]
o ' * Dim A3 0| [degl Create a tunnel using 3 different arcs and an invert.
R2: 6 A2: 55 z olm a4 0|[deq
. . Asymmetric Section
R3: 15 A3: 0 o
- Section Center: O, 7 R2 6 'm AZ 55 [deq] [ | L~ sasic = N‘GW"‘E&\ WO
R3 olm a3 0 |[dea] //—
- OK \\

[Jindude Rock Bolts \
Number of Rock Bolts 11 =
Length of Rock Balts 4'm \
Arrangement
Tangential Pitch 2'm
Rotation Angle 20 | [deq] / \

S | - |

Section Center | 07]

[ Make wire

Geometry Set | SSulSng BN} v

H & oK cancei




~Mode \\

o Line x fE% | 8 - [ B [ ceomenies (B QWO
Create a line to separate the » T /x\\
top heading (upper excavation) \
Input Start Location
from the invert (lower Location | -6.4273, 0.511?15‘
excavation). Method |ABS X, y v
. Geometry Set w EI
‘ @ Geometry > Point & Curve > /
. | oK || Cancel | ‘ Apply | [
Line

-Click the Start Location at
the middle of bottom-left
tunnel section.

-Click the End Location at
the middle of bottom-right

tunnel section.

- OK
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Model boundaries of tunnel

The stress arching that occurs around the tunnel is related to its depth and, accordingly, the dimensions
of the mesh area should typically extend to a depth of around 5D beneath the tunnel invert, and should
include the entire height of soil above the crown. Laterally, the dimension of the mesh area should be
extended to about 6D from the tunnel axis as illustrated in the figure below.

Obviously, these dimensions only represent a guideline, and the engineer must always seek a
compromise between reliable predictions in terms of stress-strain distribution, andcost.

Ground level




Define model boundaries and
soil layers.

® Geometry > Point & Curve >
Rectangle
- Location: (-50,-45) <100,70>
- OK

@© Geometry > Point & Curve >
Line
- Location: (-50,20) <100,0>@
- Location: (-50,-10) <100,0>
- OK

():‘ABS x,y’

< >:'‘REL dx, dy’

~Mode \\

Rectangle *
2D
Method
Input Diagonally Opposite Corner
Location | 100,70

Method |REL dx, dy

- |

[IMake Face

Geometry Set |Geometry Set-1

L]

E oK 1| Cancel H Apply |

Line

20 3D

Input End Location

Location |

100,0

Method |REL dx, dy

™ ‘

Geometry Set |Geometry Set-1

v L]

E 0K i| Cancel H Apply |

&l | & - sasic ~ Al Geometries ( ~ 2 E®
—
[
]
-
&l | & - sasic ~ Al Geometries ( ~ 2 E®
—
[
]
-
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Create a surface for the model
boundaries and divide the
surface by tunnel section and
soil layers.

Geometry > Surface &
Solid > Make Face

- Face tab

- Select: 4 edges
- OK

Geometry > Divide > Surface
- By Curve tab

- Target: Surface

-Tool: 7 edges (tunnel and
soil layers)

- Projection: 2 Points Vector

- OK

Tools > Geometry >

Random Color

AN

Make Face

Face  Coons Face Grid Face Point

= Selected 4 Edge(s)

Tolerance 0.0001f m

Geometry Set |Geometry Set-1

=

= | & o Cancel

Apply

Divide Surface

By Curve By Surface

‘ = Selected 1 Target Surfaca(s)

od Selected 7 Tool Edge(s)

Projection Direction

O A3 Select Direction

@ 2Foints Vector [V]x [y [z

| u,u,u|

| 1,1,1|

Point on Curve (Ratio)

(O Direction of Shortest Path Line

Separate Divided Faces

Geometry Set |Geometr‘,r Set-1

G| & | Cancel

&8 Ry | & - Basic Al Geometries ( ~ 2LRE®
=
/
*-,_\__,_/’,

&8 Ry | & - Basic Al Geometries ( ~ [ BB
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Specify size of elements for
the tunnel and soil layer.

® Mesh > Control > Size Ctrl.
-Check off ‘Curve [5] under

Geometry tree

- Edge tab

- Select: 14 edges (tunnel)
- Method: Interval Length
- Mesh Size: 1 (m)

- Apply

© -Method: Linear Grading (Length)
- Select: 2 edges (24 soil layer)
- Start Length: 5 (m)
- End Length: 2 (m)
- Check on: Symmetric Seeding
- OK

Size Control

Point Edge  Custom

= Selected 14 Object(s)

‘ 2] Select Reversed Object(s)

Method | Interval Length

Mesh Size

I

m

Name | Edge Size Control

B & | o

| cancel | [ Apply ]

Size Control

Point Edge  Custom

= Selected 2 Object(s)

\ = Select Reversed Object(s)

Method |Linear Grading (Length)

Start Length
End Length

Division Number

I,

Constant Parameter

Symmetric Seeding

m

Name | Edge Size Control

2@ [Tok ]| cancel | appy |

I'E% £ | ege®

I'E% £ | ege®

o IR - IRE @ &

o IR - IRE @ &
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' Procedure 9) Property Control
-' Pre-assign the soil properties ST e e
‘ before mesh generation. B |
Selected 1 Object(s)
Property
© Mesh > Control > Prop Ctrl. 3] [3: Sandstone v|
- Face tab
Name | Face Property Control |
- Select: Top layer (1 surface) Bl TR
ncel pp!
- Property: 1: Top layer
- Apply
@Q} _f__' Basic T Al Geometries [ T [ h = |@w @@‘ }:‘I

- Select: Siltstone (3 surfaces)
- Property: 2: Siltstone
- Apply

- Select: Sandstone (1 surface)
- Property: 3: Sandstone
-OK
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o Generate mesh(Face) > Advanced Option x
. [“]Merge Nodes
Generate mesh for soil layers. Auto-Face Auto-Area MapFace Map-Area Toleronce
| E Selected 5 Object(s) | Element Size Growth Rate
Fi C
O Mesh > Generate > 2D Size Method .
s Divi <

- Auto-Face tab @sze Oomison [ 9]

Min/Max Element Size

- Click Advanced Option Property v
-Check on: Register Each gadoondsione v (18 = o

20 Mesher
MeSh |ndependent|y Mesh Set |Auto—Mesh[2D) v| Delaunay Mesher w
- OK |4 ||nd Cancel Apply Element Type

Tri+Quad ~

[“Higher-Order Element

- Se|eCt a” Su rfaceS Midside Nodes on Geometry
- Size: 5 (m) [“] skip Meshed Face(s)
Pattern Mesh
- OK egister Each Mesh Independently

ILI Cancel I Al Geometries({ ¥ | (T, 11 R ®®




o Generate mesh(Edge) * B | £ - Basic = AlGeomerres( = | (1 1 = (|RIBW B@ | F
Generate mesh for lining. Auto-Edge
= Selected 3 Object(s) |
® Mesh > Generate > 1D Size Method
- Hide all mesh sets @sze Opivision
-Show only tunnel surface Orientation (Element Z-Axis)
under Geometry tree [Beta Angle: 90 [deg] =]

- Select: 3 lines (upper lining) Property
- Size: 1 (m) | 4[a: ining v|
- Property: 4: Lining Mesh Set [upper lining v]
|
- Mesh Set: upper lining B @@ ok || cancel |[Rppy ]| >> |
- Apply
o Generate mesh(Edge) X @R | £ - sasic * AlGeometries(~ | (L (L = (IR ®® | &
@ - Select: 3lines (lower lining Auto-Edge
and invert) = R |
- Size: 1 (m) Size Method

©S\ze ODiviswon

Orientation (Elernent Z-Axis)

|Eeta Angle: 90 [deq] ‘

- Property: 4: Lining
- Mesh Set: lower lining
- OK

Property
4] |4: Lining v] \ /
Mesh Set |I0wer lining v| \‘\ //
™~ —~

8@ [To]] concel || pply || >> |
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Rename soil mesh sets.

© - show all mesh sets
-Right click and select

‘Rename (F2)’ to change
mesh set name under Mesh
tree.

top layer

siltstone

sandstone

upper excavation

lower excavation

e Obedcoew=m:= '~ GTS NX - [3. Construction of SCL Tunnel_mesh.gts]
\

Geometry  Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis  Result  Took

@. E! < csys % I& (87 stage set &6 vefine set & change Property = : VW AMI~R B & Tunnel Modelng
Water L 3
t"“ . *:y [ Function ~ " = By simulate Stage i Volume Data Bxport || £ Constraint = Sip circular surface i:r e —-:; ) ot 8h 24 18 &S Anchor Modeing o
aterial Prope efine. e, Table ~ e 2N ptions
Hinge ¥ -on Zard S Auto Set Constraint Equation {8 Slip polygonal surface e L Soil Test
5 H Contact || Weard g s 2] Weht
Prop./CSys.[Func. Contact Construction Stage Boundary Load Wizard Options
2 Blelonml s F% #IN %k Wt 2 ki laBAACC+ B/ /- BBBEHE @ S IS B
Model rx - &
e = R ’ [ | £ | sasic Mesh Set (M)~ W ®®
=, Edge Size Control A
¥% Layer Control
=M@ Mesh
VI Default Mesh Set 1
W @ upper excavation 2 [—
V@ top layer 3 [ |
V@ lower excavation 4 [
Wi sandstone 5
v
W& upper lining 7 Show
V& lower lining 8 .
X Contact Hide
‘ &4 Element Parameters Show Only
(/7 Hinge i
Hide Only
<
Model| Analysis Results Show <-> Hide =
Properties L]
E Mesh Set Include/Exclude Elements & Nodes
D 6
Name sitstone .
Color 1 705901 Display Mode 4
Element Count 275 ;
Node Count 319 Display 4
Property 2: Sitstone
Materal 2 : sitstone Transparency 4
B Mass .
Shrink...
Delete
n created.

> A mesh setflower ning] which has 19 nodes and 18 elements has been created.
> [Undo] Generate Mesh[lower ining]
> [Redo] Generate Mesh(lower ning]

> Work project is being saved by auto-save function.




Check material property for all

mesh sets.

@ - Display Mode (Mesh) >
Property Color
-Check property color under
Property tree

-Display Mode (Mesh) >
Mesh Set Color

‘l'(z

Geometry Mesh

A

Materil Property

/A Hinge ~

Prop./CSys./Func.

B

Define.

Oel@cges =~ -
Static/Slope Analysis
|l
Stage

Contact || Wiard g8

(3 stage set

B, smulate Stage i Volume Data Bxport

Construction Stage

Seepage/Consolidation Analysis

Dynamic Analysis

£8 pefine set
2 constraint

§H constraint Equation 18 Slip polygonal surface

GTS NX - [3. Construction of SCL Tunnel_mesh.gts]

Thermal Analysis Analysis  Result  Tools

B change Property o 1 P ]
5 o ot e ) ot 8h 224 14
) Table Woht ESLLO

Boundary Load

¢ Tunnel Modeing
2 Anchor Modelng

B4 soi Test

geelonml s me B #IM L&

fh R RrHE/p@RAACO+ BRLE IBOTHE O (8

Model X
| Tem D Color
| @ C\Users\jsyang\Desktop\Basic\3. .. [
-+ Coordinate System
&+ View Point
| B-## Work Plane
&4+ Datum
@€ Material
=HB Property
1D 1]
=9 2D 3]
"RY Top layer (Plane Strain.. 1 [—
TRy Siltstone (Plane Strain) 2 [—
["RY Sandstone (Plane Strai.. 3 [
U
HB Others [0]
v
i o HB Undefined 01 = J
Model Analysis Results
Properties X
E Mesh Set
D 6
Name sitstone
Color [ 705901
Element Count 275
Node Count 319
Property 2: Sitstone
Material 2: Sitstone
B Mass

Fa% | €.~ e

T Mesh Set (M)

Show All Meshes

Hide All Meshes

Shading +Wireframe Edge
Shading +Feature Edge
Shading

Wireframe Edge
Free-Face Wireframe Edge

Feature Edge

Mesh Set Color

Element Type Color

Property Color

Material Color

Front-Back Color

Change Mesh Color...

4 [Z) 3. Construction of SCL Tunnel mesh.gts x

Output

Random Color
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Assign constraints to model

boundaries and create self
weight.

@ Static/Slope Analysis >
Boundary > Constraint
- Auto tab
- Boundary Set: ground fixity
- OK

@ Static/Slope Analysis >
Load > Self Weight

-Gy: -1
- Load Set: self weight
- OK

dary Conditian

o Constraint >

Basic Advanced Auto

Name |Constramt71

B Select Object(s)

Consider All Mesh Sets

Boundary Set |ground fizdty ~ ‘ <

2| 4 Cancel Apply

o Gravity >

Gravity

Name Gravity-1

Reference Object

Type Coordinate ~
Ref. CSys Global Rectangular
Components

Gx | o |
o | 1
&z | of

Spatial Distribution

Base Function | None w

Load Set |selfweight v| <

G| & Cancel Apply

@R | £ - sasic v MeshSet(M) Ry ®® &
@R | £ - sasic v MeshSet(M) Ry ®® &




Seepage Boundary X
o Nodal Head Review
Assign constraints to model - T |
boundaries and create self Object ‘
. Type |Node v|
| weight. :
23] Selected 74 Object(s) |
- .
o Type @ Total (O Pressure
Seepage/Consolidation Orucion (B 7 [
Analysis > Boundary > Direction: Giobal Y
Nodal Head [Jif Total Head < Potential Head, then Q = 0
Object Type — Node Boundary Set v| &
=7 ok || cancel || Appl
Select all the nodes on . S

the vertical edges of the

model.

- Value: 20 m

- Boundary Set: GWL 1
® -ok




Assign constraints to model
boundaries and create self
weight.

@ Seepage/Consolidation
Analysis > Boundary >

Review

- Select the 3 edges forming
the upper excavation.

- Boundary Set: UPPER
REVIEW.

- OK

® Seepage/Consolidation
Analysis > Boundary >

Review

- Select the 5 edges forming
the lower excavation.

- Boundary Set: LOWER
REVIEW.

-OK

eepage 301§A conditio

Seepage Boundary x
Nodal Head Review
Name | Review-1
Object
Type  Edge v
[] Selected 3 Object(s) |
Boundary Set | UPPER REVIEW V|
EH & oK Cancel Apply
Seepage Boundary *
Nodal Head Review
Name | Nodal Head-2
Object
Type  Edge i
1= Selected 5 Object(s) |
Boundary Set | LOWER REVIEW v| &€
& & oK Cancel Apply

—
-
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Staged construction sequence

Shotcrete lining

I

EF—_———e—e—e— e e e e e

Numbers indicate sequence _
|— A of lining construction A-A Section

Tunnel built with New Austrian Tunnelling Method (NATM)
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b "4% Defi \.

Define construction stages of
the SCL tunnel.

Static/Slope Analysis >
Construction Stage > Stage
Set

- Stage Type: Stress
Seepage Slope

- Add
- Double click the
‘Construction Stage Set-1’

- Stage Name: IN SITU

- Show Data: Activate

- Stage Type: Steady State
-Select mesh, boundary and
load sets, and drag & drop
them into ‘Activated Data’ from
‘Set Data’. (as shown in the
figure)

This stage is for calculating
the initial seepage

conditions of the ground.

- Save

onstructio ~%

Construction Stage Set X
Neme | Construction Stage Set-2 [ ] .
n ] { 1o
Stage Type Modify - EEEE
Stress-Seepage-Slope c
te NaConsolidation gl
1o Delete o
2 d 1
1
fine CS 1
Fully Coupled Stress Seepage Heat
Close
Define Construction Stage X
Construction Stage Set Name Construction Stage Set-1 L4
Stage ID LINSITU v |2 | moveoPrevious || MovetoNext | Analysis Contral...
Stage Name INSITU | new | msert || Delete | Output Control...
Stage Type steady State v
SetData Activated Data Deactivated Data
"2 @y Mesh & @ Mesh Mesh
Default Mesh Set Default Mesh Set &5 Boundary Condttion
Lower Excavation Lower Excavation R Contact
Lower Lining Sandstone
Sandstone Sittstone
Sitstone Top Soil
Top Soil Upper Excavation
Upper Excavation =) Q Boundary Condition
Upper Lining £ GwL1
=-§§ Boundary Condition &5 ground fixity
£ GwL1 Contact
£5 LOWER REVIEW
8 UPPER REVIEW
8 ground fixity
R Contact




® - New

-Stage Name: Initial
Stress
-Stage Type: Stress
-Select ground boundary

| condition, and Loading
condition and drag & drop it
into ‘Activated Data’ from ‘Set
Data’. (as shown in the
figure)
-Click on “Clear
Displacement”.
-This stage calculates the
initial stress in the pre existing

ground.

- Save

onstructio ~¥

Define Construction Stage

Construction Stage Set Name

Construction Stage Set-1

~

Stage ID 2: INITIAL STRESS V% Move to Previous

Move to Next |

Stage Name

INITIAL STRESS

Stage Type Stress

SetData

Activated Data

Insert Delete |

Deactivated Data

(= lp Mesh
Default Mesh Set
Lower Excavation
Lower Lining
Sandstone
Sitstone
Top Soil
Upper Excavation
Upper Lining
=85 Boundary Condition
& GWL1
&5 LOWER REVIEW
& UPPER REVIEW
&8 ground fixty
=8 Static Load
sk sw

X Contact

=& Boundary Condition
& ground fixty
=8l Static Load
& sw
R Cortact

[y Wesh
@ Boundary Condition
£b Static Load
R Contact

O Analysis Control....
O Output Control...
O Sub Stage...
ol o e e e 1
I [ Clear Displacement J

T Tolope Stabity R

[ slope Stability(SaM)

IREE
11
3]

.
1
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onstructio ~¥

o Define Construction Stage
o - NeW Construction Stage Set Name Construction Stage Set-1 ~
-Stage Name: Water Stage ID 3: Water Ingress Upper Ex v /2] | MoveoPrevios | MovetoNext |
. Stage Name Water Ingress Upper Ex New Insert Delete ‘
ingress Upper Ex
Stage Type Steady-State s
-Stage Type Steady Set Data Activated Data Deactivated Data
State = Mesh | i Mesh 7 =l Mesh
@9 Defautt Mesh Set -8 Boundary Condtion i 8 Upper Excavation
' -Se'eCt "U PPER mli_nmcha;am 3 gﬂiﬁﬂ REVIEW g m:’ycandﬁm
" . - Sandstone
REVIEW”and drag & drop it @ Ststone
Top Soil
into ‘activated Data’ from ‘Set Lo bsgysion
B Upper Lining
) . =) Bo Col i
Data’ and Upper excavation T v
. . . , &5 LOWER REVIEW
into ‘deactivated data’ (as &5 UPPER REVIEW
) ) &5 ground fixty
shown in the figure) oo

- Save

Analysis Control...

Qutput Control...
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O - New
-Stage Name: Upper

RN

Excavation Stress
-Stage Type: Stress
- Check on: LDF

| - Load Distribution Factor
Current stage: 0.6

Next stage: 0.4
- OK
- Save

nstructio ~¥

Define Construction Stage

Construction Stage Set Name Construction Stage Set-1 N

Stage ID 4: Upper Excavation Stress v[=

Stage Name

Move to Previous Move to Next ‘

Upper Excavation Stress New Insert Delete ‘

Stage Type Stress v

SetData Activated Data Deactivated Data

g

Mesh

undary Condtion @ Boundary Condttion
ic Load &l Static Load

rtact X Cortact

(= Mesh
Default Mesh Set
Lower Excavation
Lower Lining
Sandstone
Sitstone
Top Soil
Upper Excavation
Upper Lining
=& Boundary Condition
&5 Initial Water level
£6 LOWER REVIEW
&5 UPPER REVIEW
@ ground fixity
= &% Static Load
sh swW

£

pmd
g

g

R Contact

Load Distribution Factor X

After Current Distribution

O Analysis Control...

O Output Contral...

[ Sub Stage. ..
=l ...

[] Clear Displacement

[ Siope Stability(SRM)

[ slope Stabiity(SAM)

Factor

Stage

Total | 1

Mesh Name
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O - New
- Stage Name: upper lining

RN

- Stage Type: Stress

- Select Upper Lining, and
drag & drop it into ‘Activated
Data’ from ‘Set Data’. (as
| shown in the figure)

- Save

nstructio ~¥

Define Construction Stage

Construction Stage Set Name

Construction Stage Set-1

~

Stage ID S: upper lining

- =

< Move toPrevious

Move to Next ‘

Stage Name upper lining

Stage Type Stress

SetData

Activated Data

Insert Delete |

Deactivated Data

| @y Mesh
Default Mesh Set
Lower Excavation
Lower Lining
Sandstone
Sitstone
Top Seil
Upper Excavation
Upper Lining
B $ Boundary Condition
&8 GWL1
£§ LOWER REVIEW
& UPPER REVIEW
@ ground fixity
-8 Static Load
b sw

R Contact

B 5 Mesh
@ Upper Lining
£ Boundary Condition
£b Static Load
R Contact

[ @ Mesh
&8 Boundary Condition
gb Static Load
X Contact

O Analysis Control...
O Output Control...
O Sub Stage. ..

] LDF...

[] Clear Displacement
[Jslope stability(SRM)
[ slope Stability(SAM)
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O - New
-Stage Name: Water

ingress Lower Ex
-Stage Type: Steady
State

| -Select “LOWER
REVIEW”and drag & drop it
into ‘activated Data’ and
Select “UPPER REVIEW” and
“Lower Excavation” and drag
& drop it into ‘deactivated
Data’ from ‘Set Data’. (as

shown in the figure)

- Save

onstructio

Define Construction Stage

Construction Stage Set Name Construction Stage Set-1. v
Stage ID 6: Water Ingress Lower Ex v 2 | MovetoPrevious | MovetoNext |
Stage Name I Water Ingress Lower Ex New Insert ‘ Delete ‘
Stage Type Steady-State v
SetData Activated Data Deactivated Data
= @ Mesh ‘ Mesh (= @ Mesh
Default Mesh Set = 8§ Boundary Condtion @ Lower Excavation
Lower Excavation §§ LOWER REVIEW &8 Boundary Condition
Lower Lining R Contact &6 UPPER REVIEW
Sandstone X Contact
Siktstone
Top Soil
Upper Excavation
Upper Lining

=88 Boundary Condttion
&5 Intial Water level
& LOWER REVIEW
& UPPER REVIEW
&5 ground fixty
X Contact

Analysis Control...
Output Control...
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O - New
-Stage Name: Lower

RN

Excavation Stress
-Stage Type: Stress
- Check on: LDF

| - Load Distribution Factor
Current stage: 0.6

Next stage: 0.4
- OK
- Save

nstructio ~¥

Define Construction Stage

Construction Stage Set Name

Construction Stage Set-1 ~

Stage ID

Stage Name

7: Lower Excavation Stress V‘:| Move to Previous
New |

Lower Excavation Stress

Stage Type Stress

Set Data

~

Activated Data

= @y Mesh
- Default Mesh Set
Lower Excavation
Lower Lining
Sandstone
Sittstone
Top Soil
Upper Excavation
- Upper Lining
=-&8 Boundary Condttion
&5 Initial Water level
&8 LOWER REVIEW
§§ UPPER REVIEW
- @ ground fixity
-8k Static Load
- Contact

[ @ Mesh [ @ Mesh
- £8 Boundary Condition S
£b Static Load
-3 Contact

Load Distribution Factor

After Current
Stage

O Analysis Control...

J Output Control...

0 Sub Stage...
r 1
=] LOF... :

[] Clear Displacement

[ slope Stability(srM)

[ Slope Stability(5AM)

Distribution

Factor

0.6

0.4

Total

Mesh Name
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¥ O - New
- Stage Name: lower lining

- Stage Type: Stress

- Select Lower Lining and
drag & drop it into ‘Activated
Data’ from ‘Set Data’. (as
shown in the figure)

- Save

- Close

onstructio ~¥

Define Construction Stage

Construction Stage Set Name Construction Stage Set-1 ~

Stage ID 8: Lower Lining v 2] | Move toPrevious || MovetoNext |

Stage Name Lower Lining Insert || Delete |

Stage Type Stress v

SetData Activated Data Deactivated Data

-y Default Mesh Set {9 Lower Lining &5 Boundary Condtion

Lower Excavation ﬁ Boundary Condtion % Static Load
Lower Lining % Static Load z Contact
Sandstone R Contact
Siltstone
Top Soil
Upper Excavation
Upper Lining

=88 Boundary Condtion
£ Initial Water level
--£8 LOWER REVIEW
6 UPPER REVIEW
&5 ground fixty
=& Static Load
‘R Contact

O Analysis Control...
O Output Control....
O Sub Stage...
O LOF...

[[]clear Displacement
[[] slope Stabiity(SRM)
[ slope stabiity(SAM)
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@ Analysis > Analysis Case >
General
- Title: SCL tunnel
- Solution Type: Construction
Stage

- Analysis Control
-Check on: Initial Stage for

Stress Analysis

- Initial Stage: 2:initial stress
- Check on: Apply KO

Condition & Cut Off
Negative Effective Pressure.

-OK
-OK
@ Analysis > Analysis >

7 Perform

- Check on: Analysis Case
-OK

Add/Modify Analysis Case

Analysis Case Setting

Title ‘SCL tunnel |

Description I | analysscontol B
Solution Type | Construction Stage - output Control B
Construction Stage Set Construction Stage Set-1 ~
Analysis Case Model

All Sets << = Active Sets
Solve Each Load Set Independently Sortng  |Name v Cancel Apply
GTS NX Solver X
‘ ‘ | Name | Type | Description |

SCL tunnel

[ check onfoft

Construction Stage

Analysis Control

General Nonlinear Age

Water Pressure

[J Automatically Consider Water Pressure

Initial Stage
[A Initial Stage for Stress Analysis
[+ Apply KD Condition

2:Initial Stress v

[ cut-Off Negative Effective Pressure

Initial Stress

[ Estimate Initial Stress of Activated Elements

Final Calculation Stage
(®End Stage Omiddle Stage

[(ISpecify Restart Stage
Restart Option
(O save only User Spedified Stages
(® Save Al Stages
Initial Temperature
[ nitial Temperature By Value
[(Jinitial Temperature By Load Set

Saturation Effects

1:In Situ

2:Initial Stress

None

A Consider Partially Saturated Effects for Stress Analysis

Max, Negative Pore Pressure
[/ Max. Negative Pore Pressure Limit

Initial Configuration

—

1 Estimate Initial Configuration of Activated Nodes

o ]| conce
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o Properties

. Defi
Check displacement of ground. =
Shape Type Deformed
Direction XYZ Direction
o .. . Factor 1
|OW€r Ilnlng > Dlsplacement > Actual Deformation True
= Undeformed Shape
TOTAL TRANSLATION (V) Line Color I 505050
Line Width 1
[ Dotted line False
Result > General > Smooth: 7 | undeformed
Fringe Deformed
Result > General > Deform: Deformed+Undeformed (Wire)
Deformed+Undeformed (Feature
Undeformed ( )
Deformed+Undeformed (Shading)
Result > Show/Hide > Actual Deformed-+Undeformed {Transparent)

Deformation

———
Properties > Deform o b

Entity Type  Color Value
| (@ Node Tag Color > I:DL?::‘H:;::I
ini i | ! I v =
@) lower lining > Displacement > | Ogement | rextcoor a2
Results -
TY TRANSLATION (V) || = 0.0023
Show Type D Value
| v Node 16754 0.0023
| v Node 16681 -0.0044
Result > Advanced > Probe |
- Max I
- Min E
|
| Max Min Abs Max Clear All
: [[]Min/Max Value of Each Part Close
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Check phreatic line inside the
ground.

@® N SITU> Nodal Seepage

Results>Phreatic Line/Face

@ \Vater Ingress Upper Ex >
Nodal Seepage Results>

Phreatic Line/Face

@ \aterIngress Lower Ex >
Nodal Seepage Results>
Phreatic Line/Face

N
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Check the seepage flow of
water into the tunnel.

@ Water Ingress Upper Ex >
Nodal Seepage Results>
Flow Rate

Result > Advanced > Probe
- Abs. Max
@ \Vater Ingress Lower Ex >
Nodal Seepage Results>
Flow Rate

Result > Advanced > Probe
- Abs. Max

Change the unit from “m”
to “mm”.

_ Abs Max: -272.2768 4

H.O(RJ@LR% ;,‘%Em ~3fsec

594
Q. -
0.1%
i
0.1%

9.0




O Result > Advanced > Multi
Step ISO

Analysis Set— SCL Tunnel

Result Category — Nodal
Seepage Results

Data — Pore Pressure
Head

Enter value as “0=tas
shown in figure)

Plot
Close.

Multi Step Iso Surface X
Output Data
Analysis Set SCL TUNNEL M

Result Category | Nodal Seepage Results v
Data PORE PRESSURE HEAD v

Step: Data

|/ Water Ingress Upper Ex:INCR=1 (LOAD=1.000

‘ In Situ:INCR=1 (LOAD=1.000):PORE PRESSURI
|¥]Water Ingress Lower Ex:INCR=1 (LOAD=1.000

Select Al | UnselectAl

Iso Value

e =01 o] | &
Close
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o Min

Check member force oftunnel

Max
lining.
g faro
| v | Exclude
© lower lining > Beam Element .
Wirefrarme

>
Forces > AXIAL FORCE Feature Edge

' Shading (Wireframe)
Result > General > No
Shading (Feature Edge)

Results: Exclude

@ lower lining > Beam Element IEELE 1 ox
Ttem D Color
Forces > BENDING MOMENT S lower lining A
YY =21 INCR=1 (LOAD=1.000)

& Displacements

(-4 Grid Forces

[+-# Reactions

=-ia Beam Flement Forces
&a AXIAL FORCE

&4 SHEAR FORCE Y

&, SHEAR FORCE Z

& TORQUE

&
“-f,a BENDING MOMENT Z
(-5 Plane Strain Forces

H-&a Beam Element Stresses

1 A Dlama Crninm Chracran

< > |

y Model Anzlysis Results
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CERTIFICATION TASK GUIDELINES

Online Course Assignment

Frst neene® Lant naene®
You can download the model files and a report template for your _ _
assignment mission. Please click the download button below.
Organization®

Emat®

In addition, please be noted that the assignment submission policy has
been changed. Click the 'Go To Submit’ button to hand in your
assignment. Submission through email is not accepted.

Upon completion of your submission, you will receive a confirmation of

Select the tie of the aniine course”

completion and the uploaded assignment will be automatically counted.

- Deadiine [N

- Submission: Click [Go To Submit]

formst ordy. (zoe detals beiow!

- Format: Only the provided report in docx or pdf file format.

ONLINE COURSE

ST ASSIGNMENT

MODEL DATA & TASK FILES INSTALLATION DATE - 11™ AUGUST

SUBMISSION ONLY VIA LINK, MAIL SUBMISSIONS NOT ACCEPTED

SUBMISSION DATE : 20" AUGUST
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* GTS NX Certification task for participants involves submission of file (.docx or
.pdf) with :

* Generating the model as shown in tutorial.

* Images/3D PDF report in the output.

* Short summary of model creation, and results.

SUBMISSION DATE : 20" AUGUST

SUBMISSION ONLY VIA LINK, MAIL SUBMISSIONS NOT ACCEPTED

KINDLY ENSURE THAT YOUR NAME & OTHER DETAILS
REMAIN THE SAME THROUGHOUT ALL THE SUBMISSIONS.




