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Modelling and Analysis Summary

This tutorial demonstrates the 3D simulation of the construction of a segmental tunnel lining. The
tunnel consists of ten rings with six segments each. For the placement of each ring, the slice of soil is
excavated and the ring with segments is installed simultaneously. Nonlinear line interfaces with

Janssen model are available for the bending stiffness of the joints between the segments.
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), [UNIT] KN, m




Soil Layers [unit : KN, m]

NETE Soil

Material Model Mohr-Coulomb

Elastic Modulus(E) [kN/m?2] 1e+06
Poisson’s Ratio(v) 0.3
Unit Weight(y,) [KN/m3] 20
KO 0.5

Unit Weight(Yg,) [KN/m3] 21

Drainage Parameters Drained

Cohesion(c) [kN/m?2] 10
Frictional Angle(®) [deg] 30
Dilatancy Angle(®) [deg] 0

Tensile Strength [kN/m?]




Structure [unit : kN, m]

Material Model Elastic
Elastic Modulus(E) [kN/m?] 3e+07
Poisson’s Ratio(v) 0.2
Unit Weight(y) [KN/m?] 25
Element Type Shell
Thickness [m] 0.2
Connection [unit : KN, m]
Model Type Shell Interface
Normal Stiffness Modulus (K,) [KN/m3] le+09
Shear Stiffness Modulus (K;) [KN/m?3] le+09

Thickness [m] 0.2
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° €. Open X
Start the tutorial by opening Lookin | | Advances v @ =@r
ile i i ~ Name : Date modified Type Beadlieu kb
the Start flle in WhICh the * $|1. Tunnel Lining Segments_start.gts 8/2772020 12:03 PM GTS NX Do
. . Quick access €412, Tunnel Lining Segments_geometry.gts 8/27/2020 12:03 PM GTS NX Do
mate”als and propertles haVe - $|3. Tunnel Lining Segments_mesh.gts 8/27/2020 12:04 PM GTS NX Do
al I’eady been pl’edefined . Descton $|4. Tunnel Lining Segments_analysis.gts 8/28/2020 9:28 AM GTS NX Do
n L
f Libraries
o FI | e> Open . Analysis Case Solution Type Results
- Select “1. Tunnel Lining -
This PC
Segments_start.gts’ W
- Open NE:[UWDrk
[Model Information]
Elem:
< > Node: 0O
File name: 1. Tunnel Lining Segments_start.gts V| | Open |
Add/Modify Material X 1° Add/Modify Property X
Mesh > Prop./CSys./Func. >
Material Mo Name Type Create.. |~ Mo Name Type Sub-Type Create '|
. 1 Soil Isotropic-Mohr-Coulomb 1 Soil 3D Solid
- Check materials 2 Segment Isotropic-Elastic o 2 Segment D Shell o
3 Segment conn... Interface and Pile-Shell Int... 3 Segment connect... Other Shell Interf...
) Copy Copy
A
| Delete
© Mesh > Prop./CSys./Func. > Delete
Import
Import...
Property Import from
. Excel
- Check properties 3 Renumber
) Export to Excel
" Renumber
Database Close
Close




Create a tunnel section
considering six segments.

Tools > Options

- Geometry/Mesh/Connections
tab

- Split Revolved Faces: 60°

- OK

Geometry > Point & Curve >
Circle

- Check on: Make Face

- Location: (0,0)

- Radius: 4 (m)

-OK

\W ing

Options

General Geometry/Mesh/Connections

Loads/B.C. Analysis/Results

G
?"Q;%r;emtr;m = Repair Facto
% Import I SplitRevolved Faces 60 I
El Mesh Set V| Geometry Clean True
@l Common Geometry Simplify  True
% Size Crl Repair Shape Level  Level 1({Normal)
- Layer Cirl =] Tolerance
Geom. Tolerance (m)  0.0001
E Medel Size
Large Model False
Circle x [a]% | £~ sasic
2D
Method

ollellolip |

Input Radius

Radius |

Method | Iput Radius

[~ Make Face

Geometry Set |Geometry Set-1

v L]

Pook

i| Cancel H Apply |

~ Al Geometries { ~
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e Protrude b4 [E® | €.~ Basc - A\IGejumetnes(' TiE s R @@-‘ o

Extrude Revolve Loft  Sweep
Create slices for tunnel

i | od Selected 1 Target Object(s) ‘
excavation. A
Direction
® | = Direction Selected |
® Geometry > Protrude > Oz rointsvedor [ x [y [z
Extrude 000
1,1,1

- Target: 1 surface
(O normal of Profile(s)

- Direction: Y-axis [ Reverse Direction

- Length: 1.5 (m) Method
1 - OK @ tengt
(O until [ select Tool Surface(s)
Imprint
e Transform e ‘i% &~ | Basic ¥ All Geometries ( T Tl WM O® F
(2] Geometry > Transform > Translate Rotate Mirror Scale Sweep-T 4| * |
Translate | od Selected 1 Target Object(s) ‘
- Target: 1 solid (slice) Direction
- Direction: Y-axis @ = Direction Selected |
. ()2 Points Vector || Y z
- Select: Copy(Uniform)
0,0,0
- Distance: 1.5 (m) o
- Times: 9
Method
- OK (O Move @ Copy ) copy
(Uniform)  (Mon-Uniform)
i 1.5
© Tools > Geometry > pistnce | |
Times g =]
4 Random Color | S|
Geometry Set |Geometry Set-1 v| EI

CI T s [N




Modelling the connections between lining segments

RV

a) Shell elements b) Solid elements
modelling tunnel modelling tunnel
lining lining
E
9 Pk
Modelling segment connection Unrolled and rolled tunnel lining

as a moment-free joint
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a Transform *

Translate Rotate Mirror Scale Sweep—TlIlZ‘

: Rotate slices and create

1% Selected 5 Target Objeci(s) |
Rotation Axis

model boundaries.

® | = Rotation Axis Selected |

(1) Geometry > Transform > [ tocation 0,0,0
ROtate O 2 Points Vector X Y i
a, 0,0
- Target: 5 solids
1,1,1
(slice 2,4,6,8,10)
. .. . Method
- Rotation Axis: Y-axis @voe O Copy O copy
- Select: Move (Uniform}) (Mon-Uniform)
- Angle: 30° angle 30| [deg]
_ OK Times 1z|
O x B 8- o o]l (RBIOO P
() Geometry > Surface & ®
Solid > Box Origin Pt. [OP] | *20.0,720|
- Origin Point; -20,0,-20 widhx o] | 4|
- Width X: 40 wanvowrl | )
Width Y: 15 | )
Helght 40 [+ make Solid @occs Qwics
- OK Geometry Set |Geometry Set-1 v| EI

@am [ e | o |




Automatically create shared

faces between tunnel
excavation and ground.

Geometry > Surface &
Solid > Auto Connect

- Method: Boolean

- Target: 11 solids (all slices
and ground)

- OK

Geometry > Tools > Check

Duplicate

- Apply

Please check shared faces after
creating 3D geometry objects.
Free face would be created when
mesh sets are generated on
unshared solids, and it will cause

inaccurate analysis results.

/ Modelting

Auto Connect

Share Face

Method | Boolean

| = Selected 11 Target Object(s)

B & [ concel || apply |

Check Shape

X

Check Shape Repair Shape Check Duplicates [ 4

[ visible Shapes Only

Tolerance 0.0001| m

Check Type
] check Duplicate Points

Include Sub-Puoints

Check Duplicate Edges/Wires
Include Sub-Edges

Check Duplicate Faces
Include Sub-Faces

Extract Boundary Topology

| Remove Duplicated Shapes

| Apply ||

Close

After Auto Connect =




J~ Isometric2
Generate mesh(Solid) X @R | &~ sasic - ‘Rmsmm‘vl IR® | ®®

Auto-Solid  Map-Selid 2D->3D

‘ = Selected 10 Object(s) |
Generate mesh for tunnel <
ize Method
excavation and ground. @size <
OD\vision 10
OAutomat\c
® Mesh > Generate > 3D More Lo 23
- Show only slices for tunnel
Default Tetra Mesher ~

excavation
- Auto-Solid tab

- Select: 10 solids (tunnel) broperty

- Size: 1 (m) 1: Soll ~| [na

Match Adjacent Faces

- Property: 1: Soil Meshset [sice v
- Mesh Set: slice
° Generate mesh(Solid) * fER | £~ sasic ~  All Geometries { RN ®®
- Apply _ _
Auto-Solid  Map-Selid 2D->3D
= Selected 1 Object(s)
@ - show ground box | |
Size Method

- Select: 1 solid @size [ sl[<

- Size: 5 (m) () Division 10
() Automatic
Mare Less 2.93

- Mesh Set: ground
- OK

Default Tetra Mesher ~

Match Adjacent Faces

Froperty

4 1: Soil ~ | | H&

Mesh Set |ground v

B | & |nd Cancel apply || ==




()4l Mesh Generation

-
N

° Extract Element X [al® | £ -] Fecerm L GG RS e £

Generate mesh for lining Geometry | Mesh
segments. Type [Face 9

‘ = Selected 6 Object(s) |

©® Mesh > Element > Extract ] Skip Duplcated Faces
- Hide all mesh sets Orientation (Element Z-Axis)
. Beta Angle: 90 [d
- Show only slices of tunnel e Angle: 90 [deg] b
excavation under Geometry Froperty
2 |2: Segment v|
tree
) . Mesh Set
- View Toolbar: nght [|Register Based-on Object Shape
- Geometry tab [JRegister Based-on Owner Shape
Register Based-on Owner Mesh Set
- Type: Face _
|rmglsegment V| By 6 = W BB £
- Select: 6 faces (segments) (2l e A Gromeest ~ I
. 0K Cancel E Apply i

- Check on: Register Based- | I |

on Object Shape

- Mesh Set: ring 1 segment

- Apply

@ Do the same for other slices.
(slice 2~10)

Drag with Ctrl key to select all
objects that are crossed by the

selection rectangle (crossing
selection).
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Shell interface element

TUNNEL SEGMENT

Radial (longitudinal)
joint (between
segments)

Circumferential
joint (between
rings)

Janssen material law includes four regimes:

Material W
D 1 Name |Interface ‘ color - 9
Model Type | Shell Interface

General  Thermal

Structural Parameters
Mormal Stiffness Modulus(Kn} 37100000| kn/m3

Shear Stiffness Modulus(Kt) 371000 | kn/ms3

Coulomb Friction

Cohesion(C) 3.2| kN/mz

Frictional Angle(®) 17.8| [deg]

Nonlinear Moment-Rotation : Janssen's Law

Parameters for the shell interface element

» No transmission of forces and bending moments for tensile direct force (loss of contact)
» Linear elasticity for small rotations and small shear stresses
» Nonlinear elasticity in the moment-rotation response for larger rotation

» Perfect sliding plasticity (Coulomb friction) for larger shear stresses




interface element

Use of shell

Example of shell interface elements
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eNe ation

° Create Interface > el | £~ Basic * AlGeameties( v | (L L = [ R B BB P
Create line interface between

Line  Shell  Plane

segments and rings. Eement | 13523

Method

Type |From Mesh-Set (T/X-cross type) |

©® Mesh > Element > Interface

Farameters

- View Toolbar: Isometric

| =) Selected 60 Objeci(s) ‘

- Hide slices of tunnel

Property Farameters

excavation R I

- Shell tab Register Intarface Mesh Set Separately

- Type: From Mesh-Set (T/X- [ create Other Element | Rigid Link -
cross type) Property

- Select: 60 mesh sets (all | 2| 3 segmentcomnection
segments) Mesh Set |segment connection-1 v|
- Property: 3: Segment Fok || cancel || apply |
connection

- Mesh Set: segment
connection-1
-OK
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° Show Al Show

. . Hide All Hid
Create line interface between o€ ae

Show <-= Hide Show Only
segments and rings. Hide Only
Add b Hram <= Mk Include/Exclude Mesh Set ltems X
New Mesh Set T e e T
@ - Hide all segment mesh sets Delete All Mesh Sets S ———— @ Element ONode
. . Delete Empty Mesh Sets Display Mode 4
- Right click Mesh tree and — , @ Indlude O Exclude
Display Mode 4
select ‘New Mesh Set’ for ey Transparency ’
) Display 4 s | =] selected 36 Object(s) ‘
segment connection of each Transparency 3 - _
Delete [Ipelete Empty Sets After Operation
»
slice. Sort Rename (£2) Z o T
- Right click and select
‘Rename (F2)’ to change
mesh set name. (segment
@Ry | €. | Basic ~ Al Geometries{ * | 1. 11 MR F

connection-2~10)

- Right click each connection

mesh set and select ‘Include

Element’. Then, drag to select
4 each segment connection,

respectively.
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° Mesh Set X [Oeadae == 7 GTS NX - [3. Tunnel Lining Set
WP/ Geomety M | StatiSlope Anchss  Sespage/Consoldatin Andyss  Dyamic Anabes  Themmel Ansbss  Ansbss  Resut  Took
Change the name of mesh ; el [T]. [ como. prop. o) AFpef.sze | @10 Bgrenzme 1@ eaude (4 sweep || g’ Trans. %
R ; S )
ename feonyRlikCieatciiD e EI;“ EI:“ +£ csys F tinge ~ || 1=+l o Prop crl. || @20 -0 W copy [ Dwide || g Revoive I Project || G5 Rotate #sce %
. Materl Property | Sgp Loyer 5 Remesh b M3} sweep ||
sets to COnSIder the Function ~ Cul. - control }ap} watch seed || @p3p i create e B offset || gl Miror %
‘ E Selected 10 Object(s) | Prop./CSys./Func. Control Generate Mesh Set protrude Transform
construction sequence. Sorting Order #Gefoumi:#ao e B #0M B %% R RE QA QAIOCC+ HEE
A Mode i x
Coorcinate Ttem b} Color 8% | £ -] Basic T Al
CSys | Global Rectangular M & Export Shape ~
(%% Mesh Control
@ Mesh > Mesh Set > Rename 15t 2nd 3rd & o o e
X o Y - 7 - [ Default Mesh Set Show All
- Show only tunnel - ground Hide All
[IE ring 1 segment
. Base Point of Mesh Set (Bounding Box) -1 ring 1 segment-1 Show <-= Hide
eXCEivatIO n . [é ring 1 segment-2
@ Center O Min O Max [ ring 1 segment-3 »
- Rename tab [é ring 1 segment-4 Add
Order [ ring 1 segment-5
) ) @ ring 2 segment MNew Mesh Set
- Select: 10 mesh sets @ Ascending (O Descending - ring 2 segment-1
168 ring 2 segment-2 Delete All Mesh Sets
- . i Naming Rule -6 ring 2 segment-3
Name: slice 9 | | 8 ring 2 seqment 4 Delete Empty Mesh Sets
. . Mame slice [ ring 2 segment-5
- Starting Suffix Number: 1 i Display Mode ’
Starting Suffix Number Trodel Anabss Resuts | Display »
- OK Properties
General Transparency 4
=2 oK Cancel Apply by Creation

(2] Right click Mesh tree and
select ‘Sort > by Name’ to

q 3. Tunnel Lining Segments_ mesh.gts X

change order of mesh sets outout

> Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
> [Undo] Add : Mesh Set Rename

> [Redo] Add : Mesh Set Rename

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

> [Undo] Add : Mesh Set Rename

> [Redo] Add : Mesh Set Rename
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Constraint X 18|y | L.~ Basic Al Geometries ( W O®

Assign constraints to model

Basic Advanced Auto

boundaries and create self

Name ‘Constramtfl

weight. 7]

Select Object(s)
[] consider Al Mesh Sets

@ static/Slope Analysis >

Boundary > Constraint Boundary Set | ground fxity v|[€
- Show all mesh sets | @ Cancel || Apply
- Auto tab

- Boundary Set: ground fixity

- OK ° Gravity >

Gravity
i 1 .~ | Basic Y eometries ( 7 & ®®R
@ static/Slope Analysis > Name  [Graviy T e A Geemetis e
Load > Self Welght Reference Object
-Gz -1 Type Coordinate ~
. Ref. CSys Global Rectangular
- Load Set: self weight
Components
- OK
Gx | D|
o | o]
6z | 1
Spatial Distribution
" Base Function | None w

E & Cancel Apply

Load Set |selfweight v ||
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Assign boundary conditions to

simulate the effect of support
by the tunnel boring machine.

Static/Slope Analysis >
Boundary > Constraint

- Hide all mesh sets

- Show only 9 slices (except
1stslice) of tunnel under
Geometry tree

- Advanced tab

- Type: Face

- Select: 1 face (front face of
slice)

- DOF Check on: Ty

- Boundary Set: bc2
(referring to the tunnel slice,
respectively)

- Apply

Do the same for other slices.
(slice 3~10)

undary C o\ 7

Constraint X
Basic Advanced Auto
MName |Constraint—6 |
Object
Type Face v
| = Selected 1 Object(s) |
DOF Symmetric Plane
I:‘ T Ty |:| Tz XY Yz
X
Urx Cry [re
I:‘ Anti-Symmetric
Boundary Set |bc2 v‘ <
E & oK Cancel || Apply £
Constraint X
Basic Advanced Auto
Name |Constraint—14 |
Object
Type Face R
| = Selected 1 Object(s) |
DOF Symmetric Plane
I:‘ T Ty |:| Tz XY Yz
X
Urx Cry [re
I:‘ Anti-Symmetric
Boundary Set |bc10 v‘ £

E & Cancel Apply

> iranstorm Setectea Geometries
into Super-Geometries




ohstructio

Name

Define construction stages of
the tunnel lining segments.

Construction Stage Set

Construction Stage Set-2

| dd

Stage Type |Stress

& Modify

No
1

Static/Slope Analysis >
Construction Stage > Stage
Set

Name
Construction Stage Set-1

Type Copy

Stress Fame

Define CS...

Close

- Stage Type: Stress

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

fE® | 6.~ sasic

REO®

T Al Geometries ( T

- Stage Name: initial phase

- Show Data: Activate

Construction Stage Set Name

Define Construction Stage

Construction Stage Set-1

Stage ID 1: Construction Stage-1 v|E Mave to Previous Move to Next [l Analysis Control...
- Select meSh’ boundary and Stage Name initial phase News Insert Delete (] Output Control...
load sets, and drag & drop stegeType  [Stress v fntial Conditon
! [[]pefine water Level For Global
them into ‘Activated Data’ from Set Data Activated Data Deactivated Data 0/ [None
g fing g segmeﬂtj IIEE %e“ 5 g g‘es"‘d cond [ pefine water Level For Mesh Set
t ) H ring 9 segment- groun oundary Condition
Set Data . (aS ShOWﬂ n the @ ring 9 segment-5 & slice-001 sk Static Load Input Water Level...
. @ segment connection @ slice-002 & Contact
f|g u re) & slice-001 & slice-003 O LDF...
@ slice-002 @ slice-004 . '
) @ slice-003 @ slice-005 | Clear Displacement
- Check on: Clear ) slice-004 @ slice-006 [ Slope Stability(SRM)
@ slice-005 @ slice-007
i @ slice-006 & slice-008
D|Sp|acement @ slice-007 @ slice-009
@ slice-008 @ slice-010
- Save @ slice-009 = &% Boundary Condition
@ slice-010 &8 ground fixity

= &k Static Load
sl selfweight
2 Contact
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onstructio

° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 b
. H Stage ID 2: excavation 1 ~ : i i
_ Stage Name excav at i O n 1 g Move to Previous Move to Next D Analysis Control
Stage Name excavation 1 Mew Insert Delete [l Output Control...
- Activated: ring 1 segments, StageType | stress = Initial Condition

[[]pefine water Level For Global

segment connection-1 and

Set Data Activated Data Deactivated Data 0m None o
b 02 EE- geth ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 1 segment Q slice-001
@ ground @ ring 1 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 1 @ ring 1 segment @ ring 1 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 1 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 1 segment-4
- Save @ ring 1 segment-3 @ ring 1 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-1 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment &6 be2
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

&% | L.~ ||Basic 7| [ A1 Geometries ( ]| 17 LW e®

SODN AR
S Ny

V.,
Wit
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 2 Stage ID |3= excavation 2 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 2 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 2 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-2 and

Set Data Activated Data Deactivated Data 0m None e
b 03 EE- geth ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 2 segment Q slice-002
@ ground B ring 2 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 2 @ ring 1 segment @ ring 2 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 2 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 2 segment-4
- Save @ ring 1 segment-3 @ ring 2 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-2 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment 6 bc3
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "



é&'i‘ & 5truc'o

° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 3 Stage ID |4= excavation 3 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 3 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 3 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-3 and

Set Data Activated Data Deactivated Data 0m None e
bC4 8 ®595Dh ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 3 segment Q slice-003
@ ground @ ring 3 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 3 @ ring 1 segment @ ring 3 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 3 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 3 segment-4
- Save @ ring 1 segment-3 @ ring 3 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-3 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment & bcd
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 4 Stage ID |5= excavation 4 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 4 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 4 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-4 and

Set Data Activated Data Deactivated Data 0m None e
b 05 EE- geth ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 4 segment Q slice-004
@ ground @ ring 4 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 4 @ ring 1 segment @ ring 4 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 4 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 4 segment-4
- Save @ ring 1 segment-3 @ ring4 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-4 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment &8 bes
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 5 Stage ID |\5= excavation 5 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 5 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 5 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-5 and

Set Data Activated Data Deactivated Data 0m None e
bC6 8 ®595Dh ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 5 segment Q slice-005
@ ground @ ring 5 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 5 @ ring 1 segment @ ring 5 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring b segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring b segment-4
- Save @ ring 1 segment-3 @ ring 5 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-5 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment S5 beé
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 6 Stage ID |7= excavation 6 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 5 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 6 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-6 and

Set Data Activated Data Deactivated Data 0m None e
bC7 8 ®595Dh ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 6 segment Q slice-006
@ ground @ ring 6 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 6 @ ring 1 segment @ ring 6 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 6 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 6 segment-4
- Save @ ring 1 segment-3 @ ring 6 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-6 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment & be7
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "



O -New
- Stage Name: excavation 7

- Activated: ring 7 segments,
segment connection-7 and
bc8

- Deactivated: slice 7

- Save

onstructio

Define Construction Stage

Construction Stage Set Name

Construction Stage Set-1

™ E Move to Previous

Stage ID 8: excavation 7 Move to Next
Stage Name excavation 7 | New Tnsert Delete
Stage Type Stress .
Set Data Activated Data Deactivated Data
= @ Mesh ~ | |2 @ Mesh =@ Mesh
Q Default Mesh Set Q ring 7 segment Q slice-007
Q ground Q ring 7 segment-1 8 Boundary Condition
Q ring 1 segment Q ring 7 segment-2 sl Static Load
Q ring 1 segment-1 Q ring 7 segment-3 & Contact

Q ring 1 segment-2
Q ring 1 segment-3
Q ring 1 segment-4
Q ring 1 segment-5
Q ring 10 segment
Q ring 10 segment-1
Q ring 10 segment-2
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

Q ring 7 segment-4
Q ring 7 segment-5
Q segment connection-7
= &% Boundary Condition
&5 bcB
sl Static Load
2 Contact

(@

D Analysis Control...

D Qutput Control...
Initial Condition
[[]pefine water Level For Global
0y MNone v
[ pefine water Level For Mesh Set

Input Water Level...

[ LDF...

[ clear pisplacement
[ slope Stability(SRM)

¥ | All Geometries ( "
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 8 Stage ID |9= excavation 8 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 8 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 8 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-8 and

Set Data Activated Data Deactivated Data 0m None o
ng 8 ®595Dh ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 8 segment Q slice-008
@ ground @ ring 8 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 8 @ ring 1 segment @ ring 8 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 8 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 8 segment-4
- Save @ ring 1 segment-3 @ ring 8 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-8 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment &8 bco
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1
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° Define Construction Stage X

o - NeW Construction Stage Set Name Construction Stage Set-1 ~ ‘
- Stage Name excavat | on 9 Stage ID |10: excavation 9 w7 |E ‘ Move to Previous H Move to Next | [l Analysis Control...
i i Stage Name |ﬂxcavaf'0" 8 | ‘ New H Insert H Delete | [ Output Control...
- ACt'Vated rl ng 9 Seg m ents ’ Stage Type |Stre55 V| Initial Condition

[[]pefine water Level For Global

segment connection-9 and

Set Data Activated Data Deactivated Data 0m None e
b c 10 EE- geth ~ |5 @ Mesh = @ Mesh [ pefine water Level For Mesh Set
efault Mesh Set Q ring 9 segment Q slice-009
@ ground @ ring 9 segment-1 &8 Boundary Condition Input Water Level...
- Deactlvated 'S | | ce 9 @ ring 1 segment @ ring 9 segment-2 sl Static Load
. Q ring 1 segment-1 Q ring 9 segment-3 & Contact D LDF...
Q ring 1 segment-2 Q ring 9 segment-4
- Save @ ring 1 segment-3 @ ring 9 segment5 [ clear pisplacement
Q ring 1 segment-4 Q segment connection-9 ngpe Stability(SRM)
Q ring 1segment-5 = &% Boundary Condition
@ ring 10 segment &8 bc10
Q ring 10 segment-1 sl Static Load
Q ring 10 segment-2 2 Contact
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

¥ | All Geometries ( "



O -New
- Stage Name: excavation 10
- Activated: ring 10 segments
and segment connection-10
- Deactivated: slice 10

- Save

é&'i‘ & 5truc'o

Define Construction Stage

Construction Stage Set Name Construction Stage Set-1 A ‘
Stage ID |11: excavation 10 b |E ‘ Move to Previous H Move to Next |
Stage Name |excavanon 10 | ‘ New H Tnsert H Delete |
Stage Type |Stre55 V|
Set Data Activated Data Deactivated Data
= @ Mesh = @ Mesh =@ Mesh
Q Default Mesh Set Q ring 10 segment Q slice-010
Q ground Q ring 10 segment-1 8 Boundary Condition
Q ring 1 segment Q ring 10 segment-2 sl Static Load
Q ring 1 segment-1 Q ring 10 segment-3 & Contact

Q ring 1 segment-2
Q ring 1 segment-3
Q ring 1 segment-4
Q ring 1 segment-5
Q ring 10 segment
Q ring 10 segment-1
Q ring 10 segment-2
Q ring 10 segment-3
Q ring 10 segment-4
Q ring 10 segment-5
Q ring 2 segment
Q ring 2 segment-1

Q ring 10 segment-4

Q ring 10 segment-5

Q segment connection-10
&8 Boundary Condition
sl Static Load
2 Contact

D Analysis Control...
D Qutput Control...
Initial Condition
[[]pefine water Level For Global
0y MNone v
[ pefine water Level For Mesh Set

Input Water Level...

[ LDF...
[ clear pisplacement
[ slope Stability(SRM)
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Analysis > Analysis Case >
General

- Title: lining segment

- Solution Type: Construction
Stage

- Analysis Control

- Check on: Initial Stage for
Stress Analysis

- Initial Stage: 1:initial phase
- Check on: Apply KO
Condition

- OK

- OK

Analysis > Analysis >
Perform

- Check on: Analysis Case
- OK

Add/Modify Analysis Case

Analysis Case Setting

Title |umng seqment ‘
Deseription | ‘ Analysis Control 8
Solution Type | Construction Stage ~ Output Contral 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 |
lining segment Construction Stage
Check OnfOff Cancel

Analysis Control

General Nonlinear Age

Water Pressure

DAutomat\caHy Consider Water Pressure

Initial Stage

itial Stage for Stress Analysis 1:initial phase
Apply K0 Condition

I:‘ Cut-Off Megative Effective Pressure

Initial Stress
D Estimate Initial Stress of Activated Elements

Final Calculation Stage

@ End Stage O Middle Stage 1:initial phase

Specify Restart Stage
Restart Option
@ Save only User Specified Stages
O Save All Stages
Initial Temperature
D Initial Temperature By Value
D Initial Temperature By Load Set None
Saturation Effects

D Consider Partially Saturated Effects for Stress Analysis

Max. Negative Pore Pressure

Initial Configuration
D Estimate Initial Configuration of Activated Modes

Max. Negative Pore Pressure Limit l:l ki/m2
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° Properties T X @Sy | £, - | None©) O :| LHE®
) Deform e
Check displacement of ground. CRDETem

Shape Type Deformed
Direction XYZ Direction

o . Factor 1
excavation 10 > Actual Deformation True
. = undeformed Shape
Displacement > TOTAL Line Color W 505050
Line Width 1
TRANSLATION (V) [] Dotted e False

v Und.e%u.:urmed

Result > General > Smooth: Deformed
. Deformed+Undeformed (Wire)
Fringe
R | G | > Def Deformed+Undeformed (Feature)
> > :
esult enera eform: Deformed+Undeformed (Shading)
Undeformed Deformed-+Undeformed {Transparent)

1000}, [UNIT] K, m

Result > Show/Hide > Actual
Deformation

Properties > Deform
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Check displacement of ground.

O excavation 10 >
Displacement > TZ
TRANSLATION (V)

Advanced View Control:
Clipping Plane

- Define Plane

-X:0m

- Add

- Close

- Close

@ Result > Advanced > Probe
- Max
- Min

N

Clip & Slice Plane Define Plane X
)( Name |X
Plane Direction
@x Ov Oz
()3 Points ()2 Points  (_) Element Face
Options [oegree
Display Capped Part Axis
[ pisplay Mesh Shape on Flane H Seledt Axis
[ Always Show edges Location 0,0,0
D Flane Color - 2 Points Vector X Y z
Plane Composite Intersection 0,0,0
(oo ] o

INCR=1(LOAD=1.000), [UNIT] kN, m

=4 Probe Results X S
Entity Type Color Value Tag Type
(@ Node TagColor [ | I%Lﬁ:?i!t\‘:t‘ ’?‘
(Oelement  Text color [ N 45
Results
Show ‘ Type ‘ i) ‘ Value ‘
Node 63 Max: 0.0016
Node 76 Min: -0.0011
\ Max Il Min || Absmax | cearan |
D Min/Max Value of Each Fart [UNIT] K, m

S -

& -

None (0) “ 7

*RWO®

KM OBIF




Check member force of tunnel
lining in circumferential
direction.

@) excavation 10 > Shell Element
Forces > MEMBRANE
FORCE XX

Result > General > No

Results: Exclude

Properties > General

- Output CSys: Global CSys e

- Apply

@ excavation 10 > Shell Element
Forces > BENDING MOMENT
XX

@ Because the tunnel advance is
defined in the global Y direction,
the global X direction is the
circumferential direction.

Properties Min b £ -] None©
|Genera|
=] General Max

Logo On/Off True Zera

uUntt On/off True S

Data On/Off True v | Exclude

[ File Name On/off False Vireframe

Unit/Data/File Text On/Off . 0oooon

Output CSys Global CSys Feature Edge

User CSys Global Rect3 ) .

[ shel Projectional False Shading (Wireframe)

Shading (Feature Edge)

| Apply |=1 000}, [UWIT] Ky, m
Resits * % Y & e B[ G RBIGG S
Ttem i) Colo

=121 excavation 10 ~

B@ INCR=1 (LOAD=1.000)
--ﬁ Displacements

# Grid Forces

# Reactions

-3 Shell Element Forces

1 & Chall lntmrfara Carmn

<

&2 MEMBRANE FORCE XX
£ MEMBRANE FORCE YY
£ MEMBRAME FORCE XY
2
£ BENDING MOMENT YY
£2 BENDING MOMENT XY
£ TRANSVERSE SHEAR FOR...
£ TRANSVERSE SHEAR FOR...

>

Model Analysis | Results

INCR=1{LOAD=1.000), [UNIT] Ky, m
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Check interface results of
segment connection.

excavation 10 > Shell
Interface Forces > NORMAL X

(out of plane shear force)

excavation 10 > Shell Interface
Forces > ROTATION Y
(bending moment in the joints

between segments)

N

Resufts r X
Ttem s Colo
=12 excavation 10 ~

E||Z INCR=1 (LOAD=1.000)

& Displacements

4 Grid Forces

# Reactions

i3 Shell Element Forces

= i Shell Interface Force
-

) TANGENTIAL Y

) TANGENTIAL Z

) ROTATION Y

Shell Element Stresses

i il Solid Stresses

#-@ Solid Strains

W
< > |

Model Analysis Results

INCR=1{LOAD=1.000), [UNIT] Ky, m

Resufts r X
Ttem D Colo
=121 excavation 10 ~

E||2T INCR=1 (LOAD=1.000)
&8 Displacements
# Grid Forces
# Reactions
£3 shell Element Forces
=@ Shell Interface Force
) NORMAL X
) TANGENTIAL Y
) TANGENTIAL Z
=
Shell Element Stresses
il Solid Stresses
F-@ Solid Strains o

< > |

Model Analysis Results =1.000), [UNIT] kN, m

(@] | €.~ Nonero)

[E% | £~ | None(o)

*RWO®







