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Material Properties

Material
Model

3D Tunnel Excavation

Modulus of
Elasticity
(kN/m?2)

SOIL Mohr-Coulomb

Material
Model

CONCRETE Elastic

Modulus of
Elasticity

(kN/m?)

2.73E+07

50000

Poisson’s
ratio

0.18

Poisson’s

ratio

0.3

24

20

Friction
angle

Saturated | Cohesion
unit (KN/m2)
Weight

(KN/m3)

21 30 36
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Step

01

1-1 Initial Setting

Procedure

Starting Midas GTS NX

Click on GTS NX icon > New
Project

Enter the Project name as 3D
Tunnel & Engineer XYZ.

Select Model Type as 3D.

Select kN ,m and sec in The Unit
System.

Use the Default values for Initial
parameters.

Click OK.

@ ® 90 ® @

LU

HNew
Create a new document 1

===

L R R N R N R N N N N N J
~ Open
y Open an existing document

Save
H Save the active document
—§ SaveAs...
H Save the active document
with @ new name
q Import
d Import the selected file »

b Export
Export the active documentk

_ +, Close
I Close the active document

Close All

hl Close all documents

LoDl dge =M= )7
@

I Recent Documents

1 1 C:\Users\...\Geogrid_3D.gts

2 C:\Users\...\Geogrid_3D.gts
3 GLOBAL SUPPORT2.gts

4 tailings_23052020.gts

5 Bridge_Mew.gts

6 TURBINE_2d.gts

®@ ®

()

©

Analysis Setting

:Project Title

L o o

Desc.

pet

Engineer

i- Model Type
1

1 ® 3D
1

1 O

1

1

Omdsymmetric

Gravity Acceleration(qg)
Initial Temperature

Plane Strain Thickness

I InTtial Farameters ™ \Water Parameters

Gravity Direction 1

1

Oy I

1

@z I

1

1

——

~ ] ~ | sec v:

9.80665 | m/secz |

I
3
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Step

02 2-1 Defining Soil Material

Procedure N0 R S Material %
N s

Isotropic

o ) ) i Geometr): Mesh %tﬁtidslope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools D 2 Name Colar I:I -
Defining Soil Materials | @ im. e ) AL 0ot sue || @ 1D By Rename |@exrude [ sweer | BT ‘@---------______________,
PEPLES I model T Mohr-Coulomb -
"‘“l " «(1" /L/H' v ‘{i?P - ﬂz %ZD—HD ‘;C EBD . ﬁﬁ * BP - ™ ol I odel Type ohr-Coulom Dptructure
. Materiallpmperty . CSys inge SET yer B rop Ctrl, ﬁnemesh y opy vide ELLE L HR' Ro S |
0 Go to Mesh > Material == i Funetion ~ Cul.  Control 1] Match Seed || @D H Create i B offset | gl Min General Porous MNon-Linear Thermal Time Dependent
. . Prop./CSys./Func. Control Generate Mesh Set Protrude | e R -
@ Click on Create. Select Isotropic . . . . . \/: Elastic Modulus(E 50000
P TP T ENE P TEAARENEI Y TP Y - TV T A e [ o] me
@ Select Model type as Mohr- R Ty A Tme
Coulomb _ _
i Inc. of Elastic Modulus Ref. Height
0 In Ge_neral tab, Enter the value of 9_______ I Poisson's Ratio(v) I
Elastic modulus (E) =50000 Cre - I _ I
KN/m2 Mo Mame Type 1 ate... | Unit Weight(y) KNfm2 |
Lemrmmoemme——————— = ————

Enter Poisson’s ratio= 0.3, Unit o =
We'ght = 20 kN/m3. 2D Equivalent

I Ko Determination 0.412214748

@Automatic
Interface and Pile
(") manual Anisotropy B
Import Thermal Parameter
i 1le-006
Import e Thermal Coefficient 1/[T]
Excel Molecular vapor diffusion coefficient I:l m2(sec
E b Thermal diffusion enhancement I:l
Damping Ratio(For Dynamic)
[ ] safety Result(Mohr-Coulomb)
Close Cohesion(C) 30 | knfmz
Frictional &ngle(d) 36 | [deg]
Tensile Strength 0] knifrnz

Gl | o
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Step

02 2-2 Defining Soil Material

Procedure

@ Go to Porous Tab > Enter Unit
weight (saturated) =21 kN/m?3

@ Keep Drainage Parameters as
Drained

® Go to Non-Linear Tab > Enter the
value of Cohesion = 30 kN/m?2

(4) Input the value of Frictional
angle =36°

@ Enter the name as SOIL.
@ Click OK

-———
oSenera Porous| Non-Linear Thermal Time Dependent
\_/ - ol

: Unit Weight(Saturated)
L —— =
Initial Void Ratio(eo)

9 [Junsaturated Property
\_4‘———————————————————————l

Drainage Parameters

£

1

1 :

1 Drained

1

o ] ] o) 5 o S O e e e e e e e e
Skempton” s B Coefficient 0.97826087

Seepage & Consolidation Parameters
Permeablity Coefficients

x| & [ &

| le—DDS| ‘ le—DDS| | 1e-005| m/sec

[Jvoid Ratio Dependency of Permeability(ck) 0.5

Specific Storativity(Ss) 3.230213 1/m Auta

Material X Material X
[ Y
Model Type | Mohr-Coulomb w |:|Structure Model Type | Mohr-Coulomb w |:|Structure

—— -
General Porogg, ion_ii&eil Thermal = Time Dependent

JP = e )

T conesonce) _ L _ ] oy

Inc. of Cohesion I:l kM/m3

e-mﬁwwaewm__-.m.__l
L oo o L _ 38 el ]

[ oilatancy Angle 36| [deg]
[JTension cut-off

[

Tensile Strength 0| kpfmz
Cut-off Yield Surface

Pressure Rankine

\I-é —_———
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Step

02 2-3 Defining Structural Materials

Procedure (@ a@a.ﬁn_« == )s

Material 9 >
Geometry Mesh l Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools e ————

Deflnlng Soil Materials 1 Tl mmp 'ﬂ'rop F & Def. Size %ZD- - Elgrename [Bedude ff sweep  F' T S
>

@0 060

Go to Mesh > Material

Click on Create. Select Isotropic.

Select Model type as ELASTIC &
Click on STUCTURE BOX.

Name it as CONCRETE.
Click OK.

1 "" J ‘{, CSys =+ 1}? Prop Ctrl.

Control Generate Mesh Set Protrude

smtim e mle| B H M RE T R RHEI QBRI

Add/Modify Material

*
P ——
Type S = I
Isotropic-Elastic 1 Isotropic 1
Isotropic-Mohr-Coulomb '---E;};;;}E-----

2D Equivalent
Interface and Pile

Import

Import from
Excel

Export to Excel

Renumber

Database

Close

%" Copy @E Divide ﬁ Revolve B Project ﬁ Rof Model Type | Elastic ~ . Structure

5k Layer R h
et control =] Match Seed %3[} ﬁ emes H Create =i & offset | gl Min

General Thermal Time Dependent Temperature Dependent @

Elastic Modulus(E) kM/m2

Inc. of Elastic Modulus 0| ki3
Inc. of Elastic Modulus Ref. Height 0| m
Poisson's Ratio(v)
Unit Weight(y) kM/m3
Initial Stress Parameters
Ko Deter mination 1
Automatic
Manual Anisotropy B

Thermal Parameter

Thermal Coefficient 1e-006 | 1/[T]

Molecular vapor diffusion coefficient 0| mzfzec

Thermal diffusion enhancerment

Damping Ratio{For Dynamic)

0

Safety Result(Mohr-Coulomb)

Cohesion(C) 30| knjmz
Frictional angle(m) 36 | [deg]
Tensile Strength 0| knifmz2

(5) P | [ i
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Step

X!

Procedure

Defining Property

@ 000O

3-1 Defining 3D Property (SOIL)

beldga=r-

Mesh

B
El IE |E‘,Com-p-P:m

Geumetrr |

Static/Slope Analysis

-

Seepage/Consolidation Analysis

% /"S.,, Def, Size

Dynamic Analysis

% 20->3D

Aniahysis Result

lg Extrude [’@ Sweep

Thermal Analysis

Rename

Go to Mesh>Click on Property - ||p l"f. CSys /7 Hinge ~ o Pmp ctrl. E‘ . qCOD‘f EE Divide ﬁ Revolve Bproject
. aterial IPrope yer Remes
Click on Create. Select 3D € =~ —F% Function ~ cu? COntrol !y uatch Seed @ . i reate P g offer
Name it as SOIL = Prop./CSys./Func. Control Generate Mesh Set Protrude
Select SOIL from Material drop- Add/Modify Property %
down menu. " Create/Modify 3D Property >
Click OK. Mo Name Type Sub-Type 9 |
Solid
1D...
.. 3]
"""""" | S ——
L o [r ] ineme [soul !l color ]
Other - -
ITIPOTT
[ i ]
Renumb \ Material 2: Sail ~ | E
- L L ") |
Material CSys Global Rectangula
Close o ————
S e
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Step

03 3-2 Defining 2D LINING Property
|

Procedure N Deddage=m=
“% f=———

) Geometry | mesh I Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

.. _oeome i
Deflnlng Property @d @ lE‘,Comp Prop. "\, Def. Size %2[)_}3[} Rename lgE)rtrude fQSweep gTr;
i F{ CSys H Hinge ~ IH' \ 1&? Prop Ctrl. ‘;Cc»py EE Divide ﬁ Revolve ‘LBProject “Rm
@ Go to Mesh>Click on Propert 4 Pmpeff{ &L D e . &
p y T A Function ¥ cerl. Control §Match Sead &3 HH Create ﬂFiII ﬁ Offset Hm Mir
g CI|Ck on Cl‘eate. Se|eCt 2D \_/ Prop./CSys./Func. Control Generate Mesh Set Protrude
. e T I ENE T TE A A NE I Y S IP Y - TN 3!
©® Click on Shell,
g Name |t as LINING. Add/Madify Property 9 IEI ‘CI"EBTE!MDdiW 2D Property x
' ST e =1 TN,
@ Select material as CONCRETE. S F— Type soorype 1| Create |9‘ L) — J—
@ Enter T/T1 as 0.25 m. bt e P o e ey Shell I Plane Stress Flane Strain Geogrid(2D)
Ll Fe=—————
@ Click Apply. 0. 1 -
SIMILARLY CREATE SHELL O o 7 | neme mng Tooor [ ]}
PROPERTY AND NAME IT AS — \'L __________________________
INTERSECTION LINNG D - T —
CLICK OK. ' Material CSys
@ csys Element CSys s
Close OHI"IQ|E 0
Thickness
[+] Unifarm Thickness
Base Function None by
[ e 1
@ 1T 0.29| m| T2 1
T3 1 T4 1
Cancel : Apply j
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Step

04 4-1 Geometric Modelling- Redefining Grid Size

Procedure .‘ (_@ OB cige =m = 5 | | GTS NX - [task_geo.gts]

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Resuft Tools
% Create O'a Project E.l Create E Modify Topo. E& Extract :|§|: ]

o GO to Geometry > POlnt ,_E‘I" E‘f E‘,Comp Prop. _._':p /&,Def Size %2[)_} Rename IgExtrude [’&Sweep ETmns. ﬁ:SGIe

g Enter width as 1m. s Property‘{ Csys /7 Hinge ~ ? ;’ﬁ? Prop Ctrl. ﬁRemesh ;ﬁ"copy BHovde | @ revole I project | [ Rotate 1 sweep 9( Delete Bilalon || T elete [[{]parameters  [{]omide §-p
hﬁFunct\on‘ Ct’ "”t'°| -&EMatch Seed &3D HH Create EHII ﬁ’[}f'fset gﬁl’dmor - %JMerge c{icsys RModrﬁr mconnemon gIMeasure MF
e C||Ck user defined and enter lOO Prop./CSys./Func. o Control Generate Mesh Set Protrude Transform Mode Elerment
® Click OK. 4 [Blépenmy ﬁﬁw—mﬂﬂrl:ﬁc N L& D2 RE QBRI CC+ HEL @FOFHE O-2-9a/F;
Define Grid Pt
Size

. !

Number (7) Automatic Setting

| @userpsfined | 1092] !
I

®@ ©

Location

@A O O O3 04

== @9| Cancel
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Step

04

4-2 Geometric modelling-Creation of Circle

Procedure

Go to Geometry > Circle

Select Method as Input Center
Location and Radius.

Enter the Location as 0,0.
Click Apply.

Enter the Radius as 2.8.
Click on Make Face.
Click OK.

OO d ®©O

LU

)

®

A

Geometry || Mesh

NP O™ X X
R o Al

Static/Slope Analysis

o=
BODD

Seepage/Consolidation Analysis Dynamic Analysis

& HE D O

Bedding Solid Surface Solid Surface @ Extrude
cHoevh FO® N B
Point & Curve Surface & Solid Boolean Divide Protrude
Circle x Circle X
2D 2D
Method Method

i .

1010 QB ©| 0 QO B

1 |

| Fepp——

Input Center Location

|
I Location 0,0y
R o e

Geometry Set

Method ABS x, ¥ v
[ IMake Face
v

& oK

Cancel

@ ©

Input Radius

e —
1 Radius 2.4

[ T T T T T T T T T T T

Method | Input Radius >

1
: [“IMake Face

Geometry Set | [EZdul=igTRel- ol

@/ -—— e

\ 1 oK Cancel Apply
5@ Lo o
~g~
~
~

Thermal Analysis

@ Loft
? Sweep

Analysis

O Rotate
ﬂlﬂ Mirror

(3/! o

/eBE-1%
Coaevuhk

Result Tools

@Revolve 0*0 Translate 8 Scale

»? Sweep-Translate EEE Attach

3 Project

Transform

~
NN‘

2 woem ). Tunod inersacion wihous 2.1 4%

D Tunes lotesecion without HP.gts
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Step

04 4-3 Geometric modelling-Changing the Work Plane

41

()a@adu« e

@ Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis

@ GotoMove Work Plane.
. o@@@f_)(*—af@ a@L__l @4;&7 ngRevowe
Loft

Click on Select Plane.
g Select the plane as shown. E{: § g g :; [?j EZ g CS) g g Sgfag0 | Sold surfece || Sold  Surface | Extrude P sweep ﬂ|n
@ Click OK. Point & Curve Surface & Sold Boolezn Divide protrude
% 1/@]5 g e 0 o L[| pfie B 4 N T & o T 2 PR &)
Move Work Plane X '

Ref. Plane Three Points Mormal

@ | =) Select Plane ‘
~
Offset §~§ ]
~
[ ] origin 0,00 . . :
~o
y |
-
[ ]Reverse Normal : -~
-~

Reset to GCS

|:|Save
o

2@ L ok il conee
o
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Step

04

OO0 O®00

4-4 Geometric modelling- Creation of Cross Passage Section Circle

Click on Front View.
Go to Geometry > Circle

Select Method as Input Center
Location and Radius.

Enter the Location as 25,0.
Click Apply.

Enter the Radius as 1.5.
Click on Make Face.

Click OK.

L2/

41

GTS NX - [NXGT1]

() De@cdgea=m-

Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anabysis Thermal Analysis Analysis Resul Tools

=8 |®I® @ f_ x =5 a @ @ % et E ! TEF’Revohre @Translate Scale @Remove ﬂgFacejEdge
n/ (‘F Q g - 9 /(/ @ Q @ % éid; (S? E‘hce E@ ﬁ E%e gLoft ORomte @Sweep Translate EEE Attach Extract !:KRemove Manual
C\ D Q @ of ﬁj [l’u @ @ @ EH ¢ ﬂ|ﬂMirror Bproject

SHEDE ﬁ Explode % Imprinted Obje:
Point & Curve Surface & Solid Transform

Boolean Divide Protrude Sub Shape Remove/Modify

mu b 0 o fpmfe) B M L& % ? B @.Emctoowm—grﬁ‘ﬂﬁiﬂ@

| |‘@|% g G5 Basic W‘ NS @ | I\QJ |@ E
REERE. O O O O A O O O Circle X
Circle >
| L . 1w
2D
Method
(3 NS G QB
N 1 " :
| - Input Radius
Py — Input Center Location M N o . o I ' | g —————————— - —_—
e L L L L L L L . 1 Radius | 1 ﬂ| I
\ l Location 25,1 I \-/
———————————————————
D e ] L !
i hod L I Method | Input Radius ~
Method | ABS x, y ¥k 5 s == 1
Make F
[]Make Face (3 @ - !_a_e _aci -]
: Geometry Set | Geometry Set-1 v| — <- -~ Geometry Set | Geometry Set-1 \/|
| intd: I I i N
| | ----- — OK | Cancel Apply
1 0K Cancel Appl : :
| @ m 1 -
—————

9

L.,
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Step

04

4-5 EXTRUSION - 2D TO 3D SOLIDS CREATION

Procedure () OelBdcdgew =~

@® © 0 ©

Goto

I Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

L
Geometry>Protrude>Extrude + PO XT OoH~= Revolve
Select Extrude. S g - A /0B @ d g L_-l @ ﬂ£7 gT Epm&

Bedding Solid  Surface Solid Surf“‘" Extrude
Select the cross passage 2D cCOGeyLOh PO ° Fhe 0‘ e SLEE
circle as target object. Point & Curve Surface & Solid Boolean Divide Protrude
Click on the X-axis as selected : X I@, g ) m ﬁl‘{’ j_.\_,| H H | # g ‘Bl | 3¢ & | 9 2
direction.
Iprotrude X
Enter length as 15m. 9 I * Datum Avis00 7 | R WO ®]F
| rude Revolve Lo wee) ; T
Click Apply. ¥ L ZLLRerhe Lt Sweep
| T T Tselected 1 Target Object(s)
© L TEETEIEEo
|-© = irection Selected
@/ le Direction Select A
OZPUintsVector X Y z \ i

() Normal of Profile(s)
[JReverse Direction

®
i
?

@ Length
T Ountl | ENSelee: 100 Strfacels)] | | |
Imprint

] Make Solid

[Jextend Geometry
Fuse Cut

2] Select Base Shape

| Geometry Set ]

| |2 | oK Cancel Apply
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Step

04 4-6 EXTRUSION - 2D TO 3D SOLIDS CREATION

Qarf_aadr:uh = s

o Goto Geometry 1 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys
Geometry>Protrude>Extrude + @ @'@'?— X% B HEA a % L_-l fj@ ﬁ "T'ﬁ;a Revolve
Select Extrude. - A = fi

@ D/o Q 8 g -?‘ g & 0 . Begdlng Solid  Surface Solid Surf“"" Extrude w0

@ Select the Main Tunnel 2D S eYRlh JOH N o — == sweep
Circle as target object. Point & Curve e Surface & Solid Boolean Divide Protrude

(1) dC.Iick on the Y-axis as selected P Iu Liemm -"Eﬁ]#r“_. \’|| YIRS

Irection.
Protrude % .JLt)‘ \'d '| Basic ~ - Datum Axis (X) ~

@ Enter length as 50m. i ; ;

. 9 lEﬂEd:Jevolve Loft  Sweep
@G Click Apply. e
| T T Seleced 1 Target objeas) |
@ Click to activate/deactivate the (3 B L"’___S_'efeif_gl“_b]ei‘(_)___-'ip
grld \/ Direction n
) 9 [ @ Direction Selected o 4~ . /',
\/ g O 2 Points Vector X ~ ~ Ty -~
0,0,0 ]
1,1,1

(O Normal of Profile(s)
[JReverse Direction

paosb o d

N (@ Length Sl <

o

T O T TERSEE o siace s
1 Imprint
Make Solid
[lExtend Geometry
Fuse Cut
H Select Base Shape
]
| Geometry Set v |
MR oK Cancel Apply
. —_—l
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Step

04 4-7 BOOLEAN SOLIDS CONNECTION

1l

Procedure () REBoda -

Geornetry‘l| Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analys
e

@ Goto +@BOIrXxT BOEE ICOq! R Revole
Geometry>Boolean>Solid SO Z et A AQF G I I |E'_-| @ 4?}7 gT I J
C\ U & @ '“‘/ m uﬂ s @ & m Bsgﬂlgg LSo_I»d_lSurface Sold  Surface Ex'trude?sweep
@ SeIeCt Embed Point & Curve Surface & Solid Boolea‘r\ / Divide Protrude |
© Select the Main Tunnel as X B]o gice e o i[dHlam| (18] FE oM T & (% Tl T2 2B
target object.
g ) Boolean 9 X
@ Selectthe Cross Passage as -
target object. ===
Fuse  Cut Common l_E_rTIEEij A
@ Deactivate Delete Tool. L Emm——— 1
L
@ Click OK. @ : o Target Selected i --~~-----
sl -~
o i| 5] Selected 1 Tool Object(s) "“~--__
W SEmmmmm T v~ -y
:|:| Delete Tool 1 Sw
@| e ~
@@l 20 T} concel | [ oey

6
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Step

04

Procedure

© ® ®©®

4-8 AUTOCONNECT CROSS PASSAGE

Go to Geometry>AutoConnect.

In the model tab, deactivate the
main tunnel solid.

Click on Select All and the two
solids are selected.

Click OK.

OeBcddew=m= -+

() e =
)I Geometry I Mesh

Static/Slope Analysis

&8 @B@i"x*_f g @ k=2,
SOEE -4 B QB

Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

Y0 D g5

Beddlng Solid  Surface Solid  Surface Extrude
CHcevh @O @ Sweep
Point & Curve Surface & Solid Boolean Divide Protrude
%S| m Lﬁ]aﬂj— BTN RTINS
Model
Item D Color u% | “'"'.“ M | Basic 7 Solid (D) | & @ |l® =® |
----- A View Point -~
(-4 Work Plane Auto Connect ><
r-4+ Datum
-1 Material Share Face
=-HB Property
=N r@ Geometry Method Boolean W
=F@G try Set-1 1 -
ipe r@e:um;ai [;] d@ Selected 2 Target Object(s) k -~
P r@ Clrcle . ~
= || N [— T T T

g Bedding Plane
&8 Export Shape
- Mesh Control

- M Mesh
-2 Contact
.M Clament Daramatare a
< >

Model| Analysis Results

Cancel Apply

| EEe [0

S
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Step

W 4-9 MERGING SOLIDS
|

() D28 nem =

Go to Geometry>SoIid . Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Therrmal Analys

In the model tab, deactivate the ~@PeOr XX Do~ a % E'_J rj@ # gT &anemwe
] . < —
external cross passage solid. “/o Q 8 g .?‘ 7 a 0 . % Bedding I solid 1 Surface Solid  Surface Extrude

Select Fuse. cCOSe<ylh e o —--- {?SWEEp

®@ 060 ®O

. Point & Curve Surface & Solid Boolean Divide Protrude
Click on Select All and the two :
solids are selected. : F 155 Gp (3] m ﬁ]c{:“.. 16| <H Hy | 33: ‘Pl | 9 I | op S
H Model [
Click OK. & - . W R 1
Ttem D Color \_H} | | Basic solid (D) S | & % l :®
----- A View Point - @ bk
[+-## Work Plane Bool %
Fid Datum oolean
EE z:z;i::_z @ LFU-SG-: Cut Common Embed
58 ceomcy |
get Object(s)
E||-®Geometry5et1 1 B
E| I'@ Surface [2] [ Imerge Faces
P [~]Delete Tool
|_||_|.- 1 Concel | [ pply |
|- —— - - ————
(2) ...mmﬂﬁ =7~ DB
------ - M@ Extrude(1) 58 (| @
a Bedding Plane
-2 Export Shape
% Mesh Control
- 7E Mesh
[+-2& Contact
1M1 Clamant Daramatare v
27 t s 5 J
|M0d£|| Analysis  Results
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Step

04 4-10 CONNECTING FINAL SOLID SECTIONS

() D28 nem =

]
I Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

Go to Geometry>Autoconnect. i Geometry

Select the two left solids, main PO XX OoHe a % E'_J @ # gT Gr?anevorve
- A 2 I
tunnel & cross passage. n/o Q 8 g .?‘ 7 é O |Beddlng Solid  Surface Solid  Surface Extrude

Click Select All. O Seyh @@ @'ﬁ o ?Sween

09 ®O®

Click OK Point & Curve Surface & Solid Boolean Divide Protrude
%8 _J—C‘!EIEICD._IEﬁ]"F'U— CBE # N k& %
Model - I =§
e o cobr UG{H &~ | Basic ~ Solid (D) - (b =¥ @|:®I
----- A+ View Point ~ @‘--
[H-3# Work Plane Auto Connect d
A4+ Datum
€ Material Share Face
-HB Property
=8 r@ Geometry Method |Eoo|e-ar1

=R I_a Geometry Set-1 1 | e
Ié| |7® Surface [2] 9 | Selected 2 Target Object(s) h

& Bedding Plane
2% Export Shape

(5% Mesh Control

- @ Mesh

(-2 Contact

-4} Element Parameters

M. H Uinna
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Step

04 4-11 CUTTING PLANES CREATION
|

@ Deldge=m= GTSN:

[ Geometry | Mesh Static/Slope Analysis Seepage/Consolldatron Analysns Dynamic Analysns Thermal Anafysts Analysis Result Tools

Go to Geometry>Rectangle. o

_ _ i “:" @ @'%5?‘ S( z é @ E E T@Revolve Q‘Translate Scale
munecnessx (s, 6. L8 g X5 aoss M 0 @4 QT F
U PO

Qo ®®

o 5 con ks S sut S @ Sweep-Translate EEE Attach
-y :ng 0 urface ol urface rude _ ;
Click on Make Face. C\I U_!Q S </ e @ sweep | Plgmimor 3 Project
lick OK f 0 Point & Curve Surface & Solid Boolean Dwide Protrude Transform
Click OK. (1)
Rectangle *
2D
Method bi

] e

Input One Corner

I acation
L T ]

©

< Method | ABSxy v ,“-

®
I
g
Tl
ol
gl
1
1
_I
\
\
\

L4

| Geometry Set

-

Geometry Set-1 ,
4

L_____l Cancel
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Step

04

4-12 CUTTING PLANES CREATION

Procedure ;,(;& Oeldcawn=m= -3 GISN;
----- h . o e . o . - o o
o Go to Geometry>TransIate. l_Geometry | Mes| Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysns Thermal Analysis Analysis Result Tools
i < 1

@ Select the rectangle as target FEDPOT XX BoEZE a % @ @ ¢7 QI R Revolvy ‘*’ITsft_e Sele

ObjeCt" ‘ / Q 8 3w .7. /‘/ 6 o S % Bedding Solid Surface Solid Surface  Extrude gLof’C\_/ GRotate »@’Sweep-Translate ::: Stact
© Select the Y-axis as direction. CHSevyLOh SO ° fene @ sweep | PQminor 35 project

} Point & Curve Surface & Solid Boolean Dvide Protrude Transform

@ Inthe method tab, select Copy.
e " distance, enter 2 and in e — M | £~ sasic ~ Datum Axis (0 |7 | - R O®| &

Times enter 25.
@ Click OK. Transform X

Translate Rotate Mirror Scale Sweep—Ti TITJ

O || T

e .

() R e
O 2 Points Vector X Y z

Metasd g - —— 1

@el @copy 1 Ocopy
1 (Uniform)  ¥(Non-Uniform)

®

Geometry Set v | [
|42 |a2| P ox Cancel | Apply

(6)
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Step

04 4-13 CUTTING SOLID INTO ADVANCEMENT SEGMENTS
|

41

b;%j& Deldge=r- GTSN:

.. Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Ana i Thermal Analysis Analysis Resuft Tools
Go to Geometry>Divide. it Mo Avdve. | Secpin) y Isi

Select the Main Tunnel Solid. } g ggt ;( E g g g é a % @ @ 1&7 gl g::;olve g;';a;:l:te 2 scale

. I »@’ Sweep-Translate EEE Attach
Select all the cutting plane @Rk Bedding | Soid  Surface 1 Sold Isurface || Extrude

® OO0

; . 1 3 ;
faces created in the previous o Hoe<w L @ sweep | Pamiror B Project
step (4-12). ‘ Point & Curve Surface & Solid Boolean ‘G‘Divide Protrude Transform
Click OK. Divide Solid X

By Surface
L od Selected 1 Target Solid(s) !
Dividing Tools

® ®

@I 5| Selected 26 Tool Surface(s) T

$ 3 Points Plane

1,0,0
0,1,0
0,01
() pividing Plane
X Y Z
Ofm

[ | Divide Touching Faces | Fllselact Objeci(s)
[v] Delete original
[v] Delete Toal

Geometry Set | NI ETES v ]

@& [ "o - [¥ ol | [humy |
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Step

04 4-14 Geometric modelling-Changing the Work Plane

Procedure

@ GotoMove Work Plane.

@ Click on Select Plane.

© Select the plane as shown.
@ Click OK.

e “

()

41

Q OB cdes =m =

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

°®®®f_x+ B@ a {3 |__| @I@ T$Rev0lve
D/o Q ‘S. g o f A/ & 0 @ % Bedding Solid Squﬁlce Solid  Surface ge gLO&
cOceth B0k o & sueeo a|n

Point & Curve Surface & Solid Boolean Divide Protrude

Al P e e e T N T IR Y I R IR A ) =1

Move Work Plane >

Ref. Plane Three Points Mormal

| =) Select Plane ‘
~
Offset §~§ ]
~
[ ] origin 0,00 . . :
~o
y |
-
[ ]Reverse Normal : -~
-~

Reset to GCS

|:|Save
o

G | L 0K : Cancel Apply

o
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Step

04 4-15 CUTTING PLANES CREATION
|

) Deldanm-. -
rocedure @ ]

0 Go to Geome try>RectangIe. ;L-Gzoae-try- .i Mesh Smfcic/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal AnaIysi; Analysis Result Tools
y - —_—— ~ S
@ Input the start corner as (22,2). ¢ @ gg - _); A_‘ ¥ g g % a @ @ 4&7 gl 2“""’“ gm"s’m 25“'9 "
— v Loft Rotat: Sweep-Translate #+# Attach
@ Select the method as ABS x,y. /_?‘S. = i 7 6 Bsggigg Solid Surface | Solid Surface | Extrude ’ _ : w‘e =
] C\{--.!Q @ 4 m um 6 @ @ % ?Sweep ﬂlﬂerror BPrOJect
9 Click on Make Face. Point & Curve Surface & Solid Boolean Dwide Protrude Transform
@ |nput the diagonally opposite \0/
corner as (28,-2).
@ Select the method as ABS x,y. |Rectangle X | Rectangle w
@ Click OK.
2 2D
Method Method

O & | 0o e

Input One Corner

Input Diagonally Opposite Corner

E ' ' --------------------- -

9 | Location ZZ,Z 1 ‘e] Location | 25;'1 1

\_ﬂ m——— : \-\/-I |

9 1 Method 1 | ABS x, y N @ IMethod | ABS x, y v 1

\ 1

A4 - __I::: _____________ - N/t e e e e
I Make Face | Make Face

| Geometry Set | [Eul=g Rl ol v|

Geometry Set

| @ D'e Cancel & E---EK--} Cancel
I \_/Z2 e S S e S — ]

Geometry Set-1 R |
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Step

04 4-16 CUTTING PLANES CREATION
|

| Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Anatysts Anatysts Result Tools

)Deec?dﬂa"a : GTS N

In distance, enter 1.5 and in
Times enter 10.

Translate Rotate Mirror Scale Sweep-T 4| *

@ Goto Geometry>Translate. =/ o — = T . mm———
T 1

(2} Select the rectangle s target + @ TDT f- XT DoH= a (b 'E__‘ @ 40 $Re"°ol_$lm_"sft_e el

object.. S o4 0B % 7 o ¥ Orotate &7 sweep-Translate i+¢ Attach

O U Q o <y m % 8 @ @ m Bsgglgg Solid  Surface Solid Surface Extrude ?Sweep ﬂlﬂerror BPrOJect

© Select the X-axis as direction.
@ Inth thod tab lect C Point & Curve Surface & Solid Boolean Divide Protrude Transform

n the method tab, select Copy.
@ Transform X
(6

Click OK. [=o==============—
I od Selected 1 Target Object(s) 1 @/
FOLLOW STEPS IN SLIDE 4- _EIECW:UI’::::::::::::::
13 AND CUT THE CROSS i msessm=== |
PASSAGE INTO SEGMENTS. L O ordnsieed 1 | ©)
(C)2 Points Vector | % Y z
0,00
1,1, 1
Method |
Owmovel @ copy I () copy
L-[-Uriozn]-: (Mon-Uniform) @/
3 I Distance | 15 -<-':
:T|mes | 10 2 : @
S )
Geometry Set | Geometry Set-1 v|

@@ L _o_t [ cance
(&)
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Step

04 4-17 CONNECTING ALL SEGMENTS

Procedure ;’QPEEFTCF“ -

Geometry 1 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

@ GotoGeometry>Autoconnect. T CEEE
@ Select the two left solids, main @@ XX oob ﬂ-a % E'__l @ 4&7 gT ﬂa“mhe
tunnel & cross passage. S Eg - A B
|Beddlng Solid  Surface Solid  Surface Extrude
© Click Select All. S edh PO @ﬁ (1) Sweep
@ Click OK Point & Curve | Surface & Solid | Boolean | Divide J Protrude |
% 1|8]5 gi o 6 m e 1e) ;@w#ammcv.%lﬁ.ﬂ..ln?lvmu
: , ~ il |
EEH & ~| Basic *  Solid (D) | (L = | W ®l®|
Auto Connect X =~
Share Face
Method |Boolean V|

®
by |
ml
1
1
|
EE‘I
!
il
%l
1
o 1
=11
1
1
=

J N

@
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Step

04 4-18 Geometric modelling-Changing the Work Plane

Procedure

@ GotoMove Work Plane.

@ Click on Select Plane.

© Select the plane as shown.
@ Click OK.

()

41

Deldgea=r-

| Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis

4+ @ P @ T Do HZE ERRevoe o
0o Xz A HE B g5

S E T A GO%
c\ D a o =y E:j [l'ﬂ ﬂ @ @ m Begdmg Solid  Surface Solid  Surface | Extrude ?Sweep ﬂ|ﬂ

Point & Curve Surface & Solid Boolean Divide Protrude

Al P e e e T N T IR Y I R IR A ) =1

Move Work Plane >

Ref. Plane Three Points Mormal

| =) Select Plane ‘
~y

Offset ~~§ 0

[ ] origin 0.0,0

[ ]Reverse Normal

| Reset to GCS

|:|Save
o

Il OK I|| Cancel || Apply

o
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Step

04 4-19 MAIN SOIL BODY CREATION
|

) 0288 hm =
rocedure ;.(@) )

| Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

@ Go to Geometry>Rectangle.
.4‘ T —— / i
@ Input start corner as (-20,25). > @ TDT r- XT go= @ @ 4&7 'T FRRevole  ofe Transte £ scale =
W S g4 0B % & Lott ) rotate @’Sweep-Translate a8 Attach
@ Select the method as ABS x,y. =1 Begding Solid Surface | Solid Surface | Extrude _ ‘
. Q\{ .!Q e . m u&] 6 @ @ % Plane ?Sweep ﬂlﬂerror EPrOJect
9 Click on Make Face. 0 Point & Curve Surface & Solid Boolean Divide Protrude Transform
@ Input the diagonally opposite =
corner as (15,-25).
@ Select the method as ABS x,y. o
@ Click OK. Rectangle X 0 Rectangle X
2D
2D
Input One Corner 1 O O O A O O O e| I"E“tD'E'Q-”EHJ'.OJLS'_E_CD_”EL_______I
\94 e = i Ot _ocoten_ B
© | T o 2k Q@ I e . o
I.MakeFace : i | Make Face
Geometry Set | EERENIEE V[ E GeomethfiL v]
i
& OK eCanceI & L___EK__I e
N S T N A O S N | Pt
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Step

04 4-20 EXTRUSION = 2D TO 3D SOLIDS CREATION
|

() D28 nem =

]
Goto Geometry 1 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

(1)

Geometry>Protrude>Extrude + @ B-Z‘;-f_ X% B HEA a % |—_| @ a '*Q'T'ﬁaﬂmw
@ Select Extrude. SO gL AOA % =

] Begdlng Solid  Surface Solid  Surfg "‘ Extrude

@© Select the Main Tunnel 2D S eYRlh JOH N o === sweep

Circle as target object. Point & Curve [ Surface & Solid Boolean Divide Protrude
(4) dC.Ilck‘ontheY-amsasselected : .ﬁ-l@'_.g PH ) mﬁiltﬁ 47|}!'.\E|| - B | #Bsml% oy 32 2282 .

Irection.

6 Enter length as 50m. 9 Pfi"fe—-‘ X bl & -] Basic T DawmAds () T [ L L= |
@ Clle Apply \_/ l_EXﬂJd_E_Rlvolve Loft Sweep
@ Click to activate/deactivate the @ {‘;'Ecmn_sef“i‘“_Tigf’i"’i‘i__T_..

grid. o ""':.:d:n;:d;“':\

\_/ () 2 Points Vectar X v z

(C)Normal of Profile(s)
[[]Reverse Direction

=1

1
@l
gl
g1

1
[~ ]
- b

O until [l Select Tool Surface(s)
Imprint

[~ Make Solid

[JEestend Geometry
Fuse Cut

H Select Base Shape

ceomery s |[EOETER [
E@En o ¥ aea [omr ] |
L]
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Step

04 4-21 CONNECTING ALL SOLIDS SEGMENTS

(@) D2Brgnem -

]
Geometry 1 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analys

@ GotoGeometry>Autoconnect. Ty PR
@ Select the solids in the model. @@ XX oot e =l T&anmr\-e
© Click Select All. g g g g ; Zj z g @?} 'm,aedang % Ece @ ﬁ E%e ?
. d Sweep
@ Click OK. Point & Curve Surﬁlce&Solldo Boolean Divide Protrude
% 1|8]5 gi o 6 m e 1e) *ﬁﬁrl#ﬁiml%lﬁzl"n“nlﬂ?lkﬁle
Ei{}l & - | Basic ~  Solid (D) | & = | W @:@I

Auto Connect *
Share Face
Metﬁtm/E |Eoolean V|
[ e i e e e e e
|
: ‘ =) Selected 35 Target Object(s) =

@@ ok _ 1 cancel | [ Apoly |
@‘
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Step

05 5-1 Meshing Cross Passage Segments

(@)beBdte - -

-
Geometry Mesh I Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
Lo=d
-

Go to Mesh > Generate > 3D
0 . @_ E!_ @Comp. Prop. 33 % "s,g,Def. Size # 10 %2D—>3D Rename lgExtrude f§5weep ngr
9 Select Auto-Solid. " t*':l . - <, CSys / Hinge = HS_H . ’E?Prop ctrl. QZD-ﬁ ) .;‘Copy EB Divide ﬁRevor\re Bproject @Rot:
e Select the 9 segments of cross e rc}per‘q«lF"g:l;‘sFunction v e control !»iMath'oﬁdE-?m emes ﬁCreate BFiII ﬂoﬁset ﬁal'«'lirr:
passage. Prop./CSys./Func. Control \./ -He'nerate Mesh Set Protrude T
O In the Size method give size ¥ Gleg o mpide s BE HLM L& %D 7 REI QBRI OS
0-5m. \E%|£'|Basic ~ Solid (D) = B BB F
@ Select Hybrid Mesher as the
mesher type Generate mesh(Solid) x
® In the property drop-down e Sea) sl | 25530
menu, select Soil. e
@ Give the Mesh set name

“CT.” GTS NX will
automatically assign the names

CXCX
)
g

to the solid sections selected. () Division
. OAutomatic
@ CIICk OK More Less
(R
@ | Ll

Match Adjacent Faces

Froperty

o ®

== D?l: ok 0 cancel || apply | >>

()
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Step

05

(1)
[2)
[3)
(4]
(5)
(6)
[ 7)

(8]

5-2 Meshing Main Tunnel Segments

Go to Mesh > Generate > 3D
Select Auto-Solid.

Select the 25 segments of
main tunnel.

In the Size method give size
0.5m.

Select Hybrid Mesher as the
mesher type.

In the property drop-down
menu, select Soil.

Give the Mesh set name

“MT.” GTS NX will
automatically assign the names
to the solid sections selected.

Click OK.

@

@@

( () RY=3 E o s = v
Geometry L Mesh-l Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

IE] P BComp Prop. ;.3 ""SyDef Size fl % ‘Rename lgExtrude f§5weep ngr
J J ‘-C, CSys HHinge > ’Q?Prop Ctrl. QZD o= %‘Copy ED'rvide ﬁRevor\re BProject @Rot:

Material Property Laye - - -é; Remesh
F&ﬁ Function ™ Ctr? Centrol !w; Matc od 1 30| E Create :g Fill ﬁ’ Offset ﬁ]a Mirrt
Prop./CSys./Func. Control ¥/ b = erate Mesh Set Protrude T

$Glagom e B $oMLKE AW R RE QB QA0S

\Eﬁﬂ & | Basic ~ Solid (D) -

|| RAuto-Selid_Map-Solid 2D->3D

200

Generate mesh(Solid) *
[y ——

| = Selected 25 Object(s) | I
e e mm === ===
L
@) Size < 1
- - — -
() Division 10
OAutomatic
More Less 2.96

Hybrid Mesher ~
L ! 1

Match Adjacent Faces

ﬂwﬁv---------------

- 1: Sail ~ | | HE I
I I

I Mesh Set MT] v

[}
| 4| I 9K :Cancel Apply ==

()

IR O®| &
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Step

05 5-3 Renaming Main Tunnel Segments

(@)Be8ddnn- -
Geometry L Mesh-l Static/Slope Analysis Seepage/Consolidation Analysis Dyr g Analysis Thermal Analysis Analysis Result Tools
0 GO to MeSh > Rename @ P DComp Prop. P % "s,g,Def. Size r‘Rename.i lgExtrude f§5weep ngr
9 Click on Rename. J J <, CSys /7 Hinge = H ’Q?Prop ctrl. %ZD—>3D Copy- ﬁDmde ﬁRevor\re Bprt}]ect @Rot:
Material Property . Etlzrsr' C%ﬁt% | ﬁRemesh
9 Select the 25 meSh sets for the F&ﬁFunctlon :»; Match Seed %BD ﬁCreate BFI" ﬁ’[}ﬁset ]er:
main tunnel Segments. Prop./CSys./Func. ‘(;ntrol Generate . :I?Mesh Set Protrude 1
i E | E w |G E Q E -
@ In sorting order, start with Y #Blepietmy i IS B # M k& W R BH Sy ABQAANSE
axis as the 1%t priority.
Itermn i Color
@ Leave the base point as Center. Mesh Set X Bk ] MAIN_TUNNEL-001 A
: f o —— sl MAIN_TUNNEL-002
@ Set the order as Ascending. @ I--Rinim-ej Copy Create Divide B N TUNNEL-003
a Enter the name as Main i . 2 i} MAIN_TUNNEL-004
Tunnel. @ E; ___ Seleted 25 Object(s) |1 Wk 1MAIN_TUNNEL-005
. Sortlng Order |k MAIN_TUNNEL-006
@ Click Apply Coordinate sl MAIN_TUNNEL-007
CSys  Global Rectangular - | MAIN_TUNNEL-008
.._______I Sl MAIN_TUNNEL-009
@, ' 2nd 3rd Mg MAIN_TUNNEL-010
i ¥ o I ¥ Z v Sl MAIN_TUNNEL-011
- l—_—_—_—_—_—_—_—l_ S sy MAIN_TUNNEL-012
1 Base Point of Mesh Set (Bounding Box) | Sk MAIN_TUNNEL-013
@ : (@ Center () Min () Max : i MAIN_TUNNEL-014
e —_—————————————— S MAIN_TUNNEL-015
06 ;G 97"""""""': W= JMAIN_TUNNEL-016
-1 (@ Ascending () bescending 1 sy MAIN_TUNNEL-017
T ———— i MAIN_TUNNEL-018
Naming Rule n s MAIN_TUNNEL-019
e I name MAIN_TUNNEL] ': ’,’ Sk MAIN_TUNN EL-D;D
- " P2 i MAIN_TUNNEL-021
Starting Suffix Number ’¢’ W2k MAIN_TUNN EL-022
PR S|k EMAIN_TUNNEL-023
I_____(’ s MAIN_TUNNEL-024
&Z ok e m— 'E' e 2 MAIN_TUNNEL-025 6
———— - & Contact v
@ < >
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Ste
Op5 5-4 Renaming Cross Passage Segments

,-@BEEdﬁh=-— ~T

Geometry L Mesh-l Static/Slope Analysis Seepage/Consolidation Analysis Dyr g Analysis Thermal Analysis Analysis Result Tools

Go to Mesh > Rename :
E E‘,Comp Prop. P ”'S.E Def. Size | ‘Renamel gExtrude fy Sweep ﬁTmr
0, T o2 S 20,

Click on Rename. ihad Property‘_c CSys ’E?Prop ctrl. ERemesh Copy- EDmde ﬁRevor\re BPmJect ﬁRot:

Si La
Select the 9 mesh sets for the desFunctlon v e control !-0; Match Seed QBD ﬁCreate EHII ﬁ’[}ﬁset H—EMIN!
Cross passage Seg ments Prop./CSys./Func. Control Generate Mesh Set Protrude

$Blo R my e mis] B4 L& %h R RECLABIRAIOC

In sorting order, start with X
axis as the 1%t priority.

©@ OO0 © OO0

Leave the base point as Center. Mesh Set X . ol
. [ 2k ] Cross Tunnel-001 3 ~
Set the order as Ascendin g. @ I Rename jCopy Create Divide ek Y Cross_Tunnel-002
| ——] M= ] Cross_Tunnel-003
Entel’ the name as CI’OSS i =+ & & & & & % - = = = = & & & & & v L | IZE=] Cross Tunnel-004
Tunnel. @ 1 E Selected 9 Object(s) ‘I Mk d Cross_Tunnel-005
e e et Mok 1 Cross_Tunnel-006
CI|Ck OK Sorting Order ’ 2= ] Cross_Tunnel-007
Coordinate ,/ M) Cross_Tunnel-008
/ Sl Cross_Tunnel-009
CSys | Global Rectangular v p S Default Mesh Set C
e o e
1 M8 MAIN_TUNNEL-001 45
@ : 1st  2nd 3rd ,’ -5 MAIN_TUNNEL-002 63
1 7 o 1 Y v 7 p V& MAIN_TUNNEL-003 49 I
1 M5 MAIN_TUNNEL-004 53
s B /, @& MAIN_TUNNEL-005 68 e
e 1 Base Point of Mesh Set (Bounding Box) : y 4 ¥ & MAIN_TUNNEL-006 51 .
\ | ) V4 - MAIN_TUNNEL-007 57 [
L @ Center O Min _ Qf‘f'x_ 1 P 4 - ¥ MAINTUNNEL-008 66 [
I e sl ’ S MANTUNNELOOY 62 [
6 I Order : ,/ -3 MAINTUNNEL-010 56 [N
\ 1 . ) & MAIN_TUNNEL-011 52 | —
= Lo Qhscendng | _OQpescendng__ 1 g P8 AT o
V4 ¥£5 MAIN_TUNNEL-013 59 [
Naming Rule 4 - & MAIN_TUNNEL-014 47 —
I——————-———————————— - [ & MAIN_TUNNEL-015 65 /=
@ L Name Crnss_TunneI| 1 ¥ & MAIN_TUNNEL-016 60 [
—— - [ MAIN_TUNNEL-017 55 |
Starting Suffix Number 8 MAIN_TUNNEL-018 b4 E—
V& MAIN_TUNNEL-019 48 [
4 & MAIN_TUNNEL-020 54
e y P 4 W& MAIN_TUNNEL-021 69 [
\ I — 5 MAIN_TUNNEL-022 50 .
=2 =1 oK ‘| Cancel Apply . > 1
e -
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Step

05 5-5 Meshing Soil Body

Procedure l'#'/k_g-'ae’grgﬂ“ =)
\ Geometry IJ. _Meih _'| Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
@ Go to Mesh > Generate > 3D
. @1 E!‘ @Comp. Prop. 03 % ’{S?,Def. Size f 1D %2D—>3D %Rename lg Extrude [’# Sweep gTrar
9 Select Auto-Solid. Mat:rg Pro‘:iy <, CSys / Hinge = H;H er 15" Prop Ctrl. _;E_ZE_}.E‘R ) .}Ct}py ﬁ Divide g Revolve igproject @Rot}
e Select the 9 segments of cross ’ % Function ¥ e control E»; Matr'oﬁdL%BDl e ﬁCreate :BFiII ﬁ‘[}ﬁset ﬁl’«'lirr:
passage_ Prop./CSys./Func. Control \_/ = -(E'enerate Mesh Set Protrude T
. . . = ~M_H ! w16 o, d. | 2?9 0" -
3m.
@ Select Hybrid Mesher as the
mesher type. Generate mesh(Solid) * -‘-'"«‘»
SCSEST>
@® In the property drop-down (2 Pt . SIS
menu, select Soil. \.ﬂl.“itisﬂ"d_l""ws""d 20->3D .:,:,:,:&2:,:‘9
i —— | oD
@ Give the Mesh setname soiL. @) L[5 Selected 1 Object(s) N ,4&:‘:0:0}:0:0
. S SSLILELELIELELEER
® cClick Apply. SizeMethod | o e SISCSTSCSLEIST
(4) - 3|[< 000 %0%0 %%
& @5 | 3l ST
O owvision 10 :‘::O:::ﬁ’ugg:ﬁg ,
| >
() Automatic """”ﬁ
More Less 2.96 ==-:J.%'¢::
9‘ __________________ - '=f mhic
N lpramesier o o) i;! .
Match Adjacent Faces '==
5%
e £
NP R R e e e e e e o o o e o o o "
i 1 g
1 1 |1: Soil ~ E 1 "
@ Lol g
\/ . ) ”
WMesh set __| son 4 ]
f————
@ @@ 1 ok cancel | Apply | >> |

()
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Step

05 5-6 Meshing-Extraction of SHELL Elements (MAIN TUNNEL LINING)

Procedure

@ Go to Mesh>Element>Extract
@ Change the type to FACE.

Select the four faces as shown
9 in the enclosed box.

@ The property is LINING.

@ Name retaining wall mesh set
as MAIN_TUNNEL_LINING_1 .

0 Click OK.

REPEAT THE SAME STEPS
FOR ALL THE MAIN TUNNEL
SECTIONS TO CREATE
SHELL ELEMENTS FOR
THEM.

NOTE: WHILE CREATING
THE INTERSECTION LINING,
ENSURE THAT FOR THE
MAIN TUNNEL SEGMENTS IN
THAT PARTICULAR SECTION
ARE SEPARATELY
CREATED LEAVING THESE
SEGMENTS, IN ORDER TO
HAVE THE UNIFORMITY OF
LINING.

(@ DEEﬂﬁﬁaiﬂEa B
- Geometry |- Fe; -i Static/Slope Analysis

@, @

- 4, CSys / Hinge ~ -ﬂ? Prop Ctrl.

- =
i3 p < Def. Si
3 L-E. Comp. Prop. _.3 )'S,, Def. Size

Seepage/Consolidation Analysis

GTS NX - [Geogrid_3D.gts]

Analysis Resuft Tools 0 Style ™ Bac
& ey

lg Extrude l’y Sweep ﬁ Trans. ﬁ: — \ Create 00] Project Iﬂ Create E Modify Topi E_& Extract ];l: Interface f'f Hinge

EH Divide ﬁ Revolve B Project @ Rotate H

o LT ) PR
9¢ Delete %ﬁhlign T Delete I Parameters u.Dmde —3- Pile/Pile Tip . Infinite

Material Property Siz Layer 11l sweep
F\;SFunction - eff  cantrel !-OEMatch seed %ED :gFiII ﬁ'ﬂﬁset ﬁﬁMirror = %RMerge ﬂicsys &Modrﬁf mCmnection gI Measure m}:ree Field isaepage Cut Off
Prop./CSys./Func. Control Protrude Transform MNode Elerment
- I | o |
8| | L.~ | Face® TR R= I RBOD
Extract Element X
0 i
| Locemety e
[ - i
9‘ L Type Face ~ ]
W s sssssss=====s,
e L =] Selected 4 Object(s) J'
A4 -

(

®

[ skip puplicated Faces

Orientation (Element Z-Axis)

Beta Angle: 90 [deg]

[ EEEpanane s !
Mesh Set
[JRegister Based-on Object Shape
[JRegister Based-on Owner Shape
G R il Gl e e e
L 1

A4

@ L oK :Cancel

MAIN TUNNEL SEGMENTS CONTAINING
PARTS OF INTERSECTION LINING.
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Step

05

5-7 Meshing-Extraction of SHELL Elements (INTERSECTION LINING)

Procedure

Go to Mesh>Element>Extract.
Select Geometry.
Change the type to FACE.

Select the two faces as shown
in the enclosed box.

The property is
INTERSECTION LINING.

Name retaining wall mesh set
as INTERSECTION_LINING_1 .

Click OK.

NOTE: WHILE CREATING
THE INTERSECTION LINING,
ENSURE THAT FOR THE
MAIN TUNNEL SEGMENTS IN
THAT PARTICULAR SECTION
ARE SEPARATELY
CREATED LEAVING THESE
SEGMENTS, IN ORDER TO
HAVE THE UNIFORMITY OF
LINING.

QO ©® ® 0900

— Oz o= = o=
@ Bcad

-7 4, CSys

Material Property
P2 Function ~

Prop./CSys./Func.

> GTS NX - [Geogrid_3D.gts]

-
Geometry | = Mesh 1 Static/Slope Analysis

@ E‘ @la)mp. Prop.

Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Bac

L J—

GDD % ’i,g,[)ef. Size f iD % S Rename lg Extrude l’y Sweep ﬁ Trans. w= o \ Create Ot] Project E Create EModrFy Top I E‘J Extract ]§|: Interface f'f Hinge
/7 kinge ~ - | } 'iE" Prap Ctrl. &0 ﬁ . i} 3 .} Copy EB Divide Revolve ‘LB Project @ Rotate SG : 9¢ Delete %’Jhlign :!;( Delete I ParametersHU.Dm:le- -::- pile/Pile Tip i Infinite
2 yer ermes| weep || o
eff  cantrel !-0} Match Seed 'ﬁau ﬁ Create :g Fil ﬁ' Offset ﬁﬂ Miror %a’ Merge ﬂf Csys ﬂ Modify m Connection gI Measure m Free Field ﬂ_ Seepage Cut Off

Control Generate Mesh Set Protrude Transform Node Element

(o

®

00®

':@J% ‘ 52« v | Face (®) v

IR R O® &

Extract Element X

" E’-‘;‘;W.i Mesh

| gttt

4 I e -
I Type |Face v

h-----------------q
1 b5 Selected 2 Object(s) 1
L ssss=== ]

[] skip Duplicated Faces

Orientation (Element Z-Axis)

Beta Angle: 90 [deg] <
= U e ==T
3| |3: Intersection Linin v| |l 1
LL-L______E___i_aJ
Mesh Set

[JReqister Based-on Object Shape
[JRegister Based-on Owner Shape

Register Based-on Owner Mesh Set

e e e e e
1 INTERSECTION LINING_1 v |
T 1

4/ I | oK : Cancel ‘

| E——

R

A4
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Step

05 5-8 Meshing-Extraction of SHELL Elements (INTERSECTION LINING)

oo 4= = = = | = B 2 v
Procedure @, bed d_c_i GTS NX - [Geogrid_3D.gts]
, Geometryﬂ Mesh Ti Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools \0/ Style ™ Bac
- — 1
GO to Mesh)EIement) Extract @ E! @la)mp. Prop. DD ’i,g,[)ef. Size @ 10 %ZD—>3D %Rename lg Extrude fﬂ Sweep gTI’BﬂS. w:sale %Create 00] Project HCreate EMod'rFy Top! I B extract R Interface # Hinge
o ' 7= -
" t‘.:l . 'r{y +<, Csys /7 Hinge ~ HS—H . g5 prop cl. || EB20 B remesh W copy R Dwide Revoive 1fProject | EERotate 1l 9¢ Delete Buinion || T Delete [[A] Parameters U.Dmde —3-Pile/Piie Tip G Infinite
sterial Prope iz er
Select Geometry ’ h;‘ Function ™ Cl. contol ;-DE Match Seed lﬁau e ﬁ Create :ﬂ Fill ﬂ' Offset ﬁ Miror e %2 Merge «'c C5ys K Modify mCmnection QI Measure m Free Field ﬂ Seepage Cut Off
Prop./CSys./Func. Control Generate Mesh Set Protrude Transform MNode Elerment
Change the type to FACE.
Select the two faces as shown ; 8| L | Fae® 8| IRk = IR ORI &

in the enclosed box.

The property is
INTERSECTION LINING.

Name retaining wall mesh set
as INTERSECTION_LINING_2 .

Click OK. \

Extract Element X

-
eometry "\esh

I T
ype |Face
b

U = Selected 2 Object(s)

QO ©® ® 0900

000

[ skip Duplicated Faces
Orientation (Element Z-Axis)

Beta Angle: 90 [deg]

P OO Y
LE '3: Intersection Lining v| (13|
-

Mesh Set

©

[JRegister Based-on Object Shape
[JRegister Based-on Owner Shape

Register Based-on Owner Mesh Set
i ———— - -

1
6 | ERSECTION LINING_2|
\ " ——————
N
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Step

05 5-9 Meshing-Extraction of SHELL Elements (INTERSECTION LINING)

Procedure {7& Deddde=m-= * GTS NX - [Geogrid_3D.gts]

QO ©® ® 0900

L
Geometry ﬂ Mesh Ti Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

Style ™ Bac

e 5
GO to Mesh)EIement) Extract @ E! @ Comp. Prop. DD ’i,g,[)ef. Size # 1D % — % Rename lg Extrude fﬂ Sweep g Trans. w} e % Create 00] Project H Create EMod'rFy Top Extract -![ Interface /7 Hinge
-f e 4, CSys /~ Hinge ~ H 1? Prop Ctrl. f:::: 0] ‘} Copy ﬁ Divide Revolve Lﬂ Project @ Rotate 9 Delete %’,ihlign :!;( Delete I Parameters ﬂ'n?ue- —3- Pile/Pile Tip i Infinite
Material Property Sizs Layer ﬁ Remesh :!II Sweep

SeIECt G eometry h;‘ Function ™ Ct’?- Control ;-DE Match Seed lﬁau ﬁ Create :ﬂ Fill ﬂ' Offset ﬁ Miror %2 Merge «'c CSys K Modify m Connection QI Measure m Free Field ﬂ Seepage Cut Off

Prop./CSys./Func. Control Generate Mesh Set Protrude Transform MNode Elerment
Change the type to FACE.
Select the two faces as shown ‘ PR (B | L] Fee® | JRE= 1 RWO®|F

in the enclosed box.
The property is

INTERSECTION LINING. ‘Extraci Element X
Name retaining wall mesh set 9 ey T

as INTERSECTION_LINING_3. \4 i'.-:::______________
Click OK. @ Hzli:a.c'e.---------;.‘.-

"W [ skip Duplicated Faces

e L = Selected 2 Object(s)

Orientation (Element Z-Axis)

»

Beta Angle: 90 [deg] ot

-Fm-—————————————

ol T

Mesh Set

[JRegister Based-on Object Shape

[JRegister Based-on Owner Shape
Register Based-on Owner Mesh Set

: INTERSECTION LINING_3
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Step

05 5-10 Meshing-Extraction of SHELL Elements (CROSS PASSAGE LINING)

Procedure (@ DezBdde=m-=* GTS NX - [Geogrid_3D.gts] 0
7 ==y

Geometryrve;-i Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Bac

GO to Mesh>E|ement>EXtraCt E . i, @la)m-p.;o: 93 )'S,;,Def. Size # 1D Rename lg Extrude l’y Sweep ﬁTﬁms. \Create 00] Project IﬂCreate EMod'rFy Top I E_&E:{tract I nterface /7 Hinge
0 I_—‘];:I IT;’ 4, CSys /+ Hinge ~ ) -ﬂ?Prop crl. 2 %ZD—ﬂD 3 copy EH Divide ﬁ Revolve BProject @Romte :E:SGIE 9¢ Delete %ﬁhlign T Delete I ParametersHu.Dm:le--:'erlefPile Tip i[nﬁn'rte
9 Se|eCt Geometry Harene PmpemF\;SFunction - %tlzf? CL‘?';fte’B‘ !-OEMatch Seed %ED ﬁREMESh ﬁcreate :gFiII ﬁ'ﬂﬁset ﬁﬁMirror 25 Sweep %RMerge ﬂicsys &Modrﬁf mCmnection gIMeasure m}:ree Field isaepage Cut off

Prop./CSys./Func. Control Generate Mesh Set Protrude Transform MNode Elerment

@ Change the type to FACE. ’
(1) Select the four faces as shown

in the encl .
@ e enclosed bex Extract Element X SHELL ELEMENT PROPERTY

@ !Tomen] Mesh -~ -V

@ "Name mesh set as & LCeometryy Mes

CROSS_TUNNEL_LINING_1 . R e ~

- - - 9 IType |Face v -
H \-4 e I M ] P g

@ Click OK. 9 | -

NOTE : SHELL/LINING FOR e Selected 4 Qbted(s)

MESH SETS []skip Duplicated Faces

CROSS_TUNNEL_1, - |

CROSS _TUNNEL_2 AND Orientation (Element Z-Axis)

CROSS _TUNNEL_3 WILL Beta Angle: 90 [deg] £

HAVE THE PROPERTY OF @

INTERSECTION LINING. ALL Property

THE OTHER SECTIONS OF 1 [ P ————-

CROSS PASSAGE WITH L 2[5 mersecton ting_ 1 18

HAVE THE SHELL ELEMENT Vosh Set

PROPERTY OF LINING.

®

[ |Register Based-on Object Shape
[ |Register Based-on Owner Shape

Register Based-on Owner Mesh Set

Crc-ss_TunneI_Lininq_l 1

&7 @ L oK : Cancel
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Step

05 5-11 Meshing-Extraction of SHELL Elements (CROSS PASSAGE LINING)

Procedure (@ DezBdde=m-=* GTS NX - [Geogrid_3D.gts] 0
7 ==y

Geometryrve;-i Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools - Style ™ Bac

GO to Mesh>E|ement>EXtraCt E . i, @la)m-p.;o: 93 )'S,;,Def. Size # 1D Rename lgExtrude l'ySweep ﬁTﬁms. \Create OﬂProject IﬂCreate EMod'rFy Top E_&E:{tract I nterface /7 Hinge
0 E;:I FI‘?;’ 4, CSys / Hinge ~ o . -ﬂ?Prop ctrl, 2 gm—ﬂ: ﬂ‘cupy EH Divide ﬁ Revolve BProject @Romte :E:SGIE 9¢ Delete %ﬁhlign T Delete I ParametersHu.Dm:le--:'erlefPile Tip i[nﬁn'rte
9 Se|eCt Geometry. e mpemF\;SFunction - Ctlzf? CU';fte’B‘ !-OEMatch Seed %ED Remes ﬁcreate :gFiII ﬁ'ﬂﬁset ﬁﬁMirror 25 Sweep %RMerge ﬂicsys &Modrﬁf mCmnection gIMeasure m}:ree Field isaepage Cut off

Prop./CSys./Func. Control Generate Mesh Set Protrude Transform MNode Elerment

@ Change the type to FACE. ’
(1) Select the four faces as shown

in the enclosed box.
@ h s LINING Extract Element X

e property is :
O =557 e SHELL ELEMENT PROPERTY — LINING

@ Name mesh set as Al B

CROSS_TUNNEL_LINING 4. © Tttt
e Click OK = l-TlpE_IEIC_E ——————————————

. 9 | =3 Selected 4 Object(s) ™

NOTE : SHELL/LINING FOR 4

EAESQSSETLSNNEL 1 []skip Duplicated Faces

CROSS:TUNNEL:Z,AND Orientation (Element Z-Axis)

CROSS _TUNNEL_3 WILL Beta Angle: 90 [deg]

HAVE THE PROPERTY OF

INTERSECTION LINING. ALL Property

THE OTHER SECTIONS OF i 2|T2itnng A

CROSS PASSAGE (5) {2t 1

(Cross_Passage_4to 9) WILL Mash Set

HAVE THE SHELL ELEMENT [ Register Based-on Object Sh

PROPERTY OF LINING. Fgister asecron Bhject =hape

[ |Register Based-on Owner Shape

Register Based-on Owner Mesh Set

['}
i Cross_Tunnel_Lining_4

Pry———
=7 @ L_EK__: Cancel

®
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Step

06 6 Boundary Condition

PALETEE RS

/ Geometry Mesh I Static/Slope Analysis 1 Seepage/Consolidation Anabysis Dynamic Analysis Therrmal Analysis Analysis Resutt Toals

i is > — —— ) — =
Goto St_atlc/SIope Analy3|3 LAE . +{ CSys ﬁ Stage Set ﬁ[ﬁﬂu@@r_ll &%Change Property > ‘ = B ﬂ, it @ e;TunneI Modeling nq\c‘.
Constraint [J [ a I = Water Level =
T r——uFunctmn 4 N . g Simulate Stage ﬁ\-’olume Data érmﬂ 2e¢ Constraint I 'Q'bShD circular surface ?_‘l _ L&l oo [i‘_;] .‘....: ﬂ, k Anchor Modeling O;tions
“ . g . ey — e ——] able 7 N
Select Auto, check on “Consider /7 Hinge ~ Contact | Wizard _" Auto Set £ Constraint Equation T8z Slip polygonal surface We|ght i 7 & & &0 !1 Soil Test
A” meSh SetS” Prop./CSys./Func. Contact Construction Stage Boundary Load Wizard Options

Name the boundary Set as
“‘Ground*

Click OK

O ® ® @

Constraint x

9 Basic Advanced. Auto

i

Name | Constraint] :

- i

Select Object(s) |

i

[v] Consider All Mesh Sets :
= = o
e :Bnundary Set | Ground v || :

G |2 e L__Dl(__i Cancel

www.MidasUser.com



Step

07 7-1 Load Definition-Self Weight

@) o0 ddn

Geometry Mesh | StatlchIope Analyss | Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

. . ppe—p——
0 Goto StatIC/SIOpe AnaIySIS > E‘ E‘ G-Q CSys ﬁ ’- ﬁ Stage Set %Deﬁne Set %Change Property = : " :.L B4 Hé 4 @ . G_-\STunnel Modeling r-ﬁr.
Load >Self Weight 3 R N . ‘L &, simus | a I AL | R T TR B oo | B
Material Property Functlon S s Simulate Stage %Vo ume Data Export ) Constraint =, Slip circular surface F‘| Table\\/ Sof ) H = ?_—‘P pb.-\nc or Modeling Options
9 Check for graVity Direction, GZ /7 Hinge ~ ntece | Wadra ""‘ Auto Set $H constraint Equation 1% Slip polygonal surface i We|ght FRLLO T | BisoTest
Should be -1 Prop./CSys./Func. Contact Construction Stage Boundary o= Load Wizard Options
© Name the Load Set as “SW*
@ Click OK Gravity X

I Gravity 1

Name Gravity-2

Reference Object

Type Coordinate £
Ref. CSys Global Rectangular

o ————
1 Components 1
! ]
9 I Gx ‘ o | I
- I

Lo o]
[ !
1
- I
1 Gz ‘ -1 | I
ey |

Spatial Distribution

Base Function None bY

9 :LoadSet m e
|

o o o o o o Y ——— —
| 52 @' Cancel
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38

8-1 Construction Stage Analysis

Procedure

@ Go to Static/Slope
Analysis/Stage Set.

@ Enter the desired name for the
stage set.

@® Click Add.
@ Click on Define CS Stage Set.

The next steps are defined in
the subsequent steps.

®

() el cg+s = ¥ o GTS NX - [Midas model.gts]
e ——— &Y
Geometry Mesh 1 Statw’slope Anahfss 1 Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

El ]IH <, CSys hI St::lge Set | @Deﬁne Set %Change Property — % PN ﬂ; it ﬁ
J J - o = 1= Water Level E
e ty FvSFunctmn v - ctage = S|mulate St::lge %Volume Data Export | 2ee Constraint f@,SIip circular surface F“I bl @ — ﬁ g‘ El F“I
aterial Prope efine ge £ Table
Hinge ~ Contact || Wizard "'g- Auto Set %Constraint Equation f@slip polygonal surface We|ght K i 8! % @
Prop./CSys./Func. Contact Construction Stage Boundary Load
Construction Stage Set x
e T e e e e e e g
LName J_CrossTunneI| I_! Add 1 e
——— p ST B
Stage Type | Stress - Modify
Mo Name Type Copy
1 Cross Tunnel Stress
Delete

I Defnecs.. |

L4

Close

é Tunnel Modeling
ﬁﬁnchor Modeling

B, soil Test

Wizard

[

Options

Options
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Ste
8-2 Construction Stages Planning

| Procedure |
Procedure ACTIVATION MESH DEACTIVATION MESH

ACTIVATE AND

DEACTIVATE THE MESH S1 Main Tunnel Lining 1 Main Tunnel 1

SETS AS GIVEN IN THE _ o _

TABLE FOR EACH S2 Main Tunnel Lining 2 Main Tunnel 2

STAGE AND NAME THE

STAGES AS GIVEN THE i iNi i

TABLE EROM S1 10 633 S3 Main Tunnel Lining 3 Main Tunnel 3
S4 Main Tunnel Lining 4 Main Tunnel 4
S5 Main Tunnel Lining 5 Main Tunnel 5
S6 Main Tunnel Lining 6 Main Tunnel 6
S7 Main Tunnel Lining 7 Main Tunnel 7
S8 Main Tunnel Lining 8 Main Tunnel 8
S9 Main Tunnel Lining 9 Main Tunnel 9
S10 Main Tunnel Lining 10 Main Tunnel 10
S11 Main Tunnel Lining 11 Main Tunnel 11
S12 Main Tunnel Lining 12, Intersec Main Tunnel 12

tion Lining 1
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Ste
8-3 Construction Stage Analysis

Procedure

ACTIVATE AND
DEACTIVATE THE MESH
SETS AS GIVEN IN THE
TABLE FOR EACH
STAGE AND NAME THE
STAGES AS GIVEN THE
TABLE FROM S1 TO S33.

ACTIVATION MESH DEACTIVATION MESH

Main Tunnel Lining 13, Intersec Main Tunnel 13

S13

S14

S15
S16
S17
S18
S19
S20
S21
S22

tion Lining 2

Main Tunnel Lining 14, Intersec Main Tunnel 14

tion Lining 3

Main Tunnel Lining 15
Main Tunnel Lining 16
Main Tunnel Lining 17
Main Tunnel Lining 18
Main Tunnel Lining 19
Main Tunnel Lining 20
Main Tunnel Lining 21
Main Tunnel Lining 22

Main Tunnel 15
Main Tunnel 16
Main Tunnel 17
Main Tunnel 18
Main Tunnel 19
Main Tunnel 20
Main Tunnel 21
Main Tunnel 22
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Ste
8-4 Construction Stage Analysis

| Procedure |
Procedure ACTIVATION MESH DEACTIVATION MESH

ACTIVATE AND

DEACTIVATE THE MESH S23 Main Tunnel Lining 23 Main Tunnel 23
SETS AS GIVEN IN THE _ o _
TABLE FOR EACH S24 Main Tunnel Lining 24 Main Tunnel 24
STAGE AND NAME THE
STAGES AS GIVEN THE i NI i
D R LE PRON St T s S25 Main Tgn.nel Lining 25, Cross T Main Tunnel 25, erss Tunn
unnel Lining 1 el 1, Intersection Lining 1,2
&3.
S26 Cross Tunnel Lining 2 Cross Tunnel 2
S27 Cross Tunnel Lining 3 Cross Tunnel 3
S28 Cross Tunnel Lining 4 Cross Tunnel 4
S29 Cross Tunnel Lining 5 Cross Tunnel 5
S30 Cross Tunnel Lining 6 Cross Tunnel 6
S31 Cross Tunnel Lining 7 Cross Tunnel 7
S32 Cross Tunnel Lining 8 Cross Tunnel 8

S33 Cross Tunnel Lining 9 Cross Tunnel 9
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o) 8-5 Construction Stage Wizard

Procedure @) Nl dge == = =
i b / Geometry Meash 'Et;:i:.l's-lnp-e-.-'-\n-ab;is-‘ Seepage/Consolidation Analysis Dymi
@ Go to Static/Slope e e
Analysis> Stage Wizard. el [T]. <o ﬁg N- 18R stage set B ok s Bt
“‘r “‘r A Function ™ Iﬂ 1 Simulate Stage g
+
@ In the Set Type Drop Down Material Property pefine_ | stage 1™ P partil Factor
A Hinge ~ Contact | | Wizard |'—J 3 s
Menu, select Mesh Set. £ o == =g U0 oet
. Prop./CSys./Func. Contacko/ Construction Stage
© In the Set name Prefix o — o
SeleCt CrOSS Tunnel Element, Boundary, Load
Ll ni ng . = @ Mesh Construction Stage Set CROSS TUNNEL 9 ~| . e
| g g;’;ss_siﬁﬂiha_i\_wu Set Assignment Rules —— .
@ A/R stands for | @ Default Mesh Set FEETS : ~
L {5 INTERSECTION_LININ [ 2t
ADD/REMOVE. Addition ‘ B MAIN_TUNNEL-
will be displayed as green RIS Jorihaie Boundary S
in color and Removal will NE;“"““C"“‘""” w— :
be shown in Yellow. 8 ‘Eia“:“:;’:‘:m WA TUNNEL | INING
gE/omact
@ Start Stage stands for o I -
stage in which the particular
- Apply Assignment Rules oK Cancel
meSh WIII be added tO the Element, Boundary, Load Activation Status
construction Stage leard, if Tizte Se;f':ﬁ;”e IS, | s1| s2| s3| s4| ss5| s6| s7| ss| sofstofsi|siz|siafsiafsis|se|l ”
Ieft at 1, then the meSh Set Mesh set Cross_Tunnel- A: 1tod
will be activated from the Mook s Dok eehSor
initial Stage itself. 3:?:3 = ?\l?'g:ggmow_wws_ i A1 [AZ |A3
Mesh set MAIN_TUNNEL- A:fto25|(R:1 |R:2 |R:3 |R:4 |R:5 |R6 |R:7 |RB |[R9 R R:12 |R:13 |R: 14 |R: 15 - 16 |F
Repeat the Same process Mesh set MAIN_TUNNEL_LINING_ A1 (A2 |A3 A4 (A5 |AB (AT |AB |AY S 12 A 13 (A 14 |A 15 16 |2
Mesh set SOIL A -
for all mesh sets. The roadset - |swW A
sequence is described in
the next slide.
After all the mesh sets '
are activated and the @
necessary commands
entered, activate the . @ Y
Boundary Condition &
Load Set
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o) 8-6 Construction Stage Wizard

Procedure

Aftel‘ a” th e mes h SetS B | Stage Definition Wizard
are activated and the Elemen, Boundary, Loag -
= @ Mesh Construction Stage Set o CROSS TUNNEL b
nec essary CO mman d S @ @ Cross_Tunnel- Set Assignment Rules \'/
entered, activate the L | ST Sei Name | SE ] g ] End [Posiin] Sien | Siage
A 3 Type Prefix Postfix Postfix| Inc. | Stage| Inc.
B oun d al’y CO n d Itl on & f: g EL‘EE?EEESL“_H'N Mesh set Cross_Tunnel- 1 r 1 25 1
Load Set & 8 MAIN_TUNNEL_LINI, ., Mesh set CROSS_TUNNEL_LINING_  |A 1 r 1 25 1l
) = @ S0IL Mesh set INTERSECTION_LINING A 1 r 1 13 1l
= &8 Boundary Condition Mesh set MAIN_TUNMEL- R 1 r 1 1 11
@ Enter the data for each =8 GROUND Mesh set MAIN_TUNNEL LINING____|A 1 r 111
= &b Static Load Mesh set INTERSECTION_LINING__|R 11 1 25 0
mesh set as shown. o 8 SV R I
& Contact

For boundary condition & < ||| ¢ @ @ ,

H r---------- l----‘
Ioad Set’ no data entry IS 1 Apply Assignment Rules 1 0K ] Cancel
requlred asslgn A to both Element, Boundary, Load Activation Status e TR -
)
as they both will be active T?«;L Se;rl‘;;;ne 1S S1| s2| 53| s4| s5| s6| s7| s8| s9 | s10] s11| S12] 513 | S14| S15| S16| S17 | S18| S19| S20 | S21 I 522 523| 524 | S25 | S26 | s27 | S28| S20| S30| S31 | S32 | S33
initi 1 Mesh set Cross_Tunnel- A 1tod R1 [R2 [R3 [R4 [R5 [R6 R7 |[RB RS9
from initial stage till S33. e T AT (a2 A3 (A2 At |as (AT A8 [As
. . Mesh set Default Mesh Set
Boundary Set | GROUND A | |
Click Apply ASSIgnment Mesh set | INTERSECTION_LINING_ A1 A2 |A3 R 1tod
Rules_ Mesh set MAIN_TUNNEL- A:1to25|R:1 |[RR2 |R:3 |RR4 [R5 [RE6 |[R7 [R8 |R9 12 |R:13 |R:14 [R:15 R:17 |[R:18 |R:19 |R:20 ([R-21 |[R°22 |[R:23 |[R: 24 |R: 25
Mesh set MAIN_TUNNEL_LINING_ A1 (A2 (A3 A4 A5 |AE AT |AB (A9 10 (A 11 (A 12 3 A4 16 [A17 |A-18 |A19 [AC20 (A1 [AC22 |AC23 |Ac24 (AC25
. Ps-ﬁ' SoIL A - |
Click OK. o = Elloadset [SW A |
-

-
The data should match=~
correctly with the table in
the bottom as shown.
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Step

09

OO0 ©6 © ®© @

9-1 Analysis Case Definition

——
Thermal Analysis LAnarysis 1 Result

Procedure (o) D@Bdtn=m = s
o ) Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Anakysis
In the Analysis Tab, Click on IS h @-_'_ such | (1Y Eag
General g 7 Settno IS Modeing '
1 General Parametric Anaiysis | Perform History Options
N B e e 15 Resulis Output Probes
Name the case as Tu nn el Analysis Case Analysis History Tools
Analysis. PR
In the SOIUtion Type DI’Op-DOWI’I Analysis Case Settgg_______________________l e
Menu, Construction Stage. @ Title | [Tunnel Analysis I -y
i i — S S S S S G . ‘—————————‘
Click on Analysis Control. DESCTIOUON | ot o e e e o ]| Analysis Control B
. . - Solution Type 1 Construction Stage Output Control [Se)
Click in Initial Stage, and select © e o
Construction Stage Set Cross Tunnel w
both the options.
i . Analysis Case Model
Click OK ”
CI|Ck OK All Sets << >> Active Sets
Click Perform.
Solve Each Load Set Independently Name Cancel

Tools

General Nonlinear Age

Water Pressure

[] Automatically Consider Water Pressure

.

Initial Stage 1
i [“nitial Stage for Stress Analysis 1:15. ~ 1
1 [] Apply Ko Condition 1
1 Cut-Off Negative Effective Pressure 1
Lo e o e e s

Initial Stress

Estimate Initial Stress of Activated Elements

Final Calculation Stage

(@ End Stage () Middle Stage 1:1S.

Specify Restart Stage
Restart Option
(") save only User Specified Stages
(@) Save All Stages
Initial Temperature

[mnitial Temperature By Value 1]

[Jinitial Temperature By Load Set None

Saturation Effects

[ consider Fartially Saturated Effects for Stress Analysis

Max. Negative Pore Pressure

[“]Max. Negative Pore Pressure Limit |:| kn/mz2

Initial Configuration
[JEstimate Initial Configuration of Activated Nodes

R

(I [ﬁ - _l Cancel
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Step

10 10-1 Result (DISPLACEMENTS)

Procedure

@ Go to Results>S33 Ttem D
@ Click on Total Displacements. = S30 ~
© Legend shows the B__%:NCRJ (LOAD=1.000) 9
displacement around the model. 2 INCR=1 (LOAD=1.000) L
Laz, DB
&2 INCR=1 (LOAD=1.000) +22.46 [
FRI 533 0'3?&21.50 :
5@ INCR=1 (LOAD=1.000) 1-D°f19 55 :
=) Displacements 1.6% |
L IS4 TOTAL TRANSLATION (V) 1.55?31?59 '
B TX TRANSLATION (V) Sk 15.64 :
9 - TY TRANSLATION (V) 41368 [
B TZ TRANSLATION (V) 4305?11 73 i
- TXY TRANSLATION (V) 83% [
& TYZ TRANSLATION (V) 10.?3Lo 77 :
B TZX TRANSLATION (V) Bl o2 !
B TOTAL ROTATION (V) : 375 2 I
& RX ROTATION (V) 18'?33 q '
& RY ROTATION (V) 22.6 /Di g I
B RZ ROTATION (V) 14.?35‘.: ' :
[ Grid Forces _____:E‘E____,'
[+-# Reactions
[+-£5] Shell Element Farces
+-£5 Shell Element Stresses
@) Solid Stresses o

< o _ > |

Model Anahfsi5= Results :

www.MidasUser.com



Step

10 10-3 Result (SHELL ELEMENT FORCEYS)

Procedure Results rox

Item D
@ Go to Results> S33 SR 529 ~

@ Click on SHELL ELEMENT 2! INCR=1 (LOAD=1.000)
FORCES. =& 530
ET INCR=1 (LOAD=1.000)
=R 531
ET INCR=1 (LOAD=1.000)
=& 532
ET INCR=1 (LOAD=1.000)
=& 533
EIET INCR=1 (LOAD=1.000)
--ﬁ Displacements
--5%’ Grid Forces
[ 4 Reactions

FJ-E Shell Element Forces

1

- 1

il MEMBRAMNE FORCE XX 1
1

£ MEMBRANE FORCE XY

=] BENDING MOMENT XX

~£=] BENDING MOMENT YY

~£=] BENDING MOMENT XY

2] TRANSVERSE SHEAR FORCE X...
—£=] TRANSVERSE SHEAR FORCE Y...
#-E5 Shell Element Stresses

@ Solid Stresses

@l Solid Strains

< R > |

1
Model  Analysis || Re5u|t5||

L

@® Legend shows the forces acting
on the shell.

()

i
:
B
!
E
:
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Step

10 10-3 Result (BENDING MOMENTS ON SHELL)

Procedure

Item D
@ Go to Results>S33 IR 529 "
- INCR=1 (LOAD=1.000)
@ Click on BEAM ELEMENT FIR 530 @
FORCES & select Bending é'%ﬂ'”c“:‘ (LOAD=1.000 e ——————
Moment YY. @ INCR=1 (LOAD=1.000) WEE?P%F kN*m/m]
o 532 +199.83 -

© Legend shows the bending B INCRo1 LOAD=1000)
moments acting on the LINING. S 532

BF_;;’T INCR=1 (LOAD=1.000)
- Displacements
(-4 Grid Forces
[H-#> Reactions
=-£3 Shell Element Forces
--£2] MEMBRANE FORCE XX

£ MEMBRANE FORCE YY
2] MEMBRANE FORCE XY
f—-----ammmm—————-l

E .

e e e D MM TR == = = o= ==
--£2] TRANSVERSE SHEAR FORCE X...
--£2] TRANSVERSE SHEAR FORCE ...
#-£3 Shell Element Stresses
(@ Solid Stresses
(@ Solid Strains

< — e — > |

Model Anahris Resultsl

o

(~
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Step

1 CERTIFICATION TASK

* 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.

KINDLY SUBMIT YOUR FINAL RESULTS IN THE PROVIDED WORD FILE FORMAT.

WWW.MidasUser.cor?Zl'



Ste
1p1 CERTIFICATION TASK GUIDELINES

CERTIFICATION TASK GUIDELINES

Online Course Assignment

St et s e
You can downlozad the model files and 2 report template for your

assignment mission. Please click the download button below. _ _
Organzation® Country*

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.

Emar®

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

Scloct the tite of the online course”

completion and the uploaded assignment will be automatically counted,

. . Fles*
= Submission: Click [Go To Submit] .

e e thach yor TGt mpor here §of O B30x St ceA (see drtad s beow

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

o _ ONLINE COURSE e
_ Dowsiosd asigmment_ ASSIGNMENT ]

Do jrersond bl wion etk

MODEL DATA & TASK FILES INSTALLATION DATE — 12™ MAY
SUBMISSION ONLY VIA LINK, MAIL SUBMISSIONS NOT ACCEPTED

SUBMISSION DATE : 21t MAY
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