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Overview
This example problem is meant to demonstrate the general work-flow to perform construction
stage analysis and simulate stress relaxation in NATM Tunnel.
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Step

01

Procedure 0 DB g -~ - -+

@ ® 90 ® @

1-1 Initial Setting

Starting Midas GTS NX

Click on GTS NX icon > New
Project

Enter the Project name as NATM
tunnel & Engineer XYZ

Select Model Type as 2D

Select kN ,m and sec in The Unit
System

Use the Default values for Initial
parameters

Click OK

—— — ——————— -
Recent Documents

l J Create 2 Gl 1 1 D:\Shoring\Shoring\Modified

---b----------l 2 Modified_Interfcae

' Open an existing document 3 C:\Users\...\HQ_report\NXGT1
4 C:\Users\...\Slope\Slope

Save 5 C:\Users\...\5imple raft
Save the active d t
H ave the active documen 6 East_Port_Saeed_Rev_0_0Original_Final

—p Save As...
M Save the active document
with @ new name
Import
Import the selected file 4

Export
Export the active document®

Close
I Close the active document

% Close All
I Close all documents

Analysis Setting X
2
. , . 1
\'/'LPrU]ect Title  NATM Tunnel Engineer XYZI

Desc.

\-/g I“ModelType  Gravity Direction | :
1 O O 1
|
: O z 1
1
! I

el——-'-.L COSYIMETIC, o o e o o o s o s o o

)

I Unit System
1

1
1
I ~ | m ~ |k w | SBeC v:
|

e o o o e e e e e e e

e Initial Parameters Water Farameters
N

1 1

1 Gravity Acceleration(g) 0.80665 m/gec?

o o o o o o e
Initial Temperature o [Tl
Plane Strain Thickness 1 m

Cancel
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Step

02 2-1 Defining Soil Material

Procedure o@ D gda=m= 7 T —

i - . - _ o _ \ |
" Geometry || Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis e |
.. . . A\ _/ - 1 D 1 Name Rockmass Colar l:l w
I — - .
Defining Soil Materials ! E‘ =@ @ Comar Prom. o2 Apef.sze | # 10 — B Rename || (B extrude (3 swe v'"??"'?""b""'"'"""
= . = Model T Mohr-C v
- | S o fenger | FH oo | @0 D07 mcy | @Rk e LIEIT_mmOmm o Oopee
0 Go to Mesh > Material I Materalproperty E= Function ~ g‘lcerI!. i=+] Match Seed || @paD e W Create || GFil g offe Q‘ General Porous Non-Linear Thermal Time Dependent
- |
: : — 1 Prop./CSys./Func. Control Generate Mesh Set Protrude /) 1 i
@ Click on Create. Select Isotropic B 3000000 | sayme 0[] | |
— |
(3) Select Model type as Mohr- =T The of st Modulos D e
| S —
Coulomb .-AddfM R ———— @ @ Inc. of Elastic Modulus Ref, Height 0 m .
= i T ————— -
@ In General tab, Enter the value of - I eoson's Ratio(v) 03 !
. — \ e —— I
Ell\la/?r?z ¢ modulus (E) =3000000 Mo Name Type | Creste. | = L — 5 Ky :
) , . ) | |botope 7 Thitial Stress Parameters
@ Enter Poisson’s ratio= 0.3, Unit "-cﬁhﬁraic-----J @r———-——-_------______T____,.
) _ 3 \/‘ Ko Determination 1
We|g ht - 25 kN/m . 2D Equivalent : () Automatic - !
. Interface and Pile - 1
@ Select Manl:lal In KO T i : © manual ("] Anisotropy EY.
Determination and input the I e S M ——
Value as 1 Thermal Parameter
Thermal Coefficient ﬂ 1/[T]
= Molecular vapor diffusion coefficient 0 mz2/sec
Thermal diffusion enhancement 0
Damping Ratio{For Dynamic)
Damping Ratio 0.05
-
(] safety Result(Mohr-Coulomb)
[ Close ] Cohesion(C) 30 knfmz
Frictional Angled®) 36 [deg]
Tensile Strength 0 knymz

DB
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Step

02 2-2 Defining Soil Material

Procedure

@ Go to Porous Tab > Enter Unit
weight (saturated) =25 kN/m?3

@ Keep Drainage Parameters as
Drained

@ Go to Non-Linear Tab > Enter the
value of Cohesion = 2200 kN/m?2

@ Input the value of Frictional
angle =30°

6 Enter the name as Rockmass
@ Click OK

| Material X

| D 1 Name  Rockmass Calor v
| (Rodmass | [ ]

| Model Type  Mohr-Coulomb =2 [Jstructure

o Gener!l_ porousl Non-Linear Thermal Time Dependent
\ / Ll

1 !
i Unit Weight(Saturated) BS wym= |

9 Initial Void Ratio(eo) 0.5
=

[ ] Unsaturated Property
o -
Drainage Parameters

Drained 4

S o e, e . o e e e

Skempton” s B Coefficient 0.97826087

Seepage & Consolidation Parameters
Permeability Coefficients

kx ky ke
1e-005 1e-005 1e-005 m/sec
() void Ratio Dependency of Permeability(ck) 0.5
Specific Storativity(5s) 3.230213 1/m Auto

| Material e X
| S ——

D 1 Name Rockmass ] Color l:lv

| | S p——
| Model Type  Mohr-Coulomb =2 [Jstructure

|
General Porous mU&'LI_ﬂeﬁ' _I‘hermal Time Dependent

o —————————————————— - - -

1 ; 200 1
L heson(©)_ i P00 U

| Inc. of Cohesion 0 Kknjm3

9 Inc. of Cohesion Ref. Height 0 m
- -

| Frictional Angle() 30 [deg] 1

€

[ pilatancy Angle 36
[JTension cut-off

Cut-off Yield Surface

Pressure Rankine

|
0

1
oK I cancel Apply
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Step

02 2-3 Defining Structural Material

@ 9 0 o606

Procedure ) D=8 ;ﬂ@‘_‘::— » = s (— <
@ 4 Geometry || Mesh : Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis e |
ni i  ——— = S = ) 2 N itial Liner Col | |
Defining Structural Materials ! E‘ =@ @ Comar Prom. o2 Apef.sze | # 10 — 1B extrude (3 swe \_,r_-__-__aﬂe__--_--_-__oz_ e e
- '] | | - .
aterial Prope - ) ze | . *r Remes [ :
GO to MeSh > Mate”al I f b_‘ Function ~ . I"i Match Seed % 3D General Thermal Time Dependent Temperature Dependent
. . - — e e e
Click on Create. Select Isotropic Prop./CSys/Func. Geneste — N
1 Elastic Modulus(E) 267 kNfm2 1
H N N N N NS N N NS NS S S G R RN B R BN S S
Select Model type as Elastic. P 0 tourme

Check on structure. Enter name

Initial Liner Add/Madify Material = \_/:__In:.nf.HaatiWWﬁ%ﬂHeﬂhh_____.ﬂﬁ__}
————— - - Poisson's Ratio(v) 0.2

In General tab, Enter the value of o Name T I Create.. |~ : . :

Elastic modulus (E) =2e7 kN/m? vpe Unit Weighi(y) % yms )

L——————————————m————

. . . I Isotropic Initial Stress Parameters
Enter Poisson’s ratio= 0.2, Unit o e e e R .
. o Determination
We'ght = 25 kN/m3. 2D Equivalent
. Interface and Pile Automatic
Click OK " wisonome[i0
_ anual Anisotropy B
Similarly enter the material data Thermal Parameter
for Final Liner Impart fram Thermal Coefficient 1e-006  1/[T]
Excel
Malecular vapor diffusion coefficient 0 m2fsec
Export to Excel Thermal diffusion enhancement 0
Damping Ratio(For Dynamic)
Damping Ratio 0.05
—=
Safety Result{Mohr-Coulomb)
Close —
Cahesion(Cy 30 kngme
Frictional &nglefdy 36 [deq]
Tensile Strength 0 sz
DB
o
. ————
L L__O_K__: Cancel Apply J
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Step

3-1 Defining Property

X!

Procedure

'.r(& Oz

ﬁh [

ot ﬁqgmpi:ry L Mesh i Static/Slope Analysis

¥

Seepage/Consolidation Analysis

Dynamic Anabysis Analysis

Deflnmg Property @T): @ ::’Q-,Cnr?p.-Pr-op. oty R Def. Size i 1D B 20530 ByRename || [@Edrude @ swe
. -t -t +, CSys /7 Hinge ~ || = 2 prop cirl, &2 20 N B3 Copy & Revolve Il Proj
0 Go to Mesh>Click on Property Materm:rope ‘w Function ~ E:Eri 1=} Match Seed || @930 B Remesh T Create & offe
g Click on Create. Select 2D --Prup.,"CSyS.j'Func. Control Generate Mash Set Protrude
©® Select Plane Strain. Name it as
Rock i
7 Create/Modify 2D Property X
. Add/Modify P
@ Select Rockmass from Material @/Modify Property [l
drop down menu. |-------I 1 Plat Only(2D) Gauging Shell Sxisymmetric Composite Shell
= Cregte | ™ = 1
6 Click OK. No hame Type Sub-Type @/l ! Shell Flane Stress L_E|Tis_tr_ﬁiﬂ__! Geogrid(2D)
10... N/
—r—p—n—rnn_n_n_n_n_r ------------------------1
1 20 : ! D 4 Name Rucld 1 Color |:| w
B L L, o ——————
Other... @ Material 1: Rockmass v | |1 :

Import...

Close

QO csys Global Rectangula -~
(O Angle 0 [deg]
©
|mmmm—————

| By p——.
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Step

X!

3-2 Defining Liner as Beam Element

Procedure

Defining Liner as Beam element.

Go to Mesh>Click on Property
Click on Create. Select 1D
Click on Beam

Name it as Initial Liner.

Select material as Initial Liner.

Click Section and select Solid
Rectangle from drop-down.

Enter H=0.2m and B=1m.
Click OK.
Click OK.

OO0 9900OGC

o

(ﬁ\; O=d

o ﬁqgmpi:ry L Mesh | Static/Slope Analysis

ﬁhaaﬁsa 5

Seepage/Consolidation Analysis Dynamic Anabysis Analysis

EI): ’_f| 1 & comp. Prop. & :,) “J Def. Sze i 1D 20530 ByRename || [@Edrude @ swe
- - .
R +, CSys /7 Hinge ~ || = 2 prop cirl, & 20 B3 Copy & Revolve Il Proj
MateriagPrope - ) Size | . % Remesh || . £
o1 E Function ~ Ctrl. =)Match Seed || @930 W create || I & offs
--Prup.,"CSys.,"Func. Control Generate Mash Set Protrude
P | Create/Modify 1D Property 9
g | N
AddﬁMDdlﬁr PIDPE“H IE' | File Geogrid(1D) - = b ol Fipe
|— —— - 1 | Truss eEmbedded Truss L Beam | Embedded Beam
Mo Mame Type Sub-Type \e,l Create ||, R T
___________ e 4 Dyame itial iner joolr [~
1 ip ettt
I———————————— I material 3: Initial Liner v E
0 —————————— - -
[:]Hinge Property
3D... [CJTaper Section-i Section-j
Other... Cross Sectional Area(A) 0 0 ma
Import... Torsional Constant(Ix) 0 0 ms
Torsional Stress Coeff. 0 0m
Area Moment of Inertia(Ty) 0 0 ms
Area Moment of Inertia(1z) 0 0 ms
Effective Shear Area(Ay) 0 0 ma
Effective Shear Area(Az) 0 0 ma
Shear Stress Coefficient(Gy) 0 0 1fm2
ClDSE Shear Stress Coefficient(Gz) 0 0 1fm2
Stress... Stress
y Axis Variable Constant
z Axis Variable Constant
C]Spacing I m
T ——
\-'{- I Sold Rectangle
- = @
‘ Ao _\I/

Section Template @ x|

Pipe
Box

)

T-Section
H-Section

H Channel
Angle

Cross
FSection
Channel 1

E F Hat
Sheet-Pile
Complex Cross-Section
SRC-Box
SRC-Pipe

| Rect-HBeam
Circle-HBeam

z

L.

Shape is invalid!

Offset Center-Center v

Section Template x|

Solid Rectangle v

— O
———————
N D.Zml
IB Jlml
H 1

o

z

| L2)

-—— .y
I--DK ICEHCE\
-

L

offset Center-Center ~
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Step

X!

3-3 Defining Liner as Beam Element

Procedure

Defining Liner as Beam element.

- ﬁqgmpi:ry L Mesh i Static/Slope Analysis

L

o

(ﬁ\; O=d

ﬁhaaﬁsa 5

Seepage/Consolidation Analysis

Dynamic Anabysis Analysis

;:: @:’ : B comp. Prop. | oty R Def. Size # 1D B 20530 Bl Rename || [@ Extrude S'.'JE
h>Click : +, CSys /7 Hinge - || #=*1 42 prop ctrl. &2 20 & - B3 Copy & Revolve Il Proj
0 Go to Mesh>Click on Property Materla:rope H E= Function - Efﬁ 1=} Match Seed || @930 e T create il & offs
i --Prup.,"CSys.,"Func. Control Generate Mash Set Protrude
@ Click on Create. Select 1D
@ Click on Beam iCreate./.’Modify 1D Property
Name it as Final Liner. i : L Pl Geogrid(10) = _Pigt Only(1D) Pipe
g Add.l'rMDdlhl' PIDPEI'I}I' IEI Truss Embedded Truss Beam li] Embedded Beam
@ Select material as Final Liner. . . : - j--[:r-e;s,--: : Q- :
@ Click Section and select Solid ° ame = e \.,g ! @ —-—= 1 .
Rectangle from drop-down. : o : EM;eal_--_--_j:iam;___zTE
a Enter H=0.3m and B=1m. ---ED‘-...------- [JHinge Property
@ Click OK. 0. () Taper Section-i Section-j
. Cross Sectional Area(A) 0 0 mz2
lick OK. Other... I——
@ Click O ; i Torsional Constant(Ix) 0 0 ms
lLJ Torsional Stress Coeff. 0 0 m
| Area Moment of Inertia(Ty) 0 0 ms
Area Moment of Inertia(lz) 0 0 me
| Effective Shear Area(Ay) 0 0 m2
Effective Shear Area(Az) 0 0 maz
Shear Stress Coefficient({Gy) 0 0 1/mz2
[ﬁ Shear Stress Coefficient{Gz) 0 0 1/mz2
ose | —
| Stress... Stress
y Axis Variable Constant
z Axis Variable Constant
@jSpacmg 1 m
o
‘ \i/ Section... '| Solid Rect=nqle
N\_4
[ ———
| Cancel Apply

=

L Offset

Section Template @ x|

Pipe
Box

T-Section

H-Section

H Channel

Angle

Cross

I-Section

Channel 1

E F Hat

Sheet-Pile

Complex Cross-Section
SRC-Box

SRC-Pipe

Rect-HBeam
Circle-HBeam

)

z

L.

Shape is invalid!

Offset Center-Center v

Cancel

| Section Template x|

Solid Rectangle v

B
e-_--_--
A\ 4L 02 m
1.
H 1

1
ﬂml

z

L3

-—— .y
I--DK ICEHCE\
-

L

Center-Center ~
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Ste
Op4 4-1 Geometric modelling-Tunnel Section

=/

)
3

Procedure @, C=8cige - - - TS NX - INATM gt
J -
- r Geometry .;Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools S
——
0 CIle on Geometry 4 @ B @ r— X I a @ Q E — (b @ @ 4?17 gT ;ﬁaRevnwe QﬁTmnslate QSGlE % ﬂRemnve BgFacefEdge E—grl ¢ }" Frame to Shell
E ea P A, D : Loft Rotat Sweep-Transhte 3+ Attach U Extract || %&_Remove Manual 3 check Shape ~
. . “/ ‘Q’ 's. “-l 7 L= @ 0 @ % BeFding sold Surface || Solid Surface || Extrude g . 0 s s ae e Super 6 !:K Options Terrain Geometrv
g C“Ck Tunnel SeCtlon @ g\‘ D QLE) l/ m [l'U @ @ @ % Plane ?Sweep ﬂ|ﬂMierr BPI’DJEC‘: Shape DﬂExplode %Impr\nted Object Maker » Check Duplicate
9 S I 5 C C I I Pmnt-& Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools
elect enter Circle + Invert p = .
5ol cnml femBE 55 M ik vl kE JLAa@QAACC+ BLEL BROEH0 O 8- ISHL
as the tunnel Type. _ - -
. i | Tunnel Section X iTunneI Section X |
@ Enter the dimensions as shown. .
9 Tunnel { Tunnel
@ Uncheck Make wire. S = ——— 1 3
| g Tunnel Type |3 Center Cirde - | Tunnel Type 5 Center Circle + Invert A |
. ) 3 Center Circle 1 i [ |
@ CIle OK_ I Section TYPe| 5 canter Circle + Invert 1 I Section Type 1 |
i ] © Full 5 Center Circle 1 a . |
| e rert W) ©Full OleftHalf O Right Half
= —— I 1
Dimensions 1 I Dimensions 1
Invert j Ivert 1
Tangential () Radius Angle I O Tangential @ Radius Oangle 1
1
R1 65 m Al 60 [deg] | Rt 5m Al 60 [deg]l
R2 6 m A2 55 [deg) I r2 4 m A2 30 [degi]
R3 0 m A3 0 [deq] : R3 m A3 20 [deg]l
R4 0omo A4 0 [deqg] | R 9 m A4 o [degl]
[[] Asymmetric Section 1 Asymmetric Section :
Al 60 [deg] : Al 60 [degly
R2 65 m A2 55 [deq] R 6 m A2 55 [deg]ll
R3 0 m A3 0 [deg] I R3 0m A3 0 [degll
1 .
I | S
[Jinclude Rock Bolts : [Jinclude Rock Bolts 1 Tunne eCt|0n
Humber of Rock Bolts 11 = I Number of Rock Bolts 1z 1
Length of Rock Bolts 4 m : Length of Rock Bolts 4 m :
Arrangement 1 Arrangement 1
Tangential Pitch 2 m 1 Tangential Pitch 2 m 1
Rotation Angle 20 [deg] 1 Rotation Angle 20 [deq] I
—————————— - -
Location Location
C] Screen Snap [:] Screen Snap
Section Center 0,0 Section Center 0,0
B Make wire \-/LC]Makewwre 1
| —-—— -
|
| Geometry Set ~ . Geometry Set | Geometry Set-1 v|
| T
G & oK Cancel E & ©| oK | Cancel
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Step

04

4-1 Geometric modelling-Ground Domain

Procedure

Click Rectangle LT
Enter corner Location as -20,-20.
Click Apply.

Enter Diagonally Opposite Corner
Location as 40,40.

Click OK.

@ OOO®

9

@,

DE?ED"Q‘H = e |7

Geometry IMesh Static/Slope Analysis Seepage/Consolidation Analysis

GTS NX -

Dynamic Analysis Thermal Analysis Analysis Result Tools

[NATM.gts]

- @@ e XX & HE=S (b L @ 4& T &R Revolve || «fr Transiate £2 scale (P remove || & Face/Edge E—grl ¢ P Frame to shel
“/ ‘Q;'s. g - 7‘ /‘ Q 6 0 @ ing || Sold Surface Solid  Surface || Extrude g o ORDGte @'Sweep Trensete ::: e SExtmct ﬁk Remore Vel Options Terrain Geometrv ®ChECk Sheee T
LB P (=] =/ m [l'U @ @ @ % PF ?Sweep ﬂ|ﬂ Mirror BPI’DJEC‘: Shape DﬂExplode %Impr\nted Object Maker Check Duplicate
Point & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools

Gle)omml oMo #8% $0MLE %W 7 RE QB QQCC+ HEFS IHIOIHH O-2-Y@|E |

Rectangle
2D
Method

o o

\/I Input One Corner :
: Location -20,-20 1
Method ABS x, ¥ ~
[ Make Face

Geometry Set | Geometry Set-1|

t@

0K Cancel

\Rectangle X
2D

Method

o ©e

: Input Diagonally Opposite Corner :
; : Location 40,40 |
Method REL dx, dy w
[ Make Face

(-

Geometry Set | Geometry Set-1
[ p——

ok _ |

L Ok

Cancel

=4
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Step

04

4-1 Geometric modelling-Ground Domain

Procedure

Click Rectangle LT
Enter corner Location as -60,-60.
Click Apply.

Enter Diagonally Opposite Corner
Location as 120,120.

Click OK.

@ OOO®

9

@,

DE?ED"Q‘H = e |7

Geometry
————

IMesh Static/Slope Analysis Seepage/Consolidation Analysis

Dynamic Analysis

GTS NX -

Thermal Analysis Analysis Result Tools

o @ B @ I'_ X 45_ a @ E /"'" (b L @ 4??7 T$Revnhre QﬁTmnslate égs:jle
- ga— A, Neep- s
n/ ‘Q;'s. 7‘ 7 = 6 0 @ PF ing Solid  Surface Solid  Surface || Extrude gLoft OR?Gte @'Sweep Transkete 323 Attach
LB P e < m [l'u @ @ @ % ?Sweep ﬂ|ﬂerrDr BPI’DJEC‘:
Point & Curve Surface & Solid Boolean Divide Protrude Transform

[NATM.gts]

@ Remove ﬂ% Face/Edge
£ Remove Manuzl
Shape Dﬂ Explode % Imprinted Object

(P extract

Sub Shape

}" Frame to Shell
%Check Shape ™
'Check Duplicate

B

Options Termﬁn Eeometrv

Remove/Modify Tools

Rectangle X
2D
Method

o o

‘@'""""""""'----1

: Input One Corner :
: Location -a0,-60 |
Method ABS x, ¥ w

[ Make Face

Geometry Set | Geometry Set-1 ) ﬂ
————
] oK Cancel || Apply _| 1

| Rectangle X
2D

Method

=]

e

e ——— -n
: Input Diagonally Opposite Corner :
| Location 120,120 |
Method REL dx, dy ~
[ Make Face
Geometry Set | Geometry Set-1| “ |

@4 ok 1 Apply

Cancel

Gle)omml oMo #8% $0MLE %W 7 RE QB QQCC+ HEFS IHIOIHH O-2-Y@|E |

S

Model Geometry
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Step

04

4-2 Geometric modelling-Intersect

Procedure

@ Goto Geometry

@ Click Intersect

© Select all the curves.

@ Click LI¥) to select all the curves.
@ Click OK.

GTS NX - [NATM.gts]

)_D_ELE Sge -m - s

Geometry 12 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

- C\ <$ rl Xl*— TR e (b @ @ 4& gT &R Revolve || «fr Transiate £2 scale (P remove || & Face/Edge @' P Frame to shel
0 g ---"r @ 0 @ % - - - . g Loft ORDGte @'Sweep—‘rmnslate EEE Attach 6Extmct !:K Remove Manual - %Check Shape ™

BeFdlng Solid  Surface Solid Surface || Extrude : _ Options Terrain Geometrv
g\‘ B Q (=] =/ m\/ @ @ @ % Plane ?Sweep ﬁ|ﬂerrDr BPI’DJEC‘: Shape DﬂExplode %Impr\nted Object Maker 'Check Duplicate

Point & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools

$Gaswmiio e B5% 408 L&k 9 R RH C0QABRAACC HE- @RODHEH O - @ VS|
R L] Eee® 1 MiC ‘5’@:_@@
A 4
Intersect X

3D

e

1 = Selected 8 Curve(s) i

Geometry Set | [SSul=0Eel ! v|

B & n L oK : Cancel

N
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Step

04 4-3 Geometric modelling-Fillet Curve

Procedure ,'Eﬁl-m@-ﬂuﬁﬁﬁ = )T GTS NX - [NATM gts]

L Euﬂetrv II I:I.esh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
GO to Geometry ab @ @Lr_ F I a @ E E (b @ @ 4& g‘]‘ ﬁaRevnNe QﬁTmnslate QSGE i @Remnve ﬂg)FacefEdge @' ; }" Frame to Shell
Srm b, - Neep- HH i ” 5 , ¥ -
. . ¥ “/ QQ’ o' & ) Q @ o @ % BeFding Soid Surface || Solid Surface || Extrude gmﬂ: ORDGte Gz i 6Extmct R Options Terrain Geometry i
Click Fillet Curve [l n FOF- A\ < /i Ple g o Maker =

P

Check Duplicate

Super
? Sweep ﬁ|ﬂ Mirror B Project Shape Dﬂ Explode % Imprinted Object

S I h . d h Poink & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools
electthe invert edge as shown. sglal comfaeme 2% #lM Wik ot ? RE JLAERACC+ BEL IFOPHH - 8 IBB]
Select the tunnel edge as shown. ] I

QOODOQ

Fillet & Chamfer > Fillet & Chamfer >
Enter Radius as 3. S \ Fillet Curve Chamfer
CIICk OK \_/EI- -‘/-----59:4:11-&1::----: a [+ Selected 1 Edge
Y e ! 8./ \ A/
E } \L T - seecciege_ ___Jia

———— -
& Trim Off Original Entities (Only Line) \-/ 8 Trim Off Original Entities (Only Line) /

Geometry Set <. v Geometry Set

E & oK Cancel Apply B & a2 L oK I cancel Apply
[p—
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Step
04 4-4 Geometric modelling-Intersect

Procedure )D_@_E e == > GTS NX - [NATM gts]

Geometry 12 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools S

0 Go to Geomet ry - C\c 5 rl b4 |4— TR e g @ @ 4}& ‘]‘ &R Revolve || «fr Transiate £2 scale (P remove || & Face/Edge @‘l P Frame to shel
g ---"r @ 0 % - - g Loft O Rotate é’ Sweep-Transkte EEE Aftach 5 Extract 1{ Remove Manual = . {8} Check Shape ™
g C“Ck |nterSGCt c\' B Q @ “)‘ m\/ 3 @ @ m E‘ﬂlgg soie suface so - surace || Btrude ?Sweep ﬁh Mirror BProJect EHEDeé DﬂExplode % Imprinted Object optens Termelln Eeometr\f 'Check Duplicate
Point & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools

© Select the tunnel section curves. X emb e mje HE # N Lk %t R BE QB QACC+ ALL IROFEE - -9aBEE
@ Click OK. @Ry | 6. | edge® v | -| I (R 1 R O®®|

ntersect X @
3D
2 I Ry

Geometry Set-1 v|

B & | oK : Cancel Apply

Geometry Set
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Step

04 4-5 Geometric modelling-Fillet Curve

Procedure ,'Eﬁl-m@-ﬂuﬁﬁﬁ = )T GTS NX - [NATM gts]

L Euﬂetrv II I:I.esh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools S
GO to Geometry ab @ @Lr_ F I a @ E E (b @ @ 4& g‘]‘ ﬁaRevnNe QﬁTmnslate QSGE i @Remnve ﬂg)FacefEdge @' ; }" Frame to Shell
Sl N\l . fe Neep-Transiste 3+ Attach ] ¢ | ® . § Check Shape ~
. . r- “/ QQ’ 'S. = 9/ = @ 0 @ % BeFding Solid  Surface Solid  Surface || Extrude gLo ORDGte @'Sweep Tronskre 133 Atte Super 6Extmct !{Remme et Options Terrain Geometry C seicseee
C“Ck F||Iet CU rve g\‘ B Q (=] =/ u @ @ @ % Plane ?Sweep ﬁ|ﬂMierr BPI’DJEC‘: Shape DﬂExplode %Impr\nted Object Maker » Check Duplicate
Point & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools

Select the invert edge as shown. 58 ehm) fiemis B85 %)M L&k %t @ 2B /L AEAACC+ DL L G060 @ @ 9B

Select the tunnel edge as shown. :
Fillet & Chamfer X Fillet & Chamfer *

Enter Radius as 3. o Fillet Curve  Chamfer

QOODOQ

Click OK. \5) PR T T T T s — .
L o Selected 1 Edge 1 \ \ -----S:\e:ed-l-Edg-e-----
= Selact Edge \\ \ 1 LE Selected 1 Edge ]_| L .
Radius 1 \\ i : Radius 3 1 .
8 Trim Off Original Entities (Only Line) l‘ ~ ‘e— T-rim-UF{;W
\ v 8

Geometry Set vl .
Geometry Set -
B4 i oK cancel | Apply - ——
1 J Cancel Apply

E & oK
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Step

04 4-6 Geometric modelling-Intersect

Procedure )D_@_E e == > GTS NX - [NATM gts]

Geometry 12 Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

0 Go to Geometry - Cc g rl Xl*_ & HE=S g @ @ 4}& ‘]‘ &R Revolve || «fr Transiate £2 scale (P remove || & Face/Edge @‘l P Frame to shel
et ' < B4 - . -
. -.r @ o % Fdlng Soid Surface || Solid Surface || Extrude g ot ORumte Gz i Super 5Extmct I Options Terrgi Geometry ®Ch8d( shane
@ C“Ck |nterSGCt c\' B Q (=] =/ m\/ 3 @ @ m Plane ?Sweep ﬁ|ﬁMierr BPI’DJEC‘: Shape DﬂExplode %Impr\nted Object Maker 'Check Duplicate
9 S I t th t I t Point & Curve Surface & Solid Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools
elect the tunnel section curves.

AGe enm #Hemie #E XM L& %h 7 RE QB QACC+ HEF IFOGHEH -9 -9YQ/H

@ Click OK. @Ry | 6. | edge® v | -| I (R 1 R O®®|

Geometry Set

Geometry Set-1 v |
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Step

05 5-1 Meshing-Tunnel

Procedure "'(& L= dcih = b= T GTS NX - [NXGT1.gts]

0 Go to Mesh > Generate > 2D Geomet __Mish__ |Stc|t|cfslope Analysis Seepage!ConsuIidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
9 Click Auto-Area. I E: @Comp. Prop. % "SyDef Size f_l[}_ S %Rename lﬂEx‘trude fﬁSweep g‘Tmns. E:Smle xCreate ﬂapl
cs Hinge = || F=+ Prop Ctrl. 2D c Divid Revolv Project || ' Rotat Delete 2%1 A
® Select the Tunnel curves. Materlal property P /7 inge Se Laver % Prop Ci ;n__ﬁﬁemesh S copy i owie ? o Wprovect | (] Rotote 11} sweep :k st o
] ] hﬁFunctlon - fl. ontral --DE Match Seed %3 ECreate .BFI" ﬁ‘[}ﬁset FHermr @~ Merge tCCC:
g Give size as 0.5 Prop./CSys./Func. Control Generate Mesh Set Protrude Transform Node
© Select property as Rock. HBla g ommie e B M K& % Holamadoo+ BES- @H
@ Give the Mesh set name
“Tunnel” .
. Generate mesh(Face@ X
@ Click OK. ity I
9 Auto-Face ] Auto-Area IMap-Face Map-Area
Ty R —— -
3 (B Selected 8 Edge(s) I N
___________________ I N
2] Select Point(s) ~
Q _/= -Si-ze-M-etH)d- ------------ -; ~ ~
| © size () Division 0.5 < : N~
("I Mesh Inner Domain
6 8 include Interior Edges
;P-roFeEy ________________ .
1 1 1:Rock ~ B
= Mesh Set |Tunnel vi

@

www.MidasUser.com



Step

05 5-2 Meshing-Fine mesh area

41

GTS NX - [NXGT1.gts]

Geometry | Mesh :sutlcjslope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

El’ E" l_:‘, Comp. Prop. ;.3 .\ "35 Def. Si 0 __..% S g Rename lg Extrude fg Sweep ﬁ Trans. ﬂ:SGIe %Create O;J PI

(@ =adar o

Go to Mesh > Generate > 2D

CIICk Auto-Area. ‘{ CSys H Hinge ~ =i ’Q? Prop Ctrl. ﬂ 2ol q Copy EE Divide ﬁ Revolve ‘LB Project @ Rotate 9( Delete %‘,iﬂ
Material Property S Layer | - Remesh IIH Sweep §
Select the curves as shown. F\ds Function ~ Cerl. Control ;-0} Match Seed 3D E Create :g Fil ﬁ’ Offset HFH Mirror o~ Merge 14.'{ C
Prop./CSys./Func. Control Generate Mash Set Protrude Transform Mode

Give sizeas 1
S $Blo onml s mie #5% #LMLE %W 2 BE JLQABRIACOT HE, B
elect property as Rock.

Q 200 060®

Give the Mesh set name “Fine 9
mesh” Generate mesh(Face) &/ *
CIICk OK ) | Auto-Fa Auto-Area Map-Face Map-Area

@ I___[L_::::'i________..
Fine mesh is assigned to some 1= Selected 12 Edge(s) ] :\ L

1 e o o o o ——————————— -
area near the tunnel section B ey g
where stress concentration is a _ ~
o R ~
expected. For the remaining I _ 1 ~
. 1 ©size () Division 1 < ~ [ — —>
area, relatively coarse mesh Lo AN .
COU|d be Used. ["JMesh Tnner Domain
B include Interior Edges
\/I"Pﬁp?ny"""""""ﬁ

I 1 1:Rock ~ | | B 1
L--‘-‘---------------'
N NN NN NN NN NN NN NN NN NN NN N SN S S S . -
1

BE & D?l:_ 0K -Itancel »>

12
Mesh Set Fine mesh| w 1
- -L-——-—-—-—-—-—-—-—-—-—l'

(7]
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Step

05 5-3 Meshing-Coarse mesh area

Procedure "/@ Dedccges=m = = GTS NX - [NXGT1.gts]
Geometry | Mash =S'Gt|c,(slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
@ GCoto Mesh > Generate > 2D —
@ @ @Comp Prop. % ’{S}g,Def. Si fl %Rename ]_ﬂExtrude fﬂSweep ﬁTmns. E’: I °\ereate O;JFH
. _ ity | 2D->3D 5 1
9 C“Ck Auto-Area. "': 'H’\', CSys HHinge ~ H ’E? Prop Ctrl. ﬂZD - ‘}Copy Eﬂ Divide 3 Revalve igproject @Rt}mte < 9( Delete %:IA
Materlal Property SIZT Layer | —-lﬁ Remesh ““ Sweep °
@ Select the boundary curves as hﬁFunctlon = Cerl. Control ;-Dg Match Seed 30 ﬁCreate :BFiII ﬁ'[}ﬁset ﬁerror @~ Merge c(‘CC:
shown. Prop./CSys./Func. Control Generate Mesh Set Protrude Transform Node
@O Givesizeas 1.5 A Gloemm e mie B $ M LE %W 2 RE QBRI CCF BHES FH
@ Select property as Rock. ot mein @) o
@ Give the Mesh set name P iyl A
“Coarse mesh” 9 I___J_I:f___i___.i
@ Click OK. LN
ele oint(s ~
A -]
1Ze Metho I
Q! g 1o L0 3
C]Mesh Inner Domain == _>
n Include Interior Edges
el--?r;e:y--------------:
\.(L- AR S ———
e e e ] &
\_‘/L Mesh Set l_(:iiﬂesh vi
e H
E & El?l: oK :Cancel >
L I 1 J
9
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5-4 Meshing-Extract Liner

Procedure

@ L=4 = Wl ‘h ~ GTS NX - [TUNNEL_2D1.g1s]
Enable a” the geometry curves q Geomel*L Mesh itatldslope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools g
and only the Tunnel mesh @. @ [EComp Prop. 03 “‘yDef Size %ZI}>3D %Rename lﬂ Extrude fySweep ngns g:sm\e %Create Bﬁprqect HCreate EModrﬁr Topo. _JExtmclI a
..:I "“ 'H: CSys H Hinge ~ '&? Prop Ctrl. ﬂ 2D ‘} Copy ﬂ Divide B Revolve gﬂprmect ﬁ Rotate m: 9( Delete o,lAhgn :k Delete ]l Parameters *]T)Mde ‘
GO to MeS h > EI em ent > EXtraCt e op et h? Function ™ Ctr? CLgntml :-D! Match Seed %3 ﬁ Remech ﬁ Create ‘B Fill ﬁ‘ Offset Fi Mirror S 02 Merge «i CSys & Modify m Connection gI Measure H
Prop./CSys./Func. Contral Generate Mash Set Protrude Transform Node Element

Selectthe Type as Edge. $ @l cnml He S F% LN W& vh ? BE JLABQAACCT B BROEHE @ 8 VS5

Select the tunnel section edges.

O © 9900 ©

. Ttem D Color Extract Element X
Select the property as Initial < Coordinate System ’
LI ner 2+ View Point -
' # Work Plane eaeometry Mesh
. .y B D N
Give the Mesh set name “Initial e ol 0 H 1
Liner” |WL___\/_____.. LORe _Edee
IE| M Geometry 1 \_/'_
H - Geometry Set-1 1 E : J
Click OK. | g s : = Selected & Object(s) i
& Bedding Pl . )
ﬁ;porghasze : Skip Duplicated Faces
I E-5F Mesh Control 1 ) ) .
:E, 8 Mesh I Orientation (Element Z-Axis)
C@
I s ?:::::t Mesh Set ; : E Beta Angle: 90 [deq] +
I 0 Fine mes PR e
1 i@ Coarse mesh 5 \.—/l
1 1 Property 1
--E Contact 1 1
Lo 5 et = e e | 2 2: Initial Liner v el !
/7 Hinge [ =9 Tt
-— Mesh Set
[ register Based-on Object Shape
(| Register Based-on Owner Shape
&Y | _ Register fgcedzon Quiner Mesh Set
| | — I
IJ_II"IItIEH Liner] 1 v|
==
=7 _ _DK_ N Cancel | Apply

h\ /i

(
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5-5 Meshing-Extract Liner

Procedure e e
= = 5 GTS NX - [TUNNEL _2D1.gts]
(@) e Rz~ - 1)

1
Geomel*L Mesh itatidslope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analbysis Analysis Result Tools
—— -

Go to Mesh > Element > Extract ==
Se|ect the Type as Edge. IEO.: E‘;‘ [EComp. Prop. HHinge i ﬂ % ‘@Def. Size le %ZI}>3D %Rename lﬂ Extrude fySweep ﬂ'Tmns. ﬁ:sm\e xCreate BQPrOJect HCreate EModrﬁr Topo. i.ni!Extmdl :]E

g T rty‘-(: CSys = - '&? Prop Ctrl. ﬂZD ER " ‘}Copy ﬂ Divide ﬁRevoNe iﬂprmect ﬁRotzte il < 9( Delete wi\l»gn :kDe\ete ] Parameters i]?)i\ﬁe.' ...}
H e e A Function ~ Eﬁ- O”Y% ! latch See e reate i e jror " v e erge 5 o onnection easure
Select the tunnel section edges. i Funct o Comtel faften seed | g0 et Br gl o | v QRverse elcsys | [} wodfy [ comecton - ] weasure
9 Prop./CSys./Func. Control Generate Mash Set Protrude Transform Node Element
Select the property as Final X Gleommy Ha e HE #0NM LK R R RE QB QOO BEL IIOIFEHE Q-9 -9 5|
Liner.
@ Extract Element X
@ Give the Mesh set name “Final
Liner” Seometry Mesh
. [ —————————————— -
® Click OK. T =

- 1 Selected 8 Objact(s)

A

Skip Duplicated Faces

Orientation (Element Z-Axis)

Beta Angle: 90 [deg] Lo

I Property
A 3 | 3: Final Liner ~ B

e o o o o e e e

©

Mesh Set
[ | Register Based-on Object Shape

(| Register Based-on Owner Shape

Register Based-on Owner Mesh Set

71 : -
Final Liner 1 “
LL’-’-’-’-’-’-’-’-’-’-’-’-’-’-"—/

1 1 | |
g @L DK | Cancel Apply |

®
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Step

06

6-0 Boundary Condition

Procedure

Go to Static/Slope Analysis >
Constraint

Select Auto, “Consider All
mesh Sets” is already checked
on.

Name the boundary Set as “GS*
Click OK

O © e

DeEHeage® = = = GTS NX
B 1
Geometry Mesh : Static/Slope Analysis |  Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
@_ .+ CSys '% "r:'i-mlmge Set 0‘ &6 Define Set B change Property W AForce L Press,
. k. - E = e . e :
. e F= Function ~ Simulate S &% Constraint | £ slip circular surface £F Water Level || —— () Moment g Water Pr
1
Material Property i Define || Stage e T Seff )
/7 Hinge Contact|| Wizard BB Auto Set UMMM Equation T Slip polygonal surface Weight B Disp.  §”Beam Loa
Prop./CSys./Func. Contact Construction Stage Boundary
Constraint X gicssisedl : i
@--,

.--./@r

Advanced! Auto I

Basic

Name Constraint-1

Select Object(s)
e ——————

1
I @ consider All Mesh Sets 1

— N ———

G|

Boundary Set ~1 |38

G &2 I _oK__ : Cancel Apply
D _ 4 y

it
LT
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Step

07

7-1 Load Definition-Self Weight

Procedure

Go to Static/Slope Analysis >
Load >Self Weight

Check for gravity Direction, G,
should be -1

(ﬁ UEeHege = :

Geometry Mesh I Static/Slope Analysis |

%’ "r'l mlmge Set

Define || Stage
Contact|| Wizard ﬂ"‘“m Set

,lg_\| Lf\ +, CSys
wf a8 B Runcion -

Material Property s
inge -

e Simulate Stage

Seepage/Consolidation Analysis

£6 Define Set
ﬁ Constraint

Dynamic Analysis
B change Property

= Slip circular surface
B Constraint Equation &Slip polygonal surface

Analysis

£ Water Level

GTS NX
Tools
=
W Lirorce Jdpress.
—— Moment i Water Pr
nghtﬁmp ¥ Beam Loa

Od ® @

Prop./CSys./Func. Contact Construction Stage Boundary I
Name the Load Set as “SW* [ Gravity % |
Click OK ————
| Gravity 1
| ST |
Name Gravity-1
Reference Object
Type Coordinate w0
Ref. CSys Global Rectangular -

pone

Gx o

Gy -1

@S —
1
1
1
1
1
1
1 Gz 0
1

Spatial Distribution

Base Function MNone v

®_

:Load Set ‘ 5w V‘ 4’

e o o o o o o o o e

E & a‘ :--:' Cancel Apply
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Step

07 7-2 Load Definition-Overburden Pressure

Procedure @ beddUbsrtanz-, GTSMX—[TUN@?DLgts!
G S . /SI A I . Geometry Mesh | Static/Slope Analysis lSeepagefConso\idation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools \/i_——-. Style ™
>
o (0} to tatIC Ope nal YSIS @ E.I l-(ﬂ CSys ﬁ?ﬁge Set @Deﬁne Set %Change Property - % *Force lu Press. : 9Beam Load !,Tempemture Gradient %Deﬁne Set 6
Load >Pressure J J . & %Volume Data Export || o _ . §= Water Level ..- ; .
T E MFUHC’CIUI’] ﬂS\mulate Stage FPPBI‘tE| Ector 2e¢ Constraint %Shp circular surface E - @ Moment uWater Pressure l Nodal Temperature &4 Prestress JﬁComb. Set ’
g Go to Edge HHlnge - W'ﬁ"d @Hufu Set m %Cunstmint Equation {8 Slip polygonal surface nght xDusp RArbtmry Load ﬁEIement Temperature wln'rta\ Equilibrium Force E%From Results E'
Prop./CSys./Func. Construction Stage Boundary Load
Select Type as 2D Element R
9 yp Pressure x
Edge. .
= A
@ Select the element edges as | Edge | Face Axisymmetric
shown.
Name Pressure-1
@ Enter value as 28000. 9
\ [}_]
\ A e e e e e e e o
@ .’.\lame the LO‘:’}d Setas LType _ 2D Element Fdge ___;’:l o o o
overburden o T ——-——-————‘a r 1
. ! [E Selected 80 Object(s) ] : - P : :
@ Click OK el < -
Since we are not modelling the Direction
entire overburden in the model, Type  Normal - S gt ittt M LA
we are applying it as an FERtEEE HiHR et i
equivalent pressure load on the Ref. CSys Global Rectangular g R A
top. HH H i H
P X Y z £ i g H e .
Magnitude n:[
B uniformly Distributed Loac -+
e Base Function MNone v BB | e e e e e e e B RS B
——————————-——-——-—-. llllllllllllllll
| P or P1 28000 kN/m | H
P ey U | i
P2 0 kN/m ; it
g S T i T
s Y .
1 g ; ik G TR
I Load Set | overburden : v| < HH
——-———1_|-—' : i
EE 4 I OK : Cancel Apply L ” 3
‘ 4
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Step
8-0 Construction stage Definition

08

Procedure (‘m SR =) m’**c--_ » = s GTS NX
Ny T
h Geometry Mes] LStatiq'SIupe Analysis | Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
Go to Static/Slope Analysis > e
0 . P y ,lg_\| Lf\ +, CSys i1 4% stage Set B &8 Define Set B Change Property W Lrorce  Jdpress.
Construction Stage-> Stage oy Sep o _ Qﬂ.,.___ = _ - - b
Set F= Function ~ Simulate Stage #s% Constraint = Slp circular surface % Water Level || == (#) Moment g Water Pr
e Material Property . Define || Stage ) ) b Self _
inge - fi Auto Set onstraint Equation ip polygonal surface . isp. eam Log
ffH Contact|| Wizard B8 AUto S B constraint Equation % Slip polygonal surfa Veight 1 D & Beam L
@ Select the Stage Type as Stress Prop./CSys./Func. Contact Construction Stage Boundary
@ Enter the name as Tunnel Construction Stage Set X Construction Stage Set @ e X
g Name Construction Stage Set-1 Add Glame Tunnel 1 Add 1
@ Select the Stage Definition T omerme res T e st Tron |61 e
> . Modify age e ress A= Modify
created and click on Define CS. i ’ = o
T Copy Mo Name Type Copy
Stress-Seepage-Slope
Consolidation Delete Delete
Fully Coupled Stress Seepage
Stress-Nonlinear Time History Define CS... S
Heat Transfer o Define G5
Seepage-Thermal Stress
Heat of Hydration(Thermal Stress)
Fully Coupled Stress Seepage Heat
Close Close
Construction Stage Set X
Name Tunnel Add
Stage Type Stress ~ Modify
Mo Name Type Copy
Delete
I.._E:_C;__l
T oo ]!
e\-.——-——-—l
A4
Close
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Step

08

8-1 Construction stage Definition

Procedure

Put Stage name as In situ

Drag and drop Coarse mesh,
Fine mesh and Tunnel Mesh
sets into Activated data column.

Similarly activate the GS
Boundary condition and loads
SW and overburden.

Click on Save
Click New.

o9 @ ©e

| Define Construction Stage

|
| Construction Stage Set Name Tunnel

S
I Stage ID 1: Construction Stage-1 vIE Move to Previous Move to Mext
=
1 Stage Name In situ 1 I News | Insert Delete
Stage Type Stress e e
N
Set Data rActi\.rated Data Deactivated Data
o o o
=@ Mesh vl = Mesh 1 & Mesh
@ Coarse mesh 1 @ Coarsemesh | £ Boundary Condition
@ Default Mesh Set : @ Fine mesh 1 gl Static Load
@ Final Liner 1 @ Tunnel : 2 Contact
@@ Fine mesh 1| =55 Boundary Conditjonl
@ Initial Liner 1 & Gs 1
& Tunnel : -8k Static Load |
=-£% Boundary Condition 1 sk sw 1
| £ Gs 1 sk overburden :
-8k Static Load 1 & Contact e|
& sw ! =1
< 1 !
2 Contact i :
! 1
! 1
L-----------
Sort By Name ~  Show Data All v

E] Analysis Control
E] Output Control

Initial Condition
[ Define Water Level For Global

0 None
[ ] Define water Level For Mesh Set

Input Water Level

O Sub Stage

(] wF
[ Clear pisplacement
[ Slope Stability(SRM)
[ slope Stability{ SAM)

Copy To Specific Stage...

Save Close

_®

x|
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Step

08 8-2 Construction stage Definition

Procedure D - - -

| Define Construction Stage

X

@ Put Stage name as Clear

Ny | Construction Stage Set Name Tunne v [
Displ | ’ '
Isplacement i |
@ Check on Clear Disp|acem ent. 0'I_S_tﬂie_m'_____21_‘30_”5£“£ti£”_5t£95‘2______v :__Mg\.re_to_P_eﬂlous Move to Next O Analysis Contral... |
i 1
9 Click on Save /| Stage Name Clear Displacement Il 1 | Insert Delete O Output Control... |
G e .
1 1 . -
. Stage Type Stress v———————a Initial Condition
g Click New. \_/ [ ] Define Water Level For Global
Set Data Activated Data Deactivated Data 0 m None
Bﬁ Mesh % Mesh @ Mesh (] Define Water Level For Mesh Set
-ff Coarse mesh 55 Boundary Condition £ Boundary Condition
9 Default Mesh Set sk Static Load £k Static Load Input Water Level...
{p Final Liner 2 Contact
@ Fine mesh O Sub Stage...
& Initial Liner
[ Tunnel 9 LDF... Copy To Specific Stage...
rE guggary(]ondmon \/' & clear pisplacement
2-$ Static Load LCJSIope Stability( SRI)
: i SW o [ slope Stability(SAM)
gl overburden
& Contact
o ______
1 1
Sortgy  Mame ~  Show Data All i 1 save | Close
S —
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Step

08

8-3 Construction stage Definition

| Define Construction Stage

Load Distribution Factor

> | Load Distribution Factor

( -uction Stage Set Name Tunnel | | rﬁ- bt @
0 Put Stage name as TU nn EI g - e e = \ / 9' After Current Distribution I |__ — 4
H Cao R : e —— = ove t0 Previvus: ove to Ne: Analysis Control £
Excavation 0.85 1 T = I W o = A - . AL
. - S-taga-NEa- Tunnel Excavation 0.85 New- _' Insert Delete O Output Control. 0 0.85 1 1 F -l
age e ress ~ Initial Condition | . ——
@ Drag TU nnel mesh into Stage Typ st e e s : : ; Dnnj : i
DeaCtlvated Data' : Set Data Activated Data R AT Tt T ) 0 Mone I 1 e
. ‘ y | = Mesh % Mesh ] 1= @ Mesh 1 [T Define Water Level For Mesh Set [ |
© Check on and click ‘LDF’. M oo ot B || 95 W S
. . . & Final Liner = Contact £k Static Load 1
Enter the distribution factors as B Fine mesh 1| "% cortac a Sub Stage AfterCurrent | o
@ Initial Liner 1 1 | Sta Distribution Factor
shown. HE D mmmeml TR T o vo oot o (5 — -
=] %iﬂug;ary Condition hﬂ:\e-armipmze!nent o \;/' -—— - -I 0 0.85
6 CI|Ck Ad d . EE) E{aw eed ) slope Stability(SRM) No.  Mesh Name I add 1 P | 1 0.05
i SW Slope Stability(SAM) e : 2 01
@® Click on Tunnel meshand -> % conmer voary || 5]
to activate it. Delete
@ Click OK.
@ . Total Set Type
CIICk OK | oK Close : I Close
. o -
© Click Save. o
@ C| k N Load Distribution Factor X e
IC ew.
. T | After Current Distribution
LDF is to account for stress cotny e 1 scom [m ~ : - - stage Factor 1
relaxation in the tunnel section. 9------' | 0 0.85
We are allowing 85% relaxation in | : o
this stage, and next 5% and 10% B
in the subsequent stages.
Total 1
No.  Mesh Name Add
1 Tunnel Wodfy
Delete
II T -0? = —I Close
- S—
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Step

08 8-4 Construction stage Definition

PrO Ced ure |Deﬁne Construction Stage X .
0 Put Stage name as Tunnel | Construction Stage Set Name Tunnel ~
Excavation 0.9 |
. Stage ID 4: Construction Stage-1 v = Move to Previous Move to Next Analysis Control...
@ Click on Save 0«---------------------.. .
. [l stage Name Tunnel Excavation 0.9 1 Insert Delete O Output Control...
@ Click New. :I.____________________ N N
Stage Type Stress w Initial Condition
| (] Define Water Level For Global
|
| SetData Deactivated Data 0 m None
| E‘% Mesh @ Mesh (] Define Water Level For Mesh Set
| {9 Coarse mesh £5 Boundary Condition
@ Default Mesh Set £k Static Load Input Water Level...
@ Final Liner & Contact
[ @ Fine mesh O Sub Stage...
@ Initial Liner
| -8 Tunnel (J LoF... Copy To Specific Stage...
| Bm%ﬂ_gggaw Condition [ clear pisplacement
= Static Load [ slope Stability(SRM)
| = [ slope Stability(SAM)
gk overburden
----- 2 Contact
\-/g___-__
Sort By Mame ~  Show Data All v i Save : Close
——
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Step

08 8-5 Construction stage Definition

Procedure

| Define Construction Stage X
.. . |
@ Put Stage name as Initial Liner | Construction Stage Set Name Tunnel v
@ Activate Initial Liner mesh. a
. a‘tage D 5: Construction Stage-1 R\ /_Mﬂ.re_t_Pﬁa\._ri_ous Move to Next ] Analysis Contral...
@ Click on Save ; e T i ]
L Stage Name Initial Liner 1 1 News | Insert Delete ] Output Control...
H r --------—-—--—-—--—-—--—-—--—'—h------
g CIICk NeW' Stage Type Stress LY Initial Condition
[ Define Water Level For Global
Set Data \g Activated Data 1 Deactivated Data 0 m Mone
| ’-:-‘ﬁ Mesh i Bﬁ Mesh 1 : % Mesh [ Define Water Level For Mesh Set
| {9 Coarse mesh I B Initial Liner : &5 Boundary Condition
5 Default Mesh Set I i b Static Load Input Water Level...
| g Final Liner : 1 .2 Contact
& Fine mesh 1 ] Sub Stage...
] Initial Liner | : I
@ Tunnel - - ____________! (] LDF..  Copy To Specific Stage...
B%QUSSBW Condition (] Clear Displacement
=& Static Load (] slope Stability(SRM)
- sw (" slope Stability(sAM)
.2k overburden
& Contact

| '3
D/ ppp——
1 Sort By Name ~ | Show Data All i I Save 1 Close

1 ——
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Step

08

8-6 Construction stage Definition

Procedure

@ Put Stage name as Final Liner

@ Activate Final Liner mesh and
deactivate Initial Liner mesh.

@ Click on Save and then Close.

The initial liner, in many cases,
is shotcrete which could be
eroded over time, so we are not
going to consider any resistance
due to the initial liner, we will
deactivate it such that entire load
is applied on the final liner.

| Define Construction Stage

; Construction Stage Set Name Tunnel R
o'tage D 6: Construction Stage-1 v : Move to Previous Move to Next
YS:age Name Final Liner 1 News Insert Delete

Stage Type Stress w
Set Data AR DT T T Deacvated DAt )
-y Mesh 1l |2 @ Mesh =y Mesh 1
; @ Coarse mesh 1 @ Final Liner @ Initial Liner :
J @ Default Mesh Set : ﬁ Boundary Condition $ Boundary Condition
& Final Liner I gl Static Load gk Static Load 1
@ Fine mesh 1 2 Contact 2 Contact |
@& Initial Liner 1 1
@& Tunnel 1 :
- 8% Boundary Condition B s o
$ Gs
o8k Static Load
& sw
sb overburden
2 Contact
l
|
| SortBy Name ~  Show Data All ~

[:] Analysis Control
C] Output Control

Initial Condition
(] Define water Level For Global

0 None
[ Define Water Level For Mesh Set

Input Water Level

O Sub Stage

(] LoF
("] Clear Displacement
(] slope Stability{SRM)
[ slope Stability{Sam)

Copy To Specific Stage...

1 Save [ Close 1
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Step

09

9-0 Analysis Case

Procedure

Go to Analysis > General

Select Solution type as
Construction Stage.

Enter Title “Tunnel’
Click on Analysis Control

@00 ®®

Check on Initial Stage for
stress analysis and Select In
situ. Check on Apply KO
condition.

Check on Estimate Initial
Stress of Activated Elements.

O @

Check on Estimate Initial
Configuration of Activated
Nodes.

Click on Nonlinear.

(8
@ Change the Convergence
Criteria to Displacement.

@ Click OK.

?ﬁ OEHIde® =+ = +

9

GT5 NX - [Bearing capacity_Incrementi

-
Title

[

e‘ Analysis Case Setting
1

Tunnel

Description
9 (=== ———
/1 Solution Type Construction Stage B |
——— -

Construction Stage Set

L Tunnel \J

Analysis Case Model

All Sets <</pyl=>

Solve Each Load Set Independently Name oK

| Analysis Control

kB

Output Control

Active Sets

Cancel

Apply

|
|
i Water Pressure

() Automatically Consider Water Pressure

—
g lmtlal Stage I
I .].mtlal Stage for Stress Analysis 1:In situ ~ I
1 B Apply K0 Condition 1
1 [ Cut-Off Negative Effective Pressure 1:In situ .!

G o ——— -

[ ——— - — -
\ Initial Stress

(1

I {8 Estimate Initial Stress of Activated Elements

— - -
Final Calculation Stage

© End Stage 1:In situ

(O Middle Stage

Specify Restart Stage
Restart Option
osave only User Specified Stages
() save All Stages
() Save All Stages and Last Converged Step
Initial Temperature
C]].mtlal Temperature By Value 0

[Jnitial Temperature By Load Set None

Saturation Effects

[ Consider Partially Saturated Effects for Stress Analysis
Max. Negative Pore Pressure

I8 Max. Negative Pore Pressure Limit 0 kN/m2
-------------------.

Initial Configuration

I {8 estimate Initial Configuration of Activated Nodes J

R -
Undrained Condition

[J) Allow Undrained Material Behavior

Cancel

. Geometry Mash Static/Slope Analysis Seepage/Consolidation Analysis Dynarnic Analysis Analysis | Result Tools
L
F L_R &} l - LR N
3 Batch Analysis
‘ [iﬁ Setting ~§- gm — b ‘ |@‘ Eﬁl"
odeling .
Geneml [}ﬁ Parametric Analysis || Perform History Options
& Resutts Output Probes
knalvsis Case Analysis History Tools
‘:CJd;“-:'WCd fy Analys :.E-a;e- o R o - i * Analysis Control X | Analysis Control @
-
| General Nonlinear Age General] Monlinearg Age

-——
Geometry Nonlinearlity

() consider Geometric Nonlinear Effects
Update Pore Pressure with Deformation
Partial Factor

() consider Partial Factor

Basic Nonlinear Parameters
© Load Steps
© Number of Increments 1

Intermediate Output Request  Last Increment ~

() Manual with User-Defined Steps Load Step,

() Time Steps
86400

Time(Duration)
Last Increment

Manual with User-Defined Steps Time Step

Tterative Scheme
9 General '.' nEnhanced Init: Stress
o = —— ——

I Convergence Criteria / Error Tolerance

1 B pisplacement(u) 0.001
1 (Joad(P) 0.001
1 Oworkw) 1e-006

o o o o o o e e -
C]Use Arc-Length Method

0.25
4

20

Advar, linear Setting...
-—— -
T o )1 e
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Step

09 9-0 Analysis Case

Proce re If?_ﬁ OEHotie == = = GTS NX - [Bearing capacity_Incrementi
Iy 1
b
b Geometry Mash Static/Slope Analysis Seepage/Consolidation Analysis Dynarnic Analysis Analysis Result Tools
@ Click on Output Control ‘% s #’ B Batch Analysi “@ IE‘J
= etting :
i - E| Modeling 4
@ Check on Strain. General E.I} Parametric Analysis || Perform History Options
Click OK & Resutts Output Probes
@ IC Analysis Case Analysis History Tools
@ Click OK. - — B
| Add/Modify Analysis Case X — - - - — — -~
| Output Control X
Analysis Case Setting [
Title Tunnel | ‘ Output Type Qutput Option
Description 28] |
. — :na_lys;s Ent_rol_ e | Write Results of All Active Mesh Sets
Sojution Type. | Construction Stage ¥ L Output Control o 1 Nodal Results Element Results
Construction Stage Set Tunnel v 0 Displacement Mesh Set... Force Mesh Set...
AN _4 ﬁpplied Load Mesh Set. Stress Mesh Set...
Analysis Case Model \ ————— - -l
All Sets << >> et Reaction Force Mesh Set.~"y_ [@lstrain_ _ _ _ 1 Mesh Set...
Grid Point Force Mesh Set... o Status Mesh Set...
O
Seepage Mesh Set... Seepage Flux/Grad.  Mesh Sef...
& temperature Mesh Set... Heat Flux/Grad. Mesh Set...
Veloci Mesh Set... Ductili Mesh Set...
ity ity
Acceleration Mesh Set... o8 Crack Mesh Set...
O
E] Contact Mesh Set... C]Multi-layered Grid Mesh Set...
Output Option Element Qutput Location
© sinary () Binary and Text Element Corner Results
Shell Mid-Flane Results
Composite Shell Mid-Plane Results
Number of Beam Output 4w
A/
P o 1
| I
-y
Solve Each Load Set Independently t Name UL ok 1 Cancel Apply
-
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Step

10 10-1 Analysis

41

‘@ Deddge=n - (L J—

Geometry Mesh Static/Slope Analysis Seepage/COn'gmn Analysis Dynamic Analysis Thermal Anatysts LAnalysis 1 1 Result Tools

@ Go to Analysis = 2 3 = ]
= ] Batch Analysis
Go to Analysis Option ‘é B setting & ——l Eﬂ"' " ot
9 . General m-‘Parametric Analysis Perform|[%MOdeIIng H' Anafvsl‘a'lthlonS P"f”“” ’/5 e
® Uncheck Auto Constraint B Resuts Output Probes 1 Gption
@ Click OK. Analysis Case Analysis History ---T'Iols Fatigue Analysis Case

Glolonml oo 5% #EM L& wh ? RE QB QIO

Analysis Option Control X

s

Number of Processors 19

[ JEnable GPU Acceleration

Element Formulation

Q) Hybrid (Accuracy)
() Reduced (Efficiency)
() Standard (Stability)

Equation Solver
Qaute () Multifrontal () Dense () AMG
Maximum Iteration 1000

Convergence Tolerance 1e-006

2D Element Setting

& unique Shell Mormal Generation 20 [deq]
9 @ consider Drilling DOF
N

[:]Auto Constraint 1

Set Default Cancel

©
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Step

10 10-1 Analysis

11

Procedure !T?_ﬁ' OHDOte = & = ————- GT5 NX - [Bearing capacity_Incrementi

Geometry M @/ _St:itigsllope Analysis Seepage/Consolidation Analysis Dynarnic Analysis LAnahfsis 1 Result Tools

@ Go to Analysis > Perform ‘% U = 5 gatch Anales “@ [El* il

E# setting : —
; odeling :
@ Select Tunnel General 3% Parametric Analysis | Perform e History Options
. I Output Probes

@ Click OK Analysis Case [

Jinalysis History Tools
@ Give the File name

@ Save it at desired location

GTS NX Solver b © Smve As

{ ‘uv| | <« Local Disk (E) » Akash b Training Materials » 5day b+ Day3 ~ [ 43 |[ Search Day 3 2|

Organize New folder gz - @

\94‘__-__J___m---L---m---l--mmm.--l--- Y - r— - Duemodied | |Te -

1 Tunnel Construction Stage 1 = LS [ File 1/20/2016225PM  NXGTDocument 2900 k8

- W S R S S S R S S R S R S R S S S S - #& OneDrive

4 Libraries
& Apps
7 Documents
& Music
[E] Pictures

B Videos

m

18 Computer
&, Local Disk (C)

= New Volume (D)
aﬂ Local Disk (E)

\-'ﬁl-ﬂaﬁSﬁ:F'-----—-——-——-——-——-————————I

g 1 File name: E |
mm———— 1 Save as type: |GTS NX Files(".gts) A
@ cCheck on/off I Cancel [ ——==1
==l  bideFodas ‘
-

- -——
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Step

11 11-1 Result Extraction

Procedure

@ Go to Works Tree Window >
results

@) Open Tunnel results

@ Click on = icon to open up
different contours. Double click
on TY Translation to see the
contour plot

Final settlements can be
checked using TY Translation
of ‘Final Liner’ stage.

-2 INCR=1 (LOAD=1.000)
Clear Displacement
Bl INCR=1 (LOAD=1.000)
= Tunnel Excavation 0.85
2 INCR=1 (LOAD=1.000)
: Tunnel Excavation 0.9
-2l INCR=1 (LOAD=1.000)
[ Initial Liner
b e NG B 1(LDANS 1000 e ol
=& Final Liner
E@ INCR=1 (LOAD=1.000)
=& Displacements
- TOTAL TRANSLATION (...

g& -@ Tunnel
i =T In situ
1
1
1
1
1
1
1
1
1
1

== T T T B TORENSTATIONT T T
: 2= JTY TRANSLATION (V)
1 B TZ TRANSLATION (V) 1

== = TR ROTATIONTT = =
B RX ROTATION (V)
& RY ROTATION (V)
& RZ ROTATION (V)

(3)

Analysis Mode]  Resuts
[

-

Settlement in the last stage

DISPLACEMENT
T, m

L 10.26514

0.3%
+0,15922

0.3%

0

009573

+0.04934

+0.01544
0.2%

+0.00253

32.2%

-0.00739

22.9%

-0,01574

22.8%

-0.02921

5.5%

-0.04925

1.5%

-0.058724

0.4%

-0.141584

0.4%

-0.23047
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Step

11 11-1 Probe Result

Procedure be@dggew-~- =
Geometry Mesh Static/Slope Analysis Se {Consolidation Analysis Dynamic Analysis ﬁﬂah'SiSLLRESLE | II Tools
9) Go to Results> prObe &4 Combination i) smoath - 8 Edae T}pe‘d I %iﬂﬁe_: (EP LDF Sum Seepage ™ Legend Nodal ¢
. ] B peform ~ BFil~ Multi Step Tso. £ cutting Diag. || g 5aM Min/Max Elermn. ¢
@) .CItICk 0? the model on Node of Jr Cleiaton | o Vector -[xvZDrection  ~ | No Results - || @ Extract 15 Others - History - Cont. Line [ Actual
Interes Result General Advanced Special Post Show/Hide
© One can see the probe value in 3
the model itself or in Probe A Probe Results o X
results tab. Entity Type Color Value Tag Type
@ Close it © ode Tag Color l:| v []Exponential = ™
- Decimal Point
() Element Text Color - e . E Size
Results
I________ ______ ———
I Show Type 1)) : Value
I [
@‘ H Node 35 -0.2304 |
I Node 51 0.2651 :
LE‘""""""""'
Max Min Abs Max Clear All
[:]Min,"Maanlue of Each Part Close
Probe Result
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Step

11 11-1 Result Extraction

Procedure

@ Double click Axial Force under
‘Beam Element Forces’ to
check for axial force variation in
Liner.

@ Goto Properties. Select
Diagram from the drop down.

® Uncheck Reverse.
@ Click Apply.

This is used to change the view
of the result output.

Item 1
| {8 Default Style
Bﬁ] Tunnel
=SB Insity
2N INCR=1 (LOAD=1.000)
BF_;ET Clear Displacement
=& INCR=1 (LOAD=1.000)
Q-F_&T Tunnel Excavation 0.85
=2l INCR=1 (LOAD=1.000)
=21 Tunnel Excavation 0.9
&N INCR=1 (LOAD=1.000)
=1 Initial Liner
=& INCR=1 (LOAD=1.000)
=B Final Liner
=H2I INCR=1 (LOAD=1.000)
B Displacements
% Grid Forces

[H-# Reactions
.67 Beam tlement Forces 1

o

& SHEAR FORCE Z :

WP a2 T R ——
ﬂ,ﬂ BENDING MOMENT Y

ﬂ,ﬁ BENDING MOMENT Z

[H-£5 Plane Strain Forces

R P \XIAL FORCE
& SHEAR FORCE Y

Color

1 Apply 1

- L
e\lﬁnﬁ_ffsa ol [femis_ _ |
Properties 1 I x
IDiagmm 1 e
'g-ai,!m——————————-l N
Scale Factor 0.3 N |
Line Width 2
Diagram Type Contour
Fil Type Solid Fill l
DR TE ler — ———— -.-ﬂDOOOGI 3
117 Reverse False 1
| V- PSP R VTP p— 1 - p——
Refarence Value 0 N
Result Direction Default
Division 8
[= Cutting Diagram
I:‘ Real Scale e False
Scale Factor 1 -

Axial Force variation in Liner

BEAM FORCE
AXIAL FORCE | kM

-10991,30371
8.7%

-11155.46973
5.1%

-11229,35254

5%
-11464,13477
0%
-11541.80664
0%

-11675.65527
5.5%

-11957 76680
5.3%

-12243.858201
5.5

-12368.43652
-12415.49707
-12458.11523
3%
'3;"012544'03?11
-12624,78027
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Step

11 11-1 Result Extraction

Procedure Item o D Color

-{Z] PLASTIC STATUS
£5] MEAN EFFECTIVE PRESS..
3] MEAN TOTAL PRESSUR...

2] PORE STRESS BEAM FORCE
5] EXCESSIVE PORE STRES... SHEAR FORCE Z , kM

@ Double click Shear Force under
‘Beam Element Forces’ to
check for axial force variation in

Liner. (-5 Beam Element Strains & 7%320'46539
(-8 Plane Strain Strains E+ 266.85048
=1 Final Liner .
£ INCR=1 (LOAD=1.000) r213.29547
ﬁ Displacements +159,71053
e Grid Forces +106.12558
= BOATICLS o o e
: gfyﬂ Beam Element Forces -: 31 5;‘652'54060
1 ~&a AXIAL FORCE T 104434
1 -4 SHEAR FORCE Y 32.0%
1 i -54.62930
Le—- ORI = =——— Ei'Sl:ilblOEi 21425
0.0%
&4 BENDING MOMENT Y el 70071
& BENDING MOMENT Z 1.7%
[#-&5 Plane Strain Forces 1 7':;'52 1538416
Ga Beam Element Stresses ' “E8.95912
=3 Plane Strain Stresses £.5%
g S-XX TOTAL -322.55403
{5 S-YY TOTAL
{5 S-ZZ TOTAL
— L
il Shear Force variation in Liner
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Step

11 11-1 Result Extraction

Procedure

Item D Color
You can also check for bending . {8 Default Style
moment in tunnel lining. @ Tunnel
& Insitu BEAM FORCE
- @2 INCR=1 (LOAD=1.000) BEMDING MMNT ¥, kMN*m
Blz Clear Displacement +163.42947
. @ INCR=1 (LOAD=1.000) — I 137 e 1m0az
=+ Tunnel Excavation 0.85 ; ) .
. @RI INCR=1 (LOAD=1.000) +108.93234
+H1.68378

BIZ Tunnel Excavation 0.9
B INCR=1 (LOAD=1.000)
£+ Initial Liner
- INCR=1 (LOAD=1.000)
=2 Final Liner

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

+ 3443523
0%

+27.18665
21.7%
-0.08130
13.0%
-27.31047
7.2%

--4}’ Grid Forces 9{;54'55903
[2-% Reactions -51.80759
=5 Béam Element Forces 1 09.05615
: &4 AXIAL FORCE : '

| e SHEARFORCEY 1 . 136.30472
I -&a SHEARFORCEZ : -163.55328
18

1

1

e — , ,
" = B ENBINCMOMEN 7 = = =] Bending Moment result for the Liner

&5 Plane Strain Forces

Analysis  Model Results
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Step

11 11-1 Result Extraction

Procedure (ﬁ UDeddoO®™=m™= '~ GTS NX - [NXGT1.gts]

. . . Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
(1) Go to Final Liner- Plane Strain

Stresses-> Plastic Status to 24 combinati [&3) contour| [ smooth ~ i) cdae Tye ~ || B probe (P LoF sum Seepage 7 Legend Nodal Average 1 - @l
: . . ombination mage Hie
Chectl:kl for plastlc regionin the f: e [« Diagram ﬁDeform X E Fill = @Multi Step Iso. ECutting Diaq. gsm [C] value Elem. Cent. Result I O .
Calculation Initialize ptions
modet. Vector ™ [XYZ Direction ~ | [P Mo Resutts ~ || g Extract L%, others ~ B History = || [C] Cont. Line [] Actual Deformation
Result General Advanced Special Poslg ), Show/Hide Etc. Tools
. 1 s
| w6 1 z )
@ We can observe plasticity # SO emml#He e B HUOM L& %h ? EAGABQAACC+ HE LI @
around the tunnel section. —
@ TO Check for the radius Of plastic Tem éﬁnla:‘f::"uOAD:‘bwm iy Color S ———— \'1eas“‘re ><
region, Measure can be used. e ponnitan e
Pplacesents Material Status Output
: : ?::JZT Plastic/Failure 6 Measure
® Go to Measure and select two } . eam Bt s Uniading/Rebading | @
. + & Plane Strain Forces
pOIntS as shown. 4 Beam Element Stresses 9 Tension Falure & Distance between Point and Point v
. . a:;:i":;::mw — / Cap Failure =3 - -
@ The distance between them will e - it

Distance: 7.68469 m
GCS (DX, DY, DZ) : (0.48578, -7.66932, 0)
WCS (DX, DY, DZ) : (0.48578, -7.66932, 0) 1

& s-2z TOTAL

be displayed. e °
aszz
85Xy

3 S-MAJOR PRINCIPAL (V)
£3 S-MINOR PRINCIPAL (V)

@, EAE ——

= HEAR

| S sunaEn 6
3 5-VON MISES \ )
1 am_ N/

Anahss Model Resuks

& Cancel

Plastic Status
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Step

11 11-1 Result Extraction

Procedure AL EF LRy

Geometry Mesh Static/Slope Analysis Seepaﬁh.e-efnsolidation Analysis Dynamic Analysis Analysis | | Resutt | Tools
—— -

0 CIICk on TOtaI App“ed Force [*h Contour ﬂSmooth ~ ﬂ Edge Type ~ E‘:} Probe @LDF sum Seepage Legend Nodal ¢

. c o
under Grid FOfC.es for the stage Tfii:lmbl;?tm [ Diagram| &Y Deform ~ BFill - Mufe Sep 1so. K% cutting Diag. || p 5aM O] Min/Max [ Elem. ¢
Tunnel Excavation 0.85. N B vector - [xYZ Direction  ~ | No Results - || @ Extract L% Others - History = Cont. Line [ Actual
g GO to PrObe and SeleCt any Result General Advanced Special Post Show/Hide
node. . . . ' ) ' _ ' e Probe Results %& X
@® We can observe that forces have 2l Post Style _ C o o | EntyType  Color Value Tag Type
been app“ed at the'tunnel gé-%ﬁjﬁult sue . . _- . ) | o Node Tag Color I:I ~ D Exponential X w
section corresponding to 15%of SR nsitu : ' a 1P Decimal Point |\
the stresses such that the stress @I INCR=1 (LOAD=1000) Otlement  Text color [ - 7S i

relaxation is up to 85% based on
the LDF input for this stage.

: | 4
L Clear Displacement t 4 _ ! N -/ '
o SELNGRTIQADSL000 .
EHZ Tunnel Excavation 0.85 1 N
1T INCR=1 (LOAD=1.000) 1 .
\ 1) 1D Value
=B Displacements 1 ) ype a
: 1

(3 )
Bﬁ’ Grid Forces \'@ Mode 50 2211.0220
2 4 TOTAL APPLIED FORCE I

-4 TX APPLIED FORCE 1

Bl CARPUEQFORCE e e e J
4+ TZ APPLIED FORCE

-4 TOTAL APPLIED MOME...

-
%= RX APPLIED MOMENT A;"/f,//
%> RY APPLIED MOMENT /
%> RZ APPLIED MOMENT _
= Reactions

@

e e s

r
1
1
1
1

7

#-£3 Plane Strain Forces
--E Plane Strain Stresses i
& Plane Strain Strains i -
EH2 Tunnel Excavation 0.9 B I : . | Max Min Abs Max Clear All

- @ INCR=1 (LOAD=1.000) . : .
— | : : . : _ () min/Max Value of Each Part Close

Analysis  Model Results
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Step

11 11-1 Result Extraction

Procedure @ DeEoga -~ - °

Geometry Mesh Static/Slope Analysis Seepaﬁh.e-efnsolidation Analysis Dynamic Analysis Analysis | | Resutt | Tools
—— -

9 Click on Total App“ed Force = contour| fi) Smooth ~ 8 Edge Type - || B, Probe 1 (EP LDF Sum Seepage ~ :ag;n-d- Nodal ¢

= -
under Grid Forces for the stage }:zlmb;?m“ |2 Diagram| B Deform - B Fil - T <Pep 1s0. KM Cutting Ding. || g SAM [ Min/Max [ Elem. ¢
Tunnel Excavation 0.9. cuEEan Vector - [XYZ Direction | [l No Results - || @) Extract LE Others - History - Cont. Line [ Actual
Result General Advanced Special Post Show/Hide
. _ Item : 0] Color ) . |~ Probe Results <@> X
For this stage, grid forces have [ TZAPPLIED FORCE : o : Entity Type ~ Color Value Tag Type
; TOTAL APPLIED MOME.. o : : : ,
beer_1 applied at thg_tunnelloo/ f |4+ RX APPLIED MOMENT _ o | S o | O on e [T || Dol || [~
section corresponding to 00 .-#> RY APPLIED MOMENT o . - : . _ Decimal Point
the stresses such that allowed - #- RZ APPLIED MOMENT : : ' Oetement  Text color [ ~ Ja S
stress relaxation is 90% U'z Reactions o — =
. . . EaR ane Strain Forces . [
according to LDF input for this 0 ) & Plane Strain Stresses : : \ / e i ———————
stage. u-'ETE'PIEHﬁﬂ'AH'I'S‘H'a'I'I'I's-------'I ' \ / N 1 1
lD 2! Tunnel Excavation 0.9 : \ / _ !Show Type L Vah'e
Probe can be used to check the I O INCR=1 (10AD=1000 H “% &, e- Node 50 1475.0715 H
result at the same node. 1 -ﬁDisplacements 1 “qﬁ_‘_\_‘ﬂh /_r‘ \/L——-——-——-—————-——-—
1 =4 Grid Forces — " |
! "%’ — p—
L ~-# TX APPLIED FORCE 'I [ :__:__
S P T [ (TR e Y
--#» TZ APPLIED FORCE o :}7 s:
~-#> TOTAL APPLIED MOME.. ' / \
--#> RX APPLIED MOMENT
i-#» RY APPLIED MOMENT
“-#» RZ APPLIED MOMENT S _
(& Plane Strain Forces @ Max Min Abs Max Clear All
(-3 Plane Strain Stresses ) . .
(& Plane Strain Strains J ) . ’ ) _ . | C] Min/Max Value of Each Part Close
Analysis  Model  Resuls [DaTa ] Tunnel, Tunnel Excavation D..Q., INCR=1..(LOAD=1..DDD), [_LINIT..] K, m
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Step

11 11-1 Result Extraction

Procedure ( el cge = v GTS NX - [NXGT1.gts]
& r

3 / Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis | Result |T|:n:|I5

o o s

Go to Result-> Extract.
°$ — [%3 contour gSmooth o g Edge T\,rpe i [_L:, Probe @LDF Sum E Seepage ™ Legend Nodal Average
: ombination
Select Beam Element Forces in ||[s=H Diagram @'Defﬂrm ™ E Allr ﬂl’\"l_Uft_leE‘] Iso. "g Cutting Diag. || g SAM | [ value Elem. Cent. Result

.E_-__]Image File || EQ'J

Result Type. ﬁ‘ Calculztion — . _ _ _ @ Initialize Options
yp [R) vector ~ |[XYZ Direction ~ | il No Results ~ @ Extract | L%, others ] History ~ || [ cont. Line [] Actual Deformation
. . _ - - -
6 Select Axial Force in Results. Result [ General Advanced || SpecalPost | Show/Hide [ Etc. | Tools |
- T I TETE ST QRACC+ B @
@ Select the desired steps. ~§' 5 & G oo i 3 4~ [ )8 B | $ L nal 92 B2 v = qQoe+ &
sults e [T T T
@ Keep the Order as - : 9 o | comen x v z | ™itoanoroon | oaDet00
Node/Element |~ Output Data 6 (m) (m) (m) Mlﬁtdancz Axlﬁl‘;dFEOIRCE
(2 - S meow
Anaksisset | Tunnel o D s a7onssseto0 e ——
. 2 12490 4.837121e+000 g Lialog... = 1.167567e+004
@ Se|eCt a” the I|ner elements. B Tt ]| 3 12491 4.860241e+000 ] Style Dial = 1.151153e+004
| ResultType  Beam Element Forces I 1 12492 4.860241e+000| ' PERETD- | 1145676e+004
. 5 12493 -4.837121e+000 = G el ER Dl - —— = -1.162969e+004
0 CIle Tab I e. 9' Results AXIAL FORCE > 6 12494 -4 790938e+000 5 - 1.154181e+004
M o o o o i ——— - 7 12495 4345936e+000| 0 e & ] [ 412121402008
. [ e .- -|t- - -I 8 12496 3.341833e+000 I 1 - -1.203020e+004
@ A Table with the result value, | SRR EE i 5 10057 |4 5515004000 | U e w0 o Tt s desood
. N . — = . 10 12498 4.707299e+000 -1.096017e+000 0.000000e+000 - -1.152467e+004
Correspondlng Steps and ‘ IFT:‘:‘ILII_’I_I”:I:i’EJNC?RRZII(EIEJO,C)::]D:lthUUUE;JAA;(IKT_LF?RR( I 1" 12499 3.728244e+000 -2.692269e+000 0.000000e+000 - -1.156969e+004
- . I ' . ' I 12 12500 4.065791e+000 -2.357150e+000 0.000000e+000 - -1.119815e+004
coordinates of the elements is T o o o e o o e e o ] E 12601 |2 91653Bex000| 3 18221505000 0 00000005000 e
14 12502 -2.916335e+000 -3.182219e+000 0.000000e+000 - -1.224390e+004
ShOWn . 15 12503 -4.065791e+000 -2.357150e+000 0.000000e+000 - -1.115547e+004
16 12504 -3.728244 -2 0 - -1.152264e+004
. . 7 12505| 45615908000  1.543799e+000|  0.000000e+000 ~| 1.135686e+004
@ ng ht CIICk and Select EX po rt to 18 12506 -3.341833e+000 -2.969630e+000 0.000000e+000 - -1.198778e+004
19 12507|  4.345936e+000|  1.9727526+000 | 0.000000e+000 S 111a267e004
EXCeI to export the data to EXCeI e Select All Unselect All 20 12508 -4.707299e+000 -1.096017e+000 0.000000e+000 - -1.143049e+004
heet e 21 12509|  4.445335e+000|  2269367e+000 | 0.000000e+000 - 1.129335e+004
S ee . 22 12510 4.645636e+000 1.783005e+000 0.000000e+000 - -1.109848e+004
I order
i 23 12511|  4.780767e+000|  1273590e+000 | 0.000000e+000 - 1.107108e+004
H ‘."'.I 24 12512 4.848915e+000 7.610524e-001 0.000000e+000 - -1.122936e+004
@ Save the excel file at some 1 Step O tode/Element | ° % 12513 -3.20993e+000|  3.825461e+000| _ 0.000000e+000 T 1.209742e+004
I t‘ G N N NN NN N 26 12514 281 4.1 0 - -1.228593e+004
ocation. 0 E 27 12515|  -9.694992e-001|  4.894770e+000 | 0.000000e+000 T 1.236845e+004
ObJECt 28 12516 2.388297e+000 4.385649e+000 0.000000e+000 - -1.238489e+004
Node Element
Element Result Extraction 2
© user Defined
Select Object 12489012548
Sort X Y z Ascendi
You can also extract | (JAscending
MaXl mum Value Of the ) Maximum {:}Mm\mum () Abs. Max
H H - ;
requ|red result using W% Node/Element
. .
MaXImum. Extraction Positizglin Element Node 1 =

& 1 Table | Close de Fold

b o o o
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Step

11

11-1 Result Extraction

Go to Result-> Extract.

Select Beam Element Forces in
Result Type.

Select Shear Force Z.
Select the desired steps.

Keep the Order as
Node/Element.

Select all the liner elements.
Click Table.

A Table with the result value,
corresponding steps and
coordinates of the elements is
shown.

o
[2)
[3)
(4)
(5)
(6)
[ 7)
(8)

©

Right click and select Export to
Excel to export the data to Excel
sheet.

@ Save the excel file at some
location.

You can also extract
Maximum value of the
required result using -~
Maximum.

('m Ol g v

3 / Geometry Mesh

[%} contour gSmooth e
||t} Di2OFAM @'Defﬂrm -

[#A) Vector ¥ [X¥Z Direction

. 36 Combination
ﬁ( Calculation

Result [ General

Static/Slope Analysis

>
[

Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis | Result

] Tools

o o s

g Edge T\,rpe 2 [_L:, Probe @LDF Sum E Seepage ¥ . Legend
= ﬂrﬂurtl step Iso. ™ cutting Diag. || p sam '
- ﬁ Mo Results ™ @ Extract I _.% Others ™ E Histary ™

_ - - -
|| Specal Post

Value

ShowfHide

MNodal Average
[#] Elem. Cent. Result
|:| Cont. Line [] Actual Deformation

.E_-__]Image File || EQ'J

Options

] mitiaiize

Etc.

| Tools |

X SO eme

Extract Results X
Output Data
e | Analysis Set  Tunnel v
o e e e e e
| ResultType Beam Element Forces ~ I
I Resuts SHEAR FORCE Z ~
e o e o e e i ————— -

[ ——— - -
1 Step: Results

'] ¥ Initial Liner:INCR=1 (LOAD=1.000):SHEAR FOF :
1 & Final Liner:INCR=1 (LOAD=1.000):SHEAR FOR| I
e o e o e o i - -

Select All Unselect All
- -
I order

- 1
1 ) Step © Hode/Element ||

Object
Node Element
Element Result Extraction
© User Defined
Select Object 12480t012548
Sort X i Z () Ascending
o )
aximum Minimum (_) Abs. Max
- 'L
— o, [ode/Element
| Exraction Position in Element Node 1 ~
| - ————
& 1 Table |  Close
" ke emead

LH? Ju 38|

Advanced
8] :I? r;“ﬂ

#; R 3 & % Ta

QA+ HE S @

o o *E =

Initial Liner:INCR=1| Final Liner:INCR=1

X Y 4 I
@ Mo | Elomont ot ) SHEAR FORCEZ | SHEAR FORCE 7

6 ode 1 ode 1
2 12480 4.837121e+000 q q - 1.359589¢+001
3 12491 4.860241e+000 ! SctinglBialogs 2.2887652+002
4 12492 4.860241e+000 | Style Dialog... -2.2593582+002
5 12493 -4.837121e+000 -|  -2.275040e+000
6 12494 4.790936e+000 == =GR Wl = = — —9 - 2.952693e+002
7 12495 4.345936e+000 | 4§ 2 -| -8.982144e+000
8 12496 3.341833+000 1 Export to Excel B 3 E 7.7732682+000
9 12497 4561590e+000 | M ouorsveruvy u_uuuuUETULY 1 -| B484481e+001
10 12498 4707299e+000 | WODECASROEYT = "UEUOIT R - = -| -3226541e+002
1 12499 3728244e+000 | -2 692269e+000 0.0000002+000 <[ -3.971454e+001
12 12500 4.065791e+000 | -2.3571502+000 0.000000+000 - 15858822 +001
13 12501 2.916335e+000 | -3.182219e+000 0.0000002+000 - 3.204654e+002
14 12502 -2.916335e+000 | -3.182219e+000 0.000000e+000 -| -3.204352e+002
15 12503 -4.065791e+000 | -2 357150e+000 0.0000002+000 -|  5.759955e+000
16 12504 -3.7282448+000 | -2.692269e+000 0.000000+000 - 3.913860e+001
17 12505 -4.561590e+000 | -1.548799e+000 0.0000002+000 - 5.272605e+001
18 12506 -3.341833e+000 | -2.969630e+000 0.000000e+000 -|  -5.780103e+000
19 12507 | 4.346936e+000 |  -1.9727528+000 0.0000002+000 - 4.6920412+000
20 12508 -4.707299e+000 | -1.096017e+000 0.000000+000 - 3.070437+002
21 12509 4.445835¢+000 2265367000 0.0000002+000 <[ 8462311e+001
22 12510 4.645636e+000 1.783005¢+000 0.000000e+000 o[ 1924623e+001
23 12511 4.780767e+000 1.2766902+000 0.0000002+000 - 1.259566e+001
24 12512 4.848915¢+000 7.610524¢-001 0.000000+000 - 1.972141e+002
™ > OneDrive 25 12513 -3.209943e+000 3.825461e+000 0.0000002+000 -|  -2.571808e+001
26 12514 2.813099¢+000 4.126058e+000 0.000000e+000 - 2.4800142+001
New folder 27 12516 -9.8948922-001 4.8947708+000 0.0000002+000 -| -2.300465e+000
28 12516 2.388297e+000 4.3856492+000 0.000000¢+000 - 1.772871e+001

B Sir model Name Date modified | [\Beam Element Forces /

No items match your sez

OneDrive

¥ Network

®

Save as type: | Excel File:

Hide Folders | Cancel |

www.MidasUser.com



Step

11 11-1 Result Extraction

@ Dedctew = v GTS NX - |

3 / Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis | Result |T|:n:|I5

o o s

R [t-> Extract.
Go to Result tract [} contour gSmooth - g Edge T\,rpe - [_L:, Probe @LDF sum E Seepage ™ Legend Nodal Average .ﬁr'
E_-__]Image File || 182

cé Combination

9 Select Beam Element Forces in ||[aH) Diagram @'Defﬂrm - E Fill = \ ﬂl’\"l_Uft_leE‘] Iso. K% Cutting Diag. 'gsmﬂ | [] value Elem. Cent. Result :
Result Type Jx calcuiation . _ " || B miaize || Options
) [AA) Vector ™ [XYZ Direction < ﬁ Mo Results = @ Extract I L& Others ~ B History ~ [] cont. Line [] Actual Deformation
_ - - -
9 Select Shear Force Z. Result [ General Advanced || SpecalPost | Show/Hide [ Etc. | Tools |
i ! He M B HUM L& % 2 RE S QRQACC HE - &
@ Select the desired steps. X} S50t e H o )8 B HE n=n <7 13 v = qQoe+ &
Extract Results }% T hmal Liner:INCR=1| Final Liner:INCR=1
(LOAD=1.000) (LOAD=1.000)
@ Keep the Order as @ No Element (m) (m) BENDING MOMENT | BENDING MOMENT
| Y Y
Node/Element. | [ Cee== 6 2 12490 4.837121e+000 i 1.643927+002
1 X e+l - . [
@ Select a” the Iiner elements 9 | Analysis Set  Tunnel > 3 12491 4.860241e+000 Sor‘tlng Dialog... B 1.0907092+002
. r SEN SN GEN NN G S-S S - - - 4 12492 -4.860241e+000 | | - 1.079568e+002
Result Type  Beam Element Forces I 5 12493 4.837121e+000 ! Style Dialog... <[ 160024724002
. B 12494 -4.790938e+000 i il i - 9.317599e+001
0 Click Table. 9' Results BENDING MOMENT Y bl | 7 T2495|  datsmeann| N i | 152251504002
I I EI GI BN GEN GIN BN GIN G G G G .. - 8 12496 3.341833e+000 1 E E | - -1.639230e+002
@ A Tabl ith th It | e e e o 9 12497|  4.561630e+000 HETED 55 % I S| 134637964002
FElelis 10 12498 4.707299+000 0760072000 . 009000024000 | o - 4 22120324001
a e Wld. etresu \/da' ue, e' W Initial Liner:INCR=1 (LOAD_l DDD]BENDING M I 11 12499 3.728244e+000 -2.692269e+000 0.000000e+000 - -1.5630242+002
corresponding steps an AP 12 12500 4.065791e+000 | -2.357150e+000 0.000000=+000 - 15061038002
. p g p . FII’]EI Liner:NCR=1 (LOAD_I-DDD]EENDING M : 13 12501 2.916335e+000 -3.182219e+000 0.000000e+000 - -8.561162e+001
coordinates of the elements is |_ U 1. 14 12502|  -29163356+000|  -3.182219e+000|  0.000000e+000 S| 847703324001
15 12603 -4.065791e+000 -2.3567150e+000 0.000000e+000 - -1.466768e+002
shown. 16 12504|  3728244e+000|  -2.692269¢+000 | 0.000000e+000 | 154640329002
17 12505 -4.561590e+000 -1.548799e+000 0.000000e+000 - -1.332805e+002
. . 18 12506 -3.341833e+000 -2.969630e+000 0.000000e+000 - -1.625990e+002
@ ng ht click and select Ex po rt to 19 12507 |  4.345936e+000 |  -1.972752e+000 | 0.000000e+000 | 1.4635550+002
20 12508 -4.707299e+000 -1.096017e+000 0.000000e+000 - -4.744640e+001
Excel to eXpOI‘t the data to Excel Select Al Unselect Al 21 12509|  4445835e+000|  2.265367e+000|  0.000000e+000 S 207m7sEesnd
Sheet e ———————— - - 22 12510 4.645636e+000 1.783005e+000 0.000000e+000 - -4.789150e+001
. 7 72511]  4760767e+000|  1278630e+000 | 0.000000e+000 T 4.963137es001
I Order : 24 12612 4.848915e+000 7.610524e-001 0.000000e+000 - 5.257473e+000
. I @ St 25 12513 -3.209943e+000 3.825461e+000 0.000000e+000 - 1.517265e+001
Save the excel file at some 1 SR O tode/Element | 0 2 12514]  2813039e+000 | 4 126058+000 | 0.0000002+000 | 854817681000
. [ . L L P T ‘ 27 12515 -9.894992e-001 4.894770e+000 0.000000e+000 - -5.46538%e+000
location. —_— 0 = 2 12516 2368207e+000 | 4.385643e+000 | (0.000000e+000 S| 105126724000
1 » [\Beam Element Forces | —
Node Element
Element Result Extraction 0
© user Defined
Select Object 12489t012548
You can also extract st (X JLY L2 ) Enecenng
. [ ——— )
Maximum value of the O waamum b minmum O abs. wax
i d |t i - 'L L -GFH'EHU!‘ Node/Element
required resulit using o lLTTE

. | p
Maxlmum . | Extraction Positicm in Element Node 1 e

= el Table |  Close de Fold

" e
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