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« Why MIDAS Geotech works for engineers

« What to do with GTS NX

N

« How to enhance the design process
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« Fully integrated approach




Why do the engineers suffer?




Reasons for 3D




People in MIDAS Geotech

 Experts in 3D/2D geotechnical engineering

e Various experience with technical support and training
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Perform all kinds of analyses with GTS NX in One platform

« Stress (drained/undrained) analysis
« Seepage analysis for each stage

« Stress-seepage-slope coupled o .
« Linear static analysis - Consolidation analysis for each stage « Consolidation analysis |
» Nonlinear static analysis « Fully coupled stress & seepage » Stress—seepage fully coupled analysis

Static
Analysis

Consolidation Stress-Seepage
Analysis Fully Coupled

Construction Stage

Analysis

Seepage Slope Stability
Analysis Analysis
« Steady state seepage analysis * Eigenvalue / Response Spectrum analysis « Strength Reduction Method (SRM)
« Transient seepage analysis « Linear Time History (mode/direct methods) « Strength Analysis Method (SAM)
« Nonlinear Time History analysis  Construction stages Slope stability
« 1D/2D Equivalency Linear analysis (SRM/SAM)

« Nonlinear time history + SRM Coupled



How to enhance your design process

« Simple work-flow

Drawing geometries

Making meshes

Assigning boundary conditions / loads

Running Analysis

Checking Result




How to enhance your design process

« Simple work-flow
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How to enhance your design process

« Graphical User Interface
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How to enhance your design process

 Multi windows

Compare various sections or different approaches in one program window
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How to enhance your design process

Various constitutive soil model

Choose the appropriate soil model for your various projects .

Mohr-Coulomb
Hardening Soil (small strain stiffness)

General

Sand Modified UBCSAND
PM4Sand

Clay Soft soil (Creep)
Modified Cam Clay
Sekiguchi-Ohta(Inviscid)
Sekiguchi-Ohta(Viscid)
Generalized SCLAY1S

Rock (Generalized) Hoek Brown
Jointed Rock Mass
CWFS

A

Mohr—Coulomks
(@ constant )

Real soi

Mohr-coulomb

asyvmptote

Aoinl Siramm
Hardening soil
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How to enhance your design process

« Various element library
Save time by just selecting the necessary elements from the prepared library

1D Element  Geogrid N - —=E -
Truss | I " “' "
€ 3 t2

Beam L i T
2D Element  Shell E:\ I’ I "I A
Gauging shell 2 . T e i
Plane stress wl] | /I o1, ez e
Plane strain s | H]:y:[} T‘ ) ‘ ° m| ’ L
Geogrid S = ) i — ° E

Axisymmetric

3D Element Solid Vi

Others  Interface
Elastic / Rigid link

Pile interface / Pile tip

User specified behavior 13




How to enhance your design process

« More convenient Partial Factor design function

Partial Factor o

Marme

Partial Factor Material | |oads

Ground Material /Structural Property

Material

1 1: Sand 2D analysis can use the partial factor function
* which was development based on Euro Code 7.
GTS NX is providing the database for this partial factor as below,
Design Approach T Combination 1
’ Design Approach 1T Combination 2
Partal Factor Design Approach 2
Parameter Original Factored i
Cohesion (c) i 30 24 kim2 DeSIgn ApproaCh 3
Frictional Angle (@) 36 30, 1666 [deq]
fne. of Cehesion ° 2] Hme Directly checking the original and factored parameters
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How to enhance your design process

« Perfect compatibility with CAD formats

File format Description

* dwg AutoCAD drawing files
* dxf AutoCAD drawing interchange files
* x_t; * xmt_txt; *.x_b; *.xmt_bin Parasolid (9 to 29) files
* sat; *.sab; *.asat; *.asab ACIS (RT1to0 2018 1.0) files
* stp; *.step STEP (AP203, AP214) files
*igs; *.iges IGES (Up to 5.3) files
i,

Provarties

nam o Coloe

LT
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How to enhance your design process

* Intuitive & Powerful geometry functions — extrude, sweep, boolean and etc.
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ace B Solid Boolean Divide Protrude Transform Sub Shape

Bl == d g E'_—I @ ﬁ g‘]‘ &3 Revolve || +f* Transkate &2 Scale “P Remove
[fa % &8 Lot E_} Rotate & Sweep-Translate %8 Attach t @ Extract
50

Foint & Cureve

a@agace+ H-) @ONEGHT @-B

W | S| s rogm e - Y n B | E - e < anGeomanes; - o | @

VL1) (645K}
INCE 1999 MIDAS Information Technokigy €0, Lid, ALL RIGHTS RESERVED.

W38 631 SN N vim vl e Ve 310534 80308 CHNEREDT kN wim P

Line / Square / Circle Extrude / Sweep



How to enhance your design process

« TGM & Bedding plane wizard

Easily create the surface of the site by simple topography
Import

ot

0.000 AT @1 4410 157159, 1A2879 e
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How to enhance your design process

« TGM & Bedding plane wizard

Easily create the surface of the site by simple topography import
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How to enhance your design process

« Boundary conditions & Loads

Constraint Slip Circle/Polygonal Surface

Change Properties Draining Condition

Review Non Consolidation _

Water level Transmitting XS

Nodal Head E%ﬁg
=]

A
v
il
11

Surface Flux

e

S35
Self Weight Contraction
Force Initial Equilibrium Force I N ey
Moment Combined Load S - -
Displacement Response Spectrum
Pressure(Surcharge / Water) Ground Acceleration
Line Beam Load Time Varying Static
Element Beam Load Dynamic Nodal / Surface i
Temperature Load to Mass
Pre-stress Train Dynamic Load Table . — -

20



How to enhance your design process

« Water condition control — nodal head, line & surface flux, water level

TEEEEEEEEETEEER]

I I N

<
N

I

3D water level automatic generation Nodal head for water level Rainfall intensity input
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How to enhance your design process

« Easy check result —1D/2D Equivalent Elements
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How to enhance your design process

« Easy check result - various types of results
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How to enhance your design process

« Easy check result - Probe
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How to enhance your design process

« Easy check result - clipping & probe

&' 3D - 2D Wizard
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How to enhance your design process

 Analysis results review by 3D PDF Report with out software license

materials and properties with “PDF” format
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Technical support system

« Help manuals / Tutorials with various topics

o aTx =

m e s &
Vide  Gack Fammd Foot

r— = A i Close Lo the exact Soltion ¢an be obtained Under Tha mare dense mash

Mathodolagy

Auto-calculation of complex cross-section property

Createiiadify 10 Property » Section Tempiate

The complex crazs section property can be assigned when creatng 10 Structural slement

01 overview _

-
-02 'Mate;lal & _Fropcny n

Creste 20 mesn for the complex sross-section | Ground
e Coomate Function
{ @ varsial Gilck AGa I he Gomplex Gross-Seclion Froperty window. I 2D Mesh 15 Geecied, e Cros-5eCToN Bropery i Calculaied auamalcally - This tutorial is aiming on i it Firvinl Siny
% Erocer parfoming he analysis with Lt — =
2 Save the cross section property. 3 stages of excavation iotropic sovopic
| including retaining wall and Model Type o Couormts [rro—
@ strutting 2
Ty
% o an () xrum 10.000 13,000
e - Surcharge and undrained Eratic Mogutus (E) (o] existing materiais
s condition are considered in [ — 025 040 o
£ @ Node i anlysia Uit W () o) 0 ety prrowses
& il -
To - This example was o o5 o
3 4 o R Pt T st it R
L. b general excavation work in -
e e foal praclics Lt Welgnt (Baturated) (W) - w
e Grainage Parameters Grunes [r—
i3 -
ie
Conesion () um) k3
Friciiona: angle (@) (e o

« Taiwan MIDAS Solid-Simulation website

MIDAS SOLID SIMULATION ~ MESHFREE NFX FEALNX CFD GTS.NX B&HEE RENE AETH

= lEE=n =
3DSMERLE
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Technical support system

« Various training video cont

MIDAS GEOTECH OFFICIAL

2 28K subscribers

HOME VIDEOS PLAYLISTS COMMUNITY CHANNELS ABOUT Q

Why Do You Need 3D Analysis: Comparison with 2D analysis | midas
GTS NX | 3D Finite Element Analysis

MIDAS GEOTECH O

Why Do We Need 3D Analysis
: Comparison with 2D analysis

AL months aga

midas GTS NX

Highlight Features B PLAY ALL

e shart videns provide a quick tour of the major functionalities of GTS NX

To Quickly

FEM in the
With & Corr
Structure

Drawing

am:41

Deep Excavation Drawing:
m importing to generatin...

Eurocode? : 20 Excavation

BTop 10 Most Commenly
Analysis with Partial Factor..

Asked Questions for Geo X.
oFF!
h ago

Gase Study: FEM

FEM in the Online Tutorial: How to
Stability Analysis With a...

quickly master the...

Fi

M

AL .

Case Study Webinar Series b PLAY ALL

Case Study Webinar
Element Method Approach t...

ents

SUBSCRIBED fa

Case Study Webinar Series

> PLAY ALL

Case Study Webinar: Finite
Element Method Approach t.

Finite Element Modeling of
Tunneis in 2D&30 | Most.

Case Study: Numerical
Modelling of a Metro...

H OFFICIAL

Online Tutorials - GTSNX B PLAY ALL

th Partial Fac

Finite s ides GTS X

OFF1 Eurocode? : 2D Excavation Online Tutorial: How 1o

quickly master

Why Do You Need 3D
Analysis: Comparison with

Analysis with Partial Factor_.

SEFICIAL ™

« Training Program (Online Course / Case study)

On-Demand

Case Study: Deep Excavation
under the Groundwater Tabl.

© Do
Numerical Modelling
hnical Analysis

111

3D Numerical Modelling for
Geotechnical Analysis |..

OTECH OFF

Project based Training: Box
Culvert Excavation Drawing

Case Study: Deep shaft in
Central London | midas GTS.

H OFFICIAL

01

IGTS NX] Piles Foundation
Complete Tutorial

[6TS NX] Advanced tutorial:
pile foundation constructic,

FEICIAL

S GEOTEC
<7y ago

Comprehensive Slope Stability
Analysis and Design

Free FEM Online Course in 2021
Overview

February 16, 2021 Feb - Ju 2021 (6 months)

60 kin

Duration : 60 Min Duraticn :

Deep Excavation Drawin
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Geo-Technical analysis System New eXperience

GTS NX
2D Excavation with Retaining System

Lesson 01

Midas Taiwan

Tutorial video with I
" T e GTX NX 2D Excavation with Retaining System :

Reference: Midas GTX NX Tutorials
MiDAS



https://www.youtube.com/watch?v=gXtcJZEkUWc

Interface Wizard 5% .

e L1 91 i ol
P Interface Wizard equation from Midas GTX NX manual: Flement
Where,

Kn = Eceqi/ K,: Normal Stiffness Modulus

Here, K.: Shear Stiffness Modulus
K; =G/ t, Eoea= 2 X Gix (1-v)/(1-2xV) ¢ . virtual Thickness Factor

G= R*x Gy R: Strength Reduction Factor
Ci=RxCyy Gioii= E/(2(1+V,0y)) C;: Interface Cohesion

Kn (Normal stiffness modulus) is the elasticity modulus for bonding and un-bonding behavior
in the normal direction to the interface element

Kt (Shear stiffness modulus) is the elasticity modulus for slip behavior in the normal direction
to the interface element

P Strength Reduction factor (R) Structural Parameters
- Sandy soil/ Steel material: R=0.6 ~ 0.7 IR = :
- Clay/ Steel material: R=0.5 e el -
- Sandy soil/ Concrete: R=1.0~ 0.8 LIEo e

Line Interface Thickness 1 m

- Clay/ Concrete: R=1.0~ 0.7 o |
|__| Conduction for Seepage flow

The general Virtual Thickness Factor range is 0.01 ~ 0.1 oK Cancel (
NMIDAS (If the stiffness is high, use a smaller value) {




2D Element

(Beam element/ Truss element)

P Beam and Truss element comparison:

Feature Truss Element Beam Element
Resists Axial Force Yes Yes
Resists Bending XK Mo Yes
Resists Shear X Mo Yes
Resists Torsion X Mo Yesg
Degrees of Freedom (DOF) 3 per node (UX, UY, UZ) b per node (UX, UY, UZ, RX, RY, RZ)
Transfers Moments X No Yeg
Typical Application Trusses, cables Beams, frames
Creste/Mocify 1D Property :" TS ':
° Pile Geogrid(1D) Plot Only(1D) Pipe Solid Rectangle ~ I
E_ g.’ Tru SS element |nput EmbeddedTruss  Beam Embedded Beam : B H : :
. . o 14 Name 1D Proper coor [ - 1 B o
by library section S — l !
Constitutive Behawvior From Material ~ I H
Material 5: CONCRETE ~ 1 :
() Hinge Property 1 1
Cross Sectional Area(A) 0 m2 I l
Torsional Constant 0 me : I
. Torsional Stress Coeff. 0m I
Note: Input the spacing for : I
|
considering the strength differences : i :
|
between 2D and 3D 1 1 :
| 1 i




model import

€. Open X
-~ » ThisPC » Local Disk (C:) » TEMPDaft v @] Search TEMPDaft »
Organize v New folder =~- O @
A Home Mame Date modified Type
| 01 2D Eacavation with Retaining System 3/11/2025 6:42 AM WG File
El Gallery ek
— . 2D Excavation of Retaining Wall 3/11/2025 7:10 AM DWG File
@ Deddge=-mn-= 7%
B GTS MY _AZHESTEAT 2301 S84l _1_LEM 81833 TFE M =i 3/18/2025 12:38 PM WG File
New Import the geometries or FE model in the selected file ] De;ktop » o . . .
J Create a new document Import CAD Fie... m GTS NA_{ZHEFER LR 301 S8t _201_SRM_2iiEE i 3/18/202512:38 PM DWG File
catt Import the CAD file into a current project -
open =S L Downloads # I8’ SAM with anchors 3/18/2025 8:20 PM DWG File
- auen an existing document _
7 DXF 2D (Wireframe)... = s 1847075 17 W Ei
‘J?:fh Import the DXF 2D file into 3 current project % Documents 4 = SAM 3/18/202512:38 PM DWG File
Save .
H Save the active docurment DXF 3D (Wireframe) E Pictures »
e:r‘ I_mpurt the DXF 3D file into a current project i
Save As... 0 Music »
=) Save the active document
i - DWG (Wireframe)... i
TR e O 5:'5 Import the DWG file into a current project u Videos »

Import
‘l I Import the selected file 3

Export
’l I Export the active document

Close
- "I Close the active document

Close All
"‘I Close all documents

M

%

midas Mxt...
r-r Import the midas MXT file.

Y GeoXD Neutral Format File(*.FPH)...
Import the Neutral File

GTS NX Neutral Format...
Open Meutral Fle

-] TImport Nodal Results(*.bxt)
[ Import nodal results File

i

#a Execute Mining Model Convert...

TEMPDaft

File name: *.dwg

v | AutoCAD DWG (R11to 2010) Fi ~

Open

Imported model

Cancel




Intersect function

Point & Curve

7N (N
\Q/

\§ Example of Intersect point

D

Intersect

3D

[E‘ Selected 29 Curve(s) ]

Geometry Set | =
B & md 0K Cancel Apply

'}

Selecting all for these curve to cut at the intersect point




Creating geometry area

Geometry Mesh Static/Slope Analysis Seepa
@ r_ >< i B @ % F:; CDUHSFE\:EI Gerac: F:;nt
- ,»f{/ ~53) d

Bedding

PR

[} . | Tolerance 0.0001 m
” @ @ & B pene Ceometry st [Nl ] ..
Point & Curve |

Surface & Solid W@ | ok | conel || Amply

Make face function

Selecting the outside line for ‘Target object’

Point  Curve Imprint Auto

Geometry Mesh Static/Slope Analysis Seepal e

=3 Selected 33 Tool Object(s)

E:I @ @ r_ )( _Qr LJ:WIEEB Select Tool Direction
:‘\, SA g '?f_;)“ L . 72 Points Vecto Y z
Bedding 500
1ao- I‘@@@ ® e
Point & ':Ur‘.."E | Surface & Solid O Direction of Shortest Path Line
E & oK Cancel Apply

Imprint function

Using imprint function for separating area fo
the next mesh set step

&

L
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Soil material

Add/Medify Materia X, Materia
1 D 1 MName  S0OIL1 Color ~
Create... |7 |
[{o [ame Type 2 I Model Type  Mohr-Coulomb vI [ structure
1 SOIL1 Isotropic-Maohr-Coulamb :
P MI:IEII'F!.I'. = General Porous Mon-linear Thermal — Time Dependent
£ L | lgﬁuﬁﬁtqlﬁ L] [s] E
3 SOIL3 Isotropic-Mohr-Coulamb Copy Elastic Modulus(E) 15000 ki jm?
4 SOIL4 Isotropic-Mohr-Coulomb Delete Inc. of Elastic Modulus 0 ke
3 COMCR Isotropic Elastic 3 Inc. of Elastic Modulus Ref. Height 0 m
5 STEEL Isotropic-Elastic Import —_—
. Poisson's Ratio(v) 0.25
7 Interface Mat... Interface and Pile-Interface [
p Import from Unit Weight{y) 18 kNjm?
8 Interface Mat... Interface and Pile-Interface Excel
9 Interface Mat... Interface and Pile-Interface Initial Stress Parameters
10 Interface Mat... Interface and Pile-Interface Export to Excel Ko Determination 0.5
O Automatic
F.enumber (O Manual Anisotropy B
Database Thermal Parameter
Thermal Coeffident 1le-06  1/1]
Close -
Molecular vapor diffusion coeffident 0 m2fsec
e Thermal diffusion enhancement 1}
D 1 Name  SOIL1 Color e
D 1 N SOIL1 Col » ) ) )
Model Type  Mohr-Coulomb v|  Ostructure =me oer Darmping Ratio{For Dynamic)
General Porous Non-inear Thermal Time Dependent Model Type  Mohr-Coulomb v Ostructure Damping Ratio 0.05
TN R ) 18 oy General Porous MNon-linear  Thermal Time Dependent ) safety ResuitMohr-Codlont)

i sl = ICohesion(C) 5 kMm2 I 6 a0

[[) Unsaturated Property

Inc. of Cohesion 0 KkNfm? =
Drainage Parameters _— & ]
Drained - Inc. of Cohesion Ref, Height 0m
Tensile Strength 0
© Undrained Poisson's Ratio 0.455 I Frictional Angle(®) 30 [deg] I ;
() skempton”s B Coeffident 0.983277592
[ Dilatancy Angle 0 DB
Seepage & Consolidation Parameters [ Tension Cut-off
Permeability Coeffidents
5 kx ky kz 0
1e-06 1806 1806 mfsec Cut-off Yield Surface
Pressure Rankine
[ Void Ratio Dependency of Permeaility{ck) 0.5 oK Cancel
Specific Storativity (Ss) 5.23021% 1ifm Auto

General step for defining a specific soil material

¢

M



Soil property

dd/Modify Propert x Plane Strain
- Create |~
Mo Name Type Sub-Type 4u o 2 Name  SOIL1
1 20 Shell MOdlﬁf
2 S0IL1 D Plane Strain
3 5002 2D Plane Strain Copy Material 1: 501L1 | [
4 SOIL3 ] Plane Strain Material CSys
5 ST ey Hla far ] Delete
S D-wall 1D Beam Ocsys Global Rectangular -~
Import...
7 SULUR R 10w gy 10 Truss () Angle 0 [deg]
L
s |__saussixazex.. 1 Truss I
9 Interface Proper... Other Interface I g g
10 Interface Proper... Other Interface P a I n St ra I n p ro pe rty
11 Interface Proper... Other Interface Beam oK Cancel
12 Interface Proper... Other Interface
13 Rigid Link QOther Riaid Link
D G Name  D-wall Color l:l ~ Truss

Material 5: CONCRETE s

O Hinge Property D7 Neme S1(UB610x229x101@4 Color | |

[:I Taper Section+ Section-j

Cross Sectional Area(A) 1 1 m2 Constitutive Behavior From Material w

Torsional Constant(Ix) 0.140596345 0.140596345 me Material &: STEEL L E

i 0.682395003 0.682395003

Torsional Stress Coeff. B m D Hinge Praperty

AreaMoment of Inertia(ly)  0.0833333333  0.0833333333 me

Area Moment of Inertia(lz) ~ 0.0833333333  0.0833333333 me Cross Sectional Area(A) 0.0129 m2

Effective Shear Area(Ay) 0.833441841  0.833441841 mqz Torsional Constant 0 me

Effective Shear Area(Az) 0.833441841  0.333441841 m2 Torsional Stress Coeff. 0m

Shear Stress Coefficient(Gy) 1.5 1.5 1/m2

Shear Stress Coefficent(Gz) 1.5 1.5 1fm2

Truss property
v Axis Variable Constant
7 Axis Variable Constant n Spacing 4 m
[ spacing L m a Section... H-Section
] Section... Solid Rectangle
" oK Cancel Apply 0K Cancel Apply

M

%

Calor l:l hd

Apply




» Ground property

Soil property

Interface  Interface  Interface  Interface
Name SOIL1 SOIL 2 SOIL3 SOIL 4
(SoIL1) (SOIL2) (SOIL 3) (SOIL 4)
Type Other Other Other Other 2D 2D 2D 2D
Model Plane Plane Plane Plane
Interface Interface  Interface Interface . . , ,
Type Strain Strain Strain Strain
Interface , , . .
Line Line Line Line
Type
Material SOIL1 SOIL 2 SOIL 3 SOIL 4 SOIL1 SOIL 2 SOIL3 SoIL4

P Structure property

Name D-wall S1 S2
Type 1D 1D 1D
Model Type Beam Truss Truss
Material CONCRETE STEEL STEEL
Section Solid Rectangle H-Section H-Section
Section Size XIm @ Imc/c UB 610x229x101 @ 4mc/c  UB 610x229x101 @ 4mc/c ( ,

MiDAS



Mesh size control

Geometry Mesh Static/Slope Analysis Seepage/Consolidati

’EL (%} cornp. Prop. — ‘ii &2 Def. Size
L
e CSys / Hinge - (| F=—+ %.""'- = Prop Ctrl.
Property|, - ) Sie |Layer , .
Function ctrl. Fontrol =) Match Seed
Prop./CSys./Func. Control
Point Edge  Custom
= Selected 10 Object(s) ]
Select Reversed Object(s)
Method  Interval Length w
Mesh Size 0.5 m

Mame Edge Size Contral

B $ B O Cancel Apply

4

—+

5

Size control of 0.5 m

Mesh size control to increase the
accuracy in plastic area |

[

MibAS



Generate mesh

Advanced Cptior Fayu to e s

B Merge Nodes
Tolerance 0.0001 AutoFace  Auto-Area Map-Face Map-Area
Element Size Growth Rate
Fine Coarse [ E Selected 7 Object(s) ]
1
. — Size Method
Min/Max Element Size 2,000 O size () Division I IR L
L 1
Small Large Property
2D Mesher 1 1:50IL1 N e
Delaunay Mesher ~
S MeshSet | Soilt v
lemen e
Repeated for layer 2, 3, and 4 ment TR )
Tri+Quad i E & nA oK Cancel | Apply S
[ Higher-Order Element ;

Midside Modes on Geometry

18 skip Meshed Face(s)

& Pattern Mesh
I8 Register Each Mesh Independently

| oK Cancel

T

a

em————

] I
. i a0g g I I@-ﬁ.ﬁ,—l -
Generate mesh for soil layer 1~ — *F S S22 BESEO0 0} pleadem— @ !

|

e By | €.+ |- Basic - AllGeometries(F) = Tl ik = | & & -,}ml

To show ‘Property color’
Display Mode (Mesh) = Property color

MibAS



Create & Extract elements

Extract elements =2

; Iad create [Sp|E4 BC - B I_@ Geometry
Extract Element = I e g i J p@ GEDmEtW Set-1 1
I 2 e o .2zl Bedding Plane
Geomelry Mesh = I 81 v el -5 Export Shape
Type  Edge - Element -5 Mesh Control
=] Selected 15 Object(s) V& Mesh
IEEEEE—— g o T " G [v| i Default Mesh Set 1
Skip Duplicated Faces I_@ Sill 2 |:
= 7 7 1 1= | iy i [*]
Orientation (Element Z-Axis) ] 1 I_@ SDI” 1 ] _
Beta Angle: 90 [deg] I - L1/ | [ e D! i
SR | - [V & Soill-2 4
Property I | Il T Bl | N P@ Soill1-3 5 I:
6 &:D-wal .
Sl e | - Vi Soill-4 &
Mesh Set : I 11 | R ¥ (@ Soill-5 7
(CJRegister Based-on Object Shape I R R 00 | [V Soill-6 8 ——
Dzegisrer Ease:—on gwner I.S#Ilhazes t : E ..... p@ Sail? 9 |:
egister based-on Lwner [Vies! e .
..... v Soil2-1 10 [
[Extractd s set 1 Eg Soiz-2 1 —
B S =y - 11 ¢ r - T R DI -
4 : PR SR | - ¥ @ Soil2-3 12 —
T < /| == | ¥ @ Soil2-4 13 .
L < o L1 R W (5 Soil2-5 14 —
----- [V g Soil2-6 15 [
3 Caill 7 18 e

‘Extract elements’ for retaining wall

Note: By using the ‘Extract Elements’
function, there is needed to open
geometry and corresponding mesh set




Create interface element
(Wizard interface)

Create Interface > Type  |From Element Boundary W
From Element Boundary
. Parame|Manual Mode ID Input
Li
ne Shell  Plane @ Convert Element
R me—
Element ID 1194 - 5
M th d rrarm 1T
e bonrE From Mesh-Set (T/X-cross type)
Type | From Truss/Beam vl D Man{From Node
Parameters Creste Interface Creste Interface
Line Shell  Plane Line shell  Plane
-y Selected 22 Object(s) N

B Merge Nodes

[ %elected 2 Obje.. ]

Property Parameters

() Manual Input O Wizard

M

[ |Register Interface Mesh Set Separately

B Create Other Element  Rigid Link e
Property
9  g: Interface Property(Wizar HE
Mesh Set | Line Interface w |
= & Ok Cancel Apply

#

Element ID
Method

Type  From Truss/Beam

E Select Eement(s)

«Selected 2 Obje...

@ Merge Nodes

Property Parameters

© Manual Input O Wizard

[CJRegister Interface Mesh Set Separately
(@ Create Other Element  Rigid Link ~

Property
E] ~ | &

Line Interface ~

=)= OK || Cancel | Apply

Mesh Set

o

Interface Wizard Data

Structural Parameters
Strength Reduction Factor(R)

[ virtual Thickness Factor(tv)

[ ] consider Element Size
Line Interface Thickness
[ Conduction for Seepage flow

Method

Type  From Truss/Beam

Parameters

I (8 Merge Nodes

Property Parameters
© Manual Input

Select Element(s)

@a\ama 20bje...|

O wizard

[CJregister Interface Mesh Set Separately
@ Create Other Element  Rigid Link

Property
3

Mesh Set

Line Interface ~

=& Ok | Cancel || Apply

0 m/fsec/m

oK Cancel




Adjusting the RW local axis

1e/Consolidation Analysis Dynamic Analysis Therrmal Analysis Analysis Result Tools Syl
Jef. Size @ 10 @5 20->30 Rename 1@ extrude (@ Sweep || B Trans. sy N Scale 9 Create 04
rop Ctrl. &8 20 B copy B Dwide || 8 Revolve I Project || B Rotate % Delete %l
E& Remesh || 1 Sweep || @-
datch Seed || @p3D tf Create EFil & Offset || A1 Mirror 22 Merge
Generate Mesh Set Protrude Transform Node Elerment Tools
ﬂl%lm: % T R S QA QO+ BES IIIFHEH ©-S-YAEH .
(@)% | £ - | Elementm * 1D Elem Rt s R @,

Add/Modify Mesh Parameter bl

Mode 1D D 3D Other

Change Csys

O Reverse Normal (X-Axis)

Beta Angle: 90 [deg] £,

(" align with Neighbor 20 Element
(") Align 1D Base Element (2, X-Axis)

Select Base Element
Property
7 7: 52(UB 610x229x 101 @ 4m cf B
& oK Cancel Apply

Changing the axis of the local retaining wall axis




Merge node

Mode Control 4

Create Delete] Merge Project Align  Modify i

Selected Modes A

= Selected 793 Object(s) |

Tolerance 1e-05 Find
]

Base Node @) SmallestID () LargestID

ﬂ Merge Modes at Center Location

[ Blink Mark
1
Mesh Set Manual MNode !
B & ll'fl oK Cancel Apply ]

Checking the merge node function for interface

Selecting all nodes 2 Mesh - Node - Merge = Find




Group mesh set

Model tree

& Mesh
[ Default Mesh Set 1
[ £ Auto-Mesh (Planar Ar... 2
[ & Auto-Mesh (Planar Ar... 3
[ £ Auto-Mesh (Planar Ar... 4 .
[V Auto-Mesh (Planar Ar... 5 R t d f 3 t | y
[ 3 Auto-Mesh (Planar Ar... e p ea e O r eXCaVa I O n a e r
[V & Auto-Mesh (Planar Ar... 7
[ 3 Auto-Mesh (Planar Ar... 8
[V & Auto-Mesh (Planar Ar... 9
--[¥ @ Auto-Mesh (Planar Ar... 10
[V & Auto-Mesh (Planar Ar... 11
--[¥ & Auto-Mesh (Planar Ar... 12
[V & Auto-Mesh (Planar Ar... 13
--[¥ & Auto-Mesh (Planar Ar... 14
[V & Auto-Mesh (Planar Ar... 15
--[¥ & Auto-Mesh (Planar Ar...
[ & Auto-Mesh (Planar Ar...
--[¥ & Auto-Mesh (Planar Ar...
.. p@ Auto-Mesh (Planar &g
--[¥ & Auto-Mesh (Planar
[ Auto-Mesh (Planar Hide
--[¥ & Auto-Mesh (Planar Show Only
[ £ Auto-Mesh (Planar Hide Only

Include/Exclude Mesh Set ltems x

O Element (C)Node

' O Indude (D Exdude

(= Selected 15 Object(s) ]
[CIDelete Empty Sets After Operation

& OK Cancel Apply

aICE ] HE NG Tl

& Contact Show <-> Hide
3 Element Parameters
// Hinge Include/Exclude Elements & Modes

Model Analysis Results Display Mode

3roperties Display »
= Mesh Set Transparency e
D Shrink...
Name - N
Color I Delete I
Element Count Rename (F2) ¥ @

Show

- E Auto-M i
- l , o Auto-M Hide
Selecting ‘Include/Exclude Elements & Nodes - Aoy e ST
o[V B Auto-M Hide Only
]Z Contact Show <-> Hide
3.4 Element Param
1-/7 Hinge

Include/Exclude Elements & Nodes

odel Analysis Res Display Mode »
Rename the group mesh set to | Display g

operties T ,
control the excavation layer esh set e

Ea:ﬂe Delete

Flament Cannt

M

#



Boundary condition

Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

L = o . . Fl .
% “ (i Stage Set & volume Data Export &5 Define Set m;SIDEhmg Constraint T: Slip polygonal surface
S St&age Simulate Stage s . ﬁ Constraint %Change Property F= Water Level ¥ Table -
Contact|| Wizard ES Auto Set i, Partial Factor BH Constraint Equation =&, Slip circular surface 5 SRM Inclusion
Contact Construction Stage Boundary

Y S R e ) g O (1, T

= S
Lonsiraint ~

Basic Advanced Auto

Name  Constraint-1

Select Object(s)

B Consider All Mesh Sets

§ EBoundary Set | Boundary Set-1 v| %

& oK Cancel Apply

pa1ea42 S| uoilipuod Atepunog

Creating a 2D boundary condition




Construction stage set

Construction Stage Set *

MName Excav Add

PE——— o [~ Define construction stage:

o | e Copy Stage Name - Set Data =2 Initial condition = Save 2 New
[ Delete
Define C5... ‘
Define Construction Stage
Construction Stage Set Name Excav-RwW ~
Stage ID 1: Inital ~ '+ | Move to Previous Move to Next O Analy:
Stage Mame Inital Mew Insert Delete O Outy
Stage Type Stress v Initial Condition
[ Define Water Level For Global
SetData Activated Data Deactivated Data 0 MNone
=] @ 93]" = @ Mesh @ Mesh [T Define Water Level For Mesh Set
Diefanlt Mesh Set Defanlt Mesh Set § Bound ary Condition =
Exl Exl sbe Static Load np LEvEL..
Ex2 ExZ T Combined Load Sets a
Ex3 Ex3 2 Contact O 5ub §
Line Interface Rigid Link Mesh — e 3
BW Soill )| LEF... Copy To Spedfic Stage...
Rigid Link Mesh Soill-1 B Clear Displacement
Sm.ll Sm..ll 2 B Clear Strain
Baill-1 Soill-2 _
Saill-2 aill-5 |_| Slope Stability (SRM)
Bodll-3 Bodll -6 [ Slope Stability (saM)
Soill-5 Soil2
Soill-6 Soil2-1
Soil2 Soil2-10
Soil2-1 Soil2-11
Soil2-10 Soil2-12
Sadl2-11 Boil2-12
Sail2-12 Soil2-14
Sail2-13 Soil2-3
Soil2-14 Soil2-4
Hoil2-3 Soil2-6
Soil2-4 Soil2-7
Soil2-6 Soil2-8
Soil2-7 Soil2-a
Snil2-R =128 Bnmndars Crondition
Sort By Name e Show Data Activate o Save Close

MibAS



Define Construction Stage

Stage 1. Initial

Construction Stage Set Mame Excav-RW ~
Stage ID 1: Inital ~ : Move to Previous Move to Next
Stage Name Inital New Insert Delete
Stage Type Stress ~
Set Data Activated Data Deactivated Data
‘=@ Mesh =@ Mesh

Defanlt Mesh Set 9 Default Mesh Set
Exl Exl

Ex2 Ex2

Ex3 Exd

Line Interface Rigid Link Mesh
RW Soill

Rigid Link Mesh Soill-1

Sodll Sodll-2

Soill-1 Sodll-3

Soill-2 Soill-5

Sodll-3 Sodll-6

Soill-5 Soil2

Soill-6 Soil2-1

Boil Boil2-10

Soil2-1 Soil2-11
Soil2-10 Soil2-12
Soil2-11 Soil2-13
Soil2-12 Soil2-14
Soil2-13 Soil2-3
Soil2-14 Soil2-4

Soil2-3 Soil2-6

Soill-4 Soil2-7

Soild-6 Sodl2-8

Soild-7 Soil2-9

SnilZ-R =26 Brnndary Conditinn

O
O

Analysis Contral...

Qutput Contral...

Initial Condition
[ Define Water Level For Global

0 m MNone

([ Define Water Level For Mesh Set

O

Input Water Level...

Sub Stage...

Sort By

M

MName

#

e

Show Data

Activate

O LoF.. Copy To Spedfic Stage. ..

8 Clear Displacement
8 Clear 5train

[ slope Stability (SRM)

([ slope Stability (SAM)

Close

x |[Geometies @ ¥| 1k 1k =

S|

e

=

Stage 1. Input the initial condition




Define Construction Stage

Stage 2. Install RW

o |DEOMEES K T| IR IR =

Construction Stage Set Mame Excav-RW ~
Stage ID 2: RW =3 : Move to Previous Move to Mext D Analysis Contral...
Stage Name RW New Insert Delete O Output Contral...
Stage Type Stress \/ Initial Condition
[ pefine Water Level For Global
SetData Activated Data Deactivated Data 0 m MNone
@ Hesh =l Mesh T& Mesh () Define Water Level For Mesh Set
2 Defanlt Mesh Set Line Interface @ Rigid Link Mesh
Exl RW % Boundary Condition Input Water Level...
Ex2 % Boundary Condition % Static Load
Ex? sk Static Load M) Combined Load Sets O Sub Stage....
Line Interface ) Combined Load Sets 52 Contact )
RW Z Contact & | LOF... Copy To Specific Stage. ..
Rigid Link Mesh (") Clear Displacement
Soill Clear Strain

([C) slope Stability(SRM)
() Slope Stability(SAM)

M

#

Stage 2. Install the retaining wall

R AL




Define Construction Stage

Stage 3. E

xcavation for layer 1

Construction Stage Set Name Excav-RW e
Stage ID 3:Exl ~ : Move to Previous Move to Next
Stage Name Ex1 New Insert Delete
Stage Type Stress e
Set Data Activated Data Deactivated Data
|-l Mesh

Defanlt Mesh Set
Exl

Ex2

Ex3

Line Interface

M

#

] Analysis Contral...

O Output Control....
Initial Condition
[C) Define Water Level For Global

0 m MNone
[C) pefine Water Level For Mesh Set

Input Water Level...

O Sub Stage...

[ | LDF... Copy To Specific Stage...

[CJClear Displacement
Clear Strain

[CJslope Stability(SRM)

() slope Stability(SaM)

Stage 3. Excavation for layer 1




Define Construction Stage

Construction Stage Set Mame

Stage ID 4 Ex2

Stage Mame Ex2

Stage 4. E

xcavation for layer 2

Excav-RW

Stage Type Siress

Set Data

Activated Data

Move to Previous

MNew

o |Geometries ) IR 2L

Move to Next O Analysis Contral...
Insert Delete O Output Control...
Initial Condition

[C) pefine Water Level For Global
Deactivated Data 0 m Mone

=@ Mesh

A _Snil2-A

| Mesh

sl Static Load

2 Contact

% Boundarny Cond itinn

Combined Load Stz

[C) Define Water Level For Mesh Set

Input Water Level...

O Sub Stage...
W | LOF...

[CJClear Displacement
Clear Strain

[[Jslope Stability(SRM)

[C)slope Stability(SaM)

2 Contact

Copy To Spedfic Stage...

M

#

Stage 4. Excavation for layer 2

>0y Y




Stage 5. Excavation for layer 3

§ - 3 1 ) - = e -
Define Construction Stage w |eometnes () The ik <Y U |
Construction Stage Set Name Excav-RW e

Stage ID 5:Ex3 vIE Move to Previous Move to Next O Analysis Contral...

Stage Name Ex3 New Insert Delete O Qutput Contral...

Stage Type Stress e Initial Condition
() Define Water Level For Global

SetData Activated Data Deactivated Data 0 m Mone
5 @ Mesh " Mesh

Diefanlt Mesh Set E@ Boundary Condition
Exl b Static Load

Ex2 ’@ Cormbined Load Sets &l Static Load
Ex} 2 Contact W) Combined Load Sete 0 Sub Stage...
Iliu%e lirtze i Z Eontcl @ | LDF... Copy To Specific Stage...

Rigid Link Mesh () Clear Displacement
Clear Strain

Soill -2 ([ slope Stability(SRM)
Soill-3 [ Slope: Stability (SAM)

[C) Define Water Level For Mesh Set

5 Boundery Condition Input Water Level...

Stage 5. Excavation for layer 3

M

#



Analbysis

Item D
() C\TEMPDaft\NXGTk.gts

-2 Function

i-;j History Cutput Probe

W8 Boundary Condition

- [WEk Static Load

..... [#<E Dynamic Load

..... ¥ £H Thermal Load

----- ¥ <E Response Spectrum Load

----- Combined Loadsets

Analysis control

Color

Solve
Export  »

Add/Modify Analysis Case
Analysis Case Setting

Title Excav

Description

Solution Type Construction Stage

Construction Stage Set Excav

Analysis Case Model

All sets << ==

Calculating with gravity method

Solve Each Load Set Independently Mame

Analysis Control [
~ Output Contral e
'
Active Sets
oK Cancel Apply




Result — Vertical displacement

E| ﬂ Excav-RW

2] INCR=1 (LOAD=1.000)

Bt Rw

@-2] INCR=1 (LOAD=1.000)

—-fie] INCR=1 (LOAD=1.000)
B Displacements
B TOTAL TRANSLATI...

C I

TY TRANSLATION (..
- TZ TRANSLATION (.
-[& TOTAL ROTATION ...
B RXROTATION (V)
- RY ROTATION (V)
- RZ ROTATION (V)
B TXY TRANSLATION..
B TYZ TRANSLATION..
B TZX TRANSLATION..
]--d@z Grid Forces
. #p Reactions
]--ﬂ.p Bearmn Element Forces
]--= Plane Strain Forces

(&, probe (7P LDF sum
fif Mutti Step 1so] K™ Cutting Diag.
@) Extract Others ~

[See

Advanced

Result = Advanced - Cutting Diagram

MibAS

I¥in:-0., 000546507

a0, 00520466

Max: 2,09e-04

Min; -5.54e-05 DISPLACEMENT
T, m

+5.204668-03
0.2%

+4.70037e-03
0.0%

+4.19603e-03

]

3.18750e-03

-3.42518e-04
4. 3%
-8.465807e-04

DISPLACEMENT
Y ,m

+5.20466e-03
0.2%
+4.70037e-03
0.0%
+4.196058e-03
&

E%
+3.69179e-03
2%

+3.18750e-03
1%




Result — Forces in RW

BEAM STRESS
557, Kjm~z

MibAS

Shear force in RW

+3.00415e+01
20.0%:
+2,19550e+01

5.0%:
+1.38342e+01
10.0%:

-5.09964e+01
0.0%:

-5.91002e+01
5.0%:

-6, 72040e+01

(Beam stresses = S-XZ7)

M

l

Bending moment in RW

BEAM STRESS
S-WON MISES , kMim~2

+6.39301e+02
6. 7%

+5.86150e+02
2.2%

o
+5.532995e+02

= — +5. 73034 e+00 ey
= 30.6% 4. 708476402
— -2.37348e-+00 5.0%
15.0%: — +4.26695e+02
— -1.04773e+01 9%
0.0% L 43.73544e+02
—= L -1.85811e+01 7 8%
. e t3.20392e+02
— 5.0% - g 4.4%
— e e+01 - +2.672408+02
— 3.0% 7.8%
—t — -3.478858e+01 — +2.1405%e+02
4, 4%, 10,6%
— -4.,289268-+01 - +1.60937e+02
0.0%, 14.4%

+1.077862+02
17.5%
+5.46342e+01

17, 2%
+1.45262e+00

(Beam stresses = S-VON MISES)




Result — Comparison
(Displacement with & without RW)

‘— v
T, m

+5,49963e-03

5. 9%
-5.2641 3e-05

0.4%:
-5.605532e-03

<

0.0%
1.71578e-02
0.1%

A%
2,57103e-02
0.1%

Total displacement
without RW

n
-3.42627e-02
0.0%
-4.25152e-02
0.1%:
-5.153677e-02
0.1%:
-5.99201 e-02
0.1%:
-6.547268-02
0.0%
-7.70251e-02
0.1%
-8.55775e-02
0.0%
-9.41300e-02

CISPLACEMENT
T, m

+5.204668-03
I 0.2%
~+4.,70037e-03
0.0%:
+4.19608e-03
)

0.2%
+3.69179-03
0.7

3
+3.16750e-03

Total displacement
with RW







Geo-Technical analysis System New eXperience

GTS NX
3D Excavation with Retaining System

Lesson 02

Midas Taiwan

Reference: Midas GTX NX Tutorials
MiDAS




Project case overview GTSNX

Project overview:
Rectangular Excavation : 10 x 20m
Depth: 12m

Soil Property Overview:
3m of Buried Layer

7m of Colluvium

12m of Weathering soil

MipAS



Project case overview |y

Geo-Technical analysis System New eXperience

Structural Elements Overview:

1. Retaining Wall - All throughout the
excavation faces

2. King Post - 4 pcs laid along the
centerline of the longitudinal distance
3. Prestressed Anchors - 8 pcs per
longitudinal face; 4 pcs per transverse
face

4. Braces - 4 sets starting from the first
excavation layer

5. Struts - 2 sets starting from the first
excavation layer




Design Flow

GTSNX

Geo-Technical analysis System New eXperienc

Pre-processing

1. Geometry / Model setup
2. Material and Properties
3. Boundary Conditions
4. Mesh generation
e Geotechnical
elements
e Structural Elements

Solving

1. Analysis Case
 Linear
* Non-linear
* Construction Stage
* Slope Stability
* Etc.
2. Stage Sets
3. Analysis Control Settings
* Dynamic settings
 Thermal settings
* Age settings
* Non linearity
* Etc.

Post Processing

1. Data Validation
2. Result Interpretation
3. Analysis Presentation
* Graphs
* Contour plots
* Animations
4. Data Exports
e Data Transfer
e System Integration



Open model

B Read Result File

€. Open
Loak in: | 2- MidasPractice w | (- G
/\ Marme - Date modified Type
€2 02 3D Excavation_Start 6/7/2024 915 AM GTS
Home
< Open Midas tutorial — Lesson 2
Desktop
Libraries
This PC
NE‘L‘LTDrk
File name: (2 30 Excavation_Start -
Files of type: GTS NX Files(".ats) -

Analysis Case  Solution Type  Results

[Madel Infarmation]
Elem: i}

Geometry drawing



Geometry modeling — Excavation area

— Loft
Extrude

Protrude

fodel

Item

r-$HE Work Plane

(-4 Datum

E-E Material

w-HEl Property

=8 r@ Geometry

: r@ Geometry Set-1
760 Single-stage strut
76 Two-stage strut
[TI& Third-stage anchor
76 Four-stage anchor
i[5 Plus peg

i’ T Revolve
IF

Sweep

D

[w/5] Excavation and Walling

Bedding plane
r@ Cutting surface
r@ Ground area
.’ Bedding Plane

ﬁ Export Shape

[j—--q% Mesh Control
- (3 Mesh

[j---g Contact

(T=la==] BN (= S R S R

—
=

Calor

Change into ‘Edge’, then ‘Select All’

Model Analysis Results

'roperties
-] Edge Information
Length

M

%

Basic

e [l Sy | £
Protrude *
Extrude Revolve Loft  Sweep
1 o Selected 68 Target Ohject(s)
Direction

IO [El Direction Selected ] [——

O 2 Points Vector X ¥ Z
0,0,0
1, 1,1

) Normal of Profile(s)
I8 Reverse Direction

ﬁLengiﬁ 2 <

O until Select Tool Surface(s)
Imprint
B Make Solid
[ Extend Geometry
Fuse Cut
Select Base Shape
Geometry Set | SEliEngEl-iol ~

B @ o oK Cancel Apply

Extruding excavation area

Datum Axis [¥)




Geometry modeling — Ground

gT 9 Revolve
Loft

Extrude

Sweep
Protrude

I

E|---|_® Geometry

al'lfil Geometry Set-1 1
- P Selid [6]

r@ Single-stage strut

TGP Two-stage strut

[TE5) Third-stage anchor

-["JEF) Four-stage anchor

-[TIEQ Plus peg

-[T1EF) Excavation and Walling

-[ 1G5 Bedding plane

[ Cytting cufacs

o 6o~ oot oW fa

Color

I W@ Ground area

_
[=]

- Bedding Plane
ﬁ Export Shape
[]---‘:7-% Mesh Control

Model Analysis Results

Properties

= Face Information
Color [] AoFFAz
Type Plane
Area 1540 m=
Weight Center [ 5 -30,

%

MiDAS

-11]

.
oy
vl |
i

|'@|EQ} =§H=' Basic = Datum Axis [¥] -

| Protrude b4

Extrude Revolve Loft  Sweep

bd Selected 1 Target Object(s)
Direction
[+ ] [E Direction Selected

D 2 Paoints Vector ¥ ¥ Z

) Mormal of Profile(s)

[:] Rewverse Direction
Method
© Length 80 |«
O until Select Tool Surface(s)
Imprint
B Make Solid
[_JExtend Geometry
Fuse Cut
Select Base Shape
Geometry Set | Geometry Set-1 o

/ = ) (0]'4 Cancel Apply [~

Ground area




P\

Solid Jsurface

Divide
Model

Cutting ground surface

Item i) Color
[-$ Work Plane

[ B Datum

&-UE Material

t=-HE Property

E‘J'_‘ Geometry
|_:_||_° Geometry Set-1
p‘ Solid [7]
E]...]“ Single-stage strut
E]...]“ Twao-stage strut
E]...]“ Third-stage anchor
E]...]“ Four-stage anchor
- &) Plus peg
=
o
=
|E:

e = R S VE R X

1[G Excavation and Walling

=M
3|70 Cutting surface 9 I
le"m T
Bedding Plane

ﬁ Export Shape

[]---c% Mesh Control

[ 1 N

R OGP

Divide Solid

By Surface
] Selected 7 Target Solid(s)
Dividing Tools
© [k#] Selected 2Tool Surface(s) |
() 3 Points Plane
1,0,0
0, 1,0
0,0, 1
(O Dividing Plane
X Y z
0 m

Model  Analysis Results

Properties
E Face Information
Area

Cutting surface for ground by ‘Divide solid’ function

[ Divide Touching Faces Edect Object(s)
@ pelete Criginal
@ pelete Tool

oK Cancel Apply




Bedding plane

()|«

Solid Jsurface
Divide
Model I x _ ____
Ttem D Color |'@|EQ} ¥ -] Basic -+ AllGeometries ) - TRk o= | BB @ L
L[V Bxtrude 158 I
[P Extrude(1) 160 |
[P Extrude(2) 161 |
[P Extrude(3) 162 |
L [TER Extrude(2) 163 |
[j---l_@ Single-stage strut 2
[j---l_@ Two-stage strut 3
[j---l_@ Third-stage anchor 4
[j---l_@ Four-stage anchor 5
-6 Plus peg &
L. e FRTTNIN = e d
; W& Bedding plane 2 s
L‘ \_U'IIII"Ig SUMace =
l_@ Ground area 10
i! Bedding Plane
ﬁ Export Shape
- Mesh Control [
[ ) Mesh : ]
-2 Contact f ]j
— _
Model Analysis Results f [
R —
Properties o x
= Name
1D 154
Narne Extrude
Color [ ooBFFF
Volurne 400 m3

Bedding plane for excavation area by ‘Divide solid’ function

#

M



Imprint for ‘Plug pegs’

\P\. /\ / | %/ﬂ :
N
RN

: S M \

Before and After
using ‘Imprint’

>
/
J

A

(o))}

- (&)

— p— | = ©

g T

= S

— wn

i 1 2 —

g1= = c

Sf | .u i Q

i I K3 5 b

g |9z - v
3 1 8]E ﬁa

= o —
[ £ |2 T o
.muﬂ..m rg o
E|EIlg B3 v o©
ol |3 o S
g Jw o
& O 5
] nm ma
- >
E |5 ] ® oo @©
L E; c R
— awe
en
v =

o

| -

O

4

I

Excavation area «——
Plug pegs
‘Imprint

MibAS



Check duplicate — Auto connect

O @ & = Auto connect
a ﬂ @ % edding 1

ﬁ@@ﬂi Plane

iR e (@ Check Duplicate ~— >

Check Shape Repair Shape Check Duplicates ¢ »

Surface & Solid

@ visible Shapes Only
Tolerance 0.0001 m

Chedk Type
[T check Duplicate Points

Indude Sub-Points

‘Auto connect’ for
creating share surface

B indude SubEdges

B chedk Duplicate Faces
B Indude SubFaces

B Extract Boundary Topology

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

1 B check Duplicate Edaes/\Wires
|

|

|

|

|

|

|

|

|

| Remove Duplicated Shapes
|
|
|
i

Auto Connect 4

Share Face

B & md oK Cancel Apply

Method  Boolean ~

[ E Selected 13 Target Object(s) ]




Name Buried layer Colluvium Weathering soll

[ )
M ate rl a I Material Isotropic Isotropic Isotropic

Model Type Hardening Soil Hardening Sail Hardening Soil
Poisson's Ratio 0.333 0.306 0.384
Unit Weight 16 17 20 ~
KO 05 0.441 0.74 c
2
Unit Weight
g 20 20 22 0
(Saturated) v
Initial Void Ratio 0.5 0.5 05 |
%)
Drainage Parameters Drained Drained Drained ©
Permeability 1 1 1 B
)
> Ground materlal ESOref 22,000 43,000 150,000 IE
Eoedref 22000 43,000 150,000 >
Eurref 66,000 129,000 450,000 i
Failure Ratio 0.9 09 0.9 =
O
Reference Pressure 12 47 110 8
©
Power of Stress Level 05 05 05 O
Dependency >
Friction Angle 30 34 KE:] )
(S
KOnc 0.5 0.441 0.384 c
(V]
Dilatancy Angle 0 4 5 th
(Tt
Cohesion 5 10 15 [J]
o
Name Structure material 1 Structure material 2
Material Isatropic Isotropic
> S . | Model Type Elastic Elastic
tructure materia
Elastic Modulus 210,000,000 200,000,000
Poisson's Ratio 0.3 0.3
Unit Weight 76.98 76.98

MiDAS



Property

Interface
Name v o eI SR s AL
(Buried layer)  (Colluvium) enng e Soil
Soil)
Type Other Other Other 3D 3D aD
> Ground material Model Type Interface Interface Interface - - -
Interf
nerace Face Face Face - - -
Type
Weatheri Weatheri
Material Buried layer Colluvium & -Ianng Buried layer Colluvium e nlanng
Soil Soil
Name Sheet Pile Walling, Plus peg, Strut Anchor
Type 20 1D 1D
Embedded T li
] Maodel Type Shell Beam moedae . rluss (inear
P Structure material elasticity)
Material Structure material 1 Structure material 1 Structure material 2
Section - H-Section Solid Round
Section Size Uniform Thickness : 0.1 300x300x10115 0.025

MiDAS

Reference: Midas GTX NX Tutorials — Lesson 2

&




3D mesh — Excavation area

[

| |
Advanced Option X I I
| |
| |
B Interior Edge/Point I 1
_ o : | |
Generate mesh{Solid) > 40 Edge(s) Selected g |
|
. H Select Interior Point(s) : I
Auto-Solid  Map-Solid 20->3D I I
[ |Register Each Mesh Independently I i
[E select Object(s) ] Iﬂ Consider Imprinting Shape on Face | : :
Size Method 2 2 walling,Plus peqg,Strut ~ | | HE& : :
Size 1|« | |
o B Merge Nodes | |
() Division 10 Tolerance 0.0001 " :
() Automatic i |
Mare === 4.01 Element Size Growth Rate : :
Fil-IE CDEFSE . S S BN BN N S S S B e e e ol
. 1.1
Hybrid Mesher e
o T )
B Maich Adjacent Faces Min/Max Element Size 1.100 rans p aren Cy
v 1 display mode
Smaill Large {
Property
6 6 Weathering soil w | HE [ ] Higher-Order Element
Midside Modes on Geometry
Mesh Set | Auto-Mesh(30) v |
C] Geometry Proximity
= I:I?l ()4 Cancel Apply e @ Fattern Mesh

B Register Each Mesh Independently
oK Cancel

» Generate meshes with nodes connected to interior edges
MibAS




3D mesh - Ground

Generate mesh({Solid) X

Auto-Sold  Map-Solid  2D-»3D

| B Selected 3 Object(s) |

O size 3 =<
() Division 10 Element
OAuhomah’c
| Need to Change property
Hybrid Mesher ~

B Match Adjacent Faces

Property
6 | 6: Weathering soil | &

MeshSet | Auto-Mesh(3D)-13 ~]

B & a2 oK Cancel Apply -

mogel wox v
Item D Color "@‘Q} £+ pasic 7 Mesh Set (M) MECTERR L I
&) Plus peg 6
l_@ Excavation and Walling 7
[/ Bedding plane k]
l_w Cutting surface 9
-[1& Ground area 10
2 Bedding Plane
& Bxport Shape
G Mesh Control
% [ 6 Mesh
[¥ {8 Default Mesh Set 1 —
[ Ex6 12 = .
P s - mmm| | Buried layer
- BS 4 |
- B 15 ]
- B 18 = ”' 1
- v == | Collivium
[l Colivium 25 | |
Model Analysis Results
ropates *+ | Weathering soil
= Mesh Set -
D 23
Name Buried fayer
Color [ Fr8000
Element Count 3564
Node Count 3448 3
Property 4 : Buried fayer
Material 3 : Buried layer
Mass

= Mesh Generation Information —



Change property — Ground

A

I/Modify Mesh Parameter X

Mode 1D Frin] 30 Other

I Change Property - I

[E selected 4164 Object(s) ]

Select 3D-property from the below list.

Property
I 4 4: Buried I_ayer v BI

& oK Cancel | Apply
Add/Modify Mesh Parameter X
MNode 1D D s Other 4
I:hange Property VI
= Select=d 3080 Object(s) |

Select 30-property from the below list.

Property

IS 5: Colluvium w 1

=) OK Cancel Apply
Add/Modify Mesh Parameter *
Node 1D D E Other 'S
I Change Property ~ I
(= Selected 7737 Object(s) ]

Select 3D-property from the below list.

Property
I [ 6: Weathering soil A HH

& Ok Cancel Apply




Extract elements for RW, Walling

Extract Element X

Geometry mMesh

Type Face ~

(5 Selected 128 Object(s) ]
[T skip Duplicated Faces

Orientation (Element Z-Axis)

Beta Angle: 90 [deg] g
Property
1 1:sheetPile ~ | H&
Mesh Set

"] Register Based-on Object Shape
[CIRegister Based-on Owner Shape

Reaqister Based-on Owner Mesh Set

| Extracted Mesh Set v |

& oK, Cancel | Apply

A Extracting sheet pile from ‘Face’ geometry

M

#

WV Extracting walling from ‘Edge’ geometry

Extract Element *
Geometry  Mesh

Type Edge ~

[ E Select Object(s) ]
Skip Duplicated Faces

Crientation (Element Z-Axis)
Beta Angle: 90 [deq] «

Property
2 2:wallng,Plus peg,strut -~ HE

Mesh Set
"] Register Based-on Chject Shape
[CJ Register Based-on Owner Shape

Reqister Based-on Owner Mesh Set

| Stage 4 walling e |

&2 oK Cancel | Apply




1D mesh — Struts & Anchors

AutoEdge

[ E Select Object(s) J
Size Method
I O Size o Division 1 < I
Crientation (Element Z-Axis)

Beta Angle: 90 [deg] o,

Property
2 2: walling,Plus peg,Strut v [HE

Mesh Set | Auto-Mesh(1D) " |

@ md oK Cancel | Apply ==

A Image of supporting and RW after meshing

Auto-Edge ‘\L-’

[ El Select Object(s) J
i thod
() Size 9 Division 1 I

Orientation (Element Z-Axis)

Beta Angle: 90 [deq] '—Q
Property
I 2 2:Waling,Plus peg,strut~ ~ | (HE I

Mesh Set | Stage 4 anchor-1 ~ |

MDAS E@ @ | ok | Cancel | Apply || >> A Meshing Struts and Anchors

v




Plane interface

Il Create [ B

E Eﬂ% ;i R Selecting ‘Interface’

M

Elermnent
Create Interface *
Line Shell
Element ID 22493
Method
I Type  From Shell - I
Parameters *
(= Selected 720 Object(s) ] ,
orecon o . — Interface is created
— ————
@ Merge Nodes +" | Selected 50 || virtual Thickness Factor(tv) 0.1
Property Parameters () Consider Element Size
(O Manual Input O wizard E] i
i ) 0
() register Interface Mesh Set Separately (1] conduction for Seepage flow
@ Create Other Element  Rigid Link e OK Cancel
Property
Materia
Mesh Set | Plane Interface b | ~ X
D & Mame  :rface Material(Wizard) Color .
E & oK Cancel Apply Model Type  Interface v
General Seepage Thermal
Interface Nonlinearities Coulomb Friction ~
Structural Parameters
{ ) . . Normal Stiffness Modulus{kn) 122243586 kN/m?
= ‘Interface’ is created for each sOil | wmemme o
. | b GTX W . d Cohesion(C) 3.35 kNjm2
I I I ate rl a y I Za r Frictional Angle(®) 211477004 [deq]
B bilatancy Angle(w) 0 [deq]
] Tensile Strength a
[ Mormal Stiffness in Tension Part 0

%




Interface Wizard 5% .

e L1 91 i ol
P Interface Wizard equation from Midas GTX NX manual: Flement
Where,

Kn = Eceqi/ K,: Normal Stiffness Modulus

Here, K.: Shear Stiffness Modulus
K; =G/ t, Eoea= 2 X Gix (1-v)/(1-2xV) ¢ . virtual Thickness Factor

G= R*x Gy R: Strength Reduction Factor
Ci=RxCyy Gioii= E/(2(1+V,0y)) C;: Interface Cohesion

Kn (Normal stiffness modulus) is the elasticity modulus for bonding and un-bonding behavior
in the normal direction to the interface element

Kt (Shear stiffness modulus) is the elasticity modulus for slip behavior in the normal direction
to the interface element

P Strength Reduction factor (R) Structural Parameters
- Sandy soil/ Steel material: R=0.6 ~ 0.7 IR = :
- Clay/ Steel material: R=0.5 e el -
- Sandy soil/ Concrete: R=1.0~ 0.8 LIEo e

Line Interface Thickness 1 m

- Clay/ Concrete: R=1.0~ 0.7 o |
|__| Conduction for Seepage flow

The general Virtual Thickness Factor range is 0.01 ~ 0.1 oK Cancel (
NMIDAS (If the stiffness is high, use a smaller value) {




Prestressed - Anchors

Prestress
e — — MName Prestress-3
——) Element TYpe  Truss/Embedded Truss W
e — —_— ] L 4
Object
[
Type 1D Element e
(=] Select Object(s) ] : . —e—
Global Rectangular B i —
—Comonaets
Base Function . il —
Nz 200 kM Mone ~ R
— = L L
|__| Pretension Type
Add Replace .
L) L]

Tension(+), Compression(-)

Load Set | Prestress stage 3 v| £

BE & OK Cancel Apply

Selecting the length of anchors Prestressed: 200 kN
should add a prestressed load

MibAS



Gravity — Boundary conditions

.

Gravity X

Gravity

Mame Gravity-3

Reference Object

Type  Coordinate v
Ref. CSys Global Rectangular  ~ ...
> ASS'gr”ng graVIty Components
Gx ]
Gy a

I Gz -1 I

Spatial Distribution

Base Function  Mone M| aas
Load Set | Gravity e | &
EE & Ok Cancel Apply
Constraint X

Basic ndvancedl Auto

Name  Constraint-1
Select Object(s)
B consider All Mesh Sets

P Assigning boundary condition

Boundary Set | BC v| £

== QK Cancel Apply

M

#




Rotation constraint

¥ Preventing ‘Rz’ rotation

Basic | Advanced Jauto

Mame Constraint-6
Object
Type MNode ~
=2 Selected 52 Object(s) ]
DOF Symmetric Plane
Ol Clty [Tz Xy YZ ;
Fi o

(rx Clry ERz

[ ] Anti-Symmetric

Boundary Set | Contral rotation v| =

£
G &2 QK Cancel Apply .

- The deformation or rotation is constrained to prevent the degree of freedom errors

MibAS



Define CS — Stage 1

Define Construction Stage X ] - fE ﬁg = | W& @ @ ® dm
Construction Stage Set Name Construction Stage Set-1 ~
Stage ID 1: Initial ~ % | Move to Previous Move to Next O Analysis Contral...
Stage Name Initial New Insert Delete O Output Contral...
Stage Type Stress ~ Initial Condition
[T Define Water Level For Global
SetData Activated Data Deactivated Data 0 m None
E& Mesh E& Mesh Mesh ] Define Water Level For Mesh Set
g Euried laver iy Euried laver &6 Boundary Condition
1y Colivinm Colivium sl Static Load Input Water Level...
Default Mesh Set Defanlt Mesh Set @ Combined Load Sets
Exl Ex1 Contact (] Sub Stage...
Ex2 Ex2 )
Ex3 Ex3 dfic Stage...
Exd Exd B Clear Displacement
Lo - 8 Clear Strain
3 Exd Exh
Plane Interface Rigid Link Mesh
Plug pegs Weathering soil
Rigid Link Mesh ound ary Cond ition
Sheet pile -8 BC
Stage | strut sk Static Load
Stage 1 walling sk Gravity
 Stage 2 strut Combingd Load Sets
Stage Zwalling ||| Z Comntact
Stage * anchor
Stage 3 walling
Stage 4 anchor
Stage 4 walling
TWeathering soil
= @ Boundary Condition
6 BC
=0 Crmtml mtatinn
Sort By Mame ~ Show Data Activate s Save Close

|

Stage 1. Initial conditions

2

M



Define CS — Stage 2

Define Construction Stage X

Construction Stage Set Mame Construction Stage Set-1 W

Stage ID 2: RW and Pegs ~ i Move to Previous Move to Next O Analysis Contral...

Stage Name RW and Pegs Mew Insert Delete O Qutput Contral...

Stage Type Stress v Initial Condition
[ pefine Water Level For Global

Set Data Activated Data Deactivated Data 0 m MNone ~

= Mesh Mesh
H Plane Interface

Plug pegs
Sheet pile
@ Boundary Condition
&5 Control rotation
% Static Load
; I Combined Load Sets [T Clear Displacement

I . ! Contact

Mesh [T pefine Water Level For Mesh Set
a Rigid Link Mesh

50 Boundary Condition Input Water Level...
sl Static Load
A Combined Load Sets ] 5ub Stage...
! Contact

& | LoF... Copy To Spedific Stage...

Clear Strain
I Plane Interface [ slope stability{srM)

By Weathering soil
=88 Bowndary Condition

6 EC

=0 Crntml mitatinn

Sort By Mame ~ Show Data Activate ~ Save Close

Stage 2. Install sheet pile and plug pegs

MiDAS



Define CS — Stage 3

Define Construction Stage x

Construction Stage Set Name Construction Stage Set-1 ~

Stage ID 3:Ex1and strutl ~ i Move to Previous Move to Next [:] Analysis Control...

Stage Name Ex1and strutl New Insert Delete O Output Contral...

Stage Type Stress w Initial Condition
[ pefine Water Level For Global

SetData Activated Data Deactivated Data 0 m MNone e

ET& Mesh ETQ Mesh ET& Mesh [] befine Water Level For Mesh Set
Buried layer o Selamt || 9 Exl

Colivium : g Stage 1 walling £5 Boundary Condition Input Water Level...
Default Mesh Set 8 Bowndary Condition Sh Static Load
Exl sl Static Load Al Combined Load Sets a 5ub Stage...
ExZ Combined Load Sets 32 Contact
Ex2 ! Contact
Exd [ Clear Displacement

ES Clear Strain
Exfi
Plane Interface [T slope Stability(SRM)
Flug pegs

Rigid Link Mesh
Sheet pile

Stage 1 strut
Stage 1 walling
Stage 2 strut
Stage 2 walling
Stage 3 anchor
Btage 3 walling
Stage 4 anchor
Stage 4 walling
TWeathering soil
IEI@ Boundary Condition

<6 EC

=5 Contml mitstinn

O LoF.. Copy To Specific Stage...

Sort By Mame e Show Data Activate w Save Close

Stage 3. Excavation layer 1 and Installation strut layer 1




Define CS — Stage 4

Define Construction Stage
Construction Stage Set Name Construction Stage Set-1 W
Stage ID 4: Ex2 and Strut2 ~ i Mave to Previous Move to Next ] Analysis Contral,..
Stage Name Ex2 and Strut2 New Insert Delete (] Output Contral...
Stage Type Siress “ Initial Condition
[C) Define Water Level For Global
SetData Activated Data Deactivated Data 0 m Maone w
& ET& Mesh ETQ Mesh [) Define water Level For Mesh Set
P Stage 2 strut - EC
Stags 2 walling -5 Bowndary Condition Input Water Level...
55 Boundary Condition =l Static Load
gl Static Load D Combined Load Sets O Sub Stage...
A Combined Load Sets 3 Contact :
x Contant O LDOF... Copy To Spedific Stage...
[C) Clear Displacement
Clear Strain

[ slope Stability(SRM)

EI@ Boundary Condition

6 BC

S0 Crmtm] mtatinn

Sort By Mame e Show Data Activate w Save Close

Stage 4. Excavation layer 2 and Installation strut layer 2




Define Construction Stage

Construction Stage Set Name Construction Stage Set-1

Define CS — Stage 5

Stage ID 5: Ex3 and anchor3 = Move to Previous Move to MNext
Stage Mame Ex3 and anchor3 Mew Insert Delete
Stage Type Stress w
SetData Activated Data Deactivated Data
-l Mesh £ Mesh
Stage 3 anchor & B
Stage 3 walling S5 Boundary Condition
§ Boundary Condition % Static Load
= % Static Load ‘@ Combined Lioad Sets
% Prestress stage 3 8 Contact
) Combined Load Sets
8 Contact
=88 Boundary Condition
£ BC
=0 Cratml mitation
Sort By Name ~  Show Data Activate

Stage 1. Excavation layer 3 and Installation strut layer 3

MibAS

T

[=]

Initial Condition
[CIDefine Water Level For Global

0] None
[l Define Water Level For Mesh Set

nput Water Level...

[ LOF... Copy To Spedfic Stage...

| Clear Displacement
Clear Strain

[ slope Stability(SRM)

Save Close




Define CS — Stage 6

Define Construction Stage
Construction Stage Set Name Construction Stage Set-1 ~

Stage ID 6: Ex4 and anchor4 e : Move to Previous Move to Mext [

Stage MName Ex4 and anchor4 New Insert Delete |

Stage Type Stress w Initial Condition
[CIDefine Water Level For Global
SetData Activated Data Deactivated Data 0 None

= @ Mesh = @ Mesh = % Iesh [ Define Water Level For Mesh Set
Buzied laver Stage 4 anchor & Ext

Colivinm g Stage 4 walling S5 Eoundary Condition s

Defanlt Mesh Set § Boundary Condition % Static Load

Exl =] % Static Load ‘@ Combined Load Sets

Ex2 % Prestress stage 4 Z Contact

Ex3 1) Combined Load Sets '

Exd = Contact [

]
5
|

] LDF... Copy To Spedific Stage. ..
| Clear Displacement
Clear Strain

Flane Interface [ Slope Stability(SRM)

= $ Boundary Condition
8 BC
=0 Contml mtatinn

Sort By Mame - Show Data Activate - Save Close

Stage 6. Excavation layer 4 and Installation strut layer 4

MibAS



Define Construction Stage

Define CS — Stage 7

lem IR IR O@| £

Construction Stage Set Mame Construction Stage Set-1 ~
Stage ID 7: Ex5 ~ |+ Move to Previous Move to Next O Analysis Contral...
Stage MName Ex5 MNew Insert Delete O Output Contral...
Stage Type Stress e Initial Condition
[T pefine Water Level For Global
Set Data Activated Data Deactivated Data 0 m None
EH jib Mesh # Mesh () Define Water Level For Mesh Set
&5 Boundary Condition [l EsS
%& Static Load % Bondary Condition Input Water Level...
D Combined Losd Sets -8l Static Load
2 Conbact D) Combined Load Sets a Sub Stage...
...... C mt
X Con [ LDF..  CopyTo SpecificStage...
[ clear Displacement
Clear Strain
[ slope stability (SRM)
< BC
=0 Crntn] misation
Sort By Mame w Show Data Activate ~ Save Close

2

M

Stage 7. Excavation layer 5
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Results — RW system

DISPLACEMENT
T

s m

+4.61233e-03
3%
+3.85007-03
o
+3.08751e-03

o

+2,32555e-03

Yo

4156379803
=%

+8.0102%-04
12.2%

+3.67693e-05
47 4%

BEAM FORCE
BENDING MMNT ¥ , ki*m

-+5.06426e+01
1.4%

-+4.23778e+01
1.8%

+3.39129e+01

3
2.54480e+01
o

3
1.69832e+01
3

» Beam force, bending moment in walling & Truss force, axial force in anchors

DISPLACEMENT
T&,m
+4.61233e-03
o
+3.85007e-03
¥

A%
+3.087531e-03
2

9%
+2.32555e-03
o
o

+1.5632%-03
&

o
+8.01029%-04
12.2%

TRUSS FORCE
ARIAL , kN

+1.56430e+02
111%

+1.45587e+02
11.1%

+1.32744e+02

S.6%
- 1,19901e+02

fa
1.07058e+02




Results - Displacement

Name Diagram-3 - On-Curve Diagram : :
EI%I‘}% o d 1 Creating a diagram and
. . e W 13 g ram- —
Cutting Diagram Mode : . .
0 Cutting Line () Cutting Plane . IFFII"'.IT D|agram-2 ShOWIng the d|Sp|acement
Define Positions
Type 2-Points Line e
Paint 1 -204,5586, 0, -96.1478
Paint 2 1, 0,0
Direction (+)Z Dir. w Division 20
[ JReverse
E & Ok Cancel Apply ?g%il %ETﬂENT

+4.94906e-03
0.1%:
+4.536642-03
0.2%
+4.124228-03
0.5%:
— +3.71179e-03
00
1 +3.29937e-03
0.9%
= +2.55695e-03
1.53%:
1 +2.474532-03
0 00
1 +2.062118-03
3.9%
1 +1.64969e-03
5.7%
= +1.237208-03
9.0%

0%
+8.24843e-04
19.0%
+4.12422e-04
56.3%
+0.00000&+00

MibAS



Geometry modeling — Ground

;jj
Ll
ol Al
ﬂ ¥
4 i
il 4

-'4 po ) i
_%‘1_‘ Maz:0,00595014 -

Min;-0,000408459 g
R
i “

INTF REL DISP
TAMGENT-Y , m

+3.98014e-03
01%
E+3.614428-03
0.0%
+3.24870e-03

0.0%
+2,65295e-03

0 1%

+2.51726e-03
o
+2,15154e-03
0.1%
+1.78582e-03
0.5%
+1.42010e-03
0.7%
+1.0543%-03
1.3%
+6.53667e-04
4.1%
+3.22949e-04
Q0,0%
-4, 27702e-05
Z.6%
-4.08455%-04

Jﬂ ﬂﬂgﬂﬂﬂ
1, ; F

1

Min:3.695098-05 4 1]

A4 a4
Lo 0

DISPLACEMEMT
TOTAL T, m

+4.94906e-03
1.1%

+4.53972e-03
2.8%

+4.13038e-03

4.3%
+3.72105e-03
3%

+3.31169%-03

5.0%

+2,90235e-03
6.0%

+2.49301e-03
34%

+2.083672-03
6.9%

+1.67433e-03

7%
+1.26495e-03
13.7%:
°+8.55642E-D4
0 -
+4.463012-04
20,4%:
+3.6956%-05

» The comparison between interface force and total translation:
(a) Interface force _ Tangent-Y displacement; (b) Total translation
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