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Configuration

Geometry Modeller Report Generator
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Geometry Modeling and clean-up Various graphic plots and result tables

Mesh Generators
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FEM Pre-processor
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Analysis Capabil

Static Analysis

Construction Stage Analysis
Reinforcement Analysis
Buckling Analysis
Eigenvalue Analysis
Response Spectrum Analysis
Time History Analysis(Linear/Nonlinear)

Static Contact Analysis

Interface Nonlinearity Analysis

Nonlinear Analysis(Material/Geometric)

Concrete Crack Analysis O
Heat of Hydration Analysis
Heat Transfer Analysis

Slope Stability Analysis
Seepage Analysis
Consolidation Analysis
Coupled Analysis(Fully/Semi)

www.MidasUser.com



Applicable Problems

General Detail Analysis (Linear, Material/Geometry Nonlinear)

B General detail FE analysis (linear static/dynamic analysis of concrete and steel)
B Buckling analysis of steel structure with material and geometric nonlinearity

Concrete and Reinforcement Nonlinear Analysis

B Detail analysis of composite structure (steel + concrete)

3D detail analysis considering steel, concrete and reinforcement simultaneously

Detail analysis of CFT (Concrete Filled Tube) Columns and analysis of the long-
term behaviour (differential settlement)

Crack initiation and propagation in concrete structure
Discrete Modeling and analysis of masonry
Composite Modeling and analysis of wall in shear

Detail analysis for tendon anchorage
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Applicable Problems

Thermo-Elastic Analysis (Heat Transfer, Heat of Hydration)

Analysis of heat of hydration (general, special, nonlinear)

Detail analysis for assessment of shear capacity of pavement (Debonding Failure)
Analysis of thermal effect due to the asphalt pavement (Guss Asphalt)

Fire effect on a reinforced concrete slab

Evaluation of residual stress and integrity of welded part

Special Analysis (Contact, Geotechnical Analysis and etc.)

Crack and fatigue analysis of the surface of structures
Soil structure interaction analysis considering soil properties

www.MidasUser.com



Main M

() DEE@O T«

FEA MX - RS_STBox Bridge fea

_ = x

Geometry Mash

3Rand0m CoEr(Geom}
Change %ﬁ Random Color(Mesh)
Color
Geometry

Static Analysis

1] vertical Tile

= Horizontal Tile

[ Cascade
Arrange

Dynamic Analysis
Model
Properties
Output

Geotechnical Analysis
Analysis Results
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> FEA NX 2020 (v1.1) (84bit)
> Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED. O utp ut
> Geometry is successfully imported. [4F23722B00001360.step]
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Developed based-on Task-oriented Design Paradigm
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64-bit environment platform

Next Generation Automated :
: Universal Solver
Platform Modeling
Complete support for 64-bit Stailized g(_aometrlc New MIDAS solver
operation
Control large scale model Diverse automatic tools Advanceq _analy5|s
conditions

Sy
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AutoCAD

= Import (Geometry)

Imported CAD Geometry

Parasolid / ACIS / STEP

IGES / Pro-E

CATIA VA4 V5

hics

Inventor Part / Inventor Assembly

SolidWorks / Unigrap
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= Export (Geometry)

|

Parasolid
STL

e STEP (STandard for the Exchange of Product Model Data)

¢ IGES (Initial Graphics Exchange Specification)

Standards for CAD Data Exchange

|

Generated Mesh
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Interface with other MIDAS Software

Civil

Bridge structure foundation
/ Ground coupled analysis

Gen

Architectural structure foundation

SoilWorks

2D FE < 3D Analysis connectivity
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Frame—- Solid Wizard

Frame Model MCS Format

(General Section) Generated Solid Geometry

MIDAS Frame->Solid 3

Select MIDAS Frame File. . |

— Interpolation Scheme

" Smaoth & Straight

Mame: I Frame Solid

v Generate Mesh

Element Size

— Properky

Analysis Model
(3D Prism Mesh)

— Mesh Set
v a5 sub-Set I Frame Solid Mesh
Add ko IMesh Set ;I

[ @enerate Mid-Side Nodes
@ Cancel |

Frame—Solid Wizard automatically generates Solid Geometry & Mesh
by importing Frame Model (*.MCS) from Civil and Gen.
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Geometry Modeling

— A\ dvanced

Solic Modeling

N (. ) )

* Line, Polyline  Face * Box, Wedge * Extrude
* Arc, Circle « Coons Face * Cylinder, Cone * Revolve
* Polygon * Grid Face * Sphere, Torus * Loft
* B-Spline * Point * Divide * Sweep
* Tunnel Section * Fillet, Chamfer * Boolean Op. * Fillet, Chamfer
* Fillet, Chamfer » Sew, Fuse (Fuse, Cut, ...) « Offset, Draft
* Trim, Extend * Divide * Super Shape « Shelling
* Intersect « Offset » Check, Repair
* Offset * Auto Connect * Transform
* Break, Merge * Imprint
- J J \ J Y

( Advanced Modeling functions support both top-down and bottom-up approaches in surface & solid Modeling. )
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Curve Modeling

(. Line * B-Spline  Shortest Path Line
* Arc * Polyline « Surface Intersection
* Circle * Rectangle » Offset Curve
* Ellipse * Polygon  Extrude Point

w Tunnel * Profile

Modification

7

* Fillet / Chamfer
* Trim / Extend

» Merge / Break
* Intersect

* Make Wire

Arc

_ Profile
Circle (Polyline+Tangent Arc)

Surface
Intersection

Tunnel
Section

\.

~N

Imported DXF

B-Spline
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Surface Modeling

Co-planar Curves

Plane Patch Grid Patch
... Vertex Cloud

Coons Patch Vertex Patch
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Solid Modeling

Boolean Operation
Trim A B
Divide | ||||I|I

l | l

Fuse Cut Embed

(AUB) (A-B) (A-B)+(ANB)
Stitch to Solid
(Face— Solid)

(Boolean Common (AN B) operation is also provided. )
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Advanced Modeling

Guide Curve /

A Sweep

\ _—

EOSQ Q Ar de

Profiles

Revolve

Profile

)
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Advanced Modeling

Modification

Local Prism
(Fuse: Defined Height)

Fillet

Offset Chamfer
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Graphic Display - Geometry

Shading with Edge
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Mesh Generation

Protrude anipulatio

N (. N (. N (. )

* Solid « Solid * Extrude * Create

* Surface * Surface * Revolve * Extract

* Edge * Project » Connection

* Planar Area * Fill * Change Para.
* 4-Curve Area * Sweep * Divide

2D —» 3D » Check
- * Quality
- * Geometry * Merge

* Quadrilateral * Element * Transform
* Triangle * Node

\- Combined ) \_ ) \ J \ )

( Various of methods for generating Reinforcements and Interface Elements are provided. (auto & manual) )

www.MidasUser.com



Mesh Generation
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Automatic Surface Meshing

B FEA provides a number of Modeling and meshing functions for non-manifold surface models.
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Automatic Surface Meshing

B FEA provides automatic defining & meshing
function which defines mesh-able domains
from curves (without creating surfaces) and then .
generates mesh for each domain. ]

Y

B Automatic defining & meshing function is very
useful for complex 2D models which were originally RN
modelled in AutoCAD. N
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Automatic Solid Meshing

B FEA’s Tetra Mesher auto-generates tetrahedral solid mesh with variable sizes in smooth
transition. (200,000 Tetra’s/min)

B FEA's Tetra Mesher is capable of including holes, curves and points that are present in/on
solids.
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B FEA’s Map Mesher generates structured (regular & orthogonal) mesh both on surfaces and in
solids.
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Hexa Dominant Mesh

B Transitions from a tetrahedron element to a hexahedron element through a pyramid element

Generate mesh(Solid) E

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

I () Tetra Mesh

Tetrahedron Element

(@ Hybrid Mesh {Hexa-dominant) Pyram id Element

Delete Source Mesh Set

Property
0 (15 7
Hexahedron Element
Mesh Set Solid-Mesh(20-=30) -

ok |[cancel |[_apply |[>>]




B FEA provides various size control methods and adaptive seeding function based on user-

specified mesh size and geometric characteristics.
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Element Libraries

Category Elements Order
Truss e
1D
Beam e
Plane Stress (Qaud / Tria) SR
Plane Strain (Quad / Tria) MEAR
Structural : _
2D Axisymmetry (Quad / Tria) LSt e
Plate (Quad / Tria) jiEL 2
Shell (Quad / Tria) jiEL i
3D Hexa / Penta / Tetra EE
_ Elastic Link -
Connection ———
Rigid Link -
Nodal Point -
Nonstructural Mass Matrix -
3D Point -
Interface 2D 1st 2nd
3D (Quad / Tria) jiEL i
) Embedded Truss / Beam i, 2
Reinforcement
Tendon 1st
Heat Transfer 1D, 2D, 3D, Cooling Pipe, Thermal Link 1st, 2nd
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Embedded Interface Element

B Embedded Interface Element

* Auto-generation of embedded line interface element from
the line element embedded in a solid

* Auto-generation of embedded point interface elements at
each end of the embedded line interface element.

1D Truss or Beam Element
1D Truss or Beam Element  m—) +

Embedded Interface Element
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Check & Quality Assurance

m Check & Verify
* Feature Edges % M
* Free Faces =
* Non-manifold Edges §
« Clamped Element
« Overlapped Element(2D)

)'{?

T
v
T,

. Check Free Face
Penetrated Element(ZD) (Unconnected Element Face)

= Quality Assurance
« Aspect Ratio
« Skew Angle
 Taper
« Warpage Twisted Penta

* Jacobian Ratio A
« Twist

Collapsed Tetra
(Near Zero Volume)

g

* Length

Mesh Quality Plot
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Graphic Display - Mesh
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Support and operation for large-scale models

Bi-section method

— Automatic load step N f’_“"““""“
— Stable stress convergence regardless of l i
the magnitude of applied load o) A A j
l lteration by Bi-section method
Consistent tangent matrix [ ’

, . f
— Faster convergence speed of nonlinear analysis . ;

| Aw, | |
— . 00 . .
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a': =l " i ﬁ]]___h‘: '
. i

=g TAL K, i : : :
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Linear Static Analysis

B Linear Static Analysis
e Multiple Load Cases

e Result Combination and Transformation

B Equation Solvers

» Direct Solvers
- Multi-frontal Sparse Gaussian Solver
- Dense
- AMG

-
B,

Offshore Platform / Steel Frame
Composed of Cylindrical Jackets
(Plate + Frame)

Stress Distribution of Jacket
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static.avi

Eigenvalue Analysis

H Modal Analysis
e Lanczos Method

® Linear Buckling Analysis
e Critical Buckling Modes
e Buckling Modes
* Load Combination

1st Mode (64.58 Hz)

I -
.
N | L
A 0 W W

PN A T T
AN A T L W
[ I | [ 1 LA
[ ] [ T (I
] [ 1\‘1\
[ I L0 L

Simply Supported Stiffened Plate

1

2"d Mode (106.05 Hz)

(Plate + Beam)

4™ Mode (270.00 Hz) 5t Mode (440.58 Hz)
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modal_5.avi
modal_4.avi
modal_3.avi
modal_2.avi
modal_1.avi

Dynamic Analysis

B Transient Response Analysis
» Direct Transient Response
e Modal Transient Response
* Time Forcing Function DB

(54 Earthquake Acceleration Records)

B Spectrum Response Analysis
 SRSS, CQC, ABS, NRL, TENP
e Design Spectrum DB

4 A
‘ Dynamic Environment
—'{ Finite Element Model
l No
Yes
‘ Modal Analysis H Results Satisfactory?
No
No ‘ l Yes
4{ Results Satisfactory? }‘—{ Force-Response
Yes
. J

Elcent_h

Time Function Data Type
[Normalized Acceleration v]

I

Earthquake

| Scaling Self Weight

(hr)

Time

Value

(g)

0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
0.22
0.24

0.0051703
0.0042117
0.0032429
0.0022741
0.0016826
0.0044667
0.0072507
0.0071385
0.0046604
0.0021823
-0.00025982
0.0048338

Base Line Correction (Acceleration)

@ Original

Description 1940, El Centro Site, 270 Deg

Consider

4

(@) Scale Factor 1
9.80665 m/fsec?

() Max. Value 0

Graph Option
[ %-axis Log Scale
[7]v-axis Log Scale

0.31

n.z6 4}

0.21 Ii
0.164 ¥

0.114

0.0€ 4

o.01

S 0.0

-0.0% 4

-0.144

-0.1%4

-0.24

-0.28

-0.34

-0.3%

40

45 50 55 &0

Jl cancel ][ apply |
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Material Nonlinearity Analysis

B Material Models

von Mises

Tresca

Mohr-Coulomb
Drucker-Prager
Rankine

Hoek Brown
Hyperbolic

Strain Softening

Cam Clay

Modified Cam Clay
Jardine

D-min

Soft Saill

Concrete Smeared Crack
Masonry

Hardening Soil
User-Supplied Material

B Nonlinear Behaviours
e Hardening (Isotropic)
e Softening

B Iteration Methods
e Full Newton-Raphson (Auto Load Step)
* Modified Newton-Raphson
e Arc-Length Method
e [nitial Stiffness
e Quasi-Newton(Secant)

Pinched Cylinder (Plate) — von Mises
Material & Geometry Nonlinear Analysis
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mat_nonlinear_2.avi

User-Supplied Materials

B In FEA NX, users can use their own defined material models via Fortran-coded library file.
B FEA NX's user-supplied material !

! USER SUPFLIED MATERIAL SUBROUTINE

. . |
SUBROUTINE USRMAT( EPS0. DEPS, NS, IELEMEN. INTPT, COORD, &
mOdeI Supports non“near elaStIC and e UiTER USEVAL WUV OSRSTA. WUS. TOSRTND, &
I . I t- t) r] . [ WUT. SIG. STIFF.ID)
elasto-plastic benaviours. MPLICIT HOKE
N _ : . IDEC$ ATTRIEUTES DLLEXFORT: : USRMAT
User-supplied material can be used e
. . INTEGER, INTENT{IN) .. IELEMEN
INTEGER, INTENT({IN .. INTET .
seamlessly with all elements which DEGER TEM(ID - D <4 Strain
. . . INTEGER, INTENT{IN) . ID
INTEGER, INTENT(IN L ONUY
allow material nonlinear behaviours. DHCER INENTON) M Input
INTEGER, INTENT{IN) S NDI
REAL*8, INTENT(IN) .. EPS0(NS)
Model Type lUser supplied material "] [¥] structure ggi%zg %EEEE%E; ggggé?gg II‘ Total Stress
REAL=G. INTENT(IN) .l SE(NS. HS) g
i REAI=8. INTENT({INOUT) .. SIG(HNS tiffn Matrix
| General | Nen-linear | Thermal | Temperature Dependent REAL=S. INTENTEINOUT% . STléF(I)JS, NS) S HEE e
REAL=8. INTENT({INOUT) :: USRSTA({NUS) Output
IUser Supplied Material Library File ?%%EER %E%EE%E%UT) = gggg%ﬁé?gg%)
USRMAT.DLL : .
S5 INTEGER :: I, J
@] > REAL*8 .. EHOD, EPS({NS)
SIG(1:NS) = 0.D0
. EMOD = USRVAL(1
humber of Parameters(NLV) ’ . | EPS(1:NS) = EPSD(IEN%) + DEPS(1:NS)
|
Mumber of Internal State Variables{NUS) 0 : TOTAL STRESS
. SIG(1) = EMOD = EPS(1) + 1000.D0 * EMOD = EPS{1)xx2
) | Add/Maodify User-defined Values SIG(2) = EMOD * EPS(2) + 1000.D0 * EMOD * EPS(2)%*2
Mumber of Integer Indicator Vg SIG{3) = EHMOD * EPS(3) + 1000.D0 * EMOD % EPS({3)%x2
SIG(4) = (EMOD = EPS{4)) ~ 2.D0
User-Defined Parameters SIG(5) = (EMOD = EPS(S)) ~ 2.D0
7] Unsymmetric stiffness . SIG(6) = (EMOD = EPS({6}) ~ 2.D0
Easnmeter, ! MATERIAL STIFFNESS MATRIX
|
| STIFF(1.1) = EMOD + 2000.D0 * EMOD = EPS(1)
| S STIFF{2.2) = EMOD + 2000.D0 * EMOD = EFS{2)
; STIFF{3.3) = EMOD + 2000.D0 = EMOD * EPS({3
USM Dialogue STIFFE4,4§ 2 0.5D0 = EWOD )
STIFF{5.5) = 0.5D0 % EMOD
STIFF{6.6) = 0.5D0 = EMOD
RETURN
END
b
User-defined Parameters Input Dialogue <Ex> Nonlinear Elastic Material for Solid Element
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Geometry Nonlinearity Analysis

H Iteration Methods
e Full Newton-Raphson (Auto Load Step)
 Modified Newton-Raphson
e Arc-Length Method
e [nitial Stiffness
e Quasi-Newton(Secant)

Ring (Solid) — Total Lagrangian
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geo_nonlinear_1.avi

Interface Nonlinearity Analysis

B Interface Models
e Coulomb Friction
* Discrete Cracking
 Bond-Slip
* Nonlinear Elastic
e Combined (Cracking-Shearing-Crushing)

Deformation (Discontinuity btwn Steel & Concrete)

Interface

&
<

Concrete SteeI-C_oncr_ete
Composite Girder

Principal Stress (Virtually Transformed & Clipped View)
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interface.avi

Auto Contact

B Contact Type

 Welded

e General

e Bi-directional Sliding Contact
* Rough

* Breaking-Weld

[Difficulty in creating
shared surfaces]

[Automatic search for free faces and
endowment of conditions for rigid contact]
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B Reinforcement

Embedded Truss/Beam

Truss + Interface (Slip/Friction)

2-Span Double-T Type
Prestressed Concrete Girder

Deformation

Maximum Principal Stress of Concrete

with Deformation
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reinforcement.avi
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B Heat Transfer

-State & Transient

*Steady

, Convection,

eConduction

*Cooling Pipe
*Heat Flux

eHeat Flow

*Temperature Gradient Display

0
W
e
i
e

'a‘_ T
\

|
i
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!
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Pier Table (Construction Stage) - Stress

Pier Table (Construction Stage) - Temperature
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hydration_2.avi
hydration_1.avi

Temperature Distribution
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Temperature at Top Plate

Fire in a Subway Structure

Guss Asphalt Pavement

Thermal Stress
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Static Contact Analysis

Contact Force

k,xLuq (90mm)

Double plate (85mm)

B R . N Y Y

Pin (224mm ¢)

d--""‘

R W W . .
11 L1 k7

Hanger of Arch Bridge (Lug-Pin Joint)

Deformation and Stress Distribution by Contact
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st_contact_2.avi
st_contact_1.avi

)
=
!
e
7))
=
(]
o
<

Cracking

Crack Pattern (Crack Stress/Strain)
Element Status

B Results

Smeared

® Cracking Models

Crack Index

Not Yet

- Cracking: Partially/Fully Open, Closed

Plastic, Critical

Elastic

- Plasticity: Previously Plastic,
- Contact: No Contact, Slip, Stick

+ Disc Normal: Opening Direction

* Symbols at Gauss Points
* Disc Color : Magnitude
* Line : Shearing Direction

|

i

AN ¥
’“ﬁ"r“ﬁfd>

ﬂh_.&h. Ll
[ T g T~ =T

A
o sluifﬁvhlmifﬂmﬁw!»

FEsssy:

ANA

\AIRMRANRATS/
A AL

Crack Pattern (Disc Plot)

Steel Reinforced Concrete Bracket
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Cracking Analysis (2)

B Crack width calculation in the nonlinear analysis of reinforced
concrete elements

* In concrete Smeard Crack model, the crack width can be determined as the
product of the crack-band width (h) and the difference of crack direction strain and
crack direction stress divided by the original Young’s modulus.

NN
S AYATAT TS

A R

N
]
]

K Y
,,:AJ(VAﬁV‘“"“
ATt
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Loadings
« Self Weight
» Force / Moment
» Displacement
* Pressure
« Beam Load
* Prestress
 Temperature

 Initial Equilibrium Force

Boundary Conditions

 Constraint

Load & B.C.

« Constraint Equation
« Contact Conditions

« Convection

Heat Flux
Pipe Cooling

Time Forcing Function

Time Varying Load
Ground Acceleration

Response Spectrum Function

==

Constraint based-on CSys.

Spatial | Mon-spatial
Name General Function Ref.CSys Global Rectangular Independsnt\‘ar‘
Equation
z From 1To 10 Inc. 1
(m) Value
— | Value -Ca\:u\ate
90| 1.131e+005
85 1.0973e+005
80 10644005 o
<75 1.0313e+005 a1z
70 99500 o812
65 96725 o212
60 93600 oa
55 20525 % cana e
50 87500 £
-45 84525 B [
0 81600 o o
35 78725 e
30 75900 | a2
iy 50
25 73125 :
1 Scale Value Extrapolation | Closest Value -

&
‘0 glh
SR
RN
RN
TRRIR
SRR
RN
SRR
SR
SRR

!"I
X

i,

Spatially Varying Pressure (Function Applied)
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Arbitrary Loading

B FEA provides arbitrary loading function which can be applied to arbitrary locations/areas regardless

of node and/or element connection.

Point Load (1D, 2D, 3D)

Edge Load (1D, 2D, 3D) %

Rectangular Pressure
(2D, 3D)

Circular Pressure
(2D, 3D)

ARy
L

e
LW
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Geotechnical analysis

* Linear static analysis
* Nonlinear static analysis

* Strength Reduction Method (SRM) Static * Stress (drained/undrained) analysis

« Strength Analysis Method (SAM) » Seepage analysis for each stage

« Construction stages Slope stability * Stress-seepage- slope coupled
(SRM/SAM) » Consolidation analysis for each stage

* Fully coupled stress & seepage

Analysis

Slope Construction
Stage

Analysis

Sitz10)1 118
Analysis

Consoli-
dation
NS

Dynamic
INEWSTS

* Eigenvalue/Reaction Spectrum analysis
* Linear Time History (mode/direct methods)

* Nonlinear Time Hist_ory analysis_ s sSet;EzSg;  Consolidation Analysis
« 1D/2D Equivalency Linear analysis Aee||oage Filly - Stress—seepage fully coupled
* Nonlinear time history + SRM Coupled Ny coupled analysis

* Steady state
seepage analysis

* Transient
seepage analysis
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New Paradigm in Advanced Structural Analysis
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Post-processing

B Complete Support for Visualisation and Interpretation

Flexible User-control on Legends, Colors, Fonts, Magnification, etc.
Multiple Plots, Graphs and Tables in Multiple Windows

Deformed Shape Combined with Undeformed Shape (including Mode Shape)
Local Plots defined by Geometrical Topology or User-selection

Contour Plots and Animations (AVI)

Iso-value Lines (2D) and Surfaces (3D)

Clipping Planes and Slice Lines/Planes

Partitioned Plots

History Plots in Various Graphs and Animations (AVI)

Result Values in MS-Excel compatible Tables

Result Probe and Extraction

Result Extraction for Construction Stage Analysis and Time History Analysis
Screen-shots in JPG, BMP, PNG, GIF Picture Formats
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Post-processing

tesults o ox New Chart
Item D Color 350000000
9@ CS1_User Step 2[Monlinear Stat.. -
=2 INCR=1 (TIME=1.167e-002) 30000.0000 -
- Displacements
& TOTAL TRANSLATIO... | 750000000
B TX TRANSLATION (V) I T
ﬁ TY TRANSLATIOM (V)
- TZ TRANSLATION (V) 20000.0000 o
ﬁ TOTAL ROTATION (V.. -— \
- RX ROTATION (V) 15000.0000 - — 5-VON MISES Nodel
- RY ROTATION (V) \ \ — 5-VON MISES Node2
& RZ ROTATION (V) N
& TXY TRANSLATION (... ~ 10000.0000 f
B TYZ TRANSLATION (... i
- TZX TRANSLATION (... 5000.0000 I
[-# Grid Forces
[j--f}z Rea.ctions 0.0000 | |
g Solid Stresses T T 1
D S-XX 0.0000 1000.0000 2000.0000 3000.0000
i@ sy No.
ﬁ S-Z7
@ SKY |
@ sz Contour Plot
@ sz Result Graph
ﬁ S-PRIMNCIFAL A (V) | | | | |
£ Hode TOTAL TRANSLATION (... TX TRANSLATION (... TY TRANSLATION (... TZ TRANSLATION (...
ﬂ 5-PRINCIPAL C (V) Hl | 100 2.291e-005 -1.420e-006 0.0002+000 -2,2872-005
gl N | 104 3,5522-005 1,456e-005 0.000e+000 -3.239-005
s 108 3.130e-005 9.075e-006 0.000e-+000 -2.995e-005
cl D & Jii 109 2.677e-005 3.633e-006 0.0002-+000 -2.652e-005
M Od e| Ana h’SE Resu ":5 Bl 120 4.873e-005 3.112e-006 0.000e-+000 -4.863e-005 M S- EXCel
B | « 121 4.855e-005 5.408e-006 0.0002-+000 -4.825e-005
7 1n 4.8282-005 34702005 0.000e+000 -4.753¢-005
D | 123 4.783e-005 1.240e-005 0.0002-+000 -4.619e-005 'll:‘.' | B C | D
WOI‘kS Tree D | 124 4.728-005 1,644e-005 0.000e-+000 -4.433e-005 1 1 I:I. 004394 D. ooo7a? _I:I. ona332
125 4.366e-005 1.761e-005 0.0002-+000 -3.995e-005
B | 128 4,065-005 1,826e-005 0.000e+000 332005 | 2 2 0004824 -0,002044 -0, 004367
151 2.698e-005 1.935e-005 0.000e-+000 -1.880e-005
B | 152 2.858e-005 2.002¢-005 0.000e+000 -2.040e-005 3 3 0.0066E3  -0.00433 -0,004402
B | 153 3.0972-005 1.802¢-005 0.0002-+000 -2.519e-005 ,-_1 ,51 |:| |:||:|3325 |:| |:||:||:|E|:|] _|:| DDSEEB
154 4,436e-005 3,167e-006 0,000e+000 -4,435¢-005 : : :
D | 155 4,349¢-005 3.034¢-006 0.0002-+000 -4.33%e-005 g 5 |:| 0034+7 _D. aa1a# _D. 003307
156 41142005 2779006 0.000e+000 -4,104¢-005
| 157 4,07%2-005 4,733e-006 0.000e+000 -4.0512-005 E E D- DDdd?E _D- DDEEE _I:I- DDSSEE
B | 158 4.0162-005 7.3256-006 0,000e-+000 -3.949-005 7 00023550 0000509 -0 0022499
i

Result Table

www.MidasUser.com



Post-processing

Output Control ==
Output Type | Qutput Option
write Results of All Active Mesh Sets
Nedal Results Element Results
[¥] Displacement Mesh Set.. [Z]Force Mesh Set..
Applied Load Mesh Set... []stress Mesh Set...
Reaction Force Mesh Set.. [Tl strain Mesh Set.. .
orontfa [t ] Elsonn e [Summary of analysis results]
Seepage Mesh Set... Seepage Mesh Set...
L e
phon w et | 6TS Basic Tutorial 1_1_Basic Tutorial 1 - Notepad 1 .
aryaniTen B Dene — HYD_Pier Table_test
REREEEEET @ = ;g;a FD,MEE»}?; HE:P E2215E+004 2. 66851 4E+004 —4, Z7500E+003  0.00000E+000 0. ODODDE000 4 i -
55 CENTER 1 0O9590E-D04 5. BPABE-004 -2 S8P0AE-003 0 DDOD0E-000 O DOODOE-000 Cs4_Last Step[Nonlinear Static]INCR=1 (TIME=1.220e+003)TOTAL TRANSLATION (V)
2830 CENTER  -3.70228E+004 -5.09912E+004 -7.36642E+003  0.00000E+000  0.00000E+000
B L o TR o o
2833 CENTER  -4.04327€+004 1. 171156+005 -5, 84961E+003  0.00D00E-000  0.00000E+000 - QX =29 ¥ ﬁ | B ¢ - € 0. &-
2831 CENTER -5 95525E+004 -1.51760E+005 —1.373956+004  0.00000E+000 0. 0000DE+000 0.011336
STRESSES IN GEO PLANE STRAIN ELEMENTS
0.010302
OUTPUT COORDINATE = MATERIAL X-AXIS = X NORMAL = Z
ELEWENT GAID STRESSES [N OUTPUT COORDINATE SYSTEM PORE STRESS FRINCIPAL .
1D 1D TOTAL NORMAL ~EFFECTIVE NORMAL SHEAR-XY TOTAL EXCESS|VE ANBLE 0.009447
Pr] nt an al SIS resu Its 2370 CENTER XX -2.89348E+006 —2.B9348E+006 -9.74T79E+005 0.00000E+000 0.00000E+000  -52.6208 -1
Y -2.36220E+006 -2, 35220+ 005 0.008502
77 -2 7T020E+006 -2, TR0ZE+ 005 H 2
0.007558
STRESSES IN BEO PLANWNE STRAIN ELEHENTS
OUTPUT COORDINATE = MATERIAL X-AXIS = X NORMAL = Z T
ELEWENT GAID STRESSES [N OUTPUT COORDINATE SYSTEM PORE STRESS PRINCI PAL
D D TOTAL HORMAL EFFECTIVE HORWAL SHEAR-XY ToTAL EXCESSIVE HHELE
1 CENTER XX -2.55110E+006 -2.551 I0E+00G  —2.43281E+005  0.00000E+000 0.00000E+000 72,8483 -1 D:0a5008
¥ -1.837897E+006 -1.83792E+005
27 ~2!73401E+006 -2, 7T3401E+005
2 CENTER X -2 E2BESESO06 -2.GZERSESONG -2.dDABIEO05  0.00000E-000 0.0000CE000  —72,7843 = 000470
¥ ~1.82711E+006 -1.8271 1E+005
27 -2,72626E+006 -2, 72626+ 005 e
¥ 0.00377
3 CENTER ¥¥ -2.57365E-005 -2.57356E+006 -2.45086E/005  0.00000E+000 0.0000CE-000 -72,9252 -1 b
Y —1.84857E+006 -1.54B57E+005
27 ~2!75356E+006 -2 T5956E+ 005 [y
< i 1 .002
-

0.001889

0.000945

[Decibel reference levels (ISO R 1683)]

0.000000

Quantity Definition Ref. level

Acc. Level

I_
©
1

20 log10 (a/a,) dB a0 = 10 m/s? [3D PDF]

l—
1l

Amplitude | Vel. Level v = 20 1og10 (v/v,) dB v0 = 102 m/s

Dis. level

I—
a
1l

20 log10 (d/d,) dB d0=10"m

Printable PDEF file that includes an adjustable 3D view and a decibel unit transformation feature for

measuring NoIses
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Contour with Mesh

& Iso-line

Contour
with Iso-line

Contour

Gradient

www.MidasUser.com



o
o
©
£

7
g~

0

£

S
1=

o

Q

Mode Shapes
(Stability Analysis)

Deformed Contour with Original Shape

(Static Analysis)

www.MidasUser.com



Iso-surface Plot
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Multiple Slice Planes

Slice Plot at Arbitrary Plane
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Clipping Plot

Original Plot

% Clipped Plot
with Feature-Edge

Clipping Plane Definition
by Mouse Dragging

% Clipped Plot with Diagram
on Middle Clipping Plane
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Vector Plot

( )
Vector Plot Option

* Head Type

(Both, One, None)
» Constant Head Size
* Constant Body Size
* Color

(Contour, Mono)
\_ J

Vector Plot
with Deformation

-
[ el

A\ 4

S
S = |

Vector Plot with Contour
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Result Extraction

u Element71 Element:173 7 74 75 Element:176
Extract Results . = pr— MEMBRANE FORCEXX | MEMBRANE FORCE XX FORCE 00 FORCE J0C FORCE XX
= e Center Center Center Center Center
(N/mm) (N/mm) (N/mm) (H/mm) (N/mm)
Output Data 1 Noniinear Static:INCR=1(LOAD=0.100) _ 1.000000e-001 1.0506568 +001 -4.351021e+001 -2.0500492 4001 7.315966e-+000 3.910260e+001
2 Nonlinear Static:INCR=2 (LOAD=0.200) ~ 2.000000e-001 2.10131224001 -9.902041e+001 -4.1000982+001 1.463193e 4001 7.820520e+001
Analysis Set [NLS v] 3 Nonlinear Static:INCR=3 (LOAD=0.300)  3.000000e-001 3.15196824001 -1.485306e+002 -6.1501472+001 2.194790e+001 11730782 +002
4 Nonlinear Static:INCR =4 (LOAD=0.400) 4.000000e-001 4.202623e+001 ~1.980408e +002 -8.200196e+001 2.926386e+001 1.564104e +002
I [ I ] 5 Noniinear Static:INCR=5 (LOAD=0.500)  5.000000e-001 5.253275e 4001 -2.475510e+002 -1.0250242 4002 3.657983e4001 1.955130e +002
Result Type | Plane Stress Forces b & Nonlinear Static:INCR.=6 (LOAD=0.600)  6.0000002-001 6.303935e+001 -2.9706 122 +002 -1,230029e+002 4,389530e-+001 2,346 1562 +002
7 Nonlinear Static:INCR=7 (LOAD=0.700)  7.000000e-001 7.354531e4001 -3.965715e+002 -1.4350342+002 5.121176e 4001 273718224002
Results [I'“'IEI'“'IBRANE FORCE XX b ] & Nonlinear Static:INCR=8 (LOAD=0,800)  8.0000002-001 8.405247e 4001 -3.960817e+002 -1.6400392 4002 5.852773e 4001 3.128208e 4002
9 Nonlinear Static:INCR =9 (LOAD=0.900) 9.000000e-001 9.455903e+001 ~4.455919e+002 -1.845044e +002 6.584370e+001 3.519234e +002
10 Nonlinear Static:INCR.=10 (LOAD=1.000) 1.000000e+000 1.0506568 4002 -4.951021e+002 -2.0500492 4002 7.315966e4001 3.910260e+002
Step: Results
[¥|Monlinear Static:INCR.=1 (LOAD=0, 100):MEl
¥ |Nonlinear Static: INCR=2 (LOAD=0.200):MEl—|
honinsr StateNGR=3 (000 DO MEL MS-Excel compatible Table
| |Nonlinear Static:INCR =4 (LOAD =0. 400):MEl p
W |Nonlinear Static:INCR.=5 (LOAD =0, 500):MEl
| |Nonlinear Static:INCR=6 (LOAD=0.600):MEl il
W Nonlinear Static: TNCR =7 (I QAN=0. 7001 :MF
] m 3
[ Select Al ][ unselectal |
Order
@ Step () Node/Element
Object
Node () Element
Graph (Stress vs. Time step)
Modal Results Extraction I
(@) User Defined
H | I 1 20000 —
Select Object Nonlinear Analysis ]
25000 — [ e
Sort E] i zao00 —
[ Ascending oo T
20000 —
. ) o . 10000 B z1enens: 4217
() Maximum () Minimum () Abs, Max 16000 —
e 1 [ ziemens: 99158
Only Show Node/Element Toooo |
o0s | [ mtemens: 4189
. L 5000 —
Extraction Position in Element n a000 | [ ©1enens: 42120
o 2000
= . Bl 5 eene: 20191
-e000
-a000 [ ©tenent:as192
-5000

-8000

* Results can be extracted based on: e

-1a000

- Analysis Case

-1z000

[Ty
[ P

[ temens: 40295
~zo000

- Analysis Variables

-za000

- Step (Nonlinear / Construction Stage Analysis) ;ggggg
- Node / Element (GRC Sys. GCC Sys.) e e stwe  osw oo e Lo

step Value

[ stemenss 4196

www.MidasUser.com



Diagrams

r an
On-Curve Diagram L u . 2l ...'... 1{'
.' 1 N ¥ \
MName Diagram-1 : I 4
. o wsil *
N .
Cutting Diagram Mode .
@) Cutting Line (7) Cutting Plane St e ¥
. A
Define Positions ’.‘ E
Type 2-Points Line - * ~.
Paint 1 0,0,0
Point 2 1,0,0
| Direction Division 0[]
[ |:| Rewverse
|E&@ o [ cancel ] [Capoy ]
]
3D On-Curve Graphs on Contour Plot

Fault Zone

2D On-Curve Graphs on Contour Plot
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Probe & Result Tag

-
=l Probe Results

A, | =

Entity Type Calor Value Tag Type

_ Exponential

(@) Nod Tag Col (]

otode  TegCor LIl ounpon:
() Element Text color [N E| 4=

0.0014?9 Results

/'

/ -
Show Type D Value —

Mode 1292 0,4874
MNode 1367 0.1732 E

Mode 1157 0.0701

MNode 1203 0.1978
0.000757415 Mode 1166 0,1001 i

Node 1210 0.2804

Mode 1254 0,4811

Mode 1339 0.5668
TR MNode 1424 0.0827 i

v & Node 1796 | 0.5807

0000235832 V [ Max ][ Min ][ Abs Max ][ Clear all ]

[] MinyMax Value of Each Part

Sectional Result
with Clipped Plot

(Element Result)

Nodal Result

R CET

C Probe & Add Result Tags at Specified Nodes/Elements )
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d based on the mode

IS revise
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Post-processing & Result Evaluation

Applications

Auto-generated Tetra Mesh

Solid Geometry Modeling
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Applications

Woon-Nam Extradosed Bridge — Single Pylon
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Applications

Geumga Extradosed Bridge

Anchorage detail

Double Pylon
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Applications

JECHON-DODAM RAILWAY
Steel Arch Bridge
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Applications

Solid elements Modeling of Hanger Clamp (Bonny River Suspension Br.)

206.518 413.036

FE Model

Stress Contour

2566756 . 513352 770028 1026 703 ‘
— : A

8 o | —_
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Applications contact Analysis

|
* o I‘I e °
| H—STIFF PL [L..oo.pe | PL 1
1-PL-130x10x1124 | 312 [oeoe) 268 1.080
L] I‘I L]
oo
DO PL T2 DO H—STIFF _
3977 LU T—PL—130x10x1168
397) 2ig .l
\ LI ] . /
\ . o‘a . //
\l e o o
™ T L
l: L] .‘. L] l:
@ % . l‘l . CT)
; 5 . .‘. . > ' ' ‘
. I‘I L]
.o } .o C—O—fé—' Deformed shapes
I

Stress in contact faces
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New Paradigm in Advanced Structural Analysis
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.

Extended platform optimised for 64-bit environment

FEA

-pit pre/post handicapped for big mode
10 year old GUI platform (old graphics)
- don't provide Preview for LBC

- model is too big and analysis is not

converging- 4

low computing power in geometric
operations for large models and assemblies
(Boolean, Division, etc.)

- | cannot divide solids

N
*limitation to addition/improvement for
analysis features of the solver
(DIANA Solver)
L - | can do that with Plaxis

FEA NX

C )
*Complete support for 64 bits

(Pre/Post, Solver)
* Graphics engine supporting large models

* Unified solver with GPU computing

« Adoption of Parasolid Kernel
(General kernel used by 3D CAD)
*Reliable geometric computation

performance/speed

\___* Compatible with 3D CAD geometry

("« New Solver fully developed by MIDAS )
*Use of advanced features used in
mechanical area (Contacts)

*New platform for deploying advanced

\_ analysis and features Y.

83
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Major Improvemen
In Pre/Post Proces




Improvements in Boolean operations
robustness and performance/sg

FEA FEA NX

Version Divide Results

Failed (39sec)
Generation of 5
solids

Completed
(22seq)

29 solids

1 shell Version Divide Results

Failed (20sec)
Generation of
broken solids

Completed
(5sec)

1 solid
9 face

Version Divide Results

Completed
(1Tmin 29sec)

Completed
(less than 1sec)
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Faster auto-meshing using multi-thread parallel
Drocessing

64 Solids

307 Solids

Mesh Generation in Progress

Name Current Step

Box End

Box Geometry-Mesh Relation
Box End

Box Meshing Solid
Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

Box Start

1%
15

EEEE\DWHU\U‘AWNH
mlzlelkizele|o|w|o|nslw/w]-]g

Total Progress

Update Database
l |

Support multi-thread
during mesh generation

Version 64 Solids 307 Solids
FEA 326.5 sec 58.4 sec 90%
(Completed100%) (2 solids failed)
21.7 sec 9.1 sec l
(Completed 100%) (Completed 100%)
reduced

Tetrahedral auto-meshing generation time is reduced by over 80% (Multi-Thread)
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Construction stage sets & auto-generation of
construction stages

o Definition/Analysis of multiple construction stage sets (can be defined for each analysis type)
e Graphical auto-definition of construction stages by Show/Hide status in the work window
ot e = s =
Name Stress Construction Ak g;iﬁ?;ee . Corsbucion Stoge Settome. [Commuctonsiagesert 7]
o Ty (e e | o ooPe - =
Mo Neme Type copy Fully Coupled Stress Seepage Stagelame . Consincton stage-| E Z‘a:‘f":”‘"”
H H stage Tpe Mz
StressCorsrucion Define construction
2 Consolidation Construction Consolidatio. .. SetData Deactived Data [7] Define water Level For Giobal
3 Coupled Construction Stress-Seep...  Default Mesh Set & Mesh 3 ™ [None
stage sets by Stage Type o Fomimcntin | e icsrerenn
(S b t b i Eiﬁca Fill R Contact Pair Input Water Level,..
ub-stages can be 5 Losm
t & ] LDF..
. & Unbonded 1 ] gunﬂw Condition [C] Clear Displacement
copied) e ||| g i
:’r;:‘gms\vle = 2 Cnr\?avitPair [T slope stabilty (sam)
m ) 59 P m 53 @Duggavy Caondition
Anal .
Ttem D JLam o . gﬁ‘;ﬁ“ﬂiﬂs "
restress |vi
() New Works ®{:@ab:uwn::‘:n & Evestvess W2
]"h@ Function -~ History Output Probes i swvawtev Pressure 1 |
- History Output Probes ] [#5§ Boundary Condition o) MHETREONRE | o
p% Boundary Condition Defi he lAuto Stage’ fo rl- F% Static Load SortBy [Name ~| showData  [Activate -
-.[gk Statcload =" '7%? Dynamic Load
S _ . [#SE Response Spectrum Load
:Z%E Dynamic Load auto_generatlon 5 f Stege Set
WIS Response Spectrum Load EE Jstress Construction | - i i
| g Stageset iy e — Check auto-generation of construction stages
- Edit Construction Stage-2
Consolidation Construction [ Delete ! Construction Stage-3
iz Construction Stage-4
- Coupled Construction [F:3] i..= Construction Stage-5
& Analysis Case Rename {5f Consolidation Construction [F:2]
[+ Parametric Analysis v &f Coupled Construction [F3]

HE Analysis Case

4 +

B -~ Parametric Analysis

Model Analysis Results | 3

Model Analysis Results

Manage model file, Avoid dual-tasks and Prevent confusion and analysis errors

87
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Additional post-processing features and performance
improvements

-

e Improve the overall speed of processing operations (stress contour of a practical test model:
20.4 sec = reduced to 1.1 sec)

e 3D dynamic PDF report in which 3D model view can be manipulated
e Real-time 3D flow path for seepage analysis (animation)
e Element Contour Plot (simultaneous display of results from different element types)

e Improvement in results computation (combination of nodal/element results from different
stages/analysis cases, conversion of dynamic analysis results to DB, etc.)

- y

.30 Resining wallpotaty2 pe - Adobe Rescer el ’F\cw Path ﬂ‘
oy .

"
L} o 55 NODAL SEEPAGE
=- 3 Ret: all 3 o | 2 PORE PRESS , torf/m"2
g |E tetaining Wall 3D 1y - —n +1.00224e+002
=y o [ GTsNX Step Seepage(Steady-state):INCR =1 24
E o g FEH0IRHIOL
= L r—— oS80 N ! Position g t0645652 4001
5%,
718.76, 0, 117.363 G TR 0L
gt 26090eHI0L
%
o Loyed Fath Type Calor Type o \58052e+001
© Grona @Lne  Thik 2 Omene [ 4 158921584001
_ _ 5203774001
©Tube  Scale 2] || @ Contour 0%, 45153904001
"o A B2T0ze+00L
. =)
Ll s Arrow Options 4%
- st | 5 1t 13064eHI0L
- Scale Factor 1 Div. Num 10 d
+2.450268-+001
- 9.5%
e ) et 1761684001
= [#]Leave Previous Flow Path Sensitive 13-5 0735184001
5t
= Close e BES 3 00
- e -3.03246e+000
0.1%
-9,91623¢-+000
-
Propey_ Valae

[DATA] 55, Seepage(Steady-state), INCR=1 (LOAD=1.000), [UMIT] tonf, m

3D dynamic PDF 3D flow path animation
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Addition of modelling features

[ e Auto-generation of co-face between adjacent solids ]

e Imprint automatically in faces by selecting edges penetrating solids

Easy enough for beginners to avoid modeling errors from auto-correction
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GUI designed for ease of use for beginners

[ c Simplified menu structure and efficient use of Ribbon menu/Tapped dialogue box )

e Intuitive functions/options usage with instructional guide images

e Mouse motions minimised with enhanced context menu in the work window

\_
— Setting conditions
% @ I @ Revolve . oo Pressure M
using task-sensitive
‘ Solid :urﬁce Solid Surface E:-rtrude ? Sweep context menu g
Boolean Divide Protrude Generate Mesh.. Object
Boundary Condition 3
Boolean M Slmllar Gravity...
‘I Fuse |out ICmmlEmbed I functions in Force... Direction
d Moment... Type [Norma] v]
one tappe Ref.Coys [ GabalRacangier <) (<)
[ Merge Faces dialogue bOX Translational Displacement... @x M
Delete Tool MNodal Temperature... Magnitude
P'_e_“'”e“"j_ _ ] Uniformly Distributed Load
[ = ][ e ] l == ] Initial Equilibrium Force... Base Function
PorP1 1.2 tonffm?
On Merge Faces - P2 tonffm?
Hide All Labels
Delete

loadSet  Load Set-1 -
Select loads on the [0k [ cancel | [aeply ]

screen and edit

OﬂMerr.reFﬂces Guide image

[ Show Image Automatically when Opening Window
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Major Improvemen
iIn Analysis Feature




High quality mesh (hybrid mesh) and bonded contacts

e Addition of Hybrid mesh for securing accurate results
e Bonded contacts: Auto-searching adjacent elements and auto-processing bonded
contacts (for 3D analysis), Continuity — Compatibility Guaranteed

B Hexa elem.
B Pyramid

O elem.
@ Tetra elem.

T __Prism elem.
Element configuration

of hybrid mesh

NODAL DISP
TOTAL , m

IJ,4%+1 +34680e-002
o, +1.26262e-002

2.5%
B §°’.}o+1 .17845e-002
+1.09427e-002

7%, | 01010e-002
6.3% nl 5! 03

- Max:0.013468 <

BA%, o 747e-003
| 10.5%. -
" 47.57573-003
13 73398e-003
13,0907 39%8e
- ¥5,89223-003

12.3%

oo +5.05048e-003

9.5%
+4,20874e-003

7.8%

5 ot 36699-003

~42.52524e-003

Tetra elem.

Final construction stage
0.97% difference in the
maximum total displacement

Model using contacts
(connect tunnel and ground)

Coincident nodes model
(without contacts)

NODAL DISP

TOTAL, m

g ge 1 33386e-002
= 1.25049e-002
S a1 16712002

"+1.083768-002
4.7% T
6.2%

9.17026¢-003
8.6% %

11.3%
U 47.50294e-003
14.1%
- 46.66928e-003

~ 45.83562e-003
1%

.9%
+0.00000e+000

Hexa elem. for accuracy at the boundaries, partial tetra elem. inside the model
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Hybrid mesh, bonded contact results comparison

XA
MR
L
o
Vi

A
XX
!

WK,
e
W

Hybrid elements + contacts

“odes

32,684

0.34% difference in
displacement results

Coincident nodes

Hybrid mesh + Contact

MODAL DISP
TOTAL , m
+2.17494e-003
A%
+1.99369-003
0.5%
+1.51245e-003
1.1%
+1.63120e-003
¥

o
+1.449962-003
1%
+1.26871e-003
2.9%
. +1.08747-003
E%
+9.06224-004
9%

o
+7.249792-004

+0.00000e+000

NODAL DISP
TOTAL , m
——+2.167372-003
0.5%
+1,98675e-003
0.9%
—+1.80614e-003
1.5%
L 41.62553e-003
1.5%

T +1.44491e-003
S

8%

——+1.,26430e-003
0%

——+1.08368e-003

o

o]

o
———+9.03070e-004
2.7%

~+7.22456e-004

L 43.61228e-004
S

8%
——+1,80614e-004
75.3%
+0.00000e+000

vs. Coincident Nodes
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Hybrid mesh, bonded contact results comparison

SOLID STRS
PRIMCIFAL & , tanfim~2

+2.76000e+000
&

XA
o
HNY

L

0%
+2.50500e+000
0.0%

+2.25000e+000
0.2%

iy

A
XX

W

+1.99500e+000

0.3%
+1,74000e+000

Hybrid elements + contacts

SOLID STRS
PRIMCIPAL & , tonfim~2
+2.40370e+000
0.0%

+2.18026e+000
&

o
+1.95681e+000
0.0%

+1.73336e+000
o

+1.50992e+000

Coincident nodes

177,142
32,476

Hybrid mesh + Contact vs. Coincident Nodes
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Comparison of linear-nonlinear time history dynamic
analysis

e Areas using Nonlinear Dynamic Analysis: Soil-Structure Interaction Behaviour, Evaluation of
embankment stability under dynamic loading, Crash loads, Seismic loads due to structural
response assessment, Liquefaction evaluation (user-defined model can be implemented)

NODWL DISP
TOTAL, m

oj-l J06313e-001

1.04232e-001 _
A%
1.02151-001
30.5% ©
1.0006%&-001
5.6%

a1

SOLID STRS
PLASTIC STATUS , Mone

.79880=-002

EER A o eoH4 - 42857e+000
 19.38254e-002 I D.D°.-"O+4'151?ge+000
: 7% 0%
S AV AN g e 74408-002 - +3.57500e+000
T > - 5% 0.0%:
AN e AV 2o 5966272002 5 Do:: 3,59521e+000
. .78 14e-002 43,32 143e+000
.55001e-002 0.0%:
[T +3,044642+000
o 34187e-002 0.0%
02 o 133740-002 O b2 T67E6E+000

4 2.49107e+000
D% 2 21429e-+000
0.0% =

+1,93750e+000
0.0%

)
oot 1.66071e+000
+1.35353932+000

D | 10714e-+000
0.0% =
+,30357e-001
D0% ¢ s3571e-001
0.0% =

4z, Fa7aRe-001
100.0%
+1,00000e+000

o
#7.92561e-002
D1%,  F1748e-002
. -

0.0%
+7.50935e-002

0.0%
#7.30121e-002

Linear dynamic analysis results

HODAL DISP
TOTAL , m

Sk 1444308001
S S/ N 7645

RS S o - 5°f1.41051e-001
B

o ST6Te01

= 1. 342020001

= ;?53:/°1.30912e-001 Relative Displacement of Tunnel
‘. - 1.27532e-001
:. 25% | 241536001 0.03
..-‘—A‘ "% : °°+1.ZU?733—UEH [DaTa ] NT, Monlinear Time History, INCR=1 (TIME=0.1000), [UMNIT] kM, m T 002 I
‘/A,,xiﬁ.’_a‘v;jv’ l%Jrl.l?S%e—DDl E 001 1 2 (\ ' |
i i i i g [AR LA T A A
D%, dossse ol Linear dynamic analysis plastic stress results | § o0 —AA /\V/\ LY A
I A | T ATR AT EATAR
ol sETEe-00L e LAREAN w AR !
[+l 00H9Ee-00L S | d f t . tl | t 3 -002 I
Eﬂiiiﬁéﬁiiﬁﬁi oil deformation is mostly plastic e
“rsosTreon — Nonlinear analysis renders more 0 S © s
realistic results S —

Nonlinear dynamic analysis results
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