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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 = HREL
Heat of Hydration Analysis EEERES
Heat Transfer Analysis

Slope Stability Analysis

Seepage Analysis

Consolidation Analysis

Coupled Analysis(Fully/Semi)
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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
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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 _anaIyS|s
conditions
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= Import (Geometry)

= Export (Geometry)

Data Exchange

AutoCAD

Parasolid / ACIS / STEP

IGES / Pro-E

CATIA V4 / V5

SolidWorks / Unigraphics
Inventor Part / Inventor Assem

Imported CAD Geometry

Parasolid
STL

Standards for CAD Data Exchange

» STEP (STandard for the Exchange of Product Model Data)
¢ IGES (Initial Graphics Exchange Specification)

Generated Mesh
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Interface with other MIDAS

Civil

Bridge structure foundation
/ Ground coupled analysis

Gen

Architectural structure foundation
/ Ground coupled analysis

oo

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

~ Mesh 5at (3D Prism Mesh)
v a5 sub-Set I Frame Solid Mesh
Addta |Mesh Set -

[ @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\ vanced

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

e

* Fillet / Chamfer
* Trim / Extend

» Merge / Break
* Intersect

* Make Wire

www.MidasUser.com

_ Profile
Circle (Polyline+Tangent Arc)

Surface
Intersection

Tunnel
Section

.

~N

Imported DXF

B-Spline




Surface Modeling

o

Co-planar Curves

l
g

Plane Patch

2~4 Curves

Coons Patch Vertex Patch
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Solid Modeling

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

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

Arude

Profiles

Revolve

Profile

)
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Advanced Modeling

Modification

Local Prism
(Fuse: Defined Height)
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Graphic Display - Geometry

Shading with Edge

www.MidasUser.com



midas FEA NX

Contents

Overview
Geometry Modeling

Mesh Generation

. Analysis

Post-processing



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 ) \_ ) \ ) \ )

( Various of methods for generating Reinforcements and Interface Elements are provided. (auto & manual) )
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Mesh Generation
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Curve/Point

Grid Mesher
(Quad+Tria)

Sizing Control

Orientation
Insensitive

Boundary
Sensitive

Loop Mesher
(Full Quad)

Regularity
Uniformity

Loop Mesher
Grid Mesher
Delaunay Mesher
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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.

B Automatic defining & meshing function is very
useful for complex 2D models which were originally

Y

modelled in AutoCAD.
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Imported DXF Model Automatically Defined Domains
(173 Domains) & Generated Meshes
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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) g

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

() 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 J[>>]




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

specified mesh size and geometric characteristics.
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Generate mesh(Solid)

1= Select Object(s) |
Size Method
@ Size 0.47
() Division 10
) Automatic
Maore - Less o]
[Hybrid Mesher -
Match Adjacent Faces
Property
1 ’1: Conc vl
Mesh Set Auto-Mesh(3D) -
[ ok ][ cancel |[ apply ][ >>]

& Mapped Mesh
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Element Libraries

Category Elements Order
Truss [l i
1D
Beam st 2nd
Plane Stress (Qaud / Tria) s e
Plane Strain (Quad / Tria) [ e
Structural : :
2D Axisymmetry (Quad / Tria) s 2
Plate (Quad / Tria) T ol
Shell (Quad / Tria) T ol
3D Hexa / Penta / Tetra fel e
_ Elastic Link -
Connection ——
Rigid Link -
Nodal Point -
Nonstructural Mass Matrix -
3D Point -
Interface 2D T ol
3D (Quad / Tria) T ol
) Embedded Truss / Beam 18, 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,

o 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)

* Length

Mesh Quality Plot
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Graphic Display - Mesh
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Flying View
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scale models

for large

10N

Support and operat
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Support and operation for large-scale models

Bi-section method

— Automatic load step - Divergence
— Stable stress convergence regardless of i' i
the magnitude of applied load o) A A ‘jl
1 | lterstion by Bi-section method i
. . el R R TR - | I
Consistent tangent matrix frau | | \ |
a1t ' H :
— Faster convergence speed of nonlinear analysis I L ! At -E
] ! "
5 L #/ |
o= g _, =g +As i "M__T—"I‘! | Automatic Bi-section |
=g TAL K, i‘ > l I

Qe =q.+ALh : ! l I -

n, Wy Woes u

Ty =C:{ar|—af_|}
JFer =f{“'.:—|=‘lr|}=':'

g™
-z

Fo_ =0 (wicld zurGes)
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Linear Static Analysis

-
B,

" Llnear StatIC AnaIVSIS Offshore Platform / Steel Frame
e Multiple Load Cases Composed of Cylindrical Jackets |
. . . (Plate + Frame) ¥

e Result Combination and Transformation

B Equation Solvers

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

Stress Distribution of Jacket
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static.avi

Eigenvalue Analysis

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

H Modal Analysis
e Lanczos Method

-]
1

i ]
[ [ 1
Simply Supported Stiffened Plate
(Plate + Beam)

4t 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
* Design Spectrum DB

www.MidasUser.com

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
Load Function

Time History

Time Function Data Type

[Normalized Acceleration v]

Earthquake | Scaling Self Weight Graph Option

(@) Scale Factor 1 _ [ %-axis Log Scale

9.80665 m/fsec?

i = .
value ! (©) Max. Value D [7]v-axis Log Scale
(a)

Base Line Correction (Acceleration)

@ Original

0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
0.22
0.24

0.0051703 =T
0.0042117 gl |

0.0032429 oaed M

0.0022741 0.114
0.0016825 006+
0.0044667 oonn
0.0072507 ::: ]
0.0071385 ored
0.0046604 018
0.0021823 -0.2%
-0.00029982 -0.28

0.0048338 T -o.ae
-0.3%

40 45 50 55 &0

Consider
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Material Nonlinearity Analysis

B Material Models B Nonlinear Behaviours
e von Mises e Hardening (Isotropic)
e Tresca e Softening
* Mohr-Coulomb B Iteration Methods
* Drucker-Prager  Full Newton-Raphson (Auto Load Step)

 Rankine

 Hoek Brown

e Hyperbolic

e Strain Softening

e Cam Clay

* Modified Cam Clay

e Jardine

e D-min

e Soft Saill

e Concrete Smeared Crack
* Masonry

e Hardening Soil

e User-Supplied Material

* 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.

[ | ’ ~ I I ]
FEA NX S user Supplled materlal | USER SUPFLIED MATERIAL SUEBROUTINE
N N 1
SUBROUTINE USEMAT( EPS0. DEPS, HS. IELEMEN, INTFT. COOQRD., &
mOdeI Supports nonllnear elaStIC and ¢ SE. ITEE. USEVAL. HUV, USESTA. HUS, IUSEIND. e
I t I t b h . r HUI, SIG. STIFF,ID)
elasto-plastic pbenaviours. NPLICIT HONE
. _ H H IDECS ATTREIBUTES DLLEXPOET: :USEMAT
User-supplied material can be used e
. H INTEGER, IHTEHT{IN} .. IELEMEN
INTEGEE. INTEHT(IH :: INTPT .
seamlessly with all elements which DNEGER INIENT(IN) - ITe -“ Strain
H = ] INTEGER, IHTEHT{IN} . ID
INTEGEE. INTEHT(IH ;. HOV
allow material nonlinear behaviours. DHCER INENTON) M Input
INTEGER, IHTEHT{IN} :. HUI
REAL*S, INTEHT(IH} .. EPSO{HS)
|| Model Type lUser supplied material "] [¥] structure ggi%zg %EEEE%E; ggggé?gg II‘ Total Stress
REAL*S, INTEHT(IH} :: SE(NS. HS) - -
[Genera | Non-tnear | Thermal | Temperature Dependent| REALSE. IVIENT(NOUT) - SICUS) Stiffness Matrix
REAL*S. INTENT{INOUT) :: USRSTA(NUS) OUtpUt
IUser Supplied Material Library File ?%%EER %E%EE%E%UT) = gggg%ﬁé?gg%)
USRIMAT.DLL : .
> INTEGER :: I, J
[@ ~ FEAL*S :: EMOD, EPS(NS)
SIG(1:HS) = 0.D0
[ EHOD = USEVAL{1l
Number oFParameters[NUV} 0 EPS({1:HS) = EPSD(IEN%) + DEFPS{1:HS)
|
Mumber of Internal State Variables{NUS) 0 l w : TOTAL STRESS
& SIG(1) = EHOD * EPS{1) + 1000.D0 = EMOD % EPS{1j%*=x2
| add/Modify User-defined values L [ SIG(2) = EMOD * EPS(2) + 1000 DD * EMOD x EPS(2)xx2
Mumber of Integer Indicator Vg SIG{3) = EMOD * EPS(3) + 1000.D0 #* EMOD % EPS(3)%*2
SIG(4) = (EMOD = EPS{43) ~ 2.D0
SIG({5) = (EMOD = EPS(5S s 2.D0
Clunsymmeticstfess || o o | _8xete)  fmon & me(ed) 7 3
Parameter o :
& | HATERIAL STIFFHESS MATRIX
o !
T STIFF({1.13 = EMOD + 2000.D0 = EMOD * EPS{1)
S| STIFF(2.23 = EMOD + 2000.D0 = EMOD * EPS{2)
1 STIFF(3.3) = EMOD 2000.D0 = EMOD = EPS(3
USM Dlalogue STIFFE4,4§ = D.SDD+* EHOD )
STIFF(5.5) = 0.5D0 * EMOD
STIFF{6.63 = 0 .5D0 = EMOD
il RETURH
END
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

www.MidasUser.com


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)

www.MidasUser.com

Interface

&
<

Concrete SteeI-C_oncr_ete
Composite Girder

Principal Stress (Virtually Transformed & Clipped View)


interface.avi

Auto Contact

B Contact Type

 Welded

e General

e Bi-directional Sliding Contact
* Rough

* Breaking-Weld

[Difficulty in creating
shared surfaces]

www.MidasUser.com

[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

tress of Embedded Reinforcement

S
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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

uuuuuuuu

3
(e
NN

”&%@I‘I“!

W

)
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) “'E

S A A A A Y

i

Pier Table (Construction Stage) - Stress

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

Heat Transfer and Heat of Hydration Analysis

Temperature at Top Plate

Temperature Distribution

Fire in a Subway Structure

Guss Asphalt Pavement

Thermal Stress
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Contact Force

Hanger of Arch Bridge (Lug-Pin Joint)
Deformation and Stress Distribution by Contact

Pin (224mm ¢)

Double plate (85mm)

k,xLuq (90mm)

B R . N Y Y
R W W . .
11 L1 ki 11

d--""‘

3
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2
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4
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st_contact_2.avi
st_contact_1.avi
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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>

A

\ Py
e g Wi Ty i Mg W =
v mhmﬁf*whmmtfbﬂ

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.

/N
S ATATATA A

RS

| IHI | / ||"I

{ IJ ,'i |C'I
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Load & B.C.

B Loadings 77
+ Self Weight » Heat Flux
« Force / Moment » Pipe Cooling
* Displacement « Time Forcing Function
* Pressure « Time Varying Load
« Beam Load « Ground Acceleration
* Prestress * Response Spectrum Function
 Temperature =

+Initial Equilibrium Force constraint based-on CSys.

- w | Spatial | Mon-spatial
. Bou ndary Condltlons | Name General Function Ref.CSys Independent\‘ar‘
- Equation
» Constraint T e mwe
b —  value Calculate
- - -90 1.131e+005
« Constraint Equation e e
.y D | 5 L.0313e2005 1atz
* Contact Conditions I
. D | =) 93600 , N
 Convection o 11 [
45 34525 ™
— | satz
R e || o ™
-30 75900 TaE
D | 25 73125 - : *
V[ smeveke Exrapoatin
[0 ][ cancel ] ["2p0iy ]

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

Rectangular Pressure Circular Pressure
(2D, 3D) (2D, 3D)

Point Load (1D, 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 sSetéiejzsg;  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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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 1 x New Chart
Item D Color 350000000
9@ CS1_User Step 2[Monlinear Stat.. -
=-2f INCR=1 (TIME=1.1672-002) 30000.0000 -
- Displacements
& TOTAL TRANSLATIO... 250000000
ﬁ TX TRANSLATIOM (V) i
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 '
ﬁ TYZ TRANSLATION (...
ﬁ TZX TRAMSLATION (.. 5000.0000 -
[-# Grid Forces
[j--f%z Rea.ctmns 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 2.291=-005 -1.4202-006 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
1 D & J77 109 2.677e-005 3.633e-006 0.0002-+000 -2.652e-005
M Od e| Ana h,ss Resu'ts 7: 120 4.873e-005 3.112e-006 0.000e-+000 -4.863e-005 M S- Excel
« 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 3.097e-005 1.802=-005 0.0002+000 -2.5192-005 ,-_1 ,51 |:| |:||:|3325 |:| |:||:||:|E|:|] _|:| DDSEEB
154 4,436e-005 3,167e-006 0,000e+000 -4,435¢-005 : : :
D | 155 4,3492-005 3.034¢-005 0.000e+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.,016-005 7.325¢-006 0.0002+000 -3.94e-005 7 00023550 0000509 -0 0022499
L

Result Table

www.MidasUser.com



Post-processing

Output Control

Output Type | Output Option

wWrite Results of All Active Mesh Sets

Nodal Results Element Results
Displacement [[Mesh Set Force [[Mesh sef
[¥] Applied Load [Mesh

action Force: [[Mesh sef

id Point Force [ e

[Summary of analysis results]

(o
- | 6TS Basic Tutorial 1_1_Basic Tutorial 1 - Notepad 1 .
naryandText = w File Edit Format View Help o HYD_Pler Table_teSt
SESEERERREESEET s 2828 CETER 1 BI04 2 BESTIE-004 1 Z6BiE-003 0 0O000E-000 0, DOCO0E- 000
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
sl W B RO SRR Rol
2833 CENTER 1305370004 171 1aE.008 b GABIE.003  O/DDDDOE.ODD . DaCObE. 00 - @ =7 -8B - e @ & U- &
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
[Pn nt an alys IS resu Its] 2370 CENTER XX -2.89348E+006 —2.B9348E+006 -9.74T79E+005 0.00000E+000 0.00000E+000  -52.6208 -1 |
V -2 36220E+006 -2. 362206006 B 0 .008502
77 -2 7T020E+006 -2, TR0ZE+ 005 R0
0.007558
STRESSES IN BEO PLANWNE STRAIN ELEHENTS
OUTPUT COORDINATE = MATERIAL X-AXIS = X NORMAL = Z
0.006613
ELEWENT  GRID 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
00377
3 CENTER ¥¥ -2.57365E-005 -2.57356E+006 -2.45086E/005  0.00000E+000 0.0000CE-000 -72,9252 -1
Y —1.84857E+006 -1.54B57E+005
27 ~2!75356E+006 -2 T5956E+ 005
0.002834
e - 1
-
0.001889
[Decibel reference levels (ISO R 1683)] ~
0.000000

Quantity

Definition

Ref.

level

Acc. Level

201og10 (a/ay) dB

a0 = 10"% m/s?

Amplitude

Vel. Level

201log10 (v/v,) dB

vO=109m/s

Dis. level

201og10 (d/d,) dB

do =

1012 m

[3D PDF]

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

www.MidasUser.com
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Contour with Mesh

& Iso-line

Contour
with Iso-line

Gradient
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Deformed Shape

Deformed Contour with Original Shape Mode Shapes
(Static Analysis) (Stability Analysis)
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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

i

\
F
£
/

Vector Plot
with Deformation

Vector Plot with Contour

-
[ el

A\ 4

S
S = |
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Result Extraction

u Element71 Element:173 7 74 75 Element:176
Extract Results MEMBRANE FORCEXX | MEMBRANE FORCE XX FORCE 00 FORCE J0C FORCE XX
L Step Step Value 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] W | 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

B | 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"'IBR.ANE FORCE XX b ] 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
B | 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

| ¥ |Nonlinear Static:INCR.=3 ﬂ.OAD:U.SOU}:MEIH M S E I t bl T bl

| |Nonlinear Static:INCR =4 (LOAD =0. 400):MEl -EXcel com pa IDle lapble

| ¥ |Nonlinear Static:INCR=>5 (LOAD=0.500):MEl

| |Nonlinear Static:INCR=6 (LOAD=0.600):MEl

JINanlinear Static TNCR =7 | QAR=N. 700%:MFL ™

4 m >
[ Select Al ][ unselectal |
Order
@ Step () Node/Element
Object
Node () Element

Graph (Stress vs. Time step)
MNodal Results Extraction
(@) User Defined

Sekack Obgect | Nonlinear Analysis o

26000

Sort E E] [[] Ascending o

20000
18000
() Maximum () Minimum () Abs, Max 18000

14000
12000
10000
s000
sa00

B cienens 4020
B mienens: 40108
Bl inenss 40167
[ ztemens: 4925

Only Show Node Element

[ m1emens: 42282

Extraction Position in Element - ” 2000 [ ©iemens:as1z0
e 2000

2 o Bl ienens: 45191
-e000

-a000 [ ©1ement:4zivz
— -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
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On-Curve Diagrams

-

. g EENy
On-Curve Diagram . Nu, v, 1{
Yelo
Name Diagram-1
5 i >
Cutting Diagram Mode
@) Cutting Line (7) Cutting Plane e
.
Define Positions
’0
Type 2-Points Line -
Paint 1 0,0,0
Point 2 1,0,0
| Direction Divisian e
]
1 |:| Rewverse

|B&@ [ ox [ cencel | [Capoy ]

Fa=

3D On-Curve Graphs on Contour Plot

Fault Zone

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

F Bl
e R ==

Entity Type Calor Value Tag Type
Exponential

(@) Mod Tag Col (o

otede  TegColr [l ociipant
“Eement  TextColor | M |~/ 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

Mode 1210 0.2804

Mode 1254 0,4811

Mode 1339 0.5668
TEEEE MNode 1424 0.0827 i

— @ INnde 1796 | 1.5807

0.000235832 v [ Max ][ Min ][ Abs Max ][ Clear all ]

[] MinyMax Value of Each Part

Sectional Result
with Clipped Plot

(Element Result)

Nodal Result

S CET

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

IS revise

B Create a new model file in which the geometry of analysis model

lysis to find a buckling

is for geometric and material nonlinear ana

shape of linear buckling analys

imperfection.

IC

load considering geometr

Select a buckling mode to revise the
geometry of model.

[Budding analysis

Analysis Case

Update Model with Imperfections

IEgenvaIue(Required]:MODE

Buckling Model

=
[

£
s
w
i}
wl

Maximum Value

Silo] fea

New analysis model in which
nodal coordinates are updated

based on the selected buckling

mode shape and scale factor.

Buckling mode shape

f the model can be further ]
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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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Solid elements Modeling of Pylon Cable Saddle (Leesoonshin Suspension Br.)
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Applications

Solid elements Modeling of Splay Saddle (New Millennium Suspension Br.)
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FE Model

Solid elements Modeling of Hanger Clamp (Bonny River Suspension

Stress Contour
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Applications contact analysis

Il
III‘I.I
| H—STIFF PL ...l oo pe | PL 1
T-PL-130x10x1124 | 312 [seja% 268 1.080
..‘.'
.l‘l.
DO PL Tk DO H—STIFF _
3977 LU T—PL—130x10x1168
397) Ligal
\ LI . /
\ o o o o /
L \{-‘-./ TR L_L
L_L ---/- L_L
(|7‘) % .l}l. 5
; 5 --‘-- é " | _‘
.l‘l.
} *—e / ® Deformed shapes
I

_.-Gusset and web plates

Stress in contact faces
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midas FEA NX

Improvements
in FEA NX




Extended platform optimised for 64-bit environment

FEA FEA NX

4 I
(. 32-bit pre/post handicapped for big models\ * Complete support for 64 bits
* 10 year old GUI platform (old graphics) (Pre/Post, Solver)
> dow'+ provide Preview Sor LBC - Graphics engine supporting large models
N = wodel is 400 big and analysis is vot converging ) * Unified solver with GPU computing

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

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

= | cannot divide solids \ performance/speed
(S I \___* Compatible with 3D CAD geometry /
s limitation to addition/improvement for ) "« New Solver fully developed by MIDAS
analysis features of the solver * Use of advanced features used in
(DIANA Solver) mechanical area (Contacts)
s S | can do that with Plaxis ) *New platform for deploying advanced

\_ analysis and features Y,




Major Improvements

in Pre/Post Process

MibAS

MIDAS Information Technology Co., Ltd.



Improvements in Boolean operations

FEA FEA NX

2 solids

5 faces Version Divide Results

Failed (39sec)
Generation of
5 solids

Completed
(22sec)

29 solids

1 shell Version Divide Results

Failed (20sec)
Generation of
broken solids

Completed
(5sec)

1 solid

9 face Version Divide Results

Completed

FEA (1min 29sec)

Completed
(less than 1sec)




Faster auto-meshing using multi-thread parallel

64 Solids

FEA

FEA NX &

307 Solids

Mesh Generation in Progress

Name

EEHE\DWHU\U‘AWNH
=

. -
mlzlelkizele|o|w|o|nslw/w]-]g
FEEEEEEEREEEEEE
HEEEE RSB EEEEEE
ZIRIBIRIZIREIRIZIRERIERE

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)




Construction stage sets & auto-generation of

o Definition/Analysis of multiple construction stage sets (can be defined for each analysis type)
» Graphical auto-definition of construction stages by Show/Hide status in the work window

}_"ﬂ History Output Probes
[#/&5 Boundary Condition

[ Eks Static Load

../ €8 Dynamic Load

.. EE Response Spectrum Load

=] - Stage Set

Construction Stage Set ==
Name Stress Construction Add
Stage Type [Stress o[ vodfy |
No  Name Type Copy
Stress Construction
2 Consolidation Construction Consolidatio. ..
3 Coupled Construction Stress-Seep...
Close
Analysis o x
Item D
@ MNew Works
+-I-2 Function

Seepage
Stress-Seepage-Slope
Consolidation

Fully Coupled Stress Seepage

Define construction stage
sets by Stage Type
(Sub-stages can be copied)

Analysis R %
Item py)
(%) Mew Works

-2 Function

-~ History Output Probes
..... V<5 Boundary Condition

Define ‘Auto Stage’ for | -7 sate
auto-generation

..... &5 Dynamic Load
[#SE Response Spectrum Load
=gl Stage Set
BT vzt |

2 Construction Stage-1

Consolidation Construction [
- Coupled Construction [F:3]

Edit
Delete

Censtruction Stage-2
Censtruction Stage-3
= Coenstruction Stage-4

@ Analysis Case
—fe4 Parametric Analysis

< [l

Rename
"l Define Auto Stage

Model  Analysis Results

i..= Construction Stage-5
g Consolidation Construction [F:2]
& Coupled Construction [F:3]
HE Analysis Case
-~ Parametric Analysis

Define Constructien Stage

Construction Stage Set Name

S5tge D [1: Construction Stage-1 BiE]

Stage Name | Construction Stage-1|
stage Type

SetData

Construction Stage Set-1 - D

Deactived Data

efault Mesh Set

£ Boundary Condilion
€ G5

= 3l Static Load
L sw

m

X Contact Pair

<6 65
< Static Load
gk top loads
<L prestress il
<L prestress W2
<L sw
<L Water Pressure 1 |
<L Water Pressure 2 _

B Mesh

<5 Boundary Condition
3L Static Load

R Contact Pair

SortBy [Name ~| ShowData  [Activate

O

Analysis Control...

[} Output Control.

[ Define water Level For Global
[ Define water Level For Mesh Set

Input Water Level...

] LDF...

[ Clear Displacement.
[ Slope Stability (SRM)
[ slope stability(s4M)

< [ r

Model Analysis Results

Check auto-generation of construction stages

-

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




Additional post-processing features and performance

e Improve the overall speed of processing operations (stress contour of a practical test model:
20.4 sec 2 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 Retsining wallpotrait2.pc - Adobe Reader ele e Flow Path ﬂ
He St Viw Window Hep
66 BeBlaen zle® e FlEDlE: v —
L) | Moder tree @[] Analysis Set [55 '] E“IC?EENIEEEEE?GtEnHm"Z
8- L3 Retaining Wall 3D
Y e ol GTSINX Step [secpage(steacystate):mcR=1¢ = | o gt 10022t24002
B B :;‘"G - 2l9°;°+9.334035+001
] g & D e B U 0l I Position 5 g T A-B435EHOL
5%,
23 718,76, 0, 117,363 T ST
< oot 2685024001
;t::} Path Type Color Type e \SE052e+001
2 ot @lne  Thik 2 ©wn DHE 4'20;.5.892155+001
. — ) +5.203772+001
() Tube  Scale 2 (@ Contour 5-D°-"+4 5153964001
"o S8%, - z702e4001
. o
5 CAL [¥] Arrow Options 4%
- et e Facio 71 o m m 8.1°.f+3 13664e+001
- Seale Factor Iy um gt 9S00
b ) 1 76186e-+001
I [#]Leave Previous Flow Path Sensitive 0.7 1.07351e+001
- ek
13.5%
== B
= -3 e+
0.1%
‘ -9,91623e+000
— '
Propey .
[DATA] 55, Seepage(Steady-state), INCR=1 (LOAD=1.000), [UMIT] tonf, m

3D dynamic PDF 3D flow path animation



Addition of modelling features

e Auto-generation of co-face between adjacent solids
e Imprint automatically in faces by selecting edges penetrating solids

o [Ccencd | (Caply ]

Easy enough for beginners to avoid modeling errors from auto-correction



GUI designed for ease of use for beginners

4 )

e 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

\_
p— ¥ QI — Sgttmg condltlf).ns —
?i = ﬁ@ ¢ & Lofe using task-sensitive -
Solid Burface || Solid Surface E)rtrude?Sweep context menu Edge | F
MName Pressure- 1
Boolean Divide Protrude Object
Type  |Face -
s . - (-
Similar functions
‘I Bl Cut Ico"ﬂrl"o'"I I Embed I . Direction
. in one tapped e [Noms -]

Ref, Coys |Glnbal Rectangular v| |E|

I dialogue box . ; :

Delete Tool MNodal Temperature... Magnitude
Prestress.. Uniformly Distributed Load
Initial Equilibrium Force...
[ ok (cancel ] [Capply ) : Sase Function
PorP1 1.2 tonffm?

Hide All Labels
Delete

load Set  Load Set-1 -
Select loads on the [ oc | [ cancel | [ emy )

screen and edit

OnMergeFace?
C LD
ﬁ Guide image

Off Merge Faces
I Show Image Automatically when Opening Window




Major Improvements

in Analysis Features
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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 elem.
O Tetra elem.
O Prism elem.

Element configuration
of hybrid mesh

NODAL DISP
TOTAL, m

Max:0.013468 <

25 | 17845e-002
s Y

1%
-ﬁ?ﬁ"xs' 73398e-003

= 42.52524e-003

ﬁ;ﬂ.smwe-ona
| +8.41747e-004

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

oot 3386e-002
= H1.250492-002

O6%, 6 336600-003
113950 %

" 47.50294e-003
14.1%
16.66928e-003

13.3%
———+5.83562e-003
12.1%

Hexa elem. for accuracy at the boundaries, partial tetra elem. inside the model




Hybrid mesh, bonded contact results comparison

Hybrid elements + contacts

Coincident nodes

Ele ts 177,142

XA
SO0
MR
OO0
o
Vi

A
XX
!

WK,
e
W

0.34% difference in
displacement results

Hybrid mesh + Contact vs.

Soees
elogas
=
e

HODAL DISP
TOTAL , m
+2,174942-003
4%
+1,993602-003
0.5%
+1.512452-003
1.1%
+1.63120e-003

Yo

+1.449962-003

+0.00000e+000

NODAL DISP
TOTAL , m
——+2.167372-003
0.5%
+1,98675e-003
0.9%
—+1.80614e-003
1.5%
+1,62553e-003
4o

+1.44491e-003
<

8%

——+1.,26430e-003
0%

——+1.08368e-003

o

o]

o
———+9.03070e-004
2.7%

~+7.22456e-004
3.0%
———+5.41842e-004
9%

9%
———+3.61228e-004
<
8%
——+1,80614e-004

75.3%
+0.00000e+000

Coincident Nodes




Hybrid mesh, bonded contact results comparison

SOLID STRS

PRINCIPAL A , tonfjm~2
o +2, 7600084000
eares 0%
oo +2.50500e+000

&5 0.0%

eqels +2,250008+000
3
= 0.2%

+1.99500e+000

0.3%

+1,74000e+000

Hybrid elements + contacts

HENES 34,853

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

+2.18026e+000
&

2
+1.95681e+000

0.0%

+1.73336e+000

Yo

+1.50992e+000

Coincident nodes

Ele ts 177,142

Hybrid mesh + Contact vs. Coincident Nodes




Comparison of linear-nonlinear time history dynamic

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, Liguefaction evaluation (user-defined model can be implemented)

Maxi0, 14443

NODWL DISP
TOTAL, m

5ol 06a13e-00t

¥1.042322-001

4% tetste-001
OIS S

- +1.0006%-001

B
.79880=-002
Z.3%
+9.590678-002
1.2%
o, +9.38254e-002

.
9,17440e-002
D% ¢ ogezre-n02
B &

0.4%
+8.756148-002

0.3%
+8.550018-002

0.3%

“34187e-002
0.2%

13374e-002

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

0.0%
+7.50935e-002

0.0%
#7.30121e-002

SP

Segetleae-00L

$1.41051e-001

225 arer1e-00L
za.5eTerle

134292001

0%
T3 1.30912e-001

1.27532e-001
2.6%

"41.74153e-001

7%
+1,20773e-001
0% | 1739qe-001
. =3

0.7%
+1,140148-001

0.6%
- 1,10835e-001

= 1,072558-001
09%, | ze7se-00L
0.3% ©

+1,00496e-001
05 o 711680002
+9, -
0.2%
+9,37372e-002
0.1%
+9,03577-002

Nonlinear dynamic analysis results

SOLID STRS
PLASTIC STATUS , Mone

m+4.4285?e+000
o ,.-’+4' 15179e+000

0%
W%*'S'S?SDDE*'DDD
+3.59521e+000

0.0%:
+3.5321432+000

0.0%:
+35. 044 64e+000

0.0%:
+2. 7T E6e+000

0.0%:
o I+2'4910?E+DDD

0%
m+2'214298+000
+1.93750e+000

0.0%:
+1.66071e+000

0.0%:
+1.35353932+000

0.0%:
+1.10714e+000

[DATAa ] NT, Monlinear Time History, INCR=1 (TIME=0.1000), [UNIT] kM, m

Linear dynamic analysis plastic stress results

Soil deformation is mostly plastic
— Nonlinear analysis renders more
realistic results

0.0%
+,30357e-001
D0% ¢ s3571e-001
0.0% =

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