)}

Overview

= 3-D Linear Static Analysis

= Model
-Unit: N, cm
- Isotropic Elastic Material

- Solid Element

= Load & Boundary Condition
- Body Force
- Force
- Element Temperature

- Constraint

= Result Evaluation
- Refer to Tutorial LS-3

Pier table




/ Analysis Setting

Procedure Analysis Setting %

o Model Type : [3D] beec. | |
e Unit System : [N , cm] Mod[:i:)l';:)fe Gr(a:;u:y Direction P—— >
e Click [OK] Button O @z Ref. Plane  Three Points  Normal
() Axisymmetric
@ Ciick [Move Work Plane] O- Flane Selected ;
Unlt System , B e e e
@ sclect [XZ-Plane] (2 M : offset | 0]
e P e et [orign oo
6 Click [OK] Button Initial Parameters  water Parameters [JReverse Normsl
ﬂ Click [Normal View] Gravity Acceleration(a) amjsec?
Initial Temperature I:l I Reset to GCS
Plane Strain Thickness m [Osave
_— - FE @ o i canc
o == 1 RN
&4+ Datum
----- v/ [#2 Origin
----- v 4= K-Axis
----- v 4=y -pxis
----- v 4= Z-Axis
----- [v Il X¥-Plane
----- [v B YZ-Plane
----- e

Select “XZ-Plane” in Work Window or Qe @O 90
Model

L @@0SA0 9 @-9Qm)

Pier table ‘ 1



’ 4 Geometry > Point & Curve > Polyline

Procedure

© creckoon [Link Start and End  Point]

@ Location: (0), <525>, <175, 250>,
<0, 50>, <500, 80>, <60, 270> ,

<340>, <0, 30>, <-1500>, <0, 1120>,

<-100>
Q Click Right Mouse Button in Work
Window (to Stop Polyline Drawing)

Click [Zoom All]

“( ):ABSX,y", < > “RELdx,dy’

<525> same as <525, 0>

FolyLine
D 3D

(®) Input Start Location

Method ABS x, v

(7 Through Multiple Points

Method | Selection
Order

[IMake Face
i v Link Start and End Point

E Select Point{s)

Ascending Descending

Geometry Set |Geometry Set-1

o=

&7 | Back oK

Cancel

Y



1 Geometry > Point & Curve > Polyline

Procedure

© check off [Link Start and End

Point]

e Location : “(0, 350), <180>, <50,50>,

<0, 180>, <-50, 50>, <-180>”

e Click Right Mouse Button in Work
Window (to Stop Polyline Drawing)

e Location : “(300, 350) , <450> ,
<400, 50> ,<50, 250> , <-200, 10>,
<-500> ,<-240, -80>, <0, -180>,
<40, -50>"

(5 ) Click [Cancel] Button

PolyLine

2D 3D

() Through Multiple Points

Select Point{s)

Selection

Order
Ascending Descending

[IMake Face

...........................................

& | Back Le Cancel

B

¥
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' 4 .‘ Geometry > Point & Curve > Circle

Procedure

o Center : “(0, 490)” , Radius : “50”

© Ciick [Cancel] Button

© Toggle on [Perpendicular Snap]

© Geometry > Point & Curve > Line

© scect[(P1,L1), (P2,L2), (P3,P4),
(P5, P6) , (P7, P8), (P9, P10)]

@ Click [Cancel] Button

“( ):ABSX,y", < > “RELdx,dy’

<525> same as <525, 0>

QB

Input Center Location

o ;anatlnn | 0,0 |
Method  |ABS x, v v
[Imake Face

Geometry Set |Geometry Set-1 e

Line
D D
Input Start Location

Method |ABS x, vy

Geometry Set |Genme1ry Set-1

=7 Dlo Cancel

.....................

B M L& %G

CICH
VN

e'\

[+]Grid Snap
[Paint Snap
[+]End Snap

[Jquadrant snap
[+]Intersect Snap
[JTangent Snap

[Jarbitrary Snap

[Mode

I Sel all I Unsel all




' ‘: Geometry > Point & Curve > Intersect

Procedure

0 Select [(B)] Select Al Intersect e Delete Object =
@ Ciick [OK] Button s g;gmgg;ﬁ:gﬁﬁ}
O select2 Edges marked by [ O ] | =2 Selected 30 Curve(s) |
(See Figure)
Geometry Set |Geametry Set-1 e |
@ Fress [Delete] Key P
=7 @[ o« | cance
‘ Cancel
¢ | — —
/ N
_,// ).
N
/_x '
“Ctrl+A” as shortcut for “Select /
Displayed”.
Pier table 3



Procedure

Select [ (Iz) ] Select Al

Size Method - Size : “50”

Click “>>” button

2D Mesher : [Grid Mesher]
Element Type : [Tri + Quad]
Click [OK] Button

Click [OK] Button

' :: Mesh > Generate > 2D > auto-Area(PIanar Area)

Generate mesh(Face) X
Auto-Face Auto-Area MapFace Map-Area
[I+] Selected 37 Edae(s)
H Select Point(s)
Sz Method e o
: ©Size ODivision <
N Ty T
[IMesh Inner Domain
Indude Interior Edges
Property
- @
Mesh Set |Aub3-Mesh (Planar Area) ~ |
E @ ok [ cancel || Apply

............... -

Advanced Option

Merge Modes

Tolerance

Element Size Growth Rate
Fine Coarse

Min/Max Element Size

Grid Mesher

Element Type
Tri+Quad

[JHigher-Order Element

Midside Nodes on Geometry

[Jrattern Mesh
Register Each Mesh Independent

-




’ ‘ Mesh > Protrude > EXtrude

Procedure

Select [2D->3D] tab

Extrude Mesh b4
Select [}y ] SelectAn | @ .

Source Mesh : [None]

e 20 Element->=30 Element ~
© Extrude Direction : [Y-Axis] v O p—p———
@ sclect [Offset/Times] Source EQIHE{U_?jeIebE Owmove O Copy
@ Offset: “50”, Times : “6” Extrude Direction :
® | E Direction Selected |
0 Property : “2 () 2 Points Vector % ¥ z
© esh set : [Pier table] 0,0,0
11,1
@ Click [Apply] Button
Extrude Information e e

(OMonUniform  (®) Uniform | offset/Times vl i

Offset < | Times 6=

|:| Two-way Extrusion
Property

S
e Mesh Set |Pier Table w |

E 2| 3 oK Cancel Apply I_-g
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Procedure

@  Mesh > Protrude > Extrude

Select [69 Elements] (Red in Figure)
Source Mesh : [Delete]

Extrude Direction : [Y-AXis]

Offset : “-50” |, Times : “8”

Property : “2”

Mesh Set : [Pier table]

Click [OK] Button

Extrude Mesh

Mode-»1D  1D-22D |

20 Element-=3D Element

() 2 Points Vector X ¥

Extrude Information
(_)MonUniform () Uniform Offset/Times

e Property
2: (Undefined) [




, Model Trec> Geometry

Procedure

0 Click Right Mouse Button and Select

[Hide All]
e Model Tree : [Mesh]
© Ssclect All Mesh Sets except [Default

Mesh Set] & [Pier table] & [Pier
Table-1]

Q Press [Delete] Key

© Click [OK] Button

Multiple Selection: “Shift” / “Ctrt” + Click

Model

Item

€2 New Works

@-+< Coordinate System
..... L+ View Point

- Work Plane
i)+ Datum
[-18 Material
=-HB Property

[

-5 Mesh Control
- Mesh

-2 Contact

[ Elernent Parameter
E-/7 Hinge

D

Show <-> Hide

New Geometry Set

Import...
Simplify...
Transform

Display Mode
Transparency

Sort

Color

I
-] Bedding Plz SDW &l
e

Delete Object

Meshset{aAuto-Mesh (Planar Area))

MeshSet{aAuto-Mesh (Planar Area)-1)
MeshSet{Auto-Mesh (Planar Ares)-2)
MeshSet{Auto-Mesh (Flanar Area)-3)
MeshSet{Auto-Mesh (Flanar Area)-4)
MeshSet{Auto-Mesh (Flanar Area)-5)
MeshSet{Auto-Mesh (Planar Ares)-6)
MeshSet{Auto-Mesh (Planar Area)-7)

e Cancel

Model  Analysis Results

2% @ Mesh

Pier table
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' ', Prop./Csys./Func. > Pr operty

Procedure Add/Modity Property %

No  MName Type Sub-Type M Material %
Create [3D] 2 D Solid o jis] |1| | Mame |Isoh’opic |§Co|or -
Model Type | Elastic R Structure
. 60y 1] ”
ID: 2 ’ Name : Concrete General  Thermal Time Dependent Temperature Dependent
Material CSys : “Element CSys — o ielastic Modulus(E) ‘
enumber T T L LT C L L LT DR T

Click & Button (Material)

@ .................. o : Poisson's Ratio(v)

Click [Create Isotropic] i : L
| § Cose |i @ Uit Weight(y)
ID: “1” , Name : “Concrete” Direct Input Using Code B
Create/Medify 3D Property X
. ; Initial Stress Parameters
Model Type : [Elastic] e
. - ameonae B . R
Elastic Modulus : “2.4€6” N/cm? P 2] Nee fcorawe Jicder [ . !
Manual [ Anisotropy B
Poisson’s Ratio : “0.167” - — o Thermal Parameter
: - i Material CSys Element CSys - :
i H Thermal Coefficient [T
Unit Weight : “2.452e-2” N/cm? @
e

Thermal Coefficient. : “1e-6”
Damping Ratio{For Dynamic)

0
0
Add/Medify Material *
. Damping Rati
Click [OK] Button amping Ratio
3

Mo Mame Type e i Create.,, |~ Safety Result{Mohr-Coulomb)
Click [Close] Button (STITERE
......... TR

Select [1: Concrete] for Material 2D Equivalent o
Interface and Pile Tensile Strength

TMpOrT

Click [OK] Button
Import Flrom
Excel

Click [Close] Button

Export to Excel Cancel Apply

Renumber

Database




Static Analysis > Boundary > Constraint

Procedure

© ciick [Front] View Constraint W
9 Select [Left Nodes] (See Figure) Basic Advanced Auto
o Click [Tx, Ry, Rz] Name |Constraint—1 |
Object
O B&Cset:[BC] Type | Node » 5
© ciick [Apply] Button el = Selected 284 Object(s) e
DOF Symmetric Plane
e Tx [y |:|Tz XY Yz
X
gDRx ry Rz
o ;Boundar\; Set |BC
E=]fi= oK il
|
| LT ]
! I
! I
] | [
[ 1
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4 Static Analysis > Boundary > Constraint

P rocedure Constraint x

© ciick [Right View] Basic  Advanced | Auto
. Mame | Constraint-2
© seclect [Right Nodes] (See Figure) _
Object
d -
©® Ciick [Ty, Rx, Rz] e :
o |E Selected 381 Object(s) i
o Click [Apply:l Button l DOF Symmetric Plane
© sclect [Bottom Nodes] (See Figure) e EDTX My O & 2
OQ Cick[Tx, Ty, T2] it (R —
@ Click [OK] Button

Boundary Set | BC

EE &2 Ok Cancel

Constraint *

Basic Advanced Auto

Mame | Constraint-3
Object
Type b
o |E| ...................................................... -
| DOF Symmetric Plane
ET:( My B XY YZ
iOrx Ory ez
N £ [ anti-symmetric
Boundary Set  |BC V| £
h
=) & o Apply




0000000006000

Click [ &ls| ] Button
Name : “Self Weight”
Click [Add] Button
Name : “Temp”

Click [Add] Button
Name : “Force”

Click [Add] Button
Click [Close] Button

Gz : “-1”

Gravity

MName

1 Static Analysis > Static Load > Self Weight

Procedure

Gravity-1

Reference Object

Type

Coordinate

Ref, CSys

Components

Global Rectangular

L

Spatial Distribution

Base Function |MNone e
Load Set : [Self Weight] Xe
Cick[OK Button | g e e
[OK] Load Set |5e|f Weight
Modify
Delete
No MName Description
1 Self Weight
2 Temp
3 Force
Close
Pier table 7



41 Siatic pnalysis > staiic Load > Element Temperature

| |
Procedure
© sclect [Nodal Temperature] Temperature . Force x
© sclect[(B ] Select Al o Foree [ Moment
MName | Modal Temperature-1 | Mame | Force-1 |
e Temperature : “30” Object Object
Type Mode il Type Node v
Load Set : [Tem : :
[+ [Temp] [BI sdeces 731 0tiectts | 7 T
© Click [OK] Button Compenents Load Type
Base Function | Nane V|8 Total Force Per Face /Edge
@ static Analysis > Static Load > Force e Temperature 0| m; Reference Object
T i o
@ Select4 Nodes marked by [O] l: . Y€ | Coardnate
. e iLoad Set |Ten1|:| V| = Ref, CSys Global Rectangular  ~ | [+,
(See Figure) i : e
= @e oKl Cancel Components
e F2 - “.5e6” N Base Function |None ~ | B
@ r3:“5e6” N o x | ol
| ¥ | Se6| M i
@ Load Set: [Force] o z | S| W
@ Click [OK] Button
@ ELoad Set |Foroe V| '.‘-!g
e e - —




Procedure

H
|, Analysis > Analysis Case > General

Title : “Linear”

Solution Type : [Linear Static]
Drag & Drop [Static Load] and
[Boundary Condition] to [Active
Sets]

Click [OK] Button

Analysis > [Perform]

Click [OK] Button

Add/Modify Analysis Case

>
A a3 St e neas
o : itle L\naar\
Description Analysis Contral =z
Solution Type Linear Static Output Contral =e]

Analysis Case Model
Al sets
=@ Mesh

Default Mesh Set
Pier table
o & n
: <6 Boundary Set-1 @
H-gk Static Load :
g &b Force
sk Self Weight
L Teme i

2 Contact Pair

[ sclve Each Load Set Independently

== == Active Sets

<6 Boundary Set-1
-3k Static Load
sk Force
sk Self Weight
sk Temp
2 Contact Pair

=88 Boundary Condition
=

Sorting MName e H

FEA MNX Sclver

Type

Description |

Linear

Chedk OnfOff

Linear Static

Cancel

midas FEA NX Training Series




:] Post-Processing

Procedure Results 7 X

Item D Color DISPLACEMEMT

] TOTAL T, cm
@ CrwUserswusersDesktopwrea NX M. +3.623652-001
Post Style o

Default Style

Linear Static > Displacements E-£7) Linear
~ Linear Static

0 Results : Linear

0%
+3.321682-001
0%

o
+3.01971e-001
0.0%

+2.71774e-001

Y

2415776001
0.9%

© Double Click [TOTAL

C2.11379e-001
OO

+1.51152e-001
o

TRANSLATION (V)] ) TY TRANSLATION (v

[ TZ TRANSLATION (V)

-8 TOTAL ROTATION (V) = +1.50985=-001

e Right Click [TOTAL .5 RX ROTATION (V)  E——
B R ROTATION (v) 2.7%

+9.05912e-002

TRANSLATION (V)] and Select g ;Z(YR?RT;?&%N v 10T s s

+6. el

27.6%

[Show Table] _[B TYZ TRANSLATION (V) +3.01971e-002
[ TZX TRANSLATION (V) gkt

o
6%
- #p Grid Forces +0.00000e+000

a Click [0K] Button H-#7 Reactions

i) Solid Stresses

Model Analysis Results

Records Activation *
Mode
D
MNone Inverse Prev
Node | TOTAL TRANSLATION (... | TX TRANSLATION (... | TY TRANSLATION (... | TZ TRANSLATION (...
| 1603731 1 0.0002+000 0.0002+000 0.0002+000 0.0002+000
R 2 1.480e-002 6.356e-003 -6.185e-003 -1,198e-002
ele —
3 1.975e-002 1.114e-002 -7.717e-003 -1,436e-002
Part w 4 2.316e-002 1.504e-002 -8.631e-003 -1.5365e-002
5 2.538e-002 1.795e-002 -3.053e-003 -1.550e-002
Eiifrag&’:ﬂh Set Add 5 2,6772-002 2.001e-002 -9.266e-003 -1.518-002
i - 7 2.780e-002 2.150e-002 -3,401e-003 -1,490e-002
Pier table-1 Delete | .
el 8 2.694e-002 2.083e-002 -8.852e-003 -1,460e-002
3 2.564e-002 2.032e-002 -3.231e-003 -1,263e-002
Replace —=
Intersect
Cancel




4 Contour Plot Type

Procedure

a Select [No Edge] for Edge Type

e Property Window : [Contour]

e Select [Show] for Contour Line On/Off

e Click [Apply] Button

Properties o =
i Contour
= Contour
Smooth Continuous
Fill Solid
Colar Contour
= Contour Line
: [V] Show True
Line Color | ]
Line Width 1
i@ Edge Type - I L2 Comb
[v'| No Edge
Mesh Edge
Feature Edge
Free-face Mesh Edge
Apply

Contour _Contour Contour
with Mesh with No Edge with Iso-Line
Pier table 9



4

o' Deformed Shape

Procedure

@ sciect [Deformed+Undeformed(F
& beform - B Fil - H fc

Undeformed

eature)] for Mesh Shape

Deformed
| Deformed+Undeformed (Wire)
o iil Deformed+Undeformed

Deformed+Undeformed

Feature) |
Shading)

f Deformed+Undeformed (Transparent)

(
(
(
(




$ , Iso-Surface Plot

Procedure

Select [Undeformed] for Mesh
Shape

Select [Feature Edge] for Edge
Type

Select [Iso Value Surface]

Select [Upper Part] for Capped Style

Select [Lower Part] for Capped Style

Click [Close] Button

&} peform ~ B Fil -

[EXs

| v | Undeformed

Deformed

Deformed+Undeformed
Deformed+Undeformed
Deformed+Undeformed
Deformed+Undeformed

(Wire)
(Feature)
(Shading)
(Transparent)

i edge Type - I L% Cormb
Mo Edge
Mesh Edge

e:iT| Feature Edge

Free-face Mesh Edge

Ise Surface X
Iso Value
|
0 0.3624
[ Lock value While Result Changing
Export
(@) Capped Style
i (@ UpperPart () Lower Part
(O Surface Style
Add
Delete
Delete Al
Close
Iso Surface X
Iso Value
1

[ Lock value While Result Changing

Export
(®) Capped Style
O Upper Part @ Lower Part
(O surface Style
Add
Delete
Delete Al

10 midas FEA NX Training Series



Procedure

ﬁ " Mirror Mode

Click Result > Etc. > [Initialize]

Select [Undeformed] for Mesh
Shape

Select [Mirror Plane]
Select [X]for [Mirror Plane1]

Click [Min] Button

& Imaage File
B Initialize

Etc.

& Deform - B Fil - || fxc
e Mﬂ Undeformed |

Deformed

Deformed+Undeformed (Wire)
Deformed+Undeformed (Feature)
Deformed+Undeformed (Shading)

Deformed+Undeformed (Transparent)

Mirror oo
o Plane 1 |% «| |0 o
[lPlane 2 ¥ | | 300 -
[(JFlane 3 |Z | | 1749.9168¢| m
Mnel Min | | Close




Probe & Result Tag

Procedure

Select [Mirror Mode] again
(to Disable Mirror Mode)

Click [Close] Button

Result > Advanced > [Probe]
Click [Max] Button

Click [Min] Button

Enter [Node 1D(3664)]

Click [Enter] Button

% Probe Results

Entity Type Colar Value Tag Type
Exponential
Mod Tag Col U
® Node ag Color I Dedimal Point o=
Celement  TextColor [ NN - 4=
Results
Show Type i) Value
MNode 328 Max: 0.3524
Node 1| Min: 0,0000
e' Node 3664 0.0359

Max Min Abs Max

[CIMinMax value of Each Part

Clear Al

Close

Pier table
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