)}

= 2-D Linear Static Analysis P I a n e F ra m e

= Model

- Unit : tonf, m

- Isotropic Elastic Material

- Beam Elements

» Load & Boundary Condition

- Beam Load
- Nodal Force

- Constraint

- Beam End Release

= Result Evaluation

- Deformation

- Result Combination

- Moment Diagram



W Modeling & Analysis Point

2D Modeling ra Constraint & Load Result Plot

About this Training...

This model is a 2D rahmen type model using Beam element, which is a 1D element. Columns and beam sections of rahmen are defined

by H-sections and analysis is performed by defining nodal loads and distributed loads of elements. Check the result of the bending
moment and save it with the Animation function.

Learning Target

How to model 1D Mesh using Geometry> Line, Auto Mesh> Edge function
1D Property Definition, Element Beam Load Definition

How to Save and View Contour Results with the Animation Function

Plane Frame



/ 4 Analysis Setting

Procedure

Model Type : [3D]
Gravity Direction : [Z]
Force(Mass) : [N], Length : [m]

Click [OK] Button

Click Show/Hide Grid i

Work Plane and View Point are
automatically changed.

Analysis Setting &
Project Title Engineer
Desc.
odel Type Gravity Direction
praseenens -
o k! Qr
o (2 TR
() Axisymmetric
Unit System
[N V] [rnm v] [J V] [sec hd
Initial Parameters | water Parameters
Gravity Acceleration(g) 9806.65 mm/sec?
Initial Temperature [y
Plane Strain Thickness 1 mm
0.[ ...... LK...... ] [ Cancel

Work Plane : XZ Plane

View Point : Front View (-Y View)




1 Geometry > Point & Curve > Llne(2D) ‘e

Procedure

Location : (0,0) , <0, 3>”

Click [OK] Button

Geometry > Transform >

[Translate...]

Select “Line” in Work Window
Direction : “X-Axis”

Method : Copy (Non-Uniform)
Distance : 5, -10

Click [OK] Button

Click [Zoom All]

Hide Datum Axis/Plane <=

00000060 00O

Hide WCS  [*

( ):“ABSx,y’, <
(0) same as (0, 0)

Line

Line

5

Input Start Location

Location | 0, 0

Method IABS X, ¥ v]

» |o]

Location

Method

Geometry Set

Input End Location

[ OK H Cancel ][ Apply

]

>: “REL dx, dy”

L
F gy~ oy R o N I
Transform [
o B — Z-Axis @l@ e ANAN
Translate |F‘.013te IMirror ISmle ISweep—' ) 0
[ 4 Selected 1 Target Object(s) e >
Direction
i — e Source Line|™ "~~~ 7-7-----
@ (= Direction Selected > ! () 5m
(2) 2 Paints Vector X ¥ z h N B = - -~~~
0,0,0 \\\\ (2) '10m
1,1, 1 — - .
X-Axis _— i
Method G ........................
) Mave ) Copy @ Copy :
(uniform) ; (Non-Uniform) :
Distance | 5,-10 a
Tirnes 1=
Geometry Set - m
Q[ ok [ cencel | [ apoly |

2 midas FEA NX Training Series



’ 4 .‘ Geometry > Curve > Create on WP > Line...

™ ~ -
@ Draw Line “L1” by Clicking P1 & P2 | m—|3}—|
© Draw Line “L2” by Clicking P2 & P3 Input Start Location (1 X 2]
@ Ciick [Cancel] Button loation ||
Method  [ABS x, v -
Geometry Set  Geometry Set-1 - E]
@ ok | cancel || Apply |




|
’ |, Mesh > Generate > TD...

Procedure

Select [ ® ] Displayed

Size Method : “ Division”

Number of Divisions : “1”
Property : “1”

Mesh Set : [Frame]

Click [OK] Button

Model Tree : [Geometry]

Click Right Mouse Button and Select
[Hide All]

-
Generate mesh(Edge) i M

Auto-Edge

|
1= Selected 5 Object(s) (1)

Size Method |
() Size | @ Division 1} |« e
Orientation (Element Z-Axis)
Beta Angle: 50 [deg]|
Property
2
Mesh Set Frame o -

[ Ellﬁmcel | Aoty J [ =>]

Model L
Itemn I Color
Gy CHUserswMIDASITWDesktop...
'—<’,', Coordinate System
b View Point
w4 Work Plane
G- Datum
'[. Material
s-HB Property
PR
ﬂ Beddin Show All

S oo SELNN O

#-Sop Mesh G Show <-= Hide
---F@ Mes
.5 Contac Mew Geometry Set

@ Elgmen Import...
a7 HInge | e

Transform 3
Display Mode b
Transparency »
Model| Anabys Sort 3

Plane Frame



’ :: Mesh> Prop./CSys./Func. > Material...

Click [OK] Button Database

Initial Stress Parameters

o

Ko Determination 1

Procedure /Modify - Material — o
No Name e i Create,., I'i D 1 Mame  Steel e Color |:| B
0 Click [Create...] Button - ,
1 Steel IsotropicElastic Model Type [Elasﬁc '} [¥] structure
e Select [Isotropic] General | Thermal | Time Dependent | Temperature Dependent|
g :
© D:“1”, Name: “Steel” Elastic Moculus(E) O il @
) Inc. of Elastic Modulus O rrnz
a Elastic Modulus : “2.1e+7” N/m? Import fram "
I Excel Inc. of Elastic Modulus Ref, Height Ol
H ’ H 13 bH >
© Poisson’s Ratio : “0.3 Poissanis Rofiof)
. . Unit Weight(y) 20000 Njm?
@ Vodel Type : [Elastic] fm
a _ Basic Properties (@ Direct Input Using Code  [HE1
G Close

Click [Close] Button

(@ Automatic
Manual Anisotropy HE

Thermal Parameter

Thermal Coeffident 1e-006 1,{[
Molecular vapor diffusion coefficient 0| m2jsec
Thermal diffusion enhancerment i}

Damping Ratio{For Dynamic)

Damping Ratio 0.05

Safety Result{Mohr-Coulomb)

Cohesion{C) 30000 | pfm2
Frictional Anglefd) 36 | [deq]
Tensile Strength 0| Mfm?

0[ ok | [ canel Apply




Procedure

900 0000000

Create [1D]

Select [Beam] tab

ID:“1”  Name : “Beam”

Material : “1: Steel”

Click [Section Template...] Button
Section : “H-Section”

H “0.45”, B1 “0.2”, tw “0.009”,
tf10.014”, B2 “0.2”, t20.014”

Offset : [Center-Center]
Click [OK] Button

Click [Apply] Button

' ‘ Mesh> Prop./CSys./Func. > PF operty...

»
" L
Add/Modify Prope
Mod et e —
Mo Mame Type Sub-Type
1 Beam 1D Beam
5 Column £ g PSRN ¥
-
[l
Close
—
-
Section Template
B1 :
A 1 R
H e twW PH 0.45 m
ist 0.2 m
Fif2 Pw 0.009 m
e tf1 0.014 m
im2 0.2 m
i 0.014 m

oK Cancel

- :
Create/Modify 1D Property

Beam

Material

|:| Hinge Property

|:| Taper Section- Section
Cross Sectional Area(A) 0.003398 0.003338 |m2
Torsional Constant{Ix) 4620318910 | 4.620318910-0|me
Tarsional Stress Coeff, 0.0287903545 | 0.02837503545 (m
Area Moment of Inertia(Ty) 0.00032258945 | 0.00032258945 | me
Area Moment of Inertia(lz) — 1.88923032e-0 | 1.865923032e-0 me
Effective Shear Arealay) 0.0047319855z |0.0047319855:2 | m2
Effective Shear Area(Az) 0.0038315535 | 0.0038315535 [m2
Shear Stress Coefficent{Gy) 266.94311 266.94311 | 1/m2
Shear Stress Coefficient{Gz) 279243314 279.243814 | 1jm?
Stress...
y Axis Variable Constant
7 Axis Variable Constant
|:| Spacing il m
SEdmn ........ -
(10
[ Ok ] [ Cancel Apply

4
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o
’ .] Mesh> Prop./CSys./Func. > Pr oper ty

Procedure

ID: “2” , Name : “Column”
Material : “1: Steel”

Click [Section Template...] Button
Section : “H-Section”

H “0.3”, B1 “0.3”, tw “0.01”,
tf1“0.015” , B2 “0.3” , tf2“0.015”

Offset : [Center-Center]
Click [OK] Button
Click [OK] Button

Click [Close] Button

[S=)

2 MName  Column Color :l E|
Material e il: Steel ,;
|:| Hinge Property
[C] Taper Section- Section-j
Cross Sectional Area(A) 0.0117 0.0117 [m2
Torsional Constant{x) 7.57305502e-0 | 7.57305502e-0 \me
Torsional Stress Coeff, 0.0270730987 | 0.0270780987 |m
Area Moment of Inertia(ly) 0.0001993275 | 0,0001933275 |m*
Area Moment of Inertia(lz) 6.75225e-005 | 6.75225e-005 [m?
Effective Shear Area(Ay) 0.0075635309¢€ |0.00750353098| mz
Effective Shear Area(Az) 0.00267420725 | 0.00267420725 | m2
Shear Stress Coeffident(Gy) 166.,426008 166.426006 | 1jm?
Shear Stress Coeffident{Gz) 367.42296 367.42296 | 1/m?
Stress...
vy Axis Variable Constant
z Axis Yariable Constant
|:| Spadng il m
e [ QK ] [ Cancel Apply

rSecticun Template

B1
o 4—b| c Standard
i 1Ft secon

H e tw H 03 m

B1 0.3 m

'thz : tw 001 m

E }.—. F HIR 5t 0.015 m

B2 B2 0.3 m

H tf2 0.015 m

e —— o

Center-Center H

-
Add/Modify Property

No Name Type Sub-Type
Beam

Beam

1 Beam

Modify. ..
2 Column

55

Copy
Delete
Import...

Renumber

o IUEREI




$ , Mesh > Element > Parameters...

[ Add/Modify Mesh Parameter )
Select : “Change Property” , “1D” o| D |3 | other |

Property : “2: Column”

Select 3 Vertical Elements Marked by .
= Selected 3 Object(s) ] a

«0” (See Fiqure) || |
( gure) Select 1D-property from the below list.

Click [OK] Button

Property

e 2 [2: Column v] B@
O (o (e ) Loosh)

Plane Frame



Procedure

" ModelTree > Property -1D...

Select : “Beam” & “Column”

Click Right Mouse Button and Select :

“Show Section”

Click “Isometric 1”

Select “Hide Section”

Model

x

Item

Gy CUsersWMIDASITwDesktop...

---¢—<‘, Coordinate System
L2 View Point
-3 Work Plane
s Datum
I‘ Material

D Color

| »

£1:HB Property

- ) Geometry
-] Bedding Plane
- @5 Export Shape
- Mesh Control
- @ Mesh

=

Show Section

Hide Section 0
Show Assigned
Show Assigned Only
Hide Assigned Only
Show aAll

Edit...
Copy

‘Model  Analysis Resules

Delete
Rename

Pronartiac

F wEIITHH

[ By

kR 3



Static Analysis > Boundary > Constraint...

(conrane_ gy )
© [Advanced] Tab [Basic | Advanced |auto
e Select 3 Nodes Marked by Mame Constraint-1
“O” (See Figure) Object
e Check on “TX", “Tz” & “Ryu Type [Nﬂd& v]
e Boundary Set : [Support] a
© Click [Preview] Button 9 DoF Symmetric Plane
© Click [OK] Button Mt M1y @[Tz [ xf ][ et ] N
¥Rx MRy ¥Rz
Y [ anti-Symmetric
Boundary Set  Support -
B@ o (cme ][ st |
-0 (s

6 midas FEA NX Training Series



L
Procedure

@ Click Right Mouse Button and Select :
“Display > Element CSys”

0 CUserswMIDASITHDesktop...
i-+<, Coordinate System

..... A wiew Point
o-4ff Work Plane

0 L+ Datum

i1 Material

0-HE Property
0-[WIEY) Geometry
] Bedding Plane
& Export Shape
-5 Mesh Control

[£

[
[-jl?@ Mesh
LoV Default Mesh Set 1
LV W
Hide

4 \odel Tree > Mesh — Frame...
Model o x
Item D Calor
-

G- Contact
(LB Element Parameters)  Show Only
i Hide Cnly
Hinge
“ H J Show <-> Hide
Include/Exclude Elements & Nodes
»

Node

Model Analysis  Results

Display Mode

Transparency
Shrink...

Display Node ID
Display Element ID

Delete
Rename (F2)

T Commin
1: Steel

Hide All Labels

o

-

i-End
N Green (y)

/L\ e
Jj-End

Blue (z)  Red (%)



<
A

viesh > Element > Parameters(1D)...

Procedure

Click [Change Csys]

Select 2 Elements Marked by
“O” (See Figure)

Click [Reverse Normal]

Click [Apply]

Select 2 Elements Marked by
“0O” (See Figure)

Click [Orientation] > Beta Angle:0
Click [OK] > Click [Apply]

Select 2 Elements Marked by

“O” (See Figure)
Click[Orientation]> Beta Angle:90
Click [OK] > Click [Apply]

Select 1 Element Marked by

“O” (See Figure)
Click[Orientation]>BetaAngle:180

Click [OK] > Click [OK]

Add/Modify Mesh Parameter

Crientation (Element Z-Axis)

(@ Reverse Mormal (X-Axis)

| Orientation (Element Z Axlsjeom v

Beta Angle: 90 [deg]

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

(71 Align with Meighbar 20 Element ;
(7 Align 1D Base Element (Z, ¥-Axis) \\‘
Select Base Element \‘
\
Property
2 2: Column B

[ Ok ][Can::el ][_Apply_]

«

’
’
7

' ’ (7 Ref, Mode

(") Ref, Vector {GCS)
@ a2
Rewverse Direction

Direct Input

m
m

@ Beta Angle 0

- | [ded]

00d

[ oK ][Cancel]

0OO——

Plane Frame ‘ 7



41 yesh > Element > Parameters

Procedure

[1D] Tab, Select Add End Release

Select 1 Element Marked by
“O” (See Figure)

“End-A, Ry ”

Click [OK] Button

F

Add/Madify Mesh Parameter

I.%]

Node | 1D 2D | kb | Other |

1= select Object(s) @)

Mame Beam End Release

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

Tx Ty Tz Rxi Ry i
Property
2 2: Column

O o< [cancel | avoiv |

N




Procedure

-~y

Analysis > Load > Set...

Name : “Beam Load”
Click [Add] Button
Name : “Nodal Force”
Click [Add] Button

Click [Close] Button

Model Trees :

“Mesh — Frame”

Click Right Mouse Button and Select :
“Display > Element CSys”

Nodal Force

(7 ™
Load Set [
e 00 [ ]

: H :
00
Delete
MNa MName Description
1 Beam Load

Model

Ttem

1 x
1D Color

) ClsersMIDASITRDesktop...

-+, Coordinate System
s View Point

- Work Plane
- Datum
-1 Material
-HE Property

- WIEP Geometry

&) Bedding Plane
-85 Export Shape
w-Si Mesh Control
= g Mesh

LP @
& Contact
L Element Parameters

B Hinge

[/ @ Default Mesh Set 1 | |

Show
Hide
Show Cnly
Hide Only
Show <-> Hide

Include/Exclude Elements & Modes

Model Analysis Results

Display Mode

Transparency
Shrink...

Node

Delete
Rename (F2)

B ]
1: Steel

Display Node ID
Display Element ID

Nedal CSys,

Hide All Labels

midas FEA NX Training Series



a
@, Static Analysis > Static Load > Beam Load...

Procedure ;" Beam Load | 2 I-‘ W2

[Element Beam Load] wl
Select 1 Element Marked by Hame Element Seam Load-1
. Object

O” (See Figure) Type [ 1D Eiement - | i-End j-End
Type : “Force — Distributed” (=] Selected 1 Object(s) | (E=0) (&=1)
Direction - “Global Z” — s s

: @ Force | Moment

Value : Fraction : ~,
“xq (0), w1 (_1)’ X2(1 ), W2('2)” (@ Distributed ) Concentrated

Click [Apply] Button

Select 1 Element Marked by
“O” (See Figure)

Type : “Force — Concentrated”

S| a x2 1
Direction : “Global Z” k

wil -1 Mfm
Value : Fraction : “x1(0.5), w1(-10)”

w2 2 Nfm
Load Set : [Beam Load] Base Function [NOHE "] @

C||Ck [OK] Button ...............................................................................

Load Set Beam Load m - |

@ @ o< |[concel |[ aooiy |




‘ Static Analysis > Static Load > Force...

Procedure (Fre S

@ Sclect 3 Nodes Marked by Force | Moment
113 ” H
0 (See Flgure) Mame Force-1
@ x: “5” Object
e Type [Node v]
Load Set : [Nodal Force]
1= Selected 3 Object(s) o_]
© Click [OK] Button
Load Type
i@ Total Force Per Face/Edge

Reference Object
Type [Coordinate - ] l<

Ref, CSys [Global Rectangular V]

Components da
Base Function [Ngne v] A
K 0 L
! a M ’
i il
LoadSEt NDdaH:DFEE,

O [ o< ) [Ccence ] ooty

Plane Frame



Procedure

o
.J Static Analysis > Static Load > Comb. Set...

Name : “Comb*“

Load Set : [Beam Load]
Factor : “1.0”

Load Set : [Nodal Force]
Factor : “0.5”

Click [OK] Button

i B
Create Load Set with Combined Load Sets ﬁ

Combined Load Set |

.......

Combined Load Set

Load |  Factor |
1:Beam Load 1.00:
2:Modal Force 0. 50:

~ 0000

[ DK_““_H Cancel ][ Apply J




- , Analysis > Analysis Case > General...

Procedure

Title : “Frame Analysis”

Solution Type : [Linear Static]

Drag & Drop [Static Load] to

[ActiveSets] Window
Check on “Solve Each Load Set
Independent ”

Click [OK] Button

File > Save... : “plane Frame.fea”

Analysis > Perform

Add/Madify Analysis Case

Analysis Case Setting

Description

Titde irrame avalyss] T (@))

Analysis Contral

B &

S8k Static Load €
......... e
b Comb

gk Modal Force
2 Contact Pair

Il °So|ve Each Load Set Independently

A Qutput Control
Analysis Case Model
All Sets Active Sets

=g Mesh =g Mesh

Default Mesh Set Default Mesh Set

Frame Frame
=58 Boundary Condition &5 Boundary Condition

......... 8.5upport -8k Static Load

sk Comb
2 Contact Pair

Sorting Mame - ] [

Oke][ Cancel ][ Apply ]
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’ | Analysis > Analysis...

Procedure

@ Perform click

© oOKclick

-

FEA MX Solver

Type

Frame Analysis

Chedk Onfoff

Linear Static




Result :
Frame Analysis > Linear Static > 1D Element Forces/Moments

Results 1 x
Procedure Item D Colar

6 CHUserswMIDASIT#Desktop...
5. Post Style
-~ Default Style
E-{7) Frame Analysis
- Linear Static
- Displacements
- #7 Grid Forces
H-#7» Reactions
=-£ - Beam Element Forc..
I AXIAL FORCE
f - SHEAR FORCE ...
<= SHEAR FORCE ...

@ Double Click [BENDING MOM.]

E
E

-5 Beam Element Stre..

Model Analysis | Results

BEAM FORCE
BEMDING MMNT ¥ , kM*m

Py +7.312648-003
2.3%
{ E+6.140039—DD3

4.5%

+4.96741e-003
6. 8%

l‘ \ - k\ . L 79480e-003

L62218e-003

ey |
—

/
)

-6, 7587 3e-003

Plane Frame 11



4 cick “Animation Recording”

Procedure

c Click [Play] Button

@ Click [Save File] and Save Animation
as [AVI] format file

(&% | £, - | None(0)

T aR= B 06 #

-

o+ LOATA.]. Frame Analysis, Linsar Static, [UNIT] KN, m, [ Output CSys] Default

4% Level 3 {Normal) -
-

BEAM FORCE
BENDING MMINT ¥ , ki*m

+7,312642-003
2,3%

+6.140032-003
4.5%

+4,967412-003

,794802-003

\622182-003
%




