midas FEA Training Series

BK-1. Buckling Pipe

BA-1. Buckling Pipe

Overview

3-D Linear Buckling Analysis

Model

- Unit : N, mm

- Isotropic Elastic Material
- Plate Element

Load & Boundary Conditions
- Pressure
- Constraint

Result Evaluation
- Buckling Mode Shapes
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midas FEA Training Series BA-1. Buckling Pipe

Step 1.

1. Analysis > Analysis Control — “Control” tab ¢
Apalysis Lontrpl X] 2. Analysis Type : 3D
Cantrol | solver | 3. Click & Button (Unit System)
analysis Tvpe 4. Length . mm
@ c 5. Click [OK] Button
2D ~
" Axisymmetry ~ 6. Click [OK] Button
" CFD 2D
v Convert Model Weight to Masses Unit System ['5_(|
* Lumped Mass (" Caonsistent Mass =
F ! Length E
Auko-Conskr aink oree (Mass) Gl ey
[+ Raotational DOFs For Truss | Plane | Solid Elerments * kaf (k) e
_ 2 " kanf (kon) " cm " kial
Umit Svstem & Nika) o & 3
Force | M Length mrn Energy ‘ kN (ko) i ~ By
) " Fr k1
Gravity Acceleration | Q506,65  mmfsec;  Vips (kipsa)
Initial Temperature | o [T]
[ Set{Change Defaul: Uit System
( (04 ' Cancel

205

% Analysis Control Dialog is automatically activated at startup.
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Step 2.
Cylinder X 1. Geometry > Primitive Feature > Cylinder...
2.C1: Center XYZ (0, 0, -100)
Center ¥YZ I 0,0, -100 Radius : 20
Radius | 20
Height | ( 2 4) o0 Height : 200
angle I

| 3a0

[ Sereen Snap o Gos £ wes
v sclid

3. Click [Apply] Button
4.C2 : Center XYZ (0, 0, 0)
Radius : 10
Height : 150
5. Click [OK] Button
6. Click “Zoom All”

Mame I Cylinder

E.] (a4 I Cancell Apply | 3

@>

(EEH]
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Step 3. 1. Geometry > Remove > Sub-face ...
2. Select Top & Bottom Faces of 2 Solids marked by “O” (See Figure)

3. Click [OK] Button

Bemove Sub-Face

3 4 F Selectad
aceis) Selects (\a\
Area AN
N
e | 100 Find | \\
A
N
@ (04 I Cancell Apply I 2 \\\
N
Y
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1. Geometry > Transform > Rotate ...

2. Select Pipe marked by “O” (See Figure)
3. Revolution Axis : Y-axis

4. Angle (90)

5. Click [Apply] Button ¢

Step 4.

Botate |X|

#Fods & angle | Angle in 5 |

v 1 Object Shape(s) Selected (2
— Revolution Axis ~

* |[w FRevolution &xis Selected| 3
N—

/

[ Define Location

" 2 Point Yector

| o, 0,1

| 1,1,1
@ " Uniform Copy
" Mon-Unifarm Copy
y N
angle I ( aqn @
v

Mumbet of Times I =]

@ (0] 4 I Cancmpply 5
A-

& “Enter” as shortcut for “Apply”.
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Step 5.

1. Select Pipe marked by “O” (See Figure)
— 2. Revolution Axis : Y-axis

Rotate |£|
3. Option : “Non-Uniform Copy”

4. Angle (45, -90
lw/ 1 0Object Shape(s} Selectedm _g ( )
— Revalution &xis — T} 5. Click [OK] Button

* |« Revolution Axis Selecte@ AN
N— N

[ Define Location AN
| )

#Fods & angle | Angle in 5 |

" 2 Point Yector

| o, 0,1
| 1,1,1
 Move i N
& Nan-Uniform Copy (3
V
angle I ( 45,90 D >

Mumbet of Times I

@@ancell Apply | >
&)
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Step 6. 1. Geometry > Shape Color ...
2. Select “Displayed” ¢
Shape Color E3 3. Color Type : Random Color
(_ 45hape(s) Selected ) @ 4. Click [OK][ Button
v
— Shape Type
I Hertex,
v Edge v wire
¥ Fare v sShell
Iv Solid v Compound
alon | Aloff |
— Color Type

o

' Random Color e

L'erdd alor

E.] o] I Cancell .ﬁ.pplvl 3

& “Ctrl+A” as shortcut for “Select Displayed”.
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St ep 7 1. Geometry > Surface > Trim 2 Surfaces ...
2. Change Selection Filter to “Shell (H)”

3. Select Pipel
4. Change Selection Filter to “Shell (H)”

W Object Shape | Selectec(& 7 5. Select Pipe2
¥  Object Shape 2 Selected (:éj: ‘\\\ 6. Click [Apply] Button
MTimi  © I O od O Al \\\ \‘\A 7. Repeat steps 2-6 for Pipe3 & 4
W Trimz & In O ooue O Al \\
[¥ Sew Result Shapes
[v Delete Original Shapes

Mame I Trimmed Shape

@ (0] I Cancell Apply I b3
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Step 8.

Previous Cormmand, .,

Togale Grid
Grid Setting, ..

Toggle GCS Triad
Toggle WCS Triad

Turn on &l Triads
Turn off All Triads

Hide Daturn & WP

Hide &l Labels

Ref. Plane (_Tran &Rot ) 3 prt Fin | Marmal |

— Translation
D D

| 0 | 0 |k1|:u:|

— Raokation

o wpwis O y-Dixis  z-Axis
angle I 0 [Deg]

* Ges  wics

(&)

[~ save Work Plane

Mare I User Wark Plane

Flip Reset to GC5 |

1. Click Right Mouse Button on Work Window
2. Select “Move Work Plane ...”

3. Select “Tran & Rot” Tab

4. Translation : Dz (100)

5. Click [OK] Button

. @ ancel | Apply || 2
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* > > > 1 eee
Steg 0. 1. Geometry > Curve > Create on WP > Circle
2. Location : (0), (10)

3. Click [Cancel] Button ©

Circle

Input Center Location @

Location | 0
Method |4BS %, v |
[ Make Face

@ [ o>

& “Esc” as shortcut for “Cancel”.
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Step 10.
1. Geometry > Surface > Create > Plane Face ...
- —— X 2. Select 5 Curves (See Figure)
5 Curve(s) Selected (2 3. Click [OK] Button
\—

Tolerance I 0.01

Mame I Flane Face
@ (0]4 I Cancel | Apply I -3
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1. Geometry > Transform > Translate - “Direction & Distance” tab
Step 11. 2. Select Face (See Figure)

3. Direction : Z-axis

Translate E3 4. Check on “Non-Uniform Copy”
Direction & Distance stance in c5| 5. Distance : ('30, '140)
[ 1 0Object Shape(s) Selected @ 6. Click [OK] Button
— Direction R
= S~
o) [gl’ Direction Selected ( 3 R
N \\\
2 Paint Yectar ‘\ S<
My WMy Wz '\
| 0,0,0 K
\ .
| 1,1,1 N el
AN e
AY
AN
AN
N\
\
\
AN
AN

Distance I -30,-140 i N
\
N
=
Mumber of Times I 1= N

@ Ok, I Cancell F\pplyl b3
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Step 12.

Delete

Cbjectis) to be deleted:

Plane Face

Cancel |
&Y

Fuse Surfaces

3 Burfaces Selected

]

3

Marne I Pipe
@( oK Eancel | apply |

N

N\

1. Select Facel (See Figure)
2. Press “Delete” key
3. Click [OK] Button

4. Geometry > Surface > Fuse ...

5. Select “Displayed”
6. Name : Pipe
7. Click [OK] Button
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Step 13.

26 Face(s) Selected ]

[e: f
* Element Size (" Division
e

| @0,

[ Adaptive Seeding

[ Manual Division

Refinement Factor

Fine Coarse
A 1.0
5 = | 2]
Mesh Set
[ | K Fipe @
Addto |Mesh Set MIE

[v Merge Nodes

Tolerance | 001

[ zenerate Mid-Side Modes
[ Skip Meshed Face(s)

@ o] | Cancel| apply |

BA-1. Buckling Pipe

1. Mesh > Auto Mesh > Face ...
2. Select “Displayed”

3. Mesher : Grid Mesher, Type :

4. Mesh Size : Element Size (3)
5. Property (1)

6. Mesh Set : Pipe

7. Click [OK] Button

8. Pre-Works Tree : Geometry

9. Click Right Mouse Button & Select “Hide All”

Quad+Tria

Pre-Works x
Mew Works

-F're-WDrks Post-wiorks | Report Works

f&s Wiew Paint
E Work Plane

][] [ [ [

Y Hide &l
Hime

« Coordin
BB Function
[X] Material
[X] Tirme Dependent Material
HE Property

BC

Load

F* Construction Stage

[t Heat of Hydration

fd Analysis Case

][] [ [
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Step 14.

Thickness

Ease Function |N0ne

Material CSys

Element C3ys

Offset Yalue o mm

[¥ Consider Transverse Shear Deformation
[~ Consider Drilling DOF

[~ Use Base Function

Property Manager

(o} | Marne

| Tvpe | Sub-Type

1

Pipe

2D Plate

X

Create | *

Interface,,,
Reinforcement,,,
Others,.,

| @

Options. ..

17 oK

Cancel

| Apply |

Material Manager

pin] | Name | Type

1 Mat Pipe Isaotropic

g
B Name Mat Pipe 9
Structurs

Elastic Madulus

{+ Poisson's Ratig
" Shear Modulus

Expansion Coeff, 1]

Constitutive Model

e
Temperature Dependent Properties

Elastic Modulus ’m
Poisson's Ratio ’hl
Expansion Coeff. ’hl
Time-Dependent Behavior
CreepiShrinkage |Nune j
Compressive Strength |Nnne j

Thermal...

[

Ok

( ) Cancel Apply

1. Analysis > Property ...

2. Create 2D ...

3. Select “Plate” tab

4.1D : 1, Name : Pipe

5. TorTl:1mm

6. Click [Z Button (Material)
7. Click [Create] Button

8. Select “Isotropic” tab
9.1D : 1, Name : Mat Pipe

10. Elastic Modulus : 2.1e5
N/mm?

11. Poisson’s Ratio : 0.3

12. Weight Density : 7.77e-5
N/mm3

13. Model Type : Elastic
14. Click [OK] Button
15. Click [Close] Button

16. Select “I1: Mat Pipe” for
Material

17. Click [OK] Button
18. Click [Close] Button
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Step 15.

Constraint

Object

3

M

Type

|Nude

40 Nodels] Selected C)]

Free Face Modes

Seed Mode

Feature angle [Deq]

Mode
o+ add

" Replace

" Delete

[ Apply to Unassigned Cbjecks Only

DoF
v T1
v R1

(et 15)
Pinned

v TZ
v Rz

v T3
v R3

Free

Mo Rotation |

Swmmekry Anki-Syrmekry
Flane 12 | Plane 12 |
Flane 23 | Plane 23 |
Plane 31 | Plane 31

®

midas FEA Training Series BA-1. Buckling Pipe

1. Analysis > BC > Constraint ...

2.BC Set : BC

3. Click “Front View”

4. Select 40 Nodes (See Figure)
5. Click [Fixed] Button

6. Click [OK] Button

F2EHRRAEHDNA

. Cance apply
\6/

T

P A 0 I O

P o A O Y
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1. Analysis > Load > Pressure ...
2. Load Set : Pressure

3. Type : Edge Pressure

4. Object Type : 2D Element Edge
5.

6.

1.

Select 40 Element Edges (See Figure)

Direction : Normal

Twpe (|Edge Pressure 1

Dbject

Type 2D Element Edge -

40 Element Edaefz] Selected ( 5 P or Pl 1 N/mm
Free Face/Edge 8 CIle [OK] Button

Seed MNode |

Feature Angle [Deg]

IMode
v add (" Replace Delete
[ Apply ko Unassigned Objects Only

Directio ‘we hd

Ref, Cays | J
f+

|

Projection " (e
Iv Uniform

Base Function |Mone

PoaorP1

pz S

p3 frm
P4 Mfrarn

@ [0]4 | Cancel| .ﬂ.ppl\,.n'|

MIDAS Information Technology Co., Ltd.



midas FEA Training Series BA-1. Buckling Pipe

1. Analysis > Analysis Case ...
Step 17. Mites - 2. Click [Add] Button

o, ame a escription ~ i ( 2 .
= - . | Toee | Deccrin 1~ — 3. Name : Buckling
Copy 4. Analysis Type : Linear Buckling
Delete o .
_ oete | 5. Click [=f Button (Analysis Control)
6. Number of Modes : 5
v Ca= J10 7. Click [OK] Button

_ 8. Drag & Drop “Load” to “Used” Window
E - 9. Click [OK]_Button
Description | 10 CIiCk [CIOSE] BUttOﬂ

7\
Analysis TYD@M) ﬂ Output Contral Analysis Cont Analysis Control

Add/Modify Analysis Case

Mame | Qlckling

3
Analysis Madel -
Linear Buckling
Initial Element & Al ¢ Mone  © From Cther Case | J | J |
. Buckling Mod
Initial B.C. & 4l O Mome From Other Case | J | J uckling Mades 7~
Murnber of Modes G
Add to or Modify Initial Model I Postive value Only
St Tree Used Urused
= ” Element ” Element ” Element | | |A
Load Set Fact Load Tt
i Default Mash Set A BC 4 BC pac e il oad vpe
~ Pipe 2%, Load Pressure 1,0000 Yariahle

- 75 BC ¥ Pressure —

=]

I¥ muto Mormal Ratation Canstraint For Plate Elements

° (7)—

o, /| Cancel Apply \iOK
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Step 18.

Solver Manager fg|

o ~

‘ Mame ‘ Tupe ‘ Description ‘

v Buckl Linear Buckl

v

< X

Cancel

Active Dialog

Analysis Case/Combination

BA-1. Buckling Pipe

1. File > Save... (Pipe.feb)

2. Analysis > Solve ...

3. Click [OK] Button

4. Post > Buckling Load Factor ...
5. Click [OK]_Button

|Bucki(EK)

hade

LA R S

Load Factar

1750363037
2004 106445
2185 806006
2203235107
2292 452637

BUCKLIMNG AMNALY SIS
Tolerance
0.0000e-+000
0.0000e-+000
0.0000e-+000
0.0000e-+000
0.0000e-+000
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