8. Compression Buckling

Applicable CivilFEM Product:
Level of Difficulty:

Interactive Time Required:
Discipline:

Analysis Type:

Element Type Used:

Active Code

Units System

CivilFEM Features Demonstrated:

All CivilFEM Products
Moderate

25 minutes

Compression Buckling
Linear static

BEAM3

British Standard 5950 (2001)
KN, m, s.

Units selection, code selection, material
definition, user hot rolled section definition,
section introduction inside the program library
and compression buckling checking.

Problem Description

Check the column shown in the figure bellow to compression buckling using
Grade 43 steel. It is pin ended about both x-x and y-y axes.

|

6.0
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Loads:
P = 2500 kN

Dimensions of section:

Width L =368.3 mm
Depth D =356 mm
Web thickness B =10.7 mm

Flange thickness D=17.5 mm

Section properties  (Section= 356x368x129 UC)

Radius of fillet R =154 mm
Material:
Steel reinforcement Gr43

® Given

The load distribution, the section geometrical dimensions, material properties.

® Approach and Assumptions

We will use 2D elastic beam elements for this analysis. Model geometry will be

defined by generation of nodes and elements.

® Summary of Steps

Preprocessing

Specify title

Set code

Set units

Define material

Define element type

Define section

Define Member property
Define Beam & Shell properties

© 0 N o g bk w NP

Define model geometry
Mesh
11. Save the database

[EEN
©

Solution

12. Apply displacement constraints
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13. Apply load

14.

Solve

Postprocessing

15.
16.
17.
18.
19.
20.
21.

Enter the postprocessor and read in results
Checking in compression buckling

Review compression capacity

Review section class

Review criterion

Review slenderness

Exit the ANSYS program
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Interactive Step-by-Step Solution

® Preprocessing

1. Specify title
Utility Menu: File ->Change title
E> Enter the title: “Compression buckling”
[2> OK to define the title and close the dialog box.

4

[/TITLE] Enter new title [ 1 >[compression buckling

IE> (8] I Cancel | Help |

2. Set code
Utility Menu:— CivilFEM — Civil Setup
[1>> OK to set active code and close the code dialog box

)" CivilFEM Setup Options

Codes | Units || CF config | Bndges config | Prestressed Concrete config | GUI config

["CODESEL] Select Codes

Steel code  KEWSTEEL | Britizh Standard [3350-01]

Reinforced concrete code KEYCOMCR | Britizh Standard 8110 v |

Prestressed concrete code . KEYPREST | Eurocode 2 [EM 1532-1-1:200444C: 2008) R |

Seismic code  KEYSEISM | Eurocode 8 [EM 1938-1-1; 2004) v|

1 :F 0k l l Cancel ] l Help
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3. Set units
Main Menu: — CivilFEM — Civil Setup
[1> Pick on the Units tab

E> Define kN, m and s as user units and OK to close the units dialog box

! CivilFEM Setup Options

@ nits || CF zonhg || Bridges config || Prestreszed Concrete config || Gl u:u:unfig|

[“CODESEL] Select Codes

Steelcode  KEVSTEEL | IR

Reinforced concrete code KEYCOMCR | Britizh Standard 8110 w |

Prestrezzed concrete code KEYPREST |EUIDCDE|E 2 [EM 1932-1-1:2004./AC: 2008] V|

Seismic code  KEYSEISM |Eumcade 8[EM 1398-1-1: 2004) v|

aF. l [ Cancel ] [ Help
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)7 CivilFEM Setup Options

Eodesl Uritg | CF config | Bridges config | Prestrezzed Concrete config | GUI config

X)

[TUKMITS]  Define Uit Spstem

System units | Lser units a |

Length unit [L] | Meter v

| | o
Timeunt[T] |Second (v | | = | e
Force unit [F] | AEiEE | | = | | '
Fres/Stiess unit [F] | User v P | = |o808ES | =
Mass unit M] | User v | uuM | 5 | 9805, 65 | ka
Moretay unit | Eurn v |Euro | = |1 | Ea

(2> ] Come ] [

4. Define material
Main Menu: — CivilFEM - Civil Preprocess —Materials
[1> Choose New
E> Select steel material type
[3> Choose BS 5950: Gr43
[4> Add to define material 1 and Exit.
E> Ok to define material properties and close the dialog box
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K Material Browser =10 x|

fel ztznial izt

I arne | Reference | Numl Type E> Hew |

Delete

f odify
Copy
Lizt
Save

Cormrelations

Bk

Atz ims

AT ime IZB- oo Draps

I New material x|

Murnber Il

2 =1 STEEL
o-ClE] EC3
~CE] UNE
-CEl EM
CE] ASTM
o-ClE E
=-C[E BS5350
. Grd0
>SEE
...... . Gra0
...... B Gr5e

...... . e =1

------ B GrwR50E

------ ¥ GrwRS0C

------ B 527N

...... . S27ERL

...... - gLt

...... 3 535EHL —

...... . S 4200
------ B S420ML

...... . S4E0M
------ B S460HL LI

Ligt uzger material file | Help |
[elete user materal / file | E> | . |
Add E xit

|»
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¥ Material Browser

il aitzrial izt

M arme

I

| Reference | Numl Tupe Hew

Grda 1

Structural steel

Antie tima

AT ime IZB- oo Draps

I
o
=]

=
-
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5. Define element type
We will make use of BEAMS.

Main Menu: — CivilFEM — Civil Preprocess —Element Types —Civil Beams
E> Select 2D Elastic Beam 3
[2>> OK to define element type

mBeam Element Types for Code Checking A8 1[

[ET] Beam Element Types for Code Checking

Element Type Number  ITYPE |1

Select Element Type ENAME

3D Taoper Beam 44
3D Elast Beam 4
3D T-wal Beam 24

3D Lin. Beam 188

e @ @ @ @

3D Qua. Beam 189

2D Taper Beam 54
3D Spar Link 8
3D Spar Link 10
2D Spar Link 1
2D Plast Beam 23

Elas straight 16

e
e
@
e
9
o
@

Plas straight 20

2 > OK | Apply Cancel Help

6. Define section

Main Menu: — CivilFEM — Civil Preprocess —»Cross Sections

[1> Pick on the Hot Rolled button to define the section
[2> Pick on Add shape button
[3>> Choose Window

[4> OK

E> Enter 501 as Group number
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F Cross Sections Explorer o ]

Mew Section———————
MHum | Hame | Reference | Type | Shape FIJJ-\L

|1 > [ HoiRled

Steel by Dimenzions

Steel by Plates

Concrete

User Data Base

— Edit Sections
A adify

Copy | Delete

List | Save

Merge

20 Mesh Sections
Capture 20 Mesh |

Export 200 Mesh |

Aeitie tima

ActTime IZS.DD Dayz

Help | it |

v ox B¢ 2>a
Number |1 v Name I Material |1 fud

T I-Beams
I Standard Beams Dimensions ————
IC | - Two Channels with Parallel Flanges
I[ | - Two Standard Channels

[ Channels with Parallel Flanges h :] m
[ Standard Channels
O Pipes wl _ m
L Angles

T Tees with Parallel Flanges b I:] m
T Standard Tees I:l
AL Double Angles " ul
O Square Tubing i :’ o
[1 Two Channels

[1 Two Standard Channels i :] e

I'7 Four &ngles

L e R S EE SR SR AR SRR JEE S RN AR JEE )

Properties

Ql
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F Data source =10 =]

Liafire Uzer mnane fron

i~ File

E> Ok I Cancel Help

E> Write I1-Beam as Group name

E> Write 356x368x129 UC as shape name
Choose I-Beams in section type

[9>> Enter 356E-3 as h

Enter 368.3E-3 as b

[12> Enter 15.4 E-3 as rl

@ Enter 10.7E-3 as tw

[13> Enter 17.5E-3 as tf

[12> OK

¥ New User Library Shape - ;Iglﬂ

[1D>v x B¢
5 Group number |5U1 : > Group hame II—BEM'! Shape name |356x368x129 uc <z|

Section type:

II | - Beams _'_I b

Geometric data;

E> h |356E-3 m @ tw IlU.?E-3 m
b Ib68.3E-— m @tf I'?.SE-—S m
@ﬂ |5.4 E-3 m
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¥ New User Library Shape (Properties)

Toov x B¢

Group number |21 >

Group name ] BEANM Shape name

Mechanical props. | Coordinates | Misc. |

A
Iw
Iyy

Wy

Wpy

19805 m?
[Los706  mb
IW mt oz
[39.308E06  m® e
W rn3 Wpz
fz.ase0s  m @
[szo6zse-15  mé

Yws

I |310.374E—09 m?
IW m
W md
W m
T
W m
|3.s49r-:—03 m

15> oK
Choose User > 501 > 356x368x129 UC
12> oK
Exit

¥ Hot Rolled

Shapes Library

8-12

v x B¢

Nu;mbe; 1 b Name I

Material |1 .

|2

s

#- I |-Beams
I Standard

[ Channels
[ Standard
O Pipes
L Angles

T Standard

R e RN RN SRR SRR SRS SRC JRNC ARNC SRR SRR JENE e 2

™ User

=[5 501...

;:

1L | - Two Channels with Parallel Flanges C
I[ | - Two Standard Channels

T Tees with Parallel Flanges

JL Double Angles

O Square Tubing

[1 Two Channels

[1 Two Standard Channels
I3 Fouréngles

Beams

with Parallel Flanges
Channels

Tees

|-BEAM
X3

.

Dimensions

h [356.000E-03
tw | 10.700E-03
b [368.300E-03
i [7.500E-03

hi [34L.000E-03
1 [5-400E-03
2 [0.000E+00

d | 330.200E-03

3

3

2

3

3

2

3

E]

< >

Properties |
s B wy (850805
o [310.3748-09 | we [L1858-05  |q3
lyy rn4 oy rn3

N PR wee (L2 ] J

v
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_F-'Eross Sections Explorer

MHum | Mame

| Referance | Type |

Shape

=101 ]

— Mew Section

T 1+ eaemdzsuc

30ER3EE129UC  Stuchural steel

| Double T

o HotHolled

Steel by Dimensions |
Steel by Plates |
Concrete |
Uszer Diata Baze |

— Edit Sections
Fdiodify |
Copy | Delets |
List | Save |
Merge |

2D Mesh Sections

Capture 20 Mesh |
Expart 200 Mesh |

Az tins

ActTime IZB.DD Dayps

Hep  [18> Eat |

7. Define Member property

VAVAVAVAVAVAY.

8-13

CivilFEM command ~MEMBPRO will be used to define member properties.

Main Menu: — CivilFEM — Civil Preprocessor -Member Properties

Pick on the New Property button

Enter 1 as Number

Write Member Property 1 as Name

Enter6.0as L

Choose —Z as ChckAxis

OK
Exit

CivilFEM Workbook. Ingeciber, S.A°




8-14

F Member Properties explorer

rlzmbzr nronarizs fis

MHumber I Mame

I Reference

Mew, ————

— Edit:

odify |

Mew Property

Copy

Ligt

i

Help

E =it

i

F Member Property 1: Member Property 1 =101 ]
Ciznzral properts:
Ié> Mumber Il E3>Name IHEIuher Property 1
Code pronarmizs
British Standard | NLC |
eitizn Standard oronsgtizs for Siuciural Siesl
E1> L [6.000 : > Chektsis | | Dpa [0.000
KLty Il.EIDEI FLtuz Il.DDEI
K Cuy Il.EIDIII K Cxz Il.IZIDEI
TR mfroos | oLfow
EIfBuck:ﬂ_| Il.EIDEI CiBuck.,,. Il.DDEI CteRob ID.DDD
IE> ITI Cancel | Help
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_F-'Memher Properties explorer

fel 2z oroperizs i

Murnber

| I ame:

| Fieference

— Mew:

nli 1

Member Property 1

r Edit:

i

I iy
Delste
Copy

List

di

Help

E it
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8. Define Beam & Shell properties
CivilFEM command ~BMSHPRO will be used to define ANSYS real constants.
Main Menu: — CivilFEM — Civil Preprocessor -»Beam & Shell properties

E> Pick on the New Beam button

F Beam and Shell Properties %]
Mew: ——————————
MHumber | Mame | Reference | Type |
1 Mew Beam
—
Mew Shell |

— Edit

hiodify

Copy

List

Help

Al

E it

E> Select cross section number

E,> Enter “Beam 1” as Name for the Beam property
[4> Select element type 3

[5> Choose 1 as Member Properties Number

E;> Choose BS595001 as Member Properties Type
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¥ Beam 1: Beam 1

v x [ ¢

Ename |BEAM 3 Y Offset |COG ¥

Cross Sections Member Properties Number ———————

Constant Section |:5>

T y Member Properties Type —

T
T IE> B3595001 -

e —————————

E>!1_L_;! )

‘ KLtxy

| Nunber

]

b'4

KLtxz

= ]
KCw
KCe
I cerob [0 ]
Z "
e ]

=2 |

m

DL

CfBuck w

CfBuck
Cross Section Mt

Chekdsis
Node | location

e Real Constants
Y 47143901 m
Z blel m

[7> ok
Exit

F Beam and Shell Properties _ x|

— Mew:

Mumber | Mame | Feference | Type |

ﬁ 1 Beam 1 Constant

MNew Shell

[ Weosbal |

— Edit:

odify
Delete
Copy

List

ekl

Help

Exit

:
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9. Define model geometry
Geometry definition implies the generation of nodes and elements.
The steps that you must follow are:
a) Define keypoints
b) Define lines

c) Mesh lines

Main Menu: Preprocessor — Modeling— Create —» Keypoints — In Active CS
[1> Enter 1 as keypoint 1
E> Introduce the coordinates of keypoint 1

[3> Pick on apply

MCreate Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

NPT Keypoint number E>I1

X.¥.Z Location in active CS [2> E [0 [0

IE> (814 I Apply I Cancel | Help I

[4> Enter 2 as keypoint 2
E> Introduce the coordinates of keypoint 2
E> Pick on OK

mueate Keypoints in Active Coordinate System g

[K] Create Keypoints in Active Coordinate System

NPT  Keypoint number E>| 2

X,¥.Z Location in active C5 E>|° |6 |0

IE> (8] | Apply | Cancel | Help |
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Main Menu: Preprocessor - —Modeling— Create — Lines — Straight Line

[7> Select keypoint 1
Select keypoint 2
[©> oK

Create Stralght Line J\ ANSYS Graphics  kplot,,,,,,,,! type=1mat=1 real=1 csys=0

=181

% pick  Unpick |_8>;

o Single " Box

 Palygon { Circle

i« Loop

Count = 0
Maximum = 2
Hinipmum = 2
EeyP MNo. =

{* List of Items

(o Min, Max, Inc

[
IE> 0O I Apply |

Beset | Cancel |

<]
Help |

Phiglz ALL

10. Mesh
We first specify the meshing control.

Main Menu: Preprocessor - MeshTool
[1™> Choose Global Set
[2> Enter Size 0.5

[3> OK

Size Controls:
|3|,:,|:,5|E> Set | Clear |
Areas Set | Clear |
Lines Set | Clear |

Copy | Flip |
Layer Set | Clear |
K.eypts Set | Clear |
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Ii\Global Element Sizes N x|
[ESIZE] &lobal element sizes and divisions (applies only
to "unsized" lines)

SIZE Element edge length Iz> I El.5|
I 0

NDIY No.of element divisions -

- {used only if element edge length, SIZE, is blank or zero)

E> oK | cancel | Help |

Main Menu: Preprocessor - MeshTool
[4> Choose Lines
[5 > Pick on Mesh
[6 > Pick on Pick all

Mesh Lines

% pick " Unpick

(o Bingle " EBox

" Polygon " Cirele

gl Loop

Count = 0
Maxinum =
Minimum = 1
Line No. =

Mesh: Lines ﬂ

Shape: (% Badiol ) Hew/wedge

f* List of Items

. Min, Max, Inc

& Fee Mappedr SwWesn

| 3 or 4 sided =
0K I Apply |

IE> Mesh | Clear | Beset | Cancel |
IE> Fick Alll

Help |

11. Save the database

Before going to the next step, we will save all we have done so far. The save
operation will save the database to file.db and file.cfdb

Toolbar: SAVE (Command line ~CFSAVE)
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® SOLUTION

12. Apply displacement constraints

Main Menu: Solution - — Loads — Apply — — Structural — Displacement
—0On Keypoints +

[1> Enter node 1
(2> Pick OK

E> Choose UX and UY

[4> Apply

Apply U,ROT on KPs 3 S\ ANSYS Graphics eplot type=1 mat=1real=1 csys=0 =
% pick (" Unpick 2 AN
& 13
o Single (" Box
" Polygon (" circle 12
r' Loop
11
Count =
Maximum = e
Minimum = i
ReyP No. =

(¢ List of Items

@ Min, Max, Inc

(1> 5
4
: > (1) 34 I Apply l

Reset | Cancel I
IZ_X
Pick All | Help |
I\Apply UROT on KPs - el
[DK] Apply Displacements (U.ROT) on Keypoints
Lab2 DOFs to be constrained All DOF
ROTZ
Apply as IConstont value Ll

If Constant value then:

WALUE Displacement value I

KEXPND Expond disp to nodes? [~ No

oK | E> Apply I Cancel l Help I
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[5> Enter node 2
(6> Pick Ok

E> Choose UX

[8> oK

J\ANSYS Graphics eplot type=1 mat=1 real=1 csys=0 : =l

2 AN
& pick (" Unpick
13
| O Single " Box
1}
1z
. C Polygon (" circle
(& Loop h1
| count = 0 10
Maximum =
Minimum = 1 £
EeyP No. =

| ¢ List of Items

(" Min, Max, Inc

Bt s
4
: :r( (1)34 I Apply |

Reset I Cancel |

Pick Alll Help |

I\ Apply U,ROT on KPs 2

[DK] Apply Displacements (U,ROT) on Keypaints
Lab2 DOFs to be constrained

Apply as IConstanf value LI

If Constant value then:

YALUE Displacement value |

KEXPND Expand disp to nodes? [~ No

oK I Apply Cancel I Help |

13. Apply load

Main Menu: Solution - — Loads — Apply — — Structural — Force/Moment
—0On Keypoints
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[1> Pick on the keypoint 2

2> ok
[3>> Choose FY
[4> Enter -2500 like force

[5> OK

Apply F/M on KPs

' pick (" Unpick

AANSYS Graphics eplot type=1 mat=1 real=1 csys=0 ;I_

o Single (" Box
" Polygon ("~ circle

€ Lo op 1z
11

Count = 0

Maximum = 2 10

Minimam = 1

ReyP No. = P

(¢ List of Items

8 Min, Max, Inc

El

4
: } 0K I Apply |

Reset | Cancell

Pick All | Help |

4

[FK] Apply ForcesMoment on Keypoints

Lab  Direction of force/mom : >|p,r vl
Apply as IConsfam value :J

If Constant value then:

YALUE Force/moment value E>I-2500|
IE> oK | Apply Cancel | Help |
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14. Solve

Main Menu: Solution - — Solve — Current LS

l\\/sTaTus command x|
File

SOLUTION OPTIONS
PROBLEH DIHENSIONALITY. . . . . . . ... ... 2-0
DEGREES OF FREEDOH. . . . . . s Uy ROTZ
AMALYSIS TVPE . . o v v o o e e e e e e e STATIC (STEADY-STRTE)
GLOBALLY ASSEMBLED HATRIX . . . . . . ... .. SYHHETRIC

LOAD STEP OPTIONS
LOAD STEP HUHBER. . . . . . .o v v v v v v n 1
TIHE AT END OF THE LOAD STEP. . . . ... ... 1.0000
HUHBER OF SUBSTEPS. . . . . . o v v v v v v u 1
STEP CHANGE BOUNDARY COMDITIONS . . . . . ... HO
PRINT OUTPUT COWTROLS . . . . o v v o v o v W HO PRINTOUT
DATRBASE OUTPUT COWTROLS. . . . . o o v v v W ALL DATA HRITTEH

FOR THE LAST SUBSTEP
[SOLVE] Begin Solution of Current Load Step
Review the summary information in the lister window (entitled "/STATUS
Command"), then press OK ta start the solution.
.............. a.k..............é Cance' | Help
falrote x|
@ Solution is done!
| Gose |
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® Postprocessing

15. Enter the postprocessor and read in results

You must select the load step from you want to read results data from CivilFEM
results file. This results file contains the calculated forces, moments and
stresses.

Main Menu: — CivilFEM — Civil Postprocess —»Read Results —» By Load Step
E> Enter 1 in the Load Step number box
[2> OK to read load step 1

mRead Results by Load Step Number 3} x|

[~CFSET] Read Results by Load Step Number

Load step number LSTEP E_>| 1
Substep number SBSTEP I LAST
Alternative number ALT I FIRST v I

Iz> oK | Cancel I Help |

16. Checking in Compression buckling

Main Menu: -CivilFEM — Civil Postprocessor —» Code Checking— BS 5950-
01— CHECK BY CODE: Compress buckling

E> OK to check according to BS5950-01

Fi\check Model Results by BS5950-01 R x|

[~CHKSTL] Check Selected Elements by BS5950-01
Axial compression (Art.4.7).

BS5950-01 X Axis CHCKAXIS ICiVi IFEM -Z Axis :J

E> (8] | Cancel | Help |
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17. Review compression capacity
We are going to plot the compression capacity

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS5950-
01 - BEAM RESULTS: Plot Results

[1>Choose PC

[2>0K
MGraph Steel Results il i ﬁ
[~PLLSSTL] Graph Steel Results
Select Ttem to Graph  ITEM Element OK N|

Optional scale factor  FACT |1
IE> oK | Apply | Cancel | Help |

BSS95001 RESULTS ALT: 1 |
Result :PC Ariicle: 4.7 Conceplss Pe
Desceip Compression copocaty
LINE STRESS
STEP=1
3UB =1
TIME=1
CFETAE_ICFETAE J
MIN =1615
ELEM~1
MAX =1615
ELEM-1

Compression buckling
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18. Review section class

We are going to plot the section class

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS5950-
01 -» BEAM RESULTS: Plot Results

E>Choose Section’ Class

[2>0K

I\\Graph Steel Results s |
[~PLLSSTL] Graph Steel Results
Select ITtem to Graph  ITEM

Sections' Class

Webs' Class

Total Criterium

Element OK

F v

I Sections' Class

Optional scale factor  FACT |1
IE> oK I Apply | Cancel I Help I

BSSe5001 RESULTS ALT: 1 AN
Result :CLASS  Arilicle: 4.7 Concepls: Secliong' Class
I

e CLASS 2 CLASS 4 Civil

Conmpression buckling
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19. Review criterion

We are going to plot the criterion (must be <1.00)

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS5950-

01 > BEAM RESULTS: Plot Results

E>Choose Total Criterium
[2>0K

mGraph Steel Results
[~PLLSSTL] Graph Steel Results

Webs' Class

Element OK

ITotaI Criterium

Optional scale factor  FACT

Select Ttem to Graph ITEM [sections’ Class
F
h

E> (814 | Apply | Cancel I

Help I

BSS95001 RESULTS ALT: 1
Result :CRT_TOT Ariicle: 4.7 Concepls: F/Pe
Descrip BS 5950 85 Global Crateraon

Compression buckling

LINE STRESS
STEP=1
SUB =1
TIME=1

MIN =1.548
ELEM=4
MAX =1.548
ELEM=12
1.548

LIRS
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20. Review slenderness
We are going to plot the slenderness

Main Menu: - CivilFEM — Civil Postprocessor —» Code Checking— BS5950-
01 - BEAM RESULTS: Plot Results

E>Choose Lambda
[2>0K
=

[~PLLSSTL] Graph Steel Results
Select Item to Graph  ITEM Buck_cmp

Optional scale factor  FACT

D (514 I Apply | Cancel | Help |

B3595Cu] RESULTS ALT: 1
Result :LAMBDA Ariicle: 4.7 Conceplss Lambdao

Devcrip Slenderness

13:06:08

LINE STRESS
STEP=1

SUB =1

TIME=1
CFETAB_ICFETAB J
MIN =72.802
ELEM-1

MAX =72.802
ELEMF1

Compression buckling
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21. Exitthe ANSYS program
ANSYS Toolbar: QUIT
E> Pick on Save Everything option

[2> oK

- Exit from ANSYS -
(" Save Geom+Loads

(" Save Geo+Ld+Solu

" Quit - No Savel

E> (8] | Cancel I Help
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