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Tutorial — Steel Plate

Introduction \

SCIA Engineer enables you to use the functionalities ‘Stability’ and ‘General Plasticity’ to evaluate steel plates.

This tutorial describes:

How to activate the functionality ‘General plasticity’;

How to perform a stability analysis;

How to apply the buckling shape from the stability analysis in the nonlinear analysis;
How to evaluate the results of the analysis.
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Steel plate design according to EN1993-1-5

1) Model the steel structure within SCIA Engineer using finite elements.

Use plastic material properties for the steel plates. Doing so, the nonlinear analysis will automatically consider
the plastic material behaviour and afterwards the plastic results can be verified in the ‘Results’ branch of the
process toolbar (plastic stresses and strains).

More info about the module ‘General Plasticity’ can be found in our online help:

https://help.scia.net/webhelplatest/en/#kik/functionalities/nonlinearities/general plasticity/general plasticity.ht
m

First activate the functionality ‘General Plasticity’ in the ‘Project settings’. Afterwards you can activate the
plasticity in the material properties. Go to ‘Libraries’ in the main menu and chose ‘Materials from the dropdown
menu:

[87 Materials w
m fEAFE «a2 O KB A vy
S$235 Name S 235

4 Code independent
Material type Steel
Thermal expansion [m/ 0,01e-003
Unit mass [kg/m*"3] 7850,00
E modulus [MPa] 2,1000e+05
Poisson coeff. 0,3
Independent G modulus
G modulus [MPa] 8,076%e+04
Log. decrement (non-ur 0,15
cotour [N
Thermal expansion (for 0,01e-003
Specific heat[J/gK] 6,0000e-01
Thermal conductivity [' 4,5000e+01
——briceperunitie/ke] 1,00

4 Material behavio...

Material behaviour Isotropic elasto-plastic, von Mises v,
Note ductile materials (metal, steel, aluminium)
Inputtype Elasto-plastic v
Yield stress in uniaxialt 235,0
4 EC3
Ultimate strength [MPa] 360,0
Yield strength [MPa] 235,0

Thickness range

New | Insert | Edit Close

2) Insert the loads.
In the demo file already some loads and combinations are predefined for you.
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Tutorial — Steel Plate

3) Create stability combinations.

A stability analysis within SCIA Engineer is an elastic buckling shape analysis. These elastic buckling shapes
need to be inserted as being imperfections for the second order analysis according to EN1993-1-5.

Note: in this example, a unit value is used for the stability combination. In reality, you need to make stability

combinations using ULS coefficients for the loads since this is a buckling analysis.

[®7] Stability combinations *
B AEFE «2 O @B mnput v
51 Name $1
4 Contents of combi...
i LC1- Selfweight[] 1,00
m_ LC2 - Surface Load [-] 1,00
LC3-LineLoad [] 1,00
s
il
n
o
=]
q,—’:
&
g
I3
& New from linear combinati...| New | Insert | Edit | Delete Close
t

4) Perform the stability analysis and check the buckling shape.

DO X @m@ o @ @ Piease clck hee orpres Spoce ond type your text._ wil

2 3D displacement
Values: Urotal
Stability calculation. Buckling shapes
are normalized, so that the maximum
nodal displacement
resp. rotation component of each
mode is equal to 1m resp. irad.
Stability combinations: S1/1 - 5,28
Selection: All
Location: In nodes avg.. System:
Global

ETET

D ==

B P 4 th DA

A
=

€m3

3D DEFQRMATIONS

) S X

W e o B

/@8,

.Z@'Eu

INPUT PANEL

wvy O e O BB B

RESULTS (1) A
Name 30 displacement

w SELECTION

280.0 Typeof selection  All
Filt v
2400 okl
~ RESULT OSE
200.0 Typeof load  Stability combinations
Stability combination  51/1-5,28
160.0 wiretame @Y
Location
1200
Value v
System v

Extreme 1 Global
Extreme20  Global

» CALCULATE RESULTS ON..

~ DEFORMED STRUCTURE

0.0 Deformed structure (@)

Member deformation _for global maximum

» ERRORS, WARNINGS AND NOTES SETTINGS
ACTIONS 3

@ FRefresh
® Drawing setup 3D
@ Preview

[Feulterraus ”3

Note: the deformations from a stability combination are normalized values. So these aren’t actual
displacements but can be used to show the relative deformation between the different elements in your model.
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5) Insert this buckling shape as an imperfection for the second order analysis

Again, in reality here should be used ULS coefficients for the loads.

- [E] Nonlinear combinations X
b .
" B ERFE «2» O vy
NC1 Name NC1
i NC2 Description
o Type Ultimate v
= 4 Contents of combi...
LC1-Self weight[-] 1,00
- LC2 - Surface Load [-] 1,00
- LC3-Line Load [-] 1,00
= Bow imperfection None
Global imperfection Buckling shape
ility 51
=1 Stability
Eigen shape 1
I3 :
Max deformation [mm] 5,0
v
F‘ -
= New from combination| New | Insert | Edit | Delete Close
-

As stated in step 4, the buckling shape is shown for a normalized value. We have to define an amplitude if
we want to use this shape as an imperfection. You can chose an imperfection based on the tables from
EN1993-1-5 shown on the next page.
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Tutorial — Steel Plate

Table C.2: Equivalent geometric imperfections

Type of imperfection Component Shape Magnitude
global member with length £ bow see EN 1993-1-1, Table 5.1
alobal longitudinal stiffener with kength a bow min {a/400, H400)
loscal panel or subpanel with short span a or b hi::g;nﬂ min (@200, B200)
local stiffener or flange subject to twist bow twist /30
Type of "
imperfection Component

global
member with
length £

alobal
longitudinal
stiffener with
length 8

local panel or
subpanel b

local stiffener
or flange
subject to
twist

Figure C.1: Modelling of equivalent geometric imperfections
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Tutorial — Steel Plate Design

6) Run the nonlinear analysis

Make sure that you activate the second order analysis with the functionality ‘Geometrical nonlinearity’ in the
‘Project settings’ enabled.

7) Check the plastic stresses and strains.

Notice the difference between the linear results (combination CO1) and the nonlinear results taking into
account the imperfection(nonlinear combination NC1) as well as the plastic material behavior (nonlinear
combination NC1 and NC2). Below the principal stresses:

b 1t
:on [ 1938 I g RESuLTS (1) A
cunumm:c?n l Name 30 sress
Selection: 1800 v SELECTION
Location: In centres (for 20 only). Type of seloction Al
System: LCS mesh element 1600 T o
e 1400 ~ ST CARE
o
1200
Comblasson
1000 Emelope (for 20 drawing)  Absolute extreme
800 Location [Imcentres lor 0 ooty <
- Py Trajectories | ()
Type variabes | Princpat magntudes
" 400 Valve f ot
W %0 Considr onion due 0 3h... @0
i System  LCS mesh ehement
. Goteme 10 Global
. 13 Cxtreme 20 Global
A » CALCUAATE RESUATS OW
 DEFORMED STILCTURE
Ovlormed sructure @)
o Mamber formatin for global masimum
For drving e bownt ... (1)
' ERRORS, WARNAGS AND WOTLS SETTINGS
ACTIONS 3
8 © Mtsh
5 (©) Mew combination from Combination key
9 © Drawing setp 10
L (] © Poview
o @
2 ®
" !
N 20 STRESSES 3
ot ; — = N o x|
o B | w[a]: s mdea [F L] e e rids ’)
C »
ey INPUT PANEL i
X 3D stress - R -
xm Al E 2348 l i REsULTS (1) A
NonLinear Combi: NC1 8 e
Sel Al | v seLEcTion
Location: In centres (for 20 only). 200 Typeol selaction Al
System: LCS mesh element s e No v
Princisl m".m A » RESULT CASE
1560 Typeotasd [Feontimenr Combmations.
Nonkinese Combl [nc1
1200 Locavion [ Tmcentres (or 20 oty -
o Tk | O
‘ Type variables | Principal magnitudes
60.0 Volue | 0.k
Consider torsion due to sh.
300 Syem LS mash lament
Extreme 10 Global
Extreme 20 Global
L9 B CALCULATE RESULTS ON .
~ DEFORMED STRCTURE
ovtormed wucture @)
Membe dedormation for gobal masimum
For eawang e oaat ot .. ()
' CRRORS, WARNAGS AND ROTES SETTINGS
ACTIONS.
©® wih
@ Orawing setup 20
© Poview
a
@
s
| 30 sTRESSES 3
[ CITNEREY Y MY [Fef]r ey rins .’D
INPUT PANEL il
fea
mﬂm =] § RESULTS (1) A
NonLinear Combi: NC2 ‘i' Name 30 stress
Selection: All A v SELECTION
Location: In centres (for 2D only). a0 Typeofselection Al
System: LCS mesh element - Fier o
Principal magnitudes = v RESULT CASE
0 Typeofasd [[Wontimenr Combimotions]

Nontinesr Combi | ne2

1200 Location [in centres (or 20 only) ]
90.0
z Type variabies | Principal magnitudes

i 0.0 value fo£
* Considrtrsen dueto ... @
" 300 Systom  LCS mesh element
n Exme 0 Global

A

. Erme0 Global

N 3 b CALCUNTERESUTSON—
A v DEFORMED STRUCTURE

y Deformed sructure @)

Member dcdormaton for lobal masmum
i For eawing s inest mt... ()
' ERRORS, WARNAGS AND WOTES SETTINGS
ACTIONS. 5>
@ Refresh.

=3 © Oraving seup 20
23 © Prview
&
i
t

a
)
s
\E\um O Y ERET Y X T |FeilievrrEas ."

2 J INPUT PANEL
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Tutorial — Steel Plate

e

{-\nd below the plastic strains for NC1:

3D stress

Values: epin =
Nonlinear calculation

NonLinear Combi: NC1 »
Selection: Al
Location: In centres (for 20 only).
System: LCS mesh element
Principal plastic strain (20)

RESULTS (1) Qa

Name 30 stress

v SELECTION
Type of selection Al

el m [1e-4]

Fiter Mo

36 - RESULT CASE

sTTFT

SR

e 30 sTRESSES J &
Gl Bk FY méda felilievravs qeh

Chd

Cy e T
Ve

o]
e

INPUT PANEL

The plastic strains in this last image can be used to see if the strains are below the given limits in the code of
your country. Note that the default unit value is [1Le”(-4)] meaning a value of 5,1 is a plastic strain of 0,051%.
The results can of course also be shown in table results.
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