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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;
e How to apply the buckling shape from the stability analysis in the nonlinear analysis;
e 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” workstation 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/#analysis/nonlinear analysis/general plasticity/general plasticity.htm

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

[E7] Materials %
EIRGFE «2 O BB A v Y |
5235 Name $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] 8,07659e+04
Log. decrement (non-ur 0,15
colour [N
Thermal expansion (for 0,01e-003
Specific heat [J/gK] 6,0000e-01
Thermal conductivity [\ 4,5000e+01
: ;

4 Material behavio...

Material behaviour Isotropicelasto-plastic, von Mises v
Note ductile materials (metal, steel, aluminium)
Input type Elasto-plastic v

Yield stress in uniaxial+ 235,0

I
Ultimate strength [MPa] 360,0
Yield strength [MPa] 235,0

Thickness range

New | Insert | Edit | Close

You can model a plate of 1 m by 1 m in material quality S 235 with a thickness of 10 mm.

On top of it you can model two stiffeners of 0.05 m height in the same material quality and with the same thickness of
10 mm.

Add line supports to the edges of the 2D member with Z direction set as Rigid and all other degrees of freedom set as
Free. Put X and Y direction for 1 edge as Fixed to avoid that the model becomes unstable.
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Tutorial — Steel Plate

2. Insert loads

You can create a variable load case with a surface load of 50 kN/m? and another variable load case with a line load of
500 kN/m on the edge of the plate element. You can define a linear combination.

rE Load cases X
HARFES a2 O @D A v Y
ILC1 - Self weight : Name LC1
LC2 - Surface Load Description Self weight
LC3 - Line Load Action type Permanent v
jloat) protpy LB N
Load type Selfweight v
I} Direction -Z ~

| New | insert | Edt | Delete |

Put all load cases also in a nonlinear combination (to take into account plasticity of the material). For a real structure
you will define specific coefficients for each load case to perform a ULS design.

r

B Nonlinear combinations X

EIRFE a2 @ oA o |
MC1 Mame NC1
Description N
Type Ultimate v
4 Contents of ...

LC1 - Self weight
LCZ - Surface Loa
LC3- Line Load [-

Bow imperfection None

Global Imperfectio None

1,00
1,00
1,00

New from combinati..| New | Insert | Edit | Delete |

=]
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3. Create linear 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.

s
=
= | B Linear stability combinaticns *
—] |
« E]';Eni'ﬂ ﬁﬂnﬁlnpui L
51 Name S1
;q 4 Contents of combination
LC1 - Self weight [-[] 1,00
3 LC2Z - Surface Load [-] 1,00
i LC3 - Line Load [ 1,00
i
IJ MNew from linear combinati.., MNew Insert Edit Delete Close
n\/
[
t
W | LINEAR STABILITY COMBINATIONS
KEha) | 1z 1= M= A= A= 5 B
& B @ LA il Liu 1
B ﬁa U Ls
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Tutorial — Steel Plate

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

Go to the process toolbar and press the Calculate button in the middle of the wheel. Set the average number of mesh
elements on 1D members to a value of 5 or higher and define the number of buckling modes that you want to calculate.

[ FE analysis L\& *
)
Caleulations o et P
I Average number of 1D mesh element: 5 I
Ll eapanaiiEi Average size of 1D mesh element on c 0,200
Load cases: 3
B - Average size of 2D mesh element [m] 0,010
Monlinear analysis
NEsliear carabinationeat Connect members/nodes u
Initial global geometrical imperfections Setup for connection of structural enf
Global geometrical imperfections: 1 P Advanced mesh settings
4 Solver setup
Stability combinations: 1 Specify load cases for linear calculati
Nonlinear stability Specify combinations for nonlinear c:
Nonlinear stability combinations: 1 Specify global geometrical imperfecti
Other processes Specify combinations for linear stabil
Save projsctafieranalyais Specify combinations for nonlinear st
The project version will be updated. 4 Advanced solver settings
B General
B Eifeclive width of plate ribs
E Nonlinearity
P Initial stress
4 Linear stability
Type of eigen value solver Lanczos ¥
; + Number of buckling modes 2
| Calculate > Nonlinear stability
| - |

Go to the Results workstation in the process toolbar and choose 3D deformations. Now you can visualize the buckling
shape per calculated mode of the stability combination.

# SCIA 2002005 UL TutorialsteetPlate(final) |
DG X @@ © & fa | Pease clickher o pess Spoce an type your ex.. t will e completed withfne below. o-sufacetondy [1 M om0 2 o B | o S
i
z30 — &
2 Values: Utoal a0 E »
3 Stabilty calculation. Bucking shapes E RESULTS (1) A X
2 are normalized, <o that the maximum 3
F ol acplboenant o3| [ vame sodsplacemen
e oo ot e ~ SELECTION
mode is equal to 1m resp. 1rad. z =
Linear stability combinations: S1/1 - 200 flypsctasectonliiall
s Fiter No ~
Selection: Al 20
Location: In nodes avg.. System: v RESULT CASE
: 1800 Typeofload Linear stabilityc... |
0o Linear stabilty combin... S1/1-5,28 ¥
120,
Wireframe @)
= Location ¥
00 Value ®
e Systemcl ]
% <) 0 Extreme 10 Global ¥
r40teyt QIR 00
AR RSN Extreme2D  Global |
ogbestels tates:
2 LSRR R KRN
LR SRRRRR <
0% X XK X o OSSR 1D members 9j
G R REIKIK SIS
RIS SR Drenbes @
v DEFORMED STRUCTURE
* Deformed structure @D
g Member deformation _for global maxim...
’ 7 ~ ERRORS, WARNINGS AND NOTES SETTINGS
E] how Information abo... @)
‘ Showerrors _ All v
3 Showwarnings _ All v
=] Shownotes _In extremes only
i Show table with expla... @)
» ILLUSTRATION GROUP
" ACTIONS >»
£ Refresh £
® orawingsetp 0
© Resuisable
T Report preview

* @y | mosomuns e
(@ s;@\ﬁ?.m i e @ s e n P EB A9 s o i’\é
by

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

Now you can create a Global imperfection (Main menu > Libraries > Load cases, combinations > Global Imperfections)
based on the desired buckling shape.

i Global Imperfection R X |
EIRFE a2 O & - v Y
G Name Gl
Description
Type Buckling shape v
Type of stability Linear v
Stability 51 v o

Eigen shape 1

Max deformation [mm] 5,0

New Inzert Edit Delete OK

Then we can apply this imperfection to the nonlinear combination. You can create a second nonlinear combination NC2
without imperfection to compare with the one with imperfection.

B ° Nonlinear combinations W |
|
H-ARBFE «2 O A v Y
NCL Mame NC1
N2 Description
Type Ultimate w

+ Contents of combination
LC1 - Self weight [-] 1,00
LCZ - Surface Load [[] 1,00
LC3 - Line Lead [-] 1,00

Bow imperfection Mone v
Global Imperfection Gl ¥ ..
|New from combinati..| MNew | i-nser{ Edl’l be[eie | | C-,.lose

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

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. We will use an imperfection value of 2000 mm /200 =5 mm.
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Tutorial — Steel Plate

Table C.2: Equivalent geometric imperfections

Tvpe of imperfection Component Shape Magnitude
global member with length ! bow see EN 1993-1-1, Table 5.1
alobal lengitudinal stiffener with knpth a how min (a/400, 40
local panct or subpanel with short span a or & hl:?:ﬁ::::ﬂ min {200, B2
local stiffener or flange subject to twist b b st 1/350

Type of

: . Component
imperfection P

global
member with
length £

global
longitudinal
stiffener with
length 8

local panel or
subpanel b

local stiffener
or flange
subject to
wist

Figure C.1: Modelling of equivalent geometric imperfections

In case of combining imperfections (a leading imperfection and accompanying imperfections), you’ll need to modify the
geometry of the model or substitute the imperfections by fictitious forces on the member. SCIA Engineer allows the use
of one unique stability mode as imperfection. For each non-linear combination a different stability shape can be set as
imperfection. In case more granularity is requested, for example to combine imperfections (a leading imperfection and
accompanying imperfections), then as an alternative approach to using imperfections a set of fictitious forces can be
used.
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6. Run the nonlinear analysis

Make sure that you activate the second order analysis with the functionality ‘Geometrical nonlinearity” in the ‘Project

settings’ enabled.

Project data

Basicdata Functionality Actions UnitSet Protection
68 | rGENERAL

i

Property modifiers
Model modifiers

Parametric input
Climatic loads

DETAILED
4 MNonlinearity
Beam local nonlinearity

Support nonlinearity/basic soil ¢

Initial imperfections
I (Geometrical nonlinearity
' —

Traffic loads 2D

Moving loads 1D General plasticity

Moving loads 2D Compression-only 2D members
Dynamics Cables

Friction support/Soil spring

Membrane elements

Stability
Neonlineari

Construction stages

Structural model 4  Subseil
IFC properties Soil interaction
Automated GA drawings Pad foundaticn check
Prestressing 4 Steel
Bridge design Plastic hinge analysis

Fire resistance checks

0K

Cancel

B FE analysis
Calculations

Linear analysis
Load cases: 3

Initial global geometrical imperfections
Global geometrical imperfections: 1

Linear stability
Stability combinations: 1

MNonlinear stability
Nonlinear stability combinations: 1

Other processes

Save project after analysis

Calculate

4 Mesh setup
Average number of 10 mesh element: 5
Average size of 1D mesh element on ¢ 0,200
Average size of 2D mesh element [m] 2,010
Connect members/nodes
Setup for connection of structural ent
P Advanced mesh settings
4 Solver setup
Specify load cases for linear calculati
Specify combinations for nonlinear c:
Specify global geometrical imperfecti
Specify combinations for linear stabil
Specify combinations for nonlinear st
4 Advanced solver settings
P General
P Effective width of plate ribs

4 Nonlinearity
Geometrical nonlinearity 2nd order {Timas henko)
Method of calculation Picard
Number of increments 1
Maximum iterations 20
Solver precision ratio 1

Solver robustness ratio 1

R N T B
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Tutorial — Steel Plate

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 combinations NC1 and

NC2). Below the principal stresses:

TutorialsteeiPlate

TutorialSteelPlate(final)

2 Combination: Co1

7 Selection: All

" Location: Tn centres (for 20 only).
: LCS mesh element

System:
Frincipal magnitudes

[F RS WMET DD AWIBFFT

sosmesees
e ese s e i mEED
S

I
.

TutorialSteelPlate

TutorialsteelPlate(final)

" Location: Tn centres (for 20 only).
System: LCS mesh element
Principal magnitudes

R

s

ra@s e

@E\:@w @@

B SCIA 2202054

LC2- Surface Load v/

O oms B Em| S

=1

=L

o
Resurs ) Alx
Name 3o ress
I~ setecrion
Tpeotseecton Al =
e v
TR
e
combnaton o1 v

Envelope (for 20 drawi... Absolute extreme

Location _In centres (for2...

Typevariables _Principal m v
Vale o€ v
System _LCS mesh element
Extreme 10 _Global v
Extreme2D _Global v
 CALCULATE RESULTS O
10 members @)
20 posiive face

D egativeface @Y
~ DEFORVED STRUCTURE
Deformed structure @)
For draving use inea

v ERRORS, WARN
'show nformation abo... (%)

Showerrors_ All v
Showwarnings _All v
Show notes

©® ew combination fom Combinaton key
© orawingsetup2>
© Resutsable

]
RESULTS (1) AX
Name  3Dstress
v SELECTION
Type ofselection Al v

Member deformaton _for global maxim... -/
Fordraving uselnear .. ()
||~ ERvoms, war» OTES SETTINGS
|show information abo....
Showerrors AlL -
showwarnings Al v
Shownotes_inentremesonly
Show tablewith xpla...
» WLUSTRATION GROUP
AcTiONS 5>
£ refeh s
® Draving sep 20

TutorialSteelPlate(final)
DG X @@ © o @ L
230 stress
Z Values: ce
S Noolnaa elcation
£ lonLnear Combl N2
T Selection: All

" Location: Tn centres (for 2D only).
System: LCS mesh element
Principal magnitudes

[=]¢

laes o “"‘3

W

RESULTS (1) A X
Name 30sress

v SELECTION
Typeofselection Al v
Fiter No v

Location _In centres (for 2.
Typevariables _Principal magnit

Vale o€
System LGS mesh element

Extreme 1D Global

clelelelel

Extreme2D _ Global
v CALCULATE RESULTS ON
wmembers @Y
20 posiive face
negativeface @Y
v DEFORMED STRUCTURE
Deformed structure @)
Mombar deformation _for global maxim... \/
For drawing uselinear ... (0
v ERRORS, WARNINGS AND NOTES SETTINGS
Ishow Information abo...
Showerrors Al <

Showvarnings Al v
Shownotes
Show table vith expla...
» LLUSTRATIONGROUP
ACTIONS >
£ e s
© orewing setip20
© Fesuts abie
TT Reportpreview,

emesonly
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And below the plastic strains for NC1:
% SCIA zunwess
DG 4 w8 eon

Z 3D stress

2 Values: epl 1

3 Nonlinear calculation

Z NonLinear Combi: NC1

7 Selection: Al
Location: Tn centres (for 20 only).
System: LCS mesh element
Principal plastic strain (20)

Ll TutorialSteelPlate(final)

here or press Space and type your text... it will be completed wi

T

D&l FF

LC2- Surface Load

-~ m hY 7 o
[a [PV GERECI SN -
i
z| -
2 RESULTS (1) W X
L] Name 3D stress
F
< seLEcrion
Typeof seection Al g
Filter No v
< RESuT oo
Typeof load NonLinear Combi...

Noninear Combi  NCL

Location _In centres (for2...

Typevariables _Principal plastic ...

Value £_pl M v

System  LCS mesh element

Extreme 1D Global v

Extreme2D  Global v
v CALCULATE RESULTS ON
1 members @D
0 positive face @)
2D negative face @)
 DEFORMED STRUCTURE
Deformed structure @Y
Member deformation _ for global maxim...

O

v ERRORS, WARNINGS AND NOTES SETTINGS

For drawing use linear

Show Information abo...
Showerrors Al

All

Show warnings v

Shownotes _In extremes only
Show table with expla... @Y
» ILLUSTRATION GROUP
ACTIONS >
Refresh
© Draving setup 20
© Fesultstable

T Reportpreview

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 [1e”(-4)] meaning a value of 4,5 is a plastic strain of 0,045%. The results can

of course also be shown in table results via the Report preview or Results table.

3D stress

Nonlinear calculation

NonLinear Combi: NC1

Selection: All

Location: In centres (for 2D only). System: LCS mesh element
Principal plastic strain (2D)

Results on 2D member

Extreme 2D: Global

|_2+ a+
[1e-4] [deg]
£pl_2- a-
[1e-4] [deg]

€pl_M+
[1e-4]
Epl_M-
[1e-4]

Element: 10951 0,700 4,9 -2,4 0,03 4,5
0,505 4,6 -2,3| -0,03 45

0,045
S2 Element: 10451 0,300 |NC1 4,6 -2,3| -0,03 4,5
0,505 4,9 -2,4 0,03 4,5

0,045
S1 Element: 1 0,005 |NC1 0,0 0,0 0,00 0,0
0,005 0,0 0,0 0,00 0,0

0,000

Note that you’ll need to apply a calibration factor au according to EN 1993-1-5 Annex C.
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