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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).

Project data X
Basicdata Functionality Actions UnitSet Protection
| GENERAL | DETAILED
Property modifiers 4 Nonlinearity
Model modifiers Beam local nonlinearity
Farametric input Support nonlinearity/basic soil £
Climatic loads Initial imperfections

Traffic loads 20 Geometrical nonlinearity g

Moving loads 1D General plasticity

Meonine Inad= 2N Camnreccinn-nnhe 2N meambears

Now you can activate the plasticity behaviour in the material properties. Go to ‘Libraries’ in the main menu and choose
‘Materials from the dropdown menu:

[®7] Materials X
IRGFE «2» 0 S@RA v Y |
5235 Name $235

4 Code independent
Material type Steel
Thermal expansion [m/ 0,01e-003
Unit mass [kg/m"3] 7850,00
Emodulus [MPa] 2,1000e+05
Poisson coeff. 0,3
Independent G modulu:
G modulus [MPa] 8,07659e+04
Log. decrement (non-ur 0,15
colour I
Thermal expansion (for 0,01e-003
Specific heat [J/gK] 6,0000e-01
Thermal conductivity [\ 4,5000e+01
Pii ;

4 Material behavio...

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

Yield stress in uniaxialt 235,0

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

On one face, parallel to the loaded direction, at 1/3 and 2/3 of the width 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. Set the X and Y directions for one edge to Fixed to avoid that the model becomes unstable.
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Tutorial — Steel Plate Design

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 containing these three load cases.

-
87 Load cases X
HIBFAW a5 O @D A v Y
HLC1 - Self weight Name LC1
LC2 - Surface Load Description Self weight
LC3 - Line Load Action type Permanent &
Load group LG1 N
Load type Selfweight ¥
N Direction 1
| New | insert | dit | Delete | | Close |

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.

B Nonlinear combinations X

EIRFE a2 @ oA o |
MC1 Mame NC1
Descripialy,
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, load coefficients of 1.0 are 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 *
—]
& GEFE «° O @D v Y
-~ 51 Name 51
H 4 Contents of combination
LC1 - Self weight [-[] 1,00
LC2Z - Surface Load [-] 1,00
i LC3 - Line Load [ 1,00
i G
IJ MNew from linear combinati.., MNew Insert Edit Delete Close
n/
[
|
\ﬁ _LINEAR STABILITY COMBINATIONS

u::j Mo g nan i
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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 process wheel. Here the 1D mesh setting
(a value of 5 or higher is recommended in case 1D members are present in the model) doesn't matter much for a plate
model. What matters is the 2D element size: enough elements per buckling half-wave, and several elements over the 50
mm stiffener height (here 0.010 m would be a good mesh to start with) and define the number of buckling modes that
you want to calculate.

B FE analysis X
4  Mesh setup

I Average number of 1D mesh element: 5 I

Calculations

Linear analysis

Average size of 10 mesh element on ¢ ©.200
Load cases: 3

I Average size of 2D mesh element [m] 0.010 I
Connect members/nodes

Setup for connection of structural ent

Nonlinear analysis
Nonlinear combinations: 3

Initial global geometrical imperfections
Global geometrical imperfections: 3

v Linear stability 4 Solver setup

P Advanced mesh settings

Max. NCPU 100% v

Nonlinear stability Specify load casesfor linear calculati
Nonlinear stability combinations: 1

Specify combinations for nonlinear ci

Other processes Specify global geometrical imperfecti

Errmree e e Specify combinations for linear stabil
Specify combinations for nonlinear st

4 Advanced solver settings

General

Effective width of plate ribs

Nonlinearity

Initial stress

Linear stability

vy v ¥ 9

%

Type of eigen value solver Lanczos v
Number of buckling modes 2

L d

Calculate

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.

TUT [Eng] SCIA2027 - Tutorial Steel Plate Desi... X +

5 & = sggestions will appear below: £ LRl 7] o,

DG X @ @ © & | Glck hereor press Space to ype your text.. Suggestions willappear beto L-sufacetoad U1 M m 2 v H B | S
i i
* 3D displacement =%

Values: Utoral sai E

Stability calculation. Buckling shapes. E RESULTS (1) A X

are normalized, 5o that the maximum 3

el deizcariars i Name 3D displacement

L 5% mmtmn‘:mponem nfezch v SELECTION -

mode s equal to 1m resp. 1rad. -

Linear stability combinations: S1/1~ Typeof selection _ All

528 Fiter No v

Selecton: Al
Location: In nodes avg. System:
Global

v RESULT CASE
Typeofload  Linear stability com...

TINVd LNdNI

Linear stability combination  $1/1-5.28 v
wirefame @)
Location v
Value v
k- system v
B “8“‘% Extreme 10 Global v
B 2 \‘\\\‘ss’it Extreme2d  Global v
. rosorssss X R =
A IRA AR E IR XK 2
P a.fgg;%o;o;;.g:’g;, S v P
"
9 h’:g';:":':.‘: < ’::,‘,: 7 ~ DEFORMED STRUCTURE
SEL KK ’z::O"' Deformed structure @9
Al Ao | Member deformation _ for global maximum
f " ERRORS, WARNINGS AND NOTES SETTINGS
B ]Z] Show Information about .. @2
¥
= Showerrors Al %
22 Showwarnings  All v
Shownotes Inextremesonly
g ‘Show table with explanati... @%)
I ACTIONS >
o | £ Refresh Fs
& ® Draving setup 30
* ® Resuttstable
i T Reportpreview
=
@l %
@ 8 -
Ao e
G Dy

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.

As stated in step 4, the buckling shape is shown for a normalized value. You have to define an amplitude if you want to
use this shape as an imperfection. You can chose an imperfection based on EN1993-1-5, Annex C, Table C.2 (see next
page). For the global mode you can use an imperfection value of min(a,b)/400 or 1000 mm / 400 = 2.5 mm.

| ® Global Imperfection =
m-EEFE «2 O A v Y ”
Gt MName GI_1 ‘
Description \

Type Buckling shape v

Type of stability Linear v

Stability S1 ¥ v

Eigen shape 1

Max deformation [mm] 2.5

New Insert Edit Delete Close

Then you can apply this imperfection to the nonlinear combination NC1. You can create a second nonlinear combination
NC2 without imperfection to compare with NC1 (with imperfection).

| 7 Nonlinear combinations » |
g-1EBFE a2 O a v Y |
NC1 Name NC1
NC2 Description
Type Ultimate v

4 Contents of combination
LC1 - Self weight [] 1.00
LC2 - Surface Load [[] 1.00
LC3 - LineLoad [-] 1.00

Bow imperfection None v
Global Imperfection Gl_1 Wi

MNew from combinati... | MNew Insert Edit Delete Close

In practice, use ULS load coefficients.

Since SCIA Engineer 2027 it’s also possible to combine imperfections (a leading imperfection and accompanying
imperfections) via the Global imperfection type Superposed eigenschapes or inclination. First create two global
imperfection based on the second (accompanying) buckle mode and imperfection value 400 mm / 200 = 2.0 mm and
-2.0 mm. Then combine GI_1 with GI_2 and GI_1 with GI_3.

B9 Global Imperfection
| -IBFE «ar @ a . Y H
l GI_1 MName Gl_combined- ‘
Gl 2 Description
| GL3 Type Superposed eigenshapes or inclination v
| GlI_combined+
Gl_combined- 1.GI GI_1 v
1. Gl-factor [-] 1.00
2.6 Gl_3 v
2. Gl-factor [[] 0.70
3.Gl None ¥
4.Gl None v
New Insert Edit Delete Close

You can assign this imperfection to nonlinear combination NC3.
For a real model you can check both signs of the buckling shape.
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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 -
imperfection Componeat
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
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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.

Linear analysis
Load cases: 3
v Nonlinear analysis
Nonlinear combinations: 4
Initial global geometrical imperfections
Global geometrical imperfections: 5

Linear stability
Stability combinations: 1

Nonlinear stability
Nonlinear stability combinations: 1

Other processes

Save project after analysis

Calculate

Average number of 1D mesh element: 5
Average size of 10 mesh element on ¢ 0.200
Average size of 2D mesh element [m] 0.010
Connect members/nodes u
Setup for connection of structural ent
P Advanced mesh settings

4 Solver setup

Max. NCPU 100%
Specify load casesfor 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
b Effective width of plate ribs

Project data s
Basicdata Functionality Actions UnitSet Protection
= i'_GENERAL  DETAILED ]
-:'W Property modifiers 4 MNonlinearity
’ﬂ Model modifiers Beam local nonlinearity
!.,9‘ Parametric input Support nonlinearity/basic soil 5
/ i‘ Climatic loads Initial imperfections
g Traffic loads 2D Getamelrrcal nonlinea r'ﬁ E |
J ,' Moving loads 1D General plasticity
:1-5! Moving loads 2D Compression-only 2D members
1 -=F Dynamics Cables
". Stability Friction support/Soil spring
dl Nenlinearity E I Membrane elements
’ Structural model 4  Subseil
‘I IFC properties Soil interaction
i ﬁl Automated GA drawings Pad foundation check
=1 Prestressing 4 Steel
’I Bridge design Plastic hinge analysis
i & Construction stages Fire resistance checks
ok || Cancel
87 FE analysis X
Calculations i ‘Mesh sctup

4 Nonlinearity

Methed of calculation Picard
Mumber of increments 1

Maximum iterations 20

[

Solver precision ratio

-

Solver robustness ratio

Geometrical nonlinearity 2nd order (Timoshenko)
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Tutorial — Steel Plate Design

7. Check the plastic stresses and strains

Notice the difference between the linear results (combination CO1) and the nonlinear results taking into account the
plastic material behaviour and imperfections (nonlinear combinations NC1, NC3 and NC4). For the three nonlinear
combinations you can notice that the von Mises stresses are maximal at 235 MPa, which makes sense since plasticity of
the material limits the stress to the yield strength in case that the stresses can be redistributed over the plate.

Below you can notice the difference in von Mises stresses between CO1 and NC1:

TUT [Eng] SCIA2027 - Tutorial Steel Plate Design X +

naxmeoeﬂh  c - La-sutcetoad~ £ ) om0 om 6 B | omom & B3

Lo .
Values: o |
Linear calculation [Ce= E, RESULTS (1) Alx
Combination: CO1
Selecton: All oM 8 Name 3D stress
o ] cres (o 20 o = -
Ccel Ll B granERRENRG, SEECTRN
Principal mawmdes POLTLEEE Typeof selection  All v
Fiter No ~
~ RESULT CASE
Typeofload  Combinations v
Combination  CO1 ~

T3NVd 1ndNI

Envelope (for 2D drawing) _ Absolute extreme

Location I centres (for 20 only)

Typevariables _Principal magnitudes

Valve o_E ~

System  LCSmeshelement
Exteme 1D Global ~
Extreme2D  Global %

FFT

~ CALCULATE RESULTS ON ...
1D members
20 positive face
2 negativeface @)
~ DEFORMED STRUCTURE
Deformed structure
‘Member deformation _for global maximum
For drawing use linear rot... (O )
v ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about...
Showerrors _ All v

D% DD &N

Showwarnings Al -
Shownotes Inextremesonly
Show table with explanati...
ACTIONS 3>
£ refresh s
© N bt o Embiratien iy

. B S
\n“-u. t Mo'n'e @8 ¢ Fs'n'm < 5 © reitstate

e

\1= e % W

TUT [Eng] SCIA2027 - Tutorial Steel Plate Design X+

DG X @ @ © & | ok rere 3 o-sutacetoad~ U1 M m 2 i # B | & BB

30 stress —1 ¥

Values: oE [ = I £

Nonlinear calculation 2 = RESULTS (1) A X

NonLinear Combi: NC1 3

‘Selection: All Name 3D stress

I;ml:L)éme‘(emﬂ only). ¥ SELECTION

Princpal magnitudes Tpeofsdecton Al
Filter No v

~ RESUT CASE

Typeofload NonLinear Combi
NonLinear Combi  NCL

Location _ In centres (for 20 only)
Typevariables _Principal magnitudes

TINVd LNdNI

Vale o_E v
System  LCS meshelement
Extreme1D  Global ~

Extreme2D  Global

T

v CALCULATE RESULTS ON...
10 members @)
20 positive face
20 negative face
v DEFORMED STRUCTURE
peformed structure @)
Member deformation _ for global maximum
For drawing use linear rot... (O )
v ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about....
Showerrors _ All v

D% 7,0 % %,

Show warnings _ All v
Shownotes Inextremesonly v
Show table with explanati... @)

® Draving setup 20
® Resultstable
T Reportpreview

ﬂi
@EMsE TS e
O]
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Next you can visualize the plastic strains. Nonlinear combination NC4 gives us the highest values:

@ sca 27 TUT [Eng] SCIA2027 - Tutorial Steel Plate Design X +
1 e r be ? - 2 7 o

DG X wm@ © = M ace to ype you o o sufacetoad~ U1 M m Zd #0 B | mm S
i i
* 3D stress | |

Values: el 1 PP

Nonlinear calculation = RESULTS (1) N X

NonLinear Combi: NC4 = —

B H Name 3 stress

T e ~ SELECTION

System: LCS mesh element

Principal plastic strain (2D) Typeof selection _All v

Fiter  No v

~ RESULT CASE
Typeofload  Nonlinear Combinati... \/

NonLinear Combi  NC4 v
Location _In centres (for 20 only) \/

Typevariables _Principal plastic str...

3NV LndNI

Value _&_pl.M ~
38 System  LCSmeshelement v
I Extreme 10 Global =
B Extreme2D  Global -
v CALCULATE RESULTS ON
4l 10 members @D
i 20 positveface @Y
' 20 negativeface @Y
v DEFORMED STRUCTURE
A i oeormedsrucre @
Member deformation _ for global maximum
s u For drawing use linear ot,.. (2
~ 7 ~ ERRORS, WARNINGS AND NOTES SETTINGS
Show information about .. @2
Showerrors _ All ®
g ‘Show warnings Al v
I3 Shownotes Inextremesonly
7 Show table with explanati... @)
A ACTIONS >
x Refresh Fs
i ® Oraving setwp2d
3 ® Resultstable
GIES <, T Reportpreview
e oot =, 5 h ’\‘

The plastic strains in this last image can be used to check if the strains are below the given limits in the design code of
your country (EN 1993-1-5, Annex C C.8 recommends 5% as principal strain). Note that the default unit value is [1e-4]
meaning a value of 3.8 is a plastic strain of 0.038%. The results can of course also be shown in table results via the
Report preview or Results table.

3D stress

Nonlinear calculation
MonLinear Combi: NC4

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+ Epl M+
[1e4] [deg] [1e4]
Epl 2- a- £pl M-
[1e4] [deg] [1e-4]
53 Element: 10954 0.700 |NC4 3.6 -1.7 011 38
0.535 3.2 -1.6 -0.11 34
0.045
52 Element: 10454 0.300 |NC4 32 -1.6 -0.11 34
0.335 3.6 -1.7 0.11 38
0.045
51 Element: 1 0.005 |NC4 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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