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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’ 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 X
EIRREFE «» O S@B 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 modulu:
G modulus [MPa] 8,0769e+04
Log. decrement (non-ur 0,15
colour |
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 uniaxial+ 235,0

ECS
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/m2 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.

— _ _ i
1 Load cases X
|E“EF_’|H"E'-T‘:| “«s O &0 A v Y |

: Mame LC1
Description Self weight
LC3 - Line Load RS T e —— =
Load group LG1 v
Load type Self weight v
L} Direction W
| Mew Insert Edit 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 ' Monlinear combinations X
BEIBFE «° O A .Y |
NC1 Name NC1
Description
Type Ultimate v
4 Contents of ...
LC1 - Self weight 1,00
LC2 - Surface Loa 1,00
LC3 - Line Load [- 1,00
Bow imperfection None v
Global Imperfectio None v
New from combinati.. | MNew Insert Edit Delete

Close
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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.

I
=
B Linear stability combinaticns X
= |
¢ |EiBre «smen m - ¥
51 Mame 51
= 4 Contents of combination
LC1 - Self weight [-] 1,00
LCZ - Surface Load [-] 1,00
iy LC3 - Line Load [-] 1,00
A
|
IJ Mew from linear combinati.., MNew Insert Edit Delete Close
F;/
X
e

LINEAR STABILITY COMBINATIONS

)| = o oz [ 5
j e
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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 X |
4 Mesh setup

I Average number of 10 mesh element: 5 I

Calculations

Linear analysis

Average size of 1D mesh element on ¢ 0,200
Load cases: 3

Average size of 2D mesh element [m] ©,010

Monlinear analysis
Connect members/nodes

MNonlinear combinations: 1

Initial global geometrical imperfections Setup for connection of structural ent

Global geometrical imperfections: 1 P Advanced mesh settings

Linear stability 4 Solver setup
Stability combinations: 1 Specify load cases for linear calculati

Nonlinear stability Specify combinations for nonlinear c:
Menlinear stability combinations: 1

Specify global geometrical imperfecti
Other processes Specify combinations for linear stabil

Save project after analysis Specify combinations for nonlinear st
The project version will be updated. 4 Advanced solver settings

General
Effective width of plate ribs

Nonlinearity

v v v v

Initial stress
Linear stability

Type of eigen value solver Lanczos v

Y

Number of buckling modes 2

P MNonlinear stability

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.

2 SCIA 2002005 .| TuoralStelPlate(final) | -
DB X@m@ o o A | Prease cick hereor press Spoce and type your text.. e will be completed with lines below. Lo2-Sufacetoad T M 2 MY R \ == S
a4
s — i
2 Values: Utotal w0 E (W =
3 Stability calculation. Buckiing shapes El RESULTS (1) AlX
2 are normalized, so that the maximum s
2 isodal displacement ol 3 ‘  Name 3pdisplacement
" resp. rotation component of each # v seecion
mode is equal to 1m resp. irad.
Linear stability combinations: S1/1 - 200 Hipectiecion B N
528 Filter No v
Selecton: All 0
Location: In nodes avg.. System: v RESULT CASE
Global 160.0 Typeofload Linear stability c... /|
|Linear stability combin... S1/1-5,28 v
10
wireframe @2
L Location Vi
0.0 Value v
[ R % System |
Soes = Extreme 1D Global Vi
I SN L
| 3 BRI  xeme> Global v
R SR ' CALCULATE RESULTS ON ...
n SRRSO
£ < 0\“:::“:“:*‘ S 10 members @)
= RS menbes @D
‘ 5K ¥ DEFORMED STRUCTURE
Deformed structure @)
= i Member deformation _for global maxim... \/
# ~ ERRORS, WARNINGS AND NOTES SETTINGS
B show Information abo... @)
] Showerrors All v
& ' Showwarnings Al ~
i Shownotes In extremesonly
= g Show table with expla... @Y
= » ILLUSTRATION GROUP
I g ACTIONS »
& £ Refresh Fs
» ® Drawing setup 30
Ll © Resilistable
1 T Reportpreview
S )
@ 4 | 30 DEFORMATIONS
@E® s v ses e & & a aes .
K d 52

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.

B Global Imperfection

L

AR E «s T A v Y
Name Gl

Description

Type Buckling shape
Type of stability Linear
Stability $1
Eigen shape 1

Max deformation [mm] 5,0

New Insert Edit Delete

OK

Then we can apply this imperfection to the nonlinear combination. You can

combination NC2 without imperfection to compare with the one with imperfection.

B " Nonlinear combinations

HE-iEFE «2 O a v Y
MNC1 Mame NC1
NCz Description

Type Ultimate
4 Contents of combination
LC1 - Self weight [-] 1,00
LC2 - Surface Load [-] 1,00
LC3 - Line Load [] 1,00

| Bow imperfection Mone

Global Imperfection Gl

Mew from combinati...| MNew Insert Edit Delete

create a second nonlinear

Close ||

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 1000 mm /200 = 5 mm.
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Tutorial — Steel Plate

10

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 panel or subpanel with short span a or b hl:;ﬁ:—::ﬂ min {200, B2
local stiffener or flange subject to twist how twist 1/30

Type of -
imperfection Component
global
member with
length £
alobal

lomgitudinal
stiffener with
kength 8

local panel or
subpanel

local stiffener
or flange
subject to
twisl

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.

Project data

Basicdata Functionality Actions
| GENERAL

Parametric input

Unit Set  Protection
DETAILED

Property modifiers 4 Nonlinearity

Medel medifiers Beam local nonlinearity
Support nonlinearity/basic soil spr

Climatic loads Initial imperfections

Mobile loads I Geometrical nenlinearity
Dynamics [ General plasticity
Stability Compression-only 2D members

Monlinearity Cables

Structural model

Friction support/Seil spring

IFC properties Membrane elements

Linear analysis
Load cases: 3

Nonlinear analysis

Nonlinear combinations: 2

Initial global geometrical imperfections
Global geometrical imperfections: 1

Linear stability
Stability combinations: 1

Monlinear stability
Nenlinear stability combinations: 1

Other processes

Save project after analysis

Calculate

Automated GA drawings I Subseil
Prestressing P Steel
Bridge design
Construction stages
| OK || Cancel
. B FE analysis
Calculations 4 Mesh setup

Average number of 1D mesh element: 5
Average size of 1D mesh element on ¢ 0,200
Average size of 2D mesh element [m] 0,010
Connect members/nodes
Setup for connection of structural ent
I 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

I Effective width of plate ribs

4 MNonlinearity
Geometrical nonlinearity 2nd order (Timos henko)
Method of calculation Picard
Number of increments 1

Maximum iterations 20

-

Solver precision ratio

-

Solver robustness ratio

A Amikial o4,
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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:

Ll TutorialsteelPlate(final)

DG X¥wew © @ L sy T W 2 6 B &
230 stress =1

S [[=1¢ T
£ combratan: Co1 & Vame_spsress

& Selection: All 20

— Locabons n cerres (for 20 ny). i < seLecrion
Sy Typeotsletion Al v
Prinaipal magnitudes wo B
i Fiter Mo v
a— . ¥ RESULT CASE
00 Typootiond Combintions
o Combination_co1 ¥
i enveiope for 20 draw... Absolute extreme
. Location_Incentres (for2..
.y Typevariabies rincpal magrit..
Vaive o€ >
» Sysem_LeS mesh lement
Extremo1d _Global v
Extremez Global <
~ CALCULATE RESULTS ON..
D members @)
20 postiveface @D

Dregativeface @D
~ DEFORVED STRUCTURE
Deformed structure
Member deformation _for global maxim... -/
For drawing uselinear ... (3 )
|| ERRORS, WARNINGS AND NOTES SETTINGS
'show nformation abo... (%)

Showerrors Al v
Showwarnings _All v
Shownotes In extremes only
Showtable with expa...
» ILLUSTRATION GROUP
ACTIONS >
£ Refresh 3

% [FoeX SWET DD &0 FFT
7,

(3

® ew combination fom Combinaton key
® dreving sep2>

© Resutsable

T Report preview,

ol
"
4

D Rs

G #x@m@ouh L a-stcetondy £ m 2 om0 O [ om
2 30 stress SR
= =i
gwlx'ﬂlgulamn . £ RESULTS (1) Alx
& Seanen 5 Name 30 ress
e ® s o 2 i 0 ~ setection
e e o AT o
e o v
0
TS
by Tpearioad_Nontines o
NontnearCom N
00
T pre
o s -
00

System LGS mesh element
Extreme 1D _Global v

Extreme2D _ Global v

20 posiive face
D negative face:
v DEFORMED STRUCTURE

Deformed structure @)

Mombar deformation _for global maxim... \/
For drawing uselinear ... (0
||~ ERRORS, WARNINGS AND NOTES SETTINGS.
'show nformation abo... @2

Showerrors Al
‘Showwarnings _All

Showtable with expa...
» ILLUSTRATION GROUP

ACTIONS >
£ Refresh £

Foie & mE 4, 0,0 & D, T T T

© orewing setip20
@ Fesuts abie

[ " |
@E:@Hmm 1o es e s |a's s s ﬁ | B moes

& SCIA 2020 T [T TERTR—
DG X @ @ © & A L oomoe B e
3D stress. = g@
Eaes e =]
smﬂilmrukumn RESULTS (1) A X
o e WK e e
— Locatin: ng centres (mz,: only). . v SELECTION
e o earssscion AL v
w00
o
00
Locaton_tn centrs (or2e
i Typevariables Principal magnit...
00 Vil o€ =
= sy
¥ Eene >
" Exreme
= < CALCULATE ESUTS O
= postiverace @D
v D negativeface
< DeromED STRUCTURE
A Deforned st
i Mombe dformation _for glbel maskn
£ For draving usenear .. (0 )
il | ERROS, WARIINGS AND NOTES SETTINGS
& Snowinformaton abo..
B Stvowaros AL <
s Snowvamings AL v
5 CEE p———
showablewithoxpia.. @D
> » ILUSTRTIONGROUP
: Acrions. 5>
rj £ Refresh Fs
12 ® Draving setup 20
® Resultstable:
S TT Reportpreview.

@E:@w IR X X Ea
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And below the :Iastic strains for NC1:
B SCIA 200205 . TutorialsteelPlateffinal)

1 lease click here or press Space and type your text... It will be completed wit L L D) °
DG X v @ © o Please click hre or press Space and type your text.. it will be completed. -sufacetoady T M om0 2 #0 B o S
23D stress =%

& Values: el M 45 b
3 Nonlinear calculation é_ RESULTS (1) A X
Z Nontinear Combi: NC1 = =
£ selection: Al ol 3 hameian sres
— Lcation n centes(fr 20 o). ' v SELECTION
ystem: LCS mesh element =
FliR el 35 Type of selection  All
30 Fiter  No v
Ve ~ RESULT CASE
) Typeofload Noninear Combi... \*
2% Nonlinear Combi  NC1 v
= Location I centres (for2...
10 Typevariables  Principal plastic ...
o Value _e_plM >
[ o System _ LCS mesh element
[ o Extreme 10 Global v
B Extreme 2D Global v
v CALCULATE RESULTS ON..
o members @)
= posiivetace @D
¢ D negativeface @)
- ~ DEFORMED STRUCTURE
A fF Deformed sructure @9
7 o et o g i
£ B For drawing use linear ... ()
) ~ ERRORS, WARNINGS AND NOTES SETTINGS
A ! Show nformationsbo
¥ =] Show errors _ All
g g Showwarnings  All v
I3 I Shownotes _In extremesonly
Show table with expla... @Y
v
~ o] » ILLUSTRATION GROUP
x = ACTIONS 5>
£ sl £ Refresh Fs
1 > ® Draving setip 20
Ress table
@% ©
D &) T Reportpreview
G h’ 5
Sg S
L J W

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

£pl_2+ a+ Epl_M+
[1e-4] [deg] [1e-4]

£pl_2- a- £pl_M-
[1e-4] [deg] [le-4]

Element: 10951

0,505 4,6 -2,3| -0,03 4,5
0,045

S2 Element: 10451 0,300 |NC1 4,6 -2,3| -0,03 4,5
0,505 49 -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
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