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Tutorial — Modelling

Input of structural entities — 1D elements

Example 1. Frame
1. Input of geometry

e Project data: Frame XZ — Steel S 235

Project data X

Basic data Functionality Actions Unit5et Protection
| pata | MATERIAL

Name: - Concrete
Steel
Part: - ) Material S 235 Vi

Masonry

Description: - R arieiy

gt = Timber

| Steel fibre concrete

Date: 29/01/2024 : Gthee
Structuret ¢! Frame XZ v | cope

; ' National Code:

- EC-EN el |
Mational annex:

B sonardEn vl

oK || €ancet

e Geometry :

IPE180

N
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* Adding cross-sections
To add cross-sections click on “Library” > “Cross-sections”

| LIBRARIES:

@ Eui

B Materials Ctrl+M
I I Crosssections Ctri+d
. B Image gallery .

Paperspace gallery

Load cases, combinations »
Loads 3
Structure and analysis [
Tools »
Steel »
Subsoil and foundation »
Drawing tools »

Add a new cross-section from the library on the left, choose an I-shaped cross-section on the right for the
beams:

New cross-section X
Available groups | AVAILABLE ITEMS OF THIS GROUP __ Itens in project
g HEC 80
E k=01 2
: Geometric shapes HG(GOST) T TN
Mumerical HHD 100
General HL 100A

%Epairs HL(SZS) 100AA

HM(CH) 120
IO closed HNI(CH) 120AA
F Haunch Hp | 1208
T Welded HP(ARC) B i

HR(ARCUS) 1404
Wshreetrwelded HP(GERD) 140AA
_IBulId—m beams HP(mp) 160 =
IThinwa\\ed geometric HT{CH) 16044
T Fabricated HW(CH) 1A |
T virtual joists [
- I(CH) 1804
=i Westok I(NBR) 18084

INP 1800

200

MName IPEL80

ArcelorMittal / Sales Programme / Version 2012-1
European | beam
Profile Library fitter All cress-sections v Add Close

When you click on ‘Add’ a new window opens where you can change some parameters of the cross-section:

W1 Cross-section X

Name CS1
A Type IPE180
Shape type Thin-walled
+ Initial shape Available
4 Source and Typed...
Source description ArcelorMittal/SalesPr

Type description Eurepean|beam
4 Parameters

Material §235 ¥
Y | section IPE180
: Profile Library filter All cross-sections v
4 General
Draw colour Nermal colour v
Cotour NN
N’ Fabrication rolled v

4 Buckling curves
7 Edit buckling curves
Flexural bucklingy-y a

Flexural buckling z-z b
Lateral torsional bucklir Default

Export Update Document
4 R Picture II Fibres UnitWarping  Shear(Vy) ..[»

; - : n
Cross-section lavoutand dimensions ek LTE)

Use the same approach to add a cross-section for the columns, HE200A for this example.
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Tutorial — Modelling

* Inputting elements

You can narrow down the content of the Input Panel by setting the category filter to ‘1D Members'.
There are 3 options to define a 1D element:

= INPUT PANEL # Al workstations

I= 1D Members =~ I @ All tags

v 1D MEMBERS -
_6 1D member ’
= Beam ctri+B |
[§ Column Ctrl+Shift+B w

Choose ‘Column’ from the input panel and change the properties in the pop-up window like shown below:

B Column <
| Name B1
| ez Type column {100} v
:'/Tr Analysis model Standard v
! I Cross-section £52 -HE200A v |
| Alpha 0 v
4 [ Member system-line at Centre v
@ ez [mm] 0,00
LCS standard >
FEM type standard v
Layer Layerl ¥ o
4 Buckling
System lengths and buckling settings Default
- g J Secondary member
@‘ 1 4 Geometry
I Length [m] 3,000 I
Insertion point Bottom v

b Structural model

OK Cancel

Click ‘OK’ and draw the left column by entering ‘0 0’ and clicking ENTER to end the action. You can now
click ESC to close the action or enter another coordinate: enter ‘3 0’ for the right column, click enter and
close the action with ESC. Note that coordinates are separated with a SPACE in between them. Because we
are in a 2D environment, we only need to fill in 2 coordinates.

For the beams, choose ‘Beam’ from the Input Panel and change the properties as shown below:

B | Horizontal beam X

Name B3

Type beam (80) v

Analysis model Standard v

Cross-sectionICSI -1PE180 v I

Alpha 0 v

Member system-line at Centre v

ez[mm] 0

LCS standard v

FEM type standard v

Layer Layerl ¥

4 Buckling

System lengths and buckling settings Default

Secondary member

Lengen ([ s0m0_]

Insertion point begin v

4 Geometry

P Structural model

0K Cancel

Click ‘OK’ to start modelling. The beam is entered from the beginning (left side) so again enter coordinates
first -2,5 3’ and ESC to close the action.
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* Modifying geometry:

After you model a certain element, the properties can always be modified from the property panel. For
example if you want to change the cross-section of an element: select the element and click on the ‘Manage’
icon next to the cross-section property. From there you can access the cross-section editor gain by clicking
on ‘Edit.

B Cross-Sections x
CE RN L = I = BE .Y
i) Name €S2 "
Type HE200A
Shape type Thin-walled
Initial shape Available
4 Source and Type descrip...
Source description ArcelorMittal / Sales Progrz
z Type description European wide flange bear
= 1D MEMBER (1) ) + Parameters
Material S235
g I A Leartinn HE2004 ¥
Mame Bl z
Layer Layerl o
Tvpe column (100)
Analysis model  Standard b5
FEMtype standard MANAGE
Cross-section €52 - HE200A v
o 0
Member system-lineat  Centre W
ez[mm] 0,00
LCS  standard | New | insert | Edit | Delete Setup | Updateall | OK

* Add supports

Supports can easily be found in the Input Panel by filtering the category to ‘Boundary conditions’;
INPUT PANEL Al workstations
|E Boundary conditions I@ All tags

v BOUNDARY CONDITIONS
£ Supportin node

A Supporton 1D
Fv Line support on 1D

& Borehole profile

A sliding support in node
A Hinged support in node
G Fixed support in node

p Hinge on 1D

Enter a fixed support on the bottom of the columns by choosing ‘Support in node’ from the Input Panel and
changing the properties as shown below:

B | Support in node X
Name Snl
Type Standard v
Angle [deg]
Constraint v
7 X Rigid v
Z Rigid v
XARSRY Ry Rigid v
@ Defaultsize [m] 0,200

4 Geometry

‘ﬁ\ System GCS v

OK  Cancel |

Simply select the nodes where you want these supports to be applied to and end action with ESC.
Note: whenever you choose a certain action, the SCIA Spotlight will tell you what the next step should be:

New support - Select node =
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Tutorial — Modelling

1. Changing the view

* Navigate :
The are two ways to navigate around the model in SCIA:
- By using the mouse and keyboard
CRTL + right mouse button = rotate.
SHIFT + right mouse button = pan.
Click mouse wheel = pan.
Roll mouse wheel = zoom.

Note: if you want to rotate around a certain element you first have to select it.

- By using the Navicube

Qg s

You can click on all sides of the Navicube to show an orthogonal view of your model.
» Selecting objects

There are different ways to select an object, by default it is set to ‘By mouse’ if you go to ‘Tools’ >
‘Selections’

A @ g @ o fa

Calculation & Mesh »
Selections % > | A selectall Ctri+A
BIM toolbox (3

v
A7 Check structure

41 Coordinates info Ctrl+Shift+D ad selection

E‘ Geometry/Graphics settings

¥ Cleaner i By cutout

@A Inputtable 5] By intersection

i Restlts table = By polygon

TT] Report preview | By workplane

D Report

Send >

revious selection

‘EJ e gila settings i Toggle deselection mode

v = " = Togglesingle selection mode
[‘ﬁ_—l‘ Design groups settings

on] XML file

1 Cross-sections settings

A} Togegle visibility selection mode

[z Edit profile library

If you click and drag the mouse depending on the direction you will select elements that fall inside of the box
partly or completely:

Left to right: elements must fall inside the box completely to be selected.
Right to left: elements that fall inside the box partly will be selected.
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You can also search for any object if you know the name of it. Type ‘sel’ in the SCIA Spotlight followed by a
SPACE and the name of the object you wish to search:

sel N4 [ JE)

N5 N2 N4 N6

The element will then be selected. If the element has a SPACE in the name, you'll have to add brackets (*")
around the name when you use the ‘sel’ command.

2. Actions after the input of the geometry.

We recommend to execute two actions before you start to run the calculation:

* Tools > Check structure
This checks your structure for double nodes, double elements and deletes them. It also checks if there are
any incorrect entities defined both in elements and additional data:

TooLS SE Check of structure data b

A W 4 © 0 fa CHECKOF NODES
%alculation & Mesh 13 0%
P [ Search duplicate nodes Ignare parameters.
’ 0%
BIM toolbox 3 CHECK OF MEMBERS
B Check members
&~ Checkstructure Search null members 0
1 Coordinates info Ctri+Shift+D o
Search duplicate members
Geometry/Graphics settings o%
0
=% Cleaner
GA Input table CHECK OF DATA REFERENCES

- its tabh [ Check data references Memory efficient method
Results table
= 0%  * Fastmethod
TT Report preview
= CHECK OF ADDITIONAL DATA

D Report [ Check additional data position 0
%
Send »
[ Check free load distribution points
‘EJ Image gallery settings %

'E Design groups settings
[al] XML file 0%
T Cross-sections settings Check load panels Check cross-links

[z Edit profile library Check additional data Check duplicity of names Check Cancel

e Edit > Modify > Connect members/nodes
This allows Scia to search for contacts between two intersecting elements and adds a rigid connection in
these locations:
G 4 @ @ © o

< Undo Ctri+Z
Modify %’ “ Move Ctrl+X =
El. Beletion setings [} copy ctri+c B | Setup for connection of structural entities X
& Copyjpaste properties CurisShift=F | L. pulticopy
Add data > | il Mieror 4 Align structural entities to planes (moving n...
Metadata P I Rowmte ctrisR Align
Polyline edit » | % Dividesurface 4 Geometrical tolerance
Curves edit » | M Joinsurface Min. distance of two nodes, node to curve [m] 0,001
R » Max. distance of node to 2D member plane [m] 0,000
Calculate member end-cuts » o Disconnect members/nodes A R 4 Connect {generate linked nodes, intersectio
[3] Delete Del connect [
7] scale L . B
Autorestore buckling group when reconnecting [538)
1 Stretch .
X Connect 1D members as ribs
n>ﬂ Trim o
= Connect 1D members with rigid links
§ FExtend - i
£= Enlarge by defined length Max. length of rigid link [m] 0,100
1. Breakin defined points Create new linked node for master node
Join 4 Check structure data
8l Breakin intersections Check (merge duplicate nodes, erase invalid entities)

— Reverse orientation
=] o
o Align Bgd yf

Tall OK Cancel

Note : you can either do this for a number of selected nodes or all nodes in the model when nothing was
selected before choosing this action.
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Tutorial — Modelling

In this specific example there were two connections made between the columns and the beam in the upper
nodes of the column. These are marked with two parallel red lines so that you know there is a connection:

IPE180

HE200A
HE200A

T 1

Elements which share a node are automatically connected.

Note: by default an option is activated in the solver settings to always connect nodes before the calculation.
So there’s no need to manually connect nodes, but you can to check if everything was modeled properly
before calculating:

B FE analysis %
Calculations 4 Mesh setup

Average number of 1D mesh element 1
Linear analysis

Average size of 1D mesh elementon ¢ 0,200
Load cases: 1

Average size of 2D mesh element [m] 0,500

Other processes IConnect members/nodes

Testinputofdata Setup for connection of structural en
> Advanced mesh settings
Save project after analysis 4 Solver setup
Specify load cases for linear calculati

> Advanced solver settings
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Example 2: Frame
1. Input of geometry

* Project data: Frame XZ — Steel S 235:

Project data X

Basic data Functionality Actions UnitSet Protection

DATA | MATERIAL
MName: - Concrete
Steel B2
Part: - Material 5235 ¥ o
Masonry
Description: - R arieiy
gt = Timber
Steel fibre concrete
Dater 29/01/2024 Other
Structurer &1 Frame XZ v CODE
National Code!
“ EC-EN ¥

Mational annex:

- Standard EN vt

OK Cancel

« Geometry :

1Pgg, l\
pEIel 2 g

Ay

Lo 1

* Adding cross-sections : _
To add cross-sections click on “Library” > “Cross-sections”. z
For this example we are using I-shaped cross-sections, you can find them in the library under this icon: |

We are going to need two type of cross-sections: IPE160 for the beams, HE200A for the columns.
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Tutorial — Modelling

* Inputting elements

First approach:

-Left side of the frame: in the Input Panel choose for 1D member under ‘1D members’.

INPUT PANEL & All workstations

@ Altags

QB

Ctri+Shift+B

Choose the HE200A cross-section for the columns, click ‘OK’, enter the coordinates ‘0 0’ followed by
ENTER, enter the coordinates ‘0 5’ followed by ESC to end the action.
Repeat the above steps for the beams with cross-section IPE 160 and coordinates ‘0 5’ and ‘5 6,5’

-Next use the mirror option under Edit > Modify or search it under the structure branch of the Process
Toolbar:

I
B | mirror
|4
= =
G X @ @ © o =
<, Undo Ctri+Z r‘
A
Modify b 4 n Move Ctri+X
E' Deletion settings I:‘“ Copy Ctrl+C =
{ Copy/paste properties Ctrl+Shift+F L. Multicopy
+ : =
Metadata » | I3 Rotate Ctri+R i3
Polyline edit » | #% Dividesurface h
Curves edit » | M Joinsurface g
Solids 2 *— Connect members/nodes
Calculate member end-cuts 3 ||:- Disconnect members/nodes I]
E Delete Del o
A
7] Scale
o Stretch AH
78 Trim m
§ Extend -
F = Enlarge by defined length Q
8 Breakin defined points - ,ﬁ
E i @l'ﬁ d " ]
n:n Break in intersections |22 ﬁl
—, Reverse orientation “ o ﬁ
o] Align et

After activating the mirror function follow the next steps, which are also shown in the SCIA Spotlight, and
mirror the left side of the frame to the right:

1- Select the elements you want to mirror, end with ESC.

2- Choose the first node of the mirror plane.

3- Choose the second node of the mirror plane (tip: enable tracking guides under the snap settings).
4- Choose ‘No’ in the next pop-up window to keep the left side of the frame as well.
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Second approach:

There are also some predefined blocks available in Scia which you can use to quickly model a structure. In
the Input Panel set the category filter to ‘Import & Blocks’ and choose for ‘Catalog blocks':

INPUT PANEL & Al workstations

|= import & Blacks I@ All tags

» [MPORT & BLOCKS
E‘ Catalog blocks

E‘- User blocks
H Predefined shapes

|:| Import project from esa file
@I Im port DWG, DXF, VRMLST

Under ‘Frame 2D’ choose the upper left option which allows you to design a symmetrical frame based on the
dimensions:

Available groups AVAILABLE ITEMS OF THIS GROUP Items in project

™ (M

(Jcurve
[

il Beam
AR Tower2D

O3 Truss 2D W

3 Truss 20 Arc

r\l Frame
OK Close

In the next window you can fill in the dimensions we showed you in the beginning of this exercise and
choose a cross-section for both columns and beams:

Geometry block X

Name BL
4 Geome...
L[m] 10,000
H1[m] 5.000
Hz [m] 1,500
Column €52 -HE2001 v ...
Beam C51-IPE160 v ...

1,500

-

H

H2

L 10.000

H1 5,000 \

H i

OK Cancel

After you click ‘OK’ and ‘OK’ once more the only thing left to do is define an insertion point so enter the
coordinates ‘0 0'.
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Tutorial — Modelling

* Add supports:

Filter the category of the Input Panel to ‘Boundary conditions’ and choose for ‘Support in node’:

INPUT PANEL = Al workstations

|= Boundary conditions I@ All tags

v BOUNDARY CONDITIONS
£p Supportin node

a Support on 10

Fv s Line support on 1D

Eéa Borehole prefile

A sliding supportin node

Change the properties in the next window as shown below and select the nodes where you want to apply the
support to, bottom two nodes for this example.

| Support in node X
Name Snl
Type Standard v
Angle [deg]
Conslraim v
7 X Rigid v
Z Rigid v
XARRY Ry Rigid v
@ Defaultsize [m] 0,200
4 Geometry
KJI System GCS v
~

OK y Cancel

2. Manipulations
* Moving nodes
You have a number of option to move a node, first select one and after:

- Drag the node with the left mouse button.
- Change the coordinates in the property panel:

~

NODE (1) A

MName NS

* GCS COORDINATE

X[m] 10,000

Z[m] 5,000

¥ UCS COORDINATE
ux [m] 10,000
uz[m] 5,000
v MEMBERS
Member

Member

Note that if you select multiple elements there is an icon for every element in the selection
on top of the property panel. In the current selection there are both members and nodes.

- Move it with the below option from the Process Toolbar:

ume] MOVE
BEREFEFLzZ2FaES LSy 2
ﬁma";f

- Use a hotkey (CTRL+X by default for moving). Hotkeys can be assigned to any command in
the SCIA Spotlight:
(7 6]

[+ Move s |@=

14 BV —2024/01/29



3. Actions after the input of the geometry

We recommend to execute two actions before you start to run the calculation:

* Tools > Check structure

This checks your structure for double nodes, double elements and deletes them. It also checks if there are

any incorrect entities defined both in elements and additional data:

Tools
K g ©  fa

%al(ulatiun & Mesh
Selections

BIM toolbox

A7 Checkstructure

{f Coordinates info
Geomeiry/Graphics seftings
g% Cleaner
ﬁﬂ Input table
@ﬂ Results table
?:_,5' Report preview
Report

Send
‘E‘ Image gallery settings
& Design groups settings
[al] XML file
¥ Cross-sections settings
[z Edit profile library

Ctrl+Shift+D

Check of structure data X

CHECK OF NODES

0%
I Search duplicate nodes Ignare parameters
o
CHECK OF MEMBERS
B Check members
Search null members a
0%
Search duplicate members a
%
o
|| CHECK OF DATA REFERENCES
[ Check data references Memory efficient method
0%  * Fastmethod
i CHECK OF ADDITIONAL DATA
Check additional data position o
0%
B4 Check free load distribution peints 0
0%
|
0
0%
1 Check load panels Check eross-links
Check additional data Check duplicity of names |  Ccheck Cancel

e Edit > Modify > Connect members/nodes
This allows Scia to search for contacts between two intersecting elements and adds a rigid connection in

these locations:
G X Mm@ © i fa

& Undo ctrisz
Modify . Y| I Move
[ Deltion settings [ cony
& Copy/paste properties CtrlishifteF | o Mutticopy
Add data ¥ | |y Mirror
Metadata » n; Rotate
Polyline edit » | #% Dividesurface
Curves edit » | M Joinsurface
Calculate member end-cuts » o Disconnect members/nodes

[5] pelete
k7] scale

Stretch

% &

Trim

Extend

i

Enlarge by defined length
Break in defined points

== mm = E

Join

8l Breakin intersections
—. Reverse orientation
=

=] Align

Cerl+X

Ctri+C

Ctri+R

B Setup for connection of structural entities X

4 Align structural entities to planes (moving n...
Align
4 Geometrical tolerance
Min. distance of two nodes, node to curve [m] 0,001
Max. distance of node to 2D member plane [m] 0,000
4 Connect (generate linked nodes, intersectio...
Connect

Autorestore buckling group when reconnecting

Connect 1B members as ribs
Connect 10 members with rigid links
Max. length of rigid link [m] 0,100
Create new linked node for master node
4 Check structure data
Check (merge duplicate nodes, erase invalid entities)

Note: you can either do this for a number of selected nodes or all nodes in the model when nothing was
selected before choosing this action. For this specific example no additional connections were made
because all 1D elements share a node with the adjacent member.

BV —2024/01/29
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Tutorial — Modelling

Example 3a: Hall

* Project data : Frame XYZ — Steel S 235

Project data X

Basic data Functionality Actions UnitSet Protection

DATA | MATERIAL
Name! - Concrete
Steel B
Parky - Material 5235 \ A
Masonry
Description: - Al
M = Timber
Steel fibre concrete
Dater 28/01/2024 Qther
Structure: ﬂ"' Frame XYZ ¥ CODE

MNational Code:
B e v

Mational annes:

- Standard EN v

0K Cancel

« Geometry :

) N
e

=
5000
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1. Input of the geometry

» For the first frame you can use the steps as described in example 2.
e Copy the first frame using one of the below approaches:

-Copy: choose the below option from the Process Toolbar, select the first frame, click on a start point and
type @ followed by the coordinates of location where you want to copy the frame to:

wle (o
SR FFFINEn FL B Ly 2
L i
@050 0O X

Repeat the above to make 5 copies of the first frame in total.

You can also use the default hotkey CTRL+C to copy. If you want to copy or move in a certain direction you
can also use the tracking guides in the snap settings. Aim in a certain direction and simply add a value
followed by ENTER.

-Multicopy: choose the below option from the Process Toolbar, select the first frame and fill in the below
properties (make sure you don’t add the lower nodes in the selection):

o)
- Q] ‘ MULTICOPY
SERFFFIZAAESFLEShy 22U X
o, i L
Multicopy K
Number of copies @ * Connect selected nodes
with new beams
D e rEy i E Copy additional data
DISTANCEVECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor D * between two copies
X 0,000 m from original to the last copy

| HOW TO DEFINE THE ROTATION ?
v :

* between two copies

z . from original to the last copy
ROTATION ROTATION AROUND

(54 0,00 deg * current UCS

ry 0,00 itz distance vector

rz 0,00 deg

OK Cancel

Because you enabled the upper right option right after you click ‘OK’ a new window appears to choose a
cross-section which is going to be applied to the additional members. Click on the manage option next to the
cross-section property and add another IPE 100 for the purlins.

B Member X

Mame B4o
Type general (0) v
Analysis model_Standard v
Cross-sectior] €83 -1PE100 )
Alpha[deg] 0,00
Member system-line at Centre v
ey [mm] 0
ez [mm] 0
LCS standard v
LCS Rotation [deg] 0,00
FEM type standard v

OK Cancel

BV —2024/01/29 17



Tutorial — Modelling

* Add supports :
We are going to select all the nodes with Z=0 to add supports on them. There are a few ways to do this
quickly:

-Click on one side of the Navicube or type ‘view -y’ in the SCIA Spotlight

[?

IF

1

ad

8

4

II -,

X
®
Ae s |

View ¥ (7 JE%)
€, View ¥ (7] E

_%

You now have a side view of the structure which makes it easy to drag from left to right to only select the
nodes on the bottom.

-Select just one node with a z-coordinate equal to ‘0,00'. In the property panel you can then right click on the
coordinate and expand selection to all nodes with the same z-coordinate:

o
= NODE (1) [A
¥
Name N4
¥ GCS COORDINATE
X|[m] 10,000
¥[m] 0,000
- Ziml 0,000
ijif? Isolate selection
A1 Expand selection I 10,000
mg Subtract from selection 0,000

uz [m] 0,000
» MEMBERS
Member

When you used one of the above methods to select the correct node you can add a hinged support by
filtering the category of the Input Panel to ‘Boundary conditions’ and choosing ‘Hinged support in node’:

INPUT PANEL & All workstations
= Boundary conditions .~ @ All tags
* BOUNDARY CONDITIONS
b Support in node
2’ Supporton 10
ax Line support on 1D
@ Borehole profile
A sliding support in node
IA Hinged support in node
G Fixed support in node

b= Hingeon 1D

18 BV —2024/01/29



2. Actions after the input of the geometry

* Tools > Check structure

e Edit > Modify > Connect members/nodes

Or you can simply type “Connect members/nodes” in the SCIA Spotlight. Note that you can do this
action both for a selection or the whole structure (select nothing to do the latter).

Note: connecting the elements is done by default wh

en you perform a calculation:

B FE analysis

Calculations

Linear analysis
Load cases: 1

Other processes

Engineering report regeneration
Engineering reports: 1

Save project after analysis

Calculate

4 Mesh setup

Average number of 1D mesh elements 1
Average size of 10 mesh element on cu 9,200

Average size of 2D mesh element [m] 0,500

I Connect members/nodes

Setup for connection of structural entit

P Advanced mesh settings
4 Solver setup

Specify load cases for linear calculatior
Specify combinations for linear stabilit

Specify combinations for nonlinear sta

I Advanced solver settings

4 Engineering report

Specify reports for regeneration

3. Structural model

The structural model is used to make a better representation of the analytical model. It is also necessary

when you input steel connections, reinforcement anchoring etc.

* You can visualize this representation by going to view > visualization > structural model.

You also need a specific module in your license for this and it should be enabled in the project data:

Project data

Basic data Functionality Actions
GENERAL

Unit Set

Protection

DETAILED

Property modifiers 4 Nonlinearity

Model modifiers
Parametric input
Climatic loads _.(
Mobile loads
Dynamics
Stability |24
Neonlinearity [
Structural model _'-':_'::;
IFC properties
Prestressing
Bridge design

Construction stages

Beam local nonlinearity [

Support nenlinearity/basic soil spr |54

Initial imperfections
Geometrical nonlinearity
General plasticity
Cables
Friction support/Scil spring

4 Subsoil
Pad foundation check

4 Steel

Plastic hinge analysis

Fire resistance checks

P
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¢ We provided shortcuts in the view toolbar to show both volumes and rendering (with possible

transparency):
Transparency 0:), ' T Transparency @ lid
58 o),
(]
El El
e s
v ¢

5
P

1] i

; %
AR

¢ You can switch back to the representation of the analytical model by going to:
View > visualization > analysis model.

© o A

| & Undo view change

Visibility
Zoom
Views
. Clippingbox
1' Visualization = Analysis model - volumes _l\J
I @ Global Ul settings - Eq Analysis model - axes
User configuration » | [ Structural model

Y Y v v W

«: Colours & lines [ Generate structural model I

A{: Fonts settings
< Structural beam types settings
| #24 Dimension lines settings

| oi@ Line grid manager Ctrl+Shift+G

Dot grid settings

| ‘f_, Wired model in view manipulations

Attention: everything that is set in the structural model is not taken into account in the calculation. Therefor
we provided a separated part in the property panel for these kind of settings:

|  STRUCTURAL MODEL
Mode Automatic

Priority definition  according to member
Priority value
Perp. alignment  default

Eccentricity def  whole member ~~
BEGIN POINT
Eccentricity y [mm] 0
Eccentricity z [mm] 0
END-CUTS
x-gap begin [mm] 0

x-gapend [mm] 0
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4. Display of screen

» View settings can be changed for all elements in a project by right clicking on an empty part of your

screen and choosing:
Q zoomall

Q Zoom cutout

View settings for all entities

IS

Report preview

Table to report

Image to gallery
Save image to file

Copy image to clipboard

oo e el

21 Screenshot to report

ra
v

Live image in scale to report
Live image to report
‘Wired model in view manipulations

Advanced graphic settings

Image wizard

R EA D E

Print image Ctri+P

Coordinates info Ctri+Shift+D

» View settings can be changed for a selection of elements by selecting those elements, right clicking

on an empty part of your screen and choosing:

@ View settings for all entities

t;, View settings for selected entities

nJ

TS Report preview

@? Table to repart

View

Scale
Stretch
Mirror

Move vertices/points on solid

Delete

LT N N

Image wizard

The above settings allow you to change the color by cross-section to give you a nice overview of which

»

Mave Crl+X
Rotate Ctri+R

Copy Ctri+C

Del

elements have a different cross-section:

BV —2024/01/29

View parameters setting

Check / Uncheck gro...

am = E @B T

. Check / Uncheck all

Lock position

& @ A

E Service

Display on opening the service

[v

E Structure
f—

Style + colour

colour by cross-section

Draw member system line

v

Member system line style system line -
Model type analysis madel -
Display both models |—

Member surface W

Rendering transparent j |
Draw cross-section r

Cross-section style section j
Show names in tab D OK Apply Cancel ||
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5. Activity and visibility
» Activity by layers

Layers can be added from the layer manager if you go to libraries > layers:

i Layers X
HEEERFES O a ¥ ¥

Columns yes Name Beams

Beams yes Comment

Bracings yes Colour [:J
Panels ng Structural model only no

Current used activity (4| yes

New | Insert | Edit | Delete Close

For each layer there are two options available:

-« Structural model only » : if this option is enabled for a certain layer, none of the elements in
this layer will be taken into account in the calculation.

-« Current used activity » : if this option is disabled, the elements in this layer are hidden from
the display but still present in the calculation.

For the last option to have effect, the visibility by layer should be active from view > visibility > by layers.
» Activity by selection

Apart from using the layers to show certain elements in your model you can also switch to activity by
selection. Simply select the elements you want to show/hide and choose for one of the below options in the

process toolbar:

I3
1
R Rl i
g

The toggle switch and the draw invisible members icon can be used to show all elements again or to draw
elements in a light color when they’re hidden:

=
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e Colors, lines and fonts

Besides what you see you can also change about every color and line type of what you see in the graphical
displace by going to view > colors & lines/Font settings:

o
® O ‘@

@ Undo view change

Visibility 4
Zoom b
Views »
Clippingbox »
Visualization b
@ Global Ul settings
User configuration 3
g Colours & lines
ﬁ! Fonts settings
. Structural beam types settings
Dimension lines settings
Line grid manager Ctri+Shift+G

3 Dot grid settings

r Wired model in view manipulations

6. Saving a file

You can save a file by going to file > save/save as.

If you close the file a pop-up window will always be shown to ask if you want to save before closing.
In this window you have the option to delete mesh and results of both calculation and cross-section
properties:

Ask to save X
lean mesh, results of calculation and 2D FEM cross-section
ictures

Save changes to
C:/Users/martijn/Downloads/ehethetheth.esa?

Yes No Cancel

This will significantly reduce the file size, but the project needs to be recalculated after it was saved with this
option enabled.
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Example 3b: Hall
1. Input of the geometry

» Project data : Frame XYZ — Steel S 235

| 5000

PE160

1500

\92\60

L. |

!

* Insert the first frame of the hall as shown in example 2.

2. Input table
The table input allows you to numerically introduce or edit project data. Numerical data can also be handled
simply by a Copy/Paste from SCIA Engineer into Excel and vice versa.
You can show the table input by going to Tools > Input Table

A W4 © o fa

Calculation & Mesh »
Selections »
BIM toolbox »

4 Clash check

&7 Checkstructure

{i Coordinatesinfo Ctrl+Shift+D
@ Geometry/Graphics settings

% Cleaner

g Input table

g Results table %

Report

Send >

IEJ Image gallery settings
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= INPUT TABLE

4 Name Type
1 51 column (100)
2 52 beam (80]
3 53 beam (80)
4 54 column (100) ~~
.

1D MEMBERS

Beg. n...

K1
K2
K4
K5

ﬁﬂ Structure m Type here

Endnode Cross-section

K2
K3
K3
Ka

CS1- HE200A
Cs2 - IPE160
CS2 - IPE160
CS1 - HE200A

|6

Lengt...

== | 5,000

5220

5,220

s &= | 5,000

Layer
Laagl
Laagl v

Laagl

Laagl =~

¥ £

| X
LCSRo... Meml
0,00 Centr
0,00 Centr
0,00 Centr
0,00 Centr

o

¥ 10 members | &F | db | T | 52 | B

This table contains all different elements in the project with their properties in the columns. You can edit the

properties from the input panel by simply typing a new value or string in the cell of the property you want to
change. You can also create new elements from the table input by copying the row of an existing element.

At the top of the table input you can change between a matrix of the structural elements, the loads and the

Note:

library items:
WORKSTATIONS

= INPUT TABLE i stucure - ] | 1y here

4 Neme Type Beg] Structure bss-section

Construction sta...

30 s column (100} ~ | K1 1 - HE200A
Loads

20| =2 beam (80) | K2 | praries 2- IPE160

3 | ss3 beam (80) | K4 [ TS2- IPE160

4 54 column (100) | K5 K4 CS1 - HE200A

H|E | X
LCSRo... Meml
Centr,
Centr
Centr,

Centr,

H | members | & | 4 | T |55 | &

On the bottom of the table input you can find icons for the different type of elements in SCIA. If you miss a

certain element type or want to remove one from the table input simply right click on the bottom line and
select which items you want to view:

= INPUT TABLE
4 Name

Bl

B4

B2

B3

LS R N

ﬁ Structure m Type here
Type

column (100)
column (100)
beam (80) v

beam (80)

Beg.n ...

N1
NS5
N2
N4

Endnode Cre selectall

N2
N4
N3
N3

CS! Unselect all
i | i Nodes
< =
}‘6 1D members
o piHinges on 10
! @20 members
m Hinges on 2D
i (=] Openings on 20
& subregions
I Panels
3 Openings on panel
& Cross-links
§-8 Rigid links
£ Line rigid links
EASUPpDrE in node
i % Supports on 1D
344‘ Line supports on 1D
eﬂ Line supports on 2D edge
9 Surface supports on 2D
g¢ 1D stiffiness modifications
¢ 20 stiffness modifications
& 2D absences
#10 absences

5* Support absences

% Modification groups
=10 property modifiers
éf; 20 property modifiers

&% Post-tensioned tendons

Layer
Layerl
Layerl

0 | Layerl

220 | Layerl

Centre ~~

Centre v

Centre

Centre

o|a oo

R

H |9 Dmembes | & | 4 |F |55 || B

BV —2024/01/29
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3. Copy with the input table

- Select the 4 elements which take part of the frame by clicking on the row number and holding
SHIFT

- Inthe command line enter the vector along which you want to copy the frames: @05 0

- Click on the copy icon in the table input H

With these steps we have created a second frame.

= INPUT TABLE M stucwre  ~ | ] | @osdl e Y E oy |E| | X

4 Name Type Beg.n.., End... ' Cross-section Lengt... Layer LCS Ro... Meml
1_ 51 column (100) ~ | K1 K2 CS1- HE200A v = | 5000 Laagl » = | 0,00 Centr
2 s2 beam (80) | K2 K3 CS2- IPE160 e B | 5220 Laagl ~ == | 0,00 Centr
3 53 beam (80) | K4 K3 €S2 - IPE160 v T= | 5220 Laagl ~~ I= | 0,00 Centr
4 54 column (100} ~~ K5 Ka C51 - HE200A s == | 5,000 Laagl v I= | 0,00 Centr

):I' pﬂ;leembers & | i | W R ﬁ

Repeat the above but with steps of 5m for the vector:

@ 0 10 0 for the 3rd frame
@ 0 15 0 for the 4th frame
@ 0 20 O for the 5th frame

IPE160
#
&y

IPE160

IPE160

_ IPE160
IPE160 ___‘\I
lp&\

A

HE200A

%\

_ weeo |

HE200A

/‘%’\

HE200A
/ HE200A \

HE200A

HE200A

HE200A

oy
HE200A
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4. Add model data to the project with the input tab

We are now going to add supports on our frame with a little help of the input table

le

- We are going to sort the table on Z-coordinate by clicking on the column name for this coordinate
Note: if you don't see the nodes in the input table you can add it by right clicking on the bottom line

- Select all the cells with the name of the nodes with a Z-coordinate equal to zero.
- Copy the above selected cells

- Paste these cells in a new Excel sheet.

= INPUT TABLE

X [m] ¥ [m]

@ structure ~ | [l] | Type here

i Z[m] t Member

0 m o~ o m B W M

e
(=}

=
=

0,000 0,000 Bl
10,000 0,000 0,000 | B4
10,000 5,000 0,000 | BB

Copy %
Copy value to editbox
0,000 0,000 5000  BL B2

2D member

Memb ...

& & P& | | X

Memb ...

Interse...

Linked ... Coord. ..

‘H' MNodes .

AN

- There should already be 2 supports in your model from example 2. Copy all these cells and again
past them in an excel sheet.

INPUT TABLE

A Name

# |2

ﬁstmcture 2N ﬁ Type here

pE Constraint X

Standard -~ Fixed ~ | Rigid ~~

¥
Rigid

z
Rigid

Standard - | Fixed « | Rigid ~ | Rigid - Rigid

= g} Supports in node

Rx R

+ & |&| P 8|2 | x
Rz Node

Rigid -~ Rigid - | Rigid

Rigid -~ Rigid -  Rigid -

i g .

- Your excel sheet could look something like this:

A
Name
N1
N5
N8
N10
N13
N15
N18
N20
10 |N23
11 |[N25

W 0O ~NOY U W =

B C
Name
Snl
Sn2

BV —2024/01/29

F

D E
Type Constraint X
Standard Fixed Rigid
Standard Fixed Rigid

G H
Y z
Rigid Rigid
Rigid Rigid

Rx
Rigid
Rigid

Ry
Rigid
Rigid

K L

Rz Node
Rigid N1
Rigid N5
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Now copy the rows of the cells describing the supports until you have 10 rows in total. Replace the

Node names with the node names you also pasted in the sheet:

Name Name T COTTSITane & v z —— R Rz
N1 snl Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
NS sn2 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N8 sn3 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N10 sn4 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N13 Sn5 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N15 Snb6 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N18 sn7 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N20 5Sn8 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N23 Sn9 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
N25 sn10 Standard Fixed Rigid Rigid Rigid Rigid Rigid Rigid
- Copy all the cells with support properties from excel and paste them in the support tab of the input
table in Scia:
INPUT TABLE A srucwre A~ | [l | 1perere o LB;‘:‘I@ B m | X

4 Name  Type Constraint X ¥ z Rx Ry Rz Node

1 |sm Standard v | Fixed | Rigid v | Rigid | Rigid | Rigid /| Rigid v | Rigid ~ | M1

2 Sn2 Standard ~ | Fixed v | Rigid ~ | Rigld ~~ | Rigid ~~ |Rigid ~~ | Rigid | Rigid >~ | N5

2 | sz | standard. | Fixed v |Rigid ~ | Rigid ~ | Rigid < |Rigd | Rigid | Rigid | N8

4 | Sn4 | Standard  ~ | Fixed v |Rigid ~ | Rigid ~ | Rigid ~ |Rigd | Rigid ~ | Rgld | N1

5  Sns Standard | Fixed | Rigid ~~ | Rigid ~~ | Rigid ~~ | Rigid ~ | Rigid ~ | Rigid ~ | N3

6 | Sn6 Standard v | Fixed | Rigid | Rigid | Rigid ~ | Rigid | Rigid | Rigid | Ni5

7 sa7 | standard. | Fixed v |Rigid ~ |Rigid | Rigid ~ | Rigd | Rigid < | Rgd | s

8 | sn8 Standard v | Fixed v | Rigid ~ | Rigid | Rigid | Rigid | Rigid | Rigid ~ | Nz0

9 | sn9 Standard v | Fixed v | Rigid v |Rigld | Rigid | Rigid | Rigid | Rigid | N23

180 | 5nl0 .Stam:lard 24 . Fixed .Rigid ~ | Rigid Rigid ~~ . Rigid . Rigid . Rigid .NEE

‘E{ . | &F &Suppnrtsinnude sl v Ak - ¢ m

Still in the table input, try to create a new element in the 1D elements tab. Fill in a begin node and an

end node. Scia will then automatically create a new element with a random cross-section in the library. You
can change it from the table input by clicking on the drop down menu. Assign a IPE100 cross-section:

28

INPUT TABLE M stucure A | [l | pe tere gt G @J o | X
4 Name Type Beg.n .. Endnode Cross-section t Length..
16 | R beam (80) | N14 N12 £52- IPE160 ve| 5o
17 | 13 | beam (80) | NI | a7 €S2 - IPE160 | 53
18 | B6 | beam (80) | Nis | N1 €52~ IPE160 525
19  B17 bearn (80) | N21 N2 C52- IPE16D 524
20 B20 beam (80) | N24 N22 CS52 - IPE1GD 532
21 | B2 beam (80) A N2 N6 €S3 - IPE100 o= 5,00
=

H |9 Dmembers | &F | 4 | T | 5% | 5T B
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- Insert the remaining edge beams by using the same approach. To know what node names you
should enter you can show them easily with this option near the Navicube:

N17 N18 F
N2 N13 fF
N9 |z
N7 _No&
i S . N14 !
N2 N ]
gl \ N9 %
K2 K3 11 &
o N4 N20 ==
6 g
W\ k4 i i
N1
_ N10
K
- NS =
K5 -
a9 s
]
P

5. Actions after the input of the geometry.

* Tools > Check structure
» Edit > Modify > Connect members/nodes
Or simply write “Connect members/nodes” in the SCIA Spotlight

Note: members are automatically connected when the below option is enabled in the mesh settings:

4 Mesh setup
Average number of 1D mesh element 1
Average size of 1D mesh elementon ¢ 0,200
Average size of 2D mesh element [mi=0.200

—

Connect members/nodes 54

Setup for connection of structural en

BV —2024/01/29
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Example 4: Purlins

1. Input of the geometry

ad

* Project data : Frame XYZ - Steel S 235 — Purlins IPE100

* Input of purlins:

%

HE400A

w&o

- Enter the purins on the left part of the roof
At the top right of your screen click on “Snapping” and make sure the option “Line divisions” is enabled. Fill in
a value of “4” to divide every line element into 4 equal parts:

Magnet Snapping 0‘, CD
Tracking Guides 2f (0 ) =
orthe - (O
Line grid E?( a
Dotgrid 7 (O ==
Endpoints/ Nodes %, @)
Midpoints/ Centers @ @Y)
Intersections . @V)
Normal& Tangent & @)
Line divisions ( "
Repeat 4 ]}
Pointsonline %, (O )
Surfaceedges M (O )
Solid vertices (7] @Y
Vertices 2000

30

[Point in 1/4 of length|
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- We are going to rotate the purlins so that their LCS Z-directions points in the same direction
as the LCS of the frame beams.
First, change the orientation of the UCS by choosing “From local member” in the Coordinate

system settings and select a beam of the main frame:

LCT

XY XY workplane
{YZ ¥Z workplane
XL XZ workplane

L’.-} Move

.0

" » From 3 points

alw

F9

1 from Local Member %

F10

T_.: Reset to GCS position

\< From Line (align X axis)
1.+ Rotate

1ZX Align Z to X axis

{ZV Align Z to Y axis

@ Align normal to View

— Switch workplane

* Previous UCS

=~

L'-;/ Save Current UCS
1= Load UCS

— WCS Manager

- Select the purlins and

Ctri+F11

F11

ember B2 (4,123 m)-beam (80)]

in the property panel change the LCS definition to “z from UCS":

Name B21

Layer Layerl ~ —

Type beam (80)
Analysis model  Standard
FEM type standard

Cross-section

€S2 -IPE240 —

Alpha [deg] 0,00

Member system-lineat Centre
ey[mm] 0
ezlmm] 0

LS
LCS Rotation [deg)] | standard
c y by vector
* BUCKLING 2 b vEckr
System lengths and buckli.. | y by point
Material and no. of parts} z by point
z from UCS
Secondary member

- Reset the UCS back to its original position by choosing “Reset to GCS position” from the
coordinate system settings:

BV —2024/01/29

LCT

*KY workplane
YZ workplane
*Z workplane
Move

From 3 points

from Local Member

F9

F10

Reset to GCS position

L

Cirl+F11

wulll LITTE Tl T A e ATa]
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* Input of eccentricity:

- Select the purlins.
- Change member system line to “bottom”
- Change z eccentricity to 120mm (half of the main beams).

g I
Layer Layerl v =
Type beam (80)
Analysis model Standard -
FEM type standard ~~
Cross-section  €S3-IPEL00 v &=
Alpha [deg] 0,00

Member system-line at

eylmm] 0

LCS  z by vector
X[m] -0,243
Yim] 0,000
Z[m] 0,970

LCS Rotation [deg] 0,00

»  Copy the purlins to the other side of the roof

Select the 3 purlins on the left side of the roof and choose the mirror option in the process toolbar

il

Or go to Edit > Modify > Mirror

Draw a mirror plane by clicking on the two top nodes of the roof and click on “No” when the window
shown below appears:

SCIA Engineer X

o Should the original be removed?
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* Input of haunch

First approach

We need a new cross-section which defines the haunch first. Go to the cross-section library and
under “Haunch” choose for the first type:

New cross-section x
Available groups AVAILABLE ITEMS OF THIS GROUP Items in project
Profile Lib C51 - HE400A
e, B F FEZETOEE
: Geometric shapes £33 - IPE100
Numerical
%7 General
IE pairs
E Closed
E Jaunc
T welded
TT sheet welded -
I Build-in beams
I Thin-walled geometric
E Fabricated
E virtual joists
E Woestok
% I+ Ivar
Profile Library filter Al cross-sections ¥ Add Close
B Cross-section X
Name €S4
z Type | +lvar
Detailed IPE240; 150
Shape type Thin-walled
Initial shape Notavailable
4 Parameters
2x IPE240 Material S 235 Vo
E va[mm] 150
7 Isection IPE240 .
Profile Library filter All cross-sections v
4 General
y Draw colour Normal colour ¥
Colour
Fabrication welded v
4 Buckling curves
= Edit buckling curves
v
— Flexural buckling y-y b
®
N > Flexuralbucklingz-z ¢
Lateral torsional bucklir Default
4 Fibres and Parts
Update Document
4 o Picture UnitWarping Shear{Vy}) Shear{Vz) [»
Cross-section lavout and dimensions or S

Now go to the input panel, filter category on 1D members and choose for “Haunch on 1D”:

INPUT PANEL o8 Al workstations

rE 1D Members ~~ @ All tags ~

w 1D MEMBERS

». 1D member 7 Beam Ctrl+B
|| Column Ctrl+Shift+B

I =) Haunchon 1D . . Arbitrary profile
[ | Opening on 1D mj Internal node on 1D
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34

Name H1

Position_Begin v
Cross—sediorﬁstl-l +|var (IPE240; 150) ¥ ...
Use from Css no

va[mm} 150,0

4 Geometry

Coord. definition|Rela v
Length x| 0,250

And click on the element where you want to add the haunch on, the beams of the frame in our case:

Note that a haunch is some additional data attached to a certain 1D element. If you want to select
the haunch, always show the volumes and click on the haunch itself. If you select the system line the
1D member itself will be selected. Haunch data can also be copied to other elements: select the
haunch, right click, choose “copy add data” and select the items where you want to add the same
haunch on.
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2" approach

Go to the input panel, filter category to “1D member” and choose for “arbitrary profile”:

INPUT PANEL | 8 Al workstations

|= 1D Members v I @ All tags v

w 1D MEMBERS
1,; 1D member = Beam Ctri+B

{j Column Ctri+Shift+B |

=] Haunchon 1D &y Arbitrary profile
| 4 [%

|E_| Opening on 1D

| W7 Arbitrary profile X
Name AP

4 Geometry
Coord. definition Rela v

@ ; | N ! @ Span1 Edit Span
1] _ -
> —

length 1 1,000

-0
1 4 Span prop(1)
Type of Css{1) param. haunch v
Cross-section1(1) €54 -1+ var (IPE240; 150) ¥ ais
o R Pl Css 1param(1) fromDB v
L SRLENI Css 2 param(1) variable v

Use from Css no
va[mm] 10,0
Alignment(1) default v

2. Structural model

Go to the main menu and choose for View > Visualization > Generate structural model

Note that the eccentricities for the analysis model and the structural model are separate settings.

Cross-section  CS3 - IPE100 &=
Alpha [deg] 0,00
| Member system-line at
ey[mm] 0
ez[mm] 120
LCS  z by vector
X[m] -0,243
Y[m] 0,000
Z[m] 0,970
LCS Rotation [deg] 0,00
[ » BUCKUNG
» GEOMETRY

w STRUCTURAL MODEL
Mode  Automatic

Priority definition  according to member

Priority value

Perp. alignment | default

Eccentricity def.  whole member ~
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3. Actions after the input of the geometry.

* Tools > Check structure
e Edit > Modify > Connect members/nodes
Or simply write “Connect members/nodes” in the SCIA Spotlight

Note: members are automatically connected when the below option is enabled in the mesh settings:

4

36

Mesh setup
Average number of 1D mesh element 1
Average size of 1D mesh elementon ¢ 0,200

Average size of 2D mesh element [M=ls=a

Connect members/nodes 54

Setup for connection of structural en
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Example 5: Bridge
1. Input of geometry

e Project data: Frame XZ — Steel S 235 — Concrete C25/30

Project data
Basic data Functionality Actions Unit Set Protection
DATA | MATERIAL
Name: - Concrete ":f;,-l i
Material €25/30 » ...
Park: - Reinforcement m B 500B  » ...
Steel [
Description: - Material S235 o
Author: - Masaliy
Aluminium
Dater 29/01/2024 Timber
Steel fibre concre
Other ~
Structurs: &) FrameXZ v CODE
Mational Code:
B = v
Mational annex:
- Standard EN L
0K Cancel

« Geometry :

e O

et T~

8

o

5
Rectanglel(500; 300)

10000
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¢ Input a straight beam

Filter the Input Panel workstation to “Structure” and under 1D members choose for “Beam”:

B | Horizontal beam %
Name Bl12
Type beam (80) v
Analysis model Standard v
Cross-section R500x300 - Rectangle (500; JOOE
Alpha 0 v
Member system-line at Centre v
ez [mm] 0
LCS standard v
@ FEM type standard v
Layer Layerl Voo
b Buckling
4 Geometry

Insertion point begin v

OK Cancel

In this window you can also directly define a new rectangular cross-section by clicking on the three dots next
to the cross-section dropdown menu.

Close the window by clicking on “OK” and input the beam in the origin by entering “0 0” in the SCIA Spotlight.
End the action with ESC.

¢ Input a curved beam

Filter the Input Panel workstation to “Structure” and under 1D members choose for “1D member”:

B | Member X
Name B12
Type beam (80) v
Analysis model Standard v
Cross-section R200x300 - Rectangle (200;300) ) v ...
Alpha 0 v
Member system-line at Centre v
ez [mm] 0
LCS standard v

FEM type standard v
Layer Layerl ¥

4 Buckling
System lengths and buckling settings Default

Secondary member
F Structural model

OK Cancel

In this window you can also directly define a new rectangular cross-section by clicking on the three dots next
to the cross-section dropdown menu.
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After closing the above window by clicking on “OK” below the SCIA Spotlight some additional option should
appear which let you decide the shape of the element that you are going to input. In this case choose for a
circular arc defined by three points:

. LINClA 73S ®

Afterwards you can insert the coordinates of this arc in the SCIA:
1st point: 0 O (or click on the left node of the rectangle (500;300))
2" point: 5 3

31 point: 10 0 (or click in the right node of the rectangle (500;300))

N
2N
e x
/\

e Input the vertical elements:

In the status bar you can go to “Snapping” and enable “line divisions”.
This allows you to have a snap point after each 10t of any element with the below settings:

| snapPING |

LCL o %

Magnet Snapping e |
Tracking Guides
Ortho -

Line grid IH

Dot grid 0%

Endpaoints / Nodes ™\,
Midpaints / Centers D
Intersections

Normal & Tangent ¢+

| Line divisions  {*

Repeat

Points on line ™,

Surface edges
Solid vertices EB

vjlS|ls M| SiSASL I BSIISISIS
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Filter the Input Panel workstation to “Structure” and under 1D members choose for “Column”:

" Column

@

®©

&#

A

w |

Name B12
Type column (100) v
Analysis model Standard v
Cross-section €100 - Circle (100)
Alpha 0 v
Member system-line at Centre v
ez[mm] 0
LCS standard v
FEM type standard v
Layer Layerl ¥
> Buckling
4 Geometry
Insertion point Bottom v

OK Cancel

Define a circular cross-section from this window, define a length of 4m and close the window by clicking
on “OK”. Now you can use the previous enabled snap settings to add 9 columns because the straight
beam was now divided in 10 equal pieces to snap to.

2

/

N

X

T

Now we are going to change the height of these vertical elements so that they match with the curved

beam.

15t method

- Enable the intersections snap in the snap settings:

40

it |70

Magriet Snapping ° 33
Tracking Guides 3 () =

ortho 3 (0 )

tregrid 3 CO ‘
Dotgrid & @Y =2

Endpoints/ Nodes &, @Y
Midpaoints / Centers

Intersections 1%,

Line divisions  {

Repeat
Pointson line ™,
-
Solid vertices ()

Surface edges
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- Select the top node of a column.
- Drag the node with the left mouse button to the intersection with the curved beam.

This has to be done for each individual node because the lengths of the columns differ:

|

2" method
- In the main menu go to “Edit” > “Modify” > Trim

- Select the curved beam and end with ESC:

/ \ [Member B (12,250 m) general (0) |

7 N

- N

’ﬁ/
=X

- Select each column individually above the curved beam, this is the part that is going to be subtracted:

Wember B3 (4,000 m)-column (100]

I
| T

] N

- S

BV —2024/01/29
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2. From 2D to 3D
Go to “File” > “Project Settings” and change “Structure” from “Frame XZ" to “Frame XYZ”
» Copy 2D bridge

Select the whole (CTRL+A) structure and press CTRL+C to copy.
Select some node of the bridge and enter the below:

@040 0O X

Note that by entering “@” before the coordinates you actually define a vector so it doesn’t matter from which
point you start the copy.

Next a message will appear with the question whether you want to copy additional data as well. In this case
this is about the supports so you can click “Yes”™

Some of the selected entities contain additional data.
Copy the add-data as well?

e General XYZ

If we would want to add a 2D bridge deck now you will see this is not possible as there is no such option in
the input table:

w 20 MEMBERS

The reason is because in the project data we choose for “Frame XYZ" instead of “General XYZ".
Go to “File” > “Project Settings” and change “Structure” from “Frame XYZ” to “General XYZ".
Now you will have options in the input panel to also define 2D elements:

w 20 MEMBERS
ﬂ Plate Ctri+T

¥ Composite deck

£F Metal deck

&= Ribbed slab

& Prefabslab

 wat Ctrl+Shift+H
A shell

E—:-E} Shell - surface of revolution

sy Shell- swept surface
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3. Actions after the input of the geometry

* Tools > Check structure
e Edit > Modify > Connect members/nodes
Or simply write “Connect members/nodes” in the SCIA Spotlight

Note: members are automatically connected when the below option is enabled in the mesh settings:

4 Mesh setup
Average number of 1D mesh element 1

Average size of 1D mesh element on ¢ 0,200

Average size of 2D mesh element [m=0-200

Connect members/nodgs D

Setup for connection of structural en

BV —2024/01/29
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Example 6: Carrousel
1. Input of geometry

* Project data: Frame XYZ — Steel S 235

| 5000 |
o RO48.3X3.2 i
It
9
¥
N
g_ﬁi—
) 5000 N 2000 /1 5000 Il
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* Input of a single frame

Filter the Input Panel workstation to “Structure” and under 1D members choose for “Column”.
Enter a column of height 4m with cross-section RO48.3x3.2 on starting points “1 0 0” and “6 0 0.

Filter the Input Panel workstation to “Structure” and under import & blocks choose for “Catalog blocks”.

Choose the below template and change the values as shown below:

Block selection manager

Available groups AVAILABLE ITEMS OF THIS GROUP Items in project

A Frame 30 ! ! !
,l$.Tcwer M m EZSZI
™Frame 2D ! ! !

OCunfe
SiLBeam
B Truss 2D

[ Truss 3D
B 7russ 30 Arc
&3 Truss 2D Arc

B
B

a
)
:

] Truss.nN

(R

Filter OK

Geometry block

n2
m 2
[[m] 5,000
h [m] 1,000
hu [m] 0,000
hd [m] 0,000
Type V v
Bb CS1-R0O48 v ...

Close

Bu CS1-R0O48 v ...
D CS2-SHS4i v ...
V CS2-SHS4/ v ...

n=2 m=1

2| |ut Byl

hd

blL ] _

We are going to use the same cross-section for the whole cross-section.
Close the windows with “OK” and enter the truss on coordinates 1 0 5.

BV —2024/01/29
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2. Manipulations
* Multicopy

Select all the elements (CTRL+A) and in the process toolbar in the structure branch choose for “Multicopy™:

-

a

MULTICOPY

w‘;}

P
® B
“L'_"i "~

In the window that pops up fill in the below values:

Multicopy X

Number of copies E + Cglmect selected nodes
with new beams

Insertthe very last copy Copy additional data

DISTANCEVECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor ® between two copies
X 0,000 m from original to the last copy
HOW TO DEFINE THE ROTATION ?
y 0,000 -
between two copies
z 0,000 .
* from original to the last copy
ROTATION ROTATION AROUND
X 0,00 deg * current UCS
ry 0,00 deg distance vector
rz 360,00 deg

0K Cancel

In case you enabled “Connect selected nodes with new beams” after clicking “OK” a new window will open
which allows you to define a cross-section for the automatically generated connection beams.

Note: in the first step of the multicopy we selected all the elements in the model, so now all nodes between
the copies will be connected with a beam. If we only wanted to connect the nodes from the truss we had to
select all the 1D elements, but only the nodes that are part of the frame:

H =
1 L]
) § ) §
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2. Actions after the input of the geometry

* Tools > Check structure
e Edit > Modify > Connect members/nodes
Or simply write “Connect members/nodes” in the SCIA Spotlight

Note: members are automatically connected when the below option is enabled in the mesh settings:

4 Mesh setup
Average number of 1D mesh element 1

Average size of 1D mesh element on ¢ 0,200

Average size of 2D mesh element [m=0-200

Connect members/nodgs D

Setup for connection of structural en

BV —2024/01/29
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Example 7: Bearing frame
1. Input of geometry

* Project data: General XYZ — Steel S 235

]
y

AA

XX

B

* Use of the line grid
Go to the input panel and under Grids & Stories choose for “3D line grid”, fill in the values shown below:

3D Line grid

Inputdata Drawingsetup

| i
%
3
\.“\
y \\\“%
o ., €
L @ X" ®
. > ® Q¥
DIRX[M] DIRY [M] DIRZ [M]
Type Span ¥ Type Span v Type Span
Name X[m] dx[m] Rep  SL Name Y[m] dy[m] Rep  SL Name Z[m] dz[m] Rep  SL
1A 0,000 ne v 11 0,000 no v 1a 0,000 ne v
2 2,000 2,000 1 no v 2 l:lz,ooo 2,000 1 no v 2 b 2,000 2,000 no v
* 0,000 0,000 © v * 0,000 0,000 0 ¥ 3¢ 4,000 no v
4.d 6,000 ne v
» 0,000 0,000 © v
I Generate name automatically B Generate name automatically &4 Generate name automatically
Rotation 0,00 deg Refresh names
Name Grid1l Type Carlesian v
oK Cancel Apply

Click on “OK” and enter the grid in the origin so that the grid dimensions fall in line with the coordinates
in Scia. Enter “0 0 0” in the SCIA spotlight. End with ESC.
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In the snap settings make sure the line grid is enabled:

)
<
(]

Magnet Snapping

Tracking Guides

Ortho -

b
Line grid m

Dotgrid 9%

e
Endpoints | Nodes =\
Midpoints [ Centers O
Intersections 4
Normal & Tangent &
Line divisions |
Points on line '\I
Surface edges M

Solid vertices @

8loig/8lo0 988008

Use the grid to draw the structure as shown on the first page.

2. Loads

Enter the below load cases by going to the loads dropdown menu in the status bar and clicking on “Manage
load cases”.

LC3
= LCL- Self weight
15 LC2 - Vertical loads
E 188 LC3- Horizontal loads
= Manage load cases Ctri+L

LC1: Self weight (is automatically created)
LC2: Vertical loads (Variable)
LC3: Horizontal loads (Variable)

You can now switch between the load cases in the dropdown menu and enter te below loads on the upper
transfer beam:
LC2

B | Point force on beam b4

R2 Name Fb1
RX Direction Z N
f X Type Force v

F
“M @ Angle [deg]
Value - F [kN] -50,00
Ss ey ez 4 Geometry
@ X Extent full v
System GCS v
Coord. definition Rela v
| nEAL7 :
j 7z Position x 0,500
/\y(\n-ﬂ x AX Origin From start v
- X Repeat (n) 1
| OK y Cancel gy
Point Load On 1D
' e s
e PO, i
]
A & o
ALT + RMB
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| Point force on beam X
Name Fb3
Direction X ¥,
Type Force v
Angle [deg]
Value - F [kN] 20,00
4 Geometry
Extent full v
System GCS v
Coord. definition Rela v
Position x 0,500
Origin From start v
Repeat (n) 1
0K Cancel gy
Point Load On 1D
| ,
e PR, T
-
A =
ALT + RMB
\ |
3. 3D displacements and 3D stress

Now we can perform a calculation and have a look at the results with the options in the process toolbar.

Calculation:

3D deformations:

@:‘ "‘lﬁ .,i 3D DEFORMATIONS
D B W~ (A e & e
o b 5

50

1.2
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.0

Utotal [ITI‘“]

i
-

| A

RESULTS (1) A

Name

v SELECTION
Type of selection
Filter

¥ RESULT CASE
Type of load

3D displacement

All v/

No

Load cases v/

I Load case

LC2 - Vertical loads

Wireframe
Location
Value
System
Extreme 1D
Extreme 2D

¥ CALCULATE RESULTS ON ..

1D members
2D positive face
2D negative face

v DEFORMED STRUCTURE
Deformed structure

For drawing use linear rotation

oD

In nodes avg. on macro
U_total

LCS mesh element
Global

Global

&«
&
&
O
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3D stress:

\‘b'-

i

J

¥

= ]

Same for LC3:

3D displacement

Values: Utotal

Linear calculation

Load case: LC3

Selection: All

Location: In nodes avg. on macro.
System: LCS mesh element

BV —2024/01/29

i1 3D STRESSES

@E:L)mua:mmmn‘-’-
- L

o

o [MPa]

Y| o

RESULTS (1)
Name 3D stress
w SELECTION
Type of selection  All
Filter No v
w RESULT CASE
Typeofload Load cases
Load case LC2 - Vertical loads ~~
Location  In nodes avg. on macro
Trajectories () )
Typevariables  Principal magnitudes
Value o E v
Consider torsion due to shear c... (a
System  LCS mesh element ~
Extreme 1D Global
Extreme2D  Global “~
* CALCULATE RESULTS ON ..
10 members @)
20 positive face  @l[Y)
2D negative face (4 )
v DEFORMED STRUCTURE
Deformed structure () )

3D stress

Values: oe

Linear calculation

Load case: LC3

Selection: All

Location: In nodes avg. on macro.
System: LCS mesh element
Principal magnitudes

"

321
30.0
28.0
26.0
24.0
22.0
20.0
18.0
16.0
14.0
120
10.0

8.0

6.0

4.0

0.0

o [MPa]
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4. Images

You can add different kinds of images to the engineering report by right clicking on your mouse on an empty
part of your screen (and without any active selection):

:q"_ Zoom all
Q Zoom cutout

@ Viewsettings for all entities

E Report preview

i Tableto report

T Printimage Ctrlsp
£ Image to gallery

Es Saveimage tofile

Copy image to clipboard

[t} Screenshot to report

m Live image in scale to report

[) Liveimage to report

1;'5 Wired model in view manipulations
Ej Advanced graphic settings

L!.. Coordinates info Ctrl+Shift+D

",'- Image wizard

If you choose for a live image, the image will stay connected with the model. Any changes you make to the
model will also be visible on the image and view settings can still be edited later on.
A screenshot will be a rasterized image of the current state of your model and is not editable.

Send the image to a report and have a look at it via the report option in the process toolbar:

A DD Report_1 [Esal.esa] - Engineering report = o x

Home View

: Bl DR IB B RCAE * 7
e Y '] B =
L& T Copy # Redo L ¥ Delete T4t [ | = B 8l
[ Paste Report Insert .- Regenerate Regenerate Edit picture View DWG colour Edit
- properties A Moveup PZ “Golected outdated¥ properties & & point converter external file
b Clipboard Undo Document item Regenerate Edit pictures  Edit external pictures Tables / Pictures External fles
o 1. 3D displacement; U_total
= Values: Utoal =
Linear calculation £
(=i Load case: LC3 1o E
Selection: All o
=] Location: In nodes avg. on macro. K
2 System: LCS mesh element i =)
; 12
1
:i'f‘i 0.8
i 0s
S 2
¥ l: 0.0
g
I3
RJ
1
&
o
@%@ wor
g B

Bl ccmc o0
", T

N

¥
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Example 8: Rectangular plate
1. Input of geometry

* Project data: Plate XY — Concrete C30/37

e Input of the slab:

In the input panel filter the workstation to “structure” and under 2D members choose for “Plate”.

In the next window fill in a thickness of 250mm and leave the other values as default.

Below the SCIA spotlight there should appear some additional options to change the shape of what you are
going to input. Choose a rectangle so that we only have to define the 2 opposite corners of the slab:

| New 2D member - New polygon - Start paint > NEW RECTANGLE

/S CNANNSSE 6%00|d A

Afterwards enter the coordinates “0 0 0" and “9 6 0".
* Input of the supports

Filter the input panel category to “Boundary conditions” and choose for “Line support on 2D edge”:
¥ BOUNDARY CONDITIONS
& Support in node

ﬁ Line support on 20 edge

&3 Surface support on 2D

g Borehole profile

A sliding supportin node

é Hinged support in node

G Fixed supportin node
Set the restriction as sliding and click on the left and right 6m edge of the slab we just created to add the
supports.
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2. Loads

Enter the below load cases by going to the loads dropdown menu in the status bar and clicking on “Manage

load cases”.

LE3
1% L1 - Self weight

= LC2- Walls

s
i

2 LC3- Service loads

= Manage load cases % Ctri+L

LC1: Self weight (is automatically created)
LC2: Walls (Permanent)
LC3: Service loads (Variable)

You can now switch between the load cases in the dropdown
LC2

g

menu and enter te below loads on the slab:

V¥
(=1 Hwow

. 5/ Line Load On 20 Edge
Q - -

-

ALT + RMB

PR N
X
Name LFS3
Direction Z v |
Type Force v
Distribution Uniform v |
Value - P [kN/m] -10,00 |
4 Geometry
System LCS v

Location Length
Coord. definition Rela v
Position x1 0,000
Position x2 1,000
Origin From start v

OK Cancel

1 Surface force

54

[

A : -
‘_?,\,,
A S|

Surface Load On 2D

gs

LOAD

ALT + RMB

Name SF2
Direction Z Bl
Type Force v
Value [kN/m*2] -2,00
4 Geometry
System LCS v
Location Length

. EEREL]
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3. Finite element mesh

* Generate the mesh

In the main menu go to “Tools” > “Calculation & mesh” > “Generate mesh”

A
Calculation & Mesh P | B2 calculate Ctrl+Shift+F5
Selections > .‘”i- Hidden calculation
A Autodesign

BIM toolbox ) & Solver settings

7 Check structure @ Generate mesh
u’_ Coordinates info Ctrl+Shift+D @ Mesh settings %
@ Geometry/Graphics settings

Note: the generation of the mesh is something that is done automatically whenever you run a calculation.
» Graphical display of the mesh elements
In the view settings there is an option to visualize the mesh that will be used for the finite element calculation.

Right click on an empty part of your screen, choose for “view settings for all entities” and enable the mesh
option in the structure tab:

'Q Zoomall
View parameters setting Q. Zoom cutout
Check / Uncheck gro... Lock position & View settings for all entities
4 m A & e - ] @ »

Check / Uncheck all

ﬁ Table to report

Service
Struct: T Printimage Ctri+P
ructure
Parc) E5 'mage to gallery
+|| Panel
£ Save image to file
Structure nod
+| | Structure nodes
D Copy image to clipboard
[ibesh
31 Screenshot to report
o @
T :““ LJ Live image in scale to report
Display mode wired j D Live image to report
Local axes r Wired model in view manipulations
@ Advanced graphic settings
Show names in tab D [} OK Apply Cancel

LL Coordinates info Ctrl+Shift+D

e Mesh refinements

To have a finer mesh you can either apply local mesh refinements from the option you gave in the input
table:

w LOCAL MESH REFINEMENT
@ MNode mesh refinement

*,, Edge mesh refinement
@ Surface mesh refinement
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Or you can change the default mesh size in the calculation setup:
B FE analysis X

i r
Calculations Mesh setup
Average number of 1D mesh element 1
Linear analysis

i 0,200
Load cases: 3
Average size of 2D mesh element[m] 0,250

Other [FIHEEEEES Connect members/nodes

Testinputofdata Setup for connection of structural en
I Advanced mesh settings

Save project after analysis b Solver setup

I Advanced solver settings

I Deve setup

Calculate

This will change the mesh size for all the elements in the model when there are no refinements defined on
them.

4, Results
* Results on the plate

In the Process Toolbar go to the “Results” branch and click on 2D internal forces:

ﬁﬁﬁ ,,4\ 2D INTERNA .
DB \ﬁ"" G D W e F & a
N
L
In the Process Toolbar go to the “Results” branch and click on 2D stress/strains:
<5

& M o 2D STRESSES/STRAINS
= A O = A e e S I (B i &
. 13

Specify which part of the results have to be shown and how they are shown in the result properties. Settings
of which:

-System: choose between axis of the elements or axis of the mesh elements.

-Location: Scia provides 4 different locations and types of averaging the results calculated by the finite
element calculation. Have a look at our FAQ to read about the difference:
https://www.scia.net/en/support/fag/results/results-2d-members-what-influence-option-location

-Type of values: choose between basic, principal, design or resultant magnitudes. Have a look at our FAQ to
read about the difference:
https://www.scia.net/en/support/fag/scia-engineer/results/calculation-1d-and-2d-results

-Drawing setup 2D: make changes to the colors, legends, min./max. settings etc. to change the visualization
of the results.
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» Accuracy of the results

An infinitely small 2D mesh will give you the most correct results from the finite element calculation. But
because you typically don't have so much time to wait for that kind of calculation we have to decide a proper
mesh size. If you change between the 4 location types in the result properties, they should not be much
different from each other. If so, you will have to choose for a finer mesh setting.

General rule of thumb is to choose a mesh size of about the thickness of the scoped 2D element.

* Line reaction forces

In the Process Toolbar go to the “Results” branch and click on “reaction”:

n
:ﬂlﬁﬁ =3 RE.?CTIONS
D R M A 5 OROR R R s & a
C

With the “course” setting set to “precise” Scia will show the exact results from the calculation. You can
choose from “Trapezoidal” or “Average” for a an averaged out result of the line reaction forces.
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Example 9: Slab on an elastic foundation (subsoil)

1.

58

Input of the geometry

e Project data: Plate XY — Concrete C20/25 — slab thickness 200mm

Opening

B

—— 7

3000 L 5000

| 3000 |

5000

3000 I 3000 | 3000 | 3000
® @ ® ® 6

d

718000

A

® ®

 Inputofagrid :

Line grid

Inputdata for 2D Line grid

DIRX

Name X[m]
0,000
3,000
8,000
11,000
16,000
18,000
0,000

O MR W N R
mm o AR

© ©

In the Input Panel choose for “Rectangular Grid” under “GRIDS & STOREYS".
Fill in the below values, click “OK”, “OK” again and afterwards enter the coordinates of the origin: 0 0 O,
all separated with a SPACE. Press “ESC” to end the action.

,,,,,,,,,,,, —
[ [ I [ g
(JENE S |(DRSUNT Ny (1
| | I | g
b e o il = B ool (FE
[ [ I [ Iog o
SIS RS [ S
| | I | [
| | I | I E
| 3000 | 5000 [3000] 5000 [200d]
J jB000 1
® © @ ® 6

DIRY
Type Span ~
dx[m] Rep SL Name Y[m]
no v A L 0,000

3,000 1 no v 2 2 3,000

5,000 1 no v 3 3 6,000

3,000 1 no v 4 4 9,000

5,000 1 no v 5 5 12,000

1 no v 2 0,000

0,000 0 v

Generate name automatically

B2 Generate name automatically

X
©
)
©
@ =
4B
o
Qe ]
Type Span ~
dy[m] Rep sL
no W
500 [4 o v
no v
no v
no W
0,000 0 v
0K Cancel Apply
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* Inputofaslab :

With the help of the grid we are now going to create a 2D element. Therefor make sure the line grid snap
is enabled under the snap options:

ery 0]
Magnet Snapping 2 @

TrackingGuides 3 @[v) &=
othe - (O
Line grid m & N
Dotgrid 0: (O ) &=

Endpoints / Nodes

7

Midpaints / Centers G &
Intersections ¢ @)
Normal & Tangent 4= (O )
Linedivisions { (O
Points on line "\‘ QD
Surfaceedges M (O )
Solid vertices G] CD

Then in the input panel under category “2D members” choose for “plate” and fill in the properties of the
slab. Click “OK” and start drawing the slab. Notice that right underneath the SCIA Spotlight you can
change the shape of the next segment you will be drawing. For our plate element we need straight lines
and circular arcs:

NEW STRAIGHT LINE

*00d A|£|CANSS

NEW CIRCULAR ARC

Finish the plate by selecting the first node again, clicking “ESC” or right clicking and choosing for
“Confirm action”.

e Input of additional data

Now we are going to create a circular subregion and a rectangular opening.
In the input panel choose for “Opening on 2D” under 2D members and “Subregion” after, we are going to
use the below shapes to create the openings and subregions:

NEW RECTANGLE

%]@D@o]w d/0NnNNSS
NEW CIRCLE (BY CENTRE & R.IELDIUS PT.)

If you want to enter a value for the radius make sure the tracking guides are enabled in the snap options.
Point in any orthogonal direction and fill in the value for the radius.

To simulate the ground underneath the slab we are going to apply a surface support. Look for “Surface

support on 2D” under “Boundary conditions” in the input panel. Copy a predefined subsaoil to the project
library and click “OK” to assign it to the slab.
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2. Loads

Insert the following load cases:

LC 1: Self weight

LC 2: Walls on the outer edges (Perm.) > Line force 10 kN/m
LC 3: Freestanding walls (Perm.) > Line force 6,5 kN/m

LC 4: Service load (Var.) > Surface load 2 kN/m2

LC 5: Service load on subregion (Var.) > Surface load 1,5 kN/mz

3. Finite elements mesh

* Mesh settings :
"Tools" > "Calculation & mesh" > “Mesh settings”
We recommend a 2D mesh setting of 1 to 2 times the thickness of the 2D element.

* Generate the mesh :
"Tools" > "Calculation & mesh" >"Generate Mesh”
You can now also visualize the mesh in the view settings:

____________ @

§ View parameters setting
@

|
|
= I Check / Uncheck gro... Lock pesition
O NEEEEEE L _ iy inEDEODTREReRE >
= B check / Uncheck all
‘ Service
Structure
|[H]|Panel
i Structure nodes
§ [H[mesh
B Draw mesh v
Free edges I
H B @ Display mode wired |
Local axes

| Show names in tab D [*] 0K Apply Cancel

|
12({0{!

3000

5000 3000 5000 2000

| 18000 | |
| |

® ® © 60 66

4, Results

* Results on the slab

Go to the "Results" branch of the Process Toolbar and choose for 2D internal forces:

Eﬁi rﬁ § ? 2D INTERNAL FORCES
B & o 0o w Q|§_~$ &

Set the result properties and click on "Refresh" at the bottom.
* Results on the subregion

Repeat the above but before refreshing select the subregion and change the "Type of selection” in the result
properties to "Current:

= RESULTS (1) A | X
Name 2D internal forces
w SELECTION
Type of selection E
Filter | Al
| Current [
¥ RESULT CASE Advanced

Typectioad | Named Sclection

Load case  LC1 - Self weight
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* Results on the foundation support

Go to the "Results" branch of the Process Toolbar and choose for 2D contact stresses:

@ fm G“f] 2D CONTACT STRESSES
S E® SO @S S|%
“ l"-’ ﬁ

Note: Convention for soil stresses: positive value = compressive stress, negative value = tensile stress.
5. Eliminate tension in subsoil

Go to File > Project settings and under the "Functionalities" tab enable support nonlinearity:

GENERAL DETAILED
Model modifiers 4 Nonlinearity
Parametric input Beam local nonlinearity
Climatic loads Support nonlinearity/basic soil spring
Mobile loads Initial imperfections
Dynamics Geometrical nonlinearity
Stability General plasticity
Nonlinearity Compression-only 2D members

Go to the "Loads" branch of the process toolbar and choose for "Nonlinear combination”. Then create some
nonlinear combinations and perform the nonlinear analysis by enabling it in the calculation window:

Calculations

Linear analysis
Load cases: 5

] Nonlinear analysi

Note: if you do a nonlinear analysis with the above functionality enabled by default Scia ignores the possible
tensional capacity of any surface support. You could also define a nonlinear function for a standard support
to achieve the same.

6. Concrete settings

*  Overall settings

In the process toolbar go to the "Concrete" branch and choose for "Concrete settings":

(1

“ CONCRETE SETTINGS

5T L
M B & L
|3U

These settings will affect all the elements in the project which were not overwritten yet with member data
(see further).
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For each type of element you can define a template for the reinforcement design. Do so with the below

settings for type "Plate":

Conicrete settings =] X
Views: Complete setup v |Viewsett.. v | |Loaddefault|  Find | National annex:-
Description Symbol | Value Default  Unit | Chapter  Code Struc... | Chec... |_|
<all> O <all> O <all= O | B Provided reinforcement (design) X
4 Design defaults B "H E’l m_ g & o pll D a
4 Reinforcement
:Plate
b Beam)/Rib
> Beam slab
I Column
4 Pl_a te l [
4 Longitudinal
Design of provided reinforcement Name Plate
Design template of provided reinfo.... Plate I ... | Description Basicand
4 Upper(z+) Member typ Plate, Sh:
Type of cover Typee.  Auto Cross-sectic Rectangln
Diameter of first layer deqs 10,0 Mode Standard
Angle of firstlayer direction o, 0,00
Diameter of second layer dsoe 10,0
Angle of second layer direction oy, 90,00
4 Lower(z)
Type of cover Typee  Auto
Diameter of first layer dgs. 10,0
Angle of firstlayer direction oy 0,00
Niameter of serand laver d. 1mnn
| New | insert | Edit | petete | | ok |
Provided reinforcement (design) edit - Plate a X
Member type Plate, Shell(Plate) v
Cross-section ¥ 2
Mode ‘Standard v I
Longitudinal reinforcement ‘EH!‘
Definition of Basic By Diameter v
Basic (As,bas) Additional (As,add)
Layer Diameter  Spacing As Type Diameter  Spacing As
[mm] [mm#2/m] - [mm] [mm] [mm*2/m]
1+
[2+]
[1-]
2]

ok || cancel
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e Member data

Every concrete element in Scia has member data attached to it which follow the general settings.
Whenever you change a certain setting in here, the general settings will be overwritten.

Member data are accessible via the selection of and element:

& € —

2D ME... (1) > CONCRETE 2D DATA (1) (N

g 4/ 8 8 5|18

Name CMD2D

2D member

Member type Plate "

Or by showing the concrete member data labels in the view settings:

View parameters setfing - Concrete

[T Check / Uncheck gro... Lock position | . @
4 m & 3 ® P A b
. Check / Uncheck all
E| Service
Display on opening the service ]—\7
E| Concrete + reinforcement
Display F
Concrete member data All LJ
A I saT detail data 'F P |
I | Drawing directions for design ]—
| Concrete labels
: Show names in tab D "= oK Apply Cancel

12?00
|
3

N | ~ |

7. Reinforcement design of plate

e Theoretical reinforcement

In the Process Toolbar go to the "Concrete" branch and choose for "Concrete 2D reinforcement design™:
8
[
9
& o CONCRETE 2D REINFORCEMENT DESIGN
s L :-l
@ B M m |b 5w
™

-As + = Amount of reinforcement needed for upper surface (positive LCS Z-axis) of the 2D element
-As - = Amount of reinforcement needed for lower surface (negative LCS Z-axis) of the 2D element
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-Direction 1 is by default the LCS X-direction of the element
-Direction 2 is by default the LCS Y-direction of the element
Directions can be changed in the concrete settings or concrete member data.

* Provided reinforcement

Repeat the command you did for the theoretical reinforcement but in the result properties change the "Type
of values" to "Provided":

¥ EXTREME 2D
Averaging of peak CD
Location Innodesavg.o...
System LCS meshelem... ~

Extreme Global L
Required
Required
| Required - Static ...
w LIMIT STATE CONDI! Required - Not ¢ ...
Design ULS | Provided N
Design SLS (crack w... _F:TfidEd - Uniza...

Type of values

Values ﬂ

Design SLS (reinf. st... (;":i

In the template we set in the concrete settings Scia is now going to compare with the theoretically needed
amount of reinforcement to calculate the provided amount of reinforcement.

e User reinforcement

In the Process Toolbar go to the "Concrete" branch and choose for "2D reinforcement";

“ @ 2D RE!NFORCEMENT
IOL RSN &E e

You can add reinforcement of any kind onto the slab. To take into account this information in the calculation
of provided reinforcement, enable the below option in the result properties:
¥ EXTREME 2D

Averaging of peak (I:l
Location Innodesavg.o... »~

System LCS meshelem... v

L4

Extreme Global N
Typeof values Provided R
Values Ne,prov,i+ N

Consider user reinf... (f

64 BV —2024/01/29



« 2D reinforcement checks

Punching check

S
CONCRETE 2D I._ILE;UNCHING SHEAR
| |
w@ﬁﬁﬁ I—w
@ B &S e

This check can be executed based on required (theoretical), provided and user reinforcement.

2D SLS crack width check

a5
CONCR_ETE 2D S-_Lg CRACKWIDTH
s fivs
«%n L]
" 5 a |
@B )| o & A
This check can be executed based on required (theoretical), provided and user reinforcement.

Code dependent deflections

u@m CODE DEPENDENT DEFLECTION

@ B M m i 58|
ﬁﬁ,ai;a '

This check can be executed based on required (theoretical), provided and user reinforcement.

2D ULS capacity check

' CONCRETE 2D UL—S CAPACITY CHECK

L

u@ st
B m & A8

o

This check can only be executed when there is user reinforcement present in the concrete.
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Example 10: Slab with ribs
1. Input of the geometry

e Project data : General XYZ — Steel S 235 — Concrete C20/25 — thickness of slab 200 mm — Ribs
rectangular 400mm x 200mm

e Input of slab : method 1
Filter the Input Panel workstation to "Structure" and choose for "Plate” under "2D members".
When doing so under the Scia Spotlight some options for the shape appear, choose for rectangle:

NEW RECTANGLE

@%@Od‘l&i‘/l"/\ﬂSE.f%

And enter coordinates "0 0 0" and "8 5 0" in the Scia Spotlight.

To input the ribs filter the Input Panel workstation to "Structure" and choose for "Rib" under "1D members":

0 Plate rib X
Name B1
— r| Typerib platerib (92)
W_ = |: - Analysis model Standard v
L Cross-section CS1-Rectangle (400;300) v ...
Shape ofrib T symmetric w
Effective width width v

forint. forces [mm] 1000
for check [mm] 1000
FEM type standard v
Layer Layerl L

z
) 4 Buckling
"'“x._l, System lengths and buckling sett Default

Secondary member
P Structural model

| ok  cancel

Then simply draw the ribs onto the slab using the following coordinates: "0 0,5 0"-"8 0,5 0", "0 1,5 0"-"8 1,5
0"' IIO 2,5 0"'"8 2,5 0", no 3,5 0"'"8 3,5 0", IIO 4,5 0"'"8 4'5 0".
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* Input of slab : method 2

Filter the Input Panel workstation to "Structure" and choose for "Ribbed slab" under "2D members". First fill
in the properties of the slab:

B 2D member X
% . Name S3
S i Elementtype Standard v
¥ Lo Element behaviour Standard FEM
Type plate(90) v
A Material C25/30 ...
T FEM model Isotropicwith beam v
N - Thickness [mm] 200
Member system-plane at Centre v

Eccentricity z[mm] 0
LCS type Standard v
Swap orientation no
LCS angle [deg] 0,00
Layer Layerl ¥

4 Beam layout
Position Distance v
First offset [m] 0,500
Last offset [m] 0,000
Switch offsets no
Distance [m] 1,000
Number 0
Firstbeam [ yes
Last beam yes
Alignment Bottom v

Generate subregions no

Draw a rectangular slab from coordinates "0 0 0" to "8 5 0", end with ESC and fill in the properties of the rib:

B Plate rib X

Name Bé
Typerib platerib (92)
Analysis model Standard v
Cross-section €51 -Rectangle (400; 300) v ...
Alignment Bottom
- - ] Shapeof rib T symmetric
- -~ Effective width width
777777 for int. forces [mm] 1000

for check [mm] 1000
w 7 FEM type standard v
) Layer Layerl o

OK Cancel

e Input of supports
Filter the Input Panel workstation to "Structure" and choose for "Hinged support in node" under "Boundary
conditions".

2. Input of the geometry

LC1: Self weight
LC2: Service load (Var.) - Input a surface load of 5 kN/m?

3. Refine the mesh

Refine mesh via Main menu > Tool > Calculation, Mesh > Mesh setting; average size of 2D mesh element =
0,20 m
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4. Results

e 1D members
Go to the results branch of the Process Toolbar and choose for "1D internal forces".
Note the below option in the result properties:
w RESULT CASE

Typeofload Load cases N

Load case LCI - Self weight ~~

rRib @Y
When disabled you look at the results of the beam only, when enabled you look at the results of the whole T-
section in this case (slab + rib).
* 2D members
Go to the results branch of the Process Toolbar and choose for "2D internal forces".
Note again the below option in the result properties:
¥ RESULT CASE

Type of load Load cases N

Load case LCI1-Self weight ~~

rRib @Y

When disabled you look at the results of the slab only, when enabled the part of the results that was already
summed up in the T-sections is left out of the result.

5. Reinforcement in T-sections

The effective width is an approximation from the norm, where the connection beam-plate is replaced by a T-
beam for the design of the reinforcement. By selecting the option Rib, the internal forces in the beam are
adapted. These adapted forces represent the forces in the T-section, so they can be used to design the
reinforcement in the T-beam.

Suppose: effective width = distance between the ribs
Filter the input panel workstation to "Concrete" and under "Concrete reinforcement" choose for "Add
reinforcement on whole beam". Select the ribs to insert user reinforcement:
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Example 11: Precast wall
1. Input of the geometry

* Project data : Wall XY, Concrete C25/30, thickness 150 mm

4 500 L
A 7

N

SN

|jﬁ“f!“ I__}J_}i%il__

* Input of wall
Filter the input panel workstation to "Structure” and choose for "Plate” under "2D members".
When doing so under the Scia Spotlight some options for the shape appear, choose for rectangle:

Nouvelle plogue - Nouveou polygone - Prem

SOOIt/ rnAnNnNS S

Enter a wall using the coordinates "0 0 0" and "3 5 0".

Filter the input panel workstation to "Structure" and choose for "Opening on 2D" under "2D members".
Enter two rectangular openings for the door and window using the coordinates "1 0 0"-"2 2 0" and "3 1 0"-"4
20"

e Input of supports
Filter the input panel workstation to "Structure" and choose for "Line support on 2D edge" under "Boundary
conditions".
We want to separate the parts left and right of the door opening, therefor do the above action twice with the
below settings:

B Line support on 2D member edge X || W] Line support on 2D member edge X
Name Slel Name Slel
Constraint Fixed ¥, Constraint Fixed v
¥ Rigid v X Rigid v
Y Rigid v ¥ Rigid v
Rz Rigid v Rz Rigid v
4 Geometry 4 Geometry
S\rstim GCS v System GCS v
Coord. definition Abse v Coord. definition Abso v
Position x1 [m] 0,000 Position x1 [m] 2,000
Position x2 [m] 1,000 Position x2 [m] 5,000
Y Origin From start v

0K  Cancel ; T : 0K s Cancel
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2. Loads

LC1: Self weight
LC2: Slab (Perm.) = Insert a line load of 13,2 KN/m

Note: because we choose "Wall XY" in the project settings, the self weight is in the direction of the Y-axis by
default.

-13,20

-13,20

FEEXT L L LY L L 0 L Y

3. Refine the mesh

Refine mesh via Main menu > Tool > Calculation, Mesh > Mesh setting; average size of 2D mesh element =
0,30 m

To locally refine around the openings, filter the input panel workstation to "Calculation & Results" and choose
for "Edge mesh refinement" under "Result tools". Use a setting of 0.1m and then select all the 2D edges

around the openings:
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4. Results

Go to the result branch of the process toolbar and choose for "2D stresses/strains". Set the result properties
as shown below to show the trajectories of the main principal stresses:

Location

Trajectories

In nodesavg.on... ~

Type variables  Principal magnit... ~~
Value o E N
System LCS mesh element ~
Extreme 1D  Global b
Extreme2D Global s
/ \ /
7 ,
\_ e : 25 i
o i X i . =0 =
s e &
’ N/ L
| g /
) 1 i1 e . B
- =7 I
~AL]
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Example 12: Balcony
1. Input of the geometry

e Project data : General XYZ, Concrete C30/37

¢ Input of the balcony

Filter the input panel workstation to "Structure" and choose for "Wall" under "2D elements".
Insert a wall of height 6m on coordinates "0 0 0" and "0 3 0".

Filter the input panel workstation to "Structure" and choose for "Plate" under "2D elements".
Insert a slab of 3x3m using the below snap settings:

SNAPPING

LC1
=g,

Magnet Snapping n"

Surface edges MM

Solid vertices @

I Tracking Guides }‘f -__7:
orthe - (O )
tnegrid ¥ OO

Dotgid % (O =
Endpoints / Nodes %\,

IMidpoints[Cemers @

Intersections (O )
Normal&Tangent 4= ()
Linedivisions { (O
Pointsontine %, ()
em
Q)
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Adjust the thickness of the slab with the below settings in the property panel to get a varying height:
¥ VARIABLE THICKNESS

Thickness type variable N
Direction Global X N
Pointl N5 RV

Thickness Th. [mm] 600
Point2 N6 S

Thickness Th. [mm] 200

Member system-pla... Top L

Eccentricity z[mm] 100

LCStype Standard N
Swap orientation CD
LCSangle [deg] 0,00 =
spwind (O

The node numbers might differ depending on the direction you used to input the slab.

2. Actions after the input of the geometry

e Tools > Check structure

«  Edit > Modify > Connect members/nodes
Or you can simply type “Connect members/nodes” in the SCIA Spotlight. Note that you can do this
action both for a selection or the whole structure (select nothing to do the latter).

Note that the connection between the wall and slab is now marked with red lines to indicate the two elements
are properly connected:
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3. Loads

LC1: Self weight
LC2: Balcony (perm) - Insert a line load of 10 KN/m on the outer edge of the balcony

4. Results

Check if the displacements are as expected. Go to the results branch of the Process Toolbar and choose for
3D deformations:

hw—__*—

An m ﬁic HMFORMM’IDNS
\ BEmfnaos T sess
_gﬁﬁ e
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Example 13: Tank
1. Input of geometry

¢ Project data : General XYZ, concrete C25/30

¢ Input of tank
Filter the Input Panel workstation to "Structure" and choose for "Plate" under "2D members". When doing so
under the Scia Spotlight some options for the shape appear, choose for circle by radius:

———

' NEW CIRCLE (BY CENTRE & RADIUS PT.)

|@%|®O:Ut/{“nn$&?ﬁ

Enter a circular slab by using the coordinates "0 0 0" and "5 0 0"

Filter the Input Panel workstation to "Structure" and choose for "Wall" under "2D members". When doing so
under the Scia Spotlight some options for the shape appear, choose for "select line":

|S£LECTL1HE
®«00tA/CnNSs s
Loy

Then you can simply select the edge of the slab you already created to insert a cylindrical wall of height 5m.
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Input of supports

Look for “Surface support on 2D” under “Boundary conditions” in the Input Panel. Copy a predefined subsoil
to the project library, click “OK” and assign the support to the bottom slab of the tank.

2. Loads

LC1: Self Weight
LC2: Variable pressure (var.) > Variable surface load of 0 to" 50 KN/m?

Input of free surface load:

76

ucs

A free load is always inputted on the UCS workplane and generated on some elements afterwards.
Therefor first we are going to set the UCS vertically. Choose for YZ workplane under the UCS
settings:

ey O W
$XY XY workplane .I
{YZ YZworkplane I:i‘
{XZ XZ workplane
Free load
We are going to draw a free load over the whole projection of the tank and afterwards let Scia

generate the loads according the LCS system of the tank. Filter the Input Panel workstation to
"Loads" and choose for "Free surface loads" under "Surface loads". Use the below settings:

| B Surface force free X
Name FF1

Direction Z ¥

Type Force b

Distribution DirY ¥
q1 [kN/m"2] 0,00

P1 AT

q2 [kN/m"2] 50,00

Z.H.- 8 & . - P2 b AP
) ~ Validity All v

Select Auto b

‘-\._\x\ i ."\_ .r’ -
X ktl" @ - 1
,LJJJLL 4 Geometry
,DkL System MemberLCS v
-l o

Location Length

OK Cancel |
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Draw a free surface load using the below snap settings:

3
<
O

Magnet Snapping

Tracking Guides

Ortho

Line grid

Dot grid —

Endpoints [ Nodes
Midpoints / Centers
Intersections

Normal & Tangent

~slrH@ | Y ED

Line divisions

8|9608|86/868

|
57

Repeat

Points on line

| Surface edges

=1l YPg
01018l

| Solid vertices

Note: if you want to check how the load will be generated in the calculation, select the free load and click on
"Generate loads" on the bottom of the property panel:
System Member LCS RV
Location Length R
¥ ILLUSTRATION GROUP

[ 3

| Generate loads
Move UCS &
Edit plane load geometry
Table edit geometry
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3. Refine the mesh

Refine mesh; size of mesh elements = 0,2m

4. Check of loads

¢ Run the linear calculation

* Go to the results branch of the Process Toolbar and choose for "Surface loads" to see how the loads
are taken into account:

P SURFACE LOADS

SEWcma i |E@SSE S
Al -
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Example 14: Swimming pool
1. Input of the geometry

* Project data : General XYZ, Concrete C25/30, Thickness of elements: 300 mm

* Input of pool

-Filter the Input Panel workstation to "Structure" and choose for "Plate" under "2D members".
When doing so under the Scia Spotlight some options for the shape appear, choose for rectangle:

NEW RECTANGLE

«oofdlt rrnnss

And enter coordinates "0 0 0" and "6 10 0" in the Scia Spotlight.

-Filter the Input Panel workstation to "Structure" and choose for "Wall" under "2D members". When doing so
under the Scia Spotlight some options for the shape appear, choose for "select line":

SELECT LINE

“QO0d A/ C NN S

Then you can simply select the edges of the slab you already created to insert 4 walls of height 2,5m.
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* Input of supports

Look for “Surface support on 2D” under “Boundary conditions” in the Input Panel. Copy a predefined subsoil
to the project library, click “OK” and assign the support to the bottom slab of the tank.

2. Loads
LC1: Self Weight
LC2: Water pressure (var.) = Free surface load from 0 till 25 KN/m?
LC3: Ground pressure - Soil pressure load from borehole data

Input of free surface load:

« UCs
A free load is always inputted on the UCS workplane and generated on some elements afterwards. Therefor
first we are going to set the UCS vertically. Choose for YZ workplane under the UCS settings:

ey o 1l

$XY XY workplane
{YZ YZworkplane h?
tXZ XZ workplane

* Freeload
We are going to draw a free load over the whole projection of the tank and afterwards let Scia generate the
loads according the LCS system of the tank. Filter the Input Panel workstation to "Loads" and choose for
"Free surface loads" under "Surface loads". Use the below settings:

B | Surface force free b4
Name FF1
Direction Z v
Type Force v
Distribution DirY v
gl [kN/m"2] 0,00 %
P1 e
g2 [kN/m*2] 25,00
P2 G
| Validity All v
| - Select Auto v
i 1,11[ £ 11 - 4 Geometry
S !| |I~ : Hl%II\TI System MemberLCS v

' ‘ ' Location Length

OK  Cancel |
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Draw a free surface and do so for UCS YZ as well as XZ to have loads in both directions:

Note: if you want to check how the load will be generated in the calculation, select the free load and click on
"Generate loads" on the bottom of the property panel:

IF Validity  All v
- Select Auto N
o s Load case  LC2-Self ... v &=
i v GEOMETRY
Q.@ System  Member LCS N
Location Length AV
Bap = ¥ ILLUSTRATION GROUP
\. -e -
% N
- /II
. ® AT

‘_ ] ) - - a - .
— _ ‘ . _ ACTIO
I Q9 3 = .‘3 Generate loads |

Trrn vy

Note: remember we selected element LCS to generate the loads, if the load would be in the wrong direction
you would have to invert the 2D element with this option in the property panel:

| Swap orientation C‘____)
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Input of soil pressure load:

* Borehole data
It is possible in Scia to automatically let generate the soil pressure on 2D elements based on a ground
profile. Filter the Input Panel workstation to "Structure" and choose for "Borehole data" under boundary
conditions. Fill in the below properties in the borehole data:

Geologic profile X

Thickness =2.50[m], Edef=15.00[MN/m"2], Weight = 18.00[kN.

Name Thickness [m] Edef[MN/m”"2] Poisson Dryweight[kN/m"3] Wetweight[kN/m"3] m

1 [ 250 15,00 0,200 18,00 20,00 0,20

& 0,00 0,00 0,000 0,00 15,00 0,20
Water level 2,500 m Name |GP1
Non-compressible subsoil below the last inputted layer 0K .

The top of the profile should represent the zero level of the ground, therefore input the borehole on top of the
pool.

e Soil pressure load
Filter Input Panel workstation to "Loads" and choose for "Surface load on 2D" under "Surface loads":

B | Surface force e
Name SF1

Direction Z v
Type Soil pressure \d

Coeff 0,330
Borehole profile BH1 v

4 Geometry

Systemn LCS v

Location Length

OK s Cancel

The coefficient can be used to define the active ground coefficient. Click on ok and select the walls of the
pool that should be loaded with a horizontal ground load.
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3. Refine mesh
Refine mesh; size of mesh elements = 0,3m

4. Results

Search for "Section on 2D" in the Scia Spotlight. Make a section in X-direction:

B 1| Section on 2D member *
Name SE1
Draw Z direction v
Direction of cut [m] 1,000/ 0,000/ 0,000
Layer Layerl v ..

Draw a section in the middle of one of the pool walls:
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Go to the result branch of the Process Toolbar and choose for "2D internal forces". Enable section results
and disable standard results to look at internal forces on the exact location of the section:

4l
RESULTS (1) AN X
Name ZDintefnalforces_.
¥ SELECTION
Type of selection  All Nz

Filter No v

| ¥ RESULT CASE
Typeofload Loadcases "

Load case LC1- Self wei... -/

Averaging of peak CD

Location Innodes avg.... -

System LCSmeshele... -/

Extreme Global v

Type of values  Basic magnit... *
Values m_x 7

Standard result CD
Results on sections @l~)
Results onedges () )

¥ SECTION DRAWING SETTINGS
Course  Precise N

SS0T A

Diagram position  Section plane ~~

¥ DRAWING SETUP 1D
Display value name CD
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Example 15: Cooling Tower
1. Input of geometry

* Project data : General XYZ — Concrete C30/37 — Shell thickness 200mm

* Input of base slab
Filter the Input Panel workstation to "Structure" and under "2D members" choose for "Plate".
Under the Scia Spotlight choose for "New circle (by center & radius Pt.)" and enter coordinates "0 0 0" and
"1500".

NEW CIRCLE (BY CENTRE & RADIUS PT.)

oA/ rnNnNSS

* Input of tower
-Insert the line for revolution
Type "Line" in the Scia Spotlight and choose for "New parabolic arc" from the shape options:

| NEW PARABOLIC ARC

</ 0INN SO0 &
X

Enter the following coordinates:"13,5 0 5" — "8 0 25" — "9 0 40"

-Filter the Input Panel workstation to "Structure” and under "2D members" choose for "Shell — surface of
revolution”.

Under the Scia Spotlight choose for "Select line" and select the previously create parabolic arc, end with
"ESC™:

| SELECT LINE

&/Fr\ns
L
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Rotation angle and axis

ROTATION
Angle 360,00

AXISVECTOR

Working plane axis X

Working plane axis Y
* Working plane axis Z

Define axis by cursor

deg

Enter custom axis vector

CUSTOM AXIS VECTOR

X 0,000
y 0,000
z 0,000

OK

m

Cancel

Click on "OK" and enter the origin's coordinates: "0 0 0".

e Input of pillars

-Go to the snap settings and insert a value of "40" under "Line divisions"

o

Magnetsnapping @ (O )
Tracking Guides 3 @Y
orthe - ()
Linegrid B3 OO
Datgrid 0t (O )
Endpoints /Nodes &, @Y
Midpoints / Centers g (J‘
Intersections < (O )
Normal & Tangent 4= @
Linedivisions {¢ @Y
Repeat 40
Points on line ’\‘ (D
Surface edges M (D
Solid vertices @ () )

Filter the Input Panel workstation to "Structure" and under "1D members" choose for "1D member". Choose

a circular cross-section of diameter 500mm and draw 2 V-shaped columns:

86
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Select the two columns and in the structure branch of the process toolbar choose for multicopy:

PEBFR s 'FarHBshy &

{ Multicopy x

Number of copies 20 g Connect selected nodes
with new beams

Insert the very last copy Copy additional data

DISTANCEVECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor * between two copies
X 0,000 m from original to the last copy
HOW TO DEFINE THE ROTATION ?
y 0,000 ‘
between two copies
z 0,000 + from original to the last copy
ROTATION ROTATION AROUND
rx 0,00 deg * current UCS
y 0,00 deg distance vector
rz 360,00 deg

OK Cancel

e Input of supports

-Filter the Input Panel workstation to "Structure" and under "Boundary conditions" choose for "Line support
on 2D edge".

2. Actions after input

»  Check structure data (main menu > tools > check structure)

» Connect members and nodes (main menu > edit > modify > Connect members and nodes)

The latter is automatically done when any calculation is run.

3. Loads
« Load cases
LC 1: Self weight
LC 2: Temperature load (Var.) > Thermal on 2D member, Delta = 40 K
LC 3: Wind load (Var.) > Surface load 0 to 1,4 kN/m?2
« Load groups
LG 1: Permanent
LG 2: Variable, EC1 Load type = Temperature
LG 3: Variable, EC1 Load type = Wind
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e Temperature load
Switch the load cases dropdown menu to "LC2", filter the Input Panel workstation to "Loads" and choose for

"Temperature load on 2D " under "Temperature loads":

B | Thermal on surface X

O=

TR

Name ST1
Distribution Constant v
Delta [K] 40,00

OK Cancel

Click on "OK" and select the shell.

e Free surface load
Input a free surface load to simulate the wind pressure.

-UCS

A free load is always inputted on the UCS workplane and generated on some elements afterwards.
Therefor first we are going to set the UCS vertically. Choose for YZ workplane under the UCS
settings:

v W
| $XY XY workplane .
[{YZ YZ workplane &
{XZ XZ workplane

-Free load

We are going to draw a free load over the whole projection of the tower and afterwards let Scia
generate the loads according the GCS system. Filter the Input Panel workstation to "Loads" and
choose for "Free surface loads" under "Surface loads". Use the below settings:

B Surface force free X
Name FF2
Direction X v
Type Force bl
Distribution DirY x
q1 [kN/m"2] 0,00
P1 ¥
q2 [kN/m*2] 1,40
P2 ¥ o
Validity -Z {incl. 0) -
Select Auto ¥
4 Geometry
System GCS x
Location Length ¥
OK | Cancel |
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Draw a free surface load and make sure you cover the whole projection of the building:

Note: if you want to check how the load will be generated in the calculation, select the free load and click on
"Generate loads" on the bottom of the property panel:
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Example 16: Steel hall with concrete plate

1.

Input of geometry

Project data : General XYZ — Concrete C25/30 — Steel S 235

Input hall

- Provide the correct types of cross-sections in the cross-section library and then input one frame first. In the
Input Panel set the category filter to ‘Import & Blocks’ and choose for ‘Catalog blocks’. Choose for frame 2D

and fill in values as shown below:

Insert the block on the origin by typing "0 0 0" in the command line.

Geometry block

Mame BL

4 Geome...
L[m] 10,000
H1[m] 6,000
Hz [m] 1,500

Kolom CS51-HE220iv ...
Ligger €S2 -IPE200 v ...

H2

Hi

H2 1,500

L 10,000

OK

H1 6,000 ‘

Cancel

Then provide one additional beam between the midpoints of the columns and one additional beam between
the end points of the column.
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You can do that by using the marking menu (ALT+RMB):

r\l <>
A
1D Member "; (f‘
Tl
rd

- Select all the 1D elements of the frame and also the top 3 nodes. From the structure branch of the process
toolbar, choose for "Multicopy".

Multicopy

Number of copies 3 aE Connectselected nodes
with new beams

Insert the very last copy Copy additional data

DISTANCEVECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor ® between two copies
X 0,000 m from original to the last copy
: HOW TO DEFINE THE ROTATION ?
m
/ ® between two copies
z 0,000 m .
from original to the last copy
ROTATION ROTATION AROUND
rx 0,00 deg s current UCS
distance vector
ry 0 deg
rz 0,00 deg

0K Cancel

Choose a cross-section for the connecting beams in the next window.

- Input the slab using the marking menu (ALT + RMB):

Plate

Choose for a rectangular shape and click on two outer middle nodes of the columns:

NEW RECTANGLE

oot A/ CnAnNSE
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2. Connect elements

e Automatic

In the main menu go to "Edit" > "Modify" > "Connect members/nodes".
Enable "Check structure data" in the next window if you want to check the structure in one go.

* Manual
2D elements in Scia are by default not connect with in plane beams you added to the model. You can do two
things if you want them to be connected:

- Create an internal edge on the 2D element on the exact same location of the beam so that Scia can create
mesh nodes along this edge to connect the elements.

Internal e e @

Internal edge 0 E

r‘.\_v?

On the boundary edges of the slab the above is not necessary because there obviously already exists an
edge.

-Convert the 1D elements or beams into ribs. There is an additional option in "Connect members/nodes" to
do this automatically:

B | Setup for connection of structural entities X

4 Align structural entities to planes (moving n...
Align
4 Geometrical tolerance
Min. distance of two nodes, node to curve [m] 0,001
Max. distance of node to 2D member plane [m] 0,000
4 Connect (generate linked nodes, intersectio...
Connect
Autorestore buckling group when reconnectin
Connect 1D members as ribs
Connect 10 members with rigid links
Max. length of rigid link [m] 0,100
Create new linked node for master node
4 Check structure data

Check (merge duplicate nodes, erase invalid entities)
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3. Load cases

LC1: Self weight

LC2: Service load (var.) = Insert a surface load of 2 KN/m?
4. Results

After the calculation verify if the beams and the slab are moving together in the 3D deformations:

WFFT

D«

BV —2024/01/29
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Example 18: Detailed study of a column base

1.

94

Input of geometry

Project data : General XYZ, steel S 235

1000

1000

100

100

600 100

100
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* Input column base :

You can narrow down the content of the Input Panel by setting the category filter to ‘2D Members’ and

choose for "Plate":

pL-EE 2D Members

INPUT PANEL

s

v @ Basic modelling

All workstations

"ﬁsqfomw@aﬁaeﬁ

Set the properties, click "OK" and choose for a rectangular shape of plate definition:

NEW RECTANGLE

%oo.ﬁ:/rmnsg

Enter coordinates "0 0 0" and "1 1 0".

Use the same Input Panel filtering and select "Wall". Set the properties, click "OK" and choose for "new circle

(by center & radius PT.)"

Enter coordinates "0,5 0,5 0" and "0,8 0,8 0"

e Input bolt holes :

Diameter of the holes is 20 mm.

Filter the Input Panel category to "Grids & stories" and choose for "Rectangular grid". Fill in the values as
shown below, press "OK" and enter the coordinates "0 0 0" followed by enter in the SCIA Spotlight:

Line grid

Input data for 2D Line grid

Type
Name X[m] dx [m]
0,000
0,100 0,100
0,200
0,300
0,400
0,500
0,600
0,700
0,800
0,900

© ® =N O LA W N
. T rTreoe mMmmonNn®wE>

[
o

[ Generate name automatically

Rep
no
o Jne
no
no
no
no
no
no
no

no

s, S S S S S S S SRS

W O® N P B W N e

-
=}

Name

W O® NP P B W N e

[
=}

B Generate name automatically

X

|
11
[
[ |
I 11
11
|11 e |
LI 0 -
I 11
| ———.
T

Type Span ~
¥Y[m]  dy[m] Rep sL
0,000 ne v
0100 o100 [10  |no ¥
0,200 no v
0,300 no b2
0,400 no v
0,500 ne v
0,600 no v
0,700 no o
0,800 no v
0,900 no ¥

OK Cancel Apply
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Enable the snap to line grid:

ez~ |

Magnet Snapping 0

Tracking Guides 3

Ortho T~
Linegrid 3
Dotgrid :0: —

.
Endpoints / Nodes "\
Midpoints / Centers 0
Intersections 1
Normal & Tangent 4~
Linedivisions  {’
Points on line ™

Surface edges g

881008888 cla|o00

Solid vertices @

Vertices 2000

Search for "OpenirEon 2D" in SCIA Spotlight and create the first opening by choosing "New circle (By
center & radius pt.)" underneath the SCIA spotlight, snapping on the grid lines and typing "@0,01 0 0" in the
SCIA Spotlight to define the radius.

Afterwards copy the opening to the correct locations with the below icon from the Process Toolbar:

[

e Input of stiffeners

Filter the Input Panel workstation to “Structure” and under 2D members choose for “Wall”. In the properties
choose a height of 0,2m and use the grid lines to define the wall:

- -

b ¥4
8
- -L-L -
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We are going to use multicopy to define the remaining part of the stiffners. But a rotational copy is always
defined around the UCS sytem. So we are going to move it to the center of the column:

gezv L |
XY XY workplane

tYZ vZworkplane
{XZ XZ workplane

I o7 Move F9 I
{ From 3 points be
{*=’ from Local Member F10
L).\ Reset to GCS position Ctri+F11

\< From Line (align X axis)

Rotate

12X Align Z to X axis

IV Align ZtoY axis

@ Align normal to View

= Switch workplane F11
y-— Previous UCS

% Save Current UCS

{™ Load UCS

e— UCS Manager

Afterwards use "Multicopy" from the Process Toolbar and use the below settings:

Multicopy X

Mumber of copies 7 * Connect selected nodes
with new beams

Insert the very last copy Copy additional data

DISTANCEVECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor * between two copies
X 0,000 m from original to the last copy

HOW TO DEFINE THE ROTATION ?

y 0,000 :
* between two copies
z 0.0 m from original to the last copy
ROTATION ROTATION AROUND
| % 0,00 deg ¢ currentUCS
ry 0,00 g distance vector ‘
rz 45 deg

OK Cancel

* Input supports

Filter the Input Panel category filter to "Boundary conditions" and:
-Apply surface supports on the base plate.
-Apply line support on 2d edge of opening.

2. Actions after the input of the geometry
* Tools > Check structure

e Edit > Modify > Connect members/nodes
Or you can simply type “Connect members/nodes” in the SCIA Spotlight. Note that you can do this
action both for a selection or the whole structure (select nothing to do the latter).

Note: connecting the elements is done by default wh en you perform a calculation:
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3. Charges

* Load cases

LC1: Self weight
LC2: Normal force: -60 kN/m at the top edge of the column
LC3: Moment: 20 kNm/m at the top edge of the column in global Y direction

p
e Combinations

Linear — ULS: 1,00*LC1 + 1,00*LC2 + 1,00*LC3
4, Finite element mesh

Global mesh refinement: "Main menu" > "Tool" > "Calculation & Mesh" > "Calculate" or click in the center of
the Process Toolbar wheel. Size of the mesh elements = 0,025 m.

Local mesh refinement around the bolt openings: "Input Panel" > "Local mesh refinement" > "Node mesh
refinement". Set radius to 0,05 m, ratio to 0,01 and select centers of openings.

Mesh generation: "Main menu" > "Tool" > "Calculation & Mesh" > "Generate mesh". This is automatically
done when you run the calculation.

Display the mesh: right click on screen > "View parameters for all entities":

| View parameters setting

Check { Uncheck gro... Lock position

4 O A & B T & [&] b
. Check / Uncheck all

Service

Structure

Effective width of plate ribs

Panel

Tributary areas

Structure nodes

Member parameters

Mesh

e
Free edges r

O] O] ] O] [ [ [ [&]

Display mode wired j
Local axes
Show names in tab D - OK Apply Cancel
5. Results

Go to the "Results" branch of the Process Toolbar and choose for "3D deformations”.
Go to the "Results" branch of the Process Toolbar and choose for "3D stresses".
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6. Link 2D (connection detail) to 1D (global struct  ure)

Create a frame around the detail as shown in example 2.

Filter the Input Panel category filter to "Boundary condition" and choose for "Line rigid link". Select the end
node of the column and afterwards the upper edge of the detail:
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