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Chapter 1: Getting started

This chapter will provide you a general overview of SCIA Engineer. It contains the general interface, the options
and the project data.

11. General user interface

The general user interface (GUI) of SCIA Engineer consists of the following elements: the main tree, the
toolbars, the properties window, the command line, the shortcuts for view settings and the snap settings. These
components will be explained in detail during this chapter.

[9] Fie ot View Lbraries Tools Mocy Tree Plugin: _Setup Window Help @ - [ssrcnnwennen | ax

2 8 e T BRI BRIl BB EEe ww e %a. HOBRTHHN SANOD. 6be6LARARNT Y BE OO, &a T,

FRRISREREZEREAF. —a2lOoL, @BRE@F o % 3. =4[ =2 R. BPOFD A RANERMES Bl ®.
- eolba =
e Project data (1) - MY
S
Licence name Unler
:
Mainktree) :
g* [Properics Wincow
m“
%y
& - CrNNY
Sherisuts for view scilings , iy 4P
CEEET)| SRy SSS
i e m ChnaxarTo RMETERK RN GY S
- Cemmene e ‘
(== J

| m | PameXxY | Ready Fiter off | Resubtlock: off | Snapmode | Cument UCS |mm/imml|

1.1.1. Main tree

The main tree window provides an easy way to navigate between the different functions and services of SCIA
Engineer. If you click on one of the items in the main tree, a new (sub)tree with more detailed functions for this
service will open. The main tree is arranged in a logical order. This means that functions/services that need to
be used earlier on in your project are on top and functions/services that you use later in the project are at the
bottom. For example, ‘Line grid’ is placed above ‘Structure’ because the line grid usually gets defined before
modelling the structure.

Tg Main

[2] Project Opens the project data
‘H: Line grid and storeys » Navigates to a menu where you can define line grids and storeys
& IV toolbox
3 Structure > The structure is modelled here (members, supports, ... )
L Load Inputting loads per load case

@ 42 Load cases, Combinations Defining load case, combinations and result classes

® [E Calculation, mesh Calculation and mesh settings
fi7 steel > Steel settings and check
[F] Integrated Design Forms
T Concrete Concrete settings, reinforcement design and check
=~ Composite
Engineering report Access the engineering report

@ B Drawing Tools
@ B Libraries
3] )% Teools
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1.1.2. Toolbars

The toolbars give you quick access to the most used tools in SCIA Engineer. The tools listed are independent
of the tree menu and will always stay the same. More information concerning the tools is given when you hover
over the icon. Below the available toolbars are listed.

Basic

D@ﬁﬂ ) & Bl Esat -

This toolbar contains the basic tools: starting a new project, opening a project, saving a project, changing
between projects, ...

Geometry manipulations

00 O %0 03 o 60 00 v il TR i% el A= 2 R oo S Uh T d .
This toolbar contains all geometry manipulations: copy, move, mirror, connect nodes, ...
Project

ME8LTEER SAEILD.

This toolbar contains the general settings and commands concerning the project: libraries (such as materials
and cross-sections), units, structure check, engineering report, ...

View

ve e btQARA_/ANT L &#© BO.

This toolbar contains all the actions you can perform to change the view: view from X, y or z axis, zoom, zoom
selection, structural model, ...

Tools

This toolbar contains settings for the UCS (User Coordinates System), the clipping box, settings for the dot
grid and information about point coordinates.

Activity

FRRlIRRRBRRERAP.

This toolbar contains tools to adapt the activity of the model. By using this toolbar, you can easily show or hide
certain elements.

Dimension tools

— 12 PO 4L,

This toolbar contains shortcuts to start the dimension function.



Modelling tools

PRPP &K 3.

This toolbar contains some manipulation of general solids. (In a standard model general solids are not used).
Scales

: 12 <4 147 .

In this toolbar you can set the scale of model data (supports, loads, ...) and results.

Selection of object

"BFRAAEBDRE AKNERRES Edivi.

This toolbar contains some settings that influence selection of objects.

1.1.3. Properties window

The properties window displays all the properties of the selection. You can easily check or modify the properties
by using this window. You can use the drop-down menu to change the entity when multiple entities are
selected.

Proparties ~ 0 %

[Wiember 1) - |wg Select all members with the same property as highlighted
gTa
T
Type beam (80) %
Analysis model Standard -
Cross-section C51 - HEA3DD - |
Alpha [deg] 0.00
Member system-ling at Centre
ey [mm] o
ez [mm] o
LCS standard =
LCS Retation [deg] 0.00 et
FEM type standard - :..':.;:._.
Layer Layerl =
e, * Switch between selected entities:
y
Length [m] 8,000 Mernber (1)
Shape Ling 20 member (1]
Beg. node M1 Nade (3)
End node M2
1.1.4. Command line

The command line has two functions:

- The command line will mention you the necessary steps that you need to execute while performing an
action.

]Copy - Select entities to be copied (finish selection with ESC) >

- You can start a function or perform an action by typing the correct command.
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Some useful commands:

sel » select a node/member
selmn » select a meshnode

X, Y,z » view in X, Y or Z direction
copy, move, rotate, mirror, ... » start geometry manipulation
calc » start calculation

You can find the full list of commands on: https://help.scia.net/webhelplatest/en/#vit/gui/list_of commands.htm

1.1.5.

The shortcuts for view settings enables the quick adjustment of the view parameters. The following pictures
provide a graphical representation of all the options.

Shortcuts for view settings

Show / Hide Render Show / Hide Show / Hide
Surfaces geometry Supports Other model data
& @ 2 =
i 4 L
& @ 2 k=
L i k£, I£,
Show / Hide Show / Hide Show / Hide Show / Hide
Label of nodes Label of members Dot grid Loads
a-;-w g ‘ff(:':f. I ] — L
=5E
s ke
ABC ABC -
- = ’3,5 [ = éﬂj
ke I Iz,

Next to the shortcuts you also have a trimmed down version of the view parameters in the toolbar. You can

E)
access it by clicking on the following icon.

Structure

Labels

Model
Loads/masses
Composite
Modelling/Drawing
Attributes

Setup dialog

b . A . . . .

Ly ey

10

to select the load case displayed

I8

BG2




Snhap settings

In the toolbar ‘Snap settings’ you can modify the way the program snaps to points while modelling. A graphical
overview of all the settings is provided below. More information concerning the tools is given when you hover
over the icon.

~r 7 AERFERE S X e 2 a Y & 5]+ Shap setting shortcuts

Snap actions Switch on/off tracking: When on, pressing shift while moving to a snap-point will
memorize the snap-point.

Opens cursor snap settings: =

1.2. Options

In this chapter the most essential settings in the options menu are explained. You can find the options menu
in the setup of the project.

1.21. Environment

In the ‘Environment’ tab you can edit the following settings:

1) You can change the rendering and antialiasing settings. If the graphics card of your computer is having
issues with rendering, the following settings have to be decreased.

Options X

Environment | Templates Directories Other Protection
Window settings
v| Show view parameters toolbar in view

Rendering Enable (OpenGL - hardware) v
Antialiasing quality Hardware multisampling v
Hidden lines

2) You can reset the graphical user interface.
Maximal no. of grouping properties 500
Maximum no. of entities for default selection "All' 100
v/ Use online help instead of locally installed help
v| Display pictures below properties
v| Use vertical splitter in properties
v Display global coordinates in status bar
I Reset layout for dockable windows and toolbars (after restart) Reset GUI |

Current style of toolbars Light v

D”' ﬂ Cancel Help

11
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3) You can modify the presentation of the toolbars by changing the option ‘Current style of toolbars’. In
order to display all the available toolbars, the option ‘Full toolbars’ has to be selected.

Maximal no. of grouping properties 500
Maximum no. of entities for default selection "All" 100
lv! Use online help instead of locally installed help

lv] Display pictures below properties

v/ Use vertical splitter in properties

[v| Display global coordinates in status bar

Reset layout for dockable windows and toolbars (after restart) Reset GUI
Current style of toolbars |Full toolbars -
Light
~ u QK Customized by user
1.2.2. Other

In the ‘Other’ tab you can edit the language used in SCIA Engineer. The workspace and the output can have
different languages.

Options X

Environment Templates Directories rother Protection

Action on start-up Autosave
") None [v] Enable autosave every 30 minute(s)
Open last project | Clean files after 10 day(s)
®) Show project manager
At most 3 file(s)
[] Disable when results calculated
Language default
Workspace English (United States) v
Output English (United States) i

Workspace changes you have made in these settings will be available after program
restarts.

System
Enable system information in properties

[] Enable data server information in properties
[] Enable FastOpen for document (disk caching of document layout data)

v| Enable MemSave (swapping unused objects to disk, slower but less memory)

) Enable the Product Improvement Program (require administrator privileges and restart of SCIA
Engineer)

Question before deleting results
[v] Enable question before deleting results

Calculation time threshold [s] (0 means display always) 10
Classic GUI
[]Old project manager [] Preview window

[v] One click in main tree
& @@

NOTE: only the installed languages are shown here. You should also have the language module(s) to
be able to use them.

12



1.3. Project data

The first action that you need to perform while starting a new project, is to define the project data. The project
data window consists of the following tabs: ‘Basic data’, ‘Functionality’, ‘Actions’, ‘Unit Set’ and ‘Protection’.

1.3.1. Basic data

In the ‘Basic data’ tab you define some specific data for your project.

Project data

Basic data | Functionality Actions  Unit Set

Data

MName:

Part

Description:

Author:

Date:

05/07/2019

Protection

Concrete il )

Material C25/30 = ..
Reinforcem.. B 500B - ..

Steel

Material 5235 T
Masonry I
Aluminium

Timber

Steel fibre c.. = W

Selpest  Gegeedd

@Aﬂﬁm pra{:uESLS-i n g MNational Code:

Iﬁ’- General XYZ

environment ; N
- | Ifr?. default - I - ——

Model:

[ = |
= One

MNational annex:

- Standaard EN ==

» Material: choose the materials that you want to use in your project and the default value of the quality.

e Code: select the code and national annex you want to apply.

e Structure environment:

ﬁ‘ General XYZ

1 2 Truss X2

2 ) Frame XZ

3 @ Truss XYZ

4 g'{" Frame XYZ
5 £ Grid XY

6 @ Plate XY

7 off wall xy

8 g\ General XvZ

1 g2 Only 1D-members, 2D environment, axial force only
2. Only 1D-members, 2D environment

3 Only 1D-members, 3D environment, axial force only

4 Only 1D-members, 3D environment

5 & Horizontal grate

6 g 1D-members, 2D-members, 2D environment (Horizontal)
7 1D-members, 2D-members, 2D environment (Vertical)

8 gt Everything

13
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Post processing environment:  There are 2 post processing environments: ‘v16 and older’ and
‘default’. A post processor converts the results of the FEM calculation into useable results and a
graphical representation.

'} vi6 and older
~ default

‘v16 and older’ post processor: this is the post processor that was used by SCIA Engineer 16 and older and
contains all the old functionalities. You need to select this post processor when you need a functionality that is
not (yet) developed in the ‘default’ post processor.

‘default’ post processor:  from SCIA Engineer 17 on there is a new post processor. This post processor is
compatible with 64 bit and has new and more polished functions. Not every function of the ‘'v16 and older’ post
processor is converted to the ‘default’ post processor.

1.3.2. Functionalities

In the ‘Functionalities’ tab you need to check the functionalities you want to use in SCIA Engineer. From SCIA
Engineer 18 on the program will automatically turn on some functionalities based on the basic data set.

Project data X

Basic data | Functionality | Actions Unit Set Protection

14

Property modifiers Nonlinearity i
Model modifiers Beam local nonlinearity M
Parametric input Support nonlinearity/basic 5.. ™
Climatic loads Initial imperfections M
Mobile loads Geometrical nonlinearity
Dynamics General plasticity
Stability Compression-only 2D memb... [
MNonlinearity Cables
Structural model Friction support/Soil spring
IFC properties Membrane elements
Prestressing Seguential analysis
Bridge design Subsoil
Slabs with void formers Soil interaction
Excel checks Pad foundation check
CADS Compaosite add-on Steel

Plastic hinge analysis

Fire resistance checks v

Cancel




1.3.3. Actions

In this tab you can set the acceleration of gravity, the wind load, the snow load, the model factor for pond loads,
the factor for concomitant components of a seismic combination and the automatic code combinations.

Project data *

Basicdata Functionality | Actions | Unit Set  Pratection

Acceleration of gravity

Wind Load
According to code - e | EC 1/ 26,200m/s /0

Snow Load
According to code - .| ECH #5k=1,00kN/m"2 Ce=1.00 Ct=1.00

Model factor: 1,30 Factor for concomitant components 0,30

Code Combinations

] Automatic -

ok || Cancal
1.34. Unit set
In this tab you choose the unit set used in the project.
Project data >
Easic data Functionality Actions |_L,|n_|t-§| Protection
Type of units
(o) Metric format
() Impenal format
Unit dialog
ok || cancal

15
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1.3.5. Protection
In this tab you can password protect your project.
Project data >
Easic data Functionality Actions Unit Set | Protection
. Protected operation |'€}]mn B
Cument password | |
Mew password
New password again {OE)‘
|1 Hide parametric properties
ok || Cancal

16




2.1. Line grid

In order to insert a line grid and/or storeys, click on ‘Line grid and storeys’ in the main tree.

2% Free lines
##: Rectangular grid
##4 Circular grid
@ 3D Line grid
= Storeys
2D Line grid — Free lines
By using this option, you can draw free lines to create or to add to a line grid.

2D Line grid - rectangular grid/3D Line grid

In this menu you need to define the distance dx,y,z between two lines of the grid and the amount of lines
(Rep).

3D Line grid *

Input data | Drawing setup

= ;H““N

2
=]

' Qe 2R
Dir X Im] Dir Y Im] Dir Z [m]
Type [span ] Type span | Type span v/
Name X[m] dx[m] Rep SL Name ¥ [m] dylm] Rep SL Name Z[m] dz[m] Rep SL
| 1A o000 no - 1 [1 Josew no - | 1 [a oo no -
g 0,000 a - * 0000 0000 © - = 0,000 0000 0 .
|| Generste name sutomatically [#] Generate name sutomatically [v] Generate name automatically

Rotation 0,00 deg Refresh names |

Name Grid1 Type | Cartesian

[ ok || canes ||

17
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2D Line grid — Circular grid

In order to insert a circular grid, you need to define a distance dx and a rotation dy.

Line grid x

. inpuf data-for 2D Line grla .

z #
P ™
Q @ K:X
Dir X DirY'
Type |Span ~ Type Angle ~
) MName | X [m] di [m] Rep 5L _Name Y_[_deg]_ d}r [deg] Rep SL
* 0,000 0,000 0 - = 0,00 0,00 0 -
/| Generate name automatically || Generate name automatically

NOTE: you can only edit the line grid (by clicking on it) in the ‘Line grid and story’s menu. Inthe o ther
menu’s the line grid won't be editable.

2.2. Views, activity and layers

2.21. Views
There are 3 ways to change the view in the model.
1) Using shortcuts
» CTRL + right click = rotate the model
» SHIFT + right click OR pressing the scroll wheel = move/pan the model

e SCROLL = zoom in/out

2) Using the view toolbar
BEe e 6| AARQANT? 2B BO.

In this toolbar you can choose to set the view in X, Y or Z direction or in orthogonal direction.
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3) Using the Navicube

With the Navicube you can change the view in an easy way:

» left click = rotate;

e right click = zoom;

» clicking on a plane will give you a view perpendicular to this plane;

» clicking on a corner will give an orthogonal view (from this point).

You can change the size of the Navicube by pressing on the gear icon (you cannot fully hide the Navicube).

MNavicube setup

hed

NaviCube size
View Navigation Hotkeys NaviCube Mouse Keys

Pan Tumble Tumble Pan Zoom

P P

+ o > P Q

2 + Ctrl

T

Zoom

2.2.2.

Activities

In SCIA Engineer you can use ‘Activities’ toolbar to hide/show elements.

FERFEHRERRERRHEHRE.

F2

I

Put activities on

Add activities by layer
Hide all elements that are not in the current selection
Hide the current selection

Show the hidden elements as a line
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2.2.3. Layers

You can open the ‘Layers’ menu by clicking on the shortcut in the toolbar =/ OR go to ‘Tools’ - ‘Layers’

B Layers x
LI 4 =& A By

Layerl yes Marne Layer3

Layer2 yes Comment

Layer3 yes Colour [
Layerd b Structural model only no

Layer3 yes

Current used activity v/ yes

New Insert Edit Delete Close

You can create layers in this window. There are 2 checkboxes which you can check or uncheck.

e Structural model only: if this is checked the elements in this layer will not be taken into account in
the calculation.

» Current used activity: if this is unchecked the elements in this layer will not be visible.

You can assign elements to a layer by selecting them and changing the layer property.
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2.3. Selection

When you hold the left mouse button, you can create a selection box to select multiple elements.

Selection box with full line:  this is created by dragging the mouse to the right. With this selection box, you
will only select the elements that are entirely in the box.

Selection box with dashed line:  this is created by dragging the mouse to the left. With this selection box,
you will select all the elements that are partially in the selection box. In other words, you will select all elements
fully in the box + all elements that cross the box.

=
—

L - g i
Rt od

Next to selecting with the mouse and some automatic selection tools in the toolbar, you can also save a current
selection. This way you can load a previous made selection easily.

&

You can find these two buttons in the ‘Selection’ toolbar or in ‘Tools’ = ‘Selection’.

24.

View parameters for all

You can open the window ‘View parameters setting’ by right clicking - ‘View parameters for all’. In this menu
you can edit the view settings of your project.

View parameters setting View parameters setting - Labels
Lock postion Lock postion
1 Estuaue  [Eiesbeis [EModet  [EBModeling/Drawing  @pattributes  FlMisc.  [&]view 1 Estucure  [EEJlabetls  [E]Model BB Modelling/Drawing  Epatibutes  PAMisc.  [B]View
W] Check / Uncheck all [W] Check / Uncheck all
B service B Service
Display on opening the service v Display on opening the service v
B Structure B Beam labels
normal Set colors by property | Display label I
Draw member system line v Name v
Member system line style system line | Cross-section name (I
Model type analysis model | I
Display both models Length [
Member surface [l Layer [l
Rendering wired | Type and priority L
Draw cross-section E Nodes labels
Cross-section style section | Display label r
B Effective width of plate ribs Name v
Draw effective width ~ X-coordinate (i
Rendering transparent -l Ycoordinate (i
B Structure nodes Z-coordinate r
Display ~ Bl System lengths
Mark style Dot =l Display label v
B Member parameters MName v
System lengths (i Label [
Member nonlinearities I3 B Nonlinearities
FEM type 2 Display label [
Joists [ [ Labels of local axes
B Local axes Nodes r
Hodes I Members 1D O
(] B General structural shape
Display vertex label [mi
) Show names in tab B & oK Rogly Concal 7| Show names in tab = BIN— OK Aopy Cancsl

Some of the most used view parameters are highlighted:

» Colours by property : you can set the colour of elements in the model by element type, cross-section;

» Displaying local axes ;

» Displaying the cross-sections type.
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2.5. Material database

You can open the material database by going to ‘Libraries’ = ‘Materials’ or by clicking on the icon & in the
toolbar ‘Project’. In this window you can view all the activated materials and their different qualities. When you
click on a material, you can edit its parameters.

B Materials 4

Al BE <> & e a4 .| ¥
[ B [s2

5273 Code independent

5355 Material type Steel

5450 Thermal expansion [m/mk] 0,00

zi-;: ::::t Unit mass [kg/m*"3] 7850,0

5 420 N/NL E modulus [MPa] 2,1000e+05

5 460 N/NL Poisson coeff. 03

5275 M/ML Independent G modulus

5353 M/ML G modulus [MPa] 8,070+ 04

S 420 M/ML Log. decrement (non-uniferm .. 0,15

5 460 M/ML Colour |

5233W Thermal expansion (for fire resi... 0,00

5355w Specific heat [J/gK] £,0000e-01

S 460 Q/0OL/CLT

Thermal conductivity [W/mk] 4,5000e+01

5235 H Matenal behaviour for n...

S275H . . .

S355H Material behaviour Elastic -

5 275 NH/NLH =

5 355 NH/MLH Ultimate strength [MPa] 360,0

S 460 NH/NLH Yield strength [MPa] 2350

5275 MH/MLH Thickness range

S 335 MH/MLH

S 420 MH/MLH

S 460 MH/MLH

5235 JR (EN 10025... ™

MNew Insert Edit Delete Close

2.6. Cross-sections

You open the cross-section database by going to ‘Libraries’ - ‘Cross-sections’ or by clicking on the shortcut
X3 in the toolbars.

New cross-section X
Available groups Available items of this group Items in project
: HUIS 100
L profile Library A I b |1 100a S
aE Concrete _ - HD(ARC) 120
2K Geometric shapes I Eb }igA
;ﬁfNumerical - HEB 140A
General E __________ HEC 160
- l HEM 160A
5 HG(GOST) 180
‘B | @ | o 180A
x Haunch 2 HL 200
X" welded I ‘n' HL(SZS) 200A S
""" ol b || |HM(CH) 220 | 5
ST —1 | HN(cH) 220A
IV BlaNsI==T HP 240
e HP(ARC) 240A
5 HP(ARCUS) 260
. HP(GERD) 260A
T Bridge HP(Imp) 280
TComposed symm bric HT(CH) v | | 280A v
€ d
E -o.m‘po-se. N Name lHEAZZO
< >
Profil Arbed / Structural shapes / Edition Octobre 1995
European wide flange beam

Profile Library filter | All cross-sections v Close

In the picture above the most used cross-sections are highlighted.
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Profile Library: you can find all standard (tabulated) profiles in the library.
Concrete: you can use this option to create a concrete cross-section.

Geometric shapes: with this option you can create a geometric cross-section. However, it is not
advised to use this option. This will result in a thick-walled cross-section (buckling curves d) for steel.
When you select this type of profile for concrete, you need to modify some settings. The best practice
is that you use the option ‘Concrete’ for a concrete cross-section and the option ‘Thin-walled’ for a
steel cross-section.

Numerical: this option can you use to add a numerical cross-section. You can assign all the
parameters to this cross-section without giving it a surface in the 3D-view. You can use this type for
dummy elements.

General: with this option you can draw a custom cross-section.

Pairs: with this type you create a paired cross-section which results in a fully cooperative cross-
section.

Thin-walled geometric shape:  with this option you create custom thin-walled (steel) cross-sections.

When you add a cross-section, the following window will open.

Shape type Thin-walled ~
Initial shape Mot available
B 1 00 Parameters
Material 5235 > i
Z H [mm] 200
B [mm] 100
= T t [mm] ]
s [mm] B
N R [rarm] 12
— General
Draw colour Nermal colour -
Colour |
AutoDesign constraints
Fabrication rolled
;’ . Buckling curves
B~ Y Edit buckling curves
= - Flexural buckling y-y a
= Flexural buckling z-z b
Lateral torsional buckling Default
S 6 Fibres and Parts
Fibre text zoom 10 ¥
Edit named items
N 2D FEM analysis
Property Modificati...
~ Edit shear and torsien p...
Use property multipliers v
4 o0 Picture | Unit Warping Shear [Vy] | Shear [Vz) E Centre lines B il Roxtiient
Cross-section layout and dimensions Cancel

In this window you need to set the parameters. In order to view the calculated properties, you can press
‘Update’. The properties of the cross-section are calculated when pressing ‘OK’.

Use 2D FEM analysis: when this option is not checked, the properties are calculated with some simple
formulas. If this option is checked, a mesh will be generated to calculate the properties. By checking this option
Ay, Az, It and Iw are calculated more accurate. This option is important to check — only for thick walled sections
— if the cross-section is experiencing torsion.

NOTE: when you use a cross-section of the profile | ibrary, you don't need to set the settings above
since the parameters and the properties are tabulat  ed.
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2.7. 1D Elements

There are three ways to draw a 1D Member:
¥ Member
& Beam

#0 Column

Member: with this option you draw a 1D Member by defining two points. This element automatically has the
type ‘general(0)’ or ‘beam(80)’. You can change the shape of the member by using the toolbar below (it appears
above the command line when you draw the member).

-

A JHE © O J

Beam: with this option you model a horizontal 1D Member by defining a point, a length, a direction and an
insertion point. This element automatically has the type ‘beam(80)'.

Direct axis X -
Length [m] 6,000
Insertion point begin -

Column: with this option you can draw a vertical 1D Member by defining a point, a length and an insertion
point. This element automatically has the type ‘column(100)'.

Length [m] 3,600

Insertion point Bottom -

NOTE: the type is important for defining connection s, to perform the ULS check of steel and to
determine the calculation method in the ‘Concrete’ menu.

Next to the settings above you also need to set some other parameters:

B Column x
[Mame B2 -
/ez Type column (100) -
ey‘\ Analysis model Standard -
Cross-section C51 - Rectangle (400; 300) v
@Q*: Alpha [deg] 0,00
IMember system-line at Centre -
ey [mm] 0
ez [mm] 0
LCS standard -
LCS Rotation [deg] 0,00
FEM type standard -
7 Layer Layerl - =
J @\ e Buckling
- Geometry
X ! | ennath [m1 3.600 v
Cancel

» Cross-section: set the cross-section.

e Alpha: rotate the member around its own axis. With this rotation you will not rotate the LCS (Local
Coordinate System). This means that the LCS is different from the strong and weak axis of the profile.

 Member system-line at: change the system line of the member.
* ey, ez: add an eccentricity
* LCS Rotation: rotate the member around its own axis. With this rotation you will rotate the LCS

together with the member.
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 FEM type: here you can choose for a standard FEM analysis (bending + normal force) or axial force
only. This option only needs to be changed for members that are only subjected to a normal force.

e Layer: setthe layer.

Difference between rotations:

o rotation No rotation LCS rotation

You can add 1D-member components to the elements. The type ‘Haunch'’ is often used and is explained further
in this manual.

2.8. 2D Elements

There are three different ways to model a 2D element:
@ € Plates
£ wall

@ € Shells

Plates: you define this 2D element by drawing the edge. You can change the shape of the edge by using the
toolbar below (it appears above the command line when you draw the plate). This element automatically has
the type ‘plate(90)'.

gem@F JisT R

Wall: this 2D element you define by drawing the baseline (bottom or top) and by giving it a height. This element
automatically has the type ‘wall(80)’.

Height [m] 3,600

Insertion point bottom v

Shells: you define a shell element by drawing the edge, by a surface of revolution or by a swept surface.

¢ Shell

@ Shell - surface of revolution
& Shell - swept surface

Next to the settings above you also have to set some other parameters:

B 20 member X

Mame 52 A

Element type Standard -

Element behaviour Standard FEM

) Type plate (50) -

‘b/ — ja Material 5235 S
I — T FEM model lsotropic -

T T T FEM nonlinear model none -

ez // // Thickness type constant

,{_ - - Thickness [mm] 200
Member system-plane at Centre -
Eccentricity z [mm] 0

7 LCS type Standard -

Swap orientation no

JJ LCS angle [deg] 0,00

x ! Layer Layerl |

Cancsl
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» Type: select the type.
* Material: select the material.

e FEM model: select the FEM model: ‘isotropic’ or ‘orthotropic’. An orthotropic plate has different
properties in perpendicular direction.

e Thickness: set the thickness of the plate. By default, you create a plate with a constant thickness.
You can change it afterwards to a variable thickness in the properties window.

 Member system-plane at: set the member system plane: top, bottom or middle.
» Eccentricity: add an eccentricity to the plate.
e« LCS angle: change the angle of the local axis of the plate.

e Layer: setthe layer.

You can also add ‘2D Member components’ to a plate:
<& Subregion
<& Opening
& Internal node
<L Internal edge
& Rib
<Ip Integration strip
&P Intersection

@ Cut-out

Subregion: create a subregion. This is an area of the 2D element that has another thickness and/or material
quality than the rest of the 2D element.

Opening: create an opening in the 2D element.
Internal node: create a node on the 2D element.

Internal edge: create an edge on the 2D element. 1D elements parallel with the plate are only connected to
the plate when there is an edge.

Rib: create a rib on the 2D element. A rib is automatically connected to the 2D element.

Integration strip:  an integration strip makes it possible to view the result of a part of the 2D element as if it is
a 1D member.

Intersection: create an intersection between two 2D elements. This will connect the 2 elements with each
other.

NOTE: the function ‘Internal node’ is only applicab le to insert a node within the polyline of the elem  ent.
However, this function does not work when a node ne eds to be created on the edge of a 2D member.
In order to insert a node on an edge of a 2D member , you can use the option ‘Edit polyline — insert
node’ which can be found in the tab ‘Modify’ - ‘Polyline edit’.
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2.9. Load panels

A load panel is a 2D element that transfers the applied load to its edges or nodes. The load panel adds no
stiffness to the model.

You can find Load panels in the ‘Structure’ menu. There are four different types of load panels:

£4 Load to panel nodes

£4 Load to panel edges

& | 0ad to panel edges and beams
&2 panel with parallel beams

Load to panel nodes: the panel transfers the load to the nodes of the panel.
Load to panel edges: the panel transfers the load to the edges of the panel.

Load to panel edges and beams: the panel transfers the load to the edges of the panel and the beams in
the plane of the panel.

Panel with parallel beams: same as the type above, however the beams will automatically be generated by
using this function.

After you have chosen the type of panel, you need to set the properties. It is not necessary to set all the
properties correctly before modelling the panel. You can modify the properties afterwards as well.

B Panel b
J Panel type To panel edges and beams -
~ ) Load transfer direction X (LCS panel) -
] 1 | 1 l Max.angle for transfer [deg] 5,00
1 i 3 } l : LCS type Standard -
| ll % : 1 T Swap orientation no
& ; l l 1 fl I\} LCS angle [deg] 0,00
N & 1 1 1 T | li," Layer Layerl -
= * 1 | l = Supporting members validity range (with resp... All -
s 7 Max, eccentricity of members [m] 0,200
Load transfer method Tributary area -
Selection of entities All -

Cancel

e Load transfer direction: you can choose the direction in which the loads are transferred. This can be
direction X, Y or both. The X and Y direction follow the local axes of the panel.

* Max. angle for transfer: maximum allowed angle difference of an edge or beam, perpendicularly to
the load transfer direction, in order to transfer the internal forces.

 LCS angle: rotate the LCS.

e Max. eccentricity of members: maximum allowed eccentricity of the members. If the eccentricity is
higher than the set limit, the load will not be transferred.
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* Load transfer method: there are four load transfer methods.

1) Tributary area : this method divides the surface in such a way that every separate part of the surface
is ‘carried’ by the beam lying on its edge. This means that the load on this part of the surface is
completely transferred to that beam. This method does not work for complex load panels. The
advantage of this method is the quick calculation of the loads.

2) Standard : this method uses weight factors to divide the load between the beams. You can set the
weight factors in the properties window.

Weight of loaded ed...
LP1/B1
LP1/B2
LP1/B3
LP1/B4

b | b | b | =

3) Accurate(FEM), fixed link with beam : this method generates a mesh on the panel and uses a
FEM calculation to determine the load distribution. For this option the beams have a fixed connection
to the panel.

4) Accurate(FEM), hinged link with beam : this method generates a mesh on the panel and uses a
FEM calculation to determine the load distribution. For this option the beams have a hinged connection
to the panel.

NOTE: the FEM method allows to determine a load dis  tribution on underlying elements based on the
FEM response of an auxiliary plate with finite stif ~ fness. The plate response is determined priortoth e
analysis of the 3D structure (upon pressing the ‘Ge  nerate loads’ action button).

The boundary conditions of this auxiliary plate aff ect the load transfer from the panel to adjacent
elements and nodes. You can set the connection of t  he panels to the underlying beams at the panel
edges as rigid or as hinges. You may choose between two options: ‘fixed link with beams’ or ‘hinged

link with beams’, which results in different final load distribution. The resulting reactions of the
background calculation of auxiliary plates are conv erted to the loads generated on the actual structur  e.
In the case of ‘rigid link with beams’, moment reac  tions are ignored, as these do not originate in the
structural response.
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» Selection of entities: the entities/beams on which the load is transferred, are automatically selected.
You can overwrite the automatic selection by changing this option to ‘user selection’ or ‘type’.

When you select ‘user selection’ you need to press the action button ‘Update edge/beam selection’ and
select/deselect the members.

v
v
v

Table edit geometry
Update edge/beam selection

v
v
v

v
v

Update all load panels

When you select ‘type’ you need to check/uncheck the types taken into account.

4 Selection of eleme...

general (0) v
beam (80) v
column (100) v

<

gable column (70)
secondary column (60) v
rafter (90) v
purlin (0)

<

<

roof bracing (0)

<

wall bracing (0)
girt (0)

truss chord (95)
truss diagonal (90) 4
beam slab (99) v

composite beam rib (92)

<

<

2.10. Supports
You can find supports in the ‘Structure’ menu under ‘Model data’.
= & Support

A innode

point on beam
line on beam

Ry 1 v

line on 2D member edge

In node: you can only assign this type of support to a node.

Point on beam: you can put this point support along the length of a member. You need to define the relative
or absolute position of this support along the length of the member.

4 Geometry
Extent full -
System GCS v

Coord. definition Rela v
Position x M
Origin Rela

Repeat (n) 1
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Line on beam: you can put this line support along the length of a member. You need to set the relative or
absolute position and the length of this support along the length of the member.

‘ Geometry
System LCS v
Extent full v

Coord. definition Rela [} -
e e —
Position x2

Origin From start -

Line on 2D member edge: this is a line support which you can define on a 2D member edge. You need to
set the relative or absolute position and the length of this support along the length of the edge.

B Linesupport on 20 member edge X
™
Constraint Fixed -
X Rigid o
¥ Rigid -
TRZ z Rizid -
Rx Rigid -
§ Ry Rigid -
e
.| Rz Rigid -
Geometry
~ System GCS -
\ Coord, definition Rela -
Position x1 0,000
Position x2 1,000
Origin From start -

Cancel
Next to the supports position you need to define the constraints (boundary conditions) as well.
B Support in node hed
Type Standard -
Angle [deg]
RZ Constraint Fixed -
f X Rigid .
Y Rigid -
z z Rigid .
X Y Rx Rigid .
FB(/ 4; \EY Ry Rigid -
@ Rz Rigid .
Default size [m] 0,200
7 Geometry
) System GCS -
Cancel

* Angle: at default the support follows the local axes of the node. You can give it an angle relative to
the LCS by using Rx(angle),Ry(angle),Rz(angle). For example: Rx90,Ry90,Rz90.

e Constraint: you can choose a default constraint: ‘fixed’, *hinged’ or ‘sliding’.
« X, Y, Z, Rx, Ry, Rz: you can change these values to set a non-default constraint.

» Default size: this option is only used for the moment reduction above a support of a continuous beam
(in the ‘Concrete’ menu).
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2.11. Catalogue blocks

You can find the catalogue blocks in the ‘Structure’ menu under the option ‘Advanced input’:

= N Advanced Input
2 Catalogue blocks

With catalogue blocks you can import frames and trusses in an easy and fast way.

Block selection manager »

Available groups Available items of this group Items in project

A M ™ M

O Curve
@Beam

FA Frame 3D
&3 Truss 2D
65 Truss 30
(55 Truss 30 Arc
3 Truss 2D Arc

m Frame

Select the predefined block you want to add to your model and set the parameters.

Geometry block X
|Name I BL
“ Geometry %
L[m] 10,000 "’_‘,
H1[m] 5,000 IS
H2 [m] 1,500 =t
Column  CS1-Rectan: ~ ..
Beam CS1 - Rectant ~ ...
= —_
- L 10,000 S
— v
= =

coce

After pressing ‘OK’ you can add the catalogue block to your model. The catalogue blocks consist of
1D members that are fully connected to each other.

31



Basic Concept Training — SCIA Engineer 19

2.12. Haunch

In the ‘Structure’ menu under ‘1D Members’ - ‘1D Member components’ you can find the function ‘Haunch’.

Before you can define a haunch, you need to add a cross-section of the type ‘Haunch’. This is the
cross-section at the beginning of the haunch, more specifically the largest cross-section. You can add the
cross-section in the ‘Cross-section’ menu OR you can click on the ‘Haunch’ function to automatically open this
window.

First select the type of haunch and press ‘Add’:

New cross-section X

Available groups Available items of this group Items in project

a8 Concrete €S2 - IPE240
: Geometric shapes

§] Numerical
IE Pairs

IO Closed E ; Z
= 5 Haunch|

1" Welded

TT Sheet welded

_x_ Build-in beams

I Thin-walled geometric
B Precast

T Bridge
T Westok

->

I+ lvar

Profile Library filter ' All cross-sections v Close

Then you need to fill in the parameters of the cross-section.

B Cross-section x

Name
Type
Detailed
Shape type
Initial shape Available

Parameters

lj‘\//tl Material 5235

va [mm] %

R -

Profile Library filter All cross-sectior =

Z

General
Draw colour Normal colour -
2x IPE240 E—

P ol Fabrication welded -
Buckling curves

7 Edit buckling curves
4 Flexural buckling y-y b
Fleral buckling z-2

Lateral torsional buckling Default

v Initial shape

. Initial shape
Classification
Effective section
Advanced procedure

= Fibres and Parts
N
_‘A J
=4

Fibre ted zoom 10
Edit named items
2D FEM analysis

Use 2D FEM analysis
Property Modifications

va 90

Edit shear and torsion properties
Use property multipliers

Property
Am*2]
AyIm*2)

. s — Export Update Document |
4 ™. T Picture | § 7 Fibres | Unit Warping | Shear (vy) | Shear(vz) | IE Centrelines | Initial shape | =) Brief b

Crosssection layout and dimensions Cancel

Confirm with ‘OK’ = ‘Close’ 2 ‘OK’
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In the last step you define the position (in the beginning or at the end of the beam) and the length (relative or
absolute) of the haunch.

B Haunch on beam *
SX X Position Begin -
?:I :q Cross-section C53- 1+ Ivar (IPE240; 90) - B

Use from Css no
: ﬁ va [mm] 90.0
C—— —1] =
Coord. definition Rela -
Length x 0.300
Cancel J

A haunch is model data you put on a member. This means if you select the surface of the member, you are
not selecting the member itself but only the additional data ‘Haunch’. In order to select the member, you need
to select the centreline.

[Haunch H1B1]

Member B1 (6,000 m)-beam (80)|

A haunch is calculated by the solver in 5 segments with each segment having its own, constant cross-section.
You can increase this number of segments in ‘Setup’ > ‘Mesh’

B Mesh setup X
Definition of mesh element size for panels Manual - A
Average size of panel element [m] 1,000
Elastic mesh ]

Use autormnatic mesh refinement
Hanging nedes for prestressing o/

1D elements

Minimal length of bearm element [m] 0,100
Maximal length of beam element [m] 1000,000
MAverage size of cables, tendons, elements on subseil, nenlinear seil spring [m] 1,000

Generation of nodes in connections of beam elements
Generation of nodes under concentrated loads on beam elements !

Generation of eccentric elements on members with variable height

Division on haunches and arbitrary members 5

Division for 2D-10 upgrade 50

Mesh refinement following the beam type MNone L™

2 & @ Cancel

NOTE: if you want to have a different haunch at the beginning and at end of a beam you need to cut
the beam in half.

33



Basic Concept Training — SCIA Engineer 19

2.13. Hinges

By default, every node in your project is considered fixed, unless your project is modelled in a truss
environment. In order to make a member hinged, you need to add a hinge to the member. A hinge is considered
as additional data you add on a member.

You can find the hinges in the ‘Structure’ menu under ‘Model data’:
= [z Model data

@® & Support

B0 Borehole

= Hinge on beam

To add a hinge you need to define the degrees of freedom and the position (begin, end or both sides of the
beam).

B Hinge on beam X

Mame H1
ux Rigid
uy Rigid
uz Rigid
fixe Rigid
fiy Free
fiz Rigid

4444 4

Cancel

The hinge is visualised in SCIA as in following figure:

=

S
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2.14. Beam non-linearity

It is possible to add non-linear behaviour to a beam. To enable these option, you need to tick following

functionalities in the ‘Project’:
* nonlinearity;

* beam local nonlinear

ity.

You can find the option ‘Beam — nonlinearity’ in the ‘Structure’ menu under ‘Model data’. You need to choose

the nonlinearity type in the fo

llowing window.

B Beam nonlinearity X
u ] BM1
2) b) ==
y 4
Tension only
Limit force
Gap
w " Initial stress
’ / 4
1.« n . v
Hy u
e) f)
A 5
/ ’ ‘;A
g) i h] o ia] Tension-only 10 members
b} Press-only 1D members
/ ) Limit compression force combined with loss of stability
i = & .| | d} Limit compression force combined with plastic behavior
i | €] Limit tension force combined with fragile failure
f) Limit tension force combined with plastic behavior
= ) Gap - no tension - modelling e.g. the instant when a 10 member bears
i) | against 3 support
| b} Gap - no compression - modelling e.g. a free rape
- i) Gap - connected in both directions - e.g. a scaffold pipe
d v,

You need to perform a nonlinear calculation to consider the nonlinear behaviour. Therefore, you should create

nonlinear combination(s). Chapter 3 explains the creation of loads and combinations.

NOTE: the most used nonlinearity type is ‘Tension o nly'. It is used to model wind bracings. Best
practice is to combine the ‘Tension only’ type with the 1D member property ‘axial force only’. See the
chapter about 1D members to check how this is enabl  ed.
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2.15. Subsaoll

If there is a 2D element in your model, you can find the subsoil function in the ‘Structure’ menu under ‘Model
data’ - ‘Support’:

5 & Support
A innode

& line on 2D member edge
9 surface (el.foundation)

You can use the option ‘surface (el.foundation)’ to add a subsoil to a 2D element.

In the first window you can choose a predefined subsoil (according to NEN 6740). If you want to define your
own subsoil press ‘Close’.

i ' Read from database X
Project database |Systern database
Al - %
Gravel/Slightly silty/Loose - NEN 6740 ~

Gravel/Slightly silty/Moderate - NEN 6740
Gravel/Slightly silty/Stiff - MEN 6740
Gravel/Very silty/Loose - NEM 6740
Gravel/Very silty/Moderate - MEN 6740
Gravel/Very silty/Stiff - NEN 6740
Sand/Clean/Loose - NEN 6740
Sand/Clean/Moderate - NEN 6740
Sand/Clean/Stiff - MEM 6740

Sand/Slightly silty - NEM 6740

Sand/Very silty - NEM 6740

Loam/Slightly sandy/Weak - NEN 6740
Loam/Slightly sandy/Moderate - NEN 6740
Loam/Slightly sandy/Stiff - NEN 6740
Loam,Very sandy - MEM 6740
Clay/Clean/Weak - MEN 6740
Clay/Clean/Moderate - NEN 6740 hd

<< Copy to project
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Now you should set the following parameters before adding the subsoil to your model:

1 Subsoils X
AHia e BB 9> & - A By
Decription
Clx [MM/m*~3] 5,0000e+01
Cly [MN/m*3] 5,0000e+01
Clz Flexible -
Stiffness [MN/m#3] 5,0000e+01
C2x [MMN/m] 3,0000e+01
C2y [MN/m] 3,0000e+01

Parameters for check

New Insert Edit Delete oK

e Clz: stiffness of the ground in Z direction.

» Clx, Cly: stiffness of the ground in horizontal direction. If these values are not known 10% of the
stiffness in Z direction can be taken as an approach.

e C2x, C2y: these values couple the deformation in Z direction between different sections of the ground.
The image below shows the theory of Winkler (picture a) where these parameters are 0. Picture b
illustrates the theory of Pasternak where the C2 parameters have a certain value. Usually these values
are not determined, and the values are set to 0.

a

Elastic spring

Shear layer

Elastic spring
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2.16. Modify shape
There are three ways you can modify the shape of elements.
1) With properties window

You can change the shape of an element by editing the coordinates of the nodes of the element. If a node is
in the current selection, you can change the coordinates in the properties window.

Name [ N2
GCS coordinate
Coord X [m] 6,000
Coord Y [m] 0,000
Coord Z [m] 0,000
UCS coordinate
Coord ux [m] 6,000
Coord uy [m] 0,000
Coord uz [m] 0,000
Members
Member B1

2) With the action ‘Table edit geometry’

You can edit the shape of an element by selecting it and clicking on the action button ‘Table edit geometry’ on
the bottom of the properties window.

Actions

Table edit geometry >35>

In this table you can edit the coordinates of the nodes of the element.

Editing geometry

Node name X[m] Y [m] Z[m] ux [m] uy [m] uz [m] Linked Shape
1 N1 0,000 0,000 0,000 0,000 0,000 0,000 Rela Line
2 N2 6,000 0,000 0,000 6,000 0,000 0,000 Rela

3) By clicking and dragging

When you have selected a node, an element or several nodes, you can these by holding the left mouse button
on top of it, clicking and dragging the mouse towards the new location.
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217,

Connect members

It is important to know that not all members are connected automatically. The scheme
graphical representation of all the members which you need to connect by yourself.

OK
Beams are connected

OK
Edges are connected

OK
Edge and beam
are connected

Structure menu

= Model data

= Connect members/
nodes

Structure menu

= Model data

= Connect members/
nodes

*Connect members/
nodes: only nodes

are connected

“Structure menu

= 2D Member

= 20D Member components
= Internal edge:

entire beam connected

e

Structure menu
= Model data
= Cross-link

Structure menu

> Model data

> Connect members/
nodes

— _‘(’f”l
*Connect members/
nodes: only nodes

are connected

“Structure menu

> 2D Member

= 2D Member components
= Internal edge:

entire beam connected

below provides a
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2.18. Check structure data

As soon as you have completed your model and before you run the calculation, the ‘Check structure data’
function should be executed. This function checks if there are errors in the project, more specifically duplicate
elements, corrupt data, ...

=) Calculation, mesh
Check structure data

If there are no issues in the model the following window will appear.

Check of structure data *

Check of nodes

Search nodes

Search duplicate nodes Dlgnore parameters

Check of members

Check members
Search null members MNull members: | 0 |
1 Delete null members
Search duplicate members Duplicate | 0 |
I D't duplicste members
— lnvalid narts: |0 |
Data check report > [alid parts
Check of data references
Check data references Data check finished. fficient method
[ | d
Check of additional data
Check additional data position on | 0 |
I CorrEe position
Check free load distribution points Invalid loads | 0 |
Check of steel connections
Check steel connections IFvalid 0

Delete invalid connections

| Check load panels | | Check cross-links |

| Check additional data | | Check duplicity of names | Continue || Cancel
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2.19. Modification commands

In this chapter you can find some explanation about modification commands. The steps you need to follow to
successfully complete a modification command are shown in the command window. You can find the
modification commands in the toolbars or under ‘Modify’.

Modify | Tree Plugins Setup W

00 Move

07 copy

D& Multicopy

0 Rotate

[j':gz Scale

010 stretch

ﬁlﬁ Mirror

B Move vertexes/points

U’J{. Trim

1] Extend

{& Enlarge by defined length

i Break in defined points

5*“ Join

%—{% Break in intersections

s=s Reverse orientation

2.19.1. Copy

Press the ‘Copy’ command or use the shortcut CTRL+C.
0% copy

Below you can see the actions you should take to perform the copy command. You can find these steps in the
command line.

Copy - Select entities to be copied (finish selection with ESC) >

Copy - Start point >
Copy - End point >

2.19.2. Multiple copy

In order to perform a more advanced copy, you can select the ‘Multicopy’ command.

Dﬁ‘] Multicopy

Multicopy X
Number of copies 2 Connect selected nodes
P E with new beams g
Insert the very last copy Copy additional data E]
Distance vector How to define the distance ?
Define distance by cursor M @ between two copies
000 m O from original to the last copy

X , 000

How to define the rotation 7

(® between two copies

(O from original to the last copy
Rotation Rotation around

i deg ® current UCS
distance vector
v deg O

2z deg

y 0,000

. 0,0

Cancel
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* Number of copies: set the number of copies.

» Insert the very last copy: this option defines the number you need to fill into the ‘Number of copies’
field. If this option is checked and the ‘Number of copies’ is 7, 7 copies will be made. If the option is
unchecked and the ‘Number of copies’ is 7, 6 copies will be made. The existing selection counts as
the first copy.

* Connect selected nodes with new beams: if this is checked, all the nodes in the current selection
will be connected with beams to the same nodes of the next copy.

» Copy additional data: when this is checked, all additional data of the selection (supports, haunches,
...) will be copied as well.

» Distance vector: setting values for this vector will define the distance/rotation between copies.

2.19.3. Mirror

Use the ‘Mirror’ command.
ﬁlﬁ Mirror

Below you can see the actions you should take to perform the ‘Mirror’ command. You can find these steps in
the command line.

Mirror - Select entities to be mirrored (finish selection with ESC) >
Mirror - Mirroring plane - Start point >
Mirror - Mirroring plane - End point >

2.194. Break in defined points
Use the ‘Break in defined points’ command. With this function you can divide a member into multiple segments.

§ ¥ Break in defined points

Below you can see the actions you should take to perform the ‘Break in defined points’ command. You can
find these steps in the command line.

Divide - Select curves to be divided (finish selection with ESC) >
Divide - Insert division points >
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2.20. Table input

In SCIA Engineer elements are often drawn, but you add them as well via ‘Table input’. The ‘Table input’
window has a tab per type of element (nodes, 1D elements, 2D elements, ...). The tabs are highlighted in the
picture below. You need to fill in the orange boxes to add an element. If a tab is missing, you can add it by
right-clicking on another tab and choosing the missing tab.

Libraries

Table input
v/
E VE B BB al VERX-
ﬁ Name Coord X[m] CoordY[m] CoordZ[m] Member 2D member
Structure | 1| N1 0.000 0.000 0.000 B1
2 N2 0,000 0,000 5,000 B1; B2
w 3 N3 5,000 0,000 6,500 B3; B
Load 4 [N4 10.000 0,000 5.000 E3; B4
l: B N5 10,000 0,000 0,000 B4
& NE 2500 0,000 5,750 B2Z; BS

Icr_'!Node % | 71D member €372D member A Support -node 2= Support - beam == Line support - beam £ Line support - edge I

You can copy the content of the table to Excel and vice versa. In order to do this, you can use the short cut
CTRL+C. There is also a function to export the table input as an Excel file:

[x] -

You can copy rows in the table input to perform an action similar to the ‘Multicopy’ function. To do this you
need to select (the rows of) the elements, fill in the distance between the copies and the amount of copies and
then press the ‘copy row’ button.

Table input
E [@o50 /[ElE @
rﬂ" Mame Type Beg.n... Endn.. Cro
Structure 1 B column (100) N1 N2 cs
2 |m2 beam (80) N2 NE cs
haal 1 |B3 beam (80) N4 N3 s
LEL 4 |B4 column (100) N5 N4 Cs
L 1 5 | BS beam (80) N6 N3 cs
Libraries .
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Chapter 3: Loads

3.1. Load cases

For every load you can create a load case. In the settings of the load case you determine if it is a permanent
or variable load and to what load group the load case is assigned. These two settings are important to generate
the correct combinations. You can open the window below in the main tree - ‘Load cases, combinations’ 2>
‘Load cases’.

07 Load cases W
A Bk o= & - 4 - Y
Solver index @
Description Self weight
Action type Permanent -
Load group LG1 - =
Load type Standard -
Actions
Delete all loads S
Copy all loads to ancther loadcase B
| New " Insert " Edit " Delete | Close
In the ‘Loads’ menu you can switch between the different defined load cases to draw/define the loads.
TgMain - Load X
lC3 Per
LC2Z - Var g
LC3 Per

1%#: Thermal load - on beam
" Moment

% Line moment on beam
# Point displacerent

3.2. Load groups

With load groups you define the type of load and the relation between the loads in this group. Depending on
the type of load case (permanent or variable) you can define the matching load group.

3.2.1. Permanent load group

|87 Lead groups
i e BB 9= & wd A
e

LG2 Load Permanent
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There is only one permanent load group per project, because all the permanent loads should be summed up
and they do not have different categories.

2 76, \Ck, ;1" v PP+ Y 01019k 1"+" X7 0,i%0,iCk.i (6.10a)
jz1 i>1
z éj}’G,_‘Gk,j +"}/PP"+"}'Q,1Q}C,1"+“ ZJ"Q,:"/’O,:'Qk,z' (6. lOb)
j=l1 i>1
3.2.2. Variable load group
B Load groups X
i sBE 22> & =6 o HRY
L& Mame LG2
LG2 Relation Standard -
Load Variable -
Structure Building
Load type Cat A Domestic -

Compared to the permanent load group you can define multiple variable load groups. For every type of load
(wind, snow, ...) you can create a different load group. This is because in 6.10a(b) the different type of loads
should vary between the main variable group and the sub variable group. The different types of loads are
defined by the option ‘Load type’. With the load type you can set the category of the load. This way the program
knows what psi factors to use (according to Eurocode 0).

2 76, Gk, j"+" rpP"+" 0 1Wop Ok 1 |+ ZYQ,;’W (6.10a)
jz1 i>1

Zl 5;¥G. Gk, j"+" v pP"+" ¥ 010k 1| +" Zl:v'Q,,-wc,,-Q;c,;- (6.10b)
Jj2 >

You should also define the relation between the loads in the same load group.
» standard: all combinations are possible;
» exclusive: only one load of every load group can be present in a combination;

» together: the loads can only be present together in a combination.

EXAMPLE: assume the load cases LC A and LC B which  are both assigned to the same load group.
e standard: LC A and/or LC B
e Exclusive: LCAorLCB
e together: LCAandLCB
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3.3. Combinations

You can choose between three types of combinations. The differences will be explained below. To add a
combination, go to main tree - ‘Load cases, combinations’ - ‘Combinations’.

Combination - Combi1 X

Contents of combination List of load cases

=49 Load case
@ LC1 - Eigen gewicht
@ LC2 - Permanent
@ LC3 - Variable

Name : Combi1 ] Delete
Coeff : 1 Correct Delete All Add All
Type : EN-SLS Characteristic ~

Envelope - ultimate
Envelope - serviceability
Linear - ultimate

Description:  |Linear - serviceabili

EN-ULS (STR/GEQ) Set C
EN-Accidental 1
Nonlinear EN-Accidental 2
combination :  [EN-Seismic

EN-SLS Characteristic
EN-SLS Frequent

EN-SLS Quasi-permanent

OK Cancel

This window contains two lists with load cases. The left list contains the content of the combination you are
making, the right list contains all available load cases. You can add a load case by double-clicking in the right
list of with the buttons ‘Add’ and ‘Add All'. After setting the load cases you should set the type of combination.

3.31. Linear combination

A linear combination is a combination completely defined by yourself. It is a single combination with the
selected load cases in it and with coefficients that you set.

Choose the linear combination type (ultimate or serviceability):

Name : | Combi1 |
Coeff: 1 Correct
Type: Linear - ultimate N

Set the coefficients:

B Combinaticns X
A £ BB 2 & inputcombinations =
Description
Type Linear - ultimate
Nanlinear combination -

Amplified Sway Moment method " no

LC1 - Self weight [-]
LC2 - Var[-] 1,00
LC3 - Per[-] 1,00

MNew Insert Edit Delete Close
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3.3.2. Envelope combination

An envelope combination is a group combination. All possible combinations that can be generated, taking into
account the relations of the load groups, are within this one combination. You still need to set the coefficients.

Choose the combination type (ultimate or serviceability):

Name : Combi1
Coeff : 1 Correct
Type: Envelope - ultimate N

Set the coefficients:

B Combinations >
L 4 ) % & Input combinations -
Description
Type Envelope - ultimate
Nonlinear combination -
LC1 - Self weight [-] 1,00
LC2 - Var [-] 1,00
LC3 - Per [-] 1,00
Actions
Explode to linear >
Mew Ingert Edit Delete Close

If you want to see the contents of the ‘group’ combination press the ‘Explode to linear’ button. This will split
this combination in single linear combinations.

47



Basic Concept Training — SCIA Engineer 19

3.3.3. Eurocode combination

A Eurocode combination is a group combination. The relations between the loads and the categories are
generated by using the data of the load groups. The categories define the psi factors. They can be found by
going to ‘Project’ in the main tree menu. Then you open the library of the national annex by clicking on the 3
dots. Then you choose the relevant national annex (EN 1990).

B Manager for Mational annexes x
AieBE o & FE A4 -

Standard EN A 5

Austrian GMNORM-EM MA
Belgian MBM-EN MNA - =
British BS-EN MNA Mateial

Cypriot CY5-EN MNA w | Concrete |

Name Standard EN a| Steel

MNational annex tandard EM Material 5235 - .
References Masonry

« EN 1990: Basis of structural design Aluminium '

EMN 1950 (Basis of structural design) Timber

EN 1991: Actions of structures

EM 1991-1-3 (General actions - Snow loads)
EM 1991-1-4 (General actions - Wind actic...
EN 1992: Design of concrete structu...
EM 1992-1-1 (General rules and rules for bu...
EM 1992-1-2 (General rules -Structural fire ...

Steel fibre conc... ||
Other

L

National Code:

Y - BT
EM 1992-2 (Concrete bridges - Design and ...
EM 1168 (Precast concrete products — Holl... National annex:
“ EN 1993: Design of steel structures - Standard EN

EM 1993-1-1 (General rules and rules for bu..,
EM 1993-1-2 (General rules - Structural fire ...
EM 1993-1-3 (General rules - Supplementar...

OK || Cancst
EM 1993-1-5 (Plated structural elements) -

LN

Mew | Inset | Edt | Deletz | Close |

This opens the code settings of 1990. Here you can find the table with the psi factors. You can edit the values
if needed.

& Standard EN Psi factors - buildings X
E Combination e Psio Psil Psi2
- (STRYGEQ) alternative = -
£+ Buildings 1 CategoryA 07 05 03
\. Combination setup 2  CategoryB 07 05 03
o+ EERIACieis 3 CategoryC 07 07 06
- Load combination factors - =
- Bridges 4 CategoryD 07 07 0.6
[]- Combination setup 3 CategoryE ;: 09 028
Read bridges &  CategoryF 07 07 06
Footbridges = =
A 7 CategoryG 07 05 03
- Psi factors & CategoryH 0 (1] 0
w 9 Snow 0,5 032 ]
H - Railway bridges 1{,) Wind 06 02 0
El-Load combination factors ! 11 i Temperature 0.6 05 (1]
i Road bridges 12 Construction loads i: ] 02
- Footbridges
i.- Railway bridges
Reliability class
| Load default NA parameters | Cancel
Application: Used in B 6 10 I Eq: B 1Ua and Eq 0. T0B:
Load default NA parameters | OK Cancel
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To create a Eurocode combination, select the type EN-ULS or EN-SLS:

Name : | Combi1 ]
Coeff : ‘ 1 Correct
Type: EN-ULS (STR/GEO) Set B v
Structure; Building

Description : | l

The coefficients cannot be edited. They will be loaded automatically to the load case in the combination.

8" Combinations X

E‘% £ =) % Input combinations <
Rame

Description
Type EN-ULS (STR/GEQ) Set B
Structure Building

Maenlinear combination =
Active coefficients
Contents of combination
LC1 - Self weight [-]
LC2 - Var[-]
LC3 - Per[-] 1,00

Actions

Explode to envelopes B

Explode to linear S S

Show Decomposed EM combinations e

New Insert Edit Delete Close

If you want to see the content of the ‘group’ combination press the ‘Explode to linear’ button. This will split this
combination in single linear combinations.

5" Combinations x
KL 4 ) 2 & Input combinations -
Eurocedel Description
Eurocode2 Type EN-ULS (STR/GEO) Set B
Eurocode3 Structure Building
Eurocods4 Menlinear combination -
Eurocodes . -
Active coefficients
Eurocodef
Contents of combination
Eurocode?
Eurocoded LC1 - Self weight [-] 1,00
Eurocoded LC2 - Var [-] 1,00
Eurocodell LC3 - Per [-] 1,00
Actions
Explode to envelopes >>>
Explode to linear x> I
Show Decomposed EM combinations Eres
New Insert Edit Delete Close
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3.4. Nonlinear combination

In order to perform a nonlinear calculation, nonlinear combinations should be added. You can add a nonlinear
combination by going to the main tree - Load cases, combinations = Nonlinear combination.

Nonlinear combinations - NC1 X
Contents of combination List of load cases
=@ Load case
@ LC1-Self weight
@ LC2-Var
@ LC3-Per
Name : = Delete Add
Coeff : 1 Correct Delete All Add All
Type: Ultimate N
Description :
Bow imperfection None v
Global imperfection None N

As in the ‘Combination’ window, you need to select the load cases that should be assigned to the nonlinear
combination. A nonlinear combination is a single combination, comparable with a combination of the type
‘Linear’. You define the type of the nonlinear combination: ‘Ultimate’ or ‘Serviceability’. At last a bow and/or
global imperfection can be defined. This is only necessary when you perform a second order calculation.

B " Monlinear combinations x
A eBE 2= & A mAY)
ome E
Description
Solver index (0
Type Ultimate -
Contents of combination
LC1 - Self weight [-] 1,00
LC2 - Var [-] 1,00
LC3 - Per[-] 1,00
Bow imperfection MNone -
Global imperfection MNone -
MNew from combination New Insert Edit Delete Close

In this window you can set the coefficients and edit the imperfections. There is also a function to automatically
create nonlinear combinations from the combinations menu. This can be executed with the button ‘New from
combination’.
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Make selection %
Type of combination Envelope v
Used fitter
Available Selected
Eurocode
>
Nonlinear combinations: 10
v| Create class
OK Cancel

Choose the type of combination (linear or envelope) and make a selection of the combinations you want to

turn into nonlinear combinations.

3.5. Result class

In a result class you can put multiple combinations. In the ‘Result’ menu you will see the envelope of these
combinations when asking for the result class. Result classes can be found in the main tree = ‘Load cases,

combinations’ - ‘Result classes’.

B Result classes >

A eBk 9 & a mRy;

AlLULS Name AlLULS

|Dsctiption
List
LZ1
LC2
LC3
Eurocode - EN-ULS (STR/GEQ] ...
NC1
MNew Insert Edit Delete Close
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3.6. Point force
You can draw/define loads in the load menu. You can choose from three types of point loads.
= { Pointforce
% innode

4 onbeam
:z, free

3.6.1. Point force in node

You can only place this point force in nodes. You can set following options.

B Point force in node x

o @
Rz F Direction z
Rx ‘::?', @k
“ Geometry
System
216 O’
Fy

Lok

Type Force
Angle [deg]
Value - F [kN] -1,00

« Direction: defines in what direction the force works.

e Type: the standard type is ‘Force’. You can change it to ‘Wind’ or ‘Snow’. If you change it to wind or
snow, the way the option ‘Value’ is determined changes.

e Angle: the point force can be given an angle. This is done by filling in a value for Rx, Ry, Rz.

. Ra90,Ry90,R290

* Value: define the magnitude of the force.

» System: defines if the direction is following the global axis (GCS) or the local axis (LCS).
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3.6.2. Point force on beam

You can place this point force along the length of an element.

B Point force on beam X

rz Direction z
Rx | Ry F Type Force
(,>i / Angle [deg]
! @ Value - F [kN] 1,00
Geometry
- oz Extent full
System 6Cs
@ X Coord. definition Rela
Position x 0,000
> Origin From start
nxFEAZL- Repeat () 1

Eccentricity
(n-1) x Ax Eccentricity ey [m] 0,000
Eccentricity ez [m] 0,000

\
A
g<(/

Cancel

Extent: definition on the full length of the beam or per span.

Coord. Definition: define the position relative (value between 0 and 1) or absolute (value in m).

Origin: definition from the start or the end of the element.

Repeat (n): repeat the point force. If value is higher than one, you should define a distance between
point forces.

Eccentricity: gives the point force an eccentricity.

3.6.3. Free point force

You can only assign a free point force to a 2D member. You have to define the geometry in the XY-plane of
the current UCS. When you draw the force it only has an X and Y coordinate. It will be generated on every 2D
member that has a point that has this X and Y coordinate. This means that if you have a plate above this point
force the force will be generated on this plate as well.
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¥ Free point force X
Fz Directicn g v
- Type Force »
= Value - F [kM] -1,00
> Validity Al %
4 e Select Auto -
> e Geometry
System GCS -

e Validity: this setting has an influence on the generation. You can set it to ‘All’, ‘Z+’, "Z-* or ‘0’. This
means that the loads will be generated on all the members or the members with a
positive/negative/zero Z coordinate. When the option ‘Select’ is defined for the property ‘Select’, the
loads will only be generated on the elements which are selected after executing the command ‘Update
2D members selection ' in the tab ‘Actions .

» Select: there are 2 options: ‘Auto’ and ‘Select’. ‘Auto’ means the load is generated on all members.
‘Select’ means you should select the members to generate the load on.

To view an example of the generation you can select the load and press ‘Generate loads’ in the properties
window.

Actions

v
v
v

Generate loads

To switch the view from the generated loads to the original ones or the other way around you can delete the
generated load OR right click > ‘View parameters for all' > ‘Loads/masses’

View parameters setting

Lock position
4 B8 structure Labels @Model ELoads#masses T~ Composite Mudellinga‘Drawmg aAﬂr\butEs Mis:. View 3
[m] Check / Uncheck all
= Service
Display on opening the service v
& Display loads
Display ¥
Style Colour by action type j
Load case LC3 - Per j
Display eccentricity [
Original - Generated [=]
3 Point forces Qriginal

Free Generated

A Surface loads
Free

3| Labels of loads
Display label
Mame
Value
Tot. value
Eccentricity label

[
&

3

| Show names in tab m 0K Apply Cancel
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Chapter 3 — Loads

The following pictures provide a graphical representation of all the different validities which can be chosen.

e Select = Auto, Validity = All

¢ Select = Select, Validity = All (Plate 1 and 3 are selected)

B e
2 B .
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3.7. Line force

You can add three types of line forces: ‘on beam’, ‘on 2D member edge’ and ‘free’.

= {1 Line force

1 on beam

£ on 2D member edge
A free

The settings for line forces are the same as for point forces. The only extra setting is the length of the line
force. This can be set to relative (value between 0 and 1) or absolute.

Coord. definition Rela
Position x1 0,000
Position x2 1,000
3.8. Surface load

Next to point forces and line forces there are also surface loads. You can choose between two types of surface
loads: ‘on 2D member’ and ‘free’. The settings are the same as for the load types above.

5 2 Surface load
5B on 2D member
g free
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Chapter 4: Calculation

41. Mesh

As default setting a 1D element consists of 1 mesh element and a 2D element has an average mesh element
of Im. You can change these settings in ‘Setup’ - ‘Mesh’ OR when starting the calculation.

7 Mesh setup X 1 FE analysis x
Name Netlnstelling 1 Calculations |Mesh setup
Average number of tiles of 1d element Linear analysis Average number of tiles of 1d elem...| 1
Load cases: 3 1.000
Average size of 2d element/curved element [m] Average size of 2d element/curved ...
Connect members/nodes Other processes Connect members/nodes &
Advanced mesh settings [] Test input of data © Advanced mesh settings
“ Solver setup
[] Save project after analysis Specify load cases for linear calcula... (1
© Advanced solver settings
& & @ ] Galeulate

This setting has an influence on the accuracy of the results and on the speed of the calculation.

The mesh can be viewed by going to ‘Set view parameters for all’, via right mouse click in screen
e ‘Structure’ tab > ‘Mesh’ > Draw mesh
¢ ‘Labels’ tab > ‘Mesh’ - Display label

OR

H
Click on the ‘Fast adjustment of view parameters on whole model’ above the command line

Structure 4 Panel

Labels »| v Structure nodes
Model » Mesh
Loads/masses » Local axes
Concrete »

Composite 4

Modelling/Drawing »
Attributes »

(

Setup dialog

B
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4.2. Calculation/solver

(::]
You can start the calculation can be started by clicking on the calculation shortcut in the toolbars , by going
to the main tree > ‘Calculation, mesh’ - ‘Calculation’ or by typing calc in the command line.

B FE analysis %
Calculations [Mesh setup |
/| Linear analysis Average number of tiles of 1d elem... 1

Load cases: 3

Average size of 2d element/curved .. 1.000

Nonlinear analysis Connect members/nodes
Nonlinear combinations: 1 .
Advanced mesh settings
Linear stability

Buckling modes: 2 Solver setup

Specify load cases for linear calcula...
Other processes

Test input of data

Specify combinations for nonlinear ...

Advanced solver settings

Save project after analysis

Calculate

In the top left you can choose desired type(s) of analyses by checking/unchecking the boxes.

NOTE: you can turn on the option ‘Connect members/n  odes’ so the program will automatically execute
this function before starting the calculation.
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Chapter 5: Results

5.1. Test input data

When you start the calculation, the function ‘Test input data’ can be performed.

B FE analysis

Calculations

Linear analysis

Other processes
Test input of data

Save project after analysis

Calculate

X

el |M(-5|'I setup |

Average number of tiles of 1d elem... 1

Average size of 2d element/curved ... 0.300
Connect members/nodes %4
Setup for connection of structural e...
I Advanced mesh settings
4 Solver setup
Specify load cases for linear calcula... [

I Advanced solver settings

NOTE: the option ‘Test input of data’ is not suppor  ted in the 64 bit version.

In the main tree under ‘Calculation, mesh’ you will find a new option ‘2D data viewer' .

B Calculation, mesh

Check structure data
225 Connect members/nodes

I¥* Mesh setup
¥+ Solver setup

1BY Local mesh refinement

Mesh generation
Calculation

E=] Hidden calculation

N Autodesign

When you open this menu,

you can check the input of the project. It contains: ‘Surface loads’, ‘Temperature

load’, ‘Subsoil’ and ‘Isotropy’

E Temperature load

E Subsoil

E Isotropy
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Select the input to be checked and change the properties menu to view the correct input. You can find an
example below for a tank with a water pressure load.

_ Opperviakte lasten

Selection All -
Type of loads Load cases v
Load cases BG2 - Variabele druk v
Filter No -
Values qz g
System Local v
Values More comp -
Fx v

Fy v

Fz v

Mx v

My vl

Mz v

Drawing setup 2D

¢ Selection: view the input on the complete structure or on a part of it.
¢ Type of loads, Load cases: select the load case to test the input.

*« Values: set the value to check.

e System: choose ‘Local’ or ‘Global’ system. The local system follows the local axis of the elements
while the global system is according to the global axis. For this example, ‘Local’ is chosen because
we look at a curved element.

5.2. Requesting results

After you perform the calculation, the ‘Results’ menu will appear in the main tree.
b4 Results

In the ‘Results’ menu you can ask for the following results:

F¥ Displacement of nodes
g 3D displacement
Q 3D stress
& Supports
== Beams
&7 2D Members
.@ Tools (2D results)
[ Bill of material
{5 Calculation protocol
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5.2.1. Displacement of nodes

This result gives you the displacement and rotation of all the nodes in the structure. This is the purest result
out of the FEM analysis.

U
“otar
Uy,

52.2. 3D Results

There are two types of 3D results: ‘3D displacement’ and ‘3D stress’ . In order to generate these results, the
1D results of 1D members and 2D results of 2D members are converted to 3D results. This is done with
transformation formulas. These results are not calculated in the calculation by the solver but are generated by
the post processor. Due to this transformation, the generation of results may take some time, depending on
the size of the structure (and the refinement of the mesh).

5.2.3. Results per component

For each component there is an item in the result menu: supports, beams (1D members) and 2D members .
For each of these components there are detailed results available. These results are calculated during the
calculation by the solver and take no additional time to generate. The difference with the 3D results is that
these results are viewed in 1D for beams and in 2D for 2D Members.

61



Basic Concept Training — SCIA Engineer 19

524. Bill of material

In the bill of material you will find information concerning the mass, surface and volume of the used materials
in the project.

Bill of material

Selection: All
Type of sorting: Material

Summary
Material Mass Surface Volume
[kal [m?] [m?3]
Steel 183028,2 | 353,413 | 2,3316e+01
Total 183028,2 | 353,413 | 2,3316e+01

Note: Value 'Surface' represents for 1D members the total exposed surface area,
while for 2D members it corresponds only to the surface area of the centroidal plane.

Steel (1D)
Material Density Mass Surface  Volume
[ka/m3] [kg] [m?] [m3]
S 235 7850,0 | 6403,2| 203,413 | 8,1570e-01
Total 6403,2 | 203,413 | 8,1570e-01
Steel (2D)
Material Density Mass Surface Volume
[kg/m3]  [kg] [m?] [m3]
$235 7850,0 | 176625,0 | 150,000 | 2,2500e+01
Total 176625,0 | 150,000 | 2,2500e+01
5.2.5. Calculation protocol

In the calculation protocol you can check the equilibrium between the inputted loads and the acting reactions.

Calculation protocol
Linear calculation

Number of 2D elements 150
Number of 1D elements 107
Number of mesh nodes 196
Number of equations 1176
Bending theory Mindlin

Load cases BG1, BG2

Start of calculation 19.11.2018 00:50
End of calculation 19.11.2018 00:50

Sum of loads and reactions

Load case Value X Y Z
[kN] [kN]  [kN]

BG1 loads 0,00 0,00| -1795,51
reaction in nodes 0,00| 0,00 1795,51
reaction on lines 0,00 0,00 0,00
contact 1D 0,00 0,00 0,00
contact 2D 0,00 0,00 0,00

BG2 loads 0,00 0,00 -300,00
reaction in nodes 0,00| 0,00 300,00
reaction on lines 0,00| 0,00 0,00
contact 1D 0,00 0,00 0,00
contact 2D 0,00 0,00 0,00
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5.2.6.

Setting the properties menu

After you selected a result type, you need to set some parameters in the properties window. As an example
the properties window of the ‘2D internal forces’ will be taken. Other results have similar options in the
properties window.

|Name

| 2D internal forces

Selection
Type of selection
Filter
‘ Result case
Type of load
Combination
Envelope (for 2D drawing)
Averaging of peak
Location
System
Extreme
Type of values
Values
 Output settings
Print combination key
Standard result
Results on sections
Results on edges

Table setup

Drawing setup 2D

» Type of selection:
» Filter: filter on material, wildcard, layer or thickness.

 Type of load: choose the load case, combination or result class.

Errors, warnings and not...

All
No

Combinations
UGT-Set B (automatic)

Absolute extreme

In nodes avg. on macro
LCS mesh element
Global

Basic magnitudes

m_x

view results on the complete structure or on a selection of it.

e Envelope: show maximum, minimum or absolute extreme values. Absolute extreme show you the
biggest absolute value.

* Location: the finite elements mesh in SCIA Engineer exists of linear 3- and/or 4-angular elements.
Per mesh element 3 or 4 results are calculated, one in each node. When you ask for the results on 2D
members, the option ‘Location’ in the properties window gives you the possibility to display these
results in 4 ways.

o Innodes, no average

All result values are taken into account, there is no averaging. In each node are therefore the
4 values of the adjacent mesh elements shown. If these 4 results differ a lot from each other,
it is an indication that the chosen mesh size is too large. This display of results therefore gives

you a good idea of the discretisation error in the calculation model.

—

12 | 18 24 | 30
9|18 25 31
| s 24 | 29
a |17 24 | 30
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o

(o]

64

In centres

Per finite element, the mean value of the results in the nodes of that element is calculated.
Since there is only 1 result per element, the display of isobands becomes a mosaic. The
course over a section is a curve with a constant step per mesh element.

21

In nodes, average

The values of the results of adjacent finite elements are averaged in the common node.
Because of this, the graphical display is a smooth course of isobands.
In certain cases, it is not permissible to average the values of the results in the common

node:
= At the transition between 2D members (plates, walls, shells) with different local axes;

= If aresult is really discontinuous, like the shear force at the place of a line support in
a plate. The peaks will disappear completely by the averaging of positive and negative
shear forces.

In nodes, average on macro

The values of the results are averaged per node only over mesh elements which belong to
the same 2D member and which have the same directions of their local axes. This resolves
the problems mentioned at the option ‘In nodes, average’.

14

23

238

28

Z7

28

27

7

7




System: direction according to: ‘LCS of the mesh’ or ‘LCS of the element’.

Extreme: you can set this setting on ‘Global’, ‘Member’ or ‘Mesh’. ‘Global’ means that only the
maximum value of the complete model is shown. For ‘Member’ the maximum per member is shown.
For ‘Mesh’ the maximum per mesh element is shown.

Type of values: there are three types of values: ‘Basic magnitudes’, ‘Principal magnitudes’ and
‘Design values'.

0 Basic magnitudes = Characteristic values

= Beams 1D

A A
N N N N .
af—— —_— e -f— -
Trek Druk y

............. Y
A B I x
A B
I N-diagramma "y

| A | S A

A__ B X
il --—-—-—-B - -
T-diagramma y'
A A
. =
M M M
Y
A B >
M-diagramma yy
= Bending (plates, shells)
e Bending moments mx, my
P
m!’
my ////, v
I/C"’/ m, =-— ch z dz
b m, =- Loy.z dz
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e Torsion moment mxy

» Shear forces gx, qy (=vX, vy)

zF

Ux
= Membrane effects (walls, shells)

e Membrane forces nx, ny

'
//’ >
_// I‘ly
XP/// nx =L0x dZ
n, n, =Lcy dz
e Shear force gxy (=nxy)
ZP
_____________ 4%
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Principal magnitudes

The principal magnitudes give the results according to the axes of the directions of the largest
stresses (principal directions). These directions are defined with the help of the Mohr’s circle.

To derive the dimensional magnitudes from the basic magnitudes, formulas of the Eurocode
these formulas also on our help-page
https://help.scia.net/webhelplatest/en/#rb/results/calculated_results_for_2d_members.htm%
3FTocPath%3DResultaten%7CResultaten%25200p%2520platen%7C 1)

20platen%7C___ 1 & v @ @ :

alculated_results_for_ 2d_members htm%3FTocPath%3DResultaten%7CResulta

Tmax
Txy
~T,
o Elementary design magnitudes = Design values
are used (you can find
< C @ htips://help.scia.net/webhelplatest/en/#rb/re:
Contents a = Alllm

[] SCIA Engineer Help

The calculation of the design forces for the plates and shells according to the EC2 algorithm uses the flow diagram in GSN P ENV 1992—1—1 (731201), Appendix 2, par. A2.8. Following rules are valid for

[ Version Info the indices
[7] Leaming Videos m,=m, 1 a=xb=y
i Instaliation my<m, : a=yb=x
[ Protection of SCIA Engineer
| Basics
[ Materials
[ Cross-sections s e
[ Geometry
[ Model data l l
[ Foundation and subsoll
S Loads My =m, +|m;\‘ My =0
M bosscs my, =m, +‘mm‘ My =my+mfm,|
[ Construction stages, TDA, prestressing § l m =i+ b, /m,F)
| Calculation 2 mp =-2- m“| - a v /m,
[] Results
[] Opening the service Results
[] Selecting the beams for display
[ Selecting the load for the display of results YES NO
[] Selecting the geometry for display of result
[7] Adjusting the style of result diagrams l l
[] Adjusting the style of resuit diagrams since =
[7] Regenerating the diagrams Mg, ==mg+|my| Myp, ==mg+m|my|
[ Preventing the results after model modifica Myp, = —m, +|,,,_“| my, =0
i:\ Animation of results 2 | S i F )
[7] Upgrade from 2D to 1D project By =" T

[ Bill of material (v17)
[ Results on beams

(] Results on siabs

[7] Displaying the deformation of nodes on ¥

The calculation of the design forces for the walls and shells according to EC2 algorithm uses the flow diagram in CSN P ENV 1992-1-1 (731201), Appendix 2, par. A2.9. Following rules are valid for the
indices
nzn, i a=xb=y

n,<n, t a=yb=x
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» Drawing setup 2D: by pressing the three dots you open the window ‘2D results display’. In this window
you can set how you want to see the results (isobands, isolines, numbers, ...). You can also set a
maximum and minimum value.

20 results display >
Display
Minimum and maximum settings ... Fordkextiems
||sohands bt | S z
Ofie calotr Ground value ) )
Smooth ] Uze value e Style
S S Isalines - = 3 S
|sobands Lray £ s S
4 1 Labelled i=nnes
Numbers
5 s xeoloys
3 2 3 colours with numbers B
r:_'t_JL
L
2
I | Advanced settings ...
51 Automatic palette values - rounded -
.
>4 = =
S2 [(Caree | |

Isobands Numbers

'l

]

5.3. Table results

You can also ask for the results in a table. You can open the table results by clicking on the ‘Table results’ in
the properties window.

Actions
Refresh >>>
New combination from Combination key >>>
Table results >>>
Preview >>>
Table results i
CH+EX BB o » T [X] - 2D ntemal forces:; Linear caloulation: Combination: CO1; Bxreme: Global; Selection: Al; Location: In nodes avg. on macm. System: LCS mesh element
[ Pl Name Mesh % [m] y [m] z[m] Case moc kNm/m]  my kMm/m]  mooy kNm/m] v kN/m] vy [eNim]l rcfkN/m] oy kM/m] ooy kNJm) Lan
} 1 B Element: 1; Node: 1 0,000 0,000 3,000 CO1A1 -280.65 -78.80 4044 682.47 16453 11.63 259 466
|2 [El Element: 5; Node: 180 5.000 0.000 3,000 CO1A 194.45 442 0.00 0.00 582 200 0.05 0.00
|3 g Element: 20: Node: 33 10.000 2,000 3,000 CO1A1 13.08 64.26 518 -50.14 2457 4015 221 0.0
4 = Element: &; Node: 186 8,000 0,000 3,000 CO1A 8739 6,62 4257 -187.51 2747 430 023 0,08
‘ 5 |El Element: 2; Node: 66 2,000 0,000 3,000 CO1AN 8739 6,62 42,57 187,51 2747 430 023 o.08
| 6 |El Element: 41; Node: 5 0.000 5.000 3.000 CO1A1 -208.87 -134.48 397 545,00 -319.78 6.42 27 -3.45
| 7 |E Element: 101; Node: 8 10,000 10,000 3,000 COTA -208.87 -194.48 3917 -545,00 319.78 6.42 275 -345
| & |E Element: 1; Node: 57 0.000 1.000 3,000 CO1A1 872 4268 1527 24311 10795 4.26 -3.30 147
| 9 |E Element: 51; Node: 6 10,000 5,000 3,000 CO1A1 -20042 -192,12 3689 54229 29327 6.76 3.27 374
AN E) IO Node:? 10000 000D 3000 COW/L 28065 -78.80 404 6A247 16453 1163 250 466 L
Basic magnitudes | List of Combination keys 4
2D internal forces X . 4.b
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5.4. Results preview

You can view the results as well in the preview. The preview shows you the table that is generated by the
engineering report.

Actions
Refresh 25>
New combination from Combination key >>>
Table results 35>

2D internal forces

Linear calculation

Combination: CO1

Extreme: Global

Selection: All

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

Position Case mx Mxy Vx nx
[m] [kNm/m] [kNm/m] [kN/m] [kN/m]
my Vy Ny
[ kNm/m] [kN/m] [kN/m]
El Element: 1 0,000 |CO1/1 -280,65 -40,44 682,47 11,63 4,66
Node: 1 0,000 -78,80 164,53 2,59
3,000
El Element: 5 5,000 |CO1/1 194,45 0,00 0,00 2,00 0,00
Node: 180 0,000 4,42 9,82 -0,05
3,000
El Element: 20 10,000 [CO1/1 13,08 5,18 -50,14 -0,15 0,01
Node: 33 2,000 64,26 24,57 -2,21
3,000
El Element: 8 8,000 |CO1/1 87,99 -42,57 -187,51 4,30 -0,08
Node: 186 0,000 6,62 27,47 0,23
3,000
El Element: 2 2,000 [CO1/1 87,99 42,57 187,51 4,30 0,08
Node: 66 0,000 6,62 27,47 0,23
3,000
El Element: 41 0,000 |CO1/1 -208,87 39,17 545,00 6,42 -3,45
Node: 5 5,000 -194,48 -319,78 2,75
3,000
El Element: 101 10,000 [CO1/1 -208,87 39,17 -545,00 6,42 -3,45
Node: 8 10,000 -194,48 319,78 2,75
3,000
El Element: 1 0,000 |CO1/1 8,72 -15,27 -249,11 -4,26 -1,47
Node: 57 1,000 42,68 107,95 -3,30
3,000
El Element: 51 10,000 [CO1/1 -200,42 36,89 -542,29 6,76 -3,74
Node: 6 5,000 -192,12 293,27 3,27
3,000
El Element: 10 10,000 [CO1/1 -280,65 40,44 | -682,47 11,63 -4,66
Node: 2 0,000 -78,80 164,53 2,59
3,000

Name Combination key
CO1j/1 | 1.35*BG1 + 1.50*BG2
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5.5. Section on 2D member
You can find the ‘Section on 2D member’ command in the ‘Results’ menu under ‘Tools (2D results)'.

= & Tools (2D results)
4> Section on 2D member
<L Integration strip
== Averaging strip
=& |ntegration member

B " Section on 2D member

Sectionl
Z direction
0,000 / 0,000 / 1,000

Draw
Direction of cut [m]
« Draw: determines the direction of the result which is drawn on the section.

» Direction of cut: defines the direction of the cut that will be made by a vector X/Y/Z. For example,
0/0/1 is a cut in the Z direction.

To view the results on the section you need to check the ‘Results on sections’ in the properties window when

you ask for a result.

Standard result

Results on sections v

Results on edges

gt

AN
v
e

T 4
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5.6. Averaging strip

An averaging strip averages peak values over a zone. You can find the averaging strip in the ‘Results’ menu
under ‘Tools (2D results)’.

= & Tools (2D results)
4 Section on 2D member
<D Integration strip
&3 Averaging strip
= Integration member

a7 RS X
Name RS1

e st -
Width [m] 1,000
Direction longitudinal v

e Type: you can choose between a point or a strip.
« Dimensions: here you need to set the dimensions of the point/strip.
e Direction:

1) Direction = Longitudinal

Tz r.r 3. r = Th T

Longitudinal means that the averaging is done in the longitudinal direction of the strip. In the
example above this is the y-direction. This means that the averaging is done for my. The values
my are averaged in the x-direction.
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2) Direction = perpendicular

nodes m oy, System: |
ement o

B es
Extreme: Globsl

my (kN /]

Locabien: In nodes
LCS mesh dement
Bosc megretdes
Exrems: Giobal

I/____.

’/TWT'—‘

P N P P A P O P U O O

Perpendicular means that the averaging is done perpendicular to the longitudinal direction of the
strip. In the example above this is the x-direction. This means that the averaging is done for mx.
The values mx are averaged in the y-direction.

3) Direction = Both

i wode o . e JIEE

o
Basc magrrties
Etreme; Global

5
my (kn /]

Etreme: Giobal Exrems: Ghtal

3
H
a».n-\—.‘.;.ﬂni.%%.&rkpkrla%pl«}

S A B A 0 B0 T OP AT B Or P A0 8.

(E@m

Both means that the averaging is done in both directions of the averaging strip. This means the
values are averaged for mx as well as my in the direction perpendicular to mx and my.
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To activate the averaging strip you need to check the option ‘Averaging of peak’ in the properties window.

‘ Result case
Type of load
Combination
Envelope (for 2D drawing)
Averaging of peak
Location
System
Extreme
Type of values

Values

Combinations

co1

Absolute extreme

v

In nodes avg. on macro
LCS mesh element
Global

Basic magnitudes

m_x

5.7.

An integration strip is a strip which is defined on a 2D member. On this strip you can ask results as if it is a

Integration strip / integration member

1D member. An integration member works in 3D, so the results on multiple 2D members will be given on the

strip as if it is a 1D member. You can find both functions in the ‘Results’ menu under ‘Tools (2D results)’.

= & Tools (2D results)
4 Section on 2D member

<L Integration strip
== Averaging strip
=& |ntegration member

Set the width of the averaging strip.

B Integration strip

2D member

Create meshnodes
Effective width definition
Effective width geometry
Width (total) [mm]

E1
no
Width
Constant symmetric
1000,0

Cancel
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Go to ‘Beams’ - ‘Internal forces’ > check the option ‘Integration strip/member’

Result case

Type of load Load cases v
Load case BG2 - Use v
Integration strip/member M

(555

1D internal forces
Values: N

Linear calculation

Load case: BG2

Coordinate system: Principal
Extreme 1D: Global
Selection: CM1

e
I
e
,/J
£
5
//
5
)
&@ ﬂ'-q,._
| i 1
3
-
: m.ﬁi
4
< .
Q@ e

The workflow is similar for an integration member. In the integration member window you can set the shape
and dimensions of this member.

B Integration member X

Bounding box

Shape Rectangle -
Rectangular integration shape
Left [m] 0.500
Right [m] 0500
Bottom [m] 0.500
Top [m] 0.500

Layer Laag1 A

Cancel
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6.1. Steel setup

You can open the steel setup by going to the ‘Steel’ menu > ‘Beams’ - ‘Steel setup’.

B Steel setup X
E:Belgisttie NEM-EN Kk Name Belgische NBN-EN NA L
[l Steel
i " o
i Fire resistance “ check EN 1993-1-1
j+coldEormad 4 Classification EN 1993-1-1:5.2.2
i+ Plated structural elements - .
i~ Limit slenderness Use Semi-Comp+ M yes
i Buckling defaults Plastic analysis Elastic Stresses 7
£ 5LS deflaction chack
i 4 Shear EN 1993-1-1:62.6
Autodesign
Use Ay, A, instead of elastic shear M yes
4 Torsion EN 1993-1-1: 627
Limit for torsion [-] 0.05
4 Default sway types EN 1993-1-1:63.1
vy i yes
zz O no
4 Buckling length ratios ky, kz EN 1993-1-1:63.1
Max. kratio [-] 10.00
Max. slenderness [-] 1000.00
an order buckling ratios Acc. to input =
4 Lateral Torsional Buckling EN 1993-1-1:63.2
Lateral torsional buckling curves Rolled section or equivalent welded x
Method for C1 C2 C3 ECCS 119/Galea b
Method for k Determined from C1 =
+ General settings
Elastic verification [no
Verify only section checks Lino
Flexural buckling accounted for by an order calculation O no
Maments on columns in simple construction [1no v

Load defauft non-N& parameters Load default NA parameters cancel ‘

In this window you can change the general settings. These settings have an influence on the checks. By default
these settings are according to the Eurocode. You can find more detailed information about this menu in the
steel manual.

You can overrule the settings in the steel setup for one (or more) member(s) by assigning ‘Steel member
data’. If you choose this option a window will open where you can assign these settings to one or more
member(s).

= B Member Check data
EQ Steel member data
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6.2. Buckling settings

You have several ways to determine the buckling factors. The first option is to leave everything by default and
let SCIA calculate the buckling factors. A second option is to assign buckling groups to members to guide the
determination of the buckling factor.

6.2.1.

When you use this method only one adjustment needs to be made. In the steel setup you need to set the
default sway type.

Default buckling calculation

B Steel setup .
= Belgische NBN-EN NA Name T .
EFsteel
Steel
Fire resistance Member check e
Cold Formed

Classification EN.1993-1-1:52.2

Plated structural elements

Limit slenderness Use Semi-Comp+ Tyes

Buckling defauits Plastic analysis Elastic Stresses .
SLS deflection check ===
Shear EN 1993-1-1:626
Autodesign
Use A, A, instead of elastic shear “yes
Torsion EN 1993-1-1:627
Limit for torsion [-] 005
Default sway types EN 1993-1-1:63.1
wy “yes
7z no
Buckling length ratios ky, kz EN 1993-1-1:63.1
Max. k ratio [] 1000
Max. slenderness [-] 100000
2" order buckling ratios Acc. toinput _
Lateral Torsional Buckling EN 1993-1-1:632

Lateral torsional buckling curves
Method for C1C2 C3
Method for k.

Rolled section or equivalent welded
ECCS 119/Galea

Determined from C1

General settings

Elastic verification no
Verity only section checks no
Flexural buckiing accounted for by 2™ order calculation no
Morments on columns in simple construction no v

Load default non-NA parameters Load default NA parameters

=

With these settings it is determined if the structure is sway or not (braced or not) around the strong (y-y) and
weak (z-z) axis of the profiles in the structure. Depending on this setting a different formula is used to determine
the buckling factor:

. for a non-sway structure:

(p1P2+5p1+5p2+24)(p1p2+4p1+4pz+12)2
(2p1p2+11p1+5p2+24)(2p1p2+5p1+11py+24)

. for a sway structure:

2

k=x|—+4
p1x

with k the buckling factor
L the system length
E the modulus of Young
I the moment of inertia
Ci the stiffness in node i
Mi the moment in node i
[0 the rotation in node i

Y= 4pyp, + 1’p;
m2(py + p2) + 8p1p2

Gl
Pi—EI
¢, =M
by

76



The values for Mi and @ are approximately determined by the internal forces and the deformations, calculated
by load cases which generate deformation forms, having an affinity with the buckling form. So, when
performing a linear calculation, in the background 2 additional load cases are calculated, just to calculate the
buckling factors for the elements.

This calculation is automatically done when calculating the construction linearly. So when calculating
nonlinear, the user should also perform a linear ca  Iculation otherwise no buckling factors are
calculated and no steel code check can be performed

The following load cases are considered in the linear calculation for the calculation of the buckling factors:
* load case 1:
0 onthe beams, local distributed loads qy = 1 N/m and gz = -100 N/m are used;
0 on the columns, global distributed loads Qx = 10000 N/m and Qy = 10000 N/m are used.
* load case 2:
0 onthe beams, local distributed loads qy = -1 N/m and gz = -100 N/m are used;

0 on the columns, global distributed loads Qx =-10000 N/m and Qy = -10000 N/m are used.

The used approach gives good results for frame structures with perpendicular rigid or semi-rigid beam
connections. For other cases, you have to evaluate the presented bucking ratios .

The system length of every buckling system is automatically determined by SCIA. Every element that lies in
the same line is one buckling system. The buckling system can be split up in multiple systems when there is a
support or a member perpendicular on the member in the direction of the strong or weak axis. The buckling
system is only shortened for the relevant axis.

2

i

.?Z':"JJJ,“&!
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6.2.2. Assign buckling groups

To have more influence on the determination of the buckling factors, you can assign buckling groups to
members. You can use the same buckling group for members that have the same buckling system (same
length and buckling supports).

To create a buckling group for a member, select the member and press on the three dots next to the
‘System lengths and buckling settings’ property in the properties window.

Name S4 A
Type column (100) -
Analysis model Standard v
Cross-section CS1- HEA220 v
Alpha [deg] 0,00
Member system-line at Centre -
ey [mm] 0
ez [mm)] 0
LCS standard -
LCS Rotation [deg] 0,00
FEM type standard -
Layer Laagl v i
“ Buckling
|System lengths and buckling settings | Default vB
Material and no. of parts Steel, other - 2
Secondary member
4 Geometry
Length [m] 5,000
Shape Line
Beg. node K5
End node K4
i1 System lengths and buckling settings o X
‘PP AEEEE. AR,
settings | Resuits
W Name BG1
Bucking span Deflection span
syy Deflectiony= | zz -
Sez= |2z v O Deflectionz= vy~
.. -
OLTB= 2z -
[+ Active buckling constraints -
|‘\ = .+ Span settings
Bucking length factors Settings per span for yy 23
key factor Calculate - Swayy-y
— Sway yy From setup i
‘T‘?V- ~ Member impedection in 2nd oider analysis
“i f“"a Bow imperfection e0y nobow imperfectic ~
& n \'\"‘}a‘;}l
* N ages | a
[ Save | Cancel
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» Buckling constraints:  you can set the buckling constraints by clicking on the triangles or by opening
the active buckling constraints and checking/unchecking the boxes. Adding a constraint shortens the
buckling system.

N
ARy
Active buckling constraints
Yy -z N
1 v v ‘
‘%* /
2 v Ek
v v L Mm\w‘
’ - Qe e w

» Sway setting: you can determine if the structure is sway or not along the active axis by clicking on
the green line or by changing the ‘Sway’ setting. A cross means non-sway and a double arrow means

sway.
N N
= =
Sway yy | Custom v < <
i . From setup &y . W dd.
lember imperfection - B
All sway W ~
Bow impefcton v an— H yowas| 3 N wos:
QA 22 Qe s x

» Buckling span: this setting determines what axis you are changing (strong or weak).

Buckling span
QYy
ZZ= Z-Z Y

» k-factor: the k-factor can be calculated by SCIA Engineer as explained above, can be set by you or
the buckling length can be set by you. When you choose ‘factor’ or ‘length’ the value can be changed
in the table next to the setting.

Buckling length factors Settings per span for y-y axis
ky factor | Factor ‘} v | ky [-] Sway y-y
Calculate 1 1,00
Svayyy O
Length

After setting the buckling group you need to press ‘Save’ to apply it to the member. The property now changed
in the properties window. You can assign it to other members with the same buckling system. The buckling
group overwrites the settings for buckling (default sway) in the steel setup.

Buckling
|System lengths and buckling settings I BG1 v B
Material and no. of parts Steel, other - 2

Secondary member
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6.3. Member check data

There are some effects that cannot be taken into account in the model that have an influence on the check.
You can take this into account by adding ‘Member check data’. This is data that has only an influence on the
check. These elements are not ‘physically’ added to the model and have no influence on the internal forces.

The following member check data will be discussed in this course:
E‘ LTB Restraints

x5 Stiffeners

#4 Sheeting

LTB Restraints

In reality, the LTB (Lateral Torsional Buckling) length can be shorter than determined by SCIA. This is because
members are connected by their centre lines or because some elements are not modelled. A LTB restraint is
model data added to a beam that changes the LTB length of this beam. The new LTB length is the distance
between the added LTB restraints.

B LTB Restraints x

Position z FE

Geometry

Coord. definition Rela
Position x 0,000
Repeat (n) 1

Cancel

You need to set the position (top or bottom of the member) and the location of the restraints.
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Stiffeners

Stiffeners increase the shear area of a section. This is advantageous for the shear check. This model data is
added because it is not possible to ‘physically’ model the stiffener. This is because a member (beam/column)
is a 1D member and thus has no surface.

B Stiffener X
Material 5235 -
=D Thickness[mm] 20 -
[]:: D Decrease [mm] 1
u Rigid end posts
D Geometry
Coord. definition Rela -
Position x 0,000
@ Repeat (n) 1

g
@X‘gﬂ*

Cancel

To add a stiffener you need to set its geometry, material and position.

Sheeting

Usually the sheeting is not modelled. This is because the assumption is made that for a steel hall the complete
load is transferred to the 1D structure. To take the stiffness of the sheeting + the effect on the calculation of
Mer into account without changing the standard assumption, this model data can be added.

B Sheeting b4
&~ owe @O
® A F @ Sheeting LIB Sheetl -
Position z +z -
/ k 1 and 2 spans 5
+z = Sheeting position Positive -
Bolt position Top flange -
-z @ x1-x2 Bolt pitch br =
Lf - frame distance [m] 3,000
Ld - sheeting length [m] 1,000
Geometry
Coord. definition Rela -
Position x1 0,000
Position x2 1,000
QOrigin From start -

Cancel

You need to set the parameters of the sheeting and its location.

NOTE: you can find more information about the membe  r check data in the steel manual.
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6.4. ULS Check

You can find the ULS check in the ‘Steel’ menu after calculating the project. Graphically it gives you the highest
unity check (from all checks performed) per section of a member. You can perform a section check and a
stability check. All checks are performed according to the Eurocode. Next to the graphic output you can also
open the preview to see more detailed results.

6.4.1. Graphic output

To view the graphic output you need to set the properties window correctly. Most of the settings are the
same as in the ‘Results’ menu.

Name EC-EN 1993 Steel check ULS
‘ Selection
Type of selection All -
Filter No -
Results in sections All -
‘ Result case
Combination EN-UGT -
‘ Extreme 1D
Extreme 1D Global -
Type of values Overall Unity Check -
Values Overall check -
“ Output settings
Output Brief -
Print combination key V]
Drawing Setup 1D
Errors, warnings and notes settings

» Type of values: you can choose between ‘overall unity check’, ‘section check’ or ‘stability check’.

e Values: you can view the overall check (from the setting above) or a single check.

Type of values Section check v
Output settings Section Class
Orpat Compression
Print combination key Bendingy
Drawing Setup 1D Bending z

- : Sheary
Errors, warnings and notes settings Shearz

Torsion

Combined Sheary Torsion

Combined Shear z Torsion

Web Crippling

Bending and Reaction

Combined Axial, Bending, Shear Torsion
Chord as beam

Purlin Resistance
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After setting the properties window, press ‘Refresh’ on the bottom of the properties window.

i
-

6.4.2. Preview

After setting the properties window and refresh you can press the preview button to see the output generated
by the engineering report. This contains more detailed tables.

You have three output levels: ‘Brief’, ‘Summary’ and ‘Detailed’:

Print combination key

Summary
Detailed

Drawing Setup 1D

- . - .

When the detailed output is selected, you can set this output to view tables with the calculated values, to view
the formulas or to view both.

Components

Print decision table
Formulas
Tables and formulas

Drawing Setup 1D
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Below you can see an example of the detailed output with tables and formulas:

Compression check
According to EN 1993-1-1 articdle 6.2.4and formula (6.9)

A 5,3800e-03 |m?

Nesas 1264,30 kN

Unity check 0,02 -

Axf, 5.3800-10~*m?] x 235,0[MPa]
o 1,00

Nesl | =26, 17[kN]|
N.ps 1264, 30[kN]

N g = 1264, 30[«N] EC3-1-1: 6.10

Unity check =

0,02 <1,00 (EC3-1-1: 6.9)

Bending moment check for My
According to EN 1993-1-1 articde 6.2.5 and formula (6.12),(6.13)

Wy 5,7500e-04 |m?
Moiyas 135,13 kNm
Unity check (0,61 =
Moy s Wiig2 6y - 21000 107 I X5, DPY) 135, 13[kNm) EC3-1-1: 6.13
o T 1.00
M, g4l |-82,7
Unity check g 92, 71{kNm| 0,61<1,00 EC3-1-1: 6.12

My, e 135 13[kNm)

6.4.3. Table output

Lastly you can view the results in the table output. When you double click on a row in the table the preview of
this row is previewed. In the top you can set the output level (summary or detailed).

New combination from Combination key >>>
Autodesign 3>
able results >>>
Preview >>>
Table results v 0 x
@ } @ b 4 E g EE 38| A ﬁ IZI = EC-EN 1593 Steel check ULS; Linear calculation; Combination: EN-UGT; Coordinate system: Principal; Exdtreme 1D: Section; Selection: Al
MName dx [m] Case Cross-section Material UCOverall [] UCSec [] UCStab [ [l
1 |51 0.000 EN-UGT/1  C51-HEAZ20 5235 0.38 003 038
2 s 0500 EN-UGT/1  C51-HEAZ20 523 0.38 003 038
3 |51 1,000 EN-UGT/1  C51-HEAZ20 5235 0.38 007 038
4 |51 1.250- EN-UGTA1  C51-HEAZ220 5235 0.38 008 038
5 |§1 1,250+ EN-UGT/1  C51-HEAZ220 5235 0.38 008 038
6 |51 1,500 EN-UGT/1  C51-HEAZ20 5235 0.38 0.10 038
7 |51 2,000 EN-UGT/1  C51-HEAZ20 5235 0.38 013 038
8 |s1 2,500 EN-UGT/1  C51-HEAZ20 5235 0.38 017 038
5 (s 2,500+ EN-UGT/1  C51-HEAZ20 5235 0.38 017 038
m 151 3.000 EN-UGT/1  C51-HEAZ20 5235 0.38 020 038 hd
Overall Unity Check | List of Combination keys 4 B
EC-EN 1993 Steel check ULS | EC-EM 1993 Steel check ULS X 4
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6.5. SLS Check

The SLS check can be found in the ‘Steel’ menu after calculating the project. You can choose between the
overall unity check or a specific value for Y or Z direction.

Extreme 1D
Extreme 1D

Values

Coordinate system

For example when you choose for ‘Deformation u_z’, following values are available:
EC-EN 1993 Steel Check SLS

Name
Selection
Type of selection
Filter
Results in sections
Result case
Type of load
Load case
Extreme 1D
Extreme 1D

Type of values

Coordinate system

Drawing Setup 1D

Errors, warnings and not...

Global

Deformation u_z
Overall Unity Check
Deformation u_y
Deformation u_z

All
No
All

Load cases

BG1 - Own weight v

Global

Deformation u_z >

uzvar

Lim. uztot
Lim. uzvar

Check uz

Camber dx uz
Camber uz,max

Check uz,tot
Check uz,var

* u,tot oru,var: the relative displacement of each member for the total load or for the variable part of
the load.

e Camber: the camber over the length of the element (dx uz) or the maximum camber over the entire
element (uz,max).

e Lim.u,tot or Limu,var: the limit of the relative displacement L/x for the total load or for the variable
part of the load. You can set x-value in the steel setup or on element level in the ‘system lengths and

buckling settings’. You can set the value for the camber there as well.

B Steel setup

x

(=) Belgische NEN-EN NA
[ Steel

Member check

Fire resistance

Cold Formed

Plated structural elements
Limit slenderness
Buckling defaults

SLS deflection check]

Autodesign

Name
Steel
Member check
Fire resistance
Cold Formed
Plated structural elements
Limit slenderness

Buckling defaults

Belgische NBN-EN NA

EN 1993-1-1
EN 1993-1-2
EN 1993-1-3
EN 1993-1-5

EN 50341-1

SLS deflection check

SLS deflection limits

In plane deflection (def 2)
Total loads [-]

Variable loads [-]

Out of plane deflection (def y)
Total loads [-]

Variable loads [-]
SLS camber
Camber definition

Autodesign

200.00
360.00

200.00
360.00

No camber

Load default non-NA parameters

Load default NA parameters

e Check: the relative displacement is compared with the limit. You can check the total displacement or

the variable part of the displacement or you can perform an overall check.
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6.6. General autodesign

You can access the general ‘Autodesign’ function in the main tree under ‘Calculation, mesh’.
N Autodesign

You can use the ‘Autodesign’ function to automatically receive an optimal unity check for the cross-sections
which are used in your project. You can perform a single autodesign by following the steps below.

The first step of the autodesign you create multiple cross-section lists. By applying this cross-section list, the
software is forced to use the steel profiles which you have added to these lists and we can avoid the use of
non-standard profiles such as for example an IPE4000 or a HEA260A section. You can find the function
‘Cross-section list’ in the main tree - ‘Libraries’ = ‘Structure, Analysis’. You can access it as well in the toolbar.

@ Materials

X3 Cross-sections

8 Setup

B Catalogue blocks

Ed Named item

=1 B Structure, Analysis

XS Cross-section list
% Fabricated Css, Product range
# Nonlinear functions
[J Initial deformations
0% System lengths and buckling groups
&8 Orthotropy

After you have selected this function, the cross-section list manager will open, and you can create a new list
by selecting the button ‘New'. Afterwards you can define the type of cross-section list, for example a
cross-section list with only one type of steel profiles or a list with multiple types of profiles. In this example the
option ‘Library cross-sections of one type ' will be selected.

Al e 9= & Fd

All HEA IName All HEA Lo
Al IPE Type of list Liky e type
A HFley Form code
Form code name
Type of cross-section list X |

(] Library cross-sections of one type

() Library cross-sections of multiple types

conce

Library section
Library section
Library section
Library section
Library section

__Lihran cection

86



After you confirm with ‘OK’, the profile library will open and you can select the cross-sections which you want
to add to the list. In the following picture, this will be executed for HEA-profiles. When you have defined this
cross-section list, it will be added and be accessible in the cross-section list manager. You can create multiple
cross-sections lists in one project.

List of available cross-sections

Form code

Eaangular Nollow sechon HD

Circular hollow section HD{ARC)
L section

Channel section

T section

Full rectanguiar section HEC

Full circular section HEM
Asymmetric | section HG(GOST)
Rolled Z section HHD

Cold formed angle section HL
Cold formed channel section HL[SZS)
Cold formed Z section HMICH)
Cold formed C section HMN(CH)
Cold formed Omega section | | HP

Cold formed C section eaves HP{ARC)
Cold formed C-Plus section HP{ARCUS)
Cold formed ZED section HP{GERD)
Cold formed ZED section as) HP{imp)
Cold formed ZED sedtion inc HT{CH)
Cold formed Sigma section HW(CH)

Cold formed Sigma section ¢, |

Cold farmad Cinma Bhic zas sein

Code name

Selected to list

| HEA2204

R

| HEA240A

| HEAZG04
0

Al IPE
All Hfleg

B} Lists of available cross-sections
Alew@ix 9 & H

Edit

x|

Type of list Library one type
Form code 1
Form code name doorsnede

Code name

* Items

Library section
Library section
Library section
Library section
Library section
Library section
Library section
Library section

Library section

Library section
Library section
Library section

Liby ot

When you select the function ‘Autodesign’ in the menu ‘Calculation, mesh’, the autodesign manager will open
and you can define a new one. After you clicked on ‘New’ and on ‘Add item’, you can select the option ‘Cross-

section AutoDesign

"in the tab ‘Steel .

Overall Autodesign

Property Parameters

Picture

items.

X | Add item X

Concrete

Automatic Reinforcement Member Design (AMRD)
Steel

Cross-section AutoDesign

Fire Resistance AutoDesign

Corrugated Web AutoDesign
Steel Connections

Bolted Diagonal AutoDesign
Timber

Cross-section AutoDesign
Aluminium

Cross-section AutoDesign
Geotechnics

Pad Foundation AutoDesign

Cancel

In the following step you should select and confirm the cross-section(s) which should be optimized.

Make selection

Available

cs1
cs2
cs3
cs4

e

X

Selected
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In the following window ‘Overall Autodesign ', you can define the parameters for the design.

It is important that you select the correct type of loads for each cross-section in the autodesign. You can
perform the autodesign for a load case, for a combination or for a result class.

You can select the defined cross-section lists as well when you activate the option ‘Use cross-section list
and then select the list in the tab ‘Filter list .

You should define the maximum value for the optimized unity check with the option ‘Maximal check .
You can modify these parameters for each cross-section that is mentioned in the window ‘Items .

The final step in this window is that you activate the command ‘Autodesign ’ at the bottom of this window.

Overall Autodesign *

Property Parameters Picture

Name 01 C51- HEA: -

Type of loads Class * Parameter HEA200 ~

Class Alle UG ~ . Use cross-sec.. ™

Autodesign t... Steel - Cro.. Filter list AllHEA ~

ltems count 4 Sort by Height nd
Starting CS5  Actual -

Search pattern Find first ol =

Direction Up and do. =
|Maxima| che.. 1,00

Items

2. €52 (IPE160)
3. €53 (IPE120)
4, CS4 (HFLeq7OX70x7)

Autodesign c.. 0,00

Remaove [tem Add item

| Autodesign Calculation

As soon as you have executed this final command, a summary of the autodesign will be displayed. This table
will provide you the optimized profiles as well as the optimized unity check.

Cross-section Parameter Sort by Filter list Origina cross-section Autodesign of cross-section Autodesign check

[]
CS1 - HEA260 HEA260 Height Al HEA CS1 - HEA200 CS1 - HEA260 0,94
CS2 - IPE400 IPE400 Height Al IPE CS2 - IPE160 CS2 - IPE400 0,88
CS3 - IPE160 IPE160 Height Al IPE CS3 - IPE120 CS3 - IPE160 0,73
CS4 - HFLeg80x80x8 | HFLeq80x80x8 | Height Al HFLeq | CS4 - HFLeq70x70x7 |CS4 - HFLeq80x80x8 0,83
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Within this command, you can perform an iterative autodesign as well. You can execute this by closing the tab
‘Overall Autodesign ' and selecting the command ‘Optim. Routine ' in the autodesign manager. After you
have selected this option, you can define the iterations of the design by a limit number of iterations or it can be
determined automatically. In this example the number of iterations will be set to 3. The autodesign of the
profiles will be executed after you have pressed on ‘Start’.

B Overall Autodesign —><|
AHeBE 9= & -0 A MY
o1 Name 01 2
Type of loads Class -
| Class Alle UGT =
Automatic Autodesign routine X

Set number of Autodesign iterations

O Determine automatically
© Limit number of iterations

New | Insert | Edit Delete

Amodesignall Calculate | Close

As soon as the iterations are finished, you will get an overview of all the routine steps as well as the
optimized profiles and unity checks.

1. Routine step: 1

1O
Cross-section Parameter Sort by Filter list Original cross-section Autodesign of cross-section Autodesign check
8
CS1 - HEA220 HEA220 Height Al HEA CS1 - HEA200 CS1 - HEA260 0,93
Cs2 - IPE400 IPE400 Height Al IPE Cs2 - IPE160 Cs2 - IPE400 0,87
CS3 - IPESO IPESO Height Al IPE CS3 - IPE100 CS3 - IPE140 0,70
CS4 - HFLeq60x60x8 [HFLeq60x60x8 | Height Al HFLeq |[CS4 - HFLeq70x70x7 | CS4 - HFLeq80x80x8 0,88
2. Routine step: 2
Cross-section Parameter Sort by Filter list Original cross-section Autodesign of cross-section Autodesign check
Gl
Cs1 - HEA220 HEA220 Height Al HEA CS1 - HEA260 CS1 - HEA240 0,74
Cs2 - IPE400 IPE400 Height Al IPE CS2 - IPE400 CS2 - IPE400 0,79
CS3 - IPESO IPESO Height Al IPE CS3 - IPE140 CS3 - IPE100 0,79
CS4 - HFLeq60x60x8 |[HFLeq60x60x8 | Height Al HFLeq |[CS4 - HFLeq80x80x8 | CS4 - HFLeq70x70x7 0,89
3. Routine step: 3
Cross-section Parameter Sort by Filter list Original cross-section Autodesign of cross-section Autodesign check
Gl
CS1 - HEA220 HEA220 Height Al HEA CS1 - HEA240 CS1 - HEA220 0,90
Cs2 - IPE400 IPE400 Height Al IPE CS2 - IPE400 CS2 - IPE400 0,86
CS3 - IPE8O IPESO Height Al IPE CS3 - IPE100 CS3 - IPE8O 0,93
CS4 - HFLeq60x60x8 [HFLeq60x60x8 | Height Al HFLeq |CS4 - HFLeq70x70x7 | CS4 - HFLeq60x60x8 0,92
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6.7. Connections

To create a connection in the ‘Steel’ menu you should activate the functionality ‘Steel connections’:

Steel connections v

To add a connection to your model, go to the ‘Steel’ menu - ‘Connections’ - ‘Structural joints’. Choose for
a strong-axis connection or a weak-axis connection:
= |F Structural joints

|¢ Frame strong-axis

K Frame weak-axis

After you have selected a connection type, you should choose the node where you want to add the connection.
In this example a strong-axis connection is chosen. After you have chosen the node, the following label will
appear on the node.

NOTE: you can create the connection only ifthe mem  bers have the correct type. A column should have
the type ‘column’ and a beam the type ‘beam’ (see ¢ hapter 1D elements).

When you select the label, you can define the connection in the properties window.

Side ->[S2]

Connection type Frame bolted -
IEnd-pIate %

Backing plate

Bolts v

Top haunch

Bottom haunch
Top stiffener
Bottom stiffener
Diagonal stiffener
Web doubler
Update stiffness
Calculation type Internal forces -
Output Summary -
Length for stiffness classification [m] 6,083
Stiffeners
Between bolt-rows 12
Welds
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To create the connection, choose the connection type and check the components of the connection. To edit
the components, press on the three dots next to the component.

7 Bolts % | | &7 end-pate x |

Length [mm] 45 Material 5235
Bolt pattern 2 boltsfrow N 10
Reference Bottom of the beam S _/ Input Top/Bottom/Left/Right
Internal bolts distance [mm] 110 Top extension [mm] =5
Use last bolt-row for shear capacity enly Bottom extension [mm] 20
1.Row = Left extension [mm] 25

2Row Right extension [mm)] F5
3Row Total width [mm]

4Row Total height [mm] 319

5Row

6.Row

TRow

8Row [~

1.Location [mm] 263

2Location [mm] 232 v

Actions
Update lecation
Cancel Cancel

When you have defined the connection click on the ‘Refresh’ button at the bottom of the properties window.

The preview window will automatically open. In the preview window all the strength checks according to the
Eurocode will be performed.

e RESULT S

Unity checks

My Ed/Mi,v,Rd 3.18
Mz, Ed/Mj,z,Rd 0.05
NEdNj,R.d 0.04
Vz,EdVz,Rd 1.39
vy, Ed vy Rd 0.00
vz, Ed/Nz,Rd + Vv, Ed/Vy,Rd 1.39
My Ed/Mj,v,Rd + Mz, EdMj,z,Rd |3.23

You can get a more detailed view by changing the output type in the properties window.

] summary z

Length for stiffness classification [m] Brief
Stiffeners

Detailed
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Next to the strength check, a stiffness check is performed as well. In the main model a stiffness is assumed
for each node. This stiffness is fully fixed or the stiffness of a hinge that is added to the node. The stiffness
assumed in the project should be checked with the connection that you just have created. If the stiffness of the
connection does not lay between certain boundaries (so that it can be assumed to be the same as the stiffness
in the model), then the stiffness in the model should be adapted. In this example the stiffness of the connection

(in blue) does not lay between the boundaries (a stiff node is assumed).

MNm
0.0600

0.0500} _

0.0400

0.0300

0.0200

0.0100

0.0002

You can do this automatically by checking the option ‘Update stiffness’. When you have checked this option a
hinge will be added to the node after calculating the project another time. This hinge has the real stiffness of
the connection.

0.0005,

0.0015,

Update stiffness v

NOTE: when the stiffness is updated the internal fo
and SLS checks of the beams are different as well.
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Chapter 7: Concrete design

71. Concrete setup

You can open the concrete setup by going to the ‘Concrete’ menu - ‘Concrete settings’.

Concrete settings m} x
national annex: [l Find Vew v ‘ ‘ Sandard | ‘ Defaut |
Description Symbal Value Default Unit  Chapter Code Structure:  CheckType &
<all £ <alls £ <l B ol Lo P ol £ <l £ ol 2ol 2
4 Solver setting
4+ General
Limit value of unity check Lim.check: 1.0 1.0 Independent  All (Beam .. Solversstti .
4 Creep
Type input of creep coefficient Type @ HAuto Auto Annex B.1 EN1992-1-1 Al (Beam .. Solversetti .
4 Default sway type
Sway around y axds Sway yy [ ) Independent Al {(Beam .. Solver setti ..
Sway around z s Sway 7z [l I Independent Al (Beam .. Solver setti_.. =i
< Minimal concrete cover
Deesign working fife 50,00 50,00 year 44.1.28)t.. EN1992-1-1 Al (Beam... Solversstti.., =
4 Risk of comosion attack
Comosion induced by carbonation XC3 HC3 4.4.1.205) EN 1992-1-1 Al (Beam... Solversetii..
Comosion induced by chlorides Mone Mone 4.4.1.X5) EN1992-1-1 Al (Beam .. Solversetti
Comosion induced by chlondes from sea water MNone Mone 4.4.1.X(5) EN 1992-1-1  All (Beam .. Solversstti .
Freeze / thaw attack None None 441212 EN1992-1-1  All (Beam .. Solver setii...
Chemical attack Mone Mone 441212y EN1992-1-1 Al (Beam... Solversstti.
4 Concrete characteristics
Type of concrete In-situ In-siti 44131P, 3) EN1992-1-1 Al (Beam.., Solver sstti.,
4 Intemnal forces
Absolute limit ratio for modification of intemal forces Ratioint,zbe 5,00 500 kN Independent 10 {Bea... Solversstti...
Relative limit ratio for modification of intemal forces Raticint, rel 0,10 010 - Independent 10 {Bea.. Solversstti.
[ ok || cance |

In this window you can set all concrete settings. This contains general concrete settings (creep, risk of
corrosion attack, ...), settings for the recalculation of the internal forces and all the settings for the ULS and
SLS checks. You can find a complete explanation of all these settings in the concrete manual.

You can change these settings for only one member by using the option ‘Setting per member’. This option will
open a window where you can change the settings and assign them to a selection.

=] Setting per member
=S 1D member data
& 2D member data

7.2. Recalculated internal forces

For the concrete design recalculated internal forces are used. Following modifications can be applied. You can
find this table in the concrete settings menu.

4 Intemal forces ULS

Take into account addttional tensile force caused by shear (shi... v v 92.1.3(2) EN 1992-1-1
Use minimum value of eccentricity v v 6.1(4) EN 1892-1-1
Use geometric imperfection v v 5.2(5) EN 1992-1-1
Use second order effect v v 588 EN 1992-1-1
Estimation ratio of longitudinal reinforcement for recalculation in... ps 2,00 2,00 % 5.8.3.1 EN 1992-1-1
Shear force reduction above supports 6.2.1(8) EN 1992-1-1
Moment reduction above supports 5322(4)  EN 1992-11
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Shift rule

This option takes an extra tensile force caused by shear by shifting the moment line into account:

O

F 1o a= Coeff,-d - {cot @ - cota) /2
20: a=d

Minimum value of eccentricity

This option takes a minimum value for eccentricity into account:

O

e =¢,+¢

€g = max [(91 +ei);3£(J ;20mm]

Geometric imperfection
This option adds a geometric imperfection:

D 91=0

E 0,=0,- oy - a,

Second order effect

This setting takes the second order effect into account:

e=e0+e2
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Shear force/Moment reduction above supports

Vied O

Fea, sup
Il -

A\
o

You can view the values for the recalculated internal forces with ‘Reinforcement design’ > ‘1D Members’ >
‘Internal forces’. You can view the normal internal forces (N,M) as well as the recalculated internal forces (Ned,

Med).

M MEd
§~ 5
A N
W "\J\LU_LI/[/"
N NN
x L«
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7.3. Provided reinforcement

Before you calculate the theoretical reinforcement, you can add a template of reinforcement to your
element(s). You can use this template to:

« compare the template with the calculated theoretical reinforcement. By doing this, you can easily see
where this basic template is not sufficient;

e perform the punching design, crack width check and the code dependent deflections (only for 2D
members ).

The reinforcement added by the template is called ‘Provided reinforcement’
To add ‘Provided reinforcement’, go to ‘Concrete’ - ‘Reinforcement design’ - ‘Design defaults’

This example is for a 2D member. The workflow is the same for 1D members.

Design defadits o X
vationat annec [ | Find ‘ | \iew v‘ | Advanced | Defaut ‘
Description Symbol Valus Defaut Urit  Chapler Cade Stuctrs  CheckType
<al> B alx D al> P a> P b P b P al> D s Pab P

4 Design defauits

© Beam (Rib)

o Beam slab

b Column

4 Plate, Shell(Plate)

+ Longtudinal

2.2 lemplete of providad e =} o Independert Plate, ShellFl. Design defaul
Template of provided reinforcement. (Plats) Pl Basic Ad__ [t Basio A Independsrt Plte, Shel(PL. Dosion defaul

per (z+)
Type of cover of upper suface Typectu Ado Auto 441 EN 188211 Piate, Shell(Pl... Design defaul

Angle of reinforcement of first Upper layer wy 000 000 deg EN 1992.11 Plate, Shall(Pl... Design defaul
Angle of reirforcement of second upper layer uzu 90,00 30,00 deg EN 188211 Plate, Shel(Pl... Design defaul
- Lower (=) =
& Shear ‘ ‘

Click on the 3 dots next to the ‘Template of provided reinforcement (Plate)’. This opens a window with all the
default templates.

7 Provided reinforcement (design) X

Aiaemi 9 eEd

Plate Basic_Both

Plate Basic_Add_Lower

Plate_Basic_Add_Both

Plate Basic_AddlListDiam_Lower

Plate Basic_AddlListDiam_Both

Name Plate Basic_AddList All
Description B list adiditiona.
Membertype e, Shell(Plate]
Cross-section Rectangle

Mode Standard

[ Hew | iset | Edt | Delete [Tok |
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You can select one of these templates, make a new one or edit one of the existing templates. Select the first
template and click on ‘Edit’.

Provided reinforcement (design) edit - Plate Basic_AddList All [m] X

Member type Longtudinal reinforcemert

Cross section - | || M
Mode
Defiriton of Basic reinforcement By Diometer

Basic reinforcement Addtional reinforcement
Suface [drection] Diameter Spacing Area Type Diameter Spacing Area
mm] mm] fom~2¢m] mm] mm] fom~2/m]

10.0 20 393 Lstbyspacing 100 0100150200 (795524333

100 200 333 Listbyspacing 100 0100150200 0785524333
100 150 524 Lstbyspacing 100 0:100:150:200 0735524393
100 150 524 Lstbyspacing 100 0100150200  0.785524793

In this window you can define the reinforcement. There are 2 types of reinforcement in templates:
« Basic reinforcement: this type of reinforcement is added over the entire plate.

« Additional reinforcement: this type of reinforcement is only added in zones where, according to the
calculated theoretical reinforcement, extra reinforcement is needed. You can define a single diameter
and spacing as extra reinforcement or a list of reinforcement with either various diameters or various
spacings.
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7.4. Required reinforcement

You can find the required reinforcement under ‘Concrete’ - ‘Reinforcement design’ > ‘1D/2D members’ >
‘Reinforcement design (ULS)’

7.4.1. 1D members

In the menu ‘Reinforcement design (ULS)’ you have 2 types of values:
 Required: these values represent the theoretical reinforcement calculated by SCIA Engineer. The
following required values are available: Asreq (amount of longitudinal reinforcement), Aswmreq

(amount of shear reinforcement), Asreq( ¢) (same as Asreq but the value is displayed in diameters)
and Aswmreq( ¢) (same as Aswmreq but the value is displayed in diameters).

D,

-

T
4

s

e Provided: the provided reinforcement can be viewed in two different values as well: As,add,req and

As,prov.
As,prov is the provided reinforcement defined in the template.

\ 804 mm~2

;
¥

\
QX
As,add,req is the reinforcement that is needed on top of the provided template according to the

theoretical design. This means if the required value is higher than the provided value it can be seen
in this view.

f——a s 4

\ 466 mmA2

N

-
é

LT‘/
>
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7.4.2. 2D members

In the menu ‘Reinforcement design (ULS)’ you have 4 types of values:

* Required: these values represent the theoretical reinforcement calculated by SCIA Engineer. This
takes into account the detailing provisions.

4 Plate, Shell(Plate)

4 Longitudinal
Check min. ratio of principal reinforcement v
Type of the minimum tension principal reinforcement for the upper surface Auto
Type of the minimum tension principal reinforcement for the lower surface Auto
Check max. ratio of principal reinforcement v
Check min. transverse ratio of secondary reinforcement
Check min. bar distance v
Minimal bar distance slp.min 20
Check max.spacing of principal longitudinal reinforcement v
Check max.spacing of secondary longitudinal reinforcement v
4 Shear
Check min. ratio of shear reinforcement v
Check min. thickness of member with shear reinforcement v
Min. thickness of member with shear reinforcement hmin 200
Check max. spacing of shear links v
Max. spacing of shear links Coeffsmax.p.s 0.8

Asreq1+ [Mm2/m]

As,reql+: theoretical required reinforcement on the top side of the plate (positive Z direction) in
the first reinforcement direction. Taking into account the detailing provisions.
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* Required (statically): these values represent the theoretical reinforcement calculated by SCIA
Engineer without the detailing provisions taken into account.

Vil (A

/ i ]
AT
I

. IS

i

TE it

TN

/

As,statl+: theoretical required reinforcement on the top side of the plate (positive Z direction) in
the first reinforcement direction. Without taking into account the detailing provisions.

» Required (additional): these values show if there is extra reinforcement needed on top of the provided
reinforcement. Areas where this value is 0 are areas where no extra reinforcement is needed
(compared to the provided reinforcement). Areas where these values are not 0 are areas where the
provided reinforcement is not sufficient.

As, addreq1+ [mm’/m ]

As,add,reql+: theoretical additional required reinforcement on top of the provided reinforcement
on the top side of the plate (positive Z direction) in the first reinforcement direction.
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» Provided: these values show you the provided reinforcement which you have defined in the
templates.

Provi+

10,0/200 + $10,0/100 - Not sufficient
10,0/200 + ¢10,0/100
10,0/200 + ¢10,0/150
10,0/200 + $10,0/200
10,0/200

As,Prov1+: provided reinforcement on the plate. If elements are red the additional reinforcement in
the template is not sufficient.

7.5. User reinforcement

7.5.1. 1D Members

In the theoretical reinforcement design, we have calculated where reinforcement is needed.

Since SCIA Engineer 19.0 it is possible to convert the provided reinforcement directly to practical
reinforcement. You can choose for the action ‘Conversion for real bars’ when you have chosen the option
‘Reinforcement design’ = ‘1D members’ = ‘Reinforcement design’ and if you have generated the results for
‘Provided’ as ‘Type of values’ in the property window.

Now a window appears that mentions you if it was possible to convert into real bars or not. If not, some
explanation is given.

Afterwards you can edit the reinforcement by selecting the reinforcement data and choosing the action ‘Edit
reinforcement’.
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You can also input manually the practical reinforcement by adding ‘New reinforcement’ for the whole length of
the beam.

You can first select a template for the longitudinal reinforcement:

] Longitudinal reinforcement
Aiaemk o &led

LR_B_R1 [l
LR.CR1
LRERZ

. (ﬁ(}\
LR BR3 fa

LR B R4

Name LR B_R1

Description  Long. re..

Stirrup na...  StirupR
Mumber o.. 2
Diameter [.. 16,0
Area [mm... 804

Type of be.. beamsa..

| Mew | inset | Edi | Delete | | ok |

Next, you have to decide where the parameters of reinforcement are coming from:

Reinforcement parameters >

Do you want to use parameters of reinforcement [diamater of long.reinforcement, stirrup and concrete cover)

from the Concrete member data
Ofrom the Concrete setup [Design default)

(®) from the defined template

Now the practical reinforcement is shown graphically on the screen:

@

o i
K
R

>

\o -
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As a user, you can add locally ‘New stirrups’ or ‘New longitudinal bars’.

For the stirrups, you can select a certain stirrup shape:

"]

L] Stirrup shape manager
Aipepiknn S -

StirrupR1 -

StirrupR2

StirrupR3 7= =
StirrupR4

StirrupR5

Description  Stirrups ...
Number o... 1
Diameter [... 80

Number o... 2

7
A

‘ New ” Insert ” Edit ‘ Delete | OK |

You can edit the stirrup shape, or you can make a new one. Therefore, user points must be added.

Stirrup shape *
= 0
e N
Delete Delete all
MName 51
Diameter [mm] 80
3 1 Color I
MNumber of vert... 4
Closed
Torsion | yes
Shear in joint ne
h ¥
N =
i §
Analysis model
Shear calculation
Stirrup User defined points Number of cuts
Mew stirru [termn-edge index | Type Rela Abzo [mm] | From
p el | P | | | Diameter of mandre dss
Automatic Picture properties
. Draw intersection points
Diameter Draw corners points
50 [t Texts & Points scale | 0.5 3
< > [] Draw dimensions
Add Delete Delete all Redraw

Cancel
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For the longitudinal reinforcement, you can define precisely where you want to place the additional practical
reinforcement (with the cursor snap settings):

842 mm”2

[Point in 8/10 of length

A nuin| )

J
= % : : o

The configuration for the selected zone of the member is shown:

Member S1, Zone from 0,500 m to 4,000 m{0.050 - 0.400)

Filter All W
la] L1-51E4
= L2-51E2
fﬁ“’\
Delete Delete all

MName L2-51E2 ~

Position num... 3

Material B500A ~ ..
Diameter [mm] 20,0
Number of b... 2

Area[mm*2] 622

Layer type Uniform =

4

Cover type Surface to

Cover [mm] 0,0
\Q - ij Left bar Beforethe -
e Right bar Before the -
Stirrup name 51 b
[ Analysis model .Automatic design .
Longitunidal reinforcement Mew reinforcement parameters Type of beam Reinforcement layers area
| New layer Number of bars [2 v beams and ribs v selected layers 628 | mm*2
| Add bars to corners | Diameter [mm] . E,D v . All layers 1257 mm* 2
Stirrup name 51 W stirrups Picture properties
Bars positions Fdgc index 2 i Ll ?tirru_ps Ta?’:{::'memm”s_ 0.5 5.;_5
nfoliision of.bars Edit sousr = =
ot > ok Save to template Bedraw
Collision etween existing bars
(_) Mave layer I oK ol
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Here you can set on which face extra reinforcement needs to be added:

Member 51, Zone from 0,500 m to 4,000 m(0.050 - 0.400)

(Sh]

@ )

O & & @ O

i §

Longitunidal reinforcement Mew reinforcement parameters Type of beam

Mumber of bars 3 beams and ribs L
A 5 Diameter [mm] 20,0 W | )
Stirrup name 51 v stirrups
Edge index 4 w Edit stirrups

Bars positions
Callision of bars

Edit cover

Between existing bars Sdve o dEmphte

(®) Mave layer

Collision

MName L3-51E4 ~

Position num.., 3

Filter All v
L1-51E4
12-51E2
L3-51E4
Delete Delete all

Material B 500A = ..
Diameter [mm] 20,0
Number of b... 3

Area [mm#2] 942
Layer type No corner =
Cover type Surfaceto =

Cowver [mm] 00
Stirrup name 51

Edge index 4 =

Detailing no v

Analysis model | Automatic design

Reinforcement fayers area
Selected layers 942 | mmaz

All layers 2199 mm* 2

Picture properties
DDraw dimensions
Texts scale 0.5 =

Redraw

OK Cancel

For reasons of simplicity we will add 3 bars of 20 mm that are still needed over the whole area where extra

reinforcement is required. This can of course be done more detailed.

The same procedure will be repeated for the upper reinforcement (over the support).

You also need to increase the shear reinforcement in the zone above the support. You can do this by increasing
the diameter of the stirrups or by decreasing the distance between the stirrups.

You can create different stirrup zones with the action ‘Edit stirrup distances’:

Stirrups zones

2x10d8,0-0, 2x9d8,0-0,300 1 2x31d10,0-0,100 |, 2x10d8,0-0.277 2x[1d8,0-0,099
0 0.050 0,050 Al 0,005 0,005 71 0,003 0,005 10 4l
[OPFmRO 0030 5 500 % L 3,000 L 2500 % L0130
A A A A A A
Zone 1 Minimum stirr Text scale 1 =
| Zone | Length [m] | Diemeter [mm] | Distance [m] | Real distance [m] | Type | By user | Distance to begin [m] | By user | Distanceto end [m] |~
Zone 4 1[5 3,000 10,000 0,100 0,100 single * yes - 0,005 yes
Zones o
Additional stirrup reinforcement
[+] symmetrical
Parts from both points
Input type Numbers Diameter [mm] Distance [m] Total distance [m] Type
Newzone | Delete zone Mew part | | Delete part
oK Cancel
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7.5.2.

Next to theoretical required and provided reinforcement you have also practical or user reinforcement. You
can add this type of reinforcement to the plate via ‘Concrete’ - ‘Reinforcement input + edit’ >

2D members

‘Reinforcement 2D'.

20 member Slab1
Reinforcement
Type Bars
Material B 3004
Surface Upper
Number of directions 2
Direction closest to surface 1
Angle of first direction [deg] 0,00
b o 1
9 Diameter (dl) [mm] 10,0
Concrete cover (cl,cu) [mm] 30
4 L Kﬁr Bar distance (sl) [mm] 200
Offset [mm] 0

sl sl QC" Reinf, area [mm"2/m] 393
2
Diameter (dl) [mm] 10,0
Concrete cover (cl,cu) [mm] 40
Bar distance (s[) [mm] 200
Offset [mm] 0
Reinf, area [mm*2/m] 393
Total weight [kg] 58,26
Geometry
Geometry defined by Polygon
Actions
Lead from setup ESS

Cancel

You have to add this reinforcement separately at the upper and lower side (each time with two reinforcement
directions).

*

NOTE: you can add multiple layers of practical rein  forcement on the same area. The reinforcement

added to this area is the sum of all these layers.
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7.6. 1D ULS & SLS checks

The following checks are available for 1D Members in SCIA Engineer. Requesting output from these checks
is the same as in the ‘Results’ and ‘Steel’ menus and will not be explained in this chapter.

7.6.1. Capacity response

The ‘Capacity response’ check is based on the calculation of strain and stress in a particular component
(concrete fibre or reinforcement bar). The check consists of the comparison of those strains and stresses with
the limited values according to EN 1992-1-1 requirements.

Extreme values of stress/strain in component

Type of component Fibre/ ¢ Zim O [ UC[-] Status
Bar [%0] [%e] [MPa] [MPa]
Concrete - compression 1 -163 -35 -187 -20 093 oK
Concrete - tension 3 254 0 a 0 0.00 OK
Reinforcement - compression 3 -116 -225 -233 -454 051 oK
Reinforcement - tension 1 217 225 434 454 095 OK

7.6.2. Capacity diagram

The ‘Capacity diagram’ service uses the creation of interaction diagram (graph presenting the capacity of a
concrete member to resist a set of N+My+Mz).

This check calculates the extreme allowable interaction between the normal force N and bending moments My
and Mz.

3D interaction diagram - Vertical section N-M,

3D interaction diagram - Vertical section N-M,..

Mres [kNm]
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7.6.3. Shear + Torsion

The check of the interaction between shear and torsion consists of three checks according to clause 6.1 - 6.3
in EN 1992-1-1:

* check of shear;
* check of torsion;

» check of interaction of shear and torsion.

Shear check
Check VRdmax

Veg = 152 KN £ VRamay + Weeg + Vig = 598 kN

|N01E~: The check satisfies for crushing of the compression strut Weg £ Vedmax + Vid + Veeal |

Check VEdmax

Veg = 152 kM = Vedmay ¥ Vg ¥ Vg = 705 kM

|N01E~: The check satisfies for shear force near the support (Veg £ Vedmax + Vig + Veed). |

Check dec and VRds
Veg = 152 kN > Vg = 87.8kN and Vi = 152 kN » Vqy + Vg + Vig = 66.5 kN

Error: The check does not satisfy, because of shear reinforcement (Veg > Vag: + Veeg + Vi) Itis necessary to increase
area of shear reinforcement or to increase dimensions of the cross-section or gquality of shear reinforcement.

Unity check
_abs(vzg) _ abs(152kN) _
ve= Ve 665 kN =228
7.6.4. Stress limitation

The stress limitation check is based on the verification of:

e compressive stress in the concrete:  the high value of compressive stress in concrete could lead to
appearance of longitudinal cracks, spreading of micro-cracks in concrete and higher values of creep
(mainly nonlinear). This effect can lead to a state where the structure is unusable.

* tensile stress in the reinforcement: stress in reinforcement is verified due to limitation of
unacceptable strain existence and thus appearance of cracks in concrete.

Verification of cracks in cross-section

Load Type of E. Combi. Ngg Mgy Mg [ h foren Cracks
module [MPa] [kN] [kNm] [kNm] [MPa] [mm] [MPa] appear
Short | E; 0  Char. 0 -188 0 12.6 500 2.9 YES

Stress limitation in concrete

Check type Load Ngg Mgy, Mea: ¥Yi z [-% O lim 6.0 im Status
[kN] [kNm] [kNm] [mm] [mm] [MPa] [MPa] [-]

§7.2(2) Char. Short 0 -188 0 OFF

§7.2(3) Q.-P. Short 0 -188 0 015 -0.25 -212 -135 1.57 Not OK

Stress limitation in non-prestressed reinforcement

Check type Load Ng; Mg, Mg, v z o, C.im /0.  Status
[kN] [kNm] [kNm] [mm] [mm] [MPa] [MPa] [-]
§7.2(5) Char. Short 0 -1838 0 0.09 0.2 300 400 0.75 oK
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7.6.5. Crack width
The crack width is calculated according to clause 7.3.4 in EN 1992-1-1.

Calculation of cracking forces (uncracked section)
Maximal stress in concrete
gz =12.6 MPa
Cracking forces
Ner =0 kN Mgy =-43.3 kNm Mz =0 kNm
s = 12.6 MPa > 0, = 2.9 MPa => Cracks appear

Note: The crack is appeared, because maximal tensile stress is greater than cracking strength.

Maximum crack spacing
Smax = 45 mm = 5%(c+0.5%d.g) = 275 mmor pp¢ =0, therefore:

ki ko ks- 0.8-0.5-0.425-0.02
kikekarea 5, 00454 — 232 mm
Dper 0.0428

Srmax= K3-C +

Mean strain in the reinforcement

fetett
Us_kt'( pp.:f’f }[:1 +GE'pp.eff]

0.6-0s

Esm_cm = Max

E; E;
6 2.9-10°
300-10° - 0.46- | = -(1+6.06-0.0428) .
0.0428 0.6-300-10
= max . 3 =1.3 %o
200-10° 200-10

Calculated crack width

W= Esm_em - Srmax = 1.3-232=0.303 mm

Limit value of crack width

Wax = 0.4 mm

7.11)

(7.9)

(7.8)
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7.6.6. Deflection
The calculation of deflection is done according to chapter 7.4.3 from EN 1992-1-1.

The simplified method is used where the calculation is done twice, assuming the whole member to be
uncracked and fully cracked, and then interpolating formula 7.18 according to clause 7.4.3(7). This is the

default used method.

Deflections

Linear deflection
Sjiny = Uz + Uy =0+0=0mm

Biinz = Uz + Uz =0+ -3.08=-3.08 mm

Immediate deflection
Simmy = Uy - ratio,; = 0-2.88=0 mm

immz= U fatioes = -3.08-2.5= -7.7mm

Short-term deflection
5;3\0!{_. = U Fatio.q-; =0-2.88=0mm

Bsnor s = Uz *ratioge = 0-2.5 =0 mm

Long-term + creep deflection
Siangcreeny™= Up® 1atic =05.22=0 mm
5lnng_c.'e!n:= Uz - ratiogz = -3.08-3.38 =-10.4 mm

Creep deflection
Bcreepy = Uy +( ratioys - ratioys )= 0- (5.22 - 2.88)=0 mm
Bereepz = uzi-  ratiow - ratios )=-3.08+ (3.38-2.5)=-2.69 mm

Long-term deflection
Biongy = Blong ereeny— Beraepy = 0-0=0mm

Biang.: = Briong.ceenz — Boeepz=-104 - -2.69 = -7.7 mm

Additional deflection
‘5350, =6;mr!,r + 5I:mgl:reao_, = 5|r|'||1'-_, =0+0-0=0mm

Saaaz= Sshoriz + Siongereepz — Simmz =0 +-104--7.7=-2.69 mm

Limit additional deflection
Baddjim y=0mm

5 ke _-10
addlimz = Limaga . 500

=-20 mm

Total deflection
Byary = Ssharty + Siongreepy=0+0=0mm

Sior: = Bsnortz + Biongcreepz =0+ -104 =-10.4 mm

Limit total deflection

&D‘[IW‘I:;: 0mm
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7.7. 2D Crack width check

For 2D Members there are fewer checks: the crack width check and the punching check.

The values of the maximum crack width (wmax) are national determined parameters, depending on the chosen
exposure class. Therefore, you can find this value in the setup for National Determined Parameters, via the
main menu > ‘Project data’ - ‘National annex [...]' 2 ‘EN 1992-1-1[...].

B Concrete setup X
- [Type of values -ECEN Nere TN
NA building e i Concrete
£ General
Type of functionality Evficrete General
Hollow core beams ! -~ Non-prestressed reinforcement uLs
Prestressing Z Prestressed reinforcement s
Durability and concrete cover
B uLs General
General National annex
Punching K3 grack - Coefficient for calculation maxin
B- 5.5 5
eI Value [-] 340
[ Detailing provisions ky oracr - coefficient for calculation maxin
- Comman detailing provisions Value [-] 042
2D structures and slabs + ey R 731
S Punciifig Wir.ax - FOF non-prestressed structure 7.3.
04/03/03
Detailing provisions
Reference: EN 1992-1-1, Clause 7.3.1(3)
Description: Maximum calculated crack width for reinforced members and prestressed members with unbonded
tendons and for :
A) exposure classes X0 and XC1
B) exposure classes XC2,XC3 and XC4
C) for other exposure classes
Application: For 1D members: Check cracks
< > For 2D members: Design reinforcement for ULS and 5LS
Select all Unselect all Refresh Load default NA parameters Cancel

Type of used reinforcement

You can perform the ‘Crack width check’ for all three types of reinforcement: required, provided and user
reinforcement. The crack width check is performed on a quasi-permanent SLS combination.

If you use as type of reinforcement for the crack width either the provided or required reinforcement, you should
choose a ULS combination as well. This is necessary because the required/provided reinforcement is
calculated based on an ULS combination. After this reinforcement is calculated, it can be used to perform the
crack width check (this is done automatically by the software).

Required/provided reinforcement

K Marme el Ok WWILLLL L)
\, Selection
Type of selection All -

Filter Mo -

4§. binationlusedito/performithelcra dthlcheck

Type of load Combinations -

Combination EN-5L5 Quasi-permanent -

Envelope (for 2D drawing) Absolute extreme -

m@ @ eltheoretica Required -
mmm . m‘m Result case for required rei...

) ™ | Type of load Combinations -

Combination EM-ULS (STR/GEQ) SetB -

Averaging of peak
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User reinforcement

Filter Mo

'}{Em Result case
‘\ Type of load Combinations
Coembination EN-5LS Quasi-permanent

: ||Iﬁﬂﬂ3€

§ AT YA

Crack width w+

Envelope (for 20 drawing) Absclute extreme
o Typeof einforcement [
Wg of peak
In nodes avg.

Combination = SLS; Type of used reinforcement = Required; Value = w+

Crack width w-

0.242
0.220
0.200
0.180

wy [mm]

0.160
0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000

Combination = SLS; Type of used reinforcement = Required; Value = w-

0.378

w. [mm]

0.330
0.300
0.270
0.240
0.210
0.180
0.150
0.120
0.0%0
0.060
0.030
0.000
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Unity check

Combination = SLS; Type of used reinforcement = Required; Value = Check value

1.00
0.25

uc[-]

e

—

7.8. Punching check

You can find the punching design in the ‘Concrete’ menu > ‘Reinforcement design’ - ‘2D Members’ >
‘Punching design’.

The beta factor is automatically calculated, and the shape of the column is automatically recognized. This
means that you don’t have to define anything before performing the punching check.

Before performing the punching design, you need to set the properties window. Here you need to choose the
type of reinforcement (this is the same as for the crack width check).
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There are three different type of results.

* Green visualization: the concrete can take the concentrated load.

Punching design
Linear calculation
Combination: ULS
Extreme: Global

Selection: N61

Summary

Punching UC wamax UCwac Shear UC wracs
shape [-1 -1 reinforcement 1

0,52 [not required

Punching Punching Ve Meay Plate Material der Uo Veaw Veamax UC mamax
[kN] [kNm] h [mm] [m] [MPa] [MPa] [-1
Meaz [mm] Pt u1 V Edul VRac UC wrac
[-] [kNm] [m] [MPa]l [MPa]

« Blue visualization: the concrete cannot take the concentrated load but punching reinforcement can
be designed.

Punching design
Linear calculation
Combination: ULS
Extreme: Global

Selection: N59

Summary

Name Case Punching Punching UCwamxx UCwrac Shear UCwracs  UC aswaet uc
case shape [1 reinforcement [1 [-1 [-1

Punching Punching Ve Mgy Plate Material der uo V gqw
case shape [kn] [kNm] h [mm] [m] [MPa] [MPa] [-1
] Meaz [mm] P u1 V Edul Vrac UC vrac
[-1 [%]  [m] [MPa] [MPa]

Shear Uos Stu Control perimeters Material = Aswreg Asw VRacs
reinforcement [m] [mm] (distance/capacity) fywaer [mm?] [mm?] [MPa]

perimeters Aan Aswrmin  Aswtt  KmaxVrac
[mm] [mm?] [mm?] [MPa]

¢ Red visualization: the concrete cannot take the concentrated load and punching reinforcement
cannot be designed.

Punching design

Linear calculation

Combination: ULS

Extreme: Global

Selection: N20

Summary
Punching Punching UC wamxx UCwrac Shear UC wracs

case shape [-1 [-1 reinforcement [-1
perimeters

N20 ULS/1 |Corner Rectangle 0,86 1,01 | 3x 9@8(radial) 0,68 3,00 (3,00

column (300;300) 80+2x80=240

Punching Plate Material
shape h fea [m] [MPa] [MPa] [-1
u: V edul VRac UC wrac
[m] [MPa] [MPa]

Stur Control perimeters Material = Aswre Asw VRacs

[mm?] [mm?] [MPa]

[MPa) Aswimin  Aswtt KmmxVrac
[mm?] [mm?] [MPa]

Shear

U ot
reinforcement [m] [mm] (distance/capacity) fywaer

perimeters Ao
[mm]
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7.9.

Code dependent deformations

The ‘Code dependent deformations’ calculation is a bi-linear calculation. The calculation is performed,
stiffnesses are reduced and the calculation is performed another time with these reduced stiffnesses. This
explanation is simplified. In the concrete manual you can find the full explanation. Below you can see the
values calculated by this type of calculation.

Properties

Code dependent deflection (1)

a x|

AR
&

Name
~ Selection
Type of selection
Filter
Automatic combinati...
- Result case for d...
Type of load
Combination
Envelope (for 2D dr...
Type of reinforcement
= Extreme 1D
Extreme 1D
Results in sections

Direction (local)

Output
Print combination key|
Print explanation of ..

= Errors, wamings ...

Show errors

Show Information a..llsi

Code dependent d.. #

All
No

Combinations
SLS
Absolute extreme  ~

User

Global
All

6mm

-11.0mm

Ocreepy  Dasdy  Daddimy Broty  Oronimy uc
[mm] [mm] [mm] [mm] [mm] [-]
ﬁ'cmep.z aadd,z (4] add, fim,z ai.at.z o] tot, fim,z Check
[mm] [mm] [mm] [mm] [mm]
S1 2.500- |SLs/i 0.0 0.0 0.0 0.0 0.0 20.0 0.0 40.0 |10.55
User -3.4 -6.8 -8.0 -3.0 4.2 10.0| -11.0 20.0 |OK
S1 5.500- |SLS/2 0.0 0.0 0.0 0.0 0.0 20.0 0.0 40.0 |10.03
User 0.2 0.5 0.5 0.1 0.1 10.0 0.6 20.0 |OK
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Chapter 8: Engineering report

8.1.

General interface

The general interface of the engineering report consists of 5 different windows. You can modify the layout of
the interface to your own demands by dragging these windows to the desired position. The windows are shown
in the following picture provided by an explanation of its purposes.

A DE X
@ Shortcuts to modify the items
TE Xc s Undo = ‘ﬁj EL ey = = = = = =
I = ‘ A i =
2 5 E-i) X = 2] =
Paste Report | Insert Regenerate D
- properties outdated
Clipboard Undo Document item Regenerate Edit pictures Ediit external pictures Tables External files
Navigator v & x [[Avaiable items v I A Properties v & x
F e PR [Name  [Report1
Language English (United Sta ~
@-Special tems First page number 1
[ External items First chapter number 1
[ SCIA Design Forms (standalone) =
Numbering of chapt.. Structured -
Inbox
9 Project . Hide empty items
Added items i Add items Preview window Swap left / right mar..
. e il
[#-Solver and Mesh
[#)-Structure 5 .
el Properties window of
4 Damping the items
1 Construction stages
[#-Results.
Special
(#-Results v17
Steel
(- Aluminium Tasks. vy & X
Custom check
(3 Pipeline e s
L Request state »
& Concrete
Concrete Advanced
[ Steel concrete bridge e
# Geotechnics Overview of tasks
[ Composite Column _—
Composite
[#-Mobile loads
Influence lines
(3 Integrated Design Forms
Special
(- Gallery pictures
Report templates
< 5
wwwscianet Page 1 B HIE Pagewidth {l 1

The engineering report works with items. These items contain all the information that is available in SCIA
Engineer. In order to add an item into the report, you should double click on the item in the window ‘Available
items’ or type the item’s name into the search box of the available items. As soon as you have added this
item, it will be displayed in the tab ‘Navigator ' or ‘Added items ' in the previous picture. You can always change
the added items by using the properties window, which is based on the same principle as in the model space
of SCIA Engineer. You can also modify inserted pictures by using the shortcuts ‘Edit picture properties’, ‘View
point’, ... which are shown in the following picture.

B € [ 1]

Edit picture View  Edit View
properties point picture parameters

Edit pictures
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After modifying one or multiple added items, you have to regenerate the content of the report. You can execute
this command for an individual item as well as for the entire report by using the shortcuts ‘Regenerate
selected ' or ‘Regenerate outdated .

EF.':". :;.T_Jiﬂ

B E®
Regenerate Regenerate
selected  outdated™

Regenerate

You can use the shortcut ‘Edit’ to customize the advanced properties of the added items.

9
7|

Edit

You can modify the language of the report, both in- and output, by adjusting the language in the properties
window of the engineering report.

Properties v & X

Name Report_1

English (Uited States) -

First page number I

First chapter number 1

Numbering of chapters Structured v
Hide empty items

Swap left / right margins...
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8.2. General page layout

The following chapter contains an explanation of several items concerning the general page layout of the
engineering report.

8.2.1. Page layout

You can select the subitem ‘Style ' to modify the page layout of the report. You can find this item as a subitem
of the available item ‘Special items '. When you have added this item to the report, you can select the shortcut
‘Edit’. Then the style editor will open. This editor allows you to modify all the settings concerning the fonts, the
spacings and the colours of the text in the report.

Style editor

v

Read predsfined template

X =]

H

i Select template b

OK Cancel Save Load Default
Fonts 1.Tableof contents

Standard 4| Tahoma - 3 s e

FRit—
Chapters level no.1 22 Ougter- lewina2
= = Trle

Chapters level no.2 | Bold [ Underline B ek

Chapters level na.3 [ halic [] strikeaut 2. Chapter - level no.1

Chapters level no.4 2.1.Formattedtext

Chapresieveinos 7 Fanisieipt 0 ([l - || | BRI e e T
Table cells i':.; Fiiiy - levelno2

Standard 22
Margins [mm] (left, right top, battom) Graphs X>0

v e e |[TT-] [
Border (style, width [mm]. color) Graphs X<0

Simple line | |o2s _ = E

Break line (style, width [mm], color)
simple line e 0,25 “:l T |

Legend for 2D results
Margins [mm] (left, right top, bottam)

2 Jl= = 1= JIL__I-|

Content (indent, left indent, right indent, space) [mm]

Logend for 20 esuns

EEEEEEEESEEES

5 5 20 30

Advanced properties
Space between reportitems [mm] 5

Space between block items [mm] 2

Space between name and item [mm] 1

Space between splited tables [mm] 5

Style for logical values TRUE. FALSE
User defined strings = X
Color mode i

Mathematical farmulas style
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8.2.2.

Page format and page break

You can adjust the page format of the report by inserting the item ‘Page format '. This item is a subcategory

of the item ‘Special items

for example at the end of a chapter.

Available items v 1 X
] [ ] -

+ € L&z FE

[=l-Special items ~

- Page break
- Page format

~Header / Footer
- Chapter

- Table of contents
- Watermark

- Formatted text

- Result picture generator

. It contains also the item ‘Page break ' by which you can define the end of a page,

When you have inserted the item ‘Page format ’, you can define all its settings — the format and the margins —
in the properties window.

Properties
|Representation |
Name Page format
Caption Page format

Caption visible
Paper format
Paper orientation
Left margin [mm]
Right margin [mm]

Top margin [mm]

Bottom margin [mm]

v
A4 (210 x 297 mm)
Portrait
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8.2.3.

You can find the item ‘Header / Footer ’ in the category ‘Special items . Activating the shortcut ‘Edit’ allows
you to define a completely customized header and footer for your report. You can save this item as a template
and apply it in other reports as well.

Header and footer

Page layout editor

Font

Calibri

Font size 11

[1Bold
[ ttalie
["1 Underline
[] Strikeout

| M |

Read predefined template Paper format Paper orientation
V x L] E Select template v | A4 * | i Portrait w
oK Cancel Save Load
Select heeder or footer —
R R | l T SCIAENGINEER | == T
= S Header - [ G
Acceleration of gravity - S
Author [+ Switch on/off Margins (left, right. top, bottom) [mm] i s
Combi description 1 5 1 S .t g ke S, it S . .S, e
Concrete deformation T
Current date Boundaries
Current date and time T
ey Left < Nodrawing |02 | - |
Date
Descsipion Add slements to the table
Dynamic
Ees ey Add tables
Functionality —_————
Level Height [mm] 20
Licence name W
Licence number
Linear calculation Table | Addtable |
Load description Hable .
National annex EE:E | Godphie s |
National code able
No. of beams : Picture | Add text |
No. of load cases : | Delete |
No. of nodes :
No. of slabs : ltem position
plolofisolii=H Horizontal Offset[mm] -20 = Anchor<O:1> 05 Alignment  Left =
No. of used materials :
No. of used profiles : - Verical 0 Top -

Table properties

Part Add

Author

Date
Daown

Delete

I |

Name and value
Widths (Name and value) [mm]

20 40

Edit the position of the table

Edit table properties

8.24.

You can create several chapters in the engineering report by adding the special item ‘Chapter ’ into the report.

Available items

+ € T2

i =

Chapter

=

» 1 X

[=-Special items

- Page break
- Page format

i

- Chapter I

- Watermark

St)"'E

120

- Formatted text
- Result picture generator

- Header / Footer

- Table of contents




8.2.5. Formatted text

With the special item ‘Formatted text ' you can input text in the engineering report manually.

[

Available items * I X
+ €T ER
[=I-Special items | S
- Page break

- Page format
- Header / Footer
- Chapter
- Table of contents
- Watermark
e 5 |E
r Formatted text |

- Result picture generator

As soon as you have added this item to the report and you have chosen the command ‘Edit’, you can insert
text in the editor window.

8 | Formatted text editor O e
@ A

| Add text here |

[ Add texthere ]
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8.3. Adding pictures

You can also add pictures to the engineering report. You have different methods in order to insert these items.

We explain these methods in this chapter.

8.3.1. Screenshot or live pictures

As first option to insert pictures into the report you can use the commands ‘Screenshot into Engineering

report ’, ‘Live picture in scale into Engineering report

"and ‘Live picture into Engineering report

". These

commands allow you to send pictures of the model to the report and you can access it by right clicking in SCIA

Engineer.

@ Zoom all

2 Zoom by cut out
B Set view parameters for all

Print/ Preview table

& Cursor snap setting
Y
=

i | Table to Engineering report

R Print picture

B Picture to gallery

ﬁ Save picture to file

B Copy picture to dipboard

8l Screenshot into Engineering report
1 Live picture in scale into Engineering report

[1 Live picture into Engineering report

B Wired model in view manipulations
@  Advanced graphic setup ...

Il? Coordinates info

However, it is important that you are aware of the difference between both types of picture. A screenshot is a
fixed shot, meaning it will not be updated when you modify the structure. Both types of live pictures will be
updated when you modify the structure. You can add the picture into the report by executing the command

‘Insert & Close .

Ficture in scale - Insert objects to Engineering report Inbox

Bl &I X DERE &

Insert | Insert Insert Close  One at |Twe at Fit to page B save>
& Close & Close page | page width 1 aave
into selected report into inbox Picture size Predefined properties
ICaption Analysis model / Steel data

Picture size definition
Automatic scale to fit size
Scale 1:

Stretch mode

Rendering

Antialiasing quality
Rotation

Result information

Export to PDF as 3D
Position

Image raster

Load activity in regen.
Draw inactive members
Text scale factor
Charset of texts

Line pattern length

Load units in regen. (related to objects created in picture editor only)

Two per page

40,0255925718504
Dark lines
Standard

None

None

Inside picture

One below another

as is in the window
1

Western European, UK, USA (Windows-1252)

3
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8.3.2. Inbox

You can send live pictures or screenshots to the 'Inbox’ of the engineering report instead of immediately into
the report. This option allows you to insert the generated pictures into the report in a later stage. In order to
send them to the inbox, you should choose the command ‘Insert & Close ' in the tab ‘into Inbox .

Picture in scale - Insert objects to Engineering report Inbox

BB AXOEIE &3

Insert Insert Insert Close = One at [Iwo'at Fit to page

& Close & Close page | page  width B save~

into selected report into inbox f—"\ct.ure size Predefined properties
[Caption Analysis model / Steel data N
Picture size definition Two per page d
Automatic scale to fit size
Scale 1: 40,0255925718504
Stretch mode Dark lines >
Rendering Standard hd
Antialiasing quality None -
Rotation None -
Result information Inside picture -
Export to PDF as 3D
Position One below another x
Image raster
Load units in regen. (related to objects created in picture editor only) %}
Load activity in regen.
Draw inactive members as is in the window -
Text scale factor 1
Charset of texts Western European, UK, USA (Windows-1252) bl 27

8.3.3. Picture gallery

You can send pictures, generated in the model space, to the picture gallery as well. This option allows you to
edit the generated picture without adding data — for example dimension lines — to the model. You can access
the picture gallery by selecting it in the main tree of SCIA Engineer.

= B Drawing Tools
Picture gallery
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You can send a picture into the picture gallery by performing a right click in the graphical window and selecting
the option ‘Picture to gallery .

Q Zoom all
’1 Zoom by cut out

Set view parameters for all
\E‘ Cursor snap setting

a Print/ Preview table
@ Table to Engineering report

ﬁ Print picture

&) Picture to galleny[\
w Save picture to file

Q Copy picture to clipboard

[8] Screenshot into Engineering report
1“7 Live picture in scale into Engineering report
[] Live picture into Engineering report

@g Wired model in view manipulations

@ Advanced graphic setup ...
>
II Coordinates info

N\ Picture wizard

As mentioned before, you can modify the picture in the picture gallery without adding data to the model in the
model space. In order to modify the picture, you should activate the option ‘Edit’ in the gallery.

[} Gallery item editor m} X

i RJPO® A=l =k 2 g0 %po3cgoiireil 2.5

T k=2ese BEEEROKENE o B E 02 ~  MLayer1 - B

RARBR ANERRES® BEdiF. L8 AANRAQANAHA =

RSN (\4"'\7/‘

ﬁﬁ[iﬁ::ﬁ:ﬁﬁﬁﬁﬁﬁ::ﬁ::ﬁ::ﬁﬁﬁﬁﬁ::ﬁ‘fﬁ:.ﬁﬁﬁﬁﬁ::ﬁ

v

< > NI

ICommand>

Ready NUM
OK Cancel

You can add pictures from the picture gallery to the engineering report by selecting the available item ‘Gallery
pictures .

E%]»-G_allery pictures
| Picture1 (1:100) [Analysis model / Steel dz
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8.34. Paperspace gallery

You can find the paperspace gallery in the main tree under the menu ‘Drawing Tools . The paperspace allows
you to create a plan view of the model.

= B Drawing Tools
Picture gallery
Paperspace gallery

After you have created a new paperspace gallery picture, you can add several items by applying the following
functions:

W/ SOCA BfikZEw & X[
Insert document item...

Insert picture from window

Insert picture from window interactively
Insert picture from gallery

Insert pictures from new picture wizzard

Insert picture from EP3 file ...

Insert picture from EP2 file ...

Insert picture from image file ...

Insert picture from DWG or DXF file ...
Insert picture from VRMLI7 file ...

Load drawing from EPD file ...

Append drawing from EPD file ...
Insert drawing from DWG or DXF file ...
Change template ...

8.3.5. Generating result pictures

In order to create pictures concerning the results of the executed calculation, you have two possibilities: using
the shortcut ‘Indent’ or adding the ‘Result picture generator . Both options are explained below.

Indenting

While composing an engineering report, you can execute the command ‘Indent’. By activating this command,
meaning indenting a table or a picture under an item, SCIA automatically recognizes the relations between
those items and generates the output according to these settings. The following pictures provide a graphical
representation of an indented image under a load case.

e
- o
= o Cut
=)
Paste

View

&, Undo -

TEEEE

B Copy
Repart | Ipsert t  Delete Move
* properties up
Clipboard Undao Document item
lavigator » I X Available items v 0 X
arm i = PR Lol o —
v Load cases w® HFe T2 E
- [ ) BG3 /Tot. value (Picture i, € [
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1.2. Load cases - BG2 1.3. Load cases - BG3
Name _Description _Action type | Load group
type

Result picture generator

The result picture generator is an item which you can find under ‘Special items’ . This item requires an indented
result table and an indented live picture.

The result picture generator:
» takes the information about the results from the result table;
» takes the viewpoint of the image;

e views the result set in its properties.

You should define in the properties window of the generator which results need to show in a picture. In the
following example, pictures for the selected results ‘N’, ‘M_x’ and ‘M_y’ will be generated.

Properties v 3 X

“ Representation

Name Result picture generator
Caption Result picture generator
Caption visible !

Show also result table &

“ Result prescriptions
Draw members selected i... v/
N
Vy
V_z

M_x v
z

Mz

Vr
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1. Result picture generator
1.1. 1D internal forces

Linear calculation

Load case: BGL
Coardinatesystem: Principal
Extreme 1D: Global

Linear calculation
Load case: BG1
Coordinate system: Principal
Extreme 1D: Glabal
Selection: All

b

%

1.3.BG3 [ Tot.value- M_x

Values: Ma
Linear caleulation
Load case: BG1
Coordinate system: Principal
Extreme 10: Globe!
Selaction: All

3

%

1.4.BG3 [ Tot.value - M_y

Values: My
Linear calcubation
Lond cose: BG1 T
Coordinate system: Principal [y S
Extreme 10: Global
Sedection; All

F"
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8.3.6. Report template

You can save a certain layout of a report as a report template. As soon as you have saved this template, you
can import it in a project. The engineering report will then automatically generate all the items of the template
according to the new project.

You can save the layout by navigating to the icon of SCIA Engineer and selecting the option ‘Save as
template .

®

ﬁ Print Template name:

Report_1 [Voc

R Export ||
Template description

[E-R, Export after external regeneration

. Save as template

Save as preview template

E!’ Check report data integrity 8 Store whole report

Store selected part
ro' Engineering report info

Include presentation data

2 Options Include current page preview image

Eq &t

Store

NOTE: it is recommended that you save the template in the folder suggested by SCIA. That allows the
software to easily apply the template in your futur e projects.
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The engineering report manager allows you to create a report according to a predefined template by SCIA
Engineering or a user’s defined template. This is shown in the following pictures.

Mew ¢ =n Aciivate Re itz Close

Report Application

Engineering report manager

-
g Available Templates
New from template = at Home
Home
= [V
SCIA User
templates templates
C:\Program Files (x86)\SCIA\Engii 18.1\D
0D Reactions 1D Internal 2D Internal
Deformations forces D\splacemen s forces
2D Required 2D Scheme of  Analysis model Drawing EC-EN Values EC-EN Steel EC-EN Timber Eigen
reinforcement  reinforcement description example from national check check frequencies
-
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8.3.7. Export

You can export the engineering report to several formats as well. These formats are displayed in the following
picture. You can access the export settings by navigating to the icon of SCIA Engineer and selecting the option
‘Export .

©

@ Print Export to PDF Exportto PDF

. Export Exportreportto PDF.
Export to RTF

Report_1 [Voorbeeld11 Stalen loods.esa] - Engineering report

l—ils

[a. Export after external regeneration

as template
</>| Export to Html IE.\‘ O
Save as preview template
== Rendered pictures with high qualit; -
_ Export to report Export PDF ° oAy
I:'/ Check report data integrity
Rendered pictures without antialiasing -

ré Engineering report info

L& Options

xé Export to Excel

Export custom range

From:

m Exit

IB'I

Splitinto multiple PDF files

Pages in one file

200

8.3.8. Print

You can print the engineering report by navigating to the icon of SCIA Engineer and selecting the option ‘Print .
This is shown in the following picture.

©

Report_1 [Voorbeeld 11 Stalen loods.esa] - Engineering report

I erint — : -
= Print
R Export
= Copies: 1 *
1. oad cases
1.1 Loadeases - 861
: B pagese. (e e Boue
Printer OEFrlees™ |
L1 onde
[¥ Check report data integrity . |
[® Engineering report info
Printer Properiies
£t Options
B et Settings
. -
1 o -
Hf Print All Pages : e vy
S| it dne dovirent = = = e
From: [ To |19
- &
7=, Collated
=
[‘[][1123123123 &
[ | Portrait Orientation v
A4
-
21 cmx 29.7 cm
Rendered pictures with high quality v

-
Page 1 » 60%
e

130



