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General Information |

Welcome

Welcome to the SCIA Engineer Tutorial Frame Concrete. SCIA Engineer is an integrated, multi-material
structural analysis and design software for all kinds of structures. Its wide range of functionality makes it
deployable for any construction type: design office buildings, industrial plants, bridges or any other
project, all within the same easy-to-use environment.

The program treats the calculation of 2D/3D frameworks, design and check of reinforcement included.
Besides frames, it is also possible to dimension plate structures, inclusive of advanced concrete
calculations.

The complete process of calculation and design has been integrated in one program: input of the
geometry, input of the calculation model (loads, supports ...), linear and non-linear calculation, output of
results, reinforcement design and checks according to various codes, generating the calculation report,
etc.

SCIA Engineer is available in three different editions:

License version

The license version of SCIA Engineer is secured with a ‘dongle’, a hardlock, which you apply to the USB
gate of your computer or a softwarematic license in your network.

SCIA Engineer is modular and consists of various modules. The user chooses from the available
modules and composes a custom design program, perfectly tuned to his needs.

In the general product overview of SCIA Engineer you will find an overview of the different modules or
module editions that are available.

Viewer mode

If the program doesn’t find a licence it can be used as a viewer only. That means that any project can be
opened, properties of entities can be checked, if the calculation has been done also results can be seen
and report can be printed.

However, no change of the model is possible, no calculation can be run, no new output can be created.

Student version

The student version has the same possibilities as the license version for all of modules. This version is
also secured by a softwarematic protection.

The output contains a watermark “Student version”. Projects that are stored in the student version cannot
be opened in the license version.

SCIA Engineer Support

You can contact the SCIA Engineer support service

By e-mail
Send an e-mail to support@scia.net with a description of the problem and the concerning *.esa file,
and mention the number of the version you are currently working with.
By telephone
For various phone numbers to different offices visit our page https://www.scia.net/en/contact/offices
Via the SCIA Customer Portal website
http://www.scia.net/en/portal

Websites

Link to Manuals and Tutorials
https://www.scia.net/en/support/downloads/scia-engineer-manuals-tutorials
Link to eLearning
http://elearning.scia.net/
Link to Web help
http://help.scia.net/
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Introduction

This Tutorial describes the basic functions of SCIA Engineer, the input, analysis and design of a 2D
concrete frame.

Before you start, you need to be acquainted with the use of your operating system, e.g. working with
dialogs (windows), menu bars, toolbars, status lines, the mouse, etc.

First, we will explain how to create a new project and how to model the structure. After the input of the
geometry and the loads, the structure will be calculated and you will be able to view the results. Next,
the input of the buckling parameters is discussed and then we will proceed with the concrete design
and checks. Finally, we will teach you how to make a nice documentation.

The figure below shows the analysis model of the structure that will be modelled:




Getting started

Starting a project
Starting the program

Before you can start a project, you need to start the program first.

1. Double-click on the SCIA Engineer shortcut in the Windows Desktop, or

2. If the shortcut is not installed, click [Start] and choose All apps > SCIA Engineer 18.0 > SCIA
Engineer 18.0.

If the program does not find any protection, you will see a dialogue indicating that no protection was
found. You are offered to run Protection setup and select appropriate protection type (e.g. try-out), or
run the program in Viewer mode.

For this Tutorial, you must start a new project with standard licence.

Starting a new project

1. When the Project manager dialogue appears, click Blank project.

# Project manager x
Recent Projects New Project from Template
Enter search term: | S=crch for project |
e Name ‘ Date | Size | &
© Tutorials I P User Templates 1/1/1601 1:00:
4 P System Templates 14171601 1:00:
4 P Standerd templates 5/1/201812:3¢ ‘< ©Estub Sistemas Construtivos ’>
P~ Browse I P Euracode 5/7/2018 12:3
> P BC 5/7/2018 12:3 T b
[i] Learning Center A m Parametric projects 5/7/2018 12:3« ‘ i {
b m Concrete Structures 5/7/2018 12:3« | o
> B Steel Structures 5/7/2018 12:3« i
I P User templates 5772018 123 #
4 Py Drawing Templates 1/1/1601 1:00: B
4 P Addons 5/7/2018 2:28:
3 m TeklaTemplates 5/17/2018 1:3¢ i a
& Rescurce Centre 4 M PredefinedShapes 5/17/2018 1:4(
@ sCia Website b PR Concrete S/17/2018 T4C ‘_his illustrative imége will be replaced by an
o
b PG Steel 5/17/2018 1:4¢
@ Protection Settings > P Volumes 5/17/2018 1:4( . E |I| |I| E
Antivirus is active. |  Firewall is active.

2. You can also start new project with an icon D in the toolbar or with a key combination Ctrl+N.

Now, the Project data dialogue is opened. Here, you can enter general data about the
project.
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6.
7.

Project data *

Basic data | Functionality Actions Unit Set  Protection

Data Material
Name: i Concrete
Steel
Part: - Masonry
Aluminium
Description: Timber
Steel fibre conc...
Author: SCIA Other
Date: 17. 05, 2013
Code
Structure: Post processing National Code:
environmert
By cc = - .
) Frame XZ - T -
Model: National annex:

B one - - Standard EN - ..

In the Basic data group, enter your preferred data. These data can be mentioned in the
output, e.g. in the report header and on the drawings.

Choose the Structure: Frame XZ (to limit input possibilities to 1D members in 2D plane only)
and Model: One.

In the Material group, tick Concrete checkbox.

Below the item Concrete you can choose your preferred concrete grade (select C25/30 here)
and reinforcement material (select B 500B here).

Material is the only required setting to proceed
In the Code frame select National Code EC-EN and National annex: Standard EN
Confirm your input with [OK] button.

Note: On the Functionality tab, you choose the options you need. The non-selected functionalities will
be filtered from the menus, thus simplifying the program. We don’t need any additional functionality for
this tutorial example.



Project management

Save, Save as, Close and Open

Before entering the construction, we first discuss how to save a project, how to open an existing project

and how to close a project. When running a project of this Tutorial, the project can be saved at any

time. That way you can leave the program at any time and resume the project from there afterwards.
Saving a project

Click on E in the toolbar or press Ctrl+S.

If a project has not yet been saved, the dialog box Save as appears. Click on the arrow in the list Save

to choose the drive you want to save your project in. Select the file in which you want to put the project

and click on [Open]. Select the subfolders. Enter the file name in File name and click on [Save] to

save the project.

If you choose File > Save as in the main menu, you can enter a new/other drive, folder and name for
the project file.

Note: Autosave function creates a backup file every 15 minutes by default. These backup projects can
be found in folder c:\Users\*username*\Documents\ESA16.0\Autosave\

Closing a project

To close a project, choose File > Close in the main menu

or click the smaller X button on top right corner of the

application @ - search in-.-\.-'ebHeIp)x

A dialog box appears asking if you really want to save the
project. Depending on your choice, the project is saved and the active dialog is closed.

Opening a project
Clickon & to open an existing project.

A list with projects appears. Select the desired project and click [OK] (or double-click on the project to
open it).

Start project manger

Click on to open project manager. Here the recently closed project can be found, as well as
sample projects.
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Geometry input

Input of the geometry

If you start a new project, the geometry of the structure must be entered. The structure can be entered
directly, but you can also use for instance templates with parametric blocks, DXF files, DWG files and
other formats.

Profiles

When entering one or more 1D structure elements, a profile type is immediately assigned to each
member. By default, the active profile type is represented. You can open the profile library to activate
another profile type. If you want to add a structure part before a profile type has been defined, the
profile library will automatically be opened.

Adding a profile

1. Click on the Cross-Sections Ejl icon in the toolbar.

The cross-sections manager is opened. If no profiles have been entered in the project, the
New cross-section window will be automatically opened.

Available groups Available items of this group Items in project

Flconan]

8B Geometric shapes I I T HZI |rl O
Numerical
¥Y General

BN Precast D

T Bridge

Rectangle

Profile Library filker

2. Click Concrete in the left frame Available groups.

3. Inthe Available items of this group, you can choose a rectangular section |:| .

3
4. Click [Add] or J to add the profile to the project. The Cross-section window appears.



4

Cross-section layout and dimensions

|Nal11!’.

Type

Detailed

Shape type

= Parameters

Material
H [rm]
B [mm]
General
Draw colour
Colour
AutoDesign constraints
Fabrication
Concrete
Curve dividing
Edit joints
Edit cuts
Fibres and Parts
Fibre text zoom

Cs1
Rectangle
500; 300

Thick-walled

C12/15
500
300

Mormal colour

concrete

36

Export

5. In this window, you can change the properties of the rectangular section. Enter 500 mm for
height H and 500 mm for width B.

6. Click [OK] to confirm, the profile is added to the Items in project frame.

7. A second rectangular section with height H =700 mm and width B = 450 mm is added in a
similar way.

8. Click [Close] in the New Cross-Section window, the Cross-Sections Manager appears.

9. Click [Close] to close the Cross-Section Manager and to return to the basic modelling view.

Geometry
Structure menu

1. When a new project is started, the Main tree is automatically opened on left hand side. If you
want to input/modify the structure you must double-click on Structure in the Main window.

Main "X
Structure 1 x
Project
Line grid and storeys —
..... B BIM toolbox e i,
P Structure o ? Member
.det Load : &5 Beam
-4% Load cases, Combinations 'ﬂ] Column
- Calculation, mesh 54 1D member components
|FE| Integrated Design Forms -7 Load panel
..... T Concrete EEI"'& Advanced |I"IFI-LIt
----- W Concrete 15 -2 Model data
""" E”Q”Tee”_’r‘g ’|EP°’t I Check structure data
ity Drawing Tools -, Modelling/Drawing
[j---ﬁ Libraries - H
.5 Tools -] Bill of material

2. In the Structure menu, you can choose different structural elements to enter the structure.
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To model the frame you first must enter the columns. Next, the beams on top and in the middle of the
columns are added.

Entering a column

1. Use the Column command in the Structure service to enter a new column.

T
Type column (100)
Analysis model Standard
CrossSection CS1 - Rectangle (500; 500)
Alpha 0
Member system-line at Centre
ez [mm] 0
LCS standard
FEM type standard
Buckling and relative lengths Default
Layer Layerl

= Geometry
Length [m] 7,000

Insertion point

2. In the CrossSection row choose the first entered section CS1 - Rectangle (500, 500).
3. The column length is 7 m.

4. The insertion position is by default set to Bottom so that the bottommost point determines the
position of the column.

5. Confirm your input with the [OK] button.

6. The column is positioned in the origin of the coordinate system. To ~ “°mmandline

this end, you must enter the coordinates 0;0 in the Command line MM
and then press <Enter> to confirm your input.

INew column - Enter point > 0:0]

7. A second column is entered in a similar way at position 6;0
8. End the input using the <Esc> key.

9. After input of an entity in SCIA Engineer, the entity is always selected. The columns for instance
obtain a violet colour.

O L el s R <



To cancel the selection, press the <Esc> key once more.

Notes:
The properties of selected elements are shown and can be modified in the Properties window.

If no section has been defined in the project, the New cross-section window will automatically appear,
as soon as you will try to enter a structural element (column, beam...).

You can end your input by pressing either the <Esc> key or the right I
mouse button and pressing End. ' End N
X | Cance

With Zoom All R in the toolbar or mouse-wheel double-click you can visualize the entire structure.

To define coordinates in command line you can use semicolon or just leave one space.

When both columns are entered, you can start entering the beams. The start and end points of the beams
are already known, i.e. the centre and the end point of a column. Therefore, the beams must not be entered
through coordinates, but you can use the Cursor Snap Settings.

Cursor snap settings

e B
1. Double-click on the Cursor snap settings icon in the Command line or click on the

button  =Map mode at the lower right corner of the screen. The Cursor snap settings
window is opened:

|:| Line grid
[] only snapped points

[¥] Midpaints
Endpoints S Modes
[Jintersections
Dgr‘thogonal points
[‘]1angential points
[ AresCircle centre

|:| Points on line-curve - length

[ Points on line-curve - N-ths 4 5
|:| Points on line-curve - % of length 10,00 %
I [[]surface edges
K} [[] General salids 2000

2. Activate the options a) Midpoints and b) Endpoints/Nodes to pick the desired locations on
members in this project.
3. Click [OK] to confirm.

Now, you can enter the beams.

Entering a beam

1. To enter a new beam, you use the Beam option in the Structure service.

2. In the CrossSection row choose the second section CS2 - Rectangular (700, 450).
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[ -
Type beam (80)
Analysis model Standard
CrossSection €52 - Rectangle (700; 450)
Alpha 0
Member system-line at Centre
ez [mm] 0
LCS standard
FEM type standard
Buckling and relative lengths Default
Layer Layerl

El Geometry
Length [m] 6,000

Insertion point begin

3. The beam length is 6 m.

4. The insertion position is by default set to Begin so that the left point determines the position of
the beam.
5. Confirm your input with [OK].

6. Now click with your mouse on the midpoint of the left-hand side column to enter the beam:

Loy

7. The upper beam is entered in a similar way by clicking the top node of the left-hand side
column.

e F

8. Press <Esc> to terminate the input.

9. Press <Esc> once more to cancel the selection.

N
>4

10



Hinges

In this project, the beams are connected to the columns in a hinged way. As you have chosen the
Frame XZ construction type, this means that by default the members will be connected to each other
with fixed ends. Therefore, hinges must be manually entered. Note that hinges are not entered to frame
corner nodes but to beam end/ends.

Entering hinges
1. To enter hinges, use the Model data > Hinge on beam option in the Structure menu.
=== Model data
. @2 Support
: [IF' Hinge on beam
¢ L. Rigid arms
2. The dialogue with hinge properties appear:

3. The hinges are entered on both sides of the beams, so that you have to choose Both for
Position.

4. To obtain a hinge that does not transfer bending moment from one member to another, the
rotation fiy is taken Free, the translations remain Rigid.

5. Confirm your input with [OK].
6. Hinges are added by clicking with the left mouse button on both beams.

7. Press <Esc> to terminate the input.

—

5
.
8. Press <Esc> once more to cancel the selection.

11
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Supports

The geometry input can be completed with supports. Both column bases are modelled as fixed
supports.

Entering supports

1. To enter supports, use the Model data > Support > in node option in the Structure menu.

== Model data

¢ E-Z support

& innode

= point on beam
+-Z& line on beam

2. To model the fixed ends, both the translations and the rotation are taken Rigid. You can also
easily select Contraint to Fixed which makes the definition of below end conditions.

Type Standard
Angle [deg]

Constraint Fixed
X Rigid
z Rigid
Ry Rigid
Default size [m] 0,200

= Geometry
System GCS

| 0K H Cancel .

3. Confirm your input with [OK].

4. You can simply select both bottom nodes by drawing a box with the mouse from the left-hand
side to the right-hand side:

= =
= =
N

5. Press <Esc> to terminate the input.

6. Press <Esc> once more to cancel the selection.

12



p
{

iy
q

NG
|

R

Notes:

If you draw the box from the left-hand side to the right-hand side, only entities, which are completely in
the rectangle, will be selected. If you draw the rectangle from the right-hand side to the left-hand side,
the entities, which are completely in the rectangle, as well as the entities that intersect with the
rectangle will be selected.

The Command line includes a number of predefined supports. For this project, you could have used

o0

the Fixed Support l; | &£ 3‘_ S icon.

13
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Check Structure data

After input of the geometry, the input can be checked for errors by means of the option Check
Structure data. With this tool, the geometry is checked for duplicate nodes, zero beams, duplicate
members, wrong references of hinges or supports etc. However, this tool does not check if the
structure is correctly supported or if it is a mechanism.

Checking the structure

1. Double-click on the Check structure data optlon in the Structure service

Check structure data

e

toolbar.

or click on the

enfpn eand

Yiconin the

2. The Structure data check window appears, listing the different available checks.

Check of nodes
| 5earch nodes

Search duplicate nodes

Check of members

Check members
Search null members

Search duplicate members

Check of data references

Check data references

Check of additional data
Check additional data position

Check free load distribution points

Check of steel connections
Check steel connections

Check load panels

Check additional data

3. Click [Check] to perform the checks.

|:| Ignore parameters

Mull members: o
+| Delete null members

Duplicate 0
+| Delete duplicate members

Irvalid parts: 0
«| Delete invalid parts

() Memaory efficient method

(®) Fast method

Irvalid position

«| Correct position

Irvealid loads

Invalid V]
+| Delete invalid connections

Check cross-links

Check duplicity of names i Cancel

4. The Data Check Report window appears, indicating that no problems were found.

14



Check of structure data

Check of nodes
| Search nodes
1

Sear(h duplicate nodes Dlgnnre parameters
Check of members
Check members

Search null members Null members: 0
I (| Delcte null members
Search duplicate members Duplicate o

I,/ 0¢'<tc duplicate members

Check of data references

Check data references Data check finished.

Check of additional data
Check additional data position

Check free load distribution points Invalid loads o

Check of steel connections
Check steel connections 0
| Delete invalid connections

Check load panels Check cross-links

Check additional data Check duplicity of names Cancel

5. Close the check by clicking [OK].

6. In case of any problem SCIA Engineer can automatically correct the structure data (delete

duplicated entities, correct wrong reference, etc.)

Connecting entities

Begin and end node of the top beam is also an end node of a column. Therefore, this beam is

automatically connected to the columns.
The beam in the middle of the columns is not modelled in end nodes of other entities, but in midpoints.

The end nodes of the beam are located in the internal of the column and therefore are not yet

connected to the columns. In this paragraph, we will explain how to connect the members to each other

in case they don’t have common end nodes. It might be especially important for future editing and

smooth calculation.
To display the names of the bars and nodes, you can activate the labels by means of the buttons in the

Command line.

Activating node labels

2 112 |Rec RS |fL Hil =
Node labels are activated by means of the @ &L Lok 5 = 5 icon at

bottom of the modelling window.

Activating member labels

2 1 1= |rec [REC] L., HilmE
Member labels are activated by means of the @ P& Lal= +'A’ 5 icon

at bottom of the modelling window.

15
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2 B4 N4
- i
| N5 B3 ~ N6
- o
= o
N _
JLE>X . . . . AN

When you select for example column B1 with the left mouse button, it becomes highlighted by dashed
violet line and the properties are displayed in the Properties window:

»  Properties 3 =
Member (1) [-]\8 ¥
R E
gg B4 . N4 . . Name B1
] Type colurmn (100) i
Analysis model Standard -
CrossSection C51 - Rectangle (3 = ...
Alpha 0 ~
Member system-line at Centre -
. . . ez [mm] 0
ds B3 C NG LCS standard -
= o FEM t'-)rpe . standard -
Buckling and relative len... Default =
Layer Layerl O
NI = Geometry
’ ’ ’ ’ ’ ’ ’ Length [m] 7,000
il&w( e - Shape e
Beg. node N1
End node M2
= Nodes
M1 abso
M2 abso
= Attributes
Design Group Attribute
w Editor

This window indicates that the Begin node is N1 and the End node N2. Node N5 is not part of the
column. To connect beam B3 to the columns, you must use the command Connect members/nodes.

Connecting entities

Bk

1. Press <ESC> or click the Cancel selection icon to deactivate any selection of entities.

2. Double-click on the Model data > Connect members/nodes option in the Structure service

A +1
(van Connedt members/nedes. o click the < jcon in the toolbar.

16



A dialogue asks if all nodes must be connected
to bars:

o Do you want to proceed with all entities?

Click <Yes>.
The Setup for connection of structural
entities dialogue box now appears.

=0 Align structural entities to planes...

Align F
= Geometrical tolerance
Min. distance of two nodes, node to cur...
Max. distance of node to 20 member pl...
Connect (generate linked nodes, i...
Connect
Connect 1D members as ribs
Connect 1D members with rigid arms
Max. length of rigid arm [m]
Create new linked node for master node
Check structure data

Check (merge duplicate nodes, erase inv... |/

Confirm the settings by clicking <OK>.
A window appears to indicate the number of connected nodes:

o 2 nodes have been successfully connected to selected members.

Connected nodes are represented in the graphical screen by means of
double red lines:

If you select for instance beam B3, the Properties window shows that
node N5 connects the beam to column B1 and that node N6 connects
the beam to column B2.
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~ Properties o=
Member (1) | = \Jﬁ \]
B
)

N2 B4 N4 MName B3

Type beam (80) -
Analysis model Standard -
CrossSection C51 - Rectangle (3 = ...
Alpha 0 -

Member systern-line at Centre -

ez [mm] 0

2 E3. I NE LCS standard =
2 g : FEM type standard -
Buckling and relative len... Default o
Layer Layerl i
bq -I Geometry
Length [m] 6,000
i% N3 Shape Line
X . . . T . Beg. node N5
End node N6
=l Nodes
N3 to B1
NG to B2
= Data
Hinge on beam H1
v |E Attributes
% Design Group Attribute
é Editor

Note:
If a possible active selection is not deactivated when the Connect members/nodes command
is used, the program will only search the nodes to be connected in this selection and not on
the entire model.
It is also possible to perform the two previous operations at once. Therefore you have to check
the option Check (merge duplicate nodes, erase invalid entities) in the Setup for
connection of structural entities dialogue box.

9. Click [Close] at the bottom of the Structure menu.

18



Graphic representation of the structure \

Edit view

Within SCIA Engineer there are several possibilities to edit the graphic representation of the
construction. Below you will find the most important options:

Edit the view point on the model

Set a view direction

Use the magnifier

Edit view parameters through the menu View parameters

Editing the view point on the model

Set view point through the wheels. Bottom right of the graphic window there are three wheels; two are
horizontal and one is vertical. With these wheels you can zoom in on the construction or turn it.

1. To be able to zoom in on the construction or to turn the model, click on the wheel (the cursor
will change into a hand), keep the left mouse button pressed and move the wheel

OR
Set the view point by combining the buttons and mouse:

2. Press CTRL + right mouse button at the same time and move the mouse to turn the
construction.

3. Press SHIFT + right mouse button at the same time and move the mouse move the
construction.

4. Press CTRL + SHIFT + right mouse button at the same time and move the mouse to zoom in
or out on the construction.

Remark:

If the structure is being turned while a node is selected, the structure will turn around the selected
node.

You can also easily zoom in and zoom out with the mouse wheel. The same mouse wheel can be
used to move the model in case you press it and hold. Double-click of the wheel zooms the structure
so that it can be seen completely (the whole modelling windows is filled by the structure).

Setting a view direction with regard to the global coordinate system

1. Click on the button View in direction X % for a view in the X-direction.

¥,
2. Click on the button View in direction Y % for a view in the Y-direction.

=

3. Click on the button View in direction Z = for a view in the Z-direction.
Remark:

You can also type the letter X, Y, or Z into command line and click <Enter> to activate the view in
desired direction.

The magnifier

Q

e Use ™™ toenlarge.

e Use ‘ﬂl to decrease.

e Use =* tozoom in on a window.
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K
fX

e Use to view the whole structure.

o Use to zoom in on the selection of modeling entities.

Editing view parameters through the menu View parameters

Click in the graphic window on the right mouse button. The following shortcut menu appears:

El Zoom all

(1 Zoom by cut out
Set view parameters for all
) > Cursor snap setting

Print/ Preview table

Table to Engineering report

Picture to gallery

&

=

[} Print picture
&

m Save picture to file
@

Copy picture to clipboard

[=] ' Screenshot into Engineering report

[] Live picture into Engineering report

ﬂﬂ ‘Wired model in view manipulations
s

Advanced graphic setup ...
II? Coordinates info

X, Picture wizard

Remark:

If an entity was selected previously, you can define a setting that only applies to the selected elements.
(An adapted shortcut menu appears).

Choose the option Set view parameters for all. The window View parameter setting appears.

The menu consists of various tabs for various data. You can set the view parameters for all entities
or just for the selected entities.
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View parameters — Structure

Through the tab Structure the representation of the
different entities can be adapted. In the group
Structure the following items are important for this
project:

e Style and colour: You can display the colour
per layer, material, cross-section, structural
type or design group.

e Draw cross-section: With this option
checked the symbol of the cross-section is
displayed on every 1D member.

e Local axes: With this option the local axes of
the elements are activated.

View parameters — Labels

Through the tab Labels, the labels of different entities
can be displayed. In the group Beam labels the
following items can be displayed in the label:

¢ Name: Show the name of the cross-sections in
the label (e.g. CS.)

e Cross-section type: Show the cross-section
type in the label (e.g. Rectangle (500; 500)).

¢ Length: show the length of the member in the
label (e.g. 6,000 m).

View parameters — shortcuts

Check / Uncheck group Lock position
4 & & b
[w] Check / Uncheck all
] Service
Display on opening the service [v¥

B Structure
Style + colour : normal

Draw member system line
Member system line style
Model type

Display both models

[v
system line
analysis model

Member surface [
Rendering wired =)
| Draw cross-section I
Cross-section style section <
[l Effective width of plate ribs
Draw effective width [v
Rendering transparent 4
B Structure nodes
Display [v
Mark style Dot =
El Member parameters
System lengths [~
Member nonlinearities [v
FEM type [
Joists [~
B Local axes
MNodes [~
IMembers 10
Check / Uncheck group. Lock position
L= & | b
[m] Check / Uncheck all
1 3 Service
Display on opening the service rd
] Beam labels
Display label rd
[Name E |
Cross-section name
[Crass-section type v |
Length v |
Layer [
Type and priority I
[E] Nodes labels
Display label rd
Name v
X-coordinate [
Y-coordinate r
Z-coordinate |—
B System lengths
Display label v
Name rd
Label I
= Nonlinearities
Display label [
B Labels of local axes
MNodes |—
Members 1D I
=] General structural shape
Display vertex label |—
Show names in tab QK | | Apply | | Cancel

In the tool bar above the Command line, several frequently used options are grouped among which:

¢ Show/hide surfaces i to show the surfaces of the cross-sections.

¢ Render geometry & to view the rendered members.
o Show/hide supports £ to show supports and hinges.

e Show/hide load e to show the load case.
e Show/hide other model data =

e Show/hide node labels = to view the label of the nodes.

¢ Show/hide member labels = to view the label of members.

e Set load case for view to edit the active load case.

to show other model data (like hinges, internal nodes, ...).
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¢ Fast adjustment of view parameters on the whole construction to quickly access to
the options from the menu View parameters.

After rendering, the following picture of the structure is obtained (Axonometric view):
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Loads and combinations

Load Cases and Load Groups

Each load is attributed to a load case. One load case can contain different load types. To each load
case, properties are attributed which are determinant for the generation of combinations. The action type
of a load case can be permanent or variable.

Each variable load case is associated with a load group. The group contains information about the
category of the load (service load, wind, snow...) and its appearance (default, together, exclusive). In
an exclusive group, the different loads attributed to the group cannot act together in a single combination.
For default combinations, on the other hand, the combination generator allows the simultaneous action
of the loads of a same group.

The way in which load cases are defined is decisive for the load combinations created by the generator.
We recommend that you thoroughly read the chapter about loads and combinations in the reference
manual.

In this project, two load cases are entered:

LC1: Permanent load case: Self weight of the members + weight of the floor and weight of the roof
LC2: Variable load case: Service load on the floor

Defining a Permanent Load Case

1. Double-click on - Load in the Main tree.

2. Before you can define loads, you must enter load cases first. Since this project does not
contain any load cases yet, the Load cases manager will automatically appear.

3. By default, the load case LC1 is created. This load is a permanent load of the Self Weight
load type. The self weight of the structure is automatically calculated, although not graphically
displayed.

4. Since you will also manually enter loads in the first load case of this project (roof weight), you
must change the Load type to Standard.

5. In the Description field, you can describe the content of this load case. For this project type the
description “Self Weight Construction”.

Al 2B & - a - Y
LC1 - Self Weight Con... | Name L1

Self Weight Construction
Action type Permanent

LoadGroup LG1

Load type Standard

Actions
Delete all loads

Copy all loads to ancther loadcase

| New || Ingert || Edit || Delete: |

Defining a Variable Load Case

Mew i
1. Click Z——- or ‘ to create a second load case.
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2. Enter the description “Service load”.

3. As this is a variable load, change the Action type to Variable.

Al eBRis g S FE A
LCT - Self Weight Con... | Mame Lc2

LC2 - Service load Description Service load

LoadGroup LG2

Load type Static

Specification Standard
Duration Short

Master load case MNone

Actions
Delete all loads

Copy all loads to another loadcase

| MNew ” Insert || Edit " Delete |

4. The Load Group LG2 is automatically created. Click ™ to display the properties of the Load
Group.

i B QS @d

G2 © | Name LG2

Relation Standard
Load Variable
Structure Building

Load type Cat A : Domestic

New Insert Edit Delete

The Load type determines the composition factors that are attributed to the load cases in this
load group when Eurocode combination is requested. In this project, choose Cat A:
Domestic.

5. Click [OK] to close the Load group manager and to return to the Load cases manager.

6. Click [Close] to close the Load cases manager.

Remark:
Load groups

Each load is classified in a group. These groups influence the combinations that are generated as well
as the code-dependant coefficients to be applied. The following logic is adopted.

Variable load cases that are independent from each other are associated to different variable groups.
For each group, you set the load category (see EN 1991). The combination factors from the Eurocode
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are generated from the available load groups. When a generated combination contains two load cases
belonging to different groups, reduction factors will be applied for the transient loads.
If the load is divisible, its different components are entered as individual load cases. As long as the load
combination does not contain any variable load belonging to another group, no reduction factors may be
applied. The different load cases of a divisible load are therefore associated to one variable group.

Load cases of the same type that may not act together, are put into one group, which is made exclusive,
e.g. “Wind X” and “Wind -X" are associated to one exclusive group “Wind” to avoid simultaneous action.

Loads

After input of Load cases, the Load service will automatically appear:

The first load case (LC1) includes two loads:
- Self weight of the members
- Roof weight + Floor weight

Switching between load cases

Activate LC1 by selecting this load case with the mouse pointer in the combo-box:

Load 3 x

LC1 - Self Weight Cons{ction =
LC1 - Self Weight Construction
LC2 - Service load
—HI] Line force - on beam
- Thermal load - on beam
B % Moment
--88% Line moment on beam
- Point displacement
-5 Line displacement
~Ef Plane generator

Pond load - water accumulation
1:] Mot calculated internal forces

Entering the self weight as linear load

1. Cancel any possibly active selection of entities by pressing <ESC>.

2. Click on Line Force - on beam in the Loads Menu. The dialogue Line Force on beam

appears.

Load o x

LC1 - Self Weight Construction |

Point force

Line force - on beam ' F"_" ‘

Thermal load - on beam L’; -P2
B Moment

Line moment on beam

@~ Point displacement

Line displacement _P1
Plane generator
Pond load - water accumulation T_ZI
Mot calculated internal forces

MNarne LF1
Direction z
Gravity coef. -1
Distribution Uniform
Load above joint no
= Geometry
System GCS
Location Length
Extent full

Coord. definition Rela
Paosition x1 0,00
Position x2 1,
Origin From start

-] Eccentricitv

]

Ok Cancel |—

3. Inthe field Type, choose Self Weight. The Direction is the global Z-direction and the Gravity
coefficient is set to —1, so that the load is acting vertically downwards.
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4. Confirm your input with [OK].

‘ B

5. Select all the bars by means of the Select all — ™" icon in the toolbar.

6. Press <ESC> to finish the input.

7. Press <ESC> once more to finish the selection.

The self weight load is represented in brown:

Pt

e

Now, the floor and roof weight is entered as a series of concentrated loads:

Entering a series of concentrated loads

1. Click on Point force on beam in the Loads Menu. The dialogue Point force on beam appears.

LCT - Self Weight Construction 4

TN Name F1 ~

& . Paint force ! Ry} Direction z -

in node N F

on beam Type Force -

Line force - on beam Angle [deg]
-~ Thermal load - on beam T 1 ez Value - F [kN] -25,00
(- Moment L
-2 Line moment on beam |® | @ = Geometry
Point displacement X Extent full -
GCs -

Line displacement

Al
System

Plane generator nxF . b

Pond load - water accumulation Coord. definition =0

Mot calculated internal forces Position x [m] 0,500

1 ez Origin From start 2
:® @ Repeat (n) g
Delta x [m] 1,000
X = Eccentricity
(n-1 1 ¥ AX Lﬁ) W cconiciner iy IO hd

{—ok—H cancel |—J

2. The floor beam is charged with 6 concentrated loads of 25 kN with a distance of 1 m. The first
concentrated load of the series is at 0.5 m from the starting node of the beam.

The Value of the point load is changed to —25 kN.
The coordinate definition is set to Abso (meaning absolute).

The starting position “Position x” is changed to 0.5 m.

o o M

The series consists of 6 concentrated loads so that the Repeat (n) field is set to 6.
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7. The clearance Delta x between the concentrated loads is 1 m.
8. Confirm your input with [OK].

9. Select beam B3.

10. Press <Esc> to terminate the input.

11. Press <Esc> once more to cancel the selection.

The roof beam is similarly loaded with concentrated loads of 12.5 kN.
Therefore, the load of the floor beam can be copied to the roof beam and
adapted according to the steps below.

Note:

F1/-2500

fe— F1/2500
f— F/2500

(=<

F1/-25,00

=<

F1/-2500

[

fs—— F1/-2500

N

Eox

Loads, supports, hinges etc. are considered as additional data, i.e. data that are additionally added to

entities such as nodes, bars...

Copying loads

1. Select one of the point loads on the floor beam with the left mouse button. As this point load is

part of a series, the entire series is automatically selected.
2. Press the right mouse button, a popup menu appears:

Set view parameters for all

\E' Cursor snap setting

& Print/ Preview table
ﬁ Table to Engineering report

View 4

Copy add data F1
[EJ Move add data F1
&€ Delete

N, Picture wizard

Choose the option Copy add data F1.

3
4. Select the bar where this load should be copied - the roof beam B4.
5. Press <Esc> to terminate the input.

6

Press <Esc> once more to cancel the selection.

Now, the value of the roof load can be changed.

Adapting a load

1. Select one of the point loads on the roof beam. As this point load is part of a series, the entire

series is automatically selected.
Properties
2. The properties of the series are displayed in the Point force on beam (1)
Property Window.

o =

% v

Mame

3. Change the value from —25 kN to —12.5 kN.

Direction

Type
Angle [deg]
4. Confirm the change by pressing <Enter>. Below is the Member
resulting view: Load case

F2
z

Farce

-12,50
B4

LCT - Self Weight ~ ..
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R = & R =B

¢ 3 3 & 3 3

S S A

S N T I T

g g 8 8 g g :
§ 9 9 & 9 7

Y Y Y. Y ¥y

N

I

After input of the loads in the first load case you can enter the service load into the second one. The
floor beam is loaded with a service load of 10 kN/m.

Switching between load cases

Activate LC2 by selecting this load case with the mouse pointer in the combo-box:
Load I x

LC2 - Service load |*||...|

E|~L Point force

""" & innode

bk on beam
] Line force - on beam
~# Thermal load - on beam
#- F Moment
3% Line moment on beam
- # Point displacement
#-4F Line displacement
B Plane generator
Z,; Pond load - water accumulation

x: Mot calculated internal forces

Entering a linear load

1. Click on Line force — on beam in the Loads Menu. The dialogue Line force on beam appears.

2. Change the type to Force and the value to -10 kN/m.
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Load B X

LC2 - Service load [

MName LF5
= Point force { ) Y Direction z

in node

on beam Type Force
Line force - on beam Angle [deg]
Thermal load - on beam Distribution Unifarm
Moment
Line moment on beam T S -10.00
Point displacement Load above joint no
Line displacement = Geometry
Plane generator
Pond load - water accumulation System 6Cs
Mot calculated internal forces Location Length

Extent full

Coord. definition Rela
Position x1 0,000
Position x2 1,000
Orinin Frorm start

Confirm your input with [OK].
Select the bar on which this load must be positioned: floor beam B3.

Press <Esc> to terminate the input.

R T

Press <Esc> once more to cancel the selection.

]

7. Click [Close] to leave the Loads service and to return to the Main tree.

= rF

Note:

PR DR SN L A 11}

The Command line includes a number of predefined loads , Which enable a

fast and simple input of usually used type of loads.

Combinations

After input of loads and load cases, the latter can be grouped in combinations. In this project, two code
combinations are created, one for the Ultimate Limit State and one for the Ultimate Serviceability State.
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Defining Combinations

1. Double-click on Combinations in the Main tree. 5 L& Load cases, Combinations
J2 Load Cases

J#* Load Groups

I# Combinations

M Concrete combinations
E Result classes

2. Since no combination has been entered yet, the window to
create a new combination automatically appears.

Contents of combination List of load cases
=@ Load case =@ Load case

@ LC1 - Self Weight Construction . LC1 - Self Weight Construction
i..dp LC2Z - Service load

MName: Delete Add

Coeff: 1 Correct Delete All Add All

Type: EN-ULS [STR/GEQ] Set B v

Structure: Building

Description : | ULS|

Maonlinear
combination :
Cancel

3. The Type of the combination is changed to EN — ULS (STR/GEO) Set B. With this envelope
combination type SCIA Engineer will automatically generate linear combinations in accordance
with the complex composition rules of the Eurocode.

4. A warning message that controls the content of code combinations with respect to load type
may appear. Close it with [Yes]

I: Content of combination may be changed! Do you want to continue?

5. With the button [Add all], all load cases can be added to the combination. Otherwise you can
manually drag&drop load cases from the list of load cases (right frame) to the contents of
combinations (left frame).

6. Type “ULS” into Description row to distinguish the combination from the second one.

7. Confirm your input with [OK]. The Combinations manager is opened.

M H
8. Click @ or ‘ to create a second combination.
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9. Change the Type of the combination to
EN-SLS Characteristic. Type “SLS” into

Description row to distinguish the
combination from the first one.

10. Confirm your input with [OK].

11. Click [Close] to close the Combination

manager.

A e Be| =3 (4| & | Input combinations

Active coefficients
= Contents of combination

CO1-ULS MName coz
Type EN-5LS Characteristic
Structure Building

LC1 - Self Weight Construction... 1,00
LC2 - Service load [-] 1,00
Actions
Explode to envelopes B
Explodeto linear E
Show Decomposed EN combinations 2>
New Insert Edit Delete Close
——— E—

31



Tutorial Frame concrete

Calculation

Linear Calculation

As the calculation model is completely ready, you now can start the calculation.

Executing the Linear Calculation

H
1. Double-click on Calculation in the Main window, or use identical icon in toolbars.
EI Calculation, mesh
Check structure data
g Connect members/nodes
..... J# Mesh setup
..... J#* Solver setup
----- ]ﬁ Local mesh refinement
@ Mesh generation
..... Calculation
----- E Hidden calculation
¥ Autodesign

2. The FE analysis window appears. Click [OK] to start the calculation.

Single analysis I Batch analysis I

@ Linear calculation
Maonlinear calculation
Muodal analysis
Linear stability
Concrete - Code Dependent Deflections [CDD)
Construction stage analysis
Monlinear stage analysis
Monlinear stability

(") Test of input data

|Number of load cases: 2

Solver setup Mesh setup

Cancel

3. After the calculation, a window announces that the calculation is finished and the maximum
deformation and rotation for the normative load case is shown. Click [OK] to close this window.

Linear calculation:

o - Maximal translation -1.437 mm,
in node 9 [2.500,0.000,3.500] (loadcase LC1)
- Maximal rotation -0.705 mrad,

in node 12 [3.500,0.000,3.500] (loadcase LC1)

Surn of loads and reactions is OK
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Viewing results

When the calculation is completed, results can be viewed. New service appears in the Main tree and
also Properties window announces that Linear calculation is finished.

Viewing the Reaction Forces

1. Double-click on in the Main tree. The Results menu appears.

2. Below Supports, click Reactions.

Results B x

----- ¥ Displacement of nodes
""" M Deformed Structure
&2 3D displacement

ﬂ 30 stress

E—Zlé Supports

ot %? Reactions

-~ 1 Resultant of reactions
Q Foundation table
-t Nodal space support resultan’
[#-== Beams

-] Bill of material

B3 Calculation protecol

Properties X
3. The options in the Property Window are configured in the Reactions (1) Fllve v
following way: @ x
Mame Reactions

The Selection field is set to All. Selection a -
The Load type is set to Combinations and the Type of loads Combinations  ~
Combination to CO1 - ULS. Combinations Co1-ULS =
The Values are wanted for Rz. Filter Ne -
The Extreme field is changed to Node. ;:r“;:e :Zude

Drawing setup 1D
Rotated supports

Actions
Table results =2
Preview ES- .
. —_ . N2 B4 N4
4. The action button Refresh has a red highlight, i.e. the
graphical screen must be refreshed. Click on the
“*%  button next to Refresh to display the results in
the graphical screen in accordance with the options
above. , ‘ ‘ .
NS B3 N6
& 8

"

Fl
(]

%X . N3

317,39
317,39
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g

5. Todisplay these results in a table, the Preview action is used. Click on the next to
Preview to open the Report preview.
Properties B X Report preview
Reactions (1) HWMVY ¢ 2 & & [ Defar -IHRMNIBR ®
& »
Name | Reactions
Selection All -
Type of loads Combinati *
Combinations CO1-ULS ~ Reactions
il i Linear calculation, Extreme : Node
Values Rz Selection : Al
Extreme Node Combinations : CO1
Drawing setup 1D
Support | Case Rx Rz My
Rotated rt
— [kN] | [kN] [ [kNm]
Sn1/N1 CO1/1 0,00 | 201,77 0,00
Sni/Ni |coi/2 | 0,00 317,39| 0,00
sn2/N3  |[coi/2 | 0,00] 317,39 0,00
sn2/N3  [coi/1 | 0,00] 201,77 0,00
Actions
i ORI L A
Table results >3>
Preview ”/ | Command >
Note:

The Report preview appears between the Graphical screen and the Command line. This screen can be
maximised to display more data at once.

Viewing internal forces on beam

1. In the Results menu, open the Beams group and select Properties =
Internal forces on beams. Internal forces on membd =] @ Y
& &
2. The optlons in the Property Window are configured in the Nome Internal forces om me..
fO"OW|ng way: Selection Current -
T f load Combinati ~
+ The Selection field is set to Current. e P
Filter N ~
e The Load type is set to Combinations and Values M:, .
Combination to CO1 - ULS Member .
Drawing setup ...
e The Values are wanted for My. Sediong g Al .
e The Extreme field is changed to Member.
3. Select the two beams B3 and B4 using the left mouse button.
Actions
4. Clickonthe % button next to Refresh to display the _T
results on the graphical screen in accordance with the set Detailed o
. Table results L
options. .
Preview EErs
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N2 N4

263,13 121,57 /Z
B2 k

NS N6
| [
N . _

Hﬂ >X _ In3

To change the display of the results, the settings of the Graphical screen can be adapted.

Configuring the Graphical Screen

1. In the Properties window, click the ™ licon next to Drawing setup 1D. Possibilities for
various graphical representations are opened.

Representation : Filled
Limits =
oMy ]

Maximum [kNm]

Minimum [kNm] 0

Description
[+] values [ units
[] Draw section in labels

[] Draw load case or combination in labels

() User defined
0,00 deg

Setup for more components
[:J Same scale Space between diagrams
(®) Same height 1 s

Shift of the first diagram

Cancel

In the Representation combo-box choose Filled.
The Angle of text is set to 0 deg.

Click [OK] to confirm your input.

e

o oD

In the Property Window, click the button next to Refresh to display the results in the
graphical screen in accordance with the above options.
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121,57

™
e x

6. Then click [Close] to leave the Results service.
7. Press <ESC> to cancel the selection.

Note:
To change the font size of the displayed results, you can use the Setup > Fonts menu. In this menu,
the different sizes of the displayed labels can be changed.
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Code check

Concrete modules of SCIA Engineer contain a number of powerful tools to execute the concrete
calculations in accordance with the chosen design code.
The possibilities are:

e Input of advanced concrete data

e Calculation of the slenderness

¢ Reduction of bending moment and shear force above supports
e Design of theoretically needed reinforcement amount

e Input of the Practical reinforcement

¢ Capacity-response check

e Stress limitation

e Crack width analysis

e Calculation of physical non-linear (PNL) deformation

e and more...

In this tutorial, we will only explain the basics of the concrete design. For more information regarding the
advanced concrete calculations we refer to the Concrete course (training) document.

Before you can start the concrete design you must first check the buckling parameters of the bars. By
means of the view parameters, the buckling lengths of the bars can be displayed on the structure.
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Buckling parameters

Displaying the system lengths

1. Select column B1 with the left mouse button, the left column of the first frame.

2. Click the right mouse button at an arbitrary position in the workspace. Context menu lists the
possibilities for the selected entity.

3. In this menu, hit the | Set view parameters for selected
settings window appears.

option. The View parameter

Check / Uncheck group Lock position
q 2]
[w] Check / Uncheck all
B Structure
Member surface I_
Rendering rendered with edges
| Draw cross-section v
Cross-section style section
B Effective width of plate ribs
Draw effective width v
Rendering transparent
B Member parameters
| System lengths v
Member nonlinearities |7
FEM type v
Joists I_
B Local axes

Show names in tab

4. Activate the System lengths and Draw cross-section options to display the reference lengths
and the section of the bar.

5. Activate the Local axes — Members 1D option to display the local coordinate system of the
bar.

6. Confirm your input with [OK].

7. Press <ESC> to cancel the selection.
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The figure shows that system length (Ly) for buckling around the strong axis (y-y) is 3,5 m and Lz for
buckling around the weak axis (z-z) is 7 m. The beam in the middle of the column therefore supports
the column for buckling around the strong axis.

To modify the buckling data of a member use the option Buckling and relative lengths in the

Property window of the selected member.

Setting the Buckling Parameters

1. Select both columns with the left mouse button.

2. The Properties window shows the common properties of both entities. The Buckling and
relative lengths are set to Default.

Properties I x
Member (2) [BRY: Y
RE e s
Type column (100) s
Analysis model Standard -
CrossSection C51 - Rectangle (300 = ..
Alpha 0 -
Member system-lin... Centre -
ez [mm] 0
LCS standard -
FEM type standard -
| Buckling and relativ... Default N
Layer Layerl S
= Geometry
Length [m] 7,000
Shape Line
Beg. node
End node
3. Clickthe ™| icon nextto Buckling and relative lengths. The Buckling data window
appears.
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i BB 2 &S | Nomberofpars -2

MName BC1
MNumber of parts 2

Member(s) material Concrete

New Insert Edit Delste

This window shows that the column is supported in the middle for buckling around the strong axis (Y-
Y) but not for buckling around the weak axis (Z-Z).

4. Click [Edit] to change the buckling data. The Buckling and relative lengths window appears.

| Base settings Eluddmg data |

z Name |BC1 | Number of parts 2
Buckling systems relation
Y 2- @ v Beaw |Caeuie 7
Beta zz :ifactor w
Sway yy ESeﬂings v
Ly L Swayzz | Settings »

Relative deformation systems ne_lat\nn )
defz= |y ¥ defy= |7z v

5. On the Base Settings tab several data can be changed.

The Name field contains the name of the buckling parameter, in this case BC1.

Beta yy and Beta zz: in these combo-boxes you can indicate if the program should
calculate the buckling factor round the particular axis or if you prefer entering this factor
manually. A third option allows for a manual input of the buckling length, instead of
buckling factor. The Support option can be used to determine the buckling factor in
accordance with the model column from the Eurocode.

40



e Buckling system relation zz: in this field, you can indicate the system length to be used
for the weak axis, whether it is dependent on the system for strong axis (zz=yy) or if it is

independent (zz=zz).

o Sway yy and Sway zz: in these fields, you can indicate if the member is braced or not in

the particular direction. When you choose the Settings option, the default settings (from the

general concrete setting) are used.
The default settings for the buckling parameters are displayed in Concrete 15 > Concrete

setting (structure) > Design defaults > Default sway type. By default, both directions
are unbraced for a concrete calculation. Thus for concrete calculation, no wind bracings

are assumed.

o def z and def y: in these fields, you can indicate the buckling system to be used for the

relative deformations — the length to be used to detect relative deformation check.

6. On the Buckling data tab you can change the parameters in detail. As the columns consist of
2 components, 3 positions are available: (1) at the beginning, (2) in the centre of the floor
beam and (3) at the end.

o For this project, we assume that the columns are not braced in both directions. Therefore,

the Non-braced property can be set to Yes both for the strong and the weak axis. This

could also be left on settings, since default settings are sway for concrete calculation.

o For this project, we also assume that the column is supported in the middle for buckling

around the weak axis. The zz property at position (2) therefore can be set to Fixed.

Base settings | Buckling data

¥y | Sway yy

=

Beta zz

Sway zz

| Tot heigth | Tot. heigth [m] |

my

1 |[¥! Fixed Yes
2 ||V Fixed Yes
3 ||¥ Fixed

~ [¥| Fixed
~ |¥| Fixed
| Fixed

1,00
1,00

Yes
Yes

= Calculate

- 2000

1,00

o]

Stomo

Refrash

7. Click [OK] to close this window.

8. The Buckling data window re-appears and displays the changed buckling data. Click [Close]

to close this window.
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i B E |2 @& & E | Numberofpats-2

Name

BC1

MNumber of parts

Member(s) material

.
2

Concrete

Mew Insert Edit Delete

yy 77

prd
prd
ped

Close

9. The Properties window indicates that the buckling parameter BC1 is used for both columns.

10. Press <Esc> to cancel the selection.

Remark:

You can double check the buckling system setting by action button Graphical input of system length.
Here you can also change free nodes to fixed (by clicking the red triangles at specific locations at the

members) and the other way round, or change relations between buckling systems.

. <
N
I8
§
;B

plelalEEEE, b AARANNGHA

L3

Name [ECI

Buckling systems relation

zZ= |z v
yi= zZ
t=

Relative deformation systems relation

defz= |y, v defy= v
Input type

®yy

[@F-3

Crosssection
Alpha
Member system-lin...
ez [mm]
LCS
FEM type
Buckling and relativ...
Layer
= Geometry
Length [m]
Shape
Beg. node
End node
= Nodes
N1
M2
N5
= Data
Line force on beam
Mesh data
= Attributes
Design Group Attr...
Editor

LS| - Kectangle (90U *

0

Centre
0
standard
standard
Default
Layerl

Line
N1

abso
abso
to B1

LF1
ME1

Actions

—

| | CAP| NUM| SCRL'I_|

ILRea dy

| oK | Cancel |

nq data
Buckling coefficiel

Graphical input of system length

Table edit geometry

When the buckling parameters are set, you can continue with the concrete design. Before proceeding,
deactivate the display of system lengths through Fast adjustment of view parameters on whole model

button.
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L 1
V' | Effective width of plate ribs
v' | Structure nodes

Structure
Labels

Model v [\ Member parameters
Loads/masses Mesh
Modelling/Drawing V' | Local axes

Attributes Design groups

- v v v v v v

Misc,

Detailed on/off

Setup dialog
BT ESTEATE

When the buckling data are adapted, you must recalculate the project. See chapter Linear calculation.

Concrete design

Double-click on Concrete 15 in the Main tree to open the Concrete menu.

LT Concrete
T Concrete 15

There are two services for concrete design in version SCIA Engineer 15 and 16. The old one called
simply Concrete won'’t be discussed in this tutorial because the new one called Concrete 15 replaces it.

Displaying the Slenderness and the Buckling Lengths

1. Click the Slenderness icon in the Concrete 15 menu under chapter Reinforcement design —
1D members

Elﬁﬁ Reinforcement design - 10 members
P Internal forces

”GD Slenderness

: Reinforcement design

2. The options in the Properties window are configured in the following way:
e Type of selection field is set to Current.
o Type of load is set to Combinations and Combination to CO1 - ULS.
e Values are set to A, i.e. the slenderness lambda in both directions.
o Extreme 1D field is modified to Section.

Display value name

. -0
3. Select column B1, the left column of the frame and hit the button Refresh
. . . ~ Properties o x
% ' ) . Slenderness(Design) (1) F‘ Wa Y
I?@Qr. \ MName Slenderness(Design)
jjgg&_ \4 = Selection
J«"g’g‘ % Type of selection  Current -
) \‘ Filter Mo -
?‘ . ‘\J = Result case
.le@ N Type of load Combinations -
; }‘ Combination Co1-ULs -
Bl | -
T4 Output Brief -
%‘ - Print combination ...
%4. | Run using Model D...
32: il Values A -
%. ] = Drawing Setup ...
22
R,

Display values v
Display units v
Display case

Display section dx
Display combinati...

Color scheme Defined by result -

e Graph type Filled transparent -
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4. Change the Values field to | to display the buckling length for buckling around both axes. Hit
again the Refresh action button to regenerate the view.

A Properties o =
Slenderness(Design) (1) m \_@ V
& &
MName Slenderness(Design)

= Selection

Type of selection Current -
Filter Mo -
= Result case
Type of load Combinations -
Combination CO1-ULs -
Extrermne 10 Section -
Output Brief -
‘;Ja, - Print c?mbination
Q;a'm L1 Run using Model D...
< Tr— .
glﬁgﬂ’ B = Drawing Setup ...
3;;9,4’ Display value name
q‘-‘ﬁ;m Display values v
Display units v

v X . Display case
’ Display section dx
Display combinati...

. Color scheme Defined by result -
T Graph type Filled transparent -
v Envelopes drawing 0 to extrem -
Label colour by gr... ¥
é Drawing plane 3D ~

As already indicated in the buckling parameters, the buckling length is 3,5 m.

Notes:

The buckling length ly/lz is determined from system length Ly/Lz multiplied with buckling factor By/Bz.
The calculation of slenderness is important for reinforcement calculation in columns. It will determine
whether a second order moment has to be taken into account. For a detailed explanation reference is
made to the Concrete Course Document.

Detailed calculation including formulas and code references can be however displayed in Report pre-
view if you change the output type in Properties window to Detailed and click on Preview action button:

A m Properties %

Slenderness(Design) (1) (BT RV
ry
© Name Slenderness(Design)
= Selection
A L |2 %2 ES et | < . | Typeofselection  Current -
Filter No -
eview LR
ult case
1 - 0 @
B L3, Dk fHTTIAR® Type of load Combinations -
Parameters tor calculation imitslenderness:
T T Combination CO1-ULs -
A= Ti02gn  Tr02z3a (85.83.1(1) Extreme 1D Global =
B:max(\f 1 +2-m51.1):maxu 1+2.0.522 ‘;1‘1):1.43 (55.8.3.1(1) ”:;:T:n Model D.. Reizled >
9
Cy=1T-tmy=17-1207 (55.83.1(7) Values | -
CG=1T-re=17-1=07 (85.82.1(1) =) Drawing Setup ...
Limitvalue of slenderness around y-axis: Display value name
AR . 143 Display values v
A o 20ABIC _ 20-0681143:07 o 5130

n -/ 00148 Display units v

. . Display case
Limitvalue of slenderness around z-axis: Py

Display section dx

Him = = =1 (513N Display combinati...
n e ey
Color scheme Defined by result -
Check of slenderness Graph type Filled transparent =
hy =126 > Mgy = 113 == second order effectwill be takeninto account around y-axis Envelopes drawing 0 to extrem -

Label colour by gr... ¥
Warning: Slenderness around y axis is bigger than limit slenderness, Second order effect has to be taken into

N Drawing plane ED -
account,

A: = 24.2 £ himz = 113 =>  second order effectwill be ignored around z-axis

|Nnte: Slenderness around z axis is lesser than limit slenderness, it follows second order effect will be ignored. ‘

v
>

i s Cli @) Actions S\ T¢

1line 4 x | Refresh >
______ i — - S e 4 s b 4 ds & 4 || New combination from Com san

L = R === S XA R o I RN i R Y s
Table results 2>
snd > Preview >




Internal forces for reinforcement design

Internal forces in service Results are purely values obtained by finite element analysis. For concrete
design we need to recalculate these forces into design values, using various code regulations.
Although this command is identically named in service Results and Concrete 15, here we show both
basic and recalculated values that will be used to get required reinforcement areas.

1. Click the Internal forces in the concrete 15 menu under chapter Reinforcement design — 1D
members
Bﬁﬁ Reinforcement design - 10 members

T |nternal forces
[H;. Slenderness

5. The options in the Properties window are configured in the following way:
o Type of selection field is set to Current.
e Type of load is set to Combinations and Combination to CO1 - ULS.
e Values are set to M-MEd, i.e. comparison of basic and design bending moment diagram.
o Extreme 1D field is modified to Global.

. . x>
6. Select beam B3, the lower horizontal beam and hit the button Refresh
P A  Properties a x
Internal forces (Design) (1) % v
*e =
Mame Internal forces (Design)
- Selection
Type of selection  Current -
Filter No -
I Result case
PN 5 Type of load Combinations -
] bnd Combination CO1-ULS -
=X ¢ “ | Exreme1D Global =
§ Output Brief -

Print combination ...

B g | < | I Run using Model D
I - BAMNI =R ® =/ Drawing Setup ...
Internal forces (Design) A | Displayvalue name
Linear caleulstion Display values V|
Combination: CO1 Disp\ayumts 7
Extreme 1D: Global
Selection: B3 Display case
Internal forces from FEM analysis Di 4
isplay section dx
Name dx Case N v, \'A M, M, M, "
= k] | [k | [ch] | ki) | O] | pichim] Display combinati..
B3 6000 _[cour | oo| o00] 177,54 5,00 0,00 0,00 Color scheme Defined by result -
B3 0000 |COl/1 | 0,00| 0,00 177,54 0,00 0,00 0,00 Graph type Filed transparent .
B3 3000 |CO1/1 0.00 0.00 0.00 000| 266,31 0.00 P P . Oto ext
Recaleulated internal forces Envelopes drawing  O'to extrem
Label colour by gr... [
Name dx Case Mes Viesy Vs Mese My, Mes
[m] [hn] [[hn] | [kn] |[knm] | [knm] | [knm] Drawing plane 3D -
B3 5,000 [CO1/1 000| 000| -177,54 0,00 57,84 0,00
B3 0,000 [CO1/1 0,00| 0,00 177,54 0,00 5784 0,00
B3 0,000 |CO1/2 0.00 0.00 98,18 0.00 22,52 0.00
B3 3,000 |COW/1 000| o000 0,00 0.00] 266,31 0,00 v

7. The brief output in Report preview shows in two tables the difference between internal forces
from Fem analysis and recalculated internal forces.

Theoretically required reinforcement

The reinforcement design will only be illustrated for the beam B3. Obviously, the reinforcement
calculation for all the other members is identical.
For the background of this calculation we refer to the Concrete Course Document.

Longitudinal reinforcement As

1. In the Concrete 15 menu, go to Reinforcement design under chapter Reinforcement design — 1D
members.

Bﬁﬂ Reinforcement design - 1D members
: Internal forces

ﬂ% Slenderness

- Reinforcement design

2. The options in the Property window are configured in the following way:
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¢ Type of selection field is set to Current.

¢ Type of loads is set to Combinations and Combination to CO1 - ULS.
¢ Values are wanted for As,req.

¢ Extreme field is changed to Global.

3. Select beam B3 with the left mouse button Click the =~~~

on the graphical screen in accordance with the options above.

button Refresh to display the results

A  Properties o x
Overall Design (ULS) (1) (=AY Ry
& 2
Mame Cwerall Design (ULS)
El Selection
Type of selection  Current -
Filter No -
El Result case
Type of load Combinations -
Combination CO1-ULS -
. . . . Extrerne 1D Global -
w I Output Brief -
w I/’U/I_‘ Print combination .. [
Run using Model D... [
~ As req -
< El Drawing Setup ...
m o E T
i "'3 Display units v
X ° - oy "
isplay case
Display section dx
Display combinati...
Coler scheme Defined by result -
Graph type Filled transparent ~
- Envelopes drawing 0 to extrem -
Label colour by gr... ¥
g Drawing plane £ -

4. Clickthe =7

the options above.

button next to Preview to display the results on the table form in accordance with

Report preview
£ 4 & [L Defo RENR ®
[ =LIATNUOINCCK "

Overall Design (ULS)

Linear calculation
Combination: CO1
Extreme 1D: Global

Selection: B3
Longitudinal reinforcement
Name dx Case | Member | Ap e | Acsee | Areer Aoy Reinf
[m] [mm?*] [[mmT | [mm*] |[mm?] |[mm7] |[mm?] |[mm7]
A soer | Az sroe |Asrooes | Appsor | Ao | Amos | Ao
[mm®] | [mmT | [mm?] | [mm®] |[mmT |[mm?] |[mm]
B3 3,000 [CO1 |Beam [] 951 0 [] 951 0 951 |[z-]5916
0 1005 0 o 1005 '] 1005
Shear reinforcement
Mame | dx | Case | Member M—— ShearReinf
[m] [mm?*/m] | [mm*/m]
B3 2,000 [cO1 [Beam 360 366 [48/275mm, (ns=2)
B3 0,000 |CO1 Beam 604 670 |$8/150mm,
(ns=2)

(R sy SS—E=—= O

Tasks

Note:
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o Detailed analysis, pictures and explanation of all calculation steps can be seen if the Output
type is changed to Detailed. Instead of a table with a few rows (Brief output) this can be
extended to many pages.

e Alternatively — compromise solution is to display Standard output which summarizes the
design on one page A4 approximately.

Shear reinforcement Aswm,req

1. Now change the Values field to Aswm,req to change the diagram in graphical screen so that it
displays required shear reinforcement.

2. Set Extreme 1D to Section.

3. Clickthe ~*7  button Refresh to display the results on the graphical screen in accordance with
the options above. Optionally, click the Preview action button to show text output too.

% e e S
< E E E E E E E E
%?F&RRR nwaa?‘é
£< < < < < < < <€
EE E E E E E E EE
W oE EEE g EEE Egi
§fogggz~zgg ¥
mnmn%mmnm
T ; T
| V. |
|

T—;IT/—\)( ' STTP7T.

T

Reinforcement check (ULS)

Once you know the required reinforcement amount you can start modelling so called practical
reinforcement. This means that every beam and column gets graphically clear representation of
longitudinal bars and stirrups along whole length of the member. This procedure will be described later
in this tutorial.

In case that knowing reinforcement layout in cross-section at particular sections along the member is
sufficient, there is no need to use practical reinforcement. Instead, Section check tool can be used to
design and immediate check of cross-section in particular position of the beam or column.

In this tutorial we will demonstrate this tool by checking capacity-response diagram on one beam and
checking interaction diagram on one column.
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Section check - response check

. . -1 Reint t check (ULS=5LS

1. Select Capacity-response (ULS) command in the ok ‘f__”ﬁ":n:::r:;r;r;:c (Ls=5)
Concrete 15 menu under chapter Reinforcement check % sienderness
(ULS+SLS). - B} Stiffnesses

_F Capacity-response (LULS)

- Capacity-diagram [ULS)

]]Bi Shear = Tarsion [ULS)

2. Adapt the setting in Properties window: . Stress limitatian (5L5)
o Type of load change to Combinations .00 Crack width [SLS]
e Combination setto CO1 - ULS == Deflection (SL5)

--F Detailing provision

&3

3. Clickon “*7  button next to Section check in
Actions and select beam B3 with mouse cursor. At this moment a number of green crosses appear
on the selected member, representing various sections along the beam where the check can be
performed. Click on the middle one, Section: 9.

]

fe

y

|

4. A new dialogue Section check opens. Here you can define reinforcement template in that particular
section, edit diameter and number of bars and directly see the unity check value. Number 3,00 with
the red cross means that the current reinforcement does not satisfy.

Section check
DD O Cg0OED 52
| < b2 Ld af
| e o Il Stirmups Il Report
| Section properties | | Report | | Check manager |
B - M= ‘er1. i | Checkname: Capacity-response Check value:
TooiTip Grid Bars Stire Cover Awis Grid sizet| 100 |mm/ | o [standard =] e 0 s 3.00 Check table
- g DT = D} Check Valug ‘ Status ‘
. N [Z]  Capacity-resp: 30 »
2 5 |Member B3, section no. 9, dx = 3 m, Beam o =
Mermber length Id-6m Materials =
i 4 ly-6m €230 s
,‘ 2= B # SI0B | Det
* 2 Coefficients St
5 b | 2 Iangitucinal b [ rcinrm 1, | Combination table
i T Concrete parametors ¥ lhoe 1= ‘ — ‘ Value | Stas
h waze Reinforcement parameters P 1 —
- - - Cowfficient far effec ive height Coelfy 04 R cooquLs) —_ 3R
® CoselTicient for iner lever amm Coelly 08 ©ColuLs) 3.00
[ Basic reinfarcement (Iayout) | Additional reinforcement | = 2 Ll — %
s Reinforcement # €02 [uLs] 083 o
~ | Longitudinal y = Lo bars: AG30 mim, Tol_area - 1257
. — Stirrups: $ = 8 mm, A = 101 mm’, Awy = 503 mm’/m
_— ars iameter
Layer | Position Mater |= Cover of stirmup
2 | i Bifeomy’ Top 25mm
L top 2 20 & 5008 S45 Boitom 25mm —
T - Left 25mm
L2 bottom | 2 20 asood | || - Stfrus 407 gt 5 mm
<] Il | B
) Shear Summary of chack - || J 72
i 4] [ v 9 " :
i | Legs caunt | Diometer | Spacing MMJ _ The calculation of cross-section not
il | foomd | e —* * | satisfied !
- = Wil 5
Pripraven | [
—_—
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5. Change number of bars for longitudinal reinforcement at bottom layer to 3, press <Enter> and you
immediately see the recalculated value of unity check. With this new reinforcement the check
satisfies for all linear combinations from the code envelope CO1.

Longitudinal reinforcement
| Section properties | | Report | | Check manager |
2 - W ‘er— . .| Checkname: Capacityresponse Check value: v
il o ey e iy <> | 100 |'“’"/ ‘ | s o e CO1 TULST 1.00 Check table
Duckiing length z Lz=6m Reinforcement B 5000 = Check Value ‘ Status ‘
Coefficients Capacity-response 100 o
Langitudinal bars eI 98211 =) e
T pom 15 =1 =
=L p=115 |2
Coctty =08 ‘j et
Cocft. = 08
“ Reinforcement Combination table
2
= Long. 2315 5620 mm Tet. area = 1571 m’ ‘ Po— ‘ Value Status
3 ; ! 1 I
Stirrups: & = Brmm, Ae = WTMM°, A = 503 mm/m
] 1.00
Cover of stz ORI ST =
= Top #5mm = 075
M| Basic reinforcement (layout) | Additional reinforcement | = Bottom 25 mm o0 L] S b
—% Leit 25 mm =| | = cozquis 056 o
~ Longitudinal g Srips de200mm o =2 fignt 25 mm
N Bars Diameter
Layer | Position Matef (=
Nax @ [mm] Summary of check
L top 2 20 B 5001 Typeof Fibre/ f. 0.  Check Check UC. Limit Status
h Bar [%e] [MPa) strain[-] stress[-] [-] -1
2 L i 2 iR 1| Concrele 3| 246 167 070 100 100 1 oK
<] Il [ 3 ieint. Ve a9 0w [ il i iz
@) Shear - || The calculation of cross-section is v
| Diameter | Spacing ol d I | § 1 isfied
Stirru count Mat:
il @ [mm] s {mm] | % * 1.00
= = Wl
Piipraven |

6. Close the Section check dialogue with red cross icon at top right corner.

Section check - capacity diagram

7.

Select Capacity-diagram (ULS) command in the Concrete 15
menu under chapter Reinforcement check (ULS+SLS).

Adapt the setting in Properties window:
o Type of load change to Combinations
e Combination setto CO1 - ULS

Clickon ~*®  button next to Section check in Actions and

BH Reinforcement check (ULS+5L5)

A
1%

... EB
El

i

-
L=

=

Internal forces
Slenderness

Stiffnesses
Capacity-response [ULS)
Capacity-diagram [ULS)
Shear = Torsion [ULS)
Stress limitation [SLS)
Crack width [5LS)
Deflection [5LS)
Detailing provision

select column B1 with mouse cursor. At this moment a set of green crosses appear on the selected
member, representing various sections along the beam where the check can be performed. Click on

the middle one, Section: 0.

N [sesior]

| |
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10. The dialogue Section check opens. It clearly shows that the column satisfies with the current
reinforcement.

11. Switch the report type from Standard to Detailed and scroll-down the page in the middle of the
dialogue to see the N-M interaction diagram.

Home |

[j [

Longitudinal reinforeement |

Stirmups Il Report |

| Section properties | | Check manager |

Tcompmsmsmcmmsridsim:i 10[||mm/‘ 4 edmcll BOE o0 EARRC ke Checkvalue: ) 07 v

Combination name: CO1 [ULS] Check table
T 1 =] Check [ vake s \I
[Ol| Capacity-respanse
[Z| Capacity-interaction diagram _ 007 o

[E| Shear+torsia

B Deta

Combination table
‘ I

T
Value: | Status

| Combination |
Tl |2 coruis 007 @
= it B Y = | @ cozpuis 006 o
<] ! ! El # | C0o[uLs] 004 | o
(= Shear
P | Diameter | Spacing | |
Stirrup | Legs count | @ fmm] I | | Male:: i m
s1 21eg s 200 B 5008
gl Il [ »i
(~ Cover £ £l m izl
E:r';up i E:'[‘r:m] ; I“’[F:“ml i id;nm] ii . : - Th? t':_altjulationofcrnss-section is v
R . L ' s—Vv—w 0.07

Pripraven | |

12. Close the Section check dialogue with red cross icon at top right corner.

Practical reinforcement

Previous chapter can give you an insight on the reinforcement amount you need to input in particular
beam of column. You may need to represent it graphically to make bill of reinforcement or detailing
drawings.

But you can also input practical reinforcement without previous design and do the checks directly, to
see if the provided reinforcement area is sufficient.

1. Press <Esc> to cancel any the selection.

2. To enter practical reinforcement you can open the group Reinforcement input+edit in Concrete 15
menu and select the item New reinforcement.

P
=8 G Reinforcement input+edit
i E|1][|=[| 10 members

0 Mew reinforcement

N Mew stirrups

= MNew longitudinal bars

EF Edit reinforcement in section
3| Bill of reinforcement

N 2= Free bars - Mew free bar

3. Select beam B3 with the left mouse button. You will be directly asked (as can be seen in the

Command line) to select the first point of the reinforcement zone and the last point. Click on node N5
and node N6 consecutively.

1 S {111 A 1 A 111 === e o

Alternatively, you can use the shortcuts LEERZRLLINWEESEESE in the

Command line. Select the first one Add reinforcement on whole beam ‘—: .
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4. The Longitudinal reinforcement manager will appear. Choose the first template (LR_B_R1) from
the list and click OK.

Al e BB 9= & EE
LR_B_R1

LR_B_R2
LR_C_R1
LR_BR3
LR_B_RA
LR_BRS
LR_B_R6
LR_C_R2
LR_BRT
LR BRS
LR_B_R9
LR_C_R3
LR_B_R10
LR_BR11

LR_B_R1
Description  Long. re..
Stirrup na...  StirupRS
Number o... 2

Diameter [... 16,0

Area [mm... 204

Type of be... beamsa...

5. Reinforcement parameters dialogue now appears, just before the reinforcement is inputted. Select

the middle option “from the Concrete setup (Design default)” to specify the diameters of bars and
stirrups according to concrete design defaults and hit OK button.

Do you want to use parameters of reinforcement (diamater of long.reinforcement, stirrup and concrete cover]
from the Concrete member data
l§l from the Concrete setup (Design default)

(O from the defined template
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| .L'B, :_. 1 ':

. 1

6. We have calculated that some additional reinforcement was required in the middle of this beam.
Therefore we will add a new bar of reinforcement in the zone from 1 m to 5 m.

To enter a layer of reinforcement on a selected interval you could either use command

2= New longitudinal bars which can be found in the Concrete 15 menu under or the

shortcut in the command line to add longitudinal reinforcement on selected interval + .

When you start the command to add longitudinal reinforcement on a selected interval, you first have
to select the beam B3.

After the beam is selected you have to define the interval.
To define the interval it can be helpful to use snap points. Therefore select the cursor snap setting in

the command line .

In the cursor snap setting you activate option h) to create six snap points on each beam.
On beam B3 you will have now one snap point every one meter.

Now select the interval from 1 m until 5 m on this member B3.

r®

ength

. / . R R . |Pointin &6 of
/

7. The next screen shows us the reinforcement layers in the zone from 1 m to 5 m of member B3.
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Filter LAl v

L1-51E4

L2-51E2

Delete | Delete all

MName L2-51E2

Position num... 3

Material B500B =
Diameter [mm] 16,0
Mumber of b... 2

Area [mm*2] 402

Layer type Uniform

Cover type Surface to
Cover [mm] 0,0

Left bar Before the
Right bar Before the

Stirup name 51 = v

Analysis model | Automatic design
Longitunidal reinforcement Mew reinforcement parameters Type of beam Reinforcement layers area

Mew layer | Mumber of bars |2 | beams and ribs Selected layers __402 ;mm»;

: Add bars to corners _.' Diameter [mm] | B,O 1 All layers 204
. | stirrups Picture properties

T [] Draw dimensions
Teuts scale 0.5

Stirrup name 551
i E Edit stirrups
Bars positions Edge index 32 — a
Collision of bars Edit cover :
0 Save to template Redraw
Collision (@) Between existing bars

() Move layer Cancel

Here you can create new layers by using the icons in the left bottom corner.
Create a new layer of 1 bar of 16 mm in the middle of the lower edge.

To do this you set the new reinforcement parameters:

= Number of bars: 1
= Diameter (mm) : 16
= Stirrup name S1
= Edgeindex: 4

Mew layer

If these new reinforcement parameters are set, click on button.
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Filter

L1-51E4

Delete | Delete all

MName L3-51E4
Positien num... 4

Material B500B » ..
Diameter [mm] 16,0
MNumber of b... 1

Area [mm*2] 20

Layer type Mo carner
Cover type Surface to
Cowver [mm] 0,0

Stirrup name 51

Edge index 4

|| Detailing ™ no v

Analysis model | Automatic design

Longitunidal reinforcement# Mew reinforcement parameters Type of beam Reinforcement layers area
| | Selected layers 201 | mm#z

Mumber of bars |1 v/ beams and ribs

Diameter [mm] [150 | All layers 1005 |mmz

Stirrups Picture properties

Stirrup name 551 .
Fdit stir Draw dimensions
Edge index |4 Edit stlrrups 3

k Texts scale

Bars positions
s Edit cover

Collision of bars Redraw

Collision Between existing bars Saietotemplate

(®) Mave layer . oK

8. Confirm the input by OK button. Confirm reinforcement parameters “from the Concrete setup
(Design defaults)” in the next dialogue by OK button again.

LA

You can choose axonometric view by button ﬁ in View toolbar to see the new reinforcement bar

After the input of practical reinforcement layers, these layers are additional data on beam. They can
be copied easily to other beams.

Properties of a reinforcement layer can be viewed and adapted in the Properties window.
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9. We will now adapt the layer which contains the stirrups to change the stirrup distances.

a) Select the Reinforcement layer of the stirrups by clicking with the left mouse button on the

i

circled digit 1

™y

= above grey dimension line below the beam.

b) Activate the properties of this Reinforcement layer in the Properties Window by selecting this
entity with the mouse pointer in the combo-box:

c)

d)

e)

f)

Properties o x
Stirrups layer (1) [=] ‘& % &
X
MName sL
Type of zone stirrups
Detailing no
Position number 1
Material B 300B e
Diameter [mm] 80
Stirrups covers [mm] 30,0
Calculation of cuts ... Automatic -
Type stirrup single -
Stirrups distances [... 0,300
Real distance [m] 0,295
Diameter of mandr... 4
Anchorage
Geometry

Click the Action button Edit stirrup distances at bottom right corner

Actions

Edit stirrup shape EES
Edit covers £S5
Edit stirrups distances £33

The window Stirrup zones appears

2x21d8,0-0,295
0,050 0.050
? 6,000 ?
Minimum stirrup reinforcement Text scale 1 =
| Zone | Length [m] | Diameter [mml [ Distance [m] | Real distance [m] | Type | By user | Distance to begin [m] | By user | Distance to end [m] |~
11 6,000 8,000 0,300 0,295 single ~ yes v 0,050 yes 0,050 v
< >

Additional stirrup reinforcement
Symmetrical
Parts from both points

Input type Numbers Diameter [mm] Distance [m] Total distance [m] Type

Newzone | |Deletezone| | Newpart | | Delete part
Cancel

Click on the [New Part] button to enter a new part.

Change the Input type to distance + total distance.
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g) Change the Distance [m] field for this part from 0.300 into 0.100 and take 1 as Total distance
[m].

Note that the stirrups are put closer because the parts are automatically defined symmetrically
from both ends.

b |, 2x11d8,0-0,100 2x11d8,0-0,100 |, Lb
170,050 ! al 0,050
[ e 2x12d8,0-0,300 |- 2 s
f 171,050 1,050 1 7l
2 2 6,000 : |
A1 i
Minimum stirrup reinforcement Teat sale 1 =
Zone | Length [m] | Diameter [mm] | Distance [m] | Real distance [m] | Type | By user | Distance to begin [m] | By user | Distance to end [m] [~
iR 6,000 8,000 0,300 0,300 single * yes < 0,050 yes 0,050 v
< >
Additional stirrup reinforcement
Symmetrical
Parts from both points
[ Input type Numbers Dismeter [mm] Distance[m] | Total distance [m] | Type
| distance+total distance - 11 80 0,100 1 single
| Newzone | |Delete zone Newpart | [[Deictepart

h) Click [OK] to confirm your input.

| g
i
4%";

10. The graphical representation of the practical reinforcement can be changed so that a 3D view of the
reinforcement for so far can be obtained. To do this, follow the steps described below:

a) Right-click on an arbitrary position in the workspace.
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b) In the context menu that is opened, select
View parameter setting appears.

On the Concrete tab, the
reinforcement data are displayed
under the heading Concrete +
Reinforcement. Change the options
in the following way:

e Set the option Style of stirrups to
All.

¢ The option Reinforcement
drawing type is set to 3D

¢ The option Rounded bends is set
ticked on.

c) Confirm your input by [OK].

Below is shown a picture of a part of
the practical reinforcement.

N LIN

[/

/

%‘“m
5

the

Check / Uncheck group

¢ B E OE E

[m] Check / Uncheck all

Set view parameters for all

[

Lock position

& W

option. The window

B Service
Display on opening the service
B Concrete + reinforcement
Display
Main reinfarcement
Style of main reinforcement
Stirrups

|| Style of stirrups

Mumber of stirrups
Color of reinforcement
scheme of reinforcement

Reinforcement drawing type
Rounded bends

= Reinforcement labels
Display label
Type position number
Name
Diameter
Materials
Reinforcement area
Reinforcement position
Style of reinforcement position
Labels plane
Stirrup label
Type position number

1 R

positions on member
local beam plane xz
dimension

local

Show names in tab

/

A\Y

11. It is also possible to show a bill of reinforcement which contains a list of all practical reinforcement in
the project. The command can be found in the Concrete 15 menu in chapter Reinforcement

input+edit.

B G Reinforcement input+edit

. E-{7] 1D members

I8 Mew reinforcement

Il Mew stirrups

= MNew longitudinal bars

EIE Edit reinforcement in section
ﬁ Export reinforcement to CAD
Bill of reinforcement

e

Report preview, opened by action button

, is shown below.
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SCIAENGINEER

Bill of reinforcement

Selection : All
The lengths of longitudinal reinforcement bars and stirrups are calculated without rounded bends.
Type of position number : Global

Member | # ] Material Length | Number | B 500B | B 500B
[mm] [m] of bars length weight
[m] [kg]

B3 1 8 B 5008 2,900 34 28,600 38,9
B3 2 16 B 5008 6,000 2 12,000 18,9
B3 3 16 B 5008 6,000 2 12,000 18,9
B3 4 16 B 5008 4,000 1 4,000 6,3
a Total for diameter 98,600 38,9

16 Total for diameter 28,000 44,2

Total for material 126,600 83,1

Total 126,600 83,1

Note
Automatic picture generator creates individual picture with reinforcement scheme for every single beam
or column. User right-mouse-click in the modelling window, click option Picture wizard at the bottom of

\ Picture wizard

context menu

and then click [OK] to generate reinforcement schemes.

Generate reinforcement schemes

Reinforcement check (SLS)

There are several more checks in SCIA Engineer that controls also 1 Reinforcement check (ULS+5LS)
the serviceability limit state: Intemal forces
[H; Slenderness
E} Stiffnesses
F Capacity-response (ULS)
4 Capacity-diagram (ULS)
N

e Stress limitation

¢ Crack width
I Stress limitation (5L5)
. B Crack width (5LS)
e Deflection = Deflection (5L5)

Detailing provision

Crack control

1. In the Concrete 15 menu select Crack width (SLS) check function.
2. Press <Esc> to cancel the selection.

3. Options in Properties window are configured in the following way:

¢ Type of selection is set to Current.

¢ Type of loads is changed to Combinations and second combination named CO2 - SLS is
chosen. Program automatically filters only combinations for serviceability limit state here.

¢ Values are set to UC (meaning Unity Check) .

4. Select horizontal beam B3 with the left mouse button.

5. Clickthe %7 | next to Refresh, highlighted by red background. The crack control is carried out
and the unity check is then displayed on the screen.
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~ Properties o=
Check crack width (5LS) (1) [BRY: RV
%
[ R Check crack width (SLS)
= Selection
Type of selection Current -
1 Filter Neo -
m = Result case
o~ Type of load Combinations -
roe P Combination C02-5LS -
ﬂ[// H\‘I Extreme 10 Global -
AT T I ! | Output Detaed i
| |‘| | . | | | [T Run using Model D...
Voo ’ - Values uc -
L@ \- (O] @ = Drawing Setup ...
Display value name
Display values
Display units
l\] . . . : . D?spla}r case.
Display section dx
jg\ Display combinati...
X ’ ’ ' ’ e Color scheme Defined by result -
Graph type Filled transparent “
Envelopes drawing 0 to extrem -
v Label colour by gr... ¥
Drawing plane iD -
é Table setup

Note
In Report preview you can open Brief, Standard or Detailed output to see the calculation process that
gives this unity check value and stress and strain of uncracked and cracked section pictures.

6. Itis clear from this result that the currently provided reinforcement does not satisfy the crack control
check. Therefore we will make some adaptations to the practical reinforcement.
Select reinforcement layer 4 and change the number of bars of diameter 16 mm into 3 bars.

~  Properties 1 x

Lengitudinal reinforcement layer m & [
x

Name L3-51E4
Type of zone longitudinal reinforcement
Detailing no
Position number 4
Material B 500B o
Diameter [mm] 16,0

| Number of bars 3
Area [mm*~2] 603
Master stirrup sL

Anchorage

Geometry

7. If we repeat the steps 1 to 5 we can check again if crack control is satisfied.
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Lo @ ©

It is clear that now the crack control is satisfied because we have reinforcement bars with shorter
distance between them.

Detailing provisions

1. In Concrete 15 menu, choose the command Detailing provisions.

BBt Reinforcement check (ULS+5LS)

----- F¥ Internal forces

----- [|GD Slenderness

----- E} stiffnesses

..... F capacity-response [ULS}
..... 4. capacity-diagram [ULS)
----- mif Shear = Tarsion (ULS)

----- == Deflection (5L5)
----- T.J Detailing provision

2. Properties window is configured in the following way:

Selection field is set to Current.

Type of load is irrelevant for the check of detailing provisions.
Output define as Brief.

Values set to UC (meaning Unity Check).

3. Select floor beam B3 with the left mouse button if not selected from previous check.

4. Clickthe *77 | next to Refresh and afterwards Preview in Actions.
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Froperties bx
Check Detailing provisions (1) | Y8 \: &

'
M~
L
— e
."If
Lae @ —~
)
@O A L 12 5 b 30D R < =
Report preview L
= & [y Defnr I B
Check Detailing provisions
Lingar calculation
Load case: LC1
Extrema 10: Global
Selection: B3
Mame | dx |Case | Me | Mey | Mea | UCum |UCuuw | UC | Check
[m] [lent] | [ktim] | [km] | [-] [-1 [-]
B3 0,000 Lc1 0,00 32,52 0,00 0,99 0,36 0,99 |OK
B3 1,500- [LC1 0,00 125,28 0,00 0,55 107 l.l]?iliO'l oK

v

HName Check Detailing previsions
= Selection
Type of selection  Current
Filtes No
= Result case
[opectiond ™ Jicsd coses :
Load case LC1 - Self Weight Constr =
Extreme 10 Global
Output Brief
Run using Model D
Values uc
Drawing Setup ...
Display value name
Display values v
Display units v
Display case
Display section dx

Display combinati...
Coler scherme Defined by result
Graph type Filled trarsparent
Envelopes drawing 0o extrem
Label colour by gr.. ¥

Drawing plane 30

5. Shear reinforcement check shows value higher than 1,00 at particular span. We need to shorten the

6.

a)

(1)
circled digit 1

distance of stirrups to satisfy the detailing provisions.

above grey dimension line below the beam.

0,25 m and hit [OK] button.

Click the Action button Edit stirrup distances at bottom right corner

" L 2x1148,0-0,100 2x11d8,0-0,100 |, I
> G L 2x15d8,0-0.244 i s,
] 1,050 e 1,050 7 i
g A
Mk st renercement e B

Select the Reinforcement layer of the stirrups by clicking with the left mouse button on the

Activate the properties of this Reinforcement layer in the Properties Window by selecting this
entity with the mouse pointer in the combo-box:

The window Stirrup zones appears. Change Distance (m) value of the zone 1 from 0,3 m to

[ Zone [ Length [m] [ Diameter [mm] | Distance [m] || Real distance [m] | Type [ By user | Distance to begin [m] | By user | Distanc

ctoend[m] [~

11 6,000 8,000 0,250 0,204 single v yes v 0,050 yes 0,050 v
< >
Additional stirrup reinforcement
[¥] Symmetrical

Parts from both points

I Input type Mumbers Diameter [mm] Distance [m] Total distance [m] Type
1 distance-+total distance v 11 30 0,100 1,000 single &
| Newzone | .peletezcne New part ”D}I:tepart

If you repeat the Detailing provisions check you can see al values green with maximum UC = 0,99.
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Lo \ ® o EL\\

P& L |2 || BE[E5 ok 1B | B EE R <

ort preview

% & [ Defack I HEN RS

Check Detailing provisions

Linear calculation
Load case: LC1
Extreme 1D: Global

Selection: B3
Name dx Case Neg Meg, Mg UC jung | UC shear uc Check
[m] [kl |[kim] | [kim] | [-] [-1 [-]
B3 1,500- |LC1 0,00 125,28 0,00 0,55 0,87 0,87 [OK
B3 0,000 LC1 0,00 32,52 0,00 0,99 0,36 | 0,99 |0K

Note

The detailing provisions are checked according to Eurocode and its thorough setting can be viewed in
the Concrete setting (structure).
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In this final part of the tutorial, we will explain how to make nice report of the calculation and design.

Engineering Report
1. Double-click ™ Engineering report i the Main Window or click in the toolbar.
Because no report was created before, Report_1 directly appears as a new application. This
application is in a certain way independent on the SCIA Engineer application. That is
significant also in the Windows main bar

2. Click Insert button in the ribbon to start inputting items in the report navigator. Windows with
New items appears just below the Insert icon:

Repart |[Insert’| Edit Delete Move Maove
woperties up dowr
Document item

X MNew items X

¥ € T-2=15 = R

sl
£}

- Special items

- SCIA Design Forms (standalone)
- Inbox

- Project

- Libraries

- Sets

- Solver and Mesh

- Structure

- Load

- Construction stages
- Results

- Special

- Steel

- Aluminium

- Custom check

- Pipeline

- Timber

- Concrete data

- Concrete

- Concrete 15

- Steel concrete bridge
- Geotechnics

- Composite Beam

- Composite Column
- Composite

- Mobile loads

- Influence lines

- Special

- Gallery pictures

- Report templates

sl
gl

o 00y OOy e O e O e O e O s O o O o O o O Oy O g O g O O e O s O e O OO e O e O
Fig o Bl G Bl By B ol BB B R o B B B B 3 ) o B oy B ey B oy B Bl g B o B B o B o B

3. Using this window, various data can be added to the report.

e Open the Libraries group and select Materials. Double-click in this item or hit +
button to add this item to the document navigator.

e Add also Cross-Sections one row above.
Open the Structure group and double-click Members.

e Open the Results group and click Internal forces on beam.

4. You can directly see these items in the Navigator and on the paper preview as well:
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Navigator R X Newitems 7%
P Materials 2® F TG
[ Cross-sections ffalod l— 1. Materials
B Members =0 Tinges . ConcreteEC2
[, Internal farces on mem.. oG Nodal supports Name = Type P Enca u a fexm  Colour
3 Load Tka/m7 ___[MPal Im/mK1_ [MPal
C25/30 [Concrete | 2500,03,1500e+04 ] 0.2 0,00 [ 25,00
& Construction stages
- Results ReinforcementEC2
Deformed Structure Name Type p Encs [ a [
3D displacement [kg/m?] [MPa] [MPa] [m/mK] [MPa]
30 stress B S00B_|Renforcement stee | 7850,0 | 2,0000e+05 | 8,3333e+04 0,00
Internal forces on beam
Deformation an beam 2. Cross-sections
Displacement of nodes
Acceleration of nodes
Reactions
Resultant of reactions
Nodal space support result Itemmateral C25/30
Intensity Fabrication concrete
Member Stress Colour u
Shearin iaint Alm] 2,5000e-01

Drag the items with the mouse to change their order.

Displaying results in the document

1. In the Navigator click Internal forces on beam. The red exclamation mark both in Navigator
and preview indicates that the values presented are not up-to-date. In the Properties window
the setting of this table is displayed. Parameters for displaying the results in the Engineering
Report are configured in the same way as the parameters for viewing the results in the
Results Menu of the SCIA Engineer application.

Selection type is set to All.

Type of load is set to Combinations and the Combination to CO1 - ULS.
Values are set to bending moment My.

Extreme field is changed to Global.

B
Regenerate

2. Clickthe | *'¥%#d  pution in the top ribbon to display the table in accordance with the
predefined options. Red exclamation mark disappears.

A
X

Mavigator Mew items 1 x

3. Members
8 materials "0 F € Tz i Name CrossSection Material Length Beg.node End node Type
Cross-sections cal [m]
2 O | 1 C51 - Rectangle (500; 500 [C25/30 7,00 1 column (100)
 Members = Hinges " H CS1 - Rectangle (500; 500 | C25/30 7,000 [N3 4 colurnn (100)
~ 4 CS2 - Rectangle (700; 450 | C25/30 6,000 [N2 4 beam (80)
Flintemsiorces onmember . DO/ --Nagsl supports 5 |C52 - Rectangle (700; 450 [C25/30 | _6.000 5 beam (80)
#- Load
[#- Construction stages
- Results ? 4. Internal forces on member
Deformed Structure Linear calculztion, Extreme: Global, System: LCS
3D displacement Selection: Al
3D stress Combinations: CO1
Internal forces on beam Member dx Case 73 ly
Deformation on beam [m] [k chm]
Displacement of nodes 1 tangle | 0,00 / 0,00 .00
Acceleration of nodes 3 tangle 10,001 / X 143,18 ,00
Reactions 3 €52 - Rectangle | 6,000 [CO1/ 0,00]-177,54 00
Resultant of reacti 3 CS2 - Rectangle | 0,000 [CO1/ 0,00 | 177,54 00
esutant of reactions 3 CS2 - Rectangle | 3,000 |CO1/ 0,00 0,00 [ 266,31
Hodal space support result
i Intensity

64




Adding an image to the Report

1. Any picture from SCIA Engineer application can be set to Engineering Report. Either as print-
screen (that is unchanged for ever) or as live picture (that can be regenerated and is always
up-to date).

2. Prepare any scene in the 3D modelling window, for example the analytic model with loads. You
can use the icons above the Command line to hide surfaces and rendering and show loads:

T Ta Ll e 5 e 1B |5 £

3. Click on button Print Picture in toolbars and select Live picture into Engineering Report

EQIE@ @ﬁﬂrﬁl B =’§z%‘§e%§a%§@=
3_& 7 = ‘B ﬁ Print picture
— | [®] Screenshot into Engineering report
iyl Li[:§pictureinto Engineering report
ﬁ Picture to gallery
ﬁ Save picture to file
@ Copy picture to clipboard

%???'—Fﬁ.
Fo§ 0§ 0§ & @
y VY Y Y Vv Yy
g &§ &§ &8 & 8
9 .49 9 . &8 & .4
£ © & & & &

\ARRARAT

Ny : . . . .
ljz> X - : : : e
4. Document picture properties dialog is opened. Here you can arrange the picture caption, scale,

size etc. Use button Two at page at the top ribbon and click on button Insert & Close into
selected report
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B X [] BB
[ a4
Insert Insert Close One at| 1

o Save -

2
[ & Close page i
into selected report into inbox Picture size Predefined properties

|Caption LC1 / Tot, value / Mame

Picture size definition Two at page -
Automatic scale to fit size [

Scale 1 104,596767804259

Stretch mode Dark lines -
Rendering Standard -
Antialiasing quality MNone -
Rotation Nene -
Result legend Right -
Export to PDF as 30 E

Position One below another -

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

=

Load activity in regen.

Draw inactive members as is in the window -
Settings of activity E
Text scale factor 1
Charset of texts Western European, UK, USA (Windows-1252) -
Line pattern length 3 -
Display GCS icon To picture corner -
= Performance
Set as non-editable BaE
Settings E

5. Switch to Engineering Report application again and see the picture as the very last item in the

navigator:
Mavigator 0 X MNew items ax
B Materials fatol = 5. LC1 / Tot. value [/ Name
ﬁ Cross-sections alo] I
Members -
ﬁ =0 Solver and Mesh ~
P Internal forces on mem... o2 @ Structure
[ ] LC1 /Tot. value / Name ... " @] )51 Load § § & 8 3 8
:] Construction stages & - hig e - Ry
El- Results o E L= G = e
-~ Deformed Structure 33 g
-~ 3D displacement ‘ " ’ ' ' ‘
3D stress a
- Internal forces on beam 2 & 8 8
-~ Deformation on beam f % i i 3 f
Displacement of nodes © B = i n =
- Acceleration of nodes
-~ Reactions
-~ Resultant of reactions e
- Modal space support result ”v v v Y ' v i
- Intensity i = “"

-+ Member Stress

- Shear in joint

- Relative deformation

- Bill of material
Connection Forces

-~ Foundation table

- Displacement of nodes - m
Member2D - Internal Force:

-~ Member2D - Stresses

- Member2D - Contact stress

Printing Engineering Report

Once the report is completed you can print it or export into various formats (e.g. PDF, RTF, HTML) by
clicking the top left button of the window.
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Home  View

Sy Save as template

5y Save as preview template
|3k Check report data integrity
(g Engineering report info

£ Options

Ed Exit

_—

S print @ Print
R Eport ok Copies: |1
=
|, Export after external regeneration .
= Printer

| PRG-HPM426 (HP LaserJet MFP M426fdi
-

Ready }

Prirter Properties

Settings
% Print All Pages
1| Print the entire document Lo
Fom: [T | To: |3 |
L e
[BIE] uncoliated
EF 111222333 &l
‘ Q Portrait Orientation -
At
21 cmx20.7 cm T
Rendered pictures with high quality -

Note:

Any output, standard or deatiled, from the Section check in Concrete 15 can be easily send to Engineering
Report by the button at the top of the dialogue:

Home |

Section check

a0

L Export
Longitudinal reinforcement Il Stirmups Report
Section properties | Report | Check manager |
| [ [Standarg | Check names Shear-torsion Checkvalue: () 3.4 v =
ToolTip Grid Bars Stim Cover fuds Grid size: 100 |mt Combination name: COO [ULS] “ Check table
s e e Voe | satus |
= T =~
5 g L |Member B3, section no. 13, dx = 4.5 m, Beam
t Member length Ld=6&m Materials
B - 031
Buckiing length y Ly=&m Concrete 25420 ] shearstosion  ___ 031 &
Buckling length z Lz=6m Long. reinforcement [ 5000 [E]| Detailing
b b Code ECEN1992-1-1 Shear reinforcement 05000 =
| ombination table
- b Coefficients
I L Lungitudinal bars Bk e ‘ Combination | Value Status
- - ik Concrete paramcters [P K, = ‘ €00 [uLS] | 031 P
S =y = = ¥ Reintorcement parameters yeo 11 —_
4 3asic reinforcement (layout) | Additional reinfor. * Coetticient for cftective height R ~ General
] Coefticient forinner lever arm Coelt 0.8 | =
) > | Combi key Lct
(= Longitudinal | Reinforcement
- ng g 4 Type uLs
i | Long. bars: A1 i, Tol area 1400 mim |8
— |3 e 0 SRy 2 ~ Load
‘ B Y fmm] | 7 vl | Dian Stimups: b= B MM, A = 101 A, A = 412 M
Bn Cawer of stirmup: N [kN] 0.00
Top 20 mmn
H To, | =0 | 10 [ s#16 Botlom o My [im] 11257
= B1 166 -304 16 Left 30 mim Mz [kNm] 0.00 -
a Stirmaps 98/244 mm, s = 2 Right I0mim il i s
= | B2 166 204 18
2 166 204 % ‘ . The calculation of cross- v
| i T A i
B i = e — . section is satisfied.
! — 0.31
B B3 0 304, 16 i
Pripraven [ ]
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Epilogue

In this syllabus, the basic functionalities of SCIA Engineer for the input of a concrete structure including
the concrete calculation were introduced by means of a simple example.

After reading the text and executing the example the user should be able to model and calculate simple
structures consisting of concrete beams and columns.

For more detailed information about concrete calculations we refer to the Advanced Concrete Training
documentation or the dedicated Web help chapters.
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