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Abstract

Scia Engineer software enables design and check of 2D member reinforcement. Main
possibilities of design and checks are presented in table below.

Steps of design and checks for 2D members Concrete tree for 2D members
| Typ e of analysis | 1 Design defaults
1 - =22 2D member
| Global settings | S ol
\1,

Longtudinal reinforcement i Member data
- Shear reinforcement
| Design defaults |

Li__l-- Member design
T -8 Internal forces ULS
Local settings
Member data

Member design ULS
Reinforcement Reinf. covering I'v'!ember design ULS+5LS
Punching data Longtudinal Longtudinal | | @ 7 ég-_" Section on 2D member
\J/ reinforcement reinforcement | | i H#E Reinforcement 2D
| Sections |  |Free bars

E Averaging strip
\/ =-%g¢ Punching
| Averaging strips ‘

Punchingcheck | | |
Simplyfied method

= Punching data
----- = Punching check

Internal forces check
Forces from FEM analysis

E-2= Mew free bars
, T eemeeeeee—— | i == New free bar
Dimensional forces Deformation check =
T | b | £=) Explode to free bars
SLS Design

Longtudinal reinforcement
Shear reinforcement

I

The aim of this document is to describe each step of design and check of 2D member and to
describe some of tips and tricks, which might be important and useful in each part.



2 Global settings

Global setting is a set of parameters which are default values for design of whole structure in
the project. User can use default values, change them or simply create his own set of parameters,
according to his preferences and needs. General settings can be accessed via several dialogs:

Project data

Setup manager

o O O o©O

Concrete solver

(@]

Manager of National annexes

Design defaults in Concrete tree

0 By pressing action button Concrete setup in Concrete tree > Member design

2.1 Project data

The first possibility to change global setting of the project is possible in project dialog. You can
switch between national annexes by National annex button. Each annex has some differences

according to the Standard EN.

After clicking the Edit button next to the name of the annex, Manger of National annexes dialog
is displayed, containing all implemented national annexes. Project data dialog for Code EN 1992-1-1
and Standard EN annex is displayed below

Project data

Basic data | Functionality I Loads | Pratection

Data

Name:

Part:

Description:

Author:

Date:

Structure:

24.09. 2010

|Genersl vz

Project Level:

Model:

[:‘\d\ranced

Y] [One

Material

Concrete EH

Material Ci2/15 ~
Reinforcement m__| B 400A__ ~
Steel EH

Material 5235 LL....I
Timber &

Material 'l |
Other O
Aluminium O

Code
Mational Code:

 E—

National annex:

-Standard EN =)

Standard EMN
British BS-EMN M,

French MF-EM M
Dutch NERN-EN MNA
Austrian OMORM-EMN
Slowvakian STHN-EN M.
Belgian NEMN-EM Ma,
Finnish SFS-EM Ma,



Default reinforcement and concrete material for EN Code

Since Scia Engineer version 2010, is default reinforcement and concrete material set directly in
Project data dialog. After checking concrete material check box, possibility to choose default concrete
and reinforcement material is activated.

Only one default common material is defined for beams, columns, walls or slabs, in contrast to
other Codes where for each mentioned member must be separate default material defined in global
settings. If we want to change any material for some specific member, we need to define local setting
somehow. We can do this by creating Member data or Punching Data on this member.

2.2 Setup manager

Since Scia Engineer 2010 version, there is a new library called Setup manager created. It can
be accessed from:

0 Main tree > Libraries > Setup

0 Menu > Libraries > Setup

: __Tree Menu
) Document Libraries Tools Modify -
- Drawing Tools .
=B Lbraries f Materials
----- @ Materals Cross-sections

----- JC3 Cross sections b fsetp |
E catalogue blocks

----- B Catalogue blocks

----- B Named item B mNamed item
-] Stucture, Analysis Structure, Analysis
w-E Steel

== . - r Ctoaol

User can edit default settings for all materials in Setup manager dialog. Each country has its
predefined set of parameters. User is able create his own set of values with default values he requires.
He might also change the appearance and the number of items in settings of each material. It is
possible to work with the items as with items of a library, so user can edit, copy, save and load to/from
file, etc. It is not possible to switch national annex here, this action can be done only in Project dialog
or in Manager of national annexes dialog.

o sewp manager [ 00 =
AieBik| 0 =S SE||a

Standard EN
British BS-EMN MA

German DIN-EN NA
French MF-EM MNA

Dutch NEN-EM MNA
Austrian ONORM-EN NA
Slovakian STM-EMN MNA
Belgian NBN-EMN MA
Finnish SFS-EM MNA

Name | Czech CSN-EN NA
National annex Czech CSM-EM NA
Concrete

Steel

Connections




After clicking a Concrete edit button in Setup manager dialog, Concrete setup dialog appears.
This dialog displays all global parameters for concrete, without parameters specified by national

annex.
—

[27 Type of values = Czech CENEN MNA Name Czech CSNEN NA -
Design default = - Concrete B Concrete m
Code independent valuss =] Design defaults Design defaults
Code dependert values =] o General General
Drawing settings 2] & Calculation uLs

B Type of checks General SLS
Member data 2] Columns B Detailing provisions
Cross section characteristics ] Beams Setting of checks
Intemal forces [ Min. bar distance - distance 8.2(2) [m] 0.02 L
Deggn E) 2D structures Columns £
Automatic reinforcement design B uLs _ Beams
ULS response 2 - Interaction diagram Bl 2D structures and slabs
ULS capacity = = Shear B Setting of checks
Crack =] 1D structures Minimum transverss reinforcement B yes
CDD check & 2D stuctures Minimum constructive reinforcemert O no
Detailing B8 Canstruction joint Wirimum pressure reinforcement B yes
Alowable srsss g || - Punching [Mirimum tension eorcement on face Zo+52.1.1._ (LR )
SaT (=] 5 Minimum tension reinforcement on face Zp-9.2.1.1{1) [® yes
Punching check [ i Creep Maximum degres of reinforcement B yes

i Crack proof Minimum shear reinforcement [ yes
... Code Dependent Deflections Winimal bar distance O no
5 Deftailing provisians Maximal bar distance O no
Detailing provisions B Reinforcement
Columns Minimum transverse reirforcement - special control | Inactive reirforcement excluded |-
Beams
20 structures and slabs
i Punching By (2p1) #s (Zp1)
Feinforcement and reinforcement design
Cross-section characteristics m %\
Warnings and etrors J_._._._Zé_._._J JI s Zr‘ . J‘
Refersnce: Code independent
Description: If this is yes, minimum tension reinforcement can be set for each reinforcement layer at the upper face of the
member (upper face: the face that has positive z-ds)
Application: Design of 2D members and slabs
Selectall ” Unselectall I [ Refresh QK } [ Cancel

2.3

Manager of National Annexes

It is possible to edit national annexes parameters only by using this dialog in Scia Engineer.
Manager of national annexes dialog can be displayed in three ways:

0 Main tree > Project > National annex

0 Menu > Tree > Project > National annex

By pressing second flag icon, representing the country of the annex, in down right corner of

the screen

Tree

Menu

Flag icon (Czech)

Main

H: Line grid and storeys

= Structure

1Z Load cases, Combinations
Calculzstion, mesh

[® Open connection

@ Documert

- &€ Drawing Tools

ﬁ Libraries

Tree Setup Window Hel;

B9 Structure

Load cases, Combinatiol

Calculation,Mesh

[¥7 Open connection

H Line grid and storeys

| Cument UCS |l e




Manger of National annexes dialog is a library too. Content of items is the same as the content
of items in Setup manager. It is the same library and the only difference is that parameters are filtered
according some filter applied. It is also possible to get more detailed information about implemented
Codes and national annexes in Manager of National annexes. This can be done via button
References.

# | Manager for National annexes
A eBE 0 S EHE| |

Standard EN Undo (Ctrl+U) j

British BS-EN NA
German DIN-EN NA
French NF-EN NA

Dutch NEMN-EN NA
Austrian ONORM-EN NA
Slovakian STN-EN NA
Belgian NBN-EN NA
Finnish SFS-EN NA

Name Czech CSN-EN MA
National annex Czech CSN-EN NA
O

EN 1550 (Basis of structural design)

EN 1991: Actions of structures

EN 1591-1-3 (General actions - Snow loads)

EN 1591-1-4 (General actions - Wind actions)

EN 1992: Design of concrete structures

EM 1552-1-1 {General rules and nules for buildings)

EN 1992-1-2 (General rules -Structural fire design)

EN 1992-2 {Concrete bridges - Design and detailing rules)
EM1168 (Precast concrete products — Hollow core slab)
EN 1993: Design of steel structures

EN 1593-1-1 (General rules and rules for buildings)

EM 15593-1-2 (General rules - Structural fire design)

EN 1993-1-3 (General rules - Supplementary rules for coldfo...
EN 1993-1-5 (Plated structural elements)

EM 15593-1-8 (Design of joints)

EN 1994: Design of composite steel and concret ___
EN 1594-1-1 (General rules and rules for buildings)

EM 15594-1-2 {General rules - Structural fire design)

EN 1997: Geotechnical design

EN 1557-1 (General rules)

EN 1999: Design of aluminium structures

EM 15953-1-1 {General structural nules)

By pressing Edit button (...J) for example for editing national annex parameters in EN 1992-1-1
(Genera rules and rules for buildings), another dialog appears, where all appropriate implemented
parameters are displayed.



E] Type of values ] £ Czech CSN-EN MNA Name Casch CSN-EN NA
NA building =] & Concrete El Concrete
5| Type of functionality O General 2 |General
Hollow cors beams = B [Concrete |
Presiressing 8 Mon-prestressed reinfarcament Hl | National annex
Prestressed reinforcement EIEE"—BSZ;I—I
i ULgurab\My and concrete cover Vga\ues r 150/120
B fck_max - maximum value of the charact
Ganeral Value [MPa] 90.00
Punching B alpha_cc - coeff. taking account of long ...
&-5L3 Value []
General B |alpha_ct - coeff. taking account of long t....
= Detailing provisions Value [
20 structures and slabs H k1_red - coeff _ for calculation of ratio of ___
Punching Value [ D44
B k2_red - coeff_ for calculation of ratio of ___
Formula Formula
B k3_red - coeff_ for calculation of ratio of ___
Value [] 054
B kd_red - coeff. for calculation of ratio of ...
Formula Formula
B k5_red - coeff. for calculation of ratio of ...
Value [ 0.70
E k6_red - coeff_ for calculation of ratio of ___
Value [] 0.80
B alpha_cc pl-coeff. taking account of long. ..
Value [] 0.80
B |alpha_ct pl-coeff_ taking account of long.
Value [] 0.70
Non-prestressed reinforcement
Prestressed reinforcement
Durability and concrete cover
uLs
5LS
Detailing provisions
[ Selectall I [ Unselect all I [ Refresh I i Load default NA parameters I [ QK } [ Cancel
2.4 Concrete solver setup
.
Code dependant values (except for national annexes parameters) and Code independent

values, which influence design and check of concrete structures, are possible to edit in Concrete setup
dialog which can be displayed through Menu > Setup.> Concrete solver.

E _Type of values ] = Marma EM Name Noma EN
Code independent values [z} =- Concrete El Concrete
Code dependert values [z} General General
£+ Calculation BuLs
General Em
=
2D structures 20 sm@ —
UL Bl Construction joint
ah [ Toke into accourt cos aphato formua 625 [228
£ Shear Punching
2D structu.res. SLS
Caonstruction joint Detailing provisions
Punching Wamings and erors
SLSs
Creep
Crack proot
Code Dependent Deflections
= Detailing provisions
2D structures and slabs
----- Punching
“Warnings and errors
[ Vo =cf_+po +pf_(4sina+ cosa)
Rdi cd n vl
Z05vf,
O V, =cf +po +pf (4sina+c
Hdi ctd HG,+p yd(p
205 vf,
Reference: EN 1992-1-1, formula 6.25
Description: The cosine angle (slpha) is not used in formula 6.25, i the check box is OFF
Application: Calculation of design shear resistance at the interface
Selectall I [ Unselectall I [ Refresh QK 1 [ Cancel




2.5 Design Defaults

This is the first item in concrete tree, and it is possible to set default values for member design
(such as concrete cover, reinforcement diameters, direction angles, etc.), and also parameters for
drawing of user reinforcement.

[B Type of members ] = Standard EN Name Standard EN
1D d =~ Concrele E Concrete
0 8 [=8 D= sign defaults El [Design defaults |
= Type of values Concrete cover Bl Concrete cover
Design defauit = 20 structures Use min concrete cover =
Drawing settings Ll Punching Design working lfe fyears] 50 =
= :i-mfo:e‘.bg:;d“ = & Reinforcement and reinforcement design i’:‘“s_“* DI‘ESS :‘;:E %
Prestressing = -~ Prestressing pre-tensioned fasoniclaes P - —
h i Prestressing posttensioned ilypeluficoncet I nestu conorete =
ire resisiance = Special geometric quality control Oneo
Type of concrete suface Nomal suface -
Special concrete quality control O no
B 2D structures
El Upper reinforcement
Diameter [mm] 10.0
Angle [deg] 0,00
B Lower reinforcement
Diameter [mm] 10.0
Angle [deg] 0,00
B|Punching
B Shear reinforcement
Diameter [mm] 10.0
Geometrical shape Rectangle =l
B Support data
Support shape Rectangle |
El Column position
Default distance xh: x = [ 6.00
Reinforcement and reinforcement design
System | Userl
Selectall l { Unselect all l { Refresh l oK J { Cancel

2.6 Concrete Setup action button

Global settings for design of the reinforcement are adjustable through Concrete setup action
button too, which is located in Properties window of both concrete tree and in service for defining local
parameters.

Properties X

AR
[N

[I‘u'lernber 20 - design - required areas (1)

Mame Member 2D - design - required... | &
Selection All j|€|
Type of loads Combinations j B
Combinations Co1 j -

. -
Calculation info

Concrete setup

Mew reinforcement >
Export reinf. area to CAD program > >
Preview > >




The main advantages of this action button dialog are:

o Only parameters for actual design are displayed

o Parameters from all dialogs are displayed
0 NA parameters from Manager of national annexes dialog
o Code independent/dependent values from Concrete solver setup dialog
o0 Default parameters from Design default dialog
—
= _Type of members J - Standard EM Name Standard EN
20 Ll = Concrete | Concrete
| Type of checks = Design defaults El Design defaults
Design 8 Concrete cover 8
.20 structures Use min concrete cover =
General Design working lfs fyears] 50
i Concrete Exposure class *C3 |
E| Calculation Abrasion class None |
2D structures Type of concrete In-situ concrete |
uls Specil geomedric qually cortrol O no
Type of concrete surface Normal surface hd
General
Special concrete quality cortrol O no
= Shear B 2D structures
2D stuctures B Upper reinforcement
Canstruction jaint Diameter mm] 100
D=e|awlmg provisions Angle [deg] 0.00
+- 20 structures and slabs B Lower reinforcement
“Warnings and errors Diameter [mm] 10.0
Angle [deg] 0,00
General
uLs
El Detailing provisions
B/ 2D structures and slabs
Setting of checks
B Reinforcement
Minimum transverse reinforcement - special control  Inactive reinforcement excluded |
Minimum transverse reinforcement 9311 (] H | 20.00
Minimum constructive reinforcement [7] [] 0.00
Minimurm pressure reinforcement 9.6.2(1.2) [%] [] 0.00
Minimum tension reinforcement Automatic calculation of minimum tension reinforcement |
Minimum tension reinforcement Automatic calculation of minimum tension reinforcement v |
Mapimum degree of reinforcement 9.2.1.1(1.2) (%] []  4.00
Minimum shear reinforcement [+] ]
Minimal bar distance [m] 0.05
Maximal. bar distance [m] 0.20
El Wamings and emors
Check value for sections where the value cannot be ca... User defined value j
User defined value [ 300
Waming and emor |
System @J
Selectall I [ Unselect all I [ Refresh i Load default NA parameters I [ QK } [ Cancel

2.7

Tips & tricks

Here are some tips and tricks, which might some users find useful and which should provide
better overview in the global settings.

2.7.1

Filters

There are quite a many global concrete parameters which influence reinforcement design. To
simplify the overview of the global settings, user may use filters, which will restrict the number of
displayed parameters. Parameters are able to sort according to these filters:

1 Type of members

This filter is activated only in case, that both 1D and 2D members are defined in the project.
Then user may choose from 2 possibilities below:

o 1D members (only parameters that influence 1D member design are displayed)

o 2D members (only parameters that influence 2D member design are displayed)



1 Type of values

Displayed filters depend on where the dialog was displayed from.

O O o o o o o

Design defaults (parameters of default design, such as cover, reinforcement diameters,
etc.)

Code independent values

Code dependent values (parameters from Code, without national annex parameters)
Drawing settings (parameters for drawing of the reinforcement)

NA building (national annex parameters from Code EN 1992-1-1)

NA fire resistance (national annex parameters from Code EN 1992-1-2)

NA bridges (national annex parameters from Code EN 1992-2)

NA hollow core (national annex parameters from Code EN 1168)

1 Type of functionality

Displayed filters depend on functionality checked in Project data dialog, folder Functionality.

0

Prestressing (parameters for pre-stressed members design, functionality Prestressing
must be activated)

Fire resistance (parameters for fire resistance design, functionality Fire resistance must
be activated)

Hollow core slab (parameters for hollow core slabs design, functionality Hollow core slabs
must be activated)

Project data

Functiomalty | Loads | Protection

Bl Prestressing
Advanced
Concrete
Fire resistance

Chynamics

Initial stress
Subgail
Monlinearity
Stability

Climatic loads
Prestrezsing
Pipelines
Structural model

Hollow core slab

Parameters

Mabile loads

Automated GA drawings
LTA -load cases

Extemal application checks
KP1 application

Slabs with void formers
Property modfiers

OO0ooOoooooo®gOo0ooono

1 Type of checks



Parameters of checked check are displayed.

0 Member data

Cross-section characteristics
Internal forces

Design

Automatic reinforcement design
ULS response

ULS design

Crack

CDD Check

Detailing

Allowable stress

SaT

O O O 0O o o o o o o o o

Punching check

Displayed filters depend on location where the Concrete setup dialog was displayed from. As it

is known, the dialog can be started from:

10

1 Setup manager (see 2.2)

All filters are displayed and active. Only national annex filters are not visible in Type of values

folder.

1 Manger of National annex (see 2.3)

o Type of members filters

o Type of values filters(only one, non active, national annex filter is displayed, this filter

depends on selected Code )

0 Type of functionality filters (active only for EN 1992-1-1 Code)

NA for EN 1992-1-1

NA for EN 1992-1-2

B Type of members |
1D
2D
B Type of values
MA building
B Type of functionality
Haollow core beams

Prestressing

Type of members

10
2D
Type of values
MA fire resistance

NA for EN 1992-2

NA for EN 1168

B Type of members |
10
20

B Type of values
MA bridges

Type of members

10

2D

Type of values
MA hollow core

1 Concrete solver setup (see 2.4)

o Type of member filters

o Type of values filters(only Code dependent/independent filters are displayed




o Type of functionality filters

9 Design defaults (see 3.1)
o Type of members filters
o Type of values filters(only Design defaults and Drawing setup filters are displayed

o Type of functionality filters

1 Concrete setup action button

This filter depends on design service, which is currently active and may differ from each other.
Only one Design filter is displayed in SLS design, Crack design filter is added in SLS+ULS design.

Setup manager Concrete solver setup
B Type of members | B Type of members |
10 & 1D El
20 | 2D El
B Type of values B Type of values
Design default E Code independent values |
Code independert values E Code dependent values |
Code dependent values B | 8 Type of functionality
Drawing settings H Hallow core beams &
B Type of functionality Prestressing E
Hollow core beams & Fire resistance |
Prestressing & Design defaults
Fire resistance B | @ Type of members |
B | Type of checks 10 =
Member data &l 0 =
Cross section characteristics B | & Type of values
Intemal farces = Design default =
Design & Drawing settings B
Automatic reinforcement design B | g Type of functionality
ULS response & Hollow core beams &
ULS capacity = Prestressing &
Crack & Fire resistance EH
CDD check B Concrete setup action button (SLS
Deting :
Allowable stress H 20 =
SaT E | B Type of checks
Punching check E Design =

2.7.2 User defined defaults

The big advantage of new global settings is the possibility to adjust the global settings to the
needs of each user. Global parameters layout is possible to edit in Concrete setup dialog by right-
clicking of mouse button on the window with the parameters (the window on the right side). After
selecting Edit layout properties, the only possibility from shown menu, Property layout manager
dialog is displayed.

11



=
Property layout manager

Properties source

Froperties of currently selected ohject

Available properies

Name
B Concrete
B Design defaults
E | Concrete cover

Use min concrete cover
Design working life [years]
Exposure class
Abrasion class
Type of concrete
Special geometric quality co...
Type of concrete suface

2D structures
Punching
General

ULS
SLS
Detailing provisions
Reinforcement and reinf ...
‘Wamings and emors

Special concrete quality cont...

Standard EN

&=

50

HC3

None

In-situ concrete
O no

Nomal suface
O no

Delete

Rename

List of layouts

Current layout

Meme | E Show
B G

Add selected

Femaowve

Add all

Remowve all

Insert graup

B Design defaults

Bl | Concrete cover
Use min concrete cover
Design working life [years]
Exposure class
Abrasion class
Type of concrete
Special geometric quality co...
Type of concrete surface
Special concrete quality cont

2D structures

Punching

Fe 1

Femowve group

Fename group

uLs

5Ls

Detailing provisions

Reinf and reinf .

Insert subgroup

End subgroup

Mowve up

Mowve down

HHEHEBEHE

Wamings and emors

Shaowr current layout

Cancel

We have created a new user layout named Userl, where we copied all available parameters
and switched off some parameters in group Concrete > Design defaults > Concrete cover. User may
adjust default layout or simply create a new one on his own by using edit buttons in the middle. After
the editing is finished, it is necessary to have check box Show current layout checked. Then this
layout will be added in form of folder Concrete setup dialog. User may also create more layouts and
switch among them. He still may use the default layout by checking check box Show native layout.

12



Concrete setup

)

= _Type of members J - Standard EM Name Standard EN

10 o (= Caoncrete = | Concrete

20 = B Design defaults
2| Type of values Bl ]

Design default =1 Use min concrete cover =

Code independent values = Design working life fyears] 50

Code dependent values B Exposure class xC3 =l
5 Drawing setings = & Calculation Abrasion class None |

Type of functionality General Type of concrete In-situ concrete |

Hollow cors beams & Special geometric quality cortrol O ro

Frestressing Lz 2D shuctures Type of concrete suface Nommal suface |

Fire resistance =] S LS Special conerete quality control O no
= | Type of checks = Shear 2D structures

Member data =2 2D structures Punching

Cross section characteristics = Construction jaint General

Intemal forces il Punching uLs

Design =2 SLS

Automatic reinforcemert design & Creep Detailing provisions

ULS response =2 Crack proof Reinforcement and reinforcement design

ULS capacity = Code Dependent Deflections ‘Wamings and emmors

Crack Lz = Detailing provisions

CDD check 2 2D structures and slabs

Detailing = Punching

Alowable stress & I Reintorcement and reinforcement design

i:zdung check E Prestrassing preftenait.med

i Prestressing posttensioned
“Warnings and errors
-
I System | Userl | User2 Usersl
—
Selectall ” Unselectall I [ Refresh I QK ] [ Cancel

2.7.3

Save and loading of global settings to different project

As it was mentioned in different chapter above, global settings for Code EN is since Scia
Engineer 2010 version implemented as library, which enables to transfer global settings of one project
to another. Export and import of global settings is possible through these two icons in Setup manager
or in Manger of National annexes dialogs.

o0 Save to file

o0 Read from file

=
=

The result of export or import will be the same in both dialogs, because the library is still the
same and the only difference is in applied filter in each dialog.

m Manager for Mational annexes

3%£|9.|.Q|§|E"ﬂ|[nu -

Standard EN

Aok ol 8led||u -|

Standard EN

Default global setting (SetupManager.db4 file) is placed in Scia/db folder, with all other db4 files.
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2.7.4 Colour orientation

For better overview and simplified orientation in global settings are some of the parameters
marked with colour, where:

1 Blue coloured parameters are those which might be changed by using local setting through
0 Member Data
0 Punching Data

0 Green coloured parameters are National annex parameters

Caoncrete setup

[E Type of values [ Standard EN = | [BConcrete -
Design default [m] & Concrete || B|Design defaults —
Drawing settings o & Design defaults El Concrete cover

e p—— Use min concrete cover =2
Calumns Design working Ife fyears] 50 d
Beams Exposure class XC3 hd
2D structures and beam slabs (TLDEES None =
Type of concrete In-situ cancrete ~l=
-~ Punching Special geometric qualty control Do
- Default sway type (for columns and bear| et Normal suface -
General Spcial concrete qualtty control O no
- Concrete Columns
- Mon-prestressed reinforcement Beams
Prestressed reinforcement 2D structures and beam slabs
Durability and concrete cover L Punching
- Calculation T Default sway type for columns and beams ___
General General
Columns B uLs
Eeams Bl General
2D struciures Bl |theta_0=1/x - basic value of inclination 5....
uLs Value [] 200.00
- General B lambda_lim 5.8.3.1(1)
Punching Formula Formula
Fire resistance B\ Type of simplified method for analysis sec... —
Fomula Method based on nominal curvature (5.8.8
Interaction diagram 5 C Rde
- Shear Value [1 018
1D structures B k1_shear - coeft. for calculation Vid.c 6....
20 structures L4 Vale [1 015 -
Caonstruction joint
- Dietails
Anchorage check Vi = [k (10000, ) 18,0, ]2 (Vi 1 Ko, )
Bearing checks
Fire resistance
Punching Crne — l
sis %
= Allowable stress
- Stress limitation during tensioning
; LS stress limitation Reference: EN 1992-1-1, Clause 6.2.2(1)
L. Calculation Description: Coefficient CRd.c, expressed as muttiple to the reciprocal of partial factor of concrete
Detailing provisions Application: To determine the shear resistance of concrete
é---Detai\ing provisions i
4 | = n 3
Selectall l { Unselect all l { Refresh oK ] { Cancel

2.7.5 Description pictures in setup dialog

Pictures in global settings dialogs are very useful and might be important for more enhanced
description of desired parameter. On the other hand these pictures take some space in the dialog and
might not be so important especially for more experienced users. To avoid any disturbance by
displaying those pictures it is possible to turn them off. This can be done in Options dialog (Menu >
Setup > Options > Environment), by unchecking marked check box. Pictures in Properties will be
turned off too.
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Enwvironment |Tarnp{at&s I Directories. I Other I F‘rotectior1|

Window settings
[¥] Show scrollbars in view

Bendering [Enable {OpenGL - hardware)

Hidden lines Invigible

Digplay sufaces intersections

Line pattem length
Select pen width fixel -]

Command settings
[C] Right mouse button click generates End of function.

Skins

Select skin Diefault

Select style (Office 2007 only)

Maximal no. of grouping properties

Maximum no. of entities for default selection "All

Display global coordinates in status bar
Move docked windows and toolbars to initial positions (after restart)

Curmrent style of toolbars

= =
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3 Concrete tree

for

3.1 Member data

3.1.1 In general

By creating member data will user over change default global settings with local settings defined
selected members. Simply said, wher e uuser

creates local concrete settings by defining member data. We recognize two types of this local settings,
for 2D concrete members:

0 Member data
0 Punching data

These member data may be created by selecting these two items in Concrete tree and

choosing the proper 2D member, where this data want to be defined. These newly created settings will
be loaded from default global settings and are possible to be changed to fit user needs.

Design defaults
=-2= 2D member

------ 8% Internal forces ULS

----- 4% Section on 2D member
----- H#E Reinforcement 2D
E Averaging strip
=-S5 Punching

= P ]
----- % PLNCNING Chec

----- o— Mew free bars - New free bar

After selection of a 2D member or 2D sub region is Concrete 2D data dialog displayed and local

settings may be defined and confirmed.
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# | Concrete 2D data

2D member

Advanced mode
El Basic data

Type of cover
Different layers per side
User reinforcement

User input thickness

Main reinforcement steel

Shear reinforcement steel
Longitudinal

First direction angle [deg]

B
Diameter (du dl) [mm]
Layer angle

B2
Diameter (du.dl) [mm]
Layer angle
Type of cover
Concrete cover [mm]

Type of reinforcement geometry

Mumber of reinforcement layers

Concrete cover (cu.cl) [mm]

E | Minimal concrete cover

51

]

QOrthogonal

use minimal cover
O

O

O

10,0

layer on previous layer
AR,

Load default values
Concrete Setup

When member data are created, a new folder will appear in member properties and will be
shown in Attributes of the member too.

Properties 8 x|

2D member (1) ~| VB V% 7

o= e
Name 51
Type plate (90) ;I
Analysis model Standard ;I
Shape Flat
Material C1215 v|
FEM model lsatropic Rl
FEM nonlinear model none ;I
Thickness type constant R4
Thickness [mm] 200
Member system-plane at centre ;I
Eccentricity z [mm] 0
LCS Type Standard |
Swap orientation O no
LCS Angle [deg] 0.00 -
Layer Layer1 vl

[Nodes

Data

= .

[nome soa ] B

Editor o

After definition of Member data is graphical mark (label) displayed together with the arrows
describing reinforcement directions on the member as well. After clicking on these marks is user
allowed editing the appropriate attributes in member properties window. Content of the label is also
possible to edit through Concrete folder in View parameters setting dialog.
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Orthogonal.,2 directions, same layers User ., 3 directions, different layers

/4 Concrete.ZD dato | /4 Concrete.2D dato |
AT L

Local settings were changed since Scia Engineer version 2010 to attributes. This change
enables editing of these settings directly through the properties of selected member. It is possible to
manipulate with these settings as with all others attributes by functions Copy attributes and Move
attributes in:

0 geometry manipulations toolbar

Geometry manipulations ﬂ ﬂ
00 %o O 03 o' 50 00 7% 10 Td o ol A = 2E R o jov | b b “G i

0 member menu after choosing attribute and right clicking

Set view parameters for all

Set view parameters for selected
Cursor snap setting
[& Print/ Preview table
[ Table to document

View 4

Copy attributes
Move attributes

K %4* l:‘f

Delete

It is possible to edit these parameters in Member data.

3.1.2 Type

This represents the 2D member type. Default val ue depends on type
properties.

Properties ﬂ ﬂ
[Concrete 2D data (1) - \E
X
2D member 51
e [r—
Advanced mode Wall
Type of reinforcement geometry
Different lavers per side Shel

There are three types supported for this attribute (plate, wall, shell). The change of type attribute
does not influence the analysis model, but influences only presentation and definition of the
parameters in the member data properties. In table below are displayed Member data properties for
each type selected, without advance mode activated.
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Plate Wall Shell
20 member |51 20 member 51 20 member s1
Type Plate | Type Wall | Type Shell |
Advanced mode O Layers in the centre [m] Layers in the centre [m]
Type of reirforcement geometry | Orthogona Advanced mode O Advanced mode m}
Different layers per side [m| Type of reinforcement geometry | Orthogona Type of reirforcement geometry | Orthogona
Main reinforcement steel B 400A v Main reinforcement steel B 400A hd P Different layers per side [m]
Shear reinforcement steel B 4004 hd PO Shear reinforcement steel B 400A had PR Main reirforcement steel B 4004 -|
First direction angle [deg] 0.00 First direction angle [deg] 0.00 Shear reinforcement steel B 4004 -|
Longitudinal Longitudinal First direction angle [deq] 0.00
Concrete cover (cu.cl) [mm] Concrete cover {cu,cl) [mm] B Longitudinal
Diameter (du.dl} [mm] 10,0 ﬂ Diameter (du.dl) fmm] 0.0 j Concrete cover {zu cl) [mm] 0
E Minimal concrete cover B Minimal concrete cover Diameter {du.dl) mm] 10.0 |
Exposure class KC3 | Exposure class X3 ~| | B Minimal concrete cover
Type of concrete In-situ concrete j Type of concrete In-situ concrete j Exposure class HC3 j
Type of concrete suface Momal | Type of concrete surface Normal | Type of concrete Insitu concrete v
Type of concrete suface Momal j

From the table above it is obvious that type:

o0 Plate enables to define different parameters for each member surface (upper, lower) by
check box Different layers per side, but it is not possible to define only one layer of the
reinforcement in the centre by check box Layers in the centre.

o Wall does not enable to define different parameters for each member surface (upper, lower)
by check box Different layers per side, but it is not possible to define only one layer of the
reinforcement in the centre by check box Layers in the centre.

o0 Shell enables to define different parameters for each member surface (upper, lower) by
check box Different layers per side and it is also possible to define only one layer of the
reinforcement in the centre by check box Layers in the centre.

3.1.3

This attribute enables to define different parameters for upper and lower surfaces and its
reinforcement layers. By activating this attribute user will be able to define different reinforcement
material, different directions and different diameters for each surface. This attribute is available only
when Type is set to Plate or Shell.

Different layers per side

Different layers per side off | Different layers per side on |

20 member 5 20 member 5
Type Shell ~  Type Shell Rd
Layers in the centre O Layers in the centre O
Advanced mode O Advanced mode O
Type of reinforcement geometry | Drthogonz Type of reinforcement geometry | Orthogonz
Different layers per side g Different layers per side &
Main reinforcement steel B 4004 T .| | Upperreinforcement steel B 4004
Shear reinforcement steel B 4004 ¥ |..| | Lowerreinforcemert steel B 4004
First direction angle [deq] 0.00 Shear reirforcement steel B 4004
Longitudinal | El _Upper
Concrete cover {cu,cl) [mm] 3 First direction angle [deq] 0,00
Diameter {du.dl) [mm] 10,0 _*| | Concrete cover (cu) [mm] 30
Minimal concrete cover Diameter {du) [mm] 10,0 j
B Lower
First direction angle [deq] 0.00
Concrete cover (o) [mm] 30
Diameter (dl) [mm] 10,0 Rl
Minimal concrete cover
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As you can see original tree item Longitudinal is divided into item Upper and Lower. If an
advanced mode will be activated too, then another items Number of reinforcement layers and its
directions will be added.

3.1.4

In the real life project we come across with 2D members which have very small thickness, which
does not allow defining reinforcement layers for both surfaces. It is necessary to design only one layer
of reinforcement which lies in the centre of gravity of the member. It is possible to design only one
layer of reinforcement by activating attribute Layers in the centre. This attribute is available only when
Type is set to Wall or Shell and when it is checked, many parameters in member data are deactivated.

Layers in the centre

It is not possible to change attribute type of reinforcement geometry attribute. Only orthogonal
direction of reinforcement layers is supported.

Only two reinforcement layers are allowed. One lies just above the centre of gravity location and
the other one lies just bellow it.

Layers in the centre with Layers in the centre with
Advanced mode off Advance mode on
20 member 51 20 member 51
Type Wall v Type Wall |
Layers in the centre & Layers in the centre =
Advanced mode (O |A|:I~.-'an|:ed mode |®
Type of reinforcement geometry | Crthogona Bl Basic data
Main reirforcement steel B 4004 - | . | Type of reinforcement geometry | Crthogona
First direction angle [deg] 0.00 User reinforcement O
B Longitudinal User input thickness O
Diameter [mm] 10,0 *  |Main reinforcement steel B 4004 - | |
B Longitudinal
First direction angle [deq] 0,00
=1
Diiameter [mm] 10.0 j
Layer angle 0.000
=2
Diameter [mm)] 10,0 j
Layer angle o0 (0]
B Position of reinforcement . ..
Fosition x [m] 0,200
Pasition y [m] 0,200

3.1.5 Advanced mode

This attribute is a filter for displaying the parameters in member data properties. If it is switched
off, then only basic parameters from global settings (Design defaults) are displayed together with
reinforcement material parameters, which might be edited. Groups Longitudinal and Minimal concrete
cover with the very basic parameters are displayed.

When it is activated then user may edit all available parameters. Those parameters are sorted
to a few groups:
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3.1.5.1 Basic data

In this group are basic attributes and parameters for reinforcement design. As you can see from
the picture user can edit reinforcement geometry, type of concrete cover and reinforcement materials

here. Also Different layers per side, User reinforcement and User input thickness attributes are here.

20 member 51
Type Plate |
Advanced mode &
El Basic data |
Type of reinforcement geometry | User hd
Type of cover use minimal cover hd
Cifferent layers per side E
User reinforcement O
User input thickness O
|Upper reinforcement steel B 4004 -
Lower reinforcement steel B 400A -
Shear reinforcement steel B 4004 -
Upper
Lower
Minimal concrete cover
Creep coefficient
Position of reinforcemen._.

Type of reinforcement geometry
There are two types of reinforcement geometry in Scia Engineer:

0 Orthogonal (default) where user can define only one direction angle for first reinforcement
layer. The second reinforcement layer direction will always be perpendicular to the first one.
Default value for first direction angle is loaded from global settings.

0 User where it is allowed to define two or three direction angles for each reinforcement layer

separately. Number of directions may be edited by same parameter in Longitudinal folder.

Orthogonal User User
2 directions 3 directions
20 member S1 20 member S1 20 member S1
Type Plate ! Type Plate ! Type Plate |
Advanced mode ] Advanced mode ] Advanced mode ]
E Basic data El | Basic data B Basic data
Orthogonal | Type of reinforcement geometry [RE24 | Type of reinforcement geometry 24 |
Type of cover use minimal cover _ | Type of cover use minimal cover _ | Type of cover use minimal cover ﬂ
Different layers per side O Different layers per side O Different layers per side [m}
User reinforcement [m] User reinforcement [m] User reinforcement O
User input thickness [m] User input thickness [m] User input thickness ]
Main reinforcement steel B 400A | Main reinforcement steel B 400A hd P Main reinforcement steel B 4004 -
Shear reinforcement steel B 400A | Shear reinforcement steel B 4004 - Shear reinforcement steel B 4004 -
B Longitudinal B Longitudinal B Longitudinal
First direction angle [deg] 0,00 Number of directions 2 j Number of directions 3 j
Number of reinforcement layers |2 j First direction angle [deg] 0.00 First direction angle [deq] 0.00
1 Second direction angle [deg] 50.00 Second direction angle [deg] 50,00
2 Number of reinforcement layers | 4 j Third direction angle [deg] 45,00
Minimal concrete cover 1 Number of reirforcement layers | 4 j
Creep coefficient 2 1
Position of reinforcement ___ 3 2
4 3
Minimal concrete cover 4
Creep coefficient Minimal concrete cover
Position of reinforcement ... Creep coefficient
Position of reinforcement ...
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Minimal difference between two reinforcement directions defined directly by user, must be 30
degrees at minimum. If the difference is smaller, then the reinforcement design will end up with Error
61 (General error in input data).

Type of cover

It is possible to change the way, concrete cover is calculated. Two basic types of cover are
supported:

o0 Use minimal cover enables Scia Engineer software evaluates all appropriate parameters
and calculates minimal possible cover according to the selected Code. This will be the
minimal value possible.

0 User, where Concrete cover parameters in Longitudinal folder will be activated and user is
allowed to use his own values

User reinforcement

User reinforcement is defined by new parameter Basic distance in Longitudinal folder, where
user defines axial distance of reinforcement bars. It is possible to define different value for each
reinforcement direction.

It is possible to set this attribute on only in case that there is no user reinforcement defined by
2D region or Free bars on selected 2D member or its sub region.

20 member 51
Tpe Pl =l
Advanced mode E
B Basic data
Type of reinforcement geometry | Orthogonal |
Type of cover use minimal cover LI
Different layers per side O
User reinforcement &
IUser input thickness O
Main reinforcement steel B 4004 -|
Shear reinforcement steel B 4004 -|
B Longitudinal
First direction angle [deg] 0.00
Mumber of reinforcement layers | 2 ;I
=1
Diameter (du.dl} [mm] 10,0 |
Layer angle 0.000 hd
Concrete cover {cu,cl) [mm] 30
Basic distance [mm] 1200 Rl
2
Minimal concrete cover
Creep coefficient
Position of reinforcement __

User reinforcement defined by Member data is same for whole 2D member surface. If user
wants to change Basic distance value only on a part of the 2D member, then he needs to create sub
region, where this parameter may be defined separately.
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If user reinforcement is already active on a certain member and then user defines user
reinforcement by 2D region or by free bars, then the user reinforcement defined in Member data will
be deleted.

User input thickness

Scia Engineer software enables to set different thickness for 2D member or its sub region, than
in model is defined. The big advantage of this feature is that it is possible to run reinforcement design
for different thickness, without the need of deleting calculation results together with inner forces. The
importance of this function is directly proportional to the size of the structure in the project, where
calculation of inner forces may take very long time. What is important is, that user must remember the
fact, that self weight of the changed member is not adjusted by changed thickness by this function and
remains the same as originally defined.

User defined thickness of 2D member or its sub region is possible to edit by new parameter
Thickness. This parameter will be displayed after switching on attribute User input thickness.

20 member 51
Type Plate ﬂ
Advanced mode E
B Basic data
Type of reinforcement geometry | Orthogonal |
Type of cover uge minimal cover hd
Cifferent layers per side O
User reinforcement O
User inout thickness E
Thickness [mm] 200
Main reinforcement steel B 4004 -|
Shear reinforcement steel B 4004 -|
Longitudinal
Minimal concrete cover
Creep coefficient
Position of reinforcemen__

3.1.5.2 Longitudinal

In this group are parameters for each reinforcement direction such as number of layers in each
direction, their angles, bar diameters and eventually distances between them. Also very important
parameter which influences concrete cover for each layer is here. Longitudinal group, which defines
parameters for both surfaces may be split into Upper and Lower group, when attribute Different layers
per side is switched on. The appearance of this folder may differ quite a lot depending on activated
attributes and defined parameters
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Longitudinal Upper

2 directions, 2 layers, user cover 3 directions, 4 layers, minimal cover
20 member 51 20 member 51
Type Plate | Type Plate -
Advanced mode E Advanced mode &
Basic data Basic data
= |Longitudinal | = [Upper |
First direction angle [deg] 0,00 MNumber of directions 3 ﬂ
Mumber of reinforcement layers | 2 j First direction angle [deg] 0.00
=1 Second direction angle [deq] | 50,00
Diameter (du.dl) [mm] 10,0 | | Third direction angle [deg] 45,00
Layer angle 0.000 ﬂ Mumber of reirforcement layers | 4 j
Concrete cover (cu,cl) [mm] 30 B
=2 Ciameter {du) Jmm] 10,0 j
Diameter {du,dl) [mm] 10,0 ~|  Layerangle 0.000 |
Layer angle 50 000 Concrete cover {ou) jmm] I
Type of cover layer on previous layer j Basic distance [mm] 200 ﬂ
Concrete cover [mm] 40 B2
Minimal concrete cover Diameter (du) [mm] 10,0 ﬂ
Creep coefficient Layer angle 90.000 |
Position of reinforcement .. Type of cover layer on previous layer ﬂ
Concrete cover [mm] 4
Basic distance [mm] 200 j
3
4
Lower

Minimal concrete cover
Creep coefficient
Position of reinforcement ...

Number of directions

By setting attribute Type of geometry to User, a new parameter Number of directions will be
displayed in Longitudinal group. User is able to choose from two or three directions, where
reinforcement will be created. According to the choice, user is able to define appropriate number of
direction angles

Direction angles

As it was mentioned before, these are the values with direction angles. It may be one up to
three. Default value for first direction angle is loaded from global settings. These direction angles are
used only for reinforcement layers angles definition. It does not mean that this is angle of first, second
or third reinforcement layer. User selects direction for each layer afterwards.

Number of reinforcement layers

User is allowed through member data to define more reinforcement layers for each member or
sub region surface. Minimal amount of reinforcement layers is set by number of defined directions (see
above). Maximal number of reinforcement layers for one surface is 10.

For each reinforcement layer is necessary to define its bar diameter, direction angle, type of
cover, eventually Basic distance parameter.
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Diameter

Reinforcement bar diameter is defined only for every first reinforcement layer in each direction.
Default value is loaded again from global settings. The other layers in same direction has this
parameter disabled (not possible to edit)

Layer angle

20 member 51

Type Plate

Advanced mode E

Basic data
= |Longitudinal |
First direction anale [dea] 17.00
Mumber of reirforcement layers |3

=1
Diameter {du.dl) [mm] 10.0
Layer angle 17.000
Concrete cover (cu,cl) [mm] 0
Basic distance [mm] 200

B2
Diameter (du,dl) [mm] 10.0
Layer angle 107.000
Type of cover layer on previous layer
Concrete cover [mm] 40
Basic distance [mm] 200

B3
Diameter {du.dl) [mm] 0.0
Layer angle 17.000
Type of cover layer on previous layer

Concrete cover [mm]
Basic distance [mm] 200
Minimal concrete cover
Creep coefficient
Position of reinforcement

It is possible to choose from defined direction angles in this combo box. These angles were

defined in root of Longitudinal group, eventually in root of Upper or Lower groups.
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Orthogonal geometry

User geometry

-

Concrete cover [mm]
Minimal concrete cover
Creep coefficient
Position of reinforcement ___

2 directions 3 directions
20 member 51 20 member 51
Type Plate j Type Plate j
Advanced mode E Advanced mode E
Basic data Basic data
B Longitudinal B Longitudinal
First direction angle [deq] 17,00 Mumber of directions 3 ﬂ
Mumber of reinforcement layers | 2 ﬂ First direction angle [deq] 10,00
B Second direction angle [deg] 40,00
Diameter {du.dl) [mm] 10.0 - Third direction angle [deq] 70,00
17.000 - Mumber of reinforcement layers | 3 ﬂ
Concrete cover {ou,cl) [mm] =1
=2 107.000 Diameter (du.dl) [mm] 20,0 -
Diameter (du.dl) [mm] 10,0 Rd 10.000 v
Layer angle 107.000 Concrete cover {cu,cl) [mm] 10.000
Type of cover layer on previous layer ﬂ =2 40.000
Concrete cover [mm] Al Diameter (du.dl) [mm] ~70.000 —
Minimal concrete cover Layer angle 40.000 hd
Creep coefficient Type of cover layer on pravious layer |
Position of reinforcement ... Concrete cover [mm] 50
=3
Diameter (du.dl) [mm] 10.0 hd
Layer angle 70.000 hd
Type of cover layer on previous layer |

Type of cover

Concrete cover, which is a distance from outer reinforcement surface to closer surface of the
member, is determined by this parameter. This value can be automatically calculated by the software
for the first reinforcement layer. This calculation will respect values from group Minimal concrete cover.
User may also define his own value for concrete cover. For this feature, attribute Type of cover in

Basic data group must be switched on.

Location of other reinforcement layers depends on Type of cover for each of them. It is possible
to define different Type of cover for each reinforcement layer. User can choose from these types:

o Layer on previous layer: One layer is laid on the other one.

o Cover from previous: The user defines the cover from the previous layer. The cover is
measured from a surface of one reinforcement bar to the surface of the other bar.

o Cover from edge: The user defines the cover from the edge of the slab.

o Distance from previous: The user defines the distance from the previous layer. The
distance is measured from the centre of one reinforcement bar to the centre of the other

bar.
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o Distance from edge: The user defines the distance from the edge of the slab.

20 member 51
Type Plate |
Advanced mode E
Basic data
E  Longitudinal
First direction angle [deq] 0,00
Mumber of reinforcement layers | 3 |
B1
Diameter (du.dl) [mm] 10,0 hd
Layer angle 0.000 hd
Concrete cover (cu.cl) [mm] 0
B2
Diameter (du.dl) [mm] 10,0 hd
Layer angle 50.000 hd
Type of cover layer on previous layer |
Concrete cover [mm] 4l
B 3
Diameter (du.dl) [mm] 10,0
Layer angle 0.000 |
LT [ lmyer on previous layer  ~
Concrete cover [mm] |layer on previous layer
Minimal concrete cover
el Eel gﬁ:rrucr:;nmem %?ei?nus dp
[ Position of reinforcement ... gistance from edge de
Posttion x [m] 0200
Posttion y [m] 0,200

Here is the description picture for all Types of cover. Turquoise line at the top represents 2D
member surface.

ce de

—— |

—
._EI. dp

&

Concrete cover (cu)

Shows or provides place for the input of cover value itself.

Basic distance

If the attribute User reinforcement from Basic data group is switched on, than Basic distance
parameter is active and user may define and edit its value. As it was mentioned before, it represents
axial distance between two reinforcement bars and it is defined only for every first reinforcement layer
in each direction. For other reinforcement layers in already defined direction software sets the same
value.

During reinforcement design only certain nhumber of reinforcement layers is being input. This
certain number equals to the number of defined directions. This means that if more reinforcement
layers are defined in one defined direction, then for design is being input:

0 Average concrete cover calculated from all reinforcement layers in that direction
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[
=

0 User reinforcement area calculated from the first reinforcement layer (after assigning
reinforcement layer to direction which has already one layer defined, it is possible to edit
only concrete cover of this new layer

The conclusion from this is that more layer reinforcement model may be substituted with only
one layer with adjusted value of concrete cover.

If average concrete cover value for upper or lower surface is equal or even bigger than half of
member thickness, design will not be possible and it will end up with Error 61 (General error in input
data).

3.1.5.3 Concrete minimal cover

Here in this group are parameters which influence the value of minimal cover calculated by the
software. It is also possible to define different parameters for upper and lower surface separately by
switching on attribute Input for side. User can edit Exposure and Abrasion classes, Type of concrete
and its surface, control attributes and values for determination of Delta;cdur.

20 member 51
Type Plate j
Advanced mode &
Basic data
Longitudinal
= [Minimal concrete cover |
Input for sides &
El Upper
Structural class 54
Exposure class XC3 hd
Abrasion class Mone hd
Type of concrete In-situ concrete hd
Special geometric contral d
Type of concrete surface Momail ﬂ
Concrete C12A5
Stone diameter (dg) [mm] 32
Special concrete quality cont... |0
cmin,dur [mm] 25
Delta;cdur [mm] 0
B Calculation of Delta:c...
Detta;cdur gamma [mm] 0
Delta:cdur st [mm] 0
Detta:cdur add [mm] 0
Lower
Creep coefficient
Position of reinforcement ...
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3.1.5.4 Creep coefficient

Here in this group are parameters for setting or influencing determination of creep coefficient.

20 member 51
Type Plate j
Advanced mode E

Basic data

Longitudinal

Minimal concrete cover

=
User defined creep coeff O
Creep coefficient [] 3.14
Relative humidity [%] 50
Load time [day] 280
Age of concrete [day] 1825.0
Start drying time [day] 1.0

Position of reinforcemen...

3.1.5.5 Position of reinforcement direction arrows

Only two parameters are in this group. By editing default values, user can move the location of
the direction arrow marks, along the 2D member or its sub region. It is not possible to set coordinates
out of the 2D member or sub region.

20 member 51
Type Plate |
Advanced mode (=
Basic data
_
= i
Position x [m] 0,200
Position v [m] 0,200

3.1.5.6 Action buttons

Just bellow all Member data attributes and parameters, there are two action buttons, which user
might sometimes find useful:

0 Load default values, which will restore default settings from global settings for
appropriate parameters such as, diameter, angle, etc.

0 Concrete Setup, which will open dialog with global settings, while items in this dialog are
filtered according to the member type and member check.

Load default values =
Concrete Setup -
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Parameters in member data, with the grey background, are parameters visible only when
Advanced mode is switched on.

3.1.3 Tips & tricks

3.1.3.1 Member data labels

If a Member data are defined for certain 2D member or its sub region, then graphical mark
(label) is displayed together with the arrows describing reinforcement directions and layers on the
member. Only name of the attribute is displayed by default (Concrete 2D data), but this description is
possible edit or modify in View parameters setting dialog. It might be accessed by:

o clicking by right mouse button on graphical window, and choosing item Set view
parameters for all

T8 Zoom all
Zoom by cut out

Set view parameters for all

Cursor snap setting

C& Print/ Preview table
[E Table to document

@& Print picture

Picture to document

B Picture to gallery

[ save picture to file

[ Copy picture to clipboard

B8 wired model in view manipulations

[5Gl Advanced graphic setup ...

[1? coordinates info

0 using an icon Fast adjustment of view parameters on whole model, which is above
command prompt, and selecting Setup dialog possibility

Structure

Labels

Model
Loads/masses
Concrete
Modelling/Drawing
Attributes

Misc.

Z
b Detailed on/off

’
AT EE R

v " W v v vy Vv Tw

After that View parameters setting dialog, affecting whole model, is displayed and user can find
parameters for concrete structure are in folder Concrete
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View parameters setting

Check / Uncheck group Lock position

| Structure | Labels | [&] Model | [&] Loads/masses

Concrete | tModelling/Drawing | B Atributes | hdisc. | [&] view

[H Check / Uncheck all

H Service

<

Display on opening the service
[ Concrete + reinforcement

Display

Member data

SaT detail data

<<

— ey Il b ol
Rl L L ) )

Display label

Narne

Iser defined reinforcement

Diameter

katerial

Corwer

Enwvironment class

N IS IS

Member data can be switched on or switched off by two ways:
0 by checking and unchecking check box Display label from dialog above

0 by selecting Concrete label button in Fast adjustment of view parameters on whole model

menu (see picture below)

Structure
Labels
Maodel

Loads/masses

IT Concrete + reinforcement
Modelling/Drawing 4 IT Concrete labels
»

Attributes
Misc.

4
4
4
4

Detailed on/off

- Setup dialo
ﬁ P g
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3.2 Member Design

3.21

Design properties layouts for Inner forces ULS, Member design ULS and Member design ULS +
SLS differs from chosen design and attributes selected by user.

Design properties

Inner forces ULS | ULS + SLS design |
MName | Member 20 - intemal forces... | Name | Member 2D - check cracks...
Selection Al _* || Selection Current j
Type of loads Load cases || Type of loads Class ﬂ
Load cases LC1 7| Class R -|
Filter No _~ || Fiter No hd
Averaging of peak O System Loca
Location In nodes, no avg. Tl Output Detailed ﬂ
Type values Basic magnitudes _* |l Show emors |
Standard O Show wamings E
Section O Print explanation of emors and w... B
Edge O Ise user scale isolinies =
Values e || User scale isolines User scale isolines -|
Extrame Global _* || Averaging of peak =
Drawing setup || Location 1 nodes, avg

ULS design Type values Required areas

Name | Member 2D - design - requir... | Reinforcement User reirforcement |
Selection All | Standard &
Type of loads Combinations | Section E
Combinations Co | Edge &
Fitter Mo w || Draw Ipright to element hd
System Loca ~ | Course Precise |
Qutput Brief ﬂ Yalues Arls hd
Show emors O Extreme Member |
Show wamings O Drawing setup .
Print explanation of emors and w... |0 Drawing setup 10 e
Ilze uzer scale isolinias O
Averaging of peak O
Location In nodes, no avg. ﬂ
Type values Required areas ﬂ
Reinforcement Required reinforcement ﬂ
Standard E
Section O
Edge O
Values As1- |
Extremea Global j
Drawing setup J

See description and possibilities for each of the attribute below.

3.2.1.1 Name

User is allowed to name the design. It might be very useful for better specification and
orientation, especially in document.

3.2.1.2 Selection

This attribute influences the total amount of members, which will be taken into the specific 2D
member design. There are four possibilities to be chosen from:

o All (all active 2D members will be designed)

o Current (only selected 2D members will be designed)
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o0 Advanced (user may define the selection more specifically with relation to previous
selection)

Selection for display of results

@ Use current selection
) Add current selaction to previous selection
0 Use previous selection

(©) Subtract current selection from previous selection

[ 04 ] [ Cancel ]

o Named selection (only 2D members from certain named selection, will be designed. new
attribute fiNamed sel properies)n o0 wi I I appear in the

3.2.1.3 Type of loads

By this attribute user defines the type of the load for design generation. There are three
possibilities to choose from:

o Combinations (user may choose from all combinations)
0 Load cases (user may choose from all load cases)

0 Class (user may choose from all result classes

In dependence on selected type of the load, new attribute Combination or Load cases or Class
will appear right under this attribute. User may select desired Combination. Load case or Class from
filtered list here.

Only Class load type is possible to select for ULS+SLS design.

3.2.14 Filter

It is possible to define filter for adjusting already selected type of selection. This will affect the
number of 2D members taken into the design. User may select one from six possibilities:

o No (no filter will be applied)
Wildcard (user may define the attributes for selection by himself)
Material (user may select specific material)

Layer (user may select desired layer)

O O o o

Thickness (user may define desired thickness)

Again, after selection one possibility a new appropriate attribute will be displayed right under, for
further selection.

3.2.1.5 System

This attribute defines used coordinate system. It is not possible to adjust this attribute. It is set to
Local.

3.2.1.6 Output

This parameter affects the appearance and detail level of table result, which may be shown
either in preview or in document. There are three predefined layouts, which will display different
number and types of parameters and results:
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o Brief

Member | elem Case A_, A, A Ao, A_,
[mm 2/m] [mm2/m] [mm2/m] [mm 2/m] [mm2/m2]
51 9| CO1 208 0 0 208 0
51 1(CO1 0 208 208 208 0
51 1{CO1 0 0 208 208 0
o0 Advanced
Member elem Case n1- z- E_ o o, LS L ey EW,
[KNim] [mm] [1e-4] [MPa] [MPa] | [mmzm] | [mm2m] | [mm2/m]
n2- X- €. Oz A, ez A, aun. A totaiz- EW,
[KNim] [mm] [1e-4] [MPa] | [mmZm] | [mm2m] | [mm2m]
S1 9({CcO1 0,77 154 2250 -092( 36522 0 208 208|103
0,14 1 20 0,00 0 0 01
51 1|co1 2345 152 0,0 0,00 0,00 0 0 01
490 0 0,0 0,00 0 208 208|103
S1 1|Cco1 50,85 151 0,0 0,00 0,00 0 0 01
5,19 0 0,0 0,00 0 0 0|1
0 Detailed
Member | elem Case ni- z- X- £ £ o, o, A A . A EMW,_
[kNim] | [mm] | [mm] | [1e<4] [1e4] [MPa] [MPa] | [mmZm] | [mm2m] | [mm2m]
S1 9|CO1 0,77 154 1 2250 20| 36522 -0,92 0 208 208|103
y Note

Output parameter may be defined only for Type values attribute set to Required areas.

3.2.1.7 Show Errors

If this attribute is active, then error marks with appropriate numbers will be displayed in the
graphic window after non successful design. More information about the error may be found in
Calculation info dialog, through Calculation info action button.

3.2.1.8 Show warnings

If this attribute is active, then warning marks with appropriate numbers will be displayed in the
graphic window after non successful design. More information about the warning may be found in
Calculation info dialog, through Calculation info action button.

3.2.1.9 Print explanation of errors and warnings

If this attribute is active, then table with all errors and warnings will be displayed in preview
window. In fact two tables will be displayed. The first one will display nhumber of error or warning for
each reinforcement type. The second one will display the error/warning description. This is the same
table as in Calculation info dialog.

3.2.1.10 Use user scale isolines

This feature enables the user to define own scale which will affect the view of the graphical
results. Simply said, user may define his own key points on the scale. This might be very helpful for
better orientation in used types and amounts of reinforcement. By switching this attribute on, another
attribute User scale isolines will appear right and user may define his scale through dialog shown
below:
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-
| Mame Uzer scale izolines
MHew level b ean
Chameter 14.0 0.0 0.1 14.0 i
Diztance 150 1] 1] 150 i
Aot 1026 1] 1] 1026 ™2
Copy ta legend ] [ Clear level ]
Legend
IJzer default reinforcement kean Az [mm™2)
14.0:150.0 +12.0-150.0 13.0-74.6 178024
14.0-150.0 + 12.0-300.0 133995 1403.24
14.0-150.0 + 12.0-450.0 1351120 1277.58
14.0-150.0 14.0-150.0 1026.25
Delete act.level ] [ Delete al ]

[ H]:4 ] [ Cancel ]

Where buttons:
Name Specifies the name of the user scale.

New level group in this group you can input a new level for the isolines palette. The level is
defined by the diameter of the reinforcement bar and by the distance
between individual bars. The program then calculates the area of
reinforcement and mean diameter and distance. One level can contain one
to three different diameters, each of them with a separate spacing.

Copy to legend when a new is defined, it can be added to the legend using this button. The
new level is positioned in the legend according to total reinforcement area
of the level.

Clear level this button clears all the edit boxes in the New level group.

Legend group this group displays the defined levels sorted according to the total area of

reinforcement in the level.
Delete active level if required, any defined level can be removed from the legend.

Delete this entire button clear the whole legend.
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When this User scale will be used, then the scale in the top right corner of the graphical window
will look like this:

As1- [mm*2/m]
14.0-150.0 + 12.0-150.0
14.0-150.0 + 12.0-300.0
14.0-150.0 + 12.0-450.0

14.0-150.0
0.0

, Note

User scale isolines feature may be used only for parameter Location set to In nodes, avg., and
for Type values set to Required areas only.

User may also use possibility to draw isolines together with labels. Together with export of the
slab picture it might be very useful to transfer these pictures to different CAD systems and reinforce
the entity using exported picture as reference layer. This might be used also for mesh reinforcement.

Also note that setting in 2D result display dialog will be overwritten to User scale isolines and
the possibility to choose differently type of result representation will be disabled. To change this, user
must deactivate possibility Use user scale isolines.

—
2D results display

Display
Userscale isolines
Ground walue
) ] |
Bl Lighting [[Use value
Draw isoline

Style

llsobands

lsobands style
|Filled

[[J1sohand contaurs

Local extrerns

Mane

Style
Textwith cross

Description colour ...

3.2.1.11 Averaging of peak
See more information about this feature in chapter 3.7 Averaging strip.
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3.2.1.12 Location

This parameter defines the location, where the design will be calculated. This is based on FEM
results. If user changes this attribute, then Scia Engineer needs to make internal calculation of design
forces. User may choose from four possibilities:

o In centres, (results represented in centre of gravity of each element, the design value for
design is calculated directly from no avg. values by arithmetic average)

o In nodes, no avg. (results represented in mesh nodes, for each element separately,
these are the main results which are base for all other design location possibilities)

o In nodes, avg., (results represented in mesh nodes, but on the opposite of no avg.
values, all values from all adjacent 2D members in each node are recalculated by Scia

Engineer before design and only one value for each node will be represented)

o In nodes, avg. on macro (the same as In nodes, avg. possibility with one important
difference. the recalculation is done only on each 2D member separately, this means that
one 2D member will not be influenced by another 2D member, also note that there might

be more same values)

We can show the differences of the designs for example on required reinforcement amount
(As1-) calculated on example from chapter ULS and ULS+SLS design, which will follow.

In centres

In nodes, no avg.

As1- [mm~2/m]
602

560
490
420
350
280
210

As1. [mm*~2/m]

733
600
500
400
300
200
100

0

In nodes, avg.

In nodes, avg. on mac

ro

As1- [mmA2/im]

618
430
400
320
240
160
a0
0

wm“ﬂm]

6§18
480
400
320
240
160
20
0
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3.2.1.13 Type values

By this attribute user may define the type of the value, he wants to be calculated and displayed.
User may choose from drop down menu, but content of this menu differs for Internal forces ULS,
Member design ULS and Member design ULS+SLS.

Internal forces ULS Member design ULS+SLS |
D ] Basic magnitudes ~ [ DTT ]| Maimal distances - |
Envelope Basic magnitudes Standard Required areas
Standard Section Reinforcement ratio
Maxdimal diameters

Member design ULS Edge e
Maximal distances
Reinforcement ratio > | Values Shear siresses

Standard Required areas Bxtreme Weight

(Weight |
Section Reinforcement ratio
Shear stresses
il

Basic magnitudes (magnitudes of inner forces from the FEM analysis)
Design magnitudes (magnitudes of forces used for member design)

Required areas (amount of reinforcement)

O O o o

Reinforcement ratio (this is the rate between amount of required reinforcement and
concrete area)

0 Maximal diameters (value of maximal reinforcement bar diameter, which might be used
for member design)

o0 Maximal distances (value of maximal distance between two reinforcement bars)
0 Shear stresses (design and carry capacity stresses in concrete)

o0 Weight (weight of the designed reinforcement)

3.2.1.14 Envelope

User may choose from two options here. He chooses from minimum and maximum envelope for
displaying.

] \[o] (]

This attribute is displayed only when Type of load attribute is set to Combination or Class.

3.2.1.15 Reinforcement
User may choose to design different types of required reinforcement area. There are four
possibilities user may choose from:
0 Required reinforcement (this is amount of reinforcement needed for successful member
design)

0 User reinforcement (this is amount of reinforcement defined by user. either practical
reinforcement already defined on 2D member or reinforcement defined by concrete
member data, when User reinforcement check box is active)

0 Additional reinforcement (this is a difference between amount of required reinforcement
and the amount of user reinforcement, said different way, this is reinforcement needed in
addition)

o0 Total reinforcement (this is larger value of required reinforcement or user reinforcement)
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Type values Required areas ;I
e ] Required reinforcement v

Standard Required reinforcement

Section |ser reirforcement

Edae Additional reinforcement

Ed

) Note ‘

This Reinforcement attribute is displayed only in Member design ULS or Member design
ULS+SLS, when Type value attribute is set to Required areas.

3.2.1.16 Standard

This attribute is used to determine where the design will be shown in the graphic window. When
this attribute is checked, then designed values will be displayed in the centres of the gravity of
selected 2D members.

3.2.1.17 Section

This attribute is used to determine where the design will be shown in the graphic window. When
this attribute is checked, then designed values will be displayed on predefined sections, which are
defined on selected 2D members.

3.2.1.18 Edge

This attribute is used to determine where the design will be shown in the graphic window. When
this attribute is checked, then designed values will be displayed on the edges of selected 2D
members.

3.2.1.19 Draw

This attribute defines the direction the designed values will be displayed. It is possible to select
one of the following possibilities:

Upright to element
Element plane
X direction

Y direction

O O O o o

Z direction

) Note ‘

This attribute is displayed only when possibility to draw designed values on Section or Edge is
checked.

Also note that to make this feature functional, user have to set attribute Draw for each 2D
section to ADraw si mil ar eass0O fpoors ssiebtitliintgy.i n secti on

3.2.1.20 Course

User may also define the way of interpretation of designed values. It is possible to choose from
three possibilities.

0 Precise (the precise interpretation based on mesh)
o Uniform (this will display the average value for whole edge)

o0 Trapezoidal (this will display trapezoidal progression of the value)
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0 \[o] (=] ‘

This attribute is displayed only when possibility to draw designed values on Section or Edge is
checked.

3.2.1.21 Values
This attribute defines the final value to be displayed. Content of this drop down menu differs on
selected design and attribute.

9 Internal forces ULS

Basic magnitudes | Design magnitudes
[11-9 *Inl- -
1+ nil-
my ne-

Moy nl+
W na+
vy nc-
o nc+
my vid

;

T —

, Where values
0 mx, my, mxy, vx, vy, nx, ny, nxy represent inner forces from FEM analysis
0 nl-, n2-, nl+, n2+, vd, nc+ and nc- represent design forces.

For more information about these values see chapter 3.2.2 Internal Forces ULS.

1 Member design ULS

Required areas Reinforcement ratio | Shear stresses | Weight |
As1- - | As 1- * \taul - | Mass - -
Asl- As percl- taulD Mass -

Asd- As percd- tauR1 Mass +
As1+ As percl+ Mass s
Pel+ As perc?+ Mass |
Asw Asw perc
|

, Where values

0 Asl-, As2-, Asl+, As2+ represents amount of longitudinal reinforcement for upper or
lower surface in certain direction. Asw value represents amount of shear
reinforcement. These amounts are designed for ULS state.

o As,perc(1/2,+/-) represents rate between amount of required longitudinal
reinforcement and concrete area. Asw,perc represents rate between amount of
required shear reinforcement and concrete area

o tauD represents shear stress in concrete, tauR is shear capacity of the concrete 2D
member with longitudinal reinforcement involved.

0 Mass (+/-) is the weight of the upper/lower reinforcement. Mass | is the total weight of
the reinforcement.
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0 Member design ULS+ SLS

Required areas Maximal diameters Maximal distances
Reinforcement ratio

[t  |ir1- ~ | sr1- ~
Ari- fr1- srl-

Ar2- fr2- sré-

Arl= fr1+ srl+

Ard+ fra+ ard+

Asw
|

, where values

0 Asl-, As2-, Asl+, As2+ represents amount of longitudinal reinforcement for upper or
lower surface in certain direction. Asw value represents amount of shear
reinforcement. These amounts are designed for SLS state.

o frl-, fr2-, fr1+, fr2+ are maximal possible reinforcement bar diameters

0 sril-, sr2-, srl+, sr2+ are maximal possible distances between two reinforcement bars
allowed

In Member design ULS+SLS is also possible to design Reinforcement ratio, Shear stresses
and Weight values. They are already displayed and described in Member ULS.

] \[o] (]

Numbers 1 and 2, eventually 3 indicates the direction of X axis and Y axis of selected 2D

me mber 6 s L GSand iMrmdicdtes positive and negative direction of Z axis of selected 2D
member ds LCS.

Also note that by selecting possibility More comp is user able to display more values at the
same time in the preview window or in the document.

3.2.1.22 Extreme

Simply said, this attribute defines what results to show in Preview window or document. User
may choose from three possibilities:

0 No (results for all elements will be displayed on selected 2D members)

0 Member (only elements with maximum results on each of selected 2D member will be
displayed)

0 Global (only elements with maximum results on selected 2D members will be displayed)
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3.2.1.23 Drawing setup

By selecting edit button for this parameter, a 2D results display dialog will be open. Here user
may specify the representation of design results on 2D member. We can split this dialog into a four
zones.

= w b
2D results display -_.

Display

Minimum and maximum setings ...

[Labelled izolines

Ground walue

[V Display mesh
[ Use value

[¥] Draw isoline

Surfaces with isolines

’Backgruund colour Local extrems

ILuc:aI minirmum and maximum

Style
’Autumatic palette values - rounded lTransparent description

l Advanced seftings ...

Description colour ...

o Display = red (here user may define the main type of 2D design representation, he may
choose to select one possibility from the list below)

Labelled isalings -

One colour
Smooth
Coloured meash
Izolines
lzobands

Labelled isolines

Mumbers

0 blue (where user may adjust type of representation selected in Display zone, the view of
this zone may differ consequently to each type)

o green (here user may define to show or not to show local extremes and their appearance)

o yellow (it is possible to adjust the range of the scale and user defined isolines)
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3.2.1.24 Action buttons

In the lower part of the Properties dialog are a few action buttons placed. User may find these
buttons very useful.

Calculation info
Concrete setup
Mew reinforcement
Export reinf. area to CAD program

Preview

e
-
-
>
e
-

0 Refresh (this button is probably most important from all of them. It will start the process of
design itself and it is needed to pres this button to refresh previous design results and to
get new results, based on chosen attributes)

o Calculation info (this button will open Calculation info dialog, where errors and warnings
related to the design are displayed together with their description)

B&| 150

v | O j default

and erros

for skhbs

No. Type

Description

1 |Warning

101 | Warning
103 | Warning
153 | Warning
200 | Warning

Calculafion successful There are no warnings or no errors.
Tension reinforcement.
Minimum construdive reinforcement superposing stafically required tension reinforcement

Minimum construdive reinforcement superposing statically required pressure reinforcement
Shear reinforcement is not required

_| Description
Show

ol

wamings and emors

List for

| For slabs

o Concrete setup (see more info in chapter 2.6 Concrete Setup action button)

o New reinforcement (see more info in chapter 3.6.2 New reinforcement)

o Export reinf. Area to CAD program (by pressing this button will be user asked to save
actual finished design to an *.ASF file, which might be loaded in others CAD program,
such as Allplan, for further reinforcement design)

o Preview (this button will open Preview window with tables containing results of finished
design, it might be also used for refreshing the results)

Preview ﬂﬁ
B&E |l Im0 m150% - Wi | T default - B
Member 2D - check cracks - required areas i
Linear calculation, Extreme : Member
Selection : Al =
Class : RC1 B
Required reinforcement
Reinforcement ratio for selected 2D member
Member | eem Case | Asperst. | Aspersz | Asperre | Aspersz | Auwpers | Asperaseter. | Asperosotere | Asperatoss
[ [ [ 154 4 4] 5]
51 17| RC1 5,00 5,00 0,00 0,26 000 10,00 0,26 10,26
s1 9|RC1 0,00 500 0,26 0,26 000 5,00 052 552
s1 1| RC1 0,00 0,00 0,26 026 000 0,00 0,52 052
@ Ready [en] ‘| i b i
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3.2.2 Internal Forces ULS

3.2.2.1 In general

In advance of design process itself, it might be useful to check inner forces, which will enter the
design. It is possible to do so in Inner forces ULS service in Concrete > 2D Member > Member design
> Internal forces ULS.

----- B Design defauls
L‘_I = 2D member
-~ Member data
L‘_l E] Mermber design
= ;@‘; Internal forces ULS
k= Member design ULS
----- E] Member design UL5+5L5
----- 4% Section on 2D member
----- #f Reinforcement 2D
E Averaging strip
-5 Punching
----- = Punching data
----- = Punching check
----- o= Mew free bars - Mew free bar

In this service are presented these types of inner forces, which might be changed through the
attribute Type value:

D ] Basic magnitudes - |
Envelope Basic magnitudes
Standard Im:—e-l agnitudes |

o Basic magnitudes (inner forces directly from FEM analysis, presented in local
coordinate system of appropriate 2D member)

o Design magnitudes (design forces in reinforcement, calculated for reinforcement
directions and design force in concrete compression strut)

As mentioned above, dimensional magnitudes are recalculated into reinforcement directions,
moreover in these values is torsion moment m,, also taken into a count. It is also possible to calculate
with influence of tension force caused by shear stress. This can be set in Concrete setup dialog with
attribute Shear effect control 6.2.3(7), under Concrete > ULS > Shear > 2D structures. This attribute
is possible to set three ways:

o0 No shear effect considered (tension force from shear stress will not be considered in
design forces calculation)

0 Shear effect considered in R2 (tension force from shear stress will be considered in
design forces calculation only on elements, where shear force is not covered by concrete
capacity, i.e. on elements, where shear reinforcement is needed)

0 Shear effect considered unconditionally (tension force from shear stress will be
considered in design forces calculation on all elements, nevertheless the shear
reinforcement is, or is not needed)
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=I- Standard EN Name tandard El
= Concrete B Concrete
= Design defaults Design defaults
- Concrete cover General
... 2D stuctures ElULS
5
= General General
B Shear
i Cancrete
Calculati E 2D structures
= a éu a IDnl Shear strut inclination cortral £.2.3 varable strut inclination method j
zgn?raci Shear effect control 6.2.3(7) [no shear effect considered -
..... SiuEires Construction joint no shear effect considered
= ULS SLS shear effect considered in SR 2
~General Detaiing provisions
= Shear Wamings and errors
- 20 structures

Tension force from shear stress is also dependent on inclination of shear strut. In Scia Engineer
it is possible to set two types of shear strut inclination calculation. This can be done in Concrete setup
dialog through attribute Shear strut inclination control 6.2.3, which is placed at the same location in

Concrete setup dialog as Shear effect control 6.2.3(7).

o Variable strut inclination method (inclination is calculated automatically and the aim is

to find minimal value of angle q, which lies in interval gmin and Qgmax, @and condition v4 O

Vrd.max IS true, This method optimises variable strut inclination to determine the minimal

amount of shear reinforcement)

o Fixed strut inclination method (with this method set, user defines the inclination by

defining angle g. Default value is set to 40 degrees.)

Values, which will be available in value list for Type values attribute set to Design magnitudes

depend on:

o Type of the structure set during definition of the project itself. For 2D members project is
possible to set three options, Plate XY, Wall XY and general XYZ.

o Layers in the centre attribute placed in 2D concrete data. If all 2D members in the project
have 2D concrete member data defined with attribute Layers in the centre active, then
only n1-, n2-, nc- values will be displayed the list of values in General XYZ project.

0o Number of reinforcement directions. If all 2D members have only 2 reinforcement

direction defined, then values with index 3 will not be displayed in the list of values.

Plate XY Wall XY General XYZ
Values More comp - Values Mare comp - Values More comp -
mi- E ni = nl- E
m2- | n2 | ne- &
m3- EH n3 & n3- H
mil+ | ne- & ni+ E
m2+ E nas E
m3+ (= ni+ |
me- E nec- E
mo+ E nc+ E
vd & vd (=

Description of the values above:

ml-,m2-m3-ml+,m2+ m3+

nl-,n2-,n3-,nl1+,n2+,n3+

Design bending moment in reinforcement direction 1,2 and 3 for
lower surface (-) or upper surface (+). These values are used for
reinforcement design.

Design normal force in reinforcement direction 1,2 and 3 for lower
surface (-) or upper surface (+). These values are used for
reinforcement design.
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nl,n2,n3 Design normal force in reinforcement direction 1,2 and 3 placed in
the centre of gravity of 2D member. These values are used for
reinforcement design.

mc-, mc+ Design bending moment in concrete compression strut for lower
surface (-) or upper surface (+), which must be covered by
concrete. If the concrete strut is not able to cover this moment,
design will end up with error message.

nc-, nc+ Design normal force in concrete compression strut for lower
surface (-) or upper surface (+), which must be covered by
concrete. If the concrete strut is not able to cover this force, design
will end up with error message.

nc Design normal force in concrete compression strut placed in the
centre of gravity of 2D member, which must be covered by
concrete. If the concrete strut is not able to cover this force, design
will end up with error message.

vd Resultant shear force, which takes effect perpendicular to 2D
member plane.

Upper and lower surface of 2D member is determined by the Z axis direction of local coordinate
system (LCS). Upper surface is in the positive direction of the Z axis and on the other hand Lower
surface is in negative direction of Z axis. Upper surface values are marked with + and lower values are
marked with -.

3.2.2.2 Tips & tricks

3.2.2.2.1 Inner forces in Result tree

It is possible to check inner forces directly in Results through Member 2D T Internal Forces item.
Here, user can also view design magnitudes, if attribute Type of the force is set to Elementary design
maghnitudes possibility.

------ i Deformed Structure

& Supports

* 20 Members
% Displacement of nodes

[g Member 2D - Internal Forces |

] 4 Member Z0- 5Tresses

= 45 section on 2D member
-4 Integration strip

g Averaging strip
-] Bill of material

- Caleulation protocol
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Elementary design magnitudes in tree Results are determined differently than in Concrete tree.
The difference is that Elementary design forces are reached for X and Y axis of local coordinate
system of the 2D member, not for reinforcement directions as it is done for determination of design
magnitudes in Concrete tree. In Elementary design forces is also torsion moment m,, taken into a
count, however tension force from shear stress is not. These Elementary design forces might be used
only for presentation. For design of the amount of reinforcement are Design magnitudes from
Concrete tree used.

Values displayed in value list, when attribute Type forces is set to Elementary design
magnitudes possibility are only dependent to type of the structure set during definition of the project
itself. For 2D members project is possible to set three options, Plate XY, Wall XY and general XYZ.

Plate XY Wall XY General XYZ

Walues Mare comp ﬂ Values More comp j Values Mare comp j
m [+ H D & oD+ 3]
my D+ & ryD & myD+ &
meD+ [ ncD H mcD+ =
me - H meeD- H=
myD- & myD- &
mcD- & mcD- &

rocD) &

ryD &

ncD &=

Description of the values above:

mxD+, mxD- Design bending moment in X axis direction of local coordinate
system (LCS) for lower surface (-) or upper surface (+).

myD+, myD+ Design bending moment in Y axis direction of local coordinate
system (LCS) for lower surface (-) or upper surface (+).

nxD+, nxD- Design normal force in X axis direction of local coordinate system
(LCS) for lower surface (-) or upper surface (+).

nyD+, nyD+ Design normal force in Y axis direction of local coordinate system
(LCS) for lower surface (-) or upper surface (+).

mcD+, mcD- Design bending moment in concrete compression strut for lower
surface (-) or upper surface (+), which must be covered by concrete.

ncD-, ncD+ Design normal force in concrete compression strut for lower surface
(-) or upper surface (+), which must be covered by concrete.

Upper and lower surface of 2D member is determined by the Z axis direction of local coordinate
system (LCS). Upper surface is in the positive direction of the Z axis and on the other hand Lower
surface is in negative direction of Z axis. Upper surface values are marked with + and lower values are
marked with -.
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3.2.2.2.2 Comparison of design inner forces in Concrete and Results trees
Design inner forces magnitudes, in Concrete tree and Results tree, have same values only

when on selected 2D member:

o has only two reinforcement directions defined and are perpendicular to each other

o is first reinforcement direction angle is identical with the value of rotation, defined in
properties of Member 2D i Internal Forces, in Results tree.

Member Data in Concrete tree

Member 2D - Internal Forces in Results tree

H Basic data
Type of reinforc... | Orthogonal

Type of cover use minimal cover
Different layers ... O

User reinforcem... O
User input thick... O

Main reinforcem... | B 4004
Shear reinforce... | B 4004

B Longitudinal

First direction an... | 0,00
Mumber of reinfo... 2

Name 20 member - Intemal forces
| Selection Al
= Type of loads Load cases
"~ Load cases LC1
Fitter MNa
System Local
- Rotation [deq] | 0,00
- Averaging of peak O
Location In nodes, no avg.
Type forces Basic magnitudes

El

Lelelele]

Lele

o influence of tension force is not considered for shear reinforcement,. That means that for
attribute Shear effect control 6.2.3(7) is set to no shear effect is considered possibility
in concrete setup dialog

=- Standard EMN

= Concrete

= Design defaults

Cancrete cover
.20 structures
- General
Caoncrete
= Calculatian

... 2D structures
= LILS
General
= Shear

20 structures

. Construction joint
= Detailing provisions
20 structures and slabs
Warnings and errors

Name
Bl Concrete
Design defaults
General
B uLs
General
Bl | Shear
B 2D structures
Shear strut inclination control £.2.3 varable stntt inclination method
no shear effect considered
Construction joint
Detailing provisions
Wamings and emors

Comparison of results in Results and Concrete trees will be done for type of the structure Plate
XY. Structure is simple 2D concrete member, which diameters are 6 x 8 meters with thickness 200
mm. It has defined concrete C25/30 and it is supported on three sides. It is loaded with constant
surface load of 10kN/m? .No member data are defined on this 2D member.

48



3.2.2.2.2.1 Two perpendicular reinforcement directions, identical with X and Y
axes of LCS

First direction angle in Member data is set to 0 (zero) degrees and Rotation attribute in 2D
Members i internal Forces properties in Results tree is 0 (zero) as well. Influence of tension force is
not considered for shear reinforcement. That means that for attribute Shear effect control 6.2.3(7) is
set to no shear effect is considered possibility in concrete setup dialog.

Reinforcement and LCS directions | Member 2D - Internal Forces attributes
Mame 20 member - Intemal forces
Selection Al ;l
Type of loads Load cases Rd
Load cases LC1 |
Fitter Mo |
System Local ;|
Ruotation [deq] 0.00
Averaging of peak O
Location In centres ;l
Type forces Blemertary design magnitudes |

Graphical comparison of moment for lower surface for direction 1 (direction of X axis of LCS)

Results, moment mxD- Concrete, moment m1-

s mxD- [kNm/m] m1- [kNm/m]
21.79 21.79

21.00 21.00

18.00 18.00

15.00 15.00

12.00 12.00

.00 9.00

6.00 6.00
3.00 3.00

-0.00
n.00

-0.00
n.00
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Numerical comparison of moment for both surfaces and directions for elements 1-24 (half of the

2D member)
Moments Results tree Concrete tree
Case | Elem. | mxD- | myD- | mcD- | mxD+ | myD+ | mcD+ m1l- m2- mc- ml+ m2+ mc+
LC1 1 0 537 | -15,73 | 17,04 8,78 | -15,46 0 5,37 | -15,73 | 17,04 8,78 | -15,46
LC1 2 15,32 | 19,72 | -34,61 | 19,29 | 14,89 | -34,61 | 15,32 | 19,72 | -34,61 | 19,29 | 14,89 | -34,61
LC1 3 20,37 | 24,31 | -37,97 17,6 13,66 | -37,97 | 20,37 | 24,31 | -37,97 17,6 13,66 | -37,97
LC1 4 20,38 | 25,18 | -35,29 | 14,91 | 10,11 | -35,29 | 20,38 | 25,18 | -35,29 | 14,91 | 10,11 | -35,29
LC1 5 18,58 | 25,07 | -31,73 | 13,16 | 6,67 | -31,73 | 18,58 | 25,07 | -31,73 | 13,16 | 6,67 | -31,73
LC1 6 16,58 | 25,62 | -30,36 | 13,78 4,74 | -30,36 | 16,58 | 25,62 | -30,36 | 13,78 4,74 | -30,36
LC1 7 0 -2,47 | -27,44 | 32,06 9,85 | -11,99 0 0 0 32,06 9,85 | -11,99
LC1 8 7,47 18,18 | -27,91 | 20,45 9,74 | -27,91 | 7,47 18,18 | -27,91 | 20,45 9,74 | -27,91
LC1 9 18,85 | 27,48 | -31,53 | 12,68 4,05 | -3153 | 18,85 | 27,48 | -31,53 | 12,68 4,05 | -31,53
LC1 10 21,79 | 32,58 | -29,65 | 5,42 0 -30,14 | 21,79 | 32,58 | -29,65 | 5,42 0 -30,14
LC1 11 20,33 | 35,78 | -26,79 | 1,07 0 -30,4 | 20,33 | 35,78 | -26,79 | 1,07 0 -30,4
LC1 12 16,07 | 38,62 | -25,51 | 2,98 0 -32,16 | 16,07 | 38,62 | -25,51 | 2,98 0 -32,16
LC1 13 0 -5,77 | -38,35 | 41,67 9,81 -7,36 0 0 0 41,67 9,81 -7,36
LC1 14 0 11,56 | -17,98 | 19,42 4,57 | -17,63 0 11,56 | -17,93 | 19,42 4,57 -17,63
LC1 15 13,87 | 24,57 | -20,49 3,7 0 -21,66 | 13,87 | 24,57 | -20,49 3,7 0 -21,66
LC1 16 19,31 | 32,66 | -19,57 | -5,33 0 -27,06 | 19,31 | 32,66 | -19,57 0 0 0
LC1 17 18,47 | 38,52 | -17,79 | -6,91 0 -32,3 | 18,47 | 38,52 | -17,79 0 0 0
LC1 18 12,78 | 43,14 | -16,85 | -2,31 0 -36,76 | 12,78 | 43,14 | -16,85 0 0 0
LC1 19 0 -7,29 | -44,11 | 45,31 8,56 -2,47 0 0 0 45,31 8,56 -2,47
LC1 20 0 4,7 -13,69 | 15,23 0 -6,25 0 4,7 -13,69 | 15,23 0 -6,25
LC1 21 7,2 18,76 | -7,07 -2,85 0 -16,04 7,2 18,76 | -7,07 0 0 0
LC1 22 14,1 | 28,37 | -6,82 | -10,23 0 -25,43 | 14,1 | 28,37 | -6,82 0 0 0
LC1 23 13,95 | 35,89 | -6,22 | -10,54 0 -33,08 | 13,95 | 35,89 | -6,22 0 0 0
LC1 24 7,78 | 41,62 | -587 | -4,62 0 -38,9 | 7,78 | 41,62 | -587 0 0 0

It is obvious from the table, that design forces are identical in both trees.
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3.2.2.2.2.2 Two perpendicular reinforcement directions, identical with X and Y
axes of LCS, shear effect considered
Same settings as in previous chapter will be used here with one exception. Influence of tension

force is considered for shear reinforcement. That means that for attribute Shear effect control 6.2.3(7)
is set to shear effect considered unconditionally possibility in concrete setup dialog.




Graphical comparison of moment for lower surface for direction 1 (direction of X axis of LCS)

Concrete, moment m1-

Results, moment mxD-
|| mxD- [kNm/m]

2178

21.00 I

18.00 |

m1- [kNm/m]
21.52

21.00 I
18.00 4

Numerical comparison of moment for both surfaces and directions for elements 1-24 (half of the

2D member)
Moments Results tree Concrete tree
Case | Elem. | mxD- | myD- | mcD- | mxD+ | myD+ | mcD+ m1l- m2- mc- ml+ m2+ mc+

LC1 1 0 5,37 | -15,73 | 17,04 8,78 | -1546 | 1,14 12,19 | -19,1 | 16,11 | 10,66 | -11,83
LC1 2 15,32 | 19,72 | -34,61 | 19,29 | 14,89 | -34,61 | 16,36 | 19,66 | -34,49 | 20,44 | 14,96 | -34,73
LC1 3 20,37 | 24,31 | -3797 | 17,6 | 13,66 | -37,97 | 20,01 | 25,22 | -36,8 | 18,42 | 15,74 | -39,14
LC1 4 20,38 | 25,18 | -35,29 | 14,91 | 10,11 | -35,29 | 20,09 | 27,35 | -34,63 | 15,29 | 12,94 | -35,95
LC1 5 18,58 | 25,07 | -31,73 | 13,16 6,67 | -31,73 | 18,47 | 27,86 | -31,52 | 13,27 9,68 | -31,95
LC1 6 16,58 | 25,62 | -30,36 | 13,78 4,74 | -30,36 | 16,7 31,28 | -30,59 | 13,66 | 10,15 | -30,12
LC1 7 0 -2,47 | -27,44 | 32,06 | 9,85 | -11,99 0 136 | -2555 | 33,34 | 898 | -6,64
LC1 8 7,47 | 18,18 | -27,91 | 20,45 | 9,74 | -27,91 | 10,84 | 18,74 | -28,88 | 22,85 | 9,33 | -26,95
LC1 9 18,85 | 27,48 | -31,53 | 12,68 | 4,05 |-31,53 | 19,83 | 27,09 | -30,23 | 14,96 | 4,95 | -32,82
LC1 10 21,79 | 32,58 | -29,65 | 5,42 0 -30,14 | 21,52 | 32,98 | -28,07 | 8,29 0 -31,29
LC1 11 20,33 | 35,78 | -26,79 | 1,07 0 -30,4 | 20,08 | 37,19 | -26,18 | 2,19 0 -29,74
LC1 12 16,07 | 38,62 | -25,51 | 2,98 0 -32,16 | 16,42 | 42,86 | -26,16 | 3,76 0 -28,99
LC1 13 0 -5,77 | -3835 | 41,67 | 9,81 | -7,36 0 0 0 4564 | 854 | -3,65
LC1 14 0 11,56 | -17,93 | 1942 | 457 |-17,63 | 2,78 | 13,57 | -18,56 | 23,08 | 4,16 | -16,69
LC1 15 13,87 | 24,57 | -20,49 | 3,7 0 -21,66 | 16,19 | 24,35 -20 6,64 0 -22
LC1 16 19,31 | 32,66 | -19,57 | -5,33 0 -27,06 | 19,92 | 32,35 | -18,31 0 0 0
LC1 17 18,47 | 38,52 | -17,79 | -6,91 0 -32,3 | 18,27 | 38,92 | -16,98 0 0 0
LC1 18 12,78 | 43,14 | -16,85 | -2,31 0 -36,76 | 13,31 | 45,87 | -17,74 0 0 0
LC1 19 0 -7,29 | 4411 | 4531 | 8,56 | -2,47 0 0 0 51,31 | 7,98 | -1,19
LC1 20 0 47 | -13,69 | 15,23 0 -6,25 0 524 | -948 | 19,71 0 -5,98
LC1 21 7,2 18,76 | -7,07 | -2,85 0 -16,04 | 10,16 | 18,7 | -6,95 | 0,18 0 -16,07
LC1 22 14,1 | 28,37 | -6,82 | -10,23 0 -25,43 | 15,52 | 28,19 | -6,4 0 0 0
LC1 23 13,95 | 35,89 | -6,22 | -10,54 0 -33,08 | 14,18 | 35,77 | -5,73 0 0 0
LC1 24 7,78 | 41,62 | -5,87 | -4,62 0 -389 | 849 | 4269 | -6,72 0 0 0

It is obvious from the table, that design forces are different in both trees. It is due to the fact that
considered. In this case it is necessary to make

in Concrete tree is tension force from shear stress

check of inner forces only in Concrete tree.
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3.2.2.2.2.3 Two perpendicular reinforcement directions, rotated with 45 degrees
according to the LCS

First direction angle in Member data is set to 45 degrees and Rotation attribute in 2D Members
T internal Forces properties in Results tree is 45 degrees as well. Influence of tension force is not
considered for shear reinforcement. That means that for attribute Shear effect control 6.2.3(7) is set to
no shear effect is considered possibility in concrete setup dialog.

Reinforcement and LCS directions

Member 2D - Internal Forces attributes

Mame 20 member - Intemal forces

Selection Al ;l
Type of loads Load cases ;l
Load cases LC1 ;l
Fitter Ma ;l
System Local ;l
Rotation [deg] | 45,00

Averaging of peake O

Location In centres ;l
Type forces Elementary design magnitudes j

Graphical comparison of moment for lower surface for direction 1 (direction of X axis of LCS)

Results, moment mxD-

Concrete, moment m1-

mxD- [kNm/m]
43.14

42.00

35.00
30.00
24.00
18.00
12.00

.00
-0.00
-5.00

-11.83

m1- [klm/m]

43.14

40.00

35.00
30.00

25.00

20.00

15.00

10.00

5.00

0.00
0.00

Numerical comparison of moment for both surfaces and directions for elements 1-24 (half of the

2D member)
Moments Results tree Concrete tree
Case | Elem. | mxD- | myD- | mcD- | mxD+ | myD+ | mcD+ m1l- m2- mc- ml+ m2+ mc+
LC1 0 17,04 1,58 -8,25 0 17,04 1,58 -8,25
LC1 2 0 17,37 0 -17,8 0 17,37 0 -17,8
LC1 3 0 15,8 0 -22,52 0 15,8 0 -22,52
LC1 4 0 12,76 0 -23,03 0 12,76 0 -23,03
LC1 5 0 10,39 0 -22,3 0 10,39 0 -22,3
LC1 6 0 10,23 0 -22,07 0 10,23 0 -22,07
LC1 7 0 32,06 | 20,07 | -22,21 0 32,06 | 20,07 | -22,21
LC1 8 0 17,33 0 -15,06 0 17,33 0 -15,06
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LC1 9 0 25,39 | -10,6 9,17 0 -23,97 0 25,39 | -10,6 9,17 0 -23,97
LC1 10 2,92 | 32,58 | -10,79 | 3,54 0 -28,25 | 2,92 | 32,58 | -10,79 | 3,54 0 -28,25
LC1 11 8,99 | 3578 | -15,45| 0,86 0 -30,18 | 8,99 | 35,78 | -15,45 | 0,86 0 -30,18
LC1 12 13,11 | 38,62 | -22,55 | 2,82 0 -31,99 | 13,11 | 38,62 | -22,55 | 2,82 0 -31,99
LC1 13 0 -8,52 | -35,6 | 41,67 | 34,31 | -31,86 0 0 0 41,67 | 34,31 | -31,86
LC1 14 0 10,22 | -16,59 | 19,42 18 -14,85 0 10,22 | -16,59 | 19,42 18 -14,85
LC1 15 4,08 | 24,57 | -10,7 2,76 0 -20,71 | 4,08 | 24,57 | -10,7 2,76 0 -20,71
LC1 16 13,09 | 32,66 | -13,36 | -4,69 0 -27,7 | 13,09 | 32,66 | -13,36 0 0 0
LC1 17 20,73 | 38,52 | -20,05 | -7,18 0 -32,03 | 20,73 | 38,52 | -20,05 0 0 0
LC1 18 26,29 | 43,14 | -30,36 | -2,87 0 -36,2 | 26,29 | 43,14 | -30,36 0 0 0
LC1 19 0 -11,93 | -39,47 | 45,31 | 42,84 | -36,75 0 0 0 45,31 | 42,84 | -36,75
LC1 20 1,02 7,01 |-17,01 | 1599 | 10,01 | -17,01 | 1,02 701 |-17,01 | 1599 | 10,01 | -17,01
LC1 21 11,69 | 18,76 | -11,55 | -3,34 0 -15,55 | 11,69 | 18,76 | -11,55 0 0 0
LC1 22 21,55 | 28,37 | -14,27 | -12,02 0 -23,63 | 21,55 | 28,37 | -14,27 0 0 0
LC1 23 29,67 | 35,89 | -21,95 | -13,87 0 -29,75 | 29,67 | 35,89 | -21,95 0 0 0
LC1 24 35,75 | 41,62 | -33,84 | -7,24 0 -36,29 | 35,75 | 41,62 | -33,84 0 0 0

It is obvious from the table, that design forces are identical in both trees. It is due to the fact that
only two perpendicular reinforcement directions are defined and first reinforcement direction angle is
identical with rotation angle defined in 2D Member T Internal Forces attributes, in Results tree. If
different reinforcement direction angles would be defined in 2D Member data for lower and upper
surfaces, then results in Results tree must have been recalculated separately for each surface.

3.2.2.2.2.4 Two non-perpendicular or three reinforcement directions,

Three angles of 0, 45 and 90 degrees are defined in Member data, Rotation attribute in 2D
Members T Internal Forces, in Results tree, hasO (zero) value. Influence of tension force is not
considered for shear reinforcement. That means that for attribute Shear effect control 6.2.3(7) is set to
no shear effect is considered possibility in concrete setup dialog

Reinforcement and LCS directions |  Member 2D - Internal Forces attributes

MName 20 member - Intemal forces
Selection All hd
Type of loads Load cases hd
Load cases LC1 hd
Fitter MNa hd
System Local hd
Rotation [deg] 0.00
Averaging of peak |0
Location In centres hd

’ Type forces Elementary design magnitudes hd
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Graphical comparison of moment for lower surface for direction 1 (direction of X axis of LCS)

Results, moment mxD- Concrete, moment m1-
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In this case results will be different in both trees. Results in Resulttreec an 6t be Afi xedin
rotation or by adjusting Rotation attribute. General transformation would must have been used .In this
case it is necessary to make check of inner forces only in Concrete tree.

3.2.2.2.3 Determination of design inner forces in Results and Concrete tree

As it was mentioned before, different methods are used for determination of design inner forces
in these two trees. For determination of design values in Results tree is used method described in
literature [2], while method described in literature [3] is used for determination of design values in
Concrete tree. Demonstration of this determination will be presented on the same structure as was
used in chapter 3.2.2.2.2.1. It will be done for element number 10, where is the moment m1- (mxD-)

has the largest value.

3.2.2.2.3.1 Determination of design inner forces in Results tree
Value Conditions and formulas Calculation
(1) mx+ |mx)* if mx¢ my and mx2 - |mx>* mx =6,96 kNm < my = 17,75 kNm
mx =6,96 kNm > -|mxy| = -14,83 kNm
(2) mx+|mxy if mx>myand my2 -|mxy | my=17.75 kNm > -|mxy| = -14,83 kNm
mxD- 1 (3) 0 if MX¢ my a mx< - |mxy Condition (1) fulfilled, then:
mxy? | mxD- = mx +|mxy| = 695+ |- 1483
(4) mx+ my if mx>myand my<-|mxy | _ - 21,78 kKNm
1)y mv+m if mMx¢ myand mx2 -m mx =6,96 kNm < my = 17,75 KNm
(Lymy | X)* y | X)* mx =6,96 kNm > -|mxy| = -14,83 kNm
m m IT MX=>Mmyand m -m my =17. m > -|mxy| = -14, m
(2) my+ if mx> d my?2 17.75 kN 14,83 kN
myD- (3) my+ mXYZ it mx¢ my and mx< - |mX)* Condition (1) fulfilled, then:
Imx myD- = my +|mxy| =17,75+|- 1483
40 if mx>myand mx<-|mxy |MyD-=32,58 kNm
(1)- 2% |mxy it mx¢ myand mx2 -|mxy | Mx=6,96 kNm <my =17,75 kNm
mx =6,96 kNm > -|mxy| = -14,83 kNm
. (2)- 2* mxy if mx>myand my? -|mxy | my =17.75 kNm > -|mxy| = -14,83 kNm
mxyz : Condition (1) fulfilled, then:
B)ymx- —— if mMx¢ my and mx<-/m : » HETL
mx Iy meD- =-28mxy| = -2 1489
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mxf mcD- =-29,66 kNm

(4)ymy- ——>— if mx>my and mx< - |mxy
my

(1) - mx+|mx3{ it mx¢ myand my¢ |mx3{ mx =6,96 kNm <my =17,75kNm

mx = 6,96 kNm < |mxy| = 14,83 kNm

(2)- mx+|mxy if mx>myand mx¢|mxy |[my=17.75kNm > |mxy]| = 14,83 kNm

m . . .
mxD+ (3)- mx+ Xyz if mx¢ my and my>|mX)f Condition (3) fulf|lled2, then: )
m -
| j me+:-mx+me :-6,96+ﬂ
40 if mx>my and mx>|mxy |my/ 1775
mxD+ = 5,43 KNm
1)- mv+|mxv ifmx¢ my and mve |m mx =6,96 kNm < my = 17,75 kNm
@) y | X* y y | X* mx =6,96 kNm > -|mxy| = -14,83 kNm
(2)- my+|mxy if mx>myand mx¢|mxy | my=17.75 kNm > -|mxy| = -14,83 kNm
myD+ | (3) 0 it Mx¢ my and my>|mxy | condition (3) fulfilled, then:

mxyz myD+ =0 kNm
(4)- my+——"— if mx>myand mx>|mxy

[m

mx =6,96 kNm > -|mxy| = -14,83 kNm
(2)- 2* mxy if mx>my and mx¢ |mxy my =17.75 kNm > -|mxy| = -14,83 kNm
m iti i :
meo+ | @- my- ™Y it mxe my and my> mxy | Condition () uffled, ten 2
m -
‘ j mcD+ = - my - mxy =- ]_7,75- ﬂ
|my/ 17,75
mxy’
(4)- mx- ‘m* if MX>myand mx> |mX)* mcD+ = 30,14 kNm
3.2.2.2.3.2 Determination of design inner forces in Concrete tree

According to this method basic inner forces and their directions must be determined first. In Scia
Engineer are these magnitudes presented in Results in 2D Members i Inner forces item, if the type of
the value is selected to Basic magnitudes possibility.

Value Formulas Calculation
Determination of effective height and lever arm. d, = dyp= 200-45 = 155mm
z z=0,9d z=0,9-d =0,9-155=
=139,5mm
Determination of normal forces for lower and upper Nyup = -49,89kN
surface in LCS Ny.up = -127,24kN
my oy Nyy.up = 106,38kN
n Nup =~ T 5 M Neio = 49,89kN
x,Jo(up) z 12 M=+ =127,24kN
Ny.lo(up) . z 2 Mylo = y
Nxy,lo(up) - _E + i m, n, 1o = -106,38kN
ﬂ}.-_up ' z 2 TS A
n}'.ln z 2
Ty | Ty Mpy Oy
Tyup T T T Mylo= Tt
Determination of principal forces for lower surface Ny = 201,7 KN
Ny o = -24,55 kN
N1loup) 0 - Pxlo ¥ fylo n _l‘fl _ ':.: + 4 2 Nyup = 24,55 kN
N2 lo(up) 1o - 3 5y Pxlo ™ fylo, e o Na,up = -201,37 kN
C Mxle Tyl 1 2 2
] L P e
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Determination of principal forces directions L:,l.O =-55 deg
0go = | |(43deg) F nygq —nyge =04 g e > 0 Up = 35 deg
(—#3deg) i ngjy —nyge= 0y <0
(Odeg) i nyjo— Ay = 04 gyge=0
Ulowp) | Enxg,-'.ln 3
atan_ — |
Wxlo T Bylo )
3 if 1y, = T 0
[ Mg 3
atan_ _— |
Lxlo T Bylo ) .
3 — Hdeg if gy - nyge <0
. Determination of compression strut angle in concrete. The L:Ac,.o: 45deg
Uc.lowpy | @ngle of compression strut is optimised to allow the Ucup = 129deg
smallest force in compression strut.
Determination of angle between the reinforcement L:JHO =0 - (-55) = 55deg
direction and the direction of principal forces. W0 = 90 - (-55) = 145deg
- Utio = U0 - Uo Usjo = 45 - (-55) = 100deg
Uj,lo(up) ':JZJO = U’Z,Io - 90 ':Jl,up =0-35=-35deg
Wsio = Ucio - Uo EJZ,up =90 - 35 = 55deg
Usup = 129 - 35 = 94deg
Determination of design f o1 n:.=156,2kN
direction, i.e. in direction of compression strut. Baumann n,. =233,5 kN
transformation formula, adjusted for two reinforcement Ne. =-212,6 kN
directions, is used. ny. =39 kN
‘ o o i o n,. =-0,09 kN
5 en OEIF DEIRF i AlNG AlG Nes =-216,03 kN
OBTs | s VHIF | &
Nj-(+) S S
: €r OBET; DETR &5 ANG ATG
OETy | 5 VET: | ;i
s ¢ p DET, DET; &5 ANG AlG
OBTw | 7 VBETF | s
While type of the structure is set to Plate, design forces my. = 21,79 KNm
will be transformed into moments by formula m,. = 32,58 kNm
m,. =-29,66 kN
m m=n-z my+ = 5,44 KNm
j () My, = -0,014 KNm
mc. =-30,14 kN

Formulas in the tables are usually named for lower surface only, but same formulas with
changed indexes stands good for the upper surface.

3.2.2.2.4 Determination of design inner forces for General XYZ structure

Normal forces in reinforcement and compression strut directions for both surfaces are presented
when structure type is set to General XYZ possibility. Sometimes, for further checks, it is necessary to
replace these normal forces with the effect of moment and normal force, which are located in the
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