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Introduction

SCIA Engineer 15 brings a completely new solution for 1D concrete members. New technologies of the
Open design, powered by our SCIA Design Forms platform, have allowed for a complete revision of the
design and checking of reinforced concrete 1D members. This allows us the use of all well known
features of this platform such as very nice and detailed layouts of calculation, using equations in output
etc. Beside this, we offer more - rearrangement of the service tree, new concrete setup and member
data and a couple of new checks. The described solution works for all kind of shapes of non-
prestressed cross-section (e.g. with holes) subjected to all types of loading (e.g. biaxial shear
combined with torsion). Generally this new module provides the following advantages:

e high performance - design and checks run very fast using a parallel process providing results
in a very small calculation time

e transparency - detailed output enables to verify each intermediate steps of check using
formulas with values and proper units; assisting in dealing with EN 1992-1-1

e dynamic figures - drawing of stress-strain state of cross-section, reinforcement pattern or
interaction diagram

e smart settings - new revised global and member settings, including 'quick search' function
e general solution
» supporting interaction of all internal forces (N, My, M,, Vy, V,, T)

e supporting arbitrary cross-section shapes including openings & arbitrary reinforcement
positions

e revised and updated generic functions for design & checking of reinforced concrete columns &
beams

e code compliance - supporting compliance with EN 1992-1-1:2004/AC:2010-11, corrigendum
including National Annexes (currently 18 NA’s)

The revised design and checks functions are developed within the SCIA Design Forms environment.
This platform is linked as post-processor to SCIA Engineer. The new reporting style makes use of its
advantages regarding the presentation of results. Next to text and tabular output, also formulas, code
references, dynamic images and diagrams are included to increase the insight in the calculation!

The Concrete Toolbox is the new 'calculation heart', used by SCIA Design Forms. It contains a set of
code-independent functions for the design and checking of reinforced concrete members. It makes use
of advanced generic algorithms, however in full compliance with e.g. the Eurocode assumptions. This
means they are valid for arbitrary cross-section shapes and reinforcement positions. They also support
the interaction of any mixture of internal forces (N, My, M,, V, V,, T).
There are also some limitations. New concrete checks do not support the following items:

e numerical cross-section

e cross-section with more components

e phased cross-section

e member or cross-section with different material than concrete material — composite cross-
section

» different reinforcement materials in one section
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Concrete in SCIA Engineer 15

The new version of the Concrete module is placed in a completely different part of the main program
tree. This module is situated in the new command ‘Concrete 15’ in the tree.

Main nx
----- Project

1:!:# Line grid and storeys

..... & BIM toolbox

P Structure

&l Load

H-4Z Load cases, Combinations
2] Design groups

EEI"' Calculation, mesh

-JFE] Integrated Design Forms
..... T Concrete

..... . Concrete 15

..... Engineering report
& Drawing Tools

EEI---ﬁ Librraries

Eg.--}% Tools

Nevertheless, the existing old solution for concrete design and check is still available. The functionality
of existing concrete checks is activated in Project data - Functionality - Old concrete checks.

Basic data | Functionality  Actions Protection

|-|.|| ||| I|-| y 2 =
Scla | Monlinearity |

Enginear

Stability i

Climatic loads

Prestressing =

Pipelines
Structural model
BIM properties

Pararneters

Mabile loads £
Automated GA drawings ET

LTA - load cases [

External application checks E

Slabs with void formers
Property modifiers
Bridge design

Document

Hd concrete checks &

E Concrete
Fire resistance

Hollow core slab

|| Cancel




When we go into the concrete tree we can also see a completely different arrangement of the tree. The
concrete tree is split into four parts:

e Settings - global and local settings

Concrete 15 o x o0 Concrete settings (structure)

o0 Reinforcement drawing settings
Concrete settings (structure)

I Reinforcement drawing setting
=Bl Setting per member = 1D member data

5 1D member data = 1D buckling data

------ (% 1D buckling data
=71 Reinforcement design - 10 members * Reinforcement design - 1D members
---- ¥ Internal forces
""" [qu Slenderness
""" Reinforcemnent design 0 Slenderness
= G Reinforcement input+edit
=11 1D members

-8 Mew reinforcement

0 Settings per member

o Internal forces

o0 Reinforcement design - design of
longitudinal and shear reinforcement

[l New stirrups * Input of real reinforcement
- a NETW Igng|tud|na| I::l.ars . «  Checks
e EF Edit reinforcernent in section

""" ©= Free bars - Mew free bar o Internal forces

I'_—'I--gE Reinforcement check (UL5+5L5)
""" T Internal forces

""" [qu Slenderness

""" Et Stifnesses

""" F Capacity-response (ULS)

""" -+ Capacity-diagram (UL5)

""" Mt Shear + Torsion (ULS)

Slenderness

Stiffnesses

Capacity - response (ULS)
Capacity - diagram (ULS)
Shear + Torsion (ULS)
Stress limitation (SLS)
Crack width (SLS)
Deflection (SLS)

Detailing provisions

----- = Deflection (5L5)
----- E . Detailing provision

O O o O 0O o o o o

Each part will be explained more in detail in the following chapters.
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Concrete settings (structure)

There is a brand new Concrete settings (structure) setup for concrete members, which contains all
needed settings coming from the code or calculation routines. The global settings located in Concrete
settings (structure) are by default valid for all members in the project, unless they are overwritten by
Settings per member - 1D member data. A lot of input parameters and calculation settings are
collected here, reflecting the complexity of the Eurocode.

In Annex 3, the available settings are described more in detail.

Concrete settings dialogue

This dialogue is split into two main parts. The left part contains the values themselves and the right
side includes an explanatory figure with a description of the value. Additionally there are several
buttons for searching, filtering, mode selection and default settings.

The Concrete settings dialogue is presented as a kind of table with 9 columns (description, symbol,
value, default, unit, chapter, code, structure and check type). Each column has enabled the possibility
for searching. The user can easily start typing in the first row of a column and see the intermediate
output of the search.

Level [ A
ational snnex: [ ‘ = ‘ ‘ T | | SEd | ‘ Bk ‘ Remark 2]
Description Symbal | Value Default | Unit | Chapter | Code | Structurs | CheckTyps % |
<all> P awlz P ol P ol P <l P o<al: 2 @l P ol 2
= Solver setting
= General 9
Limit value of unity check Lim.che... 1.0 10 Indepe... All (Beam... Sclver setti.
E Creep ;
Type input of creep coefficient Typep Auto Aute Annex ... EN19... Al (Beam... Solver seiti. | . | ’_?:f - "~] 2o B
Take inta account addtional tensie force caused by she YES YES 6237 EN19.. Shel{Piate) Solver setti o _g"_’f 5 T
= ntemal forces 7
& Intemal forces ULS . . > S¢ ¢
Take into accourt additional tensile force caused by ... YES YES 95.21.3(2) EN 19..: Beam Solver satti —
Use geomeiric imperfection YES YES 525 EN19.. Column  Solverssti <%
Use second order effect YES YES 588 EN19... Column Solver seti.. L
= Intemal forces SLS
Use geometric imperfection NO NO 525 EN 13... Column Solver satti.
= Design As
: . . 085 z I e 5
Caéﬂéent for reduction of strength of the concrete in co... Redies 0,85 085 EN19... Ml {Beam... Sclver setti Tk calciialion ot wrgle Batwasn SampreRson SAE Bl
= Interaction diagram member axs for shear check
Interaction diagram method NRdMRd  NRdM 61 EN 19.: All (Beam. Sclversefti - Auto: automatic caleulation of minimum angle based on
E Shear condition VEd<=VRd max =1
. ; - Userfangle} : the value is inputted by the user as angle
b Type calculation/input of angle of compression stnt Typed  Userfan.. Users 623 EN19. Al (Beam.. Solverseti ~ Useriootangent) :the vakus s Inpitted by the user as
Angle of compression strut -] 40,00 4000 deg 623 EN 19... All (B=am... Solver setti cotangent of the value
Cotangertt angle of compression strut cot) 12 § 623 EN 19, Al (Beam... Solver setti ;I jl

[0 [—Games—]

Find

There is also a 'Find' function, where the user can insert a search term. It brings some kind of filtering
of items in the setup. This function enables the search of the defined value anywhere in the Concrete
setting dialogue.

Find what: |
_ Cancel |

™ Match whole word only Direction ————— Cancel
™ Match case " Up & Down




View

Furthermore, a very useful new option is the possibility of switching the type of view of items of the
setup - concrete commands view, code chapter view or list view.

Concrete commands

Code chapters
List
User *

Save actual view

Delete user view

Save views to file

Import views from file

Show only changed iterns

The first view is according to the commands (Concrete commands view) used for design and check.
National arncx: [ ‘ Fird | View v‘ {stla-z\é?rd) ‘ ‘ Default

Description Symbal | Value Default Unit | Chapter | Code Structure CheckType |~}
<all> P oals P o Pl 0 P oals P ol P oal D <l P
= Solver setting
= General
Limit value of unity check Lim.check 1,0 1.0 Indepen... All {(Beam B... Solver setting ...
= Creep
Type input of creep coefficient Type @ Auto Auto AnnexB1 EN199.. Al (BeamB.. Solversetting .. —
Take into account additional tensile force caused by shear force YES YES 6.2.3(7) EN199... Shel(Piate) Solversetting..

= Intemal forces
= Intemal forces ULS

Take into account additional tensile force caused by shearforc .. YES YES 52132 EN199.. Beam Solver setting .
Use geometric imperfaction YES YES 525 EN 199... Coiumn Solver sefting .. e
Ise second order effect ¥ES YES hE8 EN199... Column Solver setting .. L]
= Intemal forces S5LS
|ise geometric imperfection NO MO 525 EN199... Calumn Solversetting ..
= Design As
Coefficient for reduction of strength of the concrete in compressive ... Redfes 0.285 0,85 - EN 199... All (Beam B.... Solversetting ...
= Interaction diagrem
Interaction diagram method NRdMRd  MRdMRd 61 EN199... Al {Beam B... Solver setting .
=l Shear
b Type calculationinput of angle of compression strut Type B Userfangle) Userzn 623 EMN 199 &l (Beam B . Solver setting
Angle of compression strt a 40,00 40,00 deg 623 EN199... All{Beam B . Solversetting
Cotangent angle of compression stnt cot{) = pr j 623 EN199.. Al{Beam B  Solver=efting LI

ok [ames ]
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Another view is based on numbering of form design code as mentioned on the following figure.

National arne: -

| e || e <

Level
(i || 0o |

Description

Symbol

| Value

Defauit

| Unit | Chapter

Code

Structure | CheckT... |

<all=
General
Chapter 4
E Chapter 5
B 52
E 525
Use geometric imperfaction
Use geometric imperfection
= 58
£ 588
Use second order effect
Chapter 6
Chapler 7
Chapter 8
[ Chapter 9
Annex B

2 zal>

pel :‘all:

NC

2 ozl

L <

YES
NG

YES

2 ol

525
525

588

P zal

EN 1982-1-1
EN 159211

EN 1992-1-1

2l

Calumn
Calumn

Column

2 ol 2

Solversel.
Solverset.

Solverset..

The last predefined view is the List view where all items are listed and could be alphabetically sorted.

National annex: -

‘ Fd | i | (5{:;:11 ) ‘ l Defauit
Description Symbol Value | Default Unit | Chapter | Structure | CheckT... | %]
<all P @l P ol Pl P Pl P ok P ol poaE: P
Limit value of unity check Limcheck 1.0 1.0 Independent  All (Bea... Solversst.
Type input of creep coefficient Type @ Auto fatto AmnexBT  EN1992-1-1 All{Bea.. Solverset.
Take into account addtional tensile force caused by shear force YES YES 6230 EN 1992-1-1 Shell{Pla.. Solversst.
Take into account addtional tensie force caused by shearforce (shif... YES YES 92132 EN1992-1-1 Beam Solverset.
Use geometric imperfection YES YES h25 EN1992-1-1 Column Solversal..
Use second order effect YES YES 588 EN1992-1-1 Column  Solversst
Use geometric imperfection NO NO 525 EN 1992-1-1  Calumn Solver st
Coefficient for reduction of strength of the concrete in compressive ¢ Redfzs 0.85 0,85 - EN 1992-1-1 Al (Bea.. Solversst
Interaction diagram methad NRdMRd NRdMRd 61 EN 1992-1-1 All{Bea.. Solverset __|
Type calculation/input of angle of compression stut Type 8 User{zngle} Userlangle) 623 EN1992-1-1 All (Bea.. Solversst. a2
Angle of compression strut 8 40,00 40,00 deq 623 EN 1992-1-1 Al (Bea.. Solversst.
Cotangert angle of compression st cot{B) 12 12 623 EN1992-1-1 Al (Bes... Solverset.
Mazimal total displacement L x = Ktat 250,0 2500 T41(4) EN 1992-1-1 Beam.Be., Solverset.
Mazimal additional displacement L x = Xadd 500.0 500.0 74.18) EN1992-1-1 BeamBe.. Solversel.
Check min. bar distance YES YES B.2(2) EN 19592-1-1 Beam Solver set..
Minimal bar distance Slb, min 20 20 mm 8.2(2) EM 1992-1-1 Beam Solversst..
Check min. bar distance YES YES 8.2(2) EN 1992-1-1 Beamslab Solversst.
Minimal bar distance Sibs, min 20 20 mm 8.2(2) EN1992-1-1 Beamslab Solverset.
Check min. bar distance YES YES 8.2(2) EN1992-1-1 Column  Solverset.
Minimal bar distance Ske,min 20 20 mm 8.2(2) EN 1992-1-1 Column Solver set..
Design working life 50,00 50,00 year  44712(5).t.. EN1992-1-1 Al {Bea,.. Designd.. ﬂ

Ok [—Gancs—]|




Additionally, the user has also the possibility to create his own view based on filtered items and use
them for some quick changes afterwards. The user defined view can be created using Save actual
view where the new view name can be written.

Mew view name:

| My View|

lUsed view names:

Afterwards, this view is possible to select in User item. It is possible to save or import this user view
from the file using Save views into file , and Import views from file

Concrete commands -

Code chapters
List

| User J My View

Save actual view J

Delete user view
Save views to file
Import views from file
=
Show only changed iterns

Finally, there is a possibility to see only changed items using Show only changed items in the
settings, and not the defaults.

Filters
The user can choose between a Standard or Advanced level, which filters the amount of data.
e [ [ Jheal [
Code

Defautt
Structure | CheckT...

Description Symboal Value Default Unit | Chapter
<all> 2 ol 2 ol P ozl 2o P ozl P ol L2 ol P oal o
= Solver setting
= General
Limit walue of unity check Lim.check 1,0 1.0 Independert Al (Bea... Solverset..
= Creep
Type input of creep coefficiert Type @ Mo HAuto AnnexB.1 EN 1992-1-1 Al (Bea... Solversst..
Take into account additional tensile force caused by shearfor.... YES YES 62307 EN 1992-1-1  Shell{Pla... Solverset...
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Nationalamex:- ‘ ‘ View ‘ (amﬁﬁmﬂ ‘ Defautt ]
| Desciption Symbol Value Defaut | Unil | Ghpter Stucture | CheckT...
| <all P a2 o P o P P ok P <alz P ol P ol ;J
| = Solver setting
= General
Limit walue of unity check Limcheck 1,0 1.0 Independert All (Bea.. Saolverset.. ™
Walue of unity check for not calculated unity check Neal.check 3,0 3 Independent Al (Bes.. Solverset.
The coefficient for calculation effective depth of crosssection  Coeff4 09 0.9 Independert Al ([Bea...  Solversst.
The coefficient for caleulation inner lever am Coeffz 0.9 0.9 Independent  All (Bea... Solversel.
The coefficient for calculation force, where member as under ... Coeffeom 0.1 o Independent Al (B=a.. Solverset.
[zl Creep =
Type input of creep coefficient Type @ Auto Ao AnnexB.1  EN 1992-1-1 Al (Bea.. Solverset.
Relative humidity RH 50 50 A Annex Bl EN1992-1-1 All (Bes.. Solversst. >
Age of concrete at loading to 28,00 28,00 day  AnnexB1  EN 199211 Al (Bza.. Selverset. =
Age of concrete at the moment considered t 1825.00 182500 day  AnnexBl  EN1992-1-F Al (Bea.. Solverset.
Default

Finally, when the user wants go back to the predefined values it is possible to press the button Default
and all settings are restored.

Setting per member

1D member data

These settings overwrite the global settings for a specific member. Member data can easily be copy-
pasted to similar members. There is a differentiation based on type of member (beam, column, beam
slab). As in the case of the concrete settings, member data has also been restyled. Local settings
contains about the same input parameters and calculation settings as the global settings in the setup.
Moreover, the user can set his/her own value of limit deflection and limit width of crack, define more
environmental classes than just one as in the previous version.

Name CMD1 -
Member B1
Member type Beam >

Advanced mode
=l Solver setting
= General
Fl Creep
Type input of creep coefficient Auto
=} Internal forces
=l Internal forces ULS
Take into account additional tensile force caused by shear force... @

=l Interaction diagram

Interaction diagram method NRdMRd -
= Shear

Type calculation/input of angle of compression strut User(angle) T

Angle of compression strut [deg] 40,00

Cotangent angle of compression strut 1,19175359259421
= Crack width

Type of maximal crack width Auto -
=l Deflections

Maximal total displacement L x = 250

Mazximal additional displacement L/ x = 500

El Design defaults
= Minimal concrete cover

Different surfaces

Structural class 54
Design working life [year] 50,00 )
Actions
Update support width =
Concrete Setup >
-
LDK' Cancel




Properties of 1D Member data
1D Member data are arranged similarly as Concrete settings (structure). Generally, there are the
following items.
¢ Name — name of the member data
*  Member - name of the associated member

e Member type - generally member data can be set for Beam, Columns and Beam Slab
differently.

e Advanced mode - some items are visible only in advanced mode
e Solver settings

¢ Design defaults

The available settings for the Solver settings and Design Defaults are described in Annex 1.

13
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Reinforcement design

First you get an overview of the input data for the design:
* Internal forces, displaying the characteristic and design values.

o For member type 'column’, the design values of the bending moments include the
2nd order bending moments (if required) and the moments due to geometric
imperfections.

o For member type 'beam’, the design values of the bending moments include the
shifting of the moment line - to take the additional tensile force due to shear into
account.

e Slenderness calculation (for member type ‘column’), determining if 2nd order effects need be
taken into account.

The design of longitudinal reinforcement to resist N, My and Mz is done according to the Ultimate Limit
State requirements. Design method is selected based on type of member (beam x column) and
according to the acting load. There is not any limit for type of cross-section (formerly for columns
rectangle and column) nor for load type (formerly for beams - My OR Mz).

Proparties £

Design long.reinforcement (ULS) (1) A A
rr

Name Design long.reinforcement (
Selection All

Type of loads Combinations
Combinations us

Combinator strategy Strain strategy

Filter Cross-section

Cross-section C$1 - Rectangle (500;300) =
Print Combination key
Values As_req

Extreme Glabal
Output Brief

Drawing setup 10 2
Section Al

Actions
Refresn s3> |
Preview

In case the required area of reinforcement exceeds the available space on one layer, more layers (with
adapted lever arm) are automatically generated. Designed reinforcement is automatically recalculated
to real bars afterwards.
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The design of shear reinforcement to resist Vy and Vz is done according to the ULS requirements.

Formerly, there was possibility to design shear reinforcement just for Vy or Vz.
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Internal forces

The internal forces, which are used for design and checks of concrete members, can be different as
the internal forces calculated from FEM analysis. The differences may be caused by:

e for compression member (column)
o taken into account eccentricities caused by imperfections
o taken into account second order eccentricity
» for beams and beams as slab
o taken into account additional tensile forces caused by shear and torsion (shifting of
bending moments)
The following preconditions are used for the calculation:

e The shifting of bending moments is taken into account only for beams and beams as slab and
in both directions

e The second order effect and geometrical imperfection are calculated only for column in
compression

e Cross-section with one polygon and one material is taken into account for calculation second
order effect and imperfection in version SEN 15

*  The material of all reinforcement bars have to be same in SEN 15
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Parameters which influence the calculation

Coefficient for calculation of effective depth of ¢ ross -section

Coefficient for calculation of effective depth of cross-section can be set and loaded from the concrete
settings (Advanced level). The default value is 0.9. If the value cannot be calculated from the plane of
deformation, this value will be calculated by a simplified formula:

d= Coeffy-h

Coefficient for calculation of lever arm

Coefficient for calculation of inner lever arm can be set and loaded from the concrete settings
(Advanced level). The default value is 0.9. If the value cannot be calculated from the plane of
deformation, this value will be calculated by a simplified formula:

Z= Coeff,-d

Angle between concrete compression strut and beam axis

Angle between concrete compression strut and beam axis perpendicular to the shear force can be
calculated automatically or inputted by the user in SEN depending on parameter Type calculation/input
angle of compression strut. This parameter can be changed in Concrete setting (if 1D concrete
member data is not defined) or in 1D concrete member data. There are the following options:

e Auto - angle of compression strut is calculated automatically as minimal value
between gmin and gmax to condition according to equation 6.29 in EN 1992-1-1

T Vi
L R = B |
Troma  YRom=

* User(angle) - angle of compression strut be input directly by the user as an angle. If the
inputted value is outside of the interval gmin and gmax , the minimal or maximum value is
taken into account for calculation

e User(cotangent) - angle of compression strut be input directly by the user as cotangent of the
angle. If the inputted value is outside of the interval gmin and gmax , the minimal or maximum
value is taken into account for calculation.

Minimal and maximal angle of compression strut is a parameter of national annex and can be edited in
the Manager of national annex.

Angle of shear reinforcement

There are differences in using the angle of shear reinforcement in calculation between design of
reinforcement and check.

» Design - angle of shear force for member = Beam, can be set directly in Concrete setting (if 1D
concrete member data is not defined) or in 1D concrete member data. For member = Column,
the angle of shear reinforcement is always 90 degrees and cannot be changed.

e Check - angle of stirrups is loaded from inputted shear reinforcement. It is only possible to
input shear reinforcement with an angle of 90 degrees in SEN 15.

Type of member can be defined in properties of member via parameter Type or directly in 1D concrete
member data



Use equivalent first order value

This setting allows to the user to set, if equivalent bending moment according to 5.8.8.2(2) in EN 1992-
1-1 will be taken into account for the calculation of first order eccentricity. This setting can be done in
Concrete setting for Advanced mode. The code EN 1992-1-1 recommends the use of equivalent first
order moments, therefore this value is set to Yes by default.

Coefficient for calculation of force at which member is in compress ion

Coefficient for calculation of forces, when member is in compression, can be set and loaded from
concrete settings (Advanced level). Default value is 0.1. This coefficient is used for determination, if
member is in compression, which is necessary for calculation second order effect, imperfection and
minimal eccentricity. Member is in compression, if condition below satisfies:

NEd = _GDE#GM . fcd' AG

Isolated member

Check box for determination if the member is an isolated member or not. Default setting is the
automatic determination by the program and the member is isolated, if the member is not linked the
others members. This setting can be changed in 1D concrete member data for Member type =
Column (Advanced mode). This setting is used for calculation length of the member for calculation of
geometrical imperfection, clause 5.2(6) in EN 1992-1-1.

Buckling data

The detailed description of inputting buckling data and the way of calculating buckling data are
described in Topic Training — Buckling lengths. There is described the general functionality, but for
concrete members there are additional parameters for definition of buckling data.

ky | Ly [m] Iy [m] Sway yy kz Lz [m] Iz [m] Sway zz

1,000 4,000 4,000 Settings 1,000 4,000 4,000 Settings ICaIcuIate

These additional data are important for calculation of eccentricities caused by imperfection (see clause
5.2(5) in EN 1992-1-1) and they can be defined in tab-sheet Buckling data in dialogue Buckling and
relative lengths (member properties > parameter Buckling and relative length > button Edit ).

Base seftings  Buckling data |

Yy | Sway yy Z Sway zz Tot. heigth Tot. heigth [m] my mz

1 |I¥ Fixed Settings - || Fixed Settings = Calculate - 20,00 1,00 1,00

2 || Fixed | Fixed

There are following additional data:

e« Combo box Tot. height — this combo allows to set type of calculation of total height of building
or length of the isolated columns. There are two items in the combo box:

o Calculate —the tot height. will be calculated automatically as sum of lengths of all the
members in the buckling system

0 User —the value can be inputted directly by the user. The input value will be taken into
account if Calculate = User

« edit box Tot. height — this edit box allows to input total height of building or length of the
isolated columns directly by the user. The input value will be taken into account if item User is
set in combo box Tot. Height
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« edit box my - is the number of vertical members contributing to the total effect of the
imperfection perpendicular to y axis of LCS. It means that the value is used for recalculation of
bending moment around y axis. Only one value can be set for all columns in a buckling system

e edit box mz - is the number of vertical members contributing to the total effect of the
imperfection perpendicular to z axis of LCS. It means that the value is used for recalculation of
bending moment around z axis. Only one value can be set for all columns in a buckling system

The important parameter for calculation of buckling data is the type of structure (braced or unbraced).
The global type of structure can be set in Concrete Setting (Design defaults > Default sway type). For
example, the structures is braced perpendicular to y axis of GCS, if parameter Sway around y axis =
NO (it means that the structure is not prone to sway perpendicular to y axis).

Use geometric imperfection

This setting allows the user to set, if geometrical imperfection will be taken into account of ULS or SLS.
This setting can be done in Concrete settings (if 1D concrete member data is not defined) or directly in
1D concrete member data for Member type = Column.

The imperfection shall be taken into account in ultimate limit states and need not to be considered for

serviceability limit states, see clause 5.2(2P) and 5.2(3) in EN 1992-1-1, therefore default setting in
SEN is:

e ULS - use geometric imperfection = Yes , it means geometric imperfection will be taken into
account

e SLS - use geometric imperfection = No , it means geometric imperfection will not be taken into
account

Use minimum eccentricity

User can set if minimum first order eccentricity, calculated according to clause 6.1(4) in EN 1992-1, will
be taken into account in the calculation of first order eccentricity including geometrical imperfection for
ULS. This setting can be done in Concrete settings (if 1D concrete member data is not defined) or
directly in 1D concrete member data for Member type = Column by using Advanced mode/level.

Use second order effect

This setting allows the user to set if second order effect will be taken into account. This setting can be
done in Concrete settings (if 1D concrete member data is not defined) or directly in 1D concrete
member data for Member type = Column.

If check box Use second order effect = Yes, then the second order effect will be taken into account, if
conditions below are satisfied:

» the combination for ULS is used
e Member type = Column and it in case, that column is in compression

e calculated slenderness is greater than limit slenderness

Design defaults

Design defaults is a special group of properties where the user can define the basic parameters
(diameter of longitudinal and shear reinforcement, type of value of concrete cover...) for design of
longitudinal and shear reinforcement. This setting can be done in Concrete settings (if 1D concrete
member data is not defined) or directly in 1D concrete member data.
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Determination of unfavourable direction

This setting allows the user to set in which direction the second order moment and the geometrical
imperfection will be taken into account. This setting can be done in Concrete settings (if 1D concrete
member data is not defined) or directly in 1D concrete member data for Member type = Column in case
of Advanced mode/level.

Shifting of bending moments

Additional tensile forces caused by shear and torsion is taken into account in SEN15 by using a
simplified calculation based on shifting of bending moments according to clause 9.2.1.3(2). Shifting of
bending moment is calculated only for beams and beams as slab.

Distance for shifting is calculated around for both axes dependent on type of member

» for beams
a= z - [cot(B) —cot(a)) /2

» for beams as slab
a=d
Automatic calculation of angle between the concrete compression strut and beam axis is calculated by

simplified method for shifting with the following simplifications:

* shear of member for calculation value Vgqmax IS calculated as minimum width of cross-section
at whole cross-section perpendicular to direction of shear forces

e value A, and uy for calculation of Trqmax IS calculated for effective rectangular cross-section,
which has the same cross-sectional area and same perimeter as inputted cross-section

Determination whether member is in compression

The second order effect, minimal eccentricity and geometrical imperfection are taken into account only
for member = Column, which is in compression. Column is in compression if conditions below are
satisfied:

NEd # _GUE‘”‘:M . fcd- AG
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First order bending moments with imperfection

The calculation of first order moment is calculated only for Member type = Column and in the case that
column is in compression it runs according to the following procedure:

e first order eccentricity without effect of imperfection is calculated,
e eccentricity caused by imperfection is calculated,

« first order eccentricity including effect of imperfection is calculated.

Calculation of first order eccentricity without eff ect of imperfection

There are two options for calculating first order moments and eccentricity in SEN depending on the
check box Use equivalent firs t order value .

e the equivalent first order bending moments are taken into account. It means, that bending
moments will be the same at the whole length of the member. This option is used if check
box Use equivalent first order value = Yes  in Concrete settings (if 1D concrete member data
is not defined) or in 1D concrete member data

M ez M oy

€oy = N B = T

e the first order eccentricity is calculated from bending moments in the current section. It follows,
that bending moments in each section can be different. This option is used if check box Use
equivalent first order value = No  in Concrete settings (if 1D concrete member data is not
defined) or in 1D concrete member data

M M_y
for = Ve O e
The 1st order equivalent moment is calculated according to clause 5.8.8.2 (2) in EN 1992-1-1
Mo,ey = max (0,6*Mqzy +0,4*Moy y; 0,4* Mgy,y)
Mo,z = max (0,6*Moz,z +0,4*Moy z; 0,4*Moy 7)
where
* Moy is the first end bending moments around y(z) axis of LCS with lesser absolute value as
the second end bending moment. [MO1y(z)| < [M02y(z)| The same values are used for the
calculation of limit slenderness
* Moy is the second end bending moments around y(z) axis of LCS with greater absolute value
as the first end bending moment. [M02y(z)| = [IMO1y(z)| The same values are used for the
calculation of limit slenderness
The user (real) reinforcement defined via REDES and free bars are not taken into account for

calculation effective depth of cross-section for design reinforcement to column (Type of check = Design
ULS in service Internal forces)

Calculation of eccentricity due to imperfection
The imperfection in SEN is represented by an inclination according to clause 5.2(5) in EN 1992-1-1.
The imperfection shall be taken into account in ultimate limit states and need not to be considered for
serviceability limit states, see clause 5.2(2P) and 5.2(3) in EN 1992-1-1. The user can set
independently if the imperfection will be taken into account for ULS or SLS.
The inclination is calculated around both axis (axis y and z) of LCS according to formula:

Bi.viz) = Bo-Ch-Cm.y(z)

where



e B is the basic value of inclination. The value is a National parameter; it means that this value
can be different for each country. The value can be set in the Manager for national annex >
EN 1992-1-1 > General > ULS > General > Theta_0

e apis the reduction factor for the length of a column or the height of a structure. The value is
calculated according to formula

I!:f:: =

<o, 21

2
& 5

e |isthe length of a column or the height of a structure depending on, if the member is isolated
or not

0 isolated member | = L, where L is the length of the member

o notisolated member | = H, where H is the total height of the building (buckling system).
This height can be defined in Buckling data

* my(m,) is the number of vertical members contributing to the total effect of the imperfection
perpendicular to y(z) of LCS. It means, that this value is used for recalculation of the bending
moment around y(z) axis of LCS. These value can be defined in Buckling data

The effect of imperfection for an isolated column and for a structure is always taken into account as an
eccentricity according to clause 5.2(7a) in EN 1992-1-1.

& ,-lg

. .-
B,z uwr i

k
| ]

The direction (sign) of the value of eccentricity caused by imperfection has to be the same as the
direction (sign) of first order eccentricity.
Minimum first order eccentricity

The minimum first order eccentricity is calculated according to clause 6.1(4) in EN 1992-1-1.
€0, miny = rrax(%,éﬂmm]. €0.min.z = max(%,EUmm}

The minimum eccentricity is taken into account, if check box Use minimum value of eccentricity =
Yes

The direction (sign) of minimum first order eccentricity has to be same as direction (sign) of first order
eccentricity

Calculation of first order eccentricity including e ffect of imperfection
First order eccentricity including effect of imperfection is calculated according to the formula below

€oEdy(2) = €oy(2) T Ciyz) > Cominy()

After calculation of the first order eccentricity including the effect of imperfection, the 1st order moment,
including the effect of imperfections around y (z) axis of LCS is calculated:

Mogdyz) = Ned* €oed,2(y)
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Calculation of second order effects

The EN 1992-1-1 defines several methods for the analysis of second order effects with axial load
(general method, simplified method based on nominal stiffness, simplified method based on nominal
curvature...). SEN allows making the analysis of the second order effect by using the following
methods:

e General method - equilibrium and resistance is verified in the deformed state, deformations are
calculated taking into account the relevant effects of cracking, non-linear material properties
and creep, see clause 5.8.2(2) in EN 1992-1-1,

e Simplified method based on nominal curvature according to EN 1992-1-1, clause 5.8.8

The second order effect by the simplified method is taken into account:
o for the ultimate limit state
e only for Member type = Column and it in case that the column is in compression
e check box Use second order effect in switched ON

e calculated slenderness is greater than limit slenderness

Calculation of second order moment
Nominal second order moment is calculated according to clause 5.8.8.2(3) in EN 1992-1-1
M3y = Ned® €2,2(y)

The second order eccentricities are calculated according to formulas below

lzp) >lz0)im Use second order effect Second order eccentricity
i fr:.m,,..':u:_,,:2
YES YES e =
2ylz) oy )
YES NO
NO YES €y2) = 0
NO NO

The direction (sign) of final value of second order eccentricity has to be same as direction (sign) of first
order eccentricity

Calculation of curvature

The curvature for the calculation of second order eccentricity is calculated according to clause 5.8.8.3
in EN 1992-1-1.

(1/1)yz) = K*Ksy@*(1/r0)y ()

It follows that the calculation of curvature depends on many parameters and factors, but the most
important are the following:

e relative normal force

e mechanical ratio of reinforcement

» effective creep ratio

* slenderness of the column

« effective depth of cross-section

¢ basic value of curvature



Coefficient Beta

Slenderness of the column for calculation of factor K; () is taken into account by parameter (By)) ,
which is calculated according to formula:

Bulz = 035 + f/200 - 3420150

Effective depth of cross-section

Effective depth of cross-section is used for the calculation of basic value of curvature and it is
calculated according to clause 5.8.8.3(2) in EN 1992-1-1. The EN 1992-1-1 is not giving rules where
the reinforcement is not symmetrical, but according to “Designers’ guide to EN 1992-2 Eurocode 2:
Design of concrete structures” the following rules are used for the calculation of effective depth:

» for symmetrical reinforcement and in case if all reinforcement is not concentrated on opposite
sides, but part of it is distributed parallel

de=05b+iy, dz=05h+i:

» for other cases (design of reinforcement)
dy=b-a; d;=h-g;

e for other cases (check) - the effective depth is calculated from plane of equlibrium or by
simplified calculation, if this value cannot be calculated from this plane

The calculation of the radius of gyration of the total reinforcement and distance of centre of tensile
reinforcement from tensile edge depends on the shape of the cross-section and, if the internal forces
are calculated for design of reinforcement or for checks. It means that this value can be different for
design of reinforcement and for checks.

The user (real) reinforcement defined via REDES and free bars are not taken into account for
calculation of effective depth of cross-section for design reinforcement of a column

Design of reinforcement for rectangular section

Total area of reinforcement
AS :“S'AC

Calculation of ratio of reinforcement in y and z direction

if o,= 0 MPa and 0,=0, then ratio,= ratio,=0.5
Calculation area of reinforcement in direction of y(z) axis of LCS
Asyp) = ratioy;)*Ag
Distance of centre of tensile reinforcement from tensile
G.= Cpomt dag+0,5-d g
Position of reinforcement from centroid of concrete cross-section in direction of y (z)

z,=05-b-a;z,=05-h-a,
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Second moment of reinforcement area

T e (o
j':.1 =d.,- [Z:.z | +—-d - |-z:.z |
: : 3
B 12
I:.z = *'1:_2 '[::_'. | e *"-[:_1_' £ l-::_r |
] 3 ] 1

Radius of gyration of the total reinforcement area

Design of reinforcement for circular section

Total area of reinforcement
As =Hs.Ac
Distance of centre of tensile reinforcement from tensile
G.= Cpomt dag+0,5-d g
Position of reinforcement from centroid of concrete cross-section in direction of y (z)
z,=0,8-D-a,
Second moment of reinforcement area

4 |(_4
\ 4.7

(13

I =1 _=

By CER ~

=
]

Radius of gyration of the total reinforcement area

Design of reinforcement for other cross-sections

Total area of reinforcement
As =Hs.Ac
Area of reinforcement in each edge
Asi = As/Negge
Distance of centre of tensile reinforcement from tensile

P E .
dg = Upgm T Uae + 0,5 -ty



Position of reinforcement from centroid of concrete cross-section in direction of y (z)

Lozl = d';Sf_.r[z:-r' —dg
Second moment of reinforcement area

! —yTleme 2

2l Ef=1 21 “eziy),

Radius of gyration of the total reinforcement area

Checks for all type of cross-sections

Total area of reinforcement

1,

4= Z A

i

Second moment of reinforcement area

Basic value of curvature

There is a rule for the calculation of basic curvature only for symmetrical cross-section with
symmetrical reinforcement. in EN 1992-1-1, where the formula below should be used:

E

- — 'J"U
(1 ."'ID}_.,[Z:. - 0. 45-dyy,

For unsymmetrical cross-section with unsymmetrical reinforcement according to recommendation of
“Designers’ guide to EN 1992-2 Eurocode 2: Design of concrete structures” the following formula
should be used

+E.,

I S
|:1 [ ||_',\}_|;[z:l dIU":
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Calculation of unfavourable direction

The minimum eccentricity, geometrical imperfection and first order moments including imperfection are
calculated in both directions. The second order effect depends on the comparison of slenderness and
limit slenderness and can be calculated too in both directions. The column will deflect under the action
of the first-order moments and the accidental moment. It proposes that the second order moments will
occur in the direction where the deflection, due to first-order moment as a proportion of the effective
length of the column, is greatest. It is assumed, though this is not stated in the code, that the accidental
moment and second-order moments will only occur in one direction and not in both directions at once.
Therefore it is possible in SEN, to define the unfavourable direction; it means the direction in which the
second order moment and geometrical imperfection will be taken into account.

There are 3 possibilities:

e Auto - the direction for the calculation of second order effect and geometrical imperfection is
determined automatically according to conditions 5.38a and 5.38b in EN 1992-1-1

The uniaxial calculation for automatic determination is taken into account; if conditions below
are satisfied, otherwise biaxial calculation will be used.

[A § [ ‘etmsez)/h ) [(eamsy 22y )
£<2| and | L<2|and | ———=<02| or [ ———_--<02
Az \Az 4 I'.\_(E'JE:I_F +Eay )/ By A | BB+ J

A A

e Uniaxial - second order effect and geometrical imperfection is taken into account only in one
direction (more unfavourable direction). In case that the more unfavourable direction cannot be
assigned (accidental bending moments, effective length and css properties are the same in
both direction), the second order effect and geometrical imperfection will be taken into account
in both directions.

e Biaxial - second order effect and geometrical imperfection is always taken into account in both
directions.

There are no rules for the determination of unfavourable direction in EN 1992-1-1, therefore in SEN is
used the procedure described in “Designers’ guide to EN 1992-1-1 and EN 1992-1-2: Eurocode 2:
Design of concrete structures, General rules for buildings and structural fire design”, where the
unfavourable direction is determined according to the equation below:

_ INes- 20z -4

]
I heg

ez -4
= %,
&

ny > nz - unfavourable direction is around y axis
ny < nz - unfavourable direction is around z axis
ny = nz - both directions are taken into account



Slenderness

Slenderness and limit slenderness of a column should be checked before the design or check of the
members. Using the second order effect in the calculation depends on the check of slenderness,
because if the check of slenderness is greater than the limit slenderness, the second order effect has
to be taken into account for the column calculation.

Conditions Calculation of second order effect
fop = damy OF Az > Aimz YES
Ay S himy and iz = himz NO

The slenderness and limit slenderness is calculated according to clause 5.8.3.1 and 5.8.3.2 in EN
1992-1-1. The following preconditions are used for calculation:

e The slenderness is calculated for beams and columns and for general load (N+My+Mz)
e The limit slenderness is calculated only if the axial forces is smaller than zero (N < 0 kN)
¢ Cross-section with one polygon and one material is taken into account in version SEN 15

*  The material of all reinforcement bars has to be same in SEN 15

Buckling data

The detailed description of inputting buckling data and the way of calculating buckling data are
described in Topic Training — Buckling lengths. There is described the general functionality, but for the
calculation of slenderness and limit slenderness the following properties are important:

» properties for the calculation of effective length of the member around y and z axis

e if the member is braced (Sway = NO) or unbraced (Sway = YES ) around y and z axis

The important parameter for calculation of buckling data is type of structure (braced or unbraced). The
global type of the structure can be set in Concrete Settings (Design defaults > Default sway type).
For example, the structure is braced perpendicular to y axis of GCS, if parameter Sway around y axis
= NO (it means the structure is not prone to sway perpendicular to y axis).

Creep coefficient

This value can be set in the Concrete settings by using Advanced level orin 1D member

data (advanced mode is ON), if it is defined. The creep coefficient can be calculated automatically by
using the input of ages of concrete and relative humidity (see annex B.1 in EN 1992-1-1), if the Type
input of creep coefficient = Auto.  If the Type input of creep coefficient = User value,  the creep
coefficient can be inputted directly by the user.

Estimation of ratio of longitudinal reinforcement

There are some values in the design of reinforcement, which are dependent on the area of
reinforcement, for example:

e mechanical reinforcement ratio (u) in the calculation of limit slenderness (clause 5.8.3.1(1) in
EN 1992-1-1)

* mechanical reinforcement ratio (u) in the calculation of second order eccentricity (clause
5.8.8.3(3) in EN 1992-1-1)

» radius of gyration of the total reinforcement area (is) in the calculation of second order
eccentricity (clause 5.8.8.3(2) in EN 1992-1-1)

e calculation of the exponent of interaction formula x in the biaxial bending calculation (clause
5.8.9.(4) in EN 1992-1-1)
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These values should be calculated before the design of reinforcement, but before the design we do not
know the area of reinforcement. It follows that for calculation of this value:

« area of reinforcement will be neglected,
» iterative calculation will be used,

* area of reinforcement will be estimated.

The third solution is implemented in SEN via the parameter Estimation ratio of longitudinal
reinforcement for recalculation internal forces, where the user can set the ratio of reinforcement, which
will be used for calculation of the values above. This value can be set in the Concrete settings by
using Advanced level orin 1D member data (advanced mode is ON), if it is defined. Total area of
reinforcement is calculated according to formula:

As = s Ac

Calculation of slenderness

The slenderness (slenderness ratio) is calculated according to clause 5.8.3.2(1) in EN 1992-1-1.

Ly

(=)

‘]‘"f'iz} .
ezl

The simplified values and formulas for calculation of effective length for isolated columns, braced and
unbraced frames are described in clauses 5.8.3.2(2-4) in EN 1992-1-1

The slenderness is calculated in each section, it follows that for an arbitrary member and member with
a haunch, the slenderness can be different along the length of the member

Calculation of limit slenderness

The limit slenderness is calculated according to clause 5.8.3.1(1) in EN 1992-1-1. The limit
slenderness and the slenderness are always checked separately for each direction according to
5.8.3.1(2) in EN 1992-1-1. The formula for the calculation of limit slenderness in EN 1992-1-1 is a
national parameter, it means, that a different formula, method or value can be used in some countries,
see concrete setup (Manager for national annex > EN 1992-1-1 > General > ULS > General >

lambda_lim )
= [Type of values Standaard EN = General ~
MA building C ElConagte = theta 0=1/x - basic value of inclinati...

= Type of functionality
Hellow core beams ]
Prestressing v

Select all Unselect all

(- General
1 Conarete
HNon-prestressed reinforcement
Prestressed reinforcement
i - Durability and concrete cover
£ ULS
i l.General
E-5Ls
i b Genenal
+Prestressing
[I- Allowable stress
H Stress limitation during tensianing
SLS stress limitation
£ Detailing provisions
Common detailing provisians
Columns
- Beams

< > Application: To calculate the internal forces in columns

Refresh

Value[-]
=l lambda_lim 5.8.3.1(1)

= Type of simplified method for analy...
Formula

= CRde
Value[-]

=l k1_shear - coeff. for calculation Vrd,...
Value[-]

= v_min - coeff. for calculation Vrd,c f...
Formula

&) ni - strength reduction factor for ca...
Formula

200,00

Formula

Method based on nominal curvature (5.8.8)
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Formula
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Reference: EN 1992-1-1, Clause 5.8.3.1(1)

Description: Formula to determine the limit of slenderness below which the second order effects can be

ignored

20.A.B.C

Vn

| oK I Cancell

Load default NA parameters




There are changes in the calculation of limit slenderness for some national annex, see the table below:

National annex Calculation of limit slenderness
Standard EN 1992-1-1 A_lim = (20*A*B*C)/n

A_lim =25 ... for |n| 20,41
A_lim = 16An ... for |n| < 0,41

A_lim = (20*A*B*C)/Yn < 75

DIN EN 1992-1-1 NA

CSN 1992-1-1 NA
STN 1992-1-1 NA

The limit slenderness calculated according to standard EN 1992-1-1 depends on:
o effective creep ratio Q¢ (coefficient A),
e mechanical reinforcement ratio w (coefficient B),
e shape (ratio) of bending moment r,,, (coefficient C),

e relative normal force n.
The limit slenderness is not calculated if normal force (relative normal force) is compressive.

The limit slenderness is calculated in each section, it follows that for an arbitrary member or a member
with a haunch, the normal force is not uniform at the length of the member or the reinforcement is not
constant at the length, the limit slenderness can be different along the length of the member.

Effective creep ratio

In SCIA Engineer, for the calculation of limit slenderness the creep ratio is used loaded from the
concrete settings (if member data is not defined ) or concrete member data. It means that if the user
wants to take into account the effective creep ratio according to clause 5.8.4 in EN 1992-1-1, the value
of this creep ratio has to be directly inputted in the concrete settings or the concrete member data.
Otherwise, the final creep ratio will be taken into account.

The coefficient A is calculated according to formula:

A= 1/1+0,2+¢.

Mechanical reinforcement ratio

Check

The mechanical reinforcement ratio depends on total area of longitudinal reinforcement. For checks,
the total area of reinforcement is calculated from inputted reinforcement via REDES or Free bars. The
mechanical reinforcement can be different at the whole length of the column and in each section of the
member and it is calculated according to formula below:

B (4s 'f;-d:‘j
A.: 'fcﬁ'
The coefficient B is calculated according to formula:

B = V(1+2'w)

Design

The mechanical reinforcement ratio depends on total area of longitudinal reinforcement. For design of
reinforcement, total area of reinforcement is calculated from estimation ratio loaded from Concrete
settings (if concrete member data is not defined ) or concrete member data. The mechanical
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reinforcement ratio is the same at the whole length of the column and it is calculated according to
formula:

=

m:'u'sr_

The coefficient B is calculated according to formula:

B = V(1+2-w)

Shape of bending moment

Shape of bending moment is expressed by the ratio of first order end bending moments without the
influence of imperfection around the selected local axis. The ratio of these moments (value r,,) depends
on the type of member and on the shape of shear force.

e if type of member is unbraced around local axis (sway = YES), thenr,, = 1,0

« if type of member is braced around local axis (sway = NO) and first order moments arise only
from or predominantly due to imperfections or transverse loading (maximum bending moment
along the member is not at the beginning or at the end of the member), then r,,= 1,0

e otherwise, value r, is calculated according to formula
nn._j'(z_',- - II":'(I}:l_}":z.':l-"'r MDE:,'[E_’,- |!17'f[:|2;.-(3j| = |MD1;,--:31.|

where

* Moy is first end bending moment around y(z) axis of LCS with lesser absolute value as
second end bending moment. | Moy < | Moay(z) | The same values are used for the calculation
of limit slenderness.

* Moy is second end bending moment around y(z) axis of LCS with greater absolute value as
first end bending moment. | Moay() |2 | Maay,) | The same values are used for the calculation of
limit slenderness.

*  I'myq IS ratio of bending moment around y(z) axis of LCS which is used for the calculation of
limit slenderness around y(z) axis of LCS.

The coefficient C is calculated according to formula:

Cytz) = L7 — Ttz

Relative normal force
Relative normal force is calculated according to formula
N = Ngg/ Acofeg
If normal force is not uniform at length of column or part of the column (for arbitrary member and

member with haunch), the maximum value of normal force at length of column or part of the column will
be taken into account.



Reinforcement design — theory

SEN 15 allows to design reinforcement for a general cross-section which is loaded by general forces
(N, My,Mz,Vy,Vz, Mx) . It is possible to design:

» statically required longitudinal reinforcement

¢ longitudinal reinforcement including detailing provisions
e statically required shear reinforcement

e shear reinforcement including detailing provisions

e torsional longitudinal reinforcement

The following preconditions are used for calculation:

e additional tensile forces caused by shear is taken into account by shifting of bending moments,
see clause 9.2.1.3(2)in EN 1992-1-1,

e cross-section with one polygon and one material is taken into account,

e practical (user defined) reinforcement is not taken into account.

Parameters

Design defaults

Design defaults is a special group of properties where the user can define the basic parameters
(diameter of longitudinal and shear reinforcement, type of value of concrete cover...) for design of
longitudinal and shear reinforcement. This setting can be done in Concrete settings (if 1D concrete
member data is not defined) or directly in 1D concrete member data.

Three types of 1D members with different design defaults parameter are supported in SEN 15:

e Beam - member predominantly loaded by bending moments, for which longitudinal and shear
reinforcement can be designed. There are the following parameters:

o0 Longitudinal reinforcement
= diameter of upper/lower reinforcement
= type of cover of upper and lower reinforcement (auto or user defined value)
= type of cover of side reinforcement (upper, lower or user defined value)
= material of longitudinal reinforcement (only in 1D concrete data)
o Stirrups
= diameter of stirrups
= number of cuts (number of shear links)
= angle of shear reinforcement
= material of shear reinforcement (only in 1D concrete data)

= basic (user defined stirrup) — the user can define user value of area of shear
reinforcement per meter with some angle and material of this reinforcement

e Beam as slab - member predominantly loaded by bending moments for which shear
reinforcement is not designed (for example cut of 2D member). There are the following
parameters:

o0 Longitudinal reinforcement
= diameter of upper/lower reinforcement
= type of cover of upper and lower reinforcement (auto or user defined value)

= type of cover of side reinforcement (upper, lower or user define value)

31
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= material of longitudinal reinforcement (only in 1D concrete data)

e Column - member predominantly in compression for which longitudinal and shear
reinforcement can be designed. There are the following parameters:

o0 Longitudinal reinforcement
= diameter of upper/lower reinforcement
= type of cover of upper and lower reinforcement (auto or user defined value)
= type of cover of side reinforcement (upper, lower or user define value)
= material of longitudinal reinforcement (only in 1D concrete data)
o Stirrups
= diameter of stirrups
= number of cuts (number of shear links)

= material of shear reinforcement (only in 1D concrete data)

Design defaults in concrete settings:

e there is a possibility to define design defaults for all types of 1D member (beam, column, beam
slab)

e itis not possible to input/edit the material of longitudinal and shear reinforcement in this setting,
but material is loaded from project data and it is the same for all type of members

Design defaults in 1D concrete member data
» only design defaults of selected type of member can be edited in this setting

e material of shear and longitudinal reinforcement can be edited directly in the concrete member
data

Design method

The user can set the type of method for design of reinforcement for columns and beams This setting
can be done in Concrete settings (if 1D concrete member data is not defined) or directly in 1D concrete
member data for Member type = Column or beams by using Advanced mode/level.

atiana anne: [ ‘ Find ‘ ‘ M ‘ (s e ) ‘ ‘ Defaut ‘
| Diescription Symbol Walug Default Unit  Chapter Code Stucture | CheckType =+ |
| <all= P ol 2 ol P oa> P <. P ol P > P ol P el P
[ = Solver setting
[ General
[ Intemal forces
(| Design As ‘
gefficient forreductinn of stranoth of the coperete o comomrec d:o ﬂﬁ 'ﬁ L1 { =
Limit ratio of bending moment for uniz<ial method Raticim 010 010 Independert 10 (Bea.. Saolversetti.
Design method (peams) Auto Ao Independent  Bsam Bs. Solverssti.
Design method {columns) Auto Buta Independert  Column Solver setti —
= Interaction diagram
Interaction diagram method NRdMRd NRdMRd 61 EN1992-1-1 Al (Beam... Solver sefi 2
Division of strain 2500 250.0 Independert  Beam,Be.  Solversetil. ,
Mumber of points in vertical cut 360 36.0 Independert  Beam Be  Solver setfi
= Shear
Type calculation/input of angle of compression strut Type B User{angle} Userfangle} 623 EN 1532-1-1 Al (Beam . Solver setti
Angle of compression strut (2] 40,00 40.00 deg 623 EN1992-1-1 Al (Beam... Solversetti.
Cotangent angle of compression strut cot(d) 1.2 1.2 623 EN 1992-1-1 Al (Beam. Solverssti.
#l Shear between web and flanges
[ Torsion
[ Stress imitations
[# Cracking forces
= Deflections ;I\
OK-—| |- Cancel |




Name ™MD "
Member 54
Member type Beam ~
v
£l Solver setting
= General
= Creep
Type input of creep coefficient Auto -
Relative humidity [%] 50
Age of concrete at loading [day] 28,00
Age of concrete at the moment considered [day] 1825,00
= sLs

Use effective modulus of concrete
= Internal forces
E Internal forces ULS

Take into account additional tensile force caused by shear ... [V

= -
lDa;lgn method (beams) Auto I A

= Interaction diagram

Interaction diagram method NRdMRd -

5 ] x
MName CMD1 ~
Member 51
Member type Celumn =

= Solver setting
= General

= Creep
Type input of creep coefficient Auta =
Relative humidity [%] 50
Age of concrete at loading [day] 28,00
Age of concrete at the moment considered [day] 1825,00

H SIS

Use effective modulus of concrete
= Internal forces
Isolated member '
Determination of unfavourable direction Auto g
B Internal forces ULS

Use minimum value of eccentricity @
Use geometric imperfection v
Use second order effect )

Estimation ratio of longitudinal reinforcement for recalcul... 1,00
5 Intemal forces SLS

Use geometric imperfection

e
I Design method (calumns] Auto | | -

=/ Interaction diagram
Interaction diagram method MRdMRd &

Four types of methods for design statically required reinforcement are supported for beams and
columns:

e auto
e uniaxial around y
e uniaxial around z

* biaxial
Uniaxial method around y axis is always used for type of member = beam as slab.

Biaxial method independently on selected method is always used for circular and oval columns.

Limit ratio of bending moments for uniaxial method

The automatic method for design of reinforcement is based on the ratio of bending moments around y
and z axis and on the value of limit ratio of bending moments for using uniaxial method. This limit value
can be set and loaded from concrete setting (Advanced level). Default value is 0.1. It follows, if ratio of
maximal bending moments around y and z axis for all combinations in current section is lesser than
limit ratio of bending moments, uniaxial method is used for design, otherwise biaxial method is used.
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Design of longitudinal reinforcement

The design of statically required reinforcement is based on the calculation equilibrium. This method
uses an iteration routine to calculate equilibrium based on the internal forces, the cross-section,
material properties and position of reinforcement. Generally, this iterative method works for the
interaction of the normal force (N) with uni-axial or bi-axial bending moments (My + Mz).
There are the following assumptions:

¢ Plane sections remain plane.

e Strain in bonded reinforcement, whether in tension or compression, is the same as the strain in
the concrete at the same level

e Tensile strength of the concrete is ignored.

e The stresses in the concrete in compression are given by the design stress—strain relationships
(bilinear or parabola-rectangular stress-strain diagram)

e The stresses in the reinforcing steel are given by the design stress—strain relationships
(bilinear with or without inclined horizontal branch stress-strain diagram)

Four methods are supported in SEN 15 for design of reinforcement for beams and columns:
e uni-axial around y axis
* uni-axial around z axis
e biaxial

e auto
Uniaxial method around y axis is always used for type of member = beam as slab.
Biaxial method independently on selected method is always used for circular and oval columns.

Designed required area is for a better overview and graphical presentation recalculated to the
directions of axis’s of LCS of the cross-section (member).

Except of statically required longitudinal reinforcement (As eq), the program calculates also the provided
longitudinal reinforcement (A ,10,)- It is the statically required longitudinal reinforcement area
recalculated to real bars, where:

e diameter of longitudinal reinforcement is taken into account (cross-sectional area of bars with
input diameter)

e minimal number of bars per edge is 2
¢ number of bars is rounded to whole number

e corner bars are taking into account for all edges (half of a bar is taken into account for one
edge, and half of a bar for second edge)

Design of longitudinal reinforcement
Aozt iy TN gz = D KN, Mgy = 150 kNm, Mzzz = 0 kNm
Agzzyyyyy i N gg = 0 kN, Mgy, = 150 kNm, Mz, = 0 kNm

cage myer P E Rem A R M A A
m  m  [mmY [mm7 [mmY [mm7 mmY mm

1 1 0 0202 866 0 0 0 866 942 |3g20

3 1 0 0206 481 0 0 0 11 26 2412

A g - STATICAllY 12QUIEd EINTOICEMENT, A oy o, - MINMal reinforczmant from detaiing PrOVSIONS, A o vrg, - Maximal rzinforzeme
detailing provisions. A& , 5 - additional longitudinal reinforcement caused by torsion. A, s - sum of al reinforcament A, g -
recalculatad to real bars, Note: The comer bars 2r2 taking into account for 2l edges for racalculation to raal bars.

Summary of reinforcement 3 A

.

Reinforcement iny -direction above axises: A_ _ =48.12mm* ©

Reinforcement in y -direction under axises: A .ﬂ,=sss.1mm2

Reinforcement inz -directionabove axises: _i,,,=0mm2
. = 2 =

Reinforcement inz -direction under axises: Az - =0mny - L =

v &

Reinforcement iny -direction: A .. =g14.2mm’

Reinforcement in z -direction: Ag oy =omm’
Total area of reinforcement A, =8142mm’




Uniaxial method for design

This method allows designing the reinforcement only for normal force (Nggq) and one bending moment
(Mgg). In case, that the cross-section is loaded by bending moments around both axes, one bending

moment is ignored:
e for method uniaxial aroundy , the bending moment Mgy, is ignored, it follows that the
reinforcement is designed only for normal forces Ngg and bending moment Mggy

« for method uniaxial around z , the bending moment Mgy, is ignored, it follows that the
reinforcement is designed only for normal forces Ngg and bending moment Mgy,

Jc

+0=

-E=1 =£ |.1|d

Y

The results of uniaxal method depend on type of member:

» for beams and beam as slab

o reinforcement is designed only at one or two edges (if compressive reinforcement is
required or cross-section is loaded only by normal force)

0 the reinforcement can be unsymmetrical

o the reinforcement can be designed in more layers

e for columns
o reinforcement is designed always at two edges and the reinforcement is symmetrical

o reinforcement is designed always at one layer

The position of reinforcement is calculated from parameters defined in Design defaults.
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Calculation position of reinforcement

The position of reinforcement is calculated from parameters, which are defined in Concrete settings >
Design defaults. The position of reinforcement is always in the middle of the edge, which is created by
offset of current cross-section in distance as. This distance and diameter of reinforcement can be
different for each edge and it is calculated in dependence on type of member according to formulas:

* beam
2= Crom, t e +0.5-d 1+ (Smin+dy)-(- 1)
8205 = Cromut Gzt 0.5-d, ,+ (Smint dou) - (/- 1)
825 Cnomzt Oss 0.5 do o+ (Smint dz o) - (1= 1)
* beam as slab
8z = Crom, t 0505 4 (Spint dg ) - (= 1)

8z~ Cromu™ 05- jIa!.Lr"' mein + ds.u} . |:|r-_ 1]
e column
;= Cromt 0 +05-d,

A
l @su1 (Cnomu, dsu)

as st (Cnoi’n.s. ds,s}

(Crom.s,

position for design

8s,51 (Cnoms, Uss) 8ss1 (Croms, ds.s)

8s)1 (Cnomy, ds,l)

j

direction of bending moment resultant

The edge, for which the parameter of upper reinforcement is used, is the edge above axis which is
crossed by the line in direction of bending moment resultant for dangerous combination, which causes
the biggest linear stress in the cross-section.

The edge, for which the parameter of lower reinforcement is used, is the edge under axis which is
crossed by the line in direction of bending moment resultant for dangerous combination, which causes
the biggest linear stress in the cross-section.

Design for several layers
The program is able to design reinforcement for more layers. It is an iterative calculation, where the
following procedure is used:
e the reinforcement is designed at the first layer for the selected method

» designed area at each edge is checked with maximum area of reinforcement (area of
reinforcement calculated from minimum surface to surface distance of bars), which can be
placed along the edge

» if designed area at some edge is bigger than maximum area, then new design for the next
layer is done where:



o0 the area of reinforcement As max IS inputted to the previous layer

o the position of reinforcement for the next layer is calculated

o0 design with new positions of reinforcement is run with taking into account
reinforcement from the previous layer

Maximal number of layers which is taken into account is 5 in SEN 15. The program finishes with some
error, when maximum number of layer (nna = 5) is inefficient.

Design for more layers is supported only for beams and beams as slab.
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Recalculation reinforcement to directions

Longitudinal reinforcement can be designed to more edges of a cross-section and for a general cross-
section. Designed required area is for a better overview and a graphical presentation recalculated to
directions of axes of LCS of the cross-section (member). The recalculated area of reinforcement
depends on the angle of the edge from y-axis and the angle of bending moment resultant from y-axis. It
follows, that 4 areas of reinforcement can be presented in graphical and numerical output:

required area of reinforcement (mostly designed for bending moment M,)
placed on edges above axis y with angle of edges lesser than 45 degree

Aszreqr from y- axis. The edges with angle 45 degree and above axis y are
assigned to this direction if direction of bending moment resultant (ay) is
lesser or equal than 45 degree.

required area of reinforcement (mostly designed for bending moment M,)
placed on edges under axis y with angle of edges lesser than 45 degree

Az req- from y- axis.The edges with angle 45 degree and under axis y are
assigned to this direction if direction of bending moment resultant (ay) is
lesser or equal than 45 degree.

required area of reinforcement (mostly designed for bending moment M,)
placed on edges above axis z with angle of edges greater than 45 degree

Agy reqr from y- axis.The edges with angle 45 degree and above axis z are
assigned to this direction if direction of bending moment resultant (ay) is
greater than 45 degree.

required area of reinforcement (mostly designed for bending moment M,)
placed on edges under axis z with angle of edges greater than 45 degree

Agy req- from y- axis. The edges with angle 45 degree and under axis z are
assigned to this direction if direction of bending moment resultant (ay) is
greater than 45 degree.

Z+

Edge 4,04 <45

Edge 5,05 <45




Biaxial method for design

This method allows designing the reinforcement for normal force (Ngq4) and biaxial bending moments.
This method is based on interaction formula, equation 5.39 in EN 1992-1-1.

, a r M a
M Edz + Edy

<10
Mz, Mg

dy

Procedure of calculation:

e program designs initial area of reinforcement according to linear stress on the edges of the
cross-section

e program increases area of reinforcement, generates interaction diagram around y and z axes
and checks interaction formula in iterative calculation, till interaction formula is not satisfied

e ifinteraction formula is fulfilled, then program checks plane of deformation and increases area
of reinforcement , if the plane of deformation is not found

n o
~ O
N m

My [kNm]

The results of biaxial method depend on type of member:

o for beam and beam as slab
o the reinforcement can be unsymmetrical
0 exponent of interaction formula is 1
o the reinforcement can be designed in more layers

e for column
o reinforcement is symmetrical, if the cross-section is symmetrical
o exponent of interaction formula depends on shape of cross-section

o reinforcement is designed always at one layer

Automatic method for design

There is a possibility to use the automatic method for design. The program automatically selects the
uniaxial or biaxial method according to the values of bending moments around y and z axis. It follows:

e uniaxial method is used if
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min|::||.-.45:|},w|. Mﬁrw”

Ratio= < Ratiom

msx{|'|.-.45:}. . | Meyr Wl}
* biaxial method is used in other cases

Different method for design of reinforcement can be used in each section along the member in
dependence on values of bending moments around y and z axis from all combinations

Design of shear reinforcement
Design of shear reinforcement includes:
e design for biaxial shear force

e design for torsion

e design for interaction shear force and torsion

Design is provided according to clause 6.1 -6.3 in EN 1992-1-1. Design reinforcement for shear and
torsion is commonly based on the theory of the concrete truss-model too. In this theory a virtual truss-
model is imagined in a concrete beam. This truss-model has a set of vertical (or slightly diagonal),
horizontal and diagonal members. The vertical bars are considered to be the stirrups; the horizontal
bars are the main reinforcement and the diagonal bars are the concrete struts.

shear reinforcement
/ compression chord

Fed
-1

tensile chord/ Fia
compression strut

bw =bw1

There are the following assumptions:

e The shear forces in both directions are taken into account and design of shear reinforcement is
done for resultant of shear forces

e The parameters of plane of equilibrium (value d, z and h) are recalculated to the direction of
shear force resultant

e The design shear resistance of the member without shear reinforcement (Vgq,) is calculated
according to clause 6.2.2(1) in EN 1992-1-1, if section is cracked in flexure, otherwise clause
12.6.3in EN 1992-1-1 is used

» Design value of maximum shear force will be calculated according to clause 6.2.2(6) (Veqmax)
and 6.2.3 (3,4) (Vrdamax) in EN 1992-1-1

» Design value of shear resistance is calculated according to 6.2.3 (3,4) (Vras) in EN 1992-1-1

e The number of shear links is loaded directly from Design defaults from concrete settings or
concrete data

e The angle of compression strut can be calculated automatically or defined by the user
*  The torsional cracking moment (Trq.) is calculated according to clause 6.3.2(5) in EN 1992-1-1

»  Design value of maximum of torsional resistance moment (Trq max) iS calculated according to
clause 6.3.2(4) in EN 1992-1-1

e The angle of stirrups for design of shear reinforcement for torsion has to be perpendicular

e There are 5 possibilities for calculation of thin-walled closed section

With the following limitations



¢ Cross-section with one polygon and one material is taken into account in version SEN 15
e The user (practical) reinforcement is not taken into account

¢ Design should be done only in case, that the angle between gradient of the strain plane and
the resultant of shear forces is not greater than 15 degrees

¢ Inclined compression chord or inclined tensile chord are not taken into account

e The widths of cross-section for shear checks (value b,, and b,,;) are calculated automatically.
There is no possibility for definition of user value in SEN 15

Except of statically required shear reinforcement per meter (Asum.req), the program calculates provided
shear reinforcement (Aswmprov). It iS Statically required shear reinforcement, where the spacing of the
stirrups in longitudinal direction is rounded to 25 mm.

Design shear reinforcement for shear forces

As was mentioned above, there exists the general concept of “strut-and-tie” model for the prediction of
shear effects in concrete. In this model, the top compression and bottom tensile members represent
the compressive concrete and tensile reinforcement, respectively. The procedure for design can be
represented by the diagram below:

Yes Section cracked in

bending Get.max = fetd

4 4
Calculation Vrdc acc.to Calculation Vrde

clause 6.2.2(1) acc.to clause 12.6.3

Beam as slab

Yes

VEed = Vrde

[ Calculation Vrd.max, VEd.max, Vid, Veed

Vrd = VRde <min(Vrd.msx, VEd msx }+Vid+Vecd

Calculation Aswm.req

Vo Ve v

Calculation Vrds, Vrd.mex, VEd.max, Vid, Voed

VEd 2 VRd.max

Vg = Vags +Vit Voo <min(Vaama: Veamae WVt Ve

Yes Yes

VEd 2 VEd.max

VEd 2 VRd,max
Yes

VEd 2 VEd,max
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The formulas which are used for the calculation of each component of this model are the following.

Generally, there are two possibilities for the calculation of shear capacity of concrete dependently on
existence of cracked in bending:

Shear concrete capacity in region cracked in bending — formula 6.2.a, b in EN 1992-1-1
V173
VRd.c:[GRd.c'k'ﬁjU'pf'fdc} +k1":rcpi|'bw'd

VRd.c.min = ["'"min +K-- Ucp}' bl.".-" d
Shear concrete capacity in region uncracked in bending — clause 12.6.3(3) in EN 1992-1-1

— ll-CIJII -'qGC
VRd.c = P
b

Additionally, there is calculated the maximal shear force (Veqmax) Without reduction by b for member
where load is applied in the upper side of the member (see formula 6.5 in EN 1992-1-1).

Veamax ~ 08 Byq d v iy

Maximal capacity of concrete compressive strut (Vrgmax) iS determined according to formula 6.9 in EN
1992-1-1, because as has been mentioned before, the angle of stirrups (8) is always perpendicular to
the member axis.

D By -2y Fiog

VRd max = cot(8) + ta1(8)

Statically required cross-sectional area of the shear reinforcement per meter is calculated from the
formula 6.13 in EN 1992-1-1

Aswreg _ VEr

Simg 2 fyug-(cotiB)+ cotla)-sin{a)

'ﬂ'srm.req =

Design value of shear force sustained by shear reinforcement (Vgqs ) is calculated according to formula
6.13 in EN 1992-1-1

Vage = % -Z - f g (cot(8) + cot(a)) - sin(a)

Design value of shear force sustained by shear reinforcement (Vrqs ) is calculated according to formula
6.13 in EN 1992-1-1

= 2.z -f g (cot(8) + cot{a))- sinfa)

Vra==—,

Final design value of shear force (Vgq) carried by the member is calculated based on the following
formulas depending on type of member and area of shear reinforcement.

» for beam as slab and for other member with only detailing stirrups (Aswm.req = 0)

Vg™ Vra o € Min(Veg max, Ved max) + Vig+ Vowa

¢ for other cases

Vg™ Vra o ¥ Vig+ Viog S min(Vag may. Veg, mad + Vig+ Ve

For a member with inclined chords the additional forces have to be taken into account for the shear
check according to clause 6.2.1(1). The calculation is prepared for taking into account also inclined
chords. Nevertheless the calculation itself is not implemented yet. The partial components are
explained in the following figure.



Design shear reinforcement for torsion

As was mentioned above, there exists a general concept of the “strut-and-tie” model for the prediction
of torsion effects in concrete. In this model, the top compression and bottom tensile members
represent the compressive concrete and tensile reinforcement, respectively. The procedure for the

design can be represented by the diagram below:

[ Calculation Trac ]

No

—| TRd = TRac [Calculation TRd,max , Tras =0

Tra = Tres < TRd,max

[ Calculation Aswm.req ]

h
Calculation Trds, Trd,max

Trd = Tres < TRdmax

Y

—»{ Check OK )

No

Ted = Trd.max

The formulas which are used for the calculation of each component of this model are the following.
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Torsional cracking moment is calculated according to equation 6.26 in EN 1992-1-1, provided that the
stress caused by the torsional moment is equal to the design axial tensile strength of concrete (value
feta). It follows:

Tage=2-Tog-tar-Ag

Maximum of torsional resistance moment (Trq max) iS determined according to formula 6.30 in EN 1992-
1-1.

TF!d.msx =2-v- oy iF|:|:.|' "ﬂ'k 'fE-f' EDSI:B}- sin(B}

Statically required cross-sectional area of the shear reinforcement per meter is calculated according to
the formula below:

A _ Aswtreg _ [Tel
BWm.req -

Simg  2-Ayfyug-oot(8)

Design torsional resistance moment of torsional reinforcement (Trq ) is calculated according to the
formula below

A

Tage=2- A ( s:l'e] - f ywear- COL(E)

3

Final design value of torsional moment (Tgrq) carried by the member is calculated based on the
following formulas:

» for member without or with only detailing stirrups for torsion (Asym.req = 0)
Tea™ Trd.c € Trd.max
¢ for other cases

Tea™ Trd = = Tra max



Design shear reinforcement for interaction shear an d torsion

As was mentioned above, there exists a general concept of the “strut-and-tie” model for the prediction

of shear and torsional effects in concrete. The procedure for design of shear reinforcement for

interaction shear and torsion can be represented by the diagram below:

Calculation Trac,VRde,

Beam as slab

h J
Aswm.req =0 I

v

h 4 [
Aswm.req =0 l

No

Y
[ Calculation Aswm.req ]

¥

Fswo=0, Fswdmax

Calculation VRd:max: TRd:max ,Fswa,

Fswd.max

‘ Calculation VRd:max: TRd:max

A
—»( Design OK }

Fswd = Fswd.max

Only minimum reinforcement is required, provided that the following condition (equation 6.31 in EN
1992-1-1) is satisfied:

Te , Ve g

VRas Vg s

The maximum resistance of a member subjected to torsion and shear is limited by the capacity of the
concrete struts. In order not to exceed this resistance the following condition (equation 6.29 in EN
1992-1-1) should be satisfied:

T V)
E + =]

=1

Troma  YRoma
Statically required cross-sectional area of the shear reinforcement per meter is calculated according to
formulas

A _ Asureg -

swurlrey —
Zlreg

Ve
z- fm - {oot{8) + cot{x}) - sinfa)




Topic Training — New Concrete

ITEdl , VEd

Arps =
A _ Tswmg _ Ay N2
FWaZiey EX. )

"ﬂ'smn.rz-q = max(‘ﬂ'srﬂm.reqﬂﬂ'srmz.req}

The force in shear reinforcement caused by shear and torsion effect can be calculated according to
formula

F =(Te_, Ve ) =
=wd T VBTA, T ng-z| cotfd)

The maximum force which, can be carried by shear reinforcement is given by formula:

std. max "‘J'swf ’ fywd

Torsional longitudinal reinforcement

Additional tensile forces caused by torsion are calculated from the equation 6.28 in EN 1992-1-1:

=]

2'_-'¢|_|r_ Uy - CDt[B}

Fegt=

The required cross-sectional area of the longitudinal reinforcement for torsion is calculated in the case,
when sum of design axial forces (Ngg) and Additional tensile forces caused by torsion (Fsq) is tensile
(bigger than 0). This area is calculated by using the biaxial method for design, with following
preconditions:

e reinforcement is designed only for pure tension

¢ longitudinal reinforcement is equally distributed on each edge of the cross-section

In a simplified way said, the longitudinal reinforcement for torsion is designed according to the formula
below:

F
AA =32

Ty

Additional tensile forces caused by shear forces is taken into account in the design of statically
required reinforcement by shifting of the bending moments.



Practical reinforcement

As in the past, a practical reinforcement layout can be defined for each 1D concrete member.
Longitudinal bars, stirrups and free-form bars are available for manual input by the user. Additionally,
also anchorage types may be chosen and their properties may be manipulated by the user.

This practical reinforcement layout forms the basis for several ULS and SLS checks of reinforced
concrete members.

The input of practical reinforcement is explained more in detail in the Advanced Concept Training — 1D
concrete members.

a7



Topic Training — New Concrete

Stiffness

The behaviour of reinforced concrete is not linear-elastic, even with loads within working stress limits,
and it is therefore necessary to adjust either E or | depending on the magnitude of the applied load. In
addition concrete is subject to significant long term strains due to creep and shrinkage, which will affect
the curvature and stiffness of a reinforced concrete structure. This chapter describes how the curvature
and stiffness of a reinforced concrete section is calculated.

Stiffness presentation command is used for the presentation of the calculated stiffness. The procedure
for calculation of stiffness is based on the requirements mentioned in chapter 7.4.3 from EN 1992-1-1.
Generally, two states of cross-section are considered:

l. uncracked cross-sect ion - which is loaded below the level when tensile strength of concrete
is reached, here the cross-section with tensile strength is used

1. fully cracked cross- section - which is loaded above the level when tensile strength of
concrete is reached, here the cross-section without tensile strength is used

The stiffness is decreased when the load achieves the cracking moment (M, ;). The dependency of
stiffness on the cracking moment is visible from the following figure. The curve is not linear due to
tensile stiffening which is partly higher when the cross-section is completely without tensile strength.

A ElY

Point |

E|y|

Point I
Elyy f-----mmmmeemeeem

- —ma= o

N
>
M

My, cr v

Uncracked Crack width Stabilization
concrete spreading of crack

The behaviour of the reinforced cross-section can also be expressed in term of moment and strain
(deformation) diagram. The final value of stiffness is calculated using the interpolation formula between
state (I) deformation for uncracked concrete section (x=0) and state (ll) deformation for fully cracked
concrete section (no tension carries) (x=1) dependently on the ratio of stress in reinforcement from
cracking load and acting load. The dependency of cracking moment on strain in the concrete is visible
from the following figure.
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The distribution of the reinforcement stress in crack and between cracks can be graphically expressed
on the following figure. Reinforcement stress is higher in cracks and concrete stress is zero in cracks.
The final value of stiffness is dependent on the tension stiffening of concrete in cracks based on the
distribution coefficient.

TEl El
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The plane of the equilibrium is calculated for a particular state of the cross-section using the method
described in chapter "Theoretical background" . There are used different stress-strain diagrams
towards the Capacity-response (ULS). Stress-strain diagrams based on the serviceability limit state are
used for finding of the plain of the equilibrium. Generally, this command uses the iterative method for
the interaction of the normal force (N) with uni-axial or bi-axial bending moments (M, + M,).
Additionally, there is a possibility to calculate short-term or long-term stiffness which is applied via a
modified stress-strain diagram.

SCIA Engineer is able to calculate short-term or long-term stiffness. This type depends on setting in
Global settings - Solver settings - General - SLS - Use effective modulus of elasticity.
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Hetora o [ | Fird | | View ‘ o ‘ | Defaut | Fiemarkc ]
Description Symbol  Value Defaut | Unt | Chapter | Code Struct.. Cheo.. |
| <all> P Pl P b P > P > P ol P b0
| = Solver setting
= General D
Limit walue of unity check Lim.check 1,0 1.0 Independ... All (Be... Solver ...
Value of unity check for not calculated urity check  Neal.che... 3.0 30 Independ 3 cm
The coefficiert for calculation effective depth of cr... Coeffs 09 03 Independ. e... Solver
The coefficient for calculation inner lever am Coeffz 039 03 Independ e
The coefficient for calculation force, where membe... Coeffeom 0.1 0.1 Independ... All (Be... Solver .
E Creep ey E
Type input of creep coefficient Typeo  Auto Ao AnnexB.1 EN1992-.. All (Be.. Salver
Relative humidity RH 50 50 % AmmexB.1 EN 1992~ All{Bs.. Salver == E
Age of concrete at loading to 2800 2800 day AnnexB.1 EN1992-. All(Be.. Solver. | cm
Age of concrete at the moment considered t 1825.00 182500 day AmexB.1 EN1992- Al(Be.. Solver
= §LS 1 + ¢
S Use effective modulus of concrete NO NO 7.1 EN 1992- . All{B=.. Solver
(= Entewriad focces Possiiit to use effsctive E moduis of concrete. |k means the
Use equivalert first order value YES YES 5882(2) EN1992-. Colmn Selver . Jongtem behaviour of oncrete s covered in the analysls of
Detemination of unfavourable direction Auto Mt 5B9 EN 1992-.. Column  Solver the crack width and stiffness caleulation
= Intemal forces ULS e
Take into account additional tensile force caus YES YES 521.3(2) EN1992-.. Beam Solver
Lse minimum value of eccentricity YES YES 614 EN 1992-.. Column Solver ..
Use geometric imperfection VES YES 525 EN 1992- . Column  Sofver _.J L]
ok | |-Ganeel |
Theory

The calculation procedure can be described in the following steps:

1) Calculation of uncracked cross -section

The cross-section characteristics for the uncracked cross-section (using linear stress-strain diagram
with tensile branch for concrete and reinforcement) are calculated. This state is signed with bottom
index I.

Cross-section characteristics

Type of t, t, A I L X A, A A

component [m] [m] [m] [ml [m% [m]l [m1 [m1 [m7]
Linear 0 0 035 66410° 0.164 0.075 - - -
Uncracked 0 -810° 0418 80510° 0.198 008 2.21-10° 0 22110°
Cracked 0 0015 0205 44910° 00994 006 221.10° 0 221107

2) Calculation of tensile concrete strength used for ¢ rack appearance

Stiffness and deflections are dependent significantly on the effective concrete strength which governs
the cracking moment. Value of strength determines if crack appears or not. The resultant value is the

effective tensile concrete strength o, which can be ey or fom 4. Additionally, there is a possibility to set
the tensile strength to OMPa.

3) Verification of crack appearance

At first crack appearance is verified for the characteristic load combination in accordance to chapter
7.1(2) - maximal tensile stress in concrete fibre is compared with effective concrete tensile strength
feref- The calculation of maximal tensile stress in the concrete fibre is performed on the cross-section
with SLS linear diagram of concrete with tensile branch and the reinforcement is taken into account
with linear diagram. As a conclusion, two cases can appear:

1) s <0 - no crack appears; the cross-section is considered as uncracked and SLS linear
diagram with tension is used for another step of the calculation.

2) sq > O - crack appears; the cross-section is considered as cracked; the cross-section is
recalculated using SLS linear diagram without tension.

When the cracks appear then the following steps are done.



4) Calculation of cracking internal forces
The cracking internal forces are calculated based on the uncracked CSS characteristics and tensile
concrete strength. Afterwards, these cracking forces are used for calculation of stress in reinforcement

(Osr)-

5) Calculation of distribution coefficient
Before the distribution coefficient is calculated, the reinforcement stress for acting load (os) and for

cracking load (og) has to be known. There is a coefficient § which is determined according to the
duration of the load:

e B =1,0- for short-term load

e B =0,5-for long-term load (based on using Use effective modulus of concrete = true)

Check of concrete stressesand calculation of cracking forces
Maximal tensile stress in concrete fibre
04 =422 MPa
Cracking status
Oy > Ty = 422 MPa > 1.9 MPa => Cracks appear.
Stressinreinforcement for cracking load
gy =100 MPa
Stressinreinforcement for acting load
g, =216 MPa

Distribution coefficient
v 2
_ . S || . 100 }1_
Cmax(l],l B ( o, )] max(O,l 05 (216 =0.892

The distribution coefficient (in fact coefficient of tension stiffening) is calculated based on the type of
load (B) and also on the ratio of reinforcement stress for cracking and acting load

X = 1-Be(04/05)°

6) Calculation of fully cracked cross  -section
The cross-section characteristics for full cracked cross-section (using linear stress-strain diagram

without tensile branch for concrete and reinforcement) are calculated. This state is signed with bottom
index I1.

Cross-section characteristics

Type of t, t, A I, L X; A, A, A

component [m] [m] [m] [ml [ml [m]l [m] [m] [m’]
Linear 0 0 035 66410° 0.164 0075 - - -
Uncracked 0 -810° 0418 80510° 0.198 008 221.10° 0 221107
Cracked 0 0.015 0205 44910° 009% 006 221.10° 0 221107

7) Calculation of resultant values of stiffnesses and curvatures
When the steps above are calculated then resultant values of stiffnesses can be calculated using the
interpolation formula respecting uncracked state (1) and fully cracked state (ll).
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Calculation of the resultant bending stiffness:

1
BT 1t
E[s'.l E[s'J
axial stiffness:
1
EA=———7—7>—
L 1-C
Ef‘\n E}‘\I

and curvatures:

b0
¥ vl w

Capacity - response (ULS)

The Capacity - response is based on the calculation of strain and stress in a particular component
(concrete fibre, reinforcement bar) and comparison with limited values with respect of EN 1992-1-1
requirements. Based on the internal forces, concrete cross-section and defined reinforcement by the
user, SCIA Engineer is able to calculate the response of a member or a single cross-section. This
method uses an iteration routine to calculate equilibrium based on the internal forces, the cross-
section, material properties and reinforcement layout. However, this method does not calculate
extremes (capacities of cross-section) like the interaction diagram, but calculates the state of
equilibrium for that section (response). The calculation also includes depth of compression zones (d),
curvatures in each axis (&,,€, and €,), stresses, strains and forces in particular components. Generally,
this iterative method works for the interaction of the normal force (N) with uni-axial or bi-axial bending
moments (M, + M,).

There are the following assumptions:
e Strain and stress diagram defined in material properties will be used

o Concrete — bilinear or parabola-rectangular stress-strain diagram

o0 Reinforcement — bilinear with or without inclined horizontal branch stress-strain
diagram

¢ Tensile stress in concrete is not considered

» Standard REDES reinforcement is considered

With the following limitations

e The area of longitudinal reinforcement is not subtracted from concrete area in the first step

Theoretical background

Imagine a diagram representing the strain in a reinforced concrete cross-section. Generally, the cross-
section can be non-symmetric to y or z axis and loaded with a combination of N, My and M,. Then the
vector of strain consists of three nonzero values €= {g,; €,,&,}. This vector determines the so called
plane of deformation.



Z A neutral axis

-~
— Unloaded cross-section
— = plane of deformation

Corresponding plane of strain for plane of equilibrium in one plane bending only (M,) is shown in
following figure. Nevertheless, the distribution of the stress in compression part depends on type of
stress-strain diagram of concrete. When bilinear diagram is used then the distribution is constant or
linear constant. In case of parabola-rectangular diagram the stress distribution is constant or linear-
parabola.
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The previous figure shows a non specific case, but let us imagines an ultimate state. Under the
ultimate state, we understand a case, where either concrete or steel is strained to a limit value. We can
draw some cases in a similar diagram. The basic assumptions of this limit strain method show the
following figure. Generally, four limit strain states can occur. The numbering (1-4) in the following figure
represents particular state types of the cross-section. The state (1) corresponds to the optimal failure
when ultimate compressive strain in concrete (g.,) and ultimate tensile strain in reinforcement (g,4) are
reached. In case of state (2), the ultimate limit strain in concrete is assumed within considering the
strain in prestressing at the beginning of plastic branch (gs). The state (3) expresses the starting of the
concrete crushing. Finally, the state (4) represents the reaching of ultimate compressive strain for an
axially loaded member decreased due to brittle failure effect.

The following checks are performed:

e Check of compressive concrete

Eec

Eeclim

verification of strains

T

e lim

verification of stresses
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e Check of compressive reinforcement

g
Egr lim . . .
verification of strains
Tgr
Fee [im

verification of stresses

*  Check of tensile reinforcement

g
£ lim e . .
verification of strains
Trr

Tee Iim

verification of stresses

Unity check is maximum from all partial unity checks. It means
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; ; ; ; ;
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Effective depth of cross- section

The effective depth of cross-section is usually defined as the distance between the most compressive
fibre of concrete to the centre of gravity of tensile reinforcement. In SEN, the effective depth of cross-
section is defined as the distance between the most compressive fibre of concrete to the position of
resultant of forces in tensile reinforcement. In relation of bending loading in SEN is calculated the
perpendicular projection of this distance to the straight line perpendicular to the neutral axis (slope line
plane of equilibrium), called d,ec.



There are some exceptional cases, when effective depth is not calculated from plane of equilibrium:
e The most compressive fibre cannot be determined (the whole cross-section is in tension)

* Resultant of forces in tensile reinforcement cannot be determined (whole section is in
compression)

e Equilibrium is not found

» Distance between the most compressive fibre and Resultant of forces in tensile reinforcement
is lesser than 0,5xh

In this cases, the effective depth is calculated according to formula
d =d,ec = Coefyx h

If there are most compressive concrete fibres with the same value of compressive stress, the fibre
which is the nearest to the straight line in the direction of the resultant of bending moment and crossing
the centre of gravity of cross-section, is taken into account for the calculation of effective depth .

Inner lever arm

Inner lever arm in EN 1992-1-1, clause 6.2.3 (3) is defined as the distance of forces in tensile and
compression chord, it follows that it is the distance of position of resultant of tensile force (tensile
reinforcement) and position of resultant of compressive force (compressive reinforcement and
compressive concrete). For a better overview, there is calculated the perpendicular projection inner
lever am to a straight line perpendicular to the neutral axis (slope line plane of equilibrium), called z.c.

Except of the value of inner lever arm, there is calculated only a part of inner lever arm:

e part of inner lever arm (distance from centre of tensile force to centre of gravity of cross-
section) — value z+ or projection of this value to a straight line perpendicular to neutral axis —
value Zec+

e is part of inner lever arm (distance from centre of compressive force to centre of gravity of
cross-section) — value z- or projection of this value to a straight line perpendicular to neutral
axis — value Zzc.

There are some exceptional cases, when inner lever arm is not calculated from plane of equilibrium:
e The most compressive fibre cannot be determined (the whole cross-section is in tension)

* Resultant of forces in tensile reinforcement cannot be determined (whole section is in
compression)

e equilibrium is not found

In this cases, the inner lever arm and parts of inner lever arm is calculated according to formula

Z = Z,ec = Coef, x d e

S

Z+ = Zyeer = Z- = Zyee. = 0.5 % 2

neutral axis
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Capacity - diagram (ULS)

Capacity - diagram service uses creation of interaction diagram which is a graph illustrating the
capacity of the concrete member to resist a set of combinations of axial force and bending moment.
Dependent on the load, the position of the neutral axis is changed and this leads to obtaining different
values of compressive and tensile areas in concrete members. Therefore this concludes to a different
capacity calculated from the strain distribution.

The Capacity - diagram calculates the extreme allowable interaction between the normal force N and
bending moments My and M,. In theory this diagram is a 3D-diagram, but SCIA Engineer allows the
user to obtain horizontal and vertical sections. The axis of the diagram has an axis for the normal force
N, the bending moment M, and the bending moment M,.

Normal Force

Bending Moment
My

Bending Moment
Mz

There are the following assumptions:
e Strain and stress diagram defined in material properties will be used
o Concrete — bilinear or parabola-rectangular stress-strain diagram

o0 Reinforcement — bilinear with or without inclined horizontal branch stress-strain
diagram

¢ Tensile stress in concrete is not considered
¢ Standard REDES reinforcement is considered

e Capacity of plain concrete is also calculated by interaction diagram using proper
coefficient ac p according to chapter 12.6.3(1) from EN 1992-1-1

With the following limitations

e The area of longitudinal reinforcement is not subtracted from concrete area in the first step

Theoretical background

First the section is in pure compression, then it will be over-reinforced until it reaches the point where it
is balanced designed. After the point of balanced design the section will reach pure bending, then be
under-reinforced and finally be in pure tension

Generally the interaction diagram is used to find the capacities for the checked cross-section. The
searching of capacities depends on used method for finding intersection with interaction diagram. This
method can be the following:

* NRd - the bending moment My and Mz are constant and the intersections are searched in the
vertical direction

« MRd - the normal force N is constant and the intersections are searched in horizontal direction

¢ NRdAMRd - the used eccentricity is constant and the intersections are searched in direction of
constant eccentricity

¢« MRdy - the bending moment around z axis and normal force are constant and the intersections
are searched in horizontal direction in plane N-My

* MRdz - the bending moment around y axis and normal force are constant and the intersections
are searched in vertical direction in plane N-Mz



See the examples of interaction diagram sections for particular method type:

Method NRd: (My and Mz are constant)

N-M,

ical section

- Vert

iagram

.

d

3Dinteraction

250+

INIIN

3D interaction diagram - Vertical section N-M:

3Dinteraction diagram - Vertical section N-M:

Plres [kNm]

5001

[rat]

=

-2500--
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3D interaction diagram - Horizontal section M,-M:

Method MRd: (N is constant)

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

-2500--

3D interaction diagram - Horizontal section M,-M;




Method NRAMRd: (eccentricity = constant)

3Dinteraction diagram - Vertical section N-M:

—SETT

—SEIT-

-2500--

3D interaction diagram - Horizontal section My-M:

Method MRdy: (Mz and N are constant)

3D interaction diagram - Vertical section N-M,
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3D interaction diagram - Horizontal section M,-M;

354+

INAT 2z

L

Method MRdz: (My and N are constant)

3Dinteraction diagram - Vertical section N-M:

-5

Mz [kMNm]

3D interaction diagram - Horizontal section M,-M:

354

[l

N




Setup

There are several parameters which affect the generation of the horizontal and vertical cuts of
interaction diagrams. These values are stored in Concrete settings (structure). The parameters for
interaction diagram are the following:

National amnex. - ‘ Find ‘ ‘ View  w ‘ {adl;?lfl\zled ) ‘ ‘ Default ‘
| Description Symbol Value Default Unit | Chapter Code Structure | CheckTy... ;!
| <all> L2 je i B P P <. Pk P o< P ol P oa: P
| Use second order effect YES YES 588 EN 1992-1-1 Column  Solverset.
Estimation ratio of longitudinal reirforcement for recalculati... pe 1.00 1.00 % 623 EN 1992-1-1 Column  Solversst.
E intemal forces 5LS
Use geometric imperfection NO NO 525 EN1952-1-% Column Solversel..
= Design As
Coefficient for reduction of strength of the concrete in compre... Redszd 0.85 EN 1992-1-1 Al {Bea.. Solversst.. |
Limit ratio of bending moment for uniaxial method Ratioim 0,10 Independent 10 (Bea. Solverset.
Design method (beams) Auto

Independent Beam,Be.. Sclverset.. -

Interaction diagram )
Irteraction diagram method NRdMRd NRdMRd [ EN 1992-1-1 Al (Bea.. Solversst
Division of strain 2500 2500 Independent Beam.Be.. Solversst
MNumber of points in vertical cut 36.0 36.0 Independent

Solver sl

s
Type calculation/input of angle of compression stnt Type B Userfangle) Userfanale) 523 EN 1992-1-1 Al {Bes. . Solversat
Angle of compression st [:] 40,00 40,00 deg 623 EN 1992-1-1 Al (Be=.. Solverset.
Cotangent angle of compression strut coti{f) T2 1.2 623 EN 1992-1-1 Al (He=.. Solverset.
4| Shear between web and flanges
Torsion
[# Stress limitations
# Cracking forces ;1
K| |- Cancel |
Interaction diagram method - this option enables to select AN
appropriate interaction diagram method. The following approaches & T ‘;l ”
LT

can be applied:

e NRd - assuming Md is constant

¢ MRd - assuming Nd is constant

* NRdMRd - assuming eccentricity is constant _

«  MRdy — assuming Mdz is constant N..M[.'g;:i';;:; — My
y ?

¢ MRdz - assuming Mdy is constant W N

Default value is NRdMRd.

Division of strain - this option explains the precision of calculation of
diagram point during generation of vertical cuts. The value means how
many times the strain plane is readjusted from the position of section
under full compression to the position of section under full tension. The
value influences the accuracy and the speed of calculation

Default value = 250, with limits <0;10000>.

Number of points in vertical cuts - number of direction (number of
"branches") in which interaction diagram is calculated during generation of
interaction diagram.

Default value = 36, with limits <0;10000>.
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Shear + torsion (ULS)

Check of Interaction shear and torsion consist three checks:

check shear
check torsion

check interaction of shear and torsion

The all check area is calculated according to clause 6.1 -6.3 in EN 1992-1-1. The following
preconditions are used for calculation:

The checks are calculated for beams and columns and for general load (N+My+Mz)
Cross-section with one polygon and one material is taken into account in version SEN 15
The material of all reinforcement bars and stirrups have to be the same in SEN 15

The checks should be used only in case, that the angle between gradient of the strain plane
and the resultant of shear forces is not greater, than 15 degrees

Equivalent thin-walled closed cross-section

Equivalent thin-walled cross-section can be calculated by 4(5) possibilities in SEN depending on

parameter Equivalent thin-walled cross-section

. This parameter can be changed in Concrete

settings (if 1D concrete member data is not defined) or in 1D concrete member data for Advanced

mode/ level.
=
e < | Find | | View ‘ ey | ‘ Defauit |
Description Symbal Value Default Uit Chapter Code Structure CheckType _‘!
<all <all> <all> L ozl L = <all <all> P Gl P ol 0
1=l Interaction diagram
Interaction diagram method NRdMRd NRdMRd 6.1 EN 1992-1-1 Al (Beam
Division of strain 2500 250.0 Independent Beam.Bea.. 5
Number of points in wertical cut 360 .0 Independent Beam Bea... S
= Shear
Type calculation/input of angle of compression stut Type 8 User{angle) B23 EM 1992-1-1 Al (Beam
Angle of compression strut a 40.00 deg 623 EM 1952-1-1 Al (Beam
Cotangent angle of compression strut cot(8) 1.2 623 EN 1592-1-1 Al (Beam,
[+ Shear between web and flanges
= Torsion »
# Equivalent thin-walled closed cross-section Automatic % Automatic 631(3) EN 1892-1-1 1D (Beam. . Solver setti _ |
[ Stress limitations Automatic
[# Cracking forces From stimups for to
= Deflections From uged C55
Maximal total displacemeant Licx = Kot From effective recj 257, 7414 EN 199211  BeamBea . Solversefi
Maximal additional displacement L x = Xadd 500.0 74705 EN 1592-1-1 Beam,Bea... Solversetii
[l Detailing provisions
= Beam
=l Longitudinal
Check min. bar distance YES YES B.22) EN 1592-1-1 Beam Solversetti...
Minimal bar distance Sib,min 20 20 mm 8.2(2) EN 1592-1-1 Beam Solver setti !_!
oK | |- Cancel— |

There are the following options:

Automatic - the program calculates equivalent thin-walled cross-section according one
method below. It means that the program tries to create an equivalent thin-walled cross-section
from stirrup for torsion at first, and if this method is not successful, the program uses a method
based on the shape of cross-section or. This is the default setting.

From stirrups for torsion - program tries to create equivalent thin-walled cross-section
around stirrup, which check box Torsion = ON for. If equivalent thin-walled cross-section was
not successful created or stirrup for torsion is not defined, program finishes with some
warning/error. This method is not supported for design of shear reinforcement, because user
(practical) reinforcement is not taken into account and therefore for design method From used
Css - is used, if this method is selected.



: Stirrup for torsion
Y

e Fromused Css - program tries to create equivalent thin-walled cross-section from current
cross-section by offsetting value tg. If equivalent thin-walled cross-section was not successful

created the program finishes with some warning/error.

i Z
Y
tef

e From effective rectangular Css - program tries to create equivalent thin-walled cross-section
as rectangular concrete cross-section to perimeter and area of target and source cross-section
were the same . It follows, that effective rectangular cross-section with the following dimension

will be created:
' Y
|Lr+A.|Lr2—1B-A|
L |

&
bpr:A.lrh‘pf

hef:

If equivalent thin-walled cross-section was not successful created program finishes with some
warning/error.
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e Userinput - equivalent thin-walled cross-section can be defined directly by the user, it means,
that the user has to define following properties:

o area of thin-walled cross-section (A user)
o outer circumference of thin-walled cross-section (U yser)

o effective wall thickness (tefuser)

This method is available only in 1D concrete member data. If the member is not prismatic (arbitrary
member or member with haunches), equivalent thin walled cross-section is recalculated to each
section of the member according to the formulas below:

AM:AF'AxM

Am
_ Yk ymr
Ui = - "
w
A Uy
i“l:-i"r' - Tj - A_ - fl:'lr. [TE=T]

Angle of compression strut [deg] 40,00 ~
Cotangent angle of compression strut 1,19175359259421
= Shear between web and flanges
Type input of angle of compression strut User(angle) v
Angle of compression strut [deg] 40,00

1,19175359258421

Equivalent thin-walled closed cross-section User input of thin-walled closed cross-section

Area of thin-walled closed cross-section [mm®2]

Cuter circumference of the cross-section [mm]

Effective wall thickness [mm]

Type of strength for calculation of cracking force f fetm} -

Value of strength for calculation cracking force f {ct eff} -
= Crack width

Type of maximal crack width Auto b
= Deflections

Maximal total displacement L x = 250

Maximnal additional displacernent Lix x = 500

=l Design defaults
= Mimimal concrete cover

Different surfaces

¥
Actions
Update support width ES
Concrete Setup S

Chapter: 63.1(3)
Code : EN 1992-1-1
Rernark : Type of equivalent thin-walled cross-section used for calculation of cross-section capacity in torsion

[-=OKf] Cancel [




Shear reinforcement

Determination stirrups around section

The stirrups around the section are taking into account on a length corresponding to the horizontal
projection of the length of compression strut (the width of concrete strut), which can be calculated
according to formula:

6=z -cot(@)

stirrup zone 1 |

A Fed
_ =P
S o B el i 74
© | 7N
A 2 N : >
i | : Fid
stirrup zone 2 / _0'5'8=|=0'5'5‘\Section p bw =buw1 .
8= z.cot(0)

Calculation number of stirrup links (number of cut S)

The way for calculating the number of stirrup links can be inputted in the properties of the stirrup layer
and there are two possibilities for calculating the number of stirrup links in SEN:

* Automatic calculation - the number of links is calculated as a number of intersections of
stirrup with a straight line perpendicular to the direction of shear force resultant, where this line
is crossing the centre of polygon

&

e Userinput —the number of links is inputted directly by the user

Stirrup for torsion

There is taken into account for torsional check only the stirrup, where check box Torsion = ON for.
This check box can be switched ON/OFF in the dialogue Stirrup shape (action button Edit stirrup shape
in properties of Stirrup or in library of stirrups).
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r B
Stirrup shape ﬂ

Delete i Delete all

Name s1

Position number 1

1 Diameter [mm] 10,0

Color E—
Number of vert... 4

Closed

Torsion ¥ yes

Shear in joint | yes

Analysis model

Shear caleulation ———————

- Stirrup | [ User defined points Mumber of cuts

2
Diameter of mandre |4 dss

Picture properties ———————

New stirrup Item-edge index ‘ Type | Rela Abso [mm] | From |
1 |1Edge | Reti - 0,500 Begil -
2 |2.Edge Rel: = 0,500 Begit ~
Diameter 3 |3Edge Rel: ~ 0,500 Begil =

¥ Draw corners points
]a’lj j‘ TN 4 |[4.Edge Reli = 0,500 Begii = Texts & Points scale ]u.s 5:

™ Draw dimensions
Add Delete Delete all ] Redraw I

¥ Draw intersection points

Calculation of average characteristics of shear rei nforcement

As was mentioned there is a possibility to define more stirrup zones (more stirrups) around a section
with different properties, therefore it is necessary to calculate average characteristics. The average
characteristics are calculated from stirrups within the calculated interval, and in this calculation distance
of stirrups from the section (value D) is taken into account. It means that the stirrup, which is nearer to
the section, has bigger influence on average values than the stirrup with a bigger distance.

Calculation of characteristic of shear reinforcemen t

The shear reinforcement in SEN can be inputted via REDES (stirrup zone) and via Free bars. There is
a possibility to input more stirrup zones and more free bars (stirrups) to a member with different
parameters. Therefore it is very important to set the region for taking into account stirrups around the
section and to calculate average characteristics of shear reinforcement for the shear check.

Shear check
Calculation procedure

As was mentioned above, there exists a general concept of the "strut-and-tie" model for the prediction
of shear effects in concrete. In this model, the top compression and bottom tensile members represent
the compressive concrete and tensile reinforcement, respectively. The horizontal members are
connected by the compressive virtual struts and reinforcement tensile ties. The axial forces in tensile
ties should be transmitted by the shear reinforcement. Consequently, the maximal force in concrete
struts (Vramax) @nd shear force retained by the shear resistance (Vgrqs) have to be compared with
acting shear force (Veq). The procedure for check can be represented by the diagram below:



Yes

Section cracked in No

bending ocmax > o

h 4 \ 4
{ Calculation Vrdc acc.to [ Calculation Vrdc

clause 6.2.2(1) acc.to clause 12.6.3

I l

—

Yes Beam as slab or No

other member with

{ Calculation Vrdmax, VEdmax, Vid, Vecd J only detailing stirrups
Yes

Vrd = Vrae <min(Vrd max. VEd.max 1+ Vio+Veed

Calculation Vrds, VRd,max, VEd,max, th,Vccd J

Vad = Vrds +Vid+Veed <Min(Vra mex, Ved mex )+ Via+Veed

Yes
Ved = Vrds+ Vid+Vood

No

WVed = VRd maxtVig +WVood

h 4
Check OK <

Ved = Ved maxtWia+ Ve

!

Yes

Ved = Vrdmaxt+Via+Veoa

Check OK, BUT
Yes No

Ved 2 Ved maxtVia+Vea

The formulas which are used for the calculation of each component of this model are the following.
Generally, there are two possibilities for the calculation of shear capacity of concrete dependently on
existence of cracked in bending:

F 3 I

b 4

Shear concrete capacity in region cracked in bending - formula 6.2.a,b in EN 1992-1-1
_ i3
Vag.e = I:CF:c'.c' k- (130 2y 7 I ':‘rcp] by-d
Vﬂd.c.min = |:""'min +k - gcp::" b‘w' d

Shear concrete capacity in region uncracked in bending — clause 12.6.3(3) in EN 1992-1-1

Fowg -4
— Towd Ao
VRd.n T Tk

1263

Additionally, there is calculated maximal shear force (Vegmax) ) Without reduction by 8 for member
where load is applied in the upper side of the member (see formula 6.5 in EN 1992-1-1).

II"'rEd.msx =05- bw'i' id-v- fcd

Maximal capacity of concrete compressive strut (Vramax ) iS determined according to formula 6.9 in EN
1992-1-1, because as has been mentioned before, the angle of stirrups (0) is always perpendicular to
member axis.
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V. — D By -2y Ty
Rd.max ™ " otig) + ta(8)

Design value of shear force sustained by shear reinforcement (Vrqs ) is calculated according to formula
6.13 in EN 1992-1-1

Vag: = Ao . fowa (cOt(B) + cot(a)) - sin(a)

2

Final design value of shear force (Vrq ) carried by member is calculated based on the following
formulas depending on type of member and area of shear reinforcement.

» for beam as slab and for other member with only detailing stirrups (Asw =0)
Vag= Vg, e = MiN(Vag max. VEd, max) ¥ Vig+ Ve
o for other cases

Vaa= Vaa ot Viat Va2 min{Viaa max. Vea mae) + Viat Voo

For members with inclined chords the additional forces have to be taken into account for shear check
according to clause 6.2.1(1). The calculation is prepared for taking into account also inclined chords.
Nevertheless the calculation itself is not implemented yet. The partial components are explained in the
following figure.

Width for cross-section

There are calculated two widths for shear check

e value b, — this value is calculated as the smallest width of the cross-section in tensile area of
cross-section perpendicular to direction of resultant shear force. This value is used for the
calculation of shear resistance of concrete (Vrqc) according to clause 6.2.2(1)

* value b, —this value is calculated as minimum width of cross-section between tension and
compression chord perpendicular to direction of shear force. This value is used for calculation

o design value of maximum shear force Vgq max (Calculation without reduction B), clause
6.2.2(6)

0 design value of maximum shear force limited by crushing of the compression struts
(Vrdmax), Clause 6.2.3(3,4)

o0 design value of shear force carried by shear reinforcement (Vrgs), clause 6.2.3(3,4)




Effective depth of cross- section

The effective depth of cross-section is usually defined as the distance of the most compressive fibre of
concrete to centre of gravity of tensile reinforcement. In SEN, the effective depth of a cross-section is
defined as the distance of the most compressive fibre of concrete to the position of resultant of forces
in tensile reinforcement. There is calculated in SEN the perpendicular projection which is the distance
of a straight line perpendicular to the neutral axis (slope line plane of equilibrium), called de.. The
problem is how to calculate this distance if difference between direction of resultant of bending moment
and resultant of shear force is markedly. In this case the effective depth for shear is calculated than
perpendicular projection this distance calculated from bending load to direction of shear force resultant.
There are some exceptional cases, when effective depth is not calculated from plane of equilibrium:

e the most compressive fibre cannot be determined (the whole cross-section is in tension)

e resultant of force in tensile reinforcement cannot be determined (whole section is in
compression)

e equilibrium is not found
In this case, the effective depth is calculated according to formula:

d= Coeffy-h-cosl|ay— ayl)

Inner lever arm

Inner lever arm in EN 1992-1-1, clause 6.2.3 (3) is defined as the distance of forces in tensile and
compression chord, it follows that it is the distance of position resultant of tensile force (tensile
reinforcement) and position resultant of compressive force (compressive reinforcement and
compressive concrete). Since in EN code it is not defined, how to calculate inner lever arm, if
difference between direction of resultant of bending moment and resultant of shear force is markedly.
Therefore in SEN is used the same principle as for calculation effective depth, it mean that inner lever
arm is calculated as projection to direction of shear force resultant. There are some exceptional cases,
when inner lever arm is not calculated from plane of equilibrium:

e the most compressive fibre cannot be determined (the whole cross-section is in tension)

e resultant of forces in tensile reinforcement cannot be determined (whole section is in
compression)

e equilibrium is not found

In this case, the inner lever arm is calculated according to formula:

z= Coeff,-d

The EN code gives these values to relation with bending load, but there is a problem to calculate these
values, if difference between direction of resultant of bending moments and resultant of shear forces is
markedly. In this case the code EN does not give any recommendation. Therefore in SEN, if the angle
between resultant of bending moments and resultant of shear forces is greater than 15 degrees, the
program gives this warning and in this case the more sophisticated method (for example biaxial shear
method) should be used.
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Shear check

The shear check is commonly based on the theory of the concrete truss-model. In this theory a virtual
truss-model is imagined in a concrete beam. This truss-model has a set of vertical (or slightly
diagonal), horizontal and diagonal members. The vertical bars are considered to be the stirrups; the
horizontal bars are the main reinforcement and the diagonal bars are the concrete struts. The check of
biaxial shear is calculated according to preconditions in clause 6.2 in EN 1992-1-1.

shear reinforcement
/ compression chord

-1

]

tensile chord/ : Fia
compression strut

bw =bw1

.

There are the following assumptions:

The shear forces in both direction are taken into account and shear check is done for resultant
of shear force

The parameters of plane of equilibrium (value d, z and h) are recalculated to direction of
resultant shear force

The design shear resistance of the member without shear reinforcement (Vgq,) is calculated
according to clause 6.2.2(1) in EN 1992-1-1, if section is cracked in flexure, otherwise clause
12.6.3 in EN 1992-1-1 is used

Design value of maximum shear force will be calculated according to clause 6.2.2(6) (Vegmax)
and 6.2.3 (3,4) (Vrdamax) in EN 1992-1-1

Design value of shear resistance is calculated according to 6.2.3 (3,4) (Vrqs) in EN 1992-1-1

The number of shear links can be calculated automatically or defined by the user (in properties
of stirrup zone)

The angle of compression strut can be calculated automatically or defined by the user

The angle of stirrups for check is always perpendicular to member axis

With the following limitations

Inclined compression chord or inclined tensile chord are not taken into account

The widths of cross-section for shear checks (value b,, and b,,) are calculated automatically.
There is no possibility for definition of user value in SEN 15

Free bars reinforcement is not taken into account

The area of longitudinal reinforcement is not subtracted from concrete area



Torsion check
Calculation procedure

As was mentioned above, there exists a general concept of “strut-and-tie” model for the prediction of
torsional effects in concrete. In this model, the top compression and bottom tensile members represent
the compressive concrete and tensile reinforcement, respectively. The horizontal members are
connected by the compressive virtual struts and reinforcement tensile ties. Consequently, the
maximum of torsional resistance moment carried by concrete strut (Trgmax) and torsional moment
retained by the torsional resistance (Trqs) have to be compared with acting torsional moment (Tgq).
The procedure for check can be represented by the diagram below:

[ Calculation Trac Aswt J

No Yes

[ Tra=Trec ]

v

Calculation Trgs, Trd max

Tra = Tras < TRdmax

Yes
Ted = Tras
( Check OK )
No
T Yes
CCheck OK, BU'Dq—
Ted = Trdmax
No

The formulas which are used for the calculation of each component of this model are the following.

Torsional cracking moment is calculated according to equation 6.26 in EN 1992-1-1, provided that the
stress caused by torsional moment is equal to design axial tensile strength of concrete (value fyg). It
follows:

Trge =2 fopg-ter- Ay

Maximum of torsional resistance moment (Trqmax) IS determined according to formula 6.30 in EN 1992-
1-1.

TF!d.msx =2-v- oy iF|:|:.|' "ﬂ'k 'fE-f' EDSI:B}- sin(B}
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Design torsional resistance moment of torsional reinforcement (Trqt) iS calculated according to
formula below

A 1
Trast = 2+ A+ (222 - Fyuq- cot(8)

2 4
Final design value of torsional moment (Trq) carried by the member is calculated based on the
following formulas

e for member without or with only detailing stirrups for torsion (Asw: =0)
Tra= Trag.c € Trdmax
» for other cases

Tea™ Trd = = Tra max

Calculation basic characteristics

The torsional resistance of sections is calculated on the basis of a thin-walled closed section, even if
the section is actually solid. For solid members, the section is idealized as a thin-walled section. There
are several options for generation of thin -walled cross-section in SEN.

Centreline
defining Ay

e

Surface defining perimeter,

Cover
u, and area, A

/

tof
The effective wall thickness is calculated according to clause 6.3.2(1) in EN 1992-1-1
fE-l’ = % =2 g

The important parameters for check of torsion calculated from the centre line of the effective thin-
walled cross-section are:

e the area enclosed by the centre-lines of the thin-walled cross-section, including inner hollow
areas (value Ay)

e the circumference of the centre line thin-walled cross-section (uy)

Torsion check

In normal building structures, torsion generally arises as a secondary effect, and specific calculations
are not necessary. Torsional cracking is generally adequately controlled by reinforcement provided to
resist shear. Even, when torsion occurs, it rarely controls the basic sizing of the members, and torsion
check is often a check calculation after the members have been checked for flexure. In some cases,
the loading that causes the maximum torsional moment may not be same that induces the maximum
flexural effect. In some cases, reinforcement provided for flexure and the other forces may prove
adequate to resist torsion.

The torsion check is commonly based on the theory of the concrete truss-model too. In this theory, a
virtual truss-model is imagined in a concrete beam. This truss-model has a set of vertical (or slightly



diagonal), horizontal and diagonal members. The vertical bars are considered to be the stirrups; the
horizontal bars are the main reinforcement and the diagonal bars are the concrete struts.

There are the following assumptions:

e The parameters of plane of equilibrium (value d, z and h) are recalculated to direction of
resultant shear force

*  The torsional cracking moment (Trq.) is calculated according to clause 6.3.2(5) in EN 1992-1-1

» Design value of maximum of torsional resistance moment (Trgmax)iS calculated according to
clause 6.3.2(4) in EN 1992-1-1

e The angle of compression strut can be calculated automatically or defined by user
e The angle of stirrups for check is always perpendicular to member axis.

e There are 5 possibilities for the calculation of thin-walled closed section

With the following limitations
e Only one stirrup can be taken into account for torsion check
»  Free bars reinforcement is not taken into account

e The area of longitudinal reinforcement is not subtracted from concrete area.

Check interaction shear and torsion

Calculation procedure

As was mentioned above, there exists a general concept of “strut-and-tie” model for the prediction of
shear and torsional effects in concrete. In this model, the top compression and bottom tensile members
represent the compressive concrete and tensile reinforcement, respectively. The horizontal members
are connected by the compressive virtual struts and reinforcement tensile ties. The procedure for check
interaction of shear and torsion can be represented by the diagram below:
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[ Calculation Trac, Vrdc,Aswt and Asw ]

A

Only minimum Calculation Vrgmax, TRdmax ,Fswa,

. . . Fswdmax, Fsd, Fsd,
reinforcement is required swamax, Tet, T snmax

-

y

v,

T
_Tea -
TRd,max I"'.R d.max

No

Check OK <

{

Check OK, BUT

Y
No Qes
Fsd = Fsd.max

Only minimum reinforcement is required (provided that the following condition (equation 6.31 in EN
1992-1-1 is satisfied):

TEs + VEr <1
Thae VAoc

The maximum resistance of a member subjected to torsion and shear is limited by the capacity of the
concrete struts. In order not to exceed this resistance the following condition (equation 6.29 in EN
1992-1-1) should be satisfied:

Vey <1

Troma  YRoma

The force in shear reinforcement caused by shear and torsion effect can be calculated according to
formula

Foo=(fea_ , Ve ) _=
=wd N34, ng-z! cotld)

The maximum force which, can be carried by shear reinforcement is given by formula:
std.msx = "']'swf ’ f_l.-'v.-d

The additional tensile force in longitudinal reinforcement caused by shear and torsion is calculated
according to formula:

E= (% Uy + VE:,) cot(8)

The maximum force which, can be carried by longitudinal reinforcement is given by formula:

Fsd.msx = "ﬂ'sn'.for ’ f_l.-'d



Check interaction shear and torsion

The interaction of shear and torsion has to be taken into account, if the member is loaded by shear and
torsion effect. The shear and torsion checks are commonly based on the theory of the concrete truss-

model.

s 1] lints

|-— | —]

-t

Torsion Shear Total

There are the following assumptions:

The special assumptions for shear check are described in "Shear check".
Assumptions for check torsion are described in "Torsion check"

Only minimum reinforcement is required provided that condition clause 6.3.2(5) in EN 1992-1-1
is satisfied

The maximum resistance of a member subjected to torsion and shear is limited by the capacity
of the concrete struts. In order not to exceed this resistance the condition in clause 6.3.2(4) in
EN 1992-1-1 should be satisfied

With the following limitations

Inclined compression chord or inclined tensile chord are not taken into account

The widths of cross-section for shear checks (value b,, and b,,) are calculated automatically.
There is no possibility for definition of user value in SEN 15

only one stirrup can be taken into account for torsion check
Free bars reinforcement is not taken into account

The area of longitudinal reinforcement is not subtracted from concrete area.

Stress limitations (SLS)

Stress limitation (SLS) check is based on the calculation of stresses in a particular component
(concrete fibre, reinforcement bar) and the comparison with limited values with respect of EN 1992-1-1
requirements. Based on the internal forces, concrete cross-section and defined reinforcement by the
user, SCIA Engineer is able to calculate the plain of equilibrium of a member or a single cross-section
and find the actual value of stresses in each component.

Generally, stress limitation is from the point of the serviceability limit state is based on the verification of
the following states:

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

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

The method described in chapter "Theoretical background" is used for determination of the plane of the
equilibrium. There are used different stress-strain diagram towards the Capacity-response (ULS).
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Stress-strain diagram based on the serviceability limit state are used for finding of the plain of the
equilibrium. This check provides the calculation of the stresses in particular components for each state
of cross-section.

Generally, this check uses the iterative method for the interaction of the normal force (N) with uni-axial
or bi-axial bending moments (M, + M,). Additionally, there is A possibility to calculate stresses for
short-term or long-term stiffness which is applied via modified stress-strain diagram.

There are the following assumptions:
e Strain and stress diagram defined in properties of material will be used
o0 Concrete — linear stress-strain diagram dependent on:

= type of E-modulus - short-term (E.) or long-term (E. ) E-modulus for
preparation of stress-strain diagram

= cracking of the cross-section

e un-cracked cross-section - stress-strain diagram with tensile concrete
is considered

e cracked cross-section - stress-strain diagram without tensile concrete
is considered

0 Reinforcement — linear stress-strain diagram with tensile branch

» Standard REDES reinforcement is considered

With the following limitations

e The area of longitudinal reinforcement is not subtracted from concrete area in the first step

As an example the preparation of the stress-strain diagram for C25/30 (f.x = 25MPa, E; = 31GPa) is
visible from the following figures.

Concrete SLS short-term uncracked

5L 8 diagram with tension branch Point o g
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Concrete SLS long-term uncracked

5L S diagram with tension branch Point o £
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Concrete SLS short-term cracked

5L 8 diagram with tension branch Point o g
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Concrete SLS long-term cracked

5L S diagram with tension branch Point o
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As an example for the reinforcement material the stress-strain diagram for B400 C (f,x= 400MPa, Es=
200GPa) is visible from the following figure.

5LS diagram of reinforcement Point o £
@ [MPa] [1e-4]
T 400+
= 1 -400 -20
@ 3004 2 0 0
= 3 400 20
® 200+
100+
T S e e e A A
¥yow - W g 0 = W
‘T D-U-U—— (=] —
Strain [%e]
-200+
-300+
-400L

Theoretical background

The calculation procedure can be described in the following steps:

Verification of crack appearance

At first crack appearance is verified for characteristic load combination in accordance to chapter 7.1(2)
- maximal tensile stress in concrete fibre is compared with effective concrete tensile strength fe; . The
calculation of maximal tensile stress in concrete fibre is performed on cross-section with SLS linear
diagram of concrete with tensile branch and the reinforcement is taken into account with linear
diagram. As a conclusion, two cases can appeatr:

1

2)

Oy < O - No crack appears ; the cross-section is considered as uncracked and SLS linear
diagram with tension is used for other steps of the calculation.

Oy > O - crack appears ; the cross-section is considered as cracked; the cross-section is
recalculated using SLS linear diagram without tension.

Verification of stress in component

Calculation of stresses in component based on the combination. There are compared three different

cases
1)

2)

3)

verification of concrete stress under characteristi ¢ load according to chapter 7.2(2)

this verification is calculated against to longitudinal cracks in concrete and it is provided only
for exposure classes XD, XF and XS. Generally, maximal compressive concrete stress

O¢.char NAS to be lesser than maximal allowed compressive concrete strength for characteristic
combination O cnarim = K1 * fek. It can be expressed as follows:

Gc,char,lim s kl x fck
where k; is NA parameter, standard value is k;= 0,6.
verification of concrete stress under quasi  -permanent load according to chapter 7.2(3)

this verification is calculated against to considering of linear creep only. When the condition is
not fulfilled then non-linear creep calculation should be considered. Generally, maximal
compressive concrete stress o o, has to be lesser than maximal allowed compressive concrete
strength for quasi-permanent combination o qp im = Kz * fk. It can be expressed as follows:

Gc,qp,lim = k2 X fck
where k; is NA parameter, standard value is k, = 0,45.

verification of reinforcement stress under characte ristic load according to chapter 7.2(5)



this verification is calculated against to considering of unacceptable cracks and deformation in
the concrete. Generally, maximal reinforcement tensile stress oOs cnar has to be lesser than
maximal allowed reinforcement tensile strength for characteristic combination O charim = Ks * fy.

It can be expressed as follows:

0s,r:har,lim = k3 X fyk

where k3 is NA parameter, standard value is k; = 0,8.

Additionally, when the stress in reinforcement is caused by an imposed deformation then the
maximal strength is increased to k, * f,, where k4 is NA parameter, standard value is k, = 1,0.

Unity check is maximum from all partial unity checks. It means

Unity check = max (Cc,charlcc,char,lim;Oc,qplcc,qp,lim;Cs,charlos,char,lim)

The procedure above can be done for short-term or long-term state. It means stress-strain diagram
including or not effective modulus of elasticity can be used. Effective E modulus of elasticity is based

on the creep coefficient and it is calculated as follows.

Ec,eff = Ecm / (1+ f)

The including of long-term behaviour into the calculation is possible to set in Global settings - Solver
settings - General - SLS - Use effective modulus of elasticity.

Concrete settings

==

Code -

| Find H View v‘

Level
(advanced)H fnd |

Description | Symbol | Valus

| Defaut | Unt | Chapter | Code

| szt |chec | =]

<allz P oal P ol r
= Solver setting
= General
Limit walue of unity check: Limcheck 1.0
Value of unity check for not calculated unity check: Neal check 3.0
The coefficient for calculation effective depth of cross... Coeffa 09

The cosfficient for calculation inner lever am Coeffz 09
The coefficient for calculation force, where member a... Coeffoom 0.1
I = Creep
| Type input of cresp cosfficient Typeq  Uservalue
Creep coefficient @ 25
| = SLS
b Use effective modulus of concrete NO
= Intemal forces
Isolated member NO
Use equivalent first order value YES
Determination of unfavoursble direction Auto
= Intemnal forces ULS
Use minimum value of eccentricity YES
L Use geometric imperfection YES
Use second order effect TES
Estimation ratio of longitudinal reinforcement forre... pe 1.00
= Intemal forces SLS
s geometric imperfaction NO
= Interaction diagram
Interaction diagram method NRdMRd

<all>

YES
YES
YES

1,00

NO

)

NRdMRd

al P

Annex B1
Annex B.1

712

5882

5882(2)
589

614
525
588
623

all> P o<l P ol

Independant A
Independent Al
Independert Al
Independant A
Independent Al

EN 1992-1-1 Al
EN 1992-1-1 Al

EN 195211 Al|
EN 1992-1-T Calumn

EN 1992-1-1 Calumn
EN1992-1-1 Calumn

EN 1982-1-1 Column

EN 1992-1-7 Column

EN 1992-1-1 Al

Salver

Solver
Salver

Sofver
Solver
Solver

Salver

Salver

1 Solver

Sofver

1 Solver

Solver

Soiver

L

Remar |

E

cm
1+ ¢

Possibiity to use effective E modulus of concrete. i means the
longter bshaviour of concrete is covered in the analysis of the | ||
crack width and stifness calculation

|~k | | Caneet— |

SCIA Engineer is not able to use characteristic or quasi-permanent combination together in one step.
Therefore the same forces are used for crack appearance and final stress values.

Load cases are considered as standard load used for the stress limitation check

Setup

The following items have impact on the calculation of stress limitation check.

Imposed load

Additionally, when the stress in the reinforcement is caused by an imposed deformation then the
maximal strength is increased to k, x f,, where k, is a NA parameter, standard value is k, = 1,0.

The option for imposed deformation is available in Global settings-Solver settings - Stress limitations -

Indirect load (imposed deformation).
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Concrete settings

Code: -

| find ||Vlew v‘

Level | |
(advaméd)H Hcfsel |

| Description

| Symbal | Value | Defauk | Unit | Chapter |

Code | Stnuct... | Check... |

|l
@ Solver setting
General
[ Intemal forces
Interaction diagram
Shear
El Stress limitations

b Indirect load {mposed deformation}
[# Cracking forces
Deflections
| il Design defaults

P oalk P ol P ol PP ol P

NO NO 729

P @l P oE P

<all>

EN 1832-1-1 Al

Solvers.

£

Remark IZ]

|
kgx fyk
X

kyx fy

WWhen the stress in reinforcement is caused by the indirect
load (impased deformation) then the stress should not exceed |
differsnt maximal value

=

= |
ook || caneel

Value of strength for calculation of cracking force S

This value can be set in Concrete setting s by using Advanced level or in 1D member

data (advanced mode is ON), if it is defined. If normal concrete stress on un-cracked section at the
most tensioned fibre of concrete cross-section is greater than this value, the crack width will be
occurred and will be calculated. There are two possibilities:

0 MPa crack width is calculated if there is some tension in cross-section
crack width is calculated only in case, that normal concrete stress on un-cracked
fet eff section at the most tensioned fibre of concrete cross-section is greater than the mean

value of the tensile strength of the concrete effective at the time

Type of strength for calculation of cracki

ng forces

This value can be set in Concrete settings by using Advanced level or in 1D member
data (advanced mode is ON).There are two possibilities:

fetm mean tensile strength of concrete in time 28 days is taken into account, see picture below
mean flexural tensile strength (EN 1992-1-1,clause 3.1.8(1)) is taken into account. This
fetm value should be used if restrained deformations such as shrinkage or temperature

movements are taking into account for calculation crack width

AL g« & @@ E | Conose - ¥
C12/15 Material behaviour Elastic A
C16/20 = EN 1992-1-1

20725 - -

2530 Characteristic compressive cylinder s... 30,00

C30/37 Calculated depended values L

£35/45 Mean compressive strength fern(28).. 3200

C40/50 .

C45/55 femni28) - fck(28) [MPa] 8,00

C50/60 Mean tensile strength fctm(28) [MPa] Rl

C35/67 fetk 0,05(28) [MPa] 2,00

The value presented in material properties of concrete (picture above) is mean tensile strength of
concrete in time 28 days. If cracking is expected earlier than 28 days, it is necessary to input value
fem In this time to material properties (EN 1992-1-1,clause 3.1.2(9))



Use of effective modulus of concrete

This value can be set in Concrete settings by using Advanced level or in 1D member
data (advanced mode is ON). If this check box is ON, then effective module of elasticity is taken into
account.

Check width (SLS)

The crack width is calculated according to clause 7.3.4 in EN 1992-1-1. The following preconditions are
used for calculation:

e The crack width is calculated for beams and columns and for general load (N+My+Mz)
¢ Cross-section with one polygon and one material is taken into account in version SEN 15
e The material of all reinforcement bars have to be same in SEN 15

* Normal stress on un-cracked section at the most tensioned fibre for determination if crack
occurred or not (check of normal stresses), should be calculated for characteristic combination
of the load according to EN 1992-1-1, clause 7.2(2). There is made simplification in SEN 15
that this normal stress is calculated for the same type of combination as is used for the
calculation of crack width (load/combination/class inputted in service Crack control)

Value of strength for calculation of cracking force S

This value can be set in Concrete setting s by using Advanced level or in 1D member

data (advanced mode is ON), if it is defined. If normal concrete stress on un-cracked section at the
most tensioned fibre of concrete cross-section is greater than this value, the crack will occur and the
crack width will be calculated. There are two possibilities:

0 MPa crack width is calculated if there is some tension in cross-section

crack width is calculated only in case, that normal concrete stress on un-cracked
foteff section at the most tensioned fibre of concrete cross-section is greater the mean value
of the tensile strength of the concrete effective at the time

Check of normal stresses (occurring of crack width)

Before calculation of crack width the normal concrete stresses on un-cracked section at the most
tensioned fibre has to be checked. If condition below is satisfied, the crack width does not occur and
the crack width is not calculated

O-Ct S GCT

It is possible to present cracking forces (Ng, Mcry, Mcr,) in numerical output. These cracking forces are
forces which are caused by reaching of value f i (occurring of crack width in cross-section) in the
most tensioned fibre of concrete cross-section in direction of first or second principal stress. For
calculation of this cracking forces is used condition, that eccentricity of inputted forces and cracking
forces has to be the same.

Type of strength for calculation of cracking forces

This value can be set in Concrete settings by using Advanced level or in 1D member
data (advanced mode is ON).There are two possibilities:

fetm mean tensile strength of concrete in time 28 days is taken into account

mean flexural tensile strength (EN 1992-1-1,clause 3.1.8(1)) is taken into account. This
fotmfi value should be used if restrained deformations such as shrinkage or temperature
movements are taking into account for calculation of crack width
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Use of effective modulus of concrete

This value can be set in Concrete settings by using Advanced level or in 1D member
data (advanced mode is ON). If this check box is ON, then effective module of elasticity is taken into
account.

EN 1992-1-1 does not give instructions, how creep under varying load should be taken into account for
calculation of the crack width. The creep can be generally taken into account by assuming that
effective module of elasticity (EN 1992-1-1, clause 5.8.7(2)) for calculation modular ratio (Es/E. e = 15).
A Lower value of modular ratio (greater value of module of elasticity of concrete than effective) may be
used where less than 50 % of the stresses arise from quasi-permanent load. The different value of
modulus of elasticity can be inputted directly in material properties, see picture below, but this change
has influence to FEM analysis too.

A BBEK 9 & &EH| o - 7
1215 Name C30/37 ~
Gl =l Code independent
C20/25 . =
C25/30 Material type oncrete
C30/37 Thermal expansion [m/mk] 0.00
C33/43 Unit mass [kg/m*3] 2500,0
o a4
C45/55 medulus [MPa] 3 e
C50/60 Poisson coeff. 02
C35/67 Independent G modulus &
C60/75 =
0785 G modulus [MPa] 1.3667e+04
CB0/95 Log. decrement (non-uniform damp... 0.2
Co0/105 Colour [
C12/15(EN1992-2) :
Specific heat [J 6,0000e-01
C16/20(EN1892-2) pecific heat [1/gK] ©
€20/25(EN1992-2) Thermal conductivity [W/mK] 4,5000e+01
C23/30(EN1992-2) Order in code 3

C30/37(EN1992-2)
(C35/45{EN1992-2) -
C40/50(EM1892-2) Material behaviour Elastic
C45/55(EN1992-2) = EN 1992-1-1

£50/60(EN1552-2) Characteristic compressive cylinder 5., 30,00
C55/6T(EN1992-2)

CE0/TS(EN1992-2) Calculated depended values Fl

= Material behaviour for nonlin...

C70/85(EN1992-2) Mean compressive strength fem(28).., 38,00
CB0/93(EN1992-2) fem(28) - fck(28) [MPa] 8,00
COO/103(EN1992-2) Mean tensile strength fetm(28) [MPa] 2,80
fetk 0,05(28) [MPa] 2,00 "
| den | ot | & | octe | | oo |
IS ——t

Type of maximal crack width
This value can be set only in 1D member data (advanced mode is ON) and there are two options

Maximal (limit value) of crack width will be calculated according to EN 1992-1-1 (Table

Auto 7.1N)

User user defined value will be taken into account for this member

Calculation of mean strain in the reinforcement and concrete

Difference between mean strain in the reinforcement and the mean strain in concrete between the
cracks is calculated according to EN 1992-1-1, formula 7.9

f A Tt aft

‘:’a_h&'_'(" +”e'i5'p.e#}

Eam— Egm | = M O o0 062
=moTem Es T OEg

\ 4

From the formula above follows, that difference between mean strain in the reinforcement and concrete
mainly depends on:

e strain (stress) in the most tensioned reinforcement,

» effect of tension stiffening.



Strain in the most tensioned reinforcement
Strain in the most tensioned reinforcement is calculated according to formula below:

There are used following preconditions in SEN:
e The section is loaded by load/combination/class selected in service crack control
e Transformed section is used
¢ Plane section remains plane after loading (deformation) too
e Tensile strength of concrete is not taken into account (cracked section)

» ideal bond between concrete and reinforcement is taken into account, it means change strain
of reinforcement €5 and concrete fibre €. in the same position is the same

e The linear strain-stress diagram of concrete and reinforcement with infinite branch is used, it
means, that distribution of stress is linear and depends on change of strain (Hooke’s law)

Linear stress- strain diagram of concrete Linear stress- strain diagram of reinforcement

Stress [MPa]
i

9983 -

200

200— —

400 — — —
W
Strain [*1e-4]

ol &
A f— ——— — — —

Effect of tension stiffening

The tension stiffening effect represents the capacity of the intact concrete between neighbouring
cracks to a limited amount of tensile forces. The reason for this effect is bond slip between the
reinforcement and the neighbouring concrete. The decreasing of stress in reinforcement due to tension
stiffening can be calculated according to formula:

fro am
Ao, = k- == - (1+a,-
By ar

B, E'ﬁ’:|I
Calculation of maximum crack spacing

Maximum crack spacing is calculated according to EN 1992-1-1, clause 7.3.4(3)

Sromax — 1-E'|:h_x}<_l;f53:‘ 5|::G+[].5-ds} or o 0

p.eff =

by b - by -dls |

Sy max = min[kg_- c+ oo

13-(h—x }] otherwise

Calculation of crack width
The crack width is calculated according to EN 1992-1-1, formula 7.8.

W= Sr,max ° (Esm - Ecm)
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Deflections (SLS)

The calculation of deflection is done according to chapter 7.3.4 from EN 1992-1-1. The verification of
deflections should be performed due to the following reasons:

e Unacceptable deflection should not affect proper function of the structure or aesthetic - limit for
total deflection

e To avoid damage to partitions and finishes due to increments in deflection following their
construction - limit for additional deflection

The behaviour of the reinforced cross-section for deflection needs is the same as used for the stiffness
calculation and can be also expressed in term of moment and strain (deformation) diagram. The final
value of stiffness is calculated using interpolation formula between state (I) deformation for uncracked
concrete section (x = 0) and state (ll) deformation for fully cracked concrete section (no tension carries)
(x = 1) dependently on the ratio of stress in reinforcement from cracking load and acting load. The
dependency of cracking moment on strain in concrete is visible from the following figure. The value of
deformation is then recalculated from the stiffness and acting load.
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Uncracked Crack width Stabilization
concrete spreading of crack

Generally, there are three main effects which affect the values of deformation.

Effect of load

In concrete structures, deflections increase with time under sustained load. The greater part of the
deflection normally occurs under sustained loads. Therefore, long-term deflections are calculated
under a best estimate of the sustained load during the lifetime of the structure. The design load for
calculating long-term deflections is the permanent load

Effect of cracking

Effect of concrete cracking is an irreversible process. Therefore, it is necessary to calculate long-term
deflections using an effective tensile concrete strength which corresponds to the worst cracking during
the lifetime of the structure.

Effect of creep

In fact creep is the continuous deformation of a member under sustained load. The creep effect is
covered in the calculation via effective modulus of elasticity which is calculated using the creep
coefficient.

SCIA Engineer is able to calculate short-term or long-term stiffness. This type depends on setting in
Global settings - Solver settings - General - SLS - Use effective modulus of elasticity.



Concrete settings | =

cece: [ | Find | | View v | | ey ‘ | Defmut | Rematc I
Description | Symbel | Value | Defautt | Unit | Chapter | Code | Stuct... | Chec... [*
<all> P ol P ol D > P al> 2 <l P ol P od: 2
[ Solver setting
= General D
Limit value of unity check Lim check 1.0 10 Independent Al E
Value of unity check for not calculated unity check Neal check 3.0 340 Independent Al cm
The coefficient for calculation effective depth of cross... Coeffy 08 0.9 Independent Al
The coefficient for calculation inner lever am Coeffz. 03 0.9 Independent Al
f The coefficient for calculation force, where member a... Coeffeom 0.1 0.1 Independert Al 5
| B Creen i}
Type input of creep coefficient Type @ User value ‘uio ArnexB.1 EN 1992-1-1 Al Solver (]
Creep coefficient 9 25 25 ArnexB.1 EN 1982-1-1 Al Salver E
E SLS cm
b Use effective modulus of concrete NO NO 712 EN 1992-1-1 & Sofver 08
& Intemal forces 1+ ¢
Isolated member NO NO 5882 EN 1992-1-
Lac R il accy ke b= SOUAa L H e 2 Possibilty o use effective E modulus of concrete. | means the
Detemmination of unfavourable direction Auto 589 EN 1992-1- Selver longterm behaviour of concrete is covered inthe analysis ofthe | ||
= Intemnal forces ULS crack width and stiffness calculation
1 Use minimum value of sccentricity YES 614 EN 1952-1-1 G
Use geametric impefection YES 525 EN 1352-1-
Use second order effect YES S 588 EN 1992-1-1 C
Estimation ratio of longitudinal reinforcement forre... pe 1.00 1.00 % 623 EN 139211 C
= Internal forces 5LS
Use geometric impedfection NO NO 525 EN 1992-1-1 Column  Solver.
£ Interaction diagram |
Interaction diagram method NRdMRd NRdMRd 6.1 EN 1992-1-1 & Solver L.‘

There are the following assumptions:

e check is performed on linear/envelope or code combination (it is not necessary to defined
concrete combinations)

e check is done for selected members (Current CDD runs for whole structure)

There are the following limitations:

« Deformation caused by shrinkage is not automatically taken into account in version SCIA
Engineer 15.

» Verification based on limiting span / depth ratio according to 7.4.2 is not implemented.

e The check is done only on user defined reinforcement (check using theoretical designed
reinforcement is not supported).

e The calculation of deflection depends on the intern al forces used for the reduced
stiffness. Therefore the check of deflection d  oes no t work for case where the internal
forces are equal to zero but deflection are not zer 0. Typically for cantilever structure of
member with free overhang. Here the results cannot be considered.

Theory

As mentioned in EN 1992-1-1 chapter 7.4.1(3) calculated deformations should not exceed those that
can be accommodated by other connected elements such as partitions, glazing, cladding, services or
finishes. In some cases limitation may be required to ensure the proper functioning of machinery or
apparatus supported by the structure, or to avoid pounding on flat roofs.

Generally two main situations are required to be checked:

e Total deflection - The appearance and general utility of the structure could be impaired when
the calculated sag of a beam, slab or cantilever subjected to quasi-permanent loads
exceeds span/250. The sag is assessed relative to the supports. Pre-camber may be used to
compensate for some or all of the deflection but any upward deflection incorporated in the
form-work should not generally exceed span/250

e Additional deflection - Deflections that could damage adjacent parts of the structure should
be limited. For the deflection after construction, span/500 is normally an appropriate limit for
guasi-permanent loads. Other limits may be considered, depending on the sensitivity of
adjacent parts.

The calculation procedure used in new Deflection check can be described in the following steps:
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1) Calculation of short- term stiffness - short-term stiffness is calculated using 28 days E modulus for
acting load

2) Calculation of long- term stiffness - long-term stiffness is calculated using effective E modulus
based on creep coefficient for acting load.

Unfortunately, for time being there is not a possibility to distinguish between short-term and long-term
part of the load in combination. Therefore some precondition has been established for determination of
long-term part of the load. Long-term part of the load (LongTermPercentage) is estimated based on the
type of combination for check. There are three main SLS combinations:

1) SLS characteristics - LongTermPercentage = 70%

2) SLS frequent - LongTermPercentage = 85%

3) SLS quasi-permanent- LongTermPercentage = 100%
3) Calculation of ratios - stiffness ratios are used as simplified method for the calculation of particular
deflections (see below). These values are calculated for each state according to 1 and 2 point above.

Generally, the values are ratios of linear stiffness of concrete component only divided by resultant
stiffness taking cracks into account.

ratio = Stiffnessy;, / Stiffness;es
For example:
ratioy, = El jin / El; res

4) Calculation of particular component - Several particular components are needed from the
calculation of total and additional deflection.

As was mentioned before, the short- and long-term stiffnesses are calculated using a so-called creep
factor. This creep-factor is dependent on the relative humidity, outline of the cross-section,
reinforcement percentage, concrete class, etc. This factor is used to divide the short-term stiffness and
obtain the long-term stiffness, Thus by taken the concrete stiffness for short- and long-term and the
representative compression strength the program calculates the stress and strain diagram.

Generally, the components calculated below can be graphically presented on the following figure:

[
1
; A
E ‘Simm

6creep 6tot

_______________ A -
8add
--------------------- AL---- e

Linear (elastic) deflection - is the sum of short-term and long-term elastic deflection

lin = 5|in,s + 6|in,|

Immediate deflection - to calculate the immediate deformation, the deformation of the permanent load
is calculated using the short-term stress and strain diagram. Additionally by subtracting the immediate
deformation from the total deformation, the program calculates the additional deformation.

6imm = élin,lx ratio s

Short-term deflection - is the multiplication of short-term elastic deflection and short-term ratio

65 = 6Iin,s x ratio s



Long-term deflection + creep - is the multiplication of long-term elastic deflection and long-term ratio
O creep = Ojin* ratio |

Creep deflection - is calculated based on short and long term ratios
Bcreep = iy * (ratio |- ratio )

Long-term deflection - is the difference between deflection caused by long-term + creep and creep
parts of deflection

5 =0 .0
| l,creep creep

Additional deflection - is the difference between sum of short-term and long-term with creep towards
immediate deflection

5

add = 65 + 6I,creep' 6imm
Total deflection - is the sum of short-term and long-term + creep deflection

5, =0+

tot = I,creep

5) Check of deflections - as was reported at the beginning of this chapter two deflections are required
to be checked. At first the limit values has to be calculated for particular direction of deflections. These
values are:

a) limit for total deflection
6tot,lim =L/250

b) limit for additional deflection
6add,nm =L /500

In formulas above, there is mentioned L value. This value corresponds to buckling length multiplied
by  factor of the member in particular direction.

Finally the unity check can be calculated as follows:

Unity check = max (3o¢Stim;dada/®add,im)

Setup

The following items have impact on the calculation of deflection check. Both are store in Concrete
settings (structure) - Global settings - Solver settings - Deflections

Maximal total displacement
Maximal total displacement expresses ad L/x. Default value is 250. The limit is taken according to
chapter 7.4.1(4) from EN 1992-1-1.
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Concrete settings l | - I _'“1""‘ 3 / @M
i
- [t [ | [y [ oo | [ ]
Description | Symbol | Value | Defaut | Unt | Chapter | Cods | Struct... | Check... |
<all> Par Pa> Pab PPl Pab P b a> P 8 5 5
) Solver setting Al B total elastic lim total
[ General All (B h
e A %ﬂ i :
i Interaction diagram Al (B I & !
© Shear Al (B N cresp |
& Torsion Al (B. osdem bl et o i
@ Stress limitations Al (B 1
[# Cracking forces Al (B..
= Deflections Al (B 5 =
b Maximal total displacement LA x = ot 2500 2500 T4 EN 1992-1-1 Beam B .. Solvers limtotal x
Mzdmal additional displacement LA x = Xadd 500,0 500,0 T4.1(5) EN 1992-1-1 Bsam B Solvers
¥ Detailing provisions All (B
& Design As Al (B.
[z Design defaults Al (B.
« Maximal total {nonlinear+creep) displacement allowed for 10
| | member expressed as span / depth ratio

Maximal additional displacement
Maximal additional displacement expresses ad L/x. Default value is 500. The limit is taken according to
chapter 7.4.1(5) from EN 1992-1-1.

| Concrete settings l | - I 7%- i 1 P / - e B [

|
National amm(:- ‘ Find ‘ | View v| (adLv;:?:‘ed) ‘ ‘ Defaut | Remark. |
Description | Symbol | Value | Defautt | Unit | Chapter |Code | Stnuct... | Check... |
<al> Dol Pal> Pw PPl Pa Pakp el P 5 b
E Solver seiting Al B, total elastic lim . total
# General Al B s N
Intemal forces Al B L H ﬂ f
# Interaction diagram Al (B. I s !
i Shear Al B e EIBeR. |
[ Torsion All (B. gt e ;
[ Stress limitations Al (B !
[ Cracking forces Al (B..
= Deflections Al (B 5 _L
b Maximal total displacement Lix x = ot 2500 2500 741(4)  EN19921-1 BeamB... Solvers. lim total ~ x
Maimal additional displacement L, x = Xadd 5000 5000 741(8)  EN 199211 Beam B... Solvers.
i Detailing provisions Al (B
# Design As Al (B )
F Design defaults Al B
= ‘ Maximal total nonlinear+creep) displacement allowed for 10
|| member expressed as span / depth ratio

Additionally, both values above can be modified using Concrete member data per each member.

Interaction diagram methed MRdMRd
= Shear
Type calculation/input of angle of compression strut User(angle)
Angle of compression strut [deg] 40,00
Cotangent angle of compression strut 1,19175359259421
= Crack width

= Deflections

Maxiral total displacement L x =

Maximal additienal displacement Lix x =

=" Design defaul

= Minimal concrete cover

Different surfaces [«
Structural class 54
Design werking life [year] 50,00
= Risk of corrosion attack
Corrosion induced by carbonation XC3
Actions
Update support width

Concrete Setup




Detailing provisions

Requirements for detailing provisions of reinforced concrete members are another step of proper
design respecting safety, serviceability and durability of structure.

Generally SCIA Engineer distinguishes three main types of member within theirs detailing provisions:

« Beam - verification of longitudinal and shear reinforcement

¢ Column - verification of main and transverse reinforcement

» Beam slab - verification of longitudinal reinforcement only

National annexc [

Concrete settings

|

Level
Find | | Vew w | | gy | | Defa |

Description

Symbol Value Default

Chapter Code Structure | CheckType | =

= Solver setting
¥ General
4 Intemal forces
# Design As

L al> L2 ol L

# Interaction diagram

4 Shear
¥ Torsion

¥ Stress limitations

7 Cracking forces
7 Deflections

= Detailing provisions

= Beam

7 Longitudinal

T Stimups
= Beam slab

# Longitudinal

= Column

# Longitudinal

# Transverse

L. P ol

£ <l B ol Ol el

g

Following table shows which checks of detailing provisions are performed for a particular member type:

Member longitudinal shear

type (main) (transverse)
8.2(2) - Minimal clear spacing of bars 6'.2'3(3) - Maximal percentage of shear
9.2.1.1(2) - Minimal area of longitudinal relnforceme.nt. | fsh
reinforcement 9.2.f2(5) - Mlnt|ma percentage of shear

. T reinforcemen

Beam ?éin;]}d:.égan-el\rfltaXImal area of longitudinal 9.2.2(6) - Maximal longitudinal spacing of
9.2.3(4) - Maximal centre-to-centre bar stirrups (shear.) | . f
distance based on torsion 9.2.2(8) - lr\1/IaX|ma transverse spacing o
Code-Independent - Maximal clear stirrups (s ear.) N .
spacin 9.2.3(3) - Maximal longitudinal spacing of

P 9 stirrups (torsion)

8.2(2) - Minimal clear spacing of bars
9.5.2(1) - Minimal bar diameter of . I .
Iongit(uc)iinal reinforcement 9._2.3(3) - Ma_X|maI longitudinal spacing of
9.5.2(2) - Minimal area of longitudinal Ss)tlérgpls (t?\;ﬁ'qn) | di ¢

Column reinforcement & .f( ) - Minimal diameter of transverse
9.5.2(3) - Maximal area of longitudinal rem orcement. N .
reinforcement 9.5.3(3) - MaxlTaI longitudinal spacing of
9.5.2(4) - Minimal number of longitudinal transverse reinforcement
reinforcement bars

Beam 8.2(2) - Minimal clear spacing of bars

Slab 9.3.1.1(3) - Maximal bar distance of -
longitudinal reinforcement

There are the following assumptions and limitations:

e Stirrups can be defined with perpendicular direction to axis of the member (a = 90°).

»  Shear bents are not able to define, therefore check of detailing provisions for them is not
supported

e Each check of detailing provisions includes differences per national annex, if those exist.
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Minimal clear spacing of bars 8.2(2)

The main principles which are checked are mainly satisfying minimal distances between bars which
should be arranged in such a way that concrete can be placed and compacted satisfactorily so that
adequate bond will develop between the bars and concrete.

The procedure of calculation is running for each distance between bars and verification of the minimal
distance among them towards the limited value from the code. The distances are evaluated as the
minimal clear distance for all member types mentioned before (beam, column and beam slab). Check
looks as follows.

Calculation of minimal clear distance between longitudinal bar as:

Ss-s,min-
Furthermore minimal allowed clear distance between bars from all bars in cross-section is calculated
according to chapter 8.2(2) as

Ss-s,min,lim = max (kl °(p;dg+k2;slb,min)

where:
* k; and k; are coefficients defined in NA. For standard Eurocode k; =1 and k, = 5.
e (is diameter of maximal longitudinal reinforcement
* dg - maximal stone diameter in concrete mixture

*  Sipmin IS Minimal clear distance defined as fixed value in chapter 8.2(2)

Finally unity check is calculated as follows:

UC8.2(2) = Ss.s,min,im/ Ss-smin-

Maximal percentage of shear reinforcement (6.2.3(3) )

The maximal percentage of shear reinforcement should not exceed minimal value defined in 6.2.3(3)
formula 6.12. Check looks as follows. Calculation of percentage of shear reinforcement from defined
reinforcement is done according to formula 9.4.

Pw = Asw / (S .by.sin(a))

Furthermore maximal allowed percentage of shear reinforcement is calculated as follows (see formula
6.12).

Pw,max = 0,5.(XCW.Vde / fyd

Finally unity check is calculated as follows:

UC6.2.3(3) = pw/ pw,max-
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Minimal mandrel diameter (8.3(2))

The mandrel diameter should not exceed minimal value defined in 8.3(2). Check looks as follows.
Calculation of minimal defined mandrel diameter of stirrups:

¢n = Coeffy, .
where

»  Coeffyn- value defined in Stirrup layer - Diameter of mandrel

Properties o=
Stirrups layer (1) 1= \rﬁ v
& A

Mame SL7

Type of zone stirrups

Detailing [[ne

Position number 1

Material B 500B B ..
Diameter [mm] 80

Stirrups covers [mm] 35,0

Calculation of cuts num... Automatic -
Type stirrup single -
Stirrups distances [m] 0,300

Real distance [m] 0,293
)

e (- diameter of defined stirrup
Furthermore minimal allowed mandrel diameter of stirrup is determined as follows from table 8.1N

for @ < 16mm; @ min=4. .¢
for @ > 16Mmm; @Gumin="7. .

Finally unity check is calculated as follows:

UCs.32) = @n/@n,min-

Minimal reinforcement area 9.2.1.1(1)

The area of tensile longitudinal reinforcement has to be limited by minimal value A n» calculated as
follows.

As min = max(Coeffas min,2*feimebeed / fyk; Coeffas min,1°0ied)

Calculation of tensile area of reinforcement in considered cross-section Ag;.
Finally unity check is calculated as follows:

UCg2111) = Asmin/ Asy.

Maximal area of reinforcement 9.2.1.1(3)

The maximal area of longitudinal reinforcement As max should not exceed the values described in
9.2.1.1(3) and is calculated as follows.

Asmax = 0,04 *A,

Calculation of longitudinal reinforcement area in considered cross-section As.
Finally unity check is calculated as follows:

UCg.2.1.1(3) = As/ As max-
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Minimal percentage of shear reinforcement (9.2.2(5))

The minimal percentage of shear reinforcement should not exceed minimal value defined in 9.2.2(5).
Check looks as follows. Calculation of percentage of shear reinforcement from defined reinforcement is
done according to formula 9.4.

Pw = Asw / (s .by.sin(a))

Furthermore minimal allowed percentage of shear reinforcement is calculated as follows (see formula
9.5N).

Pw,min = 0,08.\/fck / fyk

Finally unity check is calculated as follows:

UCo.2.25) = Pw,min/ Pw-

Maximal longitudinal spacing of stirrups based on shear (9. 2.2(6))

The maximal longitudinal spacing between stirrups links should not exceed maximal value defined in
9.2.2(6). Check looks as follows. Calculation of maximal defined longitudinal distance of stirrups s;.

Furthermore maximal allowed longitudinal distance between stirrups is calculated as follows
Simax = 0,75¢de(1+cotg (a))
Finally unity check is calculated as follows:

UCy..26) = Si/ Simax-

Maximal longitudinal spacing of stirrups based on shear (9.2.3(3))

The maximal longitudinal spacing between stirrups links based on torsion requirements should not
exceed maximal value defined in 9.2.3(3). Check looks as follows. Calculation of maximal defined
longitudinal distance of stirrups s,.

Furthermore maximal allowed longitudinal distance between stirrups based on torsion requirements is
calculated as follows

Sitor,max = MIN (U/8; Sj; Brmin)

where:
e Uy - perimeter of effective are for torsion

*  bmin - minimal dimension of cross-section determined for rewritten rectangular cross-section

bmin,2

L bmin,l

I A

bmin:min(bmin,l;bmin,l)

Finally unity check is calculated as follows:

UCy.2.33) = Si/ Sitor,max-



Maximal centre-to-centre bar distance based on tors  ion (9.2.3(4))

The procedure of calculation is running for each distance between bars and verification of the maximal
distance among them towards the limited value from the code. The distances are evaluated as the
maximal centre-to centre distance. Check looks as follows.

Calculation of maximal centre-to-centre bar distance between longitudinal bar as:
Sc-c,max-

Furthermore minimal allowed centre-to-centre distance between bars from all bars in cross-section is
determined according to chapter 9.2.3(4) as

Sc-cmax,im = 350mMmm
Finally unity check is calculated as follows:

UC9.2.3(4) = Sc-cmax ! Sc-cmax,im-

Maximal clear spacing of bars (Code independent)

The procedure of calculation is running for each distance between bars and verification of the maximal
distance among them towards the limited value from the user point of view. The distances are
evaluated as the maximal clear distance for all member types mentioned before (beam, column and
beam slab). Check looks as follows.

Calculation of maximal clear distance between longitudinal bars as:

Ss-s,max-

Furthermore maximal allowed clear distance between bars from all bars in cross-section is defined by
user in Concrete settings (structure)

Ss-s,max,lim

Finally unity check is calculated as follows:

Ucmax_bar_distance(user) = Ss-s,max/ Ss-s,max,lim-

Unity check calculation

Finally, the unity check is calculated dependently on member type and settings in Concrete settings.
Three basic cases are distinguished:

. Beam

UC = max (UCg 5(2); UCg 3(2); UCs.233); UCs2.1.11) UCs2.1.1@3) UC2.25); UCg2.26) UCs2.2s);
UC9.2.3(3); UC9.2.3(4);UCmax_bar_distance(user))

e Beamslab
UC = max (UCg (), UCg 3(2); UCg 21101, UCg21.1(3) UCg31.1(3)
e Columns

UC = max (UCg (2, UCg 3(2); UCg 5201y UCq522):UCq52(3);UCq 5204, UCo 531 UCo 533,

u Cmax_bar_distance(user)
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Output values

There are presented the following output values:
e Unity check - unity check of detailing provisions

* Unity check long - unity check of detailing provisions for longitudinal reinforcement

e Unity check shear - unity check of detailing provisions for shear reinforcement

Minimal bar diameter of longitudinal reinforcement 9.5.2(1)
The diameter of longitudinal reinforcement in a column should not exceed the minimal value defined in
9.5.2(1). Check looks as follows. Calculation of used minimal diameters of longitudinal reinforcement in
column @ min.
Furthermore minimal allowed diameter of longitudinal reinforcement is determined as follows

(\q,min,col =8 mm

Finally unity check is calculated as follows:

UC9.5.2(1) :(\Q,min,col / (\Q,min

Minimal area of longitudinal reinforcement 9.5.2(2)

The total area of longitudinal reinforcement in a column should not exceed the minimal value defined in
9.5.2(2). Check looks as follows. Calculation of total area of longitudinal reinforcement in column As.

Furthermore minimal allowed area of longitudinal reinforcement is calculated as follows
As,min = maX(O,l.lNEdl /fyd; O,OOZAC)
Finally unity check is calculated as follows:

UC9.5.2(2) = As,min/ As-

Maximal area of longitudinal reinforcement 9.5.2(3)

The total area of longitudinal reinforcement in a column should not exceed the maximal value defined
in 9.5.2(3). Check looks as follows. Calculation of total area of longitudinal reinforcement in column As.

Furthermore maximal allowed area of longitudinal reinforcement is calculated as follows
Asmax = 0,04.A,
Finally unity check is calculated as follows:

UC9.5.2(3) = As/ As,max-

Minimal number of bars in circular column 9.5.2(4)

The minimal number of longitudinal bars in a circular column should not exceed the minimal value

defined in 9.5.2(4). Check looks as follows. Calculation of used number of longitudinal bars in
column npgys.

Furthermore minimal allowed number of bars in column is determined as follows

Npars,min,col- = 4
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Finally unity check is calculated as follows:

UC9.5.2(4) =Nparsmin.col- | Nbars-

Minimal bar diameter of transverse reinforcement 9. 5.3(1)
The diameter of transverse reinforcement in a column should not exceed the minimal value defined in
9.5.3(1). Check looks as follows. Calculation of used minimal diameters of transverse reinforcement in
column @ min.
Furthermore minimal allowed diameter of transverse reinforcement is determined as follows
@ min lim = Max (Gmm; 0,25-(ﬂ,max)

Finally unity check is calculated as follows:

UCos5.31) = @ min,im/@,min

Maximal longitudinal spacing of stirrups (9.5.3(3))

The maximal longitudinal spacing between stirrups links should not exceed the maximal value defined
in 9.5.3(3). Check looks as follows. Calculation of maximal defined longitudinal distance of stirrups s,.

Furthermore maximal allowed longitudinal distance between stirrups is calculated as follows
Scitmax = MiN (20.@ min; Min(b,h); 400mm)

where:

*  @min - Minimal diameter of longitudinal bars

* Db,h -dimensions of columns
Finally unity check is calculated as follows:

UCg5s.3@3) = S Scitmax-

Maximal centre-to-centre bar distance (9.3.1.1(3))
The procedure of calculation is running for each distance between bars and verification of the maximal
distance among them towards the limited value from the code. The distances are evaluated as the
maximal centre-to centre distance. Check looks as follows.
Calculation of maximal centre-to-centre bar distance between longitudinal bars as:

Smax,slab-

Furthermore minimal allowed centre-to-centre distance between bars from all bars in cross-section is
determined according to chapter 9.3.1.1(3) as

Smax,slab,lim = Max (Sh, 400mm)
Finally unity check is calculated as follows:

UC9.3.1.1(3) = Smax,slab- /Smax,slab,lim

The check is performed only for principal reinforcement
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Annex 1: List of parameters

1)y curvature around y(z) axis of LCS (perpendicular to y(z) axis of LCS)
(1/r0)y basic value of curvature around y(z) axis of LCS.
A area of particular cross-section type
exponent of interaction formula
o for column with circular cross-section a = 2
e for column with rectangular cross-section , the value is calculated from the
a table below by interpolation
Nea/Nrq 0,1 0,7 1,0
a= 1,0 15 2,0
e forothercasesa=1
Aqsi cross-sectional area of i-th bar of reinforcement
Ac area of concrete cross section
effective area of concrete in tension surrounding the reinforcement. This is area of
Aceff reinforcement bounded by line, which is in distance h, . from the most tensioned fibre
of concrete in the direction of bending moment resultant
Acc compressed concrete area for uncracked cross-section
A cross-sectional area of concrete cross-section in i-th section
A area enclosed by the centre-lines of the thin-walled closed cross-section, including
inner hollow areas
Ak user user input area of thin-walled cross-section
An cross-sectional area of concrete cross-section in the middle of the member
As area of total reinforcement for particular cross-section type
As eff area of non-prestressed reinforcement within effective area of concrete in tension
Asc area of compressive reinforcement for particular cross-section type
A, .cross-sect.ional area of i-th reinforcement in the cross-section of current section
inputted via REDES or Free bars
ag minimal distance between edge and centre of the longitudinal reinforcement
Aq statically required tensile area of reinforcement
Asi tor area of longitudinal reinforcement bars, which are inside stirrup for torsion
Agt area of tensile reinforcement for particular cross-section type
cross-sectional area of the shear reinforcement calculated from inputted parameters
Asw in design defaults 3
Ag=ng-0.26-m-d..°
Aswm.req statically required cross-sectional area of the shear reinforcement per meter
cross-sectional area of the torsional reinforcement calculated from inputted
Asut parameters in design defaults
AL, =025-7-d..°
Asy(z) distance of centre of tensile reinforcement from tensile edge of cross-section
b dimension of cross-section in centre of gravity in direction of y axis of LCS
width of equivalent rectangular section, see clause 5.8.9(3) in EN 1992-1-1
Deg Bag= icy- 12
b, mean width of cross-section in tensile zone of cross-section
by, smallest width of the cross-section in tensile area of cross-section perpendicular to

direction of resultant shear force




minimum width of cross-section between tension and compression chord

bus perpendicular to direction of shear force
c cover of the most tensioned reinforcement calculated in direction of resultant of
bending moments
Cnom nominal concrete cover
Crom,l concrete cover at lower surface for beam or beam as slab
concrete cover for side reinforcement for beams (for edge which is not at lower or
Crom.s upper surface). This value depends on parameter Type of cover of side
reinforcement.
Cnom.u concrete cover at upper surface for beam or beam as slab
Coeffcom coefficient for calculation force for determination if member is in compression or not
coefficient for calculation effective depth of cross-section loaded from Concrete setup (if
Coeffy effective depth of cross-section is not possible to calculate from plane of equilibrium ). Default
value is 0,9.
coefficient for calculation inner lever arm of cross-section loaded from Concrete setup (if
Coeff, inner lever arm of cross-section is not possible to calculate from plane of equilibrium ). Default
value is 0,9.
Cra,c coefficient for calculation Vg4 loaded from Manager for National annexes
factor depending on the curvature distribution around y(z) axis of LCS according to
clause 5.8.8.2(4) in EN 1992-1-1.
e for constant first order bending moment (non zero) at whole length of the
Cva) | di h ivalent bendi is taken i
column and in case that equivalent bending moment is taken into account,
value 8 is used
» otherwise value 10 is used
effective depth of cross-section, calculated in direction in which inner lever arm of
d A e
cross-section is calculated in d = Coeffy- h(b)
D diameter of circular cross-section
dist distance from the middle of the i-th edge to centre of gravity of cross-section in
o direction of y(z) axis of LCS
e diameter of longitudinal reinforcement for columns, the value is the same for
all edges
d . . . .

s » diameter of bars of the most tensioned layer of reinforcement. If bars with
different diameter are inside of the effective area of concrete, the equivalent
diameter according to equation 7.12 in EN 1992-1-1 is taken into account

dq, diameter of longitudinal reinforcement at lower surface for beam or beam as slab
d diameter of longitudinal reinforcement for side reinforcement for beams. In SEN 15,
S this value is the same as the diameter of longitudinal reinforcement at lower surface
dsy diameter of longitudinal reinforcement at upper surface for beam or beam as slab
dsm diameter of longitudinal main reinforcement of the column
d diameter of stirrups (transverse reinforcement) loaded from Concrete settings or
s Concrete data for beam or column
dye) effective depth of cross-section in direction of y(z) axis of LCS
€0.miny() minimum first order eccentricity in direction of y(z) axis of LCS
€0.y(2) first order eccentricity in direction of y(z) axis of LCS
€0e.y(2) first order equivalent eccentricity in direction of y(z) axis of LCS
first order eccentricity including the effect of imperfection in direction of y(z) axis of
€oEdy(z)
LCS
€2y(2) second order eccentricity in direction of y(z) axis of LCS
EA axial stiffness of the cross-section
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€iv(z) eccentricity caused by imperfection in direction of y(z) axis of LCS
El, bending stiffness around (y) axis of the cross-section
El, bending stiffness around (z) axis of the cross-section
design value of modulus of elasticity of the most tensioned reinforcement member.
Es The quality of reinforcement can be inputted in Project data or in 1D concrete
member data, if concrete member data is inputted
E. design value of modulus of elasticity of i-th reinforcement in the cross-section inputted
st via REDES or Free bars inputted via REDES or Free bars
feq design value of concrete compressive strength
fex characteristic value of concrete compressive strength
fetd design axial tensile strength of concrete
fem mean tensile strength of concrete
mean value of the tensile strength of the concrete effective at the time when the
foteff cracks may first be expected to occur. The value can be set by "Type of strength for
calculation of cracking forces"
concrete design strength in shear and compression, see equations 12.5 and 12.6 in
EN 1992-1-1
fevd fovd = offotd” T Teep Tt Toep = T im
_ 2 Toep ~ T lim 2
iF|:l.-'|:.|_ 'chfd _gccp'fcfd_(T) ':rccp}':rc.lim
f design yield strength of reinforcement. The quality of reinforcement can be inputted in
vd Project data (if concrete member data is not defined ) or in concrete member data
i design yield strength of i-th reinforcement in the cross-section inputted via REDES or
ydi Free bars inputted via REDES or Free bars
design yield strength of the shear reinforcement
fywa f_l.-'wd =0,8- f_l.'v.rk Cowag=0,8- f_lmk
ok characteristic yield strength of the shear reinforcement
h dimension of cross-section in centre of gravity in direction of z axis of LCS
depth of effective area of concrete in tension surrounding the reinforcement.
. h—x -
he ef he er = mln[S'__E : (h - d]: 3 0.5 h] — ifx<h
hoer=min[25-(h—d)05-h] — ifx=h
h height of equivalent rectangular section, see clause 5.8.9(3) in EN 1992-1-1
ed Mag=igz-«12
h, height of cross-section perpendicular to neutral axis
iev(2) radius of gyration of the concrete cross-section in direction of y(z) axis of LCS
isy(2) radius of gyration of the total reinforcement area in direction of y(z) axis of LCS
ly moment of inertia for particular cross-section type around (y) direction
I, moment of inertia for particular cross-section type around (z) direction
j layer of reinforcement
coefficient of effective height of cross-section
K k=14 [P <2
K1 coefficient for calculation of Vgq. loaded from Manager for National annexes
coefficient which takes into account the bond properties of the bonded reinforcement
K e k1 =0,8for high bond bars (in SEN bar surface = ribbed)
1

e k1 =1,6 for bars with an effectively plain surface e.g. prestressing tendons (in
SEN bar surface = smooth)




The bar surface can be defined in material properties of the reinforcement

coefficient which takes account of the distribution of strain

e Kk, =0.5 for pure bending

Ko i
! ek, =1.0 for pure tension
o ko= (et e)20 8y
K coefficient of calculation loaded from national annex setting (Manager of national
3 annex > code EN 1992-1-1 > SLS)
K coefficient of calculation loaded from national annex setting (Manager of national
4 annex > code EN 1992-1-1 > SLS)
correction factor depending on axial load, see clause 5.8.8.3 (3) in EN 1992-1-1. This
factor depends on relative normal force (n) and mechanical ratio of reinforcement (w).
The formula below can be used for symmetrical cross-section and symmetrical
K reinforcement. For unsymmetrical cross-section and reinforcement a simplification is
r used and value K, = 1
_ lyo-n
C o 1+e-04
factor dependent on duration of the load. The following values should be used
according to code EN 1992-1-1, chapter 7.3.4(2).
ekt =0,6 for short term loading
k :
! « kt=0,4 for long term loading
The value of k; in SEN depends on type of modulus of concrete. If check box "Use of
effective modulus of concrete" is ON, the value 0.4 is used, otherwise value 0.6 is
used
factor for taking into account of creep around y(z) axis of LCS, see clause 5.8.8.3 (4)
in EN 1992-1-1. This factor depends on the effective creep ratio (¢er) and factor (By)
Koy depending on slenderness
Kc'y:':._- = 1+ Ey:’:-msi =1
| effective length of the member (column) around y(z) axis of LCS (perpendicular to y
0y (2) axis of LCS), which can be defined via Buckling data
ly) slenderness ratio around y(z) axis of LCS
lycz).lim limit slenderness ratio around y(z) axis of LCS
Moe v(z) 1st order equivalent moment around y(z) axis of LCS
Meay design value of bending moment (M,)
Medy.max maximal design moment around y axis from all combinations in current section
Meg; design value of bending moment (M,)
MEdz max maximal design moment around z axis from all combinations in current section
M design moment resistance around y-axis, it means intersection of interaction diagram
Ry and line parallel with M, axis across the point with coordinates [Ngg,Mggy,0]
Mgy - bending moment (M,) resistance (minimal negative values)
Mgay+ bending moment (M,) resistance (maximal positive values)
M design moment resistance around z-axis, it means intersection of interaction diagram
Rdz and line parallel with M, axis across the point with coordinates [Ngg,0,Mgq,]
MRdz- bending moment (M,) resistance (minimal negative values)
MRdz+ bending moment (M,) resistance (maximal positive values)
My 1st order moment around y(z) axis of LCS
NEg design value of normal force

nedqe

number of edges of cross-section
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N design axial resistance
Rd Neg=Ag-(feat - fya)
NRrg- normal force resistance (minimal negative values)
NRg+ normal force resistance (maximal positive values)
Ns number of cuts (shear links) loaded from Concrete settings or Concrete data
Ratio jim limit ratio of bending moments for uniaxial method loaded from Concrete settings
s spacing of the stirrups calculated as average area from all stirrups within calculated
interval
Sr.max maximum crack spacing
S centre to centre spacing between bars of reinforcement of the most tensioned layer of
s reinforcement perpendicular to direction of bending moments resultant
s spacing of the stirrups calculated as average area from all stirrups for torsion within
! calculated interval
the spacing of the stirrups in longitudinal direction,
_  Asur .
Sireg™ A = if ASWJ‘HE.EQ'} "ﬂ'sv.m'ireq'
Sireq ‘:""" g
Sirea— , " othorwize
A sum b ]
Smin minimal surface-to-surface distance of reinforcement between two layers
Teq design torsional moment
tef effective wall thickness
tef user user input effective wall thickness
Trd.c design value of torsional cracking moment
TRd.max maximum of design torsional resistance moment
Trast design torsional resistance moment of torsional reinforcement
t distance from centre of gravity of particular cross-section type to centre of gravity of
Y concrete cross-section in (y) direction
i distance from centre of gravity of particular cross-section type to centre of gravity of
z concrete cross-section in (z) direction
u the outer circumference of the source cross-section
U; outer circumference of concrete cross-section in i-th section
u circumference of the area enclosed by the centre-lines of the thin-walled closed
k cross-section
Uy user user input outer circumference of thin-walled cross-section
Um outer circumference of concrete cross-section in the middle of the member
Ut center to center distance between the outer reinforcement bars in the same layer
v design value of the shear component of the force in the compression area, in the
ced case of an inclined compression chord
design resultant of shear force
Ve Vea= o Vea, _lr2+ VE.;!.zE
Vv maximum value of shear force resultant calculated without reduction by coefficient b,
Ed,max see clause 6.2.2(6) in EN 1992-1-1
VEedyiz) shear force in direction of y(z)-axis of LCS
VRdc design shear resistance of the member without shear reinforcement
VRd,c.min minimal value of design shear resistance of the member without shear reinforcement
V. design value of the maximum shear force which can be sustained by the member,
Rd,max limited by crushing of the compression struts




design value of the shear force which can be sustained by the yielding shear

Vras reinforcement.
V. design value of the shear component of the force in the tensile reinforcement, in the
b case of an inclined tensile chord
section modulus of concrete cross-section around y(z) axis of LCS
Wey w = Lsvab W ==-(a) (BF
2 S A b
X depth of neutral axis (compressive zone for particular cross-section type)
. inner lever arm of cross-section recalculated to direction of shear forces resultant
z = Coeff,- Coeffy-h(b)
g position of i-th bar of reinforcement from centre of gravity of cross-section in direction
sy(@)i of y(z) axis of LCS
angle between shear reinforcement and the beam axis perpendicular to the shear
o force, loaded from Concrete settings or Concrete data. The angle for columns is 90
g g
degrees.
coefficient taking into account state of the stress in the compression chord, see note 3
Ocy in clause 6.2.3(3) in EN 1992-1-1. The value 1 is always taken into account for non -
prestressed structures
ratio of design value of modulus of elasticity of the most tensioned reinforcement and
a modulus elasticity of the concrete
e _ E‘5
O-= E_c
Oy angle of slope line plane of equilibrium
ay angle between direction of shear resultant and y-axis of cross-section
Badd,imy limit additional deflection in (y) direction
Oadd.lim.z limit additional deflection in (z) direction
Oadd.y additional deflection in (y) direction
8add,z additional deflection in (z) direction
Siot lim.y limit total deflection in (y) direction
Siotlim.z limit total deflection in (z) direction
Sioty total deflection in (y) direction
Oiot 2 total deflection in (z) direction
the greater tensile strain at the boundaries (edges) of the cross-section. The strain is
€ calculated for uncracked section with taking into account conditions in chapter 4.6.1.1
and the value of strain is zero for edge in compression
the lesser tensile strain at the boundaries (edges) of the cross-section. The strain is
€ calculated for uncracked section with taking into account conditions in chapter 4.6.1.1
and the value of strain is zero for edge in compression
€ maximal value of compressive strain of concrete
€m mean strain in concrete between the cracks
€ ultimate compressive strain in the concrete
€5 maximal value of compressive strain of reinforcement
€m mean strain in the reinforcement
- maximal value of tensile strain of reinforcement
strain in reinforcement at reaching design yield strength of reinforcement
€ « for design of reinforcement strain in reinforcement at reaching design yield
yd

strength of reinforcement is calculated from default material properties
defined in dialogue Project data according to formula:
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. T
v E,
e for checks strain in reinforcement at reaching design yield strength of

reinforcement is calculated from material properties of inputted reinforcement
via REDES or Free bars according to formula:

E.qp=MmMax f)-di)
o E

angle between concrete compression strut and beam axis perpendicular to the shear

6 force
0iyva inclination around y(z) axis of LCS (perpendicular to y (z) axis of LCS)
estimation ratio of longitudinal reinforcement loaded from Concrete settings (if
Ms concrete member data is not defined ) or concrete member data or from recalculation
of internal forces for design
v strength reduction factor for concrete cracked in shear loaded from Manager for
National annexes, see equation 6.6N in EN 1992-1-1
strength reduction factor for concrete cracked in shear loaded from Manager for
National annexes, see note 1 and 2 in clause 6.2.3(3) in EN 1992-1-1.
v V=V T zwd = 0.8 'f_l.-'wk
! vy=10,6 Oawas 0.8 -f o and fy, < 60MPa
f
vy=0,9- "—;‘n > 0,5 0,95 0,8-f 4 and fy > 60MFa
B )
coefficient of minimum value of shear resistance of the member without shear
Vinin reinforcement loaded from Manager for National annexes,see equation 6.3N in
EN 1992-1-1
ratio of tensile reinforcement
P = As <0 02
'Gn' By- B
ratio of reinforcement within effective area of concrete in tension. This ratio is
calculated only for non-prestressed reinforcement (prestressed reinforcement is not
Ppeff taken into account for check crack width) according to formula:
_ Mg
pp' sfi Agar
limit value of stress caused by axial force, see equation 12.7 in EN 1992-1-1
O - _
elm Octim=fed— 2~ fcta fotat Fea)
Occ maximal value of compressive stress of concrete
normal (axial) stress of uncracked cross-section
occp ':rcc = N_E:'
= Age
stress caused by axial force (Ngg> 0 for compression)
Ocp o= Nes =) 2.F
cp A cd
O value of strength for determination if crack width will be calculated or not
. normal concrete stress on un-cracked section at the most tensioned fibre of concrete
ot cross-section
Ot max maximal tensile strength in uncracked cross-section
o, stress in the most tensioned reinforcement
O maximal value of compressive stress of reinforcement
Oy design value of stress in longitudinal reinforcement

maximal value of tensile stress of reinforcement




design stress of the shear reinforcement

Oswd Ve~

R

z - {cot{d) + cotla)) . sinfa)

bending stress in concrete calculated for uncracked concrete cross-section according
to formula:

_ MpEdyiz)
T

Oy(2)

Veyiz

creep ratio loaded from concrete settings (if concrete member data is not defined on
column) or concrete member data
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Annex 2: National Annexes

Chapter 2.4.2.4 - Partial safety factor for concret e (y.) and reinforcement ( ys) for permanent, transient
and accidental design situation
There are the following differences in particular NA.

National annex Permanent and transient Accidental
Yc Ys Yc Ys
Standard NA 1,5 1,15 1,2 1,0
Polish PN-NA 1,40 1,15 12 1,0
German DIN NA 15 1,15 1,3 1,0

Chapter 3.1.6 (1)(2)- Coefficients taken into accou nt longterm effects on compressive ( a.) and
tensile (o) strength according to EN1992-1-1
There are the following differences in particular NA.

National annex ec et
Standard NA 1,0 1,00
German DIN-NA 0,85 0,85
Finnish SFS — EN NA 0,85 1,00
Belgian NBN — NA 0,85 1,00
Greek ELOT — EN NA 0,85 1,00

0,85 for compression in flexure and for axial loading
British BS — EN NA and Irish — EN NA 1,0 for other cases 1,00

Chapter 3.2.7(2) - Ratio of design and characterist ic strain limit
There are the following differences in particular NA.

National annex Coeffeug £ua
Standard NA 0,90 -
German DIN-NA - 250 1
Belgian NBN NA 0,80 -
Finnish SFS — EN NA - 100 1*

The same national annexes are used for capacity-diagram. There are the following additional NA parameters
related to plain or lightly reinforced concrete cross-sections.

Chapter 12.3.1(1) - Coefficients taken into account  longterm effects on compressive ( Occp) and
tensile ( dg,p) strength of plain or lightly reinforced concrete according to EN1992-1-1
There are the following differences in particular NA.

National annex Oeop et
Standard NA 0,80 0,80
Finnish SFS — EN NA 0,80 0,60
Irish — EN NA 0,80 0,60
Swedish 1,00 0,50
Singaporean 0,60 0,80
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Chapter 7.2(2) - Coefficients used for calculation of allowable concrete stress under characteristic
combination in case of longitudinal crack appears a ccording to EN1992-1-1
There are the following differences in particular NA.

National annex

k1
Standard NA 0,6
Polish PN — EN NA 1,0
0,5 (XD,XF and XS)

Belgian NBN- EN NA 0,6 other exposure classes

Chapter 7.2(3) - Coefficients used for calculation of allowable concrete stress under quasi-permanen
combination in case of linear creep can be consider  ed according to EN1992-1-1
There are the following differences in particular NA.

National annex Ky

Standard NA 0,45

Chapter 7.2(5) - Coefficients used for calculation of allowable stress under characteristic
combination in case of unacceptable cracking or def ormation appears according to EN1992-1-1
There are the following differences in particular NA.

National annex ks Ks
Standard NA 0,8 1,0
Dutch NEN — EN NA 0,0 0,0
Finnish SFS -EN NA 0,6 0,8
Swedish SS - EN NA 1,0 1,0

Clause 8.2.(2) - Coefficients used for National ann  ex parameters
There are the following differences in particular NA.

National annex

k1 ko
Standard NA 1,0 5,0
Czech CSN — EN NA 1,5 5,0
Slovak STN — EN NA 1,5 5,0
0,0 for dq < 16
German DIN-EN NA 1,0 "2 10rGg = 2omm

5,0 for dg > 16mm

0,0 for one reinforcement layer
10,0 for more reinforcement layers
Finnish SFS-EN NA 1,0 3,0

Austrian ONORM-EN NA 10

Clause 9.2.1.1(1) - Minimal tensile reinforcement f  or National annex
There are the following differences in particular NA.

National annex formula 9.1N formula 9.1N
Standard NA Coeffas,min,2*fcimebred / fyx Coeffasmin,1°beed
German DIN-EN NA Not used Not used
Dutch NEN-EN NA Coeffas,min,2*fcimebred / fyx * Coeffas,min,1°bred *

German NA does not give the limit for minimal tensile are of longitudinal reinforcement. In this case unity
check is =0

* The procedure for Dutch NEN-NA gives another rule. The values from table above are marked as Ag min,1-
Additionally necessary area from ULS (A eq) is calculated as Ag minz = 1,25 * Ag eq. Finally, the minimal
allowed value of longitudinal reinforcement is: As min = Max (Asmin,1; Asmin.2)-
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Clause 9.2.1.1(3) - Maximal area of reinforcement f or National annex
There are the following differences in particular NA.

National annex el
Standard NA 0,04 -Ac
German DIN-EN NA 0,08 *Ac
Finnish SFS-EN NA Not limited
Swedish SS-EN NA Not limited
Slovenian SIST-EN NA Not limited

The verification for SFS, SS and SIST NA is not done at all and unity check is set to UCg 5113 =0

Clause 9.2.2.(5) - Minimal percentage of shear rein  forcement for National annex
There are the following differences in particular NA.

National annex formulag.5N
Standard NA 0,08.Vfe / fix
German DIN-EN NA 0,16.fctm / fyk
Austrian ONORM-EN NA 0,15.fctm / fya

Clause 9.2.2.(6) - Maximal longitudinal spacing of  stirrups for National annex
There are the following differences in particular NA.

National annex

formula
Standard NA 0,75¢d+(1+cotg (a))
Austrian ONORM-EN NA max( 0,75¢de(1+cotg (a)); 250mm)
Czech CSN-EN NA max( 0,75¢de(1+cotg (a)); 400mm)

for h < 250mm

. Sl,max= 0,9'd

French NF-EN NA for h > 250mm

*  S;max= max( 0,75+d+(1+cotg (a))

for Veqd < 0,3*VRd,max
e for fe< 50MPa ---->S| max= max(0,7+h;300mm)
e for foe> 50MPa ---->S| max= max(0,7<h;200mm)
e for Ves< Vrdc; h<200mm and beam

0 S;max=200mm

German DIN-EN NA for 0,3+Vid max < Vea<0,6+Vid max

*  for fu< 50MPa ---->S| max= max(0,5¢h;300mm)
s for fa> 50MPa --->S|max= max(0,5¢+h;200mm)
for Veq > O,G’VRd,max

*  Symax= Max(0,25+h;200mm)

Slovak STN-EN NA max( 0,75+de(1+cotg (a)); 400mm)
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Clause 9.5.2(1) - minimal bar diameter of longitudi  nal reinforcement for National annex
There are the following differences in particular NA.

National annex formula

Standard NA 8mm

12mm for min(b,h) = 200mm

Austrian ONORM-EN NA
10mm for other cases

Belgian NBN-EN NA 12mm

British BS-EN NA 12mm

12mm for min(b,h) = 200mm

Czech CSN-EN NA 10mm for other cases

German DIN-EN NA 12mm
Irish IS-EN NA 12mm
Polish PN-EN NA 6mm
Singaporean SS-EN NA 12mm
Slovak STN-EN 10mm
Slovenian SIST-EN NA 12mm

Clause 9.5.2(2) - minimal area of longitudinal rein ~ forcement for National annex
There are the following differences in particular NA.

National annex el
Standard NA max(0,1.|Ngq| / fyq; 0,002.Ac)
Austrian ONORM-EN NA max(0,13.|Ngd| / fya; 0,0026.A¢)
German DIN-EN NA 0,15.|Ngd| / fya
Slovenian SIST-EN NA max(0,1.|Ned| / fya; 0,003.Ac)
Swedish SS-EN NA 0,002.Ac

Clause 9.5.2(3) - maximal area of longitudinal rein ~ forcement for National annex
There are the following differences in particular NA.

National annex

formula
Standard NA 0,04.Ac
German DIN-EN NA 0,09.Ac

0,04.A; for in-situ concrete members
Austrian ONORM-EN NA
0,09.A. for prefabricated concrete members

Finnish SFS-EN NA 0,06.A;

Swedish SS-EN NA not used

Clause 9.5.3(3) - Maximal longitudinal spacing of s tirrups for National annex
There are the following differences in particular NA.

National annex oLl
Standard NA min (20.@Q,min; Min(b,h); 400mm)
Austrian ONORM-EN NA min (12.@,min; Min(b,h); 250mm)
Czech CSN-EN NA min (15.@,min; min(b,h); 300mm)
Finnish SFS-EN NA min (15.@,min; Min(b,h); 400mm)
German DIN-EN NA min (12.@,min; Min(b,h); 300mm)
Luxembourgian LU-EN NA min (15.@,min; min(b,h); 400mm)
Slovak STN-EN NA min (15.@,min; min(b,h); 300mm)
Slovenian SIST-EN NA min (12.@,min; min(b,h); 300mm)
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Clause 9.3.1.1(3) - maximal centre-to-centre bar di

There are the following differences in particular NA.

National annex

formula

Standard NA

max (3.h; 400mm)

Austrian ONORM-EN NA

max (1,5.h; 250mm)

Belgian NBN-EN NA

max (2,5.h; 400mm)

Czech CSN-EN NA

max (2.h; 300mm)

German DIN-EN NA

150mm for h < 150mm
h for (150mm<h<250mm)
150mm for h = 250mm

Luxembourgian LU-EN NA

max (2,5.h; 400mm)

Slovak STN-EN NA

max (2.h; 300mm)
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Annex 3 : Concrete settings — Values

Generally, the items in the Concrete settings are split into two main groups:
e Solver settings

» Design defaults

Solver settings

General

Limit value of unity check

Description Limit value of unity check when the check is still OK
Default Edit box , default = 1,0

Code _

Level Standard

Figure _

Value of unity check for not calculated unity checks

Description Value of unity check which is presented when the unity check is not
possible to calculate due to some errors during calculation

Default Edit box; default = 3,0
Code _

Level Advanced

Figure .

The coefficient for calculation  effective depth of cross-section

The coefficient for calculation of effective depth of cross-section from

Description depth of cross-section, if effective depth of cross-section is not
possible to calculate from plane of equilibrium (tensile reinforcement
or compressive concrete fibre was not found)

Default Edit box; default Coeff; = 0,9
Code _
Level Advanced

Figure d = Coeffy" h
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The coefficient for calculation of inner lever arm

The coefficient for calculation of inner lever arm from effective depth

Description of cross-section, if effective inner lever arm is not possible to calculate
from plane of equilibrium (tensile reinforcement or compressive
concrete fibre was not found)

Default Edit box Coeff, = 0,9
Code _

Level Advanced

Figure z = Coeff,"d

The coefficient for calculation force, where member as under compressio n

Description The coefficient for calculation force, where member is considered as
under compression. If Ngg <= N¢om => member is under compression

Default Edit box Coeff,,m = 0,1
Code _

Level Advanced

Figure

NEd = Coeff 'A'I:'fnd

cam

Creep

Type input of creep coefficient

Type of calculation creep coefficient:

Description - user value - creep coefficient inputted directly by the user
- auto - creep coefficient is calculated automatically by the program
Default Combo box ; Type, = Auto / User input; default = Auto
Code Annex B.1
Level Standard

Figure



Relative humidity

Description Relative humidity of ambient environment
Default Edit box; RH = 50%

Code Annex B.1

Level Advanced

Figure )

Age of concrete at loading

Description Age of concrete at loading of the member
Default Edit box; ty = 28days

Code Annex B.1

Level Advanced

Figure _

Age of concrete at the moment considered

Description Age of concrete at the moment considered. It means, time, which
creep coefficient is calculated for.

Default Edit box; t = 1825days

Code Annex B.1

Level Advanced

Figure .

SLS

Use effective modulus of concrete

Possibility to use effective E modulus of concrete. It means the long-

Description term behaviour of concrete is covered in the analysis of the crack
width, stress limitations and stiffness calculation.
Default Check box, default NO
Code 7.1(2)
Level Advanced
]
E\.ﬂ
Figure
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Internal forces

Use equivalent first order value

Description The first order moment is taken into account as equivalent first order
moment, if this parameter is ON.

Default Check box , default True
Code 5.8.8.2(2)
Level Advanced
Figure - . . =
9 M,=0,6-M+04-M =M

Determination of unfavourable direction

Determination of the direction for calculation of second order effect
and geometrical imperfection effect and geometrical imperfection
according to conditions 5.38a a 5.38b

- Auto: automatic calculation of direction for taking into account
second order effect and geometrical imperfection according to

Description =
conditions 5.38a a 5.38b
- Uniaxial: second order effect and geometrical imperfection is taken
into account only in one (more unfavourable) direction
- Biaxial: second order effect and geometrical imperfection is always
taken into account in both directions

Default Combo box Auto / uniaxial / biaxial; default Auto

Code 5.8.9

Level Advanced

Figure

L. 1, W

“he ruaib,,, |

Internal forces ULS

Take into account additional tensile force caused b y shear force

Description If the check box is ON , the additional tensile force caused by shear
force is taken into account by using shift rules

Default Check box default True
Code 9.2.1.3(2)
Level Standard

Figure



Use minimum value of eccentricity

Description The minimum value of eccentricity is taken into account for calculation
of first order eccentricity, if this parameter is ON.
Default Check box default True
Code 6.1.4
Level Advanced
O
Figure LA
®

Use geometric imperfection

=] (] 5

Description The geometric imperfection is taken into account for calculation of first
order eccentricity, if this parameter is ON.

Default Check box, default True

Code 525

Level Standard

Figure _

Use second order effect

Description The second order effect is taken into account, if slenderness is greater
than limit slenderness and this parameter is ON.

Default Check box, default True

Code 5.8.8

Level Standard

Figure
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Estimation of longitudinal reinforcement for recalc ulation internal forces

Estimation of ratio of longitudinal reinforcement for calculation
mechanical reinforcement ratio in design of reinforcement. Mechanical

Description ratio is calculated for calculation limit slenderness (chapter 5.8.3.1(1)
and second order effect - method based on nominal curvature
(formula 5.36)

Default Edit box; default ps = 1 %

Code 6.2.3

Level Advanced

Figure }

Internal forces SLS

Use geometric imperfection

Description The geometric imperfection is taken into account for calculation of first
order eccentricity, if this parameter is ON.

Default Check box, default True
Code 525

Level Standard

Figure )

Design As
Coefficient for reduction of strength of the concre te in compressive concrete

Coefficient for reduction of strength of the concrete in compressive

Description concrete which is used for calculation design value of resistance of
concrete compressive strut Nrq = Agc- Redicq: foa

Default Edit box, default Redi4 = 0,85

Code )

Level Advanced

Figure )
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Limit ratio of bending moment for uni axial method

Limit ratio of bending moments for using uniaxial design method. If
ratio of bending moments is lesser than limit ratio, uniaxial design

Description method is used and smaller value of bending moment and shear force
is neglected.
Ratio,n = min ( Mgg,/ Mgg,) / max ( Mggy/ Mgg,)

Default Edit box, Ratio ;, = 0,1

Code )

Level Standard

Figure )

Design method (beams)

Description Method for design of longitudinal reinforcement for beams and beam
slabs
Combo box; Auto / Uniaxial around y / Uniaxial around z / Biaxial,
Default
Default Auto
Code _
Level Advanced
Figure }

Design method (columns)

Description Method for design of longitudinal reinforcement for columns
Combo box; Auto / Uniaxial around y / Uniaxial around z / Biaxial;
Default
Default Auto
Code _
Level Advanced
Figure }
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Interaction diagram

Interaction diagram method

Possibility to set method for evaluation of results using interaction
diagram:

- NRd - assuming Mgq is constant

Description - MRd - assuming Nggq is constant

- NRdMrd - - assuming eccentricity is constant

- Mrdy - assuming Mgy, is constant

- Mrdz - assuming Mgg, is constant
Default Combobox NRd / MRd / NRdMrd / Mrdy / Mrdz, default NRdMRd
Code 6.1
Level Standard

L',,..“_“'-. '..r:‘l‘;.t
Figure fens vl
([ 'ilu iy

Division of strain

Calculation precision for one of the diagram “branches” during

Description generation of interaction diagram. The value means how many times
the strain plane is readjusted from the position of section under full
compression to the position of section under full tension

Default Edit box; 200

Code _

Level Advanced

Figure -I__i:__ -

o .-":
o

g My
¥
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Number of points in vertical cut

Description Number of directions in which the interaction diagram is calculated
(number of “branches”) during generation of interaction diagram

Default Edit box; 36
Code _
Level Advanced
Figure fad % 1}.[

X*‘\L L

7=

Shear

Type calculation / input of angle of compression st rut

Type of calculation of angle between compression strut and member
axis for shear check

- Auto: automatic calculation of minimum angle based on condition

Description
P VEd<=VRd.max
- User(angle) : the value is inputted by the user as angle
- User(cotangent) : the value is inputted by the user as cotangent of
the value
Combo box, Auto / User (angle) / User (cotangent); default User
Default
(angle)
Code 6.2.3
Level Standard
B
Figure e 2o

G
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Angle of compression strut

Angle between compression strut and member axis for shear check;

Description editable only if type of calculation of compression strut angle is User
(angle)
Default Edit box, 6 = 40deg
Code 6.2.3
Level Standard
8
Figure G

Cotangent angle of compression strut

Cotangent angle between compression strut and member axis for

Description shear check; editable only if type of calculation of compression strut
angle is User (cotangent)
Default Edit box, cot 6 =1,2
Code 6.2.3
Level Standard
8
Figure F G




Shear between web and flange

Type calculation / input of angle of compression st rut

Input type for angle between compression strut and member axis for
longitudinal shear check

Description - User(angle): the value is inputted by the user as angle
- User(cotangent): the value is inputted by the user as cotangent of
the value
Default Combo box, User (angle) / User (cotangent); default User (angle)
Code 6.2.4(4)
Level Advanced
Figure

Angle of compression strut

Angle between compression strut and member axis for longitudinal

Description shear check; editable only if type of calculation of compression strut
angle is User (angle)

Default Edit box, 6; = 40deg

Code 6.2.4(4)

Level Advanced

Figure }

Cotangent angle of compression strut

Cotangent of the angle between compression strut and member axis

Description for longitudinal shear check; editable only if type of calculation of
compression strut angle is User (cotangent)

Default Edit box, cot 6; =1,2

Code 6.2.4(4)

Level Advanced

Figure
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Torsion
Equivalent thin walled cross -section

Description Type of equivalent thin-walled cross-section used for calculation of
cross-section capacity in torsion

Combo box; Automatic / From stirrups from torsion / From effective

Default CSS / From effective rectangular CSS; default Automatic
Code 6.3.1(3)

Level Advanced

Figure -

Stress limitation

Indirect load
Descriotion When the stress in reinforcement is caused by the indirect load
P (imposed deformation) then the stress should not exceed different
maximal value
Default Check box, default NO
Code 7.2(5)
Level Advanced
O
kyxf
Figure "
®
by Ty

Cracking forces
Type of strength for calculation of  cracking forces

Type of tensile strength of concrete used for calculation of cracking

Description forces in SLS checks (stresses and deflections). It is possible to select
between f., (Table 3.1) and fym 4 (Clause 3.1.8).
Default Combobox fem / fem.n (default fom)
Level Advanced
Al

r-:m‘l':f:w
Figure B
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Value of strength for calculation of cracking force s

Value of strength of concrete used for calculation of cracking forces in
SLS checks (stresses and deflections). It is possible to select between

Description a) OMPa - first crack appears when tensile stress is reached in
concrete cross-section
b) f.ert- first crack is appears when effective tensile strength is
reached in cross-section

Default Combo box OMPa/ feim err (default feer)

Code 7.1(2)

Level Advanced

Figure .

Deflection

Maximal total displacement L/x; x =

Description Maximal total (nonlinear + creep) displacement allowed for 1D
member expressed as span / depth ratio
Default Edit box; Xt = 250
Code 7.4.1(4)
Level Standard
5‘lla.slu
Figure | li il i

[ . i : L

Maximal additional displacement L/x; x =

Description Maximal additional (total - immediate) displacement allowed for 1D
member expressed as span / depth ratio
Default Edit box; Xaqq = 500
Code 7.4.1(5)
Level Standard
Bromt Baad
; p N
. ol I!HW _L
Figure T 1] T3 J_ﬁnmm:‘i
8

o il 4 g
., bmim
L




Topic Training — New Concrete

Detailing provisions
Beam

Longitudinal reinforcement
Check min. bar distance

Description Setting if minimal clear bar distance of longitudinal reinforcement for
beam is checked or not.

Default Checkbox YES
Figure

Minimal bar distance

Description Additional limit for minimal clear bar distance of longitudinal
reinforcement for beam

Default Edit box Sjpmin = 20mm
Figure

Check max. bar distance

Description Setting if maximal clear bar distance of longitudinal reinforcement
for beam is checked or not.

Default Checkbox NO
Code

Code-independent

Figure



Maximal bar distance

Description Additional limit for maximal clear bar distance of longitudinal
reinforcement for beam
Edit box Sjpmax = 350mm; this item is visible only if check box
Default .
above is set ON
Code Code-independent
Figure

Check max. bar distance (torsion)

Setting if maximal centre-to-centre bar distance of longitudinal

Description reinforcement for beam based on torsion requirement is checked
or not. This value is checked if torsional moment exists in cross-
section only.

Default Checkbox YES

Code 9.2.3(4)

Figure

Maximal bar distance (torsion)

Maximal centre-to-centre  bar distance of longitudinal

Description reinforcement for beam based on torsion requirement. This value
is checked if torsional moment exists in cross-section only.
Edit box Siptmax = 350mm; this item is visible only if check box
Default ; ’
above is set ON
Code

9.2.3(4)

Figure
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Check min. reinforcement area

Description Setting if minimal reinforcement area of longitudinal
reinforcement for beam is checked or not.
Default Checkbox YES
Code 9.2.1.1(1)
Il
A=,
Figure
&
.’-d—nluxl.ﬂ.:_ i -5.._:|
Check min. reinforcement area for secondary member
Descriotion Setting if minimal reinforcement area of longitudinal
P reinforcement for secondary beam is checked or not. Settings for
secondary member is defined in Concrete member data
Default Checkbox YES
Code 9.2.1.1(1)
Figure .

Check max. reinforcement area

Description Setting if maximal reinforcement area of
reinforcement for beam is checked or not.

longitudinal

Default Checkbox YES
Code 9.2.1.1(3)
O
'q'S 'n's
Figure
4]



Stirrups
Check min. mandrel diameter

Description Setting if minimal mandrel diameter of stirrups for beam is
checked or not

Default Checkbox NO
Code 8.3(2)
Figure _

Check max. longitudinal spacing (shear)

Description Setting if maximal longitudinal spacing of stirrups based on
shear requirements is checked or not.

Default Checkbox YES
Code 9.2.2(6)
i i
Figure 7
. {_/

Check max. longitudinal spacing (torsion)

Description Setting if maximal longitudinal spacing of stirrups based on
torsion requirements is checked or not.

Default Checkbox YES
Code 9.2.3(3)

| i
Figure 7
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Check max. transverse spacing (shear)

Description Setting if maximal transverse spacing of stirrups based on shear
requirements is checked or not.

Default Checkbox YES

Code 9.2.2(8)

Figure

Check min. percentage of stirrups

Description Setting if minimal percentage of stirrups for beam is checked or
not.

Default Checkbox YES

Code 9.2.2(5)

Figure -

Check max. percentage of stirrups

Description Setting if maximal percentage of stirrups for beam is checked or
not.

Default Checkbox YES

Code 6.2.3(3)

Figure -

Beam Slab
Longitudinal
Check min. bar distance

Description Setting if minimal clear bar distance of longitudinal reinforcement
for beam slab is checked or not.

Default Checkbox YES

Figure



Minimal bar distance

Description Additional limit for minimal clear bar distance of longitudinal
reinforcement for beam slab

Default Edit box Sjpmin = 20mm
Figure

Check max. bar distance

Setting if maximal centre-to-centre bar distance of longitudinal

Description reinforcement for beam slab is checked or not. Only principal
reinforcement is checked
Default Checkbox YES
Code 9.3.1.1(3)
Figure = o L
Iy . -'I*‘Pﬂ
B ;'riiilit
Check min. reinforcement area
Description Setting if minimal reinforcement area of longitudinal reinforcement

for beam slab is checked or not.

Default Checkbox YES
Code 9.3.1.1(1)
[l
L
Figure
|

A i A
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Check max. reinforcement area

Description Setting if maximal reinforcement area of longitudinal
reinforcement for beam slab is checked or not.
Default Checkbox YES
Code 9.3.1.1(1)
[l
AL B
Figure
4

Column

Main
Check min. bar distance

Description Setting if minimal clear bar distance of longitudinal reinforcement
for column is checked or not.

Default Checkbox YES

Figure

Minimal bar distance

Description Additional limit for minimal clear bar distance of longitudinal
reinforcement for column

Default Edit box Sicmin = 20mm

Code

8.2(2)

Figure



Check max. bar distance

Description Setting if maximal clear bar distance of longitudinal reinforcement
for column is checked or not.

Default Checkbox NO
Code

Code-independent

Figure

Maximal bar distance

Description Additional limit for maximal clear bar distance of longitudinal
reinforcement for column

Edit box Sicmax = 350mm; this item is visible only if check box

Default above is set ON
Code Code-independent
Figure

Check max. bar distance (torsion)

Setting if maximal centre-to-centre bar distance of longitudinal

Description reinforcement for column based on torsion requirement is
checked or not. This value is checked if torsional moment exists
in cross-section only.

Default Checkbox YES

Code 9.2.3(4)

Figure
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Maximal bar distance (torsion)

Maximal centre-to-centre bar distance of longitudinal

Description reinforcement for column based on torsion requirement. This
value is checked if torsional moment exists in cross-section
only.

Edit box Sictmax = 350mm; this item is visible only if check box

Default above is set ON
Code 9.2.3(4)
Figure

Check min. reinforcement area

Description Setting if minimal reinforcement area of longitudinal
reinforcement for column is checked or not.

Default Checkbox YES
Code 9.5.2(2)
O
A=,
Figure
|
.’-d—nluxl.ﬂ. -5.._:|

b ]

Check max. reinforcement area

Description Setting if maximal reinforcement area of longitudinal
reinforcement for column is checked or not.

Default Checkbox YES
Code 9.5.2(3)
O
'q"s '0'5
Figure
4]



Check min. bar diameter

Description Setting if minimal bar diameter of longitudinal reinforcement for
column is checked or not.

Default Checkbox YES
Code 9.5.2(1)
[ E—
i
Figure . >

Check min. number of bars in  circular column

Description Setting if minimal number of bars in circular column is checked
or not.

Default Checkbox YES

Code 9.5.2(4)

Figure

Min. number of bars in circular column

Description Minimal number of bars in circular column is checked or not.
This item is viable if the item above is set YES

Default Edit box; N min = 4 bars

Code 9.5.2(4)

Figure
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Transverse
Check min. mandrel diameter

Description Setting if minimal mandrel diameter of stirrups for column is
checked or not

Default Checkbox NO
Code 8.3(2)
Figure _

Check max. longitudinal spacing

Description Setting if maximal longitudinal spacing of stirrups is checked or
not.

Default Checkbox YES

Code 9.5.3(3)

ik
—

Figure

Check min. bar diameter

Description Setting if minimal diameter of longitudinal bar in column is
checked or not.

Default Checkbox YES
Code 9.5.3(1)
Figure

Min bar diameter

Description User defined minimal diameter of longitudinal bar in column;
visible if checkbox above is YES

Default Edit box; ds¢ min = 6mm

Code 9.5.3(1)

Figure



Min bar diameter

User defined minimal diameter of longitudinal bar in column as

Description multiplication factor of maximal diameter of longitudinal
reinforcement; visible if checkbox above is YES

Default Edit box; x dsc = 25%

Code 9.5.3(1)

Figure

Design defaults

Minimal concrete cover
Design working life

Description Design working life is information used for determination of minimal
concrete cover

Default Edit box , default =50 years

Code 4.4.1.2(5), table 4.3N

Level Standard

Figure .

Member 1D member (Beam / Column / Beam Slab)

Risk of corrosion attack

Corrosion induced by carbonation

Description Exposure class caused by carbonation is used for determination of
minimal concrete cover in Table 4.4N

Default Combo box;None / X0 /XC1/ XC2 / XC3 / XC4,; default =XC3
Code 4.4.1.2(5), table 4.3N

Level Standard

Figure _

Member 1D member (Beam / Column / Beam Slab)
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Corrosion induced by chlorides

Description Exposure class caused by chlorides is used for determination of
minimal concrete cover in Table 4.4N

Default Combo box; None / XD1 / XD2 / XD3; default =None
Code 4.4.1.2(5), table 4.3N

Level Standard

Figure }

Member 1D member (Beam / Column / Beam Slab)

Corrosion induced by chlorides from sea water

Description Exposure class caused by chlorides from sea water is used for
determination of minimal concrete cover in Table 4.4N

Default Combo box; None / XS1/ XS2 / XS3; default =None
Code 4.4.1.2(5), table 4.3N

Level Standard

Figure }

Member 1D member (Beam / Column / Beam Slab)

Freeze / thaw attack

Description Additional Exposure class caused by freezing or thawing
Default Combo box; None / XF1/ XF2 / XF3; default =None
Code 4.4.1.2(12)

Level Standard

Figure _

Member 1D member (Beam / Column / Beam Slab)

Chemical attack

Description Additional Exposure class caused by chemical attack
Default Combo box; None / XAl / XA2 | XA3; default =None
Code 4.4.1.2(12)

Level Standard

Figure )

Member 1D member (Beam / Column / Beam Slab)
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Risk of abrasion attack

Description Additional Exposure class caused by abrasion attack
Default Combo box; None / XM1 / XM2 / XM3; default =None
Code 4.4.1.2(13)

Level Advanced

Figure }

Member 1D member (Beam / Column / Beam Slab)

Possibility of special control

Risk of casting on atypical surface

Description To take into account additional deviation to nominal concrete cover
caused by casting on atypical surface
Combo box; Standard / Against prepared ground / Again soil / Uneven
Default ~
surface default = Standard
Code 4.4.1.3(4)
Level Advanced
Figure }
Member 1D member (Beam / Column / Beam Slab)

Concrete characteristic

Type of concrete

Description To take into account additional deviation to nominal concrete cover
caused by production type

Default Combo box; In-situ / Prefabricated ; default = In-situ

Code 4.4.1.3(1P, 3)

Level Advanced

Figure }

Member 1D member (Beam / Column / Beam Slab)
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Beam
Longitudinal

Upper
Diameter of upper reinforcement

Description Information about diameter of upper reinforcement
Default Edit box; default ds, = 16mm
Code _
Level Standard
qu.; PRI
. -
Figure e 5
e = T
i o
Member Beam

Type of cover of upper reinforcement

Description Information about type of cover of upper reinforcement
Default Combo box; Auto / User; default = Auto
Code 4.4.1
Level Standard
qu.; RIS
: .
Figure = a
e = T
AT
Member Beam

User defined concrete cover of upper reinforcement

Description Possibility to define concrete cover of upper reinforcement; this item is
visible only if the item above is set to User

Default Edit box; cu = 30mm
Code 4.4.1
Level Standard
qu.; PRI
: -
Figure e a4
d:; -+ T
_"E —

Member Beam



Lower
Diameter of lower reinforcement

Description Information about diameter of lower reinforcement
Default Edit box; default dg; = 16mm
Code _
Level Standard
dE“‘"i __ia. _C_
g N
Figure e 5
gt T
- [
Member Beam

Type of cover of lower reinforcement

Description Information about type of cover of lower reinforcement
Default Combo box; Auto / User; default = Auto
Code 4.4.1
Level Standard
qu.; RIS
g N
Figure = a
gt T
AT
Member Beam

User defined concrete cover of lower reinforcement

Description Possibility to define concrete cover of lower reinforcement; this item is
visible only if the item above is set to User

Default Edit box; ¢l = 30mm
Code 4.4.1
Level Standard
qu.; PRI
: -
Figure e a4
d:; -+ T
_"E —

Member Beam
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Side
Type of cover of side reinforcement

Description Information about type of cover of side reinforcement
Default Combo box; Auto / User; default = Auto
Code 4.4.1
Level Standard
dE“‘"i ls _C_
: N
Figure e 5
Uyt 3
B
Member Beam

User defined concrete cover of side reinforcement

Description Possibility to define concrete cover of side reinforcement; this item is
visible only if the item above is set to User

Default Edit box; cs = 30mm
Code 4.4.1
Level Standard
qu.; RIS
- .
Figure e 5
et T
ATy
Member Beam

Stirrups

Diameter of stirrups

Description Information about diameter of stirrups
Default Edit box; dss = 8mm
Code _
Level Standard

qu.; PRI

. -

Figure e a4

eyt T

_"E —

Member Beam



Number of cuts

Description Information about number of cuts for shear reinforcement
Default Edit box; ng =2
Code _
Level Standard
s e
Figure
Member Beam
Angle
Description Angle between shear reinforcement and the beam axis perpendicular
to the shear force

Default Edit box; a = 90deg
Code _
Level Standard
Figure .
Member Beam

Beam slab

Longitudinal
Upper

Diameter of upper reinforcement

Description Information about diameter of upper reinforcement
Default Edit box; default dg, = 16mm
Code _
Level Standard

dE“‘"i __ia. _C_

_IZ‘-'.

Figure i o

e

i e

5

Member Beam slab
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Type of cover of upper reinforcement

Description Information about type of cover of upper reinforcement
Default Combo box; Auto / User; default = Auto
Code 441
Level Standard
qu.; PRI
. -
Figure e 5
e = T
i o
Member Beam slab

User defined concrete cover of upper reinforcement

Description Possibility to define concrete cover of upper reinforcement; this item is
visible only if the item above is set to User
Default Edit box; cu = 30mm
Code 4.4.1
Level Standard
dE“‘"i __ia. _C_
: N
Figure i o
g 3
B
Member Beam slab

Lower
Diameter of lower reinforcement

Description Information about diameter of lower reinforcement
Default Edit box; default dg; = 16mm
Code _
Level Standard
qu.; RIS
- .
Figure = 5
e
i [
Member Beam slab



Type of cover of lower reinforcement

Description Information about type of cover of lower reinforcement
Default Combo box; Auto / User; default = Auto
Code 441
Level Standard
qu.; PRI
-c'
Figure e 5
e = T
ATy
Member Beam slab

User defined concrete cover of lower reinforcement

Description Possibility to define concrete cover of lower reinforcement; this item is
visible only if the item above is set to User

Default Edit box; cl = 30mm
Code 4.4.1
Level Standard

dE“‘"i __ia. _C_

_IZ‘-'.

Figure i o

eyl —

i e

5

Member Beam slab
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Column
Longitudinal

Main
Diameter of main reinforcement

Description Information about diameter of main reinforcement
Default Edit box; default dg,, = 16mm
Code _
Level Standard
qu.; PRI
: -
Figure e 5
d:; —— T
i T o
Member Column

Type of cover of main reinforcement

Description Information about type of cover of main reinforcement
Default Combo box; Auto / User; default = Auto
Code 4.4.1
Level Standard
qu.; RIS
: .
Figure = a
e = T
AT
Member Column

User defined concrete cover of main reinforcement

Description Possibility to define concrete cover of main reinforcement; this item is
visible only if the item above is set to User

Default Edit box; cm = 30mm
Code 4.4.1
Level Standard
qu.; PRI
: -
Figure e a4
d:; -+ T
_"E —

Member Column



Stirrups

Diameter of stirrups

Description Information about diameter of stirrups
Default Edit box; dss = 8mm
Code _
Level Standard
qu.; RIS
_IZ‘-'.
Figure = a
Y e
i
Member Column

Number of cuts

Description Information about number of cuts for shear reinforcement
Default Edit box; ng =2
Code _
Level Standard
T 2 g
Figure e
e T
Member Column
Angle
Description Angle between shear reinforcement and the beam axis perpendicular
to the shear force
Default Edit box; a = 90deg
Code _
Level Standard
Figure _

Member Column
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Default sway type

Sway around y axis

Yes indicates, that the members are prone to sway (unbraced) around

Description y axis of LCS of the member. This setting is used in calculation of
slenderness and internal forces 1D, if in Buckling data or Buckling
data library if possibility “Setting” is selected.

Default Check box ; Default True

Code _

Level Standard

- D
Figure [
Member 1D member (Beam / Column / Beam Slab)

Sway around z axis

Yes indicates, that the members are prone to sway (unbraced) around

Description z axis of LCS of the member. This setting is used in calculation of
slenderness and internal forces 1D, if in Buckling data or Buckling
data library if possibility “Setting” is selected.

Default Check box ; Default True

Code _

Level Standard

- D
Figure )
Member 1D member (Beam / Column / Beam Slab)



