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Introduction

The examples in this manual can be made in a full licensed as well as in a tryout or student version of
SCIA Engineer.

Here follows an overview of the required SCIA Engineer modules / editions, per subject:
- Theoretical reinforcement design
esacd.02 (2D members) Concept edition

- Practical reinforcement design
esacdt.03 (2D members) Concept edition




Advanced Concept Training — Reinforced concrete (EN1992) — 2D members

Plate design

Model

1 Input of geometry

Project data: 2D environment = Plate XY
Project data X

Basic data | Functionality Actions Unit Set  Protection

Data Material
Mame: Example project g&mﬂﬂe
Material 225 - ..
Part: ACT Reinforced Concrete Reinforcement ... B500A - .. I
Steel L]
Description: Plate design Masonry o
Aluminium |
Buthar: Scia Engineer Timber O
Steel fibre conc.., [
Date: 27.07. 20m Other O
Code
Structure: Post processing Mational Code:
environmert
(e -
£ Plate xy - | @7 -
Model: National annex:

B one - - EC-EN - D

The Reinforcement material (e.g. B5S00A) chosen in the Project data window, will define the steel
quality used for the theoretical reinforcement design.
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Properties of the slab and the line supports:

7 2D member X
Element type Standard =
Element behaviour Standard FEM
‘ Type plate (30) =
"T‘Z/ — ’_’ja Shape Flat
— T Material ca0/25 B
— — — — | FEMmodel Isotropic =
ez -~ - FEM nonlinear model none -
s Thickness type constant =
Thickness [mm)] 250
LCStype Standard .
n LCS angle [deg) 0,00
Layer Laag! B
) Nodes .
X : Actions

Table edit geometry

Cancel

#7 Line support on 2D member edge b
=
Constraint Hinged -
z Rigidl -
Rx Free -
Ry Free -
2D member Sisb1
Geometry
~
~_| system GCs -
Edge 2 B
Coord. definition Rels -
T Position x1 0,000
Position x2 1,000
Drigin From start -

Cancel

2 Loads

Load cases & Load groups

Load Case Action type Load Group Relation EC1-Load type

Self-weight Permanent LG1 / /

Walls Permanent LG1 / /
Service load Variable LG2 Standard Cat B: Offices
B Load cases *
A emEbki= g S - a mRy;
LC1 - Self-weight MName LC1
LC3 - Sevice load Action type Permanent o
Load group LG1 L
Load type Self weight -
Direction -L -
New Insert Edit Delete Close
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B Load groups >
AeBE = 8§ FH ~ Y,
LG1 Name | LGz
LG2 Relation Standard -
Load Variable -
Structure Building
Load type Cat B : Offices -
New Insert Edit Close
Load combinations
Type EN-ULS (STR/GEOQ) Set B
Type EN-SLS Quasi Permanent
8 Combinations X
E‘? £ Be =3 ¢ é Input combinations -
EM-ULS (STR/GEQ] Set B ‘Name EN-5L5 Quasi-permanent
EN-5LS Quasi-permanent Description
Type EN-5L5 Quasi-permanent
Structure Building
Active coefficients
Contents of combination
LC1 - Self-weight [-] 1,00
LC2 - Walls [-] 1,00
LC3 - Sevice load [-] 1,00
Actions
Explode to envelopes EE
Explode to linear EE
Show Decomposed EN combinations EE
New Insert Edit Delete Close
Result classes
All ULS+SLS
B Result classes x
Aia BB v & a -V
AIlULS+SLS AllULS+SLS
Description
List

EN-ULS (5TR/GEO) Set B - EN-ULS (STR/GEQ] Set B
EM-5L5 Quasi-permanent - EN-5L5 Quasi-permanent

MNew Insert Edit Delete Close

3_Finite element mesh
Introduction

2 types of finite elements are implemented in SCIA Engineer:

- The Mindlin element including shear force deformation, which is the standard in SCIA Engineer. The
Mindlin theory is valid for the calculation of both thin and thick plates.

- The Kirchhoff element without shear force deformation, which can be used to calculate and design
only thin plates.
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The element type used for the current calculation is defined in the Setup menu > Solver:

B Sobver setup X

Mame SehverSetupl ~

Specify load cases for linear calculation

Advanced solver settings

General
MNeglect shear force deformation (ALAZ =2 A
I Bending theory of plate/shell analysis Mindlin vI
Type of solver Direct -
Mumber of sectiens on average member 0
Warning when maximal translation is greater than [mm)] 1000,0
Warning when maximal rotation is greater than [mrad] 100,0
Coefficient for reinforcement 1

Effective width of plate ribs

Number of thicknesses of rib plate 20
Parallelism telerance for automatic calculation [deg] 10,00
Span length ratio L/beff,max (1 side) for automatic calculation [-] 8,00

Span length correction

=L

Mesh generation

Via the Main menu - Calculation, mesh - Mesh generation, or ‘Project’ toolbar

Graphical display of the mesh

Set view parameters for all, via right mouse click in screen or Command line toolbar
- Structure tab > Mesh - Draw mesh

- Labels tab - Mesh - Display label

OR

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

Structure r Panel
Labels k| +  Structure nodes
Model L4 Mesh
Loads/masses r Local axes
Concrete *
Composite L4
Maodelling/Drawing L4 &
Attributes k
Setup dialog

o E

Mesh refinement

Via the Main menu - Calculation, mesh - Mesh setup, or Setup menu > Mesh
Average size of 2D (mesh) elements is by default = 1m.
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B Mesh setup X
Average number of tiles of 1d element 1
Average size of 2d element/curved element [m] 1,000

Advanced mesh settings

Z EE

OR

The mesh size can be changed in the FE analysis window before running the calculation.

B FE analysis X
Calculations [Mesh setup !
. N fverage number of tiles of 1d element 1
| Linear analysis
Load cases: 3 I Average size of 2d element/curved ele... 1,000 I
—
Other processes Advanced mesh settings

Test input of data Solver setup
Specify load cases for linear calculation

Advanced solver settings

Caloulate

‘Basic rule’ for the size of 2D mesh elements: take 1 to 2 times the thickness of the plates in the
project. For this example, take a mesh size of 0,25 m.

10
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4 Results for the linear calculation

Specification of results

After running the linear calculation, go to the Main menu - Results - 2D Members > 2D Internal
Forces.
Specify the desired result in the Properties menu:

Properties =
2D internal forces (1) - B Y
&
MName 2D internal forces
Selection
Type of selection All -
Filter Mo -
Result case
Combinations -
Combinaticn EM-ULS (5TR/GEOQ) Set B -
Envelope (for 2D drawing) Absolute extreme -
Averaging of peak
Locatien In nodes avg. on macro -
Systemn LC5 mesh element -
Extreme Global -
Type of values Basic magnitudes -
Values m_x -

Output settings
Print combination key
Standard result
Results on sections
Results on edges
Table setup
Errors, warmnings and notes ...

Drawing setup 2D

Actions
EE
Mew combination from Combination key 2>
Table results E
Preview 2>
System:

LCS mesh element: according to the local axes of the individual mesh elements

elements!)

Location: 4 different ways to ask for the results, see Annex 2
Type forces: Basic, Principal or Design magnitudes, see Annex 1

Drawing setup 2D: Click on the button EI Here you can modify the display of 2D results (Isobands /
Isolines / Numerical results / ...), modify the minimum and maximum settings, ...

After making changes in the Properties menu, you always have to execute the ‘Refresh’ action.

12
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Types of results

Basic magnitudes
Combination = ULS; Type forces = Basic magnitudes; Envelope = Minimum; Values = m_x

mx-min [kNm/m]
39.56
0.00
-20.00
-40.00
-60.00
-80.00
-100.00
-120.00
-155.46

These are the characteristic values coming from de FE-analysis in the center of the plate.

Elementary design magnitudes
Combination = ULS; Type forces = Design magnitudes; Envelope = Maximum; Values = m_xD+

0.00
20.00
0.0
0.0
50,00

-100.00

-120.00

-140.00

1768

o+ [kNm /m

ma

The convention for the sign of the design moments has been changed since the v17 post-processor. Now a moment is positive when
it causes a tensile force on the bottom of the plate and negative when it causes tensile force at the top of the plate.

In the v16 post-processor a design moment is positive when you should reinforce for this moment. This means that for a positive
value for m_xD+ there is a tensile force at the top of the plate and that for a positive value for m_xD- there is a tensile force at the

bottom of the plate.

The available values are mxD, myD and mcD, where ‘D’ stands for design. The ‘+’ and ‘-‘ respectively
stand for the values at the positive and negative side of the local z axis of the 2D member.

So for instance the value mxD+ is the moment that will be used for the design of the upper
reinforcement in the local x-direction of the 2D member.

13
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The calculation of design moments for plates and shells according to the EC2 algorithm follows the
chart from CSN P ENV 1992-1-1, Annex 2, paragraph A2.8.

m_ozm, o oa=xb=y
mo<m, 1 oa=y, h=x
m, = —|m,‘1.‘
YES NO
Mg =M, +‘m,‘1.| Myp =0
m, =m, +|m my, =m,+m_"|m,]
so- — Xy P .
N 3
o =2 o =i /. )
M, £|m,‘r‘
YES NO
2,
Mg, =—M,+ ‘H?,‘T| Mg, =—My+ M,/ |mb|
Myp. = —, +|”?;1- My, =0
m,p. = —2-|m,3.‘ M. = —|mb|[_1+ (_mn. mb_)‘ J

What happens, is that for the 3 characteristic (bending and torsion) moments an equivalent set of 3
desigh moments is calculated:

mx mxD
my = myD
mxy mcD

It is clear that mxD and myD are the moments to be used for the reinforcement design in the respective
direction. The quantity mcD is the design moment that has to be taken by the concrete. The Eurocode
does not mention any check for this value, but it is however available in SCIA Engineer for the reason
of completeness.

The calculation of design forces for walls according to the EC2 algorithm follows the chart from CSN P
ENV 1992-1-1, Annex 2, paragraph A2.9.

14
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=R a=x,b=y
n, <n, a=y.b=x
n, z-|n,,
YES NO
nw:naﬂnm.‘ M =0
T
_ n_o=mn+n_/n
”w‘”a"'”q 8D 3 ’ﬁ1.|a| )
N 2
M =—|i,[\l+ 1, /1
H.p =—2.|n$ D | a||: t X a.}‘ ]

Analogously, if membrane effects are present, for the 3 characteristic membrane forces an equivalent
set of 3 design forces is calculated:

nx nxD
ny = nyD
nxy ncD

Here, the quantity ncD does have a clear meaning: it is the compression force that has to be taken by
the concrete compression struts. Therefore, to make sure that concrete crushing will not occur, the
value ncD should be checked to be < fcd.

Attention: These design magnitudes are not the ones used by SCIA Engineer for the reinforcement
design in the Concrete menu. A much more refined transformation procedure is implemented there to
calculate the design magnitudes from the basic magnitudes.

Principal magnitudes

Results menu = 2D Members - 2D stress/strain

Combination = ULS; Type forces = Principal magnitudes; Envelope = Maximum; Values = sig1+
Drawing = Trajectories

[

- \| _% 16.0
q 7

14 [MPa]

[ P

R

‘1" and ‘2’ refer to the principal directions, calculated based on Mohr’s circle.

15
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The first direction is the direction of maximum tension (or minimum compression). The second direction
is the direction of maximum compression ( or minimum tension).

Keep in mind that the most economic reinforcement paths are the ones that follow the trajectories of
the principal directions!

16
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Comparison Mindlin > Kirchhoff

Shear force vx
Combination = ULS; Type forces = Basic magnitudes; Envelope = Maximum; Values = v_x

Mindlin
wvx-max [kN/m]

649.58
587.50
525.00
462.50
400.00
337.50
275.00
212.50
150.00
75.00
0.00
-50.00
-100.00
-150.00
-212.50
-275.00
-350.44

Openingl q

Section at lower edge

Mesh size = 0,25 m

Mesh size = 0,05 m

vx-max [kN/m]

44971
400.00
360.00
320.00
280.00
ﬂ 240.00
20000
160.00
120.00

80.00

40.00

-0.00
-40.00
-80.00
-120.00
-160.00
-202.91

Section at lower edge

Mesh size = 0,25 m

Mesh size = 0,05 m

17
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Torsion moment mxy
Combination = ULS; Type forces = Basic magnitudes; Envelope = Maximum; Values = m_xy

Mindlin
mxy-max [kNm/m]
71.80
60.00
50.00
| 40.00
| 30.00
20.00
10.00
0.00
Openingl ;333
-3095
Sighll
/
|
|
|
j
Section at lower edge
l —8.76
e TT T T ITT)
Wm T 4
18,02 Mesh size = 0,25 m
Y _
Mesh size = 0,05 m
Kirchhoff

mxy-max [kNm/m]

6362
54.00
43.00
42.00
36.00
30.00
24.00
12.00
B 12.00
Opening o .
-0.00
-£.00
-12.00
-18.00

-27.65

Section at lower edge

34,38 Mesh size = 0,25 m

Mesh size = 0,05 m

Conclusion: Kirchhoff gives the expected shear force values, Mindlin gives the expected torsion
moments.

18
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Concrete setups

1 General setups

Setup 1: National Determined Parameters

Main menu - Project data - National annex [...] > EN 1992-1-1[...]

OR

Click on the flag at the bottom right of SCIA Engineer.

B Concrete setup X
Type of values - ECEN MName EC-EN )
NA building = C:m‘:mtE Concrete

= General
Type of functionality i L. Concrete General
Hellow core beams -~ Non-prestressed reinforcement Concrete
Prestressing -~ Prestressed reinforcement (e = Fnney
H -~ Durability and concrete cover
=-us EN_1992_1_1
i o General Ysy-partial factor for shrinkage action
:  Punching Value[-] 1,00
-5l : :
H General Yc - partial factor for design values of «
[=- Detailing provisions Values [-] 1,50/ 1,20
- Commaon detailing provisions fok maz -~ Maamum value of the charac
- 2D struc d slab -
structures and slabs Value [MPa] 50,00
-~ Punching
a,. - coeff. taking account of long term
Value [-] 1,00
a,, - coeff. taking account of long term
Value[-] 1,00
kj roq - coeff. for calculation of ratio of
Value[-] 0,44
kj 1eq - coeff. for calculation of ratio of
Formula Formula
k3 1eq - coeff. for calculation of ratio of
Value [-] 0,54
ky req - coeff. for calculation of ratio of
Formula Formula
kg ;eq - coeff. for calculation of ratio of
Value[-] 0,70
kg req - coeff. for calculation of ratio of
Value[-] 0,80
< > L
fE saki, nfl s
Select all Unselect all Refresh Load default NA parameters Cancel

Setup 2: Concrete settings

Concrete menu - Concrete settings

19
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Concrete settings

National annex: -

Description
<all>
4 Solver seiting
4 General
Limit value of unity check
Value of unity check for not calculated unity check
The coefficient for calculation effective depth of cross-ssction
The coefficient for calculation inner lever am
The coefficient for calculation force, where member as under compression
4 Creep
Type input of creep coefficient
Relative humidity
Age of concrete at loading
Age of concrete at the moment considered
> SLS
Default sway type
Sway around y ads
Sway around z ads
4 Minimal concrete cover
Design working life
4 Risk of commosion attack
Cormosion induced by carbonation
Cormosion induced by chlorides
Cormosion induced by chlorides from sea water
Freeze /thaw attack
Chemical attack
Risk of abrasion attack
> Possibilty of special control
Risk of casting on atypical suface
4 Concrete characteristics
Type of concrete
4 Intemal forces

Bhanl e limit ratin for madficatinn of intemal fames

N

Symbol
<ll> L

Lim check
Neal check
Coeffy
Coeffz
Coeffeom

Type @
RH

Lo

t

Sway vy
Sway 2z

Ratinins <o

Value
<all>

None
None
None
None
None

Standard

In-situ

R0n

Default

XC3

None
None
None
None
None

Standard

In-situ

.

Unit

<all>

day
day

leN

Find View
Chapter Code
<all P ol
Independent
Independent
Independent
Independent
Independent
Annex B.1 EN 1582-11
Annex B.1 EN 1982-11
Annex B.1 EN 1982-11
Annex B.1 EN 1532-11
Independent
Independent
4.41.2(5) table 4... EN 1992-11
44125 EN 1982-11
4412(5 EN 1982-11
4412(5 EN 1332-11
4412012 EN 1992-1-1
4412012 EN 1992-1-1
4412013 EN 1592-1-1
44134 EN 1392-11
4413(1P. 3) EN 1982-11
Indenendent

L

Structure

]

Advanced Default

Check Type

<all> Pl pel

Al (Beam Bea
Al (Beam Bea
Al (Beam Bea
Al (Beam Bea

All (Beam,Bea..

All (Beam Bea..
All (BeamBea..
All (Beam,Bea..

All (Beam,Bea

Al (Beam Bea
Al (Beam Bea

All (Beam,Bea..

All (BeamBea..
All (Beam,Bea..

All (Beam Bea
All (Bezm Bea
All (Bezm Bea
All (Beam Bea.

All (Beam,Bea..

All (Beam.Bea..

1N iReam Fe

Salver setting ...

Salver setting ...
Salver setting ...
Salver sefting ...
Solver sefting

Solver setting
Solver setting

Solver setting ...

Solver setting ...
Solver setting ...
Solver setting
Solver sstting
Solver sstting
Solver sstting

Salver setting ...

Salver sefting ...

~

Cancel

>

All of the adjustments made in one of the two general setups are valid for the whole project, except for
the members to which ‘Member data’ are added.

2 Member data

It is possible to overwrite the data from the general setups per 2D member, namely by means of

Member data; see Concrete menu Setting per member — 2D member data.
On a plate with Member data appears a label, e.g. CMD1 (= Concrete member data). This label can be
selected at any time to view or to adapt the data via the Properties menu. Since Member data are

[ﬂ-i
additional data, it is possible to copy them to other plates, via ‘Geometry manipulations’ toolbar or

via a right mouse click.

20
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m7 cmp x
20 member Slab1
Member type Plate -
Advanced mode O
4 Solver setting
“ General
4 Creep
Type input of creep coefficient Auto -
4 Minimal concrete cover
Different surfaces O
Design waorking life [year] 50,00
“ Risk of corrosion attack
Corrosion induced by carbonation XC3 -
Corrosion induced by chlorides None -
Corrosion induced by chlorides from sea water None -
Freeze / thaw attack Mone -
Chernical attack None -

4 Concrete charactenstics
Type of concrete In-situ -
# Internal forces
4 Internal forces ULS

Take inte account additicnal tensile force caused by shear (sh...

“ Interaction diagram v

| OK || Cancel |

21
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ULS design
1 Reinforcement design

Internal forces
Concrete menu - Reinforcement design - 2D members - Internal forces

Basic (centroid)

The values shown here are exactly the same as in the Results menu; they are calculated by the FEM
solver.

Design (centroid)

The values shown here are different from those in the Results menu.

- The design magnitudes in the Results menu are calculated by the FEM solver according to some
simple formulas specified in EC-ENV.

- The design magnitudes in the Concrete menu are calculated by the NEDIM solver, where a much
finer transformation procedure is implemented, based on the theory of Baumann.

These are the values that will be used for the SCIA Engineer reinforcement design.

Theory of Baumann.

1) Calculation of the lever arm.

The lever arm is necessary for the calculation of surface forces. Value z will be calculated in the
direction of the angle of the first principal moment. The forces will be recalculated and a cross-section
set will be created in this direction. The reinforcement will be designed for these recalculated forces
and from the designed reinforcement the inner lever arm will be calculated.

Principal stresses and directions at both surfaces
0.=0.48 MPa 0,,.=0.11 MPa -> o, =-5.86=-5.86"
0. =-0.11 MPa oy =-048 MPa -> 0. =-5.86"°
-> direction for calculation inner lever arm
o; =-5.86

Recalculated forces to direction of inner lever arm
n,=0.0 m,=49704

22
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o fox  1-2010°

fy = - - 13.33 MP
4=y 15 @
d=210mm
f2 0.0018 _
N=1-05- " =1-05 00 =075
2 2 2 2
£w?  £o 0.0035° 0.0018
2 6 2 6
B =1- 2 Ecu2'E2 =1- 2 0.0035-0.0018 ~ 0.389
faz - 0.0035 — ;
Ecu2 0.0035
Epal = = fs 500 =0.617
LS . A
g2+ g 009354 55 500000

Xbal = Epal-d = 0.617-210 =0.13
Nebal = - Epal-d-b-N-fq=-0.617-210-1000-0.75- 13.33 =-1295 kN/m
Nz = 0 kKN/Mm > nepal = -1295 kN/m => predominant tension

d 1_\/1_4'[3'abs(mz)—nz-(d—O.5-h)I

x:ﬁ-

b-d”n-fu
|
_ 2-06.23189 ' 1_\/ 40380 abs(4970)—0-2(0.21 - 0.5-250) -
1000-0.21°-0.75-13.33
z=d-B-x=210-0389-2 =209 mm
Z, =124 mm
z.=85mm

If value z can not be calculated it will be calculated according to formula: z=0,9 . d

2) Calculation of normal forces at the surfaces of 2D element.
The inputted internal forces will be recalculated to both surfaces according the following formulas:

Lower surface

4.93

0
M= = Y 009 — 230 KN/m
_ny om0 122
Ny =t T, =5 T 009 — -8 KN/m
_ My My 0 -0385
=T T, T2 T Toa00 T B KN/m

493

0
M =T =5 T o009 - 230 KN/m
ny om0 122
e = T, T T o009 - 8 KN/m
Ny My 0 -0385
My =Ty T, T o090 - BKN/m

3) Calculation of principal forces at surfaces of 2D element.

23
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The principal forces at both surfaces and the direction of the first principal force will be calculated
according to the following formulas:

Lower surface
Principal forces at lower surface:

nx_+ny_ ‘I 2 2
I"II—:T‘i‘?"\I(nx——ny—) + 4 Nyy-

236+58 1 2 2
:++?-J (236-58) +4--1.8" =23.8 kN/m
1
Ne- +Ny- 1 2
n||_=%—?-'\l(nx_—ny_)z+4-nxy_
1
2 2
=¥—%-\/ (236-58) +4--18" =57 kN/m

Direction of principal forces:

2 Ny 2--1.8
o= 0.5 ArcTg|—— = ’“’n )=0.5-Arch(236 58)=—6°
¥ 7 Hy- L0 e

Upper surface

Principal forces at upper surface:

Nx+ + Ny+ 1 2
n|+=27+?- (nx+ —Ny+ | +4-Ngy+

|
236+-58 1 2 2
=++?-\/ (-236--58) +4-18 =-57kN/m
1
Nes + N 1 2 2
nll+z%—?"\/(nx+—ny+) +4'nxy+
_-236+-58 '

1 2 2
; —?-\/ (-236--58) +4-18 =-238 kN/m

Direction of principal forces:

ﬁ)— 90 =0.5 - ArcTg (A)— 90 = -96 °

=05-ArcT
o . 9( s — Ny 236--58

4) Recalculation of principal forces at both surfaces to inputted directions.

The recalculation of the principal forces to the inputted direction will be done separately for both surfaces
by using Baumann’s transformation formula.
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Lower surface
Angles for Baumann's transformation formula
Q1-= Qinp1-—-=0--6=6"°
Of2-= Olinp2- —01-=90--6 =96 °
0l3-= Ocon-— 01- =45 --6=51°

Recalculated dimensional forces at lower surface (acc. to Baumann)
ni--sin ((}(2-)' sin (0(3-)+ nyi-- COS ((}(2-)' cos(ag.)

fedst-= sin( oG- — o- -sin(otg- - o-
23.8 -5in(96)- sin(51)+ 5.7 - cos (96)- cos (51)
- sin(96 - 6)-sin(51 - 6) = 254 kN/m
Ni--sin ((13.)- sin(ou.)+ nji-- COS ((13.)- cos(ou.)
fleds2- = sin(ag- - Otg-)' sin{ - - Otz_)
23.8- 5in(51)- 5in(6)+ 5.7 c05(51)- cos(6)
- sin(51 - 96)- sin (6 - 96) = 77 kN/m
ni--sin (ou.)- sin(ag.)+ nji-- COS (m.)- cos(ag.)
fEds3-= sinl - — o3-)- sin (Otz_ - oa-
B 23.8-5in(6)-5in(96)+ 5.?-c05(6)-c05 (96) 37 KN/m

sin(6 - 51)-sin (96 - 51)

Upper surface
Angles for Baumann's transformation formula
01+ = Qinp,1+— 0+ =0--96=96°
02+ = Qlinp,2+ — 1+ =90 —-96 =186 °
03+ = Ocon+ — O+ = 135 --96 =231 °

Recalculated dimensional forces at upper surface (acc. to Baumann)
n|+-sin(0t2+)-sin(0t3+)+ N+ - COS{ Cla+ -cos(a3+J

Medst = sin{ - — o1+) sinf o+ — o+
-5.7-sin(186)-sin(231) + -23.8 - cos(186)- cos(231)
) sin(186 — 96)-sin(231 - 96) =217 kN/m
_ n|+-sin(0t3+)-sin(0t1+)+ I‘1||+'COS(C13+)-COS(0H+)
feds2 = sin{ o+ — 0+ ) sin(ous - ca-
-5.7-sin(231)- sin(96)+ -23.8- cos(231)- cos(96)
- sin(231 - 186)-sin(96 - 186) = 40kN/m
N+ -sinf o, )-sinf ooy )+ ﬂ||+'COS(C11+)'COS(012+)
Meds3+ = sin(o. - a3.)-sin(co. - as.
_ -5.7:5in(96)-5in(186) + -23.8- cos(96)- cos(186) _ 37y

sin(96 - 231)- sin(186 - 231)

5) Calculation of virtual forces at both surfaces to inputted directions.

The virtual forces are necessary to convert the pressure/tensile forces at the surface back to the center
of the plate. The virtual force represents the equivalent force at the other side of the plate.
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Virtual forces at both surfaces

Lower surface
Angles for Baumann's transformation formula
O =COinp1+ - =0--6=6°
Oy = Qipp2+ — 0. =90 --6=96°
O3.=0Clegp.— 0. =45 --6=57"°

Recalculated virtual forces at lower surface (acc. to Baumann)
ni--sin (O(2+)' sin (0(3+) + ny-- cos (om)- cos (a3+)

Nedsvirt1- = sin(or2+ - om)-sin (O(3+ - o
_ 238-5in(96)-sin(51)+ 5.7 cos(96)- cos (51) NN
- sin(96 - 6)-sin(51 - 6) = 224 kN/m
o n|_-sin(a3+)- sin(a1+)+ n||_-cos(a3+)-cos(a1+)
Medsvirta- = sinlos: — ooy )-sinlog:s = azs
_ 238-sin(51)-sin(6) + 5.7 cos(51)-cos(6)
) sin(51 - 96)-sin (6 - 96) = 7.7 kN/m
o ni--sin| i+ -sin(a2+)+ n||,-cos(a1+)-cos(ag+)
Medsvirt3- = sinlat+ — az+ ) sinloos — as-
_ 238 sin(6)-sin(96)+ 5.7 - cos(86)- cos (96) 37

sin(6 - 51)-sin(96 - 51)

Upper surface
Angles for Baumann's transformation formula

Q- = Wjpp,1-— O = 0--96=96"°
O = Qlinp2- — 01, =90 --96 =186 °
O3- = Oleon+ — O» =135 --96=231°

Recalculated virtual forces at upper surface (acc. to Baumann)
N+ -sin (0{2_)' sin (o:_:,_) + Nyj+ * COS (0.'2_)‘ cos (0:3_)

AEdsvirt1+ = sin (ag, - 0(1,)- sin (0(3, - 0l1-
_ -5.7-sin(186)-sin (231) + -23.8 -cos (186)- cos (231)
- sin(186 - 96)-sin (231 - 96) =217 kN/m
o nis - sin (0{3_)' sin(ou_)+ nyj- - COS (0.'3_)‘ cos (0:1_)
NEdsvirt2+ = sin|oa. — az ) sinl o — oo
_ -57-sin(231)-sin(96) + -23.8 - cos(231)- cos(96) _
) sin(231 - 186)-sin (96 - 186) = 40 kN/m
o ni+-sin (ou,)- sin(ozg,)-k Nil+ - COS (ow)- cos (o:z,)
MEdsvirt3 = sin{o- = a3-)-sin{ oz- — as-
_ 57 sin(96)- sin(186) + -23.8 - cos(96)- cos (186) 37 m

sin(96 - 231)-sin (186 - 231)

6) Recalculation of forces at surfaces to center of gravity of cross-section.

Using the transformed dimensional forces and virtual forces the internal forces at the center of the plate
can be calculated.
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Lower surface
Dimensional forces of lower surface transformed to centroid

NEd1- = Neds1- + Nedsvirt1+ = 25.4 + -21.7 = 3.7 kN/m
Meg1- = Neget- - Z- — Negeyirtr+ - Zo = 25.4 -85 = -21.7 - 124 = 4.9 kNm/m
Neg2- = Nedsa- + Nedsvirzs = 7.7 + -4.0 = 3.7 kKN/m
Megs- = Negsa- Z- — Nedsyirs “Z4 = 7.7 -85 = -4.0-124 = 1.2 kNm/m
Negs- = Nedsa- + Nedsvirs+ = -3.7 + -3.7 = -7.4 kKN/m
Megd3- = Nedea- *Z- — Nedsvirta+ “Z+ = -3.7 -85 = -3.7 - 124 = 0.1 KNm/m

Upper surface
Dimensional forces of upper surface transformed to centroid
Negi+ = Nedsi+ + Nedsvirt- = -21.7 + 25.4 = 3.7 kN/m
Med1+ = - Nedst+ * Zo + Nedsyirt1-* 2- = - -21.7 - 124 + 25.4 -85 = 4.9 kNm/m
Nedgos = Nedeos + Negavirn- = -4.0 + 7.7 = 3.7 kKN/m

Meda+ = - Nedsos * Z+ + Nedsvirz- - 2. = - -4.0- 124 + 7.7-85 = 1.2 kNm/m
Nedz+ = Nedsa+ + NEdsyirtz- = 37 +-37=-74 kam
Megz+ = - Nedsa+ * Z+ + Negvira- - Z- = - -3.7 - 124 + -3.7 -85 = 0.1 KNm/m

The available values are: mEd,1+, mEd,2+, mEd,c+, mEd,1-, mEd,2-, mEd,c-, nEd,1+, nEd,2+, nEd,c+,
nkEd,1-, nEd,2-, nEd,c- and vVEd. “+” and “-“ stand for the design values at respectively the positive and
the negative side of the local z-axis of the 2D member. “1” and “2” stand for the reinforcement
directions, which are by default respectively the local x- and y- direction of the 2D member. (mEd,c+
and mEd,c- are the design moments that would have to be taken by the concrete, but they have no real
significance for the reinforcement design.)

Combination = ULS; Type values = Design magnitudes; Value = mEd,1+
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Compare the result for this value mEd,1+ (Concrete menu) with the result for the equivalent value
mxD+ (Result menu) shown on p.10.

Despite the different transformation procedures, the general image of the results will be similar for
orthogonal reinforcement directions (acc. to the local x and y axes). The largest difference is caused by
the shift rule that is only taken into account in the design magnitudes calculated by the NEDIM solver
(values mEd,1 and mEd,2).
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Shift rule

The shift rule takes into account the additional tensile force caused by the shear force by shifting the
moment line by a distance ai. ai is determined as in the image below.

]

10:
20

a,=Coeff,-d-[cot@-cota) /2
a=d

The shift rule is taken into account in the default concrete settings. You can deactivate this option in the

concrete settings.

Concrete settings O 'Y
wational annex: [ | Find ‘ View v| ‘ Advanced ‘ | Defauit ‘
Description Symbol Value Default Unit Chapter Cade Stuclure  CheckType  ~
<all> P <l <all> <all> P ol Pzl P <l Pl Pl £
4 Risk of comosion attack
Comosion induced by carbonation X3 X3 4.4.1.2(5) EN 1982-1-1 Al (Beam Be... Solver sefting ..
Cormosion induced by chlorides None None 441205 EN 1992-1-1 Al (Beam Be... Solver setting
Cormosion induced by chlorides from sea water Nane Nane 4.4.1.2(5) EN 1982-1-1 Al (Beam Be... Solver sefting ..
Freeze /thaw attack None None 4412012 EN 1992-1-1 Al (Beam Be... Solver setting
Chemical attack Nane Nane 441.2012) EN 1982-1-1 Al (Beam Be... Solver sefting ..
Risk of abrasion attack None None 4412013 EN 1992-1-1 Al (Beam Be... Solver setting
© Possibilty of special control
Risk of casting on atypical surface Standard Standard 4413 EN 1992-1-1 Al (Beam Be... Solver setting
4+ Concrete characteristics
Type of concrete In-situ In-situ 4413(1P.3)  EN1882-1-1 Al (Beam Be... Solver sefting ..
4 Intemal forces
Absolute limit ratio for madification of intemal forces Ratioint abs 5.00 500 kN Independent 1D (Beam.B... Solver sefting ..
Relative it ratio for modfication of intemal forces Ratioint,re! 0.10 0,10 Independent 1D (Beam.B... Solver setting
Modiication of intemal forces No No Independent 1D (Beam.B... Solver sefting ..
Use equivalert first order value 5.882() EN 1992-1-1 Column Solver setting
Determination of unfavoursble direction Auto Auto 589 EN 1982-1-1 Column Solver setting ..
4 e
t Take into account addiional tensie force caused by shear (shift rule) | 9213@) EN 1992-1-1 Beam,Rib.Pl... Solver setting
52 Mirumum vaiie T4 6.1 EN 1982-1-1 Column Solver setting ..
Use geometric imperfection 52(5) EN 1992-1-1 Column Solver setting
Use second order effect 5838 EN 1982-1-1 Column Solver setting ..
Estimation ratio of longitudinal reinforcement for recalculation intemal forces in des... s 2,00 % 5831 EN 1992-1-1 Column Solver setting
Shear force reduction abave supparts 0 62.1(8) EN 1982-1-1 Beam.Beam ... Solver sefting ..
Moment reduction above supports O 53224 EN 1992-1-1 Beam Beam ... Solver setting
4 Intemal forces SLS
Use geometric imperfection 0 0 52(5) EN 1982-1-1 Column Solver setting ..
4 Design As
Coefficient for reduction of sirength of the concrete in compressive concrete Redros 0.85 0.85 EN 1982-1-1 Plate Wall5... Solver sefting ..
4 Beam, Column, Rib, Beam Slab
Limit ratin nf hendina mament frr 1 iniavial methnd e nin nin Indenendent 1N (Ream R Snluer actinn ¥

If we uncheck this option the general image of mEd,1+ is closer to the one obtained for mxD+ (page

10).
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Provided reinforcement

Before calculating the theoretical reinforcement it is possible to add a template of reinforcement to your
plate(s). This template can be used to:

- Compare the template with the calculated theoretical reinforcement. By doing this it is easy to see
where this basic template is not sufficient.

- Perform the punching design, Crack width check and the code dependent deflections.
The reinforcement added by the template is called Provided reinforcement.

To add Provided reinforcement go to Concrete 2 Reinforcement design - Design defaults

o x
wationai anmex: [JHE] Find View | | Advanced Defaut
Description Symbol Value Defaut Unk  Chapter Code Stuctre  CheckType
=TS P aal> £l Pl D al> P al> £l P al> P a> P
| 4 Design defauits
> Beam (Rib)
© Beam slab
> Column
4 Plate, Shell(Plate)
4+ Longitudinal
2 g Independent Plate Shell(Pl.. Design defaul
| iTemplatanﬂpmvldad reinforcement (Plate) Plote Basic_Ad__Jlete_Basic_A Independent Plate.Shell(Pl.. Design defaul
i n
Type of cover of upper suface Typect Ato o 441 EN 1532-1-1 Plate Shell{Pl.. Design defau
Angle of reinforcement of first upper layer wiu 000 0 deg EN 1532-1-1 Plate Shell(Pl.. Design defau
| Angle of reinforcement of second upperlayer w2y 9000 deg EN 1532-1-1 Plate Shell(Pl.. Design defau
| b Lower (z2)
| o Shear

Click on the 3 dots next to the ‘Template of provided reinforcement (Plate)’. This opens a window with all
the default templates.
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W Provided reinforcement (design) X
A eBEk 02 B d
Plate_Basic_AddList_All
Plate_Basic_Lower
Plate Basic_Bath
Plate_Basic_Add_Lower
Plate_Basic_Add_Both
Plste_Basic_AddListDiam_Lower
Plate_Basic_AddListDiarm_Both
Name Plate Basic_AddList_All
Deseription Basic and list additiona...
Member type Plate, Shell(Plate)
Cross-section Rectzngle
Mode Standard
New | mset | Edt | Delee

You can select one of these templates, make a new one or edit one of the existing templates. Select the
first template and click ‘Edit’.

Provided reinforcement (design) edit - Plate_Basic_AddList All o X

Longitudinal reinforcement

Definition of Basic reinforcement:

Membertype | Plate, ShellPlate;

e

Mode Standard

4

By Diameter  +

Basic reirforcemert Addtional
Surface [drection] Diameter Spacing Area Type Diameter Spacing Area
o] o] " 2/m] - frn] ron] fom2/m]
Upper [1+] 10,0 200 83 Lstbyspacing 100 0100;150200  0,785,524.353
Upper [2+] 10.0 200 393 Listbyspacng 100 0100:150:200 0785524333
Lower [1] 10,0 150 524 Listbyspacing 100 0100150200 0;785,524.353
Lower [2] 10.0 150 524 Listbyspscng 100 0:100:150200 0785524333

In this window the reinforcement can be defined. There are 2 types of reinforcement in templates:

- Basic reinforcement: This type of reinforcement is added over the entire plate.

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

Note:

1) The diameter used for the Additional reinforcement is used also to perform the calculation of the
theoretical required reinforcement.
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2) Inthe design defaults you can change the reinforcement directions. These directions are respected
by as well the provided as the theoretical required reinforcement.

Description Symbol Value Default Unit Chapler Code Structure CheckType
call> £l £ al> Ll L alx O ol £l L ol £l pel
4 Design defaults

1> Beam (Rib)

> Beam slab

= Column

4 Plate, Shell(Plate)

4 Longitudinal
Use a template of provided reinforcement o] > Independent Plate Shell(PI... Design defaul...
Template of provided reinforcement (Plate) Plate_Basic_Ad... Plate_Basic_A.. Independent Plate,Shell(P1... Design defaul...
4 Upper (z+)
Type of cover of upper suface Typesiu Auto Auto 441 EN 1992-1-1 Plate Shell(PI... Design defaul...
Angle of reinforcement of first upper layer oy 0.00 0,00 deg EN 1992-1-1 Plate, Shell(P1. . Design defaul
Angle of reinforcement of second upper layer 02.u 90.00 50.00 deg EN 1992-1-1 Plate Shell(Pl... Design defaul...
4 | Lower (z)
Type of cover of lower suface Typect Auto Auto 441 EN 1992-11 Plate Shell(PI. . Design defaul
Angle of reinforcement of first lower layer ol 0.00 deg EN 1992-1-1 Plate Shell(PI... Design defaul...
Angle of reinforcement of second lower layer azl 50,00 deg EN 1992-11 Plate Shell(PI... Design defaul...
> Shear
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Theoretically required reinforcement
Concrete > Reinforcement design - 2D members - Reinforcement design (ULS)

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

Required: These values represent the theoretical reinforcement calculated by SCIA
Engineer. This takes into account the detailing provisions.
4 Plate. Shell(Plate) N
4 Longitudinal
Check min. ratio of principal reinforcement

Type of the minimum tension principal reinforcement for the upper suface Auto
Type of the minimum tension principal reinforcement for the lower suface Ao
Check max. ratio of principal reinforcement v
Check min. transverse ratio of secondary reinforcement
Check min. bar distance v
Minimal bar distance slp.min 20
Check max.spacing of principal longitudinal reinforcement ’
Check max.spacing of secondary longitudinal reinforcement ]
4 Shear
Check min. ratio of shear reinforcement ~
Check min. thickness of member with shear reinforcement ™
Min. thickness of member with shear reinforcement himin 200
Check max. spacing of shear links =

Mazx. spacing of shear links

Coeffsmaxps 0.8

Asreq1+ [Mm2/m]

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

Asstat 1+ [Mmm2m]

E

=1

As,stat1l+: Theoretical required reinforcement on the top side of the plate (positive z

direction) in the first reinforcement direction. Without taking into account the detailing
provisions.

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

As addreq1+ [mm2/m 1

As,add,reql+: Theoretical additional required reinforcement on top of the provided

reinforcement on the top side of the plate (positive z direction) in the first reinforcement
direction.
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- Provided: These values show you the provided reinforcement defined in the templates.

Provi+

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

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

Calculation of longitudinal reinforcement

The theoretical longitudinal reinforcement is calculated out of the design internal forces.

Design direction [a=90°]

[2+]: upper surface .
Ned = 327 kN/m mgg = -21.7 kNm/m  [EN-ULS (STR/GEO) Set B/2] =
@10 mm (dy=45 mm ->d=205 mm)
A, ,.q=688 mm°/m (tensile)
(p=0,336%) 1 EAE

5

205
205

[2-]: lower surface
Ned = 249 kKN/m megg = -15 KNm/m [EN-ULS (STR/GEQ) Set B/3]
@10 mm (d;=45 mm ->d=205 mm)
A eq=70 mm’/m (tensile)
(p=0,034%)

Design direction [a=0°

[1+]: upper surface _o[1+]:@10(1926 mmZ/m)
Neg = 327 kKN/m mgg = -129 KNm/m  [EN-ULS (STR/GEQ) Set B/2]
©10 mm (d1=352mm ->d=215 mm) E
A;2q=1926 mm"/m (tensile)
(p=0,896%)

Calculation of shear reinforcement
Before calculating the shear reinforcement two checks are done:

1) Ved < Vramax: The design internal forces on the plate should be lower or equal to the
maximum shear resistance of the plate.

cxc\-'\r'b\n\." Z-Vq 'fcd
cotg(6) +tg(6))

VRd,max = (
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2) Ved < Vrdc: If Vedis smaller than Vrde N0 shear reinforcement is required. If this is not the
case punching shear reinforcement will be automatically calculated by SCIA Engineer.

VRge = Max [VRd; ;VRdunh)

_ 1
Vi :max(mb-(CRdc-k-( 100-p; -fy )3 + k1-om)-d,0)

6
VRdanin = Max (‘I 0 [ Vinin + k1 0cp ) d;O)

Check shear capacity (without shear reinforcement)

Check vrd max
Vel = 145 kN/m £ Wwdma = 653 kN/m (OK)

Check vg4c
Vig = 145 kN/m > vgqe = 113 kN/m  (NOT OK, shear reinforcement is required)

Statically required shearreinforcement

VEd 1455 2
Asw,laq = ) = 1559 mm /m

b fywdm-cotg(0)  0.18-435- cotg(40
Required shear reinforcement
32$8/m” => A, = 1559mm°/m’

Shear resistance (VRD,max) is not sufficient

When VEd > VRd,max the following error appears in the output of the reinforcement design.

Punching shear resistance at the column Increase the column size or change plate
Warning  perimeter (vRd,max) is not sufficient acc. to properties (use higher grade of concrete
§6.4.3(2). material or increase the thickness).

This error message is found at locations with high peak values for the shear stress. Most of the time
these peak values are singularities, and do not occur in reality. You have roughly 2 options: you can
just ignore the peaks or average them, for example by means of Averaging strips.

Averaging strips

Concrete menu - Result tools 2D - Averaging strip

Add averaging strips to the short sides of the opening, where the line supports are located and above
the line supports over the total width of the slab.

i’ RS *
Name R51
Type Strip -

Direction both -

As a basic rule, take the width of the averaging strips equal to the width of the support + 1 to 2 times
the thickness of the slab. You can find more information about the direction of the Averaging strip in
Annex 4.

When asking results now, select the option ‘Averaging of peak’ in the Properties menu!
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Result case

Type of load Combinations ¥
Combination EM-LULS (STR/GECQ) Set B -
Envelope (for 2D drawing) Absolute extreme -

Averaging of peak W

When asking the values for the theoretical reinforcement again, the peak should be lowered and the
error should disappear.

Asw,req without Averaging of peaks

0.02
0.02

ﬁaw,nq [m 2!!112]

0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00

ﬁaw,nq [m 2!!112]

0.01
0.01
0.01
0.01

0.00 —
0.00 —
0.00 —
0.00 —

0.00
0.00 I
0.00

0.00 —

0.00
0.00
0.00
0.00
0.00
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2_Practical reinforcement design

Next to theoretical required and provided reinforcement you have also practical or User reinforcement.

This type of reinforcement can be added to the plate via Concrete - Reinforcement input + edit >

Reinforcement 2D.

N

I
sl sl ﬂdll

Mumber of directions
Direction closest to surface
Angle of first direction [deg]
1
Diameter (dl) [mm]
Concrete cover (cl,cu) [mm]
Bar distance (sl) [mm]
Offset [mm]
Reinf. area [mm*2/m]
2
Diameter (dl) [mm]
Concrete cover (cl,cu) [mm]
Bar distance (sl) [mm]
Offset [mm]
Reinf. area [mm*2/m]
Total weight [kg]
Geometry
Geometry defined by

20 member Slab1
Reinforcement
Type Bars
Material B 5004
Surface Upper

10,0

200

393

100
40
200
0
393
58,26

Polygon

Actions

Lead from setup

RS

Cancel

This reinforcement is to be added separately at the upper and lower side, and in the different

reinforcement directions.

L 4 ) %

Note: You can add multiple layers of practical reinforcement on the same area. The reinforcement

added to this area is the sum of all these layers.
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Crack control
1 Input data for crack control

Maximum crack width

The values of the maximum crack width (wmax) are national determined parameters, dependent on the
chosen exposure class. Therefore, this value can be found in the setup for National Determined
Parameters, via the Main menu - Project data = National annex [...] > EN 1992-1-1 [...].

B Concrete setup X
[Type of values |- EC-EN Name EC-EN
NA building £ Conerete Concrete
- General
Type of functionality i i-Concrete General
Hollow core beams Mon-prestressed reinforcement ULS
Prestressing i Prestressed reinforcement SLS
L. Durability and concrete cover
LS General
General National annex
i iPunching K3 ora0k - Cofficient for calculation maxin
B 5LS "
T General Value [-] 340
(= Detailing provisions k4 srack -~ coefficient for calculation maxin
+Common detailing provisions Value [-] 042
2D structures and slabs £ rest d struct 721
. Funching W, . - for non-prestressed structure 7.3.
Values [mm] 04/03/03
Detailing provisions
Reference: EN 1992-1-1, Clause 7.3.1(3)
Description: Maximum calculated crack width for reinforced members and prestressed members with unbonded
tendons and for:
A) exposure classes X0 and XC1
B) exposure classes XC2,XC3 and XC4
C) for other exposure classes
Application: For 1D members: Check cracks
< > || For2D members: Design reinforcement for ULS and SLS
Select all Unselect all Refresh Load default NA parameters Cancel

Type of used reinforcement

You can perform the Crack width check for all three types of reinforcement (Required, provided and
user reinforcement). The crack width check is performed on a Quasi permanent SLS combination.

If the type of reinforcement used for the crack width check is either the provided or required
reinforcement an ULS combination should be chosen as well. This is necessary because the
required/provided reinforcement is calculated based on an ULS combination. After this reinforcement is
calculated it can be used to perform the crack width check. All this is done automatically and can be set
in the properties window of the crack width check.

Required/provided reinforcement

" NdrTe LG WML L)
lt Selection
Type of selection All
Filter Mo

J?. binationlused toperformithelcra dth!checki

Type of load Combinations

Combination EN-5LS Quasi-permanent

Envelope (for 2D drawing) Absolute extreme

Type of reinforcement Required

Result case for required rei...

reinforcementlusedlinthe] : C

& Type of load

Combinations

EN-ULS (STR/GEQ) Set B

Combination

4

Averaging of peak
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User reinforcement

Filter Mo
Combinatio sedjtojperfo IEE VIO llem Result case
Combinations

‘\ Type of load

Combination EM-5LS Quasi-permanent

Envelope (for 2D drawing) Absolute extreme

P2 Type of reinforcement [
Amo ofreinforceme @EWQ of peak
\\ \ \ \\ \ \ \ O - qm In nodes avg.

Theoretical background

Crack appearance

If condition below is satisfied no cracks will appear in the concrete.

Octmax+ < fct,eff

With:
o _ Mg mit+
ctmaxt Ajir Iiit

fiber of concrete cross-section

- Ze max,i+ = NOrmal concrete stress on un-cracked section at the most tensioned

fererr = The mean value of the tensile strength of the concrete effective at the time

Calculation of crack width

W = Em_cm - Srmax
With:
—k M : {'l A% . :}
Ogit+ t ] Oeit+ " Ppeffit
gt Pp.effi+ Ozit
(Esm =n Ecm}ii = max E ;0,6- E
git Eit

min (k3 C'li+ Ei?iﬂi r 113 . (h a Xli}) E-f SEJii = S{Cli + GJSdSJli}
Sr.maxi+ e

1,3-(h —x;4) if Sy > S{Cii + 0:5'513,11}

2_Results for required theoretical reinforcement
Concrete menu - Reinforcement check (ULS+SLS) - 2D members — Crack width (SLS)
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Crack width w+
Combination = SLS; Type of used reinforcement = Required; Value = w+

0.242

wy [mm]

0,220
0.200
0,180
0.160
0.140
0.120
0,100
0.080
0,060
0.040
0,020
0.000

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

0.378

w. [mm]

0,330
0,300
0.270
0.240
0,210
0,180
0,150
0.120
0.0%0
0,060
0,030
0.000

Unity check
Combination = SLS; Type of used reinforcement = Required; Value = Check value
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uci-]

1.00
0.25

[
‘M__'\X

— 1"

A green value stands for a Unity check < 1 (wWcaic < Wmax), agrey value stands for Unity check < 0.25

and a red value means that wmax is exceeded.
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Annexes

Annex 1: Conventions for the results on 2D members
1 Basic magnitudes = Characteristic values

Bending (plates, shells)

*Bending moments mx, my

=P
my
P
/_,-'
my -
//
L
#.f
-
-
l
1
<P
*Torsion moment mxy
ol
_____________ Y Ty
/’J il
/"‘ m"d’
Pl 7
-
.
A (57 mofroe

*Shear forces gx, qy (=vx, vy)

zP
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Membrane effects (walls, shells)

*Membrane forces nx, ny

7F
S
f_..ﬂ
_//
J./
"z'
= / //
nx
*Shear forces gxy (=nxy)
zP

2_Principal magnitudes

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

3 _Design magnitudes

To derive the design magnitudes from the basic magnitudes, formulas from the Eurocode EC-ENV are
used.
See also the Help menu > Contents > Reference guide, for these formulas.
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Annex 2: Results in Mesh elements and Mesh nodes = 4 Locations

During a calculation in SCIA Engineer, the node deformations and the reactions are calculated exactly
(by means of the displacement method). The stresses and internal forces are derived from these
maghnitudes by means of the assumed basic functions, and are therefore in the Finite Elements Method
always less accurate.

The Finite Elements Mesh in SCIA Engineer exists of linear 3- and/or 4-angular elements. Per mesh
element 3 or 4 results are calculated, one in each node. When asking the results on 2D members, the
option ‘Location’ in the Properties window gives the possibility to display these results in 4 ways.

1 In nodes, no average

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

This display of results therefore gives a good idea of the discretisation error in the calculation model.

1218 24 | A%
9118 LT )
m| e z4 | g
q 17 24 | 30

2_In centres

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

1

3_In nodes, average

The values of the results of adjacent finite elements are averaged in the common node. Because of
this, the graphical display is a smooth course of isobands.

In certain cases, it is not permissible to average the values of the results in the common node:
- At the transition between 2D members (plates, walls, shells) with different local axes.
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- If a result is really discontinuous, like the shear force at the place of a line support in a plate. The
peaks will disappear completely by the averaging of positive and negative shear forces.

4_In nodes, average on macro

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

14 | 14 28 | 28
14| 14 28 | 28
13|13 27| 27
1313 27| 27

Accuracy of the results

If the results according to the 4 locations differ a lot, then the results are inaccurate and this means the
finite element mesh has to be refined. A basic rule for a good size of the 2D mesh elements, is to take
1 to 2 times the thickness of the plates in the project.
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Annex 3: Local Coordinate system for 2D members

The results for a Finite Element analysis are computed according to the Local Coordinate System (LCS)
of each mesh element. As a consequence, these results depend on the way the local axes for mesh
elements are defined. A wrong definition of local axes can lead to very misleading results.

Let's consider the example below. A continuous plate is modeled as two elements D1 and D2:

In order to display the mesh local axes, you need first to generate the mesh. You can use the button

‘Mesh generation’ & or Main menu > Calculation, Mesh > Mesh generation

Afterwards, the mesh and local axes can be displayed from ‘Set View parameters for all’: right click of
the mouse on the screen

View parameters setting

[] Check # Uncheck group Lock position =
&8 Modeling/Dirawing | B Attrbutes I Misc. I View |
Structure Labels I @ Model I E Loads/masses |

Check / Uncheck all

Structure
Panel
E Structure nodes
Display [v
Mark style Dot j
Mesh
I Diraw mesh [v I
Tee edges IE4
Dizplay mode wired j
E Local axes
MNodes [
Members 20 [~
Mesh elements IE3 1
- Sechons
Members 10 [v
Members 2D [v
(0]3 ] [ Cancel ]

It is clear from the orientation of the axes that the continuity of the moments mx and my cannot be
satisfied. The moment mx on D1 corresponds in this case to the moment my in D2.
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The moment mx on a section of the plate gives the Moment diagram1. After correction of the local axes
orientation, Moment diagram2 is obtained.

Moment diagram 1 Moment diagram 2

By default, the program computes the local axes automatically. The user can adapt the direction of the
axes in several ways using the Properties menu:

Properties o x
(2D member (1) | \vh 7
& &
Name D2
Type plate (30) |
Analysis model Standard hd
Shape Flat
Matenial C30/37 ..
FEM model lsotropic d
FEM nonlinear model | none |
Thickness type constant hd
Thickness [mm] 200
Member system-plan ... | centre ﬂ
Eccentricity z [mm] 0
Standard ~|
Swap orientation Standard
LCS Angle [deg] Perpendicular to vector
Layer Congruent with Iilje
Smallest angle with vector
Bl Nodes Tilt of vector defined by point
N1 Tilt of vector nomal to line
N4 abso
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1 Perpendicular to vector

The local axis x(y) is perpendicular to a vector that is defined with its coordinates V(x1 y1 z1).

+  Properties o x
(2D member (1) BT
& =

Name 51 -
Type plate (30) ﬂ
Analysis model Standard j
Shape Flat
Material C12415 -|..
FEM mode! |sotropic ~|
FEM nonlinear model | none hd

7 Thickness type constant |

‘| | | Thickness [mm] 200

Member system-plan... | centre |
L doo L 1 0
LCS Type Perpendicular to vector j
Local axis « by vector j
1 [m] 4,000 =
y1 [m] 0,000
z1 [m m}
Swap orientation O no
LCS Angle [deq] 0.00 . J.

The coordinates of the vector can be introduced in the properties window. You can also use the - |
button next to x1 and define the vector graphically with a start point and end point.

2_Tilt of vector normal to line

This method is similar to the one above. Instead of introducing a vector, a line is defined between two points.
(x1 y1 z1) are the coordinates of the first point and (x2 y2 z2) are the coordinates of the second point. The
x(y) axis is perpendicular to the introduce line and points towards it.

+  Properties o x
(2D member (1) TRV
Name 51 -
Type plate (30) |
Analysis model Standard j
Shape Flat
Material C12415 - ..
FEM mode! lsotropic j
FEM nonlinear model | none j
i Thickness type constant j
Thickness [mm] 200
Member system-plan... | centre j
Eentricrty z [mm] 0
LCS Type it of vector nomal to fine +
Local ads « by poirt -
«1 [m] 0.000
y1 [m] 0.000
z1 [m] 0.000
5.000
¥2 [m] 0.000
z2 [m D.D_DD
T | |Swap orientation O no
Ve meoie rao nnn

The coordinates of the points that define the line can be introduced in the properties window. You can also
click on the ==! button next to x1 and x2 and define these points graphically.

3_Congruent with line

x(y) is oriented from the center of the element towards the intersection between the mesh element and
the defined line :
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+ Properties o x
| 2D member (1} - \a
& =
Mame 52 -
Type shell (38) Rd (P
Analysis model Standard hd
Shape Curved
Material C12415 ..
FEM model Isotropic hd
L FEM nonlinear model | nong hd
Thickness type constant hd
Thickness [mm] 200
Member system-plan... centre ﬂ
Eccentricity z [mm] 0
LCS Type Congruent with line d
Local axis y by poirt hd| =
x1 [m] 0,000 | |
y1 m] 0,000
z1 [m] 0,000
«2 [m] 0.000 ]
y2 [m] 0,000
22 [m] 3.000
T | |Swap orientation O no
LCS Angle [dea] 0,00 J
Layer Layerl hd
El | Nedes

4 Smallest angle with vector

X(y) is oriented such that it makes the smallest angle with the defined vector V(x1 y1 z1).

= Properties o x
}P,;’/"" [2D member (1) -V
p E: & =
. Name 52 -
/ Type shell (38) =
Analysis model Standard j
E’ Shape Curved
: Material C12/15 v ..
FEM model Isotropic -
. ’f FEM nonlinear model | none z
. 3 Thickness type constant |
3‘( — | | Thickness [mm] 200
= Member system-plan... | centre |
by Eecaiiciua gl 0
}s{ LCS Type Smallest angle with vecto v |
1 Local axis y by vector hd
W 0.000 o
. y1 [m] 0,000
_\ z1 [m] 2,000
wir Swap onentation LT no
LCS Angle [deg] 0,00 ]
y \ Layer Layerl <o
C ot ” |E Nodes
z : N4 abso
< N \\&\ N5 abso
x . N NG abso
N7 abso

5 Tilt of vector defined by point

x(y) is oriented towards a defined point (x1 y1 z1). This is suitable in case of a circular plates for
example and allows the user to calculate radial reinforcement.
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«  Properties q X
2D member (1) |\ 7
& &

Mame 51
Type plate (30) Rd
Analysis model Standard j
Shape Flat
Material C12/15 LI_
FEM model Isotropic |
FEM nonlinear model | none Ihd

3 Thickness type constant hd

— | |Thickness [mm] 200
Member system-plan... | centre j
Eccentricity 2 Jmm 0
LCS Type Titt of vector defined by point_~ |
Local axs « by point hd
0.000 o
vl [m] 0.000
z1 [m 0,000
Swap orientation O no
LCS Angle [deg] 0.00 J
Layer Layerl ..

Remark: All the methods above are about how to adapt the x and y axes. The local z axis is defined
automatically by the program but its orientation can be changed by ticking the box ‘Swap orientation’ in the
Properties menu

50



Advanced Concept Training — Reinforced concrete (EN1992) — 2D members

Annex 4: Averaging strips

Averaging strips average the results perpendicular to the direction of the internal force. The option
‘Direction’ in the settings of the averaging strip is dependent on how the averaging strip is drawn.

1) Direction = Longitudinal

e -

o g - £1

e 81 _
Lpcatin: I nages wa vy Spmemil
LEE mesh element 3

i
£ 20 intermnal foroes
vaes me

E
m Beremm |

P T

R A A S N

g =

e

Eooee o o
N ——

-

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

2) Direction = perpendicular
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Bosc megnindes
Esreme; Giabal

R P S N P S .t

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

3) Direction = Both

©
3
mp Tkhin feu]

g

Bnac megnies
Ereme; Giabal

BN A A A A

P N P S

Both means that the averaging is done in both directions of the averaging strip. This means the values are
averaged for as well mx as my in the direction perpendicular to mx and my.
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