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1. Types of 2D members

1.1. Slab

According to EN 1992-1-1, art. 5.3.1(4) a slab member, for which the minimum panel
dimension is not less than 5 times the overall 8iadkness. Slab is loaded only by bending
moments and shear forces perpendicular to centnoligiae of slab. Detailing provisions
check is performed according to EN 1992-1-1, aB. 9

1.2. Shell as slab - Shell-slab

The geometry is defined similar to the slab geoyn@éfinition. Unlike the slab, the shell-
slab can be loaded by bending and membrane acbhatailing provisions are checked
according to rules for slab (EN 1992-1-1, art. 9.3)

1.3. Wall

According to EN 1992-1-1, art. 5.3.1(7) a wall imamber, for which following principles
are not fulfilled:

» the section depth does not exceed 4 times its width

* the height is at least 3 times the section depth
The wall is loaded only by membrane action andilileggprovisions are checked according
to EN 1992-1-1, art. 9.6.

1.4. Shell as wall - Shell-wall

The geometry is defined similar to the wall geomégfinition. Unlike the wall, the shell-
wall can be loaded by bending and membrane actideisiling provisions are checked
according to detailing provisions for wall (EN 19921, art. 9.6)

1.5. Deep beam

According to EN 1992-1-1, art. 5.3.1(3) a deep b&aemmember for which the span is less
than 3 times the overall section depth. Deep beambe loaded as the wall only by
membrane actions. Detailing provisions are cheeedrding to EN 1992-1-1, art. 9.7.

[[#[={=/rs
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Brno, 25. 1. 2011

2. Input of reinforcement

A cutting with edges 1m x 1m is defined for che&einforcement is input to this cutting of
2D member. Reinforcement per linear meter is takenaccount for the check of 2D
member.

Predefined reinforcement templates can be useatptd the reinforcement to the upper and
the lower edge. It is possible to input a genezalforcement to the slab cutting.

The reinforcement is defined to the cross-sectmahta the plan of the 2D cutting.

2.1. Input of reinforcement using reinforcement templates

-

-

v

Input by reinforcement templates

IDEA Concrete supplies two templates for input of
reinforcement into 2D element. One template igriput of
reinforcement at the upper surface, the other ®hariinput

of reinforcement at the lower surface.

Both templates allow to input orthogonal reinforegat the
one surface of 2D element. Both templates enablgpta rotation of reinforcement to the
local x-axis of 2D element.

Dialog for definition of 2D reinforcement:

LS

r D
T Reinforcement layout for two-way slab on lower surface | R ‘
Slab surface Lower ¥
: s

First layer angle 00|° dz
Bars material B 5008 |3 .
Cover ¢ Longitudinal reinforcement bars material 20|mm / o d

| \ 1
First layer [ —l
Diameter d 4 10/ mm - .
Number 4,00 P
Distance 250 mm ‘
Input type Main X - ' \ 2
Second layer | O{'p \\ ) \
Diameter d 5 10| mm G
Number 4,00|
Distance 250/ mm
Input type Main al

OK Cancel
= J

Schema of defined reinforcement at the lower sertd@D element:
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Reinforced cross-section : R 1
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L, 250 , 250, 250
(2) 4,00010/m(B 500B),c=30mm

o

2.2. Input of general reinforcement

Input of general reinforcement enables sequengfhition of reinforcement into the section
and plan of 2D element cutting. Each reinforcenteyer is defined in the section and in the
plan.

(9] Number | Distance | Edge bar specification Angle [°] Surface / . Value [mm ] )
§ Type of input . Type Material
L Imm] [/m] [mm]  Edgebardistance [mm] As [mm2/m] _plane Eccentricity [ mm ] -
10 4 250 Distance / 2 > 00 20 *
— Lower | || By clear cover | Main (> | B 5008 |»| Z
™ 125 314 - | -75 - - R .3

2.3. Type of reinforcement

Type of reinforcement bars has to be defined talide to perform the check of detailing
provisions. For 2D elements of type

- Slab and shell-slab — for checks according to E®21B 1, art. 9.3.1.1
0 Main reinforcement
o Distribution reinforcement
- Wall, Shell-wall and Deep beam — for check accadmEN 1992-1-1, art 9.6.2 and
9.6.3
o Horizontal reinforcement
o Vertical reinforcement

Remark:

The distribution reinforcement of slabs and shell-slabs is taken into account torlgheck
of detailing provisions, it is not used in otheecks of 2D element.
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3. Internal forces

3.1. Input of internal forces

Input of internal forces of 2D member depends @e tyf 2D element:

* Shell-slab— membrane forces,(m, and ry), bending moments (@mm, and ny)
and shear forces,(and y) can be entered

» Shell- wall—-membrane forces {nn, and ry), bending moments @mm, and my)
and shear forces,(\and y) can be entered

« Slab- only bending moments ¢gmm, and n3y) and shear forces,(and \) can be
entered

* Wall — only membrane forces,m, and ry) can be entered

* Deep beam only membrane forcesm, and ry) can be entered

Description

My(y)

Bending moment in direction of x (y) axis. Positixaue causes tension ¢
the lower surface of 2D element.

Miy(yx)

torsional moment about y (x)-axis acting on thgesgarallel to the axis X
(y). Positive value causes tensional shear sttabtg dower surface of 2D
element. Because in each point of 2D element tneore equality of
horizontal shear stresses is valid, torsional masey, = m, are equal in
each point of 2D element too. Thus only value gfimentered in the
program.

Nx(y)

Normal force in direction of x (y)-axis. Positivalue acts in direction of
X(y) axis and causes tension in section.

Myy(yx)

Normal force acting in centre plane in directioryff)-axis on edge
parallel to x(y) axis. Positive value acts in dtrec of x(y)-axis. Because
in each point of 2D element theorem on equalitharizontal shear
stresses is valid, normal forceg & ny are equal in each point of 2D
element too. Thus only value ofiis entered in the program.

Vx(y)

Shear force acting perpendicular to centre planedye parallel to x(y)-
axis. Positive value acts in direction of z-axis

[[#[={=/rs
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Following types of combinations has to be defin@dchecks:

Ultimate limit state — internal forces components defined for this tgpe
combinations are used for ULS checks of 2D elements

o Capacity N-M-M

0 Response N-M-M

0 Interaction
and the check of detailing provisions
Characteristic — internal forces components defined for this tgpeombinations are
used for check of stress limitation (SLS)
Quasi-permanent— internal forces components defined for this tgheombinations
are used for check of crack width (SLS)

Combination type MX (kNm/m)] my [kNm/m] mXY [kNmv/m] NX [kN/m] ny [kN/m) NXY [kN/m] |¥X [kN/m] VY [kN/m]

Fundamental ULS 1,40 117 -2,25 0,00 0.00 0.00 497 1,93

Characteristic 1,01 0,85 -1,63 0.00 0.00 0.00 0,00 0,00

Quasi-permanent 1,01 0,85 -1,63 0,00 0,00 0,00 0,00 0.00
Remark:

Internal forces components &nd \, are not required to be entered for combinatioesyp
Characteristic andQuasi-permanent because those values are not used in checks.

3.2. Determining direction of check

Direction of check has to be determined for praghesck of 2D element. Direction of check
can be entered for each combination type separaigiyg following two methods:

User defined direction— user defines check direction as an angle to s-{axplane of
2D element. This option is set as default for carabon type ULS and the predefined
value of angle is 0 degrees. Checks are performéullowing directions:

o Defined direction

o Direction perpendicular to defined direction

o Direction of compression diagonal at the upperaaef

o Direction of compression diagonal at the lower acef
Direction of principal stresses— check direction is calculated automatically as a

direction of principal stresses at the upper arti@tower surface of 2D element. This

option is set as default for combination types @btaristic and Quasi-permanent.
Checks are performed in following directions:
o Direction of principal stresses at the lower sugfac
o Direction perpendicular to the direction of prirgiijgtresses at the lower
surface
o Direction of compression diagonal at the lower acef
o Direction of principal stresses at the upper s@fac
o Direction perpendicular to the direction of prinaigtresses at the upper
surface
o Direction of compression diagonal at the upperaaef

[[#[={=/rs
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Combination type Checked direction Angle from x-axis [
Fundamental ULS User direction v 0,0
Characteristic Principal stress direction v

Quasi-permanent Principal stress direction o

3.2.1. Analysis of check direction for ultimate limit state

Analysis 1

For 2D element loaded only by bending moments%r20 kNm/m, m= 10 kNm/m, m, =
5 kNm/m ) angle of reinforcement and angle of chaick&ction were changed for ultimate
limit state. Results are displayed in following gjna

350 - . . ; } ) i w=i==Uhel vyztuzi 0 a 90

=4=Uhel vyztuzi 303120

300 + == Uhel vyztuZi 45 a 135

Uhel vyztuzi 30 3 90
250 +

====Uhel vyztuzi 45 a 90

200 +

Posudek unosnosti N-M-M
(%]

100 | i—— : : : « B

50 +

0 15 30 45 60 75 90 105 120 135 150 165

Posuzovany smér

The analysis implies:

» If reinforcement bars are perpendicular to eackemitheck results are similar for
different check direction angles, are not dependardefined reinforcement angle
and the maximal value of check is found for an@le45 and 90 degrees. Thus check
can be performed for predefined direction of chedegrees.

* If reinforcement bars are not perpendicular to eztbler, results of checks are
different significantly and the maximal check vals@chieved approximately in the
direction corresponding with the direction of awgaeinforcement. Thus itis
recommended to change predefined check directiom perform checks in more
directions in cases, when reinforcement bars ar@erpendicular to each other.

Analysis 2

For 2D element reinforced with rectangular reinéonent values of bending moments and
angles for check were changed for ULS. Resultslism@ayed in following graph:
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180

160 +

140 +

120 1

100 A e

80

60 -

Posudek unosnosti N-M-M
(%]

40 b x=20,my = 10,mxy =5 = mx=10,my = 20,mxy =5 == mx=5my = 10,mxy =20

20

0 15 30 45 60 75 90 105 120 135 150 165

Posuzovany smér

The analysis implies that even for different valoébending moments the maximal value of
ultimate limit state check is found for check dtrens 0, 45 and 90 degrees. Thus the check
can be performed for predefined check angle O @sgi®milar conclusion is valid for 2D
elements loaded by normal force only or loadeddoymal force combined with bending
moments.

3.3. Recalculation of internal forces to directions of check

Defined internal forces are recalculated to theckltkrections using Baumann transformation
formula, described e.g. in [3]. The calculationgadure is as follows:

Calculation of normal forces at both surfaces ofed&ment

Calculation of principal forces at both surfacebfelement

Calculation of recalculated forces for each surtacthe defined direction of check
Calculation of recalculated forces for each surtacthe centre

Recalculation of shear forces to the defined dimaadf check

arwnE

3.3.1. Calculation of normal forces at both surfaces of 2D element

Defined internal forces are recalculated to botifiesgs using following formulas:

()—

Ny, low(upp) =

x

2

y y
Ny 1ow(upp) = 2 ( ) 7

My low(upp) = =

The arm of internal forces (z) has to be determinethe recalculation of internal forces. The
arm of internal forces is determined from methodiroft strain at loading by principal
bending moment in directions of principal momentsatboth surfaces. If principal
moments are equal zero or if the equilibrium isfoond in direction of principal moments,
the arm of internal forces is determined accordinfprmula

z=4d,

[2[=F)rs
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Description
X Coefficient for calculation of internal forces ardefined in National code
setup.
d Effective height of cross-section calculated sejgdydor the upper and the

lower surfaces of 2D element. For the lower surfaea distance from
centroid of reinforcement bars at the lower surfacéne upper edge of
cross-section. For the upper surface it is a dggtdrom centroid of
reinforcement bars at the upper surface to therl@age of cross-section,

r - B

Restore all values  Restore NA values  Save setup

Find:

Grouping &

Filtering

Name

Number of items: 3

Number of items: 6

Number of items: 10

Number of items: 12

d=h*
z=d*

Values for shear check

Remark:

The arm of internal forces can be verified in thesponse N-IMM check. Only the bendin
moments have to be entered and the check direbtisrto correspond with the direction
principal moment.

In the following picture a verification of internfdrces arm is displayed for bending moments
my = 20 kKNm/m, m= 10 kNm/m, m, =5 kNm/m. The direction of principal moments has
been calculatedn: = 22,5 degrees and the response of cross-secéiscalculated to
determine the internal forces arm.

Sevches/ O6ls Page 11
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1000

500 - 500
|
r4
A € [1e-4] G [MPa]
> g - T = 8.26
5 ; g [ & LLLLLLLL ¥ ,,,,,,,,,, ML LLL il 17.02
= I e i R — B g
gl ® i 7]
5 ° ‘ ) 4347
Plane of Strain
X d z Ex Ey £z
[mm] [mm] [mm] [1e-4] [1e-4] [1e-4]
21 172 163 0,6 0,0 -182.2

Remark:

Internal forces arms for recalculation of interftates to the direction of check and interng
forces arms for checks can be different, becausenial forces arm for recalculation is
determined for cross-section loaded by principaihraot in direction of principal moments,
and the internal forces arm for check is determioedross-section loaded by bending
moments and normal forces in the direction of ch®ekues of internal forces arms for all
combination types are displayed in the tdRézalculated forcesn the navigatointernal
forces in section

Recalculated forces
Normal forces (design and in principal stress direction) at surfaces for ULS combination

Surface Checked direction n1 n2 ani z Angle N surface
[kN/m] [kNim] [:1 [mm] [°] [KN/m ]
Upper Principal stress direction -48.77 -135,76 87,5 182 67,5 48 77
Upper Perpendicular direction -48.77 -125,76 87,5 162 22,5 -125,76
Upper Compressive concrete strut -48.77 -125,76 875 162 875 0,00
Lower Principal stress direction 135,76 4877 22,5 182 22,5 125,76
Lower Perpendicular direction 135,76 4877 22,5 162 112,S 4877

3.3.2. Calculation of internal forces at both surfaces

Principal forces at both surfaces of 2D elementateulated using formula

Ny low(upp)+ Ty, low(upp) 1 2

Ny, bot(top) = 2 + 2 (nx,IOW(upp)—nyrlow(uPp)) + 4 Ny low(upp)
Ny 1ow(upp)+ My, low(upp) 1 2

N2,bot(top) = 2 2 (M towupp) -y, towupp))” + 4" Ny jowupp)

And the direction of principal forces is calculatgging formula

Socars o Page 12
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U1 1ow(upp) = 0,5 - tan™! (

2" Nyy 1ow(upp) )
Ny, low(upp) ~ My,low(upp)

Remark:

Principal forces and the direction of principaldes for both surfaces of 2D element are
displayed for all combination types in the taBlecalculated forcesn the navigatotnternal

forces in section.

Normal forces (design and in principal stress direction) at surfaces for ULS combination

Surface Checked direction n1 n2 ant z Angle N surface
[kN'm]  [kN'm]  [=] [mm] (<1 [kN/m ]
Upper User direction -48.77 -135,76 87,5 182 225 35,76
Upper Perpendicular directicn -£877 35,76 87,5 1862 12,5 4377
Upper Compressive concrete strut -48.77 -135,76 87,5 163 157.S 0,00
Lower User direction 135,76 4877 225 162 225 35,76
Lower Perpendicular direction 135,76 48,77 22,5 182 1125 4877
Lower Compressive concrete strut 135,76 43,77 22,5 163 87.S 0,00
= |

3.3.3. Calculation of recalculated internal forces at surfaces to the defined
check direction

Recalculation of principal forces to the check dil@ns is performed separately for each
surface using Baumann transformation formula

Nsurface,ilow(upp) =

nl,low(upp)'Sin(aj,low(upp)) 'Sin(ak,low(upp))+n2,low(upp)'Cos(aj,low(upp)) 'COS(‘Zk,low(upp))‘y1
. . 1
Sln(aj,low(upp) _ai,low(upp))'Sm(ak,low(upp)_“i,low(upp))

Description

L ki

Index of check direction (internal forces recaltiola direction) i, j, k, i =
1,2,3,1. E. G. For lower surface and calculatibforce in j-direction (angle
ap) the formula is:

nl,low - sin a3,low *sin a1,10w + N2 10w * COS A3 10w " COS A 10w

Sin(“S,low - az,low) ’ Sin(al,low - az,low)

nsurface,z,low -

Qi,j,k,low(upp)

Angle between defined check direction or the dicgcbf compressive strut
and the direction of principal forces at the loweupper surface of 2D
element.

. Defined check direction 011, low(upp) = 01 — O low(upp)
. Dir. perpendicular to the defined direction oz, iowupp)= ¢2 — o low(upp)
. Direction of check for compressive strut o3, iow(upp)= @3 — & low(upp)

Defined check direction for particular combination

01
Oy Direction perpendicular to defined directiot; = oy + 90 degrees
03 Check direction in the direction of compressiveitsin the plane of 2D

element. This direction is optimized to minimize florce in this direction.

rs
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Remark:

» If the check directionis identical withPrincipal stresses direction the forces in
compressive strut are zero, thus this directioreflected in check

* The direction of compressive strut for all statestoess except the hyperbolic state |of
stress (Riowpp)™> 0 and Ajowwpp) < 0) can be calculated according to formula:

az = 0,501 + ap)

* Recalculated internal forces for both surfacesefment a and all check directions
including the direction of compressive strut argpthyed in the tablRecalculated
forces

Recalculated forces
Normal forces (design and in principal stress direction) at surfaces for ULS combination

Surface Checked direction n1 n2 an z Angle N surface
[kN/m] [kN/m ] [¢1 [mm] (<1 [ KN/m ]

Upper User direction -48,77 -135,7¢ 675 162 0,0 -82,27
Upper Perpendicular direction -4877 -125,76 87,5 162 80,0 30,76
Upper Compressive concrete strut -48.77 -128.78 -87.5 162 450 -81.51
Lower User direction 125,76 4877 225 182 0,0 152,78
Lower Perpendicular direction 35,76 43,77 22,5 162 80,0 82,27
Lower Compressive concrete strut 35,76 48,77 22,5 182 135,0 -51,51

3.3.4. Transformation of recalculated internal forces to the centroid of
cross-section

For the check of 2D element the surface forcesatiqular direction have to be recalculated
to the centroid of cross-section. The result ismadiforce R ; and bending momentgnacting
in the centroid of the 2D element cross-section.

[y = I’]ower,i'zs,low"' nupper,rzs,upp

i = Nower,i T Nupper,i

Description

Niower i Recalculated surface forces at lower surface in'tleeck direction,
when fbwer,i = Nsurface,low,i

Nupper. Recalculated internal forces at upper surfaceértitheck direction,
when Rpper,i= Msurface,upp;i

Zs Jow (upp) Distance of centroid of compressed concrete oraghof reinforcement
at the lower (upper) surface, when zskw+ Zs upp

Remark:

If the directions of compressive struts at the loaed the upper surface are different, for the
recalculation of forces to the centroid it is nesagy to calculate virtual forces at the bottom
surface in the direction of compressive strut atupper surface and vice versa.

rs
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Recalculated design forces

Design forces in centroidal plane for ULS combination

Angle Concrete strut N upper n lower nd md vd

[¢1] kN/m ] [KN/m ] [ KN/m ] [KNm/m ] [ kN/m ]

0,0 No 27 18378 81,51 19,42 0,00

450 Yes 0,00 10,00 0,00

80,0 No 81,51 9,42 0,00

135,0 Yes 0,00 10,00 0,00
Recalculated forces
Normal forces (design and in prifjcipal/stress direction) at surfages for ULS combination

Surface Checked direction n1 n2 ant z Angle n surface

[kN/m] [kN/m ] (1G]] [mm] [¢1 [KN/m ]

Upper User direction 4877 12878 £7.5 152 0.0 >

Upper Perpendicular direction 4877 125,76 182 80,0

Upper Compressive concrete ptrut 4877 125,76 182 450
Lower User direction 125,76 0,0 153,78
Lower Perpendicular directio 35,76 9 8227
Lower Compressive concrefe strut 76 1 6151 |

3.3.5. Recalculation of shear forces to the defined direction of check
Shear forces are recalculated to the directiorhetk using formula
Va,i = WlGosgu) + w(Sin(a)
and the maximal shear force is

— ’ 2 2
vd,max = |V +vy

and it acts in direction

_ -1 (Y%
f = tan (vx)
Description
0 Check angle in thé"idirection

Remarl:

When checking 2D element with relatively large sHeeces it is suitable to check the
2D element in the direction of maximal shear forcejeans that the defined direction
check corresponds to angle
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3.4. Comparison of internal forces recalculation using various
methods

3.4.1. Recalculation of forces acc. to ENV 1992-1-1

Method described in ENV 1992-1-1is used in severagirams and in praxis to calculate
dimensioning forces. In general this method cowesp to method i@ SN 73 1204, but
ENV takes into account only perpendicular reinéonent directions. Calculation of
dimensioning forces with influence of torsional mamhis described in following flowchart,

where ny = my,. Similar diagram can be created for momenjs<m

m,2m,
Yes /\ No

m, 2 -m,|
Mg =m, +|m,| My =0
Mg =m, +m,| Mg =m, +m,3|m,|
Meg. = -2:M,, Meg. = M, - m, 3/|m,|

Yes No

m,<|m,|
Mg, =-m, +|m,| My, =-m,+m_ 3/|m |
mg.=-m_ +|m,| m4.=0

Meg. = =2-M,, Meg. = -m_ - m, 3/|m |

Description

Dimensioning bending moment in the x-axis direcfimndesign and
check of reinforcement at the lower (-) or the eipf) surface

Myg+ Dimensioning bending moment in the y-axis direcfimndesign and
Mya. check of reinforcement at the lower (-) or the empf-) surface

Dimensioning bending moment in the compressive @acstrut at the
lower (-) or the upper (+) surface, which hasécchrried by concrete

Mg+, Myxg-

Meg+, Meg-

Values of recalculated dimensioning forces for tgpenember = Slab, calculated using
method described in ENV, are displayed in the foifg table:
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Index my m, my, Myq. Mygy. Mey. My Myg+ Mg+
[kNm/m] | [kNm/m] | [kNm/m] | [kKNm/m] | [kNm/m] | [kNm/m] | [kNm/m] | [kNm/m] | [kKNm/m]
1 -2.93 -2.93 -1.95 -1.63 0 -4.23 4.88 4.88 -3.91
2 0.2 -7.14 -2.31 0.95 0 -7.89 2.11 9.45 -4.62
3 -1.11 -10.14 -0.31 -1.1 0 -10.15 1.42 10.45 -0.63
4 -7.14 0.2 -2.31 0 0.95 -7.89 9.45 2.11 -4.62
5 7.26 7.26 -2.03 9.29 9.29 -4.05 0 -6.7 -7.83
6 5.6 11.99 1.46 7.05 13.45 -2.91 -5.42 0 -12.17
7 -10.14 -1.11 -0.31 0 -1.1 -10.15 10.45 1.42 -0.63
8 11.99 5.6 1.46 13.45 7.05 -2.91 0 -5.42 -12.17
9 9.63 9.63 6.4 16.02 16.02 -12.79 -5.38 0 -13.87

In IDEA Concrete values of moments at upper ancelosurface are not displayed, but values
of normal forces at both surfaces and values of emdsrecalculated to the centroid of the
cross-section.

Recalculated design forces

Design forces in centroidal plane for ULS combination

Angle Concrete strut n upper n lower nd md vd

[*] [ kN/m ] [ kN/m ] [ kN/m ] [ KNm/m ] [ kN/m ]
0.0 No 30.12 -6.05 24.07 -2.79 0.00
45.0 Yes 24.07 -24.07 0.00 -3.90 0.00
90.0 No 30.12 -6.05 24.07 -2.79 0.00
135.0 Yes -24.07 24.07 0.00 3.90 0.00

Recalculated forces

Normal forces (design and in principal stress direction) at surfaces for ULS combination

Surface Checked direction ni n2 an z Angle n surface
[ kN/m ] [ kN/m ] [*1] [mm ] [*1] [ kN/m ]

Upper User direction 30.12 6.05 45.0 162 0.0 30.12
Upper Perpendicular direction 30.12 6.05 45.0 162 90.0 30.12
Upper Compressive concrete strut 30.12 6.05 45.0 162 135.0 -24.07
Lower User direction -6.05 -30.12 -45.0 162 0.0 -6.05
Lower Perpendicular direction -6.05 -30.12 -45.0 162 90.0 -6.05
Lower Compressive concrete strut -6.05 -30.12 -45.0 162 45.0 -24.07

Moments at lower and upper surface can be cabulilaging surface forces, which are
displayed in numerical output, using formula:

Msurface,i,diow(upp) = Nsurface,ilow(upp) * Z

Values of surface forces and recalculated momeagtdiaplayed in following tables:

Index Nsurface,1low | Nsurface,2lowl | Msurface,3,low Nsurface,l,upp | Msurface,2,upp | MNsurface,3,upp
[kN/m] [kN/m] [kN/m] [kN/m] [kN/m] [kN/m]

1 -6.05 -6.05 -24.07 30.12 30.12 -24.07
2 15.49 -29.81 -28.52 13.02 58.33 -28.52
3 -4.94 -60.68 -3.83 8.77 64.51 -3.83
4 -29.81 15.49 -28.52 58.33 13.02 -28.52
5 57.35 57.35 -25.06 -32.28 -32.28 -25.06
6 43.58 83.02 -18.02 -25.56 -65.00 -18.02
7 -60.68 -4.94 -3.83 64.51 8.77 -3.83
8 83.02 43.58 -18.02 -65.00 -25.56 -18.02
9 98.95 98.95 -79.01 -19.94 -19.94 -79.01

rs
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Mgurface,1low | Msurface,2low | Msurface,3low | Msurface,1,upp | Msurface,,upp | Msurface,1,upp
Index (myq) (myq) (mea) (Mya) (myq.) (mea)
[kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m] [kNm/m]
1 -0.98 -0.98 -3.90 4.88 4.88 -3.90
2 2.51 -4.83 -4.62 2.11 9.45 -4.62
3 -0.80 -9.83 -0.62 1.42 10.45 -0.62
4 -4.83 2.51 -4.62 9.45 2.11 -4.62
5 9.29 9.29 -4.06 -5.23 -5.23 -4.06
6 7.06 13.45 -2.92 -4.14 -10.53 -2.92
7 -9.83 -0.80 -0.62 10.45 1.42 -0.62
8 13.45 7.06 -2.92 -10.53 -4.14 -2.92
9 16.03 16.03 -12.80 -3.23 -3.23 -12.80

The table show, that moments at slab surfaceslasclin IDEA Concrete and calculated
according to method described in ENV, corresporg anone surface. This difference is
caused by different optimisation of concrete stMethod used in IDEA Concrete searches
for the angle of compressive strut at the miniroaté in the strut. The method described in
ENV searches for minimal sum of negative forcesnfadl directions.

3.4.2. Comparison of internal forces calculation with programs RFEM and
SCIA Engineer

To compare results of recalculated internal fornggograms IDEA Concrete, RFEM and
SCIA Engineer (SEN) a simple model of slab of disiens 6 m x 4 m and thickness 200mm
was prepared. Slab is supported with line suppatges and loaded with uniform load 10

KN/m?.

To simplify the presentation only values of recédted internal forces in one longitudinal
section are displayed. The section distance fran stige is 1.5m. The internal forces

calculated in program RFEM were used as input waloelDEA Concrete.

My lower [kNm/m] My lower [kNm/m] M¢ lower [kNm/m]
Position
m] |RFEM |SEN |IDEA |[RFEM |SEN |IDEA |RFEM |SEN |IDEA
0,00 1,794 1,794 1,794 1,129 1,130 1,131 -3,223 | -3,222 -3,227
0,50 6,281| 6,282| 6,297 6,398 | 6,398 6,414 -5,378 | -5,378 -5,391
1,00 7,349 7,349 7,358 8,911 8,912 8,924 -4,163 | -4,164 -4,168
1,50 7,620 7,620 7,623 10,758 | 10,759 | 10,763 -3,318 | -3,318 -3,320
2,00 7,372 7,373| 7,384 11,842 | 11,843 | 11,862 -2,221| -2,221 -2,224
2,50 6,908 6,908 6,896 12,245 | 12,246 | 12,225 -1,109 | -1,109 -1,106
3,00 6,371| 6,371| 6,366 12,007 | 12,008 | 11,999 0,000| 0,000 0,000
3,50 6,908| 6,908| 6,896 12,245| 12,246 | 12,225 -1,109| -1,109 -1,106
4,00 7,372 7,373 7,384 11,842 | 11,843 | 11,862 -2,221 | -2,221 -2,224
4,50 7,620| 7,620| 7,623 10,758 | 10,759 | 10,763 -3,318 | -3,318 -3,320
5,00 7,349 7,349 7,358 8,911 8,912 8,924 -4,163 | -4,164 -4,168
5,50 6,281 6,282 6,297 6,398 6,398 6,414 -5,378 | -5,378 -5,391
6,00 1,794 | 1,794 | 1,794 1,129| 1,130 1,131 -3,223 | -3,222 -3,227
[[*[=F]rs
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The table shows good compliance of forces calcdlgtgarticular programs.

4. Check

As described in 3.3.4 Transformation of recalculatgéernal forces to the centroid of cross-
section, surface dimensioning forces are transfdrtaehe centroid of 2D element cross-
section. The result of this transformation is bagdnoment and normal force, acting in the
centroid of rectangular cross-section, which ee@ggth is 1m and height corresponds to the
thickness of the slab.

The checks of 2D element are performed in all @efidirections at once. The program
automatically converts the reinforcement to thec&hdirection using formula

Asi o = As [£og(a;)

Description
ASi The area of thé"ireinforcement layer recalculated to the direction
AS The area of thé'ireinforcement layer of 2D element
0 The angle betweefl reinforcement layer and the check direction
Remark:

Distributive reinforcement in 2D elements of type slab and shell-slab israk& account
only in detailing provision check, it is not usedather 2D element checks.

4.1. Results of check in defined directions

All enabled checks are performed in all require@dions automatically. The presentation of
results is similar to presentation of 1D elemestuhs. The presentation for 2D elements
enables to set direction to be presented. Resul®¥ elements are presented in check
directions. All directions, in which the checks w&alculated, are drawn in graphical
presentation.

The arrows in the picture represent check direstiarhere the
' orange is the direction of maximal check value #edred is the
n current check direction. To change the currentctima click the
arrow or click the appropriate button in the ribbon

45,0°

Remark:

After the calculation finishes, the check direcion all checks are set to the direction of
maximal cross-section utilisation.

[[#[={=/rs
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Results in particular checks are presented in tinesiot direction. The angle of check is
displayed above the table with the check summary.

The results in the extreme direction are printeckport.

4.2. Ultimate limit state

The principles of ULS checks are described in tbgcal background manual for 1D
elements. Only the differences for 2D elementsdaseribed in following chapters.

4.2.1. Capacity check
The capacity check does not differ from 1D elemehtcks. The load acts only in one plane,
thus the check type is N + M.

4.2.2. Response check
The response checks for particular check directimesthe same algorithms as checks of 1D
elements.

4.2.3. Interaction check

Unlike for 1D elements, the interaction check isi@ened only to evaluate the exploitation V
+ M, the interaction of shear and bending momehé Jeparate shear check is not performed
in current version. Valuespd cand \kq maxcan be verified in summary table of the interaction
check.

NEd M Edy VEd V Rd,c V Rd,max Value yv+pm Value Limit Check
[kN] [KNm ] [kN] [KN] [kN] [%] [%] [%]

l€1,51 18,42 0,00 £2,14 822,44 100,00 100,00 100,00 OK

4.2.4. Capacity check comparison between IDEA Concrete, RFEM and SCIA
Engineer

To compare the capacity check results with RFEM&@GtA Engineer the same data as
described in chapter 3.4.2 Comparison of interoads calculation with programs RFEM
and SCIA Engineer were used. The comparison was thotwo points of slab.

Because programs RFEM and SEN do not check thegedbrcement in the slab, but only
design the necessary reinforcement area, two methece used to compare the calculation.
The first one compares the exploitation of crosgise for required reinforcement designed
in RFEM and SEN, assuming that the cross-sectierpfoited to 100% just when using the
calculated required area of reinforcement.

The exploitation of cross-section reinforced in ®Eoncrete can be expressed relatively
then.

Relative exploitation = Areq/ As, rcsHL00 [%0]

Description
As. req Required reinforcement area calculated in RFEMEN S
As Rres Area of reinforcement in IDEA Concrete
100 [%] Percentage
[[5[==)rs
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The cross-section in IDEA Concrete was reinfordeth@ lower surface using reinforcement
@10 in 200 mm distances in both directions, the are@ioforcement in both directions is 314

mm?

[mm]

n | Distance

Type first bar position

First bar position | Angle

As

Surface for cover Position type

Value

Type

IMaterial

s Lim]. _[mm] [mml [fDo. [mm2] {mm]
' N 400|250 Distance / 2 > | < 0.0 ot 20 Main = B S00A (b2
ic 0250 Distance /2 N 90,0 0 Main = B 500 | =2
Comparison results are in the following table:
Reinforcement area Cross-section exploitation Relative

Position | Direction As [mm?] [%] exploitation [%]

X|Y RFEM SEN | IDEA RFEM SEN | IDEA RFEM SEN
0,5|0,5| xlower 116 123 314 100 100 37 37 39
0,5/0,5| ylower 129 137| 314 100 100 39 41 44
3,0|2,0| xlower 87 93| 314 100 100 29 28 30
3,0(2,0| ylower 174 183| 314 100 100 58 55 58

The table shows good compliance of exploitationalbprograms.

The reinforcement with the approximately same arasdefined in IDEA Concrete as
calculated required reinforcement in RFEM and S&Nte second method. Afterwards the
exploitation of cross-section was compared. Resuéiglisplayed in following table:

Cross-section exploitation
Position | Direction Reinforcement area As [mm?] [%]

X|Y RFEM | SEN IDEA RFEM SEN | IDEA
0,5|0,5| xlower 116| 123 | @10/ 650mm? 123 100 100 103
0,5(0,5| ylower 129| 137 |@10/600mm* 137 100 100 94

3 | 2 | xlower 87| 93|¢910/800mm?’ 93 100 100 103

3 | 2 | ylower 174| 183 |@10/450mm’ 183 100 100 93

The good compliance of results is here too.

4.3. Serviceability limit state

4.3.1. Stress limitation

Check of stress limitation does not differ from ckefor 1D elements.

4.3.2. Crack width check
In advance to 1D elements check the direction aélccan be drawn for 2D elements.

4.4. Detailing provisions

Detailing provisions check of 2D elements can Hi spo two basic groups:

Reinforcement percentage check
Bar distances check

[[#[={=/rs

Structural

Page 21




Design of reinforced concrete sections according to EN 1992-1-1 and EN 1992-2 Brno, 25. 1. 2011

The detailing provisions check depends on typelbélment too. The separate checks for
the main and for the distribution reinforcement peeformed for shell-slab and slab elements.
The vertical and horizontal reinforcement is digtirshed for wall elements.

The reinforcement percentage check is performékarirection of principal stresses. The
reinforcement defined in cutting of 2D element @xcthe distribution reinforcement) is
transformed to the principal stresses directions.

The bars distance check is performed perpendituldre direction of defined reinforcement.
This check is performed for all defined reinforcemlayers and the limit values depend on
the type of checked element and on the type ohddfreinforcement.

Check of detailing provisions of longitudinal reinforcement

Type Value calc  Value |im Ratio Check
[%]
Minimal reinf. ratic for main reinforcement (8.3.1.1 (1)) [%] 0,18 0,15 781 oK
Maximal reinf. ratic for main reinforcement (8.3.1.1 (1)) [%] 0,16 400 3,83 0K
Minimal reinf. ratic for secondary reinforcement (8.2.1.1 (2)) [%] 0,00 0,00 0,00 OK
Minimal clear distance of main reinfercement (8.2 (2)) [mm] 240 21 8,75 OK
Maximal axial distance of main reinfercement (8.2.1.1 (3)) [mm] 250 400 62,50 OK
Maximal axial distance of secondary reinforcement (8.3.1.1 (3)) [%] 0 450 0,00 OK

Svcars Page 22



Design of reinforced concrete sections according to EN 1992-1-1 and EN 1992-2 Brno, 25. 1. 2011

5. Literature

[1]

EN 1992-1-1: 2004 Eurocode 2 : design of cotecstructures — Part 1. General
rules and rules for building

[2]

ENV 1992-1-1: 1991 Eurocode 2 : design of ceterstructures — Part 1: Generg
rules and rules for building

[3]

Baumann, Th. : "Zur Frage der Netzbewehrung WlEithentragwerken”.
In : Der Bauingenieur 47 (1972), Berlin 1975

[[*[=F]rs

Page 23



