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1 Description of the tutorial

Idea of this tutorial is to provide to user information how two defined prestressing in such type of the
structure and perform design of necessary reinforcement and also verify the structure according to EN1992-
1-1 [1]. Two main type of the modelling such structure are described in this tutorial. The models are the
following:

*  Model with real defined prestressing tendon
* Model using equivalent load method

Explanation of the each model is explained later in the text (from chapter 4). Some of the detailed outputs
are demonstrated mainly for the typical slab S138.

This example doesn't deal about user definition of the structure. The input and definition of the typical entities
as beams, slabs, loadcases, combinations etc are explained in the other manuals or tutorial. This manual is
especially designed for experience user and focused on definition, calculation, design and check of the
prestressed 2D structures. The prestressed 1D structure is described in the manual. The calculation of the
column is also explained in the different manual.

The design example proposed in this tutorial is related to small five floor parking house. The building is
designed in category F. The floor structure is directly loaded by the transport. The columns are rectangular
with dimensions BxH =0,55x0,55m. The slab thickness is 290mm. The dimensions of the statical system are
the following.

* ng=3 - number of the spans in x direction
s n=4 - number of the spans in y direction
e 1,=9,0m - length of the span in x direction

+ 1,=9,0m - length of the span in x direction

* I.=0,2%Ix(ly) - length of the cantilever

Material used in the structure is the following:
+ Concrete C35/45
e Prestressing Y1770S7-15,7
* Reinforcement B500B

The structure is loaded by the following loads:
* Roof weight gl = 3kN/m2
e Variable g = 8kN/m2

Fig. 1 Plan view of the structure and supports’ scheme
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Only the 4th floor has been used for this tutorial.

Snow, wind and other type of loads are neglected in

The input of the model is basic knowledge of the us

this tutorial
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Fig. 3 Numbering of the slabs

er. For more information see [8].
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2.1 Material characteristics

The following materials properties have been considered:

— Concrete grade C35/45
Characteristic compressive strength
Design compressive strength:
Mean value of tensile strength:
Modulus of elasticity:
Shear modulus:
Poisson ratio:

- Prestressing steel Y1860S7-15,7
Characteristics tensile strength
0.1% proof stress
Total elongation at maximum load:
Modulus of elasticity:
Friction coefficient
Unintentional angular displacement
Relaxation class
Nominal area

- Reinforcing steel, B 500 B:
Characteristics yield strength
Design strength:
Modulus of elasticity:

fo = 35.0 MPa;
f.a= 23,3 MPa;
fem = 3,20 MPa;
E. = 34,1 GPa;
G =14,2GPa
v=0.2

fox = 1860 MPa;
pr.lk: 1670 MPa
€uk > 35%0

E, = 195 GPa;

M =0,06

K = 0,0005/m

3 (P1000 = 4%)
Ay = 150mm?

f, = 500.0 MPa;
f,o = 434.8 MPa;
E. = 200 GPa.

Name Type Unit mass E mod Poisson - nu G mod Thermal exp Characteristic compressive cylinder strength
[kg/m?3] [MPa] [MPa] [m/mK] fck(28)
MPa]
C30/37 | Concrete 2500,00| 3,2800e+04|0,2 1,3667e+04 0,01e-003 30,00
Name Type Unit mass E mod Poisson - nu G mod Thermal exp | Characteristic yield strength fyk
[ka/m?3] [MPa] [MPa] [m/mK] [MPa]
B 500B | Reinforcement steel 7850,00 | 2,0000e+05|0,2 8,3333e+04 0,01e-003 500,0
Name Type of diagram Characteristic tensile strength (fpk) Characteristic 0,1% proof stress Ductility Design E mod
[MPa] (fp0,1k) factor (k = strain [MPa]
[MPa] fpk / fp01k) | limit (eps
] ud)
[1e-4]
Y177057-15,7 | Bi-linear with an 1770,0 1560,0 1,13 3150 | 1,9500e+05
inclined top
branch

2.2 Supports

The whole structure is supported by the rigid point support in all displacements and all rotations in the bottom

part of the building.

The model of the 4" floor is supported on both sides of the columns. Lower side is fully rigid and upper side

is rigid but free in Z direction.
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Fig. 4 Model of the 4™ floor

Lower support Upper support

Support in node (1) -

Sndl
Type Standard Type Standard
Angie Kdeg) - Angle [deg]

Properties X :gfj X Rigid
; Pu_g:d ¥ Rigid
R Rigid z Free
Ry Rigid Fx H].g!d
Rz Rigid Ry H].g!d
Defaut size [m] 0.200 Re Figid
Node N4 Default size [m] 0.200

Mode N120

2.3 Loadcases

The following loadcases have been defined in the example. The permanent load LC1; LC2 and LC8 can be
assigned in the same load group (LG1). Variable loadcases are stored in LG2 which has exclusive relation
and it is in category F. Two permanent loadcases Prestress X and prestress Y are needed for the model
using equivalent load (explained in detail in 4.1.1)

Load cases
Name Description Action type | LoadGroup Load type Spec Direction | Durafion Master load case
LC1 Selfweight Pemanent |LG1 Self weight -z
LC2 Roof_Pemmanent | Pemmanent |LG1 Standard
LC4 Varable_1 Varable LG2 Static Standard Short Mane
LC3 Variable_Full Varable LG2 Static Standard Short Mone
LCE Variable_2 Variable LG2 Static Standard Short Mone
LCA Prastress Pemanent |LG1 Presfrass
Load cases
Name Descr'gsmbn Action type | LoadGroup Load type Spec Direction | Duration | Master load case
LC1 aly)8 Pemmanent |LG1 Self weight -Z
LC2 Roof_Permmanent | Permanent |[LG1 Standard
LC4 Wariable_1 Vanable LGZ2 Static Standard Short Mone
LC3 Variable_Full Varable LGZ Static Standard Short Mone
LCE Varable 2 Vanable LG2 Static Standard Short Mong
LCH Prestress X Pemanent |LG1 Standard
LCT Presiress Y Pemmanent  |LG1 Standard
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2.4 Loads

The load is defined in standard way. The variable load is used as Variable full. It means all 2D members are
loaded by the variable load. Load from LC4 — Variable_1 means that only certain parts of the building floor
are loaded. Opposite loading scheme as in LC4 is used for the loadcase LC5.

Fig. 5 Extreme position of the variable load

2.5 Combinations

Several combinations are defined in this example. One group is for ultimate limit state (ULS_short ,
ULS long) and the second group is for serviceability limit state (characteristic, frequent, quasi-
permanent ). On the following figure you can see only content of the combination. The load factors are
automatically taken into account for each combination in the background. Combinations are defined with
respect of type of the modelling of the prestressing (real tendon, equivalent load). For more information
about both types see chapter 4.

2.5.1 Combination in case of real tendon

When the prestressing is modelled as real tendon then shorterm losses are calculated automatically. It
means only reduction for longterm losses (estimation 15%) is applied for this case.

Name Type Load cases Coeff.
[-]

ULS_short |EN-ULS LC1 - Selfweight 1,00

(SSEI?GEG} LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LG5 - Variable_2 1,00

LCE - Prestress 1,00

ULS long |EM-LLS LC1 - Selfweight 1,00

(SSEI%IGEU} LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5S - Variable_2 1,00

LCE - Prestress 0,85
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Hame Type Load cases Coeff.
[

SLS_Char_shof EN-SLS Char | LC1 - Selfweight 1.00
LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCE - Prestress 1,00

SLS_Fre_shor |EM-SLS Freq. |LC1 - Selfweight 1.00
LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCG - Prestress 1,00

SLS_QP_short [EM-SLS Quasi. | LCA - Selfweight 100
LCZ2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCE - Prestress 1,00

SLS_Char_long |EM-SLS Char. | L.C1 - Selfweight 1.00
LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCE - Prestress 085

SLS_Fre_long |EM-3LS Freq. |LC1 - Selfweight 1.00
LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5E - Variable_2 1,00

LCE - Prestress 085

SLS_QP_long [EM-SLS Quasi. | LC1 - Selfweight 1.00
LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCE - Prestress 0235

2.5.2 Combination in case of equivalent load

When the prestressing is modelled using equivalent load then shorterm and also longterm losses should be
estimated. It means reductions for shorterm (10%) and longterm losses (estimation 15%) are applied for this
case. Loadcases where prestressing is defined using equivalent load are separated into each direction
(Prestress X, Prestress Y).

Name Type Load cases Coeff.
[

ULS_short | EN-ULS LC1 - Selfweight 1,00
(SSSI%’GEO) LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCB - Prestress X 0,90

LC7 - Prestress Y 0,90

ULS long |EN-ULS LC1 - Selfweight 1,00
SSE;TthGEO} LC2 - Roof_Permanent 1,00

LC3 - Variable_Full 1,00

LC4 - Variable_1 1,00

LC5 - Variable_2 1,00

LCB - Prestress X 0,77

LC7 - Prestress Y 0,77
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Name Type Load cases Coeff.
SLS_Char_shor] EN-ZLE Char. |01 - SeFweight [1].':*3'
LC2 - Roof Pemanent 1.00
LC32 - Vansble Full 1,00
LC4 - Varsble_1 1.00
LCE - Vansble_2 1,00
LCG - Prestress X 0,90
LCT - Prastrass 0,595
3LS_Fre_short | EN-SLS Freq | LC1 - Safweight 1,00
LC2 - Roof Pemanent 1.00
LC3 - Vanable Full 1,00
LC4 - Varsblz_1 1.00
LCE - Vansble_2 1,00
LCE - Prestress X 0,90
LCT - Prastrass Y 0,90
SLS_QF_short | EN-SLS Quasi. | LC1 - Seffweight 1.00
LC2 - Roof Pemanent 1.00
LC3 - Vansble Full 1,00
LC4 - Varisblz_1 1.00
LCE - Varzsble_2 1,00
LCE - Prestrass X 0,90
LCT - Prastrass 0,20
SLS_Char_keng | EN-SLS Char. | LC1 - Seffweight 1.00
LCZ - Roof_Pemmanent 1,00
LC3 - Varsble Full 1,00
LC4 - Varisblz_1 1.00
LCE - Vanable Z 1,00
LCE - Prestrass X 077
LCT - Prestress 077
5L5_Fre_long |EM-SLS Freq | LC1 - SeFweight 1,00
LC2 - Roof_Pemanent 1.00
LC3 - Vanizble_Full 1,00
LC4 - Varisble_1 1.00
LCE - Varsble_2 1,00
LCE - Prestrass X 077
LCT - Prestress 077
5L5_QP_long | EMN-5LS Quasi. (101 - SeFweight 1,00
LC2 - Roof Pemanent 1.00
LC3 - Vansble Full 1,00
LC4 - Varisble_1 1.00
LCE - Varsble_2 1,00
LCE - Prestrass X 077
LCT - Prestress 077

2.6 Classes

The classes are needed for the calculation of required areas during Design ULS+SLS. Class ULS+SLS was
prepared with the following content. Design for both limit states is done for longterm losses of prestressing.
Combination ULS long and SLS_QP_long are selected to class only.

i | Result classes
Acs BB 9

[ucs-is

Description
El | List

ULS _long - EN-ULS (STR/GED)
SL5_QP_long - EN-5LS Quasi.

Fig. 6 ULS+SLS class
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3 Design of the prestressing

For design of prestressing force is supposed that prestressing tendons are designed in scheme d) from the
figure. The half of the tendons in each direction uniformly distributed in the span and half concentrated over
the columns. This seems to be optimum solution in respect of both design and economy.

F L
o ..-" o
~ L iah

Terwléna 1 apm=

Fig. 7 Tendon layout (picture overtaken from [2])
The actions of the tendons from the option d) on the slab are visible on the Fig. 8

Tendons over colurmrs

Tendors n span

Fig. 8 Actions of the tendon on the slab (picture overtaken from [2])

The recommendations for design are taken from the [2].
» Maximal tendon spacing in the span 6,0*h
» Inflection point of the tendons ds/2 from the column edge

* Minimal radius of curvature r=2,50m
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3.1 Design of prestress force

Very simple load-balancing method is used for the design of prestressing. At the beginning it is necessary to
estimate losses of prestressing. As the simplification the following losses are taken into account:

e Short term losses 10% (only for model type Equivalent load)

e Longterm losses 15%

3.1.1 Concrete cover
The following settings are required for this structure:
e Exposure class XD1

» Design working life 50years
3.1.1.1 Concrete cover for prestressing

Nominal concrete cover (c,,,,) has to be calculated
Chnom = Cmin T ACgey = 43 + 10 = 53mm

Structural class (Table 4.3N [1])
Default 4
Slab structure -1
Final structural class 4 -1 =S3

Minimal cover form the point of durability for S3+XD1 (Table 4.5N)
Crmin,dur = 40mm

Minimal cover from the point of bond (4.4.1.2(3) [1]). We suppose the rectangular ducts similar as in the
following figure

o Aol Ii
b
B

e

e

Fig. 9 Rectangular duct for postensioned slab

B = 86mm; H = 35mm
max(4; B)
2

max(86; 35)

Cminp = Max (min(A; B); 3

> = max (min(86; 35); ) = max(35;43) = 43mm

Calculation of minimal cover (formula 4.2 [1])
Cmin = Max (Cmin,b; Crmindur T ACdur,y - ACdur,stt - ACdur,add; 10mm) = max(40; 43;10) = 43mm
Acdur,y = ACqyrst = ACqur,qaq = Omm

Deviation of the concrete cover (4.4.1.3(1) [1])
Acge, = 10mm

Automatic calculation of the concrete cover for pre stressing reinforcement is not implemented in

the version 2010.1

3.1.2 Maximal stress in strand

For the preliminary design the estimation of the shorterm and longterm losses will be done. The shorterm
losses are estimated as 10% and longterm as 15%. It is necessary to calculate maximal stress in strand after
longterm losses.
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Maximal stress during tensioning (5.10.2.1(1) [1])
Opmax = Min(0,8 - foi; 0,9 - fro1x) = min(0,8 - 1860;0.9 - 1670) = min(1488; 1503) = 1488MPa

Maximal stress after anchoring (5.10.3(2) [1])
0pmo = Min(0,75 - fou; 0,85 - fg1x) = min(0,75 - 1860; 0.85 - 1670) = min(1395; 1420) = 1395MPa

From the value above we can say the initial stress has to be lower than 1488MPa. The initial stress was set
to 1450MPa.
The preliminary designed prestressing forces per one strand are after

e Shorterm losses (10%)
Prg = 0paq - Apy = 0,9 1450 - 150 = 195,75kN

e Longterm losses (15%)
Py =0y - Apy = 0,85-0,9 - 1450 - 150 = 166,39kN

For the determination of the amount of strands the force after longterm losses (P;;;) will be used.

3.1.3 Determination of prestress force — load balan  cing method

Required prestressing force is determined using load-balancing method. This method was first published by
the T.Y. Lin in 1963 [4]. It is supposed the 80% of permanent and variable load is balanced by the
prestressing force in this case. The surface load (f=g+q) from the span area is spread to the column line
according to following figure. The triangular spreading is used for calculation of the load fyy)*. This
triangular load is substituted by the rectangular line load fyy)1z). The recalculated load is used for the load
balancing method. As was written above 50% of tendons will be designed in the column line and 50% in the
span area.

siap = M -v:. =0,29-26 = 7,54 kN /m?

siap = 8,0kN/m?

f:-c11
fx1

_%_____11___?\_%__.__._& ________

=
==
fiz

o
!
1

e
= B

fez

fiz

!
U

Fig. 10 Load distribution

10
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Triangular line load
a) permanent load
ferg =fog =2-18-754=2714kN/m
ferg =fyag =2-45-754=6786kN/m
b) variable load
ferg = fyg =2-18-80 = 2880kN/m
feoa = fyaq =2-45-8,0="72,00kN/m

Rectangular recalculated line load
a) permanent load
ferg = fyrg = 5/8- 27,14 = 16,96kN/m
fezg = fy2.g = 5/8- 67,86 = 42,41kN/m
b) variable load
ferq = fynq = 5/8 - 28,80 = 18,00kN /m
frzg = fyzg = 5/8-72,00 = 45,00kN /m

Using load-balancing method the rectangular recalculated line loads (80%(g+q)) are balanced by the uniform
load representing the prestressing force.

Pr1 =Py1 = 0,8 (frrg + frrg) = 08+ (fy1g + fy1q) = 08+ (16,96 + 18,00) = 27,97kN/m

Prz = Py2 = 0.8 (frag + frzg) = 08+ (24 + fy2q) = 0,8 (42,41 + 45,00) = 69,93kN/m

The particular design for each direction (x,y) has to be done with respect of the different camber (hp) of the
parabolic tendon in each direction. These cambers are determined from the minimal radius of the tendon
above the support and maximal possible tendon eccentricity witch respect of the concrete cover of the
tendon in the span. The camber is measured from the inflexion point to the maximal eccentricity in the span.
The eccentricity in the x direction is less than in the y direction because the tendons are crossing each
others.

As the simplification the geometry of the tendon in the edge part of the slab is considered as
straight line in this case. It means the equivalent load px1 is not taken into account and effectoft  he
prestressing is covered by the vertical point force Vx1 (see chapter).

Fig. 11 Section on the slab for design of prestressing

Direction X

e Section A — 50% of the tendons will be in column line

o= 01150 L)” 0115. %5 2.0)° 0,142
= ) —_— , —_— ) m
P (045-1,)° (0,45 - 9,0)2
1 L2 1 69,93-9,02
e i = 2493,10kN

P, =—. =_.
472 8-hy, 2 8-0142

————'1 = 14,98 — 15 strand
_ A _ —
Npa = 166, , strands

The 5 pieces of the 3strand tendons are used
Pep = Npy - Pyg = 15 195,75 = 2936,25kN

11
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e Section B — 50% of the tendons will be in span
0,5-1,)? 0,5-9,0)?
O5 L2 _ 145, 05902
(0'45 . ly) (0,45-9,0)
1 pe-l® 1 69,93-9,07
2 8-hy 2 8-0142
Pg _ 2493,10

P 166,39
The 5 pieces of the 3strand tendons are used
Pup = Npp * Poy = 15 195,75 = 2936,25kN

hpg = 0,115 - = 0,142m

Py

= 2493,10kN
Nyp = = 14,98 - 15 strands

Direction Y

* Section C — 50% of the tendons will be in column line

e = 0150 05 B _ gy 05002
=0150 - ——2 _=0,150 - ————~— = 0,185m
P (045-1,)° (0,45 -9,0)>
1 ‘L% 1 69,93-9,02
R ¢ e B = 1913,63kN

€72 8-hy 2 8:0,185
_ P _ 1913,63
PC TPy, 166,39

The 4 pieces of the 3strand tendons are used
Pyc =Ny Py = 12- 195,75 = 2349,00kN

n =11,5 - 12 strands

e Section D — 50% of the tendons will be in span

(0.5 . ly)z _ (0,5-9,0)? ~
(045-1,)° 0,150 - 55,092 = %185m

_1 Pyl 16993-9,0°

hpD = 0,150 .

== == = 1913,63kN
P72 8-h,p 2 8-0185
Fo 191363 ¢ 12 strand
_—_——=_————_—_L—_— e d
" = p, T 16639 strands

The 4 pieces of the 3strand tendons are used
Pyp = nyp * Pyg = 12+ 195,75 = 2349,00kN

12
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4 Prestressing of 2D members in Scia Engineer

Definition of the prestressing on 2D members can be done in Scia Engineer in three ways:

» Definition of the equivalent load
the tendon

— equivalent load is calculated from the geometry and stress in

» Realtendon onthe 1D rib —tendon is defined on the fictive 1D rib which is part of the 2D slab

* Real tendon on the 2D member directly
“hanging node”

— tendon is defined directly on the 2D member using

Before the description of each option is explained the short summary of the each method is provided.

ltem Equivalent load Real tendon on 1D Real tendon on 2D
rib
Preparation and
definition of the Difficult Standard Simple
prestressing
Shorterm losses NO YES YES
Longterm losses NO NO NO
Internal forces
from prestressing YES YES YES
in design
Area of NO (freebars are NO (freebars NO (freebars duplicate
prestressing in duplicate geometry of geometry of the
. used)
design the tendons) tendons)
Design
ULS(ULS+SLS) YES YES YES
Check of allowable
concrete stresses NG NO NO
Check prestressed
capacity or NO NO NO
response
Check of
prestressing NO YES YES (partly)
reinforcement
Check punching
with respect of YES YES YES
prestressing
Code dependent
deflection (CDD) YES NO NO

4.1 Three possibilities of prestressing input

4.1.1 Definition of the equivalent load

Prestressing can be defined using equivalent load which represent the prestressing tendon. The calculation
of the load is dependent on the geometry of the tendon and the initial stress in the tendon.

This solution requires time for calculation of all value from tendon geometry. Parabolic arcs are replaced by
the permanent line load (p). Arcs above the supports are replaced by the vertical force representing the arc.
Normal force and bending moment are added at the beginning of the tendon.

13
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e .

= 5
I
D

CLLTEETTTTTRT Rttt bneetttles  woffTTTLLTTTTTL

Fig. 12 Load balancing method — equivalent load (picture overtaken from [3])

4.1.1.1 Surface equivalent load

The spreading of the load from the prestressing is supposed in the angle 45degre to the centreline of the
slab and to the width equal to 1,5*depth of the slab.

Column :
o e e o
________________ P on VS POV o NSRRI
45° ; 45°
1,5%h | :I’—
bDXCibD}'C)
&
................. N2 )
45° 45°
1,59*h 1,5*h
bpxs (Dpys)

Fig. 13 Determination of the spreading width of the prestressing

Spreading width of the prestressing is calculated for the span and for the column line separately.

Direction X Direction Y
Column line bpre=4-spt2Z-epet2-15-h= byye=3-sp+2-epyc+2-1,5-h=
=4-01+2-004+2-15-0,29
~1,35m =3-0,1+2-0,075+2-15-0,29 =1,32m
Span line bpxs =2 epxc+2-15-h= byys =2-epyc+2-15-h=

=2-004+2-15-0,29=0,95m
=2-0075+2-15-0,29=1,02m

Based on the new spread width the equivalent line load will be recalculated to the equivalent surface load.

Direction X Direction Y
27,97 p 27,97
Column | 1 —_Pa _ ’ =10 36kN/m?2 =yt _ ! =10 59kN/m?
Paac =9, =5 135 1O36KN/MT e =gy =gy 3y = 10.39kN/m

14
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line
69,93 P 69,03
2 = P2 0% 55 okN/m? =Pz % 56 49KN/m?
Pac=9, 7135 2 OMN/ME | Prae =5y =gy 3y~ 26 49kN/m
. 27,97 Py1 27,97
e | TP, b 25 05 Pyts =3 n by 204102
line *Npp * Dpxs oY *Npp * Dpys ]
= 2,94kN/m? = 3,43kN/m?
5 Px2 69,93 Pyz 69,03
Px2s = 3 bow 2-5-095 Py2s = 3 boe 2-5-1,02
. an . pXS . . , . npD . pys . . B
= 7,36kN/m? = 8,57kN/m?

4.1.1.2 Vertical and horizontal forces in the edges

The horizontal and vertical forces should be presented in the free edges where the tendons are stressed and

anchored.
Direction X Direction Y
° e 0,04 e 0,075
al®] arctg( ch) = arctg <§> = 1,27 arctg( IZ:C) = arctg (F) = 2,386
P [kN] 2936,25 2349,00
H [KN] P, - cos(a) = 2936,25 - cos(1,27) = 2935,53 P, - cos(a) = 2349,00 - cos(1,27) = 2348,42
V [kN] P, - sin(a) = 2936,25 - sin(1,27) = 65,08 P, - sin(a) = 2349,00 - sin(1,27) = 52,06
Furthermore those forces are recalculated to the spreading width of prestressing
Direction X Direction Y
Column line Span line Column line Span line
H H, H, H, H,
[kN/m] ¥ bpac * Mg bpas Y byye ¥ Mpp - byys
2935,53 — 2174 47 2935,53 — 618 01 2348,42 1779 11 2348,42 _ 575 59
1,35 ' 5-095 1,32 ' 4-1,02 "7
V Ve x 4 4
[kN/m] e bpxc * Npp * Dpxs YC bpye Y Mpp  bpys
65,08 _ 48,21 6208 _ 13,70 5206 _ 39,44 5206 _ 12,76
1,35 5-095 1,32 7 4-1,02 7

4.1.1.3 Point forces from tendons in column line

When we look on the Fig. 8 we can see the acting of the tendon by the point force in the column line. These
point force are calculated for each direction and for column and span line separately. We substitute
equivalent load above the support by the point force load. The length of the arc of the tendon above the
support is calculated from the inflexion points. We can suppose inflexion points in the edges of the column
dimensions. It means for substituted support forces.

lx,sub = ly,sub =0,55m
Then support point forces are the following

Direction X

e Column line

Piz (l_x _ lx,sub)
2 2 2

0,55
- —) = 212,81kN

69,93 (9,0
2 2

Foe =V, + = 65,08+ ——-

15
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69,93
Fop = %- (L = Lesup) = ~5—+ (9,0 = 0,55) = 295,45kN
* Span line — point force for each tendon (n,z = 5)
Vs Dx2 (lx lxsub) 65,08 69,93 (9,0 0,55)
Foo=—% X _X = -|— ———) = 42,56kN
ST g 2ompp \2 2 5 T2.5 \2 2
D 69,93
Fops = ﬁ (e = Lysup) = — 5 (9.0~ 055) = 59,09kN
Direction Y

e Column line

s (L Lysu 69,93 (9,0 0,55)
o=V, + P22 (228w _ 55064 2222 (22222 _ 199 79kN
yie =y + 5 (2 2 2 2 2

69,93
Fyoe = pzﬁ- (ly = byous) = o (9.0 = 0,55) = 295,45kN

* Span line — point force for each tendon (n,,, = 4)

4 p L, 1 52,06 6993 (9,0 0,55
_ Y V2 y y,sub — ’ , (22 D20
Ps =0 0 F ( ) 5 2.4 (2 2

npD 2 * TlpD
- (9,0 — 0,55) = 73,86kN

2 2
Dy2 69,93
P25 =7 ongy (b ~hew) =75

) = 47,34kN

Furthermore the possibilities are available for user how to input the prestressing using equivalent load on the
structure.

e Inputin 1loadcase -summarize force above the column in both directions (see Fig. 14).

Feiyr = Feie + Fype = 212,81+ 199,79 = 412,60kN
Feiyz = Feie + Fype = 212,81 + 295,45 = 507,26kN
Feayr = Feae + Fyye = 295,45 + 199,79 = 495,24kN
Feays = Frac + Fype = 295,45 + 295,45 = 590,90kN

Fx1‘,'2

Fig. 14 Point force above column lines

 Input in 2 loadcases - prestressing defined by the equivalent load is inputted in 2 loadcases
(prestressing X and prestressing Y). User has better overview about prestressing in each direction.
In this case the summarization of the point forces above the column cross-link is not applied

Finally the equivalent load in our case is the following.

Direction X

16
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Section A |

]
W\f\HHHHHHHHHFV \HF\HL\H(.

Hyxe “FXW‘l* ¢ * ¢ 1LFy1s Y FXQW* ¢ ‘
I \ A A \ /

LAAL T TAAAAAY
i il

W YYYYYYYYYYYVYVYYYY \L Y Y
I

Haxs ¥ yFes |
_Vz : \u;u,lu YYY) : 'YYY [
_'L’L Pxzs pﬂsl
I llxm e J‘ hoo
Direction Y
Section C | I
i | fy2 [ fy2 I

ll; YYYYYYYYYYYYYYYYYYYYYYY \f\fu

e \_f*z‘” i ,}L by P Py y ‘L, {

¢Fx1s \ F:(2\,f2
A

1A AAAAARAARIT |AAAAAAA ¥
ch | | r r i
| I Pyze | I Pyze .
Ie 'L lysub Iy L lysun ly lysuo
ol
Section D | | l
i % | f,
fyn | | ” :
W\r\nr\nnnr\rw\nf \rmr\hnnr\ﬁr\r\nru
Hys \rFm y e f Fras
ITIAAAAAAARAAAARIT | AAAA AAAAAI
Ve MMM f

lysub lysub
le ’l,lvsub ly L " ly

Disadvantage of this solution is the shorterm losse s are not calculated automatically and has to be

estimated by the user. Furthermore the load is modi  fied with respect of the stress after shorterm
and longterm losses.
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Typical cases of the prestressing inputted using equivalent load in both directions separately are the
following.

Prestress X Prestress Y
M cn o cm e O o cn o e W o con v o IR
= af irui] funl Fn i |
= L L} T fuul m m funl
i 1| 1| ]| E ninivininininininininininininin
i [l 1[I | B
Bl ][l ]| ]| B
i ][l 1| ]| B
ol ] (T ]| B
== I i H o
5 i t LS S| F———fF
gl ][l 1L 1
oL 1| 1\ I H
Bl I|[ 1|1 Il
Il ][l 1|1 I B
ol ][l ]| | B
= e Hi Fani CE| HEEEEER L) L)L
ijL LY L} U-J::I E.l————l..l————:_l————:.k
i ][l 1| ]| B
ol ][ 1|1 ]| B
il ][l 1\ 11—
o 1| 1\ I
Bl ][l 1| ]| B
== I irai fuul rn i | Mg pEpEgn L) O L
= i L} LA Y = = 5 = = = = &5 = = = = =
i ][ 1|1 ]| B
il ][l ]| ]| B
i ][l 1| ]| B
ol ][l 1|1 11—
||l I\ 1|1 ]| H
':I_EJ i H EE EJ====LJ====LJ====EJ
- i A T 1 I i ]

4.1.2 Real tendon on the 1D rib

Definition of the prestressing in postensioned 2D member is done using standard tool Postensioned internal
tendon. The fictive 1D member has to be defined in the position of the tendons. It means one rib in the
column line and one rib for each tendon in the span. The definition is time consuming because you have to
define slabs + ribs + tendons. The final screen of that structure is following

Fig. 15 Postensioned slab with internal ribs

The properties of the ribs are visible form figure Fig. 16. The material of the rib is fictive and unity mass is
equal to 0,1kg/m3. Otherwise the selfweight of the rib is duplicated to the selfweight of the slab.
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B104
Type rib plate rib (32)
Analysis model Standard hd
Cross Section Rib - HectangLL“_
Alignmerit centre hd
Shape of rib T symmetric hd
Effective width width hd
forint. forces [mm] | 713
for check [mm] 713
FEM type standard hd
Buckling and relati... Default LL“_ =
Layer Floor1 LL“_
20 member 5157

Fig. 16 Properties of the internal rib

Allocation of the tendons in this case is for 1D member only.

Available Selected

| AsAT -

MName o Mame s

B1 E B104 [100

B2 B108 [ F—
B109 | Floard. ~[ =

B113
B117

Reference curve |

Projection of inter... | Perpendiculary d
s standad 2
| LCS Rotation [deg] | 0.00
| Source geometry xS ¥
| Origin of source g... | Offsetin LCS -
| Mgnolsiame g, e _
e
0000

Fig. 17 Allocation of the tendon

The checkbox hanging nodes in Mesh setup can be switch OFF in this case.

Name
B Mesh
Minimal distance between two poirts [m] 0.001
Average number of tiles of 10 element L]
Average size of 2D element/curved element [m] 1.000
B 1D elements
Minimal length of beam element [m] 0,100

Mazxdmal length of beam element [m]
Average size of cables, tendons, elements on subsoil, nonlinear soil spring [m] | 1.000

Generation of nodes in connections of beam elements ]

Generation of nodes under concentrated loads on beam elements ]

Generation of eccentric elements on members with varable height O

Division on haunches and arbitrany members 5

Apply the nodal refinement No members
B 2D elements

To generate predefined mesh

To smoaoth the barder of predefined mesh O

Mazxdmal out of plane angle of a quadrilateral [mrad] 00

Predefined mesh ratio 15

Hanging nodes for prestressing

Fig. 18 Mesh setup

This option will not be commented and used in the following text.
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4.1.3 Real tendon on the 2D member directly

Definition of the prestressing in postensioned 2D member is done again using standard tool Postensioned
internal tendon. Till version Scia Esa PT 2007.1 postensioning on the 2D memebr had to be defined on the
fictive rib which was defined on the slab. This solution was bit complicated and not so user friendly. That's
why concept of the “hanging nodes” has been implemented.

Hanging nodes is term used in finite element method describing interpretation of the element on the mesh.
The mesh of the tendon and attached elements (1D beam or 2D) is independent. The tendons are modelled
as 1D member on eccentricity in case without using hanging nodes. When the hanging nodes are used then
stiffness of the tendon is added to the closest mesh element according to type of projection.

Fig. 19 Tendon defined on 2D members

This functionality enables to user attach internal post-tensioned tendons directly to 2D slab and shell
elements. No dummy beam 1D (rib) is necessary. The mesh of internal post-tensioned tendon and attached
2D elements can be independent.

For tendons allocated on 1D members (beams) is possible to projection the tendon perpendicularly on beam
or proportionally. For tendons allocated on 2D members (slabs) is perpendicularly projection only.

Properties x
\a 7
‘-" x
MName TND1 -
Description
MNumber 1
Type ntemal
Layer Layerl -] ..
B Geometry
Geometry input Direct input j
Allocation |
Pependiculay  ~
LCS cpenaic d -E
LCS Rotation [deg] 0.00

Fig. 20 Perpendicular projection for 2D members

4.2 Real tendon input

The definition of the tendon is in the standard way in menu tree, Structure>Tendons>Postensioned internal
tendon.

=~ Tendons
¢ =Y Post-tensioned internal tendon
L Post-tensioned free tendon

Fig. 21 Structure tree

For the definition of the real postensioned tendon in the slab is most suitable solution to use geometry input
called reference line with source geometry. It means that user define some reference line (for instance line
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from CAD program) and source geometry. The final geometry is composition of the reference line and source

geometry. Source geometry is winded on the reference line up tot final length of the source geometry.

Name TND -
Diescription b
Number 1
Type Intemal
Layer Floor1 hd P
= Geometry
Reference curve with source geometry |
Projection of intermediate poirts Pempendiculary Jhd [
LCS standand =17
LCS Rotation [deg] 0,00
Source geometry wC -|
Origin of source geometry Offset in LCS ﬂ
Coord X, [m] 0,000
Coord ¥ [m] 0,000
Coord Z [m] 0,000 L
B | Material

Fig. 22 Geometry type — Reference line + SG

The reference source geometry is prepared according to design from chapter 3. The four source geometries

were prepared:
» XC —source geometry in column line in X direction
* XS —source geometry in span in X direction
e yC —source geometry in column line in Y direction

e yS —source geometry in span in Y direction

s PYESLINS

3l Drawing Tools
'.‘ﬁ Libraries

Catalogue blocks

e -
..... B3 Mamed item - oMo [T Y W loe o ¢ i e
:=---§ Structure, Analysis

{

& Stesl

Q Concrete, reinforcement
ﬁ Prestressing 5 2
[ Bore hole pattems
-5 Sectional strand pattems
Teme [iC
...... 3 Description
----- Subsoil, foundation
— Ly ]

User defined selections

Fig. 23 Library of source geometry

The geometries of the span and column lines in each direction (X,Y) are the same. Only distances between

each tendon are different. The tendons source geometries are the following.
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S E ] s

Geometry in direction #Z
L)

Coord X [m] | Coord Z [m] | Curve type | Curve parameter jm] |
0.00 0.00 Cicle +12 | 0,80
1.52 0.04 Parabola v | 0,25
208 0,04 Parabola_»|0.25
419 |04 |Parabola_~|1.80
841 0,04 Parabola_~| 1,80
1053 0.04 |Parsbola_~|0.25
11.07 0.04 Parabola | 0.25
13.18 -0.04 Parabola_~| 1.80
1741 004 |Parabola_~|1.80
19.52 0.04 Parabola v | 0.25
20,07 0,04 Parabola_~|0.25
219 00 |Parabola_~|1.80
2641 0,04 Parabola_~ | 1.80
2352 0.04 |Parsbola_~|0.25
2307 0.04 Parabola | 0,25
060 000 |Gircle +re —| .80
0.00 0.00 ~|oo0

Geometry in direction =Y

B
Coord X fm] | Coord Y [m] | Curve type | Curve £

0.00 0.00 Crcle +re | 0.80

30,60 0,00 Circle + 1z = 0,20

0.00 0.00 ~|0.00

Beary A

Help | 0K LCancel |

. 180 s

Geometry in direction <2
=

Coord X [m] | Coord Z [m] | Curve type | rve
0.00 0.00 Cicle +re ~| 0,80
152 0.07 Parabola v | 0.25
208 0.07 Parabola | 0,25
419 007 |Pacbola_~| 180
241 007 Parabola_v| 1.80
05 [007 |Parabola_»|0.25
7 ooy Parsbola_~|0.25
EARE Parsbola_+|1.80
1741 007 Pasbol ~|1.80
10 [1952 007 Parabola v|0.25
11 2007 007 Parabola v 0.25
12 |2219 007 |Parmbola 180
13 | 2641 007 Parabola v 1.80

4 |2852 007 Parsbola_+{0.25
EEEI LT Pabola_~|0.25
16 |3119 007 Parabola +| 180
17 |34 007 | Permbom ¥ |180
1 |32 007 Parabola »|0.25
15 |38.08 007 Parabola v 0.25

20 |33.60 l0.00 |Circle + 1= v| 0.80

Geometry in direction #Y

e
Coord X [m] | Coord Y [m] | Curve type | Irve parameter || | -
0.00 0,00 Circle +re »| 0.80 =

39,60 000 |Grcle +re ~ | D.80
nnn non | ~inm

Brad

Fig. 25 Tendon source geometry yC; yS

When the source geometries are defined then we can set all properties of the tendon according to following
dialogue.
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Properties ]

Description
Number 63
Type Intemal
Layer Floor1 v|
E | Geometry
Geometry input Reference curve with source get v
Allocation -
Projection of intermediate ... | Pempendiculary H
LCS standard hd
LCS Retation [deg] 0,00
Source geometry y5 - |
Origin of source geometry | Offset in LCS hd
Coord X [m] 0,000
Coord Y [m] 0,000
Coord Z [m] 0,000
B Material
Material Y186057-15.7 A I
Number of tendon elemen... |3
Number of tendons in group | 1
Area [mm™2] 450
Diameter of duct [mm] 62,00
Load Case LC8 - Prestress e
B Stressing
Type of stressing Type 3 v|
Prestressing from Begin I
Coefficient of frictionin cu... | 0.1
Unintentional angular disp... | 0,001
Anchorage set - begin [mm] | 6.00
Stress during comecting - ... | 145000
Duration of keeping stress... | 300,00
Initial stress - begin [MPa] | 1450,00
Qverhang of tendon noti... | 0,000
Qverhang of tendon not i... | 0,000
Distance between section... | 0,500

Fig. 26 Properties of the tendon

Then program asks for the definition of the reference line. So we insert new straight line in the axis X of the

column line.
@@L Bl 0B USRS E B

|
T e

Insert tendon reference curve - Palyline - Start point =

Fig. 27 Command line

After confirming of the action the program creates postensioned tendon automatically.

Fig. 28 One tendon in column line

To get all tendons in correct position we can use the multicopy action button to copy and offset this defined

tendon to the new position.

: 04 OF 3 ff 0% Sla |+ =4

Fig. 29 Multicopy
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Fig. 30 Complete column line tendons’ in x directions

Numbering of the tendon is the following:
4ysA2
4 — number of the floor, where tendon is defined
y — direction of the tendon
s — span (s) or column (c) tendon
A — sign of the position of the column (A,B..) or the span (1,2...)
2 — number of the tendon with the same properties before

All tendons for the 4" floor are summarized on the following figure.

24

Name Type Material Diameter of duct | Source geometry Load Case Type of stressing | Layer
[mm]

4xcAd Internal | Y1860357-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
AxcAb Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floord
4xcB1 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xc B3 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcB2 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xc B4 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcB5 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xc C1 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcC3 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xcC2 |Internal |Y186057-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcC4 Internal | Y1860357-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xcCh  |Internal |Y186057-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xc D1 Internal | Y1860357-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xcD3  |Internal |Y186057-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcD2 Internal | Y1860357-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xcD4  |Internal |Y186057-15,7 62,00 |xC LC8 - Prestress | Type 3 Floor4
4xc D5 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xc E1 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcE3 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
Axc E2 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xcE4 Internal | Y186057-15,7 62,00 [xC LC8 - Prestress | Type 3 Floor4
4xcES Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4yc A2 Internal | Y1860357-15,7 62,00 [yC LC8 - Prestress | Type 3 Floor4
4yc A3 Internal | Y1860S7-15,7 62,00 |yC LC8 - Prestress | Type 3 Floord
4yc Ad Internal | Y1860357-15,7 62,00 [yC LC8 - Prestress | Type 3 Floor4
dyc Al Internal | Y1860S7-15,7 62,00 |yC LC8 - Prestress | Type 3 Floord
4ycB1 Internal | Y1860357-15,7 62,00 [yC LC8 - Prestress | Type 3 Floor4
4ycB2 |Internal |Y186057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floord
4ycB3 Internal | Y186057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
4ycB4 |Internal |Y186057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
4yc C1 Internal | Y186057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floaor4
4yc C2 Internal | Y1860S7-15,7 62,00 |yC LC8 - Prestress | Type 3 Floord
4yc C3 Internal | Y1860357-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
dyc C4 Internal | Y1860S7-15,7 62,00 |yC LC8 - Prestress | Type 3 Floord
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4yc Dt Internal | Y1860S7-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
Ayc 2 Internal | Y1860S7-15,7 62,00 [yC LC8 - Prestress | Type 3 Floor4
4yc D3 Internal | Y186057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
dyc D4 Internal | ¥188057-15,7 62,00 |yC LC8 - Prestress | Type 3 Floor4
4xs Al Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
AxsA2 Internal | ¥Y186057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsA3 Internal | ¥Y188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
Axshd Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
4xs A5 Internal | Y1860S7-15,7 62,00 [xS LC8 - Prestress | Type 3 Floor4
4xsB1 Internal | ¥188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsB2 Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
AxsB3 Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
4xsB4 Internal | ¥Y188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsB5 Internal | ¥188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsC1 Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
4xsC2 Internal | ¥188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsC3 Internal | ¥Y188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
AxsC4 Internal | Y1860S7-15,7 62,00 (xS LC8 - Prestress | Type 3 Floor4
4xsCh Internal | Y186057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floord
4xsD1 Internal | ¥188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsD2 Internal | ¥Y188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
AxsD3 Internal | Y1860S7-15,7 62,00 [xS LC8 - Prestress | Type 3 Floord
4xsD4 Internal | ¥Y188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
4xsD5 Internal | ¥188057-15,7 62,00 | xS LC8 - Prestress | Type 3 Floor4
dysAl Internal | Y186057-15,7 62,00 [yS LC8 - Prestress | Type 3 Floord
4ysA2 Internal | ¥Y186057-15,7 62,00 |yS LC8 - Prestress | Type 3 Floor4
4ysA3 Internal | ¥Y188057-15,7 62,00 |yS LC8 - Prestress | Type 3 Floor4

Name Type Material Diameter of duct | Source geometry Load Case Type of stressing Layer

[mm]

dyshAd Internal | Y1860S7-15,7 62,00 [yS LC8 - Prestress | Type 3 Floor4
4ysB1 Internal | Y1860S7-15,7 62,00 [yS LC8 - Prestress | Type 3 Floor4
4ysB2 Internal | Y186057-15,7 62,00 [yS LC8 - Prestress |Type 3 Floor4
4ysB3 Internal | Y1860S7-15,7 62,00 [yS LC8 - Prestress | Type 3 Floor4
4ysB4 Internal | Y186057-15,7 62,00 [yS LC8 - Prestress |Type 3 Floor4
4ysC1 Internal | Y1860S7-15,7 62,00 [yS LC8 - Prestress | Type 3 Floaor4
4ysC2 Internal | Y1860S7-15,7 62,00 [yS LC8 - Prestress | Type 3 Floor4
4ysC3  |Internal |Y1868057-15,7 62,00 |yS LC8 - Prestress | Type 3 Floord
4ysC4 Internal | Y1860S7-15,7 62 00 [yS LC8 - Prestress | Type 3 Floor4
4xcA3 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xc A2 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floord
4xc A1 Internal | Y1860S7-15,7 62,00 |xC LC8 - Prestress | Type 3 Floaor4

So finally when we define all tendons on the floor we get the similar figure as the following one.
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Fig. 31 The 4™ floor after definition of all tendons
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5 Results

5.1 Mesh settings, size and refinements

5.1.1 Recommended values of the Mesh size

The recommended value of the mesh size is 2*depth of the slab for 2D structures. For our case 2*0,290 =

0,58m =>0,6m.
& | Mesh setup L X]

Name

E | Mesh
Minimal distance between two points [m] 0,001
Average number of tiles of 10 elxeﬁnt 5

I Average size of 20 element /curved element [m] 0,600 I

B 1D elements
Minimal length of beam element [m] 0,100
Maximal length of beam element [m] 100,000
Average size of cables, tendons, elements on subs... | 1,000
Generation of nodes in connections of beam eleme... B
Generation of nodes under concentrated loads on ... B
Generation of eccentric elements on members with ... |0
Division on haunches and arbitrary members 5
Apply the nodal refinement Mo members j

B 2D elements
To generate predefined mesh 5]
To smooth the border of predefined mesh [m}
Maximal out of plane angle of a quadrilateral [mrad] | 20.0
Predefined mesh ratio 15

Hanging nodes for prestressing

Fig. 32 Settings mesh size of 2D member

5.1.2 Setting for using Hanging nodes

The using hanging node for 2D member is possible to set in Mesh setup. The

not necessary in this case.

Name

Mesh

Minimal distance between two poirts [m]
Awerage number of tiles of 10 element
Average size of 2D element/curved element [m]
1D elements

Minimal length of beam element [m]
Maximal length of beam element [m]
Awverage size of cables, tendons, elements on subseil, nonlinear soil spring [m]
Generation of nodes in connections of beam elements

Generation of nodes under concentrated loads on beam elements
Generation of eccentric elements on members with varable height
Division on haunches and arbitrary members

Mo memben

Apply the nodal refinement
B 2D elements
To generate predefined mesh EH
To smooth the border of predefined mesh O
Maimal out of plane anale of a quadrilateral [mrad] 300
Predefined mesh ratio 15
| Hanging nodes for prestressing El

Fig. 33 Settings for hanging nodes

5.2 Averaging strips

For the reduction of peaks above the support it is recommended to define averaging strip above the support.
We use the point averaging strips and we define averaging strip for each node represent the point support by
column. Averaging strips can be defined from the two places:

additional fictive 1D beam is
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Results > 2D members > Averaging strips Concrete > 2D member >Averaging strips
Results I x Concrete L
+¥F Displacement of nodes I Design defaufts
I Deformed Structure = W 1D member
B = Support zones - Standard
(== Beams -] Bill of prestress reinforcerm
R »2[1) Members -8 Pretensioning - Beam stran
-8 Displacement of nodes =82 2D member

:@] Member 2D - Internal F ¢ = Member data
18} Member 2D- Stresses

e’éb Section on 2D member
Integration strip
@' Punching - Punching data
D/10 upgrade “-mz New free bars - New free |
-] Bill of material

-[_] Bill of prestress reinforcems
- calculation protocol

3

We use Point averaging strip and the dimensions of the strips are recommended 1,5*dimension of the
column. For this case we define value Width = Length = 0,85m . Direction of the averaging is also important
and we select the type Both .

Name
Type
Width [m]
Length fm]
Angle [deg]

Fig. 34 Averaging strips settings

The definition of the averaging strips

Fig. 35 Averaging strips settings defined on the structures

The difference between using with and without averaging strip is visible from the figure
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6 Evaluation of internal forces

Internal forces can be evaluated in the Results > 2D members > Member 2D - Internal forces  and also in
Concrete > 2D member > Member design > Internal for ces ULS. Basic magnitudes are the same for
both cases, but the differences are in the Elementary design magnitudes . There are several differences
between those internal forces. Explanation about details is described in Chyba! Nenalezen zdroj odkaz (..
The short overview of differences is summarized in the following table.

Results Concrete
Method for calculation of ENV method [6] NEDIM
Design magnitudes (Baumann

theory) [5]

Design magnitudes in direction YES NO
of the local axis (X, Y) of the

slab

Design magnitudes in direction NO YES

of the direction of the
reinforcement

Taking into account torsional YES YES
moment mxy
Shear effect (6.2.3(7)) NO YES

The design elementary magnitudes are the same in Results and Concrete part only if the following settings
are fulfilled:

» Two directions of perpendicular reinforcement

» The first direction angle in Concrete 2D member data is the same with rotation in Results > 2D
Internal forces service.

Concrete >2D member > Member data Results > 2D Internal forces
| Properties o x Properties o x
Concrete 20 data (1) - |58 & 2D member - Intemal forces (1) - | 5f 8
o ; X
2D member 5127 MName 20 member - Intemal for. ..
Type Plate 4 Selection Al hd
Advanced mods o Type of loads Combinations hd
T"_'rpe of reirrforcemerrt g... Jrnegens Combinations LS _shaort hd
Different layers perside |0 Fiter No -
Main reinforcement steel | Prestress - s
[ et Eataq vr o [
First direction angle [deg] | 0.00 . [deg]
E  Longitudinal Averaging of peak
Concrete cover fcu,cl) [ | 40 Location In nodes, avg. ?n macrn_ |
Diameter (du dl) [mm] 10.0 | Type forces Elementary design magr_~ |
El | Minimal concrete c._. Envelope Minimum hd
Exposure class *D1 | Standard E
Type of concrete In-situ concrete j Section O
Twne nf concrete sufane | Nomal -| Edge O
Trajectories O
Values mxD+ ﬂ
Extreme Global ﬂ
Drawing setup J

» Shear effect is not taken into account in Concrete setup > ULS > Shear > 2D structures
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[=I- Standard EM MName Standard EI
- Concrete E Concrete
- Design defaults Design defaults
- Concrete cover General
L 2D shuctures B uULsS
- General General
- Concrete 2 g

[J- Caleulation

: B 2D structures
L 2D structures

Shear stnat inclination control 6.2 3
Shear effect control £.2.3(7)
Construction joint
Detailing provisions
Wamings and ermors

variable stnat inclination method

=~ ULS no shear effect considersd |

General
- Shear
b 2D shiuctures

Construction joint
[=- Detailing provizions

¢ L. 2D stuctures and slabs
wharnings and errars

]

Fig. 36 Concrete setup for shear in 2D structures

6.1 Elementary design magnitudes - results

Elementary design magnitudes in Results are calculated according to different method (ENV method) and
internal forces are recalculated to direction so f the local axis (X, y) of the 2D element instead of the direction
of the reinforcement as it is for design internal forces in Concrete . These internal forces cover also torsion
mxy but they are not taking into account additional tensile forces from shear. These design internal forces
are only for presentation and they are not used for design of reinforcement. The internal forces in Concrete ,
which are recalculated into direction of the reinforcement, are used for design.

We can compare results from the model where prestressing is modelled using real tendon with model where
the equivalent load is used. You can see results in the tables below. Because there are higher internal forces
for model with real tendon probably the shorterm losses of 10% were overestimated with comparison of real
calculation of shorterm losses on model with real tendon.

Properties o

M ATETA

20 member - Intemal forces (1)

MName 20 member - Intemal forces
Selection Al
Type of loads Combinations
Combinations ULS_lang
Filter Mo
System Local
o F¥ Displacement of nodes Rotation [deg] 0.00
-1 Deformed Structure )
S-A Supports Averaging of peak =
?‘5 Reactions Location In nodes. avg. on macro
-+ Resultant of reactions Blementary design magnitu:
L Foundation table Envelope Mazimum
- ¢+ Nodal space support resultan  Standard 5|
[Z-= Beams Section O
- 4=F Internal forces on beam Edge m|
FTZTE Deformations on beam Trajectories 0
== Relative deformation
Valuas Mare comp
& Member Stress
-k Shear stress meD+ =
_{‘5 Connection input myD+ 5|
?5 Connection Forces meD+ &
E-<=" 2D Members m - &
C @-}J Displacement of nodes myD- 5|
& Member 2D - Internal Forces [N =
8 Member 2D- Stresses D =
& Section on 2D member D =
47 Integration strip "
E Averaging strip ncD =
@ 20/1D upgrade BExtreme Global
-] Bill of material Drawing setup
- Caleulation protocol Drrawing D

Fig. 37 Elementary design magnitudes - results
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Description of the values above:

mxD+, mxD- Design bending moment in direction x of LSS in lower surface (-) or

upper surface (+)

myD+, myD+ Design bending moment in direction y of LSS in lower surface (-) or

upper surface (+)

nxD+, nxD- Design normal force in direction x of LSS in lower surface (-) or

upper surface (+)

nyD+, nyD- Design normal force in direction y of LSS in lower surface (-) or

upper surface (+)

mcD+, mcD- Design bending moment in compressive strut in lower surface (-) or

upper surface (+) which have to be carried by concrete

ncD-, ncD+ Design normal force in compressive strut in lower surface (-) or

upper surface (+) which have to be carried by concrete

Model Output table
2D member - Intemal forces
Linear calculaton, Extreme : Global
Seledion : Al
Combinations : ULS_long
Elementary design magnitudes. In nodes, avg. on macra.
Casze Member elem mxD+ myD+ mcD+ mixD- myD- micD- nxD nyD nchD
[kNmiim] | [kNmim] | [kNmim] | [kHmim] | [kNmim] | [kNmim] [k Mim] [KM/m] [kN'm]
ULS long | S134 744 49,78 -4915 -50,23 360 273 -224 0,00 545,47 -641,87
ULS long | S134 873 451,47 448,43 -34,84 0,00 -40,12 -54,03 0,00 420,32 -51527
Equivalent ULS long | S126 9 0,00 66,26 | 13278 4974 4510 -130,43 0,00 589 53 -881,71
ULS long | 5134 6449 37,96 3578 -209,96 0,00 =207 18 -297 98 0,00 603,08 -887.23
load ULS long | S134 661 5343 66,54 0,01 052 2449 549 0,00 458 22 -515,20
ULS long |S7148 2719 5296 55,05 -89,27 -338,03 0,00 -373,85 0,00 565,31 -659,32
ULS long | S126 9 0,00 346 -47,16 149,98 143,84 -18,87 0,00 44410 -653,12
ULS long | S134 873 65,08 6391 -124,19 0,00 376,44 399,28 0,00 567,44 -695,61
ULS long | S142 1789 6,56 189 547 17,82 4411 0,00 -381,57 0,00 -435,99
ULS long |S5128 55 1314 066 -17,03 0,00 359 -8207| -2104,79 0,00 | -266130
ULS long | S130 147 1,48 121 034 513 15,98 =101 385,50 211,79 -275,53
ULS long | S136 919 0,75 14,30 -1712 =373 0,00 -84,74 000 223349 -321904
ULS long | S126 1 141 340 -189 18,26 674 -189 23113 320,80 -288.47
ULS long | S132 g 325 079 -1371 264 0,00 -15,98 0,00 -207965( -325091
ULS long | 5126 1 1,18 103 -196 5,08 528 -196 194 25 225 06 -136,82
2D member - Intemal forces
Linear calculation, Extreme : Global
Seledion © Al
Combinations : ULS_long
Elementary design magnitudes. In nodes, avg. on macro.
Case Member elem mxD+ myD+ meD+ mxD- myD- meD- nxD nyD nch
[kimim] | [kNm/m] | [kNmim] | [kMmim] | [kNmim] | [kNm/m] [kHim] [kN'm] JlWim]
ULS long | 5155 3358 -146,40 000 -325 45 151,38 154 83 -313,44 0,00 572,38 -959,48
ULS long | S134 859 860,36 645,69 -109,34 0,00 -2531 -146,78 0,00 -331,55 -93813
ULS long | 5134 743 -58,69 -59,38 -59,96 7,36 000 -382 0,00 572,79 -645,36
Real ULS long | 35134 663 662,31 847,06 -107 68 -37,88 000 -135,00 -498 34 000 -716,75
ULS long | 5134 649 150,13 12855 506,61 0,00 =377 42 643,39 0,00 -655,30 -907,20
tendon ULS long | 5152 3254 445 458 0,02 2029 5,75 210 0,00 161,15 -306,05
ULS long | 5137 1188 112,85 116,79 218,19 502,42 000 565,10 0,00 583,23 -72423
ULS_long | 5155 3358 -4276 000 -128 47 361,05 363,25 -8395 0,00 476,98 -799 56
ULS long | 5134 873 144,90 139 06 -298 17 0,00 558,87 | 63674 0,00 604,68 -74203
ULS long | 5134 859 177,02 104,41 -394 45 0,00 -389,80 721,80 0,00 397,86 | -112575
ULS long | 5131 359 0,00 3345 -13,80 67,32 13,90 0,00 0,00 424 38 -682,63
ULS long | 5153 32 5503 6,54 -20,23 0,00 $.23 132,94 | -1808,84 000 | -bGG6782
ULS long | 51595 3366 0,87 115 =347 7,05 6,73 347 627,88 631,29 -686,63
ULS long | 5145 2448 240 2056 -1917 5,16 000 -102,39 0,00 | 193303( -r03079
ULS long | 3132 381 3,08 310 792 5,26 219 -25,33 000 | 78427 -7036,04
ULS long | 5140 1650 499 403 =335 6,69 11,75 234 289,99 000 124,78
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Equivalent load

Real tendon

mxD+-max [kNm/m]

mxD+-max [kNm/m]

45147 555.47
42000
430.00
380.00
we000 440.00
230,00 400.00
300.00 350.00
270.00 320.00
24000 250.00
210.00 240.00
180.00
200.00
150.00
1200 160.00
5000 120.00
£0.00 80.00
mxD+ 30.00 40.00
534 -13.29
mxD-max [kNm/m] mxD--max [kNm/m]
14898 190.569
& 12000 e 160.00
100.00 -
140.00
80.00
000 120.00
4000 100.00
20.00 30.00
0.00 50.00
3696 40.00
20.00
0.00
-20.00
-56.30
mxD-
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myD+-max [kNm/m]

myD+-max [kNm/m]

44543 C4228
390.00 480,00 I
360.00 :
w000 440,00
300.00 400.00 1—
270.00 360.00 —
240.00 320,00 +—
210.00
o 280.00 —
15030 240.00 ]
120.00 200.00
90.00 160.00 1—
40.00 120.00
30.00
80.00
myD+ -5.52
40.00
793
\Mx [kNm/m] myD--max [kNm/m]
14284 188,55
é 120.00 180.00
'ii‘/f\\k m:yﬁ 100.00 '
el A T | s 140.00
,,_D | o0 120.00
L | C_, 20,00 100.00
o
T e 3000
* 60.00
-20.00
#mt o 40.00
l |
e [ 20.00
0.00
| — E
SEE =
myD_ -40.00
8271

[/

L]

|

A
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nxD-max [kN/m] nxD-max [kN/m]
Y R N ST Be50 627.88
@;ﬂ\ f);ﬂ \Kf‘ 0.00 1 i 400.00
Q» &» 20000
. 200.00
600.00 # % 100
00,00 é 5 -200.00
~1000.00 g ! }% -400.00
-1200.00 -500.00
155910 3 e o el t k -500.00
0/ v 1000.00
é ( § -1200.00
; % -1507.36
=
nxD o o
== == == ==
B B B B
k=)
7
%) @E
i ol i
—
o i=l
== == == =
£ B B =t
2 &
? |
{ - 55
i {
AAA@JAAAA\%“‘JAAA = @ —
nyD-max [kN/m] nyD-max [kN/m]
. 320.80
Py £31.20
LA T =T T o 40000
o e A s
500.00 L/ v \\—/// 0.00
-800.00 5 200.00
-1000.00 o N
» 2 |
b -1200.00 — :
: C | -tesa4 —H £ £ i -600.00
i/ B & | -1000.00
: \ E ~1200.00
'R‘? S| 4 o | 140000
1 L i G @ | -1610.86
nyD e /)J B i feal ual =
b t £ H
- e &
=3 \\ =
0 ) l
—\/? g = > |4 3
£ e i H ¥ 1§
&L fas! fa ol ]
H— £ £ o
(=
\ 7| <
J ﬁ e
' -
i ﬁ[? ﬂ 2
(28 e 50 e 2]

6.2 Elementary design magnitudes — concrete

These internal forces are recalculated into direction of reinforcement. Also torsional moment mxy and shear
effect is taken into account with respect of the settings in the concrete setup (see 6.3)

Again we can compare results from the model where prestressing is modelled using real tendon with model
where the equivalent load is used. The structure is type General XYZ (see project data). Only normal design
forces (nl-; n1+; n2-; n2+) are available for this type of structure.
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Properties o =
Member 2D - design - dimensional i + \rfg v
& K
MName Member 2D - intemal forces ...
Selection Cument j
B Type of loads Combinations j
=
- Design defaults Combinations ULS_long =
=T 10 member Fiter No =
-5 Pretensioning - Beam strand pa  Averagingof pesk &
=-E= 2D member Location In nodes, ava. on macro j
L= Member data Type values Design magritudes j
) Standard )
- Member design Section =
43} Internal forces ULS Edge O
L= Member design ULS More comp |
] Member design LS +5L  nt- 2
4% Section on 2D member "‘3’ =
nil+
# Reinforcement 2D s =
=3 ) .
- Averaging strip ne- =
-5 Punching ne+ =
Punching data vd e
-
L.5gF Punching check Exreme Global j
Drawing setup
- Mew free bars - New free bar Drawing D -

Fig. 38 Elementary design magnitudes — concrete

Description of the values above:
nl-,n2-,n3-,n1+,n2+,n3+

nc-, nc+

vd

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

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

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

The results mentioned below are evaluated for combination ULS long and the have covered the shear

effect in SR2 .

Model

Output table

Equivalent
load

Member 2D - design - dimensional internal forces

Member 20 - imtemal forces - basic magnitudes

Linear calculation, Extreme © Global
Seledion : All
Combinations © ULS_long

Member elem Caze n1i- n2- nec- ni+ n2+ nc+ wvd
[k im] [kMim] [kMim] [kNim] [k N'm] [kMim] [k W'm]

5146 2491 |ULS long 144207 -91816 -33012 | 137774 829,05 466, 26 109 57
5126 9 (ULS_long 675,57 T65,68 45375 447 85 482 96 -312 18 43317
5134 873 |ULS long -136528 ( -130088 524 19 2960,83 299615 | 171417 | 103034
5132 423 |ULS_long -4 22 121581 484 61| -1419,90 -B47 68 -430 46 284 50
2151 3222 |ULS long 81743 -115704 -382 33 785,03 | 176,59 =246 24 94 21
5134 844 (ULS_long 119,83 22889 134047 646,81 862 66 -590 56 647 62
5133 573 |ULS long -4.31,79 -21355 0,67 -385,14 489 63 5495 68,93
5134 649 (ULS_long -830,99 -700.44 =324, 1 2433 96 252580 | 222982 945 86
S142 1948 |LULS long -289 57 -384.29 -787 550 46 =280 76 258 65,31
5149 3056 |ULS long -304 40 =246 70 -1537 573,41 S11,17 -1560 162
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Member 2D - design - dimensional internal forces

Member 20 - intemal forces - basic magnitudes

Linear calculation, Extreme . Global
Seledion : Al
Combinations © ULS_long
Member elem Case ni- n2- nc- ni+ n2+ nc+ wvd
[kNim] [kMim] [KNim] [kNim] [kN/m] [kN/m] [kMim]
5134 873|ULS long 259806 [ -250202| 757.46| 273428 | 275129 04319 143943
Real 5151 3216 [ULS_long 91045 | 102514 | -114841| H0817| 44813 | 41978 | 42453
. 5155 3358 [ULS long 900,70 | 103522 | -115007| £2729| 44529 42141| 42555
encon 3150 3212 |ULS long | -127081| 15754| 271.21| -144854 450 | 35750 B2A7
5142 1953 [ULS long | -203691| -183352| -44740| 320039 | 300233 | -148530| 129539
5154 3342 [ULS_long -19954 | -956548| -14579| 228317 | A21387| 260,58 8387
5133 G48|ULS long | -179578| -180402| 523.86| 299332 | 328656 | -148520| 127030
5140 1641 [ULS long | -143246| -62427| -285501| -126320 8187 | -296035| 17958
5131 368|ULS long -32572 | -400,58 036 59592 | -33067 TF76 6359
5150 3171 [ULS long | -144552( -719,02| -284547| -1250,99 176,61 | 207613 | 18358
5142 1732 [ULS_long -33243 | -33049 204 | BT 25| 34312 DA0 5356
5137 1075 |ULS long -20089 | -34054 -623| B3/ED| 47786 457 254
Real tendon
ni- [kN/m] n1- [kN/m]
675.57 910.45
400.00 600.00
200.00 300.00
0.00 0.00
-200.00 -300.00
-400.00 -500.00
-500.00 -800.00
-500.00 -1200.00
-1000.00 -1500.00
-1200.00 -1800.00
-1442.07 -2100.00
-2598.06
nl-
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n2- [kN/m] ovv Z% VY % a n2- [ki/m]
103522

765,68 7

400.00 | r_//_\,\ﬁ 500.00

200.00 ] 300.00

0.00 0.00
-200.00 \IX/ -300.00
-400.00 A __ﬂ},{\ . -500.00
600.00 }/ * -800.00

-800.00 \\U -1200.00

-1000.00 : }"h -1500.00

V. & -1800.00

Bl o™ @f@ﬂ |
Y Y R 4'7 -

el el
<ES— e
=2V B o

iy

n2-

L

]

PR
J
0
5,

)
Dy

{

4
i
4
5
1

n1+ [kN/m] n1+ [kN/m]
2960.83 320,39
2400.00 2700.00
2100.00 2400.00
1800.00 2100.00
1500.00 1800.00
1200.00 1500.00
900.00 1200.00
600.00 300.00
300.00 600.00
0.00 300.00
-300.00 -0.00
-600.00 -300.00
-900.00 -600.00
nl+ -1419.90 -900.00
-1448.54
n2+ [kN/m] n2+ [kN/m]
2996.15 398555
2400.00 2700.00
2100.00 2800.00
1800.00 2100.00
1500.00 1800.00
1200.00 1500.00
900.00 1200.00
600.00 900.00
300.00 600.00
0.00 300.00
-300.00 -0.00
-600.00 -300.00
-1176.59 -600.00
n2+ -200.00
121387
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nc+ [kN/m] nc+ [kNim]
0.40

vd [kN/m]
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6.3 Shear effect during design of reinforcement

As mentioned above, dimensional magnitudes are recalculated into reinforcement directions, moreover in
these values is torsion moment mxy also taken into account. It is also possible to calculate with influence of
tension force caused by shear stress. This can be set in Concrete setup dialog with attribute Shear effect

control 6.2.3(7), under Concrete > ULS > Shear > 2D structures . This attribute is possible to set three
ways:

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

e Shear effect considered in SR2 (tension force from shear stress will be considered in design forces
calculation only on elements, where shear force is not covered by concrete capacity, i.e. on
elements, where shear reinforcement is needed)

» Shear effect considered unconditionall y (tension force from shear stress will be considered in
design forces calculation on all elements, nevertheless the shear reinforcement is, or is not needed)

B uLs
General
B Shear
B 2D structures
Shear stnt inclination cortral 6.2.3 varable stnit inclination method
Shear effect contral 6.2 3(7) na shear effect considered

Construction joint no shear effect considered
SLS shear effect considered in SR 2
shear effect considered unconditionally

Detailing provisions
Waminas and ermors

The recommended option is taking into account shear effect only in SR2.

The comparison of the results for Elementary design forces and Design ULS+SLS on shear effect is
performed for model with real tendon and only for slab S138 in the following two tables.

Type nl- nl+

n1- [kN/m]
-257.74
-400.00
-500.00

n1+ [kN/im]
74Tz
2400.00
2200.00
2000.00
1200.00
1600.00
1400.00
1200.00
1000.00
00.00
§00.00
400.00
200.00
0.00
-200.00
-577.24

-500.00
-700.00
-500.00

No
shear
effect

-500.00
-1000.00
-1100.00
-1200.00
-1300.00

-1451.38
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n1- [kNim] n1+ [kh/m]
25774 anerz
2400.00
-500.00
2200.00
-300.00 200000
-1000.00 1800.00
-1200.00 1600.00
1400.00
Shear ~1400.00
1200.00
effect ~1600.00 1000.00
in -1800.00 800.00
SR2 -2000.00 60000
400.00
-2200.00
200.00
2457 40 0.00
-200.00
\ 57724
n1- [kN/m] ] ni+ [kN/m]
14.858 271472
—200.00 2400.00
-400.00 2200.00
_500.00 2000.00
_800.00 1800.00
-1000.00 1600.00
Shear ~1200.00 1400.00
effect -1400.00 1200.00
1000.00
-1600.00
uncon 200.00
d|t|0n -1800.00
_2000.00 £00.00
a’"y -2200.00 400.00
200.00
-2457.40
0.00
-200.00
-573.79

From the table above is clear the shear effect has main influence only on design magnitudes for
design of the lower reinforcement.

Type Arl- Arl+

Artl. [mm~2/m] Arl+ [mm#2/m]
Constant value 0

No
shear
effect
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Ar1- [mmA2/m] E Arl+ [mm#2/m]
Constant value 0 | 27
2400
2200
2000
1800
1600
1400
1200
1000
300
500
400
200

Shear
effect
in
SR2

E}______

[ ]| Arl- [mmA2/m] Arl+ [mm~2/m]
I

441 | )]
380 2400
360 ] 2200
230 \ﬁ 2000

1800
270 41— 1600

Shear
effect
uncon
dition
ally

240 41— 1400

210 1200
180 ] 1000
150 800

120 +— e
400
a0
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7 Design of nonprestressed reinforcement

7.1 Concrete 2D data

The user overwrites default global settings with local settings defined for selected members by creating
member data. Simply said, where user doesn’t want use global concrete settings, user creates local concrete
settings by defining member data. We recognize two types of these local settings for 2D concrete members

* Member data
e Punching data (more in chapter 8.1)

These member data may be created by selecting these two items in Concrete tree and choosing the proper
2D member, where this data want to be defined. These newly created settings will be loaded from default
global settings and are possible to be changed to fit user needs.

Cancrete a

Design defaults

- 10 member

-+ Pretensioning - Beam strand patt
=22 2D member

== Member data
=-L=] Member desian

-4 Section on 2D member
% Reinforcement 2D
E Averaging strip
-5 Punching
.5 Punching data
5% Punching check
e New free bars - New free bar

Fig. 39 Concrete tress with concrete member data

Concrete member data for slab S138 can look as following

Advanced mode O

Type of reinforcem... | Orthogonzl
Differert layers per .. B
Upper reirforcemen.... | B 500B
Lower reinforcemen... | B 500B ..
Shear reinforcemen... | B 500B -
Bl Upper
First direction angl... 0,00
Concrete cover (c... | 40
Diameter {du) [nm] | 14.0
B Lower
First direction angl... 0,00
Concrete cover {c... | 40
Diameter (dl) [nm] | 10.0
E Minimal concr...
Exposure class *D1
Type of concrete | In-situ concrete
Type of concrete ... | Nomal

L«

Kl

Lelele

Fig. 40 Concrete member data for slab S138
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et

-

Fig. 41 Concrete member data in 3D window

7.2 User reinforcement

Effects of prestressing is taken into account automatically only partially for design of non-prestressed
reinforcement in 2D members in version Scia Engineer 2011.

Internal forces are taken automatically into design but area of prestressing reinforcement is not taken
automatically. This causes another workaround how to take amount of prestressing reinforcement into
account for design or other checks.

Real postensioned tendon is possible to substitute by the nonprestressed reinforcement which is inputted as
Freebars . The Freebars are possible to input from Concrete > Freebars . The geometry of the freebars will
be the same as geometry of the postensioned tendon.

Concrete o

B! Design defaults

=+ 1D member

----- 1% member buckling data

----- T Member data

=3 G Redes (without As)

I8 New reinforcement
i Mew stirrups
= New longitudinal reinfor
=k Edit reinforcement in se

-5 Support zones - Standard bez
-] Bil of prestress reinforcement
----- & Pretensioning - Beam strand p

= Member data

4% Section on 2D member
#E Reinfarcement 2D

E Averaging strip

----- = Punching - Punching data

—— New free bars - New free bar

Fig. 42 Freebars in Concrete tree

Material of these freebars has to be also modified. We create completely new material based on the
nonprestressed material and modified E modulus to 195GPa and tendon stresses.
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Aieg sk g & @@ Redorosment stesl
B 4004 Name _F‘reslress

B 5004

Material type Reirforcement steel
ianl Th_errgal_‘_ex_pan;j_ur_l [m/mK] :D,DTe-DDB
E 4008 Unit: mass fkeg/m ™3] 7850.00
B 5008 E madulus [MFa] 113600605
B 6008 Poisson coeff. 02
Indspendent G modulus o
i fou G modulus MPa] [5.1250-04
E 500C Log. decrement |02

B 600C Colour fam——————]
e i Specific heat [J/gK] 6,0000e-01

Themal conductivity [W./mK] |4.5000e+01 |

Bar surtace. |Ribbed d|

Orderin code 5 |
El EN 1992-1-1 |

Charscteristic yield strengthfyk [ | 1670.0

Calculated depended values O

Characteristic maximum tensile sir... | 1860.0

Cosfficient k =ftk /fyk [1 [1.08

Design yield strength - persistent (.. | 1452.2
Design yield strength - accidental .. 16/0.0
Maximum elongation eps uk [Te-4] | 350.0 |
Class A =1
Reirforcement type Bars

Fabrication | Hot rolled

Bl Stress-strain diagram
Type of diagram Bidinear with an inclined top bmrﬂ
e of e s G| |

o |

Fig. 43 Fictive prestressing material

The diameter of the fictive bar is calculated from the area of the strands. We suppose the 3strands in one
tendon.
A, =3+ A, =3-150 = 450mm?
4-Ap _ |4-450
s

We can display the amount of user defined reinforcement (freebars representing the tendons) in services
Design ULS or Design ULS+SLS . In the following table you can see the results for user reinforcement.

Note ‘

This amount can be displayed only if we have the same material of user defined reinforcement with
material of designed reinforcement. That why it is necessary to switch material of freebars to B500B.

d= = 23,96mm

The different colors of strips in the span line are caused

Value Asw is of course equal to zero because no shear user reinforcement is defined in this moment

Member 20 - check cracks - required areas

Lirear calkeulation, Exdreme © Shobal
Saleciion - All

Cl=s - ULS+ELE

Liser relrforcement

Nisgaesary ansa Tor & skscted 20 mambsr

Member | ssm Case "

7 42 | ULE+ELE EM a a 25 a
1A 184 [LLE+ELE Q 42 230 Q a
1% 1|ULE+ELE a a a a a
512 T |ULE+ELE a a &4 a a
1% I |ULE+ELS a a a 45 Q
13 154 [LILE4ELS a a 624 429 ]
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Type Lower (-) Upper (+)
of
output
As1- [mm*2/m] As1+ [mm#2/m]
624 624
560 ] 560 I
520 520
480 +—| 430 |
440 1—| 420 1|
400 +— 400 1
380 380 T
320 1| 320 1
280 ] 280 ]
240 240
200 1 200
Asl 60 1 L
120 120
20 80
40
40
0
0
As2- [mmA2/m] AsZ2+ [mm*~2/m]
499 459
450 450
420 420
390 380
350 +— 350 +—
33g 1| 330 41—
300 1 300 41—
270 1 270 1|
240 240
210 ] 210
180 180
150 4+—1 150 +—
As2 : 120
120
90
90
60
60
30
30
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7.3 Design of necessary area of non-prestressed rei  nforcement

7.3.1 Design ULS

Design of necessary area of nonprestressed reinforcement is done in Concrete > 2D member > Member
design > Member design ULS . The theory of the design is explained in details in [5] and Chybal
Nenalezen zdroj odkaz ..

Member 20 - design - required area -

Mame Member 2D - design -reqi
Selection Al
Type of loads Combinations
Combinations ULS _long
Fitter Layer
Layer Foord
System Local
Output Brief
Show emors [m|
Show wamings O
EEREEEE Pt explanation of .. O
Use user scale isolini... O
Design defaults Averaging of peak E
- 1D member Location In nodes, ava. on macro
--Hk Pretensioning - Beam strand pat|  Type values Flequired areas
2D member Required reinforcement
Member data Standard B
Member design Section O
1@ Internal forces ULS Edge O
& Member design ULS Values More comp
-ked Member design ULS+5LS |  ag1- ®
4% Section on 2D member = =
# Reinforcement 2D Asle =
" Averaging strip D= =
Punching Aew =]
= Punching data Extreme Global
-5 Punching check Drawing setup
'''' == Mew free bars - New free bar Drawing En)

Fig. 44 Design ULS in the tree

Before design procedure starts we recommend checking the setting for detailing provisions of 2D structures

in Concrete setup > detailing provisions >2D structure s and slabs.
= | Concrete

Design defaults

General

ULS

5L5

2

B 2D structures and slabs
B Setting of checks
Minimum transverse reinforcement E yes
Minimum constructive reinforcement | no
Minimum pressure reirforcement B yes
Minimum tension reinforcement onf... B yes
Minimum tension reinforcement onf... B yes
Mzzdmum degree of reinforcement B yes
Minimum shear reinforcement B yes
Minimal bar distance O ne
Mazdmal. bar distance O no
Bl | Reinforcement

Minimum transverse reinforcemert - .. | Inactive reinforcement excluded ;I
Mirimum transverse reinforcemert 9... | 20,00
Minimum constructive reinforcement.... | 0,00
Minimum pressure reirforcement 9.6... 0,00

Minimum tension reinforcement
Minimum tension reinforcement
Maximum degree of reinforcement 5.
Minimum shear reinforcement [%]
Minimal bar distance [m]

Maximal. bar distance [m]

Automatic calculation of minimum tension I'E;I
Automatic calculation of minimum tension I'ELI
4,00

0

0,05

0,20

Fig. 45 Detailing provisions for 2D in concrete setup
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We can split design reinforcement into five groups:

Asl-
Asl+
As2-
As2+
Asw

necessary area of lower reinforcement in the direction 1
necessary area of upper reinforcement in the direction 1
necessary area of lower reinforcement in the direction 2
necessary area of upper reinforcement in the direction 2
necessary area of shear reinforcement

In our case there is certain amount of postensioned tendons reinforcement. So we could design only

Additional reinforcement

which is needed to add to the current reinforcement, but due to problem

mentioned in note of chapter 7.1 (different materials) we have to calculated Required reinforcement and
these amount decrease by the user reinforcement. This is procedure how we can get the additional amount
o reinforcement. The results mentioned below are evaluated for real tendon structure for combination
ULS long and they have covered the shear effect in SR2 .

Type Lower (-) Upper (+)
of
output
As1- [mm*2/m] As1+ [mm*2/m]
— ] 2094 5667
l 1800 5200 ]
' 1600 4800
1400 4400 +—
1200 4000 1—|
1000 3800 1—
. 300 3200 17—
00 2800 i
, an0 2400 £
200 2000 £
0 1600 T
Asl ‘ 1200
800
. 400
0
>
| 4
As2- [mm*2/m] As2+ [mm*2/m]
2381 5468
§ | 2000 4300 I
1800 4400
1600 4000 1~
1400 3600 —
1200 3200 +—
1000 2800 +—
200 2400
600 2000 ]
400 1600 7~
200 1200
As2 0 a00

a7
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Asw

Asw [mm*2/m*2]
13343

12000 I
11000

10000 +—
8000 +—
2000 +—
7000 +—
G000
5000 ]
4000 +—
3000
2000
1000

0
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7.3.2 Design ULS+SLS

Design of necessary area of nonprestressed reinforcement is done in Concrete > 2D member > Member
design > Member design ULS+SLS . The theory of the design is explained in details in [5] and Chybal
Nenalezen zdroj odkaz ..

Member 2D - check cracks - requin +

Mame Member 2D - check crack

Selection Curment
Type of loads Class
Class UL5+5LS P
Fitter Layer
Layer Floord
System Local
Output Brief
Show emors O
Show wamings 3}
Prirt explanation of ... O
Use user scale isclini... |0
Averaging of peak H
~JE Design defaults Location In nodes, avg. on macro
- 10 member Type values Required areas
-7k Pretensioning - Beam strand patt Reinforcement Required rsinforcement
=22 2D member Standard E

-3 Member data Section |

E| Member design Edge O

C '@E Internal forces ULS More comp
i - Member design ULS Arl-

® Member design ULS+5LS Wy
' Section on 20 member

HEEHEEHER

Ar
i/ BE Reinforcement 2D .
- . . ArZs
..... £ Averaging strip As
=5 Punching - Memb
i Punching data Eﬂre‘?ne o
5 Punching check g sLp
-5 Mew free bars - New free bar Drawing 3D

Fig. 46 Design ULS+SLS
The procedure of design of the nonprestressed reinforcement for both states (ULS+SLS) is done in the
following steps.
1. Design of necessary reinforcement for ULS
2. Design of necessary reinforcement for SLS

a. Design for SLS means the minimal area of reinforcement for reaching maximal allowable
value of crack width (depending on exposure class).

b. Check if reinforcement designed for ULS is satisfied for SLS too
i. IF Yes THEN Design is finished
ii. IF No THEN Design of additional reinforcement between SLS and ULS

Note ‘

Design SLS doesn'’t calculate reinforcement with respect of Stress limitation or Deformation

Limited values of crack width are not implemented in Release 2010.1. It means user have to adapt

manually maximal crack width for nonprestressed concrete in concrete setup. But in our case we use
monostrands which are unbonded tendons and the limited values are the same as for nonprestressed
concrete
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The classes are required for Design ULS+SLS. The classes are described in chapter 2.6. Only one class
which contains ULS_long and SLS_QP_long is needed.

The required additional areas for class ULS+SLS are the following for the each surface and direction. We
can split design reinforcement into five groups:

7.3.2.1 Design of longitudinal reinforcement with s

Arl-
Arl+
Ar2-
Ar2+
Asw

necessary area of lower reinforcement in the direction 1
necessary area of upper reinforcement in the direction 1
necessary area of lower reinforcement in the direction 2
necessary area of upper reinforcement in the direction 2
necessary area of shear reinforcement

Member 2D - check cracks - required areas

Linear calculation, Extreme : Global

Selection

T All

Class : ULS+5SLS
Additional reinforcement

Necessary area for selected 2D member

Member | elem Case A A, AL A, A,
[mmzim] | [am2m] | [mm2m] | [mm2m] | [mm2im3]
S127 24 |ULS+SLS 0 0 0 0 0
5126 1 |ULS+SLS 992 1167 975 1138 0
S131 364 |ULS+SLS 393 393 2970 41M 0

hear effect considered in SR2

The results mentioned below are evaluated for real tendon structure for combination class ULS+SLS
(ULS_long+SLS_QP_long) and they have covered the shear effect in SR2 .

Member 2D - check cracks - required areas

Linear calculation, Extrerne : Global
Seledion : All

Class : ULS+5LS

Required reinforcement

Necessary area for selected 200 member

Member | elem Case A, A, A L
[mm*im] | [mmdim] | [mmdim] | [mmdim] | mmdie]
5132 423 | UL5+5LS 0 o il a a
5126 1|ULS+5LS 1184 1328 1533 1780 o
5131 364 | ULS+5L5 a a 0 0 a
5131 154 | ULS+5L5 a a 5382 8981 a
Output Lower (-) Upper (+)
Arl- [mm*2/m] Arl+ [mm+*2/m]
2267 5959
2000 ] 3200 ]
1800 4300
1600 4+— 4400 +—
1400 +— 4000 1
1200 +— 3600 1—
1000 3200 1
200 ] 2800 ]
200 41— 2400
Arl 2000 +—

1200
800
400

16800
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Ar2

2553

Ar2- [mmA2/m]

200

7007
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

Ar2+ [mmA2/m]

The 2D structure is prestressed. Warning W18 appear

or errors are in the background. It is suitable to
see the exact warning and errors on the structure.

s for this type of structure and other warning

set OFF W18 in concrete solver and then you can

But this is not possible in the current version

7.3.2.2 Design of shear reinforcement

The evaluation of the required areas of shear reinforcement can be done for

e Variable strut inclination

*  Fixed strut inclination

— program optimizes the angle theta (recommended)

- value of cotangent is set to 2,48 (max =2,5)

The results of the necessary areas are displayed in the following table for real tendon and slab S138 again.
You can see the required areas are less for case with fixed strut inclination.

Asw

Fixed strut inclination

Variable strut inclination

3 uLs
General
B Shear
B 2D structures
Shear strut inclination control 6.2.3
Shear effect control £.2.3(7)
E Angle between the concrete __

fixed strut inclination method {nor
shear effect considered in SR 2

Type of input theta Angle
theta [deq] 22,00
cot ftheta) [1 248

3|uLs
General
B | Shear
B |2D structures
Shear stnut inclination cortrol 6.2.3
Shear effect control 6.2.3(7)

variable strut inclination method
shear effect considered in SR 2
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Asw [mm~2/m*2]

1]

Ly ]

2451
2200
2000
1800
1600
1400
1200
1000

800

600

400

Asw [mmA2im*2]

7.3.3 Summary from Design ULS+SLS of longitudinal r  einforcement

The biggest required areas are for upper reinforcement above columns. These regions are problematic

during our design from several reasons

» Shear effect - the regions above columns are very sensitive on taking into account or not shear
effect on required areas of longitudinal reinforcement. If we can neglect shear effect we get much
less values of the required areas. The explanation when we can neglect shear effect are the

following:

(0]

Punching check - the shear effect can be verified by this design or can be checked also
during punching check (Maximal concrete strut capacity). That's why we can neglect shear

effect for design of longitudinal reinforcement if we also perform punching check.

o Limits for additional force caused by shear — chapter 6.2.3(7) describe teh limit for the
additional longitudinal force caused by the shear (Med,max/z) This limit is not verified by the
NEDIM. That's why much higher longitudinal forces can be taken into account during design
than they are allowed. Again we can compare the values for slab S138 with real tendon
Slab S138 mx [KNm/m] my [KNm/m]

mx [kNm/m] my [kNm/m]

', !‘i 69.56 6237

50.00 50.00

40.00 40.00

30.00 30.00

20.00 20.00

10.00 10.00

0.00 0.00

m -10.00 -10.00

-20.00 -20.00

-30.00 -30.00

—40.00 -40.00

-50.00 -50.00

-69.93 -63.83

7l

mx = 69,56kNm/m
my = 62,37kNm/m

z=209-09-h=09-09-0,29 =0,235m

52




Tutorial of post-tensioned concrete slab — EN1992-1-1 Luk&s Dlouhy

AFogmas = 2 = 8926 _ 596, 13KN
td,max — z - 0,235 - ’ /m
If you look on the table below you can see the values of additional longitudinal forces caused by shear. You
get these values when you calculate difference between values with (SR2) and without shear effect. Values
near the support are bigger almost twice in case when you consider shear effect. Then additional longitudinal

force caused by shear is the following
AF.y = 2467,40 — 1451,39 = 1016,01kN/m = 296,13kN/m = AF 4 0

This value is much higher (3x) then allowed. From the investigation above we can assume to neglect shear
effect because we get very high value of additional longitudinal force caused by shear.

Slab n1- [kN/m] n2- [kN/m]
$138
n1- [kN/m] n2- [kN/m]
-257.74 17.86
-400.00 -100.00
-500.00 -200.00
-500.00 -300.00
-700.00 -400.00
-300.00 -500.00
No -500.00 -500.00
shear
effect -1000.00 -700.00
-1100.00 -500.00
-1200.00 -500.00
-1300.00 -1000.00
-1451.39 -1100.00
-1200.00
-1308.58
n1- [kN/m] n2- [kN/m]
-257.74 17.86
-500.00 -200.00
-300.00 -400.00
-1000.00 -500.00
-1200.00 -800.00
Shear -1400.00 -1000.00
effect -1600.00 -1200.00
in -1800.00 -1400.00
SR2 -2000.00 -1600.00
-2200.00 -1800.00
-24567 40 -2000.00
-2380.04
/-’
* Maximal percentage of the reinforcement —  another limit during design seems to be maximal

percentage of reinforcement. The default value is 4% (9.2.1.1(3) from [1]). This limit is exceeded for
this case (see non-designability places above columns for case real tendon). If we increase this
percentage for 5% the reinforcement is possible to design with respect to this condition.

German national annex is allowed to use reinforceme nt up to 8% of concrete areas. It means

increasing of percentage from 4% to 5% probably wil | not affect the structural design and could be
done. But we do not meet strictly general Eurocode.

You can find the results for structure with real tendon and for the slab S138, class ULS+SLS for the upper
reinforcement (Arl+) in the following table.
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Slab 4%
S138

5%

Arl+ [mm*2/m]

_l
J 2000

Arl+ [mm*2/m]

6542
6000
5600
5200

4800 +—
4200 +—
4000 +—

No 800 3600 4
shear a0 3200
effect 00 2800 ]
200 2400
0 2000 +—
1600 +—f
1200
200
400
37 0
| Arl+ [mmA2/m] Arl+ [mmA2/m]
2799 6542
E E] 2400 ] 6000
\: 2200 5500
2000 +— 200
1800 +— 4200
1600 +— 4400
1400 4 4000
1200 3600
SR2

1000
800
600

400
200
0

37

However if we neglect shear effect we still get some non-designability places above columns (empty areas
above column for no shear effect and 4% reinforcement limit). The solution how to solve this problem is

introduced column with head (see chapter 7.4.)

7.4 Definition of column head

Due to reason described in the previous chapters it seems to be efficient to introduced column head in the
structure. The column head as mentioned in the following figure have been modelled. Based on the span
L=9,0m the outermost distance is 2,7m and the inner effective distance is 1,8m (see following figure). Depth

of the head is 0,625+0,290=0,915m.

-

z 3L

czgaLl d,T

Fig. 47

The column head are modelled as subregions in the existing slabs. The subregions are defined from the

Dimensions of column head

Structure > 2D member > 2D members components
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Properties L
Subregion (1) - | %8 &
-] 1D Member L&
£+ 2D Member ame " R31
£ Plate Material C35/45 I
m wall Thickness type wariable
..... Q Shell El | Variable Thick...
Direction Wariable in two directions

..... = -
Shell - surface of revolut Thickness [mm] 515

-l Shell - swept surface Point 1 N30
@ Ribbed Slab Thickness [mm] 230
- Prefab Slab Point 2 N214
=48 20 member components Thickness [mm] 230
Poirt 3 N215
-4 Opening Member systempla... top
{‘3 Internal node Eccentrcty 2 fom] 0
20 member 5138
{D Internal edge = Nod
43 Rib N0
4]} Integration strip NZ14
& Intersection NZ19 0
{_13 Cut-out NZ220 abso

Fig. 48 Subregions

The 3D screen of the structure with column head is visible form the following figure.

Fig. 50 Rendered 3D model of slab with column head

The local mesh refinement should be introduced above column head. Generally mesh size with length of
finite element 0,6 m is used. Linear local mesh refinement with ratio 1,5 should be used above column head.
Local mesh refinement is defined from the Calculation, mesh > Local mesh refinement > Node me sh
refinement . This option is dependent on the level of the project (Advanced level is required).
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..... Project
-HF Line grid and storeys
- Structure

A Load
[#-4& Load cases, Combinations 3
= lculation, mesh fo 2D member edge mesh refinement

- Check structure data B surface mesh refinement
----- 245 Connect members/nodes
----- [ Mesh setup
----- I+ Solver setup

Local mesh refinement
(1B Mesh generation

Mesh in node (1) -

----- Calculation

----- F4 Hidden calculation

,gg Autodesign e
----- 18 2D data viewer Radius [m] 1.350

b Results Ratio 15

----- [® Open connection 0,000

----- o Concrete e m] '

----- @ Document dy [m] 0.000
-, Drawing Tools dz [m] 0.000
-G Lbrares Type of point mesh r... | Linear incremert
(-2 Tools Nade NS1

Fig. 51 Local mesh refinement

Local mesh refinement is graphically displayed using balls.

Fig. 52 Local mesh refinement on the whole structure

7.4.1.1 Design of longitudinal reinforcement for st  ructure with column head

During preparation of this tutorial was found the best evaluation of the required areas for this type of

structure is location In nodes avg .
The results mentioned below are evaluated for real tendon structure with column heads for combination
class ULS+SLS (ULS_long+SLS_QP_long) and these results are without shear effect (see chapter 7.3.3)
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Output Lower (-)

Upper (+)

Ar1- [mmA2/m]

1327
1200
1100
1000

Arl
Ar2- [mm»2/m] Ar2+ [mm+2/m]

. 1640 2478
1500 ] : 2200
1400 2000
b | 1200 4 1800
i | 1200 1600
1100 1400
y | 1000 1200
a00 1| 1000
200 800
700 600
so0 1 400
500 -+ 200
400 o

300

200

Ar2 1

When we focus again on the slab S138 then we can see exact values of the required areas. For the external

column we can investigate also slab S128 and S135.
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Qutput Arl+ Ar2+
Arl+ [mmA2/im] Ar2+ [mm#2/m]
1585 1409
1400 I 1200 I
1300 1200
1200 +— oo
1100 +—| 1000 1
1000 4 001
900 1—| igz |
800 — a0 .
700 . <00 I
S138 600 a00 1
500 a0
400 00
200 100
200 0 l
100
0
T
Arl+ [mm#2/m] Ar2+ [mm~2/m]
802 975
750 800
700 240
850 780
500 720 1
550 860 1
500 500 +—
450 1+ sap 1
A 400 480
35u] 420]
300 360
250 1 200
200 1| 24p 1
150 1280
100 I 120 ]
50 50
i} o
“ Art+ [mm*2/m] Ar2+ [mmA2im]
950 .
—op (e
780
720 1 "' 800
860 1| 700
800 1 800
0 500
S135 :zg I 400
260 ] 300
300 200
240 1 100
180 ) 0
120
su]
. .

These areas are total required areas. There is also user reinforcement by the tendons. So finally the amount
of additional reinforcement is difference between user and required areas. You can see detail of required
areas for each region in the following table.
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Span Column internal Column external
[mm2/m]

Lower 1 Lower2 Upper 1 Upper 2 Upper 1 Upper 2
Total
required 400 500 1565 1409 802 1056
reinf
User reinf 240 240 624 624 624 624
AT 160 260 941 785 178 432
reinf
Reinf 8a 8a 14 a 1l4a 14 a 14 a

150mm 150mm 150mm 150mm 300mm 300mm

There are also some special regions on the slab where prestressing tendons are anchored. The intensity of
the stresses is too high in this regions and that's why it is not possible to design such regions. Special
analysis for example strut and tie analysis should be done for proper investigation of the zone below
anchors. This is not part of this manual.

7.5 Definition of additional required reinforcement

There was designed additional nonprestressed reinforcement for each surface on ULS+SLS in the chapter
above. Now these necessary areas should be defined as user real reinforcement. The reinforcement above
column should be designed in the rectangular areas at least L/4 in each direction above columns. We
increase value for L/3,5 for internal columns. It means rectangular mesh reinforcement.

e 51m x 5,1m above internal columns

e 3,6m x 3,6m above external columns

7.5.1 Definition of additional longitudinal reinfor cement

The additional longitudinal reinforcement is defined via service 2D member > Reinforcement 2D .

=82 20 member
{ L= Member data
2] Member design

-8} Internal forces ULS

E] Member design LS
E] Member design ULS+
-2 Section on 20 member

[ | Reinforcement 20
g . :
gy Aweraging strip

Fig. 53 Reinforcement 2D

Finally the additional reinforcement will be added as calculated in the previous chapter. We can add bars or
mesh reinforcement. The setting of the reinforcement for both surfaces is the following:
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Lower (-)

Upper (+)

Reinforcement 20 (1)

Reinforcement 20 (1)

20 member 5126
3 Reinforcement Bl | Reinforcement
Type Bars Type Mesh
Material B 500B Mesh FR1
Surface Upper Material B 500B
Surface Lower

Number of directio... 2
Direction closestt... | 1
Angle of first direc... | 0,00
B
Diameter (dlj [nm] | 14.0
Concrete cover (.. 30
Bar distance (gl) ... | 150

Mumber of directio... 2
Direction closestt... 1
Angle of first direc... | 0,00
=1
Diameter (dl) [mm] | £.0
Concrete cover (... | 30

Cifset [mm] 0 Bar distance (sl) ... 150
Reinf. area [mm... 1026 Cifset [mm] 1]
=2 Reinf. area [mm... | 225

=
Dizmeter (dl) frm]  14.0 2 .
Concrete cover (... |44 Diameter (dl) [mm] | £.0
i Concrete cover (... | 38
Bar distance (sl) ... | 150 . -
Cffzat 0 Bar distance (sl) ... | 150
He;f [ar:en;] mm... 1025 Cfset [mm] 0
Total \.\;eight [kg]m 27.01 Reirf. area [mm... | 335 .
3G ; : Total weight [kg] | 18.47
v Poh B Geometry
Soomety defined ... Tolyaen Geometry defined .| Pobyaon

The current version of SEN is not able to calculate a  dditional reinforcement with more material of

nonprestressed reinforcement

The reinforcement can be displayed for each surface separately. Final shape of lower and upper 2D user
reinforcement is the following.

Lower (-) Upper (+)

e b H B ] ] Tt
e =5 =S = R ) S eI
\q/ \\ k,// ,'] = g =i e I

| | | |
A I (oY [ ohin i g R idEn
G e T = s 5 e U5 B £
s | | | | s

| | i |
V__|\\ J{‘/V_'I f’rl_ﬂ\\ /V_'I —F—I1 I—f‘F—‘I— - H:E)‘F‘I\— - 13
& N & Y| N LN LN )
- = I_ _ \_ _ \_ _ I_ _ — =

_I_EI, | | E |
1l i 1 i ;ll-E II‘* )‘F"‘I* - “i? f‘l\* - ! ;ll-E
612 Ni Niz Gy | EE Y ENiF e
5 [ L = |:Ej =
= \\ ‘\ - = + ”:H T t -
|f’ i G Lo £ | e {FEH) fHH fFa
I “~ al F [ i i i T
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Final reinforcement together with tendon is the following

0 N 2 O 0 0 0
i
Iii
|||
I I : — ] ‘ Iﬂ: [
e I il ITH sl
! I e
Il
| I}
| | | = 1 ‘§T l: N -
I'TE ',"“" i ,' ' '7'""’"
[ \
] i e e e
il |
I
| I}
. NEE R NEM N -
Tl i |
] I E IE
I
I
| I}
> i ¥ !!! ¥ 1l I L3 ¥ 1l I 13
Bl | | Tt .I-II ] | I : B|| i ] | III—'L

Fig. 54 Final reinforcement in the slab

Ty
e
o,,,a./c,,ﬁ'f et

2 7o
2 e
4-,%4; .%/
A Y.
g
e

Fig. 55 Detail of the internal column
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8 Check punching

Punching check is another check which is needed to fulfil for 2D members (Concrete> Punching ). As first
the punching data are required to be defined in the node where columns are defined.

- J[E! Design defaults

7 Dmenber e T—

----- #k Pretensioning - Beam stran
=22 2D member

= Member data Name Punching check
Member design Selection Cument d!
42 Section on 20 member | Type of loads Combinations |
—[#E Reinforcement 2D Combinations ULS _long ;I
..o Averaging strip Fiter No =l
Pt spraons 0
-5 Punching data Show punching reinf... B
i L5z Punching check Type of used reinfor... LG |
ElE= New free bars WValues Check |
2= New free bar Bdreme Global =
------ “E5] Explode to free bars Drawing setup )

Fig. 56 Punching check

8.1 Punching data

The punching data are required to input for performing of punching check. The four types of punching data
are used in this example for different type of column support.

Node N&1
Type of slab Ceiling plate
o
B Column type
Shape support Rectangle
Width-b [mm] 550
Height-h Jmm] 1550
Bl Column position |
|Column postion Comer
Distance x-bx [m] 1.525
Distance yy [m] 1525
Angle aex of edge with x-ads [deg]  0.00
Angle aey of edge with y-ads [deg]  0.00

Load defauh values
Concrete Setup

Fig. 57 Punching data — general shape

The settings of punching data for each type of column are the displayed in the table:
| .

Type of slab Ceiling plate
Advanced mode B
E | Plate data
Userinput plate E
Concrete C35/45
. 290
* 2 |Column head

Column head B
Shape Rectangle
Width-bh [mm] 1075
Height-hh [mm] 1075
Type of depth Prismatic

TL:\ Thicknessth [mm] | 625

Fig. 58 Column head definition in punching data
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Corner

Internal

Parallel x

Parallel y

Properties

Properties

Punching in node (1)

Type of slab
Advanced mode

B |Column type
Shape support
Width-b [mm]
Height-h [mm]

B Column pesition
Calumn position
Distance x4t [m]
Distance yy [m]
Angle aex of eda...
Angle aey of eda...

[ Properties

Punching in nade (1)

| \h Y

N&1

Ceiling plate Type of slab

O Advanced mode
B Column type

Rectangle Shape support

550 Widthb [mm]

550 Height-h [mm]

B | Column position
Comer Column position
1.525
1.525
0.00
0.00

. Punching in node (1)

M ATERTE

. NB2
éemng plate Type of slab Ceiling plate
Advanced mode O
B Column type
Rectangle
550 Shape support Rectangle
550 Width-b [mm] 550
Height-h [mm] L)
Intemal B Column position
Column position Parallel x
Distance ydy [m] | 1.52%

| Properties
Punching in node (1)

Ceiling plate
Advanced mode m}
E  Column type

Type of slab

Shape support Rectangle
Width-b [mm] 550
Height-h [mm] 550

B Column position
Column position Parallel y
Distance xtc[m] | 1.525

With respect of the column head the values related to the column head should be defined also for punching
check in punching data. The thickness of the slab has to be adapted manually in punching data because we
defined real column head on the slab (see figure Fig. 58).

8.2 Punching check

Punching check is performed for selected node. The difference between punching check for nonprestressed
and prestressed concrete is only in calculation of ., where the effect of the prestress normal force should
be taken into account. It is recommended to verify setting in concrete setup for punching mainly if the effect
of the prestressing (normal force) is taken into account or not. For concrete setup see Concrete > ULS >

Punching .

[=- Standard EN

£} Concrete

- Diesign defaults

- Puriching
General
EI Calculation
General
i 20 structures

- Punching
- Punching
Detailing provisions
[ Punching

E General
B uLs
H  Punching
B Punching
B Loaded area

Control perimeters for slab of ceiling ...
Control perimeters for foundational s...
Distance between the perimeter of 1...

Dimensions of column for use the ...
B Shear reinforcement

Min thickness of plate (5.4.3.3 (1) [...
El |Calculation of shear resistance

2,00
0.50
6,00
3.00

2000

Include nomal force to punching ... RS

B Column heads
Rectangular column with rect. colu...

use rectangular loaded area

=)

X _
VRd.c_ CRd.

%
Jk(100p f )% +k o

2 (Viin * Ky Ocp)

[

VRd,

>(v

min

Reference: Code independent

p

= e
c CRd,c k (100 p1 f.:k]| +»|£1\ggp~

i

Desciption: The nomal forces in 20 member are not taken into account for calculation of
punching shear resistance of the 2D member without shear reinforcement (EM 1552-1-1,

formula 6.47), if this check box is OFF

Application: Calculation of punching shear resistance of the 20 member without shear

reinforcement

Fig. 59 Concrete setup for punching
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Fig. 60 Punching check for node N88

The detailed output for the node N88 is displayed in the following table.
Punching check

Linear calculafion, Extreme : Global
Seledtion © N8E6
Combinations : ULS_long
Check maxdmum shear resistance

Node Case Per. Ix_col ly_col Uy v Ve Vidmaz
[m] [m] [m] [-1 [MPa] [MPa
1497 1497 2h34 052 1,04 6,02

MNEE6 LULS long

[

Reinforcementin plate

Node Type of reinforcement Agqs Az Ay Ay [ I Oz L [
[m] [mi] [mind] [mrm] [deq] [deq] [deq] [den)
MNBG User real 1810 3679 335 335 0,00 90,00 0,00 90,00
Loadin critical sedion
Hode Case fa Rea Mzax Mzay
[kWm?] [kH] [kHm] [kHm]
MNBG ULS long -2179] 191330 | -39508| -36621
Check punching shear resistance and design shear reinforcement
Node Tap Case Per. d u VEa ViRd, o Agylu Vrsas Check | Check value WIE
[l Pa] [rmm] [m] [MPa] [MPa] [miéim] [MPa] [-]
MNBG 0,00 [ ULS long 2 211] 13453 067 083 0 0,23 | 0K 080 i

When punching check is satisfied (maximal shear capacity of concrete strut is not exceeded) then necessary
area of additional shear reinforcement for punching can be designed (value Asw/u). This reinforcement can
be converted to user reinforcement.

Refresh EE
Calculation info B
Concrete setup B
Convert to user reinforcement B
Single Check Err
Preview Err

Fig. 61 Action button convert to user reinforcement
You can see the model without column head where additional shear reinforcement for punching is

necessary. The real shear reinforcement for punching used in this example can be as following for node
N86.
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JJJ JJ
1)

Fig. 62 Converted shear reinforcement for punching to user reinforcement

Punching check

Linear calculation, Extreme : Global
S=kction : NG

Combinations : ULS long

Check maximum shea resistance

Node Case Per. Ix_col ly_col Ly v Vi Vit rom
[m] [m] [m] tl [MFa] | [MFa
NES ULS_leing 1 0,355 0,386 | 2200 0,52 2,22 6,02

Reinforement in plate

Node Type of reinforcement A A A Ag o O+ ' L
[mm? | [mm’] | [mm? | [mm? | [deg] [deq] [deg] [deg]
MNEG User raal 1879 1503 TBE TBE 0,00 o0, 0D 0,00 50,00

Load in chfical section

Node Case | # . Fes Me.x M ey Mezee H‘..‘r
Btdim) | o] | [ktim] | [im] | [4i] | o
NES ULS_long -5,7% | 83553 -TREB| £35F8| -TOEE1| -BEI4Z

Check punching shear resistance and design shear rinforsement

Mode: O Case Per. d u Vs Ve e Auefur Vitses Chech | Check walue VWE
[MF3] [ [m] [MPa] | MPa] | [marim] | [MFa] [
MES 219 | ULS_long 1 198 4,624 1,02 0,56 g9 1,02 | OK 1,00 il
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Punching rein for cement

Node Row Line Per. Number 5y Height | Length N Yima N Vi
[m] [m] [m] [m] [m] [m] [m]
NEG 1 1 1 il 0EET 0,158 0869 0334 0334 0334( 0334
NE& 1 2 1 3| 0257 0,158 0869 0334 0334 | 0334 0334
NEG 1 3 1 il 0257 0,158 0669 0,334 0334 | 0334 0334
NE& 1 4 1 3| 0257 0,158 0869 0334 0334 0334( D334
NEG 2 1 1 4 0257 0,158 0965 0481 D483 O0483( 0483
NE& 2 2 1 4| 0,257 0,158 0965 0483 0483 | 0483 0483
NEG 2 3 1 4 0257 0,158 0965 0483 0483 | -0.483| D483
NE& 2 4 1 4| 0257 0.158 0965 D481 | D483 0483( D483
NEG 3 1 1 5l 0257 0,158 1262 0631 D831 0,621 0,631
NE& 3 2 1 51 0287 0,158 1282 061 0631 40631 0,831
NEG 3 3 1 51 0257 0,158 1262 0,631 0631 0631 -0.631
NBE 3 4 1 5| 0257 0,158 1262 0631 0.8 06831 081
NEG 4 1 3 4| 0,388 0,158 1559 o079 O7M| 0779 O
NEG 4 z 3 4| 0,358 0,158 1559 O 0778 | 0773 0779
NEG 4 3 3 4| 0,388 0,158 1559 0779 0778 | 0778 0779
NE& 4 4 3 4| 0,398 0,158 1559 07| O7M9| 0779 0779
NEG 5 1 3 51 039 0,158 1855 0528 05928 0528 0528
NE& 5 2 3 51 0398 0,158 18556 0528 0528 | 0528 0528
NEG 5 3 3 51 038 0,158 1855 0528 0528 | -0328| -D3ZB
NE& 5 4 3 51 0398 0,158 1855 0528 05928 0528 D528
NE& 3] 1 3 G| 039 0.158 2182 1076 | -1.078 1.07E 1,076
NE& [i] 2 3 G| 039 0,158 2152 1,076 1076 | -1.076 1,076
NEE -] 3 3 6| 0,238 0,158 ZAEZ| -1.07E 1078 | -1,07&| -1.076
NE& [i] 4 3 G| 039 0,158 2152 1078 | 1,078 1076 -1.078
NES T 1 3 7| 0288 0,158 2445 1,224 | 1,224 1,224 1,224
NE& T 2 3 T| 039 0,158 2445 1,224 1224 | -1,224 1,724
NEG T 3 3 T| 033 0,158 445 -1,F24 12234 | -1,ZZ4| -1,IE4
NE& T 4 3 T| 039 0,158 448 1,224 | 1,224 1,224 -1,224
NE& ] 1 3 7| 03 0,158 2745 1373 | 4,373 1,373 1,373
NE& ] 2 3 T| 039 0,158 2745 1373 1373 1373 1373
NEG ] 3 3 7| 038 0,158 ZT45( -1,373 1373 1,373 1,373
NE& ] 4 3 T| 039 0,158 2745 -1,373| 4,373 1373 1373
NEG ] 1 4 8| 039 0,158 2042 1,821 1,821 1.521 1,521
NE& ] 2 4 8| 039 0,158 3042 1.521 1821 -1.521 1.521
NEG ] 3 4 8| 039 0,158 04z -1.821 1821 -1, 521 -1.5E1
NEE 3 4 4 8| 0,288 0,158 042 18521 4.5 1,521 -1.521
NEG 10 1 4 9| 038 0,158 3338 1669 | 1,669 1,688 1,668
NE& 10 2 4 9| 0288 0,158 3338 1,669 1669 -1,669 1,688
NEG 10 3 4 9| 038 0,158 3338 1,069 16868 | -1,689) -1869
NEG 10 4 4 9| 0,39 0,158 3338| -1669| -1.689 1.668] -1.668
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9 Check of prestressed concrete

9.1 Check of prestressing reinforcement

Check of prestressing reinforcement is available in version 2011 if the prestressing tendon is defined on rib
of the slab (on the 1D member). This is the third type of modelling (see chapter 4.1.2). Then Check of
prestressing from the branch Concrete > 1D members > Check of prestressed concre te > Check of
prestressing reinforcement  can be used. This check

B'fr' 1D member

----- 19, Member buckiing data

----- T Member data

----- 9, concrete slenderness

- G Redes (without As)

-l Automatic member reinforcement design

----- 'E'E Cross-section characteristics

----- =¥ Internal forces

By, Member design

E—ZI--&,. Member chedt

&_,. Check of non-prestressed concrete

B‘&J Check of prestressed concrete

. LI Crack control

- Check responze

Q} Check capacity

Jull Allowable stress of concrete
- allowable prindpal stresses

i.e= Check deflection (inear)

- By, 55T _Details

-] Bil of prestress reinforcement

----- = Pretensioning - Beam strand pattern

=== 2D member

----- == Member data

EEI-- Member desian

----- 4% Section on 2D member

----- HE Reinforcement 20

E’. Averaging strip

Fig. 63 Check of prestressing reinforcement

When we use the model with real tendon on the slab directly then the service for 1D element cannot be
used. There is possibility to display in the Results > Beams > Tendon stresses

These values are code independent. It means without proper calculation with coefficients (e.g. r  sup,
Finf €tc)

The structure is 2D. It means time dependent looses are not covered in the calculation. That why we
receive zero losses (LCS) and higher maximal stresse s (MaxStress)
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T‘Tr Displacement of nodes
[r&[;l Deformed Structure
=& Supports

----- %‘5 Reactions
----- 1 Resultant of reactions
il Foundation table
----- + Modal space support resultant
[5)= Beams | Properties
----- ¥ Internal fF-rces on beam S — - %A 7
----- ¥ Deformations on beam
----- = Relative deformation &
a_‘ Member Stress Mame Tendon stresses
----- - Shear stress Selection Al
----- 7% Connection input Type of loads Combinations
----- +% Connection Forces Combinations ULS_shart
Tendons A by sdecion
[£<= 2D Members |EEE| Mors comp

----- @] Displacement of nodes SAT B
----- @] Member 2D - Internal Forces LED O
----- @] Member 2D- Stresses LCS O
----- 42 Section on 2D member Lmin [}
-4} Integration strip Lmax O
-8 Averaging strip Min Stress O

E 20/10 upgrade MaxeStress O

[ Bill of material Extreme Member

-[_] Bill of prestress reinforcement Drawing setup

-3 Calaulation protocol Drawing Screen

Fig. 64 Tendon stresses

The following checks should be performed according to [1]. These are the required checks:
e Stress prior anchoring (chapter 5.10.2.1 from [1])
e Stress after anchoring (chapter 5.10.3(3) from [1])

»  Stress limitation due to cracks or deformation from characteristic combination (7.2(5) from [1])

9.1.1 Stress prior an after anchoring (chapters 5.1  0.2.1 and 5.10.3(3) from [1])

SEN provides only values named as “after anchoring” in the service tendon streses. Stress in the
prestressing tendon prior and after anchoring is evaluated for combination ULS_short . The detailed results
are shown in the following table. The maximal value of concrete stress after anchoring is according to
5.10.2.1.

e Stress prior anchoring

Opmax = min(kl : fpki ky - fp01k) = min(0,8 - 1860;0,9 - 1670) = 1488MPa
Oppa = 1450MPa < 1488MPa = 0y gy P OK

e  Stress after anchoring

opmo = min(ky - f; Kg - f11) = min(0,75 - 1860; 0,85 - 1670) = 1395MPa
Opaa = 1407,43MPa > 1395MPa = 0, o P NOTOK

The results of the stress after anchoring are bit higher in the table below so probably the decreasing of the
initial stresses for prestressing tendons should be adapted to less value than original 1450MPa.

Tendon stresses

Tendon stresses

Linear calculation, Extreme : Global
Selection - All

Tendons: All by selection
Combinations . ULS_short

Case Tendon X Stress after anchoring / transfer LED LCS Lmin Lmax MinStress | Max Stress
[m] [MPa] [MPa] [ Pa] [MPa] [MPa] [MPa] [MPa]

ULS_short | 4ycA2 0,000 133944 0,00 0,00 0,00 0,00 133943 133943

ULS_short | 4xcAd 28,500 140743 -061 0,00 0,00 0,00 1406,82 1406,82
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9.1.2 Stress Ilimitation due to cracks or deformatio n from characteristic
combination (7.2(5) from [1])

Stress in the prestressing tendon due to cracks or deformation is evaluated for combination
SLS Char_long . The detailed results are shown in the following table. The maximal value of concrete stress
from characteristic combination is according to 7.2(5).

Opm = ks * for. = 0,75 - 1860 = 1395MPa
Tendon stresses

Tendon stresses

Linear calculation, Extreme - Global
Selection - All

Tendons: All by selection
Combinations : SLS_Char_long

Case Tendon x Stress after anchoring / transfer LED LCS Lmin Lrmnax Min Sfress Max Siress
[m] [lPa] [Pa] [MFa] [P 3] [lPa] [P 3] [P a]
SLS Char_long | dysAld 0,000 133044 [ 0,08 0,00 0,00 0,00 133938 1339,38
SLS_Char_long 4CAS 28,500 1407 43 -0,51 0,00 0,00 0,00 140652 1406 92

The maximal value sis higher than allowed but due to fact the losses from creep and shrinkage are not
covered in this calculation the maximal value will be probably less than allowed 1395MPa.

Detailed calculation of the losses for each tendon is possible when you use action button Tendon losses
when you select some tendon from the property window.

Properties q x

Posttensioned tendon (1)

Description
MNumber 4
Type ntemal
Layer Floord - ..
B Geometry
Geometry input Reference curve with so || =
Allocation e
Projection of inter... | Perpendiculary hd
LCS standard hd
LCS Rotation [deg] | 0.00
Source geometry | xC Ll_
Origin of source g... | Offsetin LCS B
Coord X [m] 0,000
Coord ' [m] 0.000
Coord Z [m] 0,000
B Material
Material Y186057-15,7 ..
Mumber of tendon ... | 3
Mumber of tendon ... | 1
Area [mm 2] 450 it
Select allocation s
Edit tendon geometry )
Table edit geometry Ery
Allocate automaticalty )
|Tend0n losses B
Calculation info s
Default values >

Fig. 65 Action button tendon losses
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& ||l 1= L1 = 2005

M |w_§§ | T default b _;' R default

Tendon name: 4xcA4

Type of history of stressing: 3
Calculation of frictional, anchorage set and long-term relaxation losses from initial tendon stress.
Tendon stressed from it's beginning.

Anchorage set loss disappears along the length of tendon;
length affected. straight part - 28,650 [m]

curved part: 26,98 [deg]
Theoretical tendon elongation befare transfer 0,224 [m]
Theoretical tendon elongation after transfer 0,218 [m]

Frictional loss

Anchorage set lass
[MPs]

Shortdesn refaxafion Stress after anchoring [ transfer
(WP

[pa]

Relaxation passed

[MP]

Relax, to be passed
1Pz,

[MF=]

82,03
81,98
81,94
79,90
75,18
70,78

0,00
0,00
0,00
0.00
0,00
0,00

135797
136799
1388,01
139,00
1371,30
137344

510

-57.57

Selectad tendon

ductd
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Origiri value from: | Origin -+ 00

Test scale: 0.5 3

Fig. 66 Tendon losses

MPa  Vertical aris:
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9.2 Check of allowable concrete stresses

This check is not possible for 2D members in Scia Engineer 2011 at all. User can evaluate only concrete
stresses in menu Results > 2D members > Member 2D stresses

Properties o =
MR = TA
& =

o] F¥ Displacement of nodes 20 member - Stresses (1)
" Deformed Structure

o)== Beams Mame 20 member - Stresses
----- =¥ Internal forces on beam Selection Al ;l
""" 1 Deformations on beam Type of loads Combinations ;l
----- == Relative deformation Combinations L5 _short ;I
b, Member Stress Filter Mo ;I
----- j_i.:_ Shear st.ress. System Local LI
..... —T {E Cunnev:t!on input Rotation [deg] 0.00

L= s O

Location In nodes, avg. on mau:l;l
[=-<=" 2D Members - -
L Type forces Basic magnitudes ;I
----- {8} Displacement of nodes :

----- @] Member 2D - Internal Forces Envelope Mzsmum ;I

----- @J Member 20- Stresses Standard &

----- 4% Section on 2D member Section =

-4l Integration strip Edge o

-8 Averaging strip Trajectories O

E 20/1D upgrade Rib O
-] Bill of material Values sige- |
--[] Bill of prestress reinforcement Extreme Global ;l
-f Calaulation protocol Drawing setup |

Fig. 67 Member 2D - Stresses
For each combination the results are displayed and user can check the values with limited values from the
code [1]. The check is performed in three steps. These are the required checks:
e Concrete stress after anchoring
» Concrete stress under characteristic combination — longitudinal cracks (7.2(2))
» Concrete stress under quasi permanent combination — nonlinear creep (7.2(3))

Values from the next chapters are evaluated for the model with column heads with real defined tendon.

The calculation of the stresses do not cover the us er defined or designed reinforcement. The

obtained results can be higher than calculated with reinforcement.

9.2.1 Concrete stress after anchoring

Concrete stress after anchoring is evaluated for combination ULS_short (After anchoring). The detailed
results are shown in the following table. The maximal value of concrete stress after anchoring is according to
5.10.2.2(5).

Ocqa = 0,6 fer ()

The time dependent analysis is available only for 1D (plane XZ) element but it is not possible for 2D

member. It means the current strength of concrete after anchoring has to be calculated manually. We
supposed the anchoring of the postensioned tendons in 3 days.

2805 28105
Fae(t = 3) = Beo(t) - fory — 8MPa = e{s[l N o =8 = e{”[l & 43— 8 = 20,51MPa
The maximal value of concrete strength after anchoring is then

Ocaa =06 fu(t) = 0,6-20,51 = 12,3MPa
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Sigma Lower (-) Upper (+)

20

sigx--max [MPa] sigx+-max [MPa]
7 \\ o n

5.0 54
&.0
40
20

0.0 —

0.0
-2.0
-4.0
5.0
-8.0

-10.0
-12.0
-14.0
-16.0
-18.9

sigy--max [MPa] sigy+-max [MPa]

58 - —r - 87
2.0 / < \’J—.@)\J o = W | eo0
" o
b (R (o S
-4.0 0.0
6.0 -2.0
E 0 () 0
43 -10.0 sy ", ,/ 6.0
ﬁ 120 = S 8.0
-14.0 -10.0
187 -12.0
— -14.0
y \:‘,’ f/\ /_fi] -16.3
45 X & NN
P 1
P D@ @
4 7 \\_\:s_f;/ e
P | —]
; @WP@\%%
I umENl AR BERIN
9.2.2 Concrete stress under characteristic combinat ion — longitudinal cracks

(7.2(2))

Concrete stress under characteristic combination is evaluated for combination SLS_Char_long . The detailed
results are shown in the following table. For this combination we check the stress in

» Compression
o The maximal value of concrete compressive stress is according to 7.2(2).
Occen = ki fo(t); k1 = 0,6
* Tension

o The maximal value of concrete tensile stress is according to 7.1(2).

Oct,ch = fct,eff @) = feem(®)
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Strength of concrete in working life 50years has to be calculated manually. We supposed the working life 50

years (18250days).

28,05 28 105
Foe(t = 18250) = Boo(t) - fory — 8MPa = e{s[l Gl o =8 = e{o'z[l (r50) . 43 — 8 = 4411MPa
The maximal values of concrete strength are the following

Occch = 0,6 : fck(t) = 016 : 44,11 = 26, 47MPa

2/3
Ocren = foem@® =03 () =03 (44,11)?/% = 3,74MPa

| Sigma Lower (-) Upper (+)

. - 35
' - 0.0

=20

0
50
80
| | -100
120
{ | 120
1 | -18.1

PRERREE

—

vl
I R I S =
),
T~

sigx--max [MPa] sigx+-max [MPa]

58
20
0.0
-2.0
-4.0
6.0
-8.0

-10.0
-12.0
-14.0
-173

i
<
X %%n a .
A AL JW
3 ) E
® &
o pu raSamt -
y

éﬁ%\) 28 T hw%
YaYis: Oatatats ANYard

You can see all compressive stress in concrete are less than limit value o, = 26,47MPa. When you look
on tensile concrete stress there are higher values (max 5,8MPa) These stresses will be probably transferred
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by the reinforcement because the calculation of the stresses do not cover the user defined or designed
reinforcement.

9.2.3 Concrete stress under quasi permanent combina tion — nonlinear creep

(7.2(3))

Concrete stress under quasi permanent combination is evaluated for combination SLS QP_long. The
detailed results are shown in the following table. The maximal value of concrete compressive stress is

according to 7.2(3).

Occch = ko fex(t); k, = 0,45

The maximal values of concrete strength are the following
Occqp = 0,45 - for(t) = 0,6 - 44,11 = 19,85MPa

35

sigx--max [MPa] sigx+-max [MPa]
w1 o ey i = 3

-16.1

38
oo
-2.0
-4.0
6.0
-2.0
-10.0
-1z0
-14.3

00
20
-4.0

sigy--max [MPa] sigy+-max [MPa]
R " 33

You can see all compressive stress in concrete are less than limit value o4, = 19,85MPa.
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9.3 Check capacity

There is not special service for Capacity check. The capacity of the slab in ULS can be verify by calculation
of the Additional reinforcement in service Design ULS . If Additional reinforcement is equal to zero then
capacity of the slab is OK and no additional reinforcement is required.

9.4 Check crack width

Check of cracks on 2D members is not available in Scia Engineer 2011 but only design of necessary area of
nonprestressed reinforcement is done with respect of the effects of the prestressing. This procedure should
satisfy the fulfilling of the code required limited cracks widths.

Design of the nonprestressed reinforcement for serviceability limit state is done together with design for
ultimate limit state in one service Concrete > 2D members >Design ULS+SLS

New service of Member check for 2D has been implemented in version Scia Engineer 2011 and will not be
commented more in this tutorial

-2 20 member~20 prvky
: Merrber data-~Data ploch
=1 [Z] Member designettaveh viztuse
i {8 Internal forces LILS
: E Member design ULS~Navrh viztuge - MsD
] Member design ULS+5LS~Névrh - Sigla tel
o Section on 20 member
i #E Relnforcement 20
E Redistribution strip
=5 Punching~Protlageni
i’ Punching data~Data o protlageni
: L.5= punching check
=l New from bars
o Wew fres bar
L. 251 Explode to free bars

Fig. 68 New service crack width
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10 Check deflection — code dependent calculation (C  DD)

With respect of the different modelling of the postensioned slab (see 4.1) the evaluation of CDD deflection is
available only for one of them. Code dependent calculation with real postensioned tendons modelled by
hanging nodes or allocated on the ribs is not possible in version Scia Engineer 2011. Code dependent
deflection is available only for the prestressing defined by the equivalent load. The background of the CDD
calculation is more explained in the [6].

10.1 Concrete combinations

Concrete combinations are special combinations which are used only for calculation of code dependent
deflection (CDD). We have to prepare combinations with the same prescription as EN SLS quasi permanent.
There is not special tool for preparation of the code dependent concrete combination in the program. All
combinations have to be prepared manually.

..... Project

ﬂi Line grid and storeys
P Structure

X Load

=-4& Load cases. Combinations
----- J® Load Cases

----- J¥* Load Groups

----- ll'é Combinations

+ Concrete combinations
e Resutt classes

- [ Calculation, mesh
b Flesults

E:I"-M Drawing Tools
&-B Libraries

Ej---}% Tools

Fig. 69 Concrete combination

We need to calculate total and additional deflection for this slab according to 7.4.1 (4)(5) from [1]. That's why
we have to prepare two concrete combinations. The first combination (CC1) will be used for calculation of
the Total deflection and also deflection caused by the creep and longterm loads will be calculated from this
combination. The second combination (CC2) will be used for evaluation of the immediate deflection which
will be used for calculation of the additional deflection

The prescription for preparation of both combinations abased on EN SLS quasi-permanent combination with
respect of the longterm losses is the following:
CC1 =10 «SW + 1,0+«DL + 0,9+0,85xP
cC2 =1,0 xSW + 1,0+xDL + 0,9%0,85+«P + W, xLL

SW selfweight
DL dead load

P prestressing
LL life load

Factors for prestressing mean shorterm (0,9) and lo  ngterm losses (0,85)

Life load is from category F  =» W, =0,6

Only one variable load can be insert into concrete combination for calculation of the nonlinear
deflection with creep. There is not combinatory for preparation of extreme combination from more
variable loadcases fro CDD calculation. We could p repare new combination for each variable
loadcase.

The combinations look as the following in the program
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i Cancrete combinations_
A LB 9 S| npu

|Name
B Contents of combination

LC1 - Seffweight [-] 1.00
LCZ - Roof_Pemanent [] 1,00
LCE - Prestress X [-] 0,77
LC7 - Prestress Y [-] 0.77

use to determine Code Dependent Deflections (COD) caused by creep B

use to determine pemmanent Code Dependent Deflections (CDD) EH

ErENEIl

i Concrete combinations.
Al e 9 & mpu

ccl [Name

cCc? E Contents of combination
LCT - Selfweight [-]

LCZ - Roof_Pemanent [-]
LC4 - Variable_1 [-]

LCE - Prestress X [-]

LC7 - Prestress Y []

Fig. 70 Concrete combinations

10.2 Code dependent calculation

The nonprestressed reinforcement (user defined or designed) is needed for the calculation of CDD. There is
more option in Concrete solver > SLS > Code dependent deflection how to deal with the reinforcement.
The area of the user defined reinforcement (bars representing prestressing and 2D mesh reinforcement) will
be taken into account for the calculation of the CDD as we set in concrete solver (se following figure) —
As,user . The same designed and defined user reinforcement was used in this calculation as was used for
model with real tendon and column head (see chapter 7.3.3).
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Standard EN
[=)- Concrete

£ General

- Calculation
- General
- Columng
- Beams
- 20 stuchunes
- LS
- Interaction diagram

- Shear

- 1D struchures

- 20 structures

- Congtruction joint

= Dietails

Anchorage check

Bearing checks

- Punching

= 5L5

- Creep

- Crack proof

- Code Dependent Deflactions
= Allowable stress

Calculation

=8 Dietailing provisions

- Common detailing provisions

- Colurnng

- Beams

- 2D structures and slabs

- Punching

- Reinfarcemant and reinfarcement design
- Automatic reinforcement design
Prestrezsing post-tensioned

- Crogs-zection charactenistics

il
[

- wiamingz and emors

ULS
B SLS
Creep
Crack proof
El Code Dependent Deflections
B Code Dependent Deflections...
E | Limit displacement
e total displacement of 10 me...
Max. additional displacement of 1...
E | Duration of the loading - co.__.
Single short4em loading [-]
Sustained loads [
Generate output text file
Type of reinforcement for COD
Allowable stress
Detailing provisions
Reinforcement and reinforceme...
Cross-—section characteristics
Wamings and emmors

HHEHEBE

250.00
500,00

1.00
050

O no
As, user

m

T | »

Then everything is prepared for the CDD calculation. The first step is run linear calculation. When linear

lns ,designed:
The designed reinforcement
(total reinfocement or O iz used)

* T A yzer= 0 and r‘g‘s.req:D: As=00
* A ycer= 08ND Az g =0 A=0
* T A yzer= 08N Az reg = 00 Ag= Ag rag
* iTAz uzer = Dand r‘g‘s.reqbo: A= Aot

Inorder B: cer As desigred-
Uszer reinfocement or designed renforcement
iz used. User reinforcement gets priority .

+ TR e =00 A= A izer
¢ (TAzyser=0and Az pgq =100 A:=10
¢ ifAg uzer= 0 and r"’”s,neq 20 A= l"“‘-s,req

nS.LIS!EI' -
Abvaryes, LEer reinfoncement is used

Reference: Code independent

In order lnls.t:hasigned; l“'s.user:
User reinforcement or designed reinforcement
iz uzed. Tolal reinforcement gets priority.

¢ TArrag = Dand Az uzar= 00 Ar= Asreq
. iT.As.r\m:]: Dand Az yser = 00 As= Ao
¢ TP req= Dand Az yser=00 A= 0

= A ren = 0ANd Acjcer = 00 A= A jpser

Description: Reinforcement that has to be used for calculation of code dependent

deformation

Aoplication: Calculation of code dependent deformation

Fig. 71 Settings in Concrete solver

calculation is finished then CDD calculation can be run.

i Single analwziz l Batch analyzis

" Linear calculation
Honlinear calculation
Modal analpzie

Lingar stabifity

(@ Concrete - Code Dependent Deflections [CODY

Conztiuction stage analyziz
Maorlinear stage analysis
Monlinear stability

0 Test of input data

Solyver setup

tesh setup

(]9

Canicel

Fig. 72 Dialogue for running CDD

Afterwards we get the confirmation dialogue about general deflections.
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Concrete - Code dependent deflections

 Maxirmal translation  -5.008 rm
Maximal rotation -1.499 mrad

Fig. Confirmation dialogue after CDD calculation

10.3 Stiffness presentation

The service for stiffness presentation is the first service which appears only after CDD calculation. This

service is in concrete tree (2D Member > Member check > Stiffness presentation ).

Member 2D - stiffness presentation

Mame Member 20 - stiffness prese...
Selection Al R4
Type of loads Concrete combinations |
Concrete combinatio... | CC1 4
Fitter Mo R4
System Local LI
Rotation [deg] 0.00
J[E] Design defaults Show emors and war... B
(- 1D member Print explanation of ... O
----- = Pretensioning - Beam strand pati Type values Stiffness LI
52 2D member Principal ads &

----- == Member data _ Moare com -
IZ]-- Member design u = 2 =
=-[E] Member check EM s =

Stiffness presentation EI25I "
‘.=l Deformations EAZ =

----- 4% Section on 20 member &

----- HE Reinforcement 20 Enl &

- Averaging sirip EA1l =

| |
-5 Punching El2) ®
----- = Punching data EAZ) 2!
.5 Punching check Edreme Global 4
[H-E— Mew free bars Drawing setup o]

Fig. 74 Service for stiffness presentation

There is possible to evaluate two types of values in this service:

* Required areas - areas of the reinforcement which are used for the CDD calculation (user or

required areas)

» Stiffness’'s — shorterm (s) and longterm (I) axial (EA) and bending (EIl) stiffness’s in both directions

1.2)

The stiffness’s are the following. Graphical presentation is done for better overview again for the slab S138.
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Shorterm Longterm
EA1,s [(MPa)*m~2] EA1,l [[MPa)'mA2]
1.0537+004 5 4.16952+003
1.0500e+004 4.1400e+003
1.0440e+004 4.0800e+003
1.0320e+004 4.0200e+003
1.0320e+004 3.9600e+003
EA
1 1.0260e+004 3.9000e+003
1.0200e+004 3.8400e+003
1.0140e+004 3.7800e+003
1.0080e+004 3.7200e+003
1.0020e+004 366008003
9.9500e+003 3.6000e+003
| 9.9560e+003 | 3.5887e+003
EA2,s [(MPa)*mA2] EAZ,| [[MPa)’'m+2]
5 1.0481e+004 4.1142e+003
1.04406-004 4.0800e+003
1.0%80e+004 4 0200e+003
1.0320e+004 3.9600e+003
EA 1.0260e+004 3.9000e+003
2 1.0200e+004 3.8400e+003
1.0140e+004 3.7800e+003
1.0080e+004 3.7200e+003
1.0020e+004 3.6600e+003
9.9500e+003 36000e+003
| 9.9560e+003 3.5887e+003
s [(MPa)'m*4] EI1,1 [(MPa)'m~4]
1.1543e+002 5 446624002
1.1400e+002 2.4000e+002
1.0800e+002
2.10008+002
1.0200e+002
9.50008+001 1.8000e+002
9.0000e+001 1.5000e+002
Ell
£.4000e+007 1.20008+002
7.8000e+001
9.0000e+001
7.2000e+001
£.60002+001 £.0000-001
6.0000e+001 3.0000e+004
| 5.7467e+001 | 170488001
EI2,s [(MPa)*m~4] EIZ,| [[(MPa)"m~4]
5 1.3973e+002 2.1884e+002
2.10008+002
1.8000e+002
1.2000e+002
1.5000e+002
1.0000e+002 1.2000e+002
9.0000e+001
EI2 8.0000e+001
6.0000e+001
6.0000e+001 3.0000e+001
284226014
4.0000e+001
-3.0000e+001
2.0000e+001 -6.00002+001
| 1.8528e+001 _5.92462+001
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The required areas are the following. Graphical presentation is done for better overview again for the slab
S138. The values correspond with user defined reinforcement (freebars representing prestressing and

designed user defined 2D reinforcement).

Lower

As1- [mm*2] As1+ [mm+~2]
.................... 2214 2904
2200 1
2000 2700
1200 2400
2100
1600
1400 1800
Al 1500
1200
1200
1000
900
800 00
600 300
400 0
335 0
As2- [mm*2] As2+ [mm*2]
1087 2627
1
1
1040
2400
560
2100
830
1800
800
1500
A2 720
1200
G40
300
550
500
430
200
400
0
335 0

Member 2D - stiffness presentation 2D (stiffness - principal axis)

Member 2D - stifiness presentation 2D (stiffness - principal axis)
Member 2D - stiffness presentation 2D (required area - member axis)

Member | Gase Tk Fﬂm] Tk r-mm1 [E'i-fﬁ] [knr?frﬁ:v?n] [: ik [kﬁﬂ?}n] 1l MEIQP.sn“] Il MEF'F;"rsnz] [{MFE';1*1'11"1 [|M$=§H12]
sem Ik :I?m] Ik r-Tng.;‘m] [:'i-fﬁ] [karﬁi\?n] [kn ] [k:}ﬁ*r'n] I ME'la2|‘|5114] i MEF'F:ﬁ"rsnz] [ FE-;?M I Mi'g?ﬁ'lnz]
5155 ccz 607,38 153 | -10557,44 | 2557 | -10411,81 | 2621 | -1,0205e+03 | 1,0325¢+04 | -1,5974e+01 | 3,9574e+03

3361 -801,76 -1,85 -87r61,07 -22.57 -5907,03 -223 5,9459e+01 | 1,0093e+04 1,5082e+01 | 3,7259e+03
S139 cez 48195 | -139 | -10749,44 | 31,02 | -10823,03 | 3123 | 3,243Be+04 | 1,04742+04 | -1,9412e+01 | 4,1071e+03
1626 -41617 -30,18 -192848 | 139,84 -2081,12 | -14945 | 71813e+01 | 1,0230e+04 | 2,718%9e+01 | 3,8716e+03
s127 cez 45150 | 1579 | -s87s77 | 20550 | -585338 | 20471 | 6,8664e+01 | 9,9560e+03 | 2,4065+01 | 3,5887e+03
14 -114,59 1,05 -8485 62 77T -3408, 40 77,04 | 65038e+01 | 99560e+03 | 2,0885+01 | 35387e+03

s142 cez 50358 | 27,40 | -4850,02 | 26387 | -3910,20 | 21274 | 6,8857e+01 | 1,0637e+04 | 2,4490e+01 | 4,1697e+03
1952 -399.83 43,03 -Tr472 8337 807,07 -8685 | 7,084%9e+01 | 1,0161e+04 | 26022e+01 | 3,7940e+03
5147 ccz -492 47 122 -6302,86 154,97 -6578,00 152,13 | 6,3585e+01 | 1,0240e+04 | 2,0271e+01 | 3,8730e+03
2713 -354,36 -0,55 | -10357 34 15,93 | -10180,18 1568 | -1,9873e+03 | 1,0103e+04 | -1,4957e+01 | 3,7353e+03
5137 ccz -482 32 053 -9576,79 10,57 -9315,79 10,18 | 2,26684e+01 | 1,0106e+04 3.9742e+00 | 3,7382e+03
1078 -410,05 -0,53 | -10270,97 -13,26 | -10046,02 -1297 | 3,6664e+03 | 1,0012e+04 | -1,5341e+01 | 3,644Te+03
5147 ccz -459 99 -56,3 -64128 -76,83 -665,52 79,73 7.0872e+01 | 1,0458e+04 | 26052e+01 | 4,1309e+03
2508 -443 95 -T7,76 -372 44 -64 51 -305,05 63 42 3,235Te+01 | 7,2072e+03 1,3044e+01 | 2,7581e+03
5144 ccz -427 92 -59.42 -512,58 -7 -o41 64 -fa.21 7,0890e+01 | 1,0483e+04 | 26340e+01 | 4,1158e+03
2389 45065 | 6799 | -4r718| 8908 | 48819 | 7212 | 7,0787e:01 | 1,0516e+04 | 2.6158e+01 | 4,1487e+03
5139 ccz -414 29 -1,81 | 1017397 -44 50 | -11717,23 -2125 12277e+02 | 1,0441e+04 | 1,3567e+03 | 4,0735e+03
1594 43183 | -20,00| -31872 | 19405 | 298235 | 12631 | 7,0848eD1 | 1,0333e+04 | 2,6241e+01 | 3,0854e+03
5137 ccz -42815 121 [ -10113,05 2848 | -11073 47 HAT 1,1400e+02 | 1,0211e+04 | 4,9964e+03 | 3,8433e+03
1007 45075 | 3273 | -208035 | 14413 | -2030,09 | -141.45 | 70150801 | 1,0262e+04 | 2,5555e+01 | 3,8950e+03
S142 cez 55668 | 1872 | -590223 | 19844 | -579320 | 19477 | 6,5300e+01 | 1,0330e+04 | 2,1579+01 | 3,9631e+03
1943 a702s | -072 | -m98951 | 1928 | -10340,38 | -20,00 | 11053202 | 8,0574e+03 | -1,5636e+03 | 2.5001e+03
S137 cez 466,11 675 | -7708.43 | 11156 | 755128 | 10929 | 62832e+01 | 1,0073e+04 | 1,94682+01 | 3,7060e+03
1102 39742 |  221| _seesse| 5385 | 1071845 | 5971 | 1,1301e+02 | 1,0087e+04 | 8,5927e+03 | 3719503
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Member 2D - stiffness presentation 2D (required area - principal axis)

Member 2D - stiffness presentation 2D (required ara - principal axis)
Member 2D - stifiness presentation 2D (required ara - member axis)

Member Case elem n, m, A A, A, Ay Ay

[kN/m] [kNm/m] [mm 2] [mm 2] [mm 2] [mm2] [mm3]

nE mZ A52+ AsE- AsE AstZ AscE

[KN/m] [kNm/m] [mm 3] [mm 3] [mm 7] [mm] [mm=2]
5126 Ccc2 1 13,78 7,46 513 335 848 335 513
-26.11 -0,91 513 335 848 0 848
5138 Ccc2 1406 | -49254 1549 0 2214 2214 0 2214
-40247 2,06 0 335 335 0 335
5128 CC2 87| -512,71 1,57 579 574 1153 0 1153
-446,97 -5,50 523 1975 2498 0 2498
s5127 cc2 14| -451,50 15,79 0 335 335 0 335
-114,59 1,05 0 335 335 0 335
5144 Cc2 2390 -503.59 -27 40 2905 335 3240 0 3240
-399,83 -43.03 1026 335 1361 1026 335
5144 Ccc2 2389 | 42792 -5942 2634 335 2970 2634 335
-469,65 -67 99 2800 535 3135 2800 335

10.4 Deformation check

After successful running of CDD new service for evaluation of deflection appears in concrete tree (2D
Member > Member check > Deformations ).

Properties o x
Member 20 - concrete deformation \@} \f
& A
Name Member 2D - concrete defor. ..
Selection Al hdl
Type of loads Concrete combinations v |
Conerete combinatio... CC1 hdl
Design defaults Fitter Ho ]
-5l 1D member Deformation nonlinear with creep Jhd|
-~ Pretensioning - Beam strand patte | gizndard =
= 2D member Section O
== Member data Edge O
: Member design Values More comp -
=-E] Member check -
: ----- E? Stiffness presentation Lix @
Ly |
L7 Section on 2D member Uz &
HE Reinforcement 20 Fix &
E Averaging strip Fiy &
=8¢ Punching Fiz &
= Punching data Edreme Global hd
S Punching chedk Drawing setup el
[#-2= Mew free bars Drawing Screen |

Fig. 75 Service for deformation check

Two checks of deflections are required according to 7.4.1(4)(5) from [1]. The deflections are evaluated in the
following way. Two required checks are:
»  Check of total deflection  (7.4.1(4)) — the limit value L/250; L, = L, = 9000mm
Stot1im = L/250 = 9000/250 = 36mm
» Check of additional deflection  (7.4.1(5)) — the limit value L/500

Sadd,lim = L/SOO = 9000/500 = 18mm
Total and additional deflections are not evaluated directly for 2D members. Special algorithm has to be
applied for calculation of these deflections.

10.4.1 Total deflection

Total deflection (6;,;) is calculated for combination including also variable loads (CC2) as the sum of the
Elastic deformation  (8y,cc2) and Creep deformation (8., ). Elastic deformation is nonlinear deformation
for combination CC2. Creep deformation can be evaluated as the difference between
Nonlinear+creep (8w creep,cc10TOnLcreep.ccz) and Nonlinear (8y,cc10r8y.,cc2) fro combination CC1 or CC2.
In fact Total deflection is deflection for combination CC2 as type Nonlinear+creep (6NL,Creep,CC2)
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Cc2 Stor = 6NL,CC2 + 6creep = 6NL,creep,CCZ

[ Uz [mm]

Fig. 76 Total deflection
Maximum value is 8¢ cqic = 6, 15mm < 36mm = 84 )i, P Check is satisfied.

If the creep deformation (dcreep) is also required then this value is calculated as difference between
Nonlinear+creep (8w creep,cc1) and Nonlinear (8y,c¢;) deformation for combinations CC1 where checkbox
calculated to creep has been switch ON:

CC1 6creep = 6NL,C1“eep,CCl - 6NL,CC1

8NL,creep,CC1 8NL,C(,‘1

e R

220
080

040

020

o.oo
-0z0
-0.40
-0 80
-0.30
-1.00
-1.20
-1.40

1.60
1.20
0.80
0.40
0.00
-0.40
-0.80
-1.20
-1.60
-2.00
-2.40
=317

Screen

Values

8creep '3.17 - (-1,40) = -1,77 mm
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10.4.2 Additional deflection

Additional deflection is calculated for combination CC2 as the difference between total and immediate
deflection. The immediate deflection is evaluated for combination CC1 as the nonlinear deflection (8y.).
CC1 Simm = Onicc1
CC2 8adaa = Otot — Oimm

8ot Oimm = SNL,CCI

Uz [mm] : : S ] | vz [mm)

307 088
2.40 060
1.80 0.40
1.20 020
0.50 0.00
0.00 -0.20
-0.60 -0.40
-1.20 -0.60
-1.80 -0.80
-2.40 -1.00

Screen 300 20
-3.60 -1.40
-4.20
-4.80
-5.40
-5.15

Values

8444 -6,15 - (-1,40) = -4,75 mm

Maximum value is 8444 caic = 4, 75mm < 18mm = 8,44 ;m = Check is satisfied.
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11 Summary and conclusions

One floor of the parking house has been modelled and checked in this tutorial. We introduced two
possibilities how to defined prestressing on the slab (equivalent load, real tendon). Each option has some
advantages and disadvantages. General overview is possible to see in the following table.

Item Equivalent load Real tendon
Preparation and
definition of the Difficult Simple
prestressing
Shorterm losses NO YES
Longterm losses NO NO
Internal forces from
prestressing in YES YES
design
Area of prestressing NO (freebars duplicate geometry

NO (freebars are used)

in design of the tendons)
Design

ULS(ULS+SLS) YES YES
Check of allowable

concrete stresses NO NO
Check prestressed

capacity or response NO NO
Check of

prestressing NO YES (partly)
reinforcement

Check punching with

respect of YES YES
prestressing

Code dependent

deflection (CDD) YES NO

Is needed module NO YES

postensioning?

The solution for postensioned slab is not 100% comfortable and it doesn’t bring complete solution but with
using of this tutorial you will be able to perform design of such kind of the structure and also check it.
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