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1 Scope

Slab prestressing provides an economical way to decrease the amount of required
reinforcement (ULS) while allowing for larger spans with slender slabs and better
structural performance regarding crack and deflection control. For similar economical
graphical input and FEA analysis, SOFiSTIiK software offers special features within
the Structural Desktop SSD and SOFIPLUS. In the following quick start guide the

different tasks and features will be explained briefly.

Required versions: SSD 10.64-23 or higher for analysis / SOFiPLUS(-X)
16.4/17.1-16 or higher for the graphical input.
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2 System 2D Prestressed Slab and SSD Tasks for Slab

Prestress

When starting a new project, the System Information dialogue offers a new system
type: 2D Prestressed Slab. This system type allows for plane slab systems including

membrane effects and varying slab thicknesses with eccentric elements.

o For 3D structures and inplane restraints use the 2D Prestressd Slab

system type
L SOFiSTiK: System Information =]
Project
Title: SOFISTIK AG 2008 - Slab Frestiessing
Databagze: pt_slab_quickstart =
Directone: | D:her_workstendonitndhquick starthaystem’ =
Dezign Code
BENEC [+ 22004 |v| Class(Tab7.1M) | N [s] EL [s] altitude [m] 0.0
Zones: wind: Show: Earthquake:
Syztem Calculation
() 3D Frame () 3D FEA Orientation of Deadload: | Positive Z-Axis [l
() 2D Frame () 2D wall Type of Calculation: Plare Strezs System
) 2D Grilage () 20 Slab Madule: SEPP [

(%) 20 Prestressed Slab

Groups System preview
(%) Fived Group Divisor: 10000

Free Diistribution
[ Standard model [S1] ] [ Language... |
v
Graphical Preprocessing
[Groups on Separate Lavers Coordinate Spstem Dirawing Units
Initial ‘Workspace [m]: |20 @ m
D atabases [CDR) Q em
Renare... Additional COE... Delete... ) User O mm

[ (] ] [ Caticel ] [ Help

Figure 1: System Information dialogue for example project

After confirming the project setting, the SSD Task tree offers two special tasks.
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| LC 2 wariable load
|LC 3 warisble load
e 4 wariable load
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Figure 2: Task Tree for 2D Prestressed Slab System

Task Prestressing System

The Task Prestressing System provides the possibility to select various predefined

prestressing systems which are provided by the software. A preselection is

performed according to the defined design code of the project.

i
i
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The textfile tendon.tab in the sofistik.23 folder contains the PT systems

Individual prestressing systems can be defined by the user generating the
file tendon_usr.tab

E
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Figure 3: Task Prestressing System with example system selected
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Example System: SUSPA/DSI® Monostrands 150 mm? acc. ETA-03/0036:

Company: SUSPA
System: ETA Monolitzenspannverfahren ohne Verbund 150mm?
Tendon: SUSPA 6-4 Y 1770 (Pack of 4 Monostrands)

Check of the prestressing force:
PO, max: with ft0.1k = 1520 N/mm? = 0.9*1520 N/mm? * 600 mm?= 820 kN

The corresponding prestressing steel Y1770 (EN1992) can be generated in advance

using the Task: Materials or directly in the Prestressing System Task:

‘ SOFiSTiK: Material Strength-Properties (Steel) : ¥ 1770 (EM 1992) e \

b aterial zafety factor [-] IT
Yield stress [MPa] 1520
Tensie strength [MPa] IW
Comprezsive strength [MPa] IW
FligzzSpannuna Druck W Fratio af bond properties [-] IF‘
Limit of proportionalty [ofon] |50 EC2 bord cosfficient (K1) [] |2

Permanent strain of yield stress [MPa] |'|_52EI— Relaxation (070 ft] [-] IE—
Lirrit strait [oo0] 0 Felasation (055 ft] [ [ECL1 |
H ardenig module [MPa] IDi Maw. thickness [mm] W
Dynamic ztrength [MPa] ID—‘

Ok | Cancel J Help |

Figure 4: Material Strength Properties

Task: Analysis of Slab Prestress

The Task Analysis of Slab Prestress computes the resulting forces for existing slab
tendons, per default the loadcase number 700 and the action P is assigned to the

results.
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P - -

I SOFISTiK: Analysis of Slab Prestress -

;Luadcaﬁesé Groups Control Parameters Te:-:t Ijutput Graphical Output

Frestresz C5 | Info Tendons Loadzasze | group C5
1 1.2345E7891011,1213 700 i

Figure 5: Task Analysis of Slab Prestress

3 Graphical Input of Tendons with SOFIPLUS(-X)

The tendons layout can be defined easily within the graphical pre-processor
SOFiPLUS(-X), the tendons are generated in ground view, computation of the
complete tendon layout including friction loss calculation is performed during the

‘Export’ (Meshing) of the system.

Only important boundary conditions, as support lines, stop lines, distance of tendons
to the concrete faces and e.g. the transition lengths of the free tendon layout (Freie

Spanngliedlage ") have to be specified by the user.

C\arankarunn

—Verankarn

— kreuzwaise Rddslung
gangmimenam 2mr
mit Ubsrschubrohr oder Glaichy

aem ‘Ridelung mil einfachem
1 Amm dickal 1
oder Kunststafbindes
= 300 <100 | = 100 =300 30 * 100 =150
b + 1 { | I

=130 = a0

Figure 6: Free Tendon Layout (Freie Spanngliedlage) [1]

SOFiPLUS Toolbox: Prestressing

Prestressi x|

L ol S

! Maier, K.; Wicke, M.; Die freie Spanngliedlage. Beton- und Stahlbetonbau 95, 2000, Heft 2 Pp.: 62
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The input of tendons and their layout is done in SOFiIPLUS using the Toolbox

Prestressing. Three icons for the input of three elements: Input of Tendons, Input of

Support Lines and Input of so called Stop Lines are available, their input options and

the modification of existing elements is explained below.

= Task: Generates new Tendons in ground view
Options:
Input of AutoCAD lines and polylines without kinks can be directly
transferred into tendons
Tendon Points picked generate straight tendons parallel to the global
X- or y-Axis
Tendons along a side of the structure are best generated
using the ‘distribute along line’ option
Skew layouts are possible using user coordinate systems
(UCS)
Modification of tendons: The tendon dialogue opens with a
double-click on one or more selected tendon elements
+ Task: Generates support lines which define the height of tendon
elements crossing the line
Input of Options:
Support Line Direct input of support lines
Curved object can be transferred into support lines
Modification of support lines: The properties (i.e. distance of
tendon from concrete face along line) of a support line are edited
using the AutoCAD properties dialogue
* Task: Generates stop lines out of AutoCAD objects which cause

Input of Stop

Line

the intersecting tendons to end
Options:

Selection of Lines etc. to become a stop line
Modification of stop lines: The stop line objects are copied in a
separate layer, modification is possible in the same way as for all
AutoCAD obijects
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SOFiPLUS Tendon Dialogue

Double clicking on one or more selected tendon elements opens the SOFIPLUS

Dialog Tendon, here the necessary input for tendon parameters is possible.

o The arrow on one end of the tendon indicates the ‘left’ end

B SOFi5TiK: Tendon

Generalj Faints |

Mumber of tendan [S |

Hame of tendon |

Construction stage build in |1

Congtruction stage grouting |1

Congtruction stage remowal |EI

Prestressing system ! 1 SUSPA B-4%177057 15,7

Prestress direction | fram ligﬁt 3

Kind of prestressing

i i
Tendon geometmy Free tendon genmetry_)
—

ghraight part in top pozition

=

Tranzition

Ell || Rl E B

<

Diztance of asis to upper concrete eoge ILD.1IJIJ m

£

Digtance of axis to lower concrete edje fD-1 1]

1 zelected auto apply [ ] keep selected elements in new selection App

m

Figure 7: Tendon dialogue

§
§
§

Prestress direction: Definition of active and passive anchor side

Kind of prestressing

Tendon geometry: Free tendon geometry or cubic spline geometry can be

selected

8 Straight part in top position: Length of the straight part over highpoints
(colums etc.), only for free tendon layout

§ Transition: Transition length of the free tendon layout, only for free tendon
layout

8 Distances of axis to upper and lower concrete edge
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SOFiSTiK

D sich unter der Annahme der Bivgalinie nach der Fnea-
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- =
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Figure 8: Formula for transition lenght [1]

I SOFiSTiK: Tendon

General Fuaints |

Auto Pozition Type Fielative Digtance Comrment
0.000 m high paint centred
5000 m high point from top 0.060 m created by suppart line

.13. 000 m .high poi e e created by suppart ine
16070174 m  higlpoint from top 0.0s0 D

T TR R o R

auto-detect pozitions uging support lines

1) Right-click inta the table to add or remove custom paints.

1 zelected auto apply [ | keep zelected elements in new selection

Apply

Figure 9: The Points tab allows for geometry modification of single tendons

Spanngliedunterstikzum [\d _ﬁﬁs ﬁ!

Data
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Lange _*'-.-'F'.RIES*
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'-.-'erfeilung Fank
i) N
Endwert . .

Figure 10: Input of tendon distance for a support line
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Figure 11: Stop Line (red line)

4 Analysis and Post Processing

After the definition of the tendons with SOFIPLUS, the SSD is used to control the
further analysis and the post processing, the Task Linear Analysis is used to
calculate all loadcases except prestress, here the aforementioned Task Analysis of
Slab Prestress is employed. The reports of all calculation steps are managed using
the URSULA button of the SSD, further reference on the SSD can be found via Menu

‘Help’ Quick Reference.

o The complete tendons friction calculation results are available as
<projectname>_tnd.plb via the Menu ‘Open’ of URSULA

(Bffnen - [ pib] 2 '@

Suchen in: IE) system j = £k EE- [~ Warschau

L@ ﬂpt_slah_quickstart_DDS.plb Offren |
wpt_slah_quickstart_ﬂtﬂ.plb

Zuletzt L35t slab_quickstart_005. plb M
verwendets D... ﬂpt_slah_quickstart_ﬂtlﬁ.plb
@ wpt_slah_quickstart_ﬂﬂg.plb
wpt_slah_quickstart_ﬂlﬂ.plb

Desktop wpt_slah_quickstart_ﬂ 12Z.plb
wpt_slah_quickstart_DIS.plb

Sdint_<lah guick d.plb

3 b
¢ pt_slab_quickstart_msh.plb

gpt_slab_quickstart_tnd .plb

e R R o B T T W T

o]
o]
o]
o]
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o]
o]
]
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o]
g
5
]
o]
o]
o]
o]
]
2
=]
o]
1

Arbeitzplatz
IF Hinzufiigen |
Metzwerkumgeb D ateiname: Ipt_slab_qui-:kstart_tnd.plb j Favariten: I _']
ung
[ ateityp: IAktueIIe Extenzion [ plb) LI Verzeichnisse:ID:\sm_work\tendon\tnd\quickstaj
] -7 &AAn 47 %5 _AAN

Figure 12: Report of tendon calculation
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(11" ["
Figure 13: Tendon axis of free tendon layout
1.000 = 1367 N/mm?
0.996
- ~7
0.940 0.845
- -7

Figure 14: Tendon stresses (dashed line: Pm0,max=0.945*P0,max=0.85*1520 N/mm?); Maximum
tendon force indicated red.

For simplified consideration of creep, shrinkage and relaxation losses, the Task

Define Superpositioning is used to assign a factor (e.g. 0.88 for 12% CSR losses) to
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the prestressing loadcase in the automatically generated loadcase combinations (e.g.

EC2-2004, ULS and SLS combination).

Ciomnbinustion Fludes: | §upeposition Commarsk

Lot
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Figure 15: Factor for simple CSR consideration

i Abtsechen |

The design in ULS and SLS of the prestressed slab is carried our using the standard

design Tasks: Design ULS/SLS — area elements.

Remark on punching design for prestressed slabs:

Using BEMESS 11.90-23 the inclination and force of tendons crossing the punching

area is automatically detected and considered in the punching design and checks,

the mean compressive stress sigma-cd is considered for EC2-2004 and DIN 1045-1,

selecting extensive text output for punching the prestress reduction force Vpd and

the individual contributions can be checked.
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Punching Design (EC 2 1992 1-1:2004(E))

Node number

Max. shear force H=g="TTUo. 8

prestress redu c‘
- due to creep and shrinkage are included in Vpd.

d¥PO=shear Torce positive=relieve

12.0 [ofo] los
defds=inclination,
perimeter 1

tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut

perimeter 2
tendon no.
tendon no.

2, cut
tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut
tendon no.
2. cut

Circular column

alpha horizontal dewviation,

2 Iv= 675,
YW= 873,
4 Iy= G658,
2= B34,
7 Iv= 678,
2= §74,
2 Iv= 678,
2= 874,
10 Zv= G653,
W= 856,
11 Zv= G658,
ZyW= E5E,

2 Y= 675.
4 Zv= 659,
V= G655,
7 IM= 67T,
W= G673,
8 V= &67T.
2= GT73.
10 Z¥= 859,
V= G55,
11 2v= G559,
V= G55,

ds=

Plate thickness h-s5lab=
1. perimeter at 2. D*d—

Min.reinforc.
Normal stred;
Tension rein >

w-8d = 1,15"% /1

sigma-cd=

[P

[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]

[p T LT o Y N e N OO T o o

[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]
[kN]

oy A o T SN o I I o T A |

[N /m]

¥= 5.

LC=
V-EO= 5

dz/fds=0.
dzfds=0.
dzids=0.
dzids=0.
dzfds=0.
dz/fds=0.
dz/ds=0.
dzfds=0.
dz/ds=0.
dzfds=0.
dzfds=0.
dzids=0.

dz/fds=0.
dzfds=0.
dzfds=0.
dzids=0.
dzids=0.
dz/fds=0.
dz/ds=0.
dzfds=0.
dzfds=0.
dzids=0.
dzfds=0.

depth 0.
utot= 4.
(Min.design-moment-= inner column)

mue=
== 1

000 [m]

17.9 [kN]

020 alpha=
022 alpha=
023 alpha=
023 alpha=
027 alpha=
025 alpha=
027 alpha=
025 alpha=
023 alpha=
023 alpha=
023 alpha=
023 alpha=

035 alpha=
043 alpha=
043 alpha=
050 alpha=
046 alpha=
050 alpha=
048 alpha=
043 alpha=
043 alpha=
043 alpha=
043 alpha=

220 [m]
021 [m]

0.44 [o/o]
48,1 [kN/m]

O punching shear reinforcement necessary

In the critIcar P Iy Zun e 41 Teast
tension reinforcement is required

9.68 [cmZ/m]

Y= 6.000 [m]
2102  via QUAD connecting forces
in perimeter 1

0.000 [*] dwPD= 13.
0.000 [°] dwPD= 14,
0.000 [°] dv¥PD= 15.
0.000 [*] dv¥PD= 15.
9.010 [*] dvwPD= 18.
g3.5658 [°] dWwPD= 16.
9.010 [*] dwPD= 18.
82.555 [°] dwPD= 16.
15.91 [*] dWPD= 14,
15.91 [*] dwPD= 14,
15.91 [°] dwPD= 14,
15.91 [°] dWPD= 14

183.
0.000 [*] dWPD= 24
0.000 [*] dwPD= 28
0.000 [°] dwPD= 27
5.567 [°] dwPD= 33
5.222 [*] dvwPD= 30
5.567 [°] dvwPD= 33.
5.222 [*] dwPD= 20
10.47 [*] dwPD= 27
10.47 [°] dwPD= 27
10.47 [°] dWPD= 27
10.47 [°] dwPD= 27

313,

u= 4.021 [m]

Yrdi= 148.1

Figure 16: Extensive BEMESS output for punching design with tendons

[KMN/m]

[kN]
[KN]
[KN]
[KN]
[KN]
]
]
]
]

00000000 OO M 00 M) fa fa = M
—_
=
=
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5 Example System

R -
|

freal freod tren s ‘

‘ Birend Areod

Example Slab System according EC2-2004

Lx = 5/8/6 m and Ly = 6/6m

Columns: diameter 40 cm/ heigth 3.00 m/ C 30/37
Slab thickness: t=26cm

Concrete: C 30/37

Rsteel: S 500

Prestressing steel: S Y1770

Concrete cover: 3cm

Permanent loads: automatic selfweight + 1.50 kN/m?

Live loading: 3.25 kN/m?
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