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Advanced Expert Training — Post-tensioning

Introduction

\ All discussed topics are available in the Expert Edition or the Precast Edition of Scia Engineer. |

The precast module of Scia Engineer allows the making of an analysis of pre-tensioned or post-
tensioned structures. The difference between calculating a pre-tensioned or post-tensioned
construction is only in the input. With a pre-tensioned construction, one works with a bore hole pattern.
With post-tensioned structures, one has to determine the path of the cable. This course document will
treat some examples of post-tensioned constructions.

When making a linear analysis of a post-tensioned construction, there is no limitation concerning the
model, which is definitely a strong point of the software. In a ‘General XYZ’ environment one can
perfectly model and analyze the most complex post-tensioned constructions. Here analyzing is meant
as a linear calculation with the finite element method of a post-tensioned construction.

The limitation is that long term losses can’t be calculated, because a time dependent analysis is only
possible in a 2D environment (XZ frame). This is why we shall limit the first two examples to a 2D-
environment, to see how these time dependant losses can be calculated. Moreover, one can also
execute the necessary Euro Code controls on a post-tensioned beam.

The first part shall cover an example on a very simple rectangular beam en has the sole purpose to
explain the input en output possibilities of a post-tensioned Construction.

The second part will cover a U-formed bridge (Dutch: ‘trogligger’) where the post-tensioned cable is
inputted by means of source geometry. Next there will be a time-dependant analysis executed on it to
calculate shrink, creep and relaxation by using the TDA module (time-dependant analysis).

The third and fourth chapter will contain examples about a post-tensioned plate model in the ‘General
XYZ’ environment.



Linear analysis of a post-tensioned beam

1 Input of geometry and post-tensioning

e Before starting a project with pre- or post-tensioning, the ‘Prestress’ option must be checked in the
functionalities menu.

Project data u

Basic data | Functicunality' Loads | Protection |

LTA - load cases

Extemal application checks
KFP1 application

Property modifiers

S' VU | Dynamics r = Prestressing
e il stress r 4
Subsoil r =l Concrete
Monlinearity r Fire resistance r~
Stability r Hollow core slab -
Climatic loads -
Prestressing | =
Fipelines -
Structural model r
BIM properties r
Parameters -
Mobile loads -
r
r
r
r
r

Bridge design

ok | camesl |

e Next the beam can be modelled. In this example, we will use a rectangular beam (400mm by
800mm, in concrete quality C60/75) of 10m length, which is carried by hinged supports at both
ends.

e Adding the post-tensioning is done in the structure menu. Under ‘tendons’ you will find the
possibility to input ‘Post-tensioned tendons’.
(Remark: inputting pre-tensioned tendons is done in the concrete menu)
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The input of post-tensioned tendons can be done in three ways:
- Through direct input, where the user insert the cable himself into the model.

- Through direct input, where the user imports the cable path through dwg/dxf and converts it
into a cable.

- Through source geometry where the user inputs coordinates for the cable and the program will
interpolate between these point through possible geometric methods (which the user also
indicates).

None of these three options will calculate the optimal cable path. The responsibility for the input
lies completely with the user. The software will do the analysis after the input. Most users use
option 2 for the input of the cable line. The dwg/dxf usually comes from a graphical design program
(like AutoCad, ...).

In the first example we start with the most simple method and insert to straight cables by using
option 1.

e Before a tendon can be inputted, a load case of the type ‘Prestress’ is made. This is needed to
store the loads that are caused by the tensioning. Adding tensioning to a structure is seen as a
(favourable) load on the model. By making multiple load cases of the type ‘prestress’, one can
model the sequentionnaly tensioning of the cables and the complementary losses. The
sequentional post-tensioning can also be modelled with linear construction stages. The load cases
‘prestress’ will have to be added to each construction phase.

¢ Inthe next step, one can indicate the properties of the tendon:

B ' Post-tensioned tendon &J
Description
Number 1
Type Intemal
Layer Layerl L
- g y
) N m I Geometry input Direct input -
- Projection of intermediate points Pempendiculary -
N ‘ LCS standard -
~N = Material
\ ~ & Material Y1860C-3.0 -
S — E Number of tendon elements in tendon (ns) 1
Mumber of tendens in group (ng) 1
o Area [mm™ 2] s
Diameter of duct [mm] 60,00
Load Case LC1 - Prestress @ |
= Stressing
E Type of stressing Type 1 =
Prestressing from Begin -
Coefficient of friction in curved part of tendon [ 0.3
Unintentional angular displacement {per unit length) [-/m] 0.003
E Duration of short4em relaxation [sec] 0.00
Anchorage set - begin [mm] 6.00
Stress during comecting - begin [MPa] 144000
Duration of keeping stress [sec] 300,00
Inttial stress - begin [MPa MﬂDD
Overhang of tendon not included in analysis mode! - begin [m] 0.000
E Overhang of tendon not included in analysis model - end [m] 0.000
Distance between sections for output [m] 0,500
= Ac
Curve type Circle + radius -
Curve parameter [m] 1.00
Actions

Defautt values =5 |

OK Cancel

Part 1. This indicates how you will input the tendon.

Part 2. What is the choice of material and number of tendon elements for each tendon.
Part 3. To which load case of type ‘Prestress’ will the tendon be added.

Part 4. The type of prestressing.

Part 5. What are the parameters for the specified type of prestressing.

Part 6. To model a certain amount of overhang.



e Part 2: The choice of material:

B Materials

A &5 E

£ = -

¥1860C-3,0
¥1860C-4,0
¥1860C-5,0
¥1770C-3,2
¥1770C-5,0
Y1770C-6,0
Y1670C-6,9
¥1670C-7,0
¥1670C-7.5
¥1670C-8,0
¥1570C-9,4
¥1570C-8,5
¥1570C-10,0
Y1860C-3,0-1
Y1860C-4,0-1
Y1860C-5,0-1
¥1770C-3,2-1
¥1770C-5,0-1
¥1770C-6,0-1
Y1670C-6,9-1
Y1670C-7,0-1
Y1670C-7,5-1
Y1670C-8,0-1
¥1570C-0,4-1
¥1570C-9,5-1
¥1570C-10,0-1
¥177052-5,6
¥177052-6,0
¥177053-7.5
¥186052-4,5
¥186053-4,85
¥186053-6,5
¥186053-6.9
¥186053-7,5
¥186053-8,6
¥192053-6,3
¥192053-6,5
¥196053-4,8
¥196053-5,2
¥196053-6,5
¥196053-6,85
¥206053-5,2
¥216053-5,2

m

-

MName

- Code independent

Material type

Themal expansion [m/mk]
Unit mass [ka/m™3]

E modulus [MPa]

Poisson coeff.

Independent G modulus

G modulus [MPa]

Log. decrement

Colour

Specific heat [J/gk]
Themal conductivity [W/mK]
Diameter [mm]

Area [mm”2]

=| prEN 10138

Characteristic walue of maximum force (Fm) [kN]
Characteristic 0,1% proof force (Fp0,1) [N]
Total elongation at maximum force (Agt) [1e-4]
Fatigue stress range (Fr) [MPa]

=l EN 1992-11

Characteristic tensile strength fpk) [MPa]
Characteristic 0,1% proof stress fp0, 1k) [MPa]
Characteristic strain at maximum load (eps uk) [1e-4]
Ductility factor i =fple / fp0ik) []

Diesign yield strength - persistent fpd =fp0,1k / gamma p_p) [MPa]
Diesign yield strength - accidental fpd =fp0, 1k / gamma p_a) [MPa]

Design strain limit (eps ud) [1e-4]
Surface characteristics
Relaation class

Praduction

Uszer relaation

- Stress-strain diagram
Type of diagram
Picture of Stress-strain diagram

Y1860C-3.0

Plain round wire
0,00

7850.0
2,0500e+05
0,15

r

8.9130e+04
0,15
|
6,0000e-01

4 5000e+01

n
Al

]l

82 e
(=R ==

[== TR A
N — L

En
U
nn
Ul
n
u

n
u

1850,
1600,
3
1,16
13591,
1600,
3

Plain
Clags 2 - low relaxation wires and strands
Stressrelieved
r
Y

Bidinear with an inclined top branch -

New | Insert | Edit | Delete ‘

ok |

The material properties also contain the diametre of the pretensioning material. In the properties of
the tendon itself, you can only change the number of the principal tendon.

The relaxation table can also be reviewed in the material properties. It is copied from the code, but
can also be inserted or changed by the user himself. The relaxation properties will obviously only
have an influence on the time dependant analysis.

In this example, we chose the material Y1860C -5,0 with 20 tendons in one principle tendon and 4
principle tendons in one tendon group.
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e Part 4: The type of stressing:

B | Post-tensioned tendon

The type chosen depends on the way the tendon will be post-tensioned.

The indicated diagram will be used to calculate immediate losses. For all 5 types there is
anchorage set loss (in type 4, this is the only immediate loss).

In the types 1, 2, 3 and 5, there are also other losses, such as short term relaxation, etc ...
The long term losses, as shown in the 5 types, can only be determined by time dependant
analysis.

In this example we will use type 4.

e Part 5: The other parameters are used to further define the type of post-tensioning. This is all
indicated as a property of the tendon.
So for example, the amount of losses due to anchorage set loss is inputted here. Also the initial
stress in the tendon is a very important input value. In this examle it is taken equal to 1440 MPa.

With post-tensioned cables, the loss due to friction is also taken into account. So therefore it
becomes important wether the cable is stressed at the beginning or end.

e Part 6: The possibilities to define the overhang can be seen in the following image:

¥ ° Post-tensioned tendon

Tt

This overhang is not taken into account for the FEM analysis, but it is used for the calculation of
the losses in the cable.

The next step is inserting the cable. Even after inserting the cable, it will still be possible to review and
change the properties set in the previous steps.

The user can use the ‘snap settings’ to place the cable and afterwards use more precision for the
placement of the tendon by using the ‘Table edit geometry’ button (for the action buttons in the
properties of the tendon).



Editing geometry

Coord X [m] | Coord Y [m] | Coord Z m] |
1_[0.000 0100  [0.35
\ 2 10000 D00 0350
* |0.000 0.000 0.000
- 0k, | Cancel Apply

o Even before the analysis is executed, it is possible to look at the immediate losses in the stressing
of the tendon. To see these, the user can click on ‘Tendon losses’ between the action buttons in
the properties menu of the tendon:

Tendon2 Lé]

S =0 200 % - | [ G | T defaurt = T default <

IRUIEULEL LENUUI ZIUNYAU UL @il Udlisligl U0 (1] j
X Frictional loss | Anchorage set loss | Short-term relaxation | Stress after anchoring / transfer RJ
[m] [MPa] [MPa] [MPa] [MPa]
0,000 0,00 137,40 0,00 1302,60
0,500 0,76 -1359 0,00 130329
1,000 1,51 13452 0,00 130397
1,500 2,27 -13308 0,00 130466
2 NNN 1 N9 121 RA i NN 12NK 24

Ul Relaxation paszed h | 4 v|

i

Dapa]

[
2,1
2,500
3,1,
3,51,
A, 11
£, 51
3,11
5,501
501
2,1,
2,51,
EXT
#,501,
4,11,
4,5,

]

et Origin value from: |E|rigin ﬂ + |00 MPa  Werical axiz: |200.0 MPa

|Tendon2 Test scale: 05 =) Vettical seale: |1 = m

If tensioning is done at the beginning of a tendon, then there is a big anchorage set loss which
becomes smaller towards the end. The loss due to friction increases towards the end of the cable.

Each 0,5m (which is configured in the properties of the tendon), the stress after transfer is
determined. This is the stress found after substraction of anchorage set loss and the friction loss
from the initial stress.

This stress af transfer (SAT) is the stress which is sent to the solver to execute the analysis.

e Similar to the input of the first tendon, we will also add a second tendon in the other bottom corner.
This can be simply copied from the original tendon. And after which you will have to assigne the
second cable to a certain load case (now a different one due to construction stages).
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2 Construction stages (and loads)

Three linear construction stages will be made.

Stage 1: Only ‘Self weight’
Stage 2: Tensioning tendon 1 in ‘LC 1 — Prestress cable 1’ (with an additional empty load case)
Stage 3: Tensioning tendon 2 in ‘LC 2 — Prestress cable 2’ (with an additional empty load case)

In this simple example, time dependant analysis will not be used. There will also not be any other stage
which includes service loads.

3 _Calculation

Before a calculation with prestressed tendons can be performed, the mesh and solver setups will have
to be modified.

Mesh: It is very important that the tendons are divided in sufficient finite elements to ensure an
accurate analysis.

B | Mesh setup @
Name
=l Mesh
Minimal distance between two points [m] 0,001
Awverage number of tiles of 10 element 1
Awerage size of 20 element/curved element [m] 1.000
Definition of mesh element size for panels Automatic -
Awverage size of panel element [m] 1,000
= 1D elements
Minimal length of beam element [m] 0,100
Maximal length of beam element [m] 100,000
Generation of nodes in connections of beam elements 3
Generation of nodes under concentrated loads on beam elements e
Generation of eccentric elements on members with variable height I~
Division on haunches and arbitrary members 5
Division for 20-10 upgrade 50
Apply the nodal refinement Onby 20 members -
Hanging nodes for prestressing 4
@ ﬂ E OK | Cancel |

Solver: If the size of the mesh is sufficiently small, then the number of sections on average member
can be set to 1. This will benefit the speed of postprocessors, such as Euro Code checks.

B | Solver setup @
MName
=l Solver
Run one nonlinear combination I~
Meglect shearforce deformation | Ay, Az == A) -
Type of solver Direct -
1
Maximal acceptable translation [mm] 10000
Meaximal acceptable rotation [mrad] 100.0
Prirt time in Calculation Protocol 3
= Nonlinearity
Maimum iterations 50
Solver precision ratio 1
Coefficient for reinforcement 1
@ ﬂ E oK Cancel

10



4 Results

In the results menu the ‘Internal forces’ and ‘Tendon Stresses’ can be viewed. Also for each individual
load case, as for each class that is made for a construction stage, the results can be viewed.

We will compare the results from ‘LC1 — Prestress cable 1’ with ‘LC2 — Prestress cable 2’

- In the stresses on beam, there is a slightly bigger stress for ‘LC1’, then for ‘LC 2’.

- This is logical considering that cable 2 will lose some tendon stress since cable 1 will be the first to
be tensioned. The same result will also become clear in the tendon stresses.

GRS R X | Detailed stress in section &J
Stress (1) EARY:- YA
& Picturs I Information
Type of stress
Name Stress " p
Selection Al - = & Normal- stress
Tvpe of load; Load cases x " Shear stress
Load cases LC1 - Prestress cable 1 - " von Mises
Fiter o = © Fataue
Cross-section parts Al - WPa
Al -
Fiores Member: E1
Drawing Standard - | ecton
Values MNormal + - \ ECRE 0.000 | m
Exdreme Member - Setup of print
Drawing setup 1D 6.4 ¥ Text
Section Al hd [¥ Picture
[ Nomnal stress
Iv Shear stress
v von Mises
\ v Fatique
To Document |
- \ Scale: 1 3:
Actions \_23_2 2
Refrash Text 1 3.
Single Check
Preview oK | Cancsl ‘ |
Results >
BT ® X | Detailed stress in section &J
Stress (1) EARY: YA
o Picture | nformation
Type of stress
Name Stress c P!
Selection Al - {* MNormal- stress
Tvpe of load; Load cases - " Shear stress
Load cases LC2 - Prestress cable 2 - " von Mises
Fiter No - " Fatique
Crosz-gection parts Al - MPa
Al -
F\bref Member: B1
Drawing Standard - X Socton
Values Nomal + - \ EENREE 0.000 | m
Extreme Member - Setup of print
Drawing setup 10 5.9 v Text
Section Al 2 |w Ficture
[v¥ Nomal stress
[v¥ Shear stress
[v¥ von Mises
Iv Fatique
\ To Documert |
" Scale: 1 El:
Actions \—21 A4 =
Refresh Text 1 El
Single Check
Preview OK Cancel ‘
Results

If we would consider the normal forces (under internal forces), then we would see that these are lower
for LC2 than for LC1.

Note: There is an option ‘Prestress’ in the property menu of ‘Internal forces’. If this is ticked on, then
the section will be calculated as possibly already prestressed. For LC1 this will not make a difference,
but for LC2 this can give different results, because at the time of tensioning for cable 2, there is already
stress in the section due to cable 1. This will make the equivalent section (and the moment of inertia)
bigger, which causes the results for LC2 not to be the same as those of LC1 for a regular section.

Remark: If the option ‘Prestress’ is ticked on, then it will be possible to chose for ‘Total resultants’ or
just ‘Primary forces’ or ‘Secondary forces'. In an isostatic beam, the secondary forces will be zero,
because these only appear with isostatic structure (example 5). A background about these secondary
forces is given at p86 of the book ‘Navrétil, J.: Prestressed concrete structures’.

11
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The tendon stresses shows the course of the stresses over the length of the tendon.

- SAT = Stress of transfer: This is the initial stress, reduced by the immediate losses.

- LED ( = Loss due to elastic deformation): These losses are due to sequential post-tensioning and
elastic deformation of the concrete. These losses will only appear in stage 3 (tensioning 2 cable).

- LCS (= Loss due to creep & shrinkage): These are the long term losses due to creep, shrinkage and
long term relaxation. They are only calculated in a time dependent analysis (and so they are now 0).

The preview of these losses can be seen in the image below.

Tendon stresses

Tendon stresses

Linear calculation, Extreme : Global
Selection - All

Tendons: All by selection

Class : 5T3 (ULS)

Case Tendon X Stress after anchoring LED LCS Min5Stress | Max5tress
[m] I transfer [MPa] [MPa] [MPa] [MPa]
[MPa]
ST3 (ULS) | Tendon 0,000 130260 101,88 0,00 120072 1200,72
ST3 (ULS) | Tendoni 10,000 1316,35 -102.96 0,00 121340 121340

5 Controles in the concrete menu and design of passive reinforcement

In the concrete menu you can check if the post-tensioned beam will suffice. This concerns the design
of passive reinforcement, as well as the specific Euro Code checks for the prestress steel.

The steps to execute the design of the passive reinforcement and to use the complementary checks
(crack control, response control and capacity control) are completely consistent with the design of
reinforcement of 1D elements. This is why a reference will be made to the workshop concrete.

The Euro Code checks which are specific for prestress elements are the check of ‘Allowable stress of
concrete’, ‘Allowable principal stress’ and the ‘Check of prestressing reinforcement’.

Concrete o x

e ﬁg Cross-section characteristics -
----- ¥ Internal forces

&J Member design

E&J Member check

EI&J Check of non-prestressed concrete

H Overall chedk

----- B Crack control

----- F Check response

----- @ Check capacity

----- T3 Detailing provisions

----- B Crack contral =
----- F chedk response

----- @ Check capacity

Yl Allowable stress of concrete

----- ™ alowable principal stresses

)l Chedk of prestressing reinforcement
=== Check deflection {linear)

=By, 5aT Details

-] Bill of prestress reinforcement

12



Check of the ‘Allowable stress of concrete

There are multiple checks (three) to perform for the allowable stress of concrete.

Stage 3 - Ultimate Limit State combination (ULS): 0. max

The value o, 4, Will be checked (maximum stress of concrete in compression after anchorage).
This stress should be smaller than o, 44, (Maximum allowable stress of the concrete) in order for
the concrete not to be crushed. The value o, 4, Obviously exceeds o max-

Properties B X Preview
Allowable stress concrete EN 1952-1-1 (1) = \uﬁ} \17 é | | % |:| 200% - []'_5]' l;]’_ﬂ j] default - l
&
Allowable stress concrete EN 1992-1-1
Name Allowable stress concrete EN 1992-1-1
Selection Al " ||| Linear calculation, Extreme : Member
Type of loads Combinations " || Selection : All
Combinations F3EN-ULS (STR/GED) Set B - ||| Combinations - F3-ENULS (STRIGEO) Set B
Fitter No " |||: Prestress check of allowable stress concrete for selected members
Prirt explanation of er... M
. Member d Case Fibre H I o
Use named fibres - e i - i
Use named CSSpats I m, o
Values sigma o max - [lkNm] Eﬁﬂ?
£ B1 0,000 | F3-EN-ULS (STRIMGEQ) Set B2 7 -45132 [ -1719.8 -54,94
Extreme Member - 0 26.00
Pirine eshn 10 . —

Stage 3 > Characteristic Service Limit State combination (SLS): fo;crr

The value 6.qmax (Maximum concrete stress after application of self-weight and all loads) must not
exceed the allowable tension in the concrete, f.. . in an SLS combination.

This value is strongly exceeded when all loads are applied because in this example, the upper fibre
of the beam is subjected to tension (due to the prestressed tendons). In a practical case, there will
be more loads present, and thus the value of 6.4 max Will be much smaller.

Properties B > Preview
Allowable stress concrete EN 15521 - ‘\E \] é | | H |:| 200 % - [Lﬁ ';Lsi j] default -
&
Allowable stress concrete EN 1992-1-1
Name Mlowable stress concrete E...
Selection Al ||| Linear calculation, Extreme © Member
Type of loads Combinations - Selection - All
Combinations FIEN-SLS Characteristic - ||| Combinations : F3-EN-SLS Characteristic
Fiter No " ||| Prestress check of allowable stress concrete for selected members
Print explanation of er... F
- Member d Caz Fibre N M o o . o
Use named fibres F i [kt ritite] s iR [
Use named CS5 parts ™ ¥
Values f ot eff - [kl “mx c[’m!gr [R'*Pe;]r
Ext Member - B1 0,000 [ F3-EN-SLS Characteristic/3 T -4094 3 -1433.0 -54.04 50,43 -14,25
reme 00| 3800 000D 440
Drawing setup 10 R e e ——
Section Al -

Remark: The value o, ., (allowable compression in concrete in SLS characteristic combinations)
is not calculated because this check is only needed for the environmental classes XD, XF and XS.

Stage 3 = Quasi permanent Service Limit State Combination (SLS): 0¢¢ qp and fet eff,ap

Here the values of o, q, and f;; crf,qp (respectively the allowable compressive and tensile concrete
stress in SLS quasi permanent combinations) are being checked. The values of oy, and oy 1max
(respectively the minimal and maximal concrete stress caused by long term loads) may not exceed
the allowable stresses indicated by o, q, and fe; err qp- The user can modify foy o¢f 4, Manually in

the concrete setup. By default it is set to zero. So since there is tension in some of the fibres, the
check will not pass.

13
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Fitter

Print explanation of ... M

Properties 0 X Preview
AMlowable stress concrete EN 1982-1-1 (1) = | &1 %7 B&|| =50 200 % v |0 | T deraunt - -
&
Allowable stress concrete EN 1992-1-1
Name AMlowable stress concrete EM 199...
Selection Al " |||i Linear calculation, Extreme : Member
Type of loads Combinations - Selection - All
Combinations FIEN-SLS Quasipemanent - ||| Combinations : F3ENSLS Quasi permanert

Ho Prestress check of allowable stress concrete for selected members

Use named fibres r == [:‘)j &= o= [k":” [k': - [T\Epazﬁ gﬁﬁﬂ" aﬁ&ﬂ"}?" ”ﬁ#ﬂﬁin aﬁ“ﬁrﬁx
Use named CS5 parts r M, o, . o, T o, f
Values sigma clt max - M__@ﬂ? l@’gﬁ‘ [ﬁ'ﬁY @&? QLﬁI'a-L_
B1 10,000 | F3-EN-5LS CQuasi-pemanent/3 3 -4133,4 | 14457 -55,46 -55,45 2345 -51,01 25,84
Extreme Member -
0.0 -35,00 0,00 0,00 -27,00 0,00
Drawina setuo 1D
Check of allowable principal stresses
This check is described in the Euro Code EN1992, art 12.6.3 (3):
<< A concrete member may be considered to be uncracked in the ultimate limit state if either it
remains completely under compression or if the absolute value of the principal concrete tensile
stress o.; does not exceed f.q. >>
In the check of allowable principal stresses it can be seen that this check is not alright:
Properties o X Preview
Prestress check allowable principal stresses = | W@ W/ é \ |# |:| 200% - h’ﬁ []’ﬁ Ty default - T default -
_: Prestress check allowable principal stresses EN 1992-1-1
Name Prestress check allowable principal..
Selection A " ||| Linear calculation, Extreme : Member
Type of loads Combiniations - Selection - All
[Conbingions | FYENULS (STR/GED)Set B~ | | Combinations - F3-ENULS (STRIGEO) Set B
Fiter Mo " ||| Prestress check of allowable principal stresses for selected members
Prirt explanation of er. . [~
Use named cuts r Member dx Case N:| v M‘d Myu g, (
Use named C55 pats [ [m] [kN] [kﬁ] [kNm] [KNm] [MPa]
Values Check value . v, M, s
Extreme Member > [kN] [kNm] | [MPa]
Drawing sstup 1D RIREE 10,000 | F3-ENULS (STR/GEQ) Sef B2 | -4960,1 0,0 00| -17360| 2689
Section A . 530 0,0 2,07
Check of stress in the prestressing reinforcement
This option is used to check the stress in the post-tensioned tendons for an ULS combination.
Combinations - F3-ENULS (STR/IGEO) Set B
Check of prestressing reinforcementfor selected tendons
d, Case o o .. O min O max g Check __ Check
m M | MEE | iR | R | e The
Tendon (=] (=] o (=] (=] Check .
MiPa) [MPa] mPa) [(MPa) (MPa) g
0,00 | F3-EN-ULS (STR/IGEO) | 144000| 130260| 118035| 1180,35| 1180,35 1,00 | OK
Set B/2
Tendon1 ST3 144000| 1360,00| 139500| 139500| 139500 1,00

These checks pass. No stress is exceeded. In the image below there is more explanation about the
symbols used in the preview. This way it becomes easier to manually see what is checked.
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ap.pa Stress of prestressing reinforcement prior anchoring (during tensicning)

op,aa Stress of prestressing reinforcement after anchoringftransferof prestress

gpg,min Minimum stress of prestressing reinforcement after application of self-weight, all permanent, and v ariable loads
Opg,max | Maximum stress of prestressing reinforcement after application of self-weight, all permanent, and variable loads
ap,itl Stress of prestressing reinforcement after long-term losses (LTL)

Checkeal | Maximum value of check of all performed checks of allowable stress of tendon

Op,max Allowable stress of prestressing reinforcement prior anchoring (during tensioning)
apm0 Allowable stress of prestressing reinforcement after anchoringftransferof prestress
opm Allowable stress of prestressing reinforcement caused by SLS combinations




The allowable stresses before and after anchorage ( 6, mqx @nd g, ,,0 ) are calculated according to
chapter 5.10.2 and 5.10.3 of the Euro Code EN1992. The allowable stress g, ,, in the tendons under
the service limit state combinations are given in chapter 7.2.

The factors used in these formula can be configured in the national annex for Euro Code 2, in the
part which indicates national dependent values for EN1992-1-1. The parameters can be found under
the part ‘Allowable stress’.

Name Standard EN

=I National annex
-l k1; k2 to calculate the maximum stress applied to the tendon during tensioning
Walues [ 0,80 / 0,90

=l k3 - increased factor for maximum stress in prestressing reinforc it during tensioning 5.10.2.1(2)
Walue [ 0,95
= kb - increased factor for maximum compressive stress in pre-tensioned concrete after transfer of prestress 5.10.2_2(5)
Walue [ 0.70
=I k7 -factor for maximum stress in prestressing reinforcement after anchoring/transfer of prestress 5.10.3 (2)
Walue [ 0.75
=I k8 -factor for maximum stress in prestressing reinforcement after anchoring/transfer of prestress 5.10.3 (2)
Walue [ 0,85
=l 5LS stress limitation
=l National annex
-l k1 -factor for maximum compressive stress in concrete under SLS characteristic combi
Value [-] 0,60
-l k2 -factor for maximum compressive stress in concrete under SLS quasi-permanent combi (linearity of creep condition) 7.2(3)
Walue [ 0.45
-l k5 -factor for maximum stress in prestressing reinforcement under SLS combi 7.2(5)
Walue [ 0,73
=I Detailing provisions
+ Common detailing provisions
+ Columns
+ Beams

The stresses indicated in the preview of this check can easily be calculated manually:
= 5.10.2 Maximum Stressing Force

o ky =080

o k, =090

©  Opmax = min(ky * fouiky fou) = 1440 N/,
= 5.10.3 Prestressing Force

o k;,=075

o kg=1085

o Opmo = min(ks * fui ke fou) = 1360 N/,

Summary
The checks concerning allowable stresses in the concrete were not all right, but the checks for

allowable stress in the prestress tendons did pass.
Now the user will have to modify his design to ensure that the check for allowable concrete stresses

pass the unity check. It can be done by increasing the size of the cross section or by augmenting the
quality of the concrete used in the beam.
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Time dependant analysis of a post-tensioned beam

This goal of this chapter is to show how the time dependant analysis can be executed in Scia Engineer.
A calculation with time dependant analysis is necessary to determine the time dependant losses of the
tendons. This can only be applied in a 2D environment.

Project data J— - (e

N —

Easic data ] Functionality] Loads ] Protection
W Data Material
cla
Engineer Name: |_ Concrete =3
Material Cel/ 75 o~ ..
: Reirforcement m..| B 5008 - ..
Part: |-
Steel -
Timber [l
Description: |‘ Masonry r
Other r
Author: |' Aluminium r
Date: |04. 12 2012
Code
Structure: National Code:
Frame XZ = - | BN -]
Truss ¥Z
s National annex:
Frame XYZ Standard EN .
e ] £
Plate XY
Wall X
General XYZ
0K | Cancel |

It is possible and in most cases also acceptable to simplify a 3D plate model to a 2D beam model. It is
most definitely acceptable if the length is much larger than the width of the plate. In such cases the
analysis in longitudinal direction is much more important. The advantage of a 3D-model would be the
forces that can be investigated in transverse direction. This will also be shown in the next chapters.

1 Input geometry and post-tensioning

The TDA analysis of post tensioned bridges is a much used application of the program. This is why
there are many pre-parameterized bridges to be found in the cross-section library, which also makes
the input of typical decks of bridges much easier.

Mew cross-section

Ayailable groups Ayailable iterns aof this group

g6 Concrete
3B Geometric shapes = — -

Murnerical

%¥ General
B Frecast | | ﬁ'.L'-, ﬁ I T -

OF Eridge

Because this list is far from complete and does not contain all types of bridges, it is also possible to
create a profile using ‘General’ cross-sections. The general cross-section opens a section-editor in
where it is possible to manually create a cross-section, or to import one from dwg/dxf.
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In this example we will use one of the predefined parametric bridges. The section used has the
following measurements:

b0 1200 - |Parameters |
Material C60/75 -
b [mm] an0n0
. b0 [mm] 1200
b1 [mm] 1
h [mm] 2500
A r h1 [mm] 2500
- s [mm] 1
Ey d fmm) 500
B . - General

We will insert the beam over a total length of 40m with intermediate supports at 10m and 30m.

Adding the prestressed tendons is the most difficult part of the modeling. In the previous example this
has been kept simple because it was possible to do this manually. In this example the input by source
geometry will be used. This geometry can be inserted under :

‘Libraries -> Prestressing -> Tendon source geometry’

In practice one usually starts from a dwg file which can be imported in Scia Engineer and converted to
a post-tensioned tendon. There is also more explanation about this as a demonstration movie on the
site www.scia-online.com.

The source geometry allows us to determine the geometry of a post-tensioned tendon by using several
points. The course of the tendon will be determined by means of interpolation between the points
indicated by the user. For more explanation about the interpolation that takes place in the software, a
reference is made to the documents for prestress under the help of Scia Engineer.

The source geometry used in this example is shown in the image below.

@ Edit geometry

D x|

EEE [ Hxrw

Geometry in direction 22

AARN A 255,

Geometry in direction >

=
CoordX[m]lCoordZ[m]|Cumetype 3DEIIEIITIETE|“
1 [0 0.05 Circle +1= = 2,00
2 [500 0.05 Circle +rz = 4,00
3 |0 245 Circle +1 = 400 - 5’/\—?
4 [15.00 0.05 Circle +r= = 4,00 '
5 |2500 0.05 Circle +r= = 4,00
& |30.00 245 Circle =1z = 4,00
7 |3sm0 0.05 Circle +r= = 4,00
& 4000 0.05 Circle =1z = 2,00 -

1
Coord X [m] | Coord Y [m] | Curve type | ve parameter |
1 |0.00 3.40 Crcle+= -~ 080 - -
2 (40,00 3.40 Crele s~ 080
= |0.00 0.00 ~ 000 W — 1
Ready CAP |NUM |SCRL

Help | 0K | Lancel

We will model two tendons in the bridge (one on the left side and one on the right side), and these two
cables will be placed in the same load case ‘LC1 — Prestress’. This means that the two cables will be

tensioned at the same time.
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ing

Remark: For source geometry it can be very usefull to use parameters. By using parameters the points
of the source geometry can be easily determined with very limited input. An example of these input
values can be seen in the image just below.

Project
= Constructie
L. Belasting
LE Eelaztinggewvallen, Combinaties
Berekening, net
o Beton
'E Drocurnent
g Tekengereedzchap
Bl Bibliotheken
3 Toals
H#F Linraster
Pararneters
Farameters gjablooninstelingen
£ Lagen
Dioor gebruiker gedefinieerde zels

iy UCS

[

[0-&-H

M Project

Geometne l

hzss - Depth of the Crozs-Section [mm]
bizs - Width of the Cross-Section [mm]
ch - Upper cover [m]
oo - Lower cover [m]
Bl Spans
L1 - Span 1 [m]
LZ - Span 2 [m]
L3 - Span 3 [m]
Bl Prestressing
PS51_Rmin - Minimal Fadius [m]

b o TR I

5P _Lz - Lengte wan het rechte deel [m]

2000.0
E000.0
.05
0.05

12.00
12.00
12,00

2.00
1.00

These input values are then linked to parameters that determine the coordinates of the source

geometry.

The parameters of the tendon are determined as followed.

B ' Post-tensioned tendon ]

Name Tendon 1
Description
MNumber 1
Type Intemal
Layer Layer1 o
= Geocmetry
Geometry input Source geometry -
Alocation
LCS-X B1 -
Projection of intermediate points Perpendicularty -
LCS standard -
Source geometry Tendon 1 -
Crigin of source geometry Offset in LCS -
Coord X [m] 0.000
Coord Y [m] 0.000
Coord Z [m] 0.000
- Material
Material Y1670C-7.0 -
Mumber of tendon elements in tendon (ns) 20
Mumber of tendons in group {ng) 1
Area [mm™ 2] 770
Diameter of duct [mm] €0.00
Load Case LC1 -
- Stressing
Type of stressing Type 4
Prestressing from Begin -
Coefficient of friction in curved part of tendon [H 0.3
Unintentional angular displacement {per unit length) [-/m] 0.003
Initial stress - begin [MPa] 1440,00
Owverhang of tendon net included in analysis model - begin [m]  0.000
Overhang of tendon not included in analysis model - end [m] 0,000
Distance between sections for output [m] 0,500
Actions
Tendaon losses
Caleulation info

Default values

The system line of the member also has to be set at ‘bottom’.
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As the tendons are placed, it becomes possible to look at the immediate losses in the cable. This is in the
assumption that the post-tensioning would be done at the beginning of the tendon.

5

endon 2

Ba|l im0

T R e e e e

X
[m]

Frictional loss
[MPa]

200%

Anchorage set
[MPa]

- | o

loss

T default

Short-term relaxation
[MPa]

- @

- B R

Stress after anchoering / transfer

[MPa]

r—!

Selected tendon

Tendon 2

Origin value from: | Origin | + |00 MPa  Wertical axis: |200,0 MPa

Tent scale: 0.5 EI:

Vertical scale: |1 EI:

Close

It is obvious that the loss due to friction has become too big at the end of the 40m long bridge. This is why it
is advised that these cable are tensioned at both ends.

The following setting will be used for the tendons (in order to reduced the losses due to friction).

=l Stressing
Type of stressing

Both ends, anchored at the end, restresssed at the beginning =

Type 4

Coefficient of friction in curved part of tendon... 0.2
Unirtentional angular displacement (perunit |... 0,003
Initial stress - begin [MPa] 1440,00
Initial stress - end [MFa] 1440,00
Overhang of tendon not included in analysis ... 0,000
Overhang of tendon not included in anabysis ... 0,000
Distance between sections for output [m) 0.500
This results in the following losses:
Tendon 1 S
Z2&|| A0 maox% - | T defaunt ~ @ A getauit -
‘ X Frictional loss Anchorage set loss Short-term relaxation Stress after anchcring I transfer Rﬂ
[m] [MPa] [MPa] [MPa] MPa]
12 Shorttemn relatation 1 2l
- |
Soocted terddan Drigin value from: | Origin | «Joo MPa  Vertical sz [2000 MPa
[Tendon 1 Test scale: [05 = Vettical scale: [1 =] Close
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2 Construction stages (and loads)

The construction stages of this project will not be normal linear construction stages, but will be part of a time
dependant analysis. So for each construction stage, a certain time indication will be necessary.

Stage 1: Casting of the concrete bridge: day O
Stage 2: Adding the post-tensioned cable: day 28
Stage 3: Adding the service load: day 100
Stage 4: Check of the structure after 50 years  day 18000

The load cases taken into account will only be the self-weight and a service load. Also in accordance to the
construction stages, which need a load case for each stage, we will need the following load cases.

(LC 1: Prestress)
LC 2: Self weight

LC 3: Empty load case (for stage 2, where the post-tensioned cable will be added)
LC 4: Service load (variable load case, but of the type ‘long term’) = Line load of 10 kN/m
LC 5: Empty load case (for stage 5, the check after 50 years)

B’ Load cases

5

As & BBEIn S =E A

LC1 - Prestress Name

| Lca

LC2 - Self Weight Description
LC3 - Empty (stage 2) Action type

LC4 - Service load LoadGroup

LC5 - Empty (stage 4)
Pty E Load type

Specification
Duration
Master load case

Service load
Variable
LG2

Static
Standard
Long

None

Actions

Delete all loads

Copy all loads to another loadcase

New | Insert | Edit | Delete |

Close |

Remark: It is also possible to use mobile loads to create the load case. This is done to create the maximal
moment in the middle of the span, or at the sides. For more information about mobile loads, a reference is
made to the workshop about mobile loads.

The configuration for the time dependant analysis has to be as shown in the image below.

20

B ' Construction stages setup

=

Name

- Load factors(Code independent combinations only)
+ Permanent (long-temm) load
+ Prestressed load cases
= Long-term part of variable loads
Factor Psi [-]
= TDA
- Load factors for generated load cases
gamma-creep min [-]
gamma-creep max [-]
= Time - History
Number of subirtervals
Ambient humidity [%]
Automatic calculation of subintervals
= Local time axis
Time of casting [day]
Time of curing [day]
Duration of curing of composite parts of cross-section [day]
Line support formwaorl)
Time of releasing of displacements in X direction [day]
Time of releasing of displacements in Z direction [day]
Generate output texd file
+ Results

0.30

1.00
1,00

1.0
70,00
™ no

-1,00
0,00
0,00
&
14,00
14,00

Time dependert andlysi

QK Cancel




The most important properties are summed up.

Long-term part of the variable load: ¥ = 0,3

The variable loads are also taken into account for the time dependant analysis, but only for 30%
(permanent loads are taken into account for 100%). This is only valid for variable loads of duration
‘long’. The duration of a certain load case can be indicated in the configuration of the load case.

Number of subintervals (between 2 construction stages)

The numerical TDA method becomes more accurate if there are more subintervals between two

construction stages. In return, more computational time is necessary. The number of subintervals is

preferable given for each construction stage separately. For example, between the 3rd and 4th

construction stage more subintervals are necessary because the time between them is much bigger.

Ambient humidity [%]

This property will affect the shrinkage. For higher ambient humidity, there will be less shrinkage.

Local time axis
The local time axis introduces extra times for which no construction stage has to be defined:

- Time of casting: This is preferably taken on day -1 to prevent the possibility that on day 0 an
element without stiffness is sent to the solver (newly cast concrete has no stiffness).

- Time of curing: This is a special treatment of the concrete, which possitively affects the
shrinkage. It is mostly applied in the prefab industry.

Line support (formwork): This property assumes that the concrete stays in the formwork after
casting the concrete in order to build up stiffness before carrying any loads.

Remark: During this period the structure is completely supported and the deformations and
internal forces do not occur.

The different construction stages are configured in the following manner.

B ' Construction stages &J
el g & A -
ST1 - Casting of the concrete Name sT1
Crder of stage 1
Description Casting of the concrete
Global time [day] 0.00
Mumber of subintervals 1
Ambient humidity [%] 100,00
Last construction stage I
= Load permanent or long-term
Load case LCZ - Self Weight L
= Load prestress
Load case Mone L
Type of generated combinations All code dependent -
Actions
Variable load cases b5
Mew | Insert | Edit | Delete | Close |
i | Construction stages [é]
g ) & A -
ST1 - Casting of the concrete Name ST2
5T2 - Adding the post-tensioning Order of stage .
Description Adding the post+ensioning
Global time [day] 28,00
Number of subintervals 3
Ambiert humidity [%] 70,00
Last construction stage F
=I Load permanent or long-term
Load case LC3 - Empty (stage 2) - .
= Load prestress
Load case LC1 - Prestress - .
Type of generated combinations All code dependent -
Actions
Variable load cases B
New | Insert | Edit | Delete | Close
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Note that after stage 2 the structure will not be changed anymore (‘Last construction stage’). After this stage,
long term variable load cases can be used as base for the construction stage.

e A
1 ' Construction stages M

A e B 9| E a - 7
5T1 - Casting of the concrete MName 5T3
5T2 - Adding the post-tensioning Order of stage 3
5T3 - Adding the service load Description Adding the service load
Global time [day] 100,00
MNumber of subintervals 5
Ambient humidity [%] 70.00
Last construction stage ]
=l Load case permanent or long-term
Load case LC4 - Service load = |
fpsp EENE
Type of generated combinations All code dependent -
Actions
Variable load cases FEE

New I Insert I Edit I Deleiel Close |
1 ' Construction stages M\

v
L

A B o |G A - 7
ST1 - Casting of the concrete Name 5T4
5T2 - Adding the post-tensioning Order of stage 4
5T3 - Adding the service load Description Check after 50 years
ST4 - Check after 50 years Global time [day] 18000.00
Number of subintervals 10
Ambient humidity [%] 70.00
Last construction stage -
= Load case permanent or longterm
Load case LCE - Empty (stage 4) - .
Type of generated combinations All code dependent -
Actions
Variable load cases b5
New I Insert | Edit | Delete | Close
L. A

3 _Calculation

After the setup of the mesh and solver, the time-dependant analysis can be executed.

FE analysis |28

siaT

Enginesr

Single analysis | Batch analpsiz |

]
=]

Lirear calculation
Maonlinear calculation
Modal analyziz

Linear stahility

Concrete - Code Dependent Deflections [COD)

O TS TS e T
i3 [ o )

Construction stage analysis

1

Monlinear stage analyziz

D0

Manlinear stability

" Test of input data

Mumber of stages: 4, TDA

Salver setup | Mesh setup |

ak. I Cancel |
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4 Results

The results which can be viewed are the in the same options as in the previous example.

Tendon stress

However, now it will also be possible to find long term losses. This effect is obvious in the tendon

stresses for stage 3 and stage 4. The results are compared below.

Tendon stresses

Tendon stresses
Linear calculation, Extreme : Global

Selection - All
Tendons: All by seledtion
Class : 5T3 (ULS)
Case Tendon X Stress after anchoring LED LCS Min Stress | MaxStress
[m] [ transfer [MPa] [MPa] [MPa] [MPa]
[MPa]
ST3 (ULS) | Tendon 1 20,000 753,61 019 1337 740,43 740,43
ST3 (ULS) | Tendon 1 0,000 144000 0,00 6007 137993 1379,93
Tendon stresses
Tendon stresses
Linear calculation, Extreme : Global
Selection - All
Tendons: All by seledion
Class : 5T4 (ULS)
Case Tendon X Stress after anchoering LED LCS MinStress | MaxStress
[m] /| transfer MPa] [MPa] [MPa] MPa]
[MPa]
ST4 (ULS) | Tendon 1 20,000 753,61 0,19 -52 50 70130 701,30
ST4 (ULS) | Tendon 1 0,000 144000 0,00 15920 128080 128060

It can be clearly seen that the long term losses, LCS (loss due to creep and shrinkage), are
significantly higher after 50 years in comparison with the beginning of the last stage at 100 days.

The long term losses are also smaller at the middle part of the beam. This is because the tensioning
after anchorage is lower in the middle part (due to anchorage losses), and the losses due to relaxation
depend on the amount of stress in the tendon. So higher stress in the cable means higher long term

losses.
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Deformations

Aside from the tendons stresses, the deformations can also be inspected. Here we will also look at
the difference between stage 3 and stage 4, to see the effects of the increased long term losses.
) j Froperties n
Deformations on member (1) - \,ﬁ V
&

Name Deformations on member

Selection Al

Type of loads Combinations

Combinations F3-EN-5L5 Characteristic - Adding the service load
Fitter No

Structure Initial

Values uz

Extreme Member

Drawing setup 10

Section Al

j Properties b
Deformations on member (1) BRI

4444

Name Deformations on member
Selection Al
Type of loads Combinations
[ Combinations | F4-EN-5LS Characteristic - Check after 50 years
Filter No
Structure Initial
Values uz
Extreme Member
Drawing setup 10
Section Al

The deformation in the middle of the beam is 1,3mm at the beginning of the stage with the service
load, and itis 1,7mm at the end of the same stage.

Moment diagram

The moment diagram after 50 years will look like: R
.......... + | Properties

Intemal forces on member (1)

4444

MName Intemal forces on member
T\r = - I ‘ ] = Selection Al
e T AT TTTTTT] | pedionts  Conbiatons

Combinations F4-EN-ULS (STR/AGEOQ) Set B - Check after 50 years
\j\k )/V Fitter No

ey Prestressing [
Values Wy
Extreme Global

Drawing setup 10

Section Al

With a moment of 6051.85kNm in the middle of the span and 6834,49kNm at the supports. The
result comes from the combined loads of the self weight, service load and tensioning after 50 years.

The stress in the tendons creates an opposite moment (at day 100) of 830kNm in the middle of the
span and 1994kNm at the supports (not including losses of stress in the tendon).

j Properties 1
Intemal forces on member (1) BRI

-1889.88 kNm

Name Intemal forces on member
Selection Al

Type of loads Load cases

Load cases LC1 - Prestress

Fitter No

Structure Initial

Prestressing 72

Type of forces Total resultants

WValues My

Extreme Section

Drawing setup 1D

Section Al

{ it

| -1912,23 kNm

| -1899.87 kN -

R -
A
~1913,28 khm
it

5

~F3 TSI

|
|
|

765,08 kNm
7 | 93,58 km
| |-833,3B KNm
| | ~632.28 kNm
[ | -830.28 kNm
[ | -830.13 kNm
[ | -B30.I8 kMm
1 | -B32.28 kNm
[ [-B33:26 kNm
[ [~FTLBE kNm

(763,18 kNm

011,38 kNm

-1 AT kNm

| e 00 i

r—
T &4 -
[

o

p

a—

289,88 khinj+

267,98 kN
26 b}p’z‘
230,85 ki
i
i
267,99 kN

e
i

THOREAN

o
o

1009,
178589
LI
154502
Lk
%5055 kNan
1845794
1763,43 K
160057 kNri?

From these results we can expect that more post-tensioning will have to be added or more passive
reinforcement will probably be required.
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5 Checks in the concrete menu

Passive reinforcement

In the concrete menu the amount of passive reinforcement can be calculated.

The ‘Concrete prestress design’ of the prestressed beam will give the following result (while
respecting the minimum reinforcement demand): 18 563 m3 of upper reinforcement and 36 532 mm3

of lower reinforcement.

_~| Properties

Concrete prestress design EN 1552-1-1 (1)

Mame Concrete prestress design EN 1552-1-1

Selection Al

Type of loads Combinations
Combinations | F4-EN-ULS (STR/GEO) Set B - Check after 50 years
Filter No

Print explanation o...
Use named joirts -
Use named cuts ~

Values As total req
Extreme Member
Drawing setup 10

Section Al

j Properties

Allowable stresses

Concrete prestress design EM 1592-1-1 (1)

Mame Concrete prestress design EN 1992-1-1
Selection Al
Type of loads Combinations
Combinations F4-EN-ULS (STRAGEQ) Set B - Check after 50 years
Fitter No

Print explanation o... ™

N
ﬁ_J /fx T
| = = .
Z
&
If the minimum reinforcement is not repected, then the following amount of reinforcement is
calculated: 2 064 m3 of upper reinforcement and 3 293 mm3 of lower reinforcement.
S %
N
e s N —; < S5

Use named joints -
Use named cuts I~

Values As total req.
Extreme Member
Drawing setup 10

Section Al

In the middle of the beam there will still be a certain amount of lower reinforcement necessary and
above the supports there is still some upper reinforcement necessary. This means that the
construction will become instable without any passive reinforcement.

The stresses in both the cables and the concrete must be checked to see if the prestress does not
exceeds the maximal concrete pressure or the maximal tension in the tendons.

A. The check of allowable stress in the concrete after anchorage is easily suffices.

Allowable stress concrete EN 1992-1-1

Linear calculation, Extreme : Member

Selection : All
Combinations :

F2-EN-ULS (STR/GEO) Set B

Prestress check of allowable stress concrete for selected members

Case M Member d N M o o P
[kN] ) KN] wnbhy | e e
M [+] o
wmy | OB | RS
F2-EN-ULS (STR/GEOQO) Set B/1 0,00 | B1 14,000 -1476,97 556,01 -0,39 -0,39
0,00 -36,00 0,00
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B. The check of allowable tensile stress in the concrete of quasi-permanent loads also suffices.

Allowable stress concrete EN 1992-1-1

Linear calculation, Extreme :
Selection : All

Member

Combinations : F4-EN-SLS Characteristic
Prestress check of allowable stress concrete for selected members

Case

M Memb d N M ; ;
T T T O T O il
M f
pokn | il | e | sl | e
F4-EN-SLS Characteristic/2 0,00 | B1 10,000 | -1523,83 | -4450,57 -1,00 -1,01 1,78 -1,00
0,00 0,00 0,00 516 0,00
The tensile stress occurs above the supports (d,, = 10m), but is not too big (0.qmax < feterr)-
C. The check of allowable tendon stress is also investigated.
Check of prestressing reinforcement
Linear calculation, Extreme : Global
Selection : All
Tendons: All by selection
Combinations : F2-EN-ULS (STR/GEO) Set B
Check of prestressing reinforcement for selected tendons
dx Case c,'p,pa op,aa c,.pq,rnin o.pq,max c,.p,ltl CheCkcal
[m] [MPa] [MPa] [MPa] [MPa] [MPa] [
Tendon Clngmss O omo Oom Oom Com Check,,
[MPa] [MPa] [MPa] [MPa] [MPa] [
0,00 | F2-EN-ULS 1440,00 | 1440,00| 1440,00| 1440,00| 1440,00 1,18
(STR/GEOQ)
Set B/1
Tendon 1 ST2 1296,00 | 1224,00| 1252,50| 1252,50| 1252,50 1,00

The tendon stress before and after anchorage exceeds the allowable stresses. In such a case we
will want to keep the total compressive stress in the concrete, but we want to stay under the maximum

allowed.

A possible solution is to use a material which has a higher maximal tendon stress, or to lower the
tendon stress in the tendons themselves. This can be done by using more tendons than in the current

situation.

The tendon stress after 50 years will be lower, so it is advisable to keep the same total amount of
prestress, because if the total amount of prestress would be lowered, it is possible that the previous
checks (especially the allowable tensile stress in the concrete) will not pass anymore.
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Linear analysis of a post-tensioned bridge deck

In this chapter post-tensioned cables are introduced on a bridge deck. This deck will be modeled as a
2D-element, allowing the calculation to run in a general XYZ environment. As previously mentioned a
time dependent analysis cannot be performed in the general XYZ environment. In order to take into
account a certain long-term loss, the user itself would be able to make an estimate of this loss and
simply include this by giving the prestressed cables a lower initial stress.

It might be possible to tension the cables sequentially and to calculate these losses by using linear
construction stages. The process is analogous to example 4.

This example will be restricted to a linear analysis of a post-tensioned bridge deck without working with
construction phases.

1 Input geometry and post-tensioning

Before the modeling can start, the project data must be inputted. We will choose for a general XYZ
environment with material concrete C50/60. In the functionalities the option ‘Prestressing’ is ticked on
(and on the right side, ‘Advanced parameters’, to indicate for example anchorage losses).

The plate has a size of 40 by 15 meters and a thickness of 600mm.

It is supported by supports at the ends and at 10m distance from the ends. To introduce a line support
at 10m distance from the ends, you will first have to introduce an internal edge. These steps result in
the following structure:

The next step is to create subregions above the internal supports in order to locally thicken the plate. At
a distance of 2m from the intermediate support, the thickness is increased from 600mm to 1000mm
(towards the support in question). Also the alignment is set to ‘top’ (so that the top surfaces are at the
same height).

| [Properties 2 x
Subregion (1) DAY

Mame R1
Material C50/60
Thickness type variable
= Wariable Thickness
Direction Direction X
Thickness [mm] 1000
Point 1 N5
Thickness [mm] 600
Paint 2 N3
Member system-plane at top
Eccentricity z mm] ]
2D member s1

N5 abso
N& abso
N3 abso
N10 ahso
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Applying the post-tensioned cables is completely analogous as in 1D elements.
Again, there is a possibility of direct input, input via source geometry or starting from a dwg-file.
The direct input or import via source geometry could be simplified by means of parameters.

Material

Material Y1770579 -
Number of tendon elements in tendon {ns) 20

Mumber of tendons in group (ng) 1

Area [mm™Z] 1000

Diameter of duct [mm] 60,00
oad Case LC1 - Prestress L
Stressing

Type of stressing Type 4 -
Prestressing from Bath ends, anchored at the end, restresssed at the beginning -
Coefficient of friction in curved part of tendon [ 0.3

Unintertional angular digplacement (per unit length) [-/m)] 0.003

Anchorage set - beain fmm] 6,00

Anchorage =&t - end [mm] 6.00

Initial stress - begin [MPa] 1440,00

Initial stress - end [MPa] 1440,00

Overhang of tendon not included in analysis model - begin [m] 0.000

Overhang of tendon not included in analysis model - end [m] 0.000

Distance between sections for output [m] 0.500

In this example, 1 cable is inserted through direct input. Then this cable is copied several times over
the width of the plate. The direct input is done using snapped points. The coordinates of the snapped
points may subsequently be adjusted according to ‘table edit geometry’.

Cursor snap setting X

™ Line arid v Dat grid

Only zhapped points

o
< |7

Midpaints
Endpoints / Modes

Intersections

Orthogonal points

Tangential points

Arc/Circle centre

&
I I i Y

Paintz on line-curve - length

o0
H O ) =
EBegin
/ @ h)

V. W Paints on line-curve - N-ths B
+ il [ Paints on line-curve - % of length 10000 %
I W Suface edges
k] [ General solids 2000
’Tl Cancel |
o =
% ! i . ~ =
= o I = o
L =
5| 3 P Je]
L =
5| r, = o
= ", 2 o=
H =
B =]
:
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The coordinates of the snapped points may subsequently be adjusted according to ‘table edit
geometry’. This way the course of the tendon can be numerically perfected.

Editing geometry
Coord X [m] | Coord ' [m] | Coord Z [m] | Curve type | Curve parameter [m] |:
1 |0.000 | 0,000 0,300
2 [2.000 0,000 0,300 Circle +radius  ~ 1,000
3 (10,000 0,000 0,167 Circle #radius  ~ 1,000
4 (12,000 0.000 0,300 Circle #radius  ~ 1.000 =
5 (20,000 0,000 0,550 Circle #radius ~ ~ 1,000
6 [22.000 0,000 0,300 Circle #radius  ~ 1,000
7 (30,000 0,000 0,167 Circle +radius  ~ 1,000
8 [32.000 0,000 0,300 Circle #radius  ~ 1,000 —
5 [40.000 0.000 0,300 18
]4 Cancel

If the first tendon is placed according to wish, it can be copied 20 times over the width of the plate.

Multicopy e ]
Mumber of copies |21 3: |
[w Inzert the vem last copy Copy additional data [w
Diztance vector How to define the distance 7
Define distance by cursor [ " between hwo copies

o 0.000 - (% from original to the last copy
|'|57 Haws to define the rotation #
m
s {* between hwo copies
= 0.000 ] " fram ariginal ta the last copy
R aotation Rotation around
i 0,00 do * current UCS
(" distance vectar
m 0,00 deg

rz 0,00 deg ok | Canicel

After copying the tendon, there are now 22 tendons in the plate, including the tendons at Y=0 and at
Y=20. These outer tendon are not present in reality, so they are deleted. The result is a plate with 20
post-tensioned tendons.

29



Advanced Expert Training — Post-tensioning

After entering the post-tensioned cables, they still need to be assigned to the plate.
for all cables simultaneously through the action ‘automatically assign’.

Results for Automatic Allocation

This can be done

TMD1-51
TND10 -
TND11 -
TND12 -
TMD13 -
TND14 -
TND15 -
TMD16 -
TND17 -
TND18 -
TMD19 -
TND2 -
TND20 -
TND3 -
TND4 -
THDS -
TMD6G -
TND7 -
TMDS -
TMDS -

Cancel

R ®x
[ & Posttensioned tendan (20) b | EIAY: Y E
Description ol

Type Intermal 3

Layer Layer1 -

= Geometry 1

Geometry input Direct input - E

Projection of intermediate ... Perpendicularly = |

LCS standard - =

LCS Rotation [deg] 0.00

= Material !

Material Y177057-9 - b

Number of tendon elemen... 20

Number of tendons in gro... 1 1

Area mm™2] 1000 h

| || Diameter of duct [mm] 60,00 :
Load Case LC1 - Prestress - b

=l Stressing E

Type of stressing Type 4 b

P inn from Eoth ends. anchored &t the end datthe beginning  » 7|}

L Actions 1
Wlucaie automatically b=

|

=] :

These are the tendon stress losses in one of the tendons:

TND13

Za

Ei= E

e}

200 % -

T default

- B g

[m]

X Frictional loss

[MPa]

Anchorage set loss
[MPa]

Short-term relaxation

[MPa]

Stress after anchoring / transfer

MPa]

0.000

1 Anchorage set loss

0.00

-14427

0.00

129573

-

[MPa]
1600.00_|
1400.00_|

1000.00_|
800.00_|
600.00_|
400.00_
200.00_J
0.00

120000_|—

T T,

o wwey

T

H—

oo

T L L L L A S N L L L L T T YT,

Selected tendon

[TND13

Origin walue from: |Drigin

Teut scale: |1.2 EI:

x| + oo

MPa  Vertical axis:

2000

Wertical scale: |1 EI:

Frictional loss

Anchorage set

MPa

Cloze

2_Input of the loads
In this example two additional load cases are created:

(LC 1: Prestress)
LC 2: Self Weight
LC 3: Service Load > a surface load of 5 kN/m2 applied over the entire plate

After the load cases and loads have been introduced, an ULS and a SLS combination are made.
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3 _Calculation

Before the calculation can be performed, the size of the mesh must first be set.
The calculation will be done with a mesh size of 0,5 m and maintain also this mesh size for the
prestressed cables.

( B | Mesh setup @

MName
=l Mesh
Mirimal distance between two pairts [m] 0.001
Average number of tiles of 10 element 1
0,500

After changing this setting, the linear calculation can be performed.

4 Results

The results are available after executing the linear calculation.

Since no construction stages are being used, the tendon stresses will remain the same as the stress
after anchoring, which already could be determined from the linear calculation.

After evaluation of the results, the user can see by means of deformation and internal forces whether
or not the optimal post-tensioning has been applied.

This is a general comment on the use of pre-tensioning in Scia Engineer. The program allows a very
complex analysis to be carried out, but it does not design the amount of pre-tensioning itself. The
program only does the analysis. It is the responsibility of the user to evaluate the results, in other words
whether the applied pre-tensioning may or may not be optimal.

Viewing the deformed structure under prestressed circumstances gives the user an idea if the course
of the cable is chosen optimally.

In this construction, the deflection in the middle of the field will be the most disadvantageous. Post-
tensioning must be designed in such a way that the deflection in the middle of the field is prevented.

The deformation under post-tensioning is shown below:

| [Properties 3 x

Displacement of nodes (1) EAY: Y
.Y

Name Displacement of nodes
Selection Al -
Type of loads Load cases -
Load cases LC1 - Prestress -
Filter No -
Structure Initial -
Standard ~
Section r
Edge r
Values Deformed mesh -
Extreme Global -

This deformation is clearly the opposite of the deformation under its self weight.
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The deformation of the (characteristic) SLS combination shows the resulting deformation of the post-
tensioned structure in charge of its self weight and service load.

Uz-min [mm]
0.4
0.4

-0.8

The course of the cable is well chosen because it counteracts the deformation of the self weight and
the service load.

The same applies to the internal forces. The moment mx, as a result of post-tensioning, is clearly

opposite to that of its self weight and service load.
mx [kNm/m] -

53872
420.00
360.00
300.00

The moment mx due to post-tensioning is shown below.

240.00
180.00
120.00
60.00
0.00

-50.00
-120.00
-180.00
1 -240.00
=320
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The moment mx for the ULS combination looks as follows:

mx [kNm/m] -

244 B4

200.00
160.00
120.00
&0.00
40.00
0.00
-40.00
-80.00 l
-120.00
-160.00
-200.00
-240.00
-280.00
-320.00
-360.00
-405.72

Remark: Because the ULS is an enveloping combination and therefore only an enveloping result
would be retrieved, only the following linear ULS combination is shown here:

1*LC1 + 1,35*LC2 + 1,5*LC3

The user should continue to evaluate if the resulting internal forces can be absorbed by the concrete
itself or by passive reinforcement. If he considers that this is not the case, then the prestressing force
can be increased and the linear calculation can be performed again.

The design of the passive reinforcement and also the controls for allowable stresses are supported
only for 1D elements.
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Analysis of a slab post-tensioned in 2 directions

Post-tensioned cables can also be applied on 2D elements. This means that the post-tensioning can
be applied in two directions. Below, an example of a post-tensioned slab in 2 directions will be
discussed.

1 Input of geometry and post-tension

A square plate with a thickness of 400mm is chosen (with ‘Member system-plane at = centre’). The
span is 10 meters and at each edge a hinged line support is added (so the load is carried to the
supports in 2 directions). The concrete quality C30/37 is chosen.

Next the tendons have to be inputted. The properties are those as seen in the image below. The cables
are tensioned from the beginning, without restressing at the end.

B ' Post-tensioned tendon @
Name THD
Description
Number 1
Type Intemal
Layer Layerl < | o
- -I Geometry
) N Geometry input Direct input -
Projection of intermediate points Perpendicularty -
N " LCS standard -
Y LCS Rotation [deg] 0,00
\ N b = Material
e Material Y1860C-3.0 -
f |N|.|n1ber of tendon elements in tendon (ns) | 20
N Mumber of tendong in group (ng) 1
Area [mm™2] 141
Diameter of duct [mm] 60,00
Load Case LCT - Prestress i P
= Stressing
Type of stressing Type 4 -
Prestressing from Begin -
Coefficient of friction in curved part of tendon [-] 03
Unintertional angular displacement (per unit langth) [~/m] 0.003
Anchorage set - begin [mm)] 6.00
Imitial stress - begin [MPa] 144000
Overhang of tendon not included in analysis model - begin [m] 0,000
Overhang of tendon neot included in analysis mode! - end [m] 0.000
Distance between sections for output [m] 0.500
=l Arc
Curve type Circle + radius -
Curve parameter [m] 1,00
Actions
Default values e |
oK Cancel

The cables will be placed with an interval of 1 meter in each direction. And the geometry of the cables
follows the coordinates is as follows (the tendons are heightened towards the edges of the plate):

s ™

Editing geometry
Coord X [m] | Coord Y [m] | Coord £ [m] | Curve type ve parameter | =«
1 0,500 0,000 0,000
2 [0500 2,000 0,150 Circle +radius = 1,000 E
3 (0500 8,000 0,150 Circle +radius =~ 1,000 4
4 0500 000 [0 ] i
ak. Cancel Apply

34



This gives the following result for the course of the cable losses:

TND

B& =0
Anchorage set loss appears aver the whole length of tendon.
Theoretical tendon elongation before transfer 0,068 [m]
Theoretical tendon elongation after transfer 0,062 [m]

200 %

- |l i

T default -

E T default

- B B

X r 4 Frictional loss Anchorage set loss Short-term relaxation Stress after anchoring [/
[m] [m] [MPa] [KAPa] [MPa] transfer
[MPa]
0,000] 0,000 0.00 206,74 0,00 123326
0,500| -0,037 0,76 20534 0,00 123390
1.000| 0075 1,51 20394 0,00 123455
B Ready [v] |
& N
[MPa] Frictional loss
1600,00__| Anchorage se
1400,00_| ,,_/
1200,00_| I
1000,00_|
800,00_|
600,00
400.00_|
200,00
0.00
= et [ COrrigit walue from: |D[igin ﬂ + |EIEI MPa  Vertical asiz |200.0 MPa
THD Test scale: 3: Vertical scale: |1 3: Clos2

2_Input of loads

Since this is a very brief example, only the load case of ‘Prestress’ is shown. The effect of the prestress
of each tendon is combined in load case LC1 for direction X and Y. It would also be possible to divide
this in separate load cases, to examine the contribution of the pre-tensioning individually for each
direction. And by using construction stages, it is also possible to simulate the tensioning sequentially.

3 Calculation
The mesh size for 2D elements is set at 0,25m. Then a linear calculation is executed.

-
L]

Mesh setup

Mame
Mesh
Minimal distance between two points [m]
Average number of tiles of 10 element

Awerage size of 20 element/curved element [m]

o e r 1 1 ' r 1
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4 Results

The deformations and the internal forces induced by the post-tensioning are shown below.

d Properties a x
| Displacement of nodes (1) [-1\& % 7
[
Name Displacement of nodes
Selection Al -
S = E Type of loads Load cases -
e e e :
Z = T T = .
:‘2'2-—':‘::5-'-:"'...”.;; i :;-_- —=l Load cases LC1 - Prestress -
e i e e v e T A s Filt Mo -
ST IR e e L Pt el paes e 2
&...’l.:;";"a‘—fé?_-.‘-é""av = Structure Initial -
i e e s
T
\\l\\‘h\“ S Standard :Z
: . Section
Edge -
Walues Deformed mesh -
Extreme Global -

Fropemes = |Ex [kNm/m]
|2D member - Intemal forces (1) ,Tl AT VV' 7 il
e s 0.00

Name 20 member - Intemal forces -2.00
Selection Al - -4.00
Type of loads Load cases - £.00
Load cases LC1 - Prestress - 8.00
Fiter No - 1000
System Local - 1200
Rotation [deg] 0,00 emn
Averaging of peak r 600
Location In nodes, avg. on macro -

Type forces Basic magnitudes - -18.00
Standard 2 -20.00
Section r 2220
Edge r

Trajectories I

Values e .

Extreme Global -

Drawing setup 2D

Actions

Refresh e

Detailed results in mesh node 335

Preview e

Froperties x by [kNm/m]
20 member - Intemal forces (1) |T| M v; 7 231

e = 0.00

Name 20 member - Intemal forces 200
Selection Al - 400
Type of loads Load cases - s
Load cases LC1 - Prestress - am
Fitter o - -10.00
System Local -

Rotation [deg] 0,00 -12.00
Averaging of peak r -14.00
Location In nodes, avg. on macro - -16.00
Type forces Basic magnitudes - -13.00
Standard 3 50,00
Section r 2320
Edge r

Trajectories [

Values my -

Extreme Global -

Drawing setup 2D

Actions

Refresh 22z

Detailed resutts in mesh node 333

Preview 22z

For the moments, it is clear that symmetry is present in the prestress effects. This points out that the
tendons are taken into account for both directions.

For an interpretation of the results, reference is made to the preceding examples.
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Detailled documents about design and checks of post-tensioned slabs

For a more detailed document about post-tensioned plates, a reference is made to the tutorial
‘Post-tensioned concrete slab EN1992-1-1".

This tutorial elaborates on the design and checks of post-tensioned slab elements according to EN
1992-1-1. The focus is not so much on imports as in previous chapters, but on the discussion of the
output.

This tutorial is only available in English.
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