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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.
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Linear analysis of a post-tensioned beam

1 Input of geometry and post-tensioning

« Before starting a project with pre- or post-tensioning, the ‘Prestress’ option must be checked in the
functionalities menu.
Project data - b (]

Easic data I Functionality | Loads ] Protection I

EY Preshessing

4
= Concrete

Fire resistance -

| S“-"'" ‘-l' Dynamics

| MELE Initial stress
Subsoil
Nonlinearity

| Stability
Climatic loads
Prestressing
Pipelines
Structural model
BIM properties

Hollow core slab I3

i ¢ Ml s i s (s M 1 U s e (s s e |

Paramsters

Mobile loads

LTA - load cases

Extemal application checks
KP1 application

Property modifiers

Bridge design

oK I Cancel i

¢ 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.

¢ 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)



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.

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.

In the next step, one can indicate the properties of the tendon:

i1 Post-tensioned tendon [
Cable
Diescription
Number 1
Type Intemal
Layer Layeri %)
- =l G b
2 N I Geometry input Direct input -
: Projection of intermediate points Perpendiculary -
N by LES standard -
N = Material
\ N Materiz! Y1860C-3.0 -
e — E E Mumber of tendon elements in tendon {ns) 1
= MNumber of tendons in group (ng) i
Area [mm”2] i
4 Diameter of duct mm] 60,00
Load Case LC1 - Prestress -
= Stressing
E Type of stressing Type 1 I
Prestressing from Eegin -
Coefficient of friction in curved part of tendon [] 03
Unirtentional angular displacement (per unit length) [-/m] 0.003
B Duration of short4em relaxation [sec] 0,00
Anchorage et - begin [nm] 6.00
Stress during comecting - begin [MPa] 1440.00
Duration of keeping stress [sec] 300,00
Initial stress - begin [MPal Hﬂi}ﬂ
E Overhang of tendon not included in analysis model - begin [m] 0.000
Overhang of tendon nat included in analysis model - end [m] 0.000
Distance between sections for output [m] 0,500
E Arc
Curve type Circle + radius -
Curve parameter [m] 1,00
Actions
Default values 333 |

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.
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¢ Part 2: The choice of material:

B Materials M
ek o S ezl
¥1860C-3,0 - | Name Y1860C-3.0
Y1860C-4.0 |=l Code independent
Y1860C-5,0 Material type Plain round wirs
A Thermal expansion [m/mk] 0.00
¥1770C-5,0
VI770C-6,0 Unit mass kg/m™3] 7850.0
Y1670C-6,9 = E madulus [MFa] 2,0500e+05
Y1670C-7,0 i Poisson cosff. 0,15
Y1670C-7.5 Independent G modulus |
Eg;ggg‘g G modulus [MPa] B.9130e+04
V1570C-9.5 Log. decrement 0.15
¥1570C-10,0 B Colour ]
Y1860C-3,0-1 Specific heat [J/aK] 6.0000e-01
Y1860C-4,0-1 Thermal conductivity [W./mK] 4,5000e+01
Eg?gg:g'i Diameter [mm] 30
Y1770€-5,01 | fov w2} "
V1770C-6,0-1 = prEN 10138
¥1670C-6,9-1 Charactenstic value of madmum force (Fm) k] 13,10
Y1670C-7,0-1 Charactenistic 0,1% proof force (Fp0, 1) flc] 11,30
V1670C-7,5-1 Total elongation at maxdimum force (Agt) [1e-4] 350.0
G Fatigue stress range (Fr [MPa] 02
Y¥1570C-9.4-1 i
Y1570C-9,5-1 = TRl
Y1570C-10,0-1 Characterstic tensile strength §pl) [MPa]
Y177052-2,6 Charactenstic ,1% proof stress fp0, 1k} [MPa]
¥177052-6,0 Characteristic strain at maxdimum load (eps uk) [1e-4]
E;;gg:; Ductiity factor (k =fpk /fp0k) [1 1
V186053-4,85 Desian yield strength - persistent fpd =fp0,1k / gamma p_p}) [MPa] 13913
Y186053-6,5 Design yield strength - accidental fpd =fp0, 1k / gamma p_a) [MPa]  1600.0
Y186053-6,9 Design strain limit {eps ud) [1e-4] 3150
¥186053-7.5 Surface charactenistics Plain
Y186053-8,6 Felmation class Class 2 - low relaxation wires and strands
¥192053-6,3 ) : :
V192053-6,5 Production Stressrelieved
V196053-4 8 User relaxation
119605352
¥196053-6,5 = Stress-strain diagram
V186053-6,85 Type of diagram Bidinear with an inclined top branch -
el Picture of Stress-strain diagram
Y¥216053-5,2 d
New | inset | Edt | Deiete | 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.




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.

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

B " 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).
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-

Editing geometry

Coord X [m] | Coord Y [m] | Coord Z [m] |
1 |0.000 0100  [0.35
2 (10000 D0 D350
- |o.000 0,000 0,000

[

K | Cancel Apply

¢ 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 %

Bs =20 200 % - | I e | T defaunt - B = gefaurt -

IHEeureuLadl ternaunl E|U”g'ﬁuu[lhﬂlﬂf udairsiel U,UU"‘ t[[lJ :J
X Frictional loss | Anchorage set loss | Short-term relaxation | Stress after anchoring / transfer | R |
[m] [MPa] [MPa] [MPa] MPa]
0,000 0,00 -137.40 0,00 130260
0,500 076 1359 0.00 130329
1.000 1.51 13452 0.00 130397
1,500 227 13308 0,00 130466
2 000 2o 121 A4 n Ao | 1205 24

»

2 Relaxation passed

=l

i

i
i
X
1
FX
FRT)
3,
500
o,
A,
A,
3.l
i
il
2,
2,7

AL

#3001
]

Origin value from: | Origi »| + |00
Selected tendon . 1 g _‘J 1

[Tendonz Teut scale: 10-5 5:

MFPa

il
i,

Wertical axis: 1200,0 MPa
‘Wertical scale: J‘I 3: Claze

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.

¢ 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).



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.

1| Mesh setup

===

Name

- Mesh
Minimal distance between two points [m]
Average number of tiles of 10 element
Average size of 20 element/curved element [m]
Definition of mesh element size for panels
Average size of panel element [m]

=l 1D elements
Minimal length of beam element [m]

Meximal length of beam element [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 variable height
Division on haunches and arbitrary members
Division for 20-10 upgrade
Apply the nodal refinement

Hanging nodes for prestressing

Average size of cables, tendons, elements on subsoil, norlinear soil spring [m] 1.000

0,001

1

1.000

Automatic -

1.000

0.100
100,000

W~

=

r

5

50

Only 20 members -
=

= = @

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.

(S

B Solver setup
Name
= Solver
Run one nonlinear combination I~
MNeglect shear force deformation [ Ay, Az »> A) I~
Type of solver Diirect
Mumber of sections on average member 1
Maximal acceptable translation [mm] 1000.0
Maxdmal acceptable rotation [mrad] 100.0
Print time in Calculation Protocaol 3
=l Nonlinearity
Maxdmum iterations 50
Solver precision ratio 1
Coefficient for reinforcement 1
= @ &

oK Cancel
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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.

| .PVE.IpEF.t.IES - ax [ Detailed stress in section {ﬁ“
Stress {1} [~1VE N 7
o - & Picture ]Irrformat\on |
Name Stress %C} 1 s ol sise
Selection Al - L= * Nommal- stress
[ype of loads Load cases 3 \\ " Shear stress
Losd casas LC1 - Prestrass cable 1 - [l = " von Mises
Filter No - \ i~ Fatique
Cross-section parts Al - 5 MPa
Lo ki = Member: 151
Drawing Standard -
Values Mormal + z \\ Seton:  [omm =l m
Extreme Member . 3, Setup of print -
Drawing setup 10 . \\6'4 W Text
Section All = \ ¥ Picture
'\\ v Nomal stress
5 [V Shear stress
¥ von Mises
\ |w Fatigue
\ To Document 1
o o e [T
Refresh > L Teat - 1 5
Single Check B “!‘
Preview b 'T] Cancel J I
| Resuits qx
Properties i [ Detailed stress in section ﬁ“
Stress (1) - Va8 Y
& Picture | nformation I
Name Stress [~ Type of stress
Selection Al - éi & MNomal- stress
Tups of load: Load cases - = " Shearstress
|| Load cases LC2 - Prestress cable 2 - 2 " von Mises
Fiter Mo " = " Fatigue
Cossaaction peils Al = b= _ MPa
i = o Member: ]B'\
Crawing Standard - N e
Values Normal + - e ]D 000 ~|'m
Extreme Member - \-\ 1~ Setup of print
Drawing setup 1D - ig W Text
Section Al s \ ¥ Picture
\ [v Momal stress
o [ Shear stress
3 v von Misas
\ v Fatique
To Documert ]
- \—\ Scale: ,ﬁ
Actions 214 :
Refresh 222 'f Ted 1 5
Single Check >>)A
Preview 23 ’TI Cancel I
Results B x

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 ‘Navratil, J.: Prestressed concrete structures’.



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 seledion

Class : ST3 (ULS)

Case Tendon X Stress after anchoring LED LCS Min Stress | MaxStress
[m] I transfer [MPa] [MPa] [MPa] MPa]
[MPa]
ST3 (ULS) | Tendon1 0,000 1302,60 -101,88 0,00 1200,72 120072
ST3 (ULS) | Tendon 10,000 131635 -10296 0,00 121340 121340

5 Controles in the concrete menu and design of pass

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.

ive reinforcement

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

----- E’E Cross-section characteristics

----- T=F Internal forces

EEI--&,. Member design

[‘]&J Member check

EI&_, Check of non-prestressed concrete
-t Qyerall check

----- 52 Crack control

----- F check response

----- Q-} Chedk capacity

----- . Detailing provisions

----- B2 Crack contral

----- F Chedk responze

----- @ Check capacity

-l Allowable stress of concrete

----- TP allowable principal stresses
-}l Check of prestressing reinforcement
-=== Check deflection (linear)

=By, 58T _Details

-] Eill of prestress reinforcement
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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, 4, (Maximum allowable stress of the concrete) in order for
the concrete not to be crushed. The value o, ., Obviously exceeds o, max-

Properties B X Preview
Allowable stress concrete EN 1392-1-1 (1) Y- RY G| =m0 200% - I | T defaurt -0
&
Allowable stress concrete EN 1992-1-1
Name Allowable stress concrete EM 1592-1-1
Selsction Al ||| Linear calculation, Extreme : Member
Typs of loads Combinations " ||| Selection - All
Combinations FIEN-ULS (STR/GEOD) Set B " ||| Combinations : F3-EN-ULS (STR/IGEO) Set B
Fiter Ne " ||| Prestress check of allowable stress concrete for selected members
Print explanation of er... &
. Member d Case Fibre M M o
LUse named fibres r ol T e e
lse named C55 pats [ m, o
Values sigma oo max - [kNm] ﬁ'-ﬁig-'ai
| B 0,000 | F3-EN-ULS (STR/IGEOQ) Set B2 7 -49132 -1719 4 -54,94
Exdreme Member - : 0 26.00
Nrawina eehin 1N : -

Stage 3 - Characteristic Service Limit State combination (SLS): f,;crr

The value o.qmax (Maximum concrete stress after application of self-weight and all loads) must not
exceed the allowable tension in the concrete, f...rr 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 X Preview
Allowable stress concrete EN 15592-1 ~ \rﬁ v é | | ﬁ |:| 200 % - Lﬁﬂ w j] default -
&
Allowable stress concrete EN 1992-1-1

Name Alowable stress concrete E...
Selection Al ||| Linear calculation, Extreme : Member
Type of loads Combinations - Selection - All
Combinations FIEN-SLS Charecteistic - ||| Combinations - F3-EN-SLS Characteristic
Fiter No " ||| Prestress check of allowable stress concrete for selected members
Prirt explanation of er... W

) Member d Ca= Fibre 0 M o, o o
Use named fibres r i KM itif] g iy it
Use named CSSpats I M = - f
Values f ot eff - [_]_k"”z“ _@Eﬁ - @‘facaf‘ [R_*Pea{jf

B1 0,000 | F3-EN-5LS Characterstic/3 7 -4094,3 | -1433,0 -54.54 -50,43 -14,25

Bareme Hemoer z 00| -seo00¢f 000 440
Drawing setup 10 . 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): oc¢ 4, and fererr.ap

Here the values of o, 4, and fo; .55 qp (r€spectively the allowable compressive and tensile concrete
stress in SLS quasi permanent combinations) are being checked. The values of 0y 1, and oy max
(respectively the minimal and maximal concrete stress caused by long term loads) may not exceed
the allowable stresses indicated by o, 4, and fit offqp- The user can modify fo,.¢r 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.



Froperties A X Preview
Bllowable stress concrete EN 1392-1-1 m - M 7 & ||| | H D 200 % - w EQ 7)) default - [ -
&
Allowable stress concrete EN 1992-1-1
Name HMlowable stress concrete EN 195...
Sekedton Al " |||{Linear calculation, Extreme - Member
Type of loads Combinations - Selection - All
Combinations FIENSLS Quasitpermanert - ||| ¢ Combinations - F3-EN-SLS Quasi-permanent
e b " ||| Prestress check of allowable stress concrete for selected members
Print explanation of em... F
) Member d Case Fibre ] o, o o N a o N o,

Use named fibres E = [kt pettfr s R | AR | oAk |
Use named CSS parts M, a, o L; a, 4 5
Values sigma clt,max - M__@gi) lﬁ‘ [@ﬁ? i j@jp_.

B 10,000 | F3-EN-5LS Cuasipemanent’3 3| 41334 me7| 546 5546 49| &0 25,34
BExtreme Member -

00|  -3600 0,60 000 -27.00 0,00

Drawina setun 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 4. >>

In the check of allowable principal stresses it can be seen that this check is not alright:
3 x

Properties Preview
Prestress check allowable principal stresses = \jﬁ V é | ‘H D 200 % - M Lﬂ T default - 1 default -
. T — p::cipa| Prestress check allowable principal stresses EN 1992-1-1
Selection A ||| Linear calculation, Extreme - Member
Type of loads Combinations - Selection - All
Combinglions FREN-ULS STR/GEC) S8 - | | Combinations - F3-ENULS (STRIGEO) Set B
Fiter No 7 ||| Prestress check of allowable principal stresses for selected members
Print explanation of er... [~
Use named cuts r Member d Case N, v o Myd g, (
Usenamed CSSpats [ [m] [kN] ) [kNm] | [kNm] | [MPa]
Values Check value - Vo M., T
Extreme Member - [kN] [kNm] [MPa]
Drening setup 1D || [B1 10000 | F3-ENULS (STRIGEO) Set BI2 | -49601 0.0 0,0 17360| 26,89
Section Al - 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/GEO) Set B
Check of prestressing reinforcementfor selected tendons
d, Case o o, o - F— g Check__ Check
mi OEE | P | pWRR] | O | P he
Tendon o o o o o Check,
mita | Pa | mPFa | Py | v M
0,00 | F3-ENULS (STR/GEQ) 144000| 130260| 118035| 118035| 118035 1,00 | OK
Set B2

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.

op.pa Stress of prestressing reinforcement prior anchoring (during tensiening)

Op,aa Stress of prestressing reinforcement after anchoring/transferof prestress

Opg,min Minimum stress of prestressing reinforcement after application of self-weight, all permanent, and v anable loads
opg.max | Maximum stress of prestressing reinforcement after application of self-weight, all permanent, and v ariable loads
op.tl Stress of prestressing reinforcement after long-term losses (LTL)

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

Op,max Allowable stress of prestressing reinforcement prior anchoring (during tensioning)

opm0 Allowable stress of prestressing reinforcement after anchoring/transf erof prestress

opm Allowable stress of prestressing reinforcement causad by 5LS combinations
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The allowable stresses before and after anchorage ( o, mq, and o, o ) 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

-| k1: k2 to calculate the maximum stress applied to the tendon during tensioning

Values [ 0.80 /0,90
= k3 - increased factor for maximum stress in prestressing reinforcement during tensioning 5.10.2_1(2)

Value [ 0,95
= kb6 - increased factor for maximum compressive stress in pre-tensioned concrete after transfer of prestress 5.10.2.2(5)

Value [ 0.70
- k7 -factor for maximum stress in p ing reinf nt after anchoring/transfer of prestrezs 5.10.3 (2)

Value [-] 0.75
-| k8 -factor for i stress in p ing reinf nt after anchoring/transfer of prestress 5.10.3 (2)

WValue [ 0.85

= SLS stress limitation
= National annex

= k1 -factor for maximum compressive stress in concrete under SLS characteristic combi

Value [ 0,60
-| k2 -factor for maximum compressive stress in concrete under SLS guasi-permanent combi (linearity of creep condition) 7.2(3)

Value [ 0.45
= kb5 -factor for i stress in p ing reinf nt under SLS combi 7_2({5)

Value [-] 0.75

- Detailing provisions
+ Commen 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 k; =080

o k,=090

0 Opmax = min(ky * fori ks * fron) = 1440 N /2
= 5.10.3 Prestressing Force

o k;=075

o kg=0,85

0 Opmo= min(k7 * fori ks 'fp,Olk) = 1360 N/mmz

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.



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 — - [porEm|
A —
Basic data ] Functionality] Loads ] Protection
R Data Matenal
Scia
Engineer Mame: |_ Concrete =
Matenal Cef7s -

Beinforcement m... | B500A = .
Part: |

Steel | &
Timber r
Description: | Masoniy r
Other r~
Author: | Alumirium [
Date: 04,12 2012
Code
National Code:
= —

National annest:

B secoaen -] )

CK ‘ 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

Auwailable groups Awailable items of this group

3¢ Concrete

g Geometic shapes _ — = S T e
Mumerical

%¥ General

=12 v T T~
=040 =EvT
T = =

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 Ce0/ 7o -
b [mm] 2000
. b0 [mm] 1200
b1 [mm] 1
h [mm] 2500
A r h1 fmm] 2500
- s Jmm] 1
& 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 B
[BEB[ EHErm | QARAR|
Geometry in direction 2 e

B BB R AR

CoordX[m]|CoordZ[m}|Curvetype 3palamete|A

1 |ooo 0,05 Circle +rz + 2,00 |

2 |500 0,05 Circle == ~ 4,00

3 |10.00 245 Circle #re » 4,00

4 15,00 0.05 Crcle +r= » 4,00

5 |25.00 0,05 Crole+re » 400

6 |30.00 245 Circle += ~ 4,00

7 |35.00 0,05 Circle += ~ 4,00

4 140,00 0.05 Circle +r= » 2,00 3
Geometry in direction =

Bt & R

CoordX{mI|CoordYImI|Cur\retype vepammeter|

1 |0.00 340 Crolesmw 080 i i o s s s

2 |40.00 340 Circle =rz ~ 0.80 :gu L -

~ |ooe 0.00 - 000 = ’
Ready CAP [NUM [scRL

Help ‘ oK | LCancel

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.



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
Sjablo
F& Constructie
L4 Belasting
}g B elastinggevallen. Combinaties
Berekening. net
9T Beton
(I3 Document
k£ Tekergereedschap
Bl Eibliotheken
32 Tooks
7 Lijrwaster
Parameters
FParameters sjablooninstelingen
=3 Lagen

Droor gebruiker gedefinieerde selg

-

[0

Ml Project

Geometrie l

hices - Depth of the Crogs-Section [mm]
boes - Wwidth of the Crogs-Section [mm)
ch - Upper cover [m]
co - Lower cover [m]
Bl Spans
L1 - Span 1 [m]
LZ - Span 2 [m]
L3 - Span 3 [m]
Bl Prestressing
FS1_Rmin - Minimal B adius [m]

i UCS

= omo oo

SP_Lz - Lengte wan het rechte deel [m]

2000.0
50000
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.

Post-tensioned tendon *

MName Tendon 1
Description
Mumber 1
Type Intemal
Layer Layer1 |
=l Geometry
Geometry input Source geometry -
Allocation
LCS-X B1 -
Projection of intermediate points Pempendiculary -
Lcs standard -
Source geometry Tendon 1 ™
Origin of source gecmestry Offsetin LCS -
Coord X [m] 0.000
Coord Y [m] 0,000
Coord Z [m] 0,000
= Material
= N 57070 T
MNumber of tendon elements in tendon {ns) 20
Number of tendons in group (ng) 1
Area [mm™2] 770
Diameter of duct [mm] 60.00
Load Case Lc1 =
= Stressing
Type of stressing Type 4
Prestressing from Begin -
Coefficient of friction in curved part of tendon [-] 03
Unintentional angular displacement {per unit length) [-/m] 0.003
Initial stress - begin [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
Actions
Tendon losses 3
Calculation info 555
Default values 3
oK Cancel

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.

Tendon 2

=0 200% - | T defaur - - B
" T T T e Ry
x Frictional loss | Anchorage set loss | Short-term relaxation | Stress after anchoring / transfer B
[m] [MPa] [MPa] [MPa] [MPa]
|
Sl Oigin walue from: | Drigin ~| + 00 MPa  Vettical ads 2000 MPa
Tendon 2 Teutscale: [05 = Vettcal scale: [1 =5 Cloce)

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 Type 4
Both ends. anchored at the end, restresssed at the beginning -
Coefficient of friction in curved part of tendon... 0.3
Unintentional angular displacement {per unit ... 0,003
Initial stress - begin [MPa] 1440,00
Initial stress - end [MPa] 1440,00
Owverhang of tendon not included in anatysis ... 0,000
Overhang of tendon not included in anatysis ... 0,000
Distance between sections for output [m] 0.500
This results in the following losses:
Tendon 1 [z
BE| A0 mux - | T defaur - B 7 defaut - B
X Frictional loss | Anchorage set loss | Shortterm relaxation | Stress after anchoring / transfer Rﬂ
[m] [MPa] [MPa] [MPa] MPa]
3 shaten erion 4 I

Origin value fram: |0
Selected tendan ig [anigin

Tendon 1

Test scale: |15 =3

~| + oo

MPa

Wertical axis: |200,0

Verlical scale: |1 =

MPa

Close




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 0
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)

Master load case

B Load cases &J
A e BEir 00 S - -
LC1 - Prestress Name Lc4
LCZ - Self Weight Description Service load
LC3 - Empty (stage 2) Action type Variable -
LC4 - Service load
LoadGroup LG2 L2
LC5 - Empty (stage 4)
Load type Static -
Specification Standard -
Duration Lang -

Naone

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.

B ' Construction stages setup &J
Name
] i iooencert s ;
= Load factors{Code independent combinations only)
+ Permanent (longterm) load cases
* Prestressed load cases
=l Long-term part of variable loads
Factor Psi [-] 030
= TDA
=l Load factors for generated load cases
gamma-creep min [ 1.00
gamma-creep max [-] 1.00
= Time - History
Number of subintervals 10
Ambient humidity [%] 70,00
Automatic calculation of subintervals I no
= Local time axis
Time of casting [day] -1.00
Time of curing [day] 0.00
Duration of curing of composite parts of cross-section [day] 0,00
Line support Formwork) >3
Time of releasing of displacements in X direction [day] 14,00
Time of releasing of displacements in Z direction [day] 14,00
Generate output test file -
* Results
0K Cancel
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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 stag es)

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 é
LN 4 o] & A -
ST1 - Casting of the concrete Name sT1
Order of stage 1
Description Casting of the concrete
Global time [day] 0,00
Number of subintervals 1
Ambiertt humidity [%] 100,00
Last construction stage r
=l Load pemmanent or long-term
Load case LC2Z - Seff Weight L
-I Load prestress
Load case None -
Type of generated combinations All code dependent -
Actions:
Variable load cases B
New | Insert | Edit | Delete | Close |
B ' Construction stages &J
a8 & = & A s
ST1 - Casting of the concrete Name sT2
5T2 - Adding the post-tensioning Order of stage 2
Description Adding the post4ensioning
Global time [day] 23,00
Number of subintervals 3
Ambient humidity [%] 70.00
Last construction stage [~
=l Load permanent or long-term
Load case LC3 - Empty (stage 2) -
= Load prestress
Load case LC1 - Prestress L
Type of generated combinations All code dependent -
Actions
Variable load cases B
New | Insert | Edit | Delete | Close




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
B ' Construction stages

S

Ao | a =& A - ¥
ST1 - Casting of the concrete Name 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
Number of subintervals 5
Ambient humidity [%] 70,00
Last construction stage [
= Load permanent or long-term
Load case LC4 - Service load L
Type of generated combinations All code dependent -
Actions
Variable load cases e
New | Insert | Edit | Delete | Close |
L ey

i

B ' Construction stages

Al el o &la - ¥
ST1 - Casting of the concrete Mame 5T4
5T2 - Adding the post-tensioning Order of stage 4
5T3 - Adding the service load Description Check after 50 years
5T4 - Check after 50 years Global time [day] 18000.00
Mumber of subintervals 10
Ambiert humidity [%] 70,00
Last construction stage -
= Load permanent or long-term
Load case LC5 - Empty (stage 4) L
Type of generated combinations All code dependent -
Actions
Variable load cases e
New | Insert | Edit | Delete | Close
- 4

3 _Calculation

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

FE analysis S
AT Single analysis I Batch anal_l,.lsisi
e
" Linear calculation ~
' Norlinear calculation 5
© Modal analsis i=
" Linear stability |
" Concrete - Code D ependent Defle L
' Constiuction stage analysiz =
& Nerlinearslage analysis B
 Nonlinear stability
" Test of input data
iNumber of stages: 4, TDA
Salver getup | Meszh setup |
Ok I Caricel I
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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 selection

Class : ST3 (ULS)

Case Tendon X Stress after anchoring LED LCS MinStress | MaxStress
[m] [ transfer MPa] [MPa] [MPa] [MPa]
[MPa]
ST3 (ULS) | Tendon 1 20,000 753,61 0,19 1337 740,43 740,43
ST3 (ULS) | Tendon 1 0,000 144000 0,00 H007 137993 137993
Tendon stresses
Tendon stresses
Linear calculation, Extreme : Global
Selection - All
Tendons: All by selection
Class : 5T4 (ULS)
Case Tendon X Stress after anchoring LED LCS Min Stress | MaxStress
[m] | transfer [MPa] [MPa] [MPa] [MPa]
[MPa]
5T4 (ULS) | Tendon 1 20,000 753,61 0,19 -52 50 701,30 701,30
ST4 (ULS) | Tendon 1 0,000 144000 0,00 15920 128080 1280,80

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.




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 Properties L x
Deformations on member (1) EAAY:- YA
[ =
MName Deformations on member
Selection Al -
Type of loads Combinations -
Combinations F3-EN-5LS Charactenistic - Adding the service load -
Fiter Mo -
Structure Initial -
Values uz -
Extreme Member -
Drawing setup 100
Section Al -
_+| [Properties T x
Deformations on member (1) - \E Y
&
Name Deformations on member
Selection Al -
Type of loads Combinations -
Combinalions | FAEN-SLS Characteristic - Check after S0years 5
Fitter Mo -
Structure Initial -
Values uz -
Bxtreme 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 it is 1,7mm at the end of the same stage.
Moment diagram
The moment diagram after 50 years will look like:
R - d Properties
Intemal forces on member (1)
-BE34,49 kNm
N ) S | Name Intemal forces on member
TT‘ = ] T I ] F= Selection Al
bj\_W _‘I\k — — WM_ W Type of loads Combinations
= = Combinations FA-EN-ULS (STR/GED) Set B - Check after 50 years
Filter No
605185 khirn Prestressing
Values My
Extreme Global
Drawing setup 1D
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).

= | Properties o x
-l
EEg £E Intemal forces on member (1) - B
L HHE ;
%5?5 g . Egiggggéggng g ggg% Name Intemal forces on member
L - ZzHRRANARREaZ grr Selection Al -
N I g ) §§ REIFIFL §§ g f Type of loads Load cases =
Tr . I . e > Load cases LC1 - Prestress -
L& [ AT, A Fter Mo -
B I= : |= Structure Iitial -
g\g\ S E 4 % Prestressing 22
E‘ £ - ﬁ g2 3 j . i ?: Type of forces Total resultants -
gg 4;§g§§ 3’3‘3 gggﬁ Values My -
& Extreme Section -
E § § g % Drawing setup 10 .
Section Al <

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 mm?3
of lower reinforcement.

........... _*| Properties
"""""" Concrete prestress design EN 1552-1-1 (1)
e .
N§ : : MName Concrete prestress design EN 13592-1-1
r—. T Selection Al
ﬁ__t ol [ I e Type of loads Combinations
o e - Combinations F4-EN-ULS (STR/GEQ) Set B - Check after 50 years
| Fitter No
Print explanation o.. I

Use named joints r

r™
= Use named cuts -
g Values As total req.
g Extreme Member
Drawing setup 10
Section Al

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.

| [Properties
Concrete prestress design EN 1352-1-1 (1)

IZ83MN 00

N MName Concrete prestress design EN 1592-1-1
Selection Al
T_i‘_,\ ey /&i’__ill\\ %——«i—%\ Type of loads Combinations
E v K e e rin -y Combinations F4-EN-ULS (STR/GEQ) Set B - Check after 50 years
W Filter Mo
= Prirt explaniation o...
3 Use named joints r
§ Use named cuts -
Values As total req
Exreme 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.

Allowable stresses

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/GEOQO) Set B

Prestress check of allowable stress concrete for selected members

Case M Member

N
z
[kNm]

d M a o f
(m) kN] OO G el
M a o
wnmy | BGEE | iR
F2-EN-ULS (STR/GEO) Set BN 0,00 | B1 14,000 -1476,97 556,01 -0,39 -0,39
0,00 -36,00 0,00




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 : Member
Selection : All
Combinations :

F4-EN-SLS Characteristic

Prestress check of allowable stress concrete for selected members

o T I T ST O I T T
M f
ook | oo | e | e [ 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 5,16 0,00
The tensile stress occurs above the supports (d,, = 10m), but is not too big (o¢qmax < ferers)-
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 op,pa op,aa opq,min opq,max cp,ltl CheCKCﬂl
[m] [MPa] [MPa] [MPa] [MPa] [MPa] [-1
Tendon O Opmo Oom Opm Oom Check;;,
[MPa] [MPa] [MPa] [MPa] [MPa] 8]
0,00 | F2-EN-ULS 1440,00 | 1440,00| 1440,00| 1440,00| 1440,00 1,18
(STR/GEO)
Set B/1
Tendon 1 ST2 1296,00| 122400 | 125250| 1252,50| 125250 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 7 x

| Subregion (1) VY

Name Rl
Materal C50/60
Thickness type variable
= Variable Thickness
Direction Direction X
Thicknass frm] 1000
Faint 1 N5
Thickness frm] 600
Faint 2 Ng
Membersytemplane st top
Eccentricity z fm] ]
20 member 51

N3 abso
N10 abso




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 Y177057-9 . o
Number of tendon elements in tendon (ns) 20

MNumber of tendons in group (na) 1

Area [mm”™Z] 1000

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

Type of stressing Type 4 -
Prestressing from Both ends, anchored at the end, restresssed at the beginning -
Coefficient of friction in curved part of tendon [ 03

Unintentional angular displacement {per unit length) [/m] 0,003

Anchorage set - begin [mm] 6,00

Anchorage set - end [mm] 6.00

Initial stress - begin [MFPa] 1440,00

Initial stress - end [MFPa] 1440,00

Owerhang 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 [
I~ Line grid ¥ Dot gid
™ Only snapped paints
a) W Midpaints
bl ¥ Endpoints / Nodes
c] [ Intersections
dl [ Omthogonal points
el [ Tangential points
fl T Am/Cicle centre
gl I Pairts on line-curve - length
18 1.000
3 5
oot Begin i
// @ bl ¥ Paints on line-curve - N-ths E
J + il [T Puairts on line-curve - % of length 1000 %
I ¥ Surface edges
k) I” General solids 2000
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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 Y [m] | Coord Z [m] | Curve type | Curve parameter [m] |:
1 |0,000 | 0,000 0,300
2 |2.000 0,000 0,300 Circle +radive  ~ 1,000
3 |10.000 0,000 0,167 Circle +radius = 1,000
4 12,000 0,000 0,300 Circle +radive  ~ 1,000 =
5 |20.000 0,000 0,550 Circle +radivs = 1,000
6 |22.000 0,000 0,300 Circle +radive  ~ 1,000
7 |30.000 0,000 0,167 Circle +radivs = 1,000
8 |32.000 0,000 0,300 Circle +radius = 1,000 —
5 |40.000 0,000 0,300 s
Q. Cancel

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

Multicopy et S|
MHumber of copigs |21 3: u
[w Inszert the vem last copy Copy additional data [
Distance wector How to define the distance 7
Define distance by curzor I " bebtween bwo copies

. 0.000 - *  from ariginal to the last copy
s How to define the rotation 7
m .
'Irl (* bebween bwo copies
e 0.000 o " from ariginal to the last copy
Rotation Rotatioh around
o 0.00 ke * curent LICS
" distance vectar
m Q.00 deg

Iz 0,00 deg ok, | Cancel

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.




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

al sagns
Results for Automatic Allocation A - ———
QL [Postiensionedtencon o) __ [-1\8 Y 7
TD1 51 —— == & |
D10 - 51
TD11-51 Diescription ]
D12 -51 vy |
D13 -51 Type Intemal ‘
ThD14-51 Layer Layer] =B ;
D15 - 51 = Geometry 1
D15 51 |
TND17 - 51 Geometry input Direct input ¥
T015 - 51 Projection of intermediate ... Pempendiculary -
Mo 51 \cs tondars .8
mgin : §1 LCS Rotation [deg] 0,00
TND4 -51 = Material
[TNDS - 51 Material Y177057% =
mgg g:} Number of tendon elemen... 20
DS -51 Number of tendons in go... 1 |
TS -51 Area rm™2] 1000 N
| || Dismeter of duct fmm] 60.00
Load Case LC1 - Prestress =
= Stressing
Type of stressing Type 4
Prestressing from Both ends. anchored at the end d gt the beginning _ ~ ~
) Actions
W\ucaie automatically 355
= 5
Cancel oK
These are the tendon stress losses in one of the tendons:
TNDI13 (S
B | =0 200% - |G e | T defaur - 8 - B
X Frictional loss | Anchorage set loss | Shortterm relaxation | Stress after anchoring / transfer | R
[m] [MPa] [MPa] [MPa] MP3]
0.000 0.00 14427 0.00 129573
U Anchorage set lass
L N

[MPa]
1600,00__|
1400,00__| -
1200,00_——
1000,00__|

800.00_|

600.00_]

400,00_]

200,00_]

0.00

MPa

200.0

‘ertical scale: J‘I 5:

MPa

Wertical auis:

> + o0

Origin value from: 1Drigin

Test scale: [1.2 Eﬁ

Selected tendon

|THD13

Close

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 @

Mame
-I Mesh
Minimal distance between two points [m] 0.001
Awverage 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 2 x
Displacement of nodes (1) BT Y
’. x
Name Displacement of nodes
Selection Al
Type of loads Load cases
Load cases LC1 - Prestress
Fiter No
Stucture Initial
Standard =
Section ~
Edge ~
Values Deformed mesh
Exreme Global

This deformation is clearly the opposite of the deformation under its self weight.



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

04
08
A2
18
20

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] -

538.72
420.00
360.00
300.00
24000
180.00
120.00
60.00
0.00
-50.00
-120.00
-1&0.00
1 -240.00
-312.10

The moment mx due to post-tensioning is shown below.
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The moment mx for the ULS combination looks as follows:

mx [kNm/m] -

24484
200.00
160.00
120.00
B80.00
40.00
0.00
-40.00
-20.00 '
-120.00
-160.00
-200.00
-240.00
-280.00
-320.00
-360.00
-40572

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.



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.

8 Post-tensioned tendon lihj
Name TND
Description
Number 1
Type Intemal
Layer Layerl =2
= Geometry
Geometry input Direct input =
Projection of intermediate points Pempendicularty -
LES standard -
LCS Rotation [deg] 0.00
= Material
Material Y1860C-3.0 T
|Nernber of tendon elements in tendon-{ns) | 20
Mumber of tendons in group (ng) 1
Area [mm™2] 141
Diameter of duct [mm] 60,00
Load Case LCT - Prestress b
= Stressing
Type of stressing Type 4 - .
Prestressing from Begin -
Coefficient of friction in curved part of tendon [ 0.3
Unintertional angular displacement {per unit length) [-/m] 0,003
Anchorage set - begin [mm] 6.00
Initial stress - begin [MPa] 1440,00
Overhang of tendon not included in analysis model - begin fm] 0.000
Overhang of tendon not included in analysis model - end [m] 0,000
Distance between sections for output {m] 0,500
= Are
Curve type Cincle + radius -
Curve parameter [m] 1.00
Adlions
Default values g |
oK j Cancel 1

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):

-,

Editing geometry

Coord X [m] | Coord Y [m] | Coord £ [m] | Curve type Ve parameter | =

1 |0500 0,000 0,000

2 (0,500 2,000 0,150 Circle +radius~ ~ 1,000 E
3 (0,500 2.000 0,150 Circle +radiuvs~ ~ 1,000 4
4 |0500 wo0 o] i

(] Cancel Apply
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This gives the following result for the course of the cable losses:

TND X
BS || |50 wwx - | (e | Ty aetaur - & T detaunt -
Anchorage set loss appears over the whole length of tendon.

Theoretical tendon elongation before transfer 0,068 [m]
Theoretical tendon elongation after transfer 0,062 [m] _J
X z Frictional loss | Anchorage set loss | Short-term relaxation | Stress after anchoring /
[m] [m] [MPa] [MPa] [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 0,075 1,51 20394 0,00 123455
BT Ready [nl]
o .}
[MPa] Frictional loss
1600,00__| Anchorage sat
1400.00__|-
1200.00__| —
1000.00__|
800.00__|
600.00_
400,00__|
200.00__|
0.00
N PO Ot P P A 10 [ ) o Dlg:
S23233232323232222232:2°
St Origin walue fram: ]Drigin _vj + |00 MPa  Mertical axis: 12000 MPa

THD

Tent scale: 1 Eﬂ

Wertical soale: 11 3:

Cloze

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.

-

Mesh setup

Mame
Mesh

Minimal distance between two points [m]

Average number of tiles of 10 elemernt

|A1.remge size of 2D element/curved element [m]

LA r 1

r




4 Results

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

_~| [Properties Bx
| Displacement of nodes {1) FlW%YF
[
_— Name Displacement of nodes
— ___% s Selaction A >
- o, 5’2’5- _.‘..:‘-4'&':" — Type of loads Load cases =
AT el T Lozd cases LC1 - Presiress =
e Fiter No =
2 %ﬂ%& Structure Intial -
S = E— Standard 4
Section =i
Edge r
Valuss | Deformed mesh -
Edreme Global -
* mx [kNm/m]
| 2D member - Intemal forces (1) R BT 231
e 0.00
Name 2D member - Intemal forces -2.00
Selection Al - -4.00
Type of loads Load cases - £.00
Load cases LC1 - Prestress - _5.00
il Ho o -10.00
System Local - ey
Rotation [deg] 0.00 -14.00
Averaging of peak = T
Location In nodes, ava. on macro - o
Type forces Basic magnitudes -
Standard W -20.00
Section r 2220
Edgs r~
Trajectaries r
Values e -
Extreme: Global -
Drawing setup 20
Actions
Refresh e
Detailed results in mesh node 333
Preview =
A == - 3 [kNm/m]
2D member - Intemal forces {1) LY YA 3
e 0.00
MName 20 member - Intemal forces 200
Selection Al - =
Type of loads Load cases = e
Load cases LC1 - Prestress - i
Fiter Mo = WE
System Local -
Rotation [deg] 0.00 -12.00
Averaging of peak & -14.00
Location In nodes, avg. on macro - -18.00
Type forces Basic magnitudes - ~18.00
Standard = 20,00
Section r g
Edge &)
Trajectories =
Values my -
Extreme Global -
Drawing setup 20 A
Actions
Refresh 333
Detailed results in mesh node b
Preview 33

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.

38



Theoretical background — types of prestressing

This text comes from the book ' .
“Prestressed Concrete Structures”, written by Jaroslav Navratil, 2006, published by
AKADEMICKE NAKLADATELSTVI CERM, s.r.o.

Loss of prestressing due to relaxation of prestressing
reinforcement

The loss of prestressing due to relaxation of the prestressing reinforcement applies to both
production and service stages of the prestressed structure. The nature of this phenomenon was
deseribed in chapter 2.3.2. It was stated there thal the size of relaxation depends on the (i)
level of introduced prestressing and (ii) time. The calculation of relaxation must therefore take
inta account the procedure of stressing, anchoring and losses of prestressing due to other
clfects. Considering the fact that the relaxation of prestressing reinforcement is a negative
phenomenon (it reduces the prestressing), we try Lo minimise its size by (i) the application of
special materials (low-relaxation strands) and (i) a special production process termed
carvection of relaxation through keeping the stress constant during stressing, see Fig, 4-13.
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o Stress oo 18 kept during the

P stressing for a short ime (e - 10 =

(&7 7 ta 10 minutes) on a constant
1) !

o reinforcement taking place during
g this period. see Fig. 2-17. As the

\ ; T — increase of relaxation is dramatic
(ﬁ

/i level with the crecp of
A Jﬁcnapacity

at the beginning of loading. cven
this short time period leads to a
relatively sigmificant reduction of
relaxation capacity L-"-r);_.,."’“'""”“"'"'-‘” (the
to tear tes t total loss of prestressing due to
relaxation at tme  infinity).
Relaxation Ag,, ™ equivalent lo
the creep that occurs during the
lime when the stress is kept
constant can be calculaled, similarly to the loss of prestressing due to relaxation, using what is
known as relaxation tables. As an example, let us caleulaie the relaxation of stress relieved
(Class 2) strands with characteristic tensile strength fr = 1 800 MPa. and characteristic 0.2%
proof-stress fo 2 = 1530 MPa), in accordance with EN 1992-1-1, 2004.

=r ——4r ——

Fig. 4-13 Currcction of relaxation through keeping
constant stress during stressing

EN 1992-1-1 standard docs not define the relaxation tables (sce chapter 2.3.2) explicitly. Both
the total relaxation at infinite time and the development of the relaxation loss over time can be
caleulated directly from formulas (3.28) to (3.30) of the standard. Specifically for Class 2 the
ratio of the relaxation loss over the stress in prestressing steel is calculated as
e S 07500

&Ji = 0.66 Py gl ——!—} 107

S L1000
in which ¢ is time in hours, g is the ratio &,/ fpr, and P is the value of relaxation loss (in %)
at 1 000 hours after lensioning at a mean temperature of 20°C. The formula can be used for
the determination of relaxation tables. The tolal relaxation with respect to a rclalive stress can
be caleulated by substituting “infinitc” time 500 000 hours. For #=2.5% (Class 2) we obtain
the values in column (2) of Tahle 4-4 (a). For comparison, the related values according to
standard CSN 73 6207, 1993, Table 30 are shown in colurn (2) of Table 4-4 (b).

(4.37)

Table 4-4 Example of (part of) relaxation tables

(a) FN 1992-1-1, 2004 (b) CSN 73 6207
— Dvp. of | Dvp.af | [
Total : Total : Dvp. of
Sp/fik rela:ation fi) | felactor | reise oy ap/fa0z relaia‘rion & Ipi] reﬁax
I u=0.7 =08 L g
(1) @ (3) (@) (5) (1) (2) @) @)
0.6 0.025 2| 0.0243| 0.0839 06 0.02 2 020
0.7 0.039 3| 0.0268| 0.0891] 0.7 0.04 3 0.23
08 0.061 5 00298| 00962 | 08 0.07| 5 0.28
0,9 0.095 10| 0.0349] 0.1088 0.9 0.10 10 0.31
1.0 0.148 1 year 0.4025| 0.5452 1.0 0.14 | 1 year | 1.00]




Column (2) “total relaxation™ of the table contains the lotal loss of stress duc to relaxation at
time infinily as the multiple of the acting stress, i.e. the loss of stress at 1. which is the total
relaxation capacity depending on the applied stress. Columns (4) and (5) named “development
of relaxation™ contain the loss of stress due to relaxation depending on time expressed as a
multiple of the total relaxation at time infinity (500 000 hours), i.e. the time-development of
the stress loss over time. With respect to the previous formula, the values in columns (4) and
(3) of Table 4-4 (a) are calculated as
Ao, (1) { TTS“""’
Ac, () (500000, '
For comparison the values in column (4) of Table 4-4 (b) are taken from Table 15 of CSN 73
(207, 1993.

(4.38)

Let us assume that the stress introduced in the prestressing reinforcement by the jack during
stressing o — 1 440 MPa is kept for § minutes. I'he calculation is performed in Table 4-5.
The total relaxation can be determined from Table 4-4 by means of interpolation for the
actually acting siress. The tofal capacily of relaxation at the stress of 1 440 MPa is thus
Ay = -87.570 MPa for EN and -167.718 MPa for (SN (the ncgative sign means the
loss of stress). The column named “development of relaxation” contains the loss of stress duc
lo relaxation depending on time expressed as a multiple of the introduced stress.

Table 4-5 Calculation of relaxation correction through

keeping the stress The value of this loss can he

determined by multiplication of

(a) EN 1992-1-1, 2004 the lotal relaxation e.g. [or EN
- ) Tl . - Pevelopment) 0.0608 by the value 0.0962 that
[MPa] Tk relaxation | ¢ IMinl of relaxation corresponds o keeping  the
1440 0.8000 0.0608 5 0.00585 siress for 3 minutes. sce Table
A, | 87570 A, 5.424 4-4. hThf: 1'elaxatifn cquivalencll:
rmalnin, Ll the cree thal  occurre
‘Aw“' e "79'1‘& during the tirr}:u over which the
) stress was kepl constant can
|(b'l CSN 73 6207 then be caleulated as A, ™ = -
Total . Developmen ®] 440 - -8.42

o (MPa] | 6ptfns relaxation | ' IMin] | of rels:?s:tit}n1L T}:?f?_qsilse ]\,:i(i b:ii‘li}‘f:?é
| 1440] 094121 01165 2 0.0303) total eapacity of relaxation is
Ao [ 167 718[ Ao, -43.607 reduced i sthsequent

AGy T 124111 calculations,

As we can see from the table,
the value of the loss calculated in (he same way according to the referenced CSN is
significantly higher A, = -43 607 MPa, which is caused by the fucts that in EN 1992-1-1
(i) the development of the relaxation loss over Lime depends on the relative tendon stress and
it is slower for stress level 0.7 to 0.8 £ and (ii) the relative stress is related to the
characteristic tensile stength and not to the characteristic 0.2% prool=stress. which increascs
the total relaxation capacily.
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Oy f Atter the phase of keeping the
stress is over, the prestressing
Jjé(‘jg:;”: Agg?m”ed = reinforcement is anchored. This

i Semssa el causes a reduction of the stress
AGpr (Ope)  in the prestressing

AGpw . reinforcement by anchorage set
| ) loss Ady,, see Fig. 4-14.

" G S However, a reduced capacity of

T relaxation A, P Ga)
A T ﬁgg‘;’pa“’“’((jpa) corresponds to the actual stress
] o and this  capacity of

> . = relaxation must be further
o reduced by the relaxation that
already took place during the

i — phase when the stress was kept

o  ter=1a teo { constant, ie.

dcg,,-"'"""’"m’” LY. 15 The
calculation is shown in Table 4-
6, in which formula (4.37) was
directly  applied 10 the

Fig. 4-14 Calculation of the loss due to relaxation of
prestressing reinforcement

calculation without the use of the relaxation tables.

Table 4-6 Caleulation of relaxation at 365 days, EN 1992-1-1

Opn Picoy ‘ 1 Total tsmin | ta85dsys Develapment of
[MPal] [%] Sk relaxation [hours] [hours] relaxation
1280 25 0.7111 0.04094 0.0833 8760 0.38233
I 3
) ouured capacity - Ay .
AG, Ay, 52 461 i | 16.836
8.426 Beg e -44.035 |

This calculation can be further refined according to Annex D of EN 1992-1-1, 2004, which
requires thal the relaxation alrcady occurred is udded to the currently acting stress when
calculating the capacily of relaxation. Thercfore Agy M (o, +Z Aoy cotresponds to the
actual stress ;,#F A0, This method was used for the comparative calculations in Table 4-7.
We experience again a significant difference in the caleulated values. Therefore, it is strongly
recommended 1o use specific relaxation tables provided by the producer of the prestressing
reinforcement.

Table 4-7 Calculation of relaxation at 365 days according to Anncx D of EN 1992-1-1

EN Gon | OpatACH estimated t. | lees | AtFtwmsta | gral m}.ﬁ‘"s

1992-1-1 | [MFPa] [MPa] W [hours] [hours] | [hours] [hours] [MPa]
1280 | 1288.426 | 0.7158 | 8266 8760 | 8750.917 |B8842.577 | -14.387

s8N Oy | CaatAay | e |estimatedlo) b At=taest, | torat Ay

b [MPa] | [MPa] s [cays] [days] [days] [days] [MPal]

: 1280 | 1323.607 | 0.8651 001706 | 366 | 364.897 | 365014 -74.897 |




The general rule is that afler cach change of the stress in the prestressing reinforcement, the
capacity of relaxation should be re-calculated and the relaxation that already occurred should
be deducted. In Fig. 4-15 for example, the presented calculation would have to be modified,
as after the stress was kept constant, short-term reluxation do;,,.! took place between times 7.,
and ¢, and it must be added (o the relaxation that took place during the period of keeping the
stress constant, and only then the remaining capacity of rclaxation :lqj_..‘j, or the long-term
relaxation that occurred between the anchoring time and the selected time ¢ > s, can be
calculated.

The calculation of the long-term relaxation

o, 4 (belongs to long-term losses) must be carried
o pos out Wil.l'l regard to the procedure qf stresz‘;i ng,
anchoring and long-term behaviour of the
civil engineering structure (reduction of the
Opeon stress in the reinforcement due to creep and

AGY, ACpu 1 : e
i iAGF" B shrinkage). The calculation is based on the

principles  stated above. First, the total
(capacity of) relaxation thar depends on the

\ AG, stress level in the rcinforcement in given
Opeo et — seclions of the element or structure is

calculated. Then, the relaxation that took
place in the previous steps is deducted and
the remaining capacity of relaxation is used
to determine the long-term relaxation over
the given time interval. In this type of
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£
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to Vowr s tas t calculation, we accept the simplification that
changes in the slress in the prestressing
Fig. 4-15 General stress history with a .reinibrcement lh::ﬂ oceur during a gi'vl't:n time
partial reduction of anchorage nterval do not influence the magnitude of

set luss relaxation over this interval,

Generally, what must be determined is the
prestressing force and thus also the relaxation at time instants (1) 7, immediately after
anchoring, or afler the transter of the prestressing into the concrete, (ii) #, after the
introduction of all permanent loads including prestressing, (iii) 1, when the variable load has
been applied and (iv) at the time close to infinity 7., .
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