SCIA

ENGINEER

Advanced Expert Trainig
Pre-tensioning (Precast)



Advanced Expert Training — Pre-tensioning (Precast)

All information in this document is subject to modification without prior notice. No part of this manual may be
reproduced, stored in a database or retrieval system or published, in any form or in any way, electronically,
mechanically, by print, photo print, microfilm or any other means without prior written permission from the
publisher. SCIA is not responsible for any direct or indirect damage because of imperfections in the
documentation and/or the software.

© Copyright 2021 SCIA nv. All rights reserved.

2 KV —2022/01/25



Table of Contents

TADIE OF CONTENTS ..oiiiiiiiiiee ettt s e sh e e e e e r e e s e e e s nn e e snr e e anre e e nnreeennes 3
e Ao Xe 1U X 1o o IO P ST PPPPPRRRPRIT 4
Chapter 1: Pre-tensioned precast DEaAM ... 5

1.1, INPULt GEOMELIY And PrESIIESS ..oiiiiiiiiiie e e e i e e e e e e s re e e e e e e e s st a e e e e e e e s e snrrnneees 5

1.1.1. (o] 1=Tox Y=Y 1 1] Vo SRR 5

1.1.2. INPUE GBOMEIIY ...ttt e e e e e s et e e e e s s e e e e e e e s 6

1.1.3.  L0ad CASES + 0AING ....eeeiiiiieeiiiiie et 7

1.1.4. Lo =N aTo (=N o =V (=1 o o SRR 7

1.1.5.  Pre-tensioned tENUONS . ......cooiii i 10

1.2. TDA Construction stages (and [0ading) ........coeuuiiiiiiiiieiii e 15

1.2.1.  CONSIIUCLION STAGES SELUD ...veeeiiiriieeiiiiiee et e ettt ettt e et e e e sbre e e e s bb e e e s sbbeeeesnbneeeeanes 15

1.2.2. AddiNg CONSITUCHION STAGES......ciiiiiriieiie e e e ettt e e e e s st e e e e e et e e e e e e e s snnnrareeaaeeeas 16

1.2.3. Defining boundary CONAILIONS .........oviiiiiiiieiiiiie e eeaee s 18

I T @ 1o U] - 1o [ PSPPSR 20

T, RESUITS ettt e et e e 21

141, TENUON SITESSES ....eiiiiii ettt ettt ettt e e s b et e st e et e e sab e e et e e e snn e e s beeesnneeeanneas 21

142, DefOMMALIONS. .. .ciiiiie ittt e et e snr e rn e ane e e nnneas 22

1.4.3. a1 =T g g T L (0] o= SRR 23

144, S S S .ttt ettt e e e e e e e e e e e s e 23

1.5. Checks in the CONCIete MENU .....c.eeiiiiiiiii e 27

1.5.1. DefleCtion CRECK.........oiieiii e 27

1.5.2.  Check of allowable concrete Stress in COMPreSSION .........ocviviiiiiiieiiiiiee e 28

1.5.3.  CaAPACILy CRECK......coi i ettt 29

1.54. Design of passive reinforCEMENT AS ........oooiiiiieiiiiie ettt 29

1.5.5. Design of vertical shear reinforcemMent ASS .........cceviiiiiiie it 30

1.5.6.  Design of shear reinforcement in construction jOINt ASj ........ccoocueeeiiiiieeiiiiiee e 30

15.7. DecompPreSSiON CRECK ... 32
Chapter 2: A iR D A VT oL ] - To L= PP PUPPP PP 35

2.1. Modelling of aprefab slab Model ..o 35

2.2, Application of the 10AAING ...ccoiviiieiie e 39

2.3, CAICUIALION Lot 40

2.4, RESUILS oot 41

2.5, 2D D 1D UPGIAUE ettt ettt e ettt e b e e e e nbae e e e nnnes 44

KV —2022/01/25 3



Advanced Expert Training — Pre-tensioning (Precast)

Introduction

All discussed topics are available in the Expert Edition or the Precast Edition of SCIA Engineer.

Most of the functionalities used in this tutorial are currently only available in the “V16 and older” PPE in the
32-hit version of SCIA engineer.

Only the functions used in 1.1 Input geometry and prestress have already been transferred to the default
PPE in the 64-bit version and can thus be used in the new GUI.

Because only one subchapter is possible in the new GUI, we will execute the entire tutorial in SCIA 21.1
32-hit.

In this training document an example will be worked out for a precast beam element which is part of a bridge
deck.

In the first chapter the example will be worked out from scratch. The input of pre-tensioning, a time dependent
construction stage analysis (TDA) and some EN checks of the concrete menu will be treated.

In the last chapter will be illustrated that the 1D beam model could be created directly from a 2D plate model
in which the load distribution is analyzed. This can be done through the 2D->1D upgrade functionality.
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Chapter 1: Pre-tensioned precast beam

1.1.

1.1.1.  Project settings

In the project data a frame XZ environment and a construction stages model will be chosen and we will use

Input geometry and prestress

the v16 and older post processing environment.

Project data

Basic data | Functionality Actions Unit Set  Protection

Data

MName: -

Part: | -

Description: | -

Author: -

Date: | -

Structure:

Post processing
environmernt

Model:

{1 Frame %2

5 w16 and older

4 Construction stages

Material
Ir—
Material C50/60 -
Reinforcement m... B 500B -
Steel O
Masonry O
Alurminium O
Timber O
Steel fibre concrete [
Other O
- Code
National Code:

- [ ]

National annex:

- Standard EN = Izl

| oK | | Cancel

The functionalities “Advanced concrete checks” and “Prestressing” will be ticked on.

Project data

Protection

>

Basic data | Functionality | Actions  Unit Set

General

Property maodifiers

Parametric input
Climatic loads
Mobile loads
Dynamics
Stability
MNenlinearity
Structural model

|IFC properties

Advanced concrete checks

Prestressing

Bridge design
Excel checks

Document

DDD'HHDDDDDDDDD

Detailed
+ |subseil |

Pad foundation check

4 Concrete
Fire resistance checks

Hellow core slab checks

OK | | Cancel
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Advanced Expert Training — Pre-tensioning (Precast)

1.1.2.  Input geometry

In the Scia Engineer profile library we will find some parameterized prefab profiles. In this example we will
choose for the Prefab3 profile type.

Mew cross-section >

Awailable groups Available tems of this group ltems in project

I Concrete
IGeometricshapes E L I @ E
MNumerical

¥Y General
g Precast
vBridge

Precast3

JC

Add Close

Next to this list of predefined types of prefab profiles, the user also has the possibility to create his own type

of profile by using the ‘General’ cross-section.
The General cross-section contains a cross-section editor which allows the user to draw a shape himself by

using the tools in the editor menu or by importing a dwg/dxf file.

In this example, we will use the prefab I-beam with an in situ cast topping.
The following parameters are selected for this exercise:
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B Cross-section b4

Mame 51 ~
Type Precast3
Detailed 300; 30; 1450; 25; 1300; 1...
Shape type Thick-walled

Parameters

Material C30/60

Material C20/25

b1 [mm] 300

b2 [mm] 50

b3 [mm] 1450

bd [mm] 25

b3 [mm] 1500

h1 [mm] 1000

h2 [mm] 75

h3 [mm] 50

hd [mm] 225

h5 [mm] 200

General

Draw colour Phase colour "

d 2 Ppicture N Update Document
Cross-section layout and dimensions Cancel

Next, insert a 30 m long beam with this cross-section and add support at both ends.

1.1.3. Load cases + loading

Before we continue with the input of the pre-tensioned tendons, it is useful to set up the load cases and their
corresponding loads. To do this, use the following table as a guideline.

Name | Description Action type | Load | Load type Duration | Load
group
LC1 Prestress Permanent | LG1 Prestress / Automatic
LC2 Placing of concrete beam Permanent | LG1 Self weight | / Automatic
LC3 Weight of in situ topping Permanent | LG1 Standard / -7,5 KN/m
LC4 Finishes Permanent | LG1 Standard / -10 kN/m
LC5 Service load Variable LG2 Static Long -20 kKN/m
LC6 Empty (check after 50 years) | Permanent | LG1 Standard / /

1.1.4. Bore hole pattern

Before we enter the pre-tensioned tendons, we will have to create a bore hole pattern. We access the bore
hole database automatically when we want to add pre-tensioned tendons and no bore hole patterns are
found, or via Libraries as shown below.
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Advanced Expert Training — Pre-tensioning (Precast)

t?'E‘g- SCIA Engineer 21,1.0023 - [Pre-tensioning : 1]

File
D = H « ¢ @ Materials

X9 Cross-sections

Edit Wiew J Libraries § Tools

Z8 Setup

E Catalogue blocks
. E Mamed item

Tree

= Main |4 Structure

= (1j 10 Members structure, Analysis

¥ Member Steel
ry
&5 Beam Concrete, reinforcement
=
i1 Celurmn

=
e 10 member ¢
= Subsoil, foundation

& 2D Members - 21
#£ Load panels
I's Advanced Input Drawing tools
= Y. Tendons ! Attributes definition

. Post-tension @ void Formers
,ﬁ Post-tensioneo externar tenoon

T Pre-tensioned tendon
b=z Model data
Check structure data
54 Madelling/Trawing

Loads

Modify Tree

Setup  Window Help

- OLMBE 8&E

Bare hole patterns J/}

b B sectional strand pattern

b EEt  Stressing beds

k 11'.=J Tendon source geometry
JE Type of stressing

If we enter the database for the first time, there will be no patterns and we will receive the opportunity to
define a new bore hole pattern on a profile. We choose of course the earlier defined cross-section.
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B Cross-Sections x
Bla 2 5 BEI= o= & - A By,
NS - Precast3 (300... |Name |C51 ~
Type Precast3
Detailed 300: 50: 1450; 25; 1500: 1000 7...
Shape type Thick-walled
Parameters
Material C50/e0
Material C20/25
b1 [mm] 300
b2 [mm] 50
b3 [mm] 1450 o
. b3 1500 | E:;
'-.1:
= b
= A
L
L |
L |
==
Mew || Insert | Edit Setup | Update all

The definition of the bore hole pattern can be done by means of the input of individual holes or a whole
region. In this example a whole region over the cross-section will be created by adding a region and
adjusting its width and height. Finally select Increment as its type.

(Notice that the program automatically detects that no bore hole pattern can be defined in the in situ concrete
pressure zone.)
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Advanced Expert Training — Pre-tensioning (Precast)

Bore hole pattern *

Regions  Haoles

=
1969793920002020202030802080910 Delete
95
80
65
50
35
20
05
0 =
egion
5 Mame Region1 ~
0 o Left bottom y [.. 0
g | eft bottom z[.. 0
;
N Width [mm] 1500
N 0 Height [mm] 1350
5 Increment
\ 2 \ First hole y [mm] 30
'} i 300 First hole z [mm] 50
R Dy [mm] 100
™ P T 1nn ~/
25 |Reference point
¥ [mm] 750
1450 p— .
Origin of coordinate system Left bottom of outline of c-s - Import DWG Cancel

This borehole profile could be stored to use in other projects.

1.1.5. Pre-tensioned tendons

The input of the pre-tensioned tendons is done in the structure menu. We will start with the creation of a bore
hole pattern:

Tree + 0 X

= Main -8 structure X

=) 10 Members

Member

Beam

Colurmn

1D member components
2D Members - 2D member components - Integr

Load panels
Advapced Input

Post-tensioned internal tendon

Select template X

Post-tensioned external tendon

F Pre-tensioned tendon Create Beam strand pattern by
Model data |(®) Bore Hole |

Check structure data (_) Sectional strand pattern

Modelling/Drawing
Cancel
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B ' Edit database X

A BB o & E=E
iEH [ Name BH

Cross-section name 51

Mew Insert Edit Delete oK

Now we will use this bore hole pattern to define a strand pattern.
As reference point for the input of the bore hole pattern, a cover of Omm will be applied because the cover is
already taken into account in the definition of the bore holes.

Set reference point of bore hole pattern x
04
10~ — Q7
20 = = Os
3(:)_/"/ e Qo
5() @6
Position b - Bottomn centre - A
Dy [mm] 0
Dz [mim] 0

Cover

|chr—.-r [mim] _
Cancel
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Advanced Expert Training — Pre-tensioning (Precast)

The beam strand pattern is shown below. Choose Y1860S7-15,7 as the strand quality and assign this to the
32 positions as shown below.
(You have to select the strands one by one and you have to reselect the strand quality if you miss click.)

T T =

The top strands are bent so they will join the bottom strands at a distance of 3m from the support. To
achieve this an extra section at 3m is created and on this section a drape of 800mm is given to the top
strands. You can find the add-button on the top right side of the window.

B1-1{0,000 m]
Mame B1-1

Position (x) [m] 0,000 Strand patter - x %
MName B1-1 A
Asymmetrical s... no

Coord. definition  Abso
Position (x) [m]  EREEY v

Cancel

Select the four strand at the top of the beam by holding ctrl and edit their Drape (Dz) in the properties
window on the right.
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Strand property  Geometry

A/

Group 1

Material Y186057 -
Position in hole Centre -
Fixed

Draped
Asymmetrical...

Debonding le.. Mo

Stressing seq.. 1 -
Type of stressi... Typed -
Stress during ... 1440,00
Duration of k.. 300,00

Initial stress [... 1440,00
Anchorage se.. 6,00
Determine tra... By userinpy -
Transmission L. 1,00
Distance betw... 0,300
Position

¥ [m] 3,000

Drape

Dy [mm] 0

| Dz [mim]
Remuove s

Another measure that could be taken to avoid that in the begin section a tension stress at the top fibre would
occurs the debonding of some strands over the first meters. In this example the strands on the bottom row
are all given a debonding length of 3m

Strand property | Geometry

Group
Matesial igsisT -

Debonding engths %

L Mame Leaith[m'a
o
) (ng;(ngf\(Ll&-HLl&i(LQ(\(LI&T1Ldﬁx(LJ&9(LQIU(L‘Ul(LOIIE(L’M.?(L.IH(L.UFELI)?
1
View parameters.. oc ]

It is already possible to have a look at the stress after transfer that is put to the beam before the construction
stage analysis is run. This can be accessed when one strand is selected via the action menu below the
properties of a strand.

KV —2022/01/25 13



Advanced Expert Training — Pre-tensioning (Precast)

@ ¥177053.7 & o h
Strand21 X
strand property  Geometry
g =0 100% - T detaur S BT default S \TZ
Tendon name: Strand21 o Strand21
Type of history of stressing: 3 D 2
Calculation of frictional, anchorage set and long-term relaxation losses from initial tendon stress. Group 2
Tendon stressed from it's beginning. Material Y186057 + ..

Anchorage set loss appears over the whole length of tendon. Position in hele Centre

x Y z Frictional loss | Anchorage sd loss | Shorterm relaxation | Deformation of stessing bed | Temperature loss | Stress after Fixed
[m] [m] [m] [MPa] [MPa] [MPa]
Draped
0,000 0100 -0,548 0,00 0,00 0,00 0,00 0,00 Asymmetrical...
0,500 | 0100 | -0,548 0,00 -1064 0,00 0,00 0,00
1,000 0100 | -0548 0,00 2127 0,00 0,00 0,00 Debending le... No
1,500 04100 -0,%48 0,00 2127 0,00 0,00 0,00 Stressing seq.. 1
2,000| 0100 -0,548 0,00 2127 0,00 0,00 0,00 Type of stressi... Type3
2500 0100 -0,349 000 2127 0,00 0,00 0,00
annnl nionl _ncaa nnn 29T nnn nnn non Stress during ... 1440,00
Short-term relaxation < > v Duration of k... 300,00
. Initial stress [... 140,00
1600,00.

Anchorage se... 6,00

Determine tra., By userinpy -
Transmission ... 1,00

Distance betw... 0,500

Position
400,00,
T 200,00, X [m]
0,00 ¥ [mm]
Z [mm]
Origin value | Origin ~| +|00 MPa Vertical | 200,0 MPa
s g g
Strand21 \ Text scale: | 0.5 |5 Vertical scale: |1 5 Close
Actions

Losses

View parameters... Debonding lengths... oK Cancel

In this example a transmission length of 1m is entered. Also no additional losses like an anchorage set loss
or a short term relaxation loss are taken into account. They could be defined by means of the advanced
parameters, but they are not treated in this example.

The final strand pattern will look like the following.

To edit the properties afterwards, the beam strand pattern or “BSP” can be selected. Trough the property
menu the user can click on edit strand pattern to edit the strand pattern at any time.

Properties * 3 x
Pre-tensioned tendon (1) T ‘\,ﬁ] \f

BSP

Edit strand patterns G

Sectional strand patt... SSP3 o
LC prestress LC1 - Prestress - ..
Stressing beds 5B L
Strand patterns
B1-1 5¥YM. [m] 3,000
Debonding leng...
L1 [m] 3,00
Mermber Bl

14 KV —2022/01/25



1.2. TDA Construction stages (and loading)

The construction stages in this project will not be normal linear construction stages, but they will be used for
time dependant analysis. This means that also a time should be assigned to each construction stage.

It is easier to create the load cases before the stages, because for every stage at least one permanent load
case is required. We already did this in 1.1.3 Load cases, so we can how enter the stages.

1.2.1. Construction stages setup

The configuration window for a time dependent analysis will automatically will open when you select
Construction stages for the first time or can be accessed via Construction stages > Setup as shown below.
Select “Time dependent analysis” as the “Type”.

Tree v O x
N e B
= Structure Building
= Members Load factors(Code independent combinations only)
& Supports Permanent (long-term) load cases
ﬁ‘ Delete input data of stage Gamma min [-] 0,000
Gamma max [-] 1,000

Prestressed load cases
Gamma min [-] 0,000
Gamma max [-] 1,000

Long-term part of variable loads

Factor Psi [-] 0,300
TDA

Load factors for generated load cases

gamma-creep min [-] 1,000

gamma-creep max [-] 1,000

Time - History

MNumber of subintervals 1,0

Ambient humidity [%5] 70,00

Automatic calculation of subintervals no

Local time axis

Time of casting [day] -1,00

Time of curing [day] 3,00

Duration of curing of composite parts of cross-section [day] 3,00

Line support (formwork) v

Time of releasing of displacements in X direction [day] 14,00

Time of releasing of displacements in Z direction [day] 14,00
Generate cutput text file |
Results
MName of gener. ultimate combination {max) HO-MAX
Name of gener. ultimate combination (min) FO}-MIN
MName of gener. creep load case F{0}-Creep
Mame of gener. serviceability combination F{O}-5LS
MName of gener. code combination HO}-{CODE}

Cancel

The most important properties are:
e Long term part of variable load: Factor Psi [-]

This implies that variable loads of long term are also taken into account for the time dependant
analysis of the long term losses, but then only for a certain percentage. This is only valid for variable
load cases of long term duration. Variable load cases of short term duration are not taken into
account for the long term losses, permanent load cases are taken into account for the full 100%. The
value of Psi is a user input value. The value depends on the type of loading. The code could be used
for guide values.
In this example Psi is taken as 0,3.

KV —2022/01/25 15
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e Number of subintervals:

The number of subintervals that is defined between two construction stages defines the number of
time-nodes which is created between two stages for the time dependent analysis. The TDA solver is
a numeric method which is more precise if more time nodes are defined. The more time
discretisation, the more precise the results will be, but this will take a longer calculation time. The
number of subintervals can be defined between each stage individually. Between two stages with a
higher loss to be expected, an increase of the number of subintervals could result in more precision.
A number of 10 subintervals is usually a good guide value, but we will leave it at 1 for the general

settings.
¢  Ambient humidity [%]

This property has an influence on the shrinkage. The higher the ambient moisture, the lower the

shrinkage.
The default value of 70% is kept in this example.

e The local time axis introduces a few extra time nodes on the timeline for which no construction stage

was created.

o Time of casting: the default here is taken is -1 day, because the introduction of an element
that has the stiffness of day 0 will cause problems in the solver, because the solver cannot
treat elements with zero stiffness. To be more precise, the value of -1 day could be changed

by -0,1 day, but not more than 1 decimal is accepted.

Time of curing: this is a special treatment that has positive influence on shrinkage.

Line support (formwork): This property assumes that the concrete is still in its formwork over
the first days, so that after casting the stiffness of the concrete can be built up. Note that
during this period, there will be no displacement of the structure at all, also the reaction
forces on the formwork cannot be viewed. If that is required the formwork should be

modeled by means of temporary supports.

1.2.2. Adding construction stages

The properties of each construction stage used in this example are shown below. The important properties

are marked in red.

B Construction stages

LI & -1 Y
Mame s
Order of stage 1

ST3 - finishes Description placing of prefab beam
ST4 - start of service st...

Global time [day] 0,00
SendloiseIcEREy INumber of subintervals 10
Ambient humidity [%2] 70,00

Last construction stage

Load case permanent or long-term

I Load case LC2 - Placing of concrete beam I

Load case prestress
|Load case LC1 - Prestress |

Type of generated combinations All code dependent
Structure Building
Actions

Wariable load cases and type of generated combinations

New Insert Edit Delete

Close

16
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8" Construction stages

-1V

i g B 202 &

Mame 512

Order of stage 2
S5T3 - finishes Description casting in situ concrete
ST4 - start of service st... [Elobal time [day] 20,00
Slendlofisenvicel=t lNumhel of subintervals [10

Ambient humidity [%5] 70,00

Last construction stage

Load case permanent or long-term

ILoad case

LC3 - Weight of in situ topping I

Load case prestress
Load case
Type of generated combinations

Structure

Actions

MNone
All code dependent
Building

Wariable load cases and type of generated combinations

New Insert Edit Delete

Close

Note that for stage 3 (shown below) is the last construction stage. This means that after this stage, it is

allowed to add service loads of type long term variable.

8" Construction stages

A e B o= &5 A - ¥

5T1 - placing of prefa.. | Mame 513

ing in si Order of stage 3
P—

Description finishes
ST4 - start of service st Global time [day] 40,00
5T5 - end of service st...

Mumber of subintervals | 10

Ambient humidity [% 70,00
Last construction stage | I
Load case permanent or long-term
lLoad case LC4 - m

Load case prestress

Load case MNone -
Type of generated combinations All code dependent
Structure Building
Actions
Wariable load cases and type of generated combinations e
New Insert Edit Delete Close
B Construction stages )4
L4 e & miv;
ST1 - placing of prefa... | Mame ST4
ST2 - casting in situ .. Order of stage 4
ini Description start of service stage
Global time [day] 50,00
psndiolzeviceRE INumher of subintervals 1
Ambient humidity [3] 70,00
Last construction stage
Load case permanent or long-term
—
Load case LC5 - Service load -
Psi[-] 0,300
Type of generated combinations All code dependent
Structure Building
Actions
Variable load cases and type of generated combinations E
New Insert Edit Delete Close

KV —2022/01/25
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Advanced Expert Training — Pre-tensioning (Precast)

The Psi factor of 0,3 in stage 4 shown above, will only influence the participation of LC5 to the long term
losses calculated by TDA solver. In the generated combinations, this load case will be considered without
this reduction factor, so this reduction factor is only for the calculation of losses, not for the concrete checks.

A control stage at 50 years (18000 days) is created to take into account the long term losses.

A B 92 & A 157
5T1 - placing of prefa.. | Mame 5T5
ST2 - casting in situ c... Order of stage 5
5T3 - finishes Description end of service stage
5T4 - start of service st... | §Global time [day] 18000,00
1 = 3 7 TR S Number of subintervals 1
Ambient humidity [2] ﬁ),[IID

Last construction stage

Load case permanent or long-term

Load case LC6 - empty (check after 30 years) ~ [
Type of generated combinations All code dependent
Structure Building
Actions
| Variable load cases and type of generated combinations B
|| mew | insert | Edit | Delete Close

1.2.3. Defining boundary conditions

For the actual definition of the stages, we will add the precast beam and its supports in stage 1.

And the in situ concrete is added in stage 2. We do this in the properties window of both the support and the
beam as shown in the two images below.

Properties v+ 3 X
ISupport in node (2] I = \ﬁ} \f_’

& X
|T3,rpe |Standard -
Angle [deg]

Constraint -
X =
z Rigid -
Ry Free -
Default size [m] 0,200
Construction sta...
| 2dd ST1 - placing of = .|
Remove No -
Geometry

s System GCS -

18 KV —2022/01/25



Properties * 0 X
17 /

& x

[Name | B1
Type beam (20) -
Analysis model Standard -
Cross-section C51 - Precast3 ( -
Alpha 0 -
Member system-line at Centre -
ez [mm] 0
LCS standard -
FEM type standard -
Layer Layerl -
Buckling
System lengths and ... Default -
Material and no. of ... Concrete- 1

Secondary member

Construction sta...

Add 5T1 - placing of -
Add Phase 2 5T2 - casting in: -
Remove No -
Geometry

Length [m] 30,000

Shape Line

Beg. node M1

End node M2

MNodes

N1 abso

N2 abso

Data

Pre-tensioned tendon BSP

The last point to take care off is the age of the concrete. Since the precast beam which is added in stage 1,
is assumed to have full stiffness at the moment of placing, we will define an age of this precast beam of 28
days through local beam settings.

Tree

Tg Main || Construction stages | x

-

1

x

B Beam construction stages settings

Name LBH
Local time axis
Setup
Time axis Time of casting [day] 28,00
: Time of end of curing [day] 000
Add member Line support (formwork) Ld

Remove member
Supports
Delete input data of stage

Note that this will not influence the default age of the in situ concrete which is added fresh (age 0) in stage 2.

KV —2022/01/25
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1.3. Calculation

Before running the TDA analysis, the beam and the patterns are meshed. We will divide the beam into 30

mesh elements (on average) and the strands will have an average mesh length of 1m.

Tree v I x

T Main | 48 Construction stages

Project
Ht: Line grid and storeys
& BIM toolbox
F= Structure
L Load
= }g Load cases, Combinations
¥ Load Cases
¥ Load Groups
¥ Combinations
E Result classes

ag
[E] Calculation, mesh

onpect members/nodes
I Mesh setup
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It is important to run the Construction Stage Analysis, and not just the linear calculation. (If the linear
calculation is run, everything defined in construction stages will be ignored.)
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1.4. Results

In the results menu, we will have a look at the tendon stresses, the deformations and the internal forces in
the different stages.

1.4.1. Tendon stresses

The tendon stresses in the results menu show us the losses that are calculated after time dependant
analysis. The immediate losses were already calculated before running the time dependent analysis. The
initial stress (-immediate losses) results in the stress after transfer (SAT).The LED losses are the losses
caused by elastic deformation of the concrete. These losses could also be calculated by a linear construction
stage analysis. The LCS losses are the losses caused by creep, shrinkage and long term relaxation. These
LCS losses are only calculated by TDA analysis.

Below the LCS losses at the beginning and at the end of the service stage are shown:
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There is clearly an increase in LCS losses between the beginning and the end of the service stage.
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1.4.2. Deformation

S

The deformation of the pretensioned prefab beam in the different construction stage is also given in the
results menu. The results for the deformation in het 5 construction stages are shown below.
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There is a difference in deformation between stage 4 and stage 5.The increase in deformation is caused by
creep, because the load case assigned to stage 5 was an empty dummy load case. The effect of creep (and
more in general all long term losses) is stored by the TDA analysis in a special load case F-creep. The

deformation for the load case F5-Creep contains the extra deformation:

F5-Creep:
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1,6

Properties

Deformations on member (1)

Name

Selection

-1 ox
AR
X 2
Deformations on member

All

Type of loads Load cases -
Load cases. F5-Creep - end of service stac -

Filter
Structure

Values

Extreme

Drawing setup 1D

Section

Ne
Initial
uz
Global

All

Note that also a relative deformation could be given for checking. This relative deformation could be checked
manually or by means of an imbedded excel check.

1.4.3.

Internal forces

The (envelope) moment lines for stage 1 and stage 5 are shown below.
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The maximal resistance moment can be viewed in the concrete menu. This means a capacity check of the
internal forces will be possible in the concrete menu.

1.4.4. Stresses

The stresses can be viewed over the height of the cross-section. This is interesting to check if there would
be tension on the top fibres in the end sections of the beam.

The stress in the starting section is shown below for stage 1.
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There seems to be no tension on the top fibre. This is prevented by the debonding and the bending of some
strands. If there would be tension on the top fibre, then more strands should be bend or debonded.

The stress in the midsection in stage 5 is shown below. Notice the jump in stress between the two phases of
the cross-section.
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It is also possible to show the stress over the length of the beam. Hereby can be chosen to show the stress
on the bottom or the top fibre.

The stress in stage 5 on respectively the bottom and top fibre are shown below.

Tension stress at the bottom fibre in stage 5:
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Compression stress at the top fibre in stage 5:
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Note that the top fibre corresponds to the top of the second phase of the cross-section.

To show the stress on the top fibre of the precast beam (first phase of cross-section), you could manually
predefine a named fibre. This is done in the properties of the cross-section.

Rt 5 iE] 7 i6

Lo
™ 0 ZEojtbre precast 15

Afterwards stresses can be displayed over this named fibre. The stress in stage 5 on this fibre of the precast
beam is displayed below.
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1.5. Checks in the concrete menu

All of the following checks were executed out in the old concrete menu. To be able to consult this menu, the
“Advanced concrete check” must be ticked in the functionalities.
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A lot of checks are possible in the concrete menu. The user should be aware of which checks he wants to
run before going to the concrete menu. If the user would miss a check, for instance check of fatigue,
embedded excel checks could be a work-around.

In chapter 1.4 Results a check for tension stress at the top fibre right after installation was already discussed.
A check for the maximum tendon stress is usually done manually at the input of the initial stress in the
strands.

In this chapter a deflection check, a check for the maximum concrete compression stress, a capacity check
on the resistance moment, and a design of additional passive reinforcement (if required) will be illustrated.

The design of vertical shear reinforcement Ass and the design of shear reinforcement As in the construction
joint will also be treated. The check for decompression will be illustrated as well.

Note: it is advised to create a document template in which all the checks required for the user are

assembled.

1.5.1. Deflection check

This check is comparable with the results for deformation that can be checked manually in the results menu.
However in the concrete menu a difference is made between the total deflection and the harmful deflection
(which is the deflection caused by creep).

The results for the deflection check in the final stage are shown below.
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1.5.2.

Check of allowable concrete stress in compression

F5-EN-5LS Quuasi-permanent - -

The maximum concrete compression stress is to be expected on the top fibre of the precast beam in ST4,
where all loading is applied and the LCS losses of the prestresses are not yet complete.

The results for the SLS quasi perm combination in stage 4 are shown below.
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The maximum allowed concrete compression stress (sigma clt,min in Scia Engineer) is calculated according
to art 7.2 (3) of EN 1992-1-1. The k2 factor used in that formula can be found in the concrete setup.
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1.5.3. Capacity check

The moment of resistance is shown below.
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We will not consider the end zones here. It is due to numerical effects, check of tension stress at top fibre in
first stage was already performed and this was ok.

The unity check in the midsection of the beam indicates that the moment My is greater than the moment of
resistance.

There are two possible solutions. The user could:
1. increase the prestress reinforcement by adding more strands.
2. design the additional passive reinforcement that is required in this case.

1.5.4. Design of passive reinforcement As

Note: to see how much passive reinforcement As is really required to increase the capacity, it is advised first
to tick off the detailing provision of minimum required reinforcement in the concrete setup.
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The additional required passive reinforcement for the ULS combination in stage 5 in shown below.
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It is also possible to design the required shear reinforcement Ass. This is shown below.
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If the user wants to preform a check of shear in construction joint, this first needs to be ticked on in the

concrete setup.
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By default the roughness of the joint will be defined as very smooth, which is the most conservative.

The required shear reinforcement Asj is shown below.
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Explanations of symbols
VEed Shear force VRdi Design shear resistance at the Asreq  |Required area of reinforcement
VEdi Design value of the shear stress in interface crossing the interface
the interface A Area of reinforcement crossing the
interface

The theoretical background behind the calculation of Asj is added below:

In EN 4 types of joints are defined (very smooth, smooth, rough and indented). These types define the
parameters ¢ and p.

The formula for the resistance of the concrete without shear reinforcement is shown below:
VRai = Cle+ ton+ plya (usin e+ cos ) 0,5 v iy
(6.25)
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where:
C, 1 are factors depend on roughness of joint
feta is design tensile concrete strength
oN is normal stress preloaded construction joint
on> 0 for compression
on< 0 for tension
oN is limited by 0,6*f¢q
P is reinforcement ratio
p = AsilA where:
As; area of reinforcement used for shear in construction joint
A area of concrete joint Ai=bi * 1current meter
a is angle of reinforcement efficient for shear in construction joint, defined by user in CSS

dialog, limited by values 45°-90°

The formula for the shear force in the construction joint is shown below:
Vedi = f Ved/ (z bi) (6.24)

Where:
B is the ratio of the longitudinal force in the new concrete area and the total longitudinal force
either in the compression or tension zone, both calculated for the section considered.
B is calculated from response with ULS precondition (6.1(2) EN1992-1-1)
VEd is the transverse shear force
z is the lever arm of composite section
b; is the width of construction joint

These formulas are taken from the EN 1992-1-1 chapter 6.2.5.
Shear reinforcement Asj will be required if Vedi > Vradi.
The formula for the required shear reinforcement Asj is shown below:

A Vg =€ fog —1-9y)
Sia - (t-sm o +cosa)

5j.reg

1.5.7. Decompression check
This SLS check is described in art 7.3.1(5) from EN 1992-1-1.

Decompression check only needs to be done if part of the pretensioned cross-section is in tension for the
considered type of SLS combination.
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Tree v rox

T Main |4 Concrete Advanced X

nd buckling groups
= TF 10 member
TP Member data
4 Concrete slendemess
(3 Redes (without As)
T Autematic member reinforcement de;
By Cross-section characteristics
¥ Internal forces
B, Member design
& B Member check
B\, Check of non-prestressed concret:
= B Check of prestressed concrete
B Crack control
F Checkresponse
b Check capacity
L4 Allowable stress of concrete
B Allowable principal stresses
bl Check of prestressing reinfarce
= Check deflection (linear)
B, SaT Details
[E=) Bill of reinforcement
8 Pretensioning - Pre-tensioned tendon
£= Free bars - New free bar

0 x Properties
Project data (1)
[ype of values Standard EN ~| © General ~
Design default (=) Concrete uLs
Drawing settings Concrete cover sis o
[+ Type of functionality Columns Cracking forces Licence number 660341
Prestressing Beams General National code EC-EN
Beam siabs
i Structure Frame XZ
Default sway type ffor columns il :
General K3, ¢ack - COCfficient for calculation m Mo. of nodes:
Concrete Value[-] 340 Ne. of beams: 1
Non.prestressed reinforcemen Ky cracy - coeHicient for calculation m No. of slabs:
Prestressed reinforeement oract
Durability and concrete cover Value[-] 042 Mo. of solids
Caleulation - e G S TN () No. of used profiles: 1
General Values No. of load cases: "
Columns S
Beams EN_1992 2 Ne. of used materials : :
uLs maximal crack width 7.2.1(10¢ Linear calculation Finished
General ‘ National annex Standard EN
Fire resistance —
Interaction diagram Zgeo - decompression distance P
Shear Value [m] 0,100 I
1D structures e -
Construction joint. Crack width ... w_max X
Details Creep
Anchorage check Crack proof Maximal crack width
. W”:ﬂ checks Code Dependent Deflections Exposure class RM (Quasi) (mm] PM (Freg) [mm] PM (Quasi) [mm] ~
ire resistance
s Allowable stress 1 |x0XCt 0300
Cratking forees Detailina provision: 2 | XC2XCIXCh 0300
¢ General Reference: EN 1992-2, Clause 7.3,1(105) 3 XDIXD2XDIXSTXSLXSE 0300 o
Prestressing Description : Maximum calculated crack width P —
Creep + | and prestressed member with bonded tendons LoD _
< 5 || Applieation  For 10 member Check cracks, for Not editable value 0.0 = not checked in this case
Decompression check
Select al Unselect all Refresh Load default nan-NA parameters [E— M (s M (Frea) M Qo) A
Stracture TN v v s | IEREE No No No
Al N2 30.000 0.000 B1 2 | XC2XC3XC4 No No Yes
s 3| XD1XD2XDIXS1X52X53 _ No Ves Mo ¥
o3d — — —
Explanation
9 R - reinforced member Quast - unger Set detautvatues
Libraries PM = prestressed member Char = under characteristic load combination
Freq = underfrequent load combination oK Cancel

In this example we are in default environmental class XC3.
This means we will need to check for the SLS quasi-permanent combination.

Note that if we would make the check for the combination F5-EN-SLS Quasi, no tension would be found on
the bottom fibre, so no decompression check is necessary (->warning 298).
Therefore the service load is increased from 20kN/m to 50kN/m to achieve results shown below:

g Moin [0 Concreta Abvnaced X

[l p——.
I} System lengths and buckling groups
5 T 1D member
T Membes data
1§ Concrete siendermess
s 0 A

tomatic member reinforcement de

= B, Member check
@ B Chieck of non-predtresead concrets

= Check deflection (linear

® By SoT Detsts
B 8t o reinforcement
5 Pretensioning - Pre-tensioned tendon

B Free bars - New frea bar

o
b

vy
Q@ 2 el

@@ A kE |25 o 1m B3 5
Repert previevs .3 x

B & & G Ocak - WF

Concrete prestress check cracks EN 1992-1-1
Unear calculbtion, Extreme : Member

Selecton : Al

Combinations : FS-EN-5LS Quas-permanent.

Decompression  check of concrete for selected members
Member  d. Case

[m]
[BL___ | 12.000 [FSENSLS Quas-permanent/1

Froperues -3 x
Canarete prestress check aacks EN 1982.1-1 (1 SRR

Sen
Hame Concrete prestress check cracks EN 1992-1-1
Selection al

Type of loads Combinstions

Combinations F5-EN-SLS Quasi-permanent - end of service
Filter No
Print: explanation of errors and war...
Astat
Decampression
Member
Drawing setup 1D
Section an

The check is not okay because the bottom line of the strands is placed in the tensile zone of the concrete.
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Single cross-section

Step / position

]

«| [>] [«] [>

automatic
recalculation redraw

¢ [F
2
B
il
g
<

Code setup

[
;‘
$

<

621.3635 | kN
0 kN
23506 | kN

F R A

Calculation

Numefical output
Change of setup
Output

Calulation  inpus of ntemal forces and stresses

X
g8 8 8
R
£ 2 8
[:LLH:
! aantill| i
Crosssection Loads Strain  Stress  Sirin3D Stress 3D Forces 3D  Stress/strain diagram
Stress [MPa]
s
I
| 217
=0
g . 1221 7 ———
-------------- 12939
Dimensioning is drawn in the direction of in-plane
gradient of the strain plane [mm]
Combination (Total incl. prestressing] 23228 0.0 ~
alculation of crack width is not required for the selected exposure class, combination and type of the structure (300)
zdec:
ec
| Tendon is placed in the tensioned area of cross-section (516) v
0K Cancel Poply

B Concrete setup

MA building

Prestressing

Select all

Type of values

Type of functionality

Hollow core beams ]

Standard EN
B Conaete
B General
- Concrete
- Non-prestressed reinforcement

- Prestressed reinforcement
- Durability and concrete cover
- ULS
- eneral
SE
- General
- Prestressing
= Allowable stress
-~ Stress limitation during tensioning
- 515 stress limitation
= Detailing provisions
- Common detailing provisions
- Columns
- Beams

Unselect all Refresh

X
uLS ~
SLS

General
National annex
k3 crack - coefficient for calculation m
Value [-] 3,40
ky crack - coefficient for calculation m
Value [-] 0,42
W, - maamal crack width 7.3.1(3)
Values
Z4oc - decompression distance
Value [r 0,025 v
Reference: EN 1992-1-1, Clause 7.3.1(5)
Description: Required perpendicular distance from the edge of the prestressing strand or duct to the
neutral axis where the concrete has to be in compression.
Application: Decompression check of prestressed concrete
Load default MA parameters Cancel
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Chapter 2: 2D/1D upgrade

The purpose of this example will be to illustrate the 2D->1D upgrade functionality. This functionality allows to
build up the model with a 2D element that can be used for analysis of load distribution. After the calculation
of the internal forces a 1D element model can be exported out of this 2D element model. This 1D element
model will contain calculated internal forces from the 2D element model and can be used to make the design
checks.

For the design calculation of a 1D element model, reference is made to the previous chapter.

2.1. Modelling of a prefab slab model

Open a new project with a general XYZ structure (or plate XY for precast edition).
In the structure menu the Prefab Slab can be found under 2D member.

Tree » 0 X

o Main |4 Structure X |

I 10 Members
= % 20 Members
O £ Plates
€7 Plate
¥ Ribbed Slab
== Prefab Slab
1 Walls - Wall
% Shells

The prefab slab will be considered as a ‘normal’ plate in this 2D element model.

The beam layout that can be defined in the prefab slab properties will only be important in a later stage for
the 1D export. This means that the beams that are added in this way will have no influence at all on the
stiffness or the self-weight of the plate.

In this example beams are added every 1,5m.

n 20 =
)Z . Mame 52 ~
- "~ Element type Standard -
% v gt -~ - | Element behaviour Standard FEM
~ - Type plate (111) -
7 Material C50/60
‘/ - ~ IFEM model Orthotropic from beam ]
// Thickness [mm] 200
~ Orthotropy aTl ]
-2 Member system-plane at Centre
Eccentricity z [mm] 0
LCS type Standard
Swap orientation no
LCS angle [deg] 0,00
Layer Layerl
Beam layout
Pasition Distance
First offset [m] 0,000
Last offset [m]
Switch offsets no
| Distance [m] 1,500 |
Number 0
First beam v] yes
Last beamn v| yes
Position in plate OQutside
Bottomn
Beams eccentricity Z [mm] 0.0
Generate subrenions no v
Cancel
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To assign a correct stiffness to the plate, which is of course important for the load distribution, the FEM
model of the plate will be set to orthotropic. As type of orthotropy the OT type ‘slab with ribs’ could be used.

The stiffness will then be calculated based upon the orthotropic parameters.

Only the self-weight is not yet taken into account correctly then, but this is no problem, since it can be

recalculated in the 1D element model.

The cross-section that will be used for the ribs is the same as in the example above, with as only difference
that the second phase (formed by the in situ bridge deck) is not part of the cross-section. The bridge deck
will be modeled by the plate height of the 2D member because it also has to contribute for lateral stiffness.

ltems in project

C51 - Rectangle (500; 300)

Awailable groups Available items of this group

- v 0 = T

L

I Concrete
I Geometric shapes

Mumerical
%Y General

e cast}
'Bridge

£ WSTI - Precastb p] »
Add Close

MNew cross-section *

B Cross-section

b1 300
]
o
w
=| 0 e
& -~ o -
~ b2 50 Q ‘: v an
P L=
N o~
T_—'\Y 5 O J
b4 25
b3 1450
q I8 Picture b

Cross-section layout and dimensions

X

Name Cs2 ~
Type
Detailed
Shape type

Parameters

Material C50/60

b1 [mm] 300

b2 [mm] 50

b3 [mm] 1450

b4 [mm] 25

b5 [mm] 0

h1 [mm] 1000

h2 [mm] ]

h3 [mm] 50

hd [mm] 225
CCON -

General

Draw colour Mermal colour

Colour [ E—

AutcDesign constraints

Fabrication concrete

Concrete

Curve dividing 36

Edit joints

Edit cuts

Fibres and Parts

Fibre text zoom 1.0

Edit named items

2D FEM analysis

Property Modifications

Edit shear and torsion properties W

Update Document
Cancel
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2.1 — Modelling of a prefab slab model

87 Orthotropy

a8 & BB

& am

Type of orthotropy Slab with ribs -
P Fleu—ure
“{Rib
Rib 55 Lib .
Cross Section C52 - VSTI - Precastb (300; 50; 145 - ...
Rib spacing, a1 [m] 1,500
“}5lab
Material C50/60 L
Slab height, h [mm] 200
D11 [MNm] 8,184%9e+03
D22 [MNm] 2,4867e+01
D12 [MNm] 0,0000e+00
D33 [MNm] 2,2557e+02
D44 [MN/m] 4,0046e+03
D55 [MN/m] 2,5903e+03 o

28 9= & = - A

e [ -

[ New | msert | eat | pelete |

Close

The prefab plate will be modelled with a total width of 15m and a span of 30m. The supports have to be

applied as nodal supports on the beam edges.

The supports on the left (X=0m) are completely fixed with exception of Ry that is free.

KV —2022/01/25
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Properties >~ 1 ox
Support in node (1) BEwyv 7
gen
Type Standard .
Angle [deg]
Constraint Custom -
X Rigid -
Y Rigid -
z Rigid e
Rx Rigid -
Ry Free -
Rz Rigid S
Default size [m] 0,200
4 Geometry
System GCs S

The supports on the right (X=30m) are the same as the ones on the left but without support in the horizontal
X- and Y-directions as shown below.

Properties - 1 x
Support in node (11) [R:RY A
gen
Fpe Standard -
Angle [deg]
Constraint Custom M
[ Free .
Y Free -
z Rigid =
Re Rigid -
Ry Free .
Rz Rigid =
Default size [m] 0,200
4 Geometry
System GCS -

It is also possible to define the prestress reinforcement in this model, but it will not be taken into account for
the calculation. It will however be exported to the 1D element model where it will be taken into account in the
analysis.

The same beam strand patterns as the ones used in Chapter 1 will be used. See paragraph 1.1.4 and 1.1.5.
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2.2. Application of the loading

The first load case that was created automatically is the load case LC1 — Self weight.

This load case will be analyzed later on in the 1D element model, so we will not consider the internal forces
for self-weight in this model.

The second load case is LC2 - Prestresses.

The third load (LC3 - Permanent) will be a surface load of 5kN/ m2.

Properties - 1 x

=1 Surface force (1) DA R
& L&
: [
. Direction z

Tpe Force

Value [kN/m#2] 5,00

2D member st

Load case LC3 - Permanent
“ Geometry

System Lcs

Location Length

As fourth load case (LC4 —Service load), a free line load will be applied on one side of the deck.
This line load is only applied above the beam with 10.5 m set as y-coordinate, but because of the transversal

stiffness there will be a transfer of load to multiple beams. The calculation of the spreading of this load is the
whole purpose of this 2D prefab plate model.

Properties v 2%

Free line load (1) REAY: YA
gea

Direction z =
Type Force -
Distribution Uniform -
Value - P [kN/m] -15.00

Validity Al S
Select Auto, =
Load case LC4 - Service Load

4 Geometry
System GCS .

Location Length S
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2.3. Calculation

A linear calculation of these load cases will be made.

It is advised to have a look at the mesh setup first, since the default mesh size of 1m may be thorough.
A mesh size of 0,25m is set in this example.

Tree

T Main | - Load

Project

Ht: Line grid and storeys
W BIM toolbox
B Structure
L Load
= QE Load cases, Combinations
J= Load Cases
¥ Load Groups
[} Combinations
[} Concrete combinations
E Result classes
= Calculation, mesh
Check structure data
bers/nodes

I Solver setup
]ﬁ Local mesh refinement
Mesh generation
Calculation
4 Hidden calculation
¥ Autodesign
[FE] Integrated Design Forms
W Concrete
W Concrete Advanced
Engineering report
B€ Drawing Tools
ﬁ Libraries
}% Tools

40

®

B Mesh setup

Mame MeshSetupl
Average number of 1D mesh elements on 5., |

Average size of 10 mesh element on curve... 0,200

of 2D mesh element [m]

Connect members/nodes vl
Setup for connection of structural entities
Advanced mesh settings
General mesh settings
Minirnal distance between definition poi... 0,001
Definition of mesh element size for panels Manual
Average size of panel element [m] 1,000
Elastic mesh vl

Use automatic mesh refinement

Hanging nodes for prestressing v

1D elements

Minimal length of beam element [m] 0,100
Maximal length of beam element [m] 1000,000

Average size of tendons, elements on su... 1,000
Generation of nodes in connections of b...
Generation of nodes under concentrate.. v
Generation of eccentric elements on me..
Divisicn on haunches and arbitrary me... 5
Division for integration strip and 2D-10 ... 30
Mesh refinement following the beam type Mone
2D elements

Average size of 2D mesh element

B |&
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2.4. Results

The available results in this model are only results on 2D element, since in this calculation model no 1D
elements are present. It is only the orthotropic 2D element that is in the calculation model.

The effect of the longitudinal ribs is taken into account in the orthotropic stiffness, which will lead to a correct
spreading of the loads, which is of course the purpose of this prefab plate model.

The displacement for load case 4 are shown below.

e

Properties v B ox
Displacement of nades (1 SR

S &=

Name Displacement of nodes
Selection Al

Type of loads Load cases

Load cases LC4 - Service Load
Filter No

Structure Initial

Standard 5

Section

Edge

Values uz

Extreme Global

Drawing setup 2D

The moments for load case 4 are shown below.

Froperties v B ox

b

2D member - Internal forces (1) SRR

S &=

197,55

Name 2D member - Internal forces

Selection All

mx [kiNm /m ]

Type of loads Load cases
Load cases LC4 - Service Load
Filter No

System Local

Rotation [deg] 0,00

Averaging of peak

Location In nodes, avg. on macro

Type forces Basic magnitudes
Standard >

Section

Edge

Trajectories

Values. mx

Extreme Global

Drawing setup 2D

There is a clear spreading noticeable. The local line load of 15kN/m will be spread over multiple beams. This
spreading is caused by the transversal stiffness of the prefab plate model. This transversal stiffness will be
delivered by the in situ topping of the bridge deck (and not by the prefab beam elements themselves who will
serve of course for the longitudinal stiffness).

There is also a moment my in transverse direction noticeable.
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. i Properties = 0o
\Li E 2D member - Internal forces (1) DAY AT
9 961 é JSe=n
= Name 2D member - Intemal forces
E Selection Al
Type of loads. Load cases
Load cases LC4 - Service Load
Filter No
Systemn Local
Rotation [deg] 000
Averaging of peak [m]
Location In nodes, avg. on macro
Type forces Basic magnitudes
Standard
Section [m)
Edge ]
Trajectories a
Extreme Global
Drawing setup 2D

To increase the spreading of the loads, a transverse beam could be added to the model.

In this example a transverse beam (R[1000,300])is added in the middle of the span.
(please note that for correct modelling an internal edge should be created in the plate element to connect the
transverse beam to the plate element).

o Properties v rox
Q Member (1) B Y7
& ey
Type general (0) o
Analysis model Standard
Cross-section CS1 - Rectangle (1000; 300)
Alpha [deg] 0,00
Member system-line at Top
ey [mm] 0
ez[mm] 0
LCS 2 by vector
X[m] 0,000
¥iml 0,000
Zim] 1,000
LCS Rotation [deg] 0,00
FEM type standard
Layer Layer!
“ Buckling
System lengths and buckling set... Default
Material and no. of parts Concrete - 1
Secondary member (]
4 Geometry
Length [m] 15,000 v
i Properties - 0 x
Displacement of nodes (1} AT : YA
S
Name Displacement of nodes
Selection Al
Type of loads Load cases
Load cases LC4 - Senvice Load
Filter Ne
Structure Initial
Standard
Section a
Edge [m]
Values Uz
Extreme Global
Drawing setup 2D
i Properties -~ 3 x
E 2D member - Internal forces (1) BERY- RV
5 e
£
I~ Name 2D member - Internal forces
E Selection All
Type of loads Load cases
Load cases LC4 - Service Load
Filter No
System Local
Rotation [deg] 0,00
Averaging of peak
Location In nodes, avg. on macro
Typeforces Basic magnitudes
Standard
Section [m}
Edge =]
Trajectories a
Values mx
Extreme Global

Drawing setup 20
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The transverse beam is clearly providing a better spreading of the loads.

It is also possible to design the transverse beam itself, since this 1D element is part of the calculation model.
The moment on this transverse beam is shown below:

i
Sk
U

KV —2022/01/25

Properties

Internal forces on member (1}

Name

Selection

Type of loads
Load cases

Filter

Structure

Prefab slab beam

Values

System

Extreme
Drawing setup 1D
Section

Internal forces on member
All

Load cases

LCA - Service Load

No

Initial
My
Principal

Global

All

v R X

- VY

& & =
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2.5. 2D - 1D upgrade

As it was mentioned before, the purpose of this 2D prefab plate model was to make an analysis of the
spreading of the loads. The dimensioning of the prefab beam elements should be done in the 1D element
model.

In the prefab plate model the prefab beam element(s) that take(s) most loading will be exported to a 1D
element model for dimensioning. This can be done through the 2D/1D upgrade functionality in the results
menu.

2D/1D upgrade will automatically create a 1D element model with geometry and internal forces taken from
this 2D element model.

Tg Main |- Results X

¥ Displacement of nodes
[ Deformed Structure
g 3D displacement
ﬂ 30 stress

£ Supports

== Beams

& 2D Members

@ Tools (2D results)
&£ 20/1D upgrade
] Bill of material
E Calculation protocel

Select the beam that takes the most loading. In this case, it is the second to last beam called B10.

For the 2D->1D export the following setting can be used.
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B Upgrade 2D->1D export X

Type of export MNew project =
ﬁ_' % Effective width slab %
/ ~ Export to UCS from memberlD &
I Change self weight to standard LC |
}?* Upgraded internal forces v

Koo Zb My [kNm] = m,pfhm_ a Load cases, Combinations

1 Upgraded internal forces
N

Vy

Vz

M

My

Mz

A 18] &S] & &

B & @

The width of bridge deck that is taken into account in the export is defined by the effective width (which could
be entered in the properties of the prefab slab). This effective width is also used as integration width to
define the equivalent internal forces on the 1D element model.

It is advised to export to frame XZ environment, since in this environment TDA calculation is possible. This is
only possible if you only export only one beam at the time.

The user could also define which internal forces and for which load cases they should be exported.

It is also possible to export into a template instead of a new project.
Exporting to a template will open a user template (with parameters) instead of just a new project.

The exported 1D element model is shown below.

B Cross-Sections X

A enBEEki o & - A -1 Y

Cs3 ”
General cross-section
Thick-walled
Parameters
Mat 1 C50/60
General
Draw colour Neormal colour -
Colour —
Fabrication general
Concrete
Curve dividing 36
Edit joints

Fibres and Parts

Fibre text zoom 1.0
Edit named items

2D FEM analysis

New Insert Edit Setup | Update all Clase
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The geometry of the model is recuperated from the prefab slab model.

The internal forces are also exported to this 1D element model.
As an example the moment line My is shown below

. e
N =
L |
N
AT I — A\
—L__| |
—L | L
S —
—1 | 1~

<

<

<

(o7}

o

This moment line is a result of integration from the internal forces on the 2D prefab slab model.

In the 1D element model these internal forces could be used in the EN checks to make the dimensioning of
the prefab beam elements. Therefore, reference is made to the 1D element model treated in chapter 1.
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