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Advanced Expert Training — Construction stages

Introduction

Construction stages are available in the Expert Edition and the Precast Edition of Scia Engineer.
But construction stage analysis in the Precast edition is restricted to 2D environment.
Construction stage analysis in the Expert edition can also be done in general xyz environment.

Construction stages can be applied for all types of structures.

It is supported for both 1D and 2D elements, concrete and steel or any other material.

A linear construction stage analysis can be done in a general xyz environment (if license esas.01 is
available (note: not in precast edition)).

In this training document only the linear construction stages are treated.
Also non linear construction stages are possible to analyse in Scia Engineer.

There is also a time dependant analysis of construction stages, which can take into account the effect
of creep and shrinkage (and long term relaxation of prestress reinforcement) between the stages.
Examples of such a TDA calculation can be found in training document for prestress, but it is also
possible to use TDA for reinforced concrete structures without prestress. TDA analysis however is
limited to frame xz environment.

In this training document, the first chapter will treat the example of a simple frame structure which is
usefull to explain how construction stages are created.

The second chapter will treat the example of a two-phased cross-section.

The third chapter will briefly explain the other types of construction stages.



Linear construction stages — Example: simple frame

1 Input geometry
e Project data:

In project data the model should be set to Construction stages:

Project data @

Basic data ] Functionality | Loads { Protection
Data Material
Name: } . ‘ Concrete &
M aterial C30/37 ~|...
. Reinforcement m... B 4008« ..,
Part ' | Steel O
Timber O
Description: [ | Dthe.r : o
Aluminium O
Author: i |
Date: 20.10. 2009 i
Code
Structure: National Code:
Frame X2 v [ Ec-en v
Project Level: odel: National annex:
’Advanced v Construction stages v - ‘ Standard EN v }Q
One
Absence
[ oK ] [ Cancel ]

The model will be built up of construction stages, instead of one model.

This means more construction stages will be in one esafile. In fact a separate analysis will be run
for each stage, but the advantage of the use of construction stages is that the results can be
summarized afterwards.

e The geometry should be modeled completely before starting to define the construction stages

The drawing below is showing the geometry of the example. Note that the beam elements should
be 3 separate elements, because the middle beam and side beams will be added in different

stages.
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2_Definition of the construction stages

Before starting to define the different stages, it is important first to think through which stages
should be created. Every stage should be given a clear name, which makes it easier afterwards for
interpretation of the results. Especially when externals should be able to read the output.

In this project the following stages will be defined:

Stage 1: only columns

Stage 2: columns and middle beam
Stage 3: columns and full beam

Stage 4: complete beam without columns
Stage 5: complete beam on two supports

The next step will consist of the creation of the load cases. It is necessary to link one permanent
load case to every construction stage. Even if no loading is added in that stage. The reason is that
the effect of the changes in a construction stage, is stored in that load case. Consider for instance
a stage in which a temporary support or member is removed. This will cause effects on the rest of
the structure and they are stored in this load case. This also means that every load case, can only
be added once to a construction stage. Apart from permanent load cases (or long term variable
load cases), the user can add multiple (short term) variable load cases to a certain stage, but the
(short term) variable load cases will only be taken into account in that stage. For the envelope
results on the next stage, these (short term) variable load cases will no longer be taken into
account.

In this example, there will be no external loading. Only the self weight will be taken into account.

5 permanent load cases should be created. The first three should be of type self weight, because
they will contain the self weight of the members that are added in that stage. A load case of type
self weight will contain the self weight of the members added in that stage. The fourth and the fifth
load case will be left empty (note that it will do no harm if they are defined as self weight, since in
these stages, no new members will be added, so the self weight would be zero).

As with the definition of the stages, it is advised to clearly fill in the description of every load case.

In the definition of a construction stage, the name and description should be filled in. The load
case(s) that appear in that stage should be assigned. For EN also the type of generated
combinations could be chosen. In this example the generated combinations will be code
independent (unfactorred) envelope combinations.

Below a printscreen of the definition of the first stage is shown:

Ml Construction stages @

s 2B 0 & A
STi-onycobrms | ST
ST2 - columns and beam Order of stage
ST3 - columns and complete beam Description | only columns
ST4 - complete beam with removal of columns || Last construction stage O
STS - complete beam on two end supports E Load case permanent or long-term
Load case BG1 - self weight stage 1 I
Gamma min [-] 0,00
Gamma max [-] 1.00
Type of generated combinations Code independent LI

Yariable load cases b

V New [Virrl‘lr'tsert ][ Edit ][ Delete]




After definition of the stages, the user should indicate which members or supports shall be added
or removed in every stage.

Stage 1:
columns

Stage 2 : Columns and mid beam

QX STTITTT STTITTT
Stage 3 : columns and complete beam

N

L”( ST ST
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Stage 4: complete beam with removal of
columns and adding of temporary suports

Stage 5: complete beam on two edge supports




3 _Construction stage analysis

The results are available after running the construction stage analysis.
It is very important to run the construction stage analysis and not just the linear calculation.
If a linear calculation would be run, the structure is calculated as ‘one model’, so everything defined in

the construction stages is ignored.
So pay attention to run the construction stage analysis:

Single analysis ] Batch analysis I
() Linear calculation

MNonhnear calculation

) Test of input data

Number of stages: 5

FE analysis @

[ Solver setup ] [

Mesh setup ]

[ 0K J [

Cancel ]

Next to the results for every load case individually, also the results for the summation of the different
linear load cases can be viewed. For every stage, automatically an envelope combination and a class
is created which contains the summation of the results in that stage including the history of all previous

stages.

If we consider for instance the moment lines My for the first 3 load cases, we will have the following

results.

LC1: No moment, since only columns in this stage.
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LC 2: the introduction of the beam element causes a moment in the beam, but also in the columns, because of
the fixed connection.

-0,78
-0,78

~0.28
—0,26

LC3: In this load case the side beams are added. Notice that extra moments. Since the end beams are connected
rigidly with the existing frame, the moment in the end beams (1,07 kNm) will be equal to the sum of the
moment in the middle beam (-0,39 kNm) and the column (-0,68 kNm)..

-1,07
-1.07

-0,42

—0.39

—— -0,39
| -0.39

-0.39

— -0,39

g — -0.39
-0,39

-0,39

-0,42

0,5’

6
0,9
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In the classes these results are summarised.

Class stage 1

Class stage 2

-0,78

Zo.z6

-0,78

-0,26

Class stage 3

“0.85

~0.21

—0,65

0,21

1,34

0,14,
0,14

0,57,
0.66
0,67
0,66
057

-0.01
-0,02

-0,03

—0.04]

Note that the result that is given for class 3 is different from the result that would be obtained if the
structure of stage 3 is modeled as ‘one model'. Because of the construction stage analysis, the results
from the previous stages are remembered and summarized. This leads to more exact results. For
instance in stage 2 there are already internal forces and deformations in the structure. The effects of
adding the end beams in stage 3 is just added to the existing forces of stage 2. This leads to more

exact results as those that can be obtained in separate ‘one model’ esafiles.

11
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This is of course a big advantage of the construction stage analysis. These effects become more

important if the structure becomes larger. For instance in bridge construction where the different spans

are constructed in different stages or in multi storey building design.

Another advantage is that all the results for the different stages are in the same esafile.

This means that an envelope class could be created from the envelopes of every stage. If the design is

made based on this envelope, the user is sure to take into account all the internal forces that could
occur in the previous stages. Note that the envelope class that is the envelope of all stages, is not

created automatically and should be created by the user.

The result for the manually created envelope class of all stages is shown below:

Properties o X
| Internal forces on member (1) DAV Rva
ex
Name Inteme krachten in staaf A
Selection Al

-4

1]«

et
Type of loads Class k
ST-all- envelope of allclasses ...
Fiter No

Values My
Text output Text
Extreme Global
Drawing setup

Section Al

RAERKARARAK]

To conclude some extra tips and tricks concerning representation of results:

ix : j:\

Y

For clear and easy presentation of the output of these construction stage analysis, the user could use

nested images in the document.

' DOC - Standaard

= @ Standaard
=[] Result classes (Resultaatklasses)
I= Interne krachten in staaf (afbeelding)

Moreover in the view parameters can be set to only show the current stage.

View parameters setting

Check / Unche group Lock position |:]
Stucture | [EE] Labels | [Z] Model | [E8] Modeling/Drawing |
| 9 Attributes ] Misc. [ @ View |
[E] Check / Uncheck all
E Members
Transparent mode Fine -
[E Drawing style for Model+Loads
Style / Rendering simple ;’
Show add data System line _'_j
B Result diagram
Results I
B Calculation info
Display singularity I
Display small mesh elements I
B Construction stages data
Display v
Stage ST1 - only columns -
Already installed v
Currently installed v
Mot yet installed v
Already removed v
Currently removed v

12



Linear construction stages — Example: phased cross-section

1 Input geometry

In this example a beam on two supports with a two-phased cross-section is modeled.
In the middle of the beam, there will be a temporary support that will be used for temporary stutting of
the beam while the cast concrete will dry and harden.

For the definition of the cross-section the user could create a general cross-section.
Through the cross-section editor the user can create any shape of cross-section he would like.

In this example however a steel-concrete predefined shape is used.
The properties are shown below

Steel: HEM600 S355
Concrete: 1000x150mm C40/50

M Cross-section @
Z Name cs1 A
Type
Detailed
B 1 bOO [E Parameters |
e Material S 355 ~..
Material C40/50 _v_[___
| sections HEMBEO0 -
B [mm] 1000
ta [mm] 150
Profile Library filter All cross-sections .Ll
eneral T _,
Draw color Phase color v
asec 1 Fibre text 0om 1.0 =~
% Properties editable m]
Buckling editable %]
5% Buckling y-y b _VJ
] Buckling z-z b L]
-+ —
HEI\ I 6 O O Fabrication ¢ ‘v\‘lelded LI
FEM analysis C
f Mesh size [mm] 1]
Min. point distance [m... 0
Phase calculation =
El Concrete
Curve dividing 36
Edit joints Joad
Edit cuts J
Edit named items =l
E Property reductio...
Use reduction factors 0O
E Property b
Alm"2)

13
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2_Definition of the construction stages

Stage 1: Steel beam on two supports
Stage 2: Casting of wet concrete and placing of extra support
Stage 3: Removal of extra support after hardening of concrete

LC 1: self weight of steel beam
LC 2: weight of wet concrete (=3,75kN/m, to be enterred manually !) (Lc of type sw only works for 1¥ phase of css 1)

LC 3: empty lo

ad case

Note that since this is a linear construction stage analysis, no time effects can be taken into account.
That is why a member is always at full stiffness when added to the model.

Therefore the second phase of cross-section is only added in the 3" stage, while its weight is already
entered as a separate load case in stage 2.

The different stages are shown below:

Haam
Fase volgords
Ormschiipving
Einde canstiuctifase
El Bel. geval permanent of lan
Belastinggeval
Gamma min[]
Garmma max ]
Type Gegensreerds Combinatiss

Eigenschappen 53
Bountasen 1) -] Y
T3
Fase volgorde
Omschiiving

Einde constuuctiefase
B Bel. geval permanent of lange termijn
Belactinggeval
Gamma min[-
Gamma max ]
Type Gegenercerde Combinaties

14

» x
MRY: A2
ST1
stalen ligger op twree steunpunten
o
nt of lange termiin
Belastinggeval B - eigengewicht stalen ligger A
Gamma min [-]
Gamma max [ 1.00
Type Gegenereerde Combinaties Normenafhankelik =
Eigenschappen 2 x [y
o
[Bovtasen 1) AR i

572

Stoten van nat betan op extra ondersteunde lig..

=]
ge termiin
B2 - eigengewicht nat beton
000
1,00
Nomenafhankelik

‘Weghalen van extia ondersteuning ra vitharde.
o

B3 - leeg belastingsgeval
00

1.00

Normenafhankelik

=L

=

=l




The indication of the construction stage in which the phase change of the cross-section occurs is done
in the properties of the member:

Properties o X
Member (1) IRY: YA
& A
Name s1 A
Type beam (30) od [
Analysis model ' Standard v
CrossSection 'CST - l+cP (HEMEOD; 1000; 151 v | ...
Alpha 0 - v
Member system-line at centre v
ez [mm] 0
LCS standard _v_|
FEMwpe standard i
Buckling and relative lengths Default el Jei:
Layer :Layeﬂ' »|..| =
S . . _
Add ' ST1 - steel beam on two suppor v | ...
C-s change 1->2 iST3-Bemo§}él bf_ é:'-ctrra' support ¥ ...
EMove. No - o b

15
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3 _Construction stage analysis

The moment lines My for the different stages are shown below:

LC1: self weight of steel beam

59,41

LC2: applying the weight of wet concrete on a beam which is extra supported in the middle

—375
| 16,23
—375

—

I -
e
—

o
=
| L
-
—
e

7

BG3: effect of removal of the support (notice that this is the moment line corresponding to the application of
the inverse of the reaction force of the removed support)

N Staat 51 (12,000 m)

- 7 T

In the different stages, these results are summarized.

Class stage 1: moment line of simple supported beam under its self weight

I~
T%'
"

|
|
l

16



Class stage 2: Clearly a superposition of both stages, and different result as
calculated in a seperate ‘one model’ esafile. The support is placed under the
deformed stage of stage 1.

—3,75

)

8.4

Class stage 3: By removing the support, the final moment line is that of a
simply supported beam under self weight of both the steel (applied in stage 1)
and the concrete (applied in stage 2).

™~

Tﬁ:;

Remark about deflection :

The deflection that would be given for class stage 3 is a summation of the deflection in the previous
stages. The deflection of stage 1 is the deflection caused by the weight of the steel and calculated on
the steel stiffness only. In stage 2 the deflection is limited because of the intermediate support. In stage
3 the support is removed and by this the deflection of the loading of stage 2, which is the weight of the
wet concrete is calculated on the stiffness of the composite section.

So one could conclude that the final deflection is composed of the deflection by the weight of the steel
on the steel stiffness only and the weight of the concrete on the composite stiffness.

It is clear that this effect can only be achieved by making use of construction stage analysis.

17
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Other types of construction stages

There are actually two other types of construction stages that can be chosen:

B Construction stages setup

Name
] 5tandard v
B Load factors Standard
Bl Permanent (long-term) load case Time analysis
2 S v T2l E modulus function

The standard type is the linear construction stage analysis which was treated in the two first examples
in this course document.

The E-modulus function is in fact also a linear construction stage analysis. The only additional factor is
that the E-modulus can be time dependant. For this also a global time should be assigned to each
construction stage.

Consider example 2:

With the application of an E-modulus function the second phase of the cross-section could already be
added in stage 2, but at the moment when it is added the E-modulus will still be very low. At the
moment where the support is removed in stage 3, the E-modulus will have increased to maximum
value.

The E-modulus function should be entered manually in the material properties.

It is still linear analysis, with an extra parameter to vary the E-modulus between stages. Since it is
actually linear construction stage analysis, this type can also be used in general xyz environment.

The Time Dependant Analysis (TDA) is more complex and can only be run in frame xz environment.
The TDA solver uses a numerical procedure to calculate the losses that will occur between different
stages. So it is not only a varying stiffness, but also real losses will be calculated between the stages.
These losses can be due to a mix of shrinkage, creep and long term relaxation of the prestress steel.
The TDA solver will create extra load cases of type F-creep to store the effect of the losses between
the stages. At the end of TDA analysis also envelope combinations and classes are created that
contain the user defined load cases together with these F-creep load cases that contain the losses that
appear between different stages.

For an example of TDA analysis reference is made to the training document on prestress.

18



