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Ing. Lukas Dlouhy Prestressed concrete, construction stages, concrete checks

1 The post-tensioned bridge — tutorial from training

This paper describes one typical postensioned prestressed concrete bridge built in construction stages.
The traffic load is taken from EN1991-2 with respect of EN1990/A1. The code for check is according to
EN1992-1-1.

1.1 Project setup

The new project is created using button New and Structure is selected.

Mew Project ] System Templates |

E R P B

LTA Free Foer Wl Modeller
Modeller

The settings of the project are necessary to set in Project data. The structure type Frame XZ should
be selected for the TDA analysis of the structure (only frame XZ should be analyzed using TDA). At least
one material should be selected in the project - Concrete. When concrete material is selected then
automatically Reinforcement material (nonprestressed) is offered to user. The Project level - Advanced is
recommended. The Construction stages model should be selected for modelling of structure using
construction stages. National code for analysis and check is necessary to select EC-EN. Each country has
its own National annexes for Eurocodes.

Basic data | Functionality I Loads I Protection
Data Material
MName: LO+AS Concrete E
Material C35/45 ~|..
Reinforcement m... BGIC - |..
Part: - Steel [
Timber O
Description: Other g
Aluminium O
Author:
Date: 18. 01. 2005
Code
Structure: Mational Code:
Frame XZ || |l (ec-en -]
Project Level: Model: Mational anrnex:
Advanced v] lConstmction stages VI h[SVK

The checkbox Prestressing should be turns on for modelling and calculation with prestressing in
project. The Level of prestressing - Advanced is recommended. The checkbox Mobile loads should be
turns on for mobile load analysis.
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Bl Prestressing
Advanced H
B | Concrete
Fire resistance O
Hollow core slab O

Cynamics

Initial stress
Subsoil
Monlinearity
Stability
Climatic loads
Prestressing
Pipelines
Structural model
Parameters
Mobile loads
Overview drawings

LTA - load cases

Bxtemal application chechs
KP1 application

Property modifiers

OOooooOoERooOgE0oOonon

1.2 National annexes

National code for analysis and check is hecessary to select EC-EN. Each country has its own National
annexes for Eurocodes. This annex is possible to define by National annex. In current version user has to
fill in all national annexes himself. From the version 2010.1 all necessary national annexes will be prepared
and stored in program. User will be able to select appropriate national annexes according to country.

When user opens setup manager he can define several national annexes which he needs. There is
possible to assign appropriate flag for selected country.

[+ .
B Setup manage [g
AHeBEK & SH A i
EC-EM
SVK
Name 5
Mational annex | Slovakia _I
E | EN 1990: Basic of structu... | ¢
Conbinatons naoraicose e e 5.5 =
E | EN 1991: Actions of struc.__.
Wind ][] ] ] |«
Snow L7 1% : - Il | ]
E | EN 1992: Design of concr._. BS C5H DIM EC-EMN France MEM
| General
E | EN 1993: Design of steel .. E—
General__ _— e [ = = = |
Design of joints Bustria Poland Sl 26 Slovakia |  Sweden IBC
E EN 1994: Design of comp__.
General
E | EN 1997- Geotechnical d... H B
o = 0§11 11 11 &=
E EN 1999: Design of alumi.__ Greece Ireland Ikaly Fomania Slovenia Spain B
General
I I
Il = - B I =
Belgium Bulgaria Hungam Partugal Craatia Latvia
| New || Inset || Edt || Delete [ B

Cancel

Each national annex has its own values of national annexes. Now user defines national annexes
himself in that place in the program. These values are possible to edit for each design code. EN1990,
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EN1991 and En1992 are important codes for us. National annexes for mentioned codes are shown in the

following figures.

¢ National annexes for EN1990 — basic of structural design

[=- SV

(- Cambination

[STR/GED] alternative
Psi factars for buildings
Load combination factors

Name
Bl Combination
B ({STR/GED) altemative
Combination
Bl | Psi factors for buildings
[Psi factors for buildings |
B Load combination factors
E | Fundamental combination (STR...
Partial factor permanent action - urfav...
Partial factor permanert action - favour...
Partial factor for prestress action - favo...
Partial factor for prestress action - unfa...
Partial factor leading variable action [
Partial factor accompanying variable a...
Reduction factor ksi [-]
Partial factor for shrinkage action [-]
Fundamental combination (STR...

SVK

EN 135
Egq6.10
EN 15950: Annex A1 Table A1.1

EN 1950: Annex A1 Table A1.2(E)
135
1,00
1,00
120
150
150
0.85
1,00
EM 1550: Annex Al Table A1.2(C)

06

Temperature

05 ]

Dy

efadt |[ OK

e National annexes for EN1991 — wind + snow

[=- SWk Name SVK
B Wwind B Wind
ording to EC1 El |Wind pressure according to EC1
basic wind velocity ... m/s [m/sec] 26,200
directional factor [-] 1.00
season factor [-] 1,00
orography factor [-] 1.00
turbulence factor [ 1,00
probability factor [-] 1,00
kg/m3 air density 125
E  Probability
probability p for an annual exceedence... | 2
shape factor [-] 020
exponent [-] 0,50
E Roughness
Roughness category 0 |
Kr [ 0.16
z 0 [m] 0,003
z min [m] 1,000
efup ma
[SE=14 MName SVK
B- S_now = | Snow
k = |EC code snow description
Charactenistic valus of snow load kN/m... | 1,00
Exposure coefficient [-] 1.00
Themal coefficient [-] 1,00
Exceptional coefficient [-] 2,00
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e National annexes for EN1992 — concrete checks

Caoncrete setup
E _Type of values [=1- 5K Name: SVK
NA 5 (=) Concrete Bl |Concrete
E| Type of functionality - General B |General
Prestressing E Cancrete =] MB |
Mon-prestreszed reinforcement Bl National annex
Prestressed reinforcement BEEN 1992 1 1
Durabilty and concrete cover gamma_c_per - partial factor for con... | 1.50

= ULSG | gamma_c_acc - partial factorforco... | 1,20
Bnera fok_miax - maxdmum value of the ch... | 90,00

= SLSPIES“ESSIng alpha_cc - coeff. taking account of I... 1,00
- Ganeral alpha_ct - coeff. taking accourt of 1. | 1,00
... Prestressing kt -time reduction factor 3.1.2 (4[] | 0.85
- Allowakle stress k1_red - coeff. for calculation of rati... |0.44
Stress limitation during tersioning k2_red - coeff_ for calculation of rati... | 1.25(0,6+0,0014/eps_cu2) ﬂ
SLS stress limitation k3_red - coeff. for calculation of rati... |0.54
[=- Detailing provisions k4 _red - coeff. for calculation of rati... | 1.25(0,6+0,0014/2ps_cu2) ﬂ

k5_red - coeff. for calculation of rati... |0.70
k6_red - coeff. for calculation of rati... | 0.80
alpha_cc plcoeff. taking account of . | 0,80
alpha_ct pl-coeff. taking account of ... | 0,80
B EN_1992_1_2
gamma_c_fi - partial factor for concr... | 1
B EN_1992_2
alpha_cc - coeff. taking account of .. | 0.85
alpha_ct - coeff. taking accourt of 1. | 1,00
MNon-prestressed reinforcement
Prestressed reinforcement
Durability and concrete cover
uLs
SLS
Allowable stress
Detailing provisions
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2 Model

2.1 Structure

2.1.1 Cross-sections

The structure is defined by standard modelling using in Scia Engineer (SEN). The cross-sections are
defined in CSS library using button New. There are several predefined Precast and Bridge CSS.

New cross-sectiol

Awailable groupz

Available itemz of this group

Itemz in project

28 Concrete

l Geametrnc shapes
Murmernical

¥ General

N Precast

7 Eridge

e e o e S—; |

Bow girder
=

C51 - Gereral cross-section
C52 - Gereral cross-section
53 - Gereral cross-section

Prafile Librany filker

The General CSS enables to user prepares completely different CSS himself. It is possible to define it
using definition of polygons directly in SEN or import CSS from dwg or dxf format.

|P Palygon

@ Polygonal opening
I Thin walled

E Section from library

# | Import - S\Diplomka\Podklady\opr-V2-Prurezy.dwg.

Import selected
Clear selection

Impart all

W

Layers Entity types Selection mode
[E]DFP_NE hruba Polygons i
[7]_DPP_ME tenka [¥] Dimension
[ _DPP1_okraj a rozpiska [¥]Line
[[1_DPP2_papis [V]MT et Soale
[o Palyline )
[ Defpoirts []Tert Inzertion point
[ koty+papis Sizes
774433 30548

[ Erableal |[ Disableal | [ Enableal | [ Disableal |

Select curves

[ Show all ohiects

Type (description)

B General
Buclding y+
Buckling z-z
Fabrication
Display final shape
Display

Refresh

Connect single curves to closed palwgons

Connect curves
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The CSS in the drawing format has to be prepared by Lines and Polylines. Connect all polylines is
necessary to do as first (Select curves>Connect curves). Then polylines are created.

[] Show all objects

Lapers Entity typez Selection mode
Impait zelected
Palygons Clear selection
[]_DPP_MK tenka [¥] Dimensian Import all
[] _DPP1_okraj a rozpiska [¥]Line
[ Defpoints [ Test Inzertion point Centre =
[ katy+popis Sizes
[77445% 30548
Enable all Dizablz al Enable al Dizable al

Connect single curves ta closed polygons

[ End ] [ Canhect curves

=]

@& Doubled curves 0

@ Unconnected curves 0
Connected curves 33
Created polylines 3

The selection of polygons and polygons openings is necessary for proper import from drawing format.
User selects Selection mode>Polygons and selects outer polyline. Then he switches to Polygons
openings and selects the polylines representing the openings. Afterthat the CSS can be imported from

drawing format to SEN as general CSS

[ W | Import - 5:\Diplomka\Podklady\opr-V2-Prirezy.dwg
Layers Entity types Selection mode
:
DPFP_ME hruba [Polygonal openings '] [ Clear selection ]
[C]_DPP_NE terka Dimenzion Irmpart al
[T]_DPP1_okraj a rozpiska Line
[T Defpoints Tent Inzertion paint Ceritre -
[ katy+popis Sizes
77448 30548
[ Enableal |[ Dissbleal | [ Enableal || Disablesl |

Connect single curves to closed polpgons

[ Show all objects

Connect curves

Select curves
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HE=A R ~ | Normal colaur

ENN W TG N v Pl .

[~ Polygon

[ Folygonal opening
2 Thin walled

it Section from ibrary
|} Dimension line

P Paramster
Ml Thinwalled representation

& Add et

Type (description] General cross-section
=

Buckingy c

Buckling 22 c

Fabrication general

Lelsls

Display final shape 5]

L

Display Only basic shape

The cross-sections (CSS) should be also imported from previous similar SEN project.

Oblast hledani: || Bmo_Adr - @73 @
T Nazev Datumzm.. Typ Velikost Znacky
e g B1

Posledni mista. | (T 5 o tection.dbh

- | EP_SourceGeometry.db4
Plocha

U
lukas_dlouhy
&

Pocitad

Nézevsoubons:  EP_CrossSection = |

Souborytypu:  [Appication database il (“db4) v [ somo ]

The user can select which CSS will be import from user database file.

=
| Read from database =)
|Proiect database |Use| database
C51 - General cross-section C51 - General cross-section
(52 - General cross-section (52 - General cross-section
(53 - General cross-section (53 - General cross-section

<< Copy to praject

The dialog of CSS looks like following
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Al e @Bki=oc & SH A
Meme CS

Type General cross-section
Parameters
Mat 1 35745
Edit
B General
Draw color Normal colour
Colour
Properties editable [m]
Buckling editable =
c
c

(52 - General cross-..,
(53 - General cross-...

Buckling y+

Buckling zz

2.1.2 Beams

The beams are defined using item Structure>1D Member>Beam with following properties.

Structure n

- 1D Member

Member Name B1
Type beam (80)
o 8 Lo Analysis model Standard
B2 Advanced lnpit CrossSection CS1 - General cross-section ¥ | ...
: Catalogue blocks = -
User blocks Alpha : 0
Predefined shapes Member system-ine at
Import projec ez [mm] 0
1D& member : LCs
Tendons ensioned interna| FEM type
Connect members/nodes Buckling and relative lengths
=] Modelling/Drawing | Layer
=) Line Geometry
Line Length [m]
Lines from text Insertion point
=) Solid .
Prism
Cylinder
Surface of revolution
(=] Open shell

Open shell - general poly

Cancel

Open shell - surface of re|

Open shell - sweot surfac

The following lengths of the beams will be defined in meters and appropriate CSS will be selected.

Bl | 1,0
B2 | 19,0
B3 | 1,0
B4 | 4,0
B5 | 21,0
B6 | 1,0
B7 | 4,0
B8 | 21,0
B9 | 1,0
B10 | 4,0
B11 | 15,0
B12 | 1,0
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The user can see table of the beams in Document>Structure>Members

(DOCDefault

8

=@ Default

i D Member 1D (Members)

- Default
[] Project
- @ Libraries
@ Solver and Mesh
- Structure

(- @ Results

@@ Solver Files

- @ Steel

-4 Aluminium

- @ Custom check

- @ Pipeline

- @ Timber

- @ Concrete

- @ Steel concrete bridge
-4 Composite Beam
- @ Composite Column
- @ Mobile loads

- @ Influence lines

Project
TIRERLTRRTNND ot
NEMETSCHEK Description
Scia Author
.Member 1D
ame Cross Section Length| Shape |Beg. node |[End node| Type |[FEM type| Layer
[m]
CS1 - General cross-section | 1,000 | Line N1 N2 beam (80) |standard |Layer1
CS1 - General cross-section | 19,000 | Line N2 N3 beam (80) |standard |Layer1
CS2 - General cross-section | 1,000 | Line N3 N4 beam (80) |standard |Layer1
CS1 - General cross-section | 4,000 | Line N4 NS beam (80) [standard |Layer1
CS1 - General cross-section | 21,000 | Line NS N6 beam (80) [standard |Layer1
=2 CS2 - General cross-section | 1,000 | Line N6 N7 beam (80) [standard |Layer1
3 CS1 - General cross-section | 4,000 | Line N7 N8 beam (80) |standard |Layer1
CS1 - General cross-section | 21,000 | Line N8 N9 beam (80) [standard |Layer1
CS2 - General cross-section | 1,000 | Line N9 N10 beam (80) [standard |Layer1
CS1 - General cross-section | 4,000 Line N10 N11 beam (80) [standard |Layer1
CS1 - General cross-section | 15,000 | Line N11 N12 beam (80) [standard |Layer1
CS1 - General cross-section | 1,000 | Line N12 N13 beam (80) |standard |Layer1

The coordinates of the beam’s nodes are possible to modify by Table edit geometry.

|
Member (1) =
Name B1 s
Type |beam (80) =17
Maiysis model Standard hd
CrossSection C53-Generalc v .|
R 1 Alpha 0 pad
o Member system-ine at bottom =~
y &7 : _ll ez [mm] 0
- LCs | standard |
FEMtype standard ~
| Buckling and relative lengths | Default ‘:L_
Layer Fazel x|
= Construction stages
ST1-lstage_ci v ...
No v
1.000
Line
N1
N2
abso
abso
wx [m]
0.000 0000 |O Rela | Line Sb2
1,000 0000 |O Rela e -
—ICancel £pply Buckling data >>> ||
Table edit geometry >5> |

The alignhment of the CSS should be changed to the bottom using filter of the beam in ones step

because of different CSS in the structure.

=g rrepsiuss -~
Member (12) v

Type |beam (80) o

Analysis model | Standard |

CrossSection | _'_]_

Alpha v

| ez [mm] |
LCS lﬁ
FEM type

Bucking and relatve... Defaut v
Layer | Layer! ~
Geometry

Shape Line
Beg. node
End node
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2.1.3 Supports

The supports should be defined using Structure > Model data>Support>Point on beam. The Z
support is defined on support in the middle of the beam B1, B3, B9 and B12. The X, Z support is defined in
the middle of the beam B6.

Structure

=

Z point on beam

=]

1D Member -

Member
Beam
Column
Modificator
Haunch
Arbitrary profile
Opening
Interal Node
Advanced Input
Catalogue blocks
User blocks
Predefined shapes
Import project (esa file)
D& members - New D& m)
Tendons
Post-tensioned intemal ten
Post-tensioned free tendor|

Support
in node

line on beam
Hinge on beam
Rigid arms

ss-link

tion on beam

onnect members/nodes
Check structure data
Modellina/Drawing

Default size [m]
E Geometry

Position x
Coord. definition
Origin

Repeat (n)

Extent

Sb1
Standard

GCS
0.500
Rela
From start
1

Cancel

The additional support in the first beam has to be defined twice, because it is different during the
construction stages.

Support on beam Sb1
Support on beam Sbé

Support on beam (1)

| =]

Default size [m]
Member
Geometry
Extent

System

Position x
Coord. definition
Origin

Repeat (n)

The 3D perspective model of the structure looks like following.

Sbé
Standard
Rigid
Rigid
Free
0.200

B1

full

GCS

|0.500

Rela
From start
1

10
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2.1.4 Prestressing

The loadcase type Prestress has to be defined for definition of the postensioned tendons. The

loadcase is defined using Load cases, Combinations > Load cases.

Main o x
- Structure
§¢ﬂ Load
=-4& Load cases, Combinations 0% & B2 Er | o v | =
P, Jl..!lc.”\r_... =+ S @ d A |

¥ Load Groups LC1 - Prestress | Name LC1

453 Result classes | Description Prestress
-~ Construction stages | Action type Pemanent
[E} Calculation, mesh : LoadGroup LG1
1 Correte .
{13 Document | Direction = wei;m
B¢ Drawing Tools Standard !
G 1§ Lhvaice
-3 Tools Primary effect ‘

-39 Segment blocks

[Cew J ot J e ] =

The postensioned tendons are possible to defined now

in Structure>Tendons>Internal

postensioned tendons. There are many input values and the most important is explained. The following

items will be defined in this example.

#

W ‘| Post-tensioned tendon

Mame

Description

Mumber

Type

Layer

Geometry

Geometry input

LCS-X

Projection of intermediate p...
LCS

Source geometry

Origin of source geometry
Coord X [m]

Coord Y [m]

Coord Z [m]

Material

Material

Mumber of tendons in group
Area [mm 2]

Diameter of duct [mm]

Load Case

Type of stressing

Prestressing from

Coefficient of friction in curv...
Unintentional angular displa...
Anchorage set - begin [mm]
Stress during comecting -be .
Duration of keeping stress [
Initial stress - begin [MPa]
Qverhang of tendon not incl..

Distance between sections ...

Mumber of tendon elements ...

B} Stressing

Qverhang of tendon not incl...

Te_01

2
Intemal
Stage1

Source geometry

First beam from allocation
Perpendicularly

standard

5G1

(Offget in LCS

0,000

0.000

0.000

Y177057-15.7
15

1

2250

60,00

LC1 - Prestress

Type 3
Begin
03
0.003
6,00
1410,00
300,00
1410,00
0.000
0,000
0.500

| Default values

>

Cancel

11
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e Name —from 1e_01 up to 4e_16 — 30 tendons

e Layer — the four different layers were defined according to construction stages which will be
defined later - Stagel, 2, 3 and 4. The name of tendon beginning on number 1 belongs to
layer Stage 1 and other...

AiAaeBLi=& a

Name | Stage_1

Comment

Colour L———
Structural model only

Current used activity

e Geometry input — type Source geometry is used; there are three possibilities of definition of
tendon geometry

o Source geometry — user defines geometry in library of SG

o Direct input — user defines geometry of tendon in 3D window directly; the imported
geometry from CAD program should be used by this option

o Reference line with source geometry — the source geometry is winded on user
defined reference line

e Allocation — the beams (slabs) where tendons are allocated on should be selected

Select allocation membe

Available Selected

I ame | M arne |
B1 ES
B2 EBd
B3 EE
B4 B7
B11 B9
B12 B10

Cancel |

e LCS-X — the beam where start the local system of tendons; it could be a first beam from
allocation or directly selected beam

! |2 | Geometry
| ) ) ) ) ) ) ) ) ’ ’ ’ Geometry input Source geometi ¥
. . . . Allocation
™ Lcs x =
| . . /_ \ Projection of inter Pemendicularty_ v
| = Bi_ B4 LCS standed v
i [ Source geometry 5G2 'l
| 1| geuimen y
‘ ) ) ) ) ) Geometry input Source geomeﬂj
. . . . . . . . . . Allocation
S ] =
: : : : . ) ) ) r‘—l ’ e Projection of inter... Perpendiculary |
T ;& o i = e B3 HA\ LCS standard |
| — v [ Source geometry 5G2 v|
! | ' N e gy = —

12
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e Projection of intermediate points — this option is relevant only in case of Hanging nodes
o Proportionally — user defines the length where the tendon effects are projected on
= Way of location — begin

e First node - the beginning of projected tendon effects to the beam is
from the first node of the allocated beam

e Location — distance from the beginning of the beam

X

1

AN

= Way of location — end

e Last node — the beginning of projected tendon effects to the beam is
to the last node of the allocated beam

e Location — distance from the end of the beam
X
— t

o Perpendicularly —tendon is projected directly in perpendiculars to the beams

The hanging nodes are not available for TDA calculation

e LCS —type of local axis of tendon
o Standard - local axis of tendon is the same as local axis of the allocated element

o Zby vector — user sets the vector by points X and Z and the direction of z is according
to these values

] J=! | Geometry
| o ’ o Geometry input Source geomet ¥ |
. . . . . . . . Allocation
MNAN LCS-X B2 -
| T : % Projection of inter... | Pependicularty +
e = IRl E& F¥|4 LCS zbyvector ||
| v A I X [m] 0.000
| 1,000
|2 | Geometry
Geometry input Source geomet: ¥ |
. . . . . . . . . Allocation
™ LCS-X B2 -
TR : : \ Projection of inter... | Perpendicularty |
n_RJ o = B3 Rld LCS zbyvector |
) X m] 0,000
“— T |-mm

o Zby point — user sets the point which shows direction of local coordinate system
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- BZ

(@]

e Source geometry — 30 types of SG will be defined by user

The source geometry should be also imported from user database file.

Z from UCS — XXX

A BN

i Tendon source geometry |

SG -
SGL
SG2
5G4
SG5
SG6
SGT
SGE
5G9
SG10
SG11

5G12
5G13
5G14
5G15
5G16
SG17

[Name ]G3

Description

E | Geometry
Geometry input Source geometry v |
Allocation o
LCS-X B2 -
Projection of interm... | Perpendiculady =
2 by point P
0.000
1,000

E | Geometry
Geometry input
Allocation

LCS -X

Z-coor [m]

Source geometry ;I

-1,000

|
B2 |
F‘a‘pendiculirfv

7 by point

0.000
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Il Tendon source geometry ﬂ _‘J=
i) Post-tensioned tendon (1)
AeBk oo s @~
5G - geometrie_1 Name_ =
Description
Number
Type
Layer
& Geometry
b ‘:‘ Geometry input
It e,
L T Allocation
v LCS -X
I i P!pi'ﬁfpinn of intermedia, ..
| Ulodit do: [ (5 user 52 e B i o
! 5G m --)DocumentTemplates
Description | geometri... & | )EPW
Posledni | )prof
dokumenty [ [ RS T
E. | 2)PROPCTRL
E)set BMm...
Placha ) Toolbars g..
] ]
Tento poéitad -
.

New I Inserl' Edit |

N ER

Nézev souboru: l P _SourceGeometry

Ulozit jako typ:

Origin of SG — type of origin of SG

IApplicalion database file [ *.db4 )

UloZit I
Storno |

|

.

LA
7

o Offset in LCS - the origin can be set related to local coordinates of the beam

|N
| T Eis B M
LE= |
|
o Coordinate in GCS - the origin is set related to global coordinates of the file
M

[

Material — material Y1770S7-15,7 is used;

JE Geometry
Geometry input
Allocation

Source geomet v |

LCS-X

B2

Projection of inter...
LCS

Source geometry
Origin of source ge

Perpendiculary

standard z
vI o

J2 | Geometry
Geometry input Source geomet v |
Alocation e
LCS-X B2 hd
Projection of inter... | Perpendiculary |
LCS standard hd
Source geometry 5G2 LI_
Coord X [m] 2,000
Coord Y [m] 0,000
Coord Z [m] 2.000
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é BWBWH Used

MName Y177057-15.7
Selector switch O
B Code independent
Matenial type Prestressing strand
Themal expansion [m... 0.00
Unit mass [kg/m™3] 7850,00
E modulus [MPa] 1,9500e+005
Poisson coeff. 015
Independent G modulus |0
G modulus [MPa]
Log. decrement
Colour
Specfic heat [J/gk]
Themal conductivity [...
Diameter [mm]
Area [mm”Z]
EN 1992-1-1
Define by prEN 10138
Characteristic tensile st...
Characteristic 0,1% pro...
Characteristic strain at ...
Ductility factor k =fpk...
Design yield strength - ...

Design yield strength - ..
Design strain limit {eps ...
Surface charactenstics

1560.0
3150

Plain

Relaxation class Class 2 - low relaxation wires and strands
Production Low-relaxation
User relzoation O
Relaxation table
Bl | Stress-strain diag. ..
Type of diagram Bidinear with an inclined top branch
Picture of Stress-strai...

Jelete

e Number of tendons in group — 1 = only 1 tendon exists with the same properties and
geometry

e Diameter of the duct — 80mm
e Stressing
o Type of stressing —type 3
o Prestressing from — End
o Stress during correcting — 1410MPa

o Initial stress — 1410MPa
Another value are taken from default settings Libraries>Setup > Prestressing-Postensioned
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H: Line grid and storeys
P9 Structure
M Load
LE |oad cases, Combinations
H| Construction stages

- Calculation, mesh
[ Open connection

1 Catalogue blocks

B MNamed tem
E]---g Structure, Analysis
= Steel

‘..vf Digphragms
ﬁ: Hall connection

E]---g Concrete, reinforceme
Ej---ﬁ Prestressing
ﬁ Subsail, foundation
-l Loads

ﬁ Fire: heat

E]---ﬁ Heat transfer &- Connection

- Concrete =3 S:LS

44 Mobile loads Creep
3 Document Crack proof
E—g% Ebm::;i Took - &llowable stress
B Waterals Calculation

09 Cross-sech = Detailing provizions
Columnsz
Beams

- Ewpert zpstem
-~ Bolted diagonal
- Thickness

Anchorage check
- Bearing checks

Code Dependent Deflections

- Reinforcement and reinforcement des
o Input of reinfarcement
Haooks
Ancharage of stirmups

- iinchorage of longitudinal rein
Automatic reinforcement design
Prestrezzsing pre-tensioned

- wlamings and emors

- General data
Y i i L
D~ Bl(_:olzlmen5|on shyle mana - Frame balted/welded
- Baze plate

m

1

Concrete
Allowable stress
Detailing provisions

Bl Reinforcement and reinforcemen.

Input of reinforcement

Hooks

Automatic reinforcement design
Prestressing pre-tensioned

HEEHEHE

I [Prestressing post-tensioned

E Post4ensioned

Diameter of duct [m]

Mumber of elements in tendon [-]

Mumber of tendons in group []

Coefficient of friction in curved part of ...

Unintentional angular displacement (...

Prestressing from

Type of stressing

Anchorage set beginning [m]

Anchorage set end [m]

Initial stress  beginning [MPa]

Inttial stress end [MPa]

Stress during comecting beginning |...

Stress during comecting end [MPa]

Duration of shaort-4em relaation [sec]

Duration of keeping stress [sec]

Overhang of tendon not included in 5.

Overhang of tendon not included in s...

Distance between sections for output...

E | Bill of prestress material

Length of overhang on prestressed

0.06
1.00
1,00
03
0.003
Begin
Type 3
0.01
0.00
1440,00
0.00
1440,00
0,00
0.00
300,00
0.00
0.00
0,50

Length of averhang on nonprestres.
Shortening of duct in the anchors [m] | 0.40

.. |1.50
. 050

a

B Cross-section characteristics
Wamings and ermmors
Connection

The parameters brief table of tendon is possible to view in document Structure>Tendons>Internal

tendons.

[DOCDefault

+J&)

=@ Default
.[C] Post-tensioned tendon (]
-.[T] Beam construction stage
-..[T] Construction stages

« document item

& Default
[ Project
@ Libraries
@ Sets
@ Solver and Mesh
@ Structure

] Nodes

] Members
E-4@ Tendons

e tndons

[T Point supports on member
@ Load
@ Construction stages L
@ Results
@ SolverFiles
@ Steel
& Aluminium
@ Custom check
& Pipeline
@ Timber -

<<< Add Close

1. Post-tensioned tendon

E TP default

HName Type Material Layer Diameter of duct Load Case Type of stressing Allocation
[mm]
1e_01 Internal | Y1770S7-160-A |Faze_1 80,00 (Kable |.Etapa Type 2 B1,B2,B3, B4
1e11 Internal | Y1770S7-160-A [Faze_1 80,00 |Kable |.Etapa Type 3 B1,B2,B3, B4
1e03 Internal | Y1770S7-160-A |Faze_1 80,00 |Ksble |.Etaps Type 2 B1,B2,B3, B4
1e13 Internal | Y1770S7-180-A [Faze_1 80,00 |Ksble |.Etapa Type 2 B1,B2,B3, B4
05 Internal | Y1770S7-160-A |Faze_1 80,00 [Kable |.Etapa Type 2 B1,B2,B3, B4
Internal | Y1770S7-160-A [Faze_1 Eﬁaﬁ’ Kable |.Etapa Type 2 B1,B2,B3, B4
Internal | Y1770S7-160-A |Faze_2 80,00 |Ksble Il.Etapa Type 2 B1,B2,B3, B4, BS,
B6.B7,B8
Internal | Y1770S7-160-A |Faze_2 80,00 [Kable Il.Etapa | Type 2 B1,B2,B3, B4, BS,
B8,B7.B8
Internal | Y1770S7-160-A [Faze 2 80,00 |Kable Il.Etapa Type 2 B1,B2,B32, B4, BS,
B6,B7.B8
Internal | Y1770S7-160-A [Faze 2 80,00 |Ksble Il.Etapa Type 2 B1,B2,B3, B4, BS,
B6,B7.B8
Internal | Y1770S7-160-A [Faze_2 80,00 |Kable Il.Etapa Type 2 B1,B2,B2, B4, B5,
B6,B7.8B8
Internal | Y1770S7-160-A [Faze 2 80,00 |Kable Il.Etapa Type 3 B1,B2,B3, B4, B5,
B8,B7,.B8
Internal | Y1770S7-180-A |Faze_3 80,00 [Kable lll.Etapa | Type 2 B5, B8, B7, B8, B9,
B10
Internal | Y1770S7-160-A [Faze_3 8000 |Ksble Ill.Etapa | Type 2 B5, B6, B7, B8, B,
B10
Internal | Y1770S7-180-A |Faze_3 80,00 [Kable lll.Etapa | Type 2 BS5, B6, B7, B8, B9,
B10
Internal | Y1770S7-160-A [Faze_3 80,00 |Ksble Ill.Etapa | Type 2 B5,B6,B7, B8, B9,
B10
Internal | Y1770S7-160-A [Faze 3 80,00 |Ksble Ill.Etapa | Type 2 B5,B6,B7, B8, BY,
B10
Internal | Y1770S7-160-A [Faze 2 80,00 |Kable Ill.Etapa [ Type 2 B5, B6, B7, B8, BY,
B10
Internal | Y1770S7-160-A [Faze_4 8000 |Kable IV.Etapa | Type 2 B11, B12
Internal | Y1770S7-160-A [Faze_4 80,00 |Kable IV.Etapa | Type 2 B11,B12
Internal | Y1770S7-180-A |Faze_4 80,00 |Kable IV.Etaps | Type 2 B8.B9,B10, B11,
B12
Internal | Y1770S7-160-A [Faze_4 8000 |Kable IV.Etapa | Type 2 B8,B2,B10, B11,

The tendon shorterm losses should be dispalyed for each selected tendons
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TND

& ||l = 0 | 0| T defaut - (8 7 defaut - B &
endon name:
Typeofhistoryofstressing:3
Calculationof frictionalanchorageset and long-termrelaxationlossesfrominitiatendonstress.
Tendonstressedfromit'sheginning. 10
Anchorageset lossappearsovethe wholelengthoftendon. e
Theoreticaltendonelongatiorbeforetransferd,081[m] Intemal
Theoreticaltendonelongationaftertransferd, 07 5m] Layerl 'l’
Frictional loss Anchorage setloss Short-term relaxation | Stress after anchoring / transfer | Relaxation [Relax.t
[m] [MPa] [MPa] Pa] [MPa] passed pass< it Source geometry ;l
[MPa] [MP:
0,000 0,00 122,29 0,00 1317,71 10,49 4 First beam from allocatic |
0,500 -0,76 -120,84 0,00 1318,41 -10,41 - — -
1,000 1,51 119,39 0,00 1319,10 10,33 & ptemedia... Perpendicularly =l
1,500 2,27 117,94 0,00 1319,79 410,26 - standard =l
2,000 3,02 116,50 0,00 1320,48 10,18 £ Lty SG - geometrie_1 v |...|
2,500 Sl 115,08 0,00 1321,18 10,11 A2 e geomety Offsetin LCS =l
3,000 4,53 113,60 0,00 1321,87 -10,03 2 0,000
3,500 -5.,28 112,15 ' 0.00 1322,56 -9‘.95 _j -£ D’UUU
| Ready [cs A X -
AL = 0,000
. e Y17705715.7 v| |
o} = e don elem... |15
= donsing.. 2
— 4500
—] Lict [mm] 80,00
il LC1 - Predpeti v| ‘
= ing Type 3 e
om Beain hd 2
O 0 D A O OO O A
bt
22>
Origin value from: | Origin v| + |00 MPa  Vertical axis: |200.0 MPa
Selected tendon 4 I el J | I —
22>
|TND Text scale: |l15 32 Vertical scale: l1 3: Close |

The tendons are drawing in 3D window depending on View parameters settings.

12w parameters se

Check # Uncheck group Lock poszition =

[eA] Modeling/Drawing | @ Attributes | Misc. | [&] View

=] Structure | Labels | @ Madel I @ Loads/maszes

|| Check / Uncheck al

E Service
Dizplay on opening the zervice Ica

B Structure
Shyle + colour rormal ;I
Drraw member system line v
Member spstem line style syztem line ;I
Model type analysis miodel ;I
Display both madels -
Member surface [
Rendering wtired ;l
Draw crozs-section I
Cross-gection style section ;l

3 Structure nodes
Dizplay Ica
ark style Dot ;l

[ Member parameters

System lengths I lew parameters

Member nonlineanties |7 Check / Uncheck group Lock position =

FEM type I7 Structure I Labels [E] Model Loads/masses
I: Tendons Madelling/Drawing & Altributes Wiew

Display [v [H Check / Uncheck al

Stple of display geometry Firal ;l E Members

Calar of tendons normal ;I Tranzparent mode Fine -

q an ;I T Drawing style for Model+Loads

Direction of stressing |7 Style / Aendering renderec.l ;I

Vertices I_ Show add_data, results at Syztem line hd

Anch E Result diagram

nchars Iv Results |

There are three possibilities of displaying of tendons in 3D window — thin line, diameter, 3D. Anchors
and directions of stressing are also possible to display. 3D drawing with rendered model can give very nice
pictures.
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2.2 Load

2.2.1 Loadcases

The loadcases have to be defined before construction stages are defined. The following list of load
cases will be defined. There are several possibilities of load definition.

e Permanent

o Type

= Standard — necessary for definition of stages in construction stages library,
could be empty loadcase used only for definition of stages

= Selfweight — loadcase from load of selweight

= Prestress — necessary for definition of prestressing

o Loadgroup

= Link to library of Load group — see (4.1)

e Variable
o Specification
= Standard

= Temperature — only thermal load should be defined in this LC

o Loadgroup

= Link to library of Load group — see (4.1)

2.2.2 Loads

Load is defined according to type of load using Loads. For example - permanent load (road, safety
fence and other bridge accessories) is defined in loadcase LC17-Another permanent — type permanent

Ais BB 9

S =E A

|

LC1 - Prestress I.5tage
LC2 - Prestress I1.5tage
LC3 - Prestress [IL5tage
LC4 - Prestress IV.5tage
LS - Casting L5tage
LC6 - Prestress IStage
LT - Casting [L5tage
LC8 - Prestress IL5tage
L9 - Casting [ML.Stage
LC10 - Prestress IL5tage
LC11 - Casting IV.5tage
LC12 - Prestress IV.Stage
LC13 - Settlementl
LC14 - Settlement2
LCL5 - Settlernent3
LC16 - Settlementd
LC17 - Ancther permanent
LC18 - Temperature+
LC19 - Temperature-
LC20 - Char_1

LC21 - Freq1

LC22 - gp1
LC23-ULs1

LC24 - Char_100

LC25 - Freq 100

LC26 - qp_100

LC27 - UL5_100

MName | Lc27

Description ULS_100

Action type Permanent

LoadGroup LG1
Load type Standard
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The definition of the load value is available in Loads>Line force on beam and user defined value
61,3kN/m.

Load a x

[LC1 7 - Another permanent v ] E]

-, Point force
: in node
il on beam
Thermal - on beam
[=E Moment
in node
on beam
Line moment on beam
=- Point displacement
: Translation of support
on beam - rel. translation
Rotation of support
on beam - rel. rotation
- Line displacement
; on beam - longitudinal st
on beam - flexural strain
Plane generator
Pond load - water accumulat
Not calculated internal force:
New mobile load track

% | Line force on beam

Name
Direction
Type

Angle [deg]
Distribution

=
]
=

[ Valve - P /ml 613

Bottom flange
Load above joint
B e =She Y

System
Location
Bxdent
Position x1
Position x2
Coord. definition
Origin

Bl | Eccentricity
Eccentricity ez [m]

a

0 no

'Lcs

Length

ul
|0.000
1.000

Rela

| From start

|0.000

2.2.2.1 Temperature load

Cancel

The variable loadcase with specification temperature has to be defined. The temperature load is
defined in Load>Thermal on beam.

.Load

[LC1 9 - Temperature- '][3

- .. Point force

i in node

on beam

11, Line force - on beam
= Moment

: in node

oh beam
Line moment on beam
= Point displacement
Translation of support
on beam - rel. translation

Rotation of support

on beam - rel. rotation

= Line displacement

i onh beam - longitudinal strair
on beam - flexural strain

Plane generator

Pond load - water accumulation|

Mot calculated internal forces

New mobile load track

The linear thermal load will be defined.

e LC - Temperature—

o Top delta - 8°C

O

Bottom delta 0°C

e LC - Temperature+

O

O

Top delta +10,5°C

Bottom delta 0°C

Distribution
+z - Top delta
-z - Bottom delta

Position x1
Position x2
Coord. definition
Origin

|0.000

11,000
Rela
From start

Cancel

1
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The temperature load is drawn in 3D window following (using triangles).
d  ax]

LC18 - Temperature+ v [3
in node

b onbeam
{1 Line force - on beam
4w Thermal - on beam
= 3 Moment
& innode
&= on beam
5% Line moment on beam
= 4 Point displacement
¥ Translation of support
== on beam - rel. translation
%, Rotation of support
5 on beam - rel. rotation
=65 Line displacement
== on beam - longitudinal st
&= on beam - flexural strain
ﬁ Plane generator
2 Pond load - water accumulat
o3 Not calculated internal force:
New mobile load track

Mame
Digtribution

- - Bottom delta
E Geometry

Exent

Position x1

Position x2

Coord. definition

Origin

| <z Topdeta Bl

El
El

Cancel

Properties X

Themal on beam (1)

Name LTe
Distribution Linear |
+7 - Top delta 105

-2 - Bottom detta 0

Member B8

Load case LC18 - Temperature+ v | ...
E Geometry

Exent full
Postion x1 0,000
Postion x2 1,000
Coord. definition Rela
Origin From start
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3 Construction stages

The construction stages are necessary to define for time dependant analysis (TDA). The User has to
define Type - Time analysis in Setup of construction stages.

Construction stages 3 X ’ ’ o : : T ? _:.l (i

Construction stag

|ST1 - betonaz _'J_J
(=] 5 Construction stages Order of stag:
m . 2§ B om § o § % 3 R
-3 Members
5 Addmember | 7 - orcysis E=
i &5 Remove member = Load factors Standard ]
== Beam settings E Permanent (long-term) load case M °
5 & Supports Gagwmanill E modulus function
‘& Add support Gamma max [-] 1,00

& Remove support E Prestressed load cases
%< Tendons - Remove tendon Gamma min[-] 0,00 |
% Delete input data of stage

Gamma max [] 1.00
E Long-term part of variable load

Factor Psi[] 0,30 3

E TDA =

E Load factors for generated loadcases

gamma-creep min [-] 1.00

gamma-creep max [-] 1.00
E Time - History

Number of subintervals 1.0

Ambient moisture [%] 70,00

Automatic calculation of subintervals O no

= = v
[l 1 acal time avis

Cancel

Then it is necessary to define each construction stage using three dot buttons. There are several
important values

e Name- ST1-ST19

e Description — description of appropriate stage
e Global time — global time of time axis in days

e Number of subintervals — number of subintervals in appropriate stage, the creep and
shrinkage increment are calculated in this subintervals

e Ambient humidity — in percentage, needed for calculation of shrinkage

e Last construction stage — checkbox which signed last construction stages, the stages after
that are service stages, variable load applied before Last construction stage cannot be used
in another stage.

e Permanent load case — load case type permanent — each stage has to have only one
loadcase type permanent (longterm variable), this loadcase could be also empty only (for
measurement-without load), but it is necessary for creation of stages

e Prestress type loadcase — optional loadcase, by this loadcase are determined prestressing
tendons in appropriate stage

e Type of generated combination — user has several opportunity which type of combination will
be automatically generated according to selected code in project data

e Variable action button — the variable loadcase is possible to add into selected stage by this
button (see chapter 4.3)
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The all stages will be defined by this way. The total content of the stages is following.

B Construction stage L]‘

AIne | oS

ST1 - Casting 1.stage Name

Order of stage
Description
Global time: [day]

Load case

Load case

Number of subintervals

Ambient humidity [%]

Last construction stage O
E| Load perma...

E| Load case prestress

5T1

1

Casting 1.stage
0.00

1

70,00

LC2 - Casting

LC1 - Prestress_1stage

RTTXTEECTTE Al cods dependent

Code independent

EN - ULS (STR)
EN-Accidental 1
EN-Accidental 2
EN-Seismic

EN-5LS Char.

EMN-5LS Freq.

EN-5LS Quasi.

All code dependent - ULS
All code dependent - 5LS

Al

Variable load cases

Contents of selected

List of variable load cazes

=@ LC variable - used in this stage
@ LCLB - Termperature+
& LC19 - Temperature-
& UL-Traf_cha-Min Vz -
& UL-Traf_cha-Min My -
& UL-Traf_cha-Max Vz -
& UL-Traf_cha-Max My -

-4 LCvariable - used in this stage
& LC13 - Ternperature+

& LC19 - Tenperature-

& UL-Traf_cha-Min Vz -

& UL-Traf_cha-Min My -

& UL-Traf_cha-Max vz -

& UL-Traf_cha-Max My -
- LC variable - used in another stage(s)
& UL-Traf fre-Min Vz -

& UL-Traf_fre-Min My -

& UL-Traf_fre-Max Vz -

& UL-Traf fre-Max My -

m | »

Delete | Add |
Delete &l | addal |

ok, I Cancel |
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W Construction stages

Ade B

ElL

5T1 - Lstage_casting

5T2 - Lstage_prestre...
573 - ILstage_casting
5T4 - Lstage_prestre..,
- ML.stage_casting
- M.stage_prestr...
- IV.stage_casting
- IV.stage_prestr...
- Settlementl
- Settlement?
- Settlement3
- Settlementd
- Anather per...
- Char1
- Freg 1
-Qpl
-ULs1
- Char_100
- Fre 100
- Qp_100
- ULS_100

Name ~ [sTt

Order of stage
Description

Global time [day]
Number of subintervals
Ambient humidity [%]
Last construction stage

1
| stage_casting
0.00

1

70.00

O

E| Load case permanent

Load case
B Load prestress
Load case

Type of generated combina...

LC5 - Casting |.5tage

Nane
All code dependent

Vanable load cases

New | Inset || Edi

|| pekete |

=@ Default
...[T] Construction stages

2w document item

NEMETSCHEK

”ll‘,illl I o
SCia Author

Project

Description

#-@ Default

D Project

7@ Libraries

7@ Sets

#-@ Solver and Mesh
E. Structure

g’ Load

3.4 Construction stages
...[C] Construction stages setup
[T Construction stages

-[] Beam settings

JEE Time axis

i@ Results

0@ Solver Files
0@ Steel

0@ Aluminium
i@ Custom check
i@ Pipeline

0@ Timber

. Construction stages

m

-

<< Add |

Close |

Name | Order of stage De scription Global time
[day]

1|lstage_casting 0,00

2||stage_prestressing 1400

3| ll.stage_casting 2800

4| ll.stage_prestressing 4200

5| lll.stage_casting 58,00

ST6 €| lll.etapa_predp 70,00
IST7 7|IV.stage_caging 84,00
ST8 8| IV.stage_prestessing 28,00
ST9 2 | Setlement-1 100,00
ST10 10| Setiement-2 114,00
ST1 11| Setiement-2 128,00
ST12 12| Settiement-1 142,00
ST12 13| Ancther permanent 200,00
1 ST14 14| Char_1year 265,00
ST15 15| Freq_1year 285,10
ST16 18| ULS_1year 385,20
T17 17| Char_100 2848800

1 ST18 18| Freq_100 36488.10
ST19 19| ULS_100 3648820

The construction stages are defined now is necessary to assign which members and supports belong
to which construction stages. The members are defined by button Members>Add members and selected

appropriate member in selected stage.
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; §T1 - |.stage_casting = \7\

B~ Construction stages
Setup
Time axis

B-<= Members

dd member ”
Remove member R £
Beam settings T
(=8 Supports Mg

Add support —~
Remove support e "
Tendons - Remove tendon 15_"3; g
Delete input data of stage L

The supports are defined in similar way Supports> Add supports.

[5T1 - |.stage_casting -]

B Construction stages I\] k
Setup 5
Time axis
B Members
Add member %
Remove member = kS i }'3 )
== Beam settings Pk
B~ & Supports i
i’ 2 Remove support B
Tendons - Remove tendon
Delete input data of stage

The support on beam B1 is defined in the ST1 (X,Z support) and removed in ST3. The support (Z only)
is added in ST3.

[STB - |l.stage_casting '][Z]

= Construction stages

B setup
~|EE Time avis
-3 Members
&5 Add member
& Remove member
‘=2 Beam settings
=+ & Supports
. & Add support
. % Remove support
% Tendons - Remove tendan
= m Delete input data of stage

The whole structure will be defined by this way described in upper figures. The graphical presentation
in 3D window is following during of construction.
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Construction stages o x

ST1 - |.stage_casting ']E]

- Members

& Add member
&5 Remove member
= Beam settings
& Supports

& Add support
% Remove suppart
< Tendons - Remove tendon
b ﬂ Delete input data of stage

Construction stages a x

[STZ - |.stage_prestressing v ]E]

Time axis
[=-&3 Members
&3 Add member

&5 Remove member
¢ === Beam settings
(=~ & Supports
& Add support
"% Remove suppart
%< Tendons - Remove tendon
- m Delete input data of stage

Construction stages a2 x

5T3- Il.stage_casting - ]E]

Time axis
=3 Members
i Add member

&5 Remove member
Beam settings

E! & Supports

H Add support

% Remove support

% Tendons - Remove tendon
% Delete input data of stage
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Construction stages o x

ST4 - |l.stage_prestressing v][g

= Time axis
= Members
&3 Add member

& Remove member

== Beam settings

- &~ Supports

L Lz Add support

% Remove support

% Tendons - Remove tendon
X Delete input data of stage

[T75- 111 tage_casting X&)

Setup
= Time axis

& Add member

&5 Remove member

== Beam settings

- & Supports

‘& Add support

% Remove support

K Tendons - Remove tendon
ﬂ Delete input data of stage

Construction stages a X

(576 - lIl.etapa_predp |

Time axis
Members
&3 Add member

-& Remove member

== Beam settings

& Supports

L& Add support

% Remove support

< Tendons - Remove tendon
% Delete input data of stage
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Construction stages a x
ST7 - IV.stage_casting v][Z]

; Time axis

=3 Members

H & Add member

&5 Remove member

-== Beam settings

- & Suppoits

& Add support

% Remove support

5 K Tendons - Remove tendon
L % Delete input data of stage

Construction stages 2 X

[STB - IV.stage_prestressing ']E]

} Time axis
-9 Members
- Add member

&5 Remove member

=3 Beam settings

- & Supports

& Add support

% Remove support
& Tendons - Remove tendon
f % Delete input data of stage

3.1 Local beam history

One from the most important setting for time dependant analysis is Local Beam settings (LBH). This
LBH will be assigned to each member.

Construction stages 2 x ;I

[ ST4 - |l.stage_prestressing v ]‘:\

Remove support
Tendons - Remove tendon
Delete input data of stage

=5 Construction stages T T E—
Setup i -
Time axis ‘Name |LBH11
: Men';bels : B Local time axis -
Gl Time of casting fdey] 000
emove member _nme Qf endof cunng [day] v 1000

Supports Lmesmpon(onnwo«) S = -

Add support Time of instalation of formwork [day] 0.00

Time of releasing of displacements in X cﬁtediori [day] 1 00
Time of releasing of displacements in Z direction [day] | 42.00

Time of releasing in rotation [day] 42,00

Cancel
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e Time of casting - it is time of casting of concrete in days in local time axis related to the global
time axis. It is possible to input negative value. The linear support hasn’'t to be used in this
case. The ageing of the concrete starts in this time. It is significant for age of concrete for creep
calculation. An example - construction stage 1 - global time 5 days; time of casting -3 days. It
means that global time of casting is 2 days. The user doesn’t have to input linear support -
formwork

e Time of end of curing - it is time of end of curing of concrete. If phased CSS is used, then it is
time of end of cuing of the first phase of CSS. It is significant time for calculation of shrinkage.

e Time of end of curing of composite phases - it is significant only for phased CSS, this time
is end of curing of the second, third...phase of CSS if exists. It is significant time for calculation
of shrinkage of second, third phase of CSS again.

e Time of releasing of displacement in X(Z) direction — time when formwork in X(Z) direction
is replaced.

[STZ - |.stage_prestressing V]E]
=g Construction stages
El Setup
| Time axis

=2 Members
& Add member
&5 Remove member
= & Supports

& Add support

“..%% Remove support

%< Tendons - Remove tendon

- ﬂ Delete input data of stage

More LBH is possible to edit in one step

[ST1 - betanaz

5 FH Construction stages Time of casting [day] 0.00

Setup
= Time axis
-3 Members
& Add member
& Remove member

The LBHs are possible to view in document.

Time of end of curing [day] | 10,00
Line support (formwork)
Time of instalation of form... | 0.00
Time of releasing of displ... 1,00

Beam settings Time of releasing of displ... | 14,00
S-& Suppots Time of releasing i rotati... | 14,00
‘& Add support
%% Remove support B o
K Tendons - Remave tendon ~N
X Delete input data of stage 1 £ s w ow . 2
B E A L A e L e P P S P e A P e L e e
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Document a x
[DOCDefaut =)
Default
[T Construction stages

[T] Beam construction stages settings (Beam s¢

\ New document item

=@
-fE
®
@
-@
-@
X )
-@

-3

v [ [ [

-
-
@@
L
L 2
®
L 2

..[T] Construction stages setup
-.[T] Construction stages
W sctings

|& Time axis

. E Time Dependent Analysis &

Default
Project
Libraries

Sets

Solver and Mesh
Structure

Load

Construction stages

Results

Solver Files

Steel

Aluminium

Custom check

Pipeline

Timber ¥

Close

= F oo ]
1 default L_J DA -8 F
20000
28500
28510
28520
2848800
2848810
2848820
2. Beam construction stages settings
Name | Member | Time of |Time ofend Line Time of Time ofreleasing | Time of releasing Time of
casfing | of curing support i i of displ of displ g in
[day] [day] } |of in X di inZ i rotation
[day] [day] [day] d
LBH B1 0,00 1000 | ¥ 0po 100 4200 4200
LEHO B2 000 10,00 |v 0po 100 4200 4200
LBEH1 B2 000 1000 |v 000 100 4200 4200
LBH2 B4 000 10,00 (v 000 100 4200 4200
LBH2 BS 0,00 1000 | 0po 100 1400 1400
LBH4 B8 0,00 10,00 [ opo 100 1400 1400
LEHS B8 0.00 1000 | ¥ 0po 100 1400 1400
LBHE B7 000 10,00 [v 0po 100 1400 1400
LBH7 B11 0,00 10,00 [v opo 100 1400 1400
LEHS B9 0,00 1000 | v 0po 100 1400 1400
LB B10 000 1000 |¥ 0po 100 1400 1400
LBH10 [B12 0,00 1000 | 000 100 1400 1400

The colour drawing in 3D windows depends on settings in Setup> Colour/lines > Palette settings.

Palette settings -

Screen IDocumenll Graphic oulputl

—

Current palette: I‘White background ;_I Bﬁ'l ui ==
Colours & ines I Fonts | Stuctural types | Dimension lines | Isolines |

Pen / brush type || Colour Style | Wwidth | Type | Preview | N
Strand S ———— ——— Pisels E——
Drawing tools I ——— Pixels

Dimension lines N ———— Pixels

Others JIN —— Pixels

Cross-section outline I ———— Pixels

Cross-section midline J —Er—E Pixels

Cross-section fibre J s — Pixels

Cross-section corrosion f e —— Pixels S
Thinwalled representation N ——— Pixels

Cross-section insert point I S — Pizels

Cross-section results J Pixels

Cross-section dimension lines J _ —— — Pixels

5 ently installe —————

Stages - currently removed S ————— ———— Pisels

Stages - not yet installed J —— Pixels

Stages - already removed J --------- Pixels

Disappeared conflicts ﬂ Pixels

Lasted conflicts N ———— Pixels

New conflicts JE — Pixels

Section Plane JEEE - -  —— Pixels =c=-.
Front Plane J Pixels

L

& s |

Cancel |

Help I

1[92 e =R WEE

| |

The drawing according to stages is possible to set by right click in 3D window Set view parameters
for all and set which components of stages will be drawn.
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™ Check / Uncheck group Lock position r
Stucture ] Labels | [E] Madel ]
E Loads/mazses I @ Modeling/Drawing Mise. ] Wiew ]
[¥ Check / Uncheck al
B Members
Tranzparent mode Fine
= Drawing style for Model+Loads
Style / Rendering simple
Show add data, results at System line
B Line grid
Drraw By grid wisibility
B HResult diagram
Fesultz [
B Calculation info
Zoom all Display singularity ~
2 3] Construction stages data |
Zoom by cut out Display [v
Stage ST2 - |.stage_prestressing j
Set view parameters for all Already installed [+
Currently installed [v
Cursor snap setting Not pet installed [v
Already removed v
Print/ Preview table Currently removed [+
Line support [formwork) rd

Table to document [ Construction stages data labels

Label beam settings

<

Print picture

Picture to document
Picture to gallery
Save picture to file

Copy picture to clipboard

Wired model in view manipulations

OFf BREERD Sk B B DD

Advanced graphic setup ...

ok | Cancel
Coordinates info

—
=i
=3

3.2 Automatic calculation of subintervals

The user has to define in each stage number of subintervals. There is also possibility to defined total
number of subintervals in whole construction in Setup of stages> Total number of subintervals. The time
axis will be divided according to the same logarithm increment into whole construction.

| Construction stages setup 1 [

Type Time analysis
B Load factors
El Permanent (longtemm) load case
Gamma min [] 0.00
Gamma max [-] 1.00
Bl Prestressed load
Gamma min [-] 0,00
Gamma max [-] 1,00
BH Longtem part of variable load
Factor Psi [-] 0,30
B TDA
Bl Load factors for generated loadcases

gamma-creep min [-] 1,00

gamma-creep max [-] 1,00
El| Time - History

Ambient moisture [%] 70,00

Automatic calculation of subintervals ] yes

Total number of userinput subintervals |ﬂ_ﬂ

E Local time axis

Time of casting 0,00
Time of curing [day] 10,00
Duration of curing of composite parts of crosssecti... | 14,00
Line support formworlc) B
Time of releasing of displacements in X direction 1.00
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c. A

Total number of subinterval can be bigger then user defined because of following:

At least one subinterval has to be in each stage

Keeping stress (duration of shorterm relaxation) is also considered as time point

This option is possible also in Time axis> subintervals. The user set total number of subintervals and
could admit or refuse this offered solution of subintervals.

.Exes properties
B |Axes -
E  Number of su.__.
View
Color
Stage node n__.
Wiew
Color
Time axis of ...

Wsmibar of sibinsmrvaty
View

30 10 10 10, 10Q0 ¥ Caolor

— 30 L0 G LY

A Merging of lo...
1 14 36TRILE 1318 Wiew

- Calor

Detail time axis

Time axis of cosstrocion siegss , ,
- ] . oo

= ol View
Caolor

Marging of focal trme xuas = = = ] B Number of all__.
= 5 oo 5, 7|

Construction stage

Yomber of 2l sobimenvaly

3
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il Calc subintervals [EErEAE—e-)

=
g
=3
o
=
=

& 364920

Kamber of ail sobintervah

Total number of user input subintervals
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4 Mobile loads

The load system grla (according to table 4.4 EN1991-2) is the most efficient load system for design
and check of bridges. This system consists from

e Load model — LM1
o Tandem system — TS
o Uniformly distribute load — UDL

e Pedestrian or cyclist load
The combinations coefficients (wo, w1 ayy) are different for the separate loads in this load system
according to table A2.1 from the EN 1990/A1. The procedure of modelling and check using characteristic,
frequent and quasi-permanent combination including load system grla is different from the using of standard
procedure with loadcases which belongs to appropriate loadgroup with defined combination coefficient in
menu Project.

Zatizeni Znacka Uh A |
gria TS (dvojnapravy) 0,75 0,75 0
(LM1+ e
zatiZeni UDL {rovnomé&mé zatizeni) 0,40 0,40
z:;?sct'y?ﬁbo ZatiZeni chodci + zatizeni cyklisty” 0.40 0.40 0
ﬁ?ﬁiﬁ i1dgc;}p;r_a£fou grib {jednotliva naprava) 0 0,75 0
Tabulka 4.4) gr2 (vodorovné sily) D D 0
gr3 (zatiZzeni chodci) 0 0 0
grd (LM4 {zatiZeni davem lidi}) ] 0,75 0
gra (LM3 (zviastni vozidia)) 0 0 0
Faik
Satizeni vétrem - Tn.ralf'a riz'a\rfrhoué situace 0.6 02 0
- Provadéni 0.8 -
Fur 1,0 - -
Zatizeni teplotou T 06" 0,6 0.5
The rules for SLS combination according to tab. A2.6 from EN1990/A1
Permanent | Prestress | The dominant | The subordinate variable
variable (traffic) (temperature)
Characteristic Gi P 1,07Qk1 yo* Qki
Frequent Gi P y1*Qk1 X QKi
Quasi-permanent | Gi P wo* QKi yo* QKi

35



Ing. Lukas Dlouhy Prestressed concrete, construction stages, concrete checks

4.1 Preparation of mobile load in SEN

4.1.1 Theload group

The new Load group (LG) with name Traffic is created, type is Variable exclusive. This LG will be
registered to category of load G — traffic >30kN

Ao wEk v & SH A

Relation | Exclusive
Load Variable
EC1 - load type Cat G : Vehicle =30kN

Temperat

The temperature load is possible to insert to different LG (temperature) with predefined combination
coefficient (the coefficient cannot be set to 1,0)

AieBEk v S EH A
Traffic Name Temperat

et Sanca

Load Varable
EC1 - load type Temperaturs

[=- 54 Name SVK
(- Combination B Combination
- [STR/GED] atemative B (STR/GEQD) altemative EN 1330: 6432 (3)
Pai factars far buildings Combination Eg.6.10 ;I
Load combination factars B Psi factors for buildings EM 1990: Annex A1 Table A1.1
)
Load combination factors

Load
CateqoryA
CategoryB
Categaony
CategoryD
CategoryE
CategoryF
Categorya
CategoryH

0 | Dofl =l | 1| e | L | R —L

Snow (Finland,. )

—
=

Snow H > 1000m

T

Snow H < 1000m
Wind

Temperature

—
-y

—
P

—
[¥%)
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4.1.2 Mobile load track

New mobile load track (TR1) has to be defined by user Mobile loads > New mobile load track. The
first and last node will be selected and track will be automatically defined on whole structure

Mebileloads T wX] |4l
7 T Trip train (mobile load) (1) v
ew mobile load tracl
(!’ Uit loads Name TR1
) Load System Database Use for calculation
I Setup generated load cases Used nodes 13
5 Track nodes

Node
Node
Node
Node
Node
Node
| Node
Node
Node
Node
Node
Node
Node

4.1.3 Unit load
New Unit load (UL) will be defined by user Mobile loads > Unit loads.

Mobile loads o x
s . |
8] New mobile load track A e £ B [ R ‘ g =H l Al
-
UL Name uL

~ih Load System Database

¥ Setup generated load cases Track assignment Lz

Sections Use Step according 2D element
| Step for 20 elemert m] [1
Generate section und...
‘Add new Impulse
B Impulse 1

Type

Value

Position [m]

ey m]

ez [m]

System

Direction

4.1.4 Load system database

The new Load system databases will be defined for each type of combination including combination
coefficients for characteristic and frequent combination. Mobile loads > Load system database

Traf_char — Load system for characteristic combination 1,0*TS+1,0*UDL

Traf_fre — Load system for frequent combination  0,75*TS+0,4*UDL
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& Mobile load systems [ (5 Mobile load systems ~ 35

Aok o AL ekl ve & s a
Traf_cha
Tref_fre : 1

4.2 Setup of generated loadcase

Two groups of generated loadcase should be set in Setup of generated loadcase. The same LG -
Traffic should be assign to each group of generated LC. The components Vz and My will be evaluated.

e T _char — Unit loads (UL) + load system database (Traf_char)

e T fre—Unitloads (UL) + load system database (Traf_fre)

:3 SIS =N N (N etup generated load cases e
Mobile loads X
ear- a1 = i
- New mobile load track | T char Name | T_char A
5 Unit loads T fre Use for calculation [} i
it Load System Database E Select unit loads [uL] _l
Selectload systems | [Traf_chal ]
& | Unit Load: UL '
Name |UL
Load case |
Group of load cases | Traffic |
Bl Limited running le... |
Enable a =
Start [m] 0,000
Finish [m] | 0.000
B Additional
Mutt. factor results exc... |1
Mobile factor 1
Bl Selection of memb...
All members m}
Selection __| —
E Components
Select components [ _I
— Output of components on member
TN T Fyvz T BMy Tz Select Al
Fw FTw Cw i T e Unselect Al
— Dutput of components on supports [
[TRe TRy TRz MMz T My I M2z Select Al
Unselect Al
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Mobile loads

Weal= 182" N

~ Dutput of components on members
N Ty Mvz [Ty MMy [ oMz Select Al
FCw Tw Tu T T Tt Unselect Al

 Output of components on supports
ITRx TRy TRz MMz MMy [T Mz Select Al
Unselect Al

) New mobile load track T char Name T fre 4
: he Use for calculation & [
~-ith Load System Database G Select unit loads [y
Selectload systems  [Traf _fre] :I
E | Unit Load: UL
Name uL
Load case
Group of load cases Traffic ;J__I
B Limited running le...
Enable O g
Start [m] 0,000
Finish [m] 0.000
B Additional
Muk. factor results exc... | 1
Mobile factor 1
Bl Selection of memb...
All members (]
Selection
Components
Select components

The envelopes of LC will be automatically generated after linear calculation finish. These generated LC

will be added into appropriate stages.

AWk 0 8 SHE A

LCE - Prestress IL.Stage
LCY - Casting [IL.Stage

-

Mame  |UL-Traf_cha-Min Vz

Description

LC10 -
LC11 -
Lciz2 -
L3 -
LC14 -
LC15 -
LC16 -

LC17
LC18

Prestress IL.5tage
Casting [V.5tage
Prestress IV.5tage
Settlementl
Settlerment2
Settlerment3
Settlernentd

- Another permanent
- Temperature+

LC19 -
LC20 -
LC21 -
LC22 -
LC23 -
LC24 -
LC25 -

Ternperature-
Char_1

Freq_1l
uLs1
Char_100

Freq_100
UL5_100

Action type
LoadGroup

Load type
Specification
Master load case

Variable

Traffic

Static

Mobile envelope
None

UL-Traf_cha-Min My
UL-Traf_cha-Max Vz
UL-Traf_cha-Max My
UL-Traf_fre-Min Vz
UL-Traf_fre-Min My
UL-Traf_fre-Max Vz
UL-Traf_fre-Max My
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4.3 Definition of construction stages

The separated construction stages were created in construction stages library (see). The appropriate
envelopes of variable LC will be add to each construction stage according to type of generated combination
Char_1 — characteristic combination

o

o

time 365 days
MSP-characteristic
UL-Traf_char-Min My
UL-Traf_char-Max My
UL-Traf_char-Min Vz
UL-Traf_char-Max Vz
Temperature+
Temperature-

P ENC LY A & A

ST1 - Lstage_casting Name

ST2 - Lstage_prestressing Order of stage
Description

Global time [day]
Number of subintervals
Ambient humidity [%]

5T3 - ILstage_casting
5T4 - M.stage_prestressing
5T5 - M.stage_casting

5T - M.stage_prestressing Last construction stags

5T7 - V.stage_casting Load case permanent __.
5T8 - IV.stage_prestressing Load case

5T9 - Settlementl

5T10 - Settlement2
5T11 - Settlement3
5T12 - Settlementd

Type of generated combina. ..
Variable load
LC18 - Temperature+ [-]
LC15 - Temperature- []
UL-Traf_cha-Min My []
UL-Traf_cha-Max My [-]
UL-Traf_cha-Min Vz [-]
5T15-Freq 1 UL-Traf_cha-Max Vz [
ST16 - Qp_1l

ST17 - ULS1

5T18 - Char_100

ST19 - Fre_100

5T13 - Ancther permanent
5T14 - Char 1

LC20 - Char_1
EN-5LS Char.

5T20 - Qp_100

5721 - UL5.100 Variable load cases

Fre_1- frequent combination

time 365,1days
MSP-frequent
UL-Traf_fre-Min My
UL-Traf_fre-Max My
UL-Traf_fre-Min Vz
UL-Traf_fre-Max Vz
Temperature+
Temperature-
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i ek 9 &

| Al

5T1 - Lstage_casting
5T2 - Lstage_prestressing
5T3 - ILstage_casting

Name 5T15
Order of stage 15
Description Freg_1

e}

o

5T4 - .stage_prestressing

575 - Ml.stage_casting

5T - L.stage_prestressing
5T7 - IV .stage_casting

5T8 - IV.stage_prestressing
5T9 - Settlernentl

5T10 - Settlernent2

5T11 - Settlement3

ST12 - Settlernentd

5T13 - Another permanent
5T14 - Char_1

5T16 - Qp_1

ST17 - ULs1

5T18& - Char_100

5T19 - Fre_100

Global time [day]
Number of subintervals
Ambiert humidity [%]

365,10
1
70,00

Last construction stage O

E Load permanent ...
Load case LC21 - Freq_1
Type of generated combina... | EN-5LS Freq.
Variable load
LC18 - Temperature+ [
LC13 - Temperature- [-]

UL-Traf _fre-Min My []
UL-Traf _fre-Max My []
UL-Traf _fre-Min Vz []

UL-Traf _fre-Max Vz []

5720 - Qp_100

5T21 - ULS_100

Variable load cases

QP_1- quasi-permanent combi
= time 365,2days
= MSP-quasi-permanent
=  Temperature+
=  Temperature-

A 2B v &

nation

| A

5T1 - Lstage_casting

5T2 - Lstage_prestressing
5T3 - Lstage_casting

5T4 - ILstage_prestressing
5T5 - Mstage_casting

5T - L.stage_prestressing
5T7 - V.stage_casting

5T - IV.stage_prestressing
5T9 - Settlementl

5T10 - Settlernent?

5T11 - Settlement3
ST12 - Settlementd

5T13 - Another permanent
5T14 - Char_1

5T15 - Freg 1

ST17 - UL51

ST18 - Char_100

5T19 - Fre_100

Mame

Order of stage
Description

Global time: [day]
MNumber of subintervals
Ambient humidity [%]

STi6
16
Qp_1
365,20
1
70,00

Last construction stage O
B Load case permanent ...
Load case LC22-qp_1
Type of generated combina... | EN-5LS Quasi.
B | Variable load
LC18 - Temperature+ []
LC15 - Temperature- []

5720 - Qp_100

5T21 - UL5_100

Variable load cases

ULS_1 — ULS(STR) combination

= time 365,3 days

=  ULS(STR)-combination
= UL-Traf_char-Min My

= UL-Traf_char-Max My
= UL-Traf _char-Min Vz

= UL-Traf _char-Max Vz
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 contructionsage 0 =]
BB 0 & A

ST1 - Lstage_casting

ST2 - Lstage_prestressing
5T3 - Lstage_casting

5T4 - Lstage_prestressing
5T5 - M.stage_casting

MName sT17
Order of stage 17
Description ULS_1
Global time [day] 365,30
Mumber of subintervals 1
Ambient humidity [%] 70,00

ST6 - Il.stage_prestressing

Last construction stage [l

ST7 - IV.stage_casting

STE - IV.stage_prestressing
ST9 - Settlernentl

5T10 - Settlement2

5T11 - Settlement3

ST12 - Settlementd

ST13 - Ancther permanent
5T14 - Char1

ST15 - Freg 1

ST16 - Qp_1

5T18 - Char_100

5T19 - Fre_100

Load permanent ___

Load case LC23- LS _1
Type of generated combina... EN - ULS (5TR)
Variable load

UL-Traf_cha-Min My [1 0.00
UL-Traf_cha-Max My [] 0.00
UL-Traf_cha-Min Vz [] 0.00
UL-Traf_cha-Max Vz [] 0.00

5T20 - Qp_100

5721 - ULS_100

Variable load cases

4.4 Evaluation of mobile loads - envelopes

The evaluation of maximum and minimum envelopes in one presentation in results is possible using

Loadcases, Combination>Results classes.

e Char_extrem_My — extreme of envelopes of mobile loads for characteristic combination

o UL_Traf_char_maxMy
o UL_Traf_char_minMy

o Fre_extrem_My — extreme of envelopes of mobile loads for frequent combination

o UL_Traf_fre_maxMy
o UL_Traf_fre_minMy

2=

Aain a X = = ] 5
T Froec Al eBE 0= & A
':1 Stnucture Char_extrem_My ~ | [ Name Char_extrem_My
o ] | Deseigton
=8 Lf:’_ Load cases, Combinations Freq extrem My 2 ust
¥ Load Cases ST1 (ULS) - Lstage_ca... |
[#* Load Groups ST2 (ULS) - Lstage_pr... |~
-4 Combinations ULS) - ILstage ca .
j]‘é Concrete combinations MM My P

FH Construction stages

B Drawing Tools
- Lbraries
3% Tools ﬁ

Zj Segment blocks

- Al v
& Calculation, mesh Tyvpe: ___J
Ad Results
T Concrete . o
#48 Mobile loads 1~ Contents of cla: ~ List of load cases and combinations
S =@ Load case @ LC24 - Freq 100 5

@ UL-Traf_cha-Min My
.4 UL-Traf_cha-Max My

@ LC25-ULS_100

@ UL-Traf_cha-Min Vz

.

-@ UL-Traf_cha-Max Vz

-

.4 UL-Traf_fre-Min Vz
@ UL-Traf fre-Min My

@ UL-Traf_fre-Max Vz
@ UL-Traf_fre-Max My
@ F1-Creep - Lstage_casting
@ F2-Creep - Lstage_prestressit
@ F3-Creep - [Lstage_casting

& Fd-Creen - Tistane nrestressi
)

(i

Name :

Description :

Delete Add

Char_extrem_My
I—_ Delete Al Add Al

Cancel
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The internal force are possible to see in Results> Internal forces. The user can select in Type of
loads — Class and form the list of classes selects Char_extrem_My. The extreme moment is drawn from
minimum and maximum envelopes of mobile load for characteristic combination.

N Properties x
¥ ¥ Displacement of nodes ] Intemal forces on member (1) | \f
& Supports *
‘Tpp i 2 Name Intemal forces on member
4% Reactions &
+ Resultant of reactions ! Selection Al =l
&L Foundation table Type of loads Class =]
1 Nodal space support re: 2 g Class Char_extrem_My L‘j
[}-== Beams ] - o Fitter No v
Intemal farces on beam)| /,‘/ Prestressing
i*p Deformations on beam Values My L]
= Relative deformation P L BO L =B’ | Text output Text |
By, Member Stress A Exts Global v
FE Shear stress )ﬂ e Dmre'.ne - j
15 Connection input g
32 00 1p Section Al L]
35 Connection Forces
B Tendon Stresses
] Bill of material
E Calculation protocol LA
=
£
1
i~
uwy
@
And for frequent combination.
¥ Displacement of nodes
-4 Supports = . -
5 Reactions < Name. Intemal forces on member
t  Resultant of reactions “ Selection Al =
& Foundation table : Type of loads Class 154
1 Nodal space support re; SR N Class Freq_extrem_My L]_
[-== Beams i1 - A Fitter No Rd
Intemal forces on bear Prestressing ]
¥ Deformations on beam Values My =3
= Relative deformation H M rE—=B"| Text output Text ix}
B, Member Stress B % Extreme Global -
- Shear st i 7
R e =
1o oninps Section Al ]
35 Connection Forces
B Tendon Stresses
1 Bill of material
Q Calculation protocol L
=
&
-+
b}
o
&
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5 Library of Named items

The library of Named items is possible to view in Library>Named item.

Main X

----- @ Project -
- Structure il
-t Load
=-4& Load cases, Combinations
]2 Load Cases
ﬂ*" Load Groups
i Il",é Combinations
ﬂ‘é Concrete combinations
E Result classes
----- H Construction stages
E]--- Calculation, mesh

m

-, Drawing Tools

E—jﬁ Libraries

----- {# Materials

----- I J| Cross-sections

----- Fd Catalogue blocks

Jg Structure, Analysis
MNamed item

. Anahysis

Jg Concrete, reinforcement

]ﬁ Prestressing i
&= - . - .

The user has possibility to defined following named items in this library
e Fibre —for evaluation of results of allowable concrete stresses in predefined named fibres only

e Part of cross-section - for evaluation of results of allowable principal stresses in predefined named
part of cross-section if phased CSS exists

e Cut - for evaluation of results of allowable principal stresses in predefined named cuts of cross-
section

e Joint — for evaluation of results of shear stress in construction joint in predefined named joint if
phased CSS exists

# | Named cross-section items e |
22 ¢ BB v | & EE A

Upper MName
Lower Description
Vertl e

Vert2 Part of cross-section

Cut
Joirt

5.1 Named fibres

When user defined named items in library, then is necessary to linked named items to appropriate
fibres, cuts, part of CSS and joints in selected CSS. The fibres and part of CSS are possible to define in
selected CSS by button Edit named items.
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Ficture | Fibres |

Cross-section fibres

Clear all

¥[mm]

Name

3950

None

Draw color

Calour

Properties editable
Buckling editable
Buckling y+

Buckling z-z
Fabrication

FEM analysis

Mesh size [mm]

Min. poirt distance ...
Curve dividing

Uze reduction factors
Edit joints

Property

Am™2]

Ay 2]

Az [m™2]

CS1

General cross-section

C35/45 .|
]

Nomnal colour - I

O
&
[
[
9

eneral

]
0
]
36
O

7.6800e+000

D e TH

= s

73 74e+000

79
.1955e+000

[ Update l [Documentl

i

Ok ] [ Cancel ]

Text scale

To the lower fibres with number 9 10, 18, 19 will be assigned named fibre Lower from named fibre

library.
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Cross-section parts

None

Clear all

Cross-section fibres
Y[mm]

5.2 The named part of CSS
The named part of CSS could be defined in case of phased CSS in upper left part of dialog.

Cross-section parts

Phass1 ~|.)
MNone

Clear all

Cross-section fibres
Y[mm]
3950
6750

d |82

Text scale
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5.3 Named cuts

5.3.1 For general CSS
The named cuts are possible to add to the cut in Editor of general CSS.

31

General cross-section

C35/45 ]

Draw color Normal colour LI
Colour

Properties editable
Buckling editable
Buckling y+

Buckling z-z
Fabrication

FEM analysis

Mesh size [mm]

Min. point distance [...
Curve dividing

Use reduction factors
Edit named tems

Edit joirts

Property

Am™2]

Ay [m"2] 2
Az [m"2] 415

ED‘

RARAER

o o0
i}

Oge==8

[ Lpdate ] [Document]

Picture |Fibf33| [ oK J [ Cancel ]

The definition of new cut is possible by button Add cut in editor of general CSS.

05 Al

e
h representation
[+ Adaition of cut }
Type (description) General cross-section
E General
Buckling y+ c hd
Buckling z-z c id
Fabrication general Jed Number of cut 0
Displayfina shape &1 None 2]
Display Only basic shape L.I CutY None
Cutz
Vert2

There are two possibilities how to defined a cut
e Point — cut is defined in selected point

e Fibre + offset — cut is defined in offset from selected fibre
There is also possibility to set only cut in direction Y or Z.
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# | Addition of cut | —— |

MName
=]

Bl

Cut
Cut Z

Geometry

Cut

MNumber of cut
Mame of cut

cu

Fibre + offset

None

E
O

The vertical cut in the left beam of CSS was defined.

S | NINWaNea representauon

Name

Jcut

= Geometry
Type

Bl GCS coordinate
Coord Y [mm]
Coord Z [mm]

B UCS coordinate
Coord uy [mm]
Coord uz [mm]

= Cut
Number of cut
Name of cut
CutY
CutZ

Point

-3250

-3250

|Vett1

5.3.2 For database CSS

The definition of new cut is possible by button Edit cuts for database CSS.

b6 1200

Draw color
Properties editable
Buckling editable
Buckling y+
Buckling z-z
Fabrication

FEM analysis
Phase calculation
Curve dividing

Edit named items

Edit joirts

E | Property
Am™2]
Ay [m”2]
Az [m"2]
AL [m"2/m]
It [m™4]

by [m™4]
Iz [m™4]
Iw [m™6]
alpha [deq]

Use reduction facters |0

Phase color

0123001
3.5450e-002

1 (e W0
U tUUie+uuy

nonn -

Picture | Fibres | Joints |

The property of Edit cuts dialog for database CSS is following.

l

Update ] [ Document]

Qg I [ Cancel ]
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Namecfcut| Reference |

[ bsomm] [ Rela Y jm] | Z[m] |

5.4 Named joints

310 0.500
1] 0.000
0 0.000

0 -709
100 291
0 0

The named joint could be defined in case of phased CSS using button Edit named joint in General

CSS dialog.

Cs1
General cross-section

C35/45 7|
Edit |

Draw color Nomal colour LI
Colour e
Properties editable [m}
Buckling editable 5}
Buckling v+ [
Buckling z-z c
Fabrication 2}
FEM analysis 5]
Mesh size [mm] 0
Min. point distance [... |0
36
O

eneral

Curve dividing
Use reduction factors
Edit named items
E | Property
Am™2] 7.6800e+000
Ay [m™2] 3,5623e+000

Az [m™2] 3.5610e-001 2

[ Update ] [Document]

Picture | Fibres |

l (0] 3 I [ Cancel ]

The CSS is solid, that’s why no joints are displayed in Joint dialog.
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The following properties will be displayed in case of phased CSS.

Edit joints
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6 Analysis

6.1 Linear analysis

The linear analysis has to be done for generation of envelopes from mobile loads (see 4.2).

Monlinear calculation

Fodal analysiz

Lirear stability

Concrete - Code Dependent Deflactions
Influence lines and sufaces

Construction stage analysis

= EE = EE

Monlinear stage analysiz

e Ie Tie e T e e e |

Maonlinear stability

" Test of input data

Mumber of load cazes: 19

Solver setup Mesh setup

Cancel

| Mesh = Solver
Minimal distance between two points [m] A Advanced solver options
Average number of tiles of 10 element Proper FEM analysis of cross-section parameters ( b, Ay, Az )
Average size of 2D element./curved element [m] ) Neglect shear force deformation ( Ay, Az > A)
1D elements Type of solver
Minimal length of beam element [m] Number of sections on average member
Maximal length of beam element [m] 1 Maimal acceptable translation [mm]
Average size of cables, tendons, elemerts on subsoil, nonlinear soil spring [m] Maximal acceptable rotation [mrad]
Generation of nodes in connections of beam elements Coefficient for reinforcement
Generation of nodes under concentrated loads on beam elements
Generation of eccentric elements on members with variable height
Mo, of FE per haunch
Apply the nodal refinement
Hanging nodes for prestressing

Linear calculation:

- Maximal translation -43.744 mm,

in node NE [72.000,0.000,0.000] (loadcase 2)
- Maximal rotation 1.758 rnrad,

in node N7 [51.000,0.000,0.000] (loadcase 2)

Sum of loads and reactions is OK
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6.2 Construction stage analysis (TDA EN1992-1-1)

The construction stage analysis is performed for calculation of effects of stages with influence of effects
creep and shrinkage (TDA). Effects of creep and shrinkage are performed according to EN1992-1-1 annex

B.

Single analysis

-

P
-~
-~
-~
-~
o)

-
r

-

Batch analysis

Linear calculation

Monlinear calculation

taodal analysiz

Linear stability

Concrete - Code Dependent D eflections

Influence lines and sufaces

iConstruchion stage analysis

MHanlinear stage analysiz
Monlinear stability

Test of input data

Mumber of stages: 19, TDA

=== == (== E

Solver setup

Mesh setup

Caticel

6.3 Construction stage analysis (TDA EN1992-2)

There is also possibility to run calculation of TDA (creep and shrinkage calculation) according to code

EN 1992-2 annex B, but some necessary steps have to be done.

The main idea is to include another type (EN 1992-2) of material into one code EN 1992. There are
two groups of materials (EN1992-1-1 and EN1992-2). Due to implementation of calculation creep and
shrinkage of concrete according to EN 1992-2 is suitable to present new type of concrete material. These

materials are signed similar as standard EN material with suffix EN1992-2. New materials are following:

A g <75|ET-Z'..':TE|§|Iirﬂ'lirﬂ'ﬂ|Cvt:l'u:rete g v
C12/15 Temperature dependency of spe... Mone vl | -
C16/20 Themal conductivity [W/mK] 4 5000e+01
C20/25 Temperature dependency of the... Lﬂone v| |
COrder in code
25/30 E EN 1992-2
20731 Characterstic compressive cyfin.. | 20,00
£35/45 Calculated depended values B
C40/50 Mean compressive strength fom... | 52,00
C45/55 fem(28) - fck(28) [MPa] 8.00
50,80 Mean tensile strength fetm{28) [...  4.10 T
C55/67 fetk 0,05(28) [MPa] 2,50
60,75 fetk 0.95(28) [MPa] Efin
C70/85 Design compressive strength -p... 55:<:<
C80/95 Design compressive strength - a... _,] f !
Strain at reaching maximum stre... | 20,0
C20/105 Uttimate strain eps cu [1e-4] 35,0
C50/60(EM1992-2) Strain at reaching masdmum stre. . | 17,2
C55/67(EM1992-2) Uttimate strain eps cu3 [1e-4] 35,0
CB0/T5(EM1992-2) Stone diameter (dg) [mm] 32 E
C70/85(EM1992-2) Cement class R {rapidl hardening - CEM 425 .
C80/95(EN1992-2) Silica fume d
C90/105(EN1992-2) Safety factor for long4em extrap... (O
— Type of agaregate CQuartzite ;I
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Materials with fcx < 50 MPa is not available.

Cement class — only type R (read only)

Silica fume — checkbox YES/NO - influence on calculation of creep and shrinkage acc. to EN 1992-2

annex B

Relative humidity - The code EN 1992-2 is not allowed calculation creep and shrinkage for relative
ambient humidity bigger then 80%. When user uses concrete material according to EN1992-2 and sets
RH>80% then during start TDA calculation appears warning about relative humidity.

SCIASESA PT x|

' E ambient relative humidity RH = 80%: is not allowed according EN 1992-2, Annex B

Long term delayed strain estimation

Long term delayed strain estimation is used acc. to chapter B.105, implementation of formula B.128. The
coefficient calculated with that formula is applied on formulas for concrete aged 1 year or more:

o(t;t0) (B.1) and cd,0 (B.11) for concrete EN1992-1-1

o ecd(t) (B.116) and ¢b(t;t0) (B.118) for concrete EN1992-2

User can set this option in material database in property of concrete for both EN concrete (see following)

mll':_.ua.[,.'ﬁ

A e BB 9 | & @ H| Concmte
C12/15 Temperature dependency of spe... Mone v| | -

C16/20 Themal conductivity [W/mK] 4 5000e+01

20725 Temperature dependency of the... ;Ione '| |
Order in code

C5/30 E EN 1992-2

C30/31 Characteristic compressive cylin... | 50,00

£35/45 Calculated depended values B

C40/50 Mean compressive strength fem... | 52,00

C45/55 fem(28) - fck{28) [MPa] | |
50760 Mean tensile strength fetm{28) [

C55/67 fotke 0.05(28) [MPa]

CB0/75 feth 0,95(28) [MFPa]

70785 Design compressive strength -p...

Design compressive strength -a...
C80/95 Strain at reaching maximum stre...
£90/105 Ultimate strain eps cuZ [1e-4]
C50/60(EN1992-2) Strain at reaching masimum stre...
C55/67(EM1992-2) Ultimate strain eps cu? [1e-4] a5
Ca0/75(EM1992-2) Stone diameter (dag) [mm] 32
C70/85(EMN1992-2) Cement class R
C80/95(EN1992-2) Silica fume O
C90/105(EN1892-2) Safety factor for longtem extrap... O _
Type of aggregate Quartzite =]
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7 Check of prestressed concrete according to EN1992-1-1

The check of prestressed concrete is performed only according to EN1992-1-1. There are not any
implementation of special check according to EN1992-2 which is code for design of bridges. There is only
possible to used special TDA calculation according that code (see 6.3).

7.1 Conc

rete setup

The final concrete setup is synthesis of national dependent values and standard setup independent

values.

Code dependent values are possible to see in Project Data>Code>National annexes.

iDEElw

A

| Bl | Postensioned | Concrete setuj

NA
E | Type of functionality

o

F g

Name
National annex

General

Design of joints
EN 1994: Desi
General

E _Type of values

&

]

=-5VEK

(- Concrete

- General
- Concrete
- Mon-prestressed reinforcement
- Prestressed reinforcement
i Durability and concrete cover
=- LS
- General
- Prestressing
5LS
- General
- Prestressing
Allowable stress
o Gtress limitation during tensianing
- 5L5 stress limitation
- Detailing provisions
- Bolumng

Name SVK
E Concrete
E General
B |Concrete
Bl National annex
B EN_1992_1_1
gamma_c_per - partial factorforc... | 1,50
gamma_c_acc - partial factorfor ... | 1,20
fok_max - maximum value of the ... | 90,00
alpha_cc - coeff. taking accourt ... | 1.00
alpha_ct - coeff. taking accourt o... | 1.00
kt - time reduction factor 3.1.2 (4) [] | 0.85
k1_red - coeff. for calculation of ra... | 0.44
k2_red - coeff. for calculation of ra... | 1.25(0.6+0.0
k3 _red - coeff. for calculation of ra... | 0.54
k4 _red - coeff. for calculation of ra... | 1.25(0.6+0,0
k5_red - coeff. for calculation of ra... | 0.70
k6_red - coeff. for calculation of ra... | 0.80
alpha_cc pl-coeff. taking accourt ... | 0.80
alpha_ct.pl-coeff. taking accourt ... | 0,80
B EN_1992_1_2
gamma_c_fi - partial factor for con... | 1
B EN_1992_2
alpha_cc - coeff. taking account ... | 0.85
alpha_ct - coeff. taking accourt o... | 1.00
Nonp 1 reinf
Prestressed reinforcement
Durability and concrete cover
uLs

Code independent values are possible to see in Libraries>Concrete setup.

DEElw

| El | Pastensio

)

Design default
Code independent values

5 Structure

M Load

[#-4& Load cases, Coml
----- H Construction stag

(#-Je€ Drawing Tools
- Libraries

B Materials
X5 Cross-section

F Named tem
B structure, An

B Steel

: Line grid and storeys

EJ--- Calculation, mesh

i FQ Catalogue blocks

B Concrete, reinforce
@) FPrestressing
= oo T

Code dependent values
Drawing settings
B Type of functionality
Prestressing
B Type of checks
Member data
Cross section characteristics
Intemal forces
Design
Automatic reinforcement de...
LILS response
ULS capacity
Crack
CDD check
Detailing
Allowable stress
SaT
Punching check

binatiol|
es

alysis

B _Type of values

HEEEA

]

HEHEEEEEEEEEE

Sy «|[ Name SVK
- Concrete ~ |||2 Concrete
21 Design defaults E | Design defaults
. Concrete cover = IMLI
Colurntis Use min concrete cover ]
Beams Design working life frears] 50
: Beam #labs Exposure class AC3
i Default sway type (for columng an Pbrasion class Mone
- General i
) ) Type of concrete In-situ concrete
[=- Calculation = =
General Special quality contral O no
- Colurnris Columns
----- Beams Beams
Beam slabs
i Interaction diagram Default sway type {for column....
Shear General
1D structures E uLs
- Construction joint SLS
= Detail: Code Dependent Deflections
Anchorage check Allowable stress
Bearing checks Detailing provisions
Reinf: and reinf
Creep Cross- +
Crack procf Wamings and errors
Code Dependent Deflections

Complete setup is visible in appropriate concrete check filtered according to check. For instance see
concrete setup for Allowable stresses of concrete.
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B Type of funclionality | SWK Mame SVK
Prestrezsing E =) Concrete B |Concrete
B Type of checks =) General General
Allowable stress 5] (=) Caleulation uLs
-~ General E |Allowable stress
LS B Stress limitation during tension.___
i General = National
=) Shear

D struct k1 - factor for maximum stress in pre... | 0.80
SaEE k2 - factor for maximum stress in pre... | 0.90

e - - k3 - increased factor for maximum st... 095
Stress limitation during tensianing

- 5L5 shress limitation
L. Caleulation lc7 - factor for maximum stress in pre... | 0,75

18 - factor for madmum stress in pre. | 0,85

k& - increased factor for masdmum c... | 0.70

[ Reinforgement and reinfarcement design
+ Input of reinfarcement Bl | 5LS stress limitation

) Hooks &= | National annex
- éynchorage of stimups k1 -factor for maximum compressiv... | 0.60

- dnchorage of longitudinal reinforc k2 - factor for maximum compressiv... | 0.45
i Prestrassing pre-tensioned k5 - factor for maximum stress in pre... | 0.75
Prestressing post-tensioned B Calculation
- Wfarnings and emors Bl Calculation settings

Increase allowable stress of prestre . O no
Increase allowable comprassive str.. O no
E | Use as allowable stress of c...

Use as allowable stress of coneret... | fotm
Allowable tensile stress of concrete ... 0,00
Alowable tensile stress of concrete ... | 0,00

Reinforcement and reinforceme....

Some important settings from concrete setup will be explained in the following chapters

7.1.1 User defined section only

This functionality is suitable for fast performing of concrete checks only in user defined section, where
is supposed the most loaded structure and extreme results. Check is performed only in those user defined d
section and duration of check is shorter. It is available for all concrete checks and design.

=1 Concrete = | Concrete
- General B General
=) Calculation B Calculation
. General EH General
=- U;LS Limit value for checks [ 1.00
- General User defined and end sections only  [BIRge
[=)- Shear

Concrete area weakened by reinfor... O no
Concrete area weakened by prestre... O no
uLs
Allowable stress

Reint nmemen

1D structures

= Allowable strezs

Stresz limitation during tengioning

SLS stress limitation

‘o Caloulation

= Reinforcement and reinforcement design
- Input of reinforcement

- Hooks
: Anchorage of stirups

: Anchorage of longitudinal reinforc D SB1

Prestrezsing pre-tenzioned

i Prestressing post-tensioned |

- W arnings and errors Y
PN
\‘\
E sB1 5B? 5
I | g .
A '_.a' F
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7.1.2 Concrete area weakened by reinforcement bars

When this checkbox is switch ON, then area of concrete CSS is reduced by bars. It has effects on all
concrete 1D checks.

5K B Concrete 4
£ Cancrete B General
=) General Bl Calculation
=- Calculation B General
- General Limit value for checks [] 1,00
& UELS User defined and end sections only |0 no ]
E----General Concrete area weakened by reinfor... Mgl T
= Séhe1ar[3 truch Concrete area weakened by prestre... | no
' Howsblestess ULS
= ém-;a = SHESE . . Allowable stress
i Stress limitation during tenzioning

- 5L5 stress limitation Reinforcement and reinforceme... _1

‘... Caloulation
[=)- Reinforcement and reinforcement design

Input of reinforcement
EI Hooks
il Ancharage of stimups g
i Anchorage of longitudinal reinforc
Prestrezzing pre-tenzioned
‘... Prestressing posttensioned
- wfarnings and emors

Ac=A

Ac=A-As

7.1.3 Concrete area weakened by prestressed bars

When this checkbox is switch ON, then area of concrete CSS is reduced by bars. It has effects on all
concrete 1D checks.

Sk, B Concrete
=k Concrete B General
=k General B Calculation
(- Caleulation B General
- General Limit value for checks [ 1.00
=- UELS Iser defined and end sections only |0 no
General Concrete area weakened by reinfor.. |00 no
= S:hear Concrete area weakened by prestre.... [BEgH
10 shuctures
= Allowable stress uLS
S . . Allowable stress
- Stresz limitation during tensioning

- SLS shess limitation Reinforcement and reinforceme .

- Calculation

[=- Reinforcement and reinforcement dezign
- Input of reinforcement

=+ Hooks

: Anchorage of shirups
Anchorage of longitudinal reinforg
- Prestressing pre-tenzsioned
- Prestressing post-tenzioned
- Warnings and emors

Ac=A
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7.1.4 Warning and errors

Combinations . F20-EMN-5LE Quasi.

When some check is performed then warning or error can be printed in the table.
Allowable stress concrete EN 1992-1-1

Linear calculation, Exreme . Member
Seledion : All

Bvaluated for seleded group of fibres © Upper
Prestres s c heck of allowable stress concrete for selected members

1D structures
= .-’-'«_Ilnwal:ule shress
i Stress limitation dur

- Wiarnings and emors

7.2 Member check, single check

Member de Case Fibre N 4" Oozs | Cogmin | Oogmax | Gottmin | Cottmax | Checkoms Check
[m] [kN] [kNm] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] [
I, Toomax | Tooon Ttern oo ap t:vm-rr.qp Checky WWiE
[kHm] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] =
B1 D000| F20-EN-5.S 0,00 D00| 000| 000| 000| 000| 0,00 0,00 [NOT OK
Quasin
poo| ooo| o0o00| o0po| o0po| 000 1,00 |asa
B2 0,000 | F20-EM-SLS 3| -30818,.21 -FO0603| 129 139 -138( 4866 112 011 JOK
Quasin
0,00 0,00 0,00 000 | 1575 | 000 1,00 §224,198 197
B2 15,000 | F20-EM-5LS 3| -32512,02 37399 403 -403( -403| 463 -343 0,29 JOK
QuasiM
000 000 0,00 000 (1575 0,00 1,00 |224198 197
All warnings and errors are stored in the concrete setup.
SWK. MName SVK
= Concrete B Concrete
= General General
- Calculation ULS
- General Allowable stress
= U:LS B Reinforcement and reinforceme._
General
= Shear

iing/emars nu Type Description
1 (1 Off Calculation successful. There are netther wamings nor emors.
2|2 Waming The main reinforcement area was designed according to min. required reinfor:
3|3 Waming The waming has not been specified yet.
4 |4 Waming Mo or zero intemal forces found in the section.
5 |6 Waming Shear force camed by concrete. Mo shear reinforcement required.
6 |10 Waming The cross-section zone for calculation of percentages of reinforcement is in te
711 Waming The cross-section zone for calculation of percentages of reinforcement is in c
8 |12 Waming The cracks did not appear.
9 |32 Waming The cross-section is in pure tension.
10|33 Waming The crogs-section iz not checked against the min. required percentages.
11|34 Waming The reduction of intemal forces is not peformed .
12 |35 Waming The check of the geometry coefficient is switched OFF.
13 (36 Waming Check of cross-section loaded by N+My+Mz is switched OFF.
14 |37 Waming Check of cross-section loaded by shear force is switched OFF.
4| I

The modelled structure can be checked by two ways:

e globally using Memebr check

e detailed using Single check
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7.2.1 Member check

Member check is performed from the standard concrete check service. The results are displayed along
the selected members. The output table has different output according to extreme:

e Global — one extreme result of all checked members
Allowable stress concrete EM 1992-1-1

Linear calculation § Exdreme - Glooal
Seledtion - All

Combinatlons | FO-EN-5.5 Quedl
Bwaluated for selected graup of flarss - Upper

Prastrass check of aliowabis stress concrets Tor salected membsrs

Member d, Cass Abre H M, T T rein | Tonmn: | CHEON Cheok
Il | pm] | MPa) [MFx] | [WFa] &
", . Tovrps | ermsr | CPEOH, WE
pm] | P MF2] | piPa) 2
B2 0.000 [Fa0-2n-aE 3|-Etazt| -me0ens| 1@ 186 112 0,110
ez M
000 o0o| aoo| ooof-1s7s| eee 1.00 |z24.198.197
B7 1,000 | F20-EN-3LS 3|-32523.00| 134312 447 -447| -447| S20| 374 0,33 oK
ez M
000| 000 aoo| aoof-1s7s| 000 1,00 | 224,198,197

¢ Member — one extreme results of each checked member
Allowable stress concrete EM 1992-1-1
Salection - Al

Combinatlons | FO-EN-8L5 Qusd
Bwaluated for selecied graup of flares - Lippar

Prastrase check of aBowaDis strass concrats Tor s26ected mem bsrs

Mamber d, Case Fibre ] M, T o | ey | Teiernne | TS0, Che ok
o] M1 [kkm] MPa] [MFa] | [MFa] | MFal s
M, e puae foger | Toop |Tnpsng | Ch=oiy, WE
[ikm] | pPE] MPz] | mMPa] | paFa] H
1 0,000 FO-EN-ELE 000 000 Q00| Q02| 000 Q00| @00 0,00 |NOT O
Cuas
000 Q00| Q02| 000 @88 @00 1.00 | 858
B2 0,000| FO-EN-ELS 3|-3081821| -mM0603( 138 -1 1.3 -186] -112 0,11 |08
uas N
000 Q00| Q03| 000)-1ETS| @00 1,00 | 224,135,187
B2 15,000 | FO-EN-ALS 3[-3251202 -ITIEE | -403| -403) 403 B3| -343 [1he-h ke 4
uzsE
000 Q03| 0.01| 000]-1575| 000 1,00 | 224158197
B3 0.000| FO-EN-2LS Qa0 000( 000 Q00| Q00| Qa0 @00 0.00 | KOT O
Quza
000 Q00| Q03| 000 Q@0 @00 1,00 | &58
B4 0,000 FO-EN-ES5 3|-3230144 | -213T754| -3ZE| -31I8| -3ZE| 405 -2 026 |08
uzsE
Q00| Q00| Q02| 000)|-A&TS| @00 1,00 | 224138197
B4 1,000 FO-EN-ELS 3 |-3257355 91385 | -379| -3T9) -3T9| 454 -304 0,29 |08
uas
J00| Q00| Q00| Q00(-1575| Q.00 1.00 | 224198197

e Section — extreme results in each section along all checked members
Allowable stress concrete EM 15992-1-1

Liear it
Sekction - All

Comingticns © F20-EN-2L5 Cuzdl
Balusted for seleced o of fiores - Upper

Prastrass check of aliowabls stress concrets Tor salected membsers

Ma=miber CH G Fibrs H M, Tean =T
] ] [ickim] MiF=]
M, o T ol WE
[ickimn] PiF =] H
B1 Q00| FO-SN-EE 200 000 Q.00 Q00 o0 009 0,00 [NOT O
QM
Q00| 900 @03 Q00| o00| 000 1,00 (@55
Bl 0.250| FO-EN-ES 000 000| 000( @03| Q00| o080 @09 0,00 | NOT O%
QuzdE
000| 000( @03| Q00| o080 @09 1.00 (@55
B1 Q50| FO-SN-EE 000 000| 900 @03 Q00| o00| 000 0,00 [NOT OF
Quazd M
Q00| 900 @03 Q00| o00| 000 1,00 (@55
Bl 0.500| FO-EN-ES 000 Q00| 900 @0J| Q00| 000 000 0,00 | NOT OK
Quazd M1
000| 900( @03| Q00| o00| @00 1.00 (8558
B1 0300 FO-SN-EE 000 000| 900 @03 Q00| o00| 000 0,00 [NOT OF
Quazd M
Q00| 900 @03| Q00| o00| 900 1,00 (855
B1 0.750| FO-EN-ES 200 000| Q00| @03| Q00| o090 o089 0.00 | NOT O%
Quazd M
Q00| Q00| Q00| Q00( @o9| 009 1.00 | 858
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e Cross-section — one extreme results of all checked cross-section
Allowable stress concrete EN 1992-1-1

Selection - All

Combinations - FO-EN-8L5 Guad

Case Fib re [ M, Top Tonrdn | Teqrmer | Trmin | Term | Thealk Cve ol
(kM) [kHim] MPa] | [MPa] | [MPa] | [MPa] | [MPa] [
M, Torpowe | Tezon | Tt | T |Trasr | ChOSH, e
P ] PFz] | [MPa] | [MPa] | pAPa] | MPa] H
B1 0000 |FRHEN-ELE 000 Q00 Q00 Q00| Q00 @] 000 0,00 [MOT OK
Qnzd M
Q00| 000 000 Q00 o000 000 1,00 | 855
B2 0,000 | FA-EN-ELS 3|-30818.21| -r0603| 13| 13| -1.38| 188 112 0,11 |OK
[+.0-- R3]
000] 000] Q00| 000(-1575| 000 1,00 | 224,188,187
&7 1,000 |[FR-EN-ELE 3| -22523,00 1B AZ| 44T 447 | 447 2| -3T74 0,33 O
Qe M
Q00 000 Q00| Q00(-187S| 0400 1,00 | 224158197

7.2.2 Single check

Almost all concrete checks has single check. It is detailed analysis of one cross-section. Action button
to go there is following in the bottom of service.

Refresh e
Calculation info LY
Concrete setup -
|Single Check EETTN |
Preview - |

Dialogue of single check provided to user selects:
o Extreme of normal forces (N+; N-; Vz+; Vz-...)
e Section along the selected member

e Appropriate tabsheet with detailed results. Tabsheets are dependent on type of concrete
service, but mainly there are following:

o Cross-section

o Loads
o Strain
o Stress

o Stress/strain diagram
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E55 1IN C

Calculation | Input of intemal forces and stresses
Step / position

21 105
(=] (=] [= (=] f=] (=] (=] [= (=] [= (=] (=]
sssssssssss2858888888¢8¢
. = — oo -+ o =om o — - = — [ — R — — = o
[¥] automatic
recalculation-redraw ; n n N n N n m n n n n n n n n n N n : ro—
Selected section - ' i ' 1 ' i i h h h | | , \ i H ; j '
Calculation
|Cross&ection I Loads |St|ain | Stress |St|ain 30 | Stress 3D | Forces 30 | Stress/strain diagram
Code setup
Extreme My+
-31293.44| kN

T Stress [MPa]
Mz |[ leNm f&

e —— L L o [,
Numerical output 1 1 1 2,1/8%

7.2.3 Check in named items - fibres, cuts, joints, parts of CSS

Definition of named items was described in chapter 5. Here the using in concrete checks will be
explained. The idea of using named part is to get user friendly results and to increase speed of check. SEN
supports following named items in the following services.

e Named fibres
o Check response
o Allowable stresses of concrete
e Named cuts
o Allowable principal stresses
e Named joints
o Check response — check of shear in construction joint
o Design As
e Named parts of CSS
o Check response
o Allowable stresses of concrete

o Allowable principal stresses

For instance you can see results of allowable concrete stress for upper fibres

e for member check
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. Allowable stress concrete EN 1! =

Name Allowable stress c...
Selection Al LI
Allswable st te EN 1992-1-1 Type of loads Combinations LI
owable stress concrete EN -1-
Combinations F20-EN-5LS Quas x|
Linear caiculation, Extreme - Global Mo -
Selection - All Fitter d
Comblations | FX-EN-AL5 Cusdl Print explanation of er... O
Evzluzted for selected grap of fiors - Upper Use named fi =
Prastress check of aliowable strese te Tor sslected members -
Mamed fibres Upper |
Member | g Casa Fibre: N M, Toga | Teaein | Tegree | T | Torrmne | ThS0 K Che ok
=] M) EMm] | Pa] | (MPa] | (MPa] | (MP2] | [MP2] H Use named CSS pats |0
M, T | Tecen | fomw | Tecop | foramgn | R0, WE Values sigma cc.gp LI
BHm] | pPa] | (MPa] | [(MP2] | Pa] | MPa] 2]
B2 0,000 |F ) HEEEREIEESHEE EE EEI I EEE 0,110 Extreme Member =l
: Q00| Q.0 Q00| Q00| -15TS| 000 1,00 |Z24.155,197 Lrawing ssfup _I
s * - Section Al LI

e for single check — only named fibres are available in single check

233 1 |
z
A |
5 |
- = = L = |
PY e o l
£ B 2
” |
|
| - 23.3
on

Stress [MPa]

7.2.4 CSS characteristic, transformed

The service of CSS characteristic is service which can provide to user all necessary information about
the CSS. This service is situated in Concrete > 1D member.
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Properties x

Name

Selection Al ;I
Type of loads Combinations LI
Combinations F1-EN-ULS (STRAGED) Set B - I.stag-:l
Filter Mo ;l

Print explanation of er... O
B Settings of CSS ..

Type of CS5 charac... |fue=! -
S | Cotaedeom-

Cancrete Transformed
Reinforcement O
Design defaults Prestressing reinfor.. O
=9 10 member = Subtract from c...
----- 1. Member buckling data Reinforcement O
..... T Member data Prestressing reinfor... |0
----- [H; Concrete slenderness - ([;;C:id' of =
. 10 ——
= G---z;ldzsef:\::?:;i?;ient Calculated CS5 by selected combination ;I
B Calculation of ...
""" I Mew stirrups C5S characteristic... |to center of gravity of crosssection |
----- = Mew longitudinal reinforc Certer of gravity nomal cross-section |
----- E|: Edit reinforcement in sec Values A R4
----- == Add transverse bending Exireme Member |
=B Automatic member reinforce; | Drawing setup o
L Member data Section Al R
----- B[ Reinforcement design
----- 'E'E[ Cross-section characteristics
- Internal Torces
EI&,.. Member design
o % Design Calculation info e
o "E" Design of non-prestress: | Concrete setup Ll
=By, Member check Preview 2> |

This service performs calculation of geometrical properties of cross-section with including the following:
e the prestressed reinforcement
e the non-prestressed reinforcement
e ducts of tendons

e time

e Type of characteristic with two items
o normal (only one check box from concrete, reinforcement and tendons can be switched on)
o transformed
e Calculated components - three check boxes
o concrete (for transformed characteristic, this check box will be always switched on)
o reinforcement
o tendons
e Subtracting from concrete will be active if the check box Concrete is switched on
o reinforcement
o tendon
o ducts
e Characteristic related to with the following items
o to centre of gravity of cross-section
o to centre of gravity of cross-section phase ( new combo Phase of cross-section with the
following items:
= all phases,
= by selected combination,
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e Values

defined by user
o to selected named fibres (new combo with named fibres will be active)
o tothe point (new properties for definition y and z coordinates will be active)

o the values for normal characteristic
A, ly, Iz ty,tz,Sy,Sz,bw, Wy+, Wy-, Wz+, Wz-, iy, iz
o the values for transformed characteristic

Ai, lyi, Izi,tyi,tzi,Syi,Szi; Wyi+, Wyi-, Wzi+, Wzi-, iyi, izi

The results can be following:

Cross-section characteristics EN 1992-1-1

Linear calculation, Extrerne : Member

Seledion : B2

Combinations : F21-EN-ULS (STR/GEO) Set B

Cross section characteristics for selected members

Member Case Y, i, A I, 5, W, w,.
[m] [mm] | [mm] [mm?] [mmi*] [mm] [mm?] [mm]
Fom t: b Iz W Wiz
[mm] | [mm] [mim] [mimi*] [mm?] [mm’] [mm?]
B2 0,000 | F21-EN-ULS (STR/GED) ars0 a 7852999 1451194248189 TTAEE02 | 2087944031 13897438042
Set B/4
1068 1 2788 | 97ETE3187EEEX 0 | 14500492096 | 14500492098

7.2.5 Not calculated internal forces

The frame XZ which is used for the time dependent analysis doesn’t respect effects of torsion in this
project. The envelopes of mobile loads for extreme Mx (torsion moment) should be analyzed on different
project type frame XYZ. The value of Mx should be defined in project Frame XZ as Not calculated internal

force.

The user should defined not calculated internal forces in menu Loads>Not calculated internal forces

for selected loadcase.

Load

[ UL-Traf_cha-tax vz

= Point force

iwd innode

fed on beam

-] Line force - on beam
-t Thermal - on beam

=k % Moment

L4 innode

ol on beam

&% Line moment on beam
=¥ Puint displacement

#*  Tranzlation of support
*=1=' on bean - rel. tranzlation
*, Rotation of support

52 o beann - rel. rotation
=455 Line displacement
‘.= on beam - longitudinal strain
‘5= on beam - flexural strain
~Bf Plane generator
Pond load - water accumulation

2] Mews mobile load track

The dialog for definition of Not calculated internal forces is following. There are several types. We

use type Mx.
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# ' Not calculated inte

Name
(Twpe
Distribution
Calculated results
Parameters

Distribution should be following; type Polynomic is used for definition only in one section near the

second support.

¥ '| Not calculated internal force

Name NCIF1
Type Vi

Z
Distibufion S [T

Calculated results Uniform
P Trapez

The value of Mx is defined in this dialog.

TrianEIe

Cancel

Posx Walue - M [lkNm] |
1 0,000 -12805,00
2 0.250 0.00
3 0.500 0.00
4 0.750 0.00
5 1,000 0.00

The displaying of not calculated internal forces in 3D window is following
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Properties X
— Not calculated intemal forces (1) v \Uﬁ
- Name NCIF1

Type Mx _:J
Distribution Polynomic L]
Calculated results Addto Rd
Member B4
Load case UL-Traf_cha-Max Vz v|..

7.3 SLS - concrete checks

7.3.1 Prestress crack check

The cracks of the prestressed members are calculated according to chapter 7.3 from EN1992-1-1 and
check is performed in service Concrete>Member check>check of prestressed concrete>Crack control.
The prestressed structure is with bonded tendons and will be checked for frequent combination according to

table 7.1N from EN1992-1-1. The exposure class is set in chapter 7.3.2.2 as XD3. The decompression has
to be checked in this case.

7.3.2 Allowable concrete stresses

7.3.2.1 Domain knowledge of allowable concrete checks

The explanation of displayed values is following
e The stress before and after anchoring
o In compression

"  o.cmax — allowable stress in compression before and after anchoring, defined in
chapter 5.42 in EN1992-1-1

o O koS (t) (5.42)

cc,max
e kg= 0,6 (for pretensioned concrete is possible to increase allowable stress

on value 0,7 when it is verified that cracks don’t appear)
"  0:aa — Calculated stress in concrete,

o Intension
"  o.cmax — allowable concrete stress in tension before and after anchoring; defined in
Concrete setup and default is OMPa
" 0.aa — Calculated stress in concrete,
e Stress from SLS combination
o Characteristic combination — longitudinal cracks
= |n compression

e o..cn — allowable concrete stress in compression from SLS characteristic
combination, only for exposure class XD, XF a XS.

o O-cc,ch = kl : j;k(t) (72(2))
(@) k]_ = 0,6
*  owqmin — Minimal stress in concrete after application selweight all permanent

and variable loads
= |ntension
o fue¢ - allowable concrete stress in tension from SLS characteristic
combination,
e The value f..is possible to setin Concrete setup>Allowable stresses:
o fum —the mean axial tensile strength
o fums—the mean flexural tensile strength
= foma = max{(1,6-h/1000)*fim; ferm)}
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»= h total depth of CSS

Ocq,max

permanent and variable loads
o Quasi-permanent combination — great creep

In compression

Occ,qp

maximal stress in concrete after application selweight all

allowable concrete stress in compression from SLS quasi-

permanent combination, linear creep may be assumed
O Ouu™= k,- f,(t) (7.2.3))

o k;=045

Ocitmin — Minimal stress from longterm load
In tension

feretiqp — allowable concrete stress in tension from SLS quasi-permanent

combination,

The value

fct,eﬁ,qp

setup>Allowable stresses; default OMPa
Ouitmax — Maximal stress from longterm load
e Other not checked, only drawn

Op.inc — iINCrement of stress from selected LC

is possible to set

in Concrete

Some important values needed for calculation is recommended to set before check is performed.

7.3.2.2 Exposure class

The exposure class of concrete is possible to set in Concrete setup>Design defaults. The check of
allowable concrete stresses and crack width depends on this exposure class. The class XD3 is set in this

example.

B _Type of values

Design default
Drawing settings

Bl Type of functionality
Prestressing

]
e

B

SWE

=8 Concrete
) Design defaults

- Concrete cover

- Columng

- Beams

- Beam slabs

- Default sway tupe [for columng and b

- Reinforcement and reinforcement design

Input of reinforcement
=1 Hooks
Anchorage of stirups
Anchorage of longitudinal reinforc
- Prestressing pre-tensioned
- Prestressing post-tensioned

MName
E Concrete
Bl Design defaults
Bl |Concrete cover
Use min concrete cover
Diesign working life fyears]
Exposure class
Abrasion class
Type of concrete
Special quality control
Columns
Beams
Beam slabs

Default sway type {for column__
Reinforcement and reinforceme._

SVK

=
50 |
[xca -
X0

XC1

XC2

3 |
XC4

XD1

XD2

XD3

X51

X52

X53

The exposure class for each member is also possible to set by Member data.
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Name

Member

Beam type

Advanced mode

El | Minimal concrete cover
Input for sides O

Structural class 53
Egosueclass &
Abrasion class

Situation of Delta:cdewv
Concrete

Stone diameter [mm]

Special qualty control
cmin,dur [mm]

Delta;cdur [mm]

Bl Calculation of Delta:c...
Delta;cdur gamma [mm]
Delta:cdur st mm]
Delta;cdur add fmm]

= Design
Material
B Upper

Load defautt values
Concrete Setup B

Cancel

7.3.2.3 The factor for prestressing used in allowable concrete stresses

The upper and lower factors of prestressing force for check of allowable concrete stresses are possible
to set in Concrete setup>SLS>Prestressing.

Concrete setu
EH Type of values | = SWK Mame SVK
MNA |55 =- I:_Dncrete E Concrete
& Type of functionality =) General General
Prestressing 5| i Concrete ULS
i Mon-prestressed reinforcement B 5LS
Prestrezsed reinforcement General
i Dirability and concrete cover B [Prest - |
& U-LS Tl Mational annex
- Generl r_sup_pre - upper characteristic val... | 1.0%

Frestrezzing
- 5L5
General

r_inf_pre - lower charactenistic valu... | 0,95
r_sup_post - upper charactenistic va... 1,10
r_inf_ post - lower characteristic val... | 0,50
H  Allowable stress

=1 Allrwaahle stress A s

7.3.2.4 The factors for check of allowable concrete stresses

The factors for the calculation of limit values of concrete stresses from the code EN1992-1-1 is
possible to set in Concrete setup>Allowable stresses.
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B Type of functionality

Prestressing
B Type of checks
Allowable stress

]

|

SVK
(- Concrete
- General
- Caleulation
i General
=- ULS
- General
= Shear
1D structures

- Stregs limitation during tensioning
- 5L5 stress limitation
- Calculation
- Reinforcement and reinforcement design
i Inpuit of reinforcement
= Hooks
Anchorage of stimups
Anchorage of longitudinal reinforc
- Prestressing pre-tensioned

- Prestressing post-tenzioned
- Wfamingz and erors

7.3.2.5 The check of Allowable concrete stresses

Name SVK
El Concrete
General
ULS
B [Allowable stress |
Bl Stress limitation during tension__
El | National annex
k1 -factor for maxdmurm stress in pre... | 0,80

k2 -factor for maximum stress in pre... 0,90

-j i 0.95
I k6 - increased factor for madmum c.. D.Tﬂl

l¢/ -tactor tor madmum stress inpre... |0,/
k8 -factor for maximur stress in pre.. | 0,85
Bl |SLS stress limitation
B Mational annex

k1 -factor for maximum compressiv... 0,60
k2 -factor for maxdmum compressiv... | 0,45
k5 -factor for maximum stress in pre... 0,75

E |Calculation
B Calculation settings
Increase allowable stress of prestre.. |00 no

Bl | Use as allowable stress of c___

| Increase allowable compressive str... O no I

Use as allowable stress of concret.. | fctm
Allowable tensile stress of concrete ..

The user has possibility to perform this check in Concrete>Member check>Check of prestressed
concrete>Allowable concrete stresses. The results of the check will be calculated and drawn for selected
combination and value. For instance Check value of the SLS characteristic combination in 100 years is

following.

1D member
Setup
(19 Member buckliing data
T Member data
- Redistribution data
9 Concrete slendemess o
1 Redes (without 45)
480 New reinforcement
el New stirups
£ New longitudinal reinforcement
T Automatic member reinforcement design
Member data
T Reinforcement design
T Cross-section characteristics

¥ = 9

I

Properties

Name
Selection Al

Type of loads Combinations
- Combinations

“ | Fiter

1 Print explanation of e...
Use named fibres

Use named CSS parts
Values

Check value

sigma ccmax

Wildcard

ooo

=
5
@
Q
o
3
o

B

T Intemal forces
L Member design
57 Design
% Desian of non-prestressed reinforcen
B . Member check
= &4 Check of non-prestressed concrete
€ Crack control
F Check response
qa Check capacity
= &4 Check of prestressed concrete
IE Crack control
P Check response
Q} Check capacity
T Allowable principal stresses
Ll Check of prestressing reinforcer|
£ Pretensioning - Beam strand pattem
New free bars - New free bar

i

The output table with extreme Member is following.

J'A

sigma cc.ch
sigma cc.gp
fcteff

sigma c.aa
sigma cq,min
sigma cit.min
sigma cq.max
sigma clt.max
sigma c.inc
Extreme
Drawing setup
Drawing
Section Al

= 0000000000

Allowable stress concrete EN 1992 v |

Allowable stress concrete E...

F17-EN-MSP char. - Char_

[RARARARE

I«

KA K 3 K

Refresh
Calculation info
Concrete setup
Single Check
Preview

33>
>33

F

>35> |

>33

;

>>> |
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Preview =
b == —
B | B &= L] 10 B | T defaurt = default - B
Combinations : F1T-EN-MSP char.
Prestress check of allowable stress concrete for selected members P
Member d Case Construction Fibre N M M cmucalc Cl'veck“m Check WIE
[if] stage [kH] [itifn] | i [l [1
Bi 1,000 | F1T-EN-MSP STIiT 3| 3172158 B51.48 0,00 0,09 1,00 | 0K X24 159,187
char.il
B2 0,000 [ F1T-EN-M5F BTI7 3] -2181B42|-B313.21 0,00 0,52 1,00 |0 224,153,187
char.i1
B3 1,000 | F17-EN-MSF STIT 3| -IIMET4| 247724 0,00 0,24 1,00 | 0K 224,199,197
char.i1
B4 0,000 |F17T-EN-MSF STIiT 2| -12451.44 | -524518 0,00 0,40 1,00 Ok 224,159,187
char.il i
BS 5,000 | F1T-EN-MSF STIT 9| -308556%8 | -5403,90 0,00 0,42 1,00 | OK 224,199,197 5
char.i1
BE 12,000 | F17T-EN-MSP STIiT S| -IITTT20| £8B4T7ER 0,00 0,50 1,00 O 224 159,187
char.i1
BS 0,000 | F1 T-EN-MSP STIT 2| -3ZEB1.21 | 13448 56 0,00 0,47 1,00 | 0K 24 159,187
char.i
BT 1,000 | F17-EN-MSP BTiT 3| -125E5.42| TEZR4E 0,00 0,36 1,00 O 224,158,187
char.i1
Bi1 15,000 | F1 T-EN-MSP STIiT 8] -35186,01|-8BT3B3 0,00 0,58 1,00 | 0K X24 159,187
char.il
B3 0,000 [F1T-EN-M5F BTI7 3| -34T02.T1| 11754, 58 0,00 0,29 1,00 |0 20 159,157 L
char.i1
B10 0,000 | F1T-EN-MSF STIT 9 -I448738 | -2B12AT7 0,00 0,33 1,00 | 0K 224,199,197
char.il
Biz 0,000 F17T-EN-MSF STIiT 3| -35985.56| 155466 0,00 0,10 1,00 Ok 224,159,187
rhar /1
Heady [en] 4| m [> -
For the selected values ¢ cnh and c¢qmin are results following
onete A x|
1D member
Isd‘:::er Buckiing data Name Allowable stress concrete E...
T Member data Selection A — =
=+ Redistribution data Type of loads Combinations =
[ Concrete slendemess Combinations F17-EN-MSP char. - Char_ v |
{1 Redes [without As) Fiter Wildcard e
~/E8 New reinforcement 1 Print explanation of e... O
i New stirups Use named fibres m]
[Z= New longitudinal reinforcement Use named CSS pats O
B Automatic member reinforcement design Values More comp ;l

BE4 B5 B&B7 B2 B®IC BN E

; E Member data Check value

u]
.5 Reinforcement design ﬂt sigma cc,max. m]
Ty Cross-section characteristics é L L] 1 || é 1| il e e h ]
T Intemal forces FITTTTTTT AT AT T 1 ML i TN soma ccvqp o
By, Member desian b £ g [T i foteff = o
5T Design K % k T —
T Design of non-prestressed reinforcen) ? g L b 2
B, , Member check sfgma cq.m.ln L=
=By, Check of non-prestiessed concrete =3 s 8 & 2 & 8 8 = ct i =
B2 Crack control &= =N &N NN vy ([ Soma.cq.mac 0
i P Check response () (i (E T ) | 1 | sigma cit.max (m]
"l Check capacity sigma c.inc (=}
=] &. Check of prestressed concrete Extreme Member po.d
TE Crack control Drawing setup e
P Check response i 3D Rd
i 4« Check capacity Section Al Rd
T Allowable principal stresses 3
- hul Check of prestressing reinforcer Refresh Sas
= Pretensioning - Beam strand pattern Caleulation info S5
New free bars - New free bar ~ = vl

and output table is following
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Preview
| %Hl ||% D ||:Iﬁ.ﬁ| T default - [E default -
Allowable stress concrete EN 199211
Linear calculstion, Extrame : Member
Selection : All
Combinations : F1T-EN-MSP char.
Prestress check of allowable stress concrete for selected members
Member | d Case Fibre | o o . |o o . o Check Check
o] L I fﬁmf" . m[.flc e
o o o .
fiegf*| [Aed | (Rl | [AR%P | THASEP [m
Bi 10,000 |F1T-EM-M5FP char./2 3 -158 1,73 -1,3 -1.56 -1,48 0,08 | 0K
ST17 0,00 -M.00 3,76 0,10 0,00 1,00 | 224,198,157
B1 1,000 |[FIT-EM-MSF char./2 3 =170 1,83 -1,20 -165 -1,38 0,05 [0k
STIT 0,00 -2.00 3,76 0,0 0,00 1,00 | 224,198,157
B2 10,0500 |F17T-EM-MSP char./3 5 -10,10) -10,82 -1,13  -10,04 -1,45 0,52 [OK
ST17 0,00 -2.00 3,76 0,100 0,00 1,00 | 224,198,157
B3 0,000 |FIT-EM-M5F char./2 3 -4 44 -4.8% 0,35 -3,37 -1,08 0,24 [CH
STIT 0,00 -21.00 3,76 0,0 0,00 1,00 | 224,198,157
B3 1,000 |[F17-EM-MSP char./2 3 -4 BE -5,12 0,51 -3.47 0,56 0,24 | 0K
STIT 0,00 -21,00 3,76 0,10 0,00 1,00 | 224,198,157
B4 0,000 |F17-EM-MSP char./3 k] 200 -3.34 -1.74 -5B5 -31,87 0,40 [0
STIT 0,00 -21.00 3,76 0,04 0,00 1,00 | 224,198,157
BE 10,0600 |F17-EM-MSP char./2 9 £.74 -TH -2,20 -4 45 -3,82 0,24 |OK
STIT 000 -21.00 3,76 0,100 0,00 1,00 | 224,198,157
BE E,000 |F1T-EM-MESP char./3 ] -T B4 -8,80 -2,20 -B.B2 -3,38 0,42 | 0K
STIT 0,00 -21.00 3,76 0,100 0,00 1,00 | 224,195,157
BE 0,000 |F17-EM-MSP char./2 3 £,02 6,44 0,28 -4.51 -2,58 0,21 (0K
STiT (1] ] -M M I TR (111 1] (1N 1 00 1724 195 157
U Header

|3

m

The concrete stress should be calculated for selected fibre only

Properties

Allowsble stress concrete EN 1992 « | §f 0

Mame
Selection
Type of loads
Combinations
Fitter

Use named fibres

Uze namad CS5 parts
Values

Check value
sigma cc,max
sigma cc.ch
sigma cc,gp

f ot eff

sigma c.aa
sigma cq,min
sigma clt.min
sigma cqg,max
sigma clt.max
sigma c.inc
BExtreme
Drawing setup
Drawing
Section

Print explanation of &...

[Namedfibres | [I9¥%

Allowable stress concret ..
Al
Combinations
F17-EN-5LS Char. - Chz «
Wildcard
O

[

RAENERRS

4

ppel

3
=
i

OoooROoOOoO0=EO0

Member

4

Fs

m

Al

Calculation info
Concrete setup
Single Check
Preview

W
W
W

Then results for upper fibres are following
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Preview x
By EE & = 0| T defau - default -
Allowable stress concrete EN 1992-1-1 it
Limear calculation, Extreme : Member
Selection : Al
Combinations : F17-EN-MSF char.
Evaluged forselected group of fires : Upger
Prestress check of allowable stress conc rete for selected members
Member d Case Fibre | o o .| o . o Check Check
[ wies | i fﬁﬂr‘a“f‘ fil2y fﬁﬁ‘F"a‘f‘ o [-1:“"’ e
o o o ECK .
e | Abe | Fef | (AROP | AP g 'im
B1 0,000 |[F1T-EN-MSP char./1 0,00 0,00 0,00 0,00 0,00 0,00 | MOT OK
ST1T 0,00 0,00 0,00 0,00 0,00 1.00 | 858
BZ 0,000 [F17-EN-MSP char.i2 3 -1.53 -1.80 -1,28 -1.48 -1,48 0,05 (0K E
5Ti7 0,00 -2,00 3,20 0,00 0,00 1,00 | 224,155,157
B2 17,000 |[F17-EN-MSP char.i2 3 -543 5,12 -4 75 4,18 -4 18 0,25 0K
STI1T 0,00 -M.00 3,20 0,00 0,00 1,00 | 224,155,157
B3 0,000 |F17T-EN-MSP char./1 0,00 0,00 0,00 0,00 0,00 0,00 [ MOT 0K
STiT 0,00 0,00 0,00 0,00 0,00 1,00 | 858
B4 10,000 |[FI17T-EN-M5P char./2 3 =512 -3.89 -4,35 =387 -3,67 0,28 |OK
ST1T 0,00 .00 3,20 0,00 0,00 1,00 | 224,155,157
B4 1,000 |F17-EN-MSP char./2 3 -5 A1 6.38 -4 85 4,18 -4, 18 0,20 [ oK
STiT 0,00 -2,00 3,20 0,00 0,00 1,06 | 224,159,197
BS 0,000 |[F17-EN-M5P char./2 3 -4 55 -5.30 -4 82 =380 -3, 80 0,25 | Ok
STI1T 0,00 -M.00 3,20 0,00 0,00 1,00 | 224,155,157
BES 20,000 |F17-EN-M5P char./2 3 G768 -T. 48 8,03 -5,83 -5E3 0,25 [OK m
STiT 0,00 -M.00 3,20 0,00 0,00 1,00 | 224,155,157
BE 10,000 |[FI17T-EN-M5P char./2 3 =587 5,38 -5,58 -4,83 -4,83 0,30 | OK
STI1T 0,00 -M.00 3,20 0,00 0,00 1,00 | 224,155,157
B 20,000 |F1T-EN-MSP char /2 3 S22 -5.30 -5,54 -4 81 -4 51 0,23 [ Ok
5T17 0,00 .00 3,20 0,00 0,00 1,00 | 224,158,157
BS 0,000 |[F17-EN-MSP char./1 0,00 0,00 0,00 0,00 0,00 0,060 | MOT Ol
STIT 0,00 0,00 0,00 0,00 0,00 1,00 | 858
BT 0,000 |[F17-EN-M5P char./2 3 536 -T. 14 -B.8T -5,23 -5,23 0,24 [OK
STiT 0,00 -M.00 3,20 0,00 0,00 1,00 | 224,155,157
BT 1,000 |F17-EN-MS5P char./2 3 £8.72 -T.43 -5,59 -5,59 -5,59 0,35 |OK
5 Allowable stress concrete EM 1332-1-1 1 | LI s -
The detailed analysis only in one section is possible using button Single check
Check allowed stress in concrete =)

Caleulation ] Input of intemal forces and stresses
Step / position

21 20,9999

o o o o o o o o o o o o
| | <l o o o o o o o o o o o © & &6 & §@ & & & & & & &
<) 2| << > S 2 2 8§ 2 2 2 @ 2 2@ S —Z @6 @ =@ 6 © & © @& o o
S = o 6 T W @ M @ o e = e e e e = o= e = N &
v automatic
recalculation-redraw S——
W | T HEH j N I N j e e |
Calculation
Code setup Cross-section 1 Loads I Strain  Stress ]Sha\n 3D | Stress 3D ] Forces 3D | Stress/strain diagram
A
Calculation | T PR WA T ] [
| === == == — =Y © =
Show 3D diagram L J 1 l <t
ERE SR =
- [0e)
MNumerical output
Change of setup
Dimensioning is drawn in the direction of in-plane
é gradient of the strain plane [mm]

>

Total result : Calculation successful. There are no wamings or no emors. (1)
& - al:

«
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7.3.3 Check of prestressing reinforcement

7.3.3.1 Domain knowledge

The explanation of displayed values is following
e The stress before anchoring
o ©pmax — allowable stress in prestressing before anchoring

. O pmax = mjn{klfpk;kz pO.lk} (5.41)
- k1: 0,8, kz = 0,9
* k3 =0,95 (opmax = Ks*fpor) if special measurement of prestress force is applied
o oppa— Calculated stress before anchoring,
e The stress after anchoring
o opmo— allowable stress in prestressing after anchoring,
" O™ mjn{k7fpk;k8fp0.1k} (5.43)
= k;=0,75;k,= 0,85
0 Opaa— Calculated stress after anchoring
e The crack limitation from SLS characteristic combination during service — cracks and

deformation
o opm— allowable stress in prestressing from SLS characteristic combination

Tom = ks o (7.25))

» ks=0,75

o op.tL— Calculated stress after longterm losses

o Opgmin — Minimal stress in concrete after application selweight all permanent and variable
loads in prestressing

0 Opgmax — Maximal stress in concrete after application selweight all permanent and variable
loads in prestressing

e Others not checked stresses, only drawn

O  Opgmax — Opgmin — the range of stresses in prestressing from maximal and minimal load in
selected combination (envelopes of mobile loads)

o opun — Unbalanced stresses, difference of stresses calculated from the strain determined
from structural analysis once as elastic stress (Hook’s law) and the second stresses as
nonlinear stress-strain relationship

o Opinc — iNCrement of stress from selected LC

The factors for the calculation of limit values of concrete stresses from the code EN1992-1-1 is
possible to set in Concrete setup>Allowable stresses.

E _Type of functionality | 54K Mame SVK
Prestressing & B Cancrete EH Concrete
B Type of checks El- General General
Allowable stress = =8 C:EI'CU'E'HU” uLs
- leneral =] Mowaﬂe e |
E-ULS E | Stress limitation during tension__
General E | National annex
- Shear k1 - factor for maximum stress in pre... | 0,80

D struch
STLCILIES k2 - factor for maxdmum stress in pre... | 0,90

g . o k3 - increased factor for madmum st... | 0,95
- Strezs limitation during tenzioning

- 515 stress limitation k6 _increased factorformadmume, 070

k7 - factor for maximum stress in pre... | 0,72

- Caleulation
=) Reinforcement and reinforcement design L8 -factorfor mamum stressinore.,. 0.8
Input of reinforcement ) SLS stress limitation
- Hooks B | National annex
- Anchorage of stimups k1 - factor for maximum compressiv... | 0,60
- inchorage of longitudinal reinforc k2 - factor for maximum compressiv... | 0.45
- Prestressing pre-tengioned k5 -factor for maximum stress in pre... | 0,72
- Prestrezsing pozt-tenzioned B Calculation
- Wfarnings and ermorg Bl Calculation settings

I Increase allowable stress of prestre... |0 no |
Increase allowable compressive str... [0 no
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The user has possibility to perform this check in Concrete>Member check>Check of prestressed
concrete>Check of prestressing reinforcement. The results of the check will be calculated and drawn for
selected combination and value. For instance Check value of the SLS characteristic combination in 100

years is following.

|- 1D member
Setup
m) Member buckling data
7 Member data
A= Redistribution data
% Concrete slendemess
-1 Redes (without As)
I New reinforcement
i New stirups
£= New longitudinal reinforcement
- Automatic member reinforcement desigl
T Member data
Reinforcement design
T Cross-section characteristics
T Internal forces
=] &4 Member design
5T Design
BT Design of non-prestressed reinforce|
=] &4 Member check
=] &. Check of non-prestressed concrete|
52 Crack control
F Check response
4; Check capacity
=] &‘ Check of prestressed concrete
I2 Crack control
F Check response
q—l Check capacity
L8 Allowable stress of concrete
T sllowable principal stresses

Check of prestressing reinforce

&£ Pretensioning - Beam strand pattem

The output table with extreme Member is following.

Preview

Bz @ E &S| Il | T defaurt

Selection : All

&

Tendon

Linzar calculation, Extrame : Member

Tendons: All by s ekcton
Combinations | F17-EN-MSP char.
Check of prestressing reinforcement for selected tendons

Case

Check of prestressing reinforcement

[

o

1e_01

feli

Ready [en]

0,00
0,00

25,98

25,
25,0
22 5
2.8
HM
514

.15

F1T-EN-MSP char./1
STIT
F1T-EN-MSF char./1
ETIT
F1T-EN-MSF char./1
5T
F1T-EN-MSF char./1
STIT
F1T-EN-MSP char./1
5TiT
F17T-EN-MSF char./1
ETIT
F1T-EN-MSF char./1
STIT
F1T-EN-MSP char./1
ETIT
F1T-EN-MSP char./1
STIT
F1T-EN-MSF char./1
ETIT
F1T-EN-MSP char./1
5TiT
F17-EN-MSP char./1

1372.47
136800
137347
1368.00
1410,00
136800
1410,00
1368,00
1410,00
136800
1410,00
1368.00
1368 43
136800
136842
1368,00
1410,00
136800
1410,00
1368,00
1410,00
136800
1410.00

%]

o

1362 58
1282,00
1362 58
1252,00
1126 68
1252,00
1126 68
1282,00
123221
1252,00
123221
1252,00
1368,33
1282,00
136833
1252,00
112252
1282,00
1122 82
1252,00
1160, 49
1252,00
116049

7.4 ULS - concrete checks

7.4.1 Prestress check response

The CSS

response on acting combination

is calculated

in this check. The check

is

Name
Selection Al |
Type of loads Combinations |
Combinations F17-EN-MSP char. - Char_1l |
Tendons All by selection _v_
Print explanation of e... O
Values More comp 4|
Check value =
sigma p.pa a
i o TR :?g:: z':]a g
{i i 1
il i =
; LI [ sonepame: o
BT | =
sigma pg.max -sigm... O
sigma p.inc (m}
sigma p.un o
sigma p.max o
sigma pm0 m]
sigma pm [m}
Extreme Global xl
Drawing setup |
Drawing Screen =
Refresh 33> |
Calculation info >>> |
4
- default -
-
a . o o Check Check
fRenn | R | pRd | g =
o o o Check:l. W/E
G I [ om
138228 1382,29| 136239 1.05 | Mot OK
132750 1327.50| 1327.50 1,00 | 898, 659, 700,701,722, 857
136238 136239 | 136235 1,05 [ Mot OK
1327.50 1327.50| 1327.50 1,00 | 698,855, 700,701,722 B5T
127,57 2757 MIT5T 1,03 [ Mot OK |
1327.50 132750 | 1327.50 1.00 | 722 85T
12757 27567 MITET 1,03 [ Mot OK
132750 132750 1327.50 1,00 | 722 85T
123318 123318 123218 1.02 | Not OK
1327.50 1327.50| 1327.50 1.00| 722, 857
123318 122318 123218 102 | Mot OK
1327.50 1327.50| 1327.50 1,00 722, 857
1367 65 13687,65| 138765 1,06 | Mot OK
132750 132750 | 1327.50 1,00 | 898, 659, 700,701,722, 857
138768 138765 138765 1,08 | Mot OK
132750 132750 1327.50 1,00 | 698 855,700,701,722 85T
112381 112381 112381 1.02 | Not OK
132750 1327.50| 1327.50 1,00 | 722, 85T
0,00 0,00 0,00 1,03 [ Mot OK
1327.50 1327.50| 1327.50 1,00 722, 857
1181,40 1181,40| 1161,40 1,02 | Not OK
1327.50 1327.50| 1327.50 1.00| 722, 857
0,00 0,00 0,00 1,02 | Mot OK
i mn | 3 il

in

Concrete>Member check>Check of prestressed concrete>Check response. The results of the check
will be calculated and drawn for selected combination and value. There are following values for selection
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The results are calculated and drawn for F17-EN-ULS(STR) - check value.

Properties

eps_cc — the strain in concrete under compression
eps_sc — the strain in nonprestressed reinforcement under compression
eps_st— the strain in nonprestressed reinforcement under tension
eps_tt — the strain in prestressed reinforcement under tension
Vzu — the shear resistance
Tu — the torsional resistance
Vrdi — the resistance of shear in construction joint

Prestress response EN 1992-1-1(1)  « || Y3

Name

Selection

Type of loads
Combinations

Fitter

Print explanation of ...
Use named joints

Use named fibres

Use named C55 parts
I Values

Extreme

Drawing setup
Section

Prestress response EN 1992- ...
Al

Combinations

F13-EN - ULS {STR)- ULS_
Wildcard

m}

O

m}

m}

ENENERER

[eps cc -

Check value
i

eps sC

eps st

epstt

Wzu

Tu

Vrdi

More comp

Calculation info
Concrete setup
Single Check
Preview

fnaste  ax]

=T 1D member
Setup
1% Member buckling data
T Member data
A== Redistribution data
[$ Concrete slendemess
=] ﬁ Redes (without As)
[ New reinforcement
I New stimups
& New longitudinal reinforceme
=-FF Automatic member reinforcement
T Member data
S Reinforcement design
T Cross-section characteristics
¥ Intemal forces
=] &‘ Member design
9 Design
% Design of non-prestressed re
=] &‘ Member check
=] &‘ Check of non-prestressed cc|
" HE Crack control
F Check response
41 Check capacity
=] &‘ Check of prestressed concre
I Crack control

» Check capacity
28 Allowable stress of cone)
T Allowable principal stress
Dl Check of prestressing rei

#E Pretensioning - Beam strand patt

The output table with extreme Member is following.

- W | Values

Fitter Wildcard

Properties X
Prestress response EN 1992-1-1 (1) ~|S& 7 @
Name Prestress response EN 1992-...
Selection Al |
Type of loads Combinations ol
Combinations F17-EN - ULS (STR) - ULS_ v |
v

Print explanation of e... O
Use named joints o
Use named fibres [m]
Use named CSS pats O
Check value
Extreme lemi
Drawing setup
Section Al

|

|«

Refresh
Calculation info
Concrete setup
Single Check
Preview

>33
>33

>33
23>
>33

7
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default
Prestress response EN 1992-1-1 il
Linear calculaton, Extrems : Member
Selection : All
Combinations : F17-EN - ULS {5TR}
Prestress check of response for selected members
Member d Cace Fibre M v M Check e Check
[nf kM k] | [khi] 1=
M v M Check, . WE
|
I T ol A5 g
B1 1.000 F17-EN - LL5 (STR}E 3| -2B0rD.50 | 2916.08| 1709556 0.1 |OK
-0,54 3516,08| 1010,09 1,00 161
BI 15,000 | FIT-EN - LLS{STR)T 9| -1ZE8E 18 | -4883.73) -1120BET 0,32 (O
-17.50 -4383 T3 -4454 30 1,00 161
B3 0.500 F17-EN - L5 (STR}& 11| -32756.84 | 689456 ( -804, 78 0.3 | OK
-27.24 6854 .56 | -5549,85 1,00 181 |=
B4 1,000 F17-EM - LS {STR)/E 9| -12E7Z.B7 473523 -EREOT 0,32 [OK
-101,48 4TI I -1TTR 44 1,00 161
BS 21,000 | FIT-EN - LLS {STR)T 5| -12E24 35 | -4800 52| -73%E .53 0,32 (O
-TTAT -4800.52| 512857 1.00 161
BE 21,000 | FIT-EM - LILS{STR}T 9| -2475.80 | 4826, BB| -B2EB.2B 0,32 |OK
23,53 -4836 88| 475,80 1,00 161
B 0,500 F17-EM - LLS (STR}T 5| -3xG66,82 | -G8 .05| -2540,33 0,3 [OK
-24 14 5854 05| -50E5.36 1,00 161
BT 1.000 F17-EN - L5 (STR)E 9| -12618.74 | 481823 -2088.22 0,33 [OK
-85.51 483623 2194 .85 1.00 161
B11 15,000 | FIT-EN - LLS (STRYE 19| -42153,32 | -1068.01| -108B3 62 0,27 [ Ok
18,42 -1086,01| -14382 1,00 161
B3 0,500 FA17T-EN - ULS {STR}MT 9| -34853 88 | -TO3N TE| -ZHES.1% 0,31 | 0K
-21.79 -TOM . 75| -4507.T8 1.00 161 |4
B10 1,000 F17-EN - L5 (STR)/E 9| -14825.24 | 4T7Z581| -311B.89 0,3 |OK
-23.18 472981 -1675 .48 1,00 161
Biz 0,750 F17-EM - LS {STR)S 1] -21¥8.22 T1.75| -243E.3% 0,.M (O
.78 1,00 161
I Prestress responze EN 19324141 4 | LLJ | K -
The strain in concrete under compression for F17-EN-ULS(STR) — eps_cc.
Coname x| Properte x
=T 10 member Prestress response EN 1992-1-1(1)
Setup
(1% Member buckling data Name Prestress response EN 1992-...
I Member data Selection Al
A=+ Redistribution data Type of loads Combinations
ﬂ‘{) Concrete slendemess Combinations F17-EN - ULS (STR) - ULS_
5-[1 Redes (without As) Fiter Wildcard
-/ New reinforcement Print explanation of e... O
(T New stimups Use named joints o
/& New longitudinal reinforceme| Use named fibres a
=T Automatic member reinforcement Use named CSS parts O
T Member data Naaes .
B Reinforcement design Extreme Member
T Cross-section characteristics Dradig st
T Intemal forces . e RET n BH—E|s ectior? P Al

=By, Member design
ST Design
% Design of non-prestressed re|
=] &,. Member check
(=] &4 Check of non-prestressed cc| -
2 Crack control e
.. F' Check response
4":],\ Check capacity
=] &_‘ Check of prestressed concre| :
I Crack control Refresh

(UL

o oy -
© o x
v % o

At

o

Calculation info
ifp Check capacity Concrete setup
bl Allowable stress of coney Single Check
T Allowable principal stress| Preview

Ml Check of prestressing rei

v

The strain in tendons under tension for F17-EN-ULS(STR) — eps_tt.
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Properties X
=-TF 1D member Prestress response EN 1992-1-1(1) 2 od
Setup =
{1$ Member buckiing data Name Prestress response EN 1992-...
T Member data Selection Al =
A< Redistribution data Type of loads Combinations =
[$ Concrete slendemess Combinations F17EN - ULS (STR)- ULS_ |
-1 Redes [without As) Fiter Wildcard ]
I8 New reinforcement Print explanation of e... O
Ul New stirups Use named joints o
£ New longitudinal reinforceme, Use named fibres a
2T Automatic member reinforcement = - = oy o= " | Use named CSS pats |0
T Member data 5 © W, oG 8 S |NEms epstt ~
F Hemioycemenl desi.gn' TR T T T T T T T T TTTT ’“—‘» r=pe— Moriber =
E‘; &;T:;ze’cotlzenscharaclensncs ‘ ‘ ‘ ‘ ‘ ‘ | Drawing setup =
| ikl glal !l y
=By, Member design == B2 = S B | Section A R
9 Design
% Design of non-prestressed re,
=] &. Member check
=] &. Check of non-prestressed cc
€ Crack control
F Check response
4# Check capacity
=] &. Check of prestressed concre :
IE Crack control Refresh 22>
Cacuaton rfo
o+ Check capacity Concrete setup 23>
L8 Allowable stress of conei Single Check >>>
T Allowable principal stress Preview 55>
Ll Check of prestressing rei

7.4.2 Prestress check diagram

The resistance of CSS acting by combination of moment and normal force is calculated using
interaction diagram in this check. The check is in Concrete>Member check>Check of prestressed
concrete>Check capacity. The default setup options are following:

E _Type of functionality = 5WK Name SVK
Prestressing O - Concrete E Concrete i
B Type of checks - General General
1LS capacity = - Concrete B uLS
Mon-prestrezsed reinforcement General
=- E:alc:ulation El Interaction diagram
- Gieneral Division of strain [ 200,00
~ Colurins Vertical division [-] 36,00
""" Beams Horizontal division [] 100,00
o T —, |
- Interaction diagram She_a My i:
e and ermrs )
1D structures Muy
- Constuction joint Muz

- wWharnings and errors

i
Ny L
'*lur\"'lll‘_’;.'—--'h1 ¢ o My

4
Mz N

Reference: Code independent

Description: Method for calculation of ultimate bearing capacity
(Mu - assuming Md is constant, Mu - assuming Nd is constant, MuMu-
assuming eccentricity is constant, Muy - assuming Mdz is constant, Muz -
assuming Mdy is constart)

Application: Calculation of ultimate bearing capacity in service check capacity

The recommended type of interaction diagram is following:

e When compression is dominant then NuMu is suitable because when structure is deformed
by compression then moment is also increased

e When tension is dominant then Nu is suitable

e When pure bending is dominant then Mu is suitable

The results of the check will be calculated and drawn for selected combination and value. There are
following values for selection
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Nu — capacity in axis x (axial capacity)
Myu — moment capacity in direction y

Mzu — moment capacity in direction z

Vzu — shear capacity

Tu — torsional capacity

Mame Prestress diagram EM 1992- .
Selection Al LI
Type of loads Combinations hd
Combinations F17-EN - ULS (STR} - ULS ~|
Filter Wildcard hd

Prirt eseplanation of e... |0

(Walues =[P -

Extreme Check value
Drawing setup Zl-l

; u

Section Nu
Myu
Mzu

Mare comp

Calculation infa B
Concrete setup B
Single Check >r>
Preview XS

The moment capacity in direction y for F17-EN-ULS(STR) — Myu
Conaete  ax] Properties

=-TF 1D member Prestress diagram EN 1992-1-1(1) |}
] Sety -
ﬂ’$ Memzer buckiing data Name. Prestress diagram EN 1...
TP Member data Selection Al -
s Redistibution dats Type of loads Combinations
{4 Concrete slendemness Combinations F17-EN - ULS (STR) -
-1 Redes (without As) Filter Wildcard
-8 New reinforcement Print explanation of ermors... |0
il New stirups Values Myu
= New longitudinal reinforc Exreme Member
- Automatic member reinforce Drawing setup
.5 Member data Section Al
. Reinforcement design
e Cross-section characteristics
T Intemal forces
(=] &‘ Member design
5T Design
BT Design of non-prestresse
=B Member check
=] &4 Check of non-prestresse
| € Crack control
P Check response
H {-],« Check capacity
=-Bh, Check of prestressed cc
€ Crack control
' Check response
Check capacity
L8 Allowable stress of |
T Allowable principal s|
Ll Check of prestressir|
HE Pretensioning - Beam strand

X

[RARAKAK

28850 75

AR e

35634,82 %ﬂm
2758463 %
i
i

51224.14

—288%.86

653,61 /€ 678
24
15572.47
-18058.57
[RAERRAR!

B5 B3 B12

=TT

28010.97
f
36431,30]
b
36442,07
28252,20

$1088.31

The axial capacity for F17-EN-ULS(STR) — Nu
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L |
=-TF 1D member Prestress diagram EN 1992-1-1(1) ~
Setup 3
[H> Meer:ber buckling data % Name. Zr[estress diagram EN 1L|
TP Member data o Selection
=+ Redistribution data 2 Type of loads Combinations =~
ﬂ$ Concrete slendemess a3 = i ’.-_?,' Combinations F17-EN - ULS (STR) - ﬂ
=1 Redes (without &s) o 2 g Fiter Wildcard -
-E@® New reinforcement = o5 Print explanation of emors... O
i New stirups :Valua Nu .1]
/£ New longitudinal reinforc Extreme Member |
=5 Automatic member reinforce) Drawing setup _|
. Member data B5 B8 B12 | Section Al LI
E Reinforcement design
Ta Cross-section characteristics o o = o ~
T Intemal forces X 7 T z <
=By, Member design 7 o 2
57 Design @ |
TP Design of non-prestresse ) n T
= 5‘ Member check g :’
2} &,. Check of non-prestresse 5[3 3;
& Crack control
F Check response
&:]4 Check capacity
=] &4 Check of prestressed cc
IE Crack control
F Check response
Check capacity
L8 Allowable stress of ¢
T Allowable principal s
-l Check of prestressir
£ Pretensioning - Beam strand
The output table for F17-EN-ULS(STR)
Preview x
By B B &S| 5 0 T defaurt default
Prestress diagram EN 1992-1-1 ol
Linear calculation, Extreme : Member
Selection : All
Combinations : F1T-EN - ULS {STR)
Frestress check of diagram for selected members
Member | d Case Check type N M N M Check I Check
[nf] mi | | gl | g s | e
N ] N M M Check,.
i | pedlh | pdd | podHd (et ™
Bi 0,500 | FATEEN - L5 (5TR)V32 ] -3B072, 48 ( -212.88 | 16,52 |27489,20| 0,00 0,01 (0K
-16,52 21591 -16,52 |(-28803,02| 0,00 1,00
B2 0,000 | FAT-EEN - LL5 {STRNT ] -30481, 23 -9332 69 111129 (-16685.58 | O.0D 0,30 (0K
1111,29 | -4550,02 | 111129 | 27601,04 | 0,00 1,00
B3 0,500 | FAT-EEN - LL5 (5TR)V 4 ] -32775,63 ( -B2M, 3T | -39 [-32452,TD| 0,00 0,58 Ok
-38.91 |-Z2000,25| -394 |21120,52 | 0,00 1,00 =
B4 0,000 | FAT-EM- ULS (5TRM14 ] -31965, 36| 6111,58 | 703,61 |-22701,95| 0.00 0,71 (0K
TO3ET (1674280 ( TO361 | 20540,21 | 000 1,00
BS 10,000 | FIT-EN - LLS {(STR)3 Mu -38329, 58 | 858825 | -879.93 51058, 47 | 0,00 0,42 | OK
-ET593 | 2202120 | 879,93 | -144655 | 0,00 1,00
BE 5,000 | FAT-EEN - LL5 (5TR)V32 ] -40565, 81 | T284,75 | 878,65 [51245,33 | 00D 0,46 | Ok
-ETEGE | 2344584 | -BT7B.65 | -112425 | 0,00 1,00
B 0,750 | FAT-EEN - LL5 (5TR)V 4 ] -12056,94 | -4288,82 | 41,60 (-32429.7%| 0,00 0,55 | Ok
-41.60 [-Z242T.51| 41,60 (21132,13| 0,00 1,00
BT 0,000 | FAT-EN - L5 (5TR)V 4 ] -31963, 96 | 5614, 91 | 640,50 |-22807.64| 0,00 0,57 (0K
40,50 [-20737,20( 64050 | 20955,52 | 0.00 1,00
Bi1 8,000 | FIT-EEN - LS {STR)2 Mu -43072, 86 | 691,64 | -468,51 |36253,00 ( 0,00 0,54 | OK
-45851 | 19588,59 | 468,51 (-13365,85| 0,00 1,00
BS 0,000 | FAT-EN - L5 (5TR)V 4 ] -34825,04  -2048, 25 | 159,79 (-32504,75| 0,00 0,58 (0K
-158T9 |-1857T7.66 | -139,79 | 21332,58 | 0,00 1,00 o
B1D 0,000 | FAT-EEN - L5 (5TR)V 4 ] -33867,64 |-10995,49 | 75897 |-23871,46| 0,00 0,81 (0K
TEEST (-15331,04( 73897 | 20874,40 | 0.00 1,00
B12 0,000 | FI17T-EN - LS {(STR)2 Mu -42380,62 | 3102.81 | 197,07 |28253,82 ( 0.00 0,05 | 0K
-15707 | 245270 | 197,07 [-ZB456,84| 0,00 1,00
Fiead_l,l [en] < | m b -

The results ain single checks are following:

e Vertical section of interaction diagram
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Horizontal section of interaction diagram

3D interaction adiagram
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7.4.3 Shear check

The shear check is performed in Check response and check capacity as value Vzu in property. At

the beginning the existing of cracks in ULS is calculated:

e When the CSS is cracked then calculation is done according to chapter 12.6.3

e When the CSS is uncracked and without nonprestressed reinforcement then calculation is
done according to chapter 12.6.3

The parameters for the calculation of shear check is possible to set in Concrete setup>ULS>Shear.

E _Type of funclionality
Prestressing

Bl Type of checks
ULS capacity

O

|

= 59K

= Concrate

= General

i Inkeraction diagram
=1 Shear
1D structures
Carstruction joint
- Warningz and errorz

The shear check for F17-EN-ULS(STR) — Vzu.

Name

Bl Concrete

General

B uLs

General
Interaction diagram
B Shear

B 1D struclures

W

[E Shear coefficients

Type of input theta
B Web
theta [deq]
cot theta)
El Compression flange
theta [deq]
cot {heta)
Bl Tension flange
theta [deg]
cot theta)

Distance with full resistance from ...
El  Angle between the concret ...

El Coefficient taking account
Coefficiert taking account adal c...

0.50

Angle

40,00

1.192

40,00

1,192

40,00

1,152

automatic calculation according to sigma_c «

El Principal stresses

Check desian tensile strenath onlv....

O no
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i Cross-section characteristics

1 Internal forces Properties

B&J %Mber desion Prestress response EN 1392-1-1 (1) -

i 1 Design L

;- Design of non-prestresse

=By Member check Prestress response EN 1992-1-1

= By, Check of non-prestresse

Selection Al |
I Overal heck £ | Typeofloads Combinations ~|
T Crad contol = Combinations F17-EN-ULS (STR/GEO) Set B - ULS |
- Check response Sl o z
] Check capacity I — o
3 Detaiing provisions % Uﬂ Emag. fon of e =
=] 5.. Chedk of prestressed cor| = lse named joints
£ Use named fibres [m]

+-Of Crack control

Check response Use named CSSpats O
i Check capadty

Values Wzu
I
bl Alowable stress of cf LH@IEFWW Bereme Global

R W T 4 IENEEE
B Honeble princpal s T_V’W_I_LLLLLLI_I_@J/I_U VU TTTITES TR f oreng setse

=

nane

Ll Check of prestressing Section Al
== Check deflection EN 1992

=By, 5aT_Details B
i Support zones - Standar) % | Refresh >33
7 Check of details Z | Calculstion info 3>
*-[7 Bill of prestress reinforcemen) i | Concrete setup Py
= Pretensioning - Beam strand patt] 'ﬁ | Single Check S
~E= Mew freebars -New freebar |l @ | @ | A LallE | P2C[58S| < B | BE < [ | Preview EEe
The output table with extreme Member is following.
Prestress response EN 1982-1-1
Linear calculation, Extreme : Global
Seledion @ All
Combinations : F17-EN-ULS (STR/GEQ) Set B
Check of shear for selected members
Member d, Case Vo stimr dist diam. LT W Check_,. | Check Method
[m] [tat1] [mm] [rnm] L [kh] H
Men transw dist P Vot mux Chechu WWVE
[k] [mm)] [ fmi] [ k] [
B11 15,000 F17-EN-ULS (STR/GEC) | -3880.07 a 0,0 ] 38383,18 | 398318 1,00 | HOT fommula
Set B/3 Ok §.2ab)
EM1592-1-1
-35281,43 a a 0,00 1,00 828
B10 1,000 F17-EN-ULS {STR/IGEQ) 472985 a 0,0 | 3933,35 | 393335 1,20 | HOT fommula
Set Bi2 Ok §.2ab)
EM1592-1-1
-34625,35 Li] 1] 0,00 1,00 228

7.4.4 Torsion check

The torsion check is performed in Check response and check capacity as value Tu in property. The
calculation is performed according to chapter 6.4. The check of torsion is required if checkbox in
Concrete>General is turned ON.

B Type of functionality | = SV Name SVK
Prestressing O - Concrete E Concrete
B Type of checks =- General B General
1ILS response = Concrete Concrete
Non-prestressed reinforcement
E  Calculation
= |General |
Mumber of iteration steps 100
5ULs P.reT:isiu:un of iteration [%] 1
‘. General Limit value for checks [] 1,00
El Shear User defined and end sections onty |00 nio
L 1D shuctures Concrete area weakened by reirfor... |0 no
* Construchon joirit Concrete area weakened by prestre.. [ no
- Warmings and erorg Tela| Ll no

Check shear of construction joint O no
Calrlatinn of additinnal faree cane Mone

The shear check for F17-EN-ULS(STR) — Tu.
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Properties x
Mame Prestress response EM 1992-...
Selection All hd
Type of loads Combinations hd
Combinations F17EN - ULS (STR)- ULS_ ~|
Filter Wildeard |
Print explanation of &... O
Use named joints O
Uze named fibres O
Use named CSS parts O

| Valves [ -
Extreme Chech value
Drawing setup eps oo
Section Eps 5C

eps st

epstt

Wzu

Yrdi

Mare comp
Refresh S
Calculation info >
Concrete setup B
Single Check s
Preview x>

The torsion is checked only if stirrups are defined on the beams, when the stirrups are not defined
check of allowable principal stresses is required

' Calculation Info_
By B EBS|| = L] T aefaur - 1B = getaui

warnings and emors forwhole construction
MNo. Ty pe De scription

181 [Warning | The calculston of cross-section satisfisd,

217 |Warning | The shear capacity scoonding to the proveion 12.6.3(3) is sstefactony. The cheok of principsl concrete s tesses in tension in the ULS
has to be performed in addition to the shear chedk to waify that the member is un-cracked.
240 |'Waming | Calcubtion of the shear in cons truction joint is not reguired
28D |Warning | 5timu ps fortorsion was not fiound. Torsion is not provided in this chedt for plin and gthly reinforsd concrete member. The check of
&llow gbole principal concreE stresses in tension in the ULS has to be perfosmed for torsion moment to veify that the member is
un-cracked.
834 | Ernor Unex pected value in formula 12.60 [t might by caused by the fact the intemal formes do not comespond with demand of prestressing
reinf orsement or dimension of cross-section

Ready [en]

Show | wamings and emors
List for for whole construction

7.4.5 Allowable principal stresses

The check of allowable principal stresses in tension in ULS is performed for verification that CSS is
uncracked CSS under acting load. This check is available in Concrete>Member check>check of
prestressed concrete>Allowable principal stresses. When the check of tensile stress is required only in
compression zone then checkbox Concrete setup>ULS>Shear has to be checked. The principal stresses
are calculated in predefined cuts by user (see 5.3).
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E Type of functionality

Prestressing
B Type of checks
ULS response

]

=

[=- SWK
(- Concrete
= General
- Concrete

B- Calculatian
i Gieneral

(- Shear
10 structures
‘... Canstruction joink
- Warnings and errars

Won-prestressed reinforcement

MName SVK
B Concrete
General
B uLs
General
El Shear
B | 1D structures
Shear coefficients
Angle between the concret ...
Coefficient taking account __.

Sl Principal stresses
Check design tensile strength only .. [0 no

Construction joint
Wamings and ermors

The service of allowable principal stresses has the property dialog with following values

Sigma_1 — principal stresses 1 for plane state of stresses in 3D
Sigma_2 max — principal stresses 2 for plane state of stresses in 3D
Sigma_3 max — principal stresses 3 for plane state of stresses in 3D

Sigma_x_max — maximal stress in concrete in axis X
Sigma_y_max — maximal stress in concrete in axis Y
Sigma_z_max — maximal stress in concrete in axis Z

Tau_xy_max — maximal shear stress in concrete in plane XY
Tau_xz_max — maximal shear stress in concrete in plane XZ

Properties X
Prestress check allowable principal stresses | « | S Y/
MName Prestress check allowable principal s....
Selection Al |
Type of loads Combinations |
Combinations F17-EN - ULS (STR)- ULS_1 |
Fitter Wildcard hd
Prirt explanation of e... O
Use named cuts O
Use named CSS parts O
I Values Check value =
Bxdreme Check value
Drawing setup S?QI'HEI 1
Section S!gma 2ma
Sigma 3 max
Sigma x max
Sigma y max
Sigma z max
Tau xy max
Tauxz max
Mare comp
- |
Calculation info x|
Concrete setup _=ma |
Single Check )
Preview Fy

The check value for F17-EN-ULS(STR) is following.
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57 1D member Prestress check allowable principal stresses v iﬁ &

- Setup

{9 Member buckling data [ Name | Prestress check allowable prin
I Member data Selection o) -
A Redistibution data Type of loads Combinations
% Concrete slendemess . Combinations F17-EN - ULS (STR) - ULS_1
=1 Redes (without &5) @ o & ] Fitter Wildcard
[ New reinforcement Print explanation of e... O
T News stimups Use named cuts o
& New longitudinal reinforcement Use named CSS pats O
- Automatic member reinforcement desigr, Values Check value
L Member data Extreme Member
' Reinforcement design Drawing setup
Ba Cross-section characteristics Section Al

¥ Intemal forces

=] &4 Member design

-5 Design

T Design of non-prestressed reinforce

=By Member check

=B Check of non-prestressed concrete
ZE Crack control
F Check response

i 4} Check capacity 2::'5; o ) |

- Bh Check of prestressed concrete lon$50. i
IE Crack control Qnaete setup 1

. Check response Single Check 1
L} Check capacity Preview 1

Name Prestress check allowable principal 5. .
Selection Al hd
Type of loads Combinations hd
Combinations F17-EN - ULS (STR) - ULS_1 hd
Fitter Wildcard LI
Print explanation of e... |0
Use named cuts B

Iim -
Use named CS5 parts
Walues Vert2
Extreme Member hd
Drawing setup _I
Section All LI

Calculation info S
Concrete setup B
Single Check B
Preview —=2> |

The user has the possibility to see detailed results in selected section along the beam using the button
Single check. The stress o, for F17-EN-ULS(STR) is following.
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Step / position

| ] <l

¥ automatic
recalculation-redraw

Selected section -

Calculation

Code setup
Extreme My+ -

kS

Mz o lkNm
Calculation

Numerical output

Change of setup

Step / posttion

[FAT (R
< »| <l 2]

[+ automatic
recalculation-redraw

n

Selected section -

Calculation

Code setup

Extreme My+

2954 429¢
Mz |0 kMNm
Calculation

Mumerical output

Change of setup

Calculation l Input of intemal forces and stresses

2 2 2 2@ 2 o 9 29 9 9 o o

o =2 =2 2o 92 2o 2 9o o 2 o 2 9 2 2 o 2 2 2 9o o o

2 o 2 o o 9o 9 9 9 9 g 2 @ ;Mmoo o wmo@ Moo @ O -

O = © m owF Wn W e @ ® = = = = = = = = = = @ o
S S}

—_—

Cross-section | Loads  Sigma x lSigmay] Sigma z ] Tau xys 1 Tau xzs ] Tau xyt ] Tauxat ] Tauxy] Tauxz ] Sigma 1 ] Sigma 2] Sigma 3] Cuts

- 1.7¢ Mpg

-1..9.9.\.”;5
-E’.ZSMpa

. RArmp,
= 2 72 Mpg
Q..?ﬁ‘Mpa

. w’)‘.zo.w,a
B4 Mp,
«iesmpa
393 Mpy
‘4.15.\.1';35
-4.42Mpa

.68 Mpg

<97 by

Calculation l Input of intemal forces and stresses ]

o o o o o o o o o o o o

o o o o o o o o o o © o & o o o o o o a o 9

=2 82 2 2 2 @ 2 9 9 29 g - o o@m = 0 o M~ o @ O =

L T T SN = T = T S -~ T T = B N
n n n n n n n n n n n n n n n n n n n T

Cross-section ] Loads ] Sigmax] Sigmaﬂ Sigma z ] Tauxys

Tauxzs ]Tauxyt ] Tau xzt ] Tauxy] Tauxz I Sigma 1 ] Sigma 2] Sigma 3] Cuts

Q7g ""'pa
064 Mp,
059 Mpg
- 054 Mp,
Q4qg Mpg
Q43 Mrg
038 Mpg
032 Mpy
027 Mp,
0z1 Mrg
Q76 Mp,
Qa7q Mrg
005 Mp,

000 Mpy

The principal stress o; for F17-EN-ULS(STR) is following
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Calculation l Input of intemal forces and stresses
Step / position

xmnl —

o o o o o o o o o o o o
== = [= o o o o o o o o o o & & & & & &8 & & © & 5 o
= |l [ Eedl| [ S © © © § © 9 8 © € § - & ® % 8 6 ~ 68 5 S =
O = o Mm o= W oW Mm@ - e = v — — — — = = 0y
¥ automatic
recalculationredraw n n n n n n n n n n n n n n n n n n N —
Selected section - | . ] ] ] ] ] ] ] ] ] ] j : | | ; H . \
Calculation
s Cross-section ] Loads ] Sigmax] Sigmay] Sigma z I Tau xys ] Tau xzs ] Tauxyt ] Tau xzt ] Tauxﬂ Tauxz Sigma 1 lSigma 2] Sigma 3] Cuts

Extreme My -

Q13 kg

Q012 Mrg

Q17 kg
i

.- 1o Mg

0og Mrg

0og P

Q.07 Mp,

Calculation

0.06 Mp,

Numerical output Qo5 Mrg

Change of setup 0og Moy
é 0oz Mpg
0@ My
001 My

Q.00 hpg

@
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